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DECLARATION IN TERMS OF RULE G28

1, Peter Graham Jupp, hereby make the following declaration in terms of Rule GZ8.

i.

The published work included for this D.Sc. degree is my own original work
except where indicated in the ‘Analysis of Co-authorship®,

None of the publications resulted from work which has been submitted in the past
or is being or is to be submitied for a degree in any university with the following
exception. The content of paper 4.2 and a part of papers 4.1 and 4.3 will be
included in Mr A. Kemp’s M.Sc. (Med) which will be submitted to the University
of the Witwatersrand.

The work was done from 1964 until mid 1992. ¥rom 1964 until l.st April, 1976,
1 was ewnployed in the Arbovirus Research Unit of the South African Institute for
Medical Research. From lst April, 1976 until mid 1992 I was employed in the
Arbovirus Unit of the National Institute for Virology and Department of Virology
of the University of the Witwatersrand. Papers 1.4.5 and 1.4.6 reflect work
which was undertaken partly at the field station of the Imperial College of Science
and Technology at Ascot, England. The work of paper 6.8 was done parily at the
National Institutes of Health, Bethesda, Maryland, U.S.A. I was a visiting
researcher at both these laboratories for short periods.
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ANALYSIS OF CO-AUTHORSHIP FOR CANDIDATE’S CONTRIBUTION TO
PUBLICATIONS |
Numbers used are those of the references given in the publications lists, Paper where 1
was sole author are omitied,

Section 1 _

1.1.1, 1.1.2 & 1.1.3: These studies were planned and executed jointly by Dr McIntosh
and myself, although Dr McIntosh played the major role in writing the papers. The
remaining authors were technicians who conduofed the routine serological and virological
tests.

1.1.4: This study was planned and executed jointly by Dr McIntosh and myself but Dr
MclIntosh did most of the writing of the paper.

1,15 Asperl.1.4

1.1.6 Iplanned the work, carried out all the fieldwork and some of the lahoratory work
and wrote the paper. D Blackburn joined our unit when the work was almost complete
but helped identify some of the viral isolations. The remaining authors were technical

assistants.

1.1.8 My confribution was to supply the virus strains for the other authors to do the
neutralization tests on,

1.2.1 T played the major role in planning, execution and writing up. Brown helped as
a technician and McIntosh made some suggestions as to how things should be done.

1.2.2 1 had the major role in all phases of this paper.

1.2.3 This was a joint effort in all phases of the work.
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1.2.4 'This was a project I thought up for Miss Wiederhold to undertake, . I provided
her with infected mosquitoes, showed her how to remove infected salivary glands and
wrote up most of the paper. Wiederhold did the E.M. work and Alexander helped
interpret the E.M. photographs.

1.3.1 1 was responsibie for 75% of this study and wmte thi: paper.
1.3.4 PMwvill’s contribution was restricted to confirming the icentification of Culicoides
midges, otherwise the wurk was planned jointly by McIntosh and myself. I executed 2/3

of the work and played the leading role in writing it up.

1.4.2  Fontenille collected the mosquitoes in Madagascar while I studied them
taxonomically and made a diagnosis as to their identity.

1.4.3 The bulk of this paper is the crossmating work done by me. Harbach did the
morphology. I wrote most of the paper,

Section 2
2.1,2.2 These 2 pieces of work were carried out jointly by Mclntosh and myself, the

3rd author assisted technically. Meintosh played the major role in writing up.

2.4 I played the major role in undertaking the experiments, while McIntosh was
responsible for most the writing.

2.6 Dos Santos did virus isolation and titrations, McIntosh assisted during the
transmission experiments. Apart from this I was responsible for all phases of the work.

2,7 1 was responsible for 80% of this study and wrote the paper.

2.8 A review chapter in which I was responsible for 2/3 of the work.
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2.9 Mr Kemp helped collect and rear some of the mosquitoes and McIniosh confirmed

some of the identifications. Otherwise this is my work.

Section 3

3.1, 3.2 These 2 studies were planned and executed jointly by Dr MicIntosh and miyself,
the other authors did technical work, Dr Bamard provided the sheep for one small part
of the study and helped handle these animals. McIntosh did most of the writing.

23 A joint study with Dr McIniosh but he wrote most of the paper up.

3.4,3.5 & 3.7 1did 75% of this paper in all its phases: planning, execution and
writing, |

3.% 1Ichecked all the mosquito identifications and wrote the paper
3.8 I was responsible for 40-50% of this study in all its phases,

3.9 This was very largely my study, the reason Dr Smith’s name is included is because
he suggested I try Mepacrine.

3.10 1did the planning and writing, Mr Cornel assisted me with the experimental wozk.

3.11 This was a joint study between Mclntosh and myself (planning and execution), but g

I analysed the data and wrote the work up. ‘, .
Section 4 _

4.1 This study was planned and carried out jointly with Mr Kemp but he did the greater

part of the writing up. |

4.2 I planned and underiook the mosquito examinations and measurements and wrote R

the paper: Frangos advised on the statistical analysis while Mr Kemp helped me
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undertake the mosquito collecting and rearing. He also compiled the statistical data
which we interpreted together.

4.3  This work was initiated by me but planned and carried out jointly with Mr Kemp.
He was in charge of the Ae. aegypti experixﬁents while I was in charge of experiments
on the other species of mosquito, Mr Kemp analysed the data and I wrode up the paper.
Dr Blg. .ourn helped us perfect the indirect fluorescent antibody test,

4.4 1 was entirely responsible fer this paper except Mr Kemp helped rear some of the

mosquitoes.
4.5  This paper was planned and exceuted joinfly but Mr Kemp wrote it up.

Section § _

5.1 I was involved in the planning and helped collect mosquitoes in the study from
1964-68 so must be regarded as a subsidiary co-author. Dr Mcintosh wrote this paper
up.

5.2 This work was planned and undertaken jointly with Dr Mclntosh, the other authors
rendered technical assistance. Dr Mclntosh did most of the writing.

5.3 ‘The execution of this ecology study was largely done by me. Anderson tested
mosquito blood-meals. I largely wrote up the paper.

5.4 Thompson identified the virus isolates and Cornel helped collect mosquitces
otherwise the study was all my work.

5.5. 3.6 McIntosh and I were jointly responsible for the data used in this paper but I
wrote it up.
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5.7 ‘This was a large study with several facets. I planned the field trip to the nature
reserve where the victim was biiten by ficks and collected afl the questing ticks which
yielded most of the virus isolat’ “ns,

~ Section 6

6.1 Mr Van Wyk arranged for the collection of bedbugs; Mrs McElligoit, 4 medical
techniologist, did the HBV tests in the 1 ..iine HBV laboratory; Prof Prozesky helped

interpret the results and advised on methodology. Apart from this, I undertook ail phases
of the project. |

6.2 1 did everything except the HBV testing which was done by Mrs McElligott,
6.3 As per 6.2 except Prof Prozesky made some suggestions on methodology.
6.4 Mirs McElligott did the HBV tests and Prof Lacatses the Electron-microscope

examination of certain specimens (a2 small piece of the overall project). Otherwise I
undertook all phases of this work. |

6.5 Miss Williamson helped undertake the haptoglobin electrophoresss. I planned the
experiment, undertook the bug feeds and wrote up the work.,

6.6 1In this paper my role was 1estricted to analysing the data and helping to write the
Paper.

6.7 Prof Prozesky suggested I conduct these experiments; Swanevelder did the routine
HBYV testing: Cornel assisted during the infective feeds and Joubert collected ticks for the

experiments. I planned the experiments, was largely re . ‘onsible for carrying them out
in all their facets, analysed the data and wrote the paper,
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6.8  med the work and set up the joint experiment with the Americans. Purcell,
Phillip.,, stiapiro and Gerin supplied the chimpanzee and/or did the HBV tests. I handled

all entomology and worked out the way of feedmg bugs and ticks on chlmpanms I did
most of the analysis of the resuits and wrote the paper.

6.9 Prof Schoub suggested the experiment initially and was a consultant when this letter
was wii: >n up. Lyons provided the cell line in which she did the reverse transcriptase
measurements, I did all the entomology.

6.10 In this paper which reported all the experiments undertaken, Lyons undertook the
reverse transcriptase measti-;ments to detect HIV. Apart from this, I was resr. asible for
this paper in all its aspects.
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PREFACE

By definition an arthropod-borne virus (arbovirus) is a virus transmitted biologically
between vertebrate hosts by an arthropod vector. It multiplies in both the vertebrate and
arthropod host and requires both types of host for its perpetuation, The vector acquires
virus by feeding on a viraemic vertebrate, the virus then multiplies in the vector,
including the salivary glands, and after an interval is transmitted to another vertebrate
when a second blood meal is taken.

- A medical entomologist to the Arbovirus Unit of the National Institute for Virology

(formerly a laboratory of the South African Instifute for Medical Research), I have
underiaken research on the ecology and epidemiology of the arboviruses in South Africa
since 1964. I am inferested in this topic with particular reference to the arthroped
vectors which are responsible for transmitting these viruses, both in maintenance cycles
with wild vertebrates and carrying virus over to man to cause outbreaks of disease. The
published papers included in the present compilation relate mainly fo 5 arboviruses which
are of significant medical importance. These viruses are the following:

West Nile (W virus: Flaviviridae, Flavivirus
Sindbis (SIN) virus: Togaviridae, Alphavirus
Chikungunya (CHIX) virus: Togaviridae, Alphavirus
Rift Valley fever (RVF) virus: Bunyaviridae, Phlebovirus
Dengue (DEN) virus: Flaviridae, Flavivirus

They are all mosquito-borne viruses and 48 of the total 65 papers included relate to them.
There are aiso 7 papers on miscellaneous arboviruses including tick-borne arboviruses.
Hepatitis B virus (HBV) (Hepadnaviridae; Hepadnavirus) receives attention and, although
it does not fit the definition of an arbovirus, observations on field and Jaboratory bedbugs
and tampan ticks suggested they cor Id be mechanical vectors so this work is included (8
papers),  Finally, the possibility that Human Immunodeficiency virus (HIV)
(Retroviridae, Retrovirus) might be transmitted by insects has also been tested
experimentally (2 papers).
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The Iargest number of papers (22) relate to vectors of WN and SIN viruses (section 1j.
The papers in this section are divided into 4 subsections: field zpidemiology, laboratory
vector competence expiriments, mosquito ecology and lastly mosquito taxonomy and
distribution. The papers in the other 5 sections are not so divided, aithough on the whole
the same topics are considered. Information is needed on all these topics if a full picture
of the ecology and epidemiology of the virus in queston is to be built up. The
"coordinating document” which foliows below give a summary of the scope of the work
represented by the 65 papers and includes a summary of the main results and conclusions
for each publication or group of publications, | |

The {itle of the proposed D.Sc. limits the study fo South Africa. There are, however,
3 papers relating to work on vectors that occur ouiside South Africa which are included.
These are one on the taxonomy and distribution of the Cuwlex umivittatus group of
mosquitoes in Madagaséar and 2 papers on the tampan tick as a vector of HBV in
Namibia. I consider it important to include these 2 pieces of work as they make

 interesting comparisons with the work on the Culex univittatus group and the project on
Cimex lectularius and HBV in Scuth Africa respectively.
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COORBINATING DOCUMENT
Introduction

In order to undertake research on arthropod vectors of arboviruses, it is essential to be
able fo identify the arthropods concerned correctly. In the case of mosquifo vectors,
these sometimes belong to a group of closely related species which are difficult to
distinguish, or one vector species may show intraspecific variation. This has necessitaf 24
taxonomic work on several mosquitoes which are vectors or potential vectors.

To incriminate an arthropod as either a maintenance or reservoir vector or an epizootic-
epidemic w2 | ", evidence has to be sought along various lines. Such an arthropod will
be prevalent anr - Jistributed in the areas where activity of the particular virus occurs. It
will have appropriate scological characteristics, notably feeding preferences which bﬁng
it into contact with its vertebrate hosts. Multiple isolations of the virus in guestion will
be made from wild populations of the arthropod and it should prove an efficient or
moderately efficient vector in Jaboratory vector competence experiments. The evidence
collected along these different avenues for different arthropods can be weighed up so as
to show the identity or probable identity of the vector (8) which participate in natural
transmiission cycles andfor which transfer virus to humans, Observations Guring
epidemics provide further valuable evidence to indicate which arthropods are carrying
infection to man. This pattern of investigation has been largely followed in the
publicavions that have been included in this compilation., These papers are referred to by

numbers in parenthesis.
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Section 1. West Nile (WN) aud Sindbis (SIN) viruses

The title of my Ph.D thesis was ‘A study of the principal mosquits species in the
highveld region of South Africa to assess their relative vectorial importance in the
transmission of WN and SIN viruses’. This work was also published as 11 papers which
are excluded from the D.Sc. It consisted mainly of field studies on the feeding habits and
winter biology of highveld mosquifoes and laboratory studies to measure the vector
compsatence of various mosquito species. This study helped incriminate Cilex univittatus
as the principal mosquito vector for the transmission of both viruses in maintenarce
cycles with wild birds and as the vector wansferring infection to human beings.
Observations on the overwintering biolnzy of Culex species did not support the possibility
that the virusés could survive the winter in overwintering Cx. univittatus, «though they
were not compleiely conclusive. Previous to the Ph.D degree, I did an M.Sc degree on
ite taxonomic siatus of Cx. univittatus in South Africa in which I distinguished 2 very
similar and clowsty related mosquite species: Cx. univirtasus on the Transvaal highveld
and Cx. neavei on the Natal coastal plane. Cx. neavei had earlier been regarded as a
variety of Cx. univittatus. ‘Three papers arose out of the M.Sc., 2 on the taxenomy and
one describing, “he method which wis established for the laborarory colonization of Cx.
univitetus. ‘These are also excluded from the D.Sc.

The ecological studies on WN virus done between 1965 and 1980 were reviewed in 1982
(1.1.5). Virus isolations from field collected mosquitnes and detection of virus activity
by serological conversions, through the exposure of chickens or pigeons as sentinel
animals, has shown that the bird-feeding mosquito Cx. univirzatus is the only important
vector of both viruses on the Inland Plateau (highveld and Karoo) in South Africa (1.1.1,
1.1.3, 1.1.4). An extensive epidemic of both viruses occurred in the Karoo in 1974 and
a study during the epidemic incriminated Cx. univittatus as the principal epidemic vector
responsible for human infection and Cx. theileri as a secondary much less important
vector (1.1.2). This study also showed that far more human infections were due to WN
thass TN virus.

In the 1983-84 summer, an epidemic of SIN virus and cases of WN virus occurred in the
Witwatersrand-Pretoria region and studies again showed that Cx. univittatus was the
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vector. It was concluded that an epizootic of both viruses had oecurred which was
manifested by a high level of viral activity in the feral Cx. univittatus - bird transmission
cycle, Cx. univittatus efficiently transferred infection of SIN virus from this cycle to man
to cause the epidemic with that virus but it was unclear why fhere were apparently only
a few cases of WN virus infection in this outbreak (1.1.6). In order to collect
mosquitoes during this epidemic, a portable light trap was designed which was used with
carbon dioxide bait (1.1,7). This trap has also proved effective for collecting other
groups of biting Nematocera including sand flies. Ten of the WN virus strains isolated
during the outbreak were compared by cross-neutralization ixsts with each other and with
the prototype South African strain and strains from India and Egypt to show the extent
of strin variation (1.1.8). The 10 South Aftican strains differed from the Egyptian and
Indian strains,

Most of the vector competence tests carried out nn various mosquito species with WN
and SIN viruses formed part of the Ph.D | thesis. They complemented the field
epidemiological observations in confirming the identity of Cx. univittatus as primary
vector. The species proved an efficient laboratory vector of both viruses, although 1
superior vector with WN virus. An early paper reported some experiments with WN
virus which indicated that intrathoracic inoculation or feeding upon cotfon wads soaked
in a blood-virus mixture were unsatisfactory methods to use for infecting mosquitoes with
virus when information on their natural susceptibility was required (1.2.1). This lead to
the choice of feeding on a blood-virus mixture through a membrane and feeding on
viraemic animals for determination of the infection thresholds of mosquitoes. The
comparison between feeding on hamsters, capiliary feeding and droplet feeding as a
method for determining transmission rates with WN and SIN viruses showed that the in
vitro capillary feeding technique could te used as an alternative to the use of hamsters
(1.2.3). The capillary feeding method has been used successfully for « periments with
DEN virus (4.3).

An electron microscope study on salivary glands of Cx. univitrarus infected with each
virus gave a possible explanation for the superior vector ability with WN virus (1.2.4),
It appeared that particles of SIN virus have difficulty being secreted into the salivary
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gland ducts because of their mass accumulation in the cytoplasm without ready access to
the apica-l cavities. This secretion probably only occurs once a certain threshold
concentration had been reached in the cytoplasm. On the other h;md, particles of WN
virus occur first in the cytoplasm and were never seen to build up to such large numbers
as the SIN virus particles. Rather, it scems that they are being confinually secreted.

WN and SIN viruses cause only a low level of human infection in the Natal coastal
lowlands compared to 2 much higher level on the Inland Plateau. In the Natal lowlands
Cx. univitatus is replaced by the closely related Cx. neqvei from which far less isolations
of either virus have been made {1.1.5). A quantitative vector competence assessment of
Cx. neavei with both viruses showed that this mosquito had a 50% infection threshold of
only 2.1 logs/ml compared to 4.9 logs/ml in Cx. univittatus which, it is concluded,
accounts for the lower viral activity including the lower incidence of human infection in
the Natal lowlands (1.2.2).

Pour papers (1.3.1 - 1.3.4) reported studies on prevalence, distribution and ecology of
mosquitoes on the highveld and in the Karoo. These observations formed a fine of
evidence helping to incriminate Cx. univirtatus as main vector and Cx. theileri as a minor
vector in both areas. On grounds of prevalence and ecology, various other species were
candidates for vector but the absence or near absence of virus isolations from field
mosquitoes plus poor vector capability in transmission tests eventually caused them to be
discounted. Various facets of the scology of Cx. univittatus are important including its
type of larval habitat and bird-feeding habit particularly in the canopy of trees, as well
as its poor feeding rate on man. The latter is considered one factor which prevents a
more regular occurrence of epidemics of these 2 viruses. Human infection occurs
annually but is vsually sporadic.

During the eatly years of the studies on WN and SIN viruses it was believed that the 2
mosquitoes in the Culex pipiens complex could be important. The mosquito Cx.
quinguefasciatus, it was postulated, might be the link vector carrying infection from the
Cx. univittatus - bird maintenance cycle to humans, This seemed plausible because Cx.
quinquefasciatus was both ornithophilic as well as strongly anthropophilic. Furthermore,
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it entered houses at night to feed on man, The other member of the complex, the feral
Cx. pipiens, had yielded 3 SIN isolations near Johannesburg where it was very abundant
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so was initially considered as a vector in the avian-mosquito cycle.

Owing to these fé.ctors, a project was started in the mid 1960’s to elucidate the taxonomic
status of these 2 members of the Culex pipiens complex in South Africa. A
comprehensive study showed that the 2 South African representatives were indeed 2
species and not subspecies (1.4.4)., ‘'This study included comparative morphology,
ecology and cross-maiing of the 2 taxa. Because this mosquito complex is cosmopolitan
in its distribution, South African Cx. pipiens was also compared to English Cx. pipiens
to clarify its status further (1.4.6). While working with English Cx. pipiens the
opportunity arcse to compare this mosquifo with another English mosquito Cx. torrentium
whick is almost indistinguishable in the female from Cx. pipiens. A method was
develoj)ed for distinguishing fernales on the basis of the number of pre-alar scales (1.4.5).

A morphological study of specimens of the Cx. univittatus group fioin various African
countries showed that 3 species existed: Cx. univistatus, Cx. neavei and Cx. perexiguus
{1.4.1). A further detailed morphological and cross-mating study between Cx. neavei and
Cx. perexiguus 1evealed that they were sparate species {1.4,3). This was important to
know as Cx. perexiguus is the vector of WN and SIN .n both Egypt and israel.
Examination of specimens of the Cx. univittatus group from Madagascar showed that hoth
Cx. univitiatus and Cx. neavei were present in that country. This has implications for
the distribution of both WM and Babanki virns in Madagascar. Babanki is closely related
to SIN virus (1.4.2).
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Section 2. Chikungunya (CHIK) virus
Most of the author’s work relating to CHIK virus has been incorporated into one review
articie published in 1988 (2.8) except a short paper recently accepted fu. publication.
This deals with the identification and occurrence of the mosquitoes Aedes fircifer and Ae.
cordellieri in tropical and subtropical southern Africa (2.9).

Earlier serological studies at Ndumu in northern Natal and in Zimbabwe incriminated
wild primates as vertebrate hosts of CHIK virus during epizootics in monkeys or baboons
and epidemics in man. Circumstantial evidence collected in Zimbabwe in 1962 pointed
to mosquitoes of the Ae. furcifer group as vector(s), probably Ade. furcifer. From
observations on mosquitoes attracted to monkey, human or avian bait on the ground and
in the canopy of gallery forest in Ndumu, it was concluded that Ae. fircifer and/or Ae.
taylori and/or Mansonia africana seemed most likely to have been involved as vectors

during a previous epizootic among vervet monkeys at the same site (2.1).

Studies during a rural outbreak of CHIK at Mica in the tropical thornveld savanna of the
north-eastern Transvaal strongly incriminated the de. furcifer-tnylori group as vector of
CHIK virus in transmission cycles with baboons in the tree canopy and with the same
mosquite carrying infection to man to cause a rural epidemic (2.2). Vector competence
studies confirmed that Ae. fircifer was an efficient vector of the virus although
iransovarial fransmission was not demonstrated (2.6). These studies also showed that Ae.
JSulgens and Ma. qfricana were potential vectors. Further investigations at the same farm
at Mica showed which were the prevalent Aedes species other than Ae, furcifer and which
mosquitoes were laboratory vectors of the virus (2.7). Aedes aegypti, Ae. vittatus and
de. fulgens were laboratory vectors but their absence from monkey baited traps in the
follow-up study and their failure to bite man either during the outbreak (2.2) or in the
subsequent study (2.7) suggested they were unimportant as vectors.

Observations during the 1977-1981 study (2.7) did not support persistence of virus on the
farm by transovarial transmission after the epidemic. In earlier vector competence tests,
5 other species of mosquito failed to transmit although Ae. aegypti transmitted the virus
(2.4). Laboratory colonization of Ae, furcifer was necessary before vector competence
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experiments could be carried out (2.5). Descriptiors of 2 kinds of baboon or monkey-
baited traps developed in the project for collection of Ae. furcifer group mosquitoes both
on the ground and in the tre¢ canopy are given in 2 papers (2.3 and 2.7).

The paper in press (2.9) on Ae. frcifer and e, cordellieri in South Africa shows that
what was previoudly named Ae. taylori is Ae. cordellieri that Ae. taylori probably does

not occur in our country. Ae, cordeliferi seems to be a much rarer species than de. -

Jurcifer.
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Section 3. Rift Vnlley fever (RVF) virus

The werk on RVF virus up to 1980 was reviewed in 1981 (3.3) and the vector aspects
were reviewed up to date in the chapter of a book in press (3.12). On several occasions
field observations were made during epizootics on farms when both livestock and human
beings had become infected. In tandem with field studies during such an outbreak in
1970 on the inland plateau, vector competence tests were done on 7 mosquito species,
4 of which transmitted virus in the laboratory including Culex theileri and Culex
zombaensis (3.1). Subsequent field studies during epizootics in 1974-75 on the plateau
and in 1981 in the Natal coastal lowlands (Mtubatuba) incriminated Cx. rheileri and Cx.
zombaensis respectively as the epizootic vectors among sheep and cattle (3.2, 3.4).
These 2 papers (3.2, 3.4) also described the results of improved guantitative vector
competence tests on Cx. theileri and Cx. zombaensis, which indicated that both species
had a significant vector capacity. Evidence from viral isolation and vector capability tests
also implicated the flood water mosquito, Aedes circumiutenlus as a vector at Mtubatuba
on the Natal coast (3.4, 3.5). This mosquito is thought to provide the mechanism by
which the virus gverwinters on the Natal coast i.e, transovarial (vertical) transmission.
A bionomic study carried out on de. circumluteplus earlier at Ndumu is therefore
important, especially as it showed how dependent the species is on river or pan flooding
(3.11). A survey of mosquitoes occuring at Richards Bay recorded the presence there
of Ae. circumluteolus, Cx. zombaensis and Cx, theileri (3.6).

Qbservations during epizootics among sheep on the inland plateay had suggested viral
transinission might also occur mechanically. Laboratory experiments showed that
mosquitoes could transmit mechanically between hamsters (3.7). This suggested that
mosquitoes and probably several other kinds of biting flies might participate in this kind
of transmissior.

Field observations by other workers in Kenya showed that RVF virus could survive the
dry season there within the eggs of flood water dedes mosquitoes during transovarial
transmission, Our attempts to demonstra‘e that this occurred on the edges of pans in the
highveld of the Orange Free State have so far been unsuccessful. Virus was not detected
in mosquitoes, mainly Aedes juppi, reared from eggs recovered from the soil. However,
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it was evident that Ae. juppi and Ae. unidentus could survive in the egg stage in the soil
for at least 4 years during times of drought (3.8). During the rearing of these floadwater
Aedes, a technique was developed to use Mepacrine to kill Vorticella infestation which
caused larval mortality (3.9). The most recent paper (3.10) on vector competence tests
showed that 4 further species were potential vectors, including the floodwater dedes Ae.
unidentatus and Ae. dentatus. The results suggested that these 2 species are potential
epizootic and possible reservoir vectors in the highveld of the inland piatean (3.10).
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Section 4. Dengue (DEN) virus _

A large epidemic of DEN occurred in Durban in 1926/27 and recently in 1985 several
people returned from India infected with the virus. This development and the recent
outbreaks of DEN in nearby countries including Mocambique, Kenya and the Seychelles
have caused concern that the virus might be re-introduced into South Africa. Other
factors which favour the possible re-introduction of the virus are an increase in air traffic
between South Africa and the Far Fast and the appearance of the mosquito Aedes
albopicrus in consignments of imported uset tyres landed at Cape Town and Durban for
the tyre retreading industry. Ae, albopictus s an efficient vector of DEN, superior even
to Ae. aegypii, is ecologically very adaptable to varying climates and habitats and has
established itself in several countries including the United States where if is now present
in 18 states.

In view of the above, a project was initiated to investigate tree-hole and container
breeding Aedes species, principally members of the subgenera Sregomyia and Diceromyia
in eastern South Africa. The objective was to assess these mosquitoes as potential
vectors of DEN virus which could participate in epidemic transmission should DEN be
reintroduced. The overall stiedy, which is still in progress, has various aspects. One
paper has been published on a study of the ecology of potential vectors (4.1) and on
ecological grounds the following mosquitoes were regarded as potential vectors
particularly on the Natal coast: Ae. aegypri, Ae. demeilloni, Ae. simpsoni, Ae. strelitziae,
de. furcifer, Ae. cordellieri and Eretmapodites quinquevirtatus. These potential vectors
have since been assessed in vector competence tests: only Ae. aegypti, Ae. strelitzae and
Ae. furcifer transmitted DEN 1 and/or DEN 2 serotypes in the laboratory (4.3). It was
conciuded that the primary potential vector for an epidemic of DEN 1 or 2 in South
Airica would be Ae, aegypri and the secondary such vector would be Ae. strelitziae, Ae.
Jurcifer would seem only a poor potential vector confined to the rural areas of Northern
Natal-KwaZulu and the eastern Transvaal.

Because of its known importance as an epidemic vector outside South Africa, different
populations of Ae. aegypti were the subject of 2 morphological study to elucidate their
taxonomic status, Examination of populations from 18 localities in South Africa,
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including both anthropophilic and non—anthrdpophilic populations, showed that in Soutk

Africa Ae. aegypti i8 a single polymorphic species displaying plasticity in its man-biting

behaviour (4.2). This finding is important as Ae. aegypti, 2 cosmopolitan species, has

Iong been separated into 3 subispecies on the basis of morphological characters which are

shown in our study to vary within the same families. Populations of Ae. aegypti from

different Jocalties have also been assessed to determine their degree of variation in vector

capability. The population at Durban has been shown the most efficient vector of both
DEN 1 and 2 viruses. The vector competence indices were highest for Durban with both

viruses while indices for the other populations were considerably lower (4.3).

Somie work has been done in Durban to monitor the importation of exotic mosquitoes in
used tyres (4.4). Among other species identified, de. albopictus was located in one tyre.
The environs of the tyre company concerned, together with those of a second tyre
company, were chosen as sites for Aedes surveillance by ovitraps (4.5). Six species
occurred in the ovitraps including 4 dedes species but not de. albopictus. Noteworthy
was the presence of Ae. furcifer in one bamboo pot indicating that the southerly limit of
this important vector mosquito is much further south than originally Supposed._ These
results suggested that the asian Ae. albopictus has not yet become established in the

Durban area (4.5}.
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Section 5. Other Arboviruses

Over a period of 8,5 years 52 viral isolations, including strains of SIN, Middelburg,
Ndumu, Woesselsbron, Spondweni, Bunyamwera, Shokwe, Germiston, Mossuril,
Lebombo, Ingwavuma and Simbu viruses were made from 5 species of mosquito
collected in the Ndumu game reserve in northern Natal. The most frequently infected
species, Ae. circumluteolys, yielded 37 strains which included 11 arboviruses (3.1).
Noteworthy was the fai’.: ; to isolate WN virus and the isolation of only one strain of
SIN virus from Cx. neavei (see also Section 1).

Another study was undertaken in Zimbabwe, a ' >t Shepstore on the Natal south coast
and at several localties glong the northern Natal coast. From 19,226 Culdex rubinotus
mosquitoes 80 strains of Banzi virus (Flavivirus), 74 of Clermiston virus (Bunyavirus) and
67 of Witwatersrand virus (Bunyavirus-like) were isolated. The regularity of infection
in different geographical areas over this period and its frequency among individuals of
several different natural mosquito populations indicated that Cx. rubinorus is a
maintenance vector of ali 3 viruses. Germiston virus infects man causing a mild illness,
Banzi virus infects man although whether illness results is unknowr (5.2). In a
companion paper, a study was reported on aspects of the biology of Cx. rubinotus. This
showed that the mosquito occurred in dense marshiand and adjoining sugar cane fields
in the Natal coastal plane. ‘The mosquito was shown to feed mainly on wild rodents and
also on man to 2 varying extent, According to this study, Cx. rubinotus has biological
characteristics consistent with the viewpoint that it is the maintenance vector of the 3
viruses among wild rodents (5.3).

Seventeen Alphavirus isolates (16 Middelburg and 1 Sindbis) were obtained from 3 937
Aedes juppi mosquitoes collected at Tweespruit in the Orange Free & .. & highveld. As
collections were made only one month after the first significant rain of ¢ '+ usually dry
summer, these mosguitoes were thought to be the first brood of t+ . season and the
appearance of Middelburg virus due to the presence of transovarially infected mosquitoes.
This could indicate that Ae. juppi serves as a resetvoir vector to carry this virus through
dry inter-epizootic periods (5.4).

— S —— S
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In 1981 a review on “Ticks and arbeviruses in South Africa’ was published (5.5). This
included details of 4 viruses which were isolated by the Arbovirus Unit from bird-feeding
Argas or Ornithodoros ticks. These were as follows:

Chenuda virus: Reoviridae, Orbivirus

Soldado virus: Bunyaviridae, Nairovirus

Nyamanini virus:  Unclassified

Quaranfil virus: Arenaviridae
Quaranfil virus can cause illness in humans. Vector competence tests with the sand
tampan tick, Ornithodoros savignyi and 3 medically important arboviruses were also
reported for the first time in this paper (5.5). They showed that this species was
refractory to RVF and CHIK viruses while 22% of 2nd instar ticks became infected swith
Wesselsbron virus. These tests were undertaken to collect evidence as to whether

Ornithodoros ticks might be reservoir vectors of any of these viruses.

Crimean-Congo haemorrhagic fever {CCHF) virus (Bunyaviridae, Nairovirus) was
isolated for the first time in South Africa in February, 1981 from the blood of a 13 vear-
old boy who died in Johannesburg after aftending a camp in a nature reserve at
Bloemhof, western Transvaal. CCHF virus was isolated from 21/120 pools of questing
ticks from the nature reserve, the infected ticks being Hyalomma marginatum ryfipes and
H. truncatum. Virus was also isolated from these 2 species and Rhipicephalus evertsi
collected off animal hosts. Antibodies were found in humans, sheep, cattle and wild
veriebrates including hares. It was concluded in this 1983 publication that the virus was
widely prevalent in South Africa but that the full medical and veterinary significance of
CCHF virus had yet to be determined (5.7). The writer has not done any further siudies

on this virus,
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Section 6. Mechanical Transmission of non-arboviruses by arthropods
Twao viruses which do not fit the definition of an arbovirus were investigated to determine
whether they could be fransmitted mechanically by arthropods. These were hepztitis B
virus (HBV) and human immunodeficiency virus (HIV). Mechanical transmissior is a
passive transfer of virus between vertebrates without any viral replication occurring in
the arthropod.

Section 6.1 Hepatitis virus

Bedbugs {Cimex lectularius) were collected from various localifies in the northem
Transvaal and tested for the presence of hepatitis B surface antigen (HBsAg). Bugs from
most localities had a high positivity rate and it was concluded that C. lectulgrius could
be a vector of HBV in the Transvaal and that the varying degrees of infestation could
expiain the markedly different HBsAg-positive frequencies previously shown in human
sera collected from different population groups in the Province (6.1). Subsequently,
HBsAg-positive blood-meals were fed to bedbugs in vector competence experiments.
Antigen persisted in the bugs for at least 7%4 weeks and was successfully transmitted by
adult bugs into HBsAg-negative blood. Furthermore, antibody of HBsAg was detected
in a rabbit and guinea pigs on which HBsAg-positive bugs had previously fed. It was
concluded that although biological multiplication and biological transmission do not
occur, mechanical transmission had h=en demonstrated. It was considered that this was
probably an important means of HBV transmission among humans in South Africa (6.2).
The following year a short letter was published reporting an HBV-passage experiment
which demonstrated that biological multiplication of HBV definitely did not occur in
bedbugs (6.3).

In 1983, a paper appeared which reported the resulis of tests done on bugs for both
HBsAg and HBeAg (6.4). These tests were done on both wild-canght and laboratery
colonized bugs, the latter after HBV-positive blood meals. Positivity for both antigens
was regarded as an indication of HBV infectivity, Such was demonstrated in most of the
bugs collected from the northern Transvaal. In bugs tested upto 31 days after an
infective blood-meal, both HB,Ag (98%) and HBAg (17%) were present in carcases but
only HB,Ag (20%) in salivary glands. The bugs excreted HB,Ag in their faeces for 42
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days and both antigens for 3 days. HB, Ag particles were detected by eleciron microscopy
in faeces harvested on day 10. If was again concluded that no biological multiplicz:ion
of HBV occri 7ed in C. Jectularius but that mechanical transmission from: insects to man
could occur by: (i) contamination of a person when crushing infective bugs; it
contamination from infected bug faeces; and (iii) infection by bite due to regurgitation
or interrupted feeding (6.4).

Arising from the third conclusion: given above, it became imponrtant to try to demoasirate
whether interrupted fesding occurred naturally in bedbugs. A technique was used
successfully in the laboratory to detect multiple feeding by means of the identification of
2 different haptoglobin serum proteins in the same insect blood-meal (6.5). However,
it has not vet been possible to try this procedure out on field-collected bedbugs because
of an intensive spraying programme inside the huts in the study area,

Almost the same work was undertaken on the hut tampar: tick, Ornithodoros moubata
which occurs in the huts of the Kavango tribe in Namibia. It was done because of the
extremely high positivity of both children and adults for HBV in this region which could
not be explained except by the high prevalence of tampan ticks. A high HBsAg positivity
but lower HB,Ag sitivity was shown for wild-caught ticks (6.6) and vector compefence
tests led to very similar conclusions as to those from the experiments with bedbugs. The
only difference was that instead of faeces being a means of transferring infection, the
coxal fluid secreted by the tick on feeding was thought important. It was considerex
likely that contamination could occur fhrough coxal fluid being inoculated when
scratching bites (6.7).

When some chimpanzees became available for this research, some further vector
competence tests were undertaken (6.8). Chimpanzees are the only wholly suitable
animal model for HBV work became the virus multiplies in these animals. Bedbugs (C.
lectularius) were fed on an infective blood-HBV mixture. Further bedbugs and jampan
ticks {O. moubata) were fed on HBV-carrier chimpanzees. After a 10-13 day interval
for oviposition, tests done on samples of individual arthropods showed that 53-85% of
the bugs were HB,Ag-positive and none HB,Ag-po:itive, while 100% f the ticks were

A1
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HB,Ag-positive and 88% HB Ag-positive. The remaining arthrepods were fed on 3
susceptible chimpanzees which failed to develop HBV infection after 11 months,
indicating no transmission had occurreed. Subsequently, the presence of viable virus in
the original infective meals was confirmed by inoculation of the relevant donor sera
directly into the 3 still susceptible chimpanzees. HBV infections quickly followed in each
animal. It was concluded that, while mechanical transmission of HBV is most unlikely
after a 10-13 day interval between feedings in bedbugs and tampans, it is still possible
that mechanical transmission between humans might occur during interrupted feeds.

Section 6.2. Human immunodeficiency virus (HIV)

In 1986 a letter was published in the Lanc t reporting initial experiments designed to test
whether HIV could perhaps be mechanically transmitted by bedbugs (Cimex lectularius)
(6.9). Insect {ransmission would, it was thought, account for the 15-22% of AIDS cases
reported for chiidren in Africa in contrast to the 1-4% reported for children in the U.S.A.
(Clumeck, Int symposium on African AIDS, Brussels, 1985). The survival of HIV for
1 hour in C. lectularius following a feed on a blood-virus mixture suggested that
mechanical transmission of the virus between human beings might be carried out by
bedbugs (€.9).

In a subsequent more comprehensive series of experiments both the common and tropical
bedbugs (C. lectularius and C. hemipterus) and mosquitoes (Ae. aegypti formosus) were
assessed as potential vectors of HIV (6.10). The amnunt of virus present in the blood-
meals of replete female and male bedbugs was calculated, It was shown that female
bedbugs were larger than males and took larger blood-meals with more virus. Reverse
transcriptase activity was assayed after culture of insect extracts in H9 cells: this showed
survival of viras in C. lecrularius for up to 4 hours, in C. hemipterus for up to 1,
possibly 2 hours, but no survival in de. aegypii formosus, Four attempis to transmif the
virus by interrupted feeding by C, lecrularius from a blood-virus mixture to uninfected
blood failed. It was concluded that Ae. aegypsi formosus and probably other mosguitoes
are not mechanical veclors of HIV and that such transmission is also unlikely to occur

in bedbugs under natural conditions.
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ECOLOGICAL STUDIES ON SINDBIS AND WEST NILE VIRUSES IN SOUTH
AFRICA. 1. VIRAL ACTIVITY AS REVEALED BY INFECTION
' OF MOSQUITOES AND SENTINEL FOWLS*

by
B. M. McINTOSH, P. G. JU?P", D. B. DICKINSON, .
G. M. McGILLIVRAY . J. SWEETNAM -
Arbovirus Research Unit, South Afvican Institute for Medical Research, Johannesburg.
{Recevep 24TH (GCTOBER, 1966}

This paper is the first of a series reporting the results of an ecological study on
Sindbis (Sd) and West Nile (WN) viruses in South Africa. Investigations were
instituted late in 1961 after earlier work had incriminat~d these viruses as the two
arboviruses most frequently infecting man in South ! frica. These viruses were
implicated in this role mainly by the outcome of extensive anfibody surveys, although
ﬂlili:xistence of both viruses in the country had also been established by isolation
at that time.

The antibody surveys, which had inciuded most of South Africa {Weinbren, 1955;
Kokernot et al., 1956; McIntosh et al., 1962a, b}, had shown that human infections
with both viruses occurred most frequently in the inland plateau region, the so-called
“highveld.” This suggested the existence in the highveld of more favourable conditions
for the propagation of these viruses, or at least, for the occurrence of human infection,
and it seemed that the highveld region would be the most suitable area for field
studies. Another factor which had become apparent from the antibody svrveys was
the close correlation in the distribution and prevalence of these two viruses, thus
intimating a similarity in ecology which suggested that the same methods of field
study would be equally applicable to both viruses.

Prior to the commencement of the tEresent study there had been seven isolations of
Sd virus and two of WN virus in South Africa. Sd virns had been isolated four times
from Culex (Culex) univittatus Theobald, twice from pools of Culex species, one of
which included C. univittatus [Weinbren et al., 1956; Worth et al., 1961] and once
from Mansonia ( Mansonivides} africana (Theobald). Three of these isolations had been
accomplished in the highveld and four in the tropical lowlands in northern Natal.
‘The two isolations of WN virus were made simultaneously from man and a wild
bird in northern Natal in 1958 [Kokeraot and McIntosh, 1959].

When the present study started there was little definite evidence on the extent of
human iliness in South Africa caused by either virus, Sd virus not then being known
to be pathogenic for man. It was, in fact, not until 1961 that it was recovered for the
first time from man when its isolation from blood specimens taken from five ill African.
in Uganda was reported [Haddow, 1962; Woodall ez al., 1962]. In 1963 this virus was
shown to cause an illness in man in South Africa somewhat similar to WN virus

 [Malherbe et al., 1963; Mclntosh ef al,, 1964] and in subsequent years clinical cases

due to both viruses have been encountered annually during the swmmer in the high-
veld. In retrospect it seems likely that certain undiagnosed outbreaks of fever with
rash and joint pain which occurred in the highveld in 1941 (Prof. J. H. S. Gear,
personal comuiunication) and in 1954 and 1956 [{Cochrane and Loewenthal, 1955;
Rudoif, 1955] were due to either one or both viruses.

* The studies and observations on which this paper is based were financed jointly by the South
African Institute for Medical Research, the Poliomyelitis Research Foundation and the South
African Council for Scientific and Tndustrial Research.
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The objectives of the present study, which are still being pursned, are intended to be
comprehensive, including all aspects of the feral transmission cycles as well as the
circumstances favouring human infection. At the outset it was imiportant that the
mosquito species carrying virus be identified. It was hoped that the testing of large
numbers of wild-caught mosquitoes for the presence of virus would go a long way
towards revealing the main vector(s) and that collections of mosquitoes throughout
the summer and at various localities would supply relevant information on incidence
and geographical distribution of viral activity. An unknown factor was whether the-,
viruses were securely established in the temperate highveld or whether their prese s,
there was of infrequent occurrence and the result of fortuitous introductions {-
other, seemingly more favourable, environments. From what was aiready known o1
these two viruses it seemed likely that the main participants in the feral cycles wouid
be found among wild birds and aviophilic mosquitoes.

A sewage effiuent disposal area, Olifantsvlei, five miles from the outskirts of
Johannesburg, was selected as the main study area. The area is accessible to the
laberatory and carries high mosquito and bird populations. As representative of a
more undisturbed highveld habitat a sheep and cattle farm at Lake Chrissie, 130
miles south east of Johannesburg, was chosen as a subsidiary study area. In addition
to these permanent study areas small outbreaks of human infection with Sd and WN
viruses at the highveld towns of Boksburg and Welkom respectively, provided
opportunities for short-term observations to be made under circumstances associated
with very recent human infection.

The abservations at Olifantsvlei were conducted over four consecutive summers,
viz., from the spring of 1961 to the autumn of 1965, Studies during the first summer

were limnited, being concerned mainly with the testing of field techniques and assess-,

ment of the Iocahty as a suitable study area. In subsequent years the studies were

intensified and observations were fairly continuous during the summer months. Work

there consisted mainly of collection of mosquitoes for attempted virus isolation,
observations on mosquitc bionomics, exposure of sentinel fowls and attempted virus
isolation and antibody surveys on the bird, rodent and human populations. At Lake
Chrissic, observations started in March 1962 and included the exposure of sentinel
fowls throughout the summer months and short, intermittent wsxts when mosquitoes
were collected for attempted virus isolation.

Aspects of the overall ecological study dealt with in this paper concern the mosquito
species found to be infected and the incidence of viral activity in relation to time and
geographical distribution. Evidence on these points was obtained from the isolation
of virus from wild-caught mosquitoes and from antibody conversions to these viruses
in fowls exposed as sentinels.

THE STUDY AREAS

Olifantsviei

This is about 10 square miles in extent located in a shallow valley at an altitude of
about 5,000 feet with low-lying surrounding hills some 200 feet higher. Processed
sewage effiuent is used to irrigate artificial and natural grass pasture on which cattle
graze. The quantities of effluent are large in reiation to disposal area, thus leading to
the formation of semi-permanent to permanent water in furrows and on grazing lands
which provides suitable mosquito-breeding sites and attracis large numbers of birds.
A prominent feature is the small, perennial Klip river into which surplus effluent is
dtscharged In the river-bed are extensive reeds which provide shelter as well as roosting
and nesting sites for numerous birds. Along part of the northern boundary are several
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small agricultural holdings where dairying is practised. Adjoining these holdings and
outside the study area is the densely populated area of Nancefield, a suburb of
Johannesburg. Olifantsviei has a fairly large human population consisting of about
100 labourers living in compounds as well as several farm oversecers und other em-
ployees living with their families either in isolated dwellings or in semi-buill-up areas.
The study area is therefore partly suburban and partly rural although most of the
observations were made in the rural part. Due to effluent disposal it is much wetter
than natural highveld and the large number of exotic trees provide an unusnally
densely wooded landscape for this region.

The highveld has a temperate climate with summer rains with an annual precipit—

ation at Olifantsviei of 30.3 ins. The winters are cold and dry during which all mosquito

activity ceases. At Olifantsvlei mosquitoes first appeared in baited traps in September
or October when mean deily temperatures rise to atout 15-17°C (Fig. 1) and just
before the summer rains commence. From about the beg ani.g of May when mean
temperatures fall to about 13-14°C adult mosquito activity {-lIs to minimum leveis,
and ceases entirely thereafter. A mosquito “season” when collecting was feasible an?
profitable extended therafore from November to April.

. — "5 Ei
U §
£ 2
-1 i <L
= i ﬁ
< a.
‘J_ o
p2 &
T gLUN™
-4

Fig. 1. Monthly temperature (T.) and rainfall (R.) of Johannesbuxg area *- 1 1962 to 1965. Tem-
perature values derived from monthly mean of daily {max.-+min.})/2,
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Lake Chrissie

This is fairly typical grassland country of the eastern highveld, at an altitude of
about 5,500 feet and with an annual summer rainfall of 29.7 ins. The farm where
obsérvations were made is exceptionally well-watered for highveld, with several pans,
some very large and permanent. On account of the pans the avifauna is richer in
species and numbers than highveld generally, but densities were never as high as at
Olifantsvlei. Weather records at Ermelo, some 20 miles away, shew very similar
temperatures to those at Olifantsviei and as at the latter locality all mosquito activity
ceases during the winter.
Welkom and Boksburg

Boksburg is a medivm-sized town 15 miles from Johannesburg. Some mosquito
collections were made at the houses where human cases of Sd virus infection had
occurred but the majority of mosquitoes were collected in an open marshy area fed
by rainwater furrows a few hundred yards from these houses.

Welkom is of similar size and is some 20 miles south of Johannesburg in the
Orange Free State province. In the vicinity of Welkom are several gold mines from
which large quantities of brackish water are pumped. This water is stored in dams on
the surface for disposal by evaporation and seepage, for its high saline content makes it
unsuitable for industrial or agricultural usage. The dams however support a rich
avifauuna and favourable conditions for mosquito breeding exist during the summer.

Mosquito collections were made at dams as well as in residential areas where human
WN cases had occurred,

METHODS AND MATERIAL

Mosguito collecting

Collecting methods are described in detail in part Il of this series [Jupp and Mc-
Intosh, 1967], Mosquitoes for virus isolation were collected mainly in lard-can traps
baited with solid carbon dioxide. Mosquito fowl-pen traps baited with a flock of from
6 to 12 sentinel fowls were also used fair'v extensively, while most aedine mosquitoes
were collected in net-traps, Traps were usually set to operate overnight on two nights
a week throughout the suminer. At Olifantsvlei several wild and peridomestic collecting
sites were exploited and two sites were used fairly regularly. Both were peri-domestic,
ie., within yards of isolated farm homesteads, one being some 300 yards from the
ilip river and the other on higher ground about two miles from the river.
Mosquito processing

Mosquitoes were killed with chloroform vapour, then identified, tubed and stored
on solid CO,, all procedures normally being completed on the day of collection.
Mosquitoes were pooled according to species, collecting site, and calendar month of
collection. Pool sizes were limited to a maximum of 300 mosquitces for all species
except C. univittatus in which case pools did not exceed 100 during the last three years
of study. Many pools of this mosquito were inoculated on the day of collection thus
eliminating freezing and storage.
Virus isolation and identification

Mosquito suspensions were inoculated intracerebrally (IC) into two litters of mice
2-3 days old, each lifter consisting of 6 mice. Brain from sick, or in a few instances,
dead mice, was used for passage which was continued in infant mice for 3 to 4
passages. 1n one of these passages 12 adult mice were inoculated IC and another 12
intraperitoneally., If these adult mice survived they were re-inoculated with the same
vira! isolate on about the 14th day and exsanguinated two weeks later. The sera were
used in complement-fixation (CF) tests for identification of the isolate. In these tests
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crude saline er sucross-acetone exiracted antigens made from infected infant mouse
brain were used [Clarke and Casals, 1958] and antigens of unknown viral isolates
were tested against hyperimmune antisera to known arboviruses prepared in adult
mice. For confirmatory identification tests, neutralization (N) and haemagglutination-
inhibition (HI) tests wete used. N tests were conducted in infant (Sd) or adult (WN)
mice inoculated IC and antisera were “single-inoculation” sera prepared in guinea-
pigs inoculated IC. HI tests were done according to the method of Casals [1964] in
which serial two-fold dilutions of antisera were tesied, at the same plH, against « series
of 6 antigen dilutions containing from 8 to 256 units of antigen. Reacticns were read
at 0.5, 2 and 18 hours, To simplify tabulation only the 2-hour reading is given in the
tables. In these tests “single-inoculation” gninea-pig antisera were used. For identifi-
cation purposes viral isolates were compared with the AR86 strain of Sd virus
[1Weiilbren et al., 1956] and the H442Z strain of WN virus [Kokernot and MclIntosh,
959].

Sentinel fowls

Fowls were used as sentinels to detect activity by Sd and WN viruses only after ibe
suitability of fowls for this purpose had beea demonstrated by laboratory studies. This
was shown by antibody tests on fowls which had been inoculated with these viruses. At
two, and sometimes three mosquito collecting sites at Olifantsviei and one at Lake
Chrissie flocks of from 6 to 12 aduit fowls were exposed during summer in the same
fowl-pens used for collecting mosquitoes. Fowls were numbered and bled before
exposure and at approximately monthly intervals in the field. Bloods were diluted 1/5
in a heparine-saline mixture at the time of collection, The plasmas were tested for Sd
and WN antibodies in an HI test in which two-fold plasma dilutions were tested
against 8 units of antigen.
C. univittatus infectivity rates

Virus infection rate in univiftatus populations at Olifantsviei i3 expressed as the
number of isolations per 1,000 mosquitoes tésted and they are calculated on the basis of
all mosquitoes collected during single monthly periods at all mosquito-collecting sites.

RESULTS
Hdentification of viral isolates .
The pathogenicity of viral isolates for adult mice gave early indication of their

probable identity, as 8d virus is invariably non-pathogenic for aduli mice in early

mouse passage whereas WN virus at the same passage level is usually lethal to adult
mice by both IC and IP routes. This proved a useful guide as all but two isolates were
either Sd or WN viruses. The excsptions were an apparently undescribed virus
(ARS5133) of the Bunyamwera group and a Group B virus (ARS5189) closely related
to WN virus. -
Identification of the Sd virus isolates was made using the CF trst and this was
considered adequate because in this test with our antisera there was no cross-reaction
with other Group A viruses known to occur in South Africa, viz., Middelburg,
Ndumu and chikungunya viruses. Furthermore, of these three, only Middelburg virus
is suspected of occurring in the highveld. I confirmatory N tests, involving 6 randomly
selected viral isolates from Olifantsvlei and one each from Lake Chrissie and Boks-
burg, AR86 antiserum neutralized at least 4.0 logs of each of the virai isolates. In
more comprehensive identification tests two Sd isolates from Olifantsviei were
randomly sefected and reciprocal N and HI tests done with the ARS6 strain, usiv.y
techniques for the HI test described by Casals {1964). From the results shown in table I
it is apparent that the two isolates are immunologically indistinguishable from ARSES,
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TABLE I

Reciprocal N and HI tests between two Sd Isolates (AR 5850, AR 6232)
Jrom Olifantsviei and the AR 86 strain of Sd virus,

Anfisera
Viruses AR 5850 AR 6232 AR 86
N m | N | = | N | H
AR 5850 |>53% | 32 >33 2 | 49 2
AR 6232 |>47 32 |>4.7 32 | 41 2
AR 86 [|>3.7 32 | 3.5 64 | 36 16

* — Neutralization index. .
¥ — Units antigen inhibited by the same dilution of each antiserum
after 2 hours contact.

In a few cases CF antigens of Sd isolates were of low titre or even failed to react.
This was attributed to inadequate viral multiplication in the brain in early mouse
passage as in these cases satisfactory antigens were obtained after one or two further
Mouse passsages.

For the identification of WN virus isolates the CF test was also mainly relied upon.
However, with these isolates the test was not as satisactory as was the case with Sd
isolates as some WN isolates reacted to some extent with other Group B viral antisera,
viz., H336, Wesselsbron, Spondweni and Usutu. The identity of these isolates was
nowever firmly established with the N test, and 13 isolates from Olifantsviei and one
from Welkom were identified with this test. Furthermore, in reciprocal N and HI tests
with two randomly selected WN isolates from Olifantsvlei and the H442 strain of WN
virusb?oli[mrnu:lological differences between these strains could be detected as shown
in table IL '

TABLE 11

Reciprocal N and HI tests between two WN isolates (AR 5995, AR
6618) from Olifanssviei and the H 442 sirain of WN virus.

Antigera
Virus AR 5995 AR 6618 H 442
N HL | N | HI | N | HI
TAR 095 | 40* | 6 | 38 | 32 43 | 32
AR G618 | >42 | 64 | 43 | 32 | 390 | 22
H44z | >35 | 32 [>35 | 32 58 | 32

* 4 ~ refer Table [.

Mosquito infection at different stidy areas
During the four years of study 31 strains of Sd virus and 21 strains of WN virus
were isolated from the total of 203,424 mosquitoes of all species tested. In table 11T
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TABLE III
Number of viruses Isolated from all mosquitocs tested from each study locality.
Olifansvlei Lake Chrissie Wetkom Boksburg Totals
Mosquito Isol. Isol. Isol. Isol. Isol,
No. mosq. No. mosq. No. mosq. : No. mosg, No, mosq.
i tested | Sd. |WN.| tested |Sd.!WN, tested |Sd.WN.| tested |Sd.{WN. tested |Sd.|{WN.
C. pipiens ;104,439 3 215 270 | 1,600 106,524 3
C., theileri 38,530 1 6,304 1 828 1,144 45,806 111
C. univittatus 35965 121 17 3,274 8] 2 31 1 527 1 39817 127120
A. lineatopennis 4,357 216 ' 67 4,650 i
A. mixtus 1,582 14 14 1,610 ;
A, dentatus gs9 368 2 1,279
A. caballus 97 37 74 208
Other species 1,311 910 3 O 306 2,530 I
: TABLE IV _
Number of Sd and WN strains isolated from three Culex species cofizeted over four seasons at Olifantsviei,
1961/62 1962]’63 186364 1964/65
Mosquito Isol. Isol, Isol. Isol
No. mosqg. No, mosg. No. mosg. No. mosg.
tested | Sd. [WN.| tested |Sd. |WN, tested [Sd.[WN.| tested [Sd.|WN

C. nipiens 5416 1 16,391 1 57.228 1 25,404

C. theileri 702 1 4,739 23,615 9,474

C. univirtatus 1,679 1 5,974 61 6 15,426 91 8; 1288 |5 |3
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these isolations are analysed according to mosquito species and locality. The impor-
tance of C., univittatus as viral carrier and by inference on this account as vector, is
clearly demonstrated since 47 isolates originated from this mosquito which was only
the third most prevalent species tested. Culex (Culex) theileri Theobald produced one
strain of each virus while froin Culex {(Culex) pipiens Linnaeus, the most prevalent
mosquito at Olifantsvlei, three strains of Sd virus were obtained, The aedine species of
which Adedes (Neomelaniconion) lineatopennis (Ludlow) was the most prevalent were
negative for virus, but, as they were tested in considerabiy smaller numbers, no
conclusions as to their possible role as vectors can really be made from this observation,

Both viruses were isolated at Ofifantsviei and Lake Chrissie, the two main study
areas, with Sd virus showing a slightly higher incidence at both localities, At Welkom
where human infections with WN virus had occurred [MclIntosh ef gl., 1964) one strain
of this virus was isolated from C. univittatys, and at Boksburg where Sd virus infections
were diagnosed the latter virus was isolated from the same mosquito.
Mosquito infection at Olifantsvlei over four years

From table IV it can be seen that during the four years of study at Olifantsvlei both
Sd and WN viruses were isolated from mosquitoes each summer. Furthermore, there
was a similarity in the number of isolations of each virus made during particular
seasons. For instance during the summer 1962/63 six isolations of each virus were
made from nearly 6,000 C. univitiatus giving an infectivity rate for each virus of about
1.0. During the following two summers, the univittatus infectivity rates for Sd and WN
viruses respectively dropped to 0.6 and 0.5 in 1963/64 and to 0.4 and 0.2 in 1964/65.

On the basis of these figures it would seem therefore that over the last three years of
study a steady and rather similar decline in viral activity occurred, with both viruses

reaching their highest and lowest levels during the same seasons.
Incidence of viral activity at Olifantsvlei on a monthly basis

In table V the incidence of viral activity at Olifantsvlei, determined from isolation of
virus from mosquitoes and sentinel fowl infections, is shown on a monthly basis for
the last three summers of study. Included in the virus isolations are two isolations of
Sd virus from C. pipiens, one in February 1963 and the other in December 1963.
However, ihe figures for infectivity rates are calculated only from isolations made
from C. univittatus. The number of sentinel fowls which had converted in antibody
status at each bleeding is also shown in this table. As these fowls were only tested
monthly it was not possible to be certain that each infection was allocated to its
correct month,

It can be seen from table V that Sd virus was first isolated each season during
November or December, and was usually isolated during all subsequent summer
months, and was consistently active during December, January and February.
Failure to isolate this virus during March 1963 and 1955 could perhaps be accounted
for by the small numbers of univittarus tested during these months. In spite of this
continuous activity there was no evidence that the incidence of mosquito infection
increased as summer progressed. This is evident from the virtually constant monthly
infectivity rates. The relatively higher rates recorded in November 1992 and April
1965 couid probably be accounted for by a chance isolation occurring among the
small numbers of mosquitoes tested during these m.onths of low population densities.
It would therefore seem that there was a failure of Sd virus to build up to what might
be considered epizootic levels, even during the 1962/63 season when the highest
annua] infectivity rate was recorded (table 1V).

As shown in table V multiple isolations of WN virus were also made over several
months during each season, although with this virus isolations were accomplished
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TABLE ¥V :
Viral activity at Olifantsvlei shown by isolation of virus from mosquitoes, infectivity of C. univitsaiuy and sentinel fowl infections.
Virus 1962163 1963164 1964{65
Nov. | Dee. | Jan, | Feb, | Mar. [ Apr.| Nov. | Dec. | Jan. | Feb. | Mar.| Apn| Nov. | Dec, Jan.| Feb Mar,| Aprj Totals
V.l 1] 2| 1| 3 ' # 2§ 3| 1 2| | 1 1] 22
Sd. LR. 43 | 1.2 | 04 | 14 07 | 13 [ 8B | 06 04 [0z | 05 8.1
SF.L 2 1 4 1 2 1 3 14
VI . i 2 1 2 i 5 2 1 1 1 ¥
WN LR, 4,3 1.2 24 1.4 02 1.1 8.9 0.5 z1 8.1
SFL 6{ 2] 5| 4 ' 6 al 7| sl 38
Total C. upivit.
tested mon 235 | 1,692(2,320 {1,476 [ 217 | 19 [2,154 {5402 | 1,507 [ 4,455 {1,620 | 223 {1,001 [ 4,907] 4,484 (1,891 | 169 | 123 | 44,189
V.I._ Number viral fsolstions. LR. Infectivity rate, L. number isolations per 1000 urivirtaris tested
§FJ1. Mumber sentinet fowl infections. * ths was from C. piplens, all other

One jsolation during

isolitions were from univirratus.
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slightly more irregnlarly than with!Sd virus, For instance, WN virus was not isolated
during January and March of the 1963/64 season, and in the last season initial
isolations were not made until as late as February. With WN virus also there was an
apparent failure of viral activity to build up to epizootic levels, if allowance be made
for the abnormally high rates at the end of the last two seasons when samples of

univittatus tested were small and therefore not really adequate for estimation of an
infectivity rate.

Infections among the seniinel fowls over the 18 months of observations in the last
three seasons (iable V) were recorded during seven months with Sd virus and during
eight with WN virus, with a total of 14 and 38 infections for each virus respectively,
Virus was isolated from univittatus in the same months as fow! infections were recorded
on five occasions with Sd virus and on seven with WN virus. In view of the practical
difficulties involved in detecting activity of arboviruses, especially at the lower levels,
and the variety of mosquito collection methods and sites used at Olifantsvlei, it was to
be expected that activity would at times be detected by one method but not with the
other. Nevertheless, a fairly close agreement in the time of occurrence of fow! infection
and virus isolation was evident. This was more apparent with WN virus; for example
in February 1964 and during several months in the 1962/63 and 1964/65 seasons.
From this it would seem likely that if more univirtatus had been tested for virus in
March 1963 when several fow! infections occurred more isolations of both viruses
would have been effected. In January and February 1964 and from December to
February in the following season several isolations of Sd virus were made without fowl
infections being recorded. This discrepancy is possibly partly a reflection of a relatively
lower transmission: infectivity ratio of 8d virus in univirtatus in comparison with WN
virus, in which case it would require more Sd than WN infected univittatus to cause the
same number of fowl infections. This is an aspect dealt with again below.

Mosquito collections from the fowl-pen traps which house the sentinel fowls showed
that only pipiens, univittatus and theileri fed significantly on these fowls [Jupp and
MclIntosh, 1967). Of these only univittarus showed a significant infectivity rate. From
these observations as well as the close association in time of uccurrence between fowl
infections and isolations of virus from univittatus it may be concluded that wnivitiatus
was the main vector involved in these fowl] infections.

As mosquitoes {or virus isolation were collected only intermittently from the fowl-
pens whereas the sentinel fowls were under connnuous exposure, & valid comparison
of transmission and infectivity rates with the same virus is of course not permissible.
Since the same primary vector however is apparently involved with both viruses, a
comparison of the proportion of fowl infections to isolations between the two virises
would seem justified. It is shown in table V that for WN virus a total of 38 fowl
infections as against 17 isolations were recorded whereas for Sd virus the proportion
was 14 to 22. The fact that two Sd isolations came from pipiens would not materially
alter these proportions. Hence, many more infections than isolations were recorded
with WN virus, while with Sd virus there were more isolations than infections, From
this it does seem likely that the transmission by univittatus cf WN virus is more
efficiant than its transmission of Sd virus.

Observations af Lake Chrissie

Alihough only limited and irregular observations were made at Lake Chrissie on
account of its distance from the laboratory as well as the extent of resources available
to us, the results there are of interest because of the relatively undisturbed nature of the
Lake Chrissie habitat. In table VI the number of viral isolations and sentinel fowl
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infections over the three seasons between 1962 and 1965 are shown. In comparing
these results with those from Olifantsvlei it should be emphasized that relatively few
mosquifoes were tested and only one flock of fowls was exposed annually at Lake

Chrissie. ¢
TABLE Vi

Virus isolations from mosquitoes and semtinel fowl

infections at Lake Chrissie over three seasons. ”

Summer seasnn £
Virus —_— Totals L

. 196263 | 1963/64 | 1964/65

VI 1 0 5 6

Sd. 4

- S.F.I 0 3] 3 g

V.L 0 2 o | 2 a0
WN iy
S.F.L 7 3 3 i3 k

For explanation of abbreviations refer to table V.

From the table it can be seen that, apart from a negative record for Sd virus in

" 1963/64, activity by each virus was recorded during each season, either by isolation or

fov.r infection, or both. Table IIT shows that out of the eight isolations, five 8d and

“two WN isolations came from univitfatus and one of Sd from theileri. The overall

univittatus icf  <ivity rate for the whole study period for both viruses combined was
21 compa . harate of 1.1 for Olifantsviel,

It is also apparent from Table VI that with WN virus there were considerably moru

*  fowl infections than isclations whereas with Sd virus the proportions were reversed,

thus duplicating in this respect the results obtained at Olifantsvlei. Here apain, these

results seem to indicate a relatively more efficient transmission of WN virus by

uRivittatus.

DISCUSSTON

The isolation of 27 strains of Sd and 20 strains of WN virus from C. univittatus out
of a total of 52 isolations from all mosquito species tested seems to have established
within reasonable limits of certainty that univitfatus is the primary feral vector of both
viruses in the highveld region of South Africa. The fact that these isolations were made
over a period of several vears and in different highveld localities gives added
assurance on this point. Furthermore, in the related papers on mosquito bio-
{ nomics [Jupp and Mclntosh, 1967; Anderson, 1967] evidence is produced on the
1 G prevalence and feeding habits of this mosquito which supports this claim, for this
f : widespread and prevalent mosquito feeds mainly on birds which are apparently the
i primary verteb-ate host of both virnses. Although isolation of virus from a wild-
i caught mosquiv» only identifies infected, but not necessarily transmitting mosquitoes,
i ad¢’ “opal eviderce is available implicating this species as vector. Firstly, preliminary
[ laboratory-condutted viral transmission trials, with specimens of univittatus collected
! from highveld populations of this mosquito, have indicated that this form of the
- O species is able to transmit both viruses. Secondly, it seems beyond question that the

main mosquito infecting the sentinel fowls exposed at Olifantsviei and Lake Chrissie
: was univittatus. Besides this mosquito only C. pipiens and C. theileri fed on these fowls
e in sufficient numbers to justify consideration as vectors and the low viral isolation
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frequency from pipiens and theileri in refation to the number of infections recorded in
these fowls would seem to preclude these two species as being concerned significantly
in these infections. The implication of univittatus as primary vector is also in agreement
\Iavgigl%]observations on this mosquito and these viruses in Egypt [Taylor ef al., 1955,

There is so far no definite evidence on the identity of the main vector infecting man.
Observations on highveld populations of univirtgtus have shown that this form feeds
rarely on man [Jupp and McIntosh, 1967; Anderson, 1967} and therefore it cannot at
this stage be implicated as the cause of the majority of human infections. On the only
two occasions when mosquitoes were tested for virus in relation to recent human
infections, viz., at Boksburg and Welkom, Sd and WN viruses were only isolated from
univittatus. T '3, however, allows no firm conclusion on what infected man in these
outbreaks because it is likely that man would usually be infected when viral activity
in the feral transmission cycles was fairly high. This is a time when these viruses could
be expected to be isolated from wrnivitiatus at a reasonably high frequeacy. On present
knowledge a more likely cause of most human infections is the existence of a link
vector which feeds fairly frequently on both birds and man. C. theileri and Aedes
lineatopennis are species with the requisite feeding habits and prevalence which may
fulfil this role. The isolation of one strain of each virus from theileri and none from
lineatopennis would favour the former species as a link vector, but more extensive
observations at the time of human infections are necessary before worthwhile con-
clusions on this point can be attempted.

Because of the very low Sd infection rate observed in pipiers and the failure to
isolate WN virus in spite of the very large numbers of this species tested, it must be
concluded that pipiens plays & minor role in the transmission of these viruses. The
fact that it feeds mainly on birds [Jupp and MclIntosh, 1967; Anderson, 1967] suggests
that it possesses a very low viral susceptibility, since such feeding habits should expose
it to viraemic birds, from which one would expect a much higher isolation rate should
it possess a reasonable level of susceptibility.

From the regular annunal appearance of these viruses at Olifantsvlei and Lake
Chrissie it can be inferred that both viruses are widespread and prevalent in the high-
veld, althovgh allowance must be made for the fact that these two localities were
selezted on account of the anticipated favourable environmenis existing there. It
would seem probable that every summer a certain amount of activity by both viruses
will aecur at some localities in the highveld region. Experience at Lake Chrissie indicates
that in favourable localities this would occur even in the presence of low population
densities of univittatus, 1t is to be expected that certain localities with more favourable
conditions would act as permanent viral-maintaining foci from where virus would
spread to the less favourable localities. Olifantsvlei and Lake Chrissie, among others,
may perhaps be snch permanent foci. The regular appearance of these viruses raises
the question of their over-wintering since there can be no possibility of transmission
by mosquitoes during the highveld winters. This factor, together with the utilization of
Culex mosquitoes and wild birds as hosts, brings to mind the similarities in ecology
between these viruses and western equine encephalitis virus in North America [Reeves
and Hammon, 1962]. .

A puzzling feature of the paitern of viral activity at Olifantsvlei was the failure of
viral activity to increase in intensity to high epizootic levels as summer progressed in
the presence of seemingly adequate susceptible wild bird and umivittarus populations.
This is clearly apparent from the nearly constant monthly infectivity rates of univittatus.
Apart from 1elatively high rates in November and April, due probably to the small
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sample sizes of univittatus tested during these months of low mosquito population
densities, the highest Sd virus rate, calculated on a monthly basis, was 1.4 and for WN
virus 2.1. These rates may be compared with rates of from 10 to 20 at times encountered
with western equine encephalitis virus in California [Reeves and Hammon, 1962] and
of 20 to 500 with Japanese encephalitis virus in Japan [Buescher e al., 1959]. At
Olifantsvlei the univittatus infectivity rate was calculated on the basis of the total
number of univifattus tested from all collecting sites over full monthiy periods. This
procedure has maturally given a somewhat low infectivity rate for it has included
collecting sites where no viral activity was present. Nevertheless it is clear that high
peaks of viral activity failed to appear at Olifantsvlei during the period of observations.
Calculation of infectivity rates on a single site basis still gave low rates. The highest
rate on thic basis was 12.8. Analysis of viral activity at individual sites showed that
viral activity there was frequently short-lived, i.e. recorded only during an isolated
month, with little evidence that it spread to adjoining sites. These transient and usually
localized episodes may have been more apparent than real due to failure to detect
activity at low Ievels, but the fairly close correlation between viral isolations and
sentinel fowl infections at the same site suggests that little viral activity passed
undetected. In view of the large number of factors invoived and on which there is at the
moment meagre or no information available, the reason for the failure of the epizootic

“type of activity to appear at Olifantsvlei is not clear, but it does seem possible that the

low summer temperatures prevailing on the highveld may be one factor through its
adverse influence on viral muitiplication in the mosquito. Whatever factors might have
been limiting viral activity, it seems from the pattern of viral activity observed that
both viruses are firmly established and well-adapted to the highveld environment.
This possibly means that their existence there is of long standing.

SUMMARY

Over a period of four summers, from 1961 to 1965, viral activity by Sindbis a.d
West Nile viruses was studied at several localities in the highveld region of South
Africa, by isolation of virus from mosquitoes and the exposure of fowls as sentinels,
From a total of 52 strains of virus isolated, 27 strains of Sindbis virus and 20 strains of
West Nile virus were isolated from 39,817 Culex univittatus Theobald. One strain of
each virus was isolated from 46,806 Culex theileri Theobald and three strains of Sindbis
virus were isolated from 106,524 Culex pipiens Linnaeus. Fifty-one infections due to
West Nile virus and 17 due to Sindbis virus were recorded among sentinel fowls. It
was concluded that Culex univittatus is the primary vector of both viruses in the feral
transmission cycles and was the main vector causing the sentinel fowl infections. On
two occasions when human infections with either Sindbis or West Nile virus had
recently occurred the causal virus was isolated from Culex naivittatus collected in the
localities where these infections had occurred. The pattern of viral activity at the two
main study areas sho.'ed the appearance of both viruses to be a regular summer
phenomenon, usually occurring during December to March. The incidence of infection
in Culex univittatus remained at low levels throughout summer with both viruses
reaching their highest and lowest levels in the same summers. There was circumstantial
evidence that the transmission of West Nile virus by Culex univittatus was more
efficicnt than its transmission of Sindbis virus.

We are deeply grateful to Prefessor J. H. S. Gear, Director of the South African Institu e for
Medical Research, for making available the facilities for this work, to the Chief City Enfineer,
Johannesburg, and to Mr. F. du Teit, Lake Chrissie, for allowing us to work at Olifantsvlei anl Lake
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Chrissie respectively, and to the willing co-operation we received from the various Farm Managers
at Olifantsvlei. Finally, we are deeply indebted fo Mr. J. J. Taljaard, Technical Assistant, for his
enthosiasm and diligence and also te Dr, M. P. Weinbren for help with the manuscript.
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Epidemics of West Nile and Sindbis Viruses in

South Africa with Culex (Culex) univittarus Theobald

as Vector -

B, M. McINTOSH, P. G. JUPP, L. DOS SANTOS and G, M. MEENEHAN
Arbovirus Research Unit, Nationa! Institate for ViroJogy. Department of Health. Private Bag X4, Sandringham 2131.

During the first hall of 1974, after exceptionaliy heay - ‘ns
in whai is normally an arid region. an epidemic charactert: ¥
fever. rash. myalgia anc arthralgia. occurred over extensiv :
areas of the Karoo and northern Cape Province. A mosquito-
borme virus was suspected avd field and )aboratory
investigations implicated West Nile (WN) viras, but also
indicated that another mosguito-borne virus, Sindbis (SIN).
infected man simpltaneously but to a lesser extent. This was the
Iargesi epidemic of mosquito-borne virus disease ever recorded
in South Afiica and we describe here the epidemiolcgical
findings on this vnusual episods,

Epidemiology of the infections

Since the epicemiologies of WIN and SIN virus infections are
complex and not fully understood. it is convenient first (o review
their saliemt Festures. particularly in respect of South African
conditions.

Both viruses are normally transmitted among wid birds by
bird-feeding mosquitoes and the viruses are apparently
maintained in this manner, In South Afiica. Culex (Chlex)
anfvitzatus Theobald has been identified as the vector concemned
in avian infecticn on the entire temperate inland plateau.
including $he Transvaal highveld and Oranpe Free State. the
Karoo and northern Cape Province, In the case of WN virus.
man is certainly involved secondarily to avian infection and
most human infections are, evidently. largely *blind-alleys™ in the
virus transmission chain because virus concentrations in human
blood during acute Hlness are so low thut on'y an insignifice
number of mosquitoes would transm* virns after becomiu,
infected from man»® Although there is less information
available on viraemia levels in himans infected with SIN virus.
the indications are that here too, viraemig levels are low and
feedback of virus from man to the vector has no significant
consequence for further transmission, We believe. therefore, that
maost human infections with both viruses result from mosquiioes
which acquired their infection from viraemic birdr. It is probable
that a large cpidemic could only eventuate if a concurrent
epizootic orcurred among wild birds in the same area.

Both viruses have been responsible for sporadic annual
infeciion in man daring the summer in South Africa.’ As a cause
of illness these infections have largely been recorded in the
mweister regions of the Transvaal and Qrange Free State, but this
localization may be merely a reflection of proximity to the
disgnestic facilities available in Johannesburg, Even so. antibody
surveys in man and animals®* showed that both viruses otcur
extensively in Southern Africa. Field obser ations from 1968 1o
1971 at Bethulic and LiekhofT, in the southern Orange Free
State showed that even in arid arcas avian infection by C.
univirtatus is a regular summer phenomenon. Antibody surveys
armong the human populations in the Karoo and along the
Orange river showed that human infection by both viruses had
also pecurred but its annval incidence is not known. For
example. among 218 adulis at 5 Orange river localities in 19613,
12" were positive for neutralizing antibody to SIN virus and
139t WN, although at one locality (Upington} immune rates

were 27 and 21% respeciively. % survey among I25 aduolts in
several arid Iocalities in the Cape Provinee showed 19% positive
to EIN and 24% to WN. and ameng 408 children rates were 3
ard 5% respectively. The highest rates recorded were at
Clanwilliam where 45% ol the 20 children ssmpled were positive
to SIN and 50% to WN but these rates were exceptiona). These
earfier studies had therefore revealed the potential of a future
epidemic in this ard area.

Noteworthy in these antibody swrveys has been the
remarkable parity in immune rates beiween the two viruses at
the various Jocalities. apparently a result of their ecological
similarity. especially since both viruses utilize the same mosquito
species as vector and the same vertebrate host. As a resalt it
seems that factors favouring one :.os would alse favour the
other and consequentfy i is likely that increased human infection
by both viruses might frequently occur simulianeously.

Because of the eporadic nature of humen infection in the past
in South Africa. it has been difficult to obtain reliable
information on the w.ntity of the main vector trapsmitting
infection to man. As oaserved among wild populations in the
Transvaal, C. univittatus has & jow feeding rate on man and it
seems Jilely that this has been at Jeast one renson for the absence
of iarge-scale human infection in this region. It has heen
postalated® that other mosquito species. particularly i ex
{Culex) theileri Theobald, feeding more frequentiv on man and
to some cxient on birds, could be more frequent causes of
human infection. More recently it became evident that C, thefferi
was a poor vector” and. forthermore, this species has shown &
low matural infection rate. Similar objections to the impartance
of these mosquitoes as vectors were evident in respect of other

_species with a high feeding rate un man, These Ffacts, together

with recent information that C. univittasus probably fed on man
more frequently than originally believed?®, tended to iniplicate C.
ysivittatus ar the main cause of human infection. The epidemic
in 1974 therefore pave expectations of providing a unique
opportunity for assessing the relative merits of C. univirtatus and
other mosquitoes as vectors of human infection.

When. the existence of the epidemic came to our notice. in
April 1974 a visit was made to Upingion, where the epidemnic
was severs, to vollect human blood samiples for dizgnosis and
mostuitoes for attempted isolation of virus. The onset of cold
weather shortly after our arrival put an end 10 the epidemic and
cortailed the emomological observatons which  were
vonsequently not as comprehensive as they might have been.
Mare particularly. it was not possible at ke time 10 determine
refative fecding rates on man by C. univittarus and C. theilerf in
Upington. the two species found to be infected. and it seemed
unwise to extrapolate oo readily observations on Transvaal
populations of these species tr the Upington popuoiations since it
is well known that habits of different geographical populations of
the same species can differ. Fortunately, obsersations in this
regard became possible in Upington in 1976 wben another
exceptionally wet summier occurred. It seemed that population
densities of these two mosquitoes in 1976 would be comparable
with those existing durig the epidemic and the feeding rates
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Aetermined in 1975 would be a valid reflection of those during
the cpidemic as relative population densitizs and &bsoiute
abundance strongly influence host biting rates.
Methods

Mosquitoes and sere were stored either in Kquid
nitrogen o i solid dioxide until tested for virus in the
laboratary in Johannesburg, Mosquitoes were wentified on the

-day of callection and pooled according ro species before storage,

Pool sizer were 25 for C. mniviitatus, 100 for C. theilerr and
Culex {Culex} pipfens Linnarus, and variable numbers for other
species. In an aitempt to isolate virms, sera and mosguite
suspensions were inoculated intracerebrally into suckling mice.
1-3 days old. Mesquito suspensions yielding SIN virus were re-
inoculated into mice after the addition of SIN immune mouse
ascitic finid to block SIN virus In an atiempt to isolate WN
virus. as SIN virus will outgrow WN viruy in pools containing
both viFuses. In this way an alditions! 4 isolations of WK virus
were made. For ideniification of virus isolates complement-fixing
antigens were prepared from the brains of sick sackling mice,
either by svcrose-acetone extraction of the brains or from a
lightly centrifuged 20% buffered salne suspension. These
antigens were tested in complement-fixation tests apainst
hyperdmmume mouse ascitic fluids. In the case of some virus
isolates confirmatory neatralization (N} tests were done in mice,

For the purpose of post-epidemic antibody assays. blood
specimens were collected 24 months after the epidemic from
humaps in Upingtor and other Orange river localities and from
wild birds in Upington 6 weeks afier the epidemic.

All human sera were tested for artibodies in micro-
hzemagglutination-inhibitior {H]) tests against antigens of SIN.
WN, chikunpunya, Spondweni, 3anzi. Wessalsbron, dengue 1,
dengue 11, yellow fever. Bunyamwera, Germiston. and Rift
Valley fever viruses. Ten-fold dilutions of serum over the range
1/20-1/2560 were tested against B units of viral antigen, Apani
from a few =zera of which insufficient quantities were available.
all these sera were also tested in N-tests in mice against 50-
10QLD,, of SIN - -._ WN viruses. Sera were tested undiluted
and those which protected half or more of the mice inocnlated
were recorded as positive,

Since the main putrpose of the antibody tests on human sera
collected after the epidernic was 10 determine the attack rate in
man, differentiation between the antibody reactions of sera from
donors with recent, as distinct from old infections. was
necessary. Recent infections, either in immunological virgins or
in persoms previously infected and re-infected during the
epidemic. were asse.sed as those in which the serum was positive
in the N and HI test. and which gave an HI titre of 173150 or
greater. Conversely, old infections were assessed as those in
which the serurn was positive, either in only one kind of test or. °f
positive in both tests. the HI antibody titre was less than 1: 160,

Bird sera were tested for antibodies against SIN and WN
viruses in HI and N tests. Seia werz recorded 25 positive if
reacting posidvely in at fuast one kind oftest,

In April 1974, during the epidemit. mosguitoes intended for
virus iselation tests. were collected in net and lard-can® traps. set
overni_ht and baited with solid carbon dioxide, These traps were
set in the gardens and verandzhs of private houses. the town
square. a park in the town and on Qlyfenhoudis Island in the
Orange river opposite the town. *Lard-can” traps were suspended
1 metre above the grouand or at 2-3 mietres in trees. In March
1976, when observativns on 1.0sq rte biting rates on man were
made in Upington, mosquitoes were collected in test-tubes ofl
volunteer human bait in the open, for 90 minutes after sanset for
T nights. For these colleciions torches were used shaded with red
cloth, Control collections intended to determine the relative

Vol.72  Jcrober 1976
population densities of different mosquito specics were: made
nearby in carbon dioxide-bailed met traps. Both kinds of
collections were near reed beds but within the built-up areas of
the town or on Olyfenhioudts Isfand,

After the epidemic a guestionnaire was sent to district
surgeons in the Cape Province to ob:zin informeation on clinical
aspects and the gen, raphical distribution of ciinical cases.

Sauth African Jowrnal of Science
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Results
Viral and amtibody studies on sick and convalescing humans

While the epidemic was still active, 39 blood specimens from
suspected cases were obtained from medical practitioners in
Upington. Accreding to the recorded date of onset of illness 31
cf these specimens were regarded as having been collected
during the acute ness and were tested for virus, A further 12
specimens in which the date of onset wus uncertzip were handfed
similarly. The remaining 16 sera were regarded us having been
collected too late for isolation of virus and thesc werz tested only
for antibodies.

W virus was isolated from 6 of the 43 sera tested for virus.
In 3 cases in which datz of onset was recorded. virus was
isclated on the 2nd. 3rd and 5th days after onset. Virus
concentrations in the 6 positive sza were low because among
each group of 12 mice inoculated at least some mice failed to
sivken. indicating that virus titres were less ihan 1.0 logs.

When all 59 sera were tested for antibodies 10 several
arboviruses, there were 24 (41%} positive 1o WN virus in the 'dI
test. 13 of them at high tiires suggesting recent infection, and 33
{57%) positive for N antibody. None of the sera from which WN
virus was isolated contained antibody to this virus. Against SIN
virus °” ..ere positive in the HI test and 18 in the N rest. but HI
titres were generally low. and as a result no definite conclusion
with regard to recent infection by this vicus cotdd be made at the
time.

The antibody results excluded the other arbovicuses included
in the tests. While there were some reactions in the HI test to
some Group B virnses these reactions were clearly the result of
immurolopical overlap with WN virus, Negative results were
recorded with chikunginya. Buayamwera. Germiston and Rift
Valley fever viruses.

Changes in antibodr sratus during convalescence

The causal role of WN virus became more evident when,
some 7 weeks after the epidemic. a8 second blood sample was
obtained from 8 patients. of whom 3 had yielded WN virus. The
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Table 1. Results of virus isolation attempts from acute phase sera
and untibody .. 95 on paired sera from § patients in Upington

Table 2. Wumber of meosquitoes collected in Upington, April 1974,
with the number of vires isolations made from them

Antibody test
Caswe Daysafter Virus SIN WwN

Na. onset  isulated n* Nt HI N
i 3 + - - - -
L3 | - 2560 +

2 ? + - - - -
52 - - 2560 +

3 5 * - - - -
53 - - 2560 +

4 4 - 160 + - +
52 80 + 2560 +

5 3 - - - - ¥
52 - - 1280 +

& g - - - 80 +
55 - - - 2560 +

¥ ? - 40 + - *
50 . 40 + J560 *

8 3 - 49 - - -
b 160 + 2560 +

“HI titres expressed as feciprocal of serum dilution: "N test
reswlis expressec qualitatively.

results of antibody tests with WN and SIN viruses on the paired
sera from these cases are shown in Table 1. It can be seen that
all individuals showed a rise in HI antibody levels agzinst WN
virus in the period between bleedings and 4 (cases i, 2, 3, 8) also
developed N antibody to this virus, Cases 4, 5, 6 and 7 had N
antibody to WN virus in both specimens but this is presumably
the result of early appearance of this antibody as the same sera
were negative for HI antibody, Cases 4 and 7 had antibody to
SIN virus at equivalent levels in both sera while case 8 showed a
significant rise in HI antibody. The appearance of N antbody
indicates that this latter individual had also recently been
infected by SIN virus.

Gengraphical extent of outbreat

According to information received from !l medical
practitioners in the affected area. cases had occurred in or in the
neighbourhood of the towns of Willirion, Pofadder, Liingsburg.
Carnarvon, Beaufort Woest., Prieska, Hrandviei. Upington.
Kakaras and Keimoes (Fig 1). The number of cases seen by
individual practitioners averaged about 300 and varied from 14
al Keimoes to 1 700 at Upington, From all sccounts a high
proportion of the inhabitants of Upington bad been infected.
Over the entire area. cases were first seen towards the end of
January and continued in some areus until June with most
infections occurring in February, March and April. Some
practitioners reported a higher incidence of cases among adults,
which is in accord with previous experience that WN virus
infection is mild in juveniles.

Reports from 3: medical practitioners in the winter rainfall
area of the Cape Province showed ¢ .. this region had r.nained
free from infoction, apart from a few imported vases which had
apparently been infected in the Karoo,

it seems. therefore. that the outbreak had occurred over an
area of some 2 500km® of the summer rainfall area of the
central and ncrthern Cape Province. Precipitations of up to six
times the average rainfall occurped in some localities in this aren
as is evident from the following records for the perdod from
November 1973 to April 1974: Brandviei 376 mm {average
80 mmj: . Pofadder 277mm {73 mm); Prieska 558 mm

.

Mo, isctations  Infection rate®
Species Total Ne.
mosy.  pools WN  SIN WN SN
An. sguamosus LY H
An. coustani 14 1
Ar. listeri 4] 1
Ae. uppi 1 ]
Cu. poicilipes 3 1
Cu. piplens 1200 12
Cu. theilari 4889 53 4 4 083 0.83
Cu. unlvirtatus 39.0 648

1335 52 3 ¥

2Calculated according 1o Chiang and Ree..s* and is the number of
infecled mosquitoes per 5000,
An. - Anopheles; Ae. - dedes: Cu. - Culex.

(185 mm): Upinglon 296 mm (126 mm): Williston 388 min
(6] mm), At Orange river localities the effects of local rainfall
were compounded by the extensive flooding of this river,

Clinical aspects

The symptoms and signs reported by medical practittoners in
the affected area were as follows: Those frequently scen were
fever. rash. muscular pain, backache, joint pain. headache.
orbital pain. diarthoea, nausea, and those less frequently seen
were sore throal, enlarged lymph plands, vomiting. insemnia,
encephatitis (apparently mild) orchitis. enlarged and tender liver.

In many cases recovery was clow with continued listiessness
and weakness, No deaths were reported,

Tsolation of virus from mosquitoes

Table 2 shows the numbers of the varions mosquito species
collected in Upington in April 1974, during the epidemic, and the
number of isolations of WN and SIN viruses made from them.
This shows that virus was isolated from 2 species only, namely
C. univittatus and C. theileri. Infection rates for C. univittatus of
1 infected mosquito per 26 for WN and 1 per 154 for SIN virus
were lound., the rate for WN virus being one of the highest ever
recorded for mosquitoes in Sonth Africa. For C. theiler] & low
infection rate for both viruses of ! infected mosquito per 1204 of
the wild population was found.

Posr-epidemic immune rates in man

The results of the HI and N tests with the serd collected {rom
humans in Upington and a other localities along the Orange
river after the epidemic. showed that the only noteworthy
positive reactions occurred with WN and SIN viruses. Most of
Lhe sera reacting positively to WN virus in the HI test were also
positive to Banzi and Wesselsbron viruses. but frequently at 2
fower titre. Some of those positive to Wesselsbron virus at high
titre weére nepative to this vires in the N tests. whereas 91% of
the sera positive to WN virus in the HI test were also positive to
this virus in the N test. Similarly. with SIN virus a high

Table 3. Summasy of resalts of antibody tests with WN and SIN
viruses en 558 human sera, collected after the epidemic

Virus Total posilive Oidinfections®  Recent infections’
No. B No. 0 No. %

WN 181 69 74 i3 309 35

N B0 2 % 8 8¢ s

® For differentiation of old and recent infections see text.
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Table 4. P.rcentage of human sera, collected after the epidi:mic from
varions Orange river localitics, reacting in antibody tests with
patierns indicative of recenl infections of WN and SIN viruses

Positive

Domor Total __ sera{%]

Locality category Age lested WN  SIN
Upington Civilian Juvenile %4 71 1
Upington Civilien Adult 86 66 17
Upington Soldier Adalt 99 44 B
Onseepkans Scholar Juvenile 48 77 25
Pefla Echolar Juvenile 49 B0 12
Goodhouse Scholar Juvenils 20 B85 25
Kotzeshoop Schplar Juvenile 49 53 27
Visalsdrif Scholar Juvenile 16 56 31
Beeshank Scholar Juveniie 449 23 2
Alexander Bay Scholar Juvenile 43 4 4

558 35 16

proportion (75%) of the sera positive in the HI tests were also
pasitive in the N test, Correlation between the HI and N tests
with both viruses might have been even higher had not a lack of
sufficient quantities of some sera precluded their inclusion in the
N test.

When the antibody reactions were differentiated on the basis
of either old or recent infections the pumber and pereentage of
the 1otal of 558 sera tested giving untibody reactions indicative
of old or recent infections by WN and SIN viruses. are shown in
Table 3.

In Table 4 recent infections are analysed according to locality.
age and calegory of donor, It can be sean that among the civilians
at Upington a very high rate of recent infection by WK virus

was recorded and rates were about the same in juveniles and

adults. Recent infections by SIN virus were much lower and
again similar in the two age groups, The combined infection rate
of 52% to both viruses among the soldiers in Upington
correlates reesonably well with the estimate of 60% that
reported sick during the epidemic.

The results on the sera from school childeen at the first 5

Table 5. Percentage af wild bird sera. collected after the epidemic
in Upinglon, reacling positively in antii ody tests with WN and

SIN viruses

Specie. " Towt 9 Positive

tested WN SiN
Turdus olivareus
{olive thrusk) 24 92 94
Streptapelia senegalensis
{taughing dove) 72 86
Passor domestias
(house sparrow} 48 50 8
Euplectes orlx
{red bishop) 153 40 0.7
Pycnonotus nigricans
{red-eyed bulbul) 9 X2 33
Ouelea guelea
{red-billed quelea) 5 60 i
Ploceus velatus
{muasked weaver) 9 33 @
Streptopelia capicola _
(turtle duve) 2 100 50

an 53 17

L
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localities along the Crange river below Upington show & similar
infection pattern with high infecdon rates by WN virus and
lower rates by SIN virus. Much lower rates were recorded at
Beesbank and Aiexander Bay near the mouth of the Orange
tiver, a reflection probably of the extreme sridness of this region. -
and an indication that even during the spidemic infection there
was limited.

Immune rates in wild birds in Upington after the gpidemic

The results of antibody tests on sera from wild birds are
shown in Table 5, Elood specimens from 4 species. all of which
are very prevelent in the town, were obtained iu fair numbers
while specimens From a further 4 specics were obtained in small
nombers. All species gave evidence of infection by WN virus and
in those species collected in fair numbers immune rates were at
very high levels. The average immune raté of 53% for this virus
among all species Is significantly higher than that previously
recorded among wild birds in an enzcotic situation near
Johannesburg.'® That immine rates were high shordy afier the
epidemic is consistent with the oceurrence of an avian epizoatic
at about the same Gime the epidemic occurred. The immnune rate
of 50°% in house sparrows is noteworthy because extremely large
numbers of this species were observed roosting in trees in the
town park during our visit in April when C. urivinurus was
collected in traps set in the same trees,

It is more difficult to interpret th. resufts with SIN virus
because it has been shown experimentally that some avian
species do not always carry demonstrable antibody after
infection with this virus. This doubt is applicable particularly to
house sparrows, red bishops and masked weavers in which the
antibody response was shown to be weak and transient!* The
low immune rates recorded in these species do noti therefore
neeessarily exclude high infection rates, However, from the high
immune rates recorded in thrushes and doves it is probable that
avian infection with SIN virus was also at abnormally high rates
during the epidemic.

~Hosqulte studles -

Despite the ouset of inclement weather shortly afier our
arrival in Upington during the epidemic in April 1974, fairly large
numbers of C, thefler! and C. univiprattes were collected in moist
sitvations with a dense cover of vegeiation. ie. at a stream with
reed beds in the town park and on Olyfenhoudts Island. Both
species, in fewer numbers, were also collecied in gardens and on
verandahs of private dwellings in the town. The conclusion made
from these collections in the light of previons collections in the
same arca during years with normal rainfall wes that these 2
species had been wnusuaily abundant during the epidemic.

Table 6 shows the numbers of mosquito species collected by
various means in March 1976. From the nel-trap collections it
can be seen iliat 3 species. C. univhiatus, C. rheiferi and C.
Dipiens, in descending order of prevalence. were collected in
numbers far in excess of other species and it szems likely that C.
unirittatus was the most abundant species becaunse it ranked first
in these collections. The inference is that it was also the most
abundant species during the epidemic. In collections off human
bait . rheileri predominated, which iz in accord with previous
experience, On the other hand. somewhat contrars to experisnce
with highveld populations in tite Traz.gvazl and Orange Free
State, C. univit:ats was also collaoki ¢, in large numbers off man,
the total being slightly more thar half thay of C. thefieri, Ae,
Juppl was apparently rare at tue time collections were made
Jduring the epidemic, in contrast to ity comparative abundance
fwo years later.

Discussion
Several aspects of the investigation suggest that WN virus
was the mafn cause of the epidemic. The isolation of WN virus
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Table 6. Results of mosquito collectiens off human bait and CQ.-
bajted net-traps in Upington, March 1976

Human bait Net-traps
(56 man-hours) {11 wrap-nights)
Total ™" No.per Total %°
. man-hour :
An. coustant 108 7 2 9
An. listeri 3 25 ]
An squamosus 4% | 43 2
Ae, cabaflus 19 I 2
Ae._juppl 240 17 4 {38 5
Ae. desttaruy 2 2
Ae. durbunensis 1] I 59 2
Ae, lineatopennis g 7
Ae. mixius{ microstictus 36 3 it
Ae. contiguus 2 6
Cu, quinguefasclarts 13 2
Cu. pipiens 33 2 14 2t
Cu. poicilipes 2 !
Cu. rabinorus 3 0
Cu. thetleri 567 40 10 651 26
Cu. univittatus kL) 23 6 1071 2

An. - Anopheles: Ae, = Aedes; Cu, = Culex,
4, of 1atal catch,

from 6 il persons. 4 rise in Jevels of serum aniibody to this virus
in 8 patients during convalescence, and the presence of this
aatibody at levels indicative of recent i«fection at high rates in
the human population after the eptdemic, are consistent with this
diagnosis. Also the presence of this antibody at equivalent rates
in juveniles and adulits is indicative of recent infection. Similarly.
the elinical features are in accord with a diagnosis of West Nile
infection. Furthermore. the fact that & very high infection rate by
this virus existed among C. unhittarus in Upington. a species
abnormally abundant at the time and apparently feeding readily
on man. and that WN antibody was present at high rates in wild
birds. may be interpreted as supportive circumstantial evidence.
The outbreak was typicalls arboviruslike in that it was
restricted to a distinct ecological zone. occurred after heavy
rains and ended with the onsel of cold weather.

If credibility is to be given to the results of the post-epidemic
antibody assays on the human population it may be inferred that
SIN virus also infected the human population in the epidemic
area at the same time but to & lesser extent. The antibody
surveys indicated that 15% of the 558 persons sampled had been
infected recently with SIN virus, The failure to isolate SIN virus
and the demonstration of a rise in antibody to this virus in only
one person could be expiained by the difficulty experienced in
isolating this virus from the blood of man. The small number of
acutely i} persons sampled and the even fewer numbers from
which paired sera were obtained may also have pluyed a role.

SIN virus was. moreov.i. shown to be present in C.
univigtarus at a moderately biph infection rate and if this species
is (o be implicated as the main epidemic vector, as we believe it
should, the conclosion that SIN virus also infected man is
unavoidable, Because of the similarity in the clinical features ol
WN and SIN virus infection in man, it would not have been
possible to differentiate the infections clinically and the
impression would have been that a single aetiological entity was
involved.

11 is not possible to estimate the total number of infections by
gither vires but the post-cpidemic immune rates and reports we
received of the number jl indicate that infection was widespread
and at & higher incidence than previously observed in South
Africa. In Upington 60" of the 279 persons assayed for

A
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antibody had, according to our criteria, been infected recently by
WN virns and 14% by SIN virus, Extrapolation of these rates to
the popilation of 30 000 indicates that about 18000 WN and
4000 BIM infections occurred in the town and environs. The
post-epidemic mntibody surveys indicete that even 'i.gher
infection rates are probable at some other Orange river localities.

To what extent infections were subclinical is not clear,
Tavlor et al.'” reported that WN infection is mild or even largely
inapparent in children, hence it is likely that many infecions
among children were of this nature and reports from some
practitioners agree with this viewpoint. Previous antibody
surveys in the affected area indicated that some 10-20% of the
population was probably immune to each virus before the
epidemic. As these individuals, if infected, would have
presumably developed a further immune response and therefore
been classified among those recently infected, it is likely that
10-20% of the iafections were sublinical because of prior
immunity. One consequence of the belief that those mosquitces
actively transtnitting virus to man berome infected almost
exvclusively from birds is that the human immune rate would
have no influence on the incidence of human infection but only
on the incidence of overt disease, High population immunity
would not therefore decrease the incidence of disease emong the
susceptible part of the popuiation as would occur with those
arboviruses producing high viraemia levels in man making a
man-mosquito-marn cycie possible,

As both C. univirtatus and C. thellerf are capable of
transmitting both WN and SIN virnses, though with widely
differing efficiency. it would seem that both species did infect
man. It is necessary, nevertheless, that conversion of the
observed natural infection rates in these 2 species to the relative
number of human infections caused by each be attempted for
any meaningful conclusion on the identity of the main epidemic
vector to emerge. For this purpese at least two cmucial
parameters. vector capability and human biting rates, can be
evaluated with what we believe is aceceptable accuracy.
Transmission rales, i.e. the proportion of infected mosquitocs
successfully transmitting virus, have been estimated from
previpus experimental studies of ours in which transmission
rates were as folluws:

Virus Mesguito Infecting Transmission
. dose {Jogs) rate (%)
wN unhistatus 50 24
WN univittatus 2.6 i3
WH theiferi 5.4 25
WN theileri 4.5 Li]
SIN univittatns Al 57
SIN thetleri 5.5 9

The transmission rates decided vpon are shown in Table 7 in
which the natural infection rates during the epidemic are
converted to the relative number of human infections. These
estimales are based on an average infecting dose of 3.0-4.0 logs
of virus,

For estimated human biting rates it was assumed that on
average each person in Upington was bitten by 3 C. thelferi
nightly, and that the biting rate for C, univittatus was 20% of that
for C, theileri,

From Table 7 it can be seen that C. univiriatus was almost
certainly the main vector of both WN and SIN viruses in human
infections.

Further evidence tending to decrease the importaace of C.
theileri as vector of both viruses is the widely divergent observed
natural infection rates in the 2 species. The muck lower rate in C,
Cofleri strongly sugpests that this species fed insiguificantly on
viraenic birds because, had it fed even moderately, its infection

rate should have been closer to that of C. univittarus, considering
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Table 7. Naturad mosquito infection retes transposed to human infections in Upington {population 30 000)

Vitus Species Infection
1aie per
1000 mosy.
)
WN ueiritiaius 39
WwN thelleri 0.83
SIN anivitetus 648
SIN theifer] n83

Transmission Ne. trans. No. mosq. No. humzan
raie (%)° per 1000 feeding infections
mosy. tightly? nightly
{a () (€) ]
50 20 20000 400
5 004 100000 4
35 2.26 20000 45
} 0.0! 100 000 1

“ See discussion for methods of estimation: & = &x o f = 4 x e/ 1000,

that experimental studies have shown that it is nearly as
susceptible as C. univittarus to infection. With both viruses it
seems likely therefore that C. theileri might have been infected
largely from man. in which event it probably cauased nepligible
human infection as experimental evidence indicates that were C.
thetleri to ingest virus at the Jow viragmic levels prevailing in
marn it would not be able to transmit either virus,

WN virus was also isolated once from cither de. juppi or Ae.
cabalfus at Bethulie in 1969. However, the ability of these
species to transmit WIN and SIN viruses is stil}l unknown and
there is no evidence at preseni to suggest they were vectors in the
epidemic,

An interesting question is why the epidemic occurred where it
gdid. Such a large epidemic has never broken out on the
Transvaal highveld or Orange Free State, which peticdically
have good sumrmer rains and. in faet, received above average
Falls it many localities in 1974. No obvious answer 15 available,
A possible cause is the higher prevaifing summer temperawures in
the epidemic area, which incregsed the abup.lance of C,
univittatus and promoted multiplication und dissemination of
vitus in the tissues of the vector. In this regard it was shown
expetimentally? that when C. univittatus was infected with WN
virus and held at a temperature of 26°C the transmission rate
was 9'7% whereas in a comparable group at 18°C the rate was
48%. A further possible fuctor is the apparent higher man-biting
rate of C, anivitatus in Upington compared to the low rate
observed atnonp kighveld populations.! There might well be an
intrinsic behavioural difference between the two geographical
populations of the species. or it could be the result of the
extremely high population levels existing in Upington at the time
observations were made. Abitormally abundant C. univitratus
wvould also tend to cause increaged resistance to mosquito gttack
by the natural host. and the mosquitnes would also interfere with
each other. both effects resulting in a divergence of feeding to
alternative hosts. including man. It seems Iikely therefore that
several factors acting jointly towards the same end made the
epidemic possible,

Summary

The epidemiological findings on the largest epidemics caused
by West Nile and Sindbis viruses ever recarded in South Africa
are described. The epidemics occitrred simultaneously in 1974 in
an arid region of sorne 2500 km? of the Cape Province following
heavy rains. West Nile virus was isolated from 6 ill persons. Post-
epidemic antibody surveys on the affected human population
indicated that 55% had been infected by West Nile virus and
16% by Sindbit virus. Multiple isolations of both viruses were
made from Culex univittatus and Culex thefieri collected in the
town of Upington. Infection rates in C. unfeittatus were 1
infected mosquito per 26 for West Nile virus and ! per 154 for
Sindbis virus. In C. theiferi the infection rate for each virus was
I infecled mosquito per 1204, Observations on the mosquitoes

in Upington indicated that €. wnivintarus, which is mainly
ornithophilic, iso fed readily on man. at least when abundant, It
is concluded thai C. univitratus was the rain epidemic vector of
both virnses. An antibody survey of the wild birds in Upington
after the epidemic showed high immune rates for both viruses
in several avian species. It is postulated that an avian epizootic
also occurred and that viraemic birds were the main source of
infection for C. univivatus.

We thank the District Surgeons and private medical
practitioners who assisted by submitting bicotl specimens from
cases and reporting on their clinical findings. Professor J. H. 8.
Gear and Dr P. A. D. Winter collecied human blood specimens
and J. Kemp and J. A, H. WNiewoudt assisted in the collection of
mosquitoes. We also thank Dr [. de Beer, Secretary for Health,
for permission to publish.

Received August 20, 1976.

! Jupp. P.G. and Mreintosh, B. M. (19700, Quantitalive experimenis on the
vevtor  apability o Cufex (Culex) unfvitajus Theobald with West
Nile and Sindbis viruses, J, Med, Enf., 7, 371~373,

* Jupp, P.G. (19M) iasboratory sindies on the Eanstnission of West
Mike virys by Culex (Cwlex) unhiittares Theobald: fzeteys influencing
the teansmission rate, J, Med. Eqr., 11, 455-458.

' Mcimpsh, B, M. McCilliveay, G. M.. Dickinson. D, B. and Malherbe, H.
(1964), Tlness caused by Sitdbis and West Nile viruses ia South
Africa, 8. 4. Mad. 1., 38, 291-294,

* Mclmosh. B. M.. Dickinson. D, B.. Serafint. E. T. and de Sousa. ). {1952},
Antibodies epainst certain brboviruses in sora from human beings and
dmnestic animaly from the Sowh African highveld. . A% J. Med
Sei 27, 87-94.

* Dickinsan. I, B.. McGillivray. G. M.. Mclntosh, B. M. and Winier. P.A. D,
(1965). Antibodics against certain arboviruses in sera from human
beings and domestic anintals from the sowth-western and north-wesiern
regions of the Cape Province of South Africa. $. Afr. L Med Sel,
30, 1118,

& Jupp. P.G. and Melntosh, B. M. (1967). Ecological stwdies on Sindbis
and Wesl Nile viruges in South Africa. 1). Mosguite bionomics,
S.Afr. J Med. Sed., A2, 1533,

* Jupp, P.G. Mclntosh. B. M. and Dickinson, DB, (197). Quuntitative
experiments on the veclor cepability of Cpiex (Culex) theilert
Theabald with West Nile and Sindbis viruses. J. Med. Emt., 9.
Ag3-395,

¥ Jupp, P.G. (1973). Ficld studies on the feeding habits of mosquitoes
in the Highveld region of Sowth Alrica. 5. Afn J. Med. Srei.
38, 69-R3.

* Chiang. C.1. and Recves, W.C, {1962). Statistica! estimation of virus
infection rates in mosquila vectar populations. Am. J. Hg. 75
FTi-an,

* Mclntosh, B, M.. McGillivray, G. M., Dickinson, I3 B, and “Faljnard. I.J.
{1968F Ecolopical swdies on Sindbis and West Nile viruses in Sowh
Africe. IV, Infection in 2 wild avian papulation S. Afr. J. Med. Sei.,
33, 105-112,

" Melnkosh, B M. Madsen. W. and Dickinson. D, B. {1969). Ecplopical
swdies on Sindbs and West Nile viruses in South Africa. ¥
The antitudy respomse in wild bids. 8. Afr. J Med. Sd. 34
#3991

¥ Toyke, R.M. Work, T.H. Hulbut, H.5. and Favag Rizk (1956} A
studfy of the eoplogy of Wast Nile virus in Egypt. dm. J. Trop. Med.
Hvz, 8, 8i19-520.

M st i e

P A g

e T T

oot My o P S e

i A



e W‘ 4 occasions. The results of these studivs are reported here, They confirm the earlier

T A s b A Sk A

., ent, Soc. sth. 4fF. 1
'{’nl. 41, No. 1, p}{ 57—93):18

Infection by Sindbis and West Nile viruses in wild
_ populations -of Cuiex (Culex) univittatus Theobald
: {Diptera: Culicidae) in South Africa

by
B. M. MCINTOSH, P. G. JUPP and T. DOS SANTOS

National Institute for Virology, Department of Heatth,
Private Bag X4, Sandringham, 2151,

Adult blood-sucking insects were collected in a variety of traps from 1966 to
1976 at 1 localities on the inland plateau region of South Africa and tested for
virus, The insect in the catches were taxonomically segregated into groups ie.
nuoted. Sindhiz virug was {solated from 57 nfggﬂ IEml:; (30 220 insects) of Culex
tnivitictus, from 1o of 1227 ponls %7 other Culicidae and from 1 of
y22 poals {42 584) of Culicoides spp. West Nile virus was isolated from to8l of the
pools of Gx, naivittates and from 7 of those of other Culicidae, There were no
Isolatinns of virus frorn G4 pools (7 0g6) af Simuliidae. 1t & cancluded that Ce.
anivizigtus is the only impartant vector of these viruses on 1 - 3latean.

INTRODUCTION

As a vesult of Geld studies in South Afiica from 1661 to 1965 it was concluded
that Culex (Culex) univitlams Theobald is the probable maintenance vector of Sindbis
{SIN) and West Nile (WN) viruses in the Highveld vegion (McIntosh o 2l 1467, Jupp
& Meclntosh 1967). Since that time, in the course of further field studies, blood-sucking
Diptera (Culicidae, Ceratopagonidae and Simuliidae) have been collected in the
Highveld region and other parts of the inland plateau and tested for infection by
arboviruses. SIN and WN viruses we-e isoiated from Cx. univitlafus on numerous

conclnsion that Cx. univitfatys ia the only important vestor of the viruses in the Highveld
region and show thrt it plays the same role in other regivns of the infand plateau.

METHODS

_ Adult insects were collected in a variety of traps, with Hght, carbon dioxide,
pigeons or volunteer hwman beings as the stiractant. They were identified and
segregated into groups (L.e. pooled} on the day of collection, and stored in veusels
ceoled by solid carbon diokide or Liquid nitrogen. Pool sizes for mosquitoes varied,
rarely exceeding oo specimens, and for Cy. univitfuins were usually 25 or 50, Mosqui-
toes vontaining visible ingested blood were nsually pooled separately from ‘empty’
specimens. Pool sizes for Culfcvides spp. and Simuliidae varied, with a maximum of 400,
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In the laboratery, suspensions of the pooled insects were inoculated intracere-
brally into suckling mice 2 days old in attempts to isolate virus. Brain from sick miee
was used Tor passage of virus in mice and as a source of virus for identification. Virns
isalates were identified by complement-fixation tests in which hyperimmuns mouse
asiitic fluids were used as a source of known antibody. The identificaton of some
iralates was confirmed by mouse neatralization tests,

Fig. 1. Collectog sites in South Affica. Fringed line — boundary of Bighveld; heavy inter-apted
lin# — bouudary of Karoo; fidnt interrupled line — Eoundary of Natal coastal plain; open
sguares — virnses isolated from Cv. enicitafus and other insects; solid squares — Ox.
unitittatay colleeted but not tested for virus.

As shown in fig. 1, inscets were collected and tested for virus at g localities
widely distributed over the inland platear region of South Africa: Lake Chrissie,
Johannesburg and RKroonstad in the Highveld; Jacohsdal, Luckhoff, Bethulie and
Upington in the Karoo; Naboomspruit and Dolareyville in the reglor of serub acacia
thoro-veld bordering o the Highveld and at somewhat lower aldfiudes than the
Highveld localitics. Except at Upington, collections were in rural environments, but for
vase of identification the locality recorded is that of the nearest town. Collections
recesded for Johanneshurg were made st Olifantsvlel, a sewage disposal area on the
vutskirts of the city and one of the localitier utilized in the earlicr studies from 1961 to
itti5 mentioned ahove. The observations here extend over a 12-year period from 1661
to 173, with breaks in 1968 and 1971 when no observations were made.

In the current study, if all localities are lamped together, collections were
made each year from tofi6 o April 976, except for 1974 when collecdons were
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suspended. With a few exceptions, collections were made during the 4 wet summer
months of Ja—uary to April. They took place during a total of 205 days distributed over
the 11-year poood.

The collections at Upington in 1974 tock place during epidemics of WN and
SIN viruses in the human population (Mclntash ef ol, 1976). All other collections were
made * times when no homan infections from these viruses weve evident.

TaBLE 1. Numbers of blood-sucking Diptera tested for arboviruses, 1966—-1976, and number of
isalations of SIN and WN viruses.

Family and Snec No. of pol:)llg,?f Virus Isolations
amily a ex inseohs see
y pec text) SIN WN
Copncibae :
Arnopheles cousfani ... .. . 219 18
Anvpheles irnebrosus . . agh 1z
Anopheles imblevus I I
Ancphe: veen 138 21 . ¥
Amogt . e 17 4
::nm!- VESEE oy cianntcaanian PP g 1
Ang [/ S Crreasas 3
Anaglm:uqmmmm......‘................. 13 > 53.'
Auopleles gpp. {indet) ccoovinniiiiiiiiiia, 4% 3
Cmau!a‘cu:dm _fummm . Faveareers 37 9
Coguilletiidic microammtlade . .voivianininnins 2 125 g5
Aedes caballus ..o .ooiiiiiiiniiiiiinniin, 1o4b
Avdes Fup £....... e bt tnrrann Preeens t 775 49
Aedes caballusfiuppt <. ..ovvvioniisiinien 1 66 1
Ardes atgslf .00 viiieir i iriiia . 1 1
Aedes denlalas oo vviiininvcniiiiiranasanians 1 575 45
Avdes durbanensis .....iiveaiiiiians vamraran 30 I
Apdes Birsntur oo e b 5 1
Ao BEXIS civviiiniennneniias . 756 21
Ardes mextusfmdexvilielus oo ovviiiiiiia o, a9 3
Acdes neatopennts .. coovvinan 1057 30
Aedey Jridus .o o vveviiniiinicinsieann a4 3
Avdes Nneatopenmis/hrides . .oovh e ian. £055 43
Aedes umddenfeiis oo oieiieiii i ira2 a5
Cubisela bongiareolata .. ..coviiiivnainrienss 278 B
Culex subinotus ... ... . 126 6
Chilex 2igripes ....... I I
Culex annulioris . 1 1
Culex anfengaius | v 543 ]
Culex pipiens . ...o.. ... . ernaaaes 22 444 156 H 1
Gulex Poicilipes voovvivsvaviionsrie vinras 341 6
Chrlex quinguefasciafas s oy ovovsnvierinisneanns 53 4
Culer theilert . ... e erreerriasereaaaare ‘s 26 195 sa8 B
Culex unfpiflalus v vuvvsiniierinnnnans 20 220 ool 57 mg
CERATOPOGONIDAE
Curltooides BPP. < cvnviivnanrrrinvsninrnnnsn 42 584 r22 1
SIMULIIDAE vauvrvvrinssnnrssarsnans nrns 7 ngh By
TOTAL ISOLATIONS .0 evinnventrsccnns 68 115
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RESULTS

Table 1 gives details of the ingects that wepe tested for virus from all localities,
Over 32 mosquito species, totalling 1oB 219 specimens, were tested. Culex theileri, Gx.
univitigtus and Cx. pipiens were the § most prevalent species. Also shown is the number
of isolations of SIN and WN viruses from these insects. Noteworthy is the high
isolation rate from Cl. umipitiatus.

Table 2 lsts the isolations from Cx. univitfalus eccording to locality and year.
Although small collections were made in 1968 no Gx. unizitigtus were caught. It can be
scen that one or other of the virngses was isolated from rather small numbers of
mosquitoes at every locality, both were isolated at most localites, and both were
isolated virmually every year at localities where collections were repeated annually. The
infection rates fluctuated, and it seems that the viruses were enzootic and epizootic at
different places and times,

TaBLE 2. Isolationg of SIN and WN viruses from Cy. unizitiats collected at g localities.

51N WN
Nu,of | No.of
Loeality Year Cx. uni- | pools (see { Isola- | Infection | Isola- | Infection
sittatus text) tians rate-® tiops rate®

Jobannesburg ..... | & g ser 164 1 a,9 3 0,9

ohannesbuug ..... lggg 285 14 7 z 11 84

channeshurg ..... | 1960 1 G0 51 T 0,

channesburg..... | Ig70 6 948 271 z 2,9 ¥ 1,0
%ohannesburg ceens | 1g72 4 259 177 5 0,7 ro? 2,3

ethalie ........." | 1g6g I 38p 48 I 0,7 2 14
Bethulie ......... 3 1070 461 15 I 2,3 5 10,9
Bethulie ....0v... | 1971 2 gbb 42 24 8,1 3 1,0
Kroongtad ....... | 1970 1y 10 1 8,9 g 265
Luckhoff ......... 1497t Boo 21 I 1.3
Lake Chrissie ,.... | 1871 852 15 i 1.2
Upington ........ | rg74 ¢ 325 52 8 6,0 33, 24,9
Upington ....00.. | 1876 1904 87 5 2,8 2% 15,1
Delareyville .,.... | 1975 477 0 1 47 1 2,7
Neboonspruit ... | 197§ 292 te 2 6.8
Jacobsrdal ........ | b 52 g 1 1,7

‘Totals 49 220 goB 5% 108

a - infection rate i average number infected per 1 ovo tested, & — o isolate from recently
blovd-engorged mosquitoes

DISCUSSION

- The results show that infection of Gv. mivittatus by SIN and WN viruses was
demonstrated frequently over widely separated localities on the inland plateau. The
regularity in space and time of infection in Gy, unitillefes, and its virtual absence in
other potential vectors, convincingly implicated Cx. umivitfalus as the maintenance
vegtor of both viruses in the area sampled. There is also adequate evidence concerning
the vector capability of Cx. univitfatus (Jupr % Mclntosh 1970), its marked feeding
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preference for birds (Jupp & MeclIntosh 1967) and the prevalence of avian infections
{McIntosh ¢t al. 1968, 19'76) to support this conclusion. Furthermore, studies during the
epidemic in Upington in 1974, {McIntosh ef al, 1978) indicated that Cx. univiflatus was
also the main epidemic vector. It is of interest that, whereas many species of birds serve
as hosts for bath viroges \McIntosh ef al. 1g6yg), only one species of mosquito is of any
importancee az vector. .

It-is pertinent to mention the faflure during other arbovirus studies, despite
considerable effort, to identify the main vector of SIN and WN viruses in the
subiropical coastal lowlands of Natal Province (fig. 1) where both viruses oceur (Worth
et al. 1061, McIntosh e al. 1gy2} but Cx, univitiatus is absent, Cx. neatei, a closely related
species, is probably implicated, and both viruses have heen isolated from it, but not so
frequently or consistently as from Cx, srivitfaius on the plateau. The facts suggest that
the ecology of the viruses is not the same ir the temperate inlard platean as in the
subtropical coastal lowlands of South Africa.
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INFE*.TIONS IN SENTINEL PIGEONS BY SINDBIS AND WEST NILE
VIT.USES IN SOUTH AFRICA, WITH OBSERVATIONS ON CULEX
(CULEX) UNIVITTATUS (DIPTERA: CULICIDAE)
ATTRACTED TO THESE BIRDS

By B. M. McIntosh and P, G. Jupp?!

dAbstract,  Pigeons were exposed over several years in the
field in 2 ecclogically distinct regions in the intand platean re-
gion of South Africa, viz, moist Highveld and arid Karoo, and
infections by Sindbis and West Nile viruses were recorded in
these pigenns by periodic tests for viral antibodies. In bath re-
gions, infections by both viruses occrred during most years.
‘The monthly incidence fluctviated and was usuatly low, Infec-
tions were recorded in the Highveld from December to May
and in the Karoo fromn January to June inclusive, i.e., irom the
middie of the warm, wet season through the early part of the
cold, dry season, EBuring the remainder of the year, no infec-
tions were recorded. Infections by both viruses occurred ar a
higher overall rate in the Karoco. West Nile virus caused a
higher overall rate of infection than Sindbis virus in both re-
gions, Culex univitaius, the primary vector of both viruses on
the plateau, was trapped in significant numbers inside the pi-
geon cages at both study areas, and its presence in these cages
over a 12-month period at the Highveld locality correlated with
the seasonal prevalence of pigeon infections.

Observations of the past 2 decades have identi-
fied Sindbis (SIN) and West Nile (WN} viruses as
the most common mosquito-borne viral infections
of man on the inland platean region of South Af-
rica (McIntosh et al. 1964, 1976} Evidence ob-
tained from the isolaticn of these viruses from wild
rnosquito populations (McIntosh et al. 1967, 1978)
and in laboratory transmission tests (Jupp & Mc-
Intosh 1970) has implicated Culex (Culex) univitta-
tus Theobald as the only important vector of both
viruses on the platean. This mosquito is predomi-
nantly ornithophilic (Jupp 1973), and studies in
South Africa (McIntosh et al, 1968, 1969), as well
as other countries (Taylor et al. 1953, 1956, Shah
et al. 1960}, have strongly incriminated wild birds
as the primary vertebrate host of both viruses.

For surveillance of viral hansmission in the field,
domestic pigeons (Columba livea) were exposed in
the field over long periods and tested for serolog-
ical evidence of infection. The main objectives
were to obiain evidence on field transinission rates
in 2 ecologically distinct areas, the relative rates
between the viruses, the regularity of infection an-

tNational Instituze for Virology, Private Bag X4, Sandring-
ham 213], South Africa.

nually and to determine the time of the year that
transmission occurred, Insect traps were periodi-
cally operated within the pigeon cages to obtain
information on the species and numbers of he-
matophagous insects attracted to these pigeons.
More particularly, it was considered necessary to
demonstrate that Cx. univitiatus was one of the nu-
merically dominant species entering the cages and
that this species was present there during the time
of the year when infections were recorded in the
pigeons. In this way it was hoped to obtain addi-
tional evidence on the involvement of Cx. univit-
tatus as maintenance vector of these viruses among
wild birds.

These studies, reported in this paper, were
made at 2 climatically different localities where
contemporanecus studies on other aspects of the
ecology of these viruses, including periodic infec-
tivity surveys of the mosquito fauna, were in pro-
gress. One study was in moist Highveld, at Qlifan-
tsviei sewage farm on the outskirts of the city of
Johannesburg, at an altitude of 1753 m and with
an average rainfall of 769 mm. The other was lo-
cated about 600 km south of Johannesburyg, in arid
Karvo, in and around the small town of Bethulie,
with an altitude of 1274 m and an average rainfall
of 441 mm,

MATERIALS AND METHOLS

Pigeons, known to be free of antibodies against
SIN and WN viruses, were exposed in pairs in wire
cages with a mesh of 5 X 5 em. Cages were placed
on the sop of a pole 2 m high,

At Olifantsvlei, 1 to 4 pairs were exposed from
January 1967 through September 1971, with 3 pe-
riods; viz, july-October 1967, July-October 1968,
and May-June 1971, when no pigeons were ex-
posed. Pigeons were exposed over a total of 47
months, of wb' & 28 were within the virus trans-
mission seasc. Numbers exposed varied from
time to time as follows: 1 pair for 3 mouths; 2 pairs
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Tabie 1, Effective exposure times, in pigeon-days, of pigeons to Sindbis (SIN) and West Nile (WN) virc.es at 2 localities,

No. PFICEON-DAYS

Locariry PERIOD OF YEAR No. MONTHS® SIN WN
Qlifantsvlei In season* 28 3681 5878
Gt of season 19 3716 3634

Total 47 J857 7512
Bethulie In season 16 4882 4156
Out of season 13 3927 3765

Total 29 8809 7921

* Refers to virus tansmission season.
** Months when pigeons were exposed.

for 7 montb; 8 pairs for 7 months and 4 pairs for
30 months. Pigeons were placed in an area of
about 50 ha. This consisted of marshy grassland
and a large riverine reed bed. Studies here, which
had =sarted in 1961, had indicated that the area
was an enzootic focus of both viruses. The area
carrie? 4 large and diverse avian population
throughout the year, and during the summer Cx.
univittatus was also plentiful.

At Bethulie, 8 pairs of pigeons were exposed
from November 1968 through September 1971,
with no exposures from April to November 1969,
inclusive. Birds were exposed for a total of 29
months, of which 16 were during the transmission
season. Two pairs were located in Bethulie and the
others on farms within a radius of 10 km of the
town. On farms the sites were close to streams,
dams or homesteads, which in this arid area pro-
vided the most {avorable habitats for most avian
and mosquito species, Flsewhere, the habitat was

virtually devoid of surface water and supported
tufted grasses and stunsed scrub.

At both localities, loss of exposure time resulted
from predation, theft and subtraction of time that
pigeons remained in the field after infection, re-
sulting in a decrease in effective exposure time,
Tagtz I shows the effective exposure times at both
localities, in and ont of the transmission season, for
each virus, While fewer birds were exposed at
Olifantsvlei at any one time, they were exposed
there over more months, with the result that the
total effective exposure periods were much the
same at both localities.

Exposed pigeons were bled weekly or monthly
during the summer and lare autumn, i.e., Novem-
ber to June, when intections were likely, and at
longer intervals during the winter and spring
when they were not. In estimating exposure pe-
riods and times of infection, infection was assumed
to have occurred at a time midway bstween the

Tasrk 2. No. of infections by Sindbis (SIN} and West Nile (WN) viruses in pigeons, with infection rates according o year and

locality.
SIN WN
Exposure Exposure
No. pug:nn— Infect. No, plﬁmn- Infect.
LocALITY YEAR infections Ve rate* infections .~ days Tate*
1987 4 747 bt ;4 768 6.5
1968 2 1357 1.5 5 1247 4.0
Olifantsvlei 1969 0 1651 0 i 1607 0.6
197 4 2760 14 9 2532 36
1971 4 1172 34 0 1358 ]
Total 4 7697 1.8 20 7512 &y
1968 0 54§ 0 0 k4] 0
. 1569 2 1284 1.6 3 1174 26
Bethulie 1970 g 4766 1.9 25 3865 65
1971 10 2218 4.5 i3 2841 5.6
Total 21 @ 24 41 7921 5.2

* Infection rate = no. of infections per 1000 pigeon-days of exposure.
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Tasrz 3. Infections, atcvording to month, of Sindbis (SIN) and West Nile (WN) viruses in sentinel pigeons at 2 lotalities.

e e

SIN WN
LocaLiTy Exposure % Exposure %
EXPUSURE Pigeon- _ No. igeons pigeon- . No. Pijons
PERIOD Monta ys infectinas infected ays infections infected
Jan. 589 2 7 565 4 14
Feb. 526 5 18 538 2 7
Mar. 721 4 17 804 6 17
Apr. 722 2 8 612 6 I8
Ofifantsvle May 757 733 I 4
Jan. 1967 Jun. 585 545
t0 Jul. -4 633
Sept. 1971 Aug. 701 680
Sept, 678 678
Oct. 496 496
Nov. 592 502
Dec. 566 t 4 626 1 4
To al 7697 14 7512 20
1o 1297 i 2 1209 5 Il
Feb, 956 13 29 853 12 24
Mar. 909 3 8 784 g 1
Apr. 398 3 14 178 14 31
Bethulie May 619 485 1 6
Nov, 1968 Jun. 703 i 4 652 4 17
w Jut. 663 549
Sept. 1971 Aug. 496 465
Sept, 548 526
Oct. 425 425
Nov. 642 642
Der. 1158 1158
Total 8809 21 7921 41

detection of antibody and the previous negative
test. Pigeons developing antibody were replaced
with susceptible birds during the next visit, and the
period they were in the field after infection was
subtracted from their exposure times. In the de-
termination of the significance of various infec-
tions, a Poisson distribution was assumed, A.
numbers were sufficiently large, the normal 1 -
proximationi could be used to estimate by x* test
the significance of the differences in rates between
the 2 areas and between the 2 viruses.

Pigeon sera were tested for antibody in micro-
hemagglutination-inhibition tests. Sera were ditut-
ed 2-fold, ovesr the range Yo to Y12s0, and tested
against 8 urut. nf viral hemagghatinin. Hemagglhu-
tinins were prepared by sucrose-acetone extraction
of infected infant mouse brain. Sera inthibiting ag-
glurination at a dilution of ‘Y1s or greater were
recorded as positive.

For the collection of insects, a portable suction
trap, puwered by a 12-V car battery, was suspend-
ed from the floor of 2 pigeon cage and run over-
night. A hole 15 cm in diameter in the floor of the

cage zccommodated the trap intake, and insects
were sucked downwards into a collecting bag. Mos-
quitoes were identified to species, Culicoides to ge-
nus, and Simuliidae to family,

At Olifamsvlei, these traps were set at approxi-
mately weekly intervals over a 12-month period,
i.e., trom November 1969 through Ovtober 1970.
At Bethulie, a total of 19 traps was set during Jan-
uary and March 1971, A series o unbaited control
raps was set at both localities.

RESULTS
Pigeon infections

The number of infections in the pigeons with
exposure times in pigeon/days and infection rates
is given in TasLr 2. The figures are expressed on
a yearly basis to show the pa:ztern of infection over
the various years of obserrations at both localities.
Infections by botl- viruses at each locality were re-
corded during most veurs. At Bethulie, *f 1968 is
excluded since exposure in that year was limited
to Novembe: and December, infections by boh
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Tasie 4. Hematophagous insects collected in suction traps
placed inside pigeon cages at Olifantsvlei (Highveld) during
44 rrap-nights from Movember 1969 to October 1570 inclu-
sive, and at Bethulie {Karoo} during 19 trap-nights in jana-

ary and March 1971,

T'OTAL INSECTS

™
fantsvlei

Bethnlie
Culicidae
Culex pigiens 16,572 1554
Cx, univittaius 6478 2027
Tx theileri 1224 197
X quinguefasciatus 28
Aedes unidentatus 332
Ae. dentatus 218
Ae. miztus 72
Ae. juppitcaballus 19 5
Coguillettidia microannulata 761
Cther Culicidae spp. ah 311
Culicoides spp. 1258 3760
Simuliidae 1580 ca 5000

virnses were recorded annually, Despite the fact
that 1970 was an exceptionally dry year at Bethn-
lie, infections by both viruses were recorded there
during that year, with WN infections ar a relutively
high rate. Tk overall infection rates with both vi-
ruses were higher at Bethulie than at Olifantsvlei.
In: the case of SIN virus there is no sigrificant dif-
ference in the rates between the 2 localities (x* =
0.582; 0.5 <P < 0.8%, whereas for WN virus the
difference is significant at P < 0.025 ()¢ = 5.613).

In TaeLE 3 the number of infections recorded
and the percentage of pigeons infected each
month are shown, the values for each month over
the duration of each study being combined so as
to show infections in relation to the seasons of the
vear. Infection by each virus at both localities was
seasonal, being recorded for only § to 6 months of
the year, from midsummer to early winter. Infec-
tion at Bethulie started and ended a month later
than at Olifantsvlei; probably a reflection of the
later onset of the rainy season at Bethulie.

There were fluctuations in the mont * v infection
rate, which was generally low. The highest rate was
in April at Bethulie with WN virus. This resuited

from 7 out of 17 pigeons becoming infected dur-
ing April 1970, and the same number ajfain in
April 1971. The highest monthk™ -ite with SIN
virus was also at Bethulie, This ... ..ired m Feb-
ruary 1971, when 8 out of 15 pigeons were jnfect-
ed.

At both locglities, WN vitus showe” 2 higher
overall infection rate than SIN virus. If infections
at both localities during the 6 months wh:in virus
transmissions were revorded, i.e., from December
to May at Olifantsvlei and January to junt at Be-
thulie, are considered together with respec; to each
virus, i.e., 35 infections by SIN virus during 8863
pigeon/c..;s (I infection per 253 days) cempared
to 61 WN infections during 8034 pigeor /days (1
infection per 132 days), the difference -5 highly
significant at P < 0.001 (x* = 18.89).

Insect collections

Tasrr 4 shows the number of Culidicae, Culi-
coides spp., and Simuliidae collected insicie pigeon
cages at Olifantsvlei and Bethulie. At botl localities
Cx. univittetus was ane of the numericzlly domi-
nanm mosquito specivs. Cx. pipiens was ty far the
most prevalent at Olifantsvlel and was almost as
prevalent as Cx. undvitfatus at Bethulie.

‘TamLe 5 shows the average number o’ Cx. uni-
viitatus collected per trap-night in pigeon cages on
a monthly basis at Olifantsvlei. It can be seen that
this specics was collected in the cages fron Novem-
ber through May. Tt is apparent therefjre that,
with the exception of November, at the b:ginning
of the rainy season, its presence in the ciiges cor-
responded with the time of the year when infec-
tions were recorded in the pigeons.

Only insignificant numbers of Cx. wdvittatus
were caught in cuges without pigeons.

DISCUSSION

The demonstration of infection in sentinel pi-
geons with high seasonal regularity but low month-
ly inciden-e at both localities is indicative of en-
zoatic infection and suggestive that both viruses
exist permanently in the Highveld and Karoo re-

TabBLE 5. Average uo. of Cx. wnivitlatus collected monthly per trap-night inside pigeon cages at Olifantsviei (Highw Jd).

1969 1970
Nov, Dec. Jan. Feb. Mar. Apr, May Juu. Jul. Awg.  Sept. - Out,
No, traps & 5 5 3 4 4 3 3 3 4 4 1
Avg. no. 61 227 682 183 252 4 2 - - - - -
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gions of South Africa, This is also in accord with
the pattern of infection found in Cx. univittatus and
in hurmans living in these regions. During surveil-
lance for infection in Cx. undvittatus populations on
the inland plateau over the 15-year period from
1962 through 1976, both viruses were isolated
from this mosquito during 13 of these years. Of
the remaining 2 years, no Cx. univitialus were col-
lected in one and in the other only very few were
sampled (McIntosh et al. 1967, 1978). Endemic
human infection has also been evident on the pla-
teau; in every year since 1963 when surveillance +.i
human infectio.: was started, serological evidence
of infections by both viruses was obtained (unpubl.
studies), The sentinel pigeon studies demonstrated
yearly avian infection by both viruses from 1967
through 1971, suggesting that wild avian infection
is also an annual occurrence on the plateau.

As both viruses produce only low viremia in man
{McIniosh et al. 1976), it is probable that most hu-
man infection results from vectors that acquire
their infection from wild birds. Human infection
with these viruses is consequently mere temporally
dependent upon avian infection than migi.t be the
case were a mosquito-man-mosquito transmission
cycle more frequent. The sentinel pigeon studies,
in identifying those months of the year when avian
infection occurs, have therefore also indicated the
time of the year when human infection is most
likely. '

Collections of insects inside the pigeon cages
showed Cx. univillatus as one of the numerically
dominant blnodsucking species and its presence
there at one locality correlated with the time of the
year when infections were recorded in the pigeons.
Cx. pipiens was the most prevalent species inside
the cages at Olifantsvlei and ranked 2nd a1 Bethu-
lie, but this prevalence is exceptional for most pla-
teau habitats where Cx. pipiens is usually a rather
rare species in habitats more natural than those
sampled in the present collections (Jupp 1973).
Culirvides spp. and Simuliidae were also prevalent
in the cages but low natural infection rates exciude
these insects from any significant vector role
{McIntosh et al. 1978). Infectivity surveys among
mosquitoes on the inland plateau have produced
overwhelming evidence thal Cx. univiiatus is the
only important vector in this region. For example,
in the surveys made from 19A2 through 1976 men-
tioned above, which included surveys at Olifan-
tsvlel and Bethulie during the sentinel pigeon
studies, a total of 84 isolations of SIN virus and
128 of WN were made from 70,057 Cx, univittatus,

Val, 16, no. 3

in comparison. only 2 other mosquito species
yielled multiple isolations. Nine isolations of SIN
and 6 of WN were made from 83,001 Cx. theileri
and only 4 isolations of SIN were made from
128,967 Cx. pipiens. Laboratory transmission tests
also showed Cx. univittatus as an efficient vector of
both viruses and Cx. theileri and Cx. pipiens as rath-
er poor vectors (Jupp & McIntosh 1970, Jupp et

al. 1972, Jupp 1976). There is little question, there-

fore, that Cx. univittatus was the vector of most sen-
tinel pigeon infections and that these infections
were an artificial counterpart of natural avian in-
fection with this mosquito as vector.

Doubt remains whether failure to record inzec-
tion, during the winter and spring was due to the
exposure of inadequate numbers of pigeons or
whether transmission ceased during this period. If
transmission does occur, which is possible since Cx,
univittatus has been collect2d in small numbers dur-
ing the winter (Jupp 1969}, it is rare, which sug-
gests that transmission among birds during this
time of the year carries little significance for the
persistence of these viruses on the plateau,

"The reason for a higher rate of infection by both
viruses in the arid Karoo, compared to the moister
Highveld, « "en during an abnormally dry y ar, is
not clear. It is possible that tk.. nigher summer
temperatures prevailing in the Karoo, by enhanc-
ing virus multiplication in the vecto and thereby
increasing vector efficiency, are the cause. The zel-
atively high rate of rransmission recorded at Be-
thulie suggests that at the lower rates of transmis-
sion, i.e., enzootic infection, the aridity of the
Karco imposes :ttle significant restraint on the
transmission of these viruses in the avian popula-
tion.

The reason for a higher overall transmission
rate by WN virus compared to SIN virus is also not
clear. A simiiar observation was made at Olifan-
tsvlei in an earlier study with sentinel fowls over 3
consecutive years, in which only 14 infections of
SIN virus wer= recorded as against 38 by WN virus
(McIntosh et al. 1967). In this regard it is pertinent
to mention that laboratory transmission experi-
ments showed Cx. univitiatus to be a more cfficient
vector of WN virus, When this species was infected
by blood meals containing +5.0 log of either virus,
transmission rates of 89% with WN virus and 57%
with SIN virus were abtained (Jupp & McIntosh
1970). Because of its apparent higher rate of trans-
mission among wild birds, it seems that WN virus
is more likely to produce infection in man than is
SIN virus,
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Relevant to thesc sentinel pigeon studies, it
shouid be mentioned that the largest epidemic
ever recorder in man due Lo these viruses in South
Africa was caused by WN virus in the Karoo in
1974 (McIntosh et al, 1976). An abnormally high
rate of human infection by SIN virus also occurred
at the same time, but this was at 2 much lower level
than that by WN virus. - '
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ECOLOGICAL STUDIES ON WEST NILE VIRUS IN SOUTHERN AFRICA,
' 1965-1980
B. M. MciIntosit and P, G, Jure

National Institute for Virology. _
Private Bag X4, Sandringhanm, 2131, South Afica

Southern Africa carries a wide range of temperatures, determineu by both
tatitude and altitude. It encompasses an area extending over 17°5 of Tati-
tude, from to 34°S. Coastal plain is somewhat limited, the bulk of the area
consistirg of an extensive, inland plateau, varying from 400 to 2000 m above
sea level, By utilising the 18 and 13°C midwinter isotherms Southern Africa
may be demarcated into tropical, subtropical and temperate thermal zones. The
subtropical and temperate zones may be subdivided into moist and arid zones by
the 500 mn tsohyet which bisects the southern and central regions into a moist
eastern part, and an arid western part. In Zimbabwe, thi< ischyet takes a
direct westerly course, thus creating a broad band of moist territory along
the northern limits. Almost the entire western shoreline is desert.

Apart from antibody surveys in adjoining countries, most of the work has
been in South Africa, either on the temperate, inland plateau, or on the
moist, coastal plain of Natal Province, which is partly tropical and partly
-subtropical. T is on the plateau that West Nile {WN)} virus has been most
active and * 1is there that the emphasis of the work has been located. Study
sites there ave been in both the Highveld, a high, cool and moist grassiand,
and in the Karco, a Tower-lying, warmer and arid region of the plateau.

West Nile virus was found to be widely distributed in Southern Africa.
It was dsolated at 11 Tlocalities on the South African plateau, at two
localities on the Natal coast and at one locality on the coastal plain of
central Mocambique. In addition, the presence of virus in Bolswana was
ests. iished, when a strain of virus, isolated by the Tlocal veterinary
authorities from a dog, was identified as WN virus. Neutralising antibodies
were found in man throughout South Africa, also widely in Mecambique, as well
as along the northern borders of Namibia and Botswana. It seems therefore
that the virus persists throughout Southern Africa, wherever suitable vector
habitats and sufficient vertebrate hosts are present.

Antibody rates in man have conformed to a distinct geographical pattern;
high on the ptateau, varying from 15 to 40%, and low on the coastal plain (0.5
to 5%). This has correlated positively with viral activity determined by
other techniques, viz., by infection rates in wild mosquito populations, in
observed human jliness, and in avian infection, This has been particularly
evident between plateau and coastal Yowland in South Africa. The reason for
this rather paradoxical situation is not clear, but is probably related to the

presence on the plateau of a particularly efficient vector -~ Culex
univittatus.

puring the 25 yaar period under review 158 isolations of WN virus were
obtained. Tinese were made up of 139 mosquitoes, 14 from human blood, two from
sentinel hamsters, and one each from & wild bird, a sentinel pf{geon and a dog.

One hundred and twenty eight isolations came from Cx univittatus {Table
1), clearly implicating this mosquito as & vector on the plateatl, as well as
directing attention to birds as vertebrate host since this mosquito is primar-
ity bird-feeding (McIntosh et al. 1978; Jupp, 1973; Jupp et al., 1980). In
coastal Natal, where nearly twice as many mosquitoes were tested only three
isolations were made, and these from three species, one of. which was Cx !

neavei, closely related taxonomically to Cx univittatus, and replacing that
SpECies in the coastal lowlands {Jupp, 19717, — : F
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Teble 1. West Nile virus isolations from mosquitoes in South Africa 1956-80.

Reqic No. . Infected No. o.
gian mosgquitoes species tested isolations

Patesy 250,000  Cx univittatus 70,037 124

: "%{_fﬁei Ter] 82,995 6

X pipiens 128,967 1

B caballus 1,809 1

Lowl ands 420,000 Cx neavei 57,559 1

{tiatal coast) Cq microannulata 254 1

' Ae circumliteolus 201,427 |

On the plateau there were 58 isolations from 56,564 Cx univittatus in the

Highveld (infection rate, 1.0 per 1,000 mosquitoes) and 70 from 7,935 of the

same species ip the Karoo (8.8/1,000}. The higher rate in the arid Karoo is
noteworthy since this conforms with the higher activity found there during
septinel pigeon studies described below., The reason for this apparent higher
viral activity in the arid Karoo is not clear, but it is possibly related to
the higher summer temperatures prevailing in the Karoo enhancing vector capab-
flity. Surveillance over a 10 year period for infection in Cx wnivittatus at
the 0lifantsviei study site near Johannesburg, yielded isolations in each of
the seven years that observations were made and a similar pattern of annual
summer infection was recorded at certain other plateau Tocalities. There can
b? Hittle question that Cx univittatus is the viral maintenance vector on the
piateau.,

Vector capability tests concurred with this belief as they showed Cx
univittatus as an efficient vector (Table 2) (Jubb and MclIntosh, 197G; Jupp,
1974). Furthermore, they eliminated Cx theileri and other possible vectors as
important vectors, thereby strengthening the évidence against Cx univittatus
{Jupp et al,, 1972). Tests with Cx neavei indicated moderate vectorship but
suggested that this was bhelow thal of Cx univittatus because of a higher
infection threshold. This may well accounf™ for the relatively lower viral
activity in the coastal lowlands. )

Table 2. Infection and transmission tests with West Nile virus and Culex

univittatus,

Infective dose Temp.

Experiment Infection rate*  Transmission ratet

Logs /ml °o¢
1 6.4 26 14715 {93) &74
5.4 26 15/16 (94) 8/9 (89)
4.4 26 20/25 (80) Mot done
3.4 26 6/15 (40) _ Not done
2 4.3 26 15/35 (43) 5/15 {33)
3 6.0 26 37/37 35/36 {97)
6.0 18 30/30 13/27 (48)

*  Numerator, number infected; denominator, number tested.

t  Numerator, number transmitting; denominator, number infected mosquitoes
that fed; each hamster was exposed to a single mosquito.
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When 13 common avian species from the plateau faura were inoculated with

N virus, all species became viraemic, some at high concentrations, although

nona showed 111 effects (McIntosh et al., 1969). Evidence of natural avian
infection was cbtained by the isoTation of the virus from a warbler and a
sentinel pigeon, and the finding of antibodies in avian populations. M
antibody survey among birds at Olifantsvlei showed 20% of 405 domestic fowls
and 132 of 2,022 wild birds to have antibodies (McIntosh et al., 1978). A
higher rate was recorded in wild birds, shortly after an outbreak of WN fever
in man in the Karoo, when 53% of 322 birds had antibodies,

Two sentinel pigeon studies were carried out over three years, one at
Olifantsvlei, the other at Bethulie in the Karoo {McIntosh and Jupp, 1979}).
At both localities enzootic, annual infection, from midsummer through autumn
was recorded, Despite similar exposure periods at each locality there were
only 20 infections at Olifantsviei compared to 41 at Bethulie, the drier
locality. Insect collections from inside the pigeon cages demonstrated the
prsence of Cx univittatus throughout the transmission season. The studies
suggested that natural avian infection was a yearly summer phenomenon on the
plateau and strengthened the evidence against Cx univittatus as the vector of
avian infection.

For many years an arbovirus diagnostic service has been provided at our
laboratory in Johannesburg., Through this service, based largely on volun-
tarily submitted blood specimens from suspected human cases, it has become
evident that WN virus 1is responsible for endemic infection on the plateau
(McIntosh et 1., 1964). Single isolations were made in 1958, 1964, 1968 and
1970 while  during 1974 there were nine isolations. During the same period
nearly 600 presumptive infections were diagnosed serologically either in
paired sera or from high, predominently monotypic, HI titres in a single
convalescent serum., Except in 1974, infections have been sporadic and scatt-
ered throughout the plateau, Under corditions of average population Tevels,
Cx univittatus has shown a Tow biting frequency on man, and this seems to be
the most Tikely factor limiting human infection.

There occurred one notabie exception to this relatively tranquil state of
affairs. The summer of 1974 was unusually wet throughout the South African
plateau. An epidemiz of WN fever, characterised by fever, rash, myalgia and
arthralgla, confined almost exclusively to adults, appeared over a large area
of the Kareco (McIntosh et al., 1975). Investigations showed Cx univittatus to
be unusually prevaient, significantly anthropophilic and f€avily infected.
Tests for virus in mosquitoes resuited in 33 isolations of WN virus from only
1,325 Cx univittatus.

As already mentioned high antibody rates were recorded in birds after
this epidemic suggesting that an avian epizootic had occurred and this had
been crucial in generating the epidemic. Antibody tests on 558 human sera
from the affected area indicated that 55% had been recently infected. The
indications were that human infection had been heavy and thousands of clinical
cases had occurred, although no mortality had been reported. 1In the town of

Upington, with a population of 30,000, some 1,700 persons had consulted prac-
titioners.

In summary, the studies indicated that WN is widespread in Southern
Africa, where it is the cause of one of the most common arbovirus infections
of man., Although most active on the temperate plateau, where it utilises a
most efficient vector, it has adapted to diverse climates. It evidently
enjoys a variety of avian species as vertebrate host, which presumably pro-
vides the virus with the potentiai to move from Tocality to locality, perhaps
even from region to region, although there were no suggestions that this

- facility was the means which enabled the virus to flourish sach summer in
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temperate South Africa, On the contrary, migrant birds seem not to be
involved in the annual introduction of virus inkto the South African plateau,
since they arrive in September and Ccober, before the appearance of the spring
Cx univittatus popelations. '

Bacause of Tlow viraemia in man, human infection is totally dependent,
spatially and temporally, on avian infection. There is no evidence of an
amplifying, non-avian vertabrate hest, which would jromote human infection,
nor is there a Tikelihocd of an alternative, more anthropophilic and equally
efficient vector, superceding Cx univittatus on the plateau. Because of these
factors, the past pattern of endemic humar infection, with intermittant epi-
demics, is Tikely to pr- i1, in this region at least in the future.
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Sindbis and West Nile virus infections
in the Witwatersrand-Pretoria region
P.G.JUPP, N.K.BLACKBURN, D.L.THOMPSON, G.M.MEENEHAN -

sy T s ey oo - o es et T Sonth Adrica during the suromer Sindbis (SIN) and West

oo EEEE : Nile {WN) viruses have been responsible for sporadic annual
infection in man.! Up to 1974 the cases reported were largely
from the moister regions of the Transvaal and the Orsnge Free

,51 Frum id-Decsmber 1683 untl mid-Aprl 1984, here- !

“iwas an. epldeniic of Sindbls (SIN) virus Infection fn :  State, elthough antihody surveys in man and animals™' showed
“’lha Witwaterarand-Preloria region In which kundreds hat both ?n-uses ccetr extensively in hoth the ngh\r::]d and 3
¥ of humart casss were diagnosed ciinically, Twenty- . ;  Karoo regions. In early 1974, bowever, the largest epidemics
43 aight of -these diagnoses were confirmed in the ol both virus infections ever recorded in South Africa ooctfrred .;
"3 iabotatory by seraconversion &s belng Infeclions #  Over extensive areas of the Karoo and northern Cape Province, g
wmth Site Vitus, and'5 casés of infection with West 1 With thousands of human infections estimated.? More tecently,
e N“E IWN] virlis were afso found, Attempts to Isolate B during the summer from mi_d-Deccmher 1983 until mid-April 3
& virus from 66 patietis, mainly from serum spacimens, - 1?84, hundreds of human lnfegtinns due to SIN virus were 4
“iwete unsuccessful; Infection rates for the mosquito. - dingnosed by general practitioners and hespitals in the i
“*vactor Culex univiltatiis, colieoted st locailties on the - 4 Wftwat::rsrand-l’n.zmri? region; these constituted the lacgest ;
2 anlwalersrand in Fabruary and Maroh, were mostly epidemic of SIN wrus‘mfcctiuns ever recm:cled on the Highveld
4____‘higher for both SIN and WN viruses than in previous and the largest vccurring in the country since the 1974 Karoo
i-years. The highest rates determined were 54 (SN i} epldemic. .
7 and 9,6 (WN) per 1000 mosquitoes. If is concluded *: Qur Unit received sera from some of the acutely ill and
the* an’ epizootic of both virtisad occurred which | convalescent patients 5o that infections with SIN virus could -
iwas manlfested by a high levél of viral activity Inthe |  b® confirmed serologically. Sera received here are routinely i
& foral Ok, uhiviltatus-bird transmidslon cycle. Cx, unj- ¢ tested for 5 viral antigens including both SIN and WN so that i
“Viltatus dfficlently transterred infsction of SIN virug | the incidence of WN virus wes alse determined. This was
2 fron this ‘¢ycla to-mah to cause the epidemic of +  important, since the symptoms of WN vicus infection are
i % Infection with that virug but it is unclesr why thers’ : indistinguishable from those of SIN virps.! Attempts wers
% were apparently only a few casaa of WN virus -« &lso made to isolate virus from the sera of acutely-ill patients
{_fec“on‘ i i+ and from skin lesions,
g;:,g i R R : When the results of laboratory sests began to confirm the ¢ !
aﬂ‘mﬁﬁu& ?D: m—m e S 1 presence of SIN virus activity in  * iuman population at a H
TN Tk . o ¢ much higher level than in past yem~ for the region, it was E
§

decided to undertake contemporaneotts studies on the mosquite
vector, The vector of both SIN aud WN vlrus=s, Culex {Culex)

Arbovirus Research Unit, National Institcte for Virolo univittatus theohald, maintains the viruses in a feral cycle with
and Department of Virolc:gy, University of the Wis.watcrg wild birds, This same mosquito also transfers infection of both

rand, Johannesburg viruses from the feral cycle to man to cause human infections.

P. G. JUPP, asC. PH I 5CEL NAT. Man-to-man transmission of either virus by Cx. unfvitratns :
N. K. BLACKBURN, F.1MLT, MPHIL, 2.PHIL, can be diacountcd because of the extremely low titres which ;.
D. L. THOMPSON, #sc kons are teached in the humnan peripheral bloodstream.* '

G. M. MEENEHAN, M1 The population of Cx, unfvittains was sampled at several

localides on the Witwatersrand o detevnine the vertor infection
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zates for both viruses during the epidemic. This was done to
investigate whether the high frequency of human cases of SIN
virus infection was also expressed in the feral cycle by = higher
. dnfection rate in Cx. smivittatus,
+  The human infection and Cx, r.:

infection with both
viruses is reported, :

* Methods

Yirology

Y On errival in the faburetory blood from acute hurmen cases was
centrifuged and the sera stored at ~76°C, while ser from blood of
convalescenvs were stoved gt —20°C, In an attempt to olate the
virus, stra and mosquim suspensions were inoculated into suckling

. mice, § - 3 days old, intrucerebrally. A few suspensions prepared

from skin vesicle scrapings were also inoculsted. For identification
of virus isolates complement-fiving antipans wete prepared from
the brains of sick suckling mice, either & cucrose-acetone extrac-
tion of the brains or fron a ligh 1y centrifuged 20% bufeted saline
suspension, Fhese sntigens weee tested in complement-fixation
wa1s pgakast hypetimmune mouse ascitic fluids.

All human sera were tested for sntibodies in micro-
hacmagelutinstion-lnhibition (H1) tests agdinst antigens of SIN,
WN, Chikungunys, Wesselsboon and Rift Valley fever viruses.
Ten-fold dilutions of serum over the range 1/20 - 1/2560 were
tested against 8 vnits of viral antipen. Those ssra which reacted
against both WN and Wesselsbron antigens were also tesied for-
mtmlizing ontibodies by mictoneutrafization vests using veto

Mosquitoes

Up to 20 portable batiery-operated light traps beited with solid
carbon diozide ware set avernighi for 15 nights during February
and March 1984, The trap used was s Natjonsl Institute for
Visology light suction trap designed and made by the senior
author (7. Q. J.}.7 Collections were made at four localities on the
Witwstersrend, chosen because of the presence of permsnent
water for mosquito breeding und for their concentrations of birds,
These localities were Germiston {(Rondebult Lake), Ristfantein
{Jukskei River), Moddetfontein (severai dams) and Florida (Florida
Lake).

In order to collect as many Cir, uninittatts as possible the large
number of tra!Fs" was necessary, because Cx. wnfoittoruy was
inveriably greatly outnumbered by Crlex pipiens and Culex theilert,
The Cx. univittotus were either extracted Irom the catclies on the
day of collection, pooled in 25z and stored at ~70°C, or all

mesquito species were stored at —70°C snd subsequently the Cx, I

univistatus were extracted and stored agaln at~70°C,

Results '-!

There were 28 ceses of infection with SIN virus end 5 with WN
virus shown by seroconversivn in the HI iest. These mey be
compared with only 2 such seroconversion® for SIN virud and
none for WN virus amosg serw recrived and tested the
previous summey (I1982/1983). All WN vwiius infectons ‘were

confirmed by the neutrslization test. No vimses were isolated’

from 63 sera from scutely-ili humnas or from the skin lesions of §
aticnts,
P The nnmbers of isolations of SIN and WN viruses obtained
-from Cx. mmvitterus collecred at four Witwatersrand locslitics in
1984 are shovm in Table I As 8 comparison the same dats
obtained during five previous swmmers st Olffentsviei in the
southern Witwaterscand® are included.

Discussion

The significant fncrease in the number of human infections
with SIN virus in the 198371984 summer compered with
1982/1983 confirmed clinical reports which fudicated that an
epidemic of this vitus hed cccurred, The Increase in the
number of buman infections with WX virus over the previous
season was only slight. More of the SIN cases were ne.
confirmed in the laboratory because suitable specimens were
not obtained. In infection by either SIN or WN :virus the
vireemia iz of a fow level and transient, the patient usually
secking medical attention only when the maculapapular rash
appears. The rash indicates the commencement of antibody
forination which usually precludes successful virns isolatinn,
Thetefore the demonstration of a rise in antibody titre —
seroconversion — s the only practical method of laboratary
diagnosis and it depends on paired sera ~— acute and conva-
lesrent — being aveileble from each patient. The first or
‘gcute’ serum should be obtuined as early in the fllness as
possible and the s=cond ot ‘convalescent® scram 2 - 3 weeks or
longer afterwards. From 50 or more patiends in this study with
antibodies to ane or both of the viruses only 1 serum sample
was collected, Therefore, any rise in antibody level indicutive
of a recent infection conld not be demonstrated,
Malberbe et af.” managed to isoiate virus from the skin
lesions of ! patient but McIntosh ez 2l! in a later stody failed

No.

Locallty Yr Cx. tmfvit{atug
Garmiston 1884 1980
Rielfoniein 1984 a7
Madderorileln 1984 553
Florktat :

Rleffonteln 1384 22
Ollfantaviel* 1872 4259
Olifanisviel* 1970 6943
Olifaniaviat* 1968 - - 1670
Olifantisviel* 1987 2875
Olifantsviel* 1966 3522

*From Mcktosk f ai®
1kt . dion ratu is nimber infecied per 1000 tnsted,

TABLE L ISOLATIONS OF SIN AND WN VIRUSES FROM CX. UNIVITTATUS COLLECTED AT
FOUR WITWATERSHAND LOCALITIES IN 1984 COMPARED WiTH PREVIOUS RESULTS
FOR OLIFANTSYLE] (SOUTHERN WITWATERSRANG)

SIN WN
No. Infection Infaclion
pools  Isolalions rate isolations ratef

79 § 2,5 19 84
Kk 2 A & a7
23 3 54 1 T8
| - — 1 -
177 3 0,7 10 23
223 2 o3 7 1,0
51, 1 0,6 -— —_
114 ¥ 24 11 aa
164 1 0,3 3 09
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TABLE }. MONTHLY RAINFALL AND TEMPERATURES FOR 198271984 COMPARED WITH

NORMAL MEANS FOR THE SAME MONTHS CALCULATED FROM 20 YEARS OF PREVIOUS )
RECORDINGS ) by
. Temperalura {*C) ]}
Ralnfall {mm) Normal " Girrent month L

Normai Current Mean Mean wlean Mean ;

Month mesan month max. min. max i, - ) ;

Celober 550 80,4 24,2 11,2 233 121 §

4 November 120,2 1315 244 12,8 252 £ " i ;
Dacember 1134 1673 248 13,6 228 @ 149 "
January 120,2 80,5 251 L 26,4 18,2 ) 1
Febsuary © 9,1 31 24,8 14,0 27,9 14,8 L !
Merch 88,7 FE 237 129 25,3_ 14,8 :

i

to do this with several patients. Similarly, no virus was
isolated from skin veside scrapings in our study.

The infection rates (IRs) for Cx. univiztatus determined in
1984 were compated with those determined in previous years
at Olifantsvisi. The IR for STN virus at Modderfontein and
for WN virug st Germistor: were much frigher; while IRs for
SIN vitus at Germiston. and for both viruses at Rietfontein
eguelled the highest rate previously recorded at Olifentsvlel.t
These high IRs iadicate that an epizootic of both viruses
occurred whick wes mavifested by & high level of viral sctivity
in the feral maintenance cycle between bitds and Cx. univit-
tatus, The nnusually high rainfall eatly in the summer together
with higher than normal temperatares thronghout the mosquito
season were probably importent. These environmental factors
probubly contribured towards. the occurrence of these epizoo-
tics aud the subsequent epidemic of SIN vims infection.
Table IF shows the rainfall and temperatores from Qctober to
March 1984, corupared with the normal averages usuaily

A pranr frora the Somth Africas Medical Research Council
towards this work iz schuowledped. "We are grateful to Mrs N.
Aldridge and Miss L. Ben Joseph for technical sssistence snd to
the following for sllowing us to set mosquito traps i #rcas under
their jurisdiction: the Ditector of Parks, Germiston sad Florida
Municipatities; the Scnior Administrative Officer, Rietfontein
Hospital; and African Explosives and Chem'ﬂl Indusiries,
Modderfontein. We thank the Director-Geners] of National Health

for permission to pubfish.
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Linaganthus africanus is host-specific an oceurs on sheep and goats (Ledger, J.

1980. The erthroped parasites of verlebrales in Africa south of the Sahara, vol. 5. Phthiraptera
(Insecta). Publication of the Souih African Institute for Medical Research No. 56
Johannesburg}.

Although with a definite preference for and abundantly found on Cape buf-
falo, the blood-sucking Heematobiz thirouxi bolens has also been collected in low numbers
from giraffe, white rhinoceros and bive wildebeest in the K.N.P.,, and it is known that
sheep are attacked by this fly where their distribution ranges overlap (Zumpt, F. 1973.
The Stomoxyine biting flies of the world, Gustav Verlag, Stuttgart}). It seems highly improb-
able that the louse had infested any of the wild animal species in the K.N.F. Since no
sheep or goats exist anywhere in this conservation area, the fly must have settled on
fice-infested sheep or goats in adjacent aveas. Goats iz rural se... zents in Mocam-
hique are likely to have been the soree of the louse. The closest Liocambican setile-
ment to the collection site is 1o km to the northeast, with intervening harsh country not
supporting any livestock.

This record confirms that sucking lice do utilize biting flies for transportation
to new hosts, and suggests that they cling to the transporting species for considerable
periods before drepping off (the fly must have travelled sevzral kilometres with the
louse, periadically resting on vegetation, without the lpuse &-opping off). It also sug-
gests that H. thirouxi potans cover considerable distances in their search for blood-meals
or suitable breeding substrates.

We thank Chief Ranger Bruce Bryden {Kruger National Park) for the infor-
mation on humen settlements and activities in the area of Mocambique under dis-
cuseon — L. E.'O. Braack, Nature Conservation, Skukuza 1350, South Africa and
K. ¢. Emerson, 560 Boulder Drive, Sanibel, Florida 33957, United States of America.

1

The NIV Light Trap for collecting biting Nematocera (Diptera). — The need arose
in the Arbovirus Unit for a compact, lightweight portable light-suction trap for collect-
ing biting Nematoceran flies during our field research programmes. It was necessary
for such a trap to collect Iarge samples of these insects as representative ag possible of
the fauna present at the locality under study. Suc.. satches would be made for ecologi-
cal studies on insect vectors and to provide specimi.as for virus isolation atiempts. Pre-
viously we had made and used a lght suction-trap with a 12 volt, 17 watt Lienl=
motor and 15 candle power globe which worked well. However, this trap was cumber-
some to use in the ficld owing to the heavy 13 volt wet motorcar battery required as its
power source. For this reason, various imported portable traps were tried out but their
performance was not found wholly satisfactory. Additionally there was the problem of
high prices and the unavailability of spares in South Africa for these traps. Hence it
was decided to design a trap which could be made from locally available materials and
which could be set in large numbers to collect biting flies frequenting inaccessible habi-
tats. This paper gives the design for the NIV light-suction trap and reports its success-
ful use both with and without CO2 supplement. Some comparative =~‘ches with the
larger Lienlun trap are also given.

The design is based on that of the CDC miniature light trap {Sudia, W. D. &
Chamberlain, P. W. 1662, AMosquite News 22: 126-12g)} but simplified. Fig. 1 is a Jateral
diagrammatic view of the complete trap except for its support pole and battery, while
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Fig. 5. Diagrammatic fateral view of trap compleie with colleeting cage.

Fig. 2 is 2 ton view of the suction unit after removal of the hood. All measurements are
given in millimetres.

The body of the suction unit consists of a eylinder provided by a piece of grey
PVC gutter pipe 150 mm long and 110 mm outer diumeter. A siot is cut from the top
55 mm down each side for insertion of the motor support brackets. These are made
from two strips of e.53 mm thick galvanized sheer iron measuring 200 mm long and
%5 mm wids which are bent to fit the motor, while their ends are bent to conform to the
nutside f the cylinder (Fig. 2). A 130 mm polythene three-blade muode! aeroplane pro-
peller, cut down to a diameter of g6 mm, is connected to the bottom of the motor by a
custom-made brass bush. The distance from the lowest edges of the propelier to the
bottom of the cylinder is thea approximately yo mm, The motor is a § volt, maximom
2 amp, Marx Monuperm scld by hobhies shops for model boats and cars, It is con-
nected to two power input terminals fitted to the side of the cylinder by Ripeord twin
flex separated into two cords. On the top of tie motor an ‘E.1o0” globe holder with a
6,3 volt 150 mA or 250 mA bulb {Electro-Quip {Pty} Lidj is connected by short
fengths of T mm gauge copper wire in insalation sleeves,

The hood or lid of the trap is an inverted 3 mm thick unbreakable polvearb
plastic plate, 255 mm in diameter, paiuted with white enamel on the inside. It is bohed
to the cylinder by two strips of 0,55 mm thick, 20 mm wide, galvanized sheet iron
These strips are 130 mmn long before bending. Bolts used throughont are galvanized
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Fig. 2. Top view of suction unit with hood removed.
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and measuore 12 X 3 mm, The hood is fitted so as 1w leave a 45 mm space above the ton
of the cylinder whove the hulb is sitvated. A elin designed for a dog’s lead is fastened to
the ceatre of the heud to permit the trap 10 be suspended from either a metal pole or
the branch of'a tree,

The support pole consists of a 1200 mim length of 20 mm galvanized conduit
bent at right angles 220 mm from onc end: the trap is suspended from the arm thus
provided. A cast irom tent peg, 300 nim long and 12,5 mm diameter, is welded to the
base of the pole so tha: it can be hammered into the ground.

The power source is a lead-acid 6 volt, 10 amp-hour rechargeable battery {GE
Portalac PE10-6R or Chloride Powerstore FG) which is connected to the terminals on
the cylinder by 2 length of Ripcord double {lex bearing banana plugs. The other ends
of the fiex are cov ~wcted tw the battery terminals by crocodile clips: the correct polarity
is essential to ensurz the motor sucks air downwards,

If desired a wire mesh can be fitted to e top end of the cylinder to prevent
large insects entering the trap. This Is made »f 22 jauge galvanized wire with a mesh
measuring 4,76 ¥ 4,76 mm (f§" ins}. '

The cuboid colleeting cage is fastened to the lower end of the suction cylinder
Ly an elasticized slecve which slips over the cleats provided. The two cleats are easily
made by cutting a to mm picce off a gotter pipe, cutting the resultant ring into half cir-
cles and gluing these either side on the exterior of the suction cylinder 1o mm from its
bottom. The cage itself is made of line-meshed {sand fly-proaf) “‘Cecilly’ Terylene net-
ting glued by mcans of Plichowd adbesive to a 16 X 16 X 16 mm frame constructed
from 4 mm galvanized wire. The access sleeve juined to one face of the cage is 120 mm
in diameter and 300 mm long.

An insulated holding box was designed for the cage so the catch could be kept
alive in the fiekl. The box is construcied of 12,5 mm polystyrene sheets joined to give
internal dimensions 170 X 180 X 185 mm. The lid has a second layer of polystyrene
glued on its lower surltee so that it fits tightly into the box. The box is painted on the
outside only with a coat of white PVA foliowed by a coat of white enamer which makes
it much stronger. ‘

An alternative cage, cylindrical in shape, measuring 355 mm in diameter,
250 mm high and with a sleeve extending 320 mm from the top centre of the cylinder
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czn alse be used. This cage is fitted with. a zip fastener along half its lower perimeter
which facilitates remaoval of dead insects.

The traps are set at sundown, if possible under trees for protection agamst
wind, and are left until the following morning when it is preferable to remove the cages
with the catch shortly after sunrise. A trap depends on the dowmwvard suction which
draws flies reaching the space between the hood and the top of the eylinder downwards

through the cylinder into the collecting cage. However, there is a choics from three at-

tractants: (1} light only, (2) COz only, {3} light and CO2. The use of CO: without light
is effective when the aim is to collect host-secking mosquitoes only without positively
phototaxic flies such as Chironomids.

A fow of G0, is obtained by placing about 2 kg of chopped dry ice into vne
of 2 kinds of container. The simplesi container is a padded envelope, measuring 310 X
250 mm, which is filled with the ice, closed with masking tape and suspended with wire
from the arm of the support pole near the trap’s entrance, The other container is a cof-
fee tin, 125 min diameter and 145 mm high, which is filled with the ice. The tin is insu-
lated by a surrounding tube of corrugated cardboard and from the plastic lid a 5 mm
diameter Polythene tubce delivers the COs to 2 spot just above the trap's entrance, the
tube being taped to the support pole. The tin cests o.: the ground below the trap,

The N1V trap has been used successfully to cellect Phiehotomini at Mtuba-
tuba, Natal, and Culicidae, Simuliidae and Crlicoides at localities on the Witwatersrand
and at Tweespruit, Orange Free Stute, At Mtubatuba its per!‘ormance was compared
with that of sur Lienlun light trap.

Whea.the trap was being developed a variety of small motors were tested.
hiost were rejected as unsuitahle because of their poor suction but the Monoperm

motor was chosen because the suction it provided in the trap approached that of the

bigger Lienlun trap. Catches obtained in the NIV trap compared favourably, as re-
gards the number and variety of flies, with the Lienlun trap and were supevior to catch-
es coliected in the CDC miniature light-trap.

It was fourd that two operators could set up to 2o traps per evening. Initially
a disposable battery was employed {Eveready sealed hand lamp and general purpose
bastery No. gg1) but this was subsequently replaced by the rechargeable lead-acid bat-
tery. A trap runs for 14~15 hours with this battery which is suflicient time for overnight
trapping. The bettery can be recharged in 5-6 hours by means of a 4 amp solid state
battery charger.

Mosguitoes s rvived well when kept for 10 days or longer in a collecting cage
within the insulated holding box, A pad of cotton wool, measuring 100 X 100 X
20 mm, was soaked in 5% sucrose solution and placed on top of the cage to provide
both nourishment snd a high relative humidity. However, if insect densities are
extremely high and che catch is not required alive, the more spacivus cylindrical cage is
more suitable.

At Mtubatuba, ro78 Phlebotomines, wainly Sergentomyia species, were col-
lected in 88 trap-nights nsing NIV traps without CO:y supplement nnd with a 250 mé
light bulb, The resulis of csmparative catches in N.V and Lienlun traps are given in
Table 1. They show firstly that the CO2 supplement did not significantly increase the
size of the catches in the cuse of either trap, Secondly, the size of catch taken by the
NIV trap was only slightly less than that taken by the Lienlun trap. Table 2 gives the
numbers of mosquitoes {Culicidae), biack thes (Simuliidae) and Culiveides biting midges
{Ceratapogonidae} collected per trap-night at Rondebult dam, Germiston, and at

b R b oidr SE B s s e ke b

B

L ep e

.



(z.’.‘"‘a

ottt A e o v Mot T

L SN S

et S

JOY TR R P

G ement Kone o

166 J. ond. Soc. sth. Afy. Vi, g0, No. 1, 1986

Taste 1. Number of Phichotomini coliecred per trap-might at Meazbaiuba, Nazal, in March, io83.

TR A

Lienlun Light Trap NIV Light Trap
Light Light + CO,  Light Light + CO,
Females .3 11,3 6,7 11,8
Males t,9 3 4,0 4.0
Total 15,06 18,6 12,7 C 15,8

TasLe 2. Numbers ol Nenvitacera enllected per trap-night in March, 1085,

Cinfes spp, Acdes spp. Simuliidac Culicoides spp.
Rondchult "22.9 9,4 526,0 61,0
Tweespruoiz 72 340 1 48

Tweespruit, Orange Free State during the i1gB5 summer; the NIV traps used were
fitted with 150 mA bulbs. Poor rainfall cxplains the paucity of Aedes species at Ronde-
bult. However, the trap set for one aight at Tweepsruit where there had been soft rain,
collected a substantial number of dedes mosquitoes — mainly Aedes juppi.

From the above results it would appear that the NIV light trap is a useful
method for collecting biting Nemntocera of medical and vi. srinary importance particu-
layly as iis portability enables it to be utilized in inaccessible habitats, Furthermore, it
has the added advaniage of being constructed from locally available components and
materials.

necknowledgements: 1 am graeful to the Medical Research Council for
a grant which assisted this work and o the Director-General of the Department of
National Health and Population Development for permission to publish. — P, G. Jupp,
Arbovirus Research Unit, National Institute for Virology, Private Bag X4, Sandring-
ham, Johannesburg, 2131, and Department of Virology, University of the Witwaters-
rand, Johanneshurg, Souih Africa, '

The Pu_.ze and Final Insiar Larvae of Aslauga atrophiferca Cottrell (Lepidoptera;
Lycaenidae). — A recent paper by Cottrell (1980, Systemasic Entomology 6 5-45) pro-
posed that southern African specimens of Lycaenids previously referred to the species
Asiauga purpurascens Holland in fact comprise a complex of species. The material on
which Jackson (1938, Transuctions of the Reyal Entomelogical Sociely of Landon 86(12):
201-238.) based his description of the early stage of 4. purpurascens has been a.signed to
the taxon A. latifurca Cottrell while material described by Boulard (1968, Cabiers de la
Maboke (Paris) 8: 117—-126.) has been confirmed to be of A. purpurascens {Cottrell ibid,).
The early stages of the four remaining members of the complex have not heen de-
scribed, although Lamborn apparently reared imagoes of A. erientalis from larvae (Cott- :
rell ibid.}. Pupae and final instar larvae collected in Zimbabwe in 1975 and 1977 yield- .
ed adults which were recently identified as specimens of A, atmphifurca Cottrell. Two i
pupae and two larvae were preserved, and are illustrated in Fig. 1 and described here.
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Antigenic relationship of West Nile strains by titre ratios
calculated from cross-neutralization test results
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Department of Vivology, University of the Witwatersrand and Arbovirus Unit,
National Institute for Virology, Sandringham 2131, Johannesburg

(Accepted 13 March 1987)

SUMMARY

The antigenic relationship of ten South African West Nile isolates, the South
Afvican protoiype virus H442, the Egyptian strain EG101 and the Indian strain
(2260 were compared using titre ratios, The titre ratios or ‘R’ values were
calculated from heterologous and hemologous neutralization titres and expressed
as a percentage,

Substantial antigenic differences were demonstrated between the South African
prototype strain ai .i the majority of the recently obtained South African isolates,
seven of which were fairly closely related and possibly form = distinet antigenic
sub-set. The recent isolaces also differed from the Egyptian and Indian West Nile
isolutes, The heterologous resulis between the South Afrivan West Nile stiaing and
the Indian strain G2286 suggest that prior infection with an Indian West Nile
virug would give poor protection against the South African viruses, whereas the
reverse would not be so.

INTRODUCTION

Studies on the antigenie relationship of West Nile (WN) virus straine from three
geographic regions suggested the existence of two main antigenie proups, African-
Middle- Eagtern and Indian (Hammam, Clarke & Price, 1965), Of the three South
African strains included in that study two appeared to belong 1o the African-
Middie-Eastern group and the third was antigenically distinet from either group,
suggesting the existing of at least one further group. Antigenic variation amongst
isolates within these main groups has been described by Nir et al, (*968), Umrigar
& Pavri (1077) and Odelola & Fabiyi (1976).

This paper presents the results of a study of the antigenic relationship of several
South African WX virus isolatea colleeted frrm one site during one season. The
method of assessing the relationships of these isolates to cach other, and to
members of the two main WX antigenic sub-sets, was by caleulating the titre
ratioy or "R’ values from heterologous and homologous neutralization titres.
Jurdan & Gaylin (1953) studied the antigenic relationship of influenza B strains
using *R values, Rweyvemamu ef gl. (1977) applied this method to evaluate the
antigenic relationship between foot and mouth direase vaccine strains.
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MATERIALS AND METHODS

Virus strains

Ten WX virus izolates from pools of C'uler univittafus mosquitoves caught at the
Rondebulf bird sanctuary, Germiston, in 1984 (Jupp ef of. 1986) were included
in the study. The isolates, all at mouse passage 3 and tissue culture passage 3
(M3TC3) were ARZ0724, AR20730, AR20735, AR20739, AR20758, AR20760,
AR20761, AR20763, AR20760, AR20778. The South African WN prototype
strain H442, at passage level M4TC3 was also tested, together with the Indian
strain {32266 (MHTC3) and the Egyptian WN strain EG101 {(M13TC3), which were
obtained from the Yale Arbovirus Research Unit, New Haven, Connecticut,
UBA.

Antisera _
Hyperimmune ascitic fluids (HAF) were prepared against all the WN strains
using the method described by Tikasingh, Spence & Downs (1968).

Neutralization fest (NT)

The NT test was based on that used by Blackbuin & Swanepeel {1980). Each
virus strain was adapted to Vero eells (Yasamura & Kawakita, 1963) and stored
in aliguots as third passage material at —70 °C in 10% dimethyl sulphoxide, The
viruses were titsated in quadruplicate just prior to use in the test. The HAT's were
inactivated at 50 °C for 30 min and dilutions were marde from 1 in 8 to 1 in 8192,
A volume conteining a caleulated 100 TCID,, of virus was added to each well and
the serum-virus mixture was incubated for 1 b at 22 °C, The mierotiter wells were
seeded with 8 x 10° Vero cells per well, The virus was titrated in quadruplicate
and the end point calculated by the method of Kirber (1931). If the titre of the
virus used in the test was outside the range of 100 TCID,, + Log,,0-25, the test was
repeated, The tests were pead after § days incubation and endpoints recorded.

The first group of cross-NT tests consizte of the ten loeal WX isolates and the

_f'ﬂ;w Scuth African prototype WN virus H442. These tests were carried out in duplicate

anil the neutralization titre was the dilution at which neutralization occurred in
borh replicates.

The second group of cross-NT tests included gelected local ivolates from the first
group, Hd42, the Egyptian strain E(:101 and Indian strain G2266. The HAFs of
this group were tested in quadruplicate, the neutralization titre of each replicate
was recorded and the average NT titre calculated.

Titre ratios

The "R’ valuzes were caleulated as deseribed by Jordan & Gaylin (1953) where
two virus atraing were compared using homologous and heterologous antibody
titres.

R =100 v x7,,
where

_. Heterologous titre (Virus 2)

"~ Homologous titre (Virns 1)

T
o
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and

. Heterologous titre {Virus 1)
" Homologous titre (Virus 2)°

Using this formula *R’ is expressed as a percentage. A value of 50% or greater
represents an up to fourfold total difference in heterologous and komologous cross
NT titres, 2419 % represents a four to eightfold difference and (-24% a greater
than eightfold difference.

RERULTS

The eross neutralization test results for the first group of WX strains are shown
in Table 1, and the ‘R’ values are in Table 2. The South Afriz.., prototype strain
H442 had a less than 25% relationship to six of the local strains and a 60%
relationship to only one strain, AR20735.

Five of the local straing were selected to be tested against the strains G2266 and
EG101, these were the prototype H442, AR20735 hecause of its fairly close
relationship to Hd42, and representatives of the remaining local strains AR20730,
AR20739 and AR20778. The cross nentralization results of the second groap are
shown in Table 3, the r, and r, results in Table 4 and the ‘R’ resvlts in Table 5.
The relationship of the local isolates to H442 was confirmed and with the exception
of AR20735, they showed a cloger relationship to the strain EG101 than to H442
cr (32288,

DISCUSSION

The nse of the ‘R’ value to aussess the relationship between virus strains is
discussed by Jordan & Gaylin (1953). This caleulation reduces the four figures
taken from heterologous and homologous iitres fo one figure expressed as o
pereentage, taking into account variation in r, and », titre ratios,

The titre of virus used in the XT test is probably the most important factor for
aceurate reproducible results. In cross-neutralization studies wide variation in
virus titre used will result in incorrect NT titres, therefore the ‘R° value cal-
culations will be invalid. Rweyemamn ef al, {1977) took great eare to ensure that
100 TCED,, virus wae used in all the tests. In this study the test results were only
accepted if the vivus dosage was within log, ,0-25 of 100 TCID,,. The first group of
viruses studied consisted of the South African WN prototype virus and ten local
izolates, The majority of the isvlates were signiticantly different. to the prototype
gtrain, only one strain, AR20735, having an *R " value of over 35 % against H442,
Seven of the local isolates were fairly elosely related, with the majority having "’
values of 50 % or greater to each other, these isolates were AR20724, AR20730,
AR20758, AR20761, AR20763, AR20769 and AR20778. These results would sug-
gest that these strains form one group distinet from AR20735 which is anti-
genieally eloser to B2 and AR20760 and AR20739 which give a range of ‘R’
values from 18% to 100 per cent against the seven isolates above,

None of the Jocal isolates included in the second group of tests were significantly
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Table 1, Titres of rross-neutralizing antibody among 11 South African sivains of West Nile virus

West Nile
virua straine

H
442
AR

20735
20761
20783
25769
20724
20730
20739
20758
26750
20778

Hyperimmune aseitic fluid

H
442

1924

256
128
612
512
256
128
258
128
128
128

AR
20735 20761

1

64

64

8
32
23

8
14
16
32

8
18

AR

64

i
128
256
128
128
256
256
256

%8
256

AR
20763 20789

64 16
32 64
a2 32

256 158

i28 128
84 b4

256 128
64 ot

128 64

128 32
64 32

AR

AR

20724

16

16
64
250
256
256
i
84
256
128
128

AR

20730

16

256
128
512
512
256
312
266
512
266G
512

AR AR
20739 20788
32 82
128 32
TR
128 64
128 128
2 32
i 128
256 256
266 128
64 128
266 266

AR

20760

8

16
32
64
32
32
a2
16
32

128

64

AR

20778

64

128
128
512
128
128
128
128
258
128
256

"

TCID,,
used
in test

178

100

56
104}
178
178
178
100
178
100

56

Table 2, Tiire ratio or * R’ value between the 11 West Nile strains expressed as a percendage using the ‘R’ value formula {gee
Materials and Methods)

Weat Nile virus strains

West Nile
virus streios

H
442
AR

20735
20761
20763
20769
20724
20730
20739
20758
20780
20778

A

¥9¢

ddif 5 d ANV NOSINOHT, ' *(I ‘NYQEdOWIg ¥ N

H AR AR AR AR AR AR AR AR AR AR
442 20735 20761 20763 20768 20724 20730 20733 20758 20760 20778
100
5h 100
25 25 100
35 25 0 100
25 100 50 71 1)
12 9 50 it 7 140
G 35 7! 190 100 35 100
18 35 71 35 a0 18 36 100
18 35 71 50 7 30 100 100 100
g 12 50 - B0 25 35 35 18 60 100
18 36 100 71 35 50 i (! 1(H) i) 100
o
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Table 3. Titres of cross-neutralizing antibody among South African Indian and
Egyptinn West Nile strains

Hyperimmune ascitic fluid against

West Nile EG G H AR AR AR AR TCTD;,

virus strains 101 2286 442 20735 20730 20730 20778 used in test
EGi01 a96 178 106 45 354 64 150 100
G2266 256 1o24 708 18 224 64 128 100
H442 is0 88 Io24 61 i6 32 o4 100
ARZ0735 /4 16 256 64 205 84 89 178
AR20730 149 16 256 i8 355 8 178 100
AR2073% g9 106 128 8 64 89 64 178
ARZ0T78 83 53 125 i6 128 34_ 150 178

Table 4. Cross-neutralization activity ('r’ values) between the South African,
Indian and Egyptian West Nile strains

Hyperimmune ascitic fiuid against

West Nile EG G H AR AR AR AR
virus strains 101 2266 442 20735 20730 20739 20778
EG1 1 617 01 0,7 1 972 |1
(2206 9,43 1 0.7 0,26 0,683 0,72 0,85
H442 9.2 0,08 1 1 005 0.3 0,43
AR20735 015 0,02 0,268 1 6.8 0,72 0,59
AR20730 0,23 w02 025 0,25 i 1 1,10
AR20730 0,16 0,1 6,126 0,126 0,18 1 0,43
AR20778 0,08 0,06 0,126 0,12 0.3 072 1

Table 5. Tifre ratio or ‘R’ value befween the South Afvican, Indiaw and Egyption
West Nife strains expressed as a percentage using the ‘R’ value formule (see
Materials and Methods)

West Nile virus strains

A

West Nile EG @ H AR AR AR AR
vires strains 101 22d6 442 207353 20730 20739 20778
EG10t 160

(2264 27 100

H442 16 25 19

AR20736 32 T 50 100

AR20130 B0 10 11 46 100

AR20739 3z 27 21 40 42 100
AR20718 a2 23 38 65 66 190

closely related to either EG101 or G2266, although AR20735 and AR20730 were
much closer to the Egyptian strain than the Indian. Contrary to the results of

Hammam, Clarke & Price {1865) the South African prototype H442 was shown to .

be antigenically distinet from the Egyptian atrain with an ‘R’ value of 168 %, This
ig possibly due to the NT test being more specific then the modified haemag-
ghitination inhibition (EI) test used in that stndy. Rweyvemamn et al. {1977) found
that ‘R° values from NT results showed much wider differences between sirains
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than those calculated from the less specific complement fixation test. The dif-
ferences between the specificity of the HI, CF and NT in flavivirns serology is
clearly demonstrated by Blackburn & Swanepoel (19%78).

Strain H442 had a 25% relationship to the Indian strain G2286. this was
interesting in that the », and r, values were so different. The r; value rep:- senting
the ratio of H442 sntibody titre ageinst H442 virns and the heterologo.., G2266
virus was (-7, whereas the ry; value was 008. These results indicate that H442
antibodies have a significant neutralizing effect on G2266 virus, whereas the
reverse would not be so. This also applied to three of the four local isolates included
in the study group.

(32266 is antigenically fairly representative of the Indian strains, aceording to
the results of Umrigar & Pavri (1977), although there must be some reservaticns
about these results as they weie based on the erronecus assumption that the
calculation of the ‘R’ values eliminated discrepancies of different virus dosage.
The possibility is that a prior infection with an Indian strain of WN virus will give
poor protection ageinst the intreduction of South African strains.

The minor antigenic differences between the isolates could be due to minimal
changes in the glycoprotein during the bird-mosquito transmission cycle. Mah Lee
& Westaway (1983} observed that Kunjin virns, closely related to West Nile,
underwent alieration in the properties of the envelope protein on passage in
Aedes athopictus cells. The major aniigenic differences demonstrated between the
H442 strain and the local igolates, and these viruses against EG101 and (2266
would appear to place these viruses into separate groups. It needs to be determined
if the more specific cross NT test iz detecting subgroups of the two main antigenie
groups, or the number of main groups is larger than previously suspected.

'This work was supported by a grant from the Poliomyelitis Research Founda-
tion.
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AN ASSESSMENT OF TWO METHODS FOR ARTIFICIALLY INFECTING
: MOSQUITOES WITH ARBOVIRUSES*

by :
P. G. JUPP, R. G. BROWN, and B, M. McINTOSH
Arboviviiz Research Unit, Sonth African Institute jor Mcd:‘gaf R_g.fearcf_r, qurmmeébm'g

[RecEIvED 91H Junk, 1966]

It testing the susceptibility of mosquitaes to infection by arboviruses intra-thoracic

~ inoculation and feeding upon infected blood-:cwked cotton-wads are among methods

which have been used by various workers, mainly on account of their simplicity and
ease of application. However, these two methods possess obvious disadvantages
should any conclusions be derived as to the natural susceptibility of the mosquito
in question. These dangers are emphasized by the results presented in this paper, It
became hecessary to fest the validity of these two infection routes whe.. & was desired
to attemnpt infection of mosquitoes with known gradéd doses of virus, & method which
preciudes the use of viraemic vertebrates as a means of infection,

MATERIALS AND METHODS

Mosquitoes, The mosquitoes used were Adedes (Stegomyia) aegypti Linngeus and
Culex (Culex) fatigans Wicdemann from laboratory colonies which originated from
material collected at Durban and Johannesburg, South Africa, respectively. The age
of the adult females was 1-5 days in the case of 4. aegypii and 5-30 days in the case
of ((1'.' fatigans. The mosquitoes were held in an insectary at 80 per cent relative humidity
and 25°C.

Virus strain used, The virus used was the 1442 strain of West Nile virus [Kokernot
and Mclntosh, 1959] at cither its second or third intracerebral mouse-passage level,

Dilution af virus. For infecting the mosquitoes five ten-fold graded doses of the
virus were prepared by serial dilution of virus stock with bovine plasma albumen
(B.P.A.) for inoculation and with B.P.A.-defibrinated rabbit blood in the proportions
1:3 for membrane feeding. In the case of cotton-wad feeding and infection through
tarsal contact only the most concentrated doses of virus made up in B.P.A.-defbrin-

ated blood was used, The amount of virus in the highest dosc was determired by -

titration in adult mice eithier just before or during attempted infection of the
mosquitoes.

.Methods af infection,

{(a) Incculation. Intra-thoracic or parenteral inocujation was carried out in a
manner similar to that described by Aitken and Anderson [1959]. The mosquitoes were
pricked in the mesothoracic pleurae, usually the post-spiracular area, with 2 mounting
Id)En gépped in the virus suspension after they had been anaesthetized with carbon

ioxide. :

(b} Membrane feeding. For membrane feeding the mosquitoes were placed in two
in. diameter perspex canisters, the tops of which were closed by mosquito netting and
the bottoms by shaved, freshly-prepared mouse skins. The canisters were supported
oh plass beads in beakers containing the blood-virus suspension to allow adeqguate

* The studies and :;bseryations on which this paper is based were financed joinily by the South
Alrican Institute lor Medical Research, the Poliomyelitis Research Foundation and the South African
Councll {br Scientific and Industrial Research, !
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ronfact between membrane and suspension. The beakers were held in a 30°C water-
buth during feeding.

(c) Cotron-wad feeding. The method employed for infecting mosquitoes by feeding
on 4 cotton-wad saturated with blood-virus suspension was similar to that employed
by Muspratt ef al, [1957]. The wad, saturated with blood-virus suspension, was
placed on top of the cage housing the mosquitoes.

{d) Tarsal contact, Mosquitoes were anaesthetized individually with carbon dioxide
and then brushed momentarily on a saturated wad of blood-virus suspension so that
the distal segments of the tarsi came into contact with the suspension.

Determination of infectivity rates. The infectivity of the mosquitoes was determined
by inocuiation of a suspension of each mosquito into six aduit (Experiment I} or 12
infant mice (Experiments 2 and 3). The mosquitoes tested were those found dead
from the 7th to 14th day after infection as well as survivors killed on the 14th day
{Experiment 1) or on the 20th to 25th day (Experimrents 2 and 3).

Estimation of infectivity threshold, In experiment 1 the infectivity thresholds were
calculated from the infectivity rates following the method of Reed and Muench [1938],
and were the virus concentrations required to infect 109 of the mosquitoes.

Experiments. In experiment 1, to evaluate mtra-thommc inoculation, the suscepti-

bility of 4. aegypti obiained for this method was compared with that obtamed using -

membrane feeding. Five batches of A. aegypti were ‘infected” with the graded viral
doses using both methods. Membrane [eeding lasted for iwo hours in the light.

Experiments 2 and 3 were designed to assess cotton-wad feeding. When a mosquite
feeds on a blood-soaked wad it cannot avoid making tarsal contact with the wad,
Therefore, the mfectmty rates obtained with cotton-wad feeding were compared
with those of controls in which infection was attempicd by brushing legs (“arsi) on
a similar infected wad. The mosquitoes, C. fatigans, were divided into two batches,
the first being allowed to feed on a wad for three hours in darkness while mosquitoes
in the second batck were ‘infected’ through tarsal contact only.

RESULTS AND DISCUSSION

The results of the experimenis are summarised in Table 1. In experimert 1, while
with membrane feeding A. acgypti was completely refractory to infection at the high-
est concentration of virus used, viz., 4.9 logs, with the inoculation method a threshold
of infectivity of 2.9 logs was obtmned In experiments 2 and 3, 75°, and 709} in-
lectivity rates resulted through feeding C. fatipans on the cotton—wads, while about
half these rates, 31 %] and 36 %, were recorded in mosquitoes exposed tc tarsal contact
alone.

It appears then that neither intra-thoracic inoculation nor cotton-wad feeding
should be used for determining the vector capability of mosquitoes. 1n the first method
virus entering the haemocoel of the mosquito via moculation has apparertly a much
greater chance of infecting the mosquito than would virus ingested naturally with a
blood-meal. This method would thus give fictitiously high susceptibility levels bearing
no refation to what might occur in nature. To explain the reason for this would
reyuire further study. 1n the sccond method virus must gain uccess into the mosquito
through the cuticle ol the tarsus itsellf or through that of one or more of the appen-
dages of the 5th tarsus, namely, the claws, pulvilli and empodia. However, since
much lower infcetivity rates were oblained by infection through the tarsi it would
seem unlikely that o mosquito feeding on cotfton-wads would become infected via
the tarsi without also becoming infected from ingested virus. This method, therefore,
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. TABLE I
Showing the infectivity of mosquitoés infected by different artificial metheds.

Mosquito infectivity
Titre of -
Expt. Infection infective | Period in days . .
No. | Mosquito method feed in when mos- - Infectivity Infectivity
logs qu;_tocs.tested rate* threshold
OF virus '
1 A. aegypti | Inoculation 4.9 7-14 111 2.9
3.9 6/7 - :
s o
9
0.9 0/7
A. azpyptii Membrane 4.9 7-14 011 >4.9
feeding 3.9 0/18
2.9 0f12
1.9 ¢/16
] 4.9 /18
2 C. fatigans | Cotton-wad 6.8 25 18424 (755%3)
feeding
C. fatigans | Tarsal 6.8 23 5/16 (3195
. contact
3 | C. fatigans Fﬂétjun-wad 5.5 20 14{20 (7053
euding
C. fatigans | Tarsal 55 20 4111 (36979}
) contact

*+ Numerator = No. mosquitoes infected: denominator=No. mosquitoes tested.
‘t This is calculated from infectivity rates and is the titre of virus required to infect 105 of mosqui-
toes.

would seem unlikely to give a fallaciously high susceptibifity, and on that account
wonld seem permissible when other methods could not be applied.

SUMMARY

The susceptibility of mosquitoes to viral infection by intra-thoracic inoculation and
by feeding upon blood-soaked cotton-wads was tested. It was possible to infect A4.
aegypti with West Nile virus by inoculation but not by ineestion. It was also found that
while Culex fatigans was infected by this virus after feeding on cotton-wads, it was
also infected through tarsal contact with such wads, although suseeptibility by the
iatter route was much lower than by ingestion. It is suggested that mosquitoes should
not be infected by inoculation or by ‘eeding on blood-soaked cotton-wads when in-
formation on their natural susceptibility is required.
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neavei Thaobald with Waest Nile and Sindbis viruses in South Africa
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Arbowirus Research Unit, National Institute for Virology, Preoate Bag X4, Sandringham, Fohannesburg 2131,
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Abstract
Culex uniomtatys is the maintengnce vector of "Wast Nile (WN) and Sindbis (SIN) viruses cn the

inland plateau of South Africa anc’ «lso transfers infection to man. Both

viruses have frequently besn

isolated from this mosqoito 2and fuman immunity is Ligh on the platean. In the Nata! lowlands where
Cx umivittatus is replaced by Cx neavei, apparently the main vector there, immune rates are low and

few isolations have been made from

this species. Vector competence experimenty were carried out

with Cx negvel to compare with those previously done with Cx univigtarus, Tt was thought that &
difference in such competence might explain the conirasting epidemiclogical simation in the two

regions, After infective feeds on chicks with

viraemias of each virus, Cx neawei showed a high

transmission rate. However, the 50% infection thresholds determined by exposing birds with
differing viraemias to mosquitees of this species, were 4-4 logs per ml (WIN) an: 5-8 logs (SIN}. These

thresholds are both higher than those for Cx univittatus. It is concluded

that Cx neawe is 2 poorer

vector of both viruses which accounts for the lower viral activity, including the lower incidence of

humzn infection, in the Narl lowiands,

Introduction

The Arbovirus Research Unit in Joliannesburg has
made a long term study of the ecology and epidemiol-
ogy of West Nile (WN) and Sindbis {SIN) viruses in
South Africa. These investigations have shown s
higher level of activity by both these viruses on the
temperute high inland plateau than in the tropical ana
subtrapical coastal lowlands of Natal {Fig. 1). The
large inland plateau region consists of the Karoo, a
semi-desert area and e moister highveld, an area of
gmssland while the Natal lowlands are more wooded,
strerchin ufg along the coast from Port Shepstone in the
sonth of the Mozambicue border in the north.

The mosquite Culex (Culex) univittatus Theobald ic
the primary vector of both viruses on the infand
platean where it is important both in the maintenance
of these viruses in transmission cycles with wild birds
and in causing buman infection {MCINTOSH er al.,
1967; Jurp & McCINTOSH, ¢ dl., 1967, 1970; Ml
TOSH e al., 1976, 1978). The number of virus
isolations obtained from 70,037 Cx univittatys be-
tween 1956 and 1976 were 128 (WN and 85 (STN)
and significant immune rates have beer: shown against
both viruses in e living on the piateau. On the
other hand, in the Natal coastal lowlands where Cx
unipittatus is replaced aflopatrically by the closely
related Cﬂlex( tlexi necver Theobald (JUPP, 1971),
which iz apparenily the main vector in this region,
there wert only one (WN) and four (SIN} isolations
obtained {Mcmrosn etel,, 1972; McINTOSH & JUTPP,
11:‘30; WORTH et al., 1961} and Immune rates were

Table I shows the immmune rates in people Living ing
surveys {KOKERNOT er al, 1956; KOKERNOT &
MCcINTOSH, 1959; MCINTOSH ¢ al., 1962a&b; DICK-
INSON ef al., 1965) and un blished strveys made
singe 1962 at Bethulie and Olifantsvlei in the platean
region (Arbovirus Research Unit, Johannesburg).
The praportion of the pc-pu]anun immusne to WN and
SIN viruses in samples " 1 at 23 localities op the

platesu and ar 24 locatiizs in the Natal coastal
Fhe & eq fons hased on Pu&l}:hul. f;r-uingie.d

lowlands is shown based on aunbodzes detected by the

neutralization test. For WN virus there were immune
rates of 17-1% in the Karoo and £-0% in the highveld
arezs as compared to ooly $-2°% in the coastal
lowlands. Simalarly, with SIN vinis there were rates
of 96% and 5-5% for the Karoo and highveld
re%:nvel y a5 against only 1°1% in the Nawl coast.

se differences in the viral isolation rates from
masquitoes together with the differences in human
immune rates between the two regions prompied the
experimental study reported below. It was thought
that the two contrasting epidemiological situations
found in the two regions may be accounted for by
differences in vector competence between the rwo
masquito species. Previous experiments bed shown
Cx univittetus to be an efficient vertor of both visuses
(Jues & MCINTOSH, 1970; Jurp, 1974, 1976). The
present paper reports experiments done with
Cx neavei to a (uantitative assessment of its
vector competence for comparison with that already
determined for Cx univitatus.

Materials and Methods
Mosquitoes

‘These were either drawn from established Iaboratory
colondes or were the progemy reared from wild-cau,
females whick were being used to start colonics.
category of mosquitoes used for each test is given in the
tables. Cx reaved ariginated {rom Ndumu, Mkani’s Drift or
Mrtubarmbs in northern Naral, while Cx univittzns used in
the greviously published fments capie from the Johan-
nesburg avea. The age of the mosquitoes was 6 tv 25 days,

Infective meals

The viruses used were the ARB6 strain of SIN viros
CWEINBREN ef of., 1956% and the HA2 strain of WIN virns
(KOKERNOT & MCINTOSH, 1959) st thei: fifth and sixth
intracerebral moense-passage level respncmely For most of
the tesis with SIN virus three additional passages were made
in vero cells. Mosquitoes obtained m?a meals from
virzemic; chickeas or pigeons as described previously {Jvee,
197/ A sample of blord was taken from each bird just

sraee 4 g ans w1
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Table I—Antibodies to West Nile and Sindbis viruges in man in South Africa by the peutralization test

Inland Platesu Natel Coagtal Lowlands
Karoo; 14 localities Highveld: 9 localities 24 lpcalities
West Nile 169/987% (17-1%) 26/326 (§0%0) 14523 (0-2%)
Sindbis 92/256 { 9-6%0) 18/326 (5'5%)_ 6569 (1-1%)

& ~ numerator = number of sera positive, denominator = number of sera tested

before exposure to the mosquitoes so that the concentration
of virus could be determined. This was done by intracerebral
inoculation of infant mice and tha titre expressed as the logy,
LDy per ml of fnocuium,

Tranmniss.on tests

The trunsmission rete, i.e., the percentage of infected
mosquitaes which succzssfully transmitted virus, was deter-
mined for sach virus min%ethe group of Cax negoet which fed
on the chick circulating the highest level of virus, Between
17 and 23 daysz after atiempted infeciion each mosquito was
g'lowed to engorge on a different susceptible Syrian he-nster.
Successful transmistion was assessed by testing the sera of
these hamsters three wueks later for antibodies against WiN
or SIN virus by the haemagpiutination inhibition test.

Infeciion vates and infection threshold
Infecdon rares (the proportion of mosguitoes becoming

infected) were determined by intracerebral innculation of a
suspension of individwal mosquitoes into groups of 8 to 12
infant mice, Using the probit method as recommended by
DoucHERTY (1964}, 2 50% infection threshold was caleu-
Iated for each virus from the infection rates detetmined for

ings on birds with different virzemia levels. Bince the
infecivity titre of WN virus is consistently 10 log greater in
infant than in adult mice {Jupp, 1974), titres derived from
the nse of infant mice were reduced by 1 log 8o 45 to pecrmit
comparison with these detersnined in adults in some of the
previous experiments with Cx wrivittatus.

Resuits
The transmission rates derermined in the experi-
ments with Cx necrer are shown in Table I where
they are alto compared with the rates previously
determined with Cx unfwirtaius (see JUPP & MoIN-
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1 TOSH, 1970; P 1974). It can be seen that when
mosquitees of both species were infected by feeding
on birds circulating high titres of WN virus, the
subsequent transmission rates were 100% {neapsi) and
97% (univittais). In the case of SIN virus tanstuis-
sion rates were 77% (neavery and 57% (univittatus).

Table I1I shows the infecion rates obtained for Cx
neavei over a range of viral doses with WN virus, The
50% infection threshold ralcnlated from these rates
was 44 logs for Cx steavei as compared to only 2-1 1o
for Cx univittarus. Table TV shows the results for
similar iafection tests with SIN virus. The 50%
infection threshold was 5-8 logs for Ox neavei as
compared 10 49 logs for Cx univittatus.

Trans
rate
2431 (77%)
12/21° (5795

No. days
after
infective
feed
23
I8

It might be concluded from the high transmission

Sindbis vimus

g = rates t} 't both =g of mosquite would be efficient
oY BE e vectors of both viruses. However, it has pre-
é GE g viously been shown by our lsborstory that the

maximum tizre of virus reached in the blood of
different species of wild birds, the vertebrate mainte-
nance hosts of both viruses, does not exceed 647
logs/ml (MCINTOSH et 2., 1969). Hence it would be

§ 2 only those mosquitoes which are- susceptible to
§'§' ¥ infection at viral titres lower than this which would be
S5 Palty expected to act as efficient vectors, This was the
reason we determined 50% infection thresholds for Cx

neavei so 35 to compare the relative susceptibilities of
the two species to the viruses, The thresholds
determined indicate that Cx univittatus is significantdy
more susceptible to WN virus than Cx neavei. Cx
univitiomer is also more suscepiible so SIN viros than
the other species but in this case the difference
between the two thresholds was only 1 log of virus as
compared to the more than 2 logs with WN virus.
Nevertheless, the infection threshold of 5'8§ logs
would severcly limit the number of Cx neavel
mosquitegs which could become infected after fireding
on vitaemic birds,

It does not gppear that there are other species of
maosquito which are mote efficient vectors of either -
virus in the Nataf coastal lowlands judging fromy the
pattern of virus isolations from all species collected
there. There have been single isclations of WN virus
n from Cx neavei, Aedes circromluteolus and Coquilletidia
g = : microannulata and the following isolations of SIN
Y87 &H |te viries: Cx neavel (four), Mansenia africanz (one), Ae.
t_‘;“gaé g R

35/36° (97%)

Trans
rate
20129

infective
feed
21
17

West Nile virus

circumluteolus (two), Ae. cumminsi (one) and Cx tgripes
(one) (WORTH et al., 1961; MCINTOSH et al,, 1972,
and Arbovirus Unit, Johanpesburg, unpublished),
It is concluded therefore, that the lower susceptibil-
ity of Cx neavei to infection with both WN and SIN
vituges shown in the experiments accounts for its
poorer vector capability with these viruses. This
affords an expianation as to why there is a far lower
natural infection rate by both viruses in Cx neavei in
the Natal coastal lowlands and a far lower incidence of
human infection there as compsred to that on the
inland plareau where the closely related mosquito Cix
untwittatus is a more efficient vector. Ux neagrei is
considerably more anthropophilic than Cx univittarus
and if this attribute were coupled to a high vector
competence, one would expect not only a higher
inci of both viruses in npatural populations of this
mosquiro but also a much higher level of human
infection in the Natal coastal lowlands than occurs.

Jure (1974)

b Tupr & MCINTOSH (1970)

R
)
Table II--Mosquito transmission rates fo hamsters by Cx neersi and to chickens by Cx univittatus

P~ progeny of wild-caught females

Cx néavet
Cx unipittatus
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Table II-Quantitative mosquito infection lests with West Mie viros

Cx neavel Cx univittaius

T Mom. Titre of No, days afer ] T

calony + infective feed infective feed Infection 50% infection 50% infection

generation {logs per ml.} mosgs. tested rate thresbold (logs) threshold

C.186; P 57 12-28 31732 (9790}

Clik: p 4 13-29 8133 (24%) 44 21 (Jurp, 1976)

G125 P 37 15-18 1!252 4%

C.125; P 3-2 15-:8 224 { 8%)

Table IV—{Onantitative mosquito infection tests with Sindbis virus

Cx neavei Cx tmivittatus
Mosq. Titee No. days after ; . .
colony + infective fead infective Fead Infection 50% iofection 50% infection
peneration (logs , er mi) mosgs. tested rate threshold (logs) threshold
C. 158;: p 67 23-35 39/47 {83%)
C. 169, Fiaews 63 15 20/30 {67%) 58 49 (Jurp, 1976)
C. 1 13 +14 5-1 15 10430 {33%)
C. 169, Fuq.“ 46 15 2127 ¢ 7%)
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Book Review

The pyrethroid insecticides, J. P. Leahey (Editor).
Taylor & Francis, 1985. 440 pp., fllus, Price: £45-00.
ISBN 0-85066-2834.

Solvent extraction of the {ower hesds of certam
species of chryranthemum yields pyrethrum extruct,
the insecticidally-active constituents of which are
Enown as pyrethring. The synthetic analo of the
constituent esters of these pyrethrins ate referred to as

pyrethroids. This complex group of chernicals forms
thl.'. subject of this collectios: of six papexs, covering
important aspects of the subject, by experr guthors
from England, France and the USA, The cut-off date
for the growing amount of information has been set at
the beginning of 1984,

‘The perfect insectcide is one which will kill insects
cifectively for a considerable pericd without adversely
affecting the environment, particularly non-target
worganisms. The claim has been made, pechaps rashly,
thar pyrethroids are the most perfect group of
insecticides yet avm]able The first paper in this book
details the h1 and development of pyrethrum,
inwoduced into Europe in the middiz of the last
century and sull an effective and acceptable knock-
dovwn insecticide, and goes on to describe the synth-
es:lsofthc yrcthroldgrou,theﬁrstmemberof
which, » appeared in 1950, It has many
advant mrcr other insecticides but was unstable in
light. The fiest light-stable pyrethroids came on the
market in 1970, had effective residual insecti-
cidul properties, a rapid breakdown and low mobility
in soil and were quickly metabolized and excrated by
animals. This and much else is covered by two papets,

one on the mode of action and 2not'er on mammalian
taxicity, It is pointed out that, while pyrethrins are
accepted as safe, more by usage over a long period
than by factual data, there is more data available on
pyrethroids thar any other insecticide group.

The effects of pyrethroids on non-targer organisms
are covered in a separate chapter. 'I‘oxmty for
mammals is low (indeed I have several times witnes-
sed my commerciat cclleagues expressing their fajth in
this by drinking glasses of the insecticide without any
apparent ill effects!). The toxic effect on birds is even
less, but most pyrethroids are toxic o esquatic
invertebrates and fish, and particulazly daugerous to
h(:rnc:tz1 b;ees %a paper gnththe metabolism and tfinmthgy
men| gradation of the uppomtscut at
bresk dowsn readily in aemE;:o . 1ore slowly
in anaerobic conditions, with a half hfe of from one to
16 weeks. They are very unlikely to move from soil
into other systems.

The final chapter on the uses of pyrethreids in
agriculture, public health and animal husbandry
hxghhghts the enormous increase jn usage, from

10 million in 1576, US$220 million in 1978, ta
US$630 million in 1983, one quarter of the total warld
market for insecticides.

The six papers of this boolk, each with a good list of

. references, and a sensible index, make this an erudite

and comprehensive work on the subject, informative
sndeasy 10 read by anyone with a special intarest in
insecticide

N. R. H. BURGESS
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COMPARISON OF THREE METHODS FOR DETERMINING
TRANSMISSION RATES IN VECTOR COMPETENCE STUDIES
WITH CULEX UNIVITTATUS AND WEST NILE AND SINDBIS

VIRUSES

A. J. CORNEL axp P, G. JUPP

Department of Virology, University of the Witwatersrand, and Arbovirus Unit, National Institute for Virclogy,
Private Bag X4, Sundringham 2131, South Africa

ABSTRACT. Culex univiltatus mosquitnes were infected by ingesting West Nile and Sindbis viruses,
respectively. After 13-19 days, comparative viral transmission rates were determined using 8 methods:
1} transmission to hamsters by bite, 2} in vitro transmission while feeding onh suspensions in capillary
tubes and 3} transmission while feeding on droplets of suspension. Transmission rates were 59-100%,
except for Sindbis virus by droplet feeding when ihe rate was 9%. Except for the latter, rates determined
by the different methods were very similar in the case of each virus. It was concluded that capillary
feeding ie an acceptable aliernative to feeding on hamsters for determining transmission rates for Cx.

trivittatus with West Nile and Sindbis viruses.

INTROBUCTION

In our laboratory a well established method
for determining the transmission rates of mos-
quito vectors with arboviruses is the feeding of
individual infected mosquitoes on individual
susceptible animals, The choice of anima! de-
pends on the virus and vector in question and
includes chickens {Jupp 1974}, mice or hamsters
(Mcintosh et al. 1980) and monkeys (Jupp et al.
1981)}. For our purposes hamsters have been the
most useful laboratory animals as they can he
used with a8 number of viruses including Rift
Valley fever (RVF), West Nile (WN), Sindbis
(SIN) and chikungunya viruses. Successful
transmission is measured by virus isolation from
a hamster if the virus is pathogenic, such as
RVF and WN viruses, or by the subsequent
detection of hemagglutinating antibodies in the
animal’s blood, as in the cose of SIN and chi-
kungunya viruses.

Although the use of animals is thought tv give
an assessment of transmission that is more com-
parable to the resl situation in the field than
that measured by an in vitro method, it is never-
theless cumbersome, time-consuming and ex-
pensive in a project requiring many trsnsmis-
sion tests, Such was our problem when we
wished to underlake a study on the effect of
temperature on the vector competence of Cx.
univittatus Theobald with WN and SIN viruses,
It was therefore decided to evaluate two in vitro
transmission methods against our existing ham-
ster method to see whether one or both methods
gave comparable results and could therefore be
used as an alternative.

The methods chosen were the “capillary” and
“droplet” methods. The former was developed
by Aitken (1977) and has been used successiully
to determine transmission rates for Aedes ae-
gypti {Linn.) with yellow fever virus (Beaty and

Aitken 1979}). The droplet method developed by
Gubler and Rogsen (1976) was used by them for
the transmission of dengue-2 virus by Aedes
athopictus (Skuse). They found that the per-
centage of mosquitoes transmitting was related
to the extent of the infection in their salivary
glands.

METHODS

A lahoratory colony of Cx. univittatus was
used which originated from mosquitoes collected
in Johanneshurg—¥,, Fp or F; adult females,
aged 1-18 days, were given infective feeds. All
the experiments were undertaken in an insec-
tary where the mosquitoes were maintained at
T6-86% reiative humidity end 25-26°C,

‘The viruses used were the H442 strain of WM
virus (Kokernot and McIntosh, 1989) and the
ARB6 strain of SIN virus (Weinbren 1955). Each
virus had been passaged 5 times in mice {intra-
cerebral) and 4 times in Vero cells.

. Infective meals of high titer were provided by
intramuscular inoculation of chicks. For SIN
virue, i-day-old chicks were inoculated and ex-
posed to the mosquitoes 24 hr later, while for
WN virus 2-day-old chicks were inoculated and
exposed to the mosquitoes 36 hr later. The mos-
yuitoes were starved for 24 hr preceding each
infective meal, and feeding took place for 2-3 hr
in the dark in the insectary. Immediately before
exposure, a blood sample was collected to deter-
mine the concentration of virus present. This
was titrated in Vero cells, and the 50% cyto-
-athic dose (CPDso) end pointe were calculated
by the method of Reed and Muench (1938}, Viral
titers were expressed as logWCPDyo/rnl of chick
bleod.

Transmissions were attempted 18-19 days
after the infective feed with WN and SN viruges
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respectively, by each of the 3 methods descrihed
Lelow. In each experiment the transmission raie
was subsequently determined, i.e., the propor-
iion of infected mosquitoes which transmitted
virus. Fisher exacl iests in an Epistat siatistical
compuier program were used Lo compare the
rales obilained hy the different meithods Lo as-
certain whether they were sipnificantly differ-
ent,

In the hamster method, individual infected
mosquitoes were fed on individual Syrian ham-
slers. Successful transmission was demonstrated
Ly the development of hemagglutinating anti-
lrodies aguinst SIN virus in the hamsiers blood
21 days laler. In Lhe case of WN virus, death of
a hamster indicaled transmission, and the ani-
mal’s liver was harvested and (ested for virus {o
confirm this.

Wilh the droplel method (Gubler and Rosen
1976), an infected mosyuito was placed in a tube
covered wilh fine nylon mesh material so that ii
could feed from a droplet of fluid placed on the
material. In this method, 0.025 m! of suspension
congisting of sucrose, felal calf serum and
washed goose erylhrocyles were placed on the
nylon netling. After the mosquitc had engorged,
the remainder of the drop was diluted 10-fold in
0.25 ml of Lighovitz's medium before inoculation
into cultures of Vero cells to test for virus.
Transmission was defined to have oecurred if
virus was recovered from the unimbibed poriion
of Lhe droplet,

For the capillary method {s.itken 1977}, a tube
way employed wilth inner and culer diameters
aboul 0.5 and 1.0 mm, respectively. Il was drawn
gut to a fine point and filled with 0.004 ml of
feeding suspension consisling of aqual parts of
10% sucrose and fetal calf serum. The point of
the tube was inserted over the proboseis of the
mosquito which was then allowed o feed Lo
repletion. In this method 0.0025 m] of the feed-
ing suspension remained in the tube afler feed-
ing. Subsequently a 100-fold dilution in 9.26 ml
of Liebovite’s medium was necessary 1o permi{
inoculation of the specimen inlo culiures of Vero
cells,

Afier each mosquito had comploied its irans-
mission feed, it was stored at —70°C and subse-

Humsl-‘..r method

Virus (Titer
of infective Days

'!‘ahfe L ("umpnratwe trnnqmlsswn rates hy thres different ll‘l(.”iﬂ{{h

guently tested for virus by inoeulation of a group
of 8 infsnt mice. The mosquitoes were judged to

have been infected if all 8 inoculated mice died

within the expecied death tinie of the respective
viruses. The infection rate, ie., the proportion
ol mosquitoes which had become infecled afler
feeding on the infeciive meal, could then be
determined for each group of mosquitoes.

RESULTS

All of the mosquiloes became infecled afler
ingesting WN virus {Table 1), Infection rales
were also high (87-89%) ulier ingestion of $IN
virus. The {ransmission roies were slightly
higher for both viruses with the hamaster method
o8 compared {o rules delermined v 'th the cap-
illary method. These differences were slatisti-
cully significant, i.e, P =0.1-0.2 (SiN)and P =

0.3 (WN) at ihe 5% sxgml'icance level bul nol at
the 10% level. Comparison of the transmission
raies obtained with Lhe droplef method 1o those
obiained with hamsters showed that the differ-
ence was again aignil‘icaut in the case of WN
virus (£ = 0.01) at the 5% but nol at the 10%
level; however the rate ohtained for SIN virus
wiilh the droplet method was very much lower
(8%). Some addilional 1esis were Lharafore car-
ried oul 1o try to explain this low transmission
rate. SIN virus-inlected mosquitoes were fed on
a droplel in the usual way, except thal the goose
erythrocytes were replaced by sheep erythro-
eyies, The transmisgion rale slill remained ho-
low 10%. Becondly, infected mosquiloes were
allowed to feed on a droplel bul, when hali-
engorged, were removed and allowed vo complete
their meals by the capillary method. Both the
droplel and capillary fluids were ihen titrated
for virus in Vero celis. No virus was detected in
any of the dropiet luids, bui 4.5-5.4 logCP s/
ml ol SIN virus was present in ail the cepillary
suspensions,

DISCUSSION

The resulls of the {ransmission {ests wilh the
3 different methods indicate {hat the capillary
{ube melhod would be an acceptable alternative

(‘.aplllary method I)ruph.t mol Imd

Infecl.mn 'l‘ransmlsswn Inl‘octmn 'l ranamlssmn Inl‘erlmn 'I‘mnamlamml

nmul] pualml’eclwn rule rute rnla rale mla rata
F;ndhl;*) 13-18 47;‘54 (8 Co) ST (T4%) h(‘f’ﬂ {89%} 39/(‘(‘ {59%) 17/1.} (89%) 'll 15 (9
{)--8,

Woest Nile I3-14 20720 (200%) 20/20 (T005) 28728 (1004) 22/28 (T8%) 19/17 (J00%) 12/17 (T1%)

(5.0-5.5)

* Menns LognCTT/mi.
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to feeding infected Cx. univittatus mosquitoes
on hamsters in the case of SIN and WN viruses.
Although the {ransmission rates obtained for
both viruses with the capillary method were only
just significantly lower by statistics than the
rates obtained with hamsters, the rates were
very similar. Hence our results indicate that this
method has valid applications as it can give a
good approximation as to what the transmission
rate would have been in animals. ‘This finding
has enabled us to use this method for a long
series of transmission tests to investigate the
effects of temperature on the vector compeience
of Cx. univittatus with the 2 viruses (Cornel and
Jupp, unpublished data). More recently, we sue-
ceasfully used this artificial method to evaluate
the competence of several mosquitoes as vectors
of RVF virus (Jupp and Cornel 1988).

The primary disadvantage of the capillary
method is that the mosguitoes die after the
transmisgion feed due to the prior removal of
some of their legs. This makes them no longer
available for subsequent transmission tests. Sec-
ondly, it was found necessary to test the capil-
lary fluid for virus immediately after the mos-
quito had fed since no virus could be isolated
after a few days storage at —70°C, Perhaps this
problem could be overcome by adding a virus
preservative such as dimethyl sulphoxide to the
fluids before they are stored or hy storing them
at a lower temperature in liquid nitrogen. Ad-
vantages of the method are that determinations
of the transmission rate can be made without
the vse of animals and can provide transmission
data for species of mosquitoes which will not
readily refeed on laboratory animals. Further-
more, the method is 2 convenient one and the
capillary fluid can be readily titrated in Vero
cells to determine the concentrations of virus
secreted by individual mosquitoes.

Gubler and Rosen (1976) used the droplet
method successfully {or transmission of dengue-
2 virug by Aedes albopictus, but in view of our
very low tranamission rate of SIN virus by Ca,
univittatus, this method shogld be used with
cgution. Certainly it would be advisable to eval-

vate it against an animal method first for the
particular virus-vector combination under

study.
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Sindbis and West Nile Viruses: an electron
microscope study of saiivary gland infection in the
vector mosquito Culex univittatus

by
AH. WIEDERHOL})‘, P.G. JUPP2 and J.J. ALEXANDER®

'Department of Microbiology, University of the Witwatersrand, and *National Institute for
Virology, Department of Virology, University of the Witwatersrand, Pr vate Bag X4, Sandringham
2151 .

Culex univittatus Theobald was inofected by intrathoracic inoculation with
Sindbis virus and West Nile virus respectively. Salivary glands were dissected
aut after 7 and 20 days extrinsic incubation and studied by transmission electron
microseopy. Sindbis virus particles were always observed either within cytoplas-
mic vacuales or accumulated in the cisternae of the endoplasmic reticulum where
crystalline arrays were sometimes seen, Particles of West Nile virns were lar
fewer, not compartmentalized, and formed viroplasms without crystalline ar-
rays, Vesicular structures were present in cells infected with this virus. No
cytopathogenic changes accurred except possibly the distension of the endoplas-
mic reticulum by Sindbis virus particles. How the superior vector capability of
Cx, univitinins with West Nile virus over Sindbis virus could be explained hy these
ultrastructural observations is discussed.

INTRODUGTION

Culex (Culex) univittatus Theobald is the primary vector of West Nile (WN) and
Sindbis (SIN) viruses on the temperate inland platean in South Africa (Jupp &
Meclntosh 1g70; McIntosh ef 2f. 1948). This mosquito is a more elficient vector of WN
virus than SIN virus according to vector competence experiments which showed a lower
infection threshold and higher transmission rate with WN virus {Jupp & MecIntosh
1970; Jupp 1974, 1976)-

Several electron microscope studies have been carried out on the ultrastructure
of arbovirus-infected mosquito salivary glands { Janzen et al. 1970; Scott & Burrage 1g84;
Sviurairatna & Bhamarapravati 1977; Takahashi & Suzuki 1979; Withfield ef al. 1971,
1973). However, no studies have been reported on infected salivary glands of
Cx. univittatus or on SIN virus or WN virus infected mosquito salivary glands. We
therefore decided to undertake a study of the salivary glands of Cx. wnivittatur infected
with WN and SIN viruses respectively. We hoped that such an examination of the
infection paitern with each virus would reveal differences that might explain the different
vector capabilities of the vector. Furthermore, we wished to look for any evidence of
ultrastructural pathogenic changes associated with cither of these vieuses,
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The anatomy of unislected salivary glasids has been determined by means off
both Hght and electron microseopy for Auopheles stephensi (Wright 1909} and dede aegspti
{Janzen and Wright 1971r). Mosquitoes have 2 glands, each of which consists of a
median and 2 lateral lobes. Each lobe is composed of different regions. The lateral lobe
has proximal, intermediate and distal regions, while the shorter median lobe consists of
an intermediate region where the 3 lobes join and a distal region. Each lobe consists of
a single layer of tubular epithelial cells surrounding the chitinized cuticle-jined duct,
This duet is continuous with the salivary gland duct extending to the mouthparts. The
cell type of each region is distinctive and in the distal region apical cavities store the
secretary material made by the glandular epithelial cells.

In & competent mosquito vector infected with an arbovirus, viral multiplication

- {first occurs in the epithelial lining of the midgut, from which infection spreads to the

haemolymph which carries virus to the salivary glands. Transmission by bite ta another
vertebrate host will not occur until the salivary glands have Lecome infected. Viral
replication occurs in the epithelial cells and virus particles are ultimately secreted into
the duct along with the normal secretory products,

MATERIAIS and METHQDS

Viruses

The viruses used were the H442 strain of WN virus (Kokernot & McIntosh

1959} and the AR88 strain of SIN virus (Weinbren of 2. 1956). Both had been passaged
5 times intracerebrally in infant mice followed by 5 times in Vero cells.

Mosquitoes

The F, generation of a laburatory colony, which originated from adult females
collected at Bethulie, Orange Free State Province, South Aifrica, were inoculated with
cither virus at 1—10 days of age. The mosquitoes were housed in an insectary where the
temperature was maintained at 24~26°C and the relative humidity at 75-80%. The

- daily light cycle was provided by controlled artificial Nghting and consisted of a day

period of t2 hours, a night period of 1o hours and twilight periods of 6o minutes cach

- when the light intensity was either gradually increased (dawn) or decreased {dusk).

Infection of mosquitoes

The intrathoracic inoculation technique of Rosen & Gubler (1974) was used to
inflect more than 1oo female mosquitoes with either virus, Seven days later infectivity was
confirmed in a sample of 6 mosquitoes by inoculating homogenates of each insect
intracerchrally into 8 infant mice. A mosquito was judged to have been infected if all 8
mice died within the expected death time of the respective virus, and if brain material
from these mice was positive by the fluorescent antibody test {Shope and Sather 1979).

Transmission electron microscopy

Mosquitoes were killed with carbon dioxide and their salivary glands were
immediately dissected directly nto 0, 1M sodium cacodvlate hufler and fixed on the slide
in builered 2,5% gluteraldeliyde for 2 hours at room temperature. The glands were then
rinsed in budler and transferred to a molten drop of 1,5% noble agar and immediately
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chilled on a bed of ice. The trimmed blocks of agar containing the specimen were
postfixed for 30 min in 1,0% buffered osmium tetroxide and dehydrated in a graded
ethano] series containing uranyl acetate. The ethanol was then replaced by propylene
oxide and the specimen embedded in Araldite resin. Specimens were sectioned on a
Reichert Om U3 uliramicrotome. Thin sections were stained with lead citrate {Venable
& Coggeshall 1665) and examined with a JEOL JEM-1008 electron microscope.

In the case of eacl virus, =alivary glands were dissected from go infected and
15 uninfected mosquitoes on both day 7 and day 2o after inoculation. For each virus,
several sections were successfully prepared from salivary glands from 2 infected
mosquitoes and & uninfected control mosquitoes killed on each of the two dates.

RESULTS

The anatomical structure of the salivary glands of female Cx. wriviliatus
appeared essentially the same as those of other mosquito species previously described
{Wright 196q; Janzen & Wright 1971). The infection pattern in the glands did not differ
at day 7 or at day 20 post-inoculation in the case of either virus. Apart from the
distension of the endoplasmic reticulum by particles of SIN virus, no ultrastructural
damage to the cell membranes or organclles was observed that could be attributed to
WN or SIN virus infection,

In the uninfected controls, vacuoles without virus particles were observed in
the epithelial cells. Similar vacuoles containing virus particles were shown in S5IN

Fig. :. Elongated vacuole (arrow) distended by enveloped SIN virus particles associated with
endoplasmic reticulum (ER). (X 75 ooo)
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vitns-infected eells Imat it appeared that infection with this virus did not canse an
increased vacuoke formation. The nuclel and mitochondrial cristac of infected cells were
similar in the case or both viruses and did not differ from those of uninfected cells. Cells
from similar regions of the salivary glands exhibited a similar degree of granularity in the
case of both types of infected glands and ~ Ltrols. No particles of either virus were
detected in the intermediate region of the ... xal lohes but particles of SIN virus were
olten found in the apical cavities of the proximal region in association with micro-viili-
like structures. Particles of each virus were recorded in the distal portion of the lateral
lobes which are regions of clectron dense secretory waterial and rich in convoluted
endoplasmic reticulum. However, because the number of WN viral particles was lower
than that of SIN virus, particles of WN virus may have gore undetected iu the proximal
region.

Intracellular SIN virus particles were spherical with diameters of 50-70 nm.
High magnifications showed this virus to have an electron dense core of g0-44 nm,
surrounded by a less dense envelope faver (Figs. 1 & 2). This structure is in agreement

//—:.,q } :\E‘\ ; ’_';.,,..
LR
k' i"*". fﬁ "q_.
, yo
o %
Fig. 2, 81N virus particles in the lumen of vacuoles (arrow} adjacent to the basal membrane (BM)

! : of 2 salivary gland cell. (X 6o ooo)
I
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Fig. 4. Crystalline arrays {CA) of virus particles associated with distended endoplasmic reticutuny
{ER} 7 days aflter SIN virus was moculated into the haemocoel of' o Cx. wniviftelus female,
(% 31 400)

with the observations of other workers (Harrison 1986). WN virus particles had a similar
morphology and were 40—50 i in diameter (Fig. 5) which is in agreement with Brinton
{1yB6).

‘The infection patterns caused by SIN virus and WN virus differed distinetly.
SIN virus particles were always compartmentalized within the cytoplasm, often m
vacuoles (Fig. 2), but more frequently associated with the endoplasmic reticulum {Figs.
1 & 3). Particles of WN virus, on the other hand, were not compartmentalized although
vacuoles did oceur in the cytoplasm. WN virus infection was, however, associated with
the presence of vesicular structures (Figs 4 & 5). These vesicles were about 6o nm in

"diameter and many had a dense thread-like region (Fig. 5). Not all glandular cells

examined contained virus particles, but those that did had an abundance of particles in
the case of SIN virus while there were far fewer particles in the case of WN virus. SIN
virus particles were seen in some parts of the glands as large aggregations in the form of
crystalline arrays (Fig. 3) white the WN particles were observed individualy or in small
viroplasmic aggregations without crystalline arrays (Fig. 4). There was no evidence of
capsids budding through cellular membrane systems for either virus.
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Fig. 4. An aggregation of WN virus particles (A) and scattered individual virus particles {arrow)
with associated vesicles. {X g0 6en)

DISCUSSION

It is well knowr: that arboviruses multiply w'thin the salivary glands of their
mosquito vectors. Although we failed to observe LN or WN viras nucleocapsids
budding through membranes in Cr. univittatus salivary piands, each virus must multiply
within the glands since viral transmission continues throughout the mosquito’s life as
shown by vector competence experiments (Cornel 19%7).

SIN virus particles were comparimentalized within membranous cytvplasmic
structure. such as vacuoles and endoplasmic reticulum. In many cases the endoplasmic
reticulumn was extremely distended by viral particles which sometimes formed crystailine
arrays within its cisternae. This is very simular to the infection pattera of the alphavirus
eastern equine encephalitis (EEE) in salivary gland cells of Aedes triseriatus (Whitfield ef
al. 1gy1). Viral particles scemed to accumulate without ready access to the secretorv
material of the apical cavity

WN virus particles and vesicles associated with WN ~iral infection were
observed in the cytoplasm, possibly representing nascent capsid protein. Thuse vesicles
may be characteristic of Havivirus infections of salivary glands as they have been
described previously for dengue-2, Japznese B encephalitis and St Leiis encephalitis
viruses (Srinraira i+ & Bhamarapravati 1977; Takahashi & Suzuki 1979; Whitfield e al.
1g73). In the previous studies, however, the flavivirus particles were always compart-
mentalized within the cytoplasm and a preference for membranes of the endoplasmic
reticulur:: was noted. This was not the case for WN virus.
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Fig. 3. Higher magnilication ol characteristic: vesicles with a threadlike dense region {arrows)
associated with WN virus infected salivary glands (% 75 o00)

It appears that particles of S5IN virus have difficulty being secreted into the
salivary gland ducts because of their mass accumulation in t : eytoplasm without ready
access to the apical cavities. Their secretion probably cenly occurs onee a eertain
threshold concentration has been reached in the eytoplasm. On the other hand, particles
of WN virus occur free in the cytoplasm and were never seen to build np 10 such large
numbers as the SIN virus particles. Rather, it seems that Jdiey are being continually
secreted, Such a more enhanced and consistent secretion of WN virus would explain the

higher vector capability shown for this virus in vector competence tests (Jupp &

Mclutosh 1970; Jupp 1974, r976}. It would also explain why transmission rates Auctuate
with time much more in mosquitoes infected with SIN virus (Cornel 1987).

The only morphological change in response to infection which might be
evidence of cytopathogenesis was the distension of the endoplasmic reticulum by
particles of 8IN virus. Apart from thig, cell organization in glands infected with cither
virus remained the same as in uninfected glands over the 20 days of the experiment,
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ECOLOGICAL STUDIES ON SINDBIS AND WEST NILE VIRUSES INSOUTH
- AFRICA. II. — MOSQUITO BIONOMICS*

P. G. JUPP AND B, M, McINTOSH
Arbovirus Research Unit, South Afiican Institute for Medical Research, Johannesburg
[REcEIVED 24TH QCToRER, 1966]

In the first of this series of papers McIntosh et al., [1967] reported on the infectivity
of wild-caught mosquitoes with Sindbis (8d) and West Nile (WN) viruses in the

" highveld region of South Africa.

From these virus studies and corroborative evidence it was concluded that C,
univittatus is the primary vector of both viruses.

Concurrently with these infectivity studies observations were alss made on mosquito
bionomics. In this study particular emphasis was paid to prevalence and feeding
preferences with a view to more firmly identifying the vector or vectors involved in
the wild transmission cycle as well as those causing human infection. Most mosquito
collections were, however, designed primerily for the collection of large numbers of
mosquitoes for attempted virus isclation and information on prevalence and feeding
preferences has necessarily been obtained largely from routitia collections. The
procedure adopted in these collections has been des.«ired *Mclntosk ef al., 1967].

The major part of these studies was conducted &r Oliraz wsvlei. & sewage effluent
disposal area five miles fiom the outskirts of the city of Johannesburg, Minor studies
were also made at a subsidiary study area on a farm at Lake Chuissie in the Fastern
Transvaal province. Small mosquito collections were also nuide at tue following
highveld localities: — Welkom, Boksburg, Vereeniging, Germiston, Standerton,
Deneysville, Vaal Barrage and Bloemliof. Those at Welkom snd Boksburg were made
shortly after human infections with WN and Sd viruses respectively had occurred at
these towns. The studies at Olifantsvlel and Lake Chrissie dealt with in this paper
extended over a period of three consecutive mosquito seasons, from the spring of
1962 until the autumn of 1965, Topographical and climatic features of the main
study areas are described in the companion paper [Mclntosh ef al., 1967].

METHODS
Mosquito collecting

1. Lard-can trap. Portable lard-can traps of the type designed by Bellamy and
Reeves [1962] were used with solid carbon dioxide as an attractant in the manner
described by Halyes et al., [1958], except that about 5 1b. of broken dry ice was used
instead of a 2% 1b. block and this was contained in a cardboard box instead of the
kraft paper wrapping, On occasions, this trap was baited with a fowl secured in a
nylon stocking [Reeves et al., 1961], The traps were suspended, usnally from trees,
about 4-6 ft. above ground level. The carbon dioxide baited lard-can was the most
frequently used trap.

2. Fowl-pen trap. This trap, based on the design of Rainey et al., [1962], was baited
?ﬂlﬂi 6 to 12 fowls and had an east-facing window trap on the side opposite {o the
inlet,

3. Net-trap. This is a modified version of the trap used by Moorhouse and Wharton
[1965]. It consisted of a rectangular mosquito net, measuring 7 4. long, 5% ft. wide and
6 ft. high, supported on poles and having a zip at one end to permit access. When set,
the sides were rolled up to provide an 8-inch opening all round to allow entry of

* The studies and gbservations on which this paper is based were financed jointly by the South
African Institute for Medical Research, the Poliomyelitis Research Foundation and the South African
Council for Scientific and Industrial Research.
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mosguitoes. For coliection of the catch the sides were dropped to the ground to form
a mosquito-proof seal. Animal bait was secured in a cage of 2-inch wire-mesh placed
on the ground in the centre of the net. The mosquitoes were either collected individnally
in test tubes off the net or a knock-down aerosol was employed. In the latter case, the
bait was removed and a white sheet was placed on the ground before spraying.

4. No. 2 trgp. This trap is made of galvanized sheet-iron with a diameter of 13
inches and a length of 12 inches. One end has an invaginated mosquito-gauze cone
with a hole 1 inch in diameter for entry of mosquitoes and the other end an outwardly
projecting “Perspex’ cone. When in operation the end with the gauze cone faces down-~
wards, the mosquitoes entering from below. When mosquitoes attempt to leave the
trap they fly upwards, through the “Perspex’” cone and into a collecting cage resting
over the apex of this cone. The bait rests on a wide mesh screen placed horizontally
just above the mosquito entrance hole.

5. Human-bait catches. In these collections the bait was exposed in the open and
maosquitoes alighting on the bait were collected in test-tubes by hand. Usually the
collectors operated in pairs, the one acting as bait and the other catching. At night
shaded torches were used.

6. Room caiches. Mosquitoes were collected by hand in test-tubes while resting in
an empty room, the door and window of which were left open. The room remained in
darkness except while collecting was in progress. Collections were made irregularly
during the first half of the night. .

Haost preference studies with net-traps

For this purpose variously baited net-traps were set simultaneously on five con-
secutive nights at the same site at Olifantsvlei. The traps were set from 1800 to 0600
hours, except the human-baited one which was operated from 1800 to 2100 hours.
The traps were placed to form a hollow square, each trap being 50 yards away from
its neighbours. In addition to an unbaited control trap, traps were baited either with
8 fowls, a goat or man, The animal baits were confined within the wire cage as
described above but when man-baited the cage was not used, In this case the individual
merely sat within the net and collected mosquitoes alighting on himself. With fowl-
and goat-baited traps the proportion of fed to unfed mosquitoes was recorded, In
man-baited catches mosquitoes collected alighting on the bait were recorded as fed
and the remainder within the trap as unfed.

Analysis of results '

For host preference and population studizs, Williams® modification of the geometric
mean (Mw) as recommended by Haddow [1960] for mosquito collections was used.
To facilitate comparisons these means were converted to a percentage basisin thetable. In
cases where & population index was calculated, this was based on the Mw obtained
from numbers of mosqguitoes collected in all dry-ice haited lard-can traps set during
any one month. The proportion of engorged mosquitoes is expressed in the tables as
the arithmetic mean of the percentages engorged from all catches of a series.
Mosquito identification

The mosquito nomenclature used follows that of Stone et af., [1939], with the excep-
tion that their Culex (Culex) pipiens quinquefasciatus Say is referred to as Culex
{Culex) fatigans Wiedemann. _ L

Both C. pipiens and C. fatigans occur in the highveld but in our routine identification
of females of thia complex no attempt was made to Cifferentiate between the two, all
specimens being identified as pipiens. From a practical viewpoint, there is reason to
believe that this was, in fact, the actual composition of the majority of the collections
at the rural habitats of Olifantsvlei and Lake Chrissie. This opinion is based on
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identifications made from male terminalia of adults bred out from females collected at
botl: localities. For instance, at Olifantsviei, males from 288 different sources were all
identified as pipiens. At Lake Chrissie, fewer males were examined but fatigans was
not found there either. Less assurance exists in respect of collections in the suburban
habitats at Welkom, Boksburg and Vereeniging where no determinations from male
terminalia were made, but even here the collecting methods used strongly favoured
pipiens for it does seem from trapping in Johannesburg where fatigans occurs that this
species does not enter the lard-can trap readily. B

Although females of Aedes (Aedimorphus) mixtus Edwards and Aedes (Aedi-
morphus) microstictus Edwards are difficult to distinguish and though voth may occur
in the highveld [Muspratt, 1955] only mixfus was identified from male terminalia as
occurring at Olifantsvlei. For this reason, as well as the apparent rarity of micro-
sn‘cru.zl, all female specimens of this group collected were probably mixfus and were so
named,

RESULTS
Efficacy of traps

At the outset of this study it was not known what kinds of mosquito trap would be
most suitable. This unfortunately has resulted in some irregularity in collecting
methods as various traps were introduced during the course of the study and either
retained or discarded, depending upon their suitability.

The lard-can and fowl-pen traps have proved extremely successful in collecting
pipiens, theileri and univittatus. Lard-cans baited with dry-ice were particularly useful,
catches per trap of over 3,000 mosquitoes per night being frequently recorded at
Olifantsvlei. Such large catches severely limited the nnmber of observations that could
be made owing to the time required for their identification. This factor was of particular
significance in attempting to estimate population densities from lard-can collections.
The lard-cans and fowl-pens collected few aedine mosquitoes. In an attempt to over-
come this deficiency the net-trap was introduced. Experience with this trap showed that
most species entered it readily and on this account it is probably the most useful singie
method for sampling the highveld fauna, although it failed to collect Mansonia
(Coquillettidia) species adequately. However, it is cumbersome and collection of
large catches from this trap is time-consuming. The No. 2 trap was designed primarily
to overcome the difficulty in removing captured mosquitoes from lard-cans, partic-
ularly when these were required alive for rearing or other purposes. In this it has been
successful, but only pipiens and univittatus entered it in significant numbers,

Prevalence of species in d{:ﬁ"erent highveld localities

Although mosquito collecting methods in different areas varied to a certain extent
and consequently precise comparison of different areas is not possible, it is important
that some analysis be attempted. This is especially necessary, since Olifantsvlei, the
main study area, is an artificial habitat, thus raising the question of the applicability of
resulis obtained there to the natural highveld habitat. It was because of concern on
this point that Lake Chrissie was included as a subsidiary study area.

In table I the results of animal-baited net-traps and dry-ice baited lard-cans set
at Olifantsviei and Lake Chrissie are shown. The fact that different baits were used
in the net-traps at the two localities is believed not to have significantly influenced
these results. In assessing these results it should be borne in mind that lard-cans sample
only pipiens, theileri and univittatus adequately, and as only few observations were
made with the net-traps, collections with the latter traps have not truly reflected the
seasonal nature of the Aedes species.
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TABLE I
Relative prevalence of mosguitoes af Olifantsvlei and Lake Chrissle
Locality Ofifantsvlei ' Lake Chrissie

' | Net-trap & goat* (11)t ’ Lard-can & CO, (Z18) | Net-trap & sheep (6) Lard-can & CO, (21)
Total - | Total ' Total Total §
) Species mosqs., | Mwi: Mw | mosgs. Mw | Mw | mosgs. | Mw | Mw | mosqgs. Mw | Mw iy
‘{ | collected [ ‘as % i collected as ¥ .collected | as % | collected as % é:
. : . ! . =
An. constani 5 11 |‘ <1 4 I <1 <1 el — 0 —_ - %
An, tenebrosus 98 5 i 1 79 1<l | «l 1 <1 |<1 0| — | — §’
. i =
An. squamosus 5 | <l ;. <] 1 {=<1 ;<1 67 | 8 6 2 <1 | <1 &
A. caballus 26 | 1 . <l 5 1<l | <l 6] 2| 1 10 (<t <t 3§
A. dentatus 182 5 :: I 381 1 1 44 4 - 83 2 3 ;:
A. lineatopennis 334 15 | 3 - 932 2 2 82 8 6 a9 2 3 5
A. mixtus 138 | 4 1 450 | 1 | 1 1<t <l n | <1 | <t ,;"‘;
C. pipiens : 2475 | 233 . 53 | 59630 | 42 | 41 1 | <l | <l 12 | <1 <l '5‘9“
<, thelleri 2209 {121 ¢ 28 | 36312 ) 33 | 33 698 102 | 75 ; 2183 | 48 | 82  §
C. univittatus 718 | 55 } 12 18,397 2 | 22 89 9 7 1 34 6 10 §

: M. fuscopennata — —_ r - 3 | =l | =t 1 | <1 P <1 i 7 | <1 <1

M. microannulata — - = | 2 | <1 | <t | 20 11 12 < <

: *__bait t—number of traps set f—Williams® modification of geometric mean
P . .
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As far as the relative abundance of the three Culex species is concerned, the results
of the two collecting methods are in close agreement at both localities. At Olifantsvlei
pipiens was the most abundant mosquito followed by theileri and then univitfatus. At
Lake Chrissie theileri was by far the most prevalent, followed by univitiatus, while
pipiens was exceedingly rare. Reference to the results of the net-trap collections shows
the aedine species at Olifantsviei to be rarer than the three Culex species, although at j.
Lake Chrissie dedes (Neomelaniconion) lineatopennis (Ludlow) was recorded to be b
almost ag prevalent as wnivittatus. At both localities Lineatopennis was the most

‘prevalent Aedes, while Aedes (Ochlerotatus) caballus (Theobald) was rare, being !
exceeded by Aedes (Aedimorphus) dentatus (Theobald) at both localities and by t
mixtus at Olifantsviei. While the figures for aedine mosquitoes may be questioned on ' :
acconnt of the small number of observations on which they are based, experience
with a variety of collecting methods indicates that they are, nevertheless, probably a
true reflection of the situation usually existing at the two localities. t

What the figures in table I do not reveal is the exceedingly high biting activity which _ .
lineatopennis and caballys may periodically exhibit in the highveld. Fer instance, on _ R
one occasion at Olifantsvlei, 698 lineatopennis were collected at a single locality by
four human collectors, off vegetation as well as alighting on man, between 0700
?nd 0800 hours. Other collections to be dealt with below will further emphasise this

eature. :

Other species differences reflected in the net-trap collections at Olifantsvlei and
Lake Chrissic were the greater prevalence of Anopheles (Anopheles) coustani var.
tenebrosus D itz at Olifantsviei, and that of Anopheles ( Cellia) squamosus Theobald :
at Lake Chrissie, and the occurrence of Mansonia (Coquillettidia) fuscopernata 3
(Theobald) and Masonia (Coquillettidia) microannulata (Theobald) at the latter !
focality. Although . . ‘ter two species, in addition to Culex (Culex) annulioris :
Theobald, were alst, ... .«ded from Olifantsvlei in collections not shown in table I, z
they were definitely more prevalent at Lake Chrissie where, at times, fairly large i
numbers of all these species were collected in fowl-baited lard-cans.

Other species collected in small numbers at both localities but not shown in table I
include: Anopheles (Cellia) walravensi var. schwetzi Evans, Culiseta (Theobaldia) :
longicreolata (Macquart), Culex (Lutzia) tigripes Grandpre and Chamnmoy, and
Culex (Culex) poicilipes (Theobald). .

Numbers of various species collected at other localities in the highveld are shown in
table I1. As mentioned earlier, the Boksburg and Welkom collections were made soon
after outbreaks of either Sd or WN virus had occurred in the human populations at
these localities. These collections as well as those at Vereeniging were made in resi-
dential and rural areas on the outskirts of these towns. Those at Germiston were made
at a sewage farm. The remaining collections shown in table I were made largely off
human bait during daylight at five widely scattered localities in the highveld.

At the time of the Boksburg collections, the net-trap was available and at this
locality comparison between collections with this trap and lard-cans, both baited with
CO,, was possible. It can be seen that both methods showed pipiens to be the most
prevalent species. The net-traps showed theileri to be more prevalent than univittatus
whereas the Ia.. -cans revealed the reverse. This difference conflicts with the results
obtained with goat-baited net-traps and CO,-baited lard-cans at Olifantsviei where
both traps gave similar results, so that it is difficulf to decide which of the coliecting
methods at Boksburg revealed the true situation more closely. Nevertheless, it would
seem that both species were fairly abundant. Net-trap collections showed the Aedes
species to be rarer than the Culex species and noteworthy was the abundance of
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TABLE I _ :

Mosquitoes collected by different methods at various lghveld localivies
Localities " Boksburg Welkom Vetecniging Germiston Various* ®
. - - - . m
Net-trap | % of (Lard-can| % of {Lard-can| % of [Lardcan| % of |Lard-can| ¢ of '(I)!éhand %of §
Species +C0, ecollect: +CQy [ collects | +COy | colleet: { +-CO, collpct: 4-CO, collect: man | collect: )
. N
An. coustani 43 2 — — — — 1 —_ 2 <1l.| — — =
. An. squamosus 178 9 21 2 3 <t — — —_ —_ —_ —_ i
. ’ =
A. cabaltus 50 3 3 <t | — — —_— - — |t —| 41| @& 5
" A, dentatus | 1 <1 1 <1 —_— — 5 2 — — [ e | 9 g—
A. Bneatopennis 46 2 4 <1 —_ — 1 <1 2 <1 109 16 E"
| A. rlxtus 4 <1 1 <l —_ — — — —_— _ —_ —_ %
C. pigiens 777 40 | 768 6 | 270 23 | 208 73 | 9,137 87 51 7 “";
C. theilert 616 32 130 11 829 72 5t 18 | 962 9 —_ — g-
C. univittatus 206 11 284 23 51 4 17 6 6 | 3 4 <1 8

- *—Pooled collections meade from Lake Chrissie, Standerton, Deneysville, Vaal Barrage and Bloemhof, made mainly during daylight,
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caballus, coustani and squamosus. At Welkom, Vereeniging and Germiston only lard-
cans were used so that information at these localities is only available on the three
normally prevalent Culex species. At Welkom the dominance of theileri in these
collections is evident while at Verceniging and Germiston pipiens was by far the most
prevalent, with theileri and univittatus following on in the same sequence at Olifants-
vlei. In the pooled collections from Lake Chrissie, Standerton, Dencysville, Vaal
Barrage and Bloemhof, relatively large numbers of caballus, lineatopennis and dentatus
were collected, Failure to collect theileri at these sites does not necessarily mean its
absence but is probably the result of these collections being made during daylight. These
collections are of interest in that they reveal an abundance of caballus not encountered
at the two main study areas.

Fluctuations in population levels of C. pipiens, C. theileri and C. univittatus at Olifantsviei.

To determine variations in population levels of these Culex species a population
index for each species was calculated from numbers collected in CO,-baited lard-cans,
Although pooling of collections on 2 monthly basis for these calculations would tend
to obscure minor fluctuations, it was considered inadvisable to reduce this to shorter
periods on account of the small number of observations on which such calculations
would be based. The monthly fluctuations for the three seasons of study are shown in
figure I, and the number of traps set each month from which the population index was
calculated is also shown in this figure.

All three species first entered the traps in September or October, with theileri the
most prevalent in the early part of the season. Build-up of all three species proceeded
steadily, with pipiens at a slightly slower rate, and all had reached fairly high levels in
December which was the peak month for umiviftatus each season. During January
univittatus populations fell slightly and during the last two seasons, there being no
observations ducing February 1963, there was a slight rise in uynivittatus levels during
February producing a bimodal curve. This curve is possibly related to fluctuations in
rainfall which showed peaksin Novemberand January duringthe 1963/64 season and in
October and December/January during the 1964/65 season [McIntosh et al., 1967].
The other two species only reached their peaks, which far surpassed those of univittatus,
in February or March. The higher levels attained by these species would appear to be
attributed to the greater utilization of effluent waters by these two species, particularly
by pipiens, and hence their relatively greater independence of rainfall. By March
univittatus populations were low and during the following two months all species
decreased rapidly in numbers.

While generally there was a fairly consistent pattern during different seasons among
afl three species, minor variations were apparent. For instance, there was a slight
deiay in growth rates in the early part of the 1964/65 seascn in comparison with the
previous season, in that December populations of all three species were lower in 1964
than in the same month of 1963. This may possibly be the result of the average higher
temperatures recorded in September and October 1963 as compared with the same
months the following year. . nother difference was the low level of the univitiatus
population during the 1962/63 season in comparison with the following two seasons.
This may be a refiection of the dependence of univittatus upon rainfall and may have
been due to the late onset of the spring rains in 1962 as in this year heavy rains did not
fall until December [McIntosh ef al., 19671, ,

The results as a whole seem to suggest that in sewage effluent disposal areas where
suitable breeding water in the form of effluent is constantly available to them, popula-
tions of theileri and pipiens are regulated almost entirely by temperature, whereas those
of univittatus are inflaenced by both temperature and rainfall as this species prefers
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the less contaminated waters and consequently is more dependent upon rainfall for
breeding sites.

Mosquito feeding preferences as determined by relative attraction to different baits

For convenience of exposition and « ° account of the bias inherent in different
collecting methods, these results are best «  “cibed in relation to the kind of trap used.
To differentiate mere atiraction from a dittance from actual feeding acceptability,
where possible more reliance was attached to the proportion of mosquitoes acturlly
feeding or alighting on the bait as against those eatering the trap but not feeding or
alighting. However, even this approach is not without bias. For example, confinement
of a fowl in a nylon stocking gave considerably higher feeding rates than if the fowl
was not so confined. while the use of wire-mesh cages to confine baits reduced feeding
rates,

(@) Net-trap. As most species entey this trap readily it is believed that a good deal
of relian..2 can be placed on the series of coflections with this trap in which fowl, goat
or human baits were used, the resulis of which are shown in table IIT. In =luating
the percentages of mosquitoes feeding on various baits it should be remembered that
the fowls and goat were confined in a wire-mesh case, whereas man was not and the
“fed”’ mosquitoes in the latter case refers to all mosquitoes alighting on the baijt. From
the table it can be seen that tenebrosus, theileri and the four dedes species fed readily
on goat and man while pipiens and univittatus showed little or no pieference for these
hosts, despite the entrance in fair numbers of pipiens into goat- and man-baited traps,
and wunivittatus into goat-baited traps. Towards fowls preferences were somewhat
reversed with pipiens and univittarys showing high feeding rates, while tenebrosus,
dentatus, mixtus and caballus showed low rates. Noteworthy exceptions were a high
feeding rate by lineatopennis and 8. moderate rate by theileri on fowls. 4. lineatopennis
actually showed a higher rate than univittarus on fowls but it would seem from other
observations that the wire mesh was acting as a deterrent to wmivittatus in these
collections. A. lineatopennis showed three ti 3 the feeding rate of theileri on fowls,

but due to the greater prevalence of theilerr more individuals of the latter species
actually fed on this bait.

(b) Hand-collections off human bait. In a series of five collections in which human
bait was exposed in the open at Olifantsvlei, from 1800 to 2400 hours, the result of
which are shown in table IV, a very similar picture of prefervutial feeding on man was
obtained. It will be noted that zheileri and lineatopennis together composed 89 per cent
of the total mean catch off human bait, whereas pipiens and univittatus together
accounted for only 6 per cent, despite their high population densities in the locality

at thei etéme, as catches of these last two species in the dry-ice baited control lard-cans
revealed.

(c) Fowl-pens. In table V which shows the results of collecticns from a series of 48
fowl-pen trappings at Olifantsvlei, further evidence can be seen of the relative attrac-
tion of fowls for piplens, theileri and univittatus, the only species which entered these
traps in significant numbers. The high preference of pipiens and univittatus for the
avian host is again evident as is also a moderate feeding rate by rheileri, The feeding
rate of univitiatus (41 per cent} in this series was higher than that obtained in net-traps
{25 per cent). As mentioned before, the lower rate in the latter collections was probably
due to the wire-mesa cage confining the fowls having acted as a deterrent to feeding.
in lard-cans baited with a fowl in a nylon stocking feeding rates for pipiens and univit-
fatus were usually about 90 per cent,
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TABLE 111 _
Total numbers, with their geometric means (Mw)} and peres tage fed, of mosguitoes of various species collected fn net-traps with differer. *" s
of bait at Olifantsviei. '
Fowls {5)* Goat (5) Man (5) Contred £
(empty) @
Total Total Total &
Speciez mosquitoes Mw | Meant | mosquitoes | Mw Mean | mosquitoes Mw ;| Meang No. Ny -
cotiected % fed | collected Yafed | collected % fed =
. “\a"‘
An. tencbrosus 61 S 4 53 4 46 4 5 60 — i 1
. =1
A. caballus - 14 1 3 7 1 43 40 Ki 73 — 3 . i
A. demtatus 80 13 6 106 3 25 66 5 78 - E“
A. linearopenis 225 24 | 33 256 7 1 58 244 %! 7. 1 'g o
A. mixtus 34 3 1 60 2| & 49 5| 74 - 8 4
. . )
C. pipiens 4,106 751 37 2,465 454 | <1 319 46 | <1 3 &
C. theileri 1,638 184 10 1,272 130 38 1,025 146 52 _ 1 g—
C. univitiatus 891 132 | 25 357 59 0 87 13 3 — ]

*—Number of traps set,
1-—-# ithmetic mean of percentage feeding in each collection, .
§— fed” for man-baited iraps - ‘ers to mosquitoes collected alighting cn bait while for the other traps it refers to engorged mosquitoes.
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TABLE IV

Relative artraction af mosquitoes for man at Olifanisvlei. As a comparison, results aof COy-baited
: lard-cans are shown.

Human-bait {5)* Lard-can+COy (91
| Total | N Total v |
Species musq. Mw was | mosg. w W as

; collected A collected %
An, tenebrosis 15 2 1 0 — —_
A. cabalius 9 1 1 0 —_ —
A. demiaits 25 4 2 0 — —_
A. lineatopennis 462 73 38 0 — —_
A, mixitus : 12 2 1 0 —_— -
C. piplens 30 5 3 1,136 207 46
C, theileri 564 o8 51 i,110 125 28
C. wmmivitiatus 32 6 3 826 115 26

* Mumber of coliections
1 Lard-can traps set overnight

TABLE V
Masguitoes rollected in fowl-pam traps at Glifantsviel
Total M . Mtian*
mOsQs. w W as
cu]lectied b J‘e/::’l
C. pipiens 19,116 47 46 44
C, theileri 2,297 16 16 14
C. :_miw‘:rams ' 6,192 38 38 41

*__given in methods

(d) No. 2 traps. Although it is probably largely true that mosquitoes feeding on
fowls wouid also feed to a somewhat similar degree on wild birds, the studies of
Buescher ez al. [1959] and Dow et ol. [1957] emphasise that caution is indicated in
such deductions. The latter authors differentiate between attraction and acceptability
(feeding attraction) of host and showed that acceptability varied for bird species and
even for different individuals of the same species, while mere attraction, on the other
hand, was proportional 1o the size of bird, irrespective of species. A small amount of
trapping with No. 2 traps, using pigeons, laughing doves and two species of passerines,
the red bishop and red-billed queleas, has been done at Qlifantsvlei an« the results of
these collections are shown in table VI In these collections, the pigeons and doves
were confined in nyion stockings, each species in a separate trap, whereas the red
bishops and queleas were used in the same trap and confined in a 1 inch wire-mesh
cage. From the results of the pigeon- and dove-baited traps it is clear that univittatus
and pipiens feed readily on these birds, Feeding rates for the two passerines species are
not entirely reliable as it appears likely that the wire-mesh cages acted as a deterrent
to feeding. Of interest in these collections is the attraction of C. gnnulioris and C.
tigripes, rare species at Olifantsvlei, to birds.
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TABLE VI
Numbers of mosqititoes, with percentages fed, entering No. 2 traps, baited with wild birds

Tota!l number mosquitoes fed and unfed, with mean percentage

feeding. _
) Red bishop and
Pigeon (4)* Laughing dove (4) quelea (2)
Mean Mean : Mean
unfed| fed | % fed Junfed) fed | %4 fed |unfed{ fed | 9 fed
Mosquitoes
C. univittains 619 | 699 55 118 [ 652 77 120 0 0
C. piplens 1,107 | 3,140 78 462 {2,051 80 2405 | 418 15
C. annulloris 3 3 — 1 2 — 0 ¢ _—
C. tigripes 0 0 —_ 0 0 —_ 6 0 0

*_nymber of traps set

(e) Miscellaneous observations. Lard-can and net-traps baited with a fowl and sheep
respectively, yielded further information on feeding preferences of some rare mos-
quitoes. These collections showed C. annulioris, M. fuscopennata, and M. micro-
annulata to feed on fowls, with indications that M. microannulata occasionally bites
sheep. An. squamosus fed readily on sheep and occasionally on fowls.
Mosquito-biting cycles

No extensive study was made of mosquito biting activity during daylight as it was
clearly obvious that biting at this time was usually minimal. There were, however,
notable exceptions which may have important epidemiological consequences. As
mentioned earlier, lineatopennis and, to the extent that its rarity permitted observations,
caballus also, on occasions, fed readily on man during daylight (table I1). Reports by
Bedford [1928] and Steyn and Schulz [1955] also mention the diurnal biting habits of
caballus. With lineatopennis, however, the impression gained was that there was litle

active seeking of hosts during daylight, as distinct from the crepuscular period, and -

that biting at this time was a chance phenomenon being dependent upon the bait
appre.aching close to the daylight resting haunts of this mosquito, or even actual
disturbance of the sheltering vegetation being necessary.

To determine man-biting activity at night five collections were made off human bait
from 1800 to 0600 hours at Olifantsvlei. Apart from /inegtopennis and theileri the
numbers of other species collected were too few to allow analysis of the results (see
table IV) but those obtained for the former two species are shown in figure 2. Catches
ware recorded hourly, and to enable comparisons between the two species to be made,
were converied to percentages. The general biting paitern shown by each species was
somewhat similar although minor differences were apparent. Both species showed
peak activity shortly after sunset with the peak for lineatopennis ocenrring during the
first hiour after sunset and that for theileri during the second hour, although consider-
able biting by this species also occurred during the first honr, 4. lineatopennis showed
definite bimaodal activity with a later but minor peitk occurring during the hour before
sunrise, After the initial post-sunset biting peak feeding oy both species fell steadily to
reach their lowest levels between 0300 and 0400 hours.

Endophilism

As a means of further assessing the likelihood of various species feeding on man a
series of three collections were made at night in & room at one of the regular collecting
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. Fig. 2. Nocturnal biting activity of C. thefler! and A lineatopennis at Olifantsvlei as shown by

human-baited catches, Catches were recorded hourly. Geometric means have been adjusted to

percentages to facilitate comparison,

sites at Olifantsvlei. From the results shown in table VII, it can be seen that nearly
all the species present at Olifantsviel were obtained in “these collections but only
renebrosus, lineatopennis and theileri were collected in reasonable numbers,

TABLE VII

Numbers of masqmme.s' of various species collected indoors on three nights at Olifantsvlei, As controls,
the rasulis of COn—baﬂed lard-can traps set oulside ary shown,

An, tenebrosus
A, caballus
. A dentatus

A, lineatopennis

A, mixtus
C. pipiens
C, theileri
C. univiftatus

Number mosquitoes
collected
Lard-can

Room +CO,
o4 0
5 0
6 0
20 0
4 0
11 2,246
98 1,878
7 390
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TABLE VIII | £

Numbers, with their geometric means of three Culex species collected in No. 2 traps with aviar and dry-ice baits at ground level and tn a tree 3=
_ canopy ot Olifantsviei, B
: )

Co, Pigeons Doves 8

. Ground Jevel Grourd ievel Ground level )

@* 25ft. (3) 2 25 ft. (2) @) 25 ft. 2) E

No. | Mw | No. | Mw | No. | Mw | No. | Mw | No. | Mw | No. | Mw §~

C. pipiens 665 147 | 2,859 583 | 1,346 669 | 2,901 | 1,138 973 486 | 1,540 758 E
C. theileri 41 T 3 1 1 <1 0 0 0 0 0 14 o
C. univittatus i5 2 137 42 492 234 826 397 142 70 628 278 2
ry

: 2,

*_Number of traps set ?
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Vertical distribution of C. pipiens, C. univittatus and C. theileri

A few exploratory trappings were done comparing mosquito densities within 3 ft.
of the ground and at 25 fi. in the canopy of a tree. For these collections, either dry-
ice, pigeons or doves were used as baits in No. 2 traps. . .usults are shown in table
VIIL It is clear that pipiens and univirtaius are more active in the canopy than at
ground level, again suggesting their predilection for the avian host. Although theileri
was not collected in sufficient numbers to warrant definite conclusions, the results
with the dry-ice baited traps suggest that this species was more active at ground level.
Overwintering of mosquitoes

On account of the severity of climatic conditions there can, of course, be no
question of normal viral transmission by mosquitoes occuriing anywhere in the South
African highveld duting the winter. This naturally raises the question of overwintering
of the vectors, at least in so far as the Culex species are concerned, which are usually
presumed to overwinter in' the adult stage.

During the winter a search was made at Qlifantsvlei for hibernating adults and, to a-

lesser degree, for larvae. Adults were looked for in rank grass and other vegetation in
moist £'tuations, in rodent holes, and n a disused mine shaft, but no adult specimen
of any species was found. The search for larvae was also negative.

. DISCUSSION

The work described here was intended as a complementary study to that on
mosquito infectivity described in the related naper [McIntosh ez al., 1967]. It was hoped
that a synthesis of the data of these contemporaneous studies would materially assist
in leading to an understanding of the ecology of Sd and WN viruses. The nature of the
study dictated that priority be given to observations on mosquito infectivity rather
than to bionomics. This meant that a large part of the latter information has necessarily
been derived from morsyuito collections designed primarily for vi .5 studies.

In view of the diffic.'{1 'es in determining mosquito abundance and the complexity
of host-seeking behaviour, further work will be necessary for a more accurate
determination of these factors, The present study should be considered as mainly
exploratory. However, though observations were limited on some aspects, the same
general trends were evident from a variety of experimental methods and it is believed
that the data obtained in the present study is sufficiently reliable to enable a tentative
assessment to be made of those mosquito factors relevant to virus-vector relation-
ships. As only meagre information is so far available on vector capability, this aspect

-must for the time being be ignored in the assessment of vector species. Accordingly,

on grounds of prevalence alone, only five species seem to warrant consideration as
vectors of epidemiological importance in the highveld. They are dealt with below in
what is believed to be their order of importance.

Culex univittarus, When suitable collecting methods were used they showed this
species to be widely distributed thronghout the highveld which is in agreement with
the observations of others [Muspratt, 1955]. However, only rarely were excessively large
numbersencountered and at times Lake Chrissie’s numbers wereatlowlevels. Its numbers
were almost invariably exceeded by those of theileri and in sewage farms and the
environs of towns, pipiens also was far more plentiful, At Olifantsvlei, univittatus
seemed to be at reasonably high population levels from December until March, the
period when viral activity was usually detected. At Lake Chrissie, Boksburg and

Welkom, this mosquito also seemed reasonably prevalent when viral activity was

detected. It is mainly a bird-feeder, an atiribute which strongly implicates it in viral
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transmission since, with good reason, birds are believed to be the main vericbrate
host of both viruses. There is thus strong circumstantial evidence in favour of this
species fulfilling the role of arthropod maintenance host [Audy, 1958] in the wild

. cycle of both viruses ascribed to it from the infectivity studies. This agrees with the

observations of Taylor et gl., [1955, 1956] on this mosquito in Egypt.

The extent to which the highveld form of univittatis was shown to feed on man in
the present study seems inadequate to account for the majority of human cases, even
if allowance be made for the sporadic or non-epidemic forms of infection which
usually seem fo occur in the highveld. There was evidence, however, that a certain
amount of feeding on man did occur and tests on blood meals of univittatus at Olifants-
vlei showed a significant feeding rate for cattle, dogs and horses [Anderson, 1967] and
it seems prudent, until other species can be incriminated with more assurance than at
present, to regard univittatus as the cause of at least some human infection with both
viruses, '

. The low feeding rates recorded on mammals for the highveld populations of
univittatus in the present study conflict'with those obtained for umivittatus from other
geographical areas. For instance, in Egypt, precipitin tests on blood meals of univiitatus
showed 91.2 per cent as havingcomefrom mammals, including 11.3 per cent from man,
with 8.5 per cent from birds, although the mosquitoes concerned were collected in
rural villages which may bave biased the samples in favour of mammals [Harlbut and
Weitz, 1956]. Even more significant are observations on univittatus from further south
in Africa, With the same test, Paterson et al, [1964] found that blood meals of univit-
tatus collected in the subtropical lowlands of South Africa were 60 per cent of avian
origin with the balance from a variety of mammals, including man. In the same
locality our own recent studies have also shown that the local form of univittatus is
readily attracted to human bait [Arbovirus Research Unit, Johannesburg: Annual
Report, 1964/65]. In Bechuanaland de Meillon [1947] found wumivittatus bit man and
monkey avidly. Morphological differences between the lowland and highveld forms
of univittatus in South Africa are apparent, and Mattingly [1952] has also drawn
attention to morphological variation of this species in Africa.

Culex theileri, Our results indicate that this species is the most consistently prevalent
mosquito generally throughout the highveld although on sewage farms its numbers
are probably usually exceeded by those of pipiens. It is primarily a mammal feeder.
It feeds avidly on man and is also endophilic. It also, to a certain extent, feeds on
fowls from which it may be inferred that it will also feed on wild birds. It therefore
apparently possesses the necessary attributes which would enable it to act as a link
vector between the avian wild cycles and man. Suspicion in this regard is further
enhanced by the isolation of Sd and WN viruses from this species. From all the
available evidence it seerns likely that theileri would be more likely to infect man than
any other mosquito, even including univitfatus. It is perhaps noteworthy that at Boks-
burg and Welkom, two localities where collections were made shortly afier human
infeetions had occurred, this*Species was plentiful.

Aedes lineatepennis. Little has been published on the prevalence of this speci=s in
South Africa [Muspratt, 1955]. This mosquito was clearly the most prevalent dedes
at the two main study areas and at times showed extremely high biting frequencies on
man, thus showing the highveld populations of this species to be as anthropophilic as
those elsewhere in Africa [Kerr, 1933; Haddow, 1960]. 4. lineatopennis is the grassland
counterpart to the bush-dwelling dedes (Neomelaniconion) circumluteolus Theobald,
the important viral vector in the subtropical lowlands of South Africa [Smithburn,
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1958; Worth et al., 1961]. Apart from its high anthrophilism /ineatopennis is apparently
a strong flier {Teesdale, 1950; Haddow, 1960}, attributes which have obvious epi-
demiological implications. The preference of lineatopennis for fowls, and hence
presumably for wild *irds, seems even greater than that of theileri and lineatopennis
must therefore also b regarded as a potential link vector between wild cycles and man.
Its habit of feeding o man during daylight in addition to the more usual nocturnal
feeding, at which time it also enters houses readily, would further implicate this
spicies in human infections. This habit of daylight feeding may have other important
consequences as it may expose this species to vira.mic birds which otherwise may not
occur. For instance, this could occur when species of birrls, which at night roost in
trees where they could be exposed to umivittatus attacks, during the day feed on the
ground in among vegetation where /ineatopennis is present.

Aedes caballus. Although this species was rare at the two main study areas, our
collections at other highveld localities and studies by other workers [Bedford, 192§;
Steyn and Schulz, 1955; Muspratt, 1955; Gear et al., 1955] show this mosquito to be
prevalent and highly anthropophilic in the highveld. It has already been incriminated
as vector of Wesselsbron, Middelburg and Rift Valley Fever viruses in the highveld
[Gear et al., 1955; Kokernot et al,, 1957, 1958]. Like lineatopennis this species feeds
readily on man during daylight which would further tend to eraphasise its potential
importance as a cause of human infection, Further implicating this species is the
circumstantial evidence that it may have infected a staff member with WN virus during
daylight at Olifantsvlei. There is an obvious need for more observations on this
species in relation to Sd and WN viruses.

Culex pipiens. Apartt from a reference by de Meillon [1928] that pipiens larvae were
common in a suburb of Johannesburg, there is no evidence that earlier workers had
observed the extremely high population densities of this species encountered by us.
This may be due partly to the traps used by us, but on the other hand it would seem
more likely that this is a recent phenomenon as a result of increasing modern urbanis-
ation. In fact, the rarity of this species at Lake Chrissie is very likely a reflection of the
sitwation.which existed over the highveld generally before urbanisation. If this were
true, it would mean that this spectes could be expected to increase in numbers in
future. However, this may not result in untoward consequences as it seems likely that
this species can only have a minor vectorial role in the transmission of 8d and WN
viruses. The isolation of only three strains of 8d virus after extremely large numbers
of pipiens were tested tends to rule out this species entirely as a vector of WN virus
and to suggest a role of only minor importance in the transmission of Sd virus. The
low infectivity rate is indeed surprising in view of the strongly aviophilic feeding habits
of this mosquito. The answer may lie in a certain amount of preferential feeding
among different species of birds by pipiens, resnlting in the selection of birds which are
relatively resistant to the viruses, or in low vectorial capability. The low feeding rate

pr; man of this mosquito further emphasises the minor role it is likely to play in human
infection.

Other species. The study failed to throw light on the part C. fatigans may have in
5d or WN virus infections in the highveld. Apart from the difficulty in differentiating
this mosquito from pipiens in routine collections, this failure was mainly due to the
scarcity or even absence of fatigans in the main study area.

Although the remaining species have been excluded from consideration as vectors
on accuount of low abundance, it is possible that, on feeding preferences alone, An.
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coustani tenebrosus, An. squamosus, A. dentatus, A. mixtus, M. fuscopennata and M.
microanmtlata may still play some part, even though it be a minor one, in the trans-
mission of Sd and WN viruses,

Mention should also be made of the absence of Culex (Culex) rubinoius Theobald
from the collections, especially as this species has been collected before at Olifantsviet
and Germiston at which time H336 and Germiston viruses were isolated from it

{Smithburn et al., 1959; Kokernot et gl., 1960j. At that time this mosquito was collected -

in human-baited catches, That this type of rollecting method was not much used in
our study may explain our failure to record it. Even so, it would seem that rubinotus is a
refatively rare specics in the highveld. Previous records of it in South Africa confirm
this opinion [Muspratt, 1955].

SUMMARY

The bionomics of mosquitoes in the highveld region of South Africa in relation to
the ecology of Sindbis and West Nile viruses are described. Data on prevalence,
including, in some cases, observations of seasonal fluctuation, feeding preferences and
other host-seeking behaviour obtained in a three-year study were used, in conjunction
with evidence on viral infectivity of mosquitoes, to assess the likely vectorial roles of
various mosquitoes.

The conclusion arrived at was that only five species are sufficiently prevalent to
warrant consideration as vectors of epidemiological significance. These are: Culex
(Culex) univittatus Theobald, Culex (Culex) theileri Theobald, dedes (Neomel-
aniconion) lineatopennis (Ludlow), dedes ( Oclilerotatus) caballus Theobald and Culex

 (Culex) pipiens Linnaeus.

Culex univitiatus is apparently the primary wild cycle vector of both virnses, It
feeds mainly on wild hirds and domestic fowls but, with a low feeding preference for
man, seems unlikely to be the main vector causing human infection. Some, if not most,
human infection is probably caused by Cidex theileri andfor Aedes lineatopennis, both
of which feed signiicantly on birds and man, as well as being endophilic. Aedes
caballus might also cause human infection but due to scarcity in the main study areas
few observations on this species were possible. Culex pipiens is almost exclusively
aviophilic and on this account could only be involved in the wild cycles, or in infection
among domestic fowls,

Data on prevalence and feeding preferences of several other mosguito species is
also given.

The technical assistance of Messrs. 1. T, Taljzard and J. de Sousa is gratefully acknowledged.
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Larval habitats of culicine mosquitoes
(Diptera: Culicidae) in a sewage sffluent disposal
area in the South African Highveld”

by
P. G. JUPP

Arbovirus Research Unit, South Aftiean Institute for Medical Research,
Johannesturg,

INTRODUCTION

This paper describes the results of a study of habitat associations of

larvae of culicine mosquitoes in the South Afiican highveld region. This study
is part of 2 comprehensive Investigation on the ecology of the mosquito-borme
viruses known as Sindbis and West Nile, the results of which are at present being
published (McIntosh ef al., Jupp and McIntosh, in press).
The larval study was carried out at OlFfantsviel, near Johannesburg, which was
also the main study area for the other aspecis of the general investigation. Olifants-
vlei is a sewage effluent disposal arca and cattle farm owned by the Johannesburg
Municipality, It seemed particularly important that the extent to which sewage
efffuent was being utilized by potential viral vectors be deterinined as it appeared
likely that increasing urbanization in the futuve would lead to increased effiuent
disposal over large areas of the highveld.

METHODS

Olifantsvlei, the study area, is situated 5 miles from the outskirts of
Jubannesburg, and is predominantly grassland country buot traversed from West
ta East by a large viei with reed beds. The vlei is fed by the Klip river.

The area is also continually irrigated with sewage effluent from nearby purification
works which causes additivnal larval breeding sites, not present in more typical
highveld country. to be made available.

Larval collections were made during the four summer months, December
to March, when mesquito populations are at their highest on the highveld. This

*  The studies and observations on which this paper s based were fnanced jointly by the
South African Institute for Medical Research, the Poliomselitis Research Faundatmn
and the South Adfrican Council for Scientific a.nd Industrinl Research, .
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was done during three summers from December 1963 to Marun 19686, Dipping
was carrfed out with a white, one-pint, enamel dipper. ‘The number of dips
varied betw -n one and 25 for each collection and larger expanses of water were
examined at several spots.

For the purpuose of the study, the larval breeding sites present in the area
were classified into six habitat types which accounted for nearly 1 these sites.
In addition, water oecurring in each habitat type, except *rainwater over grass™,
was sampled and submitted to certain chemical analysis. For each habitat five
or six samples were drawn from vepresentative sites, nearly always sites from
which Jarvae had been collected.

CLASSIFIZATION OF HABITAT TYEES

i. Sewage effinent

(a) Furrows. A network of furrows carries effinent through the grazing

lands. Usually the water is slow flowing but sometimes a furrow is blocked off,
its contents becoming staguant. Water is semi-permanent to permanent, depending
upon how long a firrow is keft in communication with the irigation network,
but is usually permanent, A typical furrow has a muddy bottor and grass sides
where mosquito breeding occurs in the stillor water,

{b) Grer grass, Pasture is periodically flogded irom the furrows so that
the long grass is partly snbmerged, Water from a single flooding may remain
standing for 1-2 weeks (temporary water}, or a further irrigation may result in
wafer being present for a longer period {semi-permanent). Usually the latter
case apphes.

2. Rainwater

(a) Over grass. Water is temporary to semi-peymanent, usually tempor-
ary. It is standing water which is usually clear and may contain emergent vege-
tation or algae {flooded grassland, grass-lined ditches or pools).

(b} Ogor- -wil. Wate: is as in (a} except that it lies over = vil, which may
be partially coverew - dead leaves. Algae are absent and emergent vegetation
rarely occurs.

¢} Polluted ground pools. These are large pools in cattle camps con-
taining water of suificient depth to remain for several weeks v thout firther =ain
(semi-permanent water). Water is stagnant, usually containing algal mats but
no emergent vegetation, 'nd is polluted with organic waste from catde.

3. Vilei margins
Thesz consist of permanent standirg water with emergent vegetaton
{reeds etc.) and often contain aguatic plants and algae.

CHEMICAL ANALYSIS OF WATER

In addition to pH measurcraent, chemical zpalysis was undertaken,
using standard analytical methods, to determine:
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{a) Settieable colidy, This is 2 measure of the degree of “muddiness”
of ile sample.

(b} Suspended solids. This i a measure of the suspended colloidal
particles which consist mainly of urganic matter.

e} Permanganate value. The British meihod was employed in which
oxidation is carried out wsing acid permanganate for four hours. The empirical
values obtained in this wr+- are 2 measure of the moie readily oxidizable material
in the sample and give an mdication of the iotal disslved organic matter present.

{d} Niwate as N, free and saline ammnpiz as N and albuminoidal
ammonia as N, These measurements together ave pn estimate of the morganic
nitrogen present in the sample, a large portion of wiich is derived from a break-
down of nitrogenous organic material, so that the three messurements are correl-
ated with the amount of dissolved organic material present in the sample.

The above analysis was undertaken in an . (ttempt to obtain data which
would permit a more complete and objective deserption of the different habitat

types, thus allowing a better understanding of the habitat associations of the -

different species. In interpreting resulis of the an:lysis the fipures obtained for
the permanganate walue and the nilrogen determirations were used together to
assess the amount of dissplved orgznic matter prescat in a sample.

RESULTS OF CHEMICAL ANALYSHS OF WATER
The results of the analysis of water fron. different habitat types cre
shown in Table 1. Tt can be seen that samples froin polluted rainwater ground

Tancw 1. Partial chemical analysis of water sam;les from five habitat types.
[The figures cited are mean values in 1ngfl except settleable solids

{mlf11]
Effuent Rain
' Viel
i Polluted | margins
Over grassl Furrows | (ver soil | ground

! pools
Settleable solids a3 0.7 0.3 2.0 0.4
Sispeaded solids 56 52 35 1,784 52
Permanganate value* 266 18.9 14,2 501 16
Nitrate as N, 2 9 2 Trace | 15
Hree and safine ammonia as N, 21.6 89 37 272 22
Alburminoidal anunonia as N. 25 1 14 ‘0.5 28.1 0.5
pH 7.3 7.5 7.3 .7 7.2
No samples taken 3 5 6 ] [

* = Pritish method: amount of acid permanganate reducet' in four hours by the sample.
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pooks were the muddiest (2 ml. settleable solids per litre) and also possessed by
far the largest amounts of both suspended and dissolved organic matter. This
was to be expected as these pools werg heavily polluted by cattle. Effluent carried
by furrows was next muddizst, containing more settleable sclids than effiuent
lving on pasture, rainwater and water from the vlei. Both types of efflueni and
vlei water contained about the same amounts of suspended organic matter (32-
66 mg. per litre), However, cxamination of the permanganate values and the
nitroge:n anakysis indicates that these three habitats ditfered regarding the amount
of dissolved orgapic materizl. Effluent on pasture showed the largest amount
probably partly due to pollution by g.azing cattle, while effluent from furrows
had a somewhat lower quantity and vlei water showed the smallest amount of
all the habitats. Examination of the figures for rain over soil reveal that rain-
water was the clearest water {smallest amounts of settleable and suspended solids)
and contained the lowest proportion of dissolved organic material of samples
from all habitats except the vlei. All the water samples were slightly alkaline,
pH 7.3-1.7.

HABITAT ASS0OCIATION

For the study period the total number of collections containing larvae
made from earh habitat type are given in fig. 1. Seven species weve studied and
the frequency at which eah one occurred in cach habitat type was calculated
on a percentage basis, This was done by calculating the percentage of the collecti-
ons at # habitat which contained the species concerned. Percentages calculated
in this way for three Culex species and four aedine species are shown in fig. 1.

Culex (Culex) pipiens Linnaeus

Although ¢ pipiens vceurred in all the habitats, it was much more
frequent in effluent furrows (929} and in effluent-flooded pasture and viei margins
(67% and 58%)) than in the other habitats. Thus, this species utilized mainly
permanent water, both polluted and unpolluted, for breeding, although it de-
monstrated a marked preference for effluent. In fact, it was the species which
exploited the habitats provided by effluent to the greatest extent, occurring a
little more frequently in these than Gulex fheileri, Effiuent contained considerable
suspended and dissolved organic material which may ve the reason why it was
chosen, However, piiiens avoided the polhuted minwater ground pools, favoured
by theilerf, which contained even more organic matter.

These chservations are generally in agreement with those of Hopkins
(1952) who mentions that pififens is not deterred by water with a high organic
content and that it was perhaps more common in dirty and unshaded water.
He also describes the breeding places of pipiens in Africa as congisting of an immense
range of sites including temporary pools besides permanent water. However,
the present study showed that temporary water was only vsed to a small degree.
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Culex {Gulex) theileri Theobald

In contrast to C. pipiens, C. theileri was found to exploit all six habitats
with either temporary, semi-permanent or permanent water to a large degree,
although it showed a deflnite preference for two of them, polluted rainwater
ground pools (92%) and effluent-flooded pasture (87%;). Itis probably important
to this mosquito that these two habitats both contained the largest amounts of
suspended and dissolved organic matter, and it is interesting that fheileri is able
to utilize water for breeding which is contaminated 10 the extent of 1,784 mgms.
suspended solids per litre,

The stuckies of other werkers have also demonstrated that theileri shows
great diversity in its choice of larval breeding places (Ingram and de Meillon,
1927-8, and Bedford, 1928), Nieschulz ef al., (1934) confirmed this and mentioned
+hat larvae were found in both temporary and permanent water,

Culex (Gulex) univittatus Theohald

C. unieitlatus was collected most frequently in rainwater accumudating
over grass (379%), usually in pools and ditches. To a somewhat lesser extent
{4295}, it was found in effluent furrows and vlei margins, Thus, thiz species
preferred certain temporary and permanent habitats.

Unfortunately, it was not possible to arrange for analysis of freshly collect-
ed samples from the habitat "rainwatier nver grass’ and analytical figures for this
habitat are missing. However, water from. this habitat would be expected to have
the low proportions of suspended and dissolved organic matter found in rainwater
Iving over sovil, and would differ mainlv from the latter habitat in possessing
emergent vegetation, If this were the case, it would appear that univitiafus showed
a certain prefevence for clearer water with emergent vegetation - such water also
being without a high proportion of dissolved organic matter. This species would
sgen to avoid heavily polluted water since effluent from furrows and water from
the vlei contained less dissolved organic matter than samples from the other
permanent habitats, particularly viei water which contained the smallest proportion.
However, even though the frequency with which sniviffatus was collected in effluent-
flooded grasstand was low, the extent to which it utilized this habitat is significant
and it is likely that when effluent becomes diluted by rainfall, the species would
breed even more frequently in both effluent habitats.

According to Hopking (1952}, the breeding places of tnivdiafur are usu-
ally stagnant pools of various kinds, particularly those in marshy land and at the
edge of swamps. He mentions that vegetation is usually present. This is in
general accord with the present findings, bearing in mind that Qlifantsvlei contains
the artificial habitat-furrows carrying effluent. Hopking does not, however, give
any record of the proportion of organic matter in the water of the breeding places
utilized by this species,
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Aedes (Neaomelaniconion) lineatspennis {Ludlow}

This mosquito was shown to breed only in temporary accumulations o5
rainwater and the temporary to semi-permanent efluent flooding grassiand. It
was never encountered in any of the habitats with permanent water. Of the habi-
tats it exploited, fneaiopennis preferred rain water lying over grass. These results
confirm the observations of Nieschulz #f al, {1934} who also found that this species
depends upon the drying out and reflooding of a breeding place for the develop-
ment of more than one generation.

Aedes { Aedimorphus) dentatus {Theobald), dedes (Aedimorphus} mixtus Ed-
wards and Aedes (Ochlerviatus) caballus {Theobald)

These three species occurred at only low frequencies. They were found
predominanily in temporary sites provided by rain, denfefur never being found
breeding outside such: habitats, A. demfnfus and mixfus preferred rainwater lying
over grass to that lying over soil, while caballis was collected most frequently in
the latter habitar. -On a few occasions only, larvae of mixius and raballus were
found in habitats with semi-permanent or permanent water.

Nieschulz ef al, {1934} found that raballus used the same breeding places
as lineglopennis. and that the two species showed the same type of biclogy. These
findings are different from the present ones in that at Olifantsviei raballus occwsred
more frequently in rainwater lying over soil than in that over grass.

Hopkins's records (1952) for denlaius agree with the present ones bu:
those of Nieschulz et al. (1934) differ in as far as these workers found that the
mosquito preferred those rainwater pools which have bottoms of mud and leaves
but no vegetation, The Olifantsviei study showed that the species prefers rain-
water over vegetation.

With regard to the larvae of mixfus, the only previous collection record
appears to be of that of Muspratt {1955) who found the species in a swamp pool.

GENERAL CONCLUSIONS

The results for the habitat associations show thac disposal of sewage
effiuent at Olifanisvlei causes an increased rate of breeding of the majority of the
culicine species occurring in the area, particularly certain ones which favour the
latval hal-itats that the effluent introduces. Species which particularly favour
these habitats are C. pipiens and C. theileri in that order, while A. demfeiuy and
4. mixfus were not found to breed at all in such habitats. Although the lasval
sites provided by effluent would generally not appear to be ideally suitel to
C. univittatus and A. lineataperinis, they are nevertheless used to some extent by these
specics and so wounld cause higher populations of these mosquitoes in an arex
supplied with sewage effluent. In this conneetion it is noteworthy that the popui-
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ations of univitfatus are lower on the highveld at Lake Chrisde (Eastern Transvaal),
another study area, where there is no effluent, then at Qlifantsylei.

The great diversity of breeding places vsed by #eileri would seem to
partly explain why it is the most consistently prevalent mosquito generally
throughout the highveld. Since this mesquito is highly anthropophilic, its utiliz-
ation of effluent is of importance when considering the problem of sewage disposal.

Effluent disposal might seem also to have 2 bearing on the transmisson
of Sindbis and West Nile viruses since populations of univitfatus, the main vector
of these viruces, are inereased by effluent disposal to a significant degree. The fact -
that the habitat it nses most is rainwater over grass would explain why the seasonal i
fluctuation of the wniviitelus adult population at Olifantsvlei shows a relationship
to rainfall,

The study showed that while the aedine species, lineatgpennis, dentatus,
mixtus and caballys, relied heavyly upon rainfall for their larval breeding sites,
lineatapennis and caballis also used effluent to a siall extent. Although linesiopennis
was found in significant numbers, the other three species were rare at Olifantsvlei. ' S

Of interest in the results is the paucity of cabellis, 2 highly anthropophilic .
species and a known vector of several viruses (Gear ¢ al., 1955; Kokernnt ef al., 3
! 1957, 1858), which is normally a fairly prevalent and widespread species on the A

highveld {Bedford, 1928; Steyn and Schulz, 1955; Muspratt, 1955; Gear of al,
1955). The reason for the small nimb::s may perhaps be attributable to the
absence of temporary and semi-permanctit rainwater pans in the arvea. :

The lurval study was not designed to measure the densities of culicine ;
species at Qlifantsvlei and only the frequency with which each species nccurred 3
in the habitais was determined {see fig. 1), and on thizs account no measurement
of absohite numbers was made. However, it may be mentioned that the differing
frequencies tend, on the whole, to follow the relative density measurements found
by collecting the adults in various kinds of baited traps at the same locality, except L
that the larval collections indicate that fineafopennis and cebalfus may be more 2
abundant than has been shown by trapping adults, !

2

) SUMMARY
G
¥ A study was made of the larval habitat associations of seven culicine
; species at a locality in the highveld region of South Africa which is a sewage effluent
| i disposal area and cattle farm. It formed part of a comprehensive inestigation
' on the ecology of the mosquito-berne viruses, Sindbis and West Nile, Breeding
places in the area were classified into six habitat types, with three main divisions
consisting of effluent, rain and vlei waters.

It was found that Culex fipiens utilized mainly permanent water, partic-
O ularly effluent, while Cudex theileri exploited 21l habitats with some preference for
polluted rainwater ground pools and effluent-flooded pasture, both semi-perma- b
. nent habitats. Culex univittatus was relatively selective in its choive of breeding sites,
u preferring temporary o semi-permanent accummilations of rainwater over grass
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ag well a5 permanent viet margine and effluent furrows. Emergent vegetation
was irptstant to this species.

Aedes lineatopernis, A. dentatus, A, mixtus and A, caballus were shown to
depend Iargely upon temporary rainwater sites, usually rain over yrass, althcugh
Iinsatopennis and cubailus were found rarely in effluent water.

Water samiples from most habitats were submitted to a partial chemical
analysis in order to define the different habitats moce clearly. The habitat associ-
ations of the different species are discussed in the light of the results of this analysis.
Mention i3 also made of the similarity between the frequencies of the different
species occurring in the laival collections and the relative densities of these speciss
found in adult collections,
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CULEX QUINQUEFASCIATUS, CULEX
PIPIENS AND QTHER CULICINES
OVIPOSITING IN CONTAINERS IN THE
KAROQ REGION OF SOUTH AFRICA

P. G. Juee

Arbovirus Research Unit,
Nationat Institute for Virology,
Private Bag X4,
Sandringham 2131, South Africa,

Qver a I5-montk period from Feb, 1, 187G,
plastic containers were exposed as mosquito
oviposition sites at Bethulie in the southern
part of the Orange Free State Province. This
was carried out as part of a survey of the mos-
quite fauna at this tocafity and particularly 1o
determine the distribution of Culex quingrgfas-
eintus and Cx. pipiens. Bethulie is sitnated in the
semi-desert Karoo region of South Africa
which has very hnt summers with low rainfall
and cold winters. Over the period of the study
there was a drought until the 2nd sammer
when 321 mm of rauin Fefl (December 1970
through March 1971).

The containers were plaatic, 40 cm long and
25 cm square in cross-section and were tilled

with grass infusion to attract gravid mos-
quitoes. Ezch container was fitted with a with-
drawable sieve for easy removal of larvie and
was protected by a covering of 4 cm wire mesh.
Five containers were sited in the environs of
buildings iz the town of Bathulie itself {urban)
while 6 others were sited on § farms (ruval)
withtin 10 km of Bethulie. These cviposition
sites were examined 10 times during the expo-
sure period, usually monthly but sometimes
after a 2-month interval. Samples of larvae
were taken for idemification and many of the
determinaiions were confitmed by rearing
these through to adults. Periedicafly the con-
tainers were cleaned out and filled with a fresh
infusion,
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Larvae collected are showu in wble 1.
Culiseta Iang:mala!a and b different Culeor spe-
<ien utilized the oviposition sites. Cx. quinguefas-
cintus cocutted meat frequently and except for
1 collection was confined to the urban area
Nearly as prevalent were Cs. longiereolola,
which occurred 1o about the same extent in
rural and urban environments, and Cx. pipieps
which was commoner in the urban area. The
remaining 3 spedes were much rarer.

On 10 accasions larvae of Cx. quinguefasciotus
and Cx. pipiens were found co-existing, Samples
of wnale mozquitoes were reared from such col-
lections and the genitalia of 117 individuals
were examined without, however, finding any
evidence of hybridization between these 2 taxa.
This supports the view that these 2 members of
the Cx. fifsens complex are distinct spedes in
South Africa,

Third or fourth instar larvae were present in
2 coneainers in the urban area during mid-
winter on July 22, There were collections of Cs.
longiareolate Cx. guinquefasciatus and in the 3rd
containey Cx. quinquefascinlus and Cx. pipiens
together which were probably larvae overwin-
tering by quiescence. Such laivae have been
recarded previously in the highveld region of
South Africa in the e of 2 of these species-
Cx, pifdens and Gx. quinquefasciatus (Jupp, 1969
and 1975) but this is a pew observation in the
rare of Cx, longiareslata.

The overall total of 83 collectons fer larvas
of all species taken from the containers in the
15 &, wth period may be compared with only
15 sintitar collections made from the same
number of identical containers exposed for the
same duration in another  Project ax
Olifantsviei near Johannesburg in the High-
veld region (Jupp., unpublished). The aif-
ference in the aumber of collections at these 2

Table 1. Number of occurrences of mesquito
specics in Iayval collections made from
containers exposed far aviposition in rurel
and urban environments at Bethulie,
February 1970 throug March 1971.

Rural Urban
Cs. longiareolatn 10 12
Cx, pipiens 5 14
Cx. gringquefascians 1 a4
Cx. theileri 2 6
Cx. tigrives 1 0
Cx, urnititiatus __!'_)_ __2.
Toras # o w

localities mray be auxibuted 10 the relative
abundarce of other aquatic breeding sites at
Olifantsvlei available ro mosquitoes as com-
pared to a shortage of such sites in the Bethulie
area. Species of Culex and Culise’s in the arid
environment of ethulie tend, out of necessity,
io utilize whatever oviposition site is made
available to them. Furthermore, the much
Iarger number of collections from containers
in the urban ares of Bethulie compared with
the rural area may reflect a thortage of other
breeding sites in the town as compared to the
farms where there are dams and streams.
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A SURVEY OF THE MOSQUITO AND CULICOIDES FAUNAS AT TWO LOCALITIES
IN THE KAROO REGION COF SOUTH AFRICA WITH SOME OBSERVATIONS ON

BIONOMICS

P.C. T B. M. McINTOSH() and E. M. NEVILL(?)

ABSTRACT

JUPP, P. G., McINTOSH, B. M. & NEVILL, E. M., 1980. A survey of the mosquito and
Culicoides farinns at two locauties in the Karoo region of South Africa with some observations on
bionomics. Onderstepoort Journal of Veterinary Research, 47, 1-6 (1980).

‘The mosquito and Criicoides faunas were surveyed at Bethulie and Luckhoff in the ardd Karoo
region, southem Orange Fres State, to determine which species covurred, their relative prevalence
a?d thedeﬁ'etcfg;f rainfall. The feeding preferences of these insects were also investigaied by means
of baited catehas,

Twenty-three mosquito species and 16 Culfcofdes species were collected. The commonest mos-
uito species, with their fi preferences, i known, were as follows: Culex (Culex) mnilvittatus
%_hzo and Culex {Culex) pipfens Linnaens, which are strongly ornithophiiic and poorly anthropophilic;
Culex (Culex) theileri Theo, which feeds on sheep and maa avidly but is caly moderately omithophilic;
Aedeg (Neomelaniconion) lridus McIntosh, Aedes (Neomelaniconion) lineatopennis (Ludlow), dedes
{Ochlerotatus) eabellus (1720) and Aedes (Ochlerotains) fuppi MclIntosh, all of which feed on sheep
and man readily and whi. :; can aestivate as eggs for vp to 20 months bot only appear in numbers
after rain; Anopheles {Celiia) ksteri De Meillon, Anopheles (Cellia) squariosuy Theo, Culex (Culex)
quinguefasciatus Sa%;t]lld Culiseta (Allotheobaldia) longiorealate (Macquart). By far the commonest
Culicoides at both ities was Culicoides pyenostictus Ingram & Macfie, which is stro; ornitho-
E‘hﬂic and also feeds on sheep. The following 5 species were also prevalent: Celicoldes similis Carter,
gram & Macfie, Culicoldes spec. nav, 1., Culicoides schulrzei (Enderleln), Culicoides onderste-
poric iz Fiedler and Culicoides nivosus De Meillon, The last species is strongly ornithophilic.

Réstmmdé

UNE ENQUEYE DES FAUNES DE MOUS™T"UES ET DE CULICOIDES DANS DEUX
LOCALITES DE L4 REGION DU KAROO L1y AFRIQUE DU SUD AVEC CERTAINES
OBSERVATIONS ECOLOGIGUES

Des fmmes de moustiques et de Culicoides ont &té recherchées & Bethulie er & Luckhoff dans ia
région artde du Karoo dns Je sud de I'Erar Libre d" Orange gw déterminer quelles espdors survendient,
leur predominance relative et les effets des chutes de plufe. Les préférences alimentaires de ces insectes
Jurent également investignées au moyen de piéges & amoree. Vingt-frois espéees de moustiqnes et 16
espdces de Culicoides ont été rassemblées. Les espéces de moustiques lex plus commimes, avec leur
priférences alimentaires, quand elles étaient connues, furent fes suivantes: Culex {Culex) univittatus

Theo et Culex {Culex) pipiens Linraens, qui sont fortement ornithophiliques et foiblernent anthropo-
philiques; Culex {Culex) theileri Theo, gui s*alfinente aviiement sur le mouton et sur Plomme maly
aui est senlement modérément omr'th'?hﬁique; Aedes (Neomelaniconion) luridus Melnrosh, Aedes
{Neomelaniconion) lineatopennis (Ludlow), Aedes (Ochlerotatus) caballus (Theo) e Aedes {Ochlero-
tatus) juppl Mclitosh, qui tous se rourrissent principalement sur le mowton et sur I'homme et gni peuvent
estiver sons forme d'oenfs fusgu'd 20 moiy ruiy g &m&mﬂ seulement en nombres apprds la pluie;
Anopheles {Celks) Bsteri De Meillon, Anopheles (p 11is) squamosus Theo, Culex (Culex) quinguefas-
ciatus Say ef Culiseta (Allotheobaldiz) Iongiareolata (Macquart). De loin le plis, commum des Culicoides

dans les dewx pealités fir Culicoides fg’:nostictus Ingram & Macfie, gid est fortement ornitho) hﬂ{sﬂg
I

et gui 'alimente aussi sur le monuton.

cing esplces suivantes furen! aussi prédominantes: Culi

similis Carter, Ingram & Macfie, Culicoides spec. nev. 1., Culicoides schultze! (Enderleir), Culicoides
taderstepoortensis Fiedler ¢f Culicoides nivosus De Meillon. La derniére espéce est fortement ornitko-

philigue.

INTRODUCTION

In the past the mosquite and Cuficoides faupas of
the Karoo region have received little attention.
However, it was feared that after the construction of
dams and irrigation works on or along the QOrange
River in the arid Karoo region of the Orange Free
State, there might be an inciease in the populations of
arbovirus vectors in this area, This in turn would
probably increase virus transmissions and thus
endanger the health of both humans and livestock,
Studies were therefore condncted on the prevalence of
these viruses in insects and sentinel avian hosts at 2
representative localities, Bethulie and Luckhoff (Mc-
{g%g‘h, Jupp & Dos Santos, 1978; Mclatosh & Jupp,

Mosquitoes, Culicoides and, to a lesser degree,
Simuliidae were collected and assayed for virus over
4 summers, at Bethulie during 3 summers between
December 1968 and March 1971 and at Luckoff
during the summers of 1971 and 1976. The collection
methods used were aimed primarily at securing large

(% Arbovirus Un . National Institwte for Virology, Private
Bag X4, Sandringham, Johannesburg 2131
{*) Veterinary Research Institute, Onderstepoort 0110

Received 1 November 1979—Editor

numbers of insects for virus assay and they tended to
be somewhat biased towards the collection of Culex
(Culex) wnivittarus Theo because of this mosquiio’s
known importance as a vector of West Mile and
Sindbis viruses. However, efforts were made to employ
methods which would also show which species of
mosquito and Crlicoides were present in the 2 locali-
ties, their relative prevalence and the feoding pre-
ferences of the commoner species. One aspect of this
survey, that is, on mosquitoes ovipositing in con-
tainers, has already been reported (Jupp, 1978). This
paper reports the findings on the collevtions of adult
insects,

STUDY LOCALITIES

Bethulie and Luckhoff, which are located about
150 km apart near the Orange River in the southern
part of the Orange Free State, both have an altitude
of 128% m and are situated in the semi-desert Karoo
region where the vegetation is mainly xerophytic
dwarf shinb. Both localities are in sheepfarming
areas and insect collections were made on several
such farms in the vicinity and, in the case of Bethulie,
also near the dam in the town itself. Insect traps were
usually set near dams, vleis or perennial streams on
the farms,
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A SURVEY OF THE MOSQUITO AN £ULICOIDES FAUNAS IN THE KEAROO REGION
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FIG, 1 Monthly rainfall (ram) at Bethulie and Luckhoff during summer; when insects were collected. 'The normai (o) rainfall is shown

for comparison,

The Karoo climate has very hot summers with a low
rainfall and dry, cold winters. The mean annu<:
rainfall for Bethulie is 439 mum and Luckhoff .5
somewhat drier with 379 mm. From November to
March, when collecting was undertaken, the mean
daily temperature varies from about 20-23 °C, the
mean daily minimum being 1i-15 °C whie the mean
daily maximum soars t¢ about 28-31 °C. The normal
monthly rainfall in summer at the 2 localities given
in Fig. 1 shows that it is lower at Luckhoff for each
of the 5 months. Monthly precipitation during the
summers when the study took place is also shown.
During the 1968-69 sumamer at Bethulie, raiofal! was
negligible during November, January and February
but well above average in December and March,
particularly in March, when it reached 143 mm. In
196970 there was a severe drought when very little
rain fell the whole summer at Bethulie, while in 197]
precipitation was consistently above average at both
study localities. Figures shown for the 1975-76
summer at Luckhoff reveal the abnormally high
rainfall of that season.

Collectlun of mosquitoes and Culicoides

Five different collecting methods were used with
traps operated overnight. In 3 of these methods the
type of bait varied as follows:

{1} Light trap: This had an 8 watt suction motor and
a 3 candle-power incandescent bulb powered by a
12 volt car bathuy. It was hung with its entrance
about 1 m above the ground and insects were

sucked downwards inte a collecting cage made of
organdie. The fiter fiited over the entrance was
either § mm wire mesh or nylon mosquito screen.
The former prevented insects larger than mosgmi-
toes from entering fhe trap while the latter pre-
vented the entrance of these as well as mosquitoes,
g0 that only Culicoides and similar smali-sized
insects were collected. In the summer of 1976 a
few traps with the coarse filter were used with
carbon dioxide as an additional afiractant, as
described previously (Tupp, McIntosh & Anderson,
1976).

{2) Suction trap: This consisted of the same motor
unit as the light trap, without the light and filter,
and was used in conjonction with either pigeon or
sheep bait. When pigeons (Columbg iivea) were
used the open end of the cylinder containing the
motor unit was inserted into the bottom of a cage
containing 2 sentinel birds about 2 m above
ground level, Diptera atiracted to the birds were
sucked downwards into the collecting cage before
the + conld feed. When used with sheep, the
snvtion trap was mounted horizontally in the side
of a wire-mesh cage containing the animal,

{3) Lard-can type No. 6 irap: This is baged on the
lard-can trap designed by Bellamy & Reeves
(1952), but is smaller (Jupp, 1969), Eech trap was
baited with a pigeon enclosed in a cage of nylon
mosquito screen which prevented mosquitoes
from feeding. Traps were suspended 1,2-1.8
metres above ground level.
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(4) Net trap: This trap, which was described by Jupp
& Mclntosh (1967), was baited either with about
2.5 kg of solid CO, inside a cardboard box, or
with a sheep, penned in a wire cage within the net.

(5} Human-baited catckes: These were undertaken at
sunset withh 2 or more catchers and lasted up to 1
hour. Each catcher operating outdoors alone,
collected mosquitces alighting on his legs with
fest tubes. Light was provided by an eleciric
torch shaded with a red cloth cover.

The total number of trap-nights recorded with each
mehod is listed below as well as the oumber of
man-hours for the catches off human baix.

Light trap...... {a) With coarse filter. .... 145
{b) With mosquito filter.. 65
(c} With coarse filter and

- CO, bait....oennn.... :

Suction trap.... (a) Pigeon-baited....... .. 58
(b) Sheep-baited......... b

Lard-can irap... Pigeon-baited......... 157

Net trap........ (a) COpbaited........... 34
(b) Sheep-baited. ........ 14

Human-baited catches........... 16% man-hours

Mosquite and Culicoides identification

The nomenclature used for Anopheline mosquitoes
follows that of Gillies & De Meillon (1968), and for
culicines that of Knight & Stone (1977), except in the
case of the 2 members of the Culex pipiens complex
occurring in South Africa which are referred to as Cx.
(Culex) pipiens L. and Cx. (Cx.) quinquefasclatus Sey.
The abbreviations used or generic and subgeneric
names follow those swsgested by Reinert (1975).
Certain changes in nom:nclature occurred in 2 aedine
subgenerz during the (ourse of the study, 2 new
species being named in the subgenus Neomelaniconion
{Mclntosh, 1971) and 1 in the subgenus Ochlerotatus
(Mclntosh, 1973), which were all found in the study
arca. It seems likely that the 2 Neomelaniconion
species, Ae. luridus McIntosh and de. unidentatus
MclIntosh, were previously confused with de. linca-
topennis Ludlow, and the Ochlerotatus species Ae.
Juppi MclIntosh with de. caballus. Hence collections
of Neomelaniconion and Ochlerotatus mosquitoes
made prior to the recognition of these new species are
referred to in the report as lineatopennis group and
caballus group respectively.

The nomenclature used for Culicoides (Cul)
follows that of Fiedler {1951) with 3 exceptions as
follows: Fiedler’s Cul. pallidipennis Cartor, Ingram &
Macfie is referred to as Cul. imicola Kieffer and Cul
babrius De Meillon as Cul. tropicalis Kieffer according
to the zevision by Kremer (1972); while his Cul
hirtius De Meillon & Lavoipierre 1s referred to as
Cul. brucei Ausien after the revision by Khamala &
Keitle (1971). One new Culicoides species with clear
wings {Cul. spec. nov. 1.; and & second with spotted
wings (Cul. spec. nov. 2.) were discovered during the
study and are in the process of being described by
Dr M. Cornet of OQRSTOM and a co-author of this
paper (E.M.N.).

REsuLTS

Treps

Meoesquitoes were caught in all the traps used except
in the light traps fitted with a mosquito filter, while
Culicoides were collected only in suction and Hght
traps. The pigeon-baited lard-can traps collected far
fewer mosquitoes per frap night than suction traps,
but they collected a higher proportion of Cx. theileri,

P. G. JUPP, B, M. McINTOSH & E. M. NEVILL

as was also suggested during previous collections on
the Highveld (Jupp, 1973). The net {rap, baited with
either CQ, or a sheep, and the light trap, particularly
when used with CO, bait, were found effective for
collecting a wider range of mosquito species including
the seasonal Aedes,

Species prevu.ence

A total of 22 798 adult female mosquitoes belonging
to =3 species, divided among 4 genera, were canght at
Bethulie and Luckhoff (Table 1). Angpheles, with 5
species, was represented by 852 insects and composed
only 3,7% of the total catch, dedes, with 9 species,
totalled 8 931 imsects (39,29 of caich). Culex, with
possibly 8 species, totalled 12 709 izsects and com-
posed the largest proportion of the catch {(55,7%).
Culisetz was represented by a single species.

TABLE f Numbers of adult female mosquitoss collected at
Bethutie and Luckhoff by 2i methods nsed over 69
nights during 4 summers (1968169, 69/70, 71 & 76)

No, as
No. % of
total{s)
Anopheles (An) coustaniu, . ccovevivnennn 8
Anopheles (An.) implexus...... - 1
Angpheles (Cel.) cirerens. ... .. .. 2
Anogheles {Cel.} listeri.......... 142
Anophieles (Cel.) squamosus. ... .v...co... R93 3,0
Anopheles spp. UnKEL. . .oy ccreatriianeas 6
Aedes g;d.) demiams, ...y easiennannsnuna 21
Aedes (Ad) durbanensis, . . ...ooveenn.o... 1
Aedes (AdY RIrStIns . ..o oveveirannnenn i
Aedes (Neo.) Iineatopenitds. ...ocveveau.. 689 3.0
Aedes ENeo.) Turidus. ... ocvieiaeiicianns 50
jﬁs (Jltr’ea.} wnidentatus. . ... . { ........ 4 llg 8.0
s (Neo.) lineatopennis group(®)....... K
Aedes (Och.Y caballus....cooveeveinnna.. 581 4,3
Aedes (CehX fuppl.. . covcivnvstncnnniors 962 4,2
Aedes (Och.) caballus grotip (Fee.iovsnsn 2092 9.1
Aedes (Stg.) aegyptf formosus... ., chens 1
Aedes SEP' L - . 11
Culex (Cxyannulioris..........ooeiauuns 19
Culex {Cx.) piDIens. ..o vveviissninnnnes 2379 10,4
Culzx iCx.) QUIRGUESASCITINUS e o v ivnnenn 54
Culox (Cx.) theileri......c.vvsvanecienin 4108 | 18,1
Culex (Ca.) HRtipeSer s vivevnvaanainns 1
Chlex (Cx)unlv BHS....vvvisrennnners 561T| 24,7
Culex (Mal) seliv: wlorsis{®uerneeinsns 58
Crlexspp.undef......ccoveieniinaaa.. 413 1,8
Culiseta (All.) longiareolma.. ............ 306 1,3
Total Colicidae...coveevveeinrnncnnnenas 22 798

(&Y=luridys, Ineatopennis and unidentains—see results

(bY=caballus and jfuppi—se= results

{<)=In this and subsequent tabies a blank indicates less than 1%

()=Examination of larvac showed that both salisberiensly and
the subspenies nondeanus oceurved at Bethulie.

Among Adedes, the subpenus Aedimorphus was
poorly represented, as was the subgenvs Stegompia,
with only a single specimen. Three species of Neome-
lamiconion and 2 of Ochlerotatu~ ~were collected.
Because 3 of these 5 species wer - covered only
during the study, collections prior fo 1neir discovery
are referred to as the fneatopennis group and eaballus
group respectively. Collectively, these were a dominant
part of the mosquito fauna of the region and in
numbers collected accounted for 39,0% of the total
catch, although active females were only plentiful
after heavy rains. From collections in which species
identifications were possible among Neorelaniconion
mosquitoes, Ae. furidus was most prevalent at Bethulie
and Ade. [ineatopennis at Luckhoff, although all 3
species in this subgenus were previlent at Luckhoff.
In collections at Luckhoff in 1976 Ae. caballus and Ae.
Juppi were present in approximately equal numbers.
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A SURVEY OF THE MOSQUITO AND CULICOIDES FAUNAS IN THE KAROO REGION

TARLE 2 Numbers of male and female Culfcoldes (Cel)) collecied in 40 Tlight-trap-nights at Bethulie and Luckkoff during 2 summers

(1959/70, 1971)

2. 88 %
No. oF torate
Ctel, pyenosHCINE. « oo cviirisnvssssnsssonansrnsssanansrasninnsnns reesrereneaas Crererrrresnesn 2314 48,6
Cl. SHIIS . e v s i s iiscrrinenararnnnas 842 16,9
Cul. spec. nov. 1.(3),..... 720 14,5
schultzel........ 286 57
Cul. nivasus. ....... PR 275 5.5
Cul. onderstepsartensis. ., 226 4.5
Cul. distinctipemnis. ... 63 1,2
 REVEL, =« v aeeren e . 55 1,1
Cul. ropicalis...coovvuvinnesn. . 49
CUL FHICOIE. « o v iiiieeesseessemassnasrnmsnnrtnnnmesrsrtnsrtrsnnnsrienatrinnasanrennaines 44
Cuel, BedfordE. . . o eiiecesstsiaseriosnesivssttenrattasbnatattrrasesarsentratsastanrsnnarrne 36
CHl. IAGHUS. . o oo v isvsarsiarantnsasiviseasriaanantsssrscvansasannsnan werarmans meserrssananes 23
A HSES. e vaamanansrtnracnrtraconanrtossstnnsnnnnsn e errrerraratttsas At
Catl, GUIBPCRITANE. . oo o e s is it iintianscarsassnartsstiatansrsnsrinscscsanssans M ibareemaensre 1
Cul. spec, nov, 20 eiisanranaaas, Mireesannsaanns Nersiasnssaminas cearsnrerrnieans serrresmansy 1
Cul.spp-tmdet... .. ..cvieiievauaaa. rerbrravaarrasann bevaveareenrrann Netveesemnranaaa P 1
(2)=A clear-winged species
(b)=A. species with spotted wings
Both specles are being described by M. Cornet {(¢:'*TOM) and BE. M, Nevill
TABLE 3 Mosqguitoes attracted Lo different animal balts and to man
Prgeon (215X Sheep (19)(%) Man(t)
N h?'nrs Ni Npg'at? N 1E,}"'o&ra‘
. y © [\] o % 0. 4
fotal o fed(e) fotal
An, cogstani... . ...... reseramasan Mereseenreatasrsrsenanan 5 0 3
::nln!erl.. 6 ‘1‘3 3 7 Sg 1
y SQIAHIIOSHS 1 o v es i svasasnsnsorascnnssansenannvearsassns s
Ae. eaballus group.....ovvevvvinnennann vedeerananans 22 147 8,3 39 86 15,8
Al QORPOIUS. « v saiivierinirrtrvainensinssrantannnn rraans 0 11 2,
ﬁe.gwidu ..... e sriese s s lg sg a7 | Sg oo | 441
e, lincatopennis group.,....... Praraavatrsaereansernrnvanr s
g g O SN 2 e !
Cx, @tlioniS., oo oo ecivarisiiincnnannnn 18
gxpgpme. ...... rrrermaaan Zﬂﬁ 27,2 13
Ox, Sallsharienss.. ... cv i i ciinenesriisiirisnsssrnaneannse 1
B ¥ R 53 | 1381 78,4 15 | 37,2
Cex, univittotus. . rrbesans. A 4625 60,6 47 2,6 9
Crlex spp.undet.. ... vvieecnivnnnns . 333 4, 14 0
Cr. lonplareolata. . .. .. cvcviviiiiriicainsestarrnranaranas . 63 et 0
(®=No. of trap-mghts
(b}=1¢,5 man-hours collecting over § days
{s}=Ar:thmetic maan of percentage fed ir cach collection
Culex was dominated by 3 species, Cx. wunivitiatus, Host preferences

Cx. theileri and Cx. pipiens, which between them
accounted for 53,4%, of the total catch. The presence
of both Cx. salisburiensis and its subspecies naudeanus
were eslablished from larval identification. Even
during the 1969-70 summer, when there was 2 severe
drought (Fig. 1), appreciable numbers of Cx. uni-
vittatus (898) and Cx. theilert (727} were still collected.

Total catches of Culicoides and Simuliidae were
not always recorded, partly because of the large
numbers of Culicoides present. Random samples,
counsisting of a total of 16 031 Culicoides and 2 791
Simuliidae, were counted, and these figures are
probably a fair representation of the relative numbers
of these 2 groups of insects in the collections, In
addition 16 species of Culicoides, collected in 40 light
trap-nights, were identified and counted (Table 2).

The results of mosquito collections with the use of
either pigeon, sheep or human baits are given in
Table 3. While a variety of species were caught in
pigeon-baited traps, these catches were dominaled by
Cx. univittatus and Cx. pipiens, with Cx. theilzri also

ent in moderate numbers. Sheep-baited fraps
yielded largely Cx. theileri, but fajir numbers of tha
caballus and lineatopen. is groups were also caught. A
high proportion of these mosquitoes was recorded
as having fed on the sheep, a5 was also the case for
An, sqguampsus. With the exception of An. squamosus
the same species and species groups also predo-
minated in the man-baited collections.

Tuable 4 gives the numbers of Culicoides species
collected in pigeorp-baited suction traps. Cul. pycno-
stictus and Cul. nfvosus dominated these collections
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at an even higher relative protiurﬁon than in light
trap collections (Table 2). it therefore seems likely
that these 2 species are attracted to and would feed
on birds in the Karoo in significant numbers, Con-
versely, Cul. similis, Cul, spec. nov, 1., Cul. schultzei
and Cul. ondersiepoortensis, which wer. present in
fair numbers in the light frap collections, were either
pootly represented (Cul. spec. nov. 1.} or absent in
the pigeon-baited collections, which indicates that
probably none of thess species are attracted to birds.

TABLE 4 Culfcoides (Cul) collected in 27 trap-nights in

pigeon-baited suction traps

Mo, as
No. o of
total
Cul. pronostlotis. covevvevesvarseresanan §o9 | 86,5
Cul, ﬁmmn' ........................... 149 | 14,8
; 18| 1,7
17 1.6

10

1

At Luckhoff in Janwary, 1971, 39 C:' pycnostictus
were collected in sheep-baited suction traps during 5
nights, and in March, 1971, a suction trap et inside a
sheep-baited net trap duging 4 nights coliected 11 of
the same species. These results seggest that Cul
pyenostictus also feeds on sheep in the Karoo.

Collections made in pigeon-baited suctica traps at
Bethulie in 1971 .ndicated that some species of
Simuliidae are strongly attracted to birds.

DisCUSSION

Mosguitoes

Because of unavoidable variables rewulting from
individual trap bigs, times which collections are made
and siting of traps, it is extremely difficult {o determine
accurateiy the relative prevalence of species among a
mosquito faune. “he numbers of the various mosguito
spevies shown in Table 1 must therefore be assessed
with this in mind. None the less, 2 variety of collecting
methods were used during varions climatic conditions
over several years and the figures are meaningful in a
particular context. They are the result of collections
made for @ specific purpose, namely, to investigate
adult female mosquitoes as possible vectors of viruses.
To some extent the vector species were known and
the collecting methods were designed parily with
these species in mind. Since our main interest was
those species feeding on birds, domestic ungulates
and man in a particularly arid region of the inland
platean in South Africa, a numerical presentation of
the collections serves a nsefu! purpose to this end.

The collections showed a considerable numerical
predominance of Cx. umiviftatus, Cx. theileri, Cx.
pipiens and czrinin members of the Ae. lineatopennis
and Ae. cchallus groups. All these species have in
varying degrees beem implicated as virms vectors
during other studies (Gear, De Meillon, 1e Roux,
Kofsky, Rosc-Innes, Steyn, O & Schultz, 1955;
Jupp & MciIntosh, 1967; Jupp, 1976a, b; McIntosh,
Jupp, Dos Santos & Meenehan, 1976). By revealing
their prevalence in the Karog, the present coliections,
indicate that they could act as vectors in this region.
Culex guinguefascigtus and Culiseta (All) longiareolata
were collected in only small numbers but, judging

P, G. JUPP, B. M. McINTOSH & B, &L * TVILL

from the frequency with which they occurred in
larvsl collections (Jupp, 1978), apparently both are
prevalent speciss.

The difference in life histories among members cf
the Adedes and Culex genera has implicatiors for
their roles as vectors. dedes passy through adverse
climatic periods as drought-resistant eggs on the
ground. In this form they remain viabie for long
periads as, for example, from April 1969 until Decern-
ber 1970, a period of 20 months, when the 196970
summer rains failed. Although adults of cerigin
Aedes species appear in enormous numbers after
sufficient rain has inundated the dormant eggs, the
adults are short-lived and their ability to éransmit
viruses is correspondingly restricted in time. Despite
this handicap, they possess great potential as vectors
becanse they produce Iarge populations, albeit for 2
short period. The collections showed that members of
the de. lineatopennis and Ae. caballus groups belong
to this category.

The eggs of Culex species are not drought resistant;
these species smvive adverse conditions as adults,
pupae or larvae. They ufilize permauent or semi-
permanent ground pools for breeding and comse-
quently +* » active adult female is present throughout
the summer and avtumn and their ability to transmit
viruses extends over a longer period of the yea..
‘Where grow.d pools occur, Culex apecies will usually
be found, as in the present study. The collections
suggesied that even during dry summers, virus trans-
rission in the Karoo by Cx. wmivittatus and Cx.
theiler! would be possible. Since humans and domestic
emimals in an arid environment tend to cluster
around permanent water, this habit of Culex species
has obvious epidemiological implications.

Numbers of various mosqguito species caught in
the baited collections (Table 3) concurred with host
preferences recorded in the Highveld region for those
species common 10 both regions {Jupp & Mclntosh,
1967; Jupp, 1973). In beth regions Cx. uaivitiatus aud
Cx. pipiens were strongly ornithophilic and poorly
anthropophilic, while Cx. theilerl was strongly
attracted to ungulates and man besides being moderat-
ely ornithophilic. Membexs of the Ae, lneatopennis
and Ae, caballus gronps were shown to feed on sheep
and man. Because of apparent differences in prevalence
among species of these groups in the Highveld and
Karoo, it secems that Ade. lwridus, Ac. lineatopermis,
Ae. caballus and Ae. juppi conld be important vectors
in the Karoo, whereas in the Highveld only Ae.
unidentatus and Ae. juppi would assume this role.

Culicoldes

Assuming the different Culicoides species are
equally attracted to light traps, the numbers of the
various species given in Table 2 are probably a fair
represeniation of their relative abuudance. Cul
pycnostietus probably dominates all other species in
the Karoc and a further 5 species are fairly prevalent.

The predominance of Cul. pycnostictus on most of
the farms at the 2 localities and the prevalence of
blrzetongue virus in the 2 aseas suppest that this
species conld be the most likely vector of blueiongue
virus in this region, particularly as the proven vector
Cul. tmicola is rare. In this connection it seems that
Cul. pyenostictus does feed on sheep, judging by its
collection in suction traps set near a sheep at Luck-
hoff, Its preference for birds shown here (Table 4)
agrees with bloodmeal identifications for Cul. pyeno-
stictus collected at Onderstepoort in the Transvaal
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{Nevill & Anderson, 1972). Cul. nivos..+ was rare in
the collections previously made at Onderstepoort by
Nevill & Anderson (1972), but in the Karoo it was
faitly common and apparently ornithophilic.

The densities of Culicoides were probalily higher
than is suggested by the study since trapping was
mainly directed towards the collection of mosquitoes.
Culicoides are probably better adapted to the arid
Karoo than mosquitoes because their immature
stages are less dependent on rainfall and it is their
habit to develop in moist soil or dung rather than
water. Thus it is that during dioughts they are
probably maintained at higher Jevels than mosquitoes.
The collections showed that trapping sites, seasot
and rainfall all influence catches of these midges.
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A Morphological Study of Cufex (Cubex) univitiofus Theobald and
Culex (Cufex! neavel Theobald from Various African Countrires -

by

P. G. Jupp
Arbovirus Bazesrch Instituce
South African Institute for Medical Reaearch
Juhanneshurg.f

Mosquito. samples from various Africen countries consisting of specimens .
ascribed to Culex univiltfatus and Cufex keaver were studled morphologically and
compared with these spsciea from South Africa in an attempt to make speeific
determinations. A few undviiiatus were identified from Niger, Upper Volta and
Dahomey in West Africa. However, a similar pumber ¢f the specimena f£rom Niger.
and the majority of those from the other 2 countries were identified as neavel
and an aberrant form close to neavel, whrile these 2 forms only occurred in samples
from Nigeria and Mauritania, Small samples from Tanzania, Kenya and Reunion were
execlusively neavai, while that from Egypt probably contained only the aberrant
f rm., This form, which is recognized frowm its male genitalia, may repreaent a
¢ tatinct species. A single specimen from Ethiopia was univiffatus.

Cubex univitiaius Thecbald

Culex univitiatus Theobald, 1901, Mon, Cul. .2:29; Kdwards, 1911, Bull. ent. Res,
2:262; Edwards, 1941, Mosg. Ethiopian Region 333063 Jupp, 1971, J. ent.
So¢, sith. Afr, 34:339. (For complete bibliopraphy, including that of
synonyms, ses Stone 4 d4f., 1959.),

TYPE DATA., Holotype female, 4 paratype females, 5 paratype males and 1 paratype
male genitalia, Salisburvy, RHODESTIA. All types in British Museum.

Note on type loeality of Culex univiffafus Theobald

In the first description Theobald (1901) describes the "habitat" of
univittatus as Durban (Natal), Salisbury (Rhodesia) and Singapore. Stone &%
al. in their catelogue of mosquitoes (1959) refer to the type localities as
Durban and Saligbury. However, it appears that only Salisbury should be
considered as the type locality ¢f C, univiliatus. Edwards (1241) gilves this
single locality and furthexmore, Mattingly (i” bitt.) has informed mu that the
type material held in the British Museum all oviginates from Salisbury.

Culex neaves Theobald

Culex neaved Theobald, 1906, Rep., Wellcome Lab.Z:76, and 1907, Mon. Cul,
41429%: Edwards, 1914, Buli. ent. Res. 5:67; Jupp, 1971, J. ent. Soc.
sth., Afr. 34:339.

Culex univitiatus vanr neqvel Edwards, 1922, Buil. ent. Res. 13:85; Edwards,
1941, Mozq. Ethiopian Region 3:308.

TYPE DATA. Holotype female and 1 paratype female, Lualas, SUDAN, 1 paratype
female, Lado, SUDAN. Types in British Museuwm.

Work financed jointly by the S¢uth African Institucte for Madical Research
and the Poliomyelitis Research Foundatiom.
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INTRODUCTION

A study of the morphology, geographical relationship and genetics of
2 forms of C, univittotus present in South Africa was recently reported (Jupp,1971).
In this study it was found that one form, restricted to high altitude, was con-
specific with type material of C. univitfafus Theobald, 1501. The other form,
of lowland distribution, was conspecific with the types of (. univitiatus var
neaved{ Edwards, 1922, and was railsed to specific status. Morphologically the
former wag identical to univitiafus and the latter similar to neavel except in
regard to markings on terga and sterna. Morphological study of specimens collect-
ed in the area of contact between the ranges of the 2 forms indicated that they
wera largely reproductively isolated and cross—mating between laboratory colonies
of the 2 forms failed to occur because of ethological isoclation, Subsequently,
materisl considered as belonging to the 2 species from other African countries
has been made available to the asthor. In an attempt at specific determinations
this material has been compared with South African material with emphsais on
characters found to be relisble in the earlier study for distinguishing the 2
species. .

MATERIALS AND METHODS

Moaquitoes

All the pinned apecimens studied from countries outside South Africa
ware borrowed from the colleetion of the Office de la Recherche Scientifique
et Technique Qutre~Mer held in Bondy, France, except those from Egypt wiich
wera borrowed from Dr. K. L. Knight of North Cavolina State University, Raleigh.
Samnles originated from Uppe. Volta, Dahomey, Nigeria, Mauritania asnd Niger in
West Africa; from Tanzania, Kenya and Ethiopia in East Africa and from Reunion
and Eg pt. With the exception of Mauritania and Egypt which are Palaeartic, all
these countries arc within the Ethiopien zepion. As far as could be ascertained
none of the localities in each country exceede: 500 m in altituvde, except pro-
bably Atale in Ethiopiz and possibly some localities in Niger.

Identification Procedure

Elght characters were looked for in specimens of both sexes to determine
their occurrence and another 2 were studied in the genitalia of males. Table 1
ligts all these characters showing the frequency with which sach cceurs in
univitiatus or neaved from South Africa or, in the case of the genitalia, the
appearance of the structure concerned. Terminology used to describe structures
in the male genitalia is that of Knight and Laffoon (1971). Two structuras were
examinad: the leaflet borne by the subapical lobe of the gonocoxite and the
outer divietion of the lateral aedeagal plate (LAP). The leaflst was Inspected
to see whether its shape was narrow or bread and this was usually expressed as
2 leaflet index (R;) (Jupp, 1971). The sp'ne borme by the outer division of the
LAP was claassified as shrtt, long or intermediate in levgth,

The examinatien of Scuth Afvican material reported previously (Jupp, 1971)
and summarlzed in table 1 showed that uniuwiffafus and neavel may be distinguished
in the female by the mid femur and in the male by the leaflet., Female univitfafus
has an anterior white stripe on the mid femur which is missing in neavel: male
univitiatus possesses a narrow leaflet on the gonocoxite with an R, index of
33-50 while neavei possesses a broad leaflet with an R) index of 50 or more.

The previcus study did not include mention of the second character in the male
genftalia, Examination of the spine borne by the LAF in South African material
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shows that it is always long in neavei (fig. 2e) while in univifiafus it is
gsometimes long but more often of intermediate length (fig. 2b)}. Hence, this
character is precluded rrom being aultable for separating the 2 species but
it was examined in males in the present study afrer the discovery that some
individusls possessed & short spine (fig. 2a) quite distinet from that of
uplvitfatus or neavei. Thus, in classifying the present material females
were identified as univitiafus or neavei on the basis of the mid femnr while,
depending upon the appearance of the 2 characters in their genitalia, male
gpecimens were identifiad =s fellows. Specimens with a narrow leaflet and
long or intermediate LAP spine were comsidered uniuiffafus, those with a
broad leaflet and long or intermediate LAP spine as neavel, while any speci-
men with a short LA? spine was designated tha "short-spinad form". The
observations made on the remaining 7 characters in both sexes served to
indicate any differences from South African univitiatus or meavei.

Technique for male genitalia

The method of Edwards (1941), with modifications, was used for pre~
parving mounts of male genitalia stained with carbol fuchsin. Gonocoxites
were mounted separately, the leaflet either being measured while gtill
attached to the subapical lobe or after detachment. Where the size of the
sample from a country was large, in a propertion of the specimens the phallo~
some wag mounted intact and the LAP examined in situ. However, in most cases
the outer divisions of the LAPs were dissected from the remainder - of the
phallesome and mounited separately, Preparations were examined under g compound.
microscope at a magnification of 540, Camers Jucida drawings were made of one
or more of the leaflets in males from ezch country. Similar drawings were also
made of half or more of the preparations of the LAP from wach country before
the category of spine borne was determined.

RESULTS
C. univifimtus

Only 5 females and 5 males were identified as univiifafus as shown
in table 2, Three of the females had = faint stripe on the mid femur and
2 a clear stripa. The males all pogsesaed !eaflets with a narrow shape
very similar te that of unfuittatus from South Africa, although in most
cases they tended to be shorte. and slightly more convex (see figs. 1 a-c).
The 2 broadest leaflets belonging to the 2 males from Niger had an Rj index
of 50 whieh is the bottom of the range determined for neaveld (Jupp, 1971).
However, thelr shape -appeared nearest to that of unfvifiatus. TFor 21l the males
the spine borne by the LAP was of intermedlate length as is most vsuel in
univittotus from South Africa. The remaining characters assesscd in both
sexes, where the condition of a specimen permitted a full examination,
occeurred as in South Afrdican materizl exeept that one male from Niger lacked
pale scales at the base of the costa in the wing.

C., nreavel

Most of the famale specimens were identified as neavel., The fre-
quencies at which 5 of the characters occurred ip the zamples designated
neavel are given ia table 3. The remaining 3 characters, not included in
this table, are a striped mid femnr, post spiracular scales and an apical
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gpot on the hind tibia. The first was absent and the others preseant in all
the specimeng., From table 3 it can be seen that most of the gamples agread
wall with neavel in all respects. Important exceptions to this were ths
shgence of dark apical Jlateral markings on the sterna in scme individuals
from Upper Volta and Egypt and the absence of basal costal scales in the
wings of aome specimens trom Upper Voita and Dahomey.

After the few uniuvitiafus specimens had been removed from the male
material, of the 66 males remaining, 34 were identified as neavedl and
32 as the short-gpined form. Table 4 includes a list of the samples of males
ldentified as nedvei, together with their Ry values. These specimens all
possegsed bre I leaflets with Rq index, when measured, ranging from 50~84.
Leaflet shape was very similar to that exhibited by neavel from South Africa
(fige.l.e-k), except in ths case of malea from Egypt (fig, 1.d). In these
it appeared to be intermediate between that of univiftiaius and neavei in
spite of having an Ry index within the range of that shown by neavel. The
svine on the LAP wag of Iintermediate length in 21l the samples (e.g., figs.
2., h & k) except in those from Tanzania and Kenya where it was long (figs.
2f & 1), Drawinge of the outer division of the LAP from these 2 countries
were identical fo that of neavei from South Africa shown in fig. 2¢, A
faintly striped mid femur oceurred on the ope side of a gingle specimen from
Upper Volta and Reunion respectively, a~d on both sides of 1 specimen from
Dahomey; a striped mid femur has not been encountered in South African
neavel. The other characters examined occurred in all the specimens except
for 2 which lacked basal costal scales on the wing..

Short-spined form

Table 4 also shows those male specimens fdentified as the short-spined
form. Examples of the outer division of the LAP from such specimens caa be
geen in figs. 2, a, d, g, 3, 1. & m. Most individuals belonging to this form
had tha broad leaflet characteristic of neavel with R; values of 50-8l except
4 specimens which possessed the narrow leaflet characteristic of univdiifatus
vith values of 43~48. None of the specimens exiilbited a striped mid femur
except 1 from Tpper Volta and 1 from Dahomey where a faint stripe occurred.
The remaining 7 characters were always present,

DISCUSSION

The digtribution of univi{tifatus, neavel and the aberrant short-spined
form in the samples examined frum each country are given in table 5. Out of
a total of 128 epecimens only 10 were identified as uniuittatus, the remainder
being identified as neavedl, or the short-spined form. As this aberrant fomm
is only detectable in the male it is thought that some of the female specimens
aseribed to neavel must have corvesponded to it. This is probably the case for
all the females from Egypt as all males from this country belonged to the
aberrant form. It would appear, thereforas, that upivittatis is not so wide—
spread in Africa as previously believed and that it has frequently been
confused with neavel or the short-spined form. In South Africs univittatus
was found to be restricted to the highlands and newvel to the lowlands
(Jupy 1971). The results of the present study tend to be in accord with
this, as umivitiaifus was rare and Hedaved common 'in samples which nearly all
originatred from localities of low altitude., Also, the collection localities

in Ethiopia and Niger where some of the univifiafus specimens originated may
be high,.
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In the phallosome of male genitalia only 2 rypes of LAP were clearly
digtinguishable - one with a long spine (those classified as intermediate or
leng) and one with a short spine on the outer division. Males of the short-spined
form may represent a sibling species of #eavei, Further morphelogical study on
larger sampleg, including reared =iblings: would be necesgary towsrds an apsess—
rent of whether this ie sc or whether the abarrant form merely represents poly~
morphism, Crossing experiments would alsov probably be necessary before the .
taxonomic -status of this form could be finally established. Mattingly (1954)
drew sttention to 3 forme in Africa based on the LAP charactey which he ascribed
to univittatus and suggested might be climatypes. These were a western Mediterra-
nean foxm (long spine), an eastern Mediterranean form (short-spine) and an
intermediate form (epine of intermediate length). According to Mattingly the
western Meditervancan form agrees closely with the type form of univitiatus.
Senevet &€ af, (1957) have also reported intermediate and eastern Mediterranean
forma in Algeria. The ecastern Meditsrranean form with the short spine 1s said
to correspond to Culex perexri{guus Theobald, one of the synonyms of univifiatus.
However, examination of the holotypes of this synmonym {(Mattingly - £n LLL£,)
reveals that it differs from typical uniuiifiafus: the female holotype lacks
a striped wid femur as does neaved, while the leaflet in the male holotype is
aimilar +o that of univitfafus. It would seem likely therafore, that the
eagter -diterranean form 1s the same as the short-spined form of the present
study. «ne latter occurred in the collections from all West African countries
and from Egypt which is in agreement with the distribution of the eastern
Mediterranean form piven by Mattingly (1954). As males of the short-spined
form and of neavel occeurred together in &4 of the West African countriesa; often
originating from the ssme localities, this precludes them from belng clima-
types. '

Gince both univitifatud and the ghort-spined form are important as
viral vectors, the tazonomic statue of the form concernad needs to be estsb~
lished. In South Africa univitiatus is believed to be the maintenance vector
of West Nile and Sindbis viruses {McIntosh et al., 1967; Jupp aund McIntosh,
1967). In Egypt "univittafns"” which, in the light of the present study, al-
most certainly belonge te the short-spined form is an important vector of West
Nile and probably also Sindbis virusea (Taylor ef af., 1955, 1956). Further-
mors, in Igrael this same form of moadulto may be lavelved in the transmission
of West Nile virus. It is noteworthy that the Egyptian form has host pre-
forences which d4iffer from those of univiifofus in South Africa (Hurlbut and
Weitz, 1956; Jupp and McIntosh, 1967).
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Table 1. C. wniviitafus and C, neavel from South Africa; the frequemcy with
which 8 morpholeglical characters occur in both sexes and the nature
pf 2 characters in genitalia of males,

C. univittatus C. neavel

Female - Male Female Male
Post~spiracular scales Pragent Present Present Pragent
Terga: basal white bands " " Tarely absent "
Sterna; median dark scales " u % watimes abgent "
Sterna; dark aplcal
lateral triangles " H Present "
Hind tibia; apical white : :
gpot " " " T
Hind tibia; anterior :
white etripe " " Rarely sbsent Rarely abgent
Mid femur; anterior white Usually . :
stripe ' " present Absent Absent
Wing: pale scales at base _
of costa " Pregent Present: Often sbsent
Genitalia
Subapical lobe of Haxrrow : Broad
gonocoxitelea¥let shape Ry* 33-50 50 or more
LAP+; length of apine Intermediate ong

borne by outer division langth or long

*Leaflet index, < Lateral aedeagal plate.

Table 2, Number of female (¥) and male (M) specimens identified as C. univiffafus;
values for the leaflet index (R3) are given for males,

No. Rl

Upper Volta F 1

M 1 48
Dahomey 7 1

M 2 43,47
Niger ¥ 2

M 2 50,50
Ethiopia ¥ 1
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Table 3. Female specimens identified as . neavel; the ovceurrence of certain
morphological characters ~ all speecimens lacked a gtriped mid femur.

TERGA STERNA HIND TIBIA WING
Country No. white Hedian Dark apical anterior pale basal
basal dark lateral wiite costal
bands scales trisnzles gkripe scales
WEST AFRICA
Upper Volta 18 3 3/17% 0/4 14 16
Dahomey 5 274 2 3 4 4
Nigeria 1 1 1 1 1 1
Mauritania 4 & 3/3 272 4 4
EAST AFRICA
Tanzania 1 1 0 ? 1 1
Eenya 2 2 2 ? 2 1/1
KEONTON 2 2 1/1 ? 2 2
EGTET . 19 19 11718 5/8 19 19

AWhere the condition of soms specimens precluded the assagsment of a character for

the whole sample; the numerator iz the mumber of specimens possessing the character

and the denominator the number on which it could be examined,

Table 4, Male epecimens identified as C. neavei and the short-spined form;
appearance of leaflet and values for the leaflet index (31).

C. neavei Shoft—spined Eorm
(a1l with broad leaflats)
Country " Na. R, No. No. with No. with
broad leaflet mnarrow leaflet
WEST AFRICA
' . : ) 50-81(9)
Upper Volta 13 5l-71{10)* 12 10 .2 47(2)
Dahomey 8 50-62(7) [ 5 1 S50-58(3)
43(1)
Nigeria ~ 3 3 52-56
Mauritania 2 50(1) 2 1 1 45{1)
Niger 2 52,53 2 2 56,56
FAST AFRICA
Tanzania 4 56-73
Kenya 2 67,84
REUNTION 3 5467
EGYPT 7 7 50-60

% The bracketed figures indicate the number of individunals for which R; values were
caleulated when determinations were not made om the full sample.
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Table 5. Numbers of specimens of C, univitiatus, C, neavel and the short-spined form in the collections
from different African countries; Figures in parenthesis are female apecimens and the others
are male apecimens,
Species South | Upper
Africal| Volts |Dahomey ! Nigeria | Mauritania! Niger | Tanzania | Kenya | Ethiopia ; Reundon |Egypt
C. uniuvitiatus |Present} 1(1) 2{1) 2(2) (1) {1
C. neavel Present| 13(18)| 8(5) 1) 2(4) 2 4(1y | 2(2) 32) (19)
Shorz-spined 12 6 3 2 2 7
form .
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D

a. C. univittetus; South Africa e, T, nemvel; South Africa f. Wigeria

A

b. Upper volta g« Upper VoI he Niger
€. Dahomey i. Dahomey ' J¢ Tanzania
d. Egypt ¥« Reunion

Fig. 1 Drawings of the leaflat from the gonocoxite of varions male specimeng}
b and ¢ are similar to that from  univitiafus (a), £-k are similar to

that from C. neavel (e), while d appesrs intermediate in shape.
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a. Bgypt b. 8. wnivittatus g uﬁcg i |
South Afries @ L
d. Upper Volte a, Upper Volta y f. Tanzania 4 -
N
;
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g« Dahomey - he Da.lmmey f:-t
:
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i
3
J. Niger k. Remnion j
m. Mauritania

Fig. 2 The outer division of the lateral asdeagal plate; drawings to

show different spive lengths.
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drch, Irat, Pasteor Nedagescsr, 1982,%8,1,387-205

PRESENCE DU MOUETIQUE CULEX (CULEX) NEAVII A MADAGASCAR,
~ . 4EQUENCE DANS LA TRAMEMISSION DEH ANBOVIRUS

pP. FONTENILLY {1) & P.G. JUPP (2) -

; : REBURE

Ltétude de piles et de femelles du groupa Culax (Culax)
univittatuns, de dJdifférentes rédgions ds Hadagascar, a parmix da |
mettre en éviderce, pour ia prepidre fols, la présence de Culex
neavel Theobald, 1906 & Madagascar, en particulisr dans la -région )
de Tsircanomandidy, et de confirmer 1a prdsence de Culsy ’
univittatus Thecbald, 1501 dans diverses avtres régionz. L'examen
de 25 miles wat do 43 femslles do ce groupe xontre, ren raizon
de nombreuses forzes atypiquas, la détermination présise ne peut
so falre gque sur ]'observation do I'apparell génital mile. .
Les ronséguences de ls présance da Cx. neaval, daszs Ia
transpissisn des virug West-Nile et Babankl sont discutdes.

Mots-cldés : CULICIDAE, CULEX NB‘AVEI, CULEX UNIVITTATUS, WVIRUS -
WEST-NILE, VIRUS BABANKI, SYSTEMATIQUE, MADAGASCAR.

N = ]

BUTMENARY

. | . |
' The presence of ¢ X (Culex) neavei in Madagascur . i

*

. -ul-'.l-.—--—:\l- -
B
S

i and its relevance to uzboviruses.'(:ransmission

A rstudy was made of 25 pale and 43 female mosquitocas
balonging to the Culex (Culex} univittatus group, from different
logalities in WHadagascar, Indian Ocean, Thig showed that Culex
nnavel Thecbzald, 1906 1z present on the Island, at least in the
Tsirsanomandidy region. As demonstrated previously, Cx. univit-
tatus Theobald, 19¢1 Iz alsc present.Bacause of the presence of |
some atypical formps, firm identifications-was made only in males
according to the structure of tha leaflet of the sub-~apical lobe

of tha gonocoxite. The relavance of the presence of Cx. neavel N
to the epidemiology of West Hile and BEBabgnki viruses in -
Yadagascar lg discussed. . . :

-
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| Key-words ! CULICIDAE, CULEX NEAVEI, CULEX UNIVITTATUS, WEST-NILE

VIRUS, BABANKI VIRUS, TAXOMNOMY, MADAGASCAR. f

t1} Inetfiut Psptasr de Nadapascar, B0, 1274, Antanansrive, -
Nwclagskzar.

i (2] Arbovirus Unit, Satforat Irmtieute for virelody. Privets Sag
X &, 1231 SANORINGIAN, Ripeblige of Eouth Africe.
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pans le ¢cadrs du  programma d’étude des  arbovirus &
Madagascar, le Llaboratoirs d’Entomologie Médicale de 1'Institut
' Pasteur de Madagascar & capturé, depuls 1983, préx de 200000
- culicidae en différentes régions de 1’%fla.
] Jusgu'ié prdesent,; les auteurs ayant . travailld & Hadagascar
avalent toujcurs considird qus seul culnx wnivittatus Theobald,
190) dtalt présent sur i’ile.

L*isolement du virus West-Nile d’un 1ot da femalles du groupe . i
cx. univittatus nous condult A reveir la position taxonomique de :
ce groupe & Madagascar, sn partlculinr A la lumidre des donndas

. pbtenues oh Afrigue du Sud.

Dans cettse xrdgion, Culex neavel Thaobald, 1906 at Ox.
univittatus sont tous. daux présentz. Jupp {1971, 1%72) a donné, a2
pour laz mnilex st les femalles, les critlrls de discrimination ' ;
entre-cek deux Espices tras prochas, mals & capacitd vactorialla -
pour les arbovirus sengiblemant différente.

unrnn:n;a 2T HNETEODES

: Nous avons examind des adultes wmilas at femelles montds sur
' minuties st nunérotés. Les captures ont &téd erfactudes sur hoame
de nuit, aux plages lumineuy et en favne résiduelle. les : : 3
genitalia des mAles ont étd dissdqués :t montés sur lame dans un { .
milieu conservateur .(Euwparal).

Les adultes ont -étd ohservéds au - stérdomlcroscope & des i
grossiesenants de X6,4 A X80, ‘les appareils génitaux méles ont i
4té obmservéds au nictoscope 4 des gruesiszements de X100 & X540. ;
Les mesures ont dté effectudes au micromdtre oculaive. _ . 1

- Leg ppécimens prégentds tablean I ont été dtudiés,

Pour la détermination, nous avons utilizé les descriptions
dEdwards (1941), reprisen par Jupp (1971, 1972), qul =& montré .
g: pour Cx. nesavaei, la dezcription 4/Edwaxda - comportait des

précisiuvna,

Nous n‘avona pas ph obaerwer suffisamment de stadas larvaires E
pour déceler d'éventuelles différences spécifiques, thkins |
. {1952) et Jupp n’en raconnaiscent pas.
A Madagascar, les adultes de Cx. univittatus et Cx. neavei,
ee différanclent des autres Culex du socus-genre Culex par les .
caractéres suivants : :
-+ prdsence Qd’dcallles post-spiraculairas et pré-alaires
{caractére par allleurs commun & C©x, simpsoni, Cx.
comorensis et cx. striatipes), : -
~ Lighe antérieure d’écaiiles ‘blanches sur le tibia
postdrieur, st . ’ LAY
;'pigsenca d’dcajlies plles & 1a hase ‘de ia costa de
& a. -

t

[N

R T ETRL C mw ek v w vy - T

C__‘_-‘\.

L

Aprés - examen des spécimens prﬁsantés tableau I nous avons

done retenu, pour les adultes, les critéres sulvants (tableau II) i
inspires de Jupp {1972) : - _

Y r - taille de la bande hasale d’écallles blanches sur les o
\ . targites . T i
1 R . .
G . ' ) - présenca d'una ligne antérieura drécailles blanchas sur

les fémurs médians, et pour 1’apparail génital mile :

! - le rappost., largeur ‘(1) sur longueuvr (L) de 1l’appendice B
i?liacé de 1 toutfs da moies du lobe subapical du coxite (figure :

-
=

L

1 .
‘ . tel que R, » -=~=~=~ X 100 1
! , i ' L :

&
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TABLEAY I

- Culicides du groupe Culex univittatus dtudids sslon la
localitd _ : .

4
IOCALITE

t Tt £ H H
t 1 H H
1 ¢ FEMELLES t HALES 1 TOTAL 2
H { ) s H A ]
] - : H . T H
t ANTANANARIVO t 16 H 7 H 23 @
H H t ] S
: ANJIRO 4 2 L] "1 H 13
H H H H t
¢ PERINET t 1 2 0 t 1
H H H] H H
: ENDAPA ? i ] [+ : 1
: s ] H :
3 MAHASOLO t 3 : o t 3 :
H H H H H
! TSIROANOMANDIDY H 16 H 6 H 22 :
: HORONDAVA : 1 ' 1 s 2
H : H % :
¢t HOSY BE t 1 : (] L] 1
z H E H :
1 BERENTY 1 o2 H o t 2
t - - H : H :
: I : t H
.2 H 1) H 25 H 68 3
] % ] H ]
: ] " H H

las autres caractéres reconnus par Jupp ne nous ont pas
semblé guffisamment digcriminants pour Madagascar. Ce sont

= longueur de la ligne dorsale d’dcailles sombres du fé-
mur postérisur . _ : _

~ dcaillep nolres médianes et triangles apicaux latéraux
df’écaflles noires gur les sternites ' .

= longueur de )*épine portée par la bras latdral da la
division intexrns dn phallosome {longue dane tous les
. cas observés)

~ forme de la gole £ de la touffe sub-apicals du costita
figura 1}, '
et comme nous l’avens déjh vu 1a préeence d‘tune ligne

blancha =ur le tibja poztdrisur, et des dcailles
claires sur la costa. :
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i 'nirtéz-enues entre Cx. univitiatus et Cx. neaval, & Madagascar

Ccx. univittatuns cx. neavedl

" e 4

]
]
1
i

) 3 t

s H H

t : M

e CARACTERES . L H

H t FEMELLES : MALES : FEMELLES 1 MALES 1.

: H : s : 1 t
i .

. ! H - ' H s :

: 1#* lignhe basale d/~-: présente : présante t étroite iprésents :

{ : écalller blanches: (parfois : 1lsrge : ou ! large %

; : sur les tergites : dtroita) : 1 absenta :

5 S | . H : H s

i s» bande antérleuvre: présente’ : T an t absanta : absente t

' 3 d'dcailles blan- ¢t (parfolz : géndral t {parfoism : H

t ches sur )e fémur: geulament : absente ! quelgques t L]

t+ médian T guelques sinon : décailles): ]

l s técailles peu: pen 2 s |

H t visibles} : rmargude @ H H

i t t : 1 : 1

1 t+ appendice H - :  étrolte @ - : large :

¢ foliacéd du lobe t Ry<s0 ¢ : R,>50 ]

E t subaplical s H e s 1

- ; . " - - - =

L}

Lemrmar

REBDULTATE

Aprés examen duas caractéres énoncés précédemment,les adultas
| gue nous avcis pu #tvdier sme répartissent comme présentd tableau
ITI et carte 1. - ' :

Le# mAles ont pu &ire ldentiflds gans difficultd. Ia forme da
l’appendice foliacéd du lobe subapical du coxite “est un bon cara-
ctéve gqui apparait constant dans une population donnée : toujours
long ches ox. univitiatus at, toujouis largs chez Cx. neavei. Pour
les néles at les femzlles, la présence d'una ligne d’écailles

+ blanches bien marqiée sur le fémur médlan est caractéristique de
cwi ggivittatus. Elle mangue chez cx. neavel et chez certains Cx.
univittatus, . o : ‘

La tallle da 1a bande basale &’écailles blanches sur les

tergites est un complément dfalde au diagnostic pour les femeiie=n

-une banda large étant caractéristique de -Ox. univittatus, alors
-qu’une bande étroite, voire absents, ne psrmet pas de conclure,

cette variabilité de caractaram noue a amands,  pour certalnes
feimalles, & ria pas prendre de décizicon et A les considérer comme
*atyplgues® {(par exemple, femelle avec gue)lgues écallles blanches
. alignées, ne formant pag une vrale ligne sur le fdmur médian, at

' bandes des tergites trésx édtroites).
En définitiva, A Madagascar, corme sans doute ailleurs, seule

.. 1’cbservation dae l’apparell gdnital m&le au microscopa permat o
q? d?identifier n'asphcapdn nnniégu caertaina, °pa P |

/

; Da nos obgervations, 11 ressort gue Cx. univittatus est pré-
i gent A& Tananarive, & Anjiro,& Périnet, 2 Mahasolo,et 4
§ G Morondava. '

! _ La prdsence de Cx. neavei n’est certaine qu’dA Tairoanomandidy
\ . gg :o:;) len miles observéa mont typiquement de cette espice (RJ. 1
]

]
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TABLEAU ITI
Espdcos présentes selon les rdgiony dtudiées

% ] ] ) ]
: tex. univittatus: FEMELIES @ Cx. neavel @
: TOCALITES t 1 t . 1
K {altitude an m) 2. MALES ¢ Fem-: YATY- $  MALES :Fpm=:
: 1 (Ry) & mel-i PIQUES* : (R,) ‘imel-:
H 2 t les @ H] ‘31les t
s t t : it 2 H
t LANANARIVE {1400) & 7{30A40): € @ 2 H 0 r 7T
z : ] H 3. : - 3 ¢
t TANJIRO {9503} :11(30Ad2}: 1 b ] t O =
‘7 H 1 1 ] H :
: PERINET [900) & - :t 3 1 i 1 - 1 0
s : t H H : ] L
t ANDAPA (500} @ - : 0 = 0 .2 - t 11
- : - g H 3. % H H
¢ BERENTY {50) H - : 0 3 0 . - t 2
r -7 s s : : 1 :
¢ NOSY BE . {0} H - t 0 4] t - T 1z
H ) . t LI | ] H H
s MAHASOLD (s00) : - C - I 9 L - s 0
H H 2 ] N ¢ - H] s
* TEIRODANDMANDIDY (900): [+ T 9 13 5 H 6(50&62)! 11 @
H : . ] ) : s : :
t MORONDAVA " (o) s Y 32) = 0 1 o t +) t 1
' - : 3 ot 3 H H

: absence de xiles

PIXISLUBBEION

culex univittatug a una largz pépartiiion mondiale. EKnight et
Stona {1977) ssignalent wma prdsence .dans toute -Y7Afrique
sub~saharienna,dans la région méditaxrandenne at le moysn—-orient.

Culsx neavel a ¢té signalé dars de nombreux pays africains :
Mauritanle, Burkinz Faso, Benin, Nigeria, Niger, &oudan, Congo,

Zaire, Angela, Ethiopie, Ouganda, Xenva, Afzique du Sud, et
autour de Madagascar en Tanzanle et A 17Ile de La Réunion.

En Afrigue du Sud, Jupp & wmontré que la répartition de ces
deux esphcas <4talt fonction da 17altitude. Cx. univittatus est
géndralement localizé en altitude, jusqu’i plus de 1500 m, et Cx,
ndavei dans les bamsss terres, aves das zones de sympatrie &
altitude intermédiaire.

Nous nfavons pas asserz de donnfes & Madagascar pour dvaluer
8l une telle yépartition existe, sn fonction de 1’altitude ou da
facteurs climatiquez. Notons gimplement’ que dags nilaez de COx.

- univittatus ont L€ capturdés en bord de mer vars Morondava et

Jusqu’d 1400 = dans lés environs ' de  Tananarlve. A
Tsircanomandidy, & 900 = dfsltitude, meuls des wuiles da Cx.
neavel ont £té récoltds,

Dzns aucune zone, hous nfavons trouvd enszemble -des miles de
ces deux espéces.

Jors de toute dtuda sur les arbovirus, la connaissance
précise des espdces en ciuse dans unes zone Sonnéds est de la plus
grande importance. Cx. neaval et Cx. univittgtus sont toue denx
des vocteurs des virug West-Hile st Sindbip,’ mals leur capacitéd
vectorialle est sensiblenent différente (Jupp et Col, 19BE).

Cx. univittatus est un bon vacteur de ces daux virus alors
que Cx, neavel a une capacitd vectorielle, réduite, sortou: pour
le virus West-Nils, . '

A Madagascar,_..lé virus Wesi-Nile est abondant et les

alphavirus sont représentés par un virus trds prochs de Sindbis
le virus Babanki {Fontenllla 1989).
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‘71 est intéressant de noter qua dans la réglon de
Tairocanomendidy, de nombreuses souchess da virus West-Nile st une
de virue Bahanki oht dtd isoldes de CTx. decens ot Cx. antennatus,
mais augune de Culex du groupe univittatus yreprésenté dans cetta
région par '¢x. neaveil (Fontenille et pol}, 1388).

£n ravanche, vers Anjiro, ol le groupa est repriésentd par Cx.
univittatus s.»., una souchs de virus West-Nila a #td isolée de
catte espica.

Ces " donndes mont an fayeur d&'uhe meilleure capacité

-vectorielle d&oa Cx. univittatus par rappoxt A& Cx. nedvel,

dgalement & Madagascar,

CONCLUBIOR

Lfétude détalllée da 43 fenellas et de 25 mAlas du groupe Cx.
univittatus ncus a pernis de mettre en dvidance, pour 1s premisdre
fols, 1a prédzence &a Cx. neavel & Madagancar.

Ia détermination précise de l7espiace ne pasut woe falre, sans
risquae d’erretir, gque sur l‘obzervation de l’eppareil génital
néle, En effet, da nombreuses femalles observées présentent des
caractdros atypiques, pouvant &tre source de confusion.

A partir de nos exemplalres, nous n’avons pn conclure & la
rrésence de Cx. neaval, gue dans la région da Tairoanomandidy.

La constitution de séries de miles de diverses origines
géographiguess est maintenant nécessaire pour connaitre la

répartition'da cette espdce & Madagascar st pour voir a1 elle est

soumita A des facteurs climaticues comme en Afrique db Sud. -
‘En raison de 1a capacité vactoriells probablement différenta

vis-d-vis den virus West-Nile et Sindbis, la connaleggsance de

‘catte répartition s‘avire dfune grande importance, dans 1'éguda

d?s arbovirus de Hadagascar.,
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CROSSMATING AND MORPHOLOGICAL STUDIES OF CULEX NEAVEI AND CULEX
PEREXIGUUS (DIPTERA: CULICIDAE) TO ELUCIDATE THEIR TAXONOMIC STATUS®

Perer G. Jure2 anp Rarrn E, HarsacH3

ABSTRACT. Comparative studies were conducted on Culexperexiguus and Cx. negvei, twomembers of the medically
important univittatits complex, to determine if they represent the same or different species. Specimens of neavei from
countries sonth of the Sahara were compared with specimens of perexiguns from countrics in northern Africa and south-
western Asia. Slight and variable differences were observed in the ornamentation of adults, males differed constantly
in a single feature of the genitalia, and several tenuons distinetions were noted in larvae. A high degree of unidirectional
incompatibility occurred when neavei females from South Africa were mated with perexignus males from Egypt. Itis con-
cluded that perexiguus and neavei represent different, largely allopatric species.

INTRODUCTION

The univittatus complex of the subgenus Culex includes
three nominal forms: univittatus Theobald, 1901 (iype
locality Salisbury, Zimbabvwe), perexiguus Theobald, 1503
(type Iocality Sidon, Lebanon), and neavei Theobald, 1906
(type locality Lualas, Sudan). The nominotypical form
appears to be restricted to the temperate highlands of
southern and eastern Africa and the southwestern corner
of the Arabian Peninsula. Chlex neavei seems to pccur
thronghott the subtropical and tropical lowlands south of
the Sahara. Culex perexiguns inhabits the arid areas of
northern and eastern Africa and southwestern Asia east-
ward into India.

Culex neavei was originally described as a variety of
univiitatus. It was elevated to specific status based on
morphological discontinuity and reproductive isolation
(Yupp 1971}, Culex perexiguus was synonymized with uniy-
ittatus by Edwards (1912), treated as a form of univittatus
by Mattingly (1954), and recognized as a variety of this
species by Mattingly and Knight (1956). Jupp (1972)
performed a morphological comparison between neavei
and specimens attributable to perexigius and showed that
the two forms were distinguishable by minor characteris-
tics of the male genitalia, Two other differences between
neavel from South Africa and perexiguus {as univittatis)
from Egypt became evident during laboratory colonizz-
tion and vector competency tests involving West Nile and
Sindbis viruses. While perexiguuss readily adapts to mating
in 30-35 cm? cages under normal laboratory conditions

L'The views of the authors do sot purport to reflect the position of
the Department of the Army or the Department of Defense.
2Department of Virology, University of Witwatersrand snd the

Arbovirus Unit, Nationa! Institute for Virology, Private Bag X4, Sap-
dringham, 2131 South Africa,

3Walter Reed Biosystematics Unit, Department of Entomology,
Walter Reed Army Institute of Research, Waslilagton, DC 20307-5100,
Mailing address: Watter Reed Biosystematics Unit, Museom Support
Center, Smithsonian Institution, Washington DC 20560

(Hurlbut 2nd Weitz 1956, Gad ¢t al. 1987), neavei does not
and requires a simulation of crepuscular lighting similar to
that required by univittatus in South Africa (Jupp and
Brown 1967, Jupp 1971), Cilex perexiguns in Egypt is a
superior vector of both West Nile and Sindbis viruses
(Hurlbut 1956, Taylor et al. 1935) as compared with neavei
in South Africa (Yupp et al. 1986).

Jupp (1972) suggested thal perexigius and neqvei may
represent sibling species, but added that further morpho-
logical and crossing experiments were necessary before
the taxonomic staius of these forms could be setiled,
White (1975) apparently disregarded this staterment when
he recognized perexigius as a valid species in his “Notes on
& Catalog of Culicidae of the Ethiopian Region,” White
stated that “pereripuus is now reinstated to full species
rank, on the evidence maishailed by Jupp (1971, 1972).”
But since the evidence presented by Jupp was meager and
inconclusive, the status of peredguus and neavei remained
uncertain, In this paper we describe the results of morpho-
logical studics and crossmating experiments whick support
the contention that these nominal forms represent differ-
ent species.

MATERIALS AND METHODS

Morphology. Morphological studies were conducted
on specimens deposited in the National Museum of Natu-
ral History (Smithsonian Institution), the British Museum
(Natural History), and the London School of Hygiene and
Tropical Medicine, A total of 253 specimens ofneavei (111
females, 52 males, 44 male genitalia, 14 pupal exuviae, 18
larval exuviae, and 14 fourth-instar larvae) were examined
from 15 countries south of the Sahara. Some 2,696 speci-
mens of perexiguus (735 females, 474 males, 92 male
genitalia, 895 pupal exuviae, 446 larval exuviae, and 54
fourth-instar larvae) were examined from seven countries
in southwestern Asia and nine in northern Africa (Har-
bach 1938). Ethiopia, Sudan, and Upper Volta were the
only countries from which specimens of both forms were
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examined. The morphological terminology and the abbre-
viations used in the figures follow Harbach and Enight
(1980).

Crossing experiments. Virgin mosquitoes drawn from
laboratory colonies of neavei (¥,) and perexiguus (Fas)
were used for the crosses. The neavei colony was started
with specimens collected at Mtubatuba, northern coastal
Natal, South Africa and the perexigiars colony was started
with specimens collected at Kom Ombo, Egypt (collection
number 055 of Harbach et al. 1982). Reciprocal crosses
were done in duplicate in 35 am?® cages using adult mosqui-
toes not more than seven days old. From 221 to 269
mosquitoes of each sex were placed in each cage. The
cages were maintained at 25-26° C and 75-80% RY1. The
daily light-cycle was provided by controlled artificial light-
ing and consisted of a day period of 12 hours, a night period
of 10 hours, and twilight periods of 60 minutes each when
thelight intensity was either gradnally increased {dawn) or
decreased (dusk). Hamsters were exposed to the mosqui-
toes as a source of blood. Gravid mosquitoes were placed
individually in tubes for oviposition 5-6 days after feeding,

Hybrid progeny resulting from the crosses were back-
crossed with the parental strains. These crosses were
performed under the same conditions as the primary
crosses. The mosquitoes were 1-13 days old.

The larvae and adult males resulting from all of the
erosses were examined for evidence of abnormal morphol-
ogy. Larvae and male genitalia were mounted on slides
and compared with specimens from the parental colonies,

Egg rafts were placed in cedar cil and examingd under
a stereomicroscope to defermine the percentage of hatched,
unhatched-infertile (unembryonated), and unhatched-
embryonated eggs. For purposes of discussion, rafts con-
taining eggs that hatched are termed “viable rafts” while
those containing only unhatched eggs are termed “nonvi-
able rafts.” Spermathecae of a sample of females used in
the crosses were examined for the presence of sperm.

RESULTS

Morphology. Culex neavei and perexiguus are remarka-
bly similar i all life stages, Slight and variable differences
between the adults of these forms and univittatus were
listed previcusly by Harbach (1988, Table 41). Differences
observed between neqvei and perexiguus are compared in
Table 1. The most reliable distinction between females of
these forms is the presence or absence of pale scales atthe
base of the costa. A short line of pale scales is present in
perexigus and apparently absent inneavei, Males of these
forms appear to differ constantly in a single character of
the genitalia, i.c., the length of the ventral arm of the lateral
plate. The ventral arm (VA) is always long (projecting
beyond distal margin of Iateral plate, LP) inneqvei (Fig, 1)
and short {not projecting beyond distal margin of LP) in
perexiguns (Fig, 3).

Too few larval and pupal specimens of neavel were
available for detailed study. Most of the available speci-
mens were from South Africa and no significant differ-
ences were found to distinguish them from larval and pupal
specimens of perexiguus from sonthwestern Asta and north-
ern Africa (primarily Egypt). The pupae of these forms
appear to be indistingnishable (¢f. Figs. 1 and 3) and only
vague and variable differences were noted in the larvae (cf.
Figs. 2 and 4). Equivocal morphological differences be-
tween the larvae of these forms include the following: (1)
pecten spines (PS) with more denticles in neavei; (2) seta
1-8 usually in 5.5 or 6.0 pairs in neqvei (5.0-6.5) and 5.0
pairs in perexignus (4.5-6.0); (3) seta 2-¥ freguently (fre-
quency of nearly 50%} inserted directly anterior or ante-
rior and slightly lateral to seta 3-1 in perexigrus (as shown
in Fig, 4) and anterior and nozmally well mesad of 3-Iin
neavei; (4) seta 5-YV douvble or triple in both forms but
more ofien triple in negvei and double in perexiguus; and
{5) seta 2-X often double and frequeantly triple in reavei
{rarely with 4 branches) but almost always double in
perexipuus (rarely sinple or triple).

Crossing experiments. Table 2 records the viability of
egg rafts deposited by females used in the reciprocal
crosses. The viabilities of egg rafts resulting from crossing
perexiguus females with neavei males were 90.2 and 96.7%.
These percentages were on the same order of magnitnde
as the viabilities for the parental colonies, ie., 95.5% for
neqvei and 85.1% for perexiguus. Indices for egg rafts
resulting from the zeciprocal cross were only 5.7 and
12.9%, thusthere was a measure of uaidirectional incom-
patibility between the two forms.

The results of spermathecal examinations are given in
Table 3, All of the neavei females crpssed with perexiguns
males which deposited viable rafts were inseminated, while
both inseminated and wninseminated females deposited
nonviable rafts. In contrast, indging from the samples
examined, all nonviable rafts resilting from the cross
between perexiguns females and neavei males were depos-
ited by uninseminated mosquitoes. This further indicates
that there was some incompatibility in the cross between
neavei females and perexiguis males.

The classification of eggs comprising viable rafts ob-
tained from the primary crosses and the parental colonies
is compared in Table 4. This table contrasts the mean
percentage of hatched, unhatched-embryonated, and in-
fertile (unembryonated) eggs contained in all of the rafts
examined in each case. Of interest is that neavei females
crossed with perexigites males produced rafts whick con-
tained feweggs that hatched and that a Jarge proportion of
embryonated eggs failed to hatch,

The mean percentages of unhatched-embryona’ ..t and
infertile (unembryonated) eggs comprising nonviable rafts
that resulted from the primary crosses are compared in
Table 5. Nonviable raits from neavei females crossed with

perexiguus males contained 2 mixture of embryonated and

S S




Jury 1990

Table 1, Morpbological differences observed between Cirlex perexiguus and Cx. neavei.

Character

perexiguus

neavei

1} Ventral surface of pro-
‘voscis

2) Postspiracelar area

3) Forefemur

4) Hindtibia

5) Wing-costa

6) Abdomen-palebands
of terga

7) Male genitalia - ven-
tral armoflateral plate

pale except at basc, weakly pale on distal
0.25 .

tendency for scales to cover more than
dorsal 0.5

ustually with indistinct anterior pale striﬁe
with distinet anterior and posterior pale
stripes on proximal 0.8, partly separated
on proximal 0.5 or less by weak ventral
dark stripe; with distinct apical pale spot
with short line of pale scales at base

normal

inconspicuously pale in middle

tendency for scales to occur in small

patch near spiracle

no anterior pale stripe

withrather i Jistinct anterior and poste-

rior palestripes ending before base; with
" rather indistinct apical pals spot

without pale scales at base

reduced or absent

-short o loog

Table 2. Viability of egg rafts from primary crosses and parental stocks,

Cross/colony

" Proportion
Cage of viable rafts

Percent
viable

neavei 9 x perexiguus &

Dereiguus @ xneavei 3

neavei
perexiguus

1 7/122
2 11/85

1 111/123
2 116/120
. 42/44
- 40/47

57
20.2
96,7

95.5
851

Table 3. Proportion of inseminated females which deposited viable and nonviable rafts.

Cross

. Inseminated @5
Cage ' Jviable rafts

Inseminated 95
J/nonviabic rafts

neavei 9 x perexiguus &

perexiguus 9 x neavei 3

1 1
2 5/5
1 ND
2 ND

9/20
15/20

0/11
0/2

ND = Not determined.
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Fig. 1. Culex (Culex) neavei. Male genitalia and pupa, South Africa.
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Fig. 2, Culex {Culex) neavei. Larva, South Africa.
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Fig. 3. Culex (Culex) percxiguus. Male genitalia and pupa, Egypt.
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Culex (Culex) perexiguus
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Table 4. Classification of eggs in viable rafts from primary crosses and parental stocks.

" Mean % of eggs
Mo, rafts Unhatched- Infertile
Cross/colony Cage examined Hatched embryonated  (unembryonated)
neavel @ x perexiguus & 1 7 2 96 2
2 11 3 95 2
perexiguus @ xneavei & 1 16 72 2 26
2 2 89 1 10
negvel 23 95 3 2
perexiguus 21 93 2 5
Table 5. Classification of eggs in nonviable rafts from primary crosses.
Mean % of eggs
Infertile
Cross Cage No. rafts Embryonated (unembrycnated)
neavei R X perexiguus 3 1 48 44 56
2 49 50 50
perexignus ¥ xneavei 3 1 12 a 100
2 4

4 96

infertile (unembryonated) eggs while unhatched eggs from
the reciprocal cross were virtually all infertile (unembry-
onated).

The hybrids that resulted from the crosses had normal
sex ratios and developed normally, without morphological
abnormalities, to produce healthy, vigorous aduits, How-
ever, only a limited number of F, adults resulted from the
cross between neavel females and perexiguuy males be-
cause of the limited number of viable rafts produced, each
with a low egg hatch. In comparison, alarge number of F4
adults resulted from the reciprocal cross, These hybrids
were backcrossed with the parental stocks to obtain the
resnits shown in Tables 6 and 7. Table 6 shows that
viabilitics were high for the egg rafts resulting from each of
the backcrosses. The ensuing progeny developed at a
normal rate, no morphological absormalities were ob-
served, and healthy adults were produced which exhibited
a normal sex ratio.

The classification of eggs comprising viable rafts depos-
ited by females used in the backerosses is shown in Table
7. The overall viability of the eggs that resulted from back-

crossing the hybrids was not always as high as it was for
eggs in rafts obtained from the parental colonies. How-
ever, a high percentage of eggs hatched in some of the rafts
that resulted from each of the backcrosses,

DISCUSSION

The results of the crossing experiments show that there
is a high degree of unidirectional incompatibility when
neavei femalies are mated with perexiguus males. The high
proportion of females which were inseminated ir this cross
(viz. 36/52, 69.2%), and which deposited eggs that devel-
oped embryos, indicates that there was little or no pre-
mating isolation between the laboratory colonies of these
forms, presuming, of course, that normal premating isolat-
ing mechanisms weze not discupted in the laboratory. The
effect of crossing neavei females with pereriguus males is
certainly indicative of a measure of postmating isolation,
but also could be due to the phenomenon of cytoplasmic
incompatibility cansed by a rickettsia-like symbiont similar
to that found in different geographical populations of Cx.

.
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Table 6. Viability of egg rafts from backcrosses between F, hybrids and parental forms.
Proportion of

Cross viable rafts

hybrid @ xneavei & 89/9% (90.8%)

hybrid ¢ x perexiguus & 107/111 (96.4%)

neavei 9 x hybrid 2 74/76 {97.4%)

perexiguus @ x hybrid & 62/92 (67.4%)
Table 7. Classi_ﬁcation of eggs in viable rafts from backerosses and parental stocks.

- Mean % of eggs
No. rafis Unhatched- Infertile

Cross/colony examined Hatchr d “wwyonated (unembryonated)
F, hybrid 9 xneavei & i 80 8 12
F; hybrid @ x perexiguuts & 30 68 2zl 11
neavei € xF, hybrid 8 a0 73 an 7
perexigius ? x F hybrid & 3 86 8 6 ’
neavel 23 %5 3 2
Derexiguus 21 93 2 5

pipiens Linnaeus (Yen and Barr 1973, Irving-Bell 1974,
Tupp 1987). However, if the evidence abtained from the
crossing experiments is considered in combination with
the morphological differences that exist between the two
forms, then the conclusion is reached that negvei and
perexiguus are separate, largely allopatric species,
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Culex (Culer) pipiens pipiens Linnaeus and Culex (Culex)
pipiens quinquefasciatue Say in South Africa: Morphological
and Reproductive Evidence in Favour of Their Status as Two

Species

by

P. G. Jupp
National Imstitute for Virolegy
Department of Health
Private Bag X4
Sandringham 2131 .
South Africa a8

ABSTRACT. The study showed that both larvae and adult males of C. pipiens pipiens i
and €. pipiens quinquefasciatus from Johannesburg, Transvaal, can be distinguish- 1
ed morphologically. Males were separable either by the structure of their geni- i

talia or according to the proportion of the shaft of the maxillary palp which
bears hairs. Ninety 3ix percent of adult females were distinguishable by a
quantitative character in the wing venation. Lsboratory colonization showed
that quinquefasciatus was stenogamous and pipiens eurygamous which suggests u
that reproductive isolation 1s due to an ethclogicel premating mecharism. In f

9 crossing experiments there was no cross-insemination between the 2 taxa ex- %
cept in one experiment where 2 quinquafasciqius females were inseminated by male 4
pipiens. The F, + F, hybrids subsequently reared were vigorous and fertile in- :
dicating the abSence of postmating isolating mechanisms. After study of these !
laboratory hybrids a search was made for natural hybrids smong mixed field col- '
lactions from Johannesburg and from Bethulie, Orange Tree State. Not one such
hybrid was found. From thig evidence that pipiens and quinquefasciatus are not
interbreeding and because of their considerable morphological difference it is
coneluded that the 2 taxa in South Africa should be classified as sepsrate spe-
cles.

— T Rt s e A LT b

INTRODUCTION

No definite agreement has yet been reached concerning the taxonomic status
of the varlous members of the Culex pipiene complex. In the latest reviews
written on the systematics of the complex (Mattinpgly, 1967; Laven, 1967) it was ;
concluded that the complex should be treated ag a gingle polytypic species em-~ ;
bracing six named taxa; these were C. pipiens pipiens lLinnaeus, (. pipiens quin-
quefaseiatus Say*, C. p1pzens augtralicus Dobrotworksy and Drummond, C. pipiens
var. molestus Forskal, C. pzpzens var pallene Coquillet, C. pipiens var comita-
tue Dyar and Knab. C. australiocus was ralsed to specific rank by Belkin (1962) :
and Knight and Stone (1977) upheld thiz view in their recently revised "Catalogue 3
of mosquitoes of the world". However, some of these supposedly infraspecific :

4#The name quinquefusciatus Say 1823 is regarded here as a senior synonym to :
fatigane Wiedemann, 1828 (gsee White (1975), Belkin (1977), Knight and Stone
(1977), Sirivanakarn and White (1978).).
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taxa have certain satural population, displaying different morphological, eco-
logical, behavioural and physiological characters, which raises the possibility
that all or some might exist as distinct spectes (Rozeboom, 1951; Paterson and
James, 1973). The difficulty is to show that 2 sympatric forms are not inter-
breeding in nature - the critical evidence for distinguishing 2 species. In

a recent study of sympatric populations of menbers of the complex in Australia,
Miles (1976) tackled this problem by uzing iscenzymes as genetic markers and
showed that not only C. globocoxitus but C. p. australicu. and C. p. quinque-
fasciatus were coexisting at Perth without interbreeding.

In South Africa there are 2 members of the complex, C. p. pipiene and C.
p. quinquefasciaius, which differ in morphoiogy and other ways suggesting that
these taxa are also specifically distinct. . quinquefaseiatus is an important
nuisance mogquito which occurs throughout the countxy, particularly in urban
enviromments, altheugh it has occasionally been collected in rural areas in the
vicinity of farmateads in the Orange Free State province (Jupp ef gl — in pre-
paration). C. pipiens, on the other hand, cccurs more frequently in rural than
in urban and peri-urban habitats, although both taxa often occur sympatrically.
Both are ornithophilic, particularly pipiens, but while quinqguefasciatus also
enters houses and bites man readily, pipiens is poorly anthropophilic (Jupp 1973).
The larvae of quinquefasciatus are more commonly encountered in artificial con—
tainers whereas larvae of pipiens, although also occurring in this habitat,
prefer natural! ground pools, vleis, river margins and frrigation furrows (Jupp,
1967, and unpublished observations). Lahoratory colonies of the 2 taxa also
have certain differences.

This paper deacribes morphological and reproductive gtudies underteken on
pipiens and quinquefasciatue in South Africa in an attempt to establish whether
they are specifically distinet. The extent of morphological difference observed
batween them constitutes evidence for the existence of 2 taxa and the question
of whether these were biological specles was approached in 2 ways. Firstly
evidence for reproductive Isclation was sought through a stndy of laboratory
mating behaviour and by carrying out cross-mating experiments. Secondly, after
making a study of laboratory hybrids and gaining a picture of hybrid morphology
1% was possible to search for naturally occurring hybrids.

MATERTALS AWD METHODS
Mosquitoes studied morphologically

Field specimens oxiginated from in ox near Johannesburg, Transvaal pro-
vince, except where indicated otherwise. All the pipiens and some of the quin-
quefasciatus examined were the progeny reared from wild~caught gravid females.
Part of the egg raft deposited by each such wild-csught female was reared out
and a larva, pupa, adult male and adult female studied in each case. Tha re—
maining quinquefasciatue specimens collected were larvae which were ldentified
and reared in jeolation to obtaln a series of associated Immature and imagine
epecimens. ¥our P, larvae arising from a cross-mating experiment were preserv-
ed from cach of 3 Egg rafts. The remaining larvae waere then pooled for rear-

ing F1 adults, a sample of which was killed for examination. Eighteen Fz rafte
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were obtained, each of which was reared in isolation, sc that a larva, adult
male and adult femsle could be kept for examination. Genitalia were also examin-—
ed from males reaved from larvae of the 2 taxa collected together in the same
water at Johannesburg and at Betbulie in the scuthern part of the Orange Free
State province.

Morphological characters

Two larval and 3 adult characters were studied as shown below. Terminology
uvsed is that recommended by Enight and Laffoon (1970, 1971 a,b).

1. Larva; siphons]l Index. The siphonal index was calculated, that is the
length of the siphon (exeluding the valves and acus) divided by its greatest
width at the basal ring.

2. Larva; siphousl setae. The number of branches borne by the siphonal setae
ia-8 and 1b-S was counted. These subventral tufts of setae are the first 2
proximal pairs on ithe sipbon and both in each pair were exzamined.

3. Adult; cross vein index in wing. The length of each cross vein (¢ & d)
and their distance apart (o) were measured in the wings of male and fewale mos-
quitoes, a5 shown in fig 1., so that a "eross vein index" could be calculated.
This was the ratio of the combined lengths of the cross veins to thelr distance
apart.

4, Maxillery p- . 4ir index in adult male, " In the male maxfllary palp the
length of the sha:. (Segments 2 + 3) was measured and the proportion of its
length bearing hairs (figure 2). A "hair index" was calculated which was the
ratio of total shaft length to length with hairs.

5. DVY/D index in male genitalia. The DV/D index (Sundararaman, 1949) was cai-
culated from measurements made on the latersl plate of the aedeagns (figure 3).

Siphonal setae on the larva were studied by floating each specimen in a
emall dish containing a 70% ethanol solution with glycerol added to 5% of vol-
ume, while to measure the siphon the larva was transferred, in the same sclu-
tion, to a hollow ground microscope slide. Examinations were made under a
stersomlcroscope at a magnification of 50 x (siphonal index) or 100 x (setas).
Measurement of the maxillary palp was made after removing the mosquito’s anten-—
nae. Each such male mosquito was examined on a hollow ground slide in ethanoi-
giycerol under a stereomicreoscope at a magnification of 50 x. For measuring
the cross veins, adult wings were mounted permanently on slides in polyvinyl
lactophencl; and permanent euparal mounts were made of male abdomenes with ae-—
deagus still iantact for measurements on the aedeagus. Slides of both wings
and genitalin were examined under a compound mlctcscope at a magnification of
80 x (wings) or 500 x (genitalia).

Mating behaviour im the laboratory.

Various attempts to establish laboratory colonies of quinquefaseiatus and
pipiens were carried out, starting with adults reared from gravid Females col-
lected in or near Johannesburg. This work produced information on the labora-
tory mating behaviour of sach taxon.
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Crossing experiments.

As a laboratory colony of pipiens was unavailable at the time the crossing
experiments were performed, individuals of pipiens used were the progeny rear~
ed from gravid females collected near Johannesburg. Pupae harvested from among
such pipiene progeny and from quinquefasciatue colonies were reared individual-
ly and on emergence the adult mosquitoes were separated according to sex and
placed in cages. Exceptions to this were some of the male quinguafasciatus,
which were taken directly f£rom the colonies.

Nine experiments were carried out in which the 2 taxa were mixed together
in 35 em™ cages. This was done because any cross-matings would reveal whethexr
postmating isolating mechanisms existed between the 2 taxa. In & experiments
pipiens females w e mixed with quinquefasciatus males and in 3 experiments
the reciprocal cross was attempted. From 50 to 100 mnsquigoes of each sex,
usually 1-20 days old, were used, Temperature was 25 — 26 G and relative
humidity 75 - 80%. The daily light eycle, provided by controlled artificial
lighting, consisted of a day pericd of 12 hours, a night period of 10 hours
and twilight and dawn periods of 70 minutes each when the light iIntensity gra-
dually decreased or increased respectively. 4n interval of 1 weck or more
elapsed before mosquitoes were fed on pigeons or young chickens. Five days or
moxe after feeding, gravid mosquitoes were confined individually in "laying
tubes" (Jupp 1967) for oviposition. Rafts deposited were regarded as infer--
tile if they had not hatched after 3 deys.

RESULTS

1. MORPHOLOGIGAL DISTINCTION BETIWEEN C. PIPIEFNS AND C. QUINQUEFASCIATUS
FROM JOHANNESBURG.

Examination of eggs and pupae under the light microscope revealed no
differences between the Z taxa. Morphological differences found in larvae
and adults are shown in table 1.

Siphonal index of larva. The larvae of pipieng usually had a longer, more

slender siphon than those of quinquefasciatus. Out of a total sample of 100
(50 pipiens and 50 quingquefasciatus) specimens only 2 had siphonal indices in
the area of overlapping distributlion of values.

Siphonal setae of larva. Setae la-$% and 1b-S both had I - 3 branches in the

specimens of pipiens, while seta la-S had 4 - 11 and seta 1b-S 4 -~ 10 branches
in the specimens of quinguefuseiatus.

Cross vein index in wing., Five different ratio s were caleulated from preli-

minary measurements made on the wings of adult females as follows: -

The meaning for 4ll these symbols are shown ip fig. 1. The values for all
these ratios determined on samples of pipiens and quinquefasciatus overlapped
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considerably. However, when values for the cross vein index (¢ + d) were de-
termined there was overlap in only 5 out of 98 (4%) of female a

specimens as showm in table 1, although in males the proportlon was bigger
with 9 out of 91 (10%) overlapping.

Male maxillary palp halr index. It was found tbat in the case of pipiens hairs
extend sbout halfway down the shaft of the palp from its distal end (index of
2.3 = 3.1) while in quinquefaseiatus they only occur at the tip of the shaft
(index 3.2 - 8.7). Edwards (1941) described this difference although he did
not express it quantitatively.

Male DV/D index. Fig 3 shows drawings of the iuner division of the lateral
aedeagal plates. In pipiens the ventral arm never overlapped the dorsal arm
80 that the DV/D index remained zero, while in quinquefasciaius there was al~
ways overlap so that the values of the index were 0.6 - 0.9. The tip of the
dorsal arm also differed in the 2 forms of mosquito, being blumt-ended in pi-
piens but pointed in quinqguefasciatus.

2. REPRODUCTLVE ISOLATTON IN THE LABORATORY

Mating Behaviour.

C. quinquefasciqtus mated readily in cages as small as 16 cm? which show—
ed that the species was stenogamous. Three colonies were thus established ea-
sily in the laboratcry. MNo special lighting regime was necessary and 2 of
these colonies provided quinquefasciatus for the crossing experiments.

Colonization of pipiens was much more difficult. Previously the author
had attempted to colonize this species in 35 cm cages expesed to lighting which
reprasented a 12 hour day — 12 hour night and subsequently in a larger cage
75 x 50 em in eross—section and 150 cm high, exposed to fllumination simulat—
ing a 12 hr dey, 1 hr dusk of constant intensity and 11 hr night. However,
the mosquitoes did not mate because of the eurygamous nature of this species
until the method described for C. univittatus (Jupp and Brown, 1967) was used
with a walk-in cage measuring 3.0 metres high, 2.9 m long and 1.8 m wide and
with lighting incorporating a gradual increase in the morning and decrease in
the evening. With this enviromment a high raft viability index of about 80%

was attained by the 8th generation which indicated a similarly high frequency
of matings.

At the 11th generation this colony was transferred to small 35 cm3 cages
kept in identical condition.:. The percentage viability indices for Flz - F22
rafts were 3, 2, 9, 22, 9, 8, 8, 30, 14, 33 and 49 but none of 228F rafts
hatched so that the colony was then lost. The sudden cessation of mating by
the F,, adults was probably due to these adults being moved out of the main

insec%gry reom with its special illumination for a period while this room was
being repainted.

Crossing experiments

Altogether 136 egg rafts were deposited in the 9 ercssing experiments.
These all failed to hatch except in one experiment where 100 pipiens males had
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been mized with 45 quinquefasciatus females. In this experfment 2 rafts hatch-
ed cut of 13 and one of the females which had deposited one of these viable
rafts was re—-fed and a second raft was laid. Hence the Fl hybrid genexation
originated from 3 viable rafts in each of which the proporiilon of eggs which
hatched was normal and the numbers of each sex equal. Vigorous Fl adults were
reared, given a blood-meal and they subsequently deposited 30 F, “rafts, 25 of
which hatched. These in tuzn 1ead to vigorocus F, adulis. No attempt was made
to rear a third gemeration although it is unlikeiy that any diffieculty would
have been encountered in doing this.

Morphology of hybrids

Table 1 also shows the results of a study of the morphology of the F. and
Fy hybrids and how they compare with the morphology of pipiens and quinqu% as—-
elatugs. It can be seen that in both the Fl and ¥, larvae the range of valves
for both the siphonsl index and the number of brafiches on setae 1a—S and 1b-8
overlaps the ranges of both pipiens avd quinquefaseiaius. Similarly the range
of values for the female wing cross vein index and the male maxillary palp hair
index determined on adult F, and Fz hybrids showed the same kind of overlap.

The DV/D indices determined on the“genitaiia of 45 F_ hybrids were all inter—
mediate between the zero index of pipiens and the raiige of indices obtained for
quinquefasciatus. This was alsc the case in 11 out of 12 of the F, hybrids, the
twelfth mosquito having an index of 0.6 which just falls in the qu%uquefasciatus
range. Drawings of the lateral aedeagal plates in the genitalia of pipiens,
quinquefareiatus and hybrid males are shown in fig. 4 from which it is clear
that those of pipiens and quinquefaeciatus are readily distinguishable. Fur-
thermore, most hybrid genitalia would probably be recognizable without measure-
ment.

3.  SEARCH FOR HYBRIDS AMONG FIELD SPECIMENS

It was thought that the newly gained knowledge of the morphology of labo-
ratory hybrids deserlibed above should prowe useful for recognition of hybrids
if they existed in nature. Accordingly certain slides of maile genltalia pre-
pared from mosquitoes previously collected were re~examined. These mosquitoes
had been reared from vollections of larvae which had comprised hoth pipiens
and quinquefaseiatus co-existing in the same water.

Table 2 shows the DV/D indicas determined on samples originating from
Bethuile and Johannesburg respectively. The indices determined fox the ¥, and
¥, laboratory hybrids are included for comparative purposes. As can be séen
nope of the resulting indices corresponded to one determined on a laboratory
hybrid if the solitary F, hybrid with a zatio of 0.6 is discounted. - Rather.
the indications are that“the field samples consisted of distinct pipiens and
quingquefaseiatus only, as indicated in table 2. In addition to the spacimens
ghown din table 2 for which the DV/D index was determined, a further 86 males
from Bathulie and 112 males from Johannesburg were identified as pipiens or
quinquefasciatus from their male genitalia without any measurement.
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DISCUSSION

It is evident from the morphological study that it is possible to distin-
guish Johannesburg populations of p"iens and quinquefasciatus by examination
of the larva and adelit male. The n. +r of branches in the first 2 pairs of
siphonal setae is dlagnostic for difter entiating larvae while the value for the
siphonal index is almost diagnostic. Adult males can either be distinguished
by examination of the lateral aedeagal plate in their genitalia or accerding
to the proportion of the shaft of the wewillary palp which bears hairs. The
second character ig easier to use than the genitalia ar silde mounts are un—
necesgary. The adult females cannot be differentiated with complete certainty,
although the majority of specimens (96%) can be identified by means of the
crosg vein index in the wing. There are other characters which are helpful in
recogniring females of the 2 taxa. C. -uinquefaseiatus usually hss a buff-co-
loured scotum and well marked white tergal bands as compared to piniens, which
tends to have a darker rust brown scutum and narrower tergal bands. The con—
sidersble morphological differemce between pipiens and quinquefascicius suggests
that they are 2 geparate species, as they were formerly repgarded by Edwards
{1941).

Previously the anthor attempted to cross the 2 taxa by the artificial mat-
ing technique; thls was unsuccessful, which prevented the study of a large sam-
ple of cross—inseminated females. However, the insemination of 2 quinguefas-
eigtus females by pipiens males in one of the present crosses, with deposition
of viable egg rafts and subsequent production eof vigorous Fl and Fz mosquitoes,
shows that a postmating isclating mechanism does not exist.” It 1s likely that
the sbsence of interbreeding betwean pipians and quinquefasciatus in South Afri-
ca is due to an ethcloginal premating iaclating mechanism and that this explains
why there were only 2 successful insemi . ioms in the crossing experiment.

Laboratory colonization of the 2 taxa showed very clearly that quinguefas-
ciatus was stemogamous and pipiens eurygamous although by selection over a
number of generations the latter became stenogamous. This difference indicates
that quinguefasciqtus probably has a quite different requirement for swarm forx-
mation in mature than pipiens and that this is probably the basis for the etho-
logical isolation. In Australia isolation betweea 2 members of the C. pipiens
complex, C. globocowitus and C. auetralicus seems to have e similar basis (Pa-
terson and James, 1973).

The search for natuyrally occurring hybrids among male mosquitoes reared
from mixed larval collections did not reveal a single hybrid. The samples of
such males on which the DV/D index was measured were smell, but the genitaiia
of many more potential hybrid males were examined from the fleld without de-
tecting any intermediates. This iz thought to indicate that hybridization eit-~
her does snot cccur between pipiens and quinquefasciatus at Jéhammesburg and

Bethulie and probably throonghout South Africa, or that it oceurs only very rare-
1y.

The evidence that the 2 taxa are not interbreeding, together with their
considerable morphological difference means that their present tazonomiec status
naeds to be re-evaluated. There are now grounds for referring to the 2 taxa
in South Africa as separate species,
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TABLE 1. Morphological comparison hetween C. pipiens, C. quinguefascictus and laboratory-resared ‘hybrids.
Charactar €, pipiens C. quirquefasciatue F, hybrids F,hybrids
Larva Sirhonal index 4.8-6.1 (48} 3.5-4.,7 (50) 4.1-4.9 (12) 3.9-5.0 (18)
bi3~4.4 (2}
No. branches on seta | 1.3; 1-3 (50) feil; 4-10 (50) 3-6; 2-5 (12) 2-6; 2-5 (18)
la-8; 1b-5
fdult female | Wing; croass=vein 1.4=5.0 (47) 0.7-1.3 (51) 1.0~-1.9 (50) 0.9-1.5 (18}
Maxillary palp; hair
index. 2.3-3.1 (50) 3.2-8.7 (50) 2.4-4.6 (50) 2.6~4.9 (18)
pdult male Genitalia; laterel
acdeagal plete = 0.0 (32) 0.6-0.9 (31) 0.2-0.4 {45) 0.2-0.6 {12)
DV/D index
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Nembers in parenthesis are the numbers of specimens
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TABLE 2. DV/D indices for adult males reared from collections of larvae which each
contained both . pipiens (C.P.) and C. quinquefasciatus (C.Q.) as compared
to indices for laboratory hybrid males,

Locality No. specimens DY/ index j Identity E
¥
Bethulie 19 j 0.0 C.P. :
(Orange Free State) 13 0.6~1.1 c.q. '
Johannesburg 16 0.0 C.P. 4
(Transvaal) 14 0.6-1.7 C.Q. !
Laboratory specimens 45 0.2-0.4 F, hybrids i
11 0.2-0.4 1?2 n
1 0. ) Fz "
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Fig.
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Diagram of portion of wing to show various measurements made on the
venztior including those used for the cross=vein index ¢ -4 d.
: a

Maxillsry palp of male mosquito to show the two measurements made for
calculation of the palp hair index,

Diagram of the inner divigion of the lateral aedeagal plate to show
ventral arm (VA), dorsal arm (DOA) and measurements made for the
DV/D ratio (after Sundararaman 1949). .

Canera lucida drawings of the lateral aedeagal plates in C. pipiens(a),

C. quinquefasciatus (b), F, laboratory hybrid (¢) and F, hybrid (.
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Culex (Culex) pipiens and Cwlex (Cx.) torventium (Diptera: Culicidae) in
England: Notes on theip_Taxonomy and Biology

P. G. Jupp
Arbovirus Research Unit
National Imstitute for Virology
Private Bag X4
Sandringham 2131
. South Africa

ABSTRACT., The sympatris sibling specles Culex torrentium Martini and Cx.
pipiens L were collected in Surrey and Ca. pipisng in Buntingdonshire,
soutiiern England. The 2 species were atudied taxenomically mainly to find
a diagnostic character for separating the females and some blological obser-
vations were also made.

Males could only be separated by previously described genitaliaz differ-
encas, while in the female study of the pre-alar scales showed that a diagno-
sig could be made according to the number of these scales.’

At Silwood Park in Surrey Cx. torrentium comprised a high proportion
(62.1%) of the tota? collection of both species, while Cx. pipiens occurred
alone in a collection of hibernating mosquitoes from Huntingdonshire.

Hibernating Cx. pipiens taken by air to South Africa were reactivated
by an lncrease in temperature and day length (provided by artifieial illu-
mination} at 17 days and at 5 months after collection, so that they took
bloodmeals and oviposited.

INTRODUCTION

In the 1977 summer specimens of Culex pipiens L. were collected in Eng-—
land as part of a broader taxonomic study on members of the Culex pipiens
complex from several countries. Large numbers of Culex forventium Martini
cccurred in these colleetions which made it necessary to be able to separate
the 2 species.

Apart from Mattingly's (1951) brief report on the discovery of Cx.
torrentiun in Bugland, Service (1968) is the only worker who has investigat-
ed Ox. forrenkium and ite relationship to (k. pipiens. He did studies on
bath taxonomy and blology and his findings on the taxonomic separation of
the . species, with terminnlogy after Knight (1971) and Knight & Laffoon
{(1971), were as follows:

(L) Eggs and larvae cannot be distinguished.
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(2) Pupae can be separated rc some extent: when seta 4 on abdomen
segment VIII 1s single oy one or both sides the pupa can be
_eonfidently ascribed rn Cwm. torrentium but specimens which have
2 branches on both sides cannot be identified with certainty.

(3) The genitalia are completely diagnostic for adult males owing
to differences in the structure of the phallosome (see alsc
Mattingly, 1951). Im Cx. torrentium the basal lateral projec—
tion of the paraprocts is very well developed whereas in Cxz.
piptens it is vestigizl. In addition the dorsal arm of the
inner division and the cuter division of the lateral aedeagal
Plate have differently shaped tips.

(4) The possession of pre—alar seales is not diagnostic for males
of {x. torrentiwm as 10% of a sample of thls species was found
to lack these scales on both sides of the thorax, making them
Indistinguishable from Cx. pipiens. No pre-alar scales were
found in males of Cx. pipiens. Owing to these findings in
males Service cautioped against relying on pre—alar scales for
identification of females. :

The present paper reports taxonomic and some biological studies carried
out . ¢he 2 sympatric sibling species. A search wae made for morphological
che - asrs by which larvae, adult females and adult males of the 2 taxa eduld
be s parated. A means of identifying the female mosquito was the principal
objective.

MATERTALS AND METHODS

The collections were all made in the grounds of the Field Station of
the Imperial College of Science and Technology at Silwood Park near Ascot in
Surrey, seuthern Epngland, except for one which was made at Moaks Wood in Hunt-
ingdonshire. Egg rafts, larvae and pupae were collected at Silwood Park. At
Monks Wood a sample of adult Cx. pipiens females was collected by mechanical
aspirator from the walls of an underground room where this species had just
entered into hibernation.

Each field-collected larva or pupa was reared in igsoistion so that each
emergent adult could be preserved along with its associated pelt or pelts for
later taxonomlc study. Each field-collscted egg raft was allowed to hatch and
a sample of the resulting larvae reared so that associlated larvae, larval pelts,
pupal pelts and male and female adults all originating from the same individual
egg raft could be preserved. This procedure was carried out for a number of
ege rafts so that different batchas of associated immature-adult specimens
could be obtalned f.,e. different sibling groups., Thus a sibling group was
the progeny reared from oue¢ egg raft deposited by one femule mosquito. A
number of such different sibling groups were also reared from rafts subse-
quently deposited by the mosguitoes collected at Monks Wood.
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For the taxonmomic studies, with the exception of certsin instances stat-
ed in the 'Regults' sectiom, one larva, ome adult male and one adult female
were used from each of the sibling groups which had been reared. The male
was identified from the structure of lts genftalia, so that the identity of
the associated lacva and female mosquito was known. Using specimens iden-
tified in this way un evaluation was made of 4 morphological characters for
separating the 2 species. These were as follows:

(1) The number of braunches borne by the siphonal setae la-s and lb~s in the
larva. .

(2} The value for the cross—vein index in the wing of the-adult female, that
is the ratio of the combined lengths of the Z cross-veins to their dis-
tance apart.

(3} The value for the maxillary palp hair index in the adult mele, that is
the ratio of the length of the shaft of thke palp bearing hairs to its
total length (segments 2 -+ 3).

{4) The presence and number of pre-alar scales in the female mosquito.

Characters (1) and (3) had previously proved diagnostic and (2) ﬁlmoat diag-
nostic for distinguishing Cm. pipiens and Cx. quinquefasciatue Say in South
Africa (Jupp, 1978).

For clarity the methods used for handling the hibernating mosquitoes
are included in the ‘Results' section.

RESULTS

Taxonomy

The first 3 morphological characters evaluated proved valueless for
separating the 2 species as thelr examination on small samples showed an
overlap between the 2 taxa. However, study of the fourth character, the
occurrence of pre-alar scales in females, showed that in 15 Cwx. forreniium
belonging to different aibling groups 1 or more pre-alar scales were pre—
sent on both sides of the thorax. In a further 12 Cx. torwentivm, which
were giblings of 9 of the above mosquitoes, there were 2 gpe.imens that had
scales on only one side of the thorax - 3 scales and 1 z.ale respectively.
However of 35 Cx. pipiens belonging to different sibling groups, 3 mosqui-
toeg possessed a single pre-alar scale on one or both sides of the thorax.
In view of this, all the available female siblings of these 3 mosquitoes
were examined which revealed that the occurrence of pre-alar scales varied
within each of the sibling gruops as follows:
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. Number Individuals with:
Number of siblings in sibling

groups examined ]l scale on 1 scale on No scales
each side one side
2 1 0 1
& i 3 2
6 0 2 4

“m’

These findings show that the presence or absence of pre-alar scales is
not absolutely diagnostic for separating females of the 2 species, although
the presence of 2 or more scales on one or both sides of the thorax would
identify a specimen as Cx. torrentiuwm. This criterion was used in identify-
ing the emergent females reared frvom immatures collected in the field and
in those cases where only 1 scale occurred, or where a specimen was damaged,
the associated pupal pelt was mounted and examined. For each of these pelts
a single-branched seta 4 on one or both sides of abdominal segment V1II con-
firmed that they were all Cm, torventium.

Biology

At Silwood Park, larvae, pupae aud egg rafts were collected from arti-
ficial containers of water, including metzl water tanks, wooden barrels and
conerete animal drinking troughs, and in one instance from the stagnant mar-
gins of a stream. A total of 206 emergent mosquitoes were identified. This
figure was made up of 95 males and 86 females which had been reared inmdivi-
dually from larvae or pupae collected in the field and of 25 sibling groups
of mosquitoes successfylly reared from egg rafts. Out of this total of 206
mosquitoes, 128 individuals or different sibling groups were identified as
Cr. torventiwn i.e. 62.1%. A1l of the 11 larval collections made contained
Cx. torrentium and 7 of them also contained Cwx. pipiens.

Seventy one individuals of a sample of about 250 Culsx nosguitces collect-
ed hibernating at Monks Wood on 30th August, were all shown to be Cm. pipiens
from examination of males rzared from egg rafts they subsequently deposited.
Hence it is likely that tEe complete sample was only Cx. pipieng. The sam-
ple was placed in a 20 cm™ cage of cotton netting on the top of which was
placed a thick wad of cotton wool socaked in 4% sucrose solution. There-
after this wad was kept moist and renewed when necessary. The cage was en—
closed in a card board box, just big enough for it, so that the relative
homidicy was 80-84% and the light excluded. The tempzrature was not con-
trolled but the box was kept in a cool garden shed until flown to Johannes-
burg 14 days after the mosquitoes had been collected. On arrival in Johannes—
burg the box was stored in a cool garage and after 3 days the,mosguitoes
were divided into 2 groups of about 100 insects each in 35 cm™ cages. The
mosquitoes in the first cage were released from hibernatien immediately by
placing this cage in an enviromment which, although humid, (RH 68-70%) had
a higher temperature of 26~27°C and artificial lighting to simulate a day
Tength of 1€ 1/2 hours (an English summer's day) and a night of 7 1/2 hours.
Seven days after placing this erge under these conditions & of the insects
engorged on a pigeon offered to the mosquitoes. However, many others died
from uncertaln causes, possibly because of insecticide on the feathers of
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the pigeon used for feeding. Over the next 3 weeks opportunity to feed om
pigeons was provided 4 more times. This resulted in 25 insects taking blood-
meals. The last 4 surviving mosquitoes, which remained unfed, were dissect-
ed and found to contain large (1l mosquito)}, medium-sized (1 mosavrito} or
small (2 mosquitoes) fat bodies.

The second cage was kept humid (RH 68-70Z) and in the dark at 16°C,

in conditions similar to those which prevailed in tbeir natural hibernating
site at Monks Wood. When this cage was finally placed under the conditions
to termicate hibermation, it was found that only one mosquito had died after
5 nonths of hibernation in an artificial environment. Three days later a
lurge proportion of the mosquitoes engorged on a pigeon and 40 insects sub-
- equenily deposited rafts, all of which hatched. The higher feeding rate
by this group of mosquitoes was thought to be due to the fat bodles having
been depleted in a higher proportion of individuals before the pigeon was
offered to them.

DISCUSSION

Service (1968) showed that Cwm. torrentiwm could not be distinguished
in the larval stage from Oz, pipiens and that males of Cw. torrentium could
not be digtinguished by the pre-alar scale character but only accerding to
the structure of the genitalia. The present findings do nct alter this con-
clusion since the siphonal setae proved to be of no value for diagnosis in
the larva and the maxillary palp hair index was likewlse valueless in males.
However, eyamination of female specimens in the present study indicated that
although the 2 species could nmot be geparated according to their wing vena-
tion, they could be differentiated by the pre-~alar scale character. 1In the
rather small samples studled it was shown that all females of Cx. borrentium
except one specimen could be fdentified by the presence of 2 or more pre-
alar scales on 1 or hoth sides of the thorax. Since aiblings of this single
exception could also be identified it is thought that the specimen in ques-—
tion may have lost 1 or more scales due to being rubbed. Cz. pipiens, al-
though usually having mw ecales, occasionally had only a single scale on 1
or both sides. This method of diagnosis needs to he tested out on larger
samples of female mosquitoes of known identity belonging to both species.

Cx. torrentium was more prevalent than (. pipiens at Silwood Park
accounting for 62.1% of the total collections of both specles. This is a
much higher proportien than Service (1968) found in collections made at
Poole, Dorset, from 1964-1966 (37.2%), Menks Wood (15.9%) and from a large
area over the breadth of southern England (32.32). The collections at Sil-
wood Park suggest that a future survey 4in Britain might reveal that Cw.
torrentiunhas displaced or partly displaced Ca. pipiems in certaln areas.

No Cw. torrentium occurred zsmong the 71 mouquitoes identified from the
sample which was collected hibernating in an underground room at Monks Wood,
Service (1968) also fajled to find adults of this species hibernating in
man-made shelters. Hibernating . pipienstransferred to the laboratory
in South Afrlca were reactivated at 2 different times after collection -
after 17 daye and after 5 months. Increased temperature and dey=length,

S

25><'l:l

Bt el . & 8 ok g o At mm ok Y i



126

the latter provided by zrtificial illumination, stimulated thy ..caquitoes
‘to feed and develop their ovaries. This shows that Cx. pipien can be
transferred from one country to ancther while in a state of hibernation
and subseguently reactivated. The same could well apply to other species
of Culex from temperate countries.
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Comparative studies on morphoiogy and laboratory
biology of Culex (Culex) pipiens Linnaeus (Diptera:
Culicidae) from South Africa and England
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of the Witwaterarand. Private Bag X4, Sandringham, 2131

Cliex pipiens Linnacus from South Afrjca and England and Cufex pipiens zar.
molestur Forskal from England were compared in respect of five quantitative
murphological characters 1o assess their taxonomic status. Ranges of values for
cach of the characters in the 3 ‘nosquite forms overlapped. A laboratory colony
was established with O, pifiens from England and comparcd to Cy. féplens irom
South Afrira. During simulated twilight they exhibited o dilferent flight behav-
four. It was concluded that mefestas should continue 10 be regarded as a varicty
and that on the available evidence pigien from Soutk Africa and England
should continue to be regarded as ronspecifie, although these twe populations
probably represent distinct species. Evidence sugpesting this is their different
overwintering mechanisms and laborarory behaviour as well as the ahsence of
the gonadal symbiont Heackia in South Aftcar pitiens which Is present in
Jigiens foom England.

INTRODUCTION

The two most important members of the Celex pipiens complex, pipiens Lin-
naeus and guinguefascietys Say, have usually been regarded along with the other mem-
bers as belonging to a single polytypic species (Mattingly 196y; Laven 196y; Barr
tgBr). However, Miles (1976) obtained evidence ** '\t avinguefisizus i Australia is a
s. parate species. In South Afiica, Jupp {1998) argue. the husis of morphological
and reproductive evidence that the two forms occurr,-: | aere should be regarded zs
distinct spectes, i.e. Culex pipiens and Cultx guinguefasciaius. The question still left un-
answered is whether pipiens from South Africa is conspecific with pipiens from the type
locality. The laster, given by Linnaeus is very broad, ie, Europe, Lapponia and Ameri-
ca (Knight and Stone 1977), so it was decided to compare South Aftican pipfens with
pitiens from England since an opportunity arose to coilect iive mosquitoes there. Since
this work was completed Harbach # af. have recently (1g85) designated a neotype for
piiens from VererSd, Scania, Sweden,

Culex pigiens covurs throughout the ternperate areas of the world, except in vx-
tremely cold ureas. It is spread throughout South Africa although it occurs more fre-
guently in rura! than in urban and peri-urban areas. In Europe the nominate subspe-
cies oceurs together with its much rarer variety, molesfur Forskal, brth of which were
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studied in detail by earlier workers. In England these studies showed that there was
consirlerable morphological and bivlegical vanation among populations of pipims (Job-
ling 1938; Marshall and Staley 195y; Tate and Vincent 1936; Christophers 1945}, Dif
ferences noted betwe.n pipiens and molestus led the earlier workers to regard these forms
as distinct species (Marshall and Staley 1937). Subsequently, however, whzn the
characters of populations from a variety of localities were taken into acconmt it ap-
peared that these differences were not consistent and the status of melestus was reduced
to that of a vartety (Mattingly, rg51). This view is still upheld (Harbzch, ef al. 1684).

The present study included a comparison of selected pratomiecal featores for
South Afiican pipiens (SAPIP), Enplish pipiens (GBPIF} and Engosh molesius as well as
some chservations on the laboratory behaviour of SAPIP and GBPIP.

MATERIAL and METHODS

Morphology

The -..PIP ariginated from near Johannesburg, Transvaal, while GBPIP orig-
inated from Moaks Wood, Huntingdenshire in the south of England. Specimens exam-
ined were the progeny of wild-caught females. Part of the egg raft deposited by each
such wild-caught female was reared out and a single larva, adult male and adualt femate
studied from each. Some male siblings were also studied, The larvae and adults of me-
lestis came from a lor.z established colony meintained at the London School o Hygiene

. and Trovical Medicine.

Morphological characters studied were as follows:

1. Thenumber of branches of sinhonal setae 1a-5 and 1H-Sin the larva.

4. The cross vein index for the wing of the adult female, Le. the ratio of the combined
lengths of the two cross veina to their distance apart,

2. The number of setae on the lateral areas of the n'nth teegite in the female.

4. The maxillat, palp hair index in the adult male, i.e. the ratio of the length of the
skaft of the palp bearing long hairs to its total length (segments 2 & g).

5. DV/Din ma'e genitalia {Sundararaman 1g4g), i.e. the ravio of the distunc+ between
the apice - of the ventral arm of the inner division of the lateral plate and the dorsal
arm of the water division on one side (DV) to the distance between the apices of the
dorsal ams of the outer divisions (I)}, measured from the dorsal aspect (pre-
rotation sense} in nrdisseeted speeimens with the genitalia in the normal resting

osition.

b. p()thcr stontures of the male genitalia iucluding the setae of the gnbapical lobe of
the gonncoxite, the length of the basal lateral arm borne by the paraproct and the
componenis of the lateral plaie of the phallosome.

Characters (1), {4) and (5) previonsly proved diagnostic, and {2) almost diag-
nostic, for distinguising piplens and guinguefasciatys in Johannesburg {Jupp 1978). Mar-
shall and Stalev {1937} found the mean value for (3) nsefi: for separating GBPIP from
most English populations of molestus, although icwas not diagnostic,

Laboraisry Behavionr

A laboratory colony of GBPIP was establislied from adults reared from
females coflected at Silwood Park near Ascot, Bevkshire, in the south of England. The
females were collected in the autumn on the 3rd Septemb=r, at the stzst of their hiber-
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mation, and the followisg day were brought to Johanneshurg where they were maintained
in a state of diapause by keeping them humid (RH 68-70%) and in the dark at 16 °C
for 4 months. Diapause was broken by placing them in an environment with the same
humidity, a higher temperature (26-27 °C) and artificial lighting simulating an Eng-
lish surnmer’s day {day length of 16,5 hours and night of 4,5 hours). These methods
were essentially the same as those used previously {Jupp 19749).

The adule progeny reared from the eggs obtained Kom the wild-canght
females were placed in three 350 X 350 X, 0 mm cages which were designated as the ‘P
generation’ and the following generation the Fi. Temperature was maintained at
25— - °C and relative humidity at 75-80%. The daily light eycle; provided by control-
led artificial lighting, consisted of a day period of 12 hours, a night period of 10 hours
and dusk and dawn perfods of 60 minutes whep the light intensity gradually decreasaed
ar increased respectively. Beginning with the third generation, the day and night
periods were chunged to 14 hours and B hours respectively in order to increase the mos-
fquitoes’ activity and hence the rumber of mosquitoes which fed on pigeons exposed to
them overnight,

RESULTS

Morphology

'The results of the examin .tion of morphological characters (1) to (5) express-
ed yuantitatively are shown in Table I. Ranges of values for the three mosquito forms
overlapped in the case of each of the characters. In additior to the male genitalia on
which DV/D rutios weve determined (Table I), 17 male genalia of GBPIP and 24 of
SAPIP were examined for structoral differences, with negative results. Finally, the
phiallosome was remaved and closely examined in respect of 20 siblings of each form,
but this failed to reveal any consistent differenees between the forms,

Tasek 1. Morphological comparison between Gx. pipiens (South Airiea), Cx. pipiers (Enygland)
and Oy, pipdens var melostes {England),

pipiens pigiens var wolestus
Gharacter Sauth At¥ica - Eogland England
Yarva Ne branches on seta 1-3:1-3 {50)* 2-452-4 (20) g—gi2-2 (5)
1a-5: th-§

Adult fernale Wiy, cross-vein index La-50 (48)* 1,3-3.0 (29} 2,6-48 (2
No. setar on gth tergite g-10 (14) 10-16  {g) 14-21 {14}

Adult male Maxillary palp; hair in-
dex 2,-9,1 fF0)* 2232 (B) zf-3g (0]

Cenitalia; lateral plate
of phaliosorte — DV/D
inclex v [g2)* o0 (24) o0 {o)

Numbers in parenthesis are the nunibers of specimens stodied.
*These results were reported previously ! Jupp 1948).
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Laboratory Bebaviour

Only 1/91 (1%) of the GBPIP egg rafis proved viable and the .-m:gle fertile
mosquito whichk had deposited this raft was refed four times and fovr further rafts ob-
tained. Thus the Fi Generation was composed entirely of siblings. Fercentage viability
indices thereafter were go% (Fa2), 43% (Fs) and 18% (a mixed Fa/Fs cage).

A cage of F; GBPIP and a cage of progeny reared from SAPIP were observed
during the twilight period. This peried began at 1800 hours, the light growing gradual-

. Iy dimmer until darkness was reached at zgoo hours. By 1820 houre both sexes of nros-

quite in both cages had increased their fiying aciivity. At 1848 hours the SAPIP how-
ered close w the sides and top of the cage, while the GBPIP swarmed with larger flight
movements which took them ro-15cm from the sides and top of the cage. By 1845
hours when the light intensity was very low, 2 few matings on the wing appeared to
occur among the GBPIP, but not one was seen among the SAPIP,

DISCUSSION

The failure to detect any significant morphalogical difference in molestus when
it was compared with GBPIF and SAPIP is in agreement with the conclusions of Mat-
tingly {1g51) and Harbach ef al. {1084) that melesfus should be regarded as a variety. It
is, however, possible that the long history of labaratory colonization of the melestizs mos-
guitoes examined may ha s altered their morphology. This could not be ascertained
since it was not possible to « allect molesius from the field on aceount of its present rarity
in England,

The moarphelogical study showed considerable similarity between GBPIP and
SAPIP and it was clearly not possible to regard the two forms ag distinct species on the
bagis of the characters and techniques used. The slight variation in values for indjces
and getal counts in the two forms could be regarded as being within normal morpho-
logical variation amonr populations of the same species. It is possible, however, that a
study with the scanning electton microscope might reveal some consistent difference in
structure. .

The biology of GBPIP and SAPIP has bath similarities and differences: both
feed mainly on birds, to a lesser extent on domestic mammals, and rarely on man
(Jupp 1973; Anderson 1967; Tate and Vincent 1936; Service 1968} and hoth are eury-
gamous. However, SAPIP is more strongly curygamous than GBPIP and differs in
overwintering mechanism although the latter conld be accounted for as resulting from
adaptation by .'fopatric conspecific populations to markedly different local climatic
conditions.

When SAPIP was previcusly colonized {Jupp rg78) it proved more dificult
thar the colonization of GBPIP in the present study because of its greater eurygamy.
Mating only occurred readily in a large cage measuring sooo X 2900 X 1800 mm pro-
vided with a special lghting regime entively of artiticial light. This consisted of a 12
hour day, 10 hour night and 6o minute dusk and dawn periods during which there was
a gradnal decrease and increase in intensity respectively. Mo matings occurred in cages
850 X 350 X 350 mm or in one 750 X so0 X 1500 mm. However, it is possible that the
absence of properly controlled dawn-dusk lighting in the case of this second cage may
have contributed to this failure of the mosqml:o:'., o mate, In contrast, workers in Eng-
land have been able 10 colonize mosquitoes from that country in relativzly small cages,
smaller than that necessary to establish 2 colony fiom South African populations, Tate
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and Vincent (1g36) showed that mosquitoes, presumally originating from Cambridge,
would mate in cages down to a minimum of Goa X 6oo X Goo mm, Using cages of this
size up to ones 750 X 750 X y50 mm they showed a viability of 15~54% (mean 33%)
in the egg rafts deposited over 1 generations. Service (pers. comm.)} established a col-
ony from mosquitoes collected at Brownses Island on the south coast of England in a
goo X goo X goo mm cage which he kept for eight months through several generations.
In both these colonies the lighting was importunt but did not appear o critical ag that
for the South African fortn. Both workers utilized a combination of sunlight through
windows and artificial lluminaticn throughout the night (Tate and Vincent 1936) or or
15 hours per day (Service, pers. comm.}. It appears that the artificial light was necess-
ary to prevent the mosquitoes hibernating rather than for stimulating mating activity.
The near ahsence of mating among the progeny of mosquitoes from Silwood Park in
350 X 350 X 350 mm cages observed in the present study concurs with the above ob-
servations — more matings would have probably otcurecd if a larger cage had been
used.

English workers have known for a long time that pipiens in their country over-
winters by means of hibernating (diapausing) females {Tate and Vincent 1936; Clem-
ents 1g6n). fowever, on the Transvaal highveld this does not appear to be the case,
Ingtead, observations indicated that the winter is bridged by quiescent adults, larvae
and pupae with emergence and bloodfteding occurting during mild periods when tem-
peratures increase (Jupp 196y, 1975). This difference is probably related to the dimatic
differences between the two couatries, the shorter day length and lower minimum tem-
peratures in the English autumn and winter triggering and maintaining hibernation.

In conclusion it may be said that it is doubtful that populations of pépisns Lin-
naeus in South Africa and England can be distinguished morphologically, However, bio-
logically they differ slightly, the main difference being in their overwintering mechan-
isms. South African pipiens alzo differs from pipiens in England in not possessing the
gonadal symbiont Ffolbackia (Barr, pers, comm. and Trving Bell, 1974), which strongly
suggests they differ taxonomically. It would therefore be worthwhile cross mating the
two forms to ascertain whether they are reproductively isolated, In order to do this it
would first be necessary to colonize each form in a *walk-in cage’, i.e. one lavge enough
for the researcher o enter and stand up in. Such a cage provides sufficient space for
male mosquitoes to swarm and for females to enter the swarm and mate on the wing.
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Mosquitoes feeding at two horizontal levels in gallery
forest in Natal, South Africa, with reference to possibie
- vectors of chikungunya virus.*

by
B. M. McINTOSH, P. G. JUPP and J. DE SQUSA
Arbevivus Research Unit, & wth African Institute for Medical Research, Johannesburg

1 ‘ie relative biing prevalence of mosquito specics in the canopy and at
groungd level was stydied in a gallery forest where monkeys had probably been
infected with chikungunya virus in the canopy. Several species, some of
which fed readily on monkeys, were ohserved to feed insignificant numbersin the
canopy. Considering prevalence, host prcl‘emnces, arboreal tendencies, and
vector capability in species where this is Inown, it s concluded that dedes
(Diceronyria) fircifer (Bdwards) andfor Aedes (Diceronpia) taylori Edwards and
Maunsonia (Adansonivides’ africana (Theobald) seem most likely to have bren
involved ag vectors.

Following the disclosure in 1964 that an immune rate of 549 to chikungunya
(CHIK) virus existed in a vervet raonkey population in the Ndumu Game Reserve
in the coastal plain of northern Natal (McIntosh, 1970} studies were started in the
ared in an attempt to identify a possible mosquito vector, The indications were that
the monkeys had been infected during the night in the canopy in gallery forest along
the Usutu River near 1fs confluence with the Poagolz River.

Collections of mosquitoes were made simultaneously in the canopy and at
ground level in this forest during 8 periodic visits, cach of zbout 8 days, from November,
1964 to April 1967.

Over this period surveillance was also maintained on possible activity by
CHIK virus in the Reserve, All mesquitoes eollected wern tested for virus and
were trapped, bled, marked and released in a survey of their antibody status, CHIK
virus was not isplated from the maosquitoes {McIntosh, Jupp & de Sousa, in preparation)
nor was there evidencs of a recrudescence of infection by this virus among the monkeys
(McIntash, 1970). While the study on the feeding habits of mosquitoes was in progress
therefore it seems unlikely thar any active transmission by this virus occurred, and in
retrogpect it now seems most likely that the monkeys had been infected during a single
epizootic, possibly of limited duration, which had occurred shortly before the presence
of antibody had Leen dizcovered. Therefore, since there is no reason to believe that
the monkeys are perpetuating CHIK virus in this particular forest an incidental vector
with a relatively short existence during the adult stage could have been involved just

* 'The studies and observations on which this paper is based were financed jointly
South African Imstitute for Medical Research, the Poliomyelitis "lﬁua.ﬂ:ﬂ
and the South African Council for Scientific and Industrial Research.
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as well as sper, . which are preseat more or less continuously as adults, If so, those
Aredes species which survive the long dry season at Nduma in the egg stage came into
consideration, other factors being equal, with the same degree of nuspicion as Culex
and Mansenia species which for maoai, if not all, of the time have a population of adulte
in the area.

Apart from CHIK virvs the study is relevant to other mosquim-bome viruses
which occur at Ndumu, Some of these have heen associated with certain mosquito
specics and a determination of the prefcnedfeedmglevel of these species would help
towards an understanding of the ecology of the viruses concerned.

METHODS

Mozquitoes were collected using either man, monkey or forvl as bait, In
resnect of class of bait, callecting site, time and dwaben of collzciing all colleciions
were 30 arranged that observations at one kaorizonral level would be comparahle with
those at the other level. For the majority of collections three sites were used, evenly
spaced over about 1,5 kilometres of gallery forest. Man-baited collections were always
at the same site where an open platform had been erected, 12 metres up, in a giant fig
tree, Fictts sycamorus, & dominant species in the gallery. At the other two sites fowl and
monkey baits were alternated on successive rights, the same class of bait always being
used at both levels at, particular sites,

Man-baited collections

On the tree platform and on the ground at the fooi of the tree two persons
collected mosquitoes in test-tubes ag they landed on their exposed legs. Torches wite:
the light dimmed by a cover of red cloth provided light. Catches usually started §
hour before sunset and ended 1§ to 2} hours later,

Fowl- and monkey-baited callections

In each fowl-baited trap one fowl, restrained within 2 nylon stockmg,
wied in a black, circular trap of the “lard-can™ type designed by Bellamy and Reeves
{1952). The trap had an inverted mosquito gauze cone at each end and mosquitoes
entered through a hole 2,5 ¢ in diarneter in the centre of the cone, The trap was 66 em
long and 33 cm in diameter. Monkey-baited traps were similar in design but larger (76 X

Taare 1. Mumber of collections for sach class of bait during various months, 19641967,

Num| :& collections* .
Month Total

man | monkey| fowl
Janvary . . . . 8 0 0 8
Febroary . ., . . 9 9 g 27
March  , . . , 3 7 5 15
April . . , . 16 g 8 33
November . . 11 12 11 34
December . . . 15 1 14 40
Totals . . . . 62 48 47

* Each collection refers fo # pair, one on the ground and the other in the canopy.
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43 em) and the monkey was restrained within 2 wire cage (20 X 20 *+ 25 cm) with mesh
of 12 x 25 mm. Traps were tet in the late afterncon and collected shortly after sunrise.
They were set at 1 metre and at 12 wetres above ground, a rope on a pulley Lzed to
the branch of a tree being uted to raise traps u» the higher level

Melntosh, Fupp & De Sousa: Mosguiives feeding

Duration of eollecting

Tahle 1 shows the total number of paired collections for each class of bait
during the six wet months of the year during which observ Aions were made, The

‘88

Tasre 2. Numbers, Mg's and persistence of moaquito species eollected off man during
62 paired collections
Persist- Nuraber
Spectes ence
index | ground ] canopy | ground | canopy
Anophzles coustani . . . . . . . 11 15 1 0,1
" tenebrosus . . . . . . . 40 106 8 0,7 0,1
as ?mmanm e e e gg 293 ; 3,51‘
' unestus v s R = s y
” gambiaegm@ e e a4 e 24 89 2 0.4
- e . o0 e e . a9 40 12 0.3
” SQUAMOSUE . . e e e . 13 28 23 0,k 0,1
Coguillettidia chrysosomz . . . . . 2 1 '
- fuscopennata . . . . - 3 2
Mansonia africasa . . . . . . . 0D 10107 942 96,1 5,5
. uniformis . . e s e 92 697 155 59 1,2
Eretmapodites gilvestris . . . - . b4 1
Acdes (Mucidus) Iuciams . . .. 24 80 0,5
® (Acdinorphus) albocs cphal D ; » o
a8 C bs . . .
. i) oo s e 1,3
” s durba.nenms . e 10 [ 1
. 1 fowle, . . . . 2 1 1
EH] EH kepmethi . . . 2 1
" , marshalii . . . 10 34 1,7
w  (Neomelanicopion) cireurluteolss ., | 90 | 5034 25 | 82,6 0,2
“ . lineatopermizs . 2 1
s {Diceropryiz) furciferfiaviof . . . 68 & 284 2.0
Culex (Neoculex) insfgnis . . . . . 2 2
s [(Colex) amnulioris . . . . . . 31 3 2 0,6
Y, antennatus C e 29 76 13 0.4 0,1
. s BUTAMMADER . . . . . 2 1
. " bmtamorhynchus. . 2 1
5 o  Deavei* . g’{ 413 %i;rg 2,8 2,3
s ) otcilipes . e e . S
s: :s fhﬂﬁm . - e e s z 1
- .+ zombaensis v e e s 85 461 43 3,7 0,4
Totals e . 17 805 2 152

* Referred {o previously by us as univitfatus.
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number of collections between different haits varied as 2 result of unavoidable discarding
of some collections and humen bait was used more extensively than the others,

Analysic of the resulls

The results are given as the total number of each species collected at each
level and, in cases where numbess were large enough fo justify it, also as Williams'
moadification of the geometric mean (My) to offiet bias resulting from exceptionally
large individual catches (Haddow, 1960). Greater significance has been given to the
My, than to the arithmetical total.

A “persistence index™ is given for each mesquito spectes with each class of
bait, This iz the proportion, expresserd az a perceatage, of the days om which the species
was callected to the total number of - oilecting days, and is 2 measure of the refative
fime each species was encountered as a blood-secking female,

The number of engorged femalen of each species collected in the fowl and
m =baited traps was recorded and the proporfion engorged to the total number
collected 73 given as a percentage.

Tasie 3. Numbers, Mg's, pemsistence and percent “blooded” of mosquito specics
: collected in monkey-baited traps during 48 paired collections

Persiat- 4 Number My
Species ence | blooded -
index graund | canopy | ground | canopy
uillettidia aurcajwahlbergi . 3 0 7 0,1
Coq » chrysosome . . . 13 8 2 13 0,1
. fuscopennatd . . & 7 14 0,1
” metallica . . 4 i) 1 1
” microannulata , . a a 7 0,1
Mansonia africana . . . . . 100 14 | 3595 97 47,1 12
»  uniformis . . . . 58 21 115 16
Actizy {Mucidus) Iucianus . . . 8 37 30 02
» 2 sudanensis . . | 17 i5 .2 139 04
» (Mcomelaniconion)
circumlutenlus 38 15 108 2 0,8
Culex {Necoculex) insignis . . . 6 0 2 3
»  {Culcx) apmulioris . . . B 20 4 1
s gy aD ... 19 i 13 £ 0,1
” » - 2 0 1
» 55 bitaeniochynchus . 2 0 2
» sy Buai . ., . 2 [H] 1
" ;s meavel . . . . ﬂz g ng l27§ 6,1 10,6
noon Medipe . . .| 40 2 5 7 0,6
w b+ zombaemsin. . . 90 8 | &2 28 5,5 0,4
Totals . . - e . 5045 | 1690

'
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THE GALLERY HABITAT

The galiery forest in the collecting zone varies from about 25 to 75 metres
in width with trees of about 15 to 25 metrx high. The canopy ic discontinuous and in
the open parts a dense caver of shrubs, crecpers and grasses cover the ground. While
thscovcrm:tendstosomeﬂmtmtothcmmc]osedparmofthaforut in parts where
the canory is thickest vegetation is largely absent, ground cover in these parts being
confined to fallen leaves and the remains of fallen trees. Parts of the ground are fre-
qurntly flooded from the Usutu River and for most of the summeyr conditions are shady,
humid and warm. There are a large number of treeholes suitable for mosguits breediong.
Close by in the adjoining savanna there are several large swamps and permanent pans,

Menkeys scen at night in the gallery were oceupying the upper haif of the
understorey, slightly above the higher level at which mosquito ccllections were made.
At times dense popuiations of mosquitoes rested, during daylight, on the ground in the
shady paris of the forest amongst low vegetation or faller leaves. They showed litfle
inclingtion fo feed on man at this Sme,

Taste 4. Numbers, My's, pemistence and percent “blooded” of mosquito species
collected in fowl-baited traps during 47 paired collections

Porist= b Number My
Species jence blooded -
index . ground | canopy | ground | canopy
Anopheles oomtmi e e e s i} b
uillcttidia aureajwahlbergi . 13 ¢ 78 2 7 0,1
Cog ” chrysosoma , . . G 80 I %+
» fi cnna.ta .. 8 100 1 2
» tac . . 11 50 5 1
” microannulata . . 2 L] I
Mausoninafiicana . . . . .| 100 90 | 2566 o8 | 29,7 03
” wmiformis . . . . 46 99 120 1 1,0
Erctmapodites sitvestris ., . . 2 0 i 1
Aedes (Mucidus) lucianus . . . 13 | 92 12 0,1
a sudanensis . . 17 a3 18 0,2
» (Neumelamcemon}
circumiuteolus +26 73 56 2 0,3
> {Diceromyia) furcifer-taylori 2 100 2
Culex Lu = 2N 2 0 1
» ¢ HFIP - 4 100 1 2
. EGuIex} annuhons - 12 a 9 g1
o ﬁ‘“‘“tﬂ;;.cm:s' $ ] w0 | ™
I E) taenior .
. ss meavel .. . 10 80 1115 1731 11,8 18,07
. Plgciml?s' c o 5? g 2? 53 g’sla 0,7
n 1 PoicHipes . . . A
an 1 f-hﬂ!ﬂ-"iﬁus - . 2 II}B l ’
” 5y zombaensis, ., 4 68 439 36 2,8 0,3
Toals . . . . 4245 1910

A
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RESULTS AND DISCUSSION

Previous experience hud shown that the lardcan traps fail to collect Adedes
and Anopfeles species adequately but it was hoped that the man-baited series would

-to some extent ovevcome this deficiency, * waral specizs which failed to enter the lard-

cans but were atitracted to man in these collectivns were shown to feed readily on
monkeys in the laboratory and there i5 perhaps some justification for the belief +hat
most species attracted to man would alss feed on monkeys,

On the other hand it is clear that the present collections feli short of a compluie
coverage of the existing mosquito fauna although many of the species not collected

.would be very rare and consequently of no probable importance r. vectors. Worth

& Paterson (1961} listed 75 culicine =pecies as ocowrring at Ndumw most of which
probably feed in the gallery so the total of 25 culicine and 7 anopheline species collected
in the present study is only about a third of the toxal fauna, Attention should be drawn,
in particular, to Aedes aegppii which was not collected and which might well have been
involved in the epizootic. It is noteworthy that while this species is extremely common
in the immature stages in trecholes in the forest it has rarely been collected as the adult
duriang previovs studies in the Reserve, sither during the day or night, sand little is
koawn of its feeding preferences. Man is apparently not a preferred host,

It soon became apparent that the method used of vestraining the monkey bait
within a wire mesh cage decreased mosquito feeding rates in comparison to rates on
fowls enclesed in a stocking in which preater immobility and accessibility of bait were
achieved and in assessment of feeding rates on monkeys aiflowance should e made for
this fact.

At tmes of very high mosquits densities the landing rate of mesquitoes in
the man-baited collzctions on the ground was so high that it became impossible to
collect alt mesquitoes. Fence numbers colleet.d at this time are an inadequate reflection
of the real densities which were higher than those records *,

The total numbers and My of each species a. cted are given separately
for man, monkey and fowl baits in tables 2, 3 and 4 respecuvely. Human bait was most
productive of variety of species as well as of numbers of each species collected. The
results will now be discussed in sequence under the respective genera or subgenera.

Anopheles Meigen

Only one specimen of a single species entered the lardcan trap and in the
man-baited catches all species, except squamosus, which was collected in equal sumbers
at both levels, were ground-haunting,

Coguillettidia Dyar

None of the five species collected wes sufficiently numerons for reliable con-
clusions {2 be drawn although all species were atiracted to both animal baitz and high
feeding rates were recorded with fowls, With the exception of melallica they £+~ sed
arboreal tendencies and it seems likely that these species would feed at least toal. .,
extent on monkeys in the canopy. Observations in Uganda bave shown that species
of thic genus feed readily in the canopy and that birds are the preferred hosts (Eaddow,
1961 ; Williarns, 1968).

Mansonia Blanchard :
M, africena was the numerically dominant species on the ground with all
three clases of bait and formed 609, of the total ground-catch, In the man-baited

G
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series iarge rumbers were not collected ontil it had become quite dark, usually about
an hour after sunset. It had the highest persistence of any mosquito, being recorded
daily with all classes of bait, fed avidly on fowls and reasonably well on monkeys. Et
was also collected quite frequently in the canopy, was the most numerous species in the
man-baited series at that level and ranked second in th= monkey-baited series. Hemnce
this species is clearly a frequent feador an. monkeys in the gallery. Although able to
transmit CHIX virus it s prob.%ly i inefficient vector {McIntosh # al., 1965) nd
the extent to which it is capable o .aditiattng and maintaining an epizootie anong
monkeys is not clear, but it appears very likely that thiz spacies was implicated to some
extent in the epizootic which ocgurred. Becavse of its habit of vertical movement be-
tween ground level and canm:+ and its host preferences this species might well transfer
CHIK. virus from simisn i; 4 cycles to man, :

In the man-haiwx w5 umiformis was the third most prevalent species at
ground level and it also shower I¥gh persistence. It alio fed readily on both animal
baits at ground level and was also collected off man in fair numbers in the canopy.
Tt iz reasonable to believe that it would feed on monkeys in the canopy and during
the epizootic it may have played a similar but minor vectorship rofe to its more pre-
valent congener.

Eretrapodites Theobald

Because the three species of this genns in Southern Afifca are known to feed
readily on man the small mumbers collected in the present man-baited series are an
indication of their rarity in the gallery at Ndumu and their importane.: there is probably
slight.

Aedes {Muridus) Theobald

OfF the two species of this subgenns collected, sudanensis (previoualy veferred
to as mataphageidss) was collected alone during the early stages of the study while
fuciomus was collected alone at a later stage. Tn retrospect it seems poxsible that some
misidentifications may have ocourred among those recorded as sudanensis, In any event
both species oceur in the gallery and both species as recorded showed strong arboreal
tenuencies. were altracted to all baits and fed avidly on monkeys and fowls. Although
‘thr. adulis 2ve reasonal in appearance these species mmust clearly be considered as possible
vectors of CIIK virus over a short period. Haddow (1961) reported Mucidus species
ac being highly arbureal in East Afvriea,

Hedes {Aedimorghes) Theobald

These gpecies failed to enter the lardcan traps and off human bais only
eumminsiz and marshellii were collected in moderate manbers, Both species were ground-
hzunting which appearr to be the favoured level for members of this subgenus {Haddow,
1960}. It is noteworthy that although kemnethi is one of the most common species breeding
in wrecholes in the gallery only a single specimen was collected.

Hedes {Neomelaniconion) Newstead

Off human bait circumlufeolus vanked third in persistence and second in num-
bers collected at ground level aithough relatively few were collected in the cunopy,
Even on the ground however, only small numbers entered the monkey- and fowl-baited
traps probabiy because sircumiuteolus, Iike other acdine species, is to some extent deterred
from entering these trapx alfhough the presence of engorged specimens in these traps
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clearly indicates that they would feed on these animals if circumstances were suitable,
It is nevertheless doubtful, in fact, whether the monkeys are fed upnn by réircumlutealus
to any significant cxtert, The scareity of hlood-seeking circumiuteslus i the canopy at
pight as well as the reiuctanee of this mesquito to feed during daylight when monkeys
are on the ground woudld seem to cnsure minimal feeding on symkeys. This is home
ot by the low immune rate in monkeys at Nédwmu to such viruses as Pongola, Wessels-
bron and Spondweni which have been repeatedly isclated from creumiuteolus and which
it has been shown cap.bie of transmirting {Muspratt - ; al. 1957; Worth et al. 1961;
McIntosh, 197)). de. ircumbuteolus is also an apparent non-vector of CHIK virus
{McIantosh & Jupp, 1970) which it a further reason for eliminating this species from
involvement in the epizcotic. Because of ity high feedin, rate on man it seems that
circumltiteclus would readily infect him with the viruses it does transmit provided he
entered its bush haunts at : ight. Jn the present sertes oiily small numbers were coliected
off man in the half hour before sunset; large numbers being first encountered only
about hali-an-hour after simset.

Aedes (Diceromyia) Theobald

Both fimeifer and faylori, which are inseparable in the femele, cecur at Ndumua
although the former is probably more common and mos: specimens referred to this
group were probably fhreifer. Members of this group failed to enter the lardeans in
large mumbers but were readily attracted to man and were predominantly arboreal.
Ae. furcifer, at least, is ~ +oven vector of CHIK virus and has fed readily on monkeys
in the Tahoratory {Patemsca & MelIntosh, 1964). Members of this group were suspected
as veetor during an epidemic of chikungunya in Rhodesia in 1962 (McIntosh et al.
1964) and it seems that they saould also be considered as one of the more likely vectars
during the epizootic at Ndumn. Their dissppearance as aduliz during the dry seasen
at Ndumu would however preclude them from maintaining transmission at this time.

Gulsx (rutzia) Theobald
Only a single specimen of figriper was coliected, This was in a fowl-baited

trap in the canopy.

Culex (Neveulex) Dyar
Although insignis was collected only in very small numbers in the aresent

catches experience ut Ndumu over several years has suggested that it is wnore comnmon
than these collections indicate. Tt was collected &t both levels off monkeys and fowls.
Judgment oo this species as well as on two ather members of this snbgenus, rime and
horridus, which were not collected but which do occur at Ndumn should prudently be
withheld until more iuformation on them can be obtained,

Culex (Culex) Linnacus
C. annulioris, anfennotus and zombasnsis were collected in sufficient numbers to

shew that they are predominantly ground-hzunting aithough small numbers of anten-
natus and zembaensis would alse feed in the canopy. They fed on all three classes of bait
and zembasnsis particularly fed on monkeys in the canopy in small numbers. Its high
persisience level might even ensure that as many zombasnsis would feed on monkeys
as the pradominantly arboreal but seasonal Aucides species. G. nearei and poicilipes
were alss cifracted to all three classes of bait, The lardean collections showed neceef
10 posses: strong arboreal tendencies altbough large numbers were also collected on the
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ground and in the man-baited series a lzvger number were in fact collected at ground
level, C. neanei is now recognised a8 a sibling species of Gulex univitlatus Theobald which
does not occur at Ndumu and which rarely fecds on man. It was, in fact, the relatively
higher feeding rates of reazei on man at Ndumu which partly led to the recognition of
neapei as specificaily distinet (Jupp, 1971). In the present collections neqeei had a high
persistence level and was by far the most numerous species eollected in monkey-baited
traps in the canopy. It is, however, a non-vector of CHIK virus {McIntosh & Jupp,
1970} and it scems should be discounted 2% vector during the epizootic, C. poidipes
was definitely arboreal and the fairly large number collected off man is suggestive that
the lardeans deterred this species to some extent and i real monkey-biting attributes
might be higher than the collections indicate. De Meillon et al. {1957) also reported
on the prevalence and arboreal tendencies of poicilipes on the Pongola River and it
seems that this species i an important component of the arboreal mosquito fauna in
gallery forest in northern Natal. Experimentally, however, it also is a non-vector of
CHIK viras (McIntash & Jupp, 1970), and should therefore be absolved from in-
volvement in the epizootic.
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Rural Epidemic of Chikungunya in South Africa with
Involvement of Aedes (Diceromyia) furcifer (Edwards)

and Baboons

B. M. McIntosh, P. G. Jupp and L. dos Santos

 Arbovirus Research Unit. Nationai Institute for Virology. Department of Health, Private Bag X4, Sandringham 2131, South Africa.

The epidemiological features of a small rural
epidemiv of chikungunya in the wooded sarvanna of
South Aftica are described, Sixteen isolations of
chikungunva virus were made from 538 females of the
Aedes (Diceromyia) furciferftaylori group In @ locally
where luunen infection was high. All 92 baboons (Papio
ursinus} sampled at this lacallty qfter the epidemic were
immune, It is concluded, since identification af male
mosquitoes of the group indicated that Aedes furcifer
way the numerieally dominant species, that this species
was the main vector in both baboon and human
Infection. Baboons are regarded as the primary
vertebrate host and extensive feedback of virus from
them to the vecior was the probuble catse of most human
infection, Ae. furcifer was shown to be strongly attracted
to baboons and maonkeys, greater numbers were
attracted to these animals in the understorey compared
o the ground, but some were also attracted 1o wan on
the grourd, and it is concluded that this species could
Hherefore readily transfer virus from baboons to a rural
human popmation. Floral and topographical features
believed to favour chikungunya vicus transmission in the
affected area are described.

Die epidemialoglese kenwmerke van ‘n klein plattelandse
epidemte van chikungunya in die Transvaalse bosveld
van Suld-Afrika word beskryf. Sestien kwekings van
chikungunyavirus is verkry vangf 538 wyfies van die
groen Avdes (Diceromyia} furcifer/taylori op 'n plek
waar merkbare menslike infeksie plaasgevind het. Al 92
bubbejane (Papic ursinus) gfkomstiy van dieselfide
gebied wat na die epidemie getoets is, was immmuun.
Idemifisering van maniike muskiete het aangedui dat
Aedes furcifer die getalsterkste lid van die groep was, en
die  gevolgtrekking word pgemack dat  hlerdie
muskietsoort grotendeels verantwoordelik Is vir infeksie
van beide mense en bobbefane, Bobbejane word beskou
as die primére gewerwelde virusgasheer en uiigebrefde
terugvoering ran vlrus tussen hulle en die virusdraende
muskiet was verinoedelik die ouvrsaak ven die meeste
pevalle van menslike infoksie. Ae. furciive word sterk
aangelok deur ape en bobbafane veral ws Aulle in bome
{5, maar hulle is ook gedeeltelik aangelok deur mense op
dle prond, Daar iIs tof die gevolgtrekking pekom duat
virus maklik vast bobbejane na ‘v plattelandse bevolking
oorgedra kan word, Plantkundige en (topogrofiese
kennerke wat vermoedellk die verspreiding van
chikungunyavirus in die oangetasie gebied begunstip,
word beskryf.

Active iniection by chikungunya (CHIK) virus has been
infrequently recognized in Southern Africa over the past two

decades since the presence of the virus was established. It has
cansequently been  difficult to obtain reliable evidence
implicating either vectors or wild vertebrate hosts, althongh
antibody surveys' and susceptibility studies® had indicated that
the baboon, Pape wrsinus (Kerr), and  vervet monkey,
Cercoplthecus aethlops {Cuvier), were important natural hosts.
However. in 1976 an epidemic occurred in South Adrica, during
which further evidence was cbtained on the role of baboons and
for the first time vires was isolated from mosquitoes.

The mosuquito species found infected fn this outbreak were
members of the Aedes furcifer/taylori group, of which Ae.
JSurcifer was the species actually implicated. Suspicions against
these species had arisen before in studies following an epidemiz
in Rhodesia in 1962, and later in South Africa in field studies on
possible vectors which had infected vervet monkeys.?
Furthermore. in laboratory transmission tests with wild-caught
females of the group, which were probably mainl 7 2. fiercifer®,
and with a laboratory colony of Ae. furcifer®, a reasonably
efficient level of vector capability was recorded,

The recent outbreak, which occurred doring March and April,
1976, was in the woodad savanna region of the easiern
Transvzal, the sc-called lowveld, where previous human
infection ha.” been recognized in 1956 and 1975, During the
outbreak fieki studies were concentrate * on two adjoining farms,
Hope and Lillie, where human infecti... had been intense, and
which are located some 40 kin west of the town of Phalaborwe.
On these farms i5 a cluster of granite outerops, rising some
50150 m above the surrounding plain, which provided a safe
overnight refuge for baboons which were using the summuits as
dormitories. Cattle ranching was the main agricultural activity
and consequently the woodland greas were still largely in their
natural state. Large trees were plentiful and the habitat was
typical of the kind known to favour the tree-hole breeding Ae.
furciferftavlori group.

Mosquitoes were collected on Hope and 7.illie for attempts at
virus isolation, and acute and convaiescent-phase hlood
specimens were obtained from residents on these farms and at
serrovnding localities for virus isolation and serological studies.
Bloo. specimens were again collecied from humans in May,
1946, and from haboons .1 Aupust, 1976, to determrine post-
epidemic immune rcates. During March, 1977, mosquito
collections were madza on Hope to determine the extent that the
Ae, fireiferftapiori sroup fed on monkeys and baboons; the
results are included in this paper.

Methods

Mosquitoes were collected off volunteer human bait on Huope
and Lillie from 7-14 April, 1976. Collections started al sunset
and continued for 2-3 hours. Collecting was in woodland, on the
ground, or in the understorey of irees, and on occasions on or
nicar the sumtr s of the granite hills. Mosquitoes were identified
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the following day. pooled according to species, and stored in
Yiquid nitrogen. After processing in the laboratory, mosquito
suspensions were inoculated intracerebrally into I-2-day-old
suckling mice. Sera collected from patients during the acute
phase of the fliness were also inoculated into suckling mice in an
gitempt to Isolate virus. All strains of virus isolated were
identified in micro-complemesnt fixation tests, and a few also in
neutralization tests conducted in suckling mice inoculated
intracerebrally.

Antibody  determinstions on sera were made in micro-
haemagglutination fuhibiticn (HI) tests, using 2-fold dilutions
(1/10-1/2560) of setum against 8 units of antigen. Antigens of
all arboviruses known to infect man in Southern Africa were
used and among the Alphaviruses they included the H817 strain
(isolated in Rhodesia in 1962) of CHIK virus, the Angmom
strain of o'nyong-nyong virus, the prototype sirain of Semliki
Forest virus, and the ARS6 strain of Sindbis virus, Al sera were
also tested in neutralization tests in suckling micz against H817
strain.

In the mosquito collections m 1977, intended io determine
feeding rates of Ae, furcifer/taylori on monkeys and baboons,
four methods were vsed:

1) Mosquitoes were collected on the ground off human bait in
test-tubes as they afighied on the bait;

2} as in (1) by a siugle operator as they alighted on an
anaesthetized baboon lying on the ground;

3} in battery-operated suction traps {portable fight-trap minus
light) pfaced 9 cm below a 5-cm wire mesh platform suspended
Im above groundlevel and on which was secured an
snaesthetized baboon or vervet monkey:;

4} as in (3) except that the platform was suspended at & height
of 10 m in the understorey of a tree.

In the (3) and {4) series, collections at the two levels were
identical in respect of bait species and setting-time at any one
site. All these collections took place at one of the locylitics on
Hope where infected Ae. furcifer/taylor! had been collected in
1976, and occurred between 18h00 and 20h00, sunset being at
about 18h00.

Results

Human Infection

Strains of virus, all subsequently iventified as CHIK. were
isolated from the serum of 8 patfents, who had been bled
between 10 March and 15 April, 1976. As far as is known all of
them had been in rural areas in the vicinity of the towns of
Phataborwa, Hoedsprait and Gravelorte, two resided on Hope,
and two on Lillie. In two dostors a convalescent-phase blood
specimen was obtained and in both the isclation was vunfirmed
by demonstration of sero-conversion. A serological diagnosis
was made on a further 19 humans, all from the same area, who
had recently been ill. While o’'nyong-nyong infection could not
be excluded serologically in these cases, HT iitres befng high and
usually the same against this virus and CHIK, alf isolates, even
as wild type virus from man and mosquito, were typically CHIK

being highly lethal to suckling mice, All those tested were
strongly neutralized by HR17 antiserum,

Mosquito infection

The numbers of the various species collected on Hope and
Lillic during the epidentic and tested for virus are shown in Table
1. The collections consisted larpaly of the Ade. furcifer/taylori
group, which group yielded all 16 isolations of CHIK obtained.
Infection rates in the group were high: 1 infected mosquito per
34 tested. Infected mosquitaes were present on both farms. As
often occurs with the Ae. fireiferftarlori group, a considerable
proportion of males were also collected off the baits, All were
identified. 47 being de. fhroffer and 3 Ade. taviori. A somewhat
similar proportion was maintained in all subsequent eollections
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Table . Numbers of various mosquito species collected
ot Hope and Lillie during April, 1976, with the number of
isoletions of CHIK. virus

No, No. CHIK
Species mosg.  pobls  isolat.

Ae. (Die.) furcifer/taviori 538 55 16
Ae. {Dic.) adersi

Ae, (Sig.) aegypti

Ae. (Sig.) vittatus

Ae. (Sir.) metallicus

Ae. (ddm.} commiinsil

Cx. {Cux.,) poleliipes

Cx. (Cux.) neavei

Cx. (Cux.) pipigns

An. (dno.) cousran!

An. (Cel.} ryfipes

An. (Cel} pretoriensis

An. (Cel) garibive complex
An. (Cell) funesius group
An, (Cel.) squamosus

—_

I
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de. = dedes, Cx = Culex, An.—= Anopheles, Dic= Dicero-
myin, Stg = Stegomyia, Adm. = Aedimorphus, Cux. = Culex,
Ano, = Anopheles, Cel, = Cellia,

from which it seems justifiable to conclude that Ade. florclfer
comprised the majority of the females collected and it fs
probable that this was the spectes largely involved although Ae.
taylori cannot be excleded from a minor subsidiary rofe.

Post-epidemic imnuunity in man and baboons

Table 2 shows the posi-epidemic immune rates among
humnans and baboons on Lillie and Hope as well as other farms
in the area. Immune Lumans, including children, with high HI
antibody titres indicative of recent infection. were present on all
farms, the rates on Hope and Lillie being higher than the other
farms. Among the baboons, while the sauiple of 15 baboons
from one farm was negative, animals with high HI antibody
titres were present on each of the remaining farms. In view of the
high human immune rate on Hope and Lillie, it is noteworthy
that afl 92 baboons sampled on these two farms were immune,

Habiis of Ae. furcifertaylori

The results of the collections of the Ae. furcifer/tavior! group
with vartous kinds of bait are presented in Table 3, Significant
nuwnbers of the group were atiracted to alj three species of bait,
an-l far exceeded all other mosquito species combined. A total of
1451 females of the group was collected in these and 2 few other
baited collections made on Hope compared to only 35! of 16
other mosquito species. It would seem, therefore, that, at least at

Table 2, CHIK immune rates in man and baboons at
various localities in epidemi. area

Emmtne rates (%)
Locality Man Baboon.
Juvenile All ages All ages
Grietjle 40 (5°
Miirelag . 0{15)
Lillie 100 (9} {17108} 100020
Hope 36 87 (45) 100{71)
Marble Batk 254 19(21)
Oxford 33(12) 3B (34)
Cambridge 18{16)
54 (34) 57(129) 0(123)

“ Figure in parenthesis Is the total number tested.
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Table 3. Numbers of females of the de. fircifer/tayiord group and males of both species atiracted to man, monkey and baboon at two
horizontal Jevels

Number of mosquitces by t:ollepting method

Method Hand Hand Suction Suction Suction Suction Saction
Bait Man Baboon Monkey Monkey Baboon Baboon None
Level G G G U G U ;
Ae. furciferftavlori 22 159 21 206 38 410 2
Ae fireherd 12 42 443 37 740 5
As, taylort 3 11 28
Total teap/hours 93.5 L) 8.0 8.0 B.0 8.0 14.3
Number famales per trap/hour 2.3 28.9 3.4 25.8 4.8 5LO <0.1
G = ground Ievel, U = 10 m above ground in understorey of trea.

certain periods of the year, a ~tge majority of the mosquitoes
biting 1nan and wild primates in this area during the two hours
after sunset would consist of membets of this group.

As shown in Table 3, the tnales of the group collected were
predominently Ae. furcifer. That such large numbers of males
were collected supgests that mating in these species is rejated
temporally ~ad spatially to blood-feeding, The collections by
haad off he:nan and baboon bail on the ground indicated that
the kutter is munch the preferred host, but nievertheless significant
numbers are attracted to man, Thelr attraction for man is more
evident from collections not shown in Table 3. For exemple,
during the epidemic, hourly aliphting rates per man varied from
2 to 17 mosquitoes, and in February, 1977, on Hope, on two
nights when climatic conditions were favourable and mosquito
vinmbers high, rates ¢f 55 and 120 were recorded.

In the suction-trap series with wild primate bait there was a
somewhat greater praference evident for baboon over monkey
and. with regard to sctivity at two horizontsl levels. an 8 to 10-
fold greater number was collected in the understorey. In the
series in which the group was collected by hand off baboons, it
was observed that mosyuitoes of the proup showed a strong
preference for alighting oa the hairless or relatively hairless parts
of the body. such as the muzzle, lips. feet, around the eyes and
anal regions. It was also noticed during collections made at the
entrance to caves and holes on the grasite outcrops that
relatively large numbers of the group were collected, which
suggests that they vsed these places as resting sites,

Discussion

From the high infection rate demonstrated among the Ae.
Jureiferftaydari group on Hope and Liflie during the outbreak, its
prevalence and feeding habits, it is reasonably certain that the
main epidemic vector was a species of this group. From the large
numbers of males of de. furcifer collected and the known vector
capability of this species, the indications are that de, furcifer was
the spectes irvolved in this particular ontbreak, The observations
on relative attraction to various baits showed that this species is
strongly attracted to baboons and. although feeding tnainly at
hiph horizontal levels, sufficient feed on the ground to infect
tnan readily should he be present in the syivatic environment
where Ae. fureffer occurs. These conditions were Fulfilled on
Hope and Lillie and offer an explanation for the high human
infection rate on these farms.

Previous coll;.iions at various localities in Sonth Africa and
Rhodesia have indicated that Ae. furcffer and de. taylori co-exist
over large areas of the wooded savanna of Southern Africa. the
habitat to which CHIK virus seems best adapted. and it seems
filely that both species. should de. raplorf also possess the
required vector capability, could be the main vectors in rural
epidemics over this entire region.

From the observations reporied here and the fact that they

develop high levels of virnemia, it seems probable that baboons
were the primary vertebrate host during the epidernic and human
infection was fargely the omtcome of mass*ve feedback of virus
from viraemic baboons to Ade. fireifer. In this regard it is
significant that human infection was high on Hope and Lillie,
where baboon immunity was also high, and that most human
infection was apparently contracted in 2 rural environment,
‘While there is no evidence fo show that baboons or monkeys are
essential for the maintenance of the virus, there is little doubt
that these species and perhaps other wild primztes are a
dominant factor in the ecology of the virus and in the
=pidemiology of the diszase in Africa.

Gur observations indicate that certain habitats favour CHIK
virgs transmission through their influence on the prevalence of
wild primates and the Ae. furcifer/taplor group. The wooded
savanna would seem to be an essential feature of tree-hole breed-
ing vectors and withie this macrohabitat certain ricrohabitats
may be discerned. The large tree, particularly that which
dominates the flora of the narrow strip of riverine bush, is one
such microhabitat, since it provides suitable primate dormitory
sites on an abundant scale and is a relatively prolific source of
larval habitais. Anothe;, particnlazly evident on Hope and Lillie,
is the high granite outcrop. This provides a safe overnight
refuge for baboons and, within its numerous caves and smaller
holes, a relatively humid resting site for adult mosquitoes, there-
by enhancing thei: longevity and iucreasing the chances of
successful transmission, The riverine habitat is also particelarly
attractive to man. for purposes of camping and recreation.

We thank Drs J.H. Fleming and A. P. Basrd, medical
practitioners, Phataborwa, for the collection of human blood
samples and for notifying us of the outbreak; P. J. Geldenhuys
and O. F. Graupner for the collection of blood samples from
babaons; G. M. Meenchan for technical assistance; and Dr J. de
Beer, Secretary for Heglth, for permission to publish,
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A TRAP TO COLLECT MOSQUITOES
ATTRACTED TO MONKEYS
AND BABOONS

P, G. Juer

Arbovirus Research Unit,
National Institute for Viralogy,
Private Bag X4,
Sandringham,
Johznnesburg, South Africa 2151

Previously dift*~ " -has been experienced in
South Africa iy nmately sampling those
mpsquito species . ing on verver monkeysat
Iocalities where the epidemiology of Chikun-
gunya (CHIK) virus has been investigated.
During studies in gallery forest along the
Usutu river near Ndumu in the coastal plane
of Northern Natal (McIntosh et al. 1272) some

mosquito species fafled o entsr monkey-baited
“lard-can” type traps in large numbers, notably
the Aedes (Dicevomyia) furciferitaplori group of
which Ae. furcifer is an imponant veetor of
CHIK virus. This group of mosquitoes was,
however, readily attracted e man on a tree
platform 12 m above the ground. For this rea-
son when a recent epidemic of CHIK virns
{Mcintosh et al. 1977 made another study of
the primave-feeding habits of the Ae. furcifer/
taylori group necessary, a different type of trap
was employed baited with cither a baboon or a
monkey. This new trap proved most =fficent
for sampling this group of mosquitoes at a
farm near Mica in the epidemic avea which lies
in the wooded savanna region of the porth-
castern Transvaal, A description of the trap is
given below,

Fig. 1 shows how e trap is constructed and
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set up. A young baboon (Papie wrsinus (Kerr) or
vervet monkey (Cercopithecus aethiops (Cuvier))
iz anaesthetized by intramuscolar injection
with “Sernylan™ (phencychidine hydrochloride)
and roped to the bait platfort which consists
of a piece of 5D mmm wire mesh. This platform
can either be supported by poles of electric
conduit mbing I ot above ground level or is
suspended on a rope at 2 height of 10 m or
more in the tree understorey, Two rubber-
bladed suction fans housed in gaivinired iron
cylinders, painted black outside, are suspended
trom the hait platform as shown so that the
openings of the cylinders through their § mm
wire rmesh filters are about 70 mun away,
Eight-watt “autofan" motors operated by a 12
volt car battery are nsed in the suction units.
Insects are sucked downwards into 2 organdy
?ollecting cages as they come near the bait to
eed.

In the sastern Transvaal this collecting
method was employed during the 2 hr after
sunset, the bait animals usually remaining
asleey over this period, altheugh occasionally a
2nd injection of anassthetic became necessary.
Large numbers of female and male mosquitoes

of the Ae. furciferitaylori group were collected at
2 level, particularly by trzps in the under-
storey. Identification of the males from their
genitalia skowed that they were mainfy A, fur-
¢ifer. Unbaited control traps set 1 m from the
ground gave almost negative catches. Fair
numbers of Phiebotomines and Culicoides spe-
cies were also sampled in the traps baited with
vervel monkeys.

The author wishes to thank Dr, I. de Beer,
Secretary for Health, for ptrmission to pub-
lish.
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ATTEMPTS TO TRANSMIT CHIKUNGUNYA VIRUS WITH BSIX
SPECIES OF MOSQUITO!

By B, M. McIntosh and P, G. Jupp®

Abstract:  Females of Culex wnivittatus, Celex poicilipes, Aedes
cireumiuteolus, Aedes colceatus, Aedes simpsoni and dedes segypts,
originating from populations in southern Africa, were tested
for infection rates and ability to transmit chikungunya virus
between vervet monkeys, Carcopitfecus asihiops. The first B
species failed to transmit the viruy and, with the exception of
Ae, simpsoni, infection rates were low. With de azgyppti 3.0
Jogs of virus failed to infect whereas at 5.3 logs 74929, were
infected. After 21 days the transmission rate with this species
was 782} and after 49 daye 129;, Despite the lower transmis-
sionratethemwasnodeﬁniteevideneethattheievelofﬁm
in the mosquito had decreased at the Iatter time.

In attempts to identify potential vectors of
chikungunya (CHIK) virus in the tropical and
subiropical savannah of southern Africa varous
mosquxto species have been tested by us in trans-
mission experiments. Species from the faona of
this region were selected on the basis of their im-
plication as likely vectors on epidemiological
grounds, largely on account of their distribution,
prevalence and host preference. Some of the
gpecies dealt with in the present paper have been
reperted on in a previous publication dealing with
the transmission of CHIK virus {McIntosh et al.
1963). Further attermpts to transmit this virus by
these species were made as additional and more
precise information on their vectorial capacity
seemed necessary,

In the methods used we have attempted to du-
plicate as nearly as possible conditions likely to
exist in the particular region of Africa concerned.
With this in mind the vervet monkey, Cercopithecus
aethisps, which ia frequently infected in southern
Africa, has been used as the source of the infective
feed as well as the recipient host in attempted
transmissions. For the same reason the mosquitoes
used have been collected at localities in southern
Africa, and colonies with a lengthy histary of labo-
ratory maintenance have been avoided. In 2il
species, except Ae, asgypti, first-generation females
rue:;rded from feral eggs or blooded females were

Mosguitoes
Culex univitiaius Theobald: Reared from blooded

'The studies and ohservations on which thiz paper is based
were financed jointly by the South African Institute for Medical
Research, the Poliomyelitic Research Foundation and the
Council for Scientific and Industrial Research.

*Arbovirus Resgarch Unit, South African Institute for Medieal
Resenrch, Johannestnrg,

females collected in a fowl-baited trap set at Ndumu
in. the coastal plain of northern Natal, South Africa.
It has been shown by e of us (P.G.J., unpubl)
that C. anivitfatus in . -ithern Africa consists of 2
different allopatric forms both deserving specific
rank. The mosquitoes we used are known to us
as the “coastal” form to distinguizh them from the
“highveld” or type form occurring in the inland
platean region where CHIK virns does not occur.
Culex poicilipes {Theobald): Reared from females
collected off human bait near Salisbury, Rhodesia.
Aedes  circumluteolus (Theobald): Reared from
blooded females collected off vegetation at Ndunau,
Aedes caiceatus Edwards: Collected as eggs Iaid
in bamboo pots hung in trees ar Bushbuckridge,
eastern Transvaal, South Africa,
Hedes simpsoni (Theobald): Collected in the same
manner and lecality as the previous species,
Avdes aegypii (L.}: Females from a laboratory
colony in its 4+ 25th generation originating from
Ndumu and at nearby Maputa in 1866, Although
they are of the dark *“formosus™ form which is the
corunon form present in southern Africa there
are pale scales on the first tergite. The colony
originated from eggs collected in bamboo pots and
were presumably from z feral population.

METHODS

To provide infective meals vervet monkeys were
inoculated iniramuscularly with the X817 strain of
CHIR. virs in its 2nd intracerebral mouse passage.
When viraemic, 48 hr later, the monkeys were
angesthetized and exposed to mosquitoes held in a
small canister with pauze end sirapped to the
monkey’s fank. Feeding was allowed to take place
in a darkened insectary for 1 to 2 hr. Immediately
before exposure a bicod sample was collected to
determine the concentration of virus present.
Titrations of virus were done in infant mice in-
oculated intracerebrally and titers given refer to
0.02 ml of mouse inoculum. _

Mosquitoes were encouraged. to feed by denial
of sugar water for 10 or 24 hr prior to the infective
feed. Blooded mosquitoes from each individual
monkey were kept separate and held at 25-26°C
and 809, refative humidity.

"Transmissions were usually attempted on the 18th
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to 2Ist days afier the infeciive feed by feeding
“infected” mosquitoes on known suscepiible vervet
monkeys, exposing single monkeys to many mos-
guitces. In one experiment with As asgypii, 2
series of transmissions were attempted (on the 2ist
and 49th days) and in both series single monkeys
were exposed to indivitiual mosquitoes, In these
attempts a fransmission rate, indicating the propor-
tion or percentage of infected mosquitoes which
successfully transmitted, is given. Successful trans-
mission was determined by testing monkeys for
viraemia 48 hr after mosquitoes fed andfor for
antibody against CHIK virus 2 weeks later.

Infection rafes in mesguitoes were deter:nined
by testing mosquitoes individually for virus by
ingculation of 2 group of 12 infant mice. For
this purpose mosquitoes were usually killed 48 hr
after attempted transmission and stored on solid
carbon dioxide vatil tested for virus, In experi-
ments in which the number of mosquitoes was
small, infectivity tests were also made on some of
those which had died before the transmission attempt
was made, In these cases mosquitoes were not
tested before the 8th day after the infective meal.
In groups of mice in which there was any suspicion
that mortality might not have been due to CHIK
virus, brains of sick or dead mice were tested for
the presence of this virus wich the complement-
fixation test,

RESULTS

In TABLE ! the results are shown of 2 experiments
with each of 5 species of mosquito. Firstly, it can
be seen that none of the species successfully trans-
mitted the virus despite the ingestion of reasonably
high concentrations of virus in all experiments.
C. univitiatus appeared as the least susceptible species

Vol. 7’ m. 5]

gince none of 26 mosquitoes tested for virus was
infected. C. poicilipes, Ae. circummluteolus and Ae.
calczalus appeared to have somewhat the same degree
of susceptibility since all showed Jow infection rates
of between 4 to 10%,. A single infected Ae, circumlui-
eolus and 2 Ae. calreatus engorged during the trans«
misson attempi. de, simpsoni proved highly sus-
ceptible to infection with 2 rate of 729 with a viral

- dose of 8.5 logs, fre lowest dose recorded of all
experiments showi. 1n TaBLE 1. In the trausmission
attempts with this species, in which 4 monkeys
were used, a total of 12 infected mosguitoes en-
gorged.

ranLe 2 shows the results of 4 experiments with
de. asgypti, In the first, 3.0 logs of virus failed te
infect the 25 mosquitoes that were tested for virus,
In the unsuccessful transmission attempt 47 mos-
quitces engorged which included the 25 knowr: to
be uninfected and another 22 which were not
tested for virus. In experiment 2 and 3 a viral dose
of 5.3 logs infected 74 and 92% of mosquitoes
respectively. In both experiments each gromp of
14 and 22 infected mosquitoes engorging successfully
transmitted the virus,

In experiment 4 infection tests and transmission
attempts were made twice, at approximately 3 and
7 weeks after the infective meal. Mosquitoes tested
for vitus on the 23rd and between the 48th-52nd
days gave infection rates of 79 and 699, respectively.
These differences are not statistically significant
(P>.05} and titration of individual mosguitoes at
these 2 times still revealed high concenirations of
virns on the 48th-52nd days, although one mosquito
at this time did have a virns titer of only 2.8 logs,
much lower than any other mosguito tested.

In the transmission attempts on the 2ist day,
7 out of 9 infected mosquitoes feeding singly on

TABLE 1. Vectorial capacity of 5 species of mosquito with CHIK virus.

TRANSMISSION ATTEMPTS
NUMBER MOSQ,.
FEEDING
Ineect. MosQUITO INVECTION Day Upin- .
SFECIES Exer. TmER Daytested  Rate % fected Infected Results
C. poicilipes 1 5.0% 15-20 Of14 18 2 1] Neg-
2 56 8-20 110 10 18 2 0 Neg.
C. unipittatus 1 4.5 21 013 20 5 0 Neg.
2 49 21 0f18 20 5 o Neg.
Ae. circumiuteolus 1 5.0 20-21 0713 M 9 1] Neg.
) 2 5.6 11-21 112 8 10 3 1 Neg.
Ae. ealceatus i 4.0 22.23 2424 8 21 i) 2 Neg.
. 2 54 2123 1/25 4 21 7 0 Neg.
Ae. simpsoni 3 3.5 l8-20 1825 72 18 3 b} Neg.
18 0 3 Neg.
2 45 19-21 2425 96 21 0 2 Neg.
: 2] 0 4 Neg.

*Expressed as log.g, per 0.02 ml of maouse inoculm,
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TABLE 2. Vectorinl capacity of Av, oegyplf with CHIK virus.

Mosperro mFECTION

TRANSMISSION ATTEMET

Iyecr. Day
Rate % Titex*

NUMBEBR. MOSOTITOES
FEEDING

Day Unin- Infect-
tested Total fected od Result Rate oy

Exer. TrrER  tested

T30 7) 5125

2 53 21 419 74

3 53 21 2224 92

4 65 23 W 7 5558,

4952 2029 3 28,540,

5.1, 52,
55,57

13 47 25 - 7 . Neg.

19 19 5 14 Pos
94 2 =3 Pos
e 18 4 9 Ps 7O 18
9 12 4 8 P 18 12

#0 salected individual mosquitoss,

individual monkeys transmitted the virus. On the
49th day only one out of 8 infected mosquitoes
successfully transmitted. These figures reveal a
statistically lower (P<.05) transmission rate on the
49th day as compared to the 2lst day.

DISCUSSION

Because of low infection rates despite reasonably
high viral infecting doses, it would ssem that C.
univitigtus, C. poicilipes, Ade. circumluteolys and Ae,
calceatus could not be vectors of epidemiological
importance of CHIK virus. Although Ae. simpsoni
was readily infected it would seem that it is a non-
vector because of its apparent inability to iranamit
the virus. Failure to transymit also occurred in
earlier attempts with this mosquito (McIntosh et al.
1963}, All 5 species were strongly under suspicion
as vectors on epidemiological grounds and one
species, de. calreatus, had previously transmiited the
virus (McIntosh et al. 1963}, but it seems that all
should be exonerated from any major role as vectors
of CHIK virus,

However, caution is indicated becamse of our
ignorance of the natural transmission cycles, and
it is not known to what extent poor vectorial capacity
can be compensated for by high vector populations,
There may be unknown wild vertebrate hosts which
circulate the virns at higher concentrations than
vervet monkeys. Nevertheless, in so far as this
menkey is concerned, it hardly seems likely that
these 5 species could be involved on any significant
seale.

Since Ae, aggypti has been an important vector
during epidemics the result of laboratory trans-
mission experiments are of interest from one aspect
in that they serve to provide some standard by which
the requiremenis and attributes of an efficient
vector can be assessed. Compared to ihe other 5
species it is apparant that Ae. gepppéi readily transmits

the virus although, rather surprisingly, a fairly high
level of viraemia seems necessary to infect. Ae.
simpsont, an apparent non-vector, seems in fact to
become infected more readily than Ae acgypii.
Our failure to infect de. aggyppti with 3.0 logs{0.02 ml
agrees well with the figure of slightly less than 4.8
logs{1.0ml ohtained by Paul & Singh {1968). It
seems that the “formosus™ form in southern Africa
has a vectorial capacity with CHIK virus apparently
equivalent to populations of this species in other
parts of the world (Gilotra & Shah 1567).

A question that arises in experiments on vectorial
capacity is how long after the infective meal should
transmission be attempted. It Is often not practical,
particularly with non-colonized species, to make
attempts repeatedly at varions periods and it seems
that to make valid comparisons betw..en different
species there is some }astification for using a uniform
period. In our experiments transmissions were
attempted between the 18th and 2lst days, but it
could be argued that mosquitoes which failed to
transmit at these times might have done so earlier
ag there is evidence that vectorial capacity decreases
after long periods {Chamberlain et al. 1954,
Chamberlain & Sudia 1955) and in our own ex-
periments with Ae, eegypti diminished wansmitting
ability was evident on the 49th day.

However, Gilotra & Shah (1967) showed 2
constant transmission rate of CHIK. virus for at
least 14 days among several species of mosquiio
and Chamberlain et al. (1954) showed that trans-
mission of western equine encephalitis virus b
Ae. oegypti remained at peak rates for 27 days before
a decline occurred. In our experiments also there
was a high transmission rate by de. asgypii on the
Z1st day sc that there is Little to indicate that the
pericd used has penalized the species tested.

Ackpowledgrenic: We wish to acknowledge technical as-
gistance by Miss I B, Dickinson and Mis B. M. Gutteling.
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Scientific Note

The laboratory colonization of Culex (Culex) theileri Theobald
# 1 Aedes (Diceromyia) furcifer (Edwards)
iptera: Culicidae) *

)
Iy

{in
by

P. G. JURP
Arbovirns Research Unit, South African Institute for Medical Rescarch, Johammesburg

The methods are briefly described, with notes on the carly history of the
colonies. Culex theileri mated only when dhnnination simulating the diurnal
cycle was provided.

Culex theileri Theobald

Previous atternpis to calonize this mosquito were unsuecessfol owing to the
absence of mating. However, mating occurred when a special artificial lighting arrange-
ment giving simulated dawn, day and dusk periods was used (Jupp & Brown, 1967).

The methods nsed to establish and maintain the colony were similar to those
previously described for Culec univilfatus (Jupp & Brown, 1967}, except that the initial
use of a “wall-in™ cage was unnecessary. Starting material was a coltection of gravid
females from Lake Chrissie in the eastern Transsaal highveld from which egg rafis
were obtained. The mesquitaes reared from these were housed in cages 35 em square
which were flluminated as just described. Viability indices for the F;-F, rafls were
26, 60, 36 and 38%, respectively. Although these indives are rather low for mosguito
colonies, all stages of the mosquito were robust, with very little mortality, and it is
expected that mating will take place more readily after further conditioning and
selection in the [aboratory.

The Fy adults were observed during the dusk period. The mnales did not
swarm. Hovering near the side of the cage, mainly by males, increased as the light
dimmed. Males copulated with femnales that were resting on the sides of the cage;
sometimes a male disengaged while the female wwas still stationary, while at other times
the pair flew in cgpulo to the bottom of the cage before disengaging. The frequency of
mating increased as the light intensity decreased.

A variety of animals were used as the source of the blood-meal, including
infant and adult mive, chickens and sheep. The mosquitoes were starved for 24 hours

* Work finaaced jointly by the South African Institute for Medical Research, the Polie-
myelitis Research Foundation and the Council for Scientific and Industrial Research.
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before a blood-meal, which was offered over part or ail of the night period. When fed
on a sheep the mosquitoes were transferved to emal..r cages which were strapped to the
animal’s shaven site.

The laying tmbes described for €. anivittatus (Jupp & Brown, 1967) were usad
for oviposition with two modifications: an infision was substituted for tap water and
sugar-water pledgets were ot provided. The infusion, prepared by soaking dried green
kikuyu grass {Pennisstum clandestinum) in water for 5 days and filtering this mixture
through organdie, stimulated ovipositon. Oviposition, which occurred in the dark,
was inhibited if the mosquitoes in.bibed sugar solution, and also if beakers of infusion
were placed in toe cages instead of confining the mosquitoes in laying tubes. Upon
hatching, which tock place 1-2 days after oviposition, approxamately 200 newly hatched
larvae were pluced in each of a series of white enamel trays with i nernsl measurements
86 « £4 x & cm. The larval cultures were treated in the manner already reported for
€. univiliatys, except that dried green kikuyu grass was added to the tap water. The
duration of the larval stages, at a water temperature of 24-25°C, varied from 7 to 23
days and avesaged 14 days. The pupal period umtally lasted 2 days.

HAedes furcifer (Edwards)

This colony was started with gravid females collected near Newington in the
castern Transvaal lowveld, Eggs were obtained by confining these mosquitoes indi-
vidually in laying tubes containing a layer of maist cotton wool about 1 em thick at the
botiom covered with a disc of filter paper. The usual strip of filter paper was provided
down the side of the tube. These egos were stored in an ingectary at a temperature of
25-26°C and a relative humic:  of 75-80%, %r 5 months, They wete then placed in
white enamiel trays containing . water to which some dried kikuyu grass was subse-
quently added. Treated in this manner the eggs hatched from the 2nd to the 8th day
after submersion. Larvae were reared as just described for O, theileri. Adults were housed
in 35 cm square cages which were exposed to a 12-h day period of artificial light and a
(2-h night period, the dawn and twilight periods heing omitted, The identity of all the
male mosquitoes was confirmed by examination of their termoinalia to easure that the
original collection of 4. furcjfer had been homogeneous, and ot mixed with Aedes
taylori.

It was learned that the mosquito was stenogamous. Mating readily occcurred
on the sides of the cage during the day period. Females fed readily, without starvation,
when a human hand was placed inside the cage during the light period. Monkeys and
guinea pigs also proved switable hosts. Gravid mosquitoes fajled to oviposit on moist
cotton wool provided in petri dish lids placed within the cage, but most did so within
24 h when confined individually in laying tubes,

The F, eggs were stored for 1| month before the laying tubes were flooded
with an infugion. The !latter was made by soaking dry poplar Jeaves for a week in tap
water and then filtering this mixture thvough organdie. This proved a successful hatching
medivm, for a large proportion of the eges batched within 2 h of flonding. A smaller
number of additional eggs hatched gver the following 3 days. Egg batches contaicing
viable eggs were produced by 789, of the mosgritoes. After 3 days the egps were per-
mitted to dry in their tubes and were then stored in the insectary for a second but shorter
perind (17-23 days) before they were re-Rooded. 'This resulted in the hatching of further
eges in the batches from 712, of the mosquitoes, showing that in mwost cases not all the
cggs leid by a mosquito hatch after the frst fiooding; in the case of the egg batches
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derived from 4 mosquitoes which had completely failed to hatch after the first fooding,
some eggs proved viable when flooded a second time,

The newly hatched F, larvae were reared in trays containing tap water added
to dried poplar leaves; pieces of dead branch were algo added in an attempt to simulate
the larval environment found in the tree holes atilized by 4. fireifer in nature. Farex-
yeast food powder was also added daily, and the cultures were aerated when this be-
came neceseary. In dishes which contained up to 200 larva: the dv: stion of the larval
stages at a water temperature of 24-25°C varied from 11 to 30 days z2d averaged 16
days. The pupal period lasted from 3 to 5 days.

So far the colony has reached the stage where F, eggs have been obtained,
While mortality of larvae and pupae has been negligible, adult mortality was high
after oviposition in the laying tubes,

REFERENCE
JUPE, B. G. & BROWN R, ti, [967. The labmatory colonization of Cules (Cidex) anivittatus

Thegbald {Diptera; Culicidae) from material collected in the highveld region of

South Afeien, 7, enl. Soc. sth. Afy. 303 34-39,
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Laboratory vector studies o six mosquito and one tick species with
chikungunya virus

P. G. Juep, B. M. McInTtosH, 1. Dos SANTOS
Arbovirus Unit, National Institute for Virology, Private Bag X4, Sandringham 2131, Sowth Africa

AND

P. pE Moor
Marianhill Hospital, Pinetown 2260, South Aftrica

Summary

The tick Ornithodoros savignyi and the mosquitoes
Culex horridus, Culex quinguefasciatus, Aedes frlgens,
Ae. furcifer and Mansonia qfvicana were tested for
infection rates and ability to ttansmit chikungunya
virus, O. savignyi and Cx quinguefasciatus did not
become infected and Cx gquinguefesciatus failed to
transmit the virus between vervet monkeys, Gerco-
Dithecus aethiops. Only une of 17 Cx horridus feeding
on a bicod-virus mixture became infected which
included infection of the salivary glands. Ae. fulgens
had a high infection rate and transmitted the virus
between Muystromys albicawdatus rodents. Ae.
Jurcifer and Ma. qfricana both transmitted virus
between vervet monkeys: the 509 infection
threshold and the transmission rate wers < 4+5 logs
and 25%;, respectively for Ae. furcifer and ¢. 5+5
logs and 29%, for Ma. afticana. In a further test,
Ae. furcifer transmirted virus from a monkey to
hamsters at a transmission rate of 324;. Attempts to
demonstrate transovarial transmission of the virus
in Ae. aepypri and Ae. furcifer were unsuccessful.

It is concluded that Ade. furcifer is fitted for its
suspected role as epidemic vector and that Ma,
africana could also act as an important epidemic
vector in southern Africa, :

Introduction

Our Unit has an ongoing programme of trans-
mission experiments to investigate the vector capa-
bility of selected mosquito species and other arthro-
pods with chikungunya (CHIK) virus, which is
endemic in the tropical and subtropical wooded
savanna of southern Africa. The present paper
deals with one argassid tick species and six species
of mosquito, four of which have been reported cn
previously in studies concerning the transmission
of CHIK virus (MCINTOSH et al,, 1963 ; PATERSON

& McINTosH, 1964; McInTosn & Jupp, 1970).
Four of the mosquito species studied, Aedes
é_Dr‘cerumy:‘a) Jurcifer (BEdwards), Ae. (Finlgya)
tilgens (Edwards), Crwlex (Ewmelanomyia) horrvidus
Edwards and Ae. (Stegomyia) aegvpti formosus
(Walker) are prevaleni on the farin “Hope® in the
wooded savanna regivn of the north-eastern “Trans-
vaal near Phalaborwa (unpublished studies) where
an cpidemic of chikungunya occurred in 1976
(McINTOSH et al.,, 1977) and which led w their
choice in the present experiments. Ae. furcifor was

believed to be the main vector in this epidemic and
was probably likewise involved in an epidemic in
Rhodesia in 1962 (McINTOSH et al., 1964),

Mansonia (Mansonioides) africana (Theobald)
was considered as a candidate for vector because it
was the most consistently prevalent speries feeding
on monkeys in the canopy of riverine forest at
Nd mnu, Natal, where vervet monkeys lad become
infected with CHIK virus (McINTOSH ef al, 1972;
McINTOSH, 1970), and because it was the most
common species at Mopeia in Mozambique where
high immune rates to CHIK virus were found in
human and non-human primates (unpublished
studies).

Cx (Culex) guinquefasciatus Say from Wankie,
Rhodesia, was investigated since it was the most
abundant mosquito during an outbreak of suspected
chikungunya there in 1973. This species had also
been suspected as a veéctor in an earlier outbreak
in Zambia (RODGER, 1961).

Ornithodoros savignyi! Audouin, the sand tampan,
was studied to determine whether it, or possibly
other argassids, might act as a viral maintenance
vector, This seemed necessury since TAUPLIES et al.
{1968) isolated the virus from O. erraticus sonrai
Sautet & Witkowski collected in a rodent burrow
in Senegal.

Materials and Methods

Arthropods

Details of the geographical origin and laboratory
history of the mosquito species and the tick species
used are included in the tahles. While the age of the
wild-caught females of Ma. afticane was unknown,
that of the other species varied from one to 19 days.
All the experiments with mosquitoes were under-
tuken in an insectary where these insects were
maintained at 75 to 807 relative humidity and
24 1o 26°C. The ticks were kept in an unhumidified
room at 25 to 26°C but the sand in their rearing
bowls was moistened weekly.

Virus
The virus used was the H817 strain of CHIK
virus at the second or third mouse-passage level,

Dfective feeds )
Attempts to infect mosquitoes were made by
feeding :hem on either the vervet monkey (Cerco-
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pithecus aethiops) or the white-footed rat (Mystromys
albicatdatus) while these animals were viraemic
after inoculation of virus 48 hours {monkeys) or
71 hours (rodents) previously. Monkeys were
anaesthetized and exposed to mosquitoes held in
10 cm diameter canisters with mesh-covered ends
strapped to the monkey’s chest and abdomen,
while anaesthetized rodents were placed inside
cages of mosquitoes. For feeding ticks, each
anaesthetized rodent’s sbdomen was shaved and
two open 2'5 em diameter Perspex rings were
glued to its skin, The ticks were then placed within
these rings until they had engorged. Imniediately
before feeding started a blood sample was collected
from each animal to determine its virus content.
Titrations of viruzs were done in infant mice
inoculated intracerebrally and titres given refer to
002 ml of mouse inoculum.

For one mesquito, Cx horridus, it was necessary
1¢ use an artificial feeding method because this

species would not feed on monkeys or rodents.

The mosquitoes were placed singly. in test tubes
which were then plugged with cotton wool soaked
in blood-virus suspension and inverted. ‘The
suspension was prepared by mixing virus with
defibrinated rabbit’s blood and, as a phagostimulant,
adding adenosine triphosphate to a 0-001 M con-
centration. _

Infeciion rates

The infection rate, i.e. the proporsion of arthro-
pods feeding which became infected, was deter-
mined for each group of mosquitoes or ticks. For
this purpose arthropods were tested individually for
virus by inoculation of a suspension of the rrthropod
into infant mice, In cases whers mosquitoes had
been nsed in transmission attempts these deter-
minations were done one day after feedirng. Hence
the “infection status” of all individuals used in
transmission attempts was known.

In presenting the infection rates in Tables I and
II the data for ifferent groups of mosquitoes were
usually pooled if their infecting titres did not differ
more than §'5 logs.

Transmission

Infected mosquitoes were held for 10 to 25
days before transmissions were attempted; the
actual time in each case is given in Tables I and I1.
Ticks were not fed a second time in an attempt to
transmit virus. Transmission attempts were under-
taken either by feeding single “infected™ mosquitoes
on each monkey or Syrian hamster or by feeding
several mosquitoes on the same vervet monkey or
Mystromys. 'The former method permitred a trans-
mission rate to be determined, i.e. the proportion
of infected mosquitoes feeding which transmitted
virus, '

‘Transmission of virus was determined by testis. ;
for haemagglutination-inhibition antibodies in the
serum 21 days after the transmission was attemptod
or, if the infection proved fatal as in Mystromys, by
testing the livers of dead animals for virus by mouse
inoculation. With Cx Zorridus the salivary glands
were removed and tested for virus separately from
the remainder of the mosquito, because the mos-

quito fuiled to feed when transmission to hamsters
was attempted.

Transovarial transmission

Adult male and female progeny of female Ae.
aegypti and Ae. furcifer which had fed on viraemic
monkeys or rodents were tested for virus by two
methods to determine whether virus had been
transmitted transovarially. Suspensions of pools of
up to 100 adult females or males were (i) inoculated
directly into infant mice or (ii) first inoculated intra-
thoracically into Ae. qeeyprr adult females which
were then, after 14 days, inoculated into infant mice,
The technique of Rosex & GUBLER (1974) was used
for mosquito inoculation. From each group of 15
10 25 Ae, gegypti inoculated a pool of 10 mosquitces
was inoculated into mice,

Results
The results for the infection and transmission
tests with Ae. furcifer are shown in Table 1. Mos-
quitoes used were either the progeny reared from
wild-caughe females or they belonged to the early
generations of two luboratory colonies as indicated
in the table. Six groups of insects which fed on

viraemic monkeys circalating 4-5-6-8 logs of virus

had high infection rates when tested 8 to 18 days
later, the 509%, infection threshold being much less

" than 4-5 logs. From the 10th to the 12th day after

the infective feed three attempts were made to
transmit the virus, one with mosquitoes froimn one
laboratory colony to hamsters and two with mos-
quitees from a second colony to monkeys. In the
latter, one of the two tests also included the progeny
of wild-caught mosquitoes. The transmission rate
to hamsters was 6 out of 19 (3294) and the combined
results of the two attempts to transmit to monkeys
gave a rate of two out of eight (259,), In the two
insect groups which fed on virwemic Mystromys the
infection rates were only 48 and 59%;, indicating a
509, infection threshold of about 6-9 legs—much
higher than that obtained using viraemic monkeys.

Table II shows the results of tests done with
four further mosquito species and the tick species.
Ae. fulgsns was highly susceptible to infection and
a successful transmission occurred when three in-
fected mosquitoes fed on a single Mystronmys, Only
one individual Cx liorridus became infected and this
had infected salivary glands. MNone of the Cx
quinguefasciatus became infected and this mosquito
failed to transmit to three monkeys. Ma. africana
was moderately susceptible to infectinn (50V) in-
fection threshold > 5-2 logs) and two vut of seven
{2994) mosquitoes infected at 5-2 logs transmitted
the virus to monkeys. The nymphs of the tick
Ornithodoros savignyi failed to become infected after
feeding on a viraemic Mystromys and most of the
nymphs failed to moult and died. Although it
seems possible that this may have been associated
with the blood mezal no explanation can be offered,

As shown in Table III, the adult progeny of
three groups each of colony mosquitoes of Ae,
Jurcifer and de. aegypti were tested for virus in an
attempt to determine if transovarial transmission of
the virus had occurred. Each group of parental
mosquitoes had fed on monkeys or rodents with
high virnemias and the resulting infecticn rates in

SN SN )

oy T e

TR T TRA T

Ty e e




°

Table I—Results of infection and transmission tests with Ae. furcifer -

ogxse

- Mosquito infection Transmaission
Mosquito colony No., Infective feed No. days after No, days
generation and origin Viraemic infective feed after infective
apimal Titre! mosquito tested Rate? feed Rate?
A27: Fy + ¥y, 1/5 (20%);
QOthawa, Trangvaal Cercopithecus 6-8 9-14 35/43 (81%) 10 monkeys
A.27; progeny* + F, Cercopithecus 63 8-13 11/15 (73%) 1;7&;3% 2/8 (25%)
0/
A.27; progeny* + Fy Cercopithecus 58 8-13 22131 (719%) 1Y) monkeys
27; Fy Cercapithecus 4-5 9-14 11/15 (739%,) ND
AAT;E, +F
Phalaborwa, ’Igransvaal Cercapithecus 6-2 9-18 34/42 (81%) ?{?9(32 y
’ 7%)3
AA7;F, — F, Cercopithecus 5-7 9-18 47/62 (769) 11-12 harnsters
Ad47; F Muystrois 7-3 21-29 10/17 (59%) ND
AdTF, Mystromys 6-9 2129 22/46 (48%) ND
1 expressed as logg, per 0-02 ml of mouse inoculum
2 numerator = No. mosquitoes infected, denominator = No. mosguitoes tested
3 numerator = No. mosquitoes which transmitted virus, denominator = No. infected mosquitoes feeding wy
4 progeny reared from wild-caught females m
5 ND = not done :
Table II—Results of infection and transmiscion testz with four species of mosquite and a tick g
' Arthropod infection Transmission L]
No. days No. days 8,
Infective feed after infective after :
Viraemic feed arthropods infective '
Species Origin of arthropods used animal Titre tested Rate feed Resulr
Reared from egps ex 3 mosguitoes transmitted
Ae. fulpens Phalaborwa, Transvaal Mystromys 57 0-12 29/33 (88%) 10 to one Mystromys
Rearzd from larvae ex Cotton 5:4 25 o/ 2}1 /17 (6%) 25 Salivary glands negative for
Cx horridus Phalaborwa pledgecst 4-5 14 1/15 a 14 virus in all 17 except the
: one infected meosguito
Progeny of adult, females 3 groups of 5-9 mosquitoes
ex Wanlkie, Rhodesia failed to transmit to 3
Cx quinquefasciatus Zimbabwe ' Cercopithecus 5-3 20-22 /19 22 monkeys
2 of 7 mosquitoes infected
at 5-2 logs transmitted o
|  Wild-caught females ex 5-2 8-15 16/40 (40%) 14 monkeys
Ma. africana Mopeia, Mocambique Cercopithecus 447 8-15 7i27 (26%) ND ND
Wild-canght 1st and 2nd
Ornithodores nymphal instars ex Bray,
Sauignyi Cape Province Mystromys 6+6 50-61 0/112 ND ND
1 See “Methods”
2 A single pool of 18 ticks was also uninfected n
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found negative for virus

" Table Il-—Showing number of F; Ae. furcifer and Ae. aegypti, reaved from groups of infected parents,

Species, Parental female mosquitoes No. F,; progeny tested
colony No. and Colony  Titre of Infection
origin generation infecrive feed rate! (%) No. males No. females
F,; 6+7—T7+3 42—59 76 84
F 4+ F, 5:7; 64 79—81 72 123
Ae, furcifer, AA4T, F, + F, 57 76 452 588
Phalaborwa, —_— —
Transvaal Total 600 705
Progenty 7:8 100 215 194
Fo + B 72 89 568 850
Ae. aegypri, A. 49, F, + %, 5-9—6-8 88 574 751
Glenmore Beach, —— —
Natal Total 1357 1801

1 14 days or more after infective feed

the samples tested varied from 42 to 81Y%; in Ae.
Jurcifer and from 88 io 100% in Ae. asgypdi.
Despite these high infection rates none of the
progeny tested, totalling 1395 Ae. furcifer and 3158
Ae, aegypti, was found to be infected. 529 of the
total of 4,547 progeny mosquitoes tested for virus
were inoculated into Ae. qegypii.

Discussion

The tests indicate that Ae, furcifer is a moderately
efficient vector of CHIK virus and consequently
uphold the earlier findings, based on epidemiological
evidence (MCINTOSH et al., 1964; 1972; 1977) that
one or both members of the Ae. furcifer-taylori
group are the main vectors in human and wild
primmate infections in southern Africa. These
experiments, using two colonies of Ae, furcifer (one
augmented with the progeny of wild-type mos-
quitoes) which originated from insects collected
at two localities in the eastern Transvaal are in
agreement with previous experiments (PATTERSON
& McInTosH, 1964). In this former study, 829
of wild-caught Ae. furcifer-taylori (probably mainly
Ae, furcifer) collested in Rhodesia became infected
after feeding on monkeys circulating &+7-7-2 logs
of virus and transmitted virus to monkeys as well
as accidentally from monkey to man.

In the present experiments the 50Y; infection
threshold in .Ae. furcifer was not accurately estab-
lished. Inexplicably, this appeared to difTer depend-
ing upon the species of viraemic animal used to
infect the mosquitces but, when monkeys were
used, this threshold seemed well below 4+5 logs of
virus, a concentration often exceeded in monkeys
and baboons which are the suspected wild verte-
brate hosts in southern Africa, In the transmission
of virus to susceptible hosts Ae, furcifer showed a
rather low capability but, nevertheless, the rates
obtained seem quite adequate for this mosquito to
act as a fairly efficient vector. With the one labora-
tory colony there were two transmissions among
eight monkeysz and with the other there were six
transmissions among 19 hamstess.

The virus failed to infect the tick O. squignyi and
the mosquitoes Cx quinguefascigtus and, with the
exception of one individual, Cx horridus. Since
viral infecting doses were reasonably high it would
seem that these mosquitoes gnd the tick can be
excluded as epidemiologically important vectors of
CHIK wvirus. Our failure to infect O. savignw
concurs with the observations of Camicas er al.
{1978} who concluded from an experiment with
O. erraticus sonral that this species could not act
as a vector. Failure to infect the mosquitoes and
transmit the virus also occurred in a previous
experiment with Cx guinguefasciatus (MCINTOSR
et al,, 1963).

From the infection rates obtained in the experi-
ments with M, qfricana, a 50% infection threshold
of about 5-5 logs seams likely which is higher than
for Ae, furcifer, although transmission rates in the
two species seem the same, However, since monkeys
can circulate the virus at levels of up to 6-8 logs
(Table I) and baboons up to 6-4 logs (McIMTOSH
et al., 1963), significant numbers of Ma. africana
could become infected. Furthermore, the frequent
prevalence of Ma. africana, its occurrence in forest
canopy where it may feed on monkeys (McINTOSH
et al., 1972) and its high feeding rate ot man suggest
that this species covdd transmit virus from wild
primate to man.

A study of the tree-hole breeding Aedes mos-
quitoes at “Hope” near Phalaborwa indicated that
Az, fulgens was 2 common species in the epidemic
area, The single experiment carried out om this
species suggests that it is an efficient vector and
further tests are needed.

Our failure to demonstrate transovarial trans-
mis: «nin both Ae. aegypti and Ae. furcifer suggests
that such transmission of virus does not occur in
these two species,
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AEDES FURCIFER AND OQTHER MOSQUITOES AS VECTORS OF
CHIKUNGUNYA VIRUS AT MICA, NORTHEASTERN TRANSVAAL,
SOUTH AFRICA

P. G. JUPE anp B, M. McINTOSBH

Arbovirus Unit, National Institute for Virology end Department of Virolagy, University of Witwatersrand,
Private Bag X4, Sandringham 2131, South Africa

ABSTRACT. From 1977 to 1981, studies were conducted on a farm at Mica where Aedes furcifer had
been 2 vector during an epidemic of chikungunya virus in 1976 to determine whether the virus persisted
in this moaquito, the likelihood of vertical transmission, and whether any other Aedes species could have
been vectors. Aedes furcifer/cordellieri was the only prevalent tree hole Aedes whick fed readily on
monkeys and humane and ocenrred through the summer until the onset of winter. Virus was not isolated
from 7,241 females and 4,052 males of this group, which were largely Ae, Jurcifer and which included a
sample of the first post-epidemic population. ¥ive additional Aedas species were prevalent in hamboo
pote, 3 of whick (Ae. aegypti, Ae. fulgens and Ae. vittatus) were shown to be competent laboratory vectors,
Virus was not isolated from a sample of 18,029 such newly emerged mosquitoes representing the first
post-epidemic population. It is concluded that Ae. furcifer is an epidemic-epizootic vector which doss not

maintain the virus at Mica and that no other mosquito species could have been fmportant vectors.

INTRODUCTION

Chikungunys (CHIK) virus occurs in the
tropical resion of southern Africa, which in
South Africa comprises the eastern Tranevasil
lowveld and coastal northern Natal. Human out-
breaks of the virus have been infrequent and
always related to ample rains in wooded sa-
vanna. Infections in man have been recognized
in the eastern Transvaal in 1956, 1975, 1976 and
1877 (Gear and Reid 1957, McIntosh et al. 1977,
Morrison 1979). A large epidemie occurred in
the Zimbabwean lowveld in 1962 (MeIntosh et
al, 1963a} and an epizootic among vervet mon-
keys (Cercopithecus cethiops) in northern Natal
in 1964 {McIntosh 1570). Studies done in rela-
tion to these outhreaks, especially the outbreak
at Mica in the northeastern Transvaal in 1976
(McIntosh et al, 1977), have shown that vervet
monkeys and haboons (Papie ursinus) are the
primary vertebrate hosts, while the primary vee-
tor is the Aedes furcifer/cordellieri' group of
mosquitoes.

Dharing the rural epidemic at Mica in March-
April 1976, Aedes furciferfcordellieri was by far
the most prevalent species collected off human
bait and yielded 16 isolations of virus {McIntosh
et al. 1977). The identification of male mesqui-
toes also taken in the catches indicated that Ae.
furciferfcordellieri was comprised largely of Ae.
furcifer (Bdwards) and was probably the princi-
pal species in the epidemic. In the laboratory

! Taxonomic examination of the Ae. furcifer group
in South Afriea in the light of Huang's (1986) revision
indicates thut Ae. faylori is not present but Ae. cordel-
lieri Huang oceurs there,

Ae. furcifer was highly susceptible to infection
witl the virus and & moderately efficient trans-
mitter (Jupp et al. 1981),

After the epidemie, field observations were
continued at Mica on the farm “Hope,” chosen
because the highest post-epidemic immune rates
were recorded there for both the humean and
baboon populations. A series of mosquito collec-
tions with monkey and baboon baits was carried
out in Mareh 1977 during the summer following
the outbreak (McIntosh et al. 1877). The Ae,
furciferfcordellieri group, composed mainly of
Ae. furvifer, was the predominant species taken
on wild primate bait and 8- to 10-fold greater
numbers were coliected in the understory than
on the ground.

Further ouservations were made during the
gummer in 1977, 1978, 1980 and 1981 which
were designed to answer 2 questions. The first
was whether the virus remained in the loca] Ae,
fureifer population, with this species acting ss a
reservoir vector, or whether it disappeared. Sec-
ond, could other mosguito species have been
involved in the transmission of virus during the
outbreak which escaped detection at the time?
Answers were sought as follows: 1) the mosqui-
toes at “Hope” were monitored for virus infec-
tion, including post-epidemic survival of virus
through the dry winter by vertical transmission,
2) the relative sbundance of mosquito species
and their feeding preference for man and wild
ptimates were determined, and 3) the vector
competence of the & most common tree hole
breeding sedine mosquitoes apart from Ae. fur-
cifer was evaluated. Transmission experbments
had heen conducted with 3 of these species pre-
viously but not with the “Hope” mosquito pop-
ulations. Furthermore, more tests were needed
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on these species before a 50% infection thresh-
old could be determined.

MATERIALS AND METHODS

Human-baited catches: In these collections 2
volunteers used test tubes to collect monquitoes
which alighted on their bare legs for 2-8 h after
sunset, At night, flaghlights shaded with red
cloth were used. Forty-nine man-i surs of col-
lecting were done for 12 days during March 1977
and February 1978.

Monkey-baited suction treps: In the March
1977 collection series {(McIntosh et al. 1977), &
single anesthetized baboon or monkey was
placed on a wire mesh platform with two 12-
volt, 8-watt fans suspended beiow. These fans
sucked mosquitoes atiracted to the bait down-
ward into organdie cages {Jupp 1978). Subse-
quently, the traps differed slightly in that 2
unanesthetized vervet monkeys were housed in
A wire mesh cage (60 X 45 X 30 em) under which
the 2 suction fans were hung. Traps were sus-
pended 10 m above the ground in the understory
of § trees for 2 h after sunset during March 1977,
Fehruary 1978 and January to June 1980.

Carbon dioxide-baited light traps: The light
traps used had a 5-mm wire mesh filter fitted
over the trep entrance and CO; was released
Jhrough 3-mm here polythene tubing cloge to
the opening (Jupp et al. 1980). The source of the
CO; was a tin insulated with corrugated card-
board containing about 2 ke of dry ice. The traps
were set overnight during February, Mareh and
April 1977 and February, March and June 1980
with a total of 63 trap-nights,

Artificial oviposition sites in trees: To collect
tree hole breeding species unaampled as adulis
by the 3 collecting methods described above,
bamboo oviposition pots were exposed so as to
include all or part of 4 summers: November 1976
to April 1977, December 1977 to April 1978,
February to June 1980, and February to June
1981, During 1980, 560-ml plastic bottles,
painted black on the ouiside, containing 2
wooden paddles (*tongue depressors”) for ovi-
position were exposed in addition to the pots.
Pots and botiles were suspended from trees at
varying heigh*s up to 6 m above the ground. In
1980 and 1981, the openings of about half the
pots were reduced by closing them partly with
hoard. During sach visit to “Hope” a sample of
any larvae present in pots or hottles was pre-
served for subsequent identification and the
paddies were changed in the case of tbe plastic
bottles, the exposed ones being ' urned to the
laboratory under hamidifieation. At the erd of
summer, pots and bottles with their severai sets
of paddles were returned to the laboratory where

the eggs were hatched and adults reared. The
pots were alternately flooded and dried twice so
that the majority of eggs were hatched.

Mosquitoes collected as adults were killed
with hydrogen cyanide, pooled according to spe-
cies and stored in liquid nitrogen. Adults reared
from pots end bottles were discarded after iden-
tification, except those from the 1976-77 sum-
mer which were stored according to species in
Tiquid nitrogen and selected species which were
kept alive for vector competence studies.

Atternpted virus isolation from mosquftoes:
Mosguito suspensions prepared from pools of
each species were inoculated intracersbrally into
1- to 2-day-old mice for attempted virus isola-
tion.

Vector competence tests: Specimens of the b
most prevalent Aedes species aged 1-14 days,
and reared from the bamhboo pots, were used for
vector competence testa. Experiments were con-
ducted in an insectary where the mosquitoes
were maintained at 75-80% RH 24-26°C. The
virus used was the H817 strain of CHIK virus
at the third mouse-passage level. Attempts to
infect mosquitces were made hy feeding them
on vervet monkeys while these monkeys were
virewic after inoculation of virus 48 h previ-
ously. Monkeys were anesthetized and exposed
to mosquitoes held in 10-cm diam canisters with
mesh-covered ends strapped io the monkey's
chest and abdemen, Immediately before feeding
began, a blood sample was collected from each,
animal to determine the viremia, Virus titra-
tions were done in infant mice inc ulated intra-
cerebrally and titers refer to logoLDsp 'ml. The
infection rate, i.e., the proportion of mesquitces
feeding which became infacted, was determined
by testing them individually for virus by inocu-
lation of infant mice. These determinations were
done 15-16 days after the infective meal and 1~
2 days after thu transmission feeds. Infected
mosquitoes were held for 13 or 14 days before
transmissions were attempted. These were done
by feeding groups of potentially infected mos-
quitoes on 1 or 2 Syrian hamsters. Transmission
of virus was determined by testing for hemag-
ghriination-inhibition antibodies in the serum
of hamsters 21 days after the transmission was
uttempted, The titer of virus needed to infeet
50% of the mosquitoes wag estimated from the
infection rates,

RESULTS

Adult mosquito collections: At least 15 species
were collected off human bait (Teble 1} but de,
furcifer/cordellieri represented 84% of the total
catch with a high biting rate of 40.2 mosquitoes
per man-hour, Other species which ogeurred in
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Table 1. Mesquito collections using 3 different baits.
Human baeit at ground tMonl{gy—bmhtgs suctiond ight traps with CO. at
level® Taps :: ;eesf Eroun ground level®
No.as % No/ No. a5 % No./trap No. as % No.ftrap
Bpecies No, oftotal man-howr No. oftotal hour No. oftotal night
Tree hole Aedes species
Ae, (D:ri';) ifer/cordellieri 1968 B3.9 40.2 3995 436 16.6* 174 48 28
fem
Ae. /Dic.) furiifer males 482 526 201 25 74 4.2
Ae, (Dic.) cordeiliers malen 42 05 02
Ae. (Dic,} adersi 2
Ae, (Dic,) fascipalpls 11 0.3 0.2
Ae, (Adm.) viitatus 2 31 0.9 0.5
Ae. (Stg.) oegypti 2 2 13 04 0.2
Ae. (Stg.) ledgeri 2
Ae. (Stg,) metallicus 8 0.3 0.2 2 43 1.2 07
Ae. (Stg.) unilinectus 2
Other species
Csx. (Cux.) poicilipes 28 12 0.6 271 3.0 L1 334 5.3 5.3
Aedes (Adm.) 6 spp. 1 20 06 2.3
Aedes {(Weom.) £ spp. 26 0.7 04
Anopkeles 11 spo. 334 142 6.8 2408 856 391
Culex 11 spp. 1 12 0.1 149 4.2 24
Mansonia 2 spp. 1 9 0.3 0.1
Uranotasnin mashonaensis 12 0.5 0.2
Total 345 9,174 3,690

" Mosquitoes collected in 49 men hours over 12 days during 2 summers (March 1977 and February 1978).
b Collected in 240.5 teap hours gver 36 days in March 1977, February 1976 and January-June 1980,
* Collected in light traps baitaed with CO, over 26 nights {63 trap mights) in February-April 1977 and

February-June 1980.

" Proportion of Ae. cordeflieri 1.0-3.5% based on males attracted to females in traps.
*No.firap hour varied from 0 to 77.5, depending on the month.

significant numbers were Culex poicilipes (Theo-.
bold) and several species of Anapheles.

The use of 2 unanesthetized monkeys as hait
in the understory was the most productive
method for collecting Ae. fureifer/cordellieri as
can he seen in Table 1, This modification of the
original trap was much easier to use as each pair
of monkeys were kept in the same cage for the
duration of a visit to “Hape.” The identification
of males which were drawn into the suction traps
because they had been attracted to females on
or near the bait showed that the proportion of
Ae. cordellieri Huang varied from 1.0 to 3.5%.
Aedes furciferfcordellicri was consistently the
most prevalent species group during the 3 years
of study; Cx. poicilipes alsn regularly entered the
traps but in rather low numbers, The numbers
of Ae. furcifer/cordellieri depended on rainfall
and in 1980 the group was collected throughout
the summer but disappeaved by the end of May
at the onset of the dry winter.

Carbon dioxide baited light traps were also
set to sample other mosguitoes whose presence
and abundance might not be revealed by the
human and monkey-baited collections {Table 1),
Fewer Ae. furciferfeordellieri were taken in these
traps than in the other collections but there

were larger numbers of Cx. poicilipes and Anoph-
eles species. No other aedine species were taken
in the light traps in significantly large numbers.

Artificial oviposition sites: Table 2 shows the
frequency of veeurrence of various mosquito spe-
cies, expressed as percentages, as they oceurred
in bamhoo pots exposed during 4 summers and
in plastic bottles in the 1980 surumer. A total of
155 pots ware exposed, while 134 samples wera
identified from the bottles, The bottler vielded
a high percentage of collections of Ae. negypti
(Linn), Ae. ledgeri Huang, Ae. metallicus Ed-
wards and Cx. horridus Edwards, while other
species ravely occurred; Ae. furcifer/cordeltieri
oceurring only once. A larger number of differ-
ent species were collected at a higher frequency
in the pots. These included the 4 species that
were common in the hottles but also Ae. vittatus
{Bigot) (27%), Ae. fulzens (Edwards) (48%) and
Cz nebulpsus Theobold (39%). The mean fre-
quency for Ae. furcifer/cordellieri was 16% but a
much higher frequency of 48% occurred in 1981,
Similar figures for Ae. haworthi (Edwards) were
16% and 31%, respectively. The plastic boitles
with their wooden paddles were less bulky and
easier to use than the pots although they failed
45 sample as many different species.
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Mosquitoes tested for virus: Neither CHIK
virus, nor any other virus, was isolated from
either Ae, furcifer/cordellieri or any of the other
species collected at Mica since the 1976 epidemic
{"F'able 3).

Vector competence teste: Table 4 shows the
results of vector competence tegte with 5 species.
The 60% infection thresholds were 6.7
logyeLDge/ml. {Ae. gegypit) end < 6.7 logieL Do/
ml (Ae. fulgens and Ae. vittatus), and small
groups of each of these 3 species transmitted the

virus to hamsters. Aedes ledgeri and Ae. metol-
licus were poorly susceptible to the virus, with a
50% infection threshold of > 7.2 logwlDe/mt,
and iarge groups of mosquitoes failed to transmit
to more than half the hamsters exposed to them
indicating & lower transmission efficiency.

DISCUSSION

The results of the man-baited catches were
very similar to those obtained during the epi-

Table 2. Freguencies of oceurrence of different species in bamboo pots or plastic bottles expressed as
percentages of total collections,

Bainhoo pots Bottles

1976-77 1977-78 1980 1581 Mean 1980

Species an" (30) (49} (20) (165) {134)*
Ae. (Adm.) cumminsi 2 0 0 0 1 0
Ae, (Alb,) heaworthi é 10 18 31 16 0
Ae. (Alh) marshalli 2 10 4 0 4 0
Ae, {Adm.) vexans 8 0 ] 0 2 0
Ae. (Adm.} vitiatus 15 1 a3 45 27 1
Ae. {Diiv.) fureiferfcordellieri 4 3 14 48 18 1
Ae, (Fin.) fulgens 84 37 33 82 48 1
Ae. (Fin.} nyesae 1] 2 6 0 a 0
Ae, (Stg) aegypti 28 93 16 80 96 8
e, (Stg.} ledgeri 89 97 100 100 98 87
Ae. {Stg.) metallicus 26 a7 71 62 TR 46
Ae, (Stg )} simpsori g ] 0 0 1 ]
Ae. (Stg,) subsrgenteus 4 0 i} 1] 3 0
Ae. (Sig.) unilinentus 2 o & ki 4 2
Cx. (Cui.) einereus 27 ND 3 ND 17 1
Cx, (Cui,) rebulosus 57 ND 14 ND a9 1
Cz. (Bum.) horridus 21 ND 67 ND 40 23
Cx. (Lut.) tigripes 0 ND 2 ND 1 0
T'. (Tox.) brevipaipis 0 ND 3 ND 4 1

N = larval collections of these species not done.
# No. of pots exposed,

5 No. of patrs of woaden paddies removed from bottles and larval samples.

Table 3, Number of mosquitoes® tested for virus: wild caught as adults and reared from bambeo pots,

Wild caught Bamhboo pots
1977 {28°) 1978 (7 1080 {81) 1877
No. No. No. No. No. No. No. No.
Species mosq. pools mosq. popls  mosqg  pools mosg, paols
Aet.nf:lniferfmrdeﬂierl fe- 3,522 149 2,068 82 1,843 o 8 i
&8s

Ae. furciferfcordellierl 2,138 89 1,726 9 187 2 R 1
Ae. negypli 29 4 3 1 6,413 66
Ae. fulgens 1 1 1,176% 20
Other Aedes spp. 484 28 38 L 6,442 81
“ulex spp. 5ib 18 434 16
Angphe'es spp. 3,631 T4 702 13
‘L'otals 10,347 360 3,794 92 3,007 109 13,046 169

* All mogguitoes were fernaleg exce . where indicated otherwise.
* Includes cateh in Feb-March after first rains.
* Number of collecting days.

9 Males and females.
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Table 4. Results of vector competenee tests with chikungunya virus and 5 trer !+ breeding mosquitoes

eollected at Mies.
Mosquito infection Transmission to bamsters
Titer of
infective feed 50% infection Daysafier  No. No.
(logoLDs/ threshold® infective hemsters mosquitces
Species ) Rate*  (lomlDso/ml) meal  oxpnsed  feeding  Hesults
Ae. aggypii 72 10/16 (63%) 87 14 1 16 +
6.7 6/12 (50%) 14 1 12 +
Ae. ledgert 7.9 1/27 (4%) »7.2 14 g 78 +—
8.7 1717 (6%) 14 2 10 +—
Ae. metallicus 72 12/34 (85%) =12 14 o 37 +-
8.7 4/22 (18%) 14 & 23 —_
Ae. vittutuz 6.7 10/10 <6.7 13 i 12 +
Ae. fulgens 6.7 4/8 (67%) <674 13 i 4 +

* Numerator = no. mosquitoes infected; denominator = no, mosquitoes tested 15 days after their infective

meal.

®The titer of virus needed to infect 50% of the moaquitoes.
¢ 2 hamsters exposed simultanecusly in the same cage of mosquitoes.
1Tn a previous test (Jupp et al. 1981) 29/33 (88%) of this species was infected after a virgmic ~nea) of 74

logigLDse/mL

demic except that Cx. poicilipes and Anopheles
gpecies were more prevalent than in the earlier
collections {(Mcintosh et al. 1977). The most
successful method for sampling the Ae, furcifer/
cordellieri population was the monkey-baited
trap in the tree understory, followed by the
ground level man-baited catch and light-carbon
dioxide suction trap, in that order, All 3 meth-
ods, especially the light-carben dioxide traps,
collected significant numbers of Cr. poicilipes,
but were ineffective in collecting species of
Aedes other than Ae. furcifer/cordellieri. The low
frequency at which Ae. furcifer/cordellieri usa-
ally oviposited in the pots appeared to be due to
the wide openings of the pots. In 1580 and 1981
about half the pots exposed had their openings
made smaller which may account for the higher
frequency (14 and 48%) of this species group
ovipositing during those summers. This concurs
with the observations of Raymond and cowork-
ers {1976) who found that Ae. fureifer/cordellieri
in Senegal preferred to oviposit in tree holes
with small openings.

Virus isolation studies in Africa as a whole
have indicated that tree hole breeding Aedes
gpecies are the main vectors of CHIXK virus to
wild primates end humans, No isolations have
been made from Anopheles species end only
oceasional isolations from Culex species (Jupp
and McIntosh 1988). Culex poicilipes is almost
refractory to infection (McIntosh and Jupp
1970). Thus the tree hols breeding aedine mos-
guitoes which are prevalent at. Mica and which
feed ¢n wild primates and humans are the only
mosquitoes that qualify as candidate vectors. All
3 types of bait collections failed to collect sig-
nificant numbers of any aedine species except
Ae. furcifer/cordellieri, This indicates that these

are the only aedine mosquitoes feeding on man
and wild primates at “Hope” to any appreciable
extent. It is possible that other potuntial aedine
vectors which were present but not sampled
during the actual epidemic were shsent during
this stady although this is considered unlikely.
The exposure of bamboo pets and plastic bottles
showed that 13 other tree hole Aedes species also
accurred, with Ae. cegypti, Ae. ledgeri, Ae. me-
tellicus, Ae. fulgens and Ae. vittetus present at
significant frequencies. None of thess species
appeared to be daytime man-biters since person-
nel who camp~d and worked throughout the dey
on “Hope™ were rarely bitten. Three of these 5
species, viz Ae. aegypti, Ae. fulgens and Ae. vit-
tatus, wera shown to be competent laboretory
vectors of CHIK virus in the present study,
while Ae. aegypti and Ae. fulgens had aleo been
incriminated previously (McIntosh aad Jupp
1970, Jupp wi al. 1981). Since vervet monkeys
circulate the virus at titers of 8.6-7.0 logy LDs/
ml and baboons 4.6-8.2 log,LDsw/ml, respec-
tively (MeIntosh et sl. 1963b), on the basis of
their infection thresholds of 6.7 or < 8.7
YogLDs/ml, these 3 species could become in-
fected after feeding on wild primates. However,
because they failed to feed on humans or mon-
keys, it ia concluded that only Ae. furciferfcor-
dellieri were involved in the epidemic.

Wiral assay of mosquitoes indicated that
CHIK virus was no longer present in the local
Ae, furcifer populstion at “Hope” after the epi-
demic. Infected mosquitoes were not detected
among the first Ae. furcifer/cordellieri mosgui-
toes to emerge after the epidemic following the
rains in February/March 1977 nor among the
Ae. furciferfcordellieri collected in the 1978 and
1979 summers. Henee it is unlikely that {rans-

C
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ovarial transmission coours in Ae, furcifer/cor-
dellieri. Additional evidence supporting this con-
clusion is our fatlure to demonsirate vertical
transmission experimentally in other studies
(Jupp et &l. 1981; Jupp and McIntosh, unpub-
Iished datz). It also seems unlikely that any
other tree hole breeding Aedes is regponsible for

vertical transmission as no virus isolation was

made from 13,029 male and female moscquitoes
which emerged from the bamboo pots exposed
on “Hope” from November 1976 to April 1977
immediately following the spidemie.

It is couclnded that Ae furcifer/cordeliieri,
predominantly Ae. furcifer, was the principal
mosquito vecvor of CHIK virus at Mica during
the 1976 outbreak and that other Aedes species
would have at least only played a very minor
vectorial role. Aedes fureifer is not thought to be
a reservoir vector for overwintering of the virus
unless the virus enters 8 dormant state in the
vedztor undet.ctable by ususl viral assay meth-
ods.
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1. HISTORICAL BACKGROUND

A. Discovery of Agent and Vectors

The word “‘chikungunya’’ was first used by the indigenous people of Southern Province,
Tanganyika Territory (Tanzania), in reference to a disease which aiflicted them in epidemic
form in 1952—1953.'" The disease was characterized mainly by a sudden onset, fever,
rash, and joint pains. The latter were often severe and sometimes persisted as a recurrent
arthralgia for some time. The word is Swahili meaning ‘“that which bends up” and refers
to the stooping posture adopted by patients because of the severity of the joint pains. The
incidence of the disease was highest on the Makonde Plateau, but it also occurred to a lesser
extent in the adjoining lowlands of the Ruvuma River valley. From there it was believed at
the time that the disease had been introduced into the highly susceptible plateau population
by movement of infected humans and subsequently spread throughout the plateau by the

same means. Man-biting Aedes aegypti, the suspected vector, was abundant in the viilages

as were their larvae in water storage jars in the huts. During the outbreak, a previously
unknown virus was isolated from humans and mosquitoes, including Ae. aegypri,>* and its
etiological role confirmed serologically by the demonstration of specific antibedies in re-
covered patients.® In 1956, experimental transmission of the virus by Ae. aegypti was
reported,® and its identification as a group A arbovi 15 (Alphavirus), with a close antigenic
relationship to Mayaro and Semliki Forest viruses, was reported in 1957 and 1959.%7 The
Makonde Plateau is virtually devoid of woodland and, in retrospect, it seems certain that
the virus did in fact originate in the lowland wood:..id and was transmitted on the plateau
by a highly efficient domiciliary vector which would explain the high incidence of the disease
in the plateau population which was only infrequently exposed to infection, and consequently
had only 2 low immunity. _

Studies in Africa have uncovered a sylvan transmission cycle between wild primates and
aedine mosquitoes of the Stegomyia and Diceromyia subgenera in the tree canopy of moist
forest and semtarid savannah-woodland. First indications of this were reported from Uganda
in 1958 when chikungunya (CHIK) virus was isolated from the primatophilic Ae. africanus
collected in the forest canopy and from a mosquito catcher who may have been infected in
th= canopy.® Later studies during the 1960s in Uganda further implicated Ae. africanus in
forest redtail monkey transmission cycles, but also suggested that the virus was not being
maintained in the isolated forests around Entebbe with their small monkey populations.® In
West Africa, the same mosquito, as well as Ae. luteocephalus and the Ae. furcifer/Ae. taylori
specics pair, were implicated in both feral and human transmission in the 1960s and
1970s.1%13 In youthern Africa, where the Ae. furcifer-taylori pair appears to be the only
important zuial vector, it was implicated in human and wild primate transmission in Zim-

babwe *n 1963," and in South Africa in studies during 1964 to 1967'% and again in 1976.1¢

In West Africa, Ae. aegypti was implicated as an urban vector during an outbreak in 1969
in Ibadar, Nigeria,'” and in 1970—1971 in Luanda, Angola.'® Since 1954, the virus has
been identified as the cause of epidemics in the Philippines,'#2 Thailand,'*! Kampuchea,®
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Table 1
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LOCATION AND YEAR OF HUMAN OUTBREAKS
OF CHIK DIAGNOSED ON CLINICAL AND/OR

LABORATORY BASES
Tanzania (Makonde) 1952—195312
Philippines (Manila, Amlan) 1954, 1956, (9684
South Afnica (Transvaal Province) 1956,% 1975, 1976,!8 1977445
Thailand (Bangkok) 1958,* 1962, 1963, 1964%
Zaire 1958%
Zambia 19504
Seniegal 1960, 1966, 1982%
Kampuchea 1961, 19622
Uganda {Entebbe) 1961—1962,% 1968°
Zimbabwe 19624 197)%¢
India (various localities) £963,2 1064,% 1965, 1973%
Burna 1963,% 1970—1972%
Nigeria (Ibadan) 1964, 1969,'7 1974%
Vietnam 1964%
Sri Lanka - 1965%
Angola (Luanda) 1570197118
Central African Republic 1978—19791

India,*?¢ Sri Lanka,* Vietnam,*® and Burma.?® In at least some of these outbreaks, Ae.
egypti was implicated as the main vector.

Evidence of infection in wild primates in Africa concerned both the presence of antibodies
as well as the isolation of virus from several primate species. Reports on the presence of
antibodies emanated from Zaire (1960}, Zimbabwe (1964),'* Nigeria (1968),% South Africa
(1970, 1977),'5°2 and Uganda (1971).° Virus isolations were reported from Senegal in 1969,
1979, and 1984,1%33.24

Previous recent reviews on CHIK were published in 1975,3% 1981,%-* and 1984.3°

B. History of Epidemics

Carey,* after study of the historical literature, advanced the thesis that there has been
confusion between dengue (DEN) and CHIK, but since the isolation of the causal viruses,
it is now possible to differentiate these illnesses on clinical grounds alone. DEN is typically
characterized by a diphasic fever lasting about 1 week, headache, retroorbital pain, backache
with gencralized body pains, and rash, the acute illness being foliowed by residual asthenia,
CHIK difiers in that the pains are predominantly located in the joints rather than the muscles;
the febrile period is shorter and usuall, not diphasic; there is an absence of mortality; and
some patients experience persistent arthralgia following the acute episode, but no asthenia.
Using these clinical differences as a basis, Carey suggested that epidemics of CHIK can be
said to have occurred in 1779 (Batavia-Jakarta; Cairo), 1823 (Zanzibar), 1624—1825 (India),
1827—1828 (West Indies; New Orleans; Charleston, S.C.), 1870 (Zanzibar), 1871—1872
(India), 1901—-1902 (Hong Kong; Burma; Madras), and 1923 (Calcutta). It was in Cuba in
1828 that the term ‘‘dengue’’ was first used, which is possibly derived from the word
**dinga’’ used in Zanzibar in 1923, Since Mayaro virus is now known to cause an illness
very similar to CHIK virus, including residual arthralgia,*' it seems that the outbreaks in
the Western Hemisphere might have been caused by that virus.

Table 1 lists the epidemics due to CHIK which have occurred since the isolation of the
prototype CHIK virus in 1952—1953 until the preseat. CHIK appears to be enzootic through-
out much of tropical Africa from where it has apparently spread to other parts of the world;
there is historic evidence for this. Such evidence inclndes the chronology of the outbreaks,
their infrequency in Asia and the very high morbidity prevailing there when they did occur,*
and the failure so far to find evidence of a feral transmission cycle outside of Africa.
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II. THE VIRUS

A. Antigenic Relationships

The initial antigenic classification of CHIK virus was based on reactions obtained with
hemagglutination-inhibition (HI) and complement-fixation (CF) tests as well as neutralization
(N) tests in mice, which demonstrated its relationship to certain group A viruses available
at the time, particularly to Mayaro and Semliki Forest viruses.%” These studies were con-
firmed and extended by others using variations of the N test in cell cultures,**° which gave
better definition of antigenic complexes within the genus Alphavirus. At present, 6 complexes
are recognized among the 25 members of the genus.®® CHIK virus is one of the four species
of the Semliki Forest complex, the others being Semliki Forest, Getah, and Mayaro. CHIK
and o'nyong-nyong (ONN) viruses are regarded as subtypes of the CHIK virus species. In
the N test, there is a partial one-way 1elationship between CHIK and ONN with CHIK
antisera neutralizing both viruses equally and ONN antisera neutralizing the homologous
virus to a significantly greater degree.!+*?

B. Vertebrate Host Range

In the taboratory, I- to 4-day-old mice die 2 to 3 days after intracerebral (i.c.) or intra-
peritoneal 7i.p.) inoculation, while 3- to 4-week-old mice usually survive and develop
antibodies,® aithough a variant strain of the virus has been developed which is lethal to
adult mice by the i.c. route.®’ Guinea pigs, hamsters, and rabbits do not develop viremia
after inocuiation, but survive with development of antibodies.%' African rodents of the genera
Mastomys, Arvicanihis, and Aethomys develop a low viremia, while Mystromys does so
with high-level viremia, and they all develop antibodies.® Viremia followed by antibodies
develops in rhesus monkeys, vervet monkeys, and baboons (Macaca radiata, Cercopithecus
aethiops, and Papio ursinus) and day-old chickens. '35 Adult fowls,* domestic sparrows,
and pigeons™ are refractory to infection by the virus. One of nine Indian fruit-eating bats,
Rousettus leschenaulti, inoculated with virus, showed a trace of viremia and eight developed
low titer hemagglutinating and/or neutralizing antibodies.® Furthermore, two African bats
of the genera Tadarida and Pipistrellus circulated virus after inoculation.’” Adult cats are
refractory to infection, although inoculation of newborn kittens may lead to viremia,

C. Strain Variation

African and Asian strains of CHIK virus differ biologically, viz. differences in plaque
size and heat stability, although these differences may possibly be due to the relatively
greater number of mouse passages of the African strains.®® Strains from Calcutta have been
shown by the kinetic HI test to be more closely related to a strain from Thailand than to an
African strain, but differences are slight and probably of little importance in vaccines.?-%8
The KLA-16 strain of CHIK virus which was recovered from a child with hemorrhagic fever
in Thatland® differs from other strains by its effects on infant mice, rats, and hamsters.
These animals develop a hemorrhagic syndrome, mainly associated with the intestine, and
also characterized by thrombocytopenia, prolonged bleeding and clotting times, and a de-
crease in the time for formation of prothrombin.®™ Strains isolated from Caicutta also
occasionally produced intestinal hemorrhage in the course of their isolation in mice.”

Small and Jarge plaque (SP and LP) variants of CHIK virus have been producea exper-
imentally.” These have been compared serologically with ONN virus to elucidate the one-
way anfigenic relationship between ONN and CHIK viruses.* The results suggest that similar
antigens are present on both ONN and CHIK variants, but in the latter, the antigens are
differently distributed which prevents them from participating in the neutralization of the
virus by ONN antibodies. ONN virus could not be distinguished from CHIK SP on the basis
of plaque morphology, although it is clearly distinct because of its inability to multiply in
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Ae. aegypti cells. CHIK SP virus differs in its greater ability to replicate in Ae. avg:pti
mosquitoes than either CHIK prototype virus of CHIK LP virus. All three viruses had the
ability to multiply in An. gambige celis, aithough ONN was the only virus to infect An.
gambiae mosquitoes. The similarities between ONN and CHIK viruses might be due to
convergent evolution.®

D. Methods for Assay _

For primary isolation and cultivation of laboratory strains of CHIK virus, both suckling
mice and a wide range of vertebrate and mosquito cell lines are available. Cell lines which
have been used successfully include VERO,™ BHK-21,™ and the C6-36 Ae. albopictus™
and Toxorhynchites amboiensis™ cell lines. Mosquito cells do have a disadvantage because
of the absence or irregular production of cytopathology,” although this is irrelevant where
immunofluorescence is used for the detection of viral antigens.”™ The enzyme-linked im-
munosorbent assay (ELISA) has not been used yet for detection of CHIK antigen, but it
should be applicable for the assay of antigen in sera or in individual mosquitoes as has been
done in the case of Rift Valley fever virus.” It does seem that cell lines from Aedes mosquitoes
are more sensitive toc CHIK than those from Cufex.”” For primary isolation, suckling mice
still have certain advantages over cell cullures because of their high susceptibility, the ease
by which CF and hemagglutinating antigens can be obtained from their brains, the lower
level of technique required in their usage, and the higher t>lerance they possess to the toxic
effects of inoculating pools consisting of large mynbtrs  vosquitoes. Also, becanse of
their high susceptibility to a wide spectrum of arboviruses, mic» are certainly better in
“infectivity surveys in which as many arboviruses as possible are being investigated. The
sensitivity of mice can be increased in primary isolation if the incenla are first inoculated
into male Ae. aegypti or species of Toxorhynchites mosguitoes. 0

III. DISEASE ASSOCIATIONS

A. Homans _
CHIK is a feverish iliness characterized by sudden onset, chills, flushed face, nausea,

vomiting, backache, headache, photophobia, lymphadenopathy, arthralgia, and
rash.*»3581%2 The acute illness lasts 3 to 5 days, with recovery in 5 to 7 days. The incubation
period is usually about 2 to 4 days and the single most significant symptom is the arthralgia,
presenting in 70% of cases. It may be severe, affecting one joint or several. Reddening and
swelling of the joint may occur. The arthritis may persist in a small proportion of cases for
months or years and mimic rheumatoid arthritis.

Patients with persistent joint pain and stiffness have shown high viral antibody titers. The
rash, appearing most commonly on the trunk, is macular or maculopapular, and rarely
petechiac may be present. It may be pruritic and occur in short-lived episodes. 344499582
Biopsy specimens from the skin lesions of CHIK patients show a perivascular iymphocytic
infiltrate in the upper haif of the dermis and red blood cell exfravasation is seen around the
superficial capillaries.*® In Asia, comparison of the symptomatology of DEN and CHIK
infections indicated that bemorrhagic manifestations rarely occur in cases of CHIK and that
CHIK shouid not be listed as a hemorrhagic fever.”® Severe hemorrhagic symptoms have
not been reported in CHIK. cases in Africa. Viruses associated with severe hemorrhagic fever
in south and Southeast Asia from 1956 to 1963 were either DEN alone or DEN and CHIK.*
In Africa, ONN fever has similar symptoms to CHIK, but ONN may be distinguished by
the presence of lymphadenitis which is absent in CHIK patierits, 55

B. Domestic Animals and Wildlife
There are no records of clinical disease in domestic animals or wildlife due to CHIK

virus.
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C. Applicable Diagnosiic Procedurcs
CHIK fever can be confused clinically wiih ONN, DEN, Sindbis, and West Nile infections,
so diagnosis should be confirmed by virus isofation as well as serologically. Virus is most
readily isolated from the blood within 48 hr of the onset of illness, but has been isolated as
late as 6 days afterwards using infant mice.” In Africa, it may be necessary to differentiate
CHIK. from ONN virus which is difficult to do serologically (see Section II.A}. However,
the two can be separated because CHIK has a greater pathogenicity for infant mice.® Apart
from ONN, the HI test will readily differentiate CHIK from other Alphavirus infections. In
India, the virus was readily isolated and identified in 72 hr using mice and CF or HI tests
with antigens prepared from the mice.?* Diagnosis is thus based on either virus isolation or
a fourfold or greater rise in antibody titer following the illness. Usually a serum sample
scollected within 5 days of onset of fever will be free of HI, CF, and N antibodies.*+26 A
sample coflected 2 weeks or more after onset skould have HI and low-level N antibodies;
CF antibodies develop more slowly.?'*** N antibodies can be measured by the virus dilution
method in infant mice, by the serum dilution method in cell cultures by CPE, or by plaque
assay methods. Radial hemolysis has been shown to correlate well with the HI test.” Methods
fur virus isolation are by inoculating acute-phase serum or other tissues i.c. into infant mice?
or into cell cultures. CHIK virus produces cytopathogy in a variety of vertebrate cell lines,
but VERO or BHK-21 cells have been commonly used. For the rapid identification of virus
in sera, these may be inoculated into cell cultures and a diagnosis made after 9 hr by the
indirect immunofiuorescence test. Alternatively, after 24 hr the infected cells are negatively
stained and examined with the electton microscope.” Indirect immunofluores-
cence has also been used to distinguish CHIK from the closely related Mayaro and Semliki
Forest viruses.®®

IV. EPIDEMIOLOGY

A. Geographic Distribution

Table 1 lists the countries that have experienced CHIK outbreaks from 1952 onwards.
The virus seems to be enzootic throughout tropical Aftica. Outbreaks, sometimes major
epidemics, have been documented for East Africa (Tanzania and Uganda), southern Africa
(northeastern Trangvaal and Zimbabwe), West Africa (Senegal, Nigeria, and Angola), and
Central Africa (Central African Republic, Zambia, and Zaire). According to antibody sur-
veys, buman infection has also occurred in Mozambique, northern Botswand, and north-
eastern Namibia, ¢ _

CHIK appears to have spread to other parts of the world from Africa to cause pandemics
in both the American and Asian tropics.* India has had a history of epidemics from 1824
until 1965 when the virus spread to Srf Lanka. CHIK became established endemically in
Southeast Asia during the late 1950s to early 1960s and was continuously transmitted in the
towns and cities in Thailand, Kampuchea, and Vietnam, probably largely by Ae. aegypti.
Outbreaks have been recorded in Butma in 1963, 1970, and 1973 and in Manila in 1954,
1956, and 1968. Serological surveys alone have recorded the presence of the virus in South
Vietnam (Laos),” Vietnam (Saigon},?® the Malaysian Peninsular,?? Pakistan,? and the Pacific
Islands,*

B. Incidence and Serologic Epidemiology

In the various ovtbreaks studied, human infection rates have varied depending upon factors
refating to the immune status of the population, the size and density of the population,
whether infection was urban or rural, the extent to which human infection was dependent
»pon-the feral transmission cycles, and the efficiency of the particular vector system. In
Asia, where most recognized outbreaks have been in large urban populations with trans-
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mission effected by Ae. aegypti, outbreaks have been on a large scale. In contrast, in Africa
they have been smaller, have tended mainly to involve rural populations, transmission has
often been by feral vectors and evidenily less efficient, and outbreaks have often beeh
conditional upon viral activity in the wild primate transmission cycles.

In India, where infection rates were obviously very high, it was estimated that during the
outbreak in Madras in 1964, nearly 400,000 cases occurred.?” In the town of Barsi in Central
India in 1973, the overall morbidity was 37.5%.%* In Thailand during 1962 to 1964, CHIK
was common in Bangkok, During the 1962 outbreak alone it was estimated that between
44,000 and 70,000 cases were seen in outpatient children, and the infection rate, based on
1887 persons bled before and after the 1962 rainy season, was 31%.% Immune rates by age
in 1962 were 10 to 20% in 1 to 2 year olds, 70% ia 15 to 19 year olds, and 70 to 85% in
20 to 70 year olds.” Antibody surveys among adults from different regions outside of
Bangkok indicated that immune rates were the same as in Bangkok, i.e., 80 to 100%, while
conversion rates of 30 to 50% were obtained in 337 school children; it was evident from
both studies that infection was widespread in rural Thailand.?® After the 1964 outbreak in
Vietnam, immune rates among 472 children were 33.3% in those less than 2 years old and
81.6% in the 10- to 15-year age gronp.?® However, recent evidence indicates that the virus
had virtually disappeared from Bangkok by the early 1980s despite the continued presence
of DEN and abundance of Ae. aegypti. The reason for this decline was not evident.*”

The 1952 outbreak in Tanzania involved a population of 150,000 living in small villages
scattered over the Makonde Plateau, with many villages more than 8 km from water, thus
giving rise to a need to store domestic water which led to large numbers of Ae. aegypti.?
Once virus had been introduced, the outbreak spread rapidly to affect eventually most of
the villages, The overall morbidity on the plateau was 47.6% among adults and 50.8%
among children. Ae. aegypti was also the main vector in Ibadan, Nigeria, in 1969'7 and in
Luanda, Angola, in 1970.%® In Luanda, an antibody survey after the outbreak showed that
65% of sera reacted only with CHIK antigen; 33.7% with both CHIK and ONN, but usually
to a greater degree with CHIK; and {.3% with ONN alone. In the Central African Republic
in 1978—1979, CHIK virus was active in several areas.'* An antibody survey at this time
revealed an immune rate of 17% suggestive of a poor vector system. Prior to this, virus had
not been active since 1975 despite continuous surveillance. Studies in Uganda over several
years revealed a very low level of human infection, also apparently the result of an inefficient
vector systerm.? A sylvan vector Ae. africanus was involved and human infection resulted
from incidental leakage of virus from transmission cycles involving monkeys in small isolated

forests. It seemed that there was 2 5- to 7-year — perhaps even a 1(0-year — periodicity in

monkey epizooticity because of the need to replace immune monkeys by susceptibles. In
southern Africa, where human infection has been caused by the sylvan vectors Ae. furcifer-
taylori, a somewhat similar periodicity in human infection has been evident, although human
infection has sometimes been quite intense among small localized groups.'®*® During an
outbreak in South Africa in 1976, postepidemic immune rates in a locality with a large
baboon population were 77.7% among 18 children and 55.7% among 106 aduits, while all
of the 92 baboons tested were immune.'® Antibody surveys in Mozambique in 1957 showed
immune rates in adult humans of 37.5% and in children of 4%,% in Angola in 1960 of
32.5% in adults and 3.3% in children;* in Botswana in 1959 of 25.3% in adults and 13.4%
in children;® and in northern Namibia in 1966 of 1%.'®

C. Seasonal Distribution

Outbreaks of CHIK depend upon sufficient rainfall filling the tree-holes or artificial
containers preferred for oviposition by the aedine mosquito vectors, resulting in high densities
of the vector species. Sufficient nonimmune humans must be present. Rural outbreaks in
Africa are also related to the presence of adequate nonimmune populations of wild primates
which in turn will also depend to a degree on the rainfall. )
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In Africa, the 1962 epidemic it citubadwe and the 1976 epidemic in South Africa, both
rural outbresaks, accurred fvijewing unusually heavy rains in the wooded savannah which
caused high densities of Ae. fircifer-tuylori mosquitoes. Furthermore, the original epidemic
in 19521953 in Tanzania was associated with the wettest year (1952) for a decade.? This
heavy rainfall probably increased the numbers of Ae. furcifer-taylori in the woodland habitat
in the lowlands of the Ruvuma River from where infection was brought into the villages on
the Makonde Plateau. In 1975, a rural epizootic of CHIK occurred in western Senegal which
peaked in November at the end of the rainy season with the highest number of virus isolations
obtained from Ae. furcifer-tayiori and Ae. luteocephalus during that month'? when mosquito
populations were actually declining. The explanation for this unexpected peaking of virus
transmission so long after the heavy rainfall in July is unclear.

In urban outbreaks where Ae. aegypti is the vector, possibly suppl-mented by Ae. al-
bopictus in Asia, the relationship with rainfall pattern has been recorded for several countries.
In the 1969 Ivadan, Nigeria, outbreak, the frequency of infections increased and decreased
parallel with the rainfall pattern, but the virus did not subsequently reappear diring the late
rains in October, probably because of high immunity in the human population by that time."
A similar pattern occurred in the 1964 epidemic in Vellore, India.?® The highest densities
of Ae. aegypti have occurred in Thailand just after the first rains in May and the epidemic
peak has followed 2 months later. CHIK virus is only active in the rainy season in Kam-
puchea,?? while in 8ri Lanka, maximum infection occurred in June and July 1 to 2 months
after the heavy rains in May.? In other areas of south and Southeast Asia where rainfall is
not markedly seasonal, cases of CHIK. may occur throughout the year.®

D. Risk Factors

Risk factors are related mainiy to the degree of exposure of humans to the mosquito
vectors. Age, sex, and occupation are irrelevant except insofar as they may increase this
exposure. On the other hand, place of residence or temporary visits to high-risk areas have
been of primary importance. Thus, risk factors are Jargely dictated by ecological factors
determining the geographical distribution and abundance of the vectors. Where the vector
has been the domestic man-biting Ae. aegypti, risk to man has been highest among urban
populations, especially those of the lower sociceconomic class, where the container habitat
for mosquito larvae is usually most abundant and where, in some rural villages, the need
to' store water is great. Furthermore, the houses occupied by this class of the population are
less likely 1o be mosquito-proof. This probably accounts for the threefold greater infection
rate in the lower compared to the higher sociceconomic class in Mandatay, Burma, shown
by the 1973—1974 serological survey.'” Similarly, in the 1965 outbreak in Colombo, Sri
Lanka, the lowest income group had the highest attack rate.? In Africa, where proximity
to the feral transmission cycles has been of importance, high-risk areas are either forest or
riverine and savannah-woodland where the habitats of the sylvan vectors and the wild primate
hosts occur. In southern Africa, this effect of the wild transmission cycles has been clearly
evident as recognized human infection there has been restricted exclusively to ithe putative
distribution of Ae. furcifer-taylori,'*'® and, consequently, human outbreaks have been con-
fined to the tropical region of southern Africa. This region embraces the extreme north of
Narnibia and Botswana (Ovamboland and the Okavango), the lowlands of Zimbabwe, the
northeastern Transvaal and northern Natal in South Africa, and the Mozambique lowlands.
Within this tropical region, homan infection has been most intense in habitats chosen by
wild primates for their dormitories, i.e., riverine woodland and high gramte outcrops.
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Tahle 2
CHIK VIRUS ISOLATIONS FROM AEDES TN AFRICA

Country Year
Tanzania 1953
Uganda 1956

1951

1968
Nigeria 1963

1969
Senegal 1966—1967

1975

1983
South Africa 1976
Angola 1971

Central African Republic  1978—1979

Species (no. isolations >1)

aegypii (2%

africarus®

africanus (5)'®

africanus {9y

aegypti + raylori™

aegypii (13)17

huteveephalus (2), aegypii, irritans®

Jurcifer-taylori (28), luteocephalus (8),
dalzieli?

Jurcifer (29, huteocephalus (2), africanus,

necafricants, vittatus™
Surcifer-taylort (16)*
acgypti™
africanus (33)"

*  'This pool also contained 3 E‘rermqnadires grahami,

V. TRANSMISSION CYCLES

A. Evidence from Field Studies
1. Vectors

Field evidence implicating vectors largely involves that obtained by isolating the virus
fromr vild mosquito populations complemented by studies on the biology of the suspected
vector species. This section deals with virus isolation studies; those concerning vector biology

are described ir Section VI.

Virus is¢” . studies have indicated that Aedes species are the main CHIK vectors in
both wild primate and human transmission cycles. More specifically, the evidence is strongest
for species of the Diceromyia and Stegomyia subgenera, although odd isofations have come
from Aedimorphus species. Based on isolation frequency in Africa, it is clear that the main
vectors in the Afrotropical Region are in probable order of importance the Ae. (Dic. ) furcifer-
taylori pair, Ae. (Stg.) africanus, Ae. (Stg.) luteocephalus, and Ae. (Stg.) aegypti. The
evidence in Africa conceming the last species relates solely to domestic populations; in fact, *
the indications are that the feral form is not involved. Table 2 shows the numbers of virus
isolations from African aedine species according to couniry since the isolation of the prototype
strain in 1953, Of the 156 total isolations, 74% came from Ae. furcifer-taylori. Since it
became possible to separate the females of these species in Senegal, isolations of CHIK
virus have been made only from Ae. furcifer. Evidence from swdies in southern Africa
suggests that this species is also the main vector there. There have been a few isolations
from Mansonia species, (Nigeria, Uganda) and, since Mansonia africana is a proven ex-
perimental vector,!02 it is possible that this species, at least, could at times be a covector.

In £ 3, virus isolations have been obtained only from Ae. aegypti, and it is reliably
certain that this species has been responsible for the Asian urban epidemics. There were
seven isolations in Thailand in 1962 and nine in 1964.%° In India, there were 2 isolations
in Calcutta in 19647 and 111 isolations in South India in 1964.2* There were no isolations
from Cx. quinguefasciatus or from the Cx. vishnui complex. The highest minimum field
infection rate in mosquitoes was obtained over 1 week in Vellore, when it was 18/1000.

Occasional isolations have also been made from Culex species in Asia and Africa, but as
experimental transmission studies indicate that Culex species are not biological vectors, any
role these species might have in transmission would evidently be limited to mecharical

transmission.
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2. Vertebrate Hosts

There have been single isolations of CHIK virus from various vertebrates including a
golden sparrow {Auripasser luteus; in Nigeria,'” a ground squirrel (Xerus crythropus),* and
a bat (Scofophilus sp.) in Senegal,> but the only group of vertebrates for which there is a
strong body of field evidence implicating them as primary hosts in CHIK transmission cycles
are the wild primates. The evidence comes mainly from studies undertaken in several
countries in Africa. The first recorded indirect evidence of the involvement of wild primates
in sylvatic infection of CHIK was the isolation of virus from primatophilic Ae. africanus in
1956 in Uganda.® The first recorded direci evidence was published by Osterrieth and co-
workers in 1960° who demonstrated immunity ir chimpanzees in Zaire. Studies in southemn
Africa have demonstrated antibodies in vervet monkeys (Cercopithecus aethiops) and Chacma
baboons (Papio ursinus). A year after the 1962 epidemic in Zimbabwe, all the babooas and
vervets in small samples tested were seropositive.'® Similarly, after the 1976 epidemic in
the northeastern Transvaal, 70% of the sera from 92 baboons contained antibodies. ' Immune
rates of 25% were found in vervets in northern Natal, South Africa, and of 16% in baboons
in the northeastern Tra 3vaal and Zimbabwe sampled in regions which had not experienced
epidemics.®? In Senegal, isolations have been made from vervet monkeys (two), the baboon
P. papio (one), and the bushbaby Galago senegalensis (one).'?** Serological studies in
Nigeria have shown immune rates in three monkey species: Erythrocebus patus (10%), C.
aethiops tantalus (7%), and C. mona (20%}).*' Inmunity has been shown in monkeys sampled
at various localities in Uganda,? and in the Zika forest near Entebbe observations indicated
the occurrence of an intense sylvan epizootic of CHIK in a cycle between red-tailed monkeys.
(C. ascanius schmidti) and Ae, africanus. These long-term studies at Zika have provided
evidence that suggests a 5- to 7-year periodicity in CHIK activity in the forest related to the
reproductive replacement of immuae monkeys by nonimmune monkeys.®

Serological tests done on a variety of wild primates imported into the U.S. have shown
significant immune rates in gorillas, chimpanzees, baboons, vervets from Afiica, and or-
angutans and macaque monkeys (Macaca nudatta) from Asia. '™ Other evidence for infection
in Asian monkeys was obtained in a serological survey from 1962 to 1970 in Malaysia which
showed a low immunity rate.'%

In Uganda, no antibodies were found in 224 Tadarida bats and 78 other bats of 7 other
species, nor in samples of birds, rodents, and cattle.®!% In Bankok, however, antibodies
were reported mn cattie, water buffalo, horses, pigs, dogs, rabbits, and bats, but not in cats
or rodents.®! Titers of virus recorded in patients during the Calcutta epidemic of 1963—1964
ranged from 1 to 7.0 log/m€.2*7! The higher titers would allow significant numbers of Ae.
aegypti and other vectors to become infected and subsequently transmit virus.'®®

B. Evidence from Experimental Infection Studies
1. Vectors

The first vector competence test with CHIK virus was done by Ross® with Ae. aegypti
from Uganda: 87% of the mosquitoes became infected after feeding on a virus suspension
through a bat wing membrane, and 25% of the infected mosquitoes transmitted the virus
into blood suspensions through other membranes.® Since this experiment, reported in 1956,
there have been several tests with Ae. aegypti, frequently attempting to fransmit the virus
to infant mice. Whether the population of Ae. aegypti is the feral form (subspecies formosus)
or the domestic form has not been stated in most reports. The 50% infection thresholds
determined range from 6.7 to 9.2 log/nf, and transmission rates were 13, 78, 27, and 90
to 100% in mosquitoes previously fed on infective meals with titers 7.3, 8.2, 8.9, and 9.2
log/mf, respectively.®1%12 Since this virus probably does not circulate much above 7.0
log in humans, these figures suggest that some populations of Ae. aegypti would be rather
imefficient vectors during man-to-man transmission. Mechanical transmission between mice
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Table 3
RESULTS OF VECTOR COMPETENCE TESTS WITH VARIOUS MOSQUITO
SPECIES AND CHIK VIRUS
50% infection
threshold Transmissinn
Species Countrytontinent (tog,,/mé) (host antmal) Ref.
Ae. furcifer South Africa <$6.2 +, 25%, 32% {monkeys, 102
hamsters)

Ae, vittatus South Africa <6.7 + {hamsters) 12
Ae fulgens South Africa ca. 7.0 + {hamsters) 162
Ma. africana South Africa ca. 7.0 +, 29% (monkeys) 102
Ae. menallicus South Alrica >72 + (hamsters) 112 N
Ae, ledgeri Sowh Africa >7.2 + (hamsters) 1127
Ae. simpsoni South Afiiea <5.2 -~ {monkeys) 1o
Ae. circumluteolus South Africa >7.3 — {monkey) 110
Ae, apicoargentens Uganda + + (monkey} 1i6
Ae. togoi Asia + + Hl
Er. chrysogaster Tropical Africa + + 109, 111
Note: + = infection or transmission; — = no transmission; % = transmission rate {proportios of infected

mosquitoes mwansmitting virus).

by Ae. aegypti has been shown to occur up to 8 hr zfter the infective feed and the most
efficient transmission occurred within the first hour.'™ All Culex species so far tested ~—
Cx. quinquefasciatus,"'® Cx. molestus,'® Cx. horridus,’® Cx. poicilipes, and Cx.
univittatus"'® — have been found refractory to infection with CHIK virus, Tests have shown
Anopheles species to be barely susceptible to infection (An. gambiae®*''* and An. stephensi''*)
or susceptible but unable to transmit (An. albimanis').

Tests on other aedine mosquitoes that have been incriminated as vectors in field studies
have been done in the case of Ae. furcifer in South Africa’™!3 and Ae. africanus in
Uganda.!'® Ae. furcifer has a 50% infection threshold of <6.2 log/m¢f and a transmis,
rate of 25 to 32% which would enable it to participate in transmission cycles involving
vervet monkeys and baboons which circnlate virus at levels up to about 7.0 and 8.0 iog/mé,
respectively. Furthermore, two laboratory personnel were accidentailly infected by bite by
Ae. furcifer which had previously fed on viremic monkeys.!'® Ae. africanus has also ex-
perimentally transmitted the virus between rhesus monkeys.!!®

The results of the experiments done on Ae. furcifer as well as those done on other species
are shown in Table 3. The 50% infection threshold for Ae. virratus, Ae. fulgsns, and Mansonia
africana would permit them to become infected in nature by feeding on viremic vervets or
baboons so that the reasure of their susceptibility and ability to transmit the virus makes
them potential vectors. Ae. metallicus, Ae. ledgeri, and Ae. circumluteolus were poorly
susceptible and largely failed to transmit; Ae, simpsani, although susceptible, did not transmit
the virus. Some populations of Ae. albopictus, the Asian species, have been shown as better *
vectors than populations of Ae. aegypti %1% while other populations appear to be less
efficient vectors.!'* Hence, Ae. albopictus can be regarded as a potential feral vector in
India and Thailand.

2. Vertebrate Hosts

In one study, cattle, sheep, goats, horses, and various species of birds showed no viremia
after inoculation of CHIK virus. There also was no antibody response except for low-titer
hemagglutinating antibodies in some of the goats and sheep.®® In another study, a significant
number of horses and cattle developed hemaggiutinating antibodies after ine culation, but
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the positive reactions in horses may have resulted from cross reactions with antibodies to
Getah virus.'"” o

* 1n Uganda, inocuiation of the fruit-eating bat Eidolon heluym failed to elicit either viremia
or an antibody response."'® However, inoculation of the insectivorous bats Pipestrellus nanus
and Tadarida acgyptiaca in South Africa caused viremias lasting at least 3 days ranging
from 4.9 t0 6.7 and 3.0 to 5.3 log/m¢€, respectively, and the bushbaby or night ape (Galago
senegalensis) circutated virus for at least 3 days at concentrations of from 4.1 to 7.2 log/m€. %
Inoculation of virus into South African rodents showed that only one species, Mystrontys
albicaudatus, the white-tailed rat, circutated virus at high levels of from 4.2 to 8.1 log/m{.*?
The distribution of this rodent does not, however, coincide with the distribution of CHIK
virus.

Studies with Indian rhesus monkeys (Macaca radiata) and South African vervet monkeys
(Cercopithecus aethiops) and baboons (Papio ursinus) demonstrated that all circulated *he
virus at high concentrations and developed hemagglutinating and N antibodies. Viremia in
rhesus monkeys lasted up to 6 days and titers were 3.3 to 7.5 log/m{ by mouse titration.**
Similar tests done with African and Asian strains of the virus using the less sensitive monkey
kidney cells for (itration of virus showed viremia of up to 5 days duration and titers of 3.5
to 5.0 and 4.5 to 5.5 log/m¢, respectively.'!® Titers in vervet monkeys and baboons ranged
from 3.5 to 7.0 and 4.6 to 8.2 log/m¢é, respectively. and the viremia lasted up to 4 days.®

C. Maintenance/Overwintering Mechanisms ' _ B

From observations in a small, isolated, moist equatorial forest at Zika near Entebbe,
Uganda, it was postulated in 1971 that CHIK virus, together with Zika virus, were not being
maintained in a monkey Ae. africanus cycle within this forest.” Instead, it seemed that viral
activity in the monkeys followed the introduction of virus, and the subsequent monkey
epizootics were in time terminated because of rising monkey immunity and could not recur
unti] adequate replacement of immunes had taken place. This resulted in a 5- to 7-year
periodicity in their activity and, during the interepizootic years, virus was absent as became
apparent by the failure to isolate the viruses from Ae. africanus. It was conciuded that CHIK
virus could only be maintained in a very large forested area by a series of epizootic foci

* moving continually becatise of the changing pattern of wild primate immunity. Movement

of viius within forests could be accounted for ..’ long-range dispersal of Ae. africanus and
extra-forest Ae. africanus could transfer virus between forests.

Observations on yello v {ever virus in West Africa by workers in Scnegal, the Ivory Coast,
Upper Volta, and the Central African Republic led them to postulate that this virus is
maintained at low levels in an enzootic cycle between Ae. africanus and monkeys in moist
equatoriat forests.!®*13-122 Fyrthermore, the evidence indicated that after heavy rains, yel-
low fever virus spills over from this enzootic forest cycle into the surrounding savannah-
woodland so that high rates of transmission occur involving monkeys, man, and vther sylvan
Aedes species. This region surrounding the forests was thus named the zone of emergence.'?
The general belief now is that CHIK virus has a similar ecology.?® After heavy rains, CHIK
virus alsc appears to spill over from the enzootic forest cycle to the savannah-woodland
where an epizootic cycle is initiated between Ae. furcifer taylori or Ae. luteocephalus and
moitkeys. '*'2 This extension of i~ * - .ion to the savannah-woodland region is thought to be
affected by either viremic monke, . or infected Ae. furcifer-taylori.

In southern Africa where there are no extensive evergreen forests with Ae. afiicanus or
an equivalent species as vector, it does not seem likely that the virus could be maintained
by a similar enzootic forest cycle. The occurrence of adult females of Ae. furcifer-taylori
in the wooded savannah areas is relatively short lived and dependent upon adequate summer
rains with sometimes tong intervals of up to several years during drought periods when
adults are either absent or present in only small numbers. This suggests that the culy
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mechanism that would permit the virus to persist is survival in the dormant egg stage of Ae.
Jurcifer-taylori mosquitoes followed by vertical (transovari~l and transstadial} transmission
to the next generation. Studies in southern Africa have so far failed to provide evidence of
vertical transmission in Ae. furcifer-taylori either experimentally in the laboratory,' or in
the field by testing newly emerged adults which were the progeny of naturally infected
females of the previous summer, ar by exposing in the field eggs laid by experimentally
infected females and testing the adults reared out the following spring.''? There is, in fact,
only the smallest of evidence for the natural occurrence of transovarial transmission in the
case of any Alphavirus, and the only evidence in support of aedine transovarial transrission
is the laboratory transovarial transmission of Ross River virus in Aedes vigilax.'* There is,
however, evidence that Ae. furcifer-  -lor{ may be involved in thz vestical transmission of
yellow fever as isolations of this vi:. have been made from males of this mosquito in
nature,'? .

In both Africa and Asia, the virus can doubtless survive for considerable periods in the
epidemic man-Ae. aegypti cycle, moving frum locality to locality according to the availability
of sufficient numbers of susceptible human hosts.?* Whether this is the only way by which
it has survived in Asia or whether there is a feral maintenance vycle, similar to the Aftican
ones, which cccurs there remains to be ascertained. The apparent disappearance of CHIK
virpe from Bangkok in the prcscncc of Ae. 1egypti® does not support transovarial transmission
in this species.

VI. ECOLOGICAL DYNAMICS

A. Climate and Environment

CHIK virus is strictly tropical in distribution which is clear frum its geographical distri-
bution pattern in southern Africa where the virus is absent from the temperate areas. The
location of past human outbrezks and antibody surveys in humans and wild primates in
South Africa suggest that low temperature, and not low rainfall, is the main factor excluding
virus from the temperate areas. This is particularly evident in Natal where the southern limits
of the virus apparently correspond with the 18°C midwinter isotherm.®? It scems that tem-
perature exerts its effect tiirough the ecolo --al requirements of the vector which, in southern
Africa, is Ae. furcifer-taylori rather than the wild primate hosts. For the same reasons, it is
essentially a virus of lowlands and woodland, the latter being necessary because the sylvan
vectors breed exclusively in tree-holes, Within the tropics of Africa, the virus occurs in a
variety of woodland. In Ceniral and West Africa, it is apparently enzootic in Iarge rainforests
from where it probably emerges periodically during the rainy season intv the adjoining
semihumid savannah-woodland and subsequently even beyond that into semiarid savannah-
woodland; the geographical limits of emergence are dependent upon the degree of precip-
itation and availability nf susceptible wild primates and humans. In regions where forest is
limited, e.g., southern Africa, the identity of the enzootic environment remains obscure,
although wild primate epizooticity and human outbreaks have been linked unquestionably
to the occurrence of abnormally wet summers in mixed savannah-weoodland. In tropical
Asia, where outbreaks have been temporally associated with heavy rainfall, the original
source of the virus has not been determined.

B. Virus Transmission

A computer-simulated model of & CHIK transmission cycle indicated that provided there
was a reasonably large number of vertebrate hosts present, the most critical factor in the
transmission cycle is the survival probability of the vector.’* It seems that vector longevity
could decisively influence transmission in both human and wild primate cycles transmitted
by Ae. furcifer-taylori in the savannah-woodlands of Africa, since these species are only
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active for a relatively short period coinciding with the warm rainy season. During the outbreak
in Zimbabwe in 1962, which started in January, the outbreak =nded dramatically with the
onset of cold weather in early May.'** In retrospect, it also seems likely that short-lived
Ae. furcifer-taylori teqminated a monkey epizootic in gallery forest in South Africa.!**
However, it would . that CHIK transmission cycles are influenced more frequently by
rising immune rat hie vertebrate hosts, This could well be the liiting factor in Ae.
aegypti-transmiited urban cutbreaks where very high postepidemic immune rates have been
recorded in Asia and where outbreaks have ended without any vector control measures being
applied. Rising immune rates are also believed to be the limiting factor in localized Ae.
africanus-transmitted monkey epizootics in rain forest,” and probably also frequently end
Ae. furcifer-taylori-transmitted wild piimate epizootics in savannab-woodland.

€. Vector Species
1. Aedes africanus

This vector is the most consistently numerically dominant arboreal mosquito species in
the rainforests of West and Central Africa.!**'* Studies in Uganda showed that this species
had a maximum density at 12 to 18 m in the forest canopy where its single sharp peak of
biting activity occurred from 1800 to 2200 hr at the time when the monkeys had seitled for
the night in the canopy of their dormitory trees. ' 1% {n Uganda, this species can also survive
as an aestivating adult during periods of matked drought. In both West Africa and Uganda
it was observed that during the day the mosquitoes moved from the canopy to the ground
and that at this time feeding on humans was greater on the ground than at night.!?*1%7
Mosquitoes oviposited at about the same frequency in tree-holes as in the frvits of Saba
senegalensis hollowed out by monkeys and dropped on the torest floor. In the semihumid
‘savannzh-woodland of the Central African Republic, biting females with a remarkably
constant parous rate were collected throughout the year, although their numbers dropped to
very low levels by the end of the dry season.'?® Observations showed that the gonotrophic
cycle lasts 4 to 8 days and daily adult fernale survival rates vary trom 0.925 in June in the
first half of the -ty season to .95 in October at the end of the rainy season. Hence,
Iongevity increases in the second half of the rainy season.!®

2. Aedes luteocephalus

In the savannah of eastern Senegal, Ae. luteocephalus is the predominant species in
mangrove gallery forest, where humidity is high and temperature is fairly constant, and it
is still abundant in the adjoining drer forest zone but is rare in more distant arid zones. In
the mangroves, Ae. luteocephalus is active for 5 months of the year compared to only 3
months i drier forest. This mangrove forest was thus regarded as the ‘‘zone of intensifi-
cation’” of virus transmission. ' It seems that this vpecies has a major role in amplification
of CHIK virus in the early part of the rainy season, but that Ae. furcifer assumes this role
later in the season.'®

3. Aedes furcifer-taylori

The ecology of Ae. furcifer-taylori has been studied in the savannah-woodland of eastern
Senegal®” where it is the pumerically dominant mesquito. These mosquitoes prefer to ovipost
in tree holes with small openings and have a low preference for bamboo pol. '*! The eggs
hatch in installments after successive immersion by successive rains. There is possibly only
one generation a season with long intervals between the hatching of different groups of eggs.
More recent work in eastern Senegal, done since it became possible to separate the females
of Ae. furcifer and Ae. raylori, has shown that Ae. taylori is more active in the canopy,
biting little at ground level in villages,'®'*® and suggests that this species is more exclusively
simiophilic than Ae. furcifer. It seems to persist longer than Ae. furcifer after the end of the
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rains probably because of a greater longevity. Ae. furcifer, in spite of a marked canopy
activity, is alsb quite common at ground level, particularly in the nearby villages. Biting is
mainly nocturnal with a peak between 1800 and 2100 hr — the first 3 hr after sunset.
Observations suggest that Ae. furcifer-taylori takes two blood meals in vne gonotrophic
cycle, which would enhance transmission of virus. Mosquitoes probably use resting sites in
the canopy rather than on the ground. The proportons of Ae. raylori to Ae. furcifer in
Senegal was 1:3.1%

The observations described above agree largely with those made in the wooded savannah
of southern Africa where it has not as yet been possible to separate females of the two
species.'® Studies there indicated that Ae. furcifer and Ae. taylori usually coexist and that
Ae. furcifer is probably more abundant than Ae. taylori. For example, in several series of
collections based on the collection of males coming to human and wild primate bait, the
furcifer to 1aylori ratio was 32:1. Ae. furcifer-taylori was by far the most prevalent species
feeding on wild primates in the canopy and was 10 times more prevalent in the canopy than
on the ground for 2 hr after sunset, although at times large numbers were collected on the
ground on human bait.'® In western Zimbabwe, the only occasion when Ae. taylori was
evidently the numerically dominant species, it was not collected on the ground at a time
when large numbers were collected in the canopy, suggesting that Ae. taylori may play a
relatively smaller role in human infection.

4. Aedes aegypii

The man-biting habits of domestic Ae. aegypti appear to vary in different countries where
CHIK epidemics have occurred. On the Makonde Plateau in Tanzania in 1952—1953 it fed
on man mainly inside the huts but also outside on the verandahs,? while in Bangkok in 1962
biting was largely indoors. In Bangkok, the epidemic dissemination of CHIK virus accom-
panied the annual monscon and varied directly with the density of Ae. aegypti.'*? Since
about 1963, populations of Ae. aegypti in’ Calcutta appear to a large extent to have com-
petitively displaced those of Ae. albopictus in the u'ban areas,'®

If Ae. aegypti were to be eradicated from these areas, Ae. albopictus might well come in
from the adjoining rural areas to occupy the vacated urban habitat. A feature of the 1964
epidemic in Madras and Vellore was the rapid build-up of human cases so that within 12

weeks nearly 40% of the pepulation had become infected. It was suggested that this rapid

spread of virus might have been due to the daytime biting habit of the local Ae. aegypti.
During the day the human hosts are more likely to disturb the mosquitoes, thus interrupting
their feeds, so that a mosquito moves to another host to finish feeding thus tramsmitting the
virus mechanically.""?

The present population growth in Africa with its associated urbanization could lead to
large-scale future epidemics on the scale already experienced in Asia, with the possible
maintenance of the virus in an Ae. gegypti-man cycle.

D. Movements and Migrations of Vectors and Hosts

*fonkeys in the savannah-woodland of eastern Senegal sometimes move from woodiand
to the nearby villages in search of food.! In this way, they piobably take infection from
the feral to the domestic transmission cycles. An alternative way for virus to reach the
villages is probably by Ae. furcifer flying from woodland, as it has been shown to fly
distances of up to 3 km, '™ This strong flying abilitv, together with its habit of feeding buth
in the canopy and on the ground in woodland and on the ground in the villages'*® would
enable it to fulfill this role. In evergreen forests in West Africa and Uganda,’*™'* the
propunsity of Ae. africanus to move from the canopy to the ground in the daytime #nd t~
migrate above the forest canopy would enable this species to disseminate virus between
forests and from sylvan transmission cycles to man.
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VI, "’REVENTION AND CONTROL

Although several experimental macnvated vaccmes have been produced 135128 Vaccines
have not yet been used to contro! outbreaks of CHIK. However, with the possible increase
in human infection in the future, there may well be a need for a live virus vaccine. Control
meastires would therefore center around the avoidance of mosquito bites and the reduction
in the density of vectors. In rural areas of Africa, the feral vectors are most active for only
~afew hours after sunset which facilitates the avoidance of these mosquitoes. In urban areas

. infested by Ae. aegypii but free of disease, quarantine measures could be applied to prevent
the introduction of virus, Mosquito control may be needed in urban epidemics. The breeding
sites of Ae. aegypti should be eliminated by reducing ihe number of water containers in-
and outside homes and supplying these with piped water, Insecticidal control of adult
mosquitoes and perhaps jarvae may be necessary. Surveillance of Ae. aegypti densities by
regular collection of larvae should form the background of any such cenirol program,

VIHI. FUTURE RESEARCH .

- Aspects of CHIK epidemiology requiring investigation include the possible role of bats
- in viral dissemination and maintenance; the identity of the wild primate species in the forests
of Africa primarily concerned with viral maintenance or amplification; the possible existence
of a feral transmission cycle in Asia; the mechanism of viral survival in nature, whether it

- _ i5 in fact through continuous transmission in moving foci of wild primate infection in large
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rdin forests ¢~ whether it is primarily dependent upon vertical transmission in the mosquito
host; the blology and taxoromy of the four 1mportant vectors; and the development of a live
virus vaccine. : :
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The Aedes {Diceromyia) furcifer group (Diptera: Culicidae)
in southern Africa; _idcntiﬁcatidn and occurrence of Ae. furcifer
" (Edwards) and Ae. cordellizri Huang

by
P.G. Jupp, B.M. Mclntosh and A. Kemp
Arbovirus Unit, National Institute for Virology, Depariment of
vhology, University of the Witwatersrand, Private Bag X4,

Sandringham 2131, South Africa

In southern Africa, the Aedes subgenus Diceromyia Theobald comprises Ag.

fascipalpis (Edwards), Ag. adersi (Edwards) and the Ac. furcifer group of mosquitoss.

The latter is important medically as it contains vectors of yellow fever, dengue and
chikungunya viruses. The Ae. furcifer-taviori group was implicated as a vector of
yellow fever in the Sudan in 1940 by Lewis (1942; 1943) and has been deeply
incriminated as s_uch a vector in West Africa (Cornet et al. 1979a; Port & Wilkes
1979). This mosquito group is also a vector of dengue-2 virus i the Ivory Coast and
Burkina Faso (Upper Volia) (Cordeltier et al. 1983; Roche et al. 1983) while Ae.
furcifer (Edwards) has been incriminated as a vector of chikungunya virus in Senegal
(Comet et al. 1979b; Anonymous 1984).

The Ae. furcifer-taylori group is a vector only of chikungunya virus in

southern Africa. During early work on mosquito vectors in relation to activity of
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chikungunya virus, mosquitoes collected at Chipinda Pools in south-eastern Zimbabwe

(Mclntosh et al. 1964), at Nduniu in northern Natal-KwaZulu (McIntosh gt al. 1972),
and at Mica in the qorth—mstem Transvaal (MclIntosh ¢t gl. 1977) were identified as
belonging to the Ae. fuscifer-taylori group. More recently, li.owever, Huang (1986)
revised the taxonomy of the Ae. furcifer group and described a third species, Ae.
cordellieri Huang. In the light of her work, male mosquitoes from Mica previously
identified as Ae. taylori were reexamined .by Jupp and Mclntosh (1990) and found to
be Ae. cordellieri. Owing to this development we reexamined all the male specimers
of the Ae. furcifer group in our collection to determine the distribution in southern

Africa of Ae. furcifer and Ag. cordellieri and whether Ae. taylori does in fact occur.

From an examination of specimens from the Ivory Coast, Huang {1986)

distinguished between females of Ae. furcifer and Ae. cordellieri on the basis of the

ornamentation of the abdominal tergites. Her conclusion was that Ae. cordellied

could be distinguished from Ae. furcifer by the absence of pale scales on the

dorsomedian areas of tergites II to VII and appareﬁtly by the absence of basomedian
white bands on tergites Il to VII. Ag. furcifer had prominent basomedian white bands
and scattered dorsomedian pale scales. We examined female mosquitoes belonging

to these two species in South Africa to see whether they were separable.

Except during periods of heavy rainfall in wooded savanna in the tropical
region of South Africa, the furcifer group is seldom taken in human-baited catches.
Because of this, we sampled the group by exposure of bamboo pots for oviposition

in riverine forest at Ndumu. Aedine eggs deposited in the pots were reared to




adulthood and Ag. furcifer group mosquitoes thus obtained were pouled together in
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cages measuring 20 x 20 x 20 cm. They were allowed to feed on hamsters and

separate families were subsequently reared from the gravid females. Slides of
genitalia were prepared from 1-7 males in each of 12 families to make a firm
'idenﬁﬁcaﬁon and to confirm the absence of any possible kybridisation which might
possibly have occurred between Ae. cord-ilieri and Ae. furcifer while they were still
mixed together in the rearing cage. Tergite ornamentation was examined on all

females and some males represcating each family.

Ae. cordellieri oviposited poorly and eggs proved difficult to rear so that only

a small number of females were obtained for study. From this parental generation,

three families of Ae. cordellieri were reared in which there were five, one, and one

females respectively. Yellow and white dorsomedian scales were either present or
absent on tergites 1! to VII in these seven mosquitces (and, notably, in the five
siblings), indicating that this character is polymorphic in Ndumu populations of Ag.
cordelfieri. Furthermore, whité basomedian bands were nearly always present on ali
tergites indicating a further difference hetween Ag. cordellieri from South Affica and
the Ivory Coast. Hence it wasn’t possible to distinguish between females of the two
species from Ndumuw. Males of the two species can not be separated by iergite
morphology either so that examination of male genitalia is essential for diagnosis.
This is straightforward as geaitalia can be readily distinguished without their removal
from the mosquitc: Ae. furcifer possesses 2 tuft of long, curled, crange setae on the

apicomesal area of the gonocozite which is entirely absent in Ae. cordellieri. The




available records for distribution of the two species in southern Africa are listed
below. These are all based on identification from male genitalia,

Ae. furcifer and Ae. cordellieri. |
Robin’s Camp, Hwange {Wankie) Reserve, Zimbabwe (Mclntosh unpublished);
Chipixida Pools, S.E. mebabwe (Mcintosh et af. 1964; McIntosh unpublished);
Mica, N.E. “ransvaal (Mclntosh et a]. 1977; Jupp & McIntosh 1990);
Skukuza, E. Transvaal (Kemp & Jupp 1991);

Ndume, N, Na_ta‘.—KﬁaZqu (Mclntosh et al. 1972: Kemp & Jupp 1991).

Ae. furcifer. |

Newington, E. Transvaal {(Mclntosh unpublished);

Othawa, E. Transvaal (Meclntosh unpublished);

Rolle Siding, E. Transvaal (Bdwards 1941, p.216);

Tzaneen, N.E. Transvaal (Ingram & De Meillon 1929, p.139;
Potgietersrust, N. Transvaal (Muspratt 1955);

Malelane, E. Transvag] (Ibid.);

Durban, Natal (Kemp & Jupp 1991).

Ae. cardeifieri.

Gwalaweni & Dukuduky forest, N. Natal-KwaZulu (Mclntosh unpublished).
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RIFT VALLEY FEVER
2. ATTEMPTS TO TRANSMIT VIRUS WITH SEV¥N SFECIES OF MOSQUITO*

B, M. McInrosu™, P, . Juep*®, I ANpERSON** AND D, B. Dickingon**

BUMMARY

Seven species of mosquito among the
faune of Southern Africa were iested for
their ability {o transmit Rift Valley fever
virus. Anopheles coustani, Aedes lineatopen-
nis and Aedes circumluteolus wore readily in-
fected by high doses of wirus but attempts
at transmission of virus failed. 'These were
regarded a5 inconclusive because only a small
numhber of mosquitoes was fed. Culex theileri,
Culex zombaensis, Culex neavei and Fretmo-
podites quinguevitivtus all successfully trans-
miited virus gt varying degrees of efficiency.
Culex theileri was the most efficient vector
and 92 tc 100 per cent of females of this
species were infected by 6,6—B85 log LD
of virus and 11 out of 20 mosquitoes trans-
mitted virus, Seventy-five per cent of Culex
zomhaensis were infected by 5.8 lor T.I) of
virus and at least 2 out of b mosquite: 3 trans-
mitted wvirus, Between 31 and 69 pe+ cent
of Culex neuvei were infacted by 8,6—8,5 log
LBy of virus and about 3 out of 22 mosquitoes
transmitted wvirus. The poorest wector was
Eretmapodites quinquevitietus which was
readily infected but only aboui one out of
22 mosquitoes transwnitted virus, Attempts
to demonsgtrate transovarian {ransmission of
virus with this species failed.

INTRODUCTION

When Rift Vallay fever (RVF) appeared
in domestic atumals in Southern Africa in
1069, only Aedes aegupti' and Aedes cabellus?
among the mosguito fauna of thig region had
been shown capable of transmitting the virus,
A.geqypti has not been implicated in the
transmission of this virus during epizootics
and seems unlikely to become s0 in the future.
Gear et al,* had collected A. caballus during
an outbreak in sheep near Luckhoff, Orange
Free State, exposed three lotg of these mos-
quitoes to lshoratory mice, and successfully
transmitted virus with one lot, Subsequent
attempts, however, to transmit virug in the
iaboratory with A.caballus collected near
Johannesburg had failed (Arbovirus Research

Unit, unpublished work), It has now become
apparent that what is ai present known as
A, cabollus in South Africa probably consists
of two species, ag yet unnemed, and it will
probably never be possible to establish which
of these were used in the aforementioned
experiments, because both species probably
ocour at Lauckhoff and Jfohannesburg, the
localities whenee the mosquitocs used in the
tests originated. These experiments, therefore,
can no longer be interpreted satisfactorily in
terms of transmission in the field. Informa-
tion on gpecies capuble of trangmilting RVF
was therefore minimal during the recent
epizootics, making it difficult to identify the
imporiant vectors, particularly when frans-
mission was observed to oceur in the absence
of species of the A, rabailus group,

In an attempt to remedy this deficiency,
transmission tests wetre conducted with seven
species of mosquitn, These had come under
suspicion as vectors because of their feeding
habits, distribution and prevalence, and, in
some species, also because of the isolation of
RVF virus from wild-caught specimens.

METHODS

With the exception of Culex theileri, the
fermales of all species used in the experiments
were first generation progeny reared from
wild-caught fernales, Those of C. theileri were
from 2 laboratory-maintained colomy in its
12th generation, established from material
collected at Lake Chrissie, Transvaal. The
Anopheles coustani, Aedes linearopennis and
Culex zombaensis came from near Salishury,
Rhodesia, the Aedes circumluieolus and Culex
neavei from Ndumy, Natal, and the Eretma-
podites quingquewittetus from Port Shepstone,
Natal,

Attempts to infect mosquitoes were made
by feeding them on either calves or hamsters
while these animals were viraemic afier in-
orulation of wildtype RVE wirus. Shortly
before feeding started, s blood sample was
coliected from the vicsemic animal to deter-

*The studies end cheervations on which this paper i baged were financed jointly by the South African Insiitute for
Medical Research and the Poliomyelitls Research Foundation,
*» pAvbhnvirue Reseaveh Unit, South African Institute for Medieal Regearch, Johannesburg.
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mine its virus content. This was done by
titration intracerebrally in infant mice and
virus concenirafions are expressed as the
logarithm of the LDw per 002 mi of mouse
inoeulumm.

Infection of individual mosquitoes was
determined by inoculation of g suspension of
ithe mosquito into infant mice, In cases where
mogquitoes had been used in transmission
attempts, these determinations wetre done on
all mosquitoes two days after feeding, Hence,
the ‘infection status’ of all mosquitoes used
in attempted transmission was krown,

‘Infected" mosquitoes, i.e., all those which
had engorged on the viraemic animal, were
held at 80¢% relative humidity and 268°C for
periods of from 9 to 30 days before transmis-
siong were attempted; the actual time in each
experiment is given in the table,

Transmission attemnpts were made by
feeding ‘infected’ mosquitoes on either a ealf,
Yamb, hamsters or § days old mice, as indicat-
ed in the table, exposing each animal to
single or several mosquitoes. These attempts

were considered valid only when one or maore
of the mosquitoes feeding were shown later
to contain virus.

With the calves and lamhb a positive or
segative transmission 'was established by
antibody tests on serum collected two weeks
after mosquito feeding, with hamsters and
mice by desth of the animal and confirma-
tion of the cause of death by histological
examination of the liver and usually also
by isolation of virus from the dead animal
In addition, surviving hamsters were bled
after three weeks for an antibody test on
the serum to exclude the possihility of =
non-fatal infection.

REBULTS
Anopheles coustani

From the table it can be seen that three
attempts were made to infect this species,
two irom a virsemie calf apnd one from a
hamster. At a virus concentration of 7,5 log
LDg, 100 per cent of mosquitoes were in-
{ected whereas at the lowest concentration
of 4,3 log LDy, 456 per cent became infected.

Tabje: RESULTS OF ATTEMPTED INFECTION AND TRAMNSMISSION OF RVF VIRUS WITH SEVEN
MOSQUITO SPECIES

R

v Virus Mosquito infaction ‘Transmisslan
[raemlc | concentra~
Specles e, In
Animal tl!?:udn Day Rata 24 Duy Host Result mg::lii\t':es Rate
_feeding {
An, coustani Hamster[ 6,0 - 8—20 71(8)§ NT
Calf 7.5 14=18 | §00{10Q 1 Lamb Meg, 1
. Calf \ 8—16 | 4511 NT .
A, lineatopenniz Calf &4 614 | 43(7} 14 Mouse Neg. 1
A, circuminteoius Calf 64 100(4) NT
Calf 48 14—38 | 24(5%; 14 Calf Neg. 2
19 Mouse Neg, 1
e 23 Mouse Neg. 1
C. zombaensis Hamster| 58 8—32 | 75(24) il Hamster| Pos, I
15 Hamster| Pos. 2 115
. 30 Hamster] Neg. 2
C, neayei | Hamstar]{ 4.6 18—20 | 331{28} 17 Mouse Pes. 11
17 Hamster| Neg. 5
Hamstery 7,5 1920 | &9{16) 7 Hamster| Pos. 4
18 Hamster] Nag, 2 321
Hamster{ 8&,5 19—20 1 68(19) 18 Mouse Neg. 1
18 Hamster{ Pos. 7
- - _ 18 Hamster] _Nep. )
€. thelleri Hamster] 6.5 i0—22 1100{25) 19 Micet Pos. 2 112
Hamster 84 19—22 95 44} 198 Mice Pos, 11 57t
Hamster| 8.5 N—22 | 92424} 20 Mice Pos. 7 517
E. guinquevittatus Hamsterf 55 17—69 | 83(21) n Hamster] Neg. 10
Hamsterf 6,0 2177 | 57{28) 22 Hamster{ Neg. 5
24 Hamster| Neg. 2 112
Hamster{ &6 B—135 N7 19 Mouse Pos. 2
Hamsterli 7.3 9—29 | 80(20} 9 Mouse Neg. 3

§Flgure In parenthesls indlcates number of mosquitoss on which percentage is calculated.

*Successful transmission resuitlng from an unknown number of mosquitaes probing but not Imbiking blood.

fln all transmisslon attempts with C. theileri each mouse was exposed to ong mosqulto.

NT=no test
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Unfortunately, during the attempted trans-
misison of virus, only one infected mosguito
whag induced o feed. This occuxred on a lamb
on the 16th day and no transmission regulted.
Hence, apart from the observation that .his
species is easily infected at the dosages used,
no corclusion on its veetor peotential can be
arrived at, because inadequate numbers of
mpsc_iuitoes fed during the attempted frans-
mission,
HAedes lineatopennis

Considerable difficulty was experienced
in getting adequate numbers of this species
to feed even at their first feeding, Af a virus
concentration of 6,4 log LDw, 43 per cent
{based on only seven mosquitoes) were in-
fected, On the 10th day two mosquitoes fail-
ed to transmif 1. mouse. Here again it is
believed that nw oers of mosquitoes were
insgfficient for a reliable conclusion fo he
made.

Aedes circumlutecius

In one of the two experiments with this
species only 24 per cent of mosquitoes were
infert~1 at 4.8 log LDw and in the other all
Tour mosqguitoes impibing 6,4 log LD of virus
became infecied. In the former experiment
attempts at transmission were made on the
l4th, 19th and 23rd days and quite large
numbers of mogquitoes fed on the czlf and
mice but because of the low infection rate
only Tour were inlectlve, These failed to
transmit the wvirus, While this species should
not be clagsified as a non-vector on the basis
of only four mosquitoes, it would seem that,
at best, this species would be a wvector of
only moderate capability because of low sus-
ceptibility to infection. Nevertheless, this
species oeeurs in prodigious numbers on the
coastal plains of northern Natal and Mocam-
bique: it is quite posible thai high popula-
tions may well compensate for its poor vector-
ship to make this species an Important vector,

Culex zomboensis

Seventy-five per eent of this species were
infected by 5.8 log LDg of virus. There were
successful wransrrissions to hamsters exposed
to groups of mosauitoes on the 1lth and 16th
days. On the former occasion none of the
mosquitoes engoeged, the fransmission in this
instance vesulting from probing without the
mosquito imbibing any blood. An attempted
transmirison on the 30th day with two mos
quitoes failed, If it is assumed that only a
gingle mosquito transmitted virus on the 1lth

and 15th days, an over-all trangmission rate
of 40 per cent is arrived af. Although RVF
virus has never been isolated from L. zomba-
ensis, the results show this species to be an-
other potential veetor in the lowlands of Natal
and Mogambigue, where it is prevalent and a
frequent feeder on the lerger domestic
animals,
Culexr negvet

In three experiments this species was
shown tc possess a moderate degree of
susceptibility to infecilon and mosquitoes
successfully transmitted the virus on three
occagions io either mice or hamsters. There
was & considerable number of failures, how-
ever, and with 2 possible over-all fransmig-
sion rate of only 14 per cent, thiz species
seems to pogsess only a fair degree of vector
eapabiiity.
Culex theileri

This species was easily infected (52—100
per cent) at the three rather high concenira-
tions of viruig used. In the transmission tests,
in all of which individual mice were exposed
to single mosquitoes, a total of 11 out of 20
mogquitoes engorged and transmitted virus,

giving an over-ail transmission rate of 56 per

cent, The actual transmitting ability of this
species is probably even higher as there were
a further six successful iransmisisons by mos-
guitoes probing without engorging, These
were exciuded from consideration in caleuls-
ing the irangmission rate, because it could
not be determined how many mosqguitoes had
probed without transmitting, These regulis
indicate that this species is an efficient vector
of BT virus.

Eretmapodites quinguevitious

In the four experiments with this species
the mosguitoes were easily infected, although
infection rates were not fully consistenf in
relation to virus conceniration in that the
lowest concentration yielded the highest rate,
It seems that the rate of 82 per cent at 6,5 log
LDy should be considered as abnormally high,
since the remaining values were in proportion
to wvivus concentration. There were Tfive
attempted transmissions, involving altogether
22 mosquitoes, Only one, in which two mos-
quitoes engorged on a mouse on the 15th day,
was successful. With a transmisison rate of
only 5 per cent it may b= concluded that
this species is a poor vector.

While the experiments with E. quingue-
dittatus were in progress, it was noticed that
thiz speries was mating successfully in the
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cages, with the result that numbers of eggs,
pupae, Iarvae and adults, mostly the progeny
of infected females, became available, These
were used {o test the possibility that trans-
ovarian infeetion oceurs with RVE virus,
With this in mind, groups of eggs, larvae,
pupae and adults, collected randomiy, were

. ground up, suspensiony prepared and these

were inoculated seperately into infant mice
to determine whather tk , contained virus.
In all, 289 eggs, 50 larvae, 50 pupae, 178 fe-
males and 205 males were tested in 17 lois,
None cantained virus and because of the high
infection rate among the parental females
it seems unlikely that iransovarian trans-
mission could be of significance in nature.

DISCUSSION
In all the experiments high infecting

doses of virus were used intentionalty. While '

this procedure favours the species under test,
the purpose was to determine vector capabi-
Yity at virus concentrations occurring in sheep
and cattle, the investigation of epizootic
vectors being the main objective. From a
practical viewpoint, also, it is an advantage
in the initial screening of species of unknown
sugsceptibility to have wmany infected speci-
mens available when the second feeding is
atternpted, Nevertheless, although high virae-
mia levels do oceur in cattle and sheep, it
shoulet e borne in mind that at lower in-
fecting doses than those nsed in ihe tests
fewsr mosquitoes would become infected
resulting in a lower vector efficiency.

The tests showed that four species of the
local mosquito fauna are capable of trans-
miiting RVF virus and on epizootological
grounds all of these are likely to play some
part in nature, It is unfortunate that hecause
of insufficlent numbers the tests with Ano-

‘pheles coustani, Aedes lineatopennis and

Aedes circumlyteolus, all potentially im-
portant veetors, were inconclusive,

60

Of all the species tested, Culex theiler
emerged as the moat efficient vector and
from the degree of vector capability shown
it is believed that this species iz probably
the most important veector on the South
Afriean highveld, Ag dixiussed elsewhere,
there is strong epizooti:m.ical :-idence in
support of this opinion ®

The isolation of RYF virus i Ervetmapo-
dites species both in South Afriea’ and
Uganda' under circumstances unassoctated
with epizooties in domestic anima's is sug-
gestive that these species might be involved
in a maintenence transmission eycle, E. quin-
quewvittetus would appear to possess some
potential as maintenance vector of this virus

in Natal. It is quite common along the forest--

ed coastal zone and is exceptionally long-
lived as an adult, in which stage it probably
overwinters,
capability shown, however, is agrinst this
possikility, Tt would seem that if this species
had been a vector gver a long period of time,
which would be the case if it were a mainten-
anee vector, selection would probably have
resulted in a strain of virus more invasive
for the salivary gland of this mosquito with
a more.efficient level of transmission.

Unlike most mosquitoes, E, giringuevitta-
tus iz able to produce viable eggs without
a blood meal, Because of this, the possibility
that virus might reside in the mosquito
vopulation for long periods of time without
the need for frequent fransmission between
vertebrate animals seemed worth Investigat-
ing, although it has never yet been
demonstrated conelusively to oecur regularly
with any mosquito-borne virus, The failure
to demonstraie transovarian passsge of virys,
however, seems to rule out the possibility
that this species could act as & virus reservoir
in this manner,

The poor level of veetor
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.. Vector Studies on Rift Valley Fever Virus in South

SA MEbDIcAL JoURNAL i27

Africa

B, M. McINTOSH, P. G. JUPP, I DOS SANTOS, B.]J. H. BARNARD

SUMMARY

Azmpls to isolate Hift Valley fever virus fram wild-cought
haematophagoua flles wore nada over an B-year period
In the coastal Jowlonds of Natel, where the virus causes
snrootlc Infection of catfle, and on infected farms in the
inland plateau region of Socuth Africa during eplzoatics
W {91411875, In Matel the virus was wvot leolated from
1551 mosgultves, 10514 Gullcoides spp., of from fewer
numbers of elmullid, phiabotomine and tabanid fHes. <n
the pistasu thore were 12 [solotions fvom Culex theller!
and 6 from 3 alher mosdulto gpacles. Thera were no lso-
lsdeas from 12388 Cuficoides spp., and smaller num-
bars of simullidy, labenlds and Stomoxys fHflas, In Jaba-
ratory transmission tagts the virus was iranemitted by 7
mosquite specless Ox. thellerl, Cx. univitieius, Cx, quin-
quelascisiug, dede. juppl, Ae. linealepennls, Ae. aagypli
and Frefmapodites quinguevittalus. Two mosgulio specles,
As. cabsllua and Ox. rubinotus, bacame Infected but
lalled to transmit by bile. Cx. thetler! was shown to he
the most efficiont vactor. The {lok, Ornithodoros savignyi,
latled to become Infacted or to ranamlt vlrus by bilte, It 15
concluded thet Cx. thellerl s the main eplzootic vector
anong sheep and cattle on the plateau, whera it probably
exusas somw humen Infecton. In the sama reglon Ae.
wppl and Aa, llnealopennis are balleved to act as veclors
of lesear knportonce, Fallurs to Isolate tha wirus from
nosqultees in enzo tie facl In Nata] Ie in accordance with
praviously obeerved low isolation rales from mosqultos
In such localitias. It [s conclhederd that thera I no definitive
evidenca to Indloate that mosquitoss are conterned in
viral malnisnance. :

S, JAfe med. 1o 58, 127 (1980

Althouphy Rifl Valiey lever (RVE) virus was lirst fsolated
in Soath Afrlen in 1951, uncerlalnty slill exists regarding
the fdenlily of the vectors, fn purl this has been the result
of the lung quicscent periods shown hy e viras in nature
wid the fow [requency with which it has beea isolated
fum wild populations of mosguitoes, the generafly sus-
pecled veclats. The situntion [n South Africa is forther
complivaled beesuse the virus is present in two ccolopl-
cally distinet segions, whers vectors almost certninly

hl;:i:;;llll lustilwle  for Vicology, Swdringlmny,  Johanues
ury .
B. M. McINTOSII, p.ov.se.

I G, JURP, s, mo.

I DOS SANTOS, Lo MED. VET,

Velerfwary Resenrch lustilule, Ounderstepoort, Tl

B J. H. BARNARD, mv.sc, M.BED.VED

bt recelved: 28 Nuowvemlar 1919,

dilfer, viz, the temperate inland plateau west of the
Drukensberg escnrpment, and the sublropical coastal
lowiands of Natal, Viral sictivity on the plateau has been
st evident us an epizeotic infeclion of sheep and caitle,
involving man secondarily, and usually only sppearing
during abnormally wet years. Dutlng years of norminl
ralnfall loeadized envootic infectibn in domestic animals
on ibe plateau scems Jikely and this type of jafection has
ocensionully been recopgnized.'® In the lowlands of Natal,
viral netivity hns been observed as & sporadie infection of
cnttle, robably occurring aonualiy, witlh minimal infee-
tion of man, '

In previouy atlempts Lo isolate the virus from mosgu-
toes in Suuth Africa lour species were found to bo infec-
ted. During epizootics on the plateau in 1953 Gear ot ol
isoloted the virus 6 times from Aedes caballur and 3
limes from Calex thelferd, and wild-canght specimons of
the farmer mosquito alse trunsmitted the virus fo mice by
bite. In lafer ficid studies on the plateas, 2 isolatlons were
mude from Cx. theflers in 1956 and 5 from the sume
species i 1970.' 1n the coustal region of Notal the virus
was [soluled twhee from Ae. ciretonbiteoltts Tn 1955 and
onee framm Erefmagodites gquinguevittatus in 19710

In previous ieangmission sindies with South Afriean
mosquitoes successful (ransmissions were ablained wilh
Cx, theilerl, Cx. zombuensis, Cx, neavel and Er, guingue-
vittatus, wherens Anopheles coustani, Ae, lineatopennis
wnd Ae, eircumintentuy falled to fransmit”

We report hers furlber attempls fo lsolule the virus
from mosquitoes and olher hacmatophagous flies i the
fichl ag well ns altempt: lo- teansmit the virus in the
luboratory with nine mosguito and one tick species, The
wild-ezught fies sampled Tor virus Included colleelions
made in {he conslal replon of Nastal over deveral yenrs
and on infected Tnving in (he plitean ducng epizootics In
1974 und 1975, Further teansmission lesty wets regarded
a8 necessary o delermine vector compelence more pre-
cisely In cerlwin spreies previousiy tested ns well oy lo
inelude hilherto untested species.

MATERIALS AND METHODS
Virus Isolaiion

"Fests fov virus in msects from Natal formed porl of an
ongelng suivciilance for arboviruses in that region. Col-
lections of inseets were made periedically durdng summer
and milunin from 972 Lo 1979 at severn] collecling sites

- near tlie town of Empangeni on the north coast and Port

Shepstone on the south const, A variety of coflecting
methods wus used in diverse rural mierohabitats lo cosure
calloctiun of 95 many species s possible, These methods
incleded COy or goat-bhited net traps, CO-buited Jight
traps, or caplure by hand in test tubes off volunteer
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=' e TABLE . DETAILS OF ANRTHROPODS USED FOR TRANSMISSION EXPEMIMENTS
i Sproles Individua's  used Locallly of origln '
Ae. segypll ’ Colony, Fy" o Muputa and Nedumu, Natal
Ao, caballus Wijd-caught . R Luckhoft and lacobadal, mouth-western OFS
Aa. juppl . Wild-caught o Luckhoft and Jacobsdol, south-westera CH
As. flncalopennls ‘Wiid-cauglht Datarcyville, Tl
Cx. quinquefascialus Colony, Fja - Johannesburg
Cu. rubinolus yold-eaught Mtubatuba, Nalal

Cx thailer!

'Cx. untvllialus

Er, quinguaviiialus
Dratthatoros savighy!

Colory, Fy - Fyy and wild-caught

Beagany of wiid-caught females
decought 15t nymphsl Inetars

[ "t

fony In lta 23:d genarsiion,

' Lekiraicry

human bail, The same methods were used in the platean

-to collect. lnsects on len farms at vinying perfods after ihe

disease hond been dlagnosed In Jomestic wnimaly. Insecly
were ldoptlited on the duy of coflection and slored in
liquid nitrogen. Mosquilaes containing Ingested blood
were pooled and fested separafely [roimn unengorged spe-
cimens. In the jnboratory Insecls were stured al ~70"C
tntil tesfed fop virus, For this purpose susponslons of the
insect poofs were inoculafed intracerebrully into 2-day-old
suckling mice, Yiruses isolated were identilied jn comple-
ment {Ixation tests, pnd in some cases, Jdentification was
confirmed in aeulralization tests,

Virns Transnission

The npatire and geographieal origin of the mosquiio
and MHek species used are shown in Table 1, Infccted
mosquitoes wero held at 25° - 26°C nad 75 - B0% relative
Demidity. The (icks were held at 26°C In stn wohumidified
room, but the snnd in the rearing bowls was moistened
weckly, Altempis to Infect mosqguitoes and ticks were made
by feeding them on hamsters which were virnemie ufter
inoculntion of the AN 1830 sirain of RVF vitus in iy
2nd or 3rd Infracerchral mouse passage jevel, The con-
centration of ¥lrus in the blood of (he homsters was detee-
mined by titvation in adult mice of 8 sample collected

shorily before feeding. Mosquitoes feeding on hamsters -

with appraximnizly similar viraemins were pooled in some
cases infe o single lot for subsequent experimentaiion,
and the mean virsemia fevel wag inken ns the concentra-
tion of virus in the fesd, Yirus concentrutions are ux-

preszed a5 the jop LD« per 0,02 ml. Mosquitoes and ticks -

were held for yarying periods before thoy were Fed singly
ar In groups on 8-duy-old mice, homstors or sheep in
atiempts o iransindl virus, The number of mesquiloes or

licks mfccied was determined by testing {hem individually’

for virus by mouse inoculatinn, wsunlly on the day after
ihede second feed. A 50% infection theeshold, the concens
tration of vires infecting hall of the mosquilops, wis
calenlnted hy the probil method,! where the data was
sufficient to allow for ithis; otherwlse it wns estimated.
First aymphal instars of the lick wers given their infee-
tive feed, then moulied inlo secopd instars which were
fed for the transmission nitempts oo the 66th and 6Mh
dnys. With the sxeeption of 2 species noled below, (ring-
misston attempts whth mosquitoes were mande by exposing
each animal to o single mosquito,*Only visibly enporped

Colony, Fiy and pregany of wild-coughl famales

Dalareyville, Ti
Johanneshurg

" Port Shepstuna, Natsl "
Bray, CP

and infecied mosquitoes were considered in esthmaling
teansmitling eMiciensy, This is expressed as the percentage

or propultion of ffeeted mosquiloss transnitting, Trams |

migston af vitus  was eslabllshed by lsolntion of vies
from the livers of dead animals by examining the liven
histologically, or by an anlibody lest on the scrim o
surviving animnls. In iransmission altempls whb Ci
guinguefasciatyr ol Br, guinquevittatus (Tabla Yl
small groups of mosquitots were exposed repenledly e
hamsiers, o different hamsier being used epch lime, Sine
mors dhan ene mosquilo sometimes fed on the spme ank
mal, transmission rates eould not be determined.

Transovarial and Transstadial Transmission

In 17 of the 9 mosquilo species, {irst-generntion pie
geny of [emales from infected lote wero tested for virw
to determings whether virus was lransmilted through e
egg (o he following generalion. Suspenstons of pooks of
up to 100 adult males, females, larvac mc epgs wen
inoculnted intracerabrnlly into suckling mice to test fu
the presonce of viruw, -

—

RESULTS
Virus Ysolation

Tuble 1 shows the pumber of inscels (rom the coushl
region of Nats) which werc tested for nrboviruses from
i972 1o 1979, Included armong the mosguilocs, whics
predomineted numerienlly, were 71 species 2nd all i
known epidemiolegicnlly imporisnt genern in ihe rogion.
There were 4 284 Er, quingtievittars and I 6B7 Ae. e
ciminteoius, the 2 speeies from which RVE virus nd
been jsolojed previousty in the constal region, The sub-
genus Ernelanennyle was lergoly made up of 21 613 €
ribinotus, 1 specien fecding malnly on wild rodents, Cr.
thellert and Ae. lnecropennds, both yare species in e
region bui prevalen on the platesu, were represenisd
by only 13 and 25 specimens respectively,

RV virus was pot isolnded [rom elther mosquitoes o
othér flies afthough, ns listed in a footnole lo Tuble |k
there were 279 isolations of 8 other arboviruses from Lhe
mosquioes, ’

Table 11 shows the resnlis of virus Isclation attemph
on insecls collecled on infecled farms an the plateaw
RVE virus wus isolated from unfed specimens of 4 mai

— -
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a TAGLE Il BLODD-FEEDING FLIES FHOM COASTAL REGION OF NATAL TESTED FOR ARHOVIRUSES, 19712 -1018

. Ne. < No. No.
o Family/eublamtly Cenus Subygenus spoclys pooly Insecls
iy Culleidna Anopheles 12 218 B 256
H Lranotaenia 6 82 {470
v Coquifleiticha Coynitfeltidia [ 287 82Nl
Mitrksonn Mimnsaninides 4 149 6964

! Erglinopoites 3 204 44
Acdgs Siger T 1te 2378

, Aatlas Avdimorphus 13 . 151 45%0
Aadas Naonralnniconton 3 86 2528

Culax B, aomvip 3 L1568 2] ats

= Culax Culiclontyla 2 \4 290
Culex . Culex 14 3o« 10 237

Total Culicldae 71 ZN4 71 561

. Sinnilildan 20 | 082
' Gearslopogonidne Culicqidas b7 10514
Phitbotombnne h 40 ag

v Tubmrldan . 18 77
) Muscidaa Stonoxys 28 252

! inoletad tanlstionet ol AFL d " A Take bl .
ml;'m. mni.'l'.'.'"m. Tilivos: ud'i“i ths ). ! {0}, v #nd (73}, Bumy {1}, ty (1}, Somlikl

TABLE [l BLOODR-FEEDING FLIES TESTED FOR RVE YIRUs
OH INFECTED FARMS ON THE INLAND PLATEAL, 1974
1976, SHOWING NUMBER OF VIRUS ISOLATIONS

univittetny and poskibly S,

No,
. No. No. RVF
r¢ Speviasflamily poola Ineacts lsalalfons -
Cx. thatlert 257 12 738 12
1o At juppf 03 2845 k|
v 4 finealopennis 38 $315 2
L An cinerens 30 &t 1
T Oiher Culicidrn —
{6 specles 1ig 3843
Talal Culleidae 536 21 y22 18
Simullldaa 16 114
Ceratopogonidaa
+ ¥ (Culicoldes) ag 12368
Tabanidan B . 22
t l-&u:cldne' {Slomoxys) 18 182

fuite species; Cv. theiler? yielded 12 of the atab of 18
iwlations. Infectlon in Cx. thetleri wus itregularly distti-
bted among the ten furms Clabloe V), nx 1L of the
Belativng came from one farm, On cight fanns no lsak.
fions were mude fram O, theileri wven thaugh on soe
farms, .5, Skatryk and Guocdendacht, [air numbers weso
tusted after only a short perdod hud clupsed sinee the [ust
ilentifiedd RVF cuss in domestic anfmals, Tests Tor virus
auong mosquitoes on ffected Taoms indicates therefore
Mt Cx, theiferf wos most Dequendly infecled, bul even
in this species Infection rutes wers vsuafly Jow., Tl
everall Infection rafe was ubout oue infecied Gx, theiferr
pec 10Q0 of tha popudntion, but il bs evident that on
sonte [wrms it was even lower. Ox, theilerd wis present on
ol infected fanms and often in. lnege mumbers, wlherens
the uther infecied species were fewer uwnd often ulsent,

The enlluetions ulso revenled the persistenca of Cr, theilert
well inlo winter s the colleclicns on Goodhope 1)
Acueiny which were nnde in July duting cold wenther
shrwid this species 1o bo present and sl neilve,

Virus Transmission

Thirly specimens of e tick, Qraithedoros Frvign i,
Tuited ta transmit vieus when they fed on 12 hamsters
on the 66ih and 67th duys efter thele infestive featl,
Twenly-six of these ticks, when tested for virus on the
day following tieir second feed, were negative. T was
concluded that the virus did not meltiply in ihe teks aml
this neeovnted for their Inilurs to transmit,

1o eomtrast do the tick the vitus Infecled sl 9 &pocies
of mosyuite, although 1o a viying degree (Tuble V). Cx,
thetleri wus the most suscepiible speeles wilth n 507
infection [hreshold of about 4,0 log. Ae. aepypit and Cu.
Qe vitreting  uppenred
neiely us susceplible while (e remuining speefes wepe
mnee resistant to infection, Cx, Febinotmy being most fe-
ststund, :

The vitus was transmliled by de. avgypil, Ae. Fappi,
Ae lineatopennis, Cx, theilord, Cy. tnlviteaiuy, Cx. gnins
gnefurcintus and Br., qisfingnevittetus, the resulls obtaised
wilh the two lust-nnmed specey being xhown in Table V1.
- In the Irnsmission allempts with Ae, negypti and il
some tests with Cx. theiferi and Cx., wivittatns, the mus.
quitoes fed on mice: For revsons not cleardy undetstond
but possibly refaled (o the excessive probing Indulged in
by mosqubtaes when fpeding on #dny-old mice, npparently
heenuse of diflieolty in ublwining blood, the use of mice
enbiances vector efliciency, This s evident ln the lests
wilh Cx. theileri infected ut 5,3 log in which both mice
and humsturs were used. Wilh mice 1 Lansniission rale of

. T0% was oblnined, whereas with bmnsters the rile was

only 16%. A furlher example s the vesull with Cv,
univitraney in which Lnngmissions were obtained  with
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mice but nol with hamslers. This is a phenomenon we
have alsa obwerved “with chikuogunya iy, and we
believe {hat positive transmissions obluined wsing mice
should be interpreted coutiously in evalualing vector
podential in the feld, I+

TABLE IV. ISOLATION:

"~ group of Cx. theiler? infected

at 8,0 fop and fod on sheep Lhé teansmission mie wis

19 Julie 1980

26%, & result closer to that obtained with hamsters thay

mice, and suggesting that hamsters give A mofe tealistic
epidemiological assessment of veclor efficiency.
. Bzeluding those results obtafned using mice, (he sl

.+ NFVIRUS FROM 4 MOSQUITO SPECIES ON 10 INFEGTED FARMS ON THE PLATEAU,

19714}1975
. Nao. tested with lsolations
Farm Elapsed Aa, An.
{bma* . Cx. thelles] Aw, Juppl iineatopannia cinergys
Gooithope 3 mo. a92 .
Potlontein 1 mo, 411 Boj
Foliteld % wk 3507 {1}t : a2 80 (1)
Prospact 1 mo. ais 2 48t {3) - 387 C
Skotryk 2 wks 1092 178 33t
Goedendacht 1d 1488 127 387 (9
Baspan 1d 1828 (1) 162 185
Vlakpan 14d 250 16 Ll R
Vogelfontein 8 whs 2417 - :
Acaclas 1 ino. a3
12738 {12} 2045 {3) 1316 () {1

= Morhs, woska br duys sinee [ndt AVF cese In domsstic snimute, -
1 Figi.ea In parentl Iadi bor of inol of RYF viris.

TADLE V, RESULTS OF TRANSMISSION TESTS WITH RVF VIRUS AND 8 SPECIES OF MOSQUITO

: Masqullo infection Tranamlesion
- Tire of — " [
infective 50%, '
Tand Period Infection Deays Test -
Species In logs teslad* Rntet threghold  tested entmal Ratat
Ag. magypl! D BB 15-28  B3fIe (W) <5% 14; ap Mice 344 (794}
Av, cabafluz 1.8 022 16/30 (80%) 83 12; 18 Hamster  0f12
55 1230 (407} ‘ ‘ 0/a
50 - w3118 (28%) : oy | W
3.9 16fe7 (195 . - ) oft
Ae. juppt B0 e-21 zo.;ao _m’;/.;l 7.0 17 Homster o8
79 25/62 (40%) 14
48 /81 (41%) o4 | B EH
. 38 &3 (27%) ) of2
Ag. itnestopennis 10 12-18 NS (73 6,4 10y 17 Humstar 0/3
_ - 82 1033 (307, . . oz 18 (11}
5.5 12/a7 (327 14
Cx. quinguefesciatie 40 10.28  gf1 (28%) 50 Bea Tabls VI
Cx. rubinolus 8.8 911 11434 (32%) ST g 10 Hamuoter 0/3
Cx. theileri 2,0 i2-34 mhe (9070 e, 40 M 13 Sheep B/23 (26%)
64 53/70  {1874) 18 Hamslar s (13%)
53 3044 (BB 20 Mice Hia {107
2 Hamster ane (165}
40 1630 (&3%) :
Cx. univittalys 85 20- 24 26130 (8774) G,7 12 Mioa o8 (33
6.0 . 1850 (804 Hamitar oja
_ 54 830 (20%) . Homster O3 }""“
Er. gquinquevitiatus 82 - B-41 23/ [149) <10 See Tahle Vi
12 H-m 31/38 (oY)

* Quys aller intmcliva Joed thet srihropods wire tosted for Inloction,
Nurnerntor = o, mosquliows inforiod) donominator = Mg |
Numerator =~ Mo, 10k Itilng: o Inate

TS >
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TABLE VI. RESULTS COF TRANSM!SSION ATTEMPTS WITH RVF VIRUS AND 2 MOSQUITO SPECIES IN WHICH
MOSQUITOES WERE FED IN GROUPRS-

Cx. quinquelasclalus*

Er. qumqusvlmtus'

No. of daya Proportion of
alter Total Ne. trangmiasion
infective . mosquitoes attempts
faed feading successfult
18 _ o 95 13
) a. 101
30 e 62 13

No. of days - . Proportion of
~ Bfter Total Ne. transmisaion
" infactive mosquitoes atternpia
foad feuding successfult
7 8 . oft
i _ 1 ojt
19 2 oj2
33 ] _ 113
3 12 113
4% 8 3
54 12 244
57 5 12
81 g o4
a8 9 /4
75 -] o/s
82 c. B o4

" Qnty 6, of Cx. quinquelascistya but 724 - B2% of Er qulm:uwill:l us wary infocted (sas To-le |).
Iin gach transmixsicn aftempt a differant group of mosqullons fed on « ﬁiﬂemnt Iamstar,

TABLE V. NUMBER OF PROGENY REARED FROM LOTS OF INFECTED MUSQUITOES FOUND NEGATIVE FOH FWF

mficued that Cx, thefleri, with the lowest jnfection

“theeshold #nd transmission rates of from 13 to 28%, is

the must efficient vector.

Although Cx, guinguefasclatus aad Er, guinguevittatus
tremsmitted virus on several occasions (Table VI, the
mwsguitoes were Fed in groups ang those feeding were
nat sted individaally for infection, A rel’ e estimale
of transimitting efficiency was therefore noi possible, but
the trends indicnled that both specics could be vectors
o imporiance, Their infection thresholds appearsd faicly
low and Cx. quinguefasciarus transmitted to 4 out of 9
hamsters ufter only a moderatwy high infective feed of
4.6 lop, Er. guingquevittatus teansmitted to 6 out of 15
lamsters from the 33rd to 37th days, allhough infection
duses were high, There were no transmissions before or
afier this perlod, indicating an unusually long extrinsic
incubation period and a possible Joss of transmitting
ability with pussage of time.

Transevarial and Trans-stadial Transniission
Tutle VII shows the numbers of specimens of v ious

ViRUS
Tire of _ Infection
. infective ratas of *
Spacies feed of parentai No. found papative for virus
perental fembles -
mosquitoas () Eags Larvaa Males Fematlas
As. segypli B4 - 6,0 1 o, 500 e 918 1141
#s. caballus 48-18 28 - 60 124 6 44
A, juppl 36-12 22 .50 16 5
As. hneatopennis 8010 3073 112 220
Cr theiler] - 8,5 : 16 _ _ 304 ' 428
* Cx. univittaius -85 87 15 rafta 203 :

o, quinguevitalive ) 12 82 464 455 366

life stages, reared from infected Iots of 7 mosquito
species, and tested for virus, Virus was not isolated from
any stige. As a high proportion of the parental femoales
probably contained virus the results indicete that RVF
virus does not pass trausovarially or trans-stadially in
mosquitoes.

- DISCUSSION

As we had obtained evidence that RVF virus was
enzootic in the coastal region of Matsl, it was hoped
that a long-term survey of biting insects in likely
enzootic foci would result in virus isolations and pos-
sible identiGcation of o maintenance vector. The virus had
been isolated from [Er. guinguevittatus in forest near
Port Shepstone in 1971.' Domestic animals were apper-
ently absent from the mosquilo-collecting site, sugpesting
that a wild vertebeate was the source of this infection
and thereby indlesting the possthle existence of a forest
enzoutie focus, Enpzootic infection also seemed Hkely
fram surveillance of cattfe for immunily &t Port Shep-
stone and Empangeni, which had revealed their sporndic’




£32 - SA Mupisss TYDSKRIF

annval infection! In the initisl surveys immuone caltls
were found in 13 out of the 15 herds sunpled, with an
overall immune rte of 18% smong the lotal of 708
enille, Surveillanes sinong mavked animnls cver the next
2 yemrs revealed 8 seroconversions among 58 cattle in

1972 and 11 seroconversions among 244 cattle in 1973, .

In 1974 RVF vitus wns also isolated rom a cow that
dicd on one furm. During 4 conseculive years, 1971-
1974, evldence of infection by RVF virus kad therzlore
been obtained in the same arens from which insecls were
collected, o o

Included among the moesquiloes tested for ildection in
Naini were moderdle numbers .of Fr.  quingueviluies,
Mansonfa africema, Ma, uniformiz and Ae. circumduleals,
mosquito Specics from which RVE virus had been isolaled
previousty,™ The sttbgenos Emmelanomiyla, of which
very large numbers were leated for virus, consisted nlmost
exclusively of Cx, rubinoins, which had been suspected
s o possible malnicnance vector because it feeds mainly
on wild rodents which have Leen suggesied g5 natural
hosts, nnd because it is present in both coastal and platenn
regions,

We consider the failure to isplate the virus from Irge
numbets of mostuitoes collected in an enzootic area over
severn! years significant in an evaluation of mosquitoes
a5 mairienance vectors. It {2 also in agreement with
ubservations over many years in Uganda in which isuln-
tions {rom mosguitoes were infrequent and no one species
could be ideniificd a5 1 possible maintenancs vector,® We
conclude, thercfare, that afier many years of obgervations

»no definitive evidence hins been found to indieate that

diosquitoes ore involved in the mainlepance of RVF
virus, Nevertheless, lbhere is substential avidence that
mosquitoes lransmit the virus in nature and arc epidemio-
logically importapt veclors. Isolations of the virus from
possible vectors finve been made almost exclusively from
mosquitoes, Sevkral moesquilo species, including some
species fourd. infected -in nature, have teansmitied (he
virus experimemally, and there is supportive evidence
from fecding habits, seasonal prevalence and geographi-
cal digtribution to inctlminate pucticular mosquito species
as veclors mmong domestic onimals in the plateau of
South Africa. :

Attempts in the preseot study to isolate the virus on
the inland platean during epizootics demonstraled jnfec-
tion in mosquiloes only, and most isclntions came from
Cx. thelleri which had been implicated in eatlier studics
on the pintean, While this species falled to yield viruy
on some recendly infected farms, this could be exphined
by low infection cates becavse of dilution of infected
individunals amwong the large populations of Cx. heiferd
usu:‘llly present and the relatively smll size of the sample
tested,

The importance of mosquitoes, and of Cx. theffert i
particular, was supported by lhe experimental transmission
tesls. The virus fafled to infect the tick, whereas it
infected oll 9 mosquita species tested and 7 of these
species sansmitted {he virus by bite. The previous" and
presen), series of (ransmission experiments showed that 4
mosguile species from the plateau fauna, Cx. thefler, Cx,
niivittatus, Av. fuppi and Ae. lincatopennis, 4 from the

e g T T S R T

19 Julic 1980

Matal const, de. aegyptl, Er, guinquevittatiis, Cx. 2om-
buensis and Ck. rietvei, and one from both regrons, Cr.
quinguefosctatus, ol leansmit the virus, although some
of these species nre incfMiclent vectors.

In so far 43 the present {ransmission tests can be inler-
preted quantitatively, which is justified . in the case of
some species, e.p. Ox. rhefler], Cx. univitatus, Ae. cabal-
lus, A fuppl and Ae. neatopeanis, Cx, theiler{ emerged
a5 the wiost efficient vectar, Of praelical significance was
{he demonsiration that Lhis specles fransmifted virus lo
sheep, 1he epidemiologicslly important verlebrate host on
the platesu, Sheep develop 4 high viraemia® and would
therefote infect large numbers of Cx. theiferi, of which
many would be polentinl veclors, Transmission between
shoep of virus medinted by Cx, theileri Is therefore pos-
sible. Since callle also become highly viraemie,” Crx.
thetfer! could also transmit virus among these animals,
Apwret from showing the highest natuval infection and
experimental transmission rale ihers are other factars
present implicating Cx, ttefleri as lhe most importanl
veclor on -the platean, It occurs In eriormous numbes
throughout the cpizoolic aren, adull populations persist
from early summer fo midwinter, aad it {eeds mninly o
sheep and callle, which hiave apparently supersed’sd the
probable ariginal antelope hosts, As it alse feeds reudih

on man apd commanly enlers houses, mosquitoes of this |

apecies, which acquived viros from sheep or catife, nusl
also be suspect ns o cause of at ferst some human infec.
tian.

RV virus wns isol~ted fram Ae. fuppi ond Ae, fineat.
pents, and both we.e niso shown experimentally to he
vectors, At times these specles are exiremsly prevalent,
they feed readily on sheep and cattie, oceur widely on
the plateau and we belicve they are responsible for sume
transmission. Their lower vector compelence and prester
dependence on heavy rainfall to produse large numbers,
however, indicate o lesser vector role compared with Cv,
theileri,

In our tests Ae. caballus failed to transmit and i
implication in earfice studies s now in question beeaus
Ae. juppl, u newly deseribed gpecies,”™ could have bem
confused with Ae. caballus, since both species coexid

over large nreas of G.e plalean including - the soub-

western OFS where the carlier sludies were tarried oul.

The tick Ornithodoras savipnyi was . tesfed for wvector
competence 85 it scemted a possible vital mainiepnnce
host heennge of ils habit of living In animal burrows, The
fallure  the virug to multiply in this tck would exclsl
such a - ossibility.
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Epidemiological Aspects of Rift Valiey Fever in
- South Africa with Reference to Vectors
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" Nationa! Instilute for Virology, Private Bag X4, Sandringham, South Africa

On the temperate, inland plateau in South Africa, Rift Valley fever
(RVF) lLias been most evident as an epizootic infection of sheep and cattie,
with secondary i~ ~ivement of man. The epizootic area is extensive, coin-
ciding with the  ~ sheep-farming regions; Culex theileri, the suspected

. epizootic vectay, is «.s0 highly prevalent. It includes the Karoo, the Cape

Province north of the Orange River, the southern half of South-West Africa,

“-the Orange Free State Province, and the southern half of the Transvaal
" Provincs, excluding the eastern Lowveld region of that province (fig. 1).

The western half of the epizootic area is arid, with an annual precipita-
tion of less than 500 mm, and includes the Panveld of the Orange Free State
and northern Cape Province, the Kaap Plateau and the very arid Sandveld
in the far west. The habitat in the arid zone consists of a vast plain with
scanty, scrub vegetation and iittle woodland. The soil in Panveld possesses

‘good water-retaining capacily and when heavy rains occur the pans contain

water for long pericds. Ground burrows which provide shelter for many
veriebrate and arthropod species are a prominent feature of the entire arid
regivn. The Panveld and Kaap Plateau ekp&tithcéd thé severest outbreaks
duiing widespread epizootics which occurred in 1974 and 1975. The reason
for this is not c¢lear, but the prevalence of sheep and Cx. theileri, together
with the heavy rains in that area, were most likely largely responsible.

The eastern half of the epizootic area is a moist, grassland plain with
scattered woosdland, known as Highveld. The altitude is relatively high,
between 500 to 2,000 m above sea level, and mean temperatures during
summer tend to be fairly low. Crop-farming is extensively practiced and
sheep and caitle are consequently of relatively less importance.
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Antibody surveys among cattle herds in the subtropical, coastal low-

lands of Natal, together with ihe use of sentinel cattle over several years,
have indicated that cattle are infected enzootically by RVF virus in that
region, and the presence of the virus there has been esiablished by the occa-
sional isolatiot: of the virus from catile and mosquitoes. Sheep are absent,
human infection is minimal, and RVF is of minor economic significance.
The habitat in coastal Matal is wooded with patches of evergreen forest and
contains many rivers with coastal lagoons fringed with dense vegetation. It
has been suggested that outbreaks on the plateau originate from introduc-

- tion of the virus from the enzootic foci in the coastal region but there is no

evidence to support this contention.

Rainfal] in the summer rainfall region of South Africa, which includes
the epizootic area, has shown a regular quasi 20-year osciilatory pattern
since 1910, when regular recording started. This pattern has consisted of a

SOUTH-WEST
AFRICA

Fig. 1, RVF epizootic area (within broken line} on temperate, plateau region of
South Africa.
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Fig. 2, Rainfall oscillatioas and outbreaks of RVF (arrows) in South Africa.

decade of above average rainfall, followed by a decade of below average
rainfall (7). In figure 2 the occurrence of outbreaks of RVF is shown in
relation to the pattern of rainfall since 1938. It can be seen that there is a
reasonably good correlation between the moist periods and the occurrence
of outbreaks, Mathematical predictions of future rainfall to the year 2000,
based on the patiern since 1910 and that shown in figure 2, indicate a high
probability of severe outbreaks in the 1990s.

Since 19535, extensive testing ol wild populations of mosquitoes for
infection by arboviruses has been undertaken in both the epizootic and
enzootic areas of South Africa. More recently, these surveys have included
other biting Diptera, which have included large numbers of Culicoides spp.,
fair nui.pers of Simuliidae and small numbers of Phleboiominae. RVF
virus has onty been isolated from mosquitoes.

In the coastal region of Natal the virus was isolated twice from Aedes
circuminteotus in 1955 and once from Eretmapodites quinguevittatus in
1971 (table I}, Between 1971 and 1979 biting flies were tested for viruses in
the coast of Natal in localities where cattle were being infecied enzootically
by RVF virus, Despite tests on 73,543 mosquitoes, 10,514 Culicoides,
1,092 Simuliidae and 391 Phlebotominae, no further isolation of RVF virus
was made, although there were 279 isolalions of eight other arboviruses
from the mosguitoes. Although it is difficult to decide in such surveys at
which point failure to isolate a virus becomes significant, this low isolation
rate is in keeping with similar surveys in Uganda (2, 8) and in Kenya (6) in
which isolations of RVF virus were either infrequent from miscellaneous
species of mosquitoes or were absent.
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Fable 1. Isolations of RVF virus from mosquitoes in South Aftica, 1953 to 1975

Region Year = Species No.of No.of Referenice
insects  isolations no.
Coastal lowland 1955 Ae. circumluteolus ? 2 -1
Coastal lowland 1971 Er. quinguevittatus 423 | 3
Inland plateau 1953 Ae. caballus ? 6 )
Tnland platean 1953 Cx. thetleri 7 3 n
Inland platean 1956 Cx. theilert ? 2 -1
Iniand plateau 1970 Cx. thellert 1,398 4 {3}
Inland plateau 1970 Cx, theilert 144 -} (&)
inland platean 1974/75  Cx. theilen 12,738 12 {5
Inland platean  1974/75  Ae juppi 2,945 3 {5)
Inland plateay 1974/75  Ae. lineatopennis 1,315 2 (5)
Iniand platean 1974/75  A4n, cinereus 88 1 {5)

Total isolations 37

! Smithburn, K.C.; Kokernot, R.H. (unpublished data).

Attempts to isolate RVF virus from mosquitoes on the South African
plateau have been more successful but this was achieved only during out-
bregks in domestic ruminants (table I). In 1933, Gear et al. (1) isolated the
virus six times from Aedes caballus and three times from Cx. theileri. Dur-
ing the same investigations, wild-caught specimens of Ae, caballus transmit-
ted the virus to mice by bite. Smtithburn and Kokernot (unpublished data)
made two isolations from Cx, theileri in 1956, and Mclntosh (3) made five
from the same species in 1970,

Further isolations were made from unfed Cox. tke:!en and other mos-
quitoes during the widespread outbreaks in 1974 and 1975 {tables I and II),
On infected farms, Cx. theilerf yielded most isolations although it was found
infected on only 4 of the 12 farms, and there were 11 isolations on a single
farm, The overall infection rate in this species was 1 infected mosquito per
840 of the population, Cx. the'eri was present on all infected farms, unlike
the two Aedes species also found infected on some farms, and it was usually
very prevalent.

Attempts to transmit RVF virus in the laboratory were made with the
argassid tick, Ornithodorus savignyi and 12 mos«quito species (4, 5). They
were infected by feeding on viremic animals circulating delermined guanti-
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Tuble 11, Isolations of RVF virus from unfed specimens of 3 mosquito species on 12
infected farms on the plateau, South Africa, 1970-1975

Farm Elapsed Number tested with isolations

time!

Cx. theileri  Ae. juppi  Ae, lineatopennis

Betlin 2 weeks . 1,398 (4
Olifantsvlei 3 weeks (44 (1)
CGood Hope 3 months 892
Putfontein I monih 411
Fairfield 1 week 3,597 (11) 2
Prospect 1 month 815 2,461 (3) 367
Skatryk 2 weeks 1,012 179 330
Goedendacht | day 1.485 127 3187 (2)
Bospan I day 1,826 (1) 162 i85
Viakpan | day 250 16 44
Vogelfontein 5 weeks 2417
Acacias ! month 33
Total 14,280 (17) 2,945(3} 1,315(2)

! Months, weeks or days since last RVF case in domeslic animals,
2 Fipvves in parentheses indicate number of isolations,

ties of virus, held at 26 *C for 2-3 weeks {(sometimes longer), then allowed
to feed on mice, hamsters or sheep, usually a single mosquito to each ani-
mal. The virus failed to infect the tick, nor was this species able to transmit
virus by bite to hamsters on the 66th day after attempted infection.

Table III gives a summary of the results of infection and transmission
rates obtained in several experiments with 11 mosquito species. All species
were infected, some quite reacily, Three species did not transmit virus while
the remainder transmitted at rather low rates. Of the 11 species, Cx. zom-
baensis, from the coastal zone, appeared the most efficient vector, although
the test animals in the transmission attempts were infant mice which appar-
ently increase transmitting efficiency (see table. [V). In the tests with Cx,
quinguefasciatus (fatigans;, several mosquitoes fed on each hamster so
transmission rates could not Le determined, although 4 of the 9 animals
bitten became infected.

Table IV shows the results of tests with Cx. theileri with the infection
and transmission rates obtained in mosquitoes infected at various doses of
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Table i71. Infection and transmission rates of various South African mosquito species with

RVF virus
Species Titer of Infection rate! 50% . Transmission
infective infection  rate?
meal threshold
Ae. aegypli 5.83 5376 (0} <58 3/44 (TN
Ae. cabalins 3.6-7.8 79/245 (32) 6.3 27 (@
Ae. circumluteolus 4.8-6.4 18/63 {29} £ 55000 04 (D)
Ae. juppi 1.6-8.0 15/166 (45) 7.0 1718 {6}
Ae. lineatopennis 5.5-7.0 3385 (39 6.4 /6 (17
Er. quinguevittarus 5.5-8.2 1097146 {75) 5.5 1722 (%)
Cx. rubinotus 6.9 11/3¢  (32) =>1.0 o3 (0
Cx. zombaensis 5.8 18/24 (75) <58 25 (40)
Cx. neavel 6.6-8.5 41761 (67 + 7.0 3/22 (14)
Cox. univitiafus 5.1-6.5 50/90 (56) 5.7 217 (12)
Cx. quinquefasciatus 4.6 18771 (25) >35.0 4193

! Number of mosquitoes with virus/number of mosquitoes tested. o
# Number of mosquitoes that transmitted/number of infected mosquitoes that fed.

3 Titers expressed as logie per 0.02 mi of mouse inoculum.

4 Figures in parentheses indicate percentage,
% Several Cx. quinquefasciatus fed on each animal so trausmission rate could not be deter-

mined.

Table IV, Infection and transmission rates of Cx. theileri with RVF virus

Titer of Infection 50% infection Test Transmission
infective meal  ratel threshold znimal rate?
4.0 16/30 (53, + 4.0 - -
5.3 30/44 (68) mice 7710 (70}
. 3.3 30/44 (68) hamster 3/19(16)
4 j 6.4 53/70 (76) hamster 2/15 (13}
: Y 8.0 THIB (99 sheep 6/23 (26)
_ 8.0-8.5 64/68 (94) mice 10/18 (55)
o : : :
: | Nurber of mosquitces with virus/number of mosquitoes tested,
* Numbet of mosquitoes that transmitted/number of mosquitoes that fed.
i
i
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virus. This species was readily infected even at 4.0 log of virus per 0.02 o]
and each lot of mosquitoes tested transmitted virus, ai high rates to mice
and low rates to hamsters and sheep. Of all mosquitoes tested, Cx. theileri
seemex to be the most efficient vector.

Progeny of the parental females of Ae. aegypii, Ae. caballus, Ae. juppi,
Ae, linearopennis, Cx. theileri, Cx. univittatus and Er. quinguevitiatus used
in the above experiments were tested for virus with negative results, sug-
gesting that transovarial passage of RVF virus does not occur in these mos-
quitoes. Mechanical transmission of virus did not occur when 8 Cx. theileri
were removed while feeding on a viremic hamster circulating 8.0 logye of
RVF virus and immediately allowed, singly, to complele their meal on
other hamsters.

It is apparent therefore that studies in South Africa, conducted in the
field and the laboratory, have implicate? mosquitoes as biological veciors
during outbreaks in domestic ruminants. The studies suggest that Cx. thei-

leri is the main epizootic vector; Ae. juppi, Ae. lincatopennis and possibly
“other mosquito species are vectors in a minor capacity. Apart from having

shown the highest natural infection rate and experimental transmission rate
ihere are other factors implicating Cx. theileri. It is by far the most prevalent
andt widespread mosquito in the epizootic area, adult populations persist
from early summer to midwinter, it is relatively resista.at to aridity, and it
feeds mainly on sheep and cattle, which have apparently superceded the
probable original antelope hosts. As it also feeds readily on man, and com-
monly enters houses, it must also be suspect as a vector of some human
infection. - _

Although little reliable evidence was obtained in the field to implicate
mosquitoes as vectors in the enzootic infection of cattle in the coastal region
of Natal, Ae. circumluteolus, Cx. zombaensis and Er. quinguevitiatus secem
likely incidental vectors. No evidence was obtained to suggest that mosqui-
toes are involved in the maiatenance of the virus,

Although attempts to transmit the virus mechanically witk Cx. theileri
failed, this form of transmission may well be important in biting flies having
other fypes of mouth parts.
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Field and Laboratory Evidence Implicating Culex zombaensis
and Aedes circumluteolus as Vectors of Rift Valley Fever

Virus in Coastal South Africa

B. M. Mclntosh, P. G. Jupp, §. dos Santos and A. C. Rowe
Natlonal Institute for Virology, Private Bag X4, Sandringham 213t, South Africa,

. During an autbreak of Rift Valley fever in the coastal
o region of Natal pravinee, 7 isolations of Rift Valley fever
. virus were obtained fromt 6621 Culex zombaensis and one
Isolatjon from 1953 Culex neavel, The outbreak lasied
three months, Infected about 40% of a herd of 300 caitle,
+  causing 11 abortions and four deaths among adull cattle,
t«  and one humaen infection. Al the peak of the outbreak,
* Culex zombaensis was the mast prevalemt species, compris-
ing 49% of the mosquito cafeh. Fifteen out of 37 Dluod-
mieais af this species were Jrom cattle. In laboratory tests,
" Cx. zombaensis and Aedes circumluieolus were readily in-
Jected after feeding on viraentie hamsters circulating high
concentrations of virus. At low concenirations Cx. zotn-
baensls was more suscepttble to infection than the other
species. Both species fransmitted the virus 1o hamsters vn
numerous occasions qfter ingesting high doses of virus,
although an mcubation period af more than 14 days was
necessgry to achieve optimum tronsmission by Cx. zom-
baensis. ft Is conciuded thet Cx. zombaensis was the main
vector during the outbreak and Ae. circumbiteolus was
possibly a vector during the earligr stoges,

Trdens ‘n uitbreking van slenkdalkoors in die kusstreke
van Nuatal is 7 afsonderings van sltentkdalkoorsvirus van
6621 Culex zombaensis en een van 1953 Culex neavel
verkry, Die ultbreking het 3 maande geduvr en het omtrent
40% van 'n kudde van 300 beeste besmet wat 11 aborsiesen
4 vrektes onder uitgegroeide beeste en een besmetting van
‘it mens veroorsaak het. Culex zombaensis was die mees
verteenwoordigende spesie op die hoogtepint van die uit-
breking, nl. 49%% van die muskietvangs. Vyftien van die 37
HBloedvoedings van hierdie spesie was van beeste afkomstie.
In laboratoriumiostse is Culex zombaensls en Aedes cir-
comlutmolus makitk hesmet na veeding op viremiese
hamisters met 'n hoé sirkuiasie van viruskonsentrasies. By

fae konsentrastes was Culex zombaensis watbaarder vir in-
Jeksie as die ander spesie. Albetspesies het die virus verskeie
kere oorgedra na die opname van groot dasisse virusse,
hoewel 'r inkubasieperiode van minstens 14 dae nodig was
om opiimale oordrag by Culex zombaensis te verkry. Die
gevolgtrekking is dat Culex zombeensis die belangrikste
draer gedurende die uithreking was en dat Acdee cir-
cumiuteolus moontitk gedurende die vroeér stadium 'n
draer was.

Introduction

Infection of cattle witi Rift Valiey fever (RVF) virus in the sub-
tropical, coastal region of Natal province in South Africs, is
widespread, enzootic, and perlodically epizootic. The bovine
disease in this region has not been a significant veterinary problem,
miteh of il is clinically unrecognized, while those few outbreaks
identilied have apparently been localized to individual herds, Fur-
thermore, us could be expected from the low incidence of bovine
disease, the disease in humans has rarely been dingnosed. This
situation is In marked contrast to the severe, widespread epizootics
in sheep and cattle, accompanied by signilicant secondary involve-
ment of humans, which have intermittently occurred on the
temperate, intand plateau over the past 10 years,?-?

Sield vector studies during the epizootic of 1974 - 75, together
with viral transmission experiments in the laboratory, indicated
that Celex theileri was the main epizootic vector on the plajean.!
However, this is & scarce species on Lhe Natal coast, and on Lisis ac-
count, could not be involved to a significant degree in this region,

Since 1955, as part of a long-term programme of arbovirus
surveillance, periodical surveys for infection by these viruses in wild
mosquito populations have been carried out on the Natal coast,!-®
Despite lests on aver 400 000 mosquitoes of many spacics only three
iselations of RVE virus have been obtained, These were two isola-
tions {rom Aedes clreunilureolusin 195, at Simbo Pan in nosthern
Natal, and a single isolation from Eretmapodites quinguevitiatusin
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" Table . RVF immunity survey of cattle antl human beingy, on the infected farm, April 1982, .
. . Y
Number positive at indicaied HI titres* ' . A
No, tested  Neg. 20 ") 80 160 320 640 1280 2560  Deaths [lnfection raté
Cattle 246 160 10 18 25 41 28 14 9 H 4 97/250 (39%h)
3y 5} (i @ oo
Humans KX 28 1 3 1 1/33 (%)
*Recently infected animals assumed 10 have iitres of > 80 . . :
*Figures in parentheses indicate humber of aborting cows with the relevant titres. . . 3

1971 at Port Shepstone in southern Natat, Other isolations, both
from cattle, of which we have knowledge, include an isolation from
an aborted foetus at Empangeni in northern Natal in 1969 and
another from a fatal infection in an adult animal in 1974 at Mposa,
some 20 km north of Empangeni. Further evidence of RVF virusac-
tivity was obtained in 1972 when RVF was diagnosed serologically
in a human being who became ilf after an autopsy on a2 cow at
Eshows.

Antibody surveys have also identified human and domestic
animal infection i coastal Natal, Smithburn &f 2.7 found 8 of 138
children {5.8%) and 21 of 145 adults (14.5%) [rom localities in
riveripe and pan habitats on the northern coastal plain
(Tongaland), positive for neutralizing antibodies, Kokernot er al.
found 24 of 235 cattle, sheep and goats {10,3%) In the same area to
have neutralizing antibodies. lncluded among the posliive reactors
was a high proportion of young animals, indicating recent and
possible enzootic infection. In the same survey only one of 144
animals on the adjacent Lebombo hills was positive, In 1971 an
antibedy survey among 708 cattle from 15 herds in the distrdets of
Empangeni and Port Shepstone showed 18% to have antibodies.
Pasitlve reactors were present in 13 herds spread over both districes,
Surveillance over the following two years of some of these herds,
detected 8 seroconversions among 47 caitle jn 1972 and 11
seroconversions among 244 cattle in 1973.1

Despite this recurring activity by RVF virus, the paucity of isola-
tions from wild-caupht mosquitaes has made any firm conclusions
regarding the identity of vectors on the coast virtuzlly impossible,
On grounds of virus jsolation, abundance and host preference, cer-
tain species seemed possible vectors and were further evaluated in
laboratory transmission experiments.,”® In these tests, Er. guin-
gquevittatys, Cx. zombaensis and Culex neavei were readily infected
and transmission demonstrated. Ae, circumiuleclus became In-
fected but transmission was not achieved in a test considered in-
conclusive, since only four ‘masquitoes fed during attempted
transmission. Clex rubinotus, primarily & rodent-feeder, proved
refutivaly refractory to infection and, moreover, failed to yield a
zingle isolation of RVF virus from over 20 000 specimens collected
over several years on the MNatal coast. Despite this not incon-
siderable effort, there was insufTicient field evidencetoidentily vec-
tars: to identil’y particular species with greater assurance it seemed
necessary to obtain muliiple isolations from such species during
recognized bovine infectlon.

This evidence was seeured recently when several isolations were
obtained in November 1981, from Cx. zombaensis during an out-
break of RVF in a dairy herd near Mtubatuba, about 50 km north
of Empangeni. Alter these isolations had been made the farm was
visited in January and May 1982, afler transmission had ceased, to
collect adult {emales of Cx, zombaensis and Ae. circlmiuteoius 1o
carry out laboralory transmissionttasts to determine more precisely
the vector capability of these species.

Methods and majerials
The area in which the farm lies has a subtropical climate, an
altitude of about 100 metres, a mean daily maximum temperature

of about 26°C and an average annual rainfall of 1055 mm, of which
67% falls from October to March. In 1981 unseasonally high falls
totalling 209 mm o¢curred in Septemnber and October, which were
very likely erucial to the occurrence of the outbreak. The natural
vegetation on the farm and its environs, like much of coastal Natal,
Is severely depleted through cultivation of sugar cane and artificial
pastures bul remnar:; of indigenous woodland remain along a
ravine and as & neri. w strip along the Msunduzi river. Ground
pools, with associated marshland vegetation, occur along this river,
which evidently provide the main aqguatic habitats of the predomi-
nent species collected,

Mosquitoes were collected overnight from 13 to 20 November in
portable light and net traps, both balted with solid carbon dioxide:
Light traps and net traps were set for a total of 48 and 22 trap-nights
respectively. Mosquitoes were stored at —70°C until identified to
species, pooled, ground up, made into suspensions and inoculuted
intracerebrally into 2— 3-day-old mice for attempted virus isola-
tion. Unfed mosquitoes were pooled separately from those contain-
ing recognizable ingested blood. Virus isolales were identified by
complement fixation; their antigens were prepared by acetone ex-
traction of infected suckling mouse brain, Ascitic fluids obtained
from mice hyperimmunized with selected arboviruses were used as
a source of viral antibodies.'" Haemagghutination-inhibition (131)
tests were done by microtitre technigues using acetone-extracted
sera and anligens prepared in the same manner as for complement
fixation,'®

Mosquitoes used in transmission experiments were wild-caught
females, or their immediate progeny. They were held in the
laboratory al 28 - 26°C and 75 —~ 80% relative humidity. They were
infected by feeding on viraemic hamsters after inoculation with the
AN1830strain of RVF virusin its fifth intracerebral mouse passage.
Viraemic levels were determined by titration in Vero cells or in mice
inoculated intvacerebrally. Blood was coltected immediately before
the hamsters were exposed to the mosquitoes, Feeding was usually
complete within a half 1o one hour. The mosquitoes were hield for
14 1w 36 days, allowed to oviposit, and refed on susceptible
hamsters to allempt transmission, With the exception of one ex-
periment, mosquitoes were refed individually on hamsters so that
transmission rates could be determined, These are expressed as the
ratio or percentage of infected mosquitoes that transmitted, Infec-
tion rates were determined by inocutation of mosquitoes in-
dividually into suckling mice and this was usually done iwo days
after transmission atiempis.

Results
Description of outbregk

About 300 caitle were on the farm during the outbreak, which
probably started in Seprember, as the {irst abortion octucred on 20
September and the cow had an H1 antibody utre of 1/640 when
tested in Aprit 1982, There were 10 further aboriions in which the
cows atl subsequently showed simitar high titre antibodies (Table
1); three in October, six in November and the last on 12 December.
RVF virus was isomated from a foetus aborted on 14 November,
Four cows died, three dvring November and the last in mid-
Decembe: . (o iiaeeof these fatalities, RVFinfection was dingnosed
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" Table 2. RVE virus isolatjons, with number of mosquitoes tested lor vieus during ontbreak in caltle, Miubatuba, 1320 Novemi?er 198).
Genus (subgenus) species No. pools No. qisg, No. isolations
Anopheles {Anophelesy tenebrosus 8 248
Anopheles (Cellia) phuroensis 3 60
Anophefzs spp. {mostly tenebrosus) 20 i471
Coyuitlettidin spp. 3 i1
Mansonia (Mansanioldes) uniformis 7 769
Mansonies (Mansonioldes) africana 4 96
Aedes (Neomelaniconion) circunhiteoius 8 %7
Aedes (Neomelanivonion) luteoluieralis [ 52
Aedes (Neomelaniconion) spp. 2 148
Aedes (Aedimarphus) spp. i7 424
Aedes spp. 3 10
Culex {Culex) zomiensls 114 6 621
Culex (Cufex) reavel 27 1953 1
Cilex (Culex) antennatus 2 | 192
Culex {Chiex) pipiens 4 63
Culax (Culex) thelleri 2 5
Cutlex {Culex) spp. ) 5 64
Culex (Eumelanamyla) rubinotis 5 ki)
210 13 532 8

histologically from the liver by Dr J. A, W. Coetzer of the
Veterinary Recearch Institute, Onderstepoott, It seems therefore
that the outbreak lasted about thres months, probably reaching a
peak In Movember, the same month that mosauitoes weve collected,

Butween 20 and 30 November, the cattle received a single in-
oculation of inactivated RVF vaceine, In April 1982, 246 cattle and
all 33 human beings resident on the farm were bled and thivir sera
tested for RVF HI antibodies. Table 1 shows that 100 cattle were
nicgative for antibodies, 53 positive 4t ttres of 1/2010 1/80 and 93
pasitive at titres of 1/160 to 1/2560. The 11 cows that aborted were
in the latter category and it [s likely that the remaining infected
animals were also included in the same group. 1t seems therefore
that the infection rate in the herd was about 40%, certainly not
tuch higher, although it may have been rather lower if a significant
nuinber of pon-inlected vaceinees were included in the group of
animals with titres of 1/160 or greater, which szems unlikely, Only
one of the hurmans reacted at high titre and this would appear to be
the only infeetron during the outbreak,

Virus isolations

Collections of mosquitoes on the farm in November 1981, show-
ed that mosquitoes were very abundant and about half of the calch
consisted of Cx, zombeensis. About two-thirds of the total catch
was tested for virus and Table 2 lists the numbers of the varjous
species tested, the number of pools lnocutated and the isolations of

RVF virus, This shows that of the 13 532 mesquitoes tested in 270
pools half consisted of 6621 specimens of Cx. zombaensis, which
yielded seven isolations, giving & minitium (ield infection rate of
about I per 1000. The oaly other isolatlon came from 1953 Cx.
steavei, All the infected mosquite pools consisted of unfed

. specimens. Among the Aedes tested were two Neomelaniconion

species, circumiutealus and futeplateralis, both possible vectors of
which only small numbets were obiained, suggesting that both
species were scarce al the time cqllections were made.

Host prqferen&as' of Cx. zombaensis _ . _
The blood-meals of 37 Cx. zombaensis, obtained during the
above collections, were tested by Mr D. L. Theron, National In-
stltute for Tropical Diseases, in a preclpitin test against bovine and
human axtisera to identify the host species. Filteen meals reacted
against Lhe bovine and none against the human antiserum. Collec-
tions made in goat-baited net traps set on the farm during May
1982, when numbers of Cx, zombaensis were much lower than dur-
ing the outbreak, trapped 72 specimens in 14 trap-nights, OF these,
21 were blood-engorged, 8 gravid and 43 unled. This glves a feeding
tate on the goat of 33%, if the gravid specimens ace disregarded,

Laboratory transmission
The results of the tests on the vector capability of Cx. zombaensis
and Ae. circumiuteolus, given in Table 3, show that both species

Table 1. Experlmental infection ol Cx. zombaensis and Ae. circamiuteoius with RVF vicus and their transinission of the virus hetween hamsters,

Infection rate Transmls:';ion yale

Specles Virus dose {logye/ml) Day Ratio™ {%) Day Ratio* (%)
Cx. zombaensis 8.5 - b.6 16 40742 (95) 14 1/40( 3)
Cx, zombaensis 7.3 -99 24 371/42 (BB} 22 15737 (41)
Cx, zombaensis 7.3 - 99 3l 12722 (35) 29 5712 (42)
Cx. zoinbaensis 8.0 28 3437090 Not done
Cx, zombaensis . 32 28 17/49 {35) 26 3717 (18)
Ae. circuniuteotus 2.3 - 10,2 16 - 17 27387 16 8723 (35)
Ae, circimiviechs 8.3 - 102 27 22/23 (96) 25 722(32)
Ae, vircuminteolus 2.3 -~ 102 a3 88 k1) /8 (38)
Ae. cireunlteotus 6.0 - 33 (/34 2l - 36 o1y

*Number mfected/wotal tested. *Number transmitting/number infected feeding. *In these transmission experiments hamsters were exposad Lo groups of mos-
quitoes: in all, 13 mosgnitoes which weie not tested for Infectivity bit 7 bamsiers,

TR O TR - ﬂ“ . . ) . “..\' .




.

[ RE A S P

f‘h MmeW

64

were readlily infecied ar the higher virus doses, but showed either
reduced susceptibility (zombaensis) or non-susceplibility {eir-
cumbieteolus) at the low dose. Both species transmitied the virusata
moderately high rate after infection at the higher virus doses,
although optimum transmission by Cy, zombaensis took longer to
appear, indicating a rather [engthy extrinsic incubation period.
When Lhis had been reached, however, its transmitting ability was
marginally superior 10 that of the other species at the high virus
doses and definitely superior at the lower dose. Because of its
preater susceptibility to infection and lis abilify to transmit after in-
gesting relatively lower virus doses, Cx. zombaensis would evident-
ly be a more efficient vector in the field, The usually longer per-
sistence of adult Crefex populations compared to Aedes would also
enhance the vector efficiency of this species.

Discussion

The studies clearly indicated that Cx. zombaensis was the main
vector during the outbreak. The mosquito was the only one to yield
mnitipte isolations of RYF at the height of the owbreak, it was the
most prevalens species al that time, it fed on cattle, and transmitted

the virus experimentatly at an adequate level of fficiency.

Although high infecting doses were used in the transmission tests,
they were in keeping with viraemic [evels often reached in bovine in-
[fection and were therefore relevant to lransmission in the fIeld. It
seems likely therefore that Cx. zontbaensis was deeply involved in
this particular outbreak. Thus this finding identifies a third Cudex
species of the subgenus Crlex in the role of epizootic vector of RVF
virus: the others being Cx. theiferi on the South African platean and
a member of the Cx. pipens complex in Bgype.*1

Some comment ks indicated on the possible role of Cx. zombaen-
sis in bovine infection generally in coastal Natal, where enzootic
bovine infection is evidently the norm, and its possible function in
viral maintenance. Since 1955 and prior to the present studies, 5 888
Cx. zounbaensis (1.4% of the total mosquiio catch) Irom coastal
Matat and Mozambique were tested [or virus with no isolation of
RVF virus. This would tend to abselve this species as a mainienance
vegtor, as the collections were made over a very long period and in
several localities, but it would not preclude it asa vector ofenzoobic
bovine infection and occasional epizootic infection in these
animals, These roles would be difficult to detect during the inter-
mittent surveys conducted because of the occult nature of enzootic
infection and theinfrequency of the other in Natal, In the prevailing
absence of more lield evidence implicating other species, it is
reasonable to believe that Cx, zombaensis Is an impartant vector of
bovine infection in Naial and perhaps elsewhere in tropical Alrica,
There s supportive erliological and distributional evidence in this
regard.

Tuere is pood evidence that Cx. zombeensis Teeds readily on
domastie ruminants. In addition ro that aiready mentioned, Pater-
son ef al.™ reported simitar Findings in this regard in northern
Natal. Ol [30blood-meals tested by them, two were from chickens,
19 from human beings, 12 from cattle, 33 from sheep, 17 from
bushbuck, and 47 from dogs.

Cv. zombaeasis is primarily a tropical species, being absent from
the South Alrican temperate plalcan. We have found it more
prevalent in northern Natal, where it averaged 1.6% of the jotal
vatel), than in sourhern Natal where temperitures are significanily
lower, althawgh never belore in our studies has it predominated so
strongly as in the Mutbaiuba colleciions. Its aquatic habitat is wide-
ly Jistributed in coastal Nal, and it must be regarded as a
mocerately prevalent and widely distributed species in this region.
Ils oecurrence has been reported from numerocus countries in
tropical Africa south of the Sabara.

The Fact that about 60% of the Miubatuba fierd remained free of
inlection during an outbreak of three months’ duration, probably
lor most of the time in the presence of high populations of Cx. zom-
baensis, supgests the existence of some factor retarding transmis-
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sion. One possible Factor is the 1athar lony extrinsic incubation
period apparenily required before Cx. zombuensis reaches its op-
timum rransmitting efficiency, Could this be a reason wiky RVF has
failed to develop inlo the extensive epizootics noted on the South
Afriean plateau and in Egypt?

The two isolations of RVE virus From Ae, circumiuteolus in
Natal in 1955, mentioned above, taken together with its ability (o
Irc.nsmit the virus as demonstrated in the present iransmission tests,
indicate that this species, also, must be regarded as a potentiat vec-
tor in Natal. While its numbers were fow in November at the peak of
the outbreak it is likely that they were high soon after the September
rains, as could be expected of an acdine species, in which case it
might have had a more positive role in the early stages of the ot-
break, M {eeds readily on cartle,? is locally extremely prevalent in
norithern Natal,® and it seems could have some role in boving infec-
tion in this region.

The low isolation rate of EVF virus from mosquitoes in the
ahsence of inlection in domestic ruminants in South Alrica aad
v« where in Africa is perplexing in any attempt to explain the per-
sistence af this virus on the basis of mosguito-mediated survival.
With the possibility in mind that other insecis tnay be involved in
viral maintenance we have attempted o isolate RVF vires from
other possible vectors which have inclwded Culicoldes, Simulitdae
and Phlebotominae, Phlebotor - sseemed particuiarty aptin pro-
viding an answer to the evident persistence of RVF virus in arid
areas in South Alrica, and the recent demonstration of serologicat
allinities between RVF and certain philebotomine-transmitied
viruses gave wmided relevance to phlebotomines as possible
maintenance vectors.’ Efforts in this direction, including tests on
over B000 phlebotomines, have, however, Riled to isolate RVF
virus.

Wethank Mr W, Woolridge for permission to work on his {farm,
Mr I3, L., Theron of the National Institute for Tropical Diseases,
Tzaneen, for precipitin tests on mosguito blood-meals, and the
Director-General of the Department of Health and Welfare for per-
mission to publish. This work was partially funded by the Medical
Research Council by & grant Lo P. G. J.
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Table 5. Aminto acid concentrations (mM}) in plasma from 3 bile duct ligated
pigs cormpared with plasma from 3 sham-operated pigs.

Sham-operated BDL P
Alankne 177 <= 30 250 & 43 ns.
Aspartic acid 4+ 3 692 & *
Glutamic acid 88 & 14 296 % 41 .
Glyclne 172428 A7 =24 - >
Leucine 109 *x 37 165 = 31 n.s.
Setlne 57+ 8 o0 + 20 *
Taurine LEN 179 £ 20 .

*P < 005
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Isolation of Rift Valiey Fever Virus from
Aedes (Neomelaniconion) circumluteolus
and/or lureolateralis Coliected during an
_Outbreak in Cattle in the Coastal Region
of Natal, South Africa

In a recent issue of this journal! we reported 7 isclations of Rift
Vallzy fever (RVF) virus from Culex zombaensis and one isolation
from Culex neavei. These mnosquitoes were collected during an out-
break of RVF in November, 1981, on a dairy farmt in the coastal
reglon of Natal. Cx. zombaensis, which acconnted for about half
the mosquitoes collected, was shown to be feeding on catile and o
be a moderately efficient laboratory vector of the virus, We thus
concluded that this species was the main vector during the out-
break, '

Although no virus was isolated from 267 Ae. circumiuteolus, nor
from 148 damaged specimens which consisted mostly of this species
collected during the outbresk, laboratory transmission experiments
with Aedes circumiuteolus showed that this species was also a
moderately efficlent vector and hence a potential epizootic vector.
Because of this finding and because of two isolations of RVF virns
from this mosquito in Matal in 1955,2 the balance of the untested
Neomelaniconion mosquitoes coliected during the outbreak were
tested for virus, using the same methods as befare, except that no
attempt was made to separate Ae. clrewminieofus from Ae.
futeplateralis because of the high proportion of damaged and
specifically unidentifiable specimens. However, it was evident that
the mosquito pools consisted maialy of Ae, eircuminieotus. Qut of
695 Neomelaniconion mosquitoes tested In 13 pools, thers were one
isolation of RVF virus and Lwo isolations of Pongola virus. As the
pools conststed largely of Ae, circumiuteolus, it s highly likely that
these isolationt came from this species,

In our previous article we suggested that Ae. circumiuteolus
might have played a more positive role in the early stages of the out-
break shorily after the September rains, when its population deansi-
Ly was probably much higher than during November when the mos-
qultoes were collected, The isolation of RVF virus from the balance
of the Neomielaniconion catch lends strong support 1o this view-
point.

P. G. JUPH
B. M, McINTOSH
D. L. THOMPSON

Arbovirus Research Unit,

National Institute for Virplogy, Private bag X4,
Sandringham, 2131,

South Africa
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of mosquitoes up to 25 minutes after theinfective £29d but not after
5.5 hours. After shorter intervals, single mosquitors were also

shown to transmit on four occasions, In further experintents, not
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s Taste 2, 'I‘otal number of B. fises and G partellus larvac found with different planting da..e. ’
A strikin treatments. _
sheep on
which int {B Time intervals X = Scasons X gh = 1536 plants sampled per planting date treatment)
losses. To
N . Approximate planting date
ventional Species i pante Total
augmente Mid Ber Mid Beg Mid Beg Mid Beg
flies, prot Sept Oct Oct Nov Nov Dec  DPec  Jan
blood-mec  » B, fuscd 1366 2048 1641 Big t52  by3  mos3  gsbz 12 ar4
tates in th . partellns Gi6 504 I35 fine 203 By 13® 403 2174
. greater tha Tatal iz af4z 1776 B9g =pp 762 w1gr gy 14 488
vector con ) . .
vertebrate :
periml enis ai Mosquite species collected at Richards Bay, Natal.— O3:r the past decade the
m cha. development of Richards Bay in northern Natal into an important harbour has led to its
Syrian increasing urbanization, The high densities of anthropophilic mosquitoes, matnly
onies, Were. associated with the reed swamps prevalent in the arca, have thus become a concern to
B-rdorﬂhin' the local health authorities. This led to the authors’ invelvement in the evaluation of
titration 30 suitable mosquito contro] methods, during which 46 mosquito species were collected,
infant mice ¢ These species, belonging to eight genera and 16 subgenera, are reported on hete,
1.0 ml. Afte Mosquitoes were collected at Bezani Pack, Bay Hall, Meerensee and also at the
groups of mo airport, The methods used were man-baited net-traps and emergence traps. One ta three
Iy. These mo net-traps, each baited with two men, were used for the first three hounis after sunset for
relative humi a total of 81 man-hours frotn 15t October 1984 to zard January 1985. The moseuitoes
biood-meais ¢ which had entered each net were collected with aspirators, but because of the extrewely
from RVF vit large numbers, only the catches made during the first 15 minutes of each hour were
transmissions identified in full, The emergence traps were the same floating traps previously used at
hamstet's liver Richards Bay (Appleton, C. C. & Sharp, B. L., 1g8y. fournal of the Entmnolugicas Sociely of
The resalts [ Southern Africa 43: 179--184). Seventy traps were set in three reed swamps which were
shown in Tabl emptied about Looo tirnes from 6th November 1984 to 2and May 1985. While only adult
female mosquitoes were sampled in the net-traps, both sexes were collected in the
o emergence traps, The numbers of the 46 species of adult mosquitoes collected, together
' } Table 1, Mecha with peecentages of the total catch, are listed in Table 1. The abbreviations used for
d generic and subgeneric names are those customarily employed. (Reinert, J. F. 1g7s.
i Muosguite Systematics 77: 105-£10,) The 12 commouest species in order of prevalence were
G Titre of lnfecting Manxonia unifsrmis, Ma. africana, Culex neavei, Cx, gombaensiy, Anopheles lenebrosics, Coguitlet-
hamster tidig microannulata, Mimomyia kispida, Coq chiysosoma, Cog metallica, Cx. theileri, Uranolaenia
{logs per ml) hilineata var. fraseri and Cx. thelassing which arc all swamp breeding mosquitoes. The
species most frequenlly cutering the net-traps, suggesting they were the most prevalent
7.3 anthropophilic mosquitoes present, wece Ma. uniformis, Ma, afvicana, Cx. zombaensis, An,
Zenebrosus and Cx. neavei in that order.
; Previously o species of mosquite were collected in man-baited net-traps
_ during a dry period between Qctober 1681 and June rg82 at Richards Bay {Sharp, B. L.,
- Appleton, G, C., Thompson, D. L. & Mecnehan, G., Transactions of the Rayal Society ry"
Tropiral Meditine and Hygiens in press), inciuding Cx. thalassivs which had been recordeu
. in 1975 (Mclntosh, B. M., 1975. Mosquitoes as vectors of vicuses in Southern Africa.
W
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Tasz 2. Total vumber of B, fiea and C. parielins larvae found with different planting date
treatn ’

{8 Time intervaus R 2 Scasons X yb = 1536 plants sampled per planting date treatment)

Approximate plantiug date

Specics Total
: Mid Beg Mid Beg Mid Bex Mid Beg .

) Sept  Oct Qo Nov Nov Dec Dec Jan
B. fusea 1966 2048 164t By 132 673 2033 g56e 12914
C. parietlus 646 504 135 Go oy 8o 138 408 2174

Total gore 2642 1976 Byg 255 62 219t 8977 14488

Mosquite species collected at Richards Bay, (Natal. - Over the nast decade the
development of Richards Bay in northern Natal inte an important harbour has ted to its
increasing urbanization. The high densities of anthropophilic mosquitoes, mainly
asspciated with the reed swamps prevalent in the area, have thus become a concern to
the local health autharities, This led to the authors’ involvement in the evaluation of
suitable mosquito control methods, during which 46 mosquito species were collected,
Theae species, belonging to eight genera and 16 subgenéra, are reported on heze.

Mosquitoes were collected at Bezani Park, Bay Hall, Meerensee and also at the
airport. The methods used were man-baited net-traps and emergence traps. One to three
net-traps, each bailed with two men, were used for the first three hours after sunset for
a total of 81 man-hows from 18t October 1984 to 23rd January 1985, The mosquitoes
which had untered eazch net were collected with aspivators, but because of the extremely
large numbers, oudy Lhe catches m .~ during the first 15 minutes of each Mpur were
identified in full. The emergence tr  were the same floating traps previously used at
Richards Bay (Appleton, G. C. & Sharp, B. L., 1985. Joxmal of the Entomological Society of
vouthern Africa 48: 179-184), Seventy traps were set in three reed swamps which were
empt ed about Booo dimes from 6th November 1984 to 22nd May 1985, While only adult
female mosquitoes were sampled in the net-traps, both sexes were collected in the
emergence traps. The numbers of the 46 species of adult mosquitoes collected, together
with percentages of the total eatch, are listed in Tahle 1. The abbreviations used for
generic and subgeneric names are hose customarily employed. (Reinert, J. F. 1975,
Mosquita Systematics 77; 105 -110.) The 12 commonest species in order of prevalence were
Mansonia uniformis, Ma. afvicana, Culex neavel, Cx, zombaensis, Anopheles tenebrosys, Goguitle-
tidig microannulate, Mimomyin hishida, Cog chrysocomn, Gog melallica, Cx, theilert, Uranolaenia
bilinsat var. fraseri and Cx, thalassivs which are all swamp breeding mosquitoes, The
species most frequently entering the nei-traps, suggesting they were the most prevalent
anthropophilic mesquitces present, were JMa. unéfarmis, M. africana, Ge. zombaensis, An,
tenehrosuy and Gk, aeseei in that order.

Previously o species of mosquito were collected in man-baited net-traps
during a dry period between October 1981 and June 1482 at Richards Bay (Sharp, B. L.,
Appleton, G. G, Thompson, D. L, & Mecnehan, G., Transactions of the Reyal Seciety of
Tropical Medicine and Hygiene in press), including Cx. thafassius which had been recorded
in 1975 (MclIntosh, B. M., 1975. Mosquitoes as vectors of viruses in Southern Africa.
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Entemology Memoir No. 43, Government Printer, Pretoria). Thus the present survey
containy 36 species unsampled by Sharp ef al. which are therefore new records for the
focality.

Ma. wiifarmis and Me., africans appear to be the two commonest anthropophilic
species in the urea and constitute the most important nuisance mosquitoes, Sharp and
va-workera also found Ma. urjfornis the most prevalent species and Appleton and Sharp
{1085) confitmed that Ma, umiformis breeds in the swamps. Cx. thafassius is widespread in
the coastal lakes and river estuaries of Natal, being able to breed in water with a high
salinity (Arbovirus Unit, National Institute for Virology, unp- blished). In 1986 it
reached high densities at Richards Bay after sea water had been pumped into an
adioining swamp during dredging operations (Melntosh, 1975). Althongh not very
prevatent in the present survey it might recur as a pest mosquito in the futore if similar
dredging operations are resumed,

Sinee Aedes (Stegomyia) species breed in tree-holes or small containers it is
unlikely that the two specimens taken in the emergence traps reflect their emergence
from the swamp, It is probable that these mosquitbes were resting in the swamp
vegetation when they were ehclosed by the trap as it way placed on the water, Stzgomyia
mosquitees do not readily enter net-traps (Jupp, personal communivation) and as these
species are largely dinvnal biters this subgenus was probably not adequately sampled in
the catehes. For example, Aedes demeilloni has previously been collected at Richards Bay
{Eckartl, unpublished). The presence of man-biting Ae. aegypti is noteworthy as this
snecies I a potential vector of dengue virus oa the Natal coast and might becume
infected if tlds virus eaters Suuth Afriva, Recently dengue type 1 virus was isolated fiom
it resident returning to Durban from a visit to Saudi Arabia and Pakistan, Recent
infettions were alsa surongly suggested on serological grounds in 2 other travellers from
Agia (Blackburn, N, K. & Rawai, R South African Medical Journal, in press).

Exrelmapodites quinguecitiatus has heen collected on the Natal South coast where it
breeds it natuzal and actificinl containers und bites in the shade during the day (Jupp,
personal observation). These habits would preclude the collection of large numbess by
the 2 sampling methods vsed,

Frevious collections made at Richards Day have shown che presence of only
Aunsphelev meres among members of the Anopheles gambize complex, Seven adi'itional
individuals vollected were conlirmed electrophoretically as Adn. mery while ather
individuals possessed g-banded palys suggesting An. meras, This moguito is vegarded ag
a localized veetor of malaria in parts of Bast Afriea aithough its importance is limited
(Gillies & de Meillon, The Anophelines of Alfea South of the Suhara, SAIMR,
Joluenmesburg, 1968). In South Afiica Az merss might be a subsidiary vector in the
vorthern Natal lowlands although high densities would be requived to compensate for its
low vectorial capacity,

Individuals ol the Anopheles funestus group collected were probably not A=,
Junestn sensu steicto, the important malaria vector which appears to fuve been absent
from Natil and Kwazuln over the las: 14 yeurs. This is thought to be due te the
insectividal pressure which has been exerted on a highly anthropephilic mosquito
through continual but spraying with residunl insecticides (Eckard, unpuhhshed),

We thunk Mr G. R. Thibuud for assistance with che lield work, Mr K,
Newberry for valuable diseussion, snd the Directur-General, National Health and

Population Development tor permiasfon w publish - D, M. Eckard and V. Worthington,
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National Tustitute for Tropical Diseases, Private Bag X508, Eshowe 9813, and P. G,
Jupp, National Institute for Viralogy, Private Bag X4, Sandringham 2131,

‘Tame 1, Numbers of female mosquitoes collected in net-fraps (NT) and males and [emules in
emergenee traps (IKT) at Richards Bay, Natal.

No, 1y
Geners, shbgenera and species ~ NT ET  Totul % of
) Nuo. total
catch

Awder Meigen

1. (Adim) elbacephalus (Thiea.) _ B o &

a, (Admj argentecpumetatus {Theo,) ' o 1

3. (Adim) dutbanends (Theo.) 1y G 2h

4. (Adm) vexans (Meigen) 1 o 1

5. (Die) adersi {Edwards) 1 n I

6. fAfuet Incianns Muspract ) L u b

4. {Neo) circumiutealus (T'hen.) 2 1 3

8. (Nro) Iutealateratis {Theo.) 1 0 :

0. (Sig) aegypi (Linnacus) 7 r 8
tes, (Sig) subargentens Edwards 4 t 4
Anopheles Meigen
11. {Anroj tenebrosus Diinite, b 13 14t 2.1y
1. (Ano) ziemmnnt Grinberg a9 o 2
13, (Gol} funester group b o b
L4 {Cel) gmnbige group 1 u 1
15, (Col) marshalli gronp 2 o 2
16, (Cel} phaveensis Theo, b n b
Coguitleitidia {Dyar)

t7. {Crg} enreafwahibergi (Fdwards) 12 3 15
1B, {Cogl rhgysosoma (Felwards) 4 B ol 1.6
0. [Cog) maculipennis (Theo.) o B 3
qu, (Cogh metalliea (Theo.) 2 ga uy 151
21, {Goyy micrognunlaty {Theo) LI | 140 4,17
a2, Evetmaprdites quinguevittatus "Uheo, I o t
Cufex Linnaeus
2y, (s} annndioris "o, 24 3 ay
24, {Cex} aurantopex Edwards o 1 H
@, [Cux} biteeuiorhvnchus CGiles o 1 1
21i, (Cux) nearei Then, g e86 9Ha Lo
wy. (Cax) poicitipes {Theo.) ¢y 31
a8, 1Cux) thalassins *Flieo, 49 1o yra
aty, (Coux) dieiferd Theo. 54 o S
do (Cux) zomboensis Then, az 4 REEH 347
A1, (Enm} rime Theofiniiomis {Carter) : uoo15 13
g2, (Eum) rubinofes Theo, 1 3 4
33, (Lut) tevipes DeGrandmé and De Chacmoy [ 7 7

- b
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No, as
Genera, sulygenera and specics : NT ET Total % of
No. total
catch
Mansonia {Blanchard)
34. {Mnd) wfticana {Theo.) 852 274 Bax 12,09
35 (Mud) uniformiy (Then.) ass 497 381 Gogd
[y
Mimaonyla Theohald
. 16, {Mim] Aispida {Theo.) o 119 11g 1,85
3. {Mim) plumesa {Theo.) o 14 4
38, (Ete) mudiolineota {Theo.} 1+ 8 9

Lhanotamia Lynch Arribalzaga

39. (Ura) albe Theo, b o b
40. (Ura) alboabdominelis Theo. a [ [
At. (Ura) balfouri Theo. ] 1 1
42. (Ura} bitineats var, froseri Edwards o 5t 61 8
48+ (Lra) pellidocephaia Theoa, L ¢ t .
44 (Ura) pelmeirimt De Meilion & Rebelo o9 4
45. {Pfe) fisen Theo, 0 1 I
46. (Bfe} montena Ingram & De Muillun H 2 3
Total Mosguitoes: G444

a = a blank indicates less than 1%
b = present in net but not during the first 15 minuces of cach hour.

A comparison of the known life histories of
Goridozus ratalensis Gordh collected from Bidand seccharing Walker (Lepidoptera;
Pyralidae) in Uganda and southern Africa rgspectively. — Evans (1978, Memoirs of .
the American Entomological Institute 277 1-3%2) And CGordh (1084, Ertomelogy Newy g5t o o
_ w 20y~a11) regard Parasterola and Perisierola aySynonyms of Gamezus, In addition, Gordh B

bethylids Parasiersls sp. and

(1986, Joumal of the Entomological Society of Southern Africa 49% 257-263) suggests that
Parasieroln sp. collected from E, saccharida larvae in Uiganda (Girling, 1979, Entomolo-
gists Monthly Magazine 1182 211} ang/G. aglalensis collected from the E. saccharing in
gouthern Africa may be the same splcies, However, Dr, Z. Boucek [British Musoum,
London), who originally identifiéd the Parasinola sp., recently reaffirmed that the
bethylids in guestion were diffgtent species.

Tahle 1 lists the knoymn life-cycle characteristics of both species. Of particular
note are the observations thay's. nafalensis and Parasierols placed sggs on different regions
of'the host, and even thouglyits rearing temperature was higher, &, natalensis had a Ionger
incubation and larval peplod than Parasivrele sp. These differences strongly support the

morphological finding titat Parasierols sp. and G. walalensis are not the same species. -- D.
E, Conlong and D, Y/ Graham, SASA Experir ut Station, P,O, Mount Edgecombe,
Natal, 4500,
WAL A o265x 1
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Taste 1z A comparison of Parasierola sp. (Girling, 1979} and G. aetalessis. Unless ptberwise stated,

figures in brackets ave 05% coifidence limits.

Perasierole sp.

Host plants Graminaceous crops

Renring temperature 93 & 4,5°C

Lavval presentation Sorghum stems

Mating period Duwing lient 4 days genee and anytime
Length of mating Tegs than 1 minute than 1 minute
Pre-uviposition period 8~y days 243 duys _

Egy position Dorso-laterally, On 2nd and /Igurso-latemlly. On ard to 6th

3rd theracic and rst 3 or 4 abdominal segments

abdominal segments

Egp shape Llongate ovoid -Blongate avoid

Incubation periad 1 day 2-3 tays

Larval period 2 days 13 days (% 1,79}

Larval morphology Posturior visithle part yel Posterior visible part cream to

rouskl pret smooth, without yellow, more pointed tnan
apparent segmcmatiﬁ':-n round, L:as apparent segmen-
! tation on the farger individ-

3 uals
‘ucoon colour ‘White or brown / White or brown
Pupal periad 8w1p days ‘mean /5 e tdays) ty days (% 1,70)
. Mavernal care - For larval and pupal noriod For larval perind
N ol oddults produced per G-z {mean = 11,7) 140 [mean = 8 £ 1,44)
Tt
Sex ratio of ollapring 7 lemales: | /ale 8 females: 1 male {2 1,16)
Temale longevity With host # honew: 36,8 days  'With hest + honey 13 (£ 1,96)
¢ days, Maximum = o8 days
Male Jungevity With hosf + loney: 223 days  With host + huney 6,3 {2 1,3)
i days. Maximum = 17 days

7
I’t

Life cycle of a littlecknowny South Adfrican geometer moth, Gallioratis abraxas
Felder (Lepidoptera : Ge idae), ~ Althongh this colourful and striking geometrid
moth was deseribed by Feldér in 1874 (Reise Nov. pl. ¢, figs 17 and 18 (1874) it was not
well represented in collecfions until the authors reared a long series from exgs in the
vivinity of' East London, Superficially the adults of this genus resemble Tiger moths
{Arctiids} (see DPinhev/E. C. G, 1yys, Mothy of Sowthern Afiicn. Tultlberg Press). The
lemales of adravas are hurnal and Hy fairly rapidly through the hush, occasionally resting
on tree trumks head downwards, Males have neither heen seen on the wing duriug the
tlay nor have any ¢hme to our  Hercury Vapour Lamps and we assume that they are
crepuscular, Femudes lay egs readily in captivity but we found the correet foodplant
only by oflering Ahe newly hatched larvae a sample of abmost every plant anl tree
growing in the yicinity of where the female was caught, Eventually the larvae accepted
the leafl of o gpead {Enesphalarms eltensfeinii Lehm, family Zamiaceae) and a search of
these vyeads/in Bulfalo Pass near East London revealed considerable numbers of egg
clusters angl small larvae, ‘The following detals of their 1ile hiztory are based upon eggs
Foundl in @etober 1084 and the larvae and pupae derived from them.,

i
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9. Beavgn K.5.0, and Hall A.V. (1972). A geotaxonomlc approseh to classification

In ueban and regional siudies, Geog. Amal. 4, 407 —415.

10, Breziflon MM, {1968}, La dfnomination des objets de Plerre Taillkke. Gallia
Prehirfoire, suppl. 4.

11, Smith A.B. {1983}, Prchistoric pastoralisn in the Southwestern Cape, South
Afticn, Wid Archeal, 15 (1), 1989,

12. Rubertshaw B.T, {1978). The archioeology of an abandoned pasioralist camp-site.
&AM ) 5o, 14,2931,

13, Deacons H.I. ef al, (1978). The evidence for hevding 21 Baomplnas Cave [n the
southern Cape, South Alrlea. §, A/F. orchaeol. Bufi, 33, 39—-65.

14, Dunneli R, (1971). Sustematics in Prehistory, The Free Press,

15, Jacobson L. (1978), BA Hobs, thesis, Univarsity of Cape Town.

16, Wadley L. (1975). Blg Elephent Shelter und itc role in the Holocene prehisiory of
central South West Alrica, Clmbebasia (8) 3, 116,

Mechanical Transmission of Rift Valley
Fever Virus by Mosquitoes

A striking feature of epizootics of Rift Valley fever (RVEF) among
sheep on the inland plateau of South Afiica is the rapidity with
which infection sometiraes spreads through flocks, causing heavy
losses. To account for this high level of infection it seemed that con-
ventional biclogical transmission by niosquitoes might be
augmented by mechanical transinission mediated by various biting
flies, probably most efficiently performexd through interrupted
blood-meals. Our field studies'? have shown only low infection
rates in the mosquito veetors during such eplzootics, usuelly not
greater than one infected mosquite per 1000and, furthermore, high
vector competence evidently requires high viraemia levels in the
vertebrate host.™* We report here the results of laboratory ex-
periments which show that mosquitoes can transmit RYF virus
mechanically,

Syrian hamsters, used to infect mosquitoes from labotatory col-
onies, were inoculated with the AN 1830 strain of RVF virus in its
3rd or 5th intracetcbral mouse passage level and were bled for virns
titration 30 hours later at peak viraemia, Titrations were done In
infant mice and virus concentrations expressed as the log LDy, per
1.0 ml, After bleeding, the hamsters were exposed to singles or
groups of mosquitoes which were penmitted to engorge only partial-
Iy, These mosquitoes were tliei held for varying Intervals at B0%
relative humidity and 26°C before being allowed to complete thelr
blood-meals on uninfected hamsters, which died within three days
from RVF virus infection if transmission occurred. Some of the
transn.dssions wereconfirmed asdueto RVFVlrus by passage of the
hamster's liver In infant mice,

The results for iwo experiments with Aedes aegyptl formosiis are
shown in Table 1: successful transmission was achieved by groups

Table 1. Mechanlcal transmlssion between lamsters by Aedes aegyptf

Jormosus.
Titre of infecting Interval after
hamster Nu. of infective
{logs per mi) mosquitess feed Transmission

7.3 15 2 min positive
14 A min posiiive
1 Ymin poitive
I 4 min positive
i S naln posltive
1 Smin negative
14 5 min positive
14 $min positive
7 6 min positive
13 7 min positive
15 9 min positive
15 25 min positive
> 10.7 17 55h negative
16 24.5h negative
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of mostuitaes up to 25 minutes after the infective feed but not after
5.5 hours, After shorter intervals; single mosquitoes were also
shown to transmit on four occasions, In further experiments, not
shown in the table, two Cufex guinguefasclatis successfally
transmitted two minutes after an nfective feed on a hamster witha
viral titre of 7.3 logs, whereas 8 Culex theileri which had fed ona
hamster with a titre of 9.7 logs failed to transmit 30 minutes Jater as
did single mosquitoes in elght other separate attempts.

‘These tests indicate thai most species of mosquite would pro
bably transmit RVF virus mechanically following interrup
feeds, provided the Infecting animal was highly virsemic and thei
terval between feeds was short. Slnce interrupted blood-meals pr
bably accur frequently within densely packed flocks, it scems likely
that mechanical transmission is an important alternative means of
viral transmission during rural epizootics, Other biting flies such as
Cuilvoides, Stamoxys, Simullidae and Tabanidae are also possible
vectors of RVF virus.

P. G, JUPP
B. M. McINTOSH
D, L. THOMPSON
Arbovirus Research Unlt,
Nattonal Institute for Virology,
Private Bag X4,
Sandringham 2131, South Africa.
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from as early a date as possible:

Senior Lecturer/Lecture in Fisherles Science -
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Panveld oviposition sites of floodwater Aedes mosquitoes
and attempts to detect transovarial transmission of
Rift Valley fever virus in South Africa

THOMAS P, GARGAN, I, PETER G, JUPP* and ROBERT J. NOVAKt
Department of Arboviral Entomology, U.S. Army Medical Research Institute of
Infectious Diseases, Fort Detrick, Frederick, Maryland, U.8.A,,

*National Institute for Virology, Sandringham, Johannesburg, South Africa,
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and {Tllinois Stats Natural History Survey, Champaign, Illinois, U.S.A.

ABSTRACT. Floadwater aedine mosquito eggs were recovered from soil
samples taken from prassland depressions, called pans, in the Orange Free
State Proviice of South Africa. A sedge, Mariscus congestus (Vahl)
C.B.Cl., was a useful indicator of Aedes {Ochlerotatus) juppi MclIntosh
oviposition areas. No transovarial transmission of virus was demonstrated
by Ae. juppi females reared from the eggs and allowed to feed shortly after
eclosion on hsmsters. No virus was recovered from 557 pools of 5425 adult
Ae.juppi that were collected as eggs and reared to the adult stage in the
laboratory. Rift Valleyv fever virus replicated to high titres in experimen-
tally infected Ae.juppi females, but horizontal transmission experiments
proved inconclusive.

Key words. Aedes juppi, floodwater mosquitoes, South Africa, oviposition
habitats, Rift Valley fever virus, Mariscus congesiuy, pans.

Introduction

Alexander (1957} considered that mosquitoes
were the reservoir of Rift Valley fever (RVF)
virus, He described how mosquito epps were
recovered from the dried mud of a lake in a
known RVF area in South Axica, and adults
reared from these eggs proved capable of
transmitting RVF for a peiiod of 17 days.
The mosquite species and collection locality,
unfortunately, were naot identified.

Linthicum et al. (1985) obtained evidence
that, in Kenya, RVF is maintaited in nature
through transovarial transmission of the virus by

Correspondence: Dr Thomas P, Gargan, U.S.

Army Medical Research Unir (WRATR) Kenya, Box
401, APO, New York 09675, 1).5.A.
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Aedes  (Neomelaniconion) meintoshi Huang,
reported as lineatopennis (Ludiow) (Huang,
1985). This species, together with other flood-
water aedine mosquitoes, breeds in prassland
depressions called dambos (Linthicum er al,,
1983, 1984). Dambos or vleis are shallow
streamless depressions associated with river
rainage systems and are subject to seasonal
flooding (Mackel, 1974), In South Africa, prass-
land depressions caited pans are also important
mosguite breeding areas. Pans are natural,
seasonally flooded, shallow depressions with no
outlets, and dry vp mainly through water
evaporation {Geldenhuys, 1982),

The primary objective of this study was to
determine if the pans are used az oviposition
sites by aedine mosquitoes and, secondarily, to

23
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determine if mosquitoes found in the pans are
transovarially infected with RVF virus.

Materfals and Methods

Pans and vileis were identified at the farms ‘Fro-
spect’ and ‘Zeta® (20°16'S, 27°03'E, altitude
5225 ft) near Tweespruit, located in the
southeast part of the Oranpe Free State Province
on the Inland Platean of South Africa. They
were sampled for mosquito eggs during the dry
winter months of July and August in 1984,
Tweesprult has a temperate climate with dry
winters and summer rains. Rainfall had been
below normal for several years, and the pans in
the area had not been flooded since the summer
of 1980 (R, Howell, personal communication).
These farms were chosen because three isolates
of RVF viius were made from female Aedes
{Ochlercatus) juppi Mclntosh collected there
duting the 1974-75 epirootic (Mclntosh ef af,,
1980}, when nimerous sheep and cattle had died
from RVF in the area. One pan (No. 1) located
on farm Zeta, was studied the most extensively.
This pan was mapped with elevation tontours,
photographed, surveyed and sampled for plant
specimens and presence of mosquito eggs. Five
other dry pans atd two vleis in the Tweespruit
area were also sampled for eggs.

Mosquito eggs were extracted from soil sam-
ples by the method of Horsfall (1956), Location
and coliection of the egp-bearing soil followed
the method of Novak (1981). The procedure for
gurveying the spatial distribution of mosquito
eggs involved collecting five samples of surface
debris and soil (15x15%35 c¢m) from each plant
community. Sampling in a continuous line along
a transect was done mcross elevation contowrs
andl through the transition of different plant
comamunities, The samples were scresned, the
residue was floated in o series of saturated salt
and fresh water solutions, scanned micro-
scopically and the eggs were removed. Eggs
were placed on moist filter paper in petri dishes
and stored at 4°C,

Egg batching, larval rearing, and viral assays
were done in two laboratories: the Nalional
Institute for Vitology (NIV} in South Africa and
the United States Army Medical Research
Institute of Infectious Diseages (USAMRIID) in
the U.5,A. The egps were induced to hatch by
bictic deoxygenation while confined in small

glass tubes (Novak & Shroyer, 1978). Lasvae
were reared to the aduit stage and then iden-
tified to species using the keys of Mclntosh
(1971, 1973, 1975). Voucher specimens were
deposited in the United States National Museum
of Natural History, Smithsonian Institution,
Washington D.C,, U.§,A. Female mosquitoes
were allowed to feed, 2-3 days after emergence,
on Golden hamsters (Mesocricetus auratus).
Subsequently, adull mosquitoes were separated
inte poots of ten (USAMRIID) or twenty (NIV)
specimens by species, sex and feeding status,
then frozen at —70°C until tested for virus.

Mosquito pools were tested for virns either by
the plague assay technique on Vero cells
(USAMRIID) or by inoculation into suckling
mice (NIV). Hamsters which had been exposed
to the mosquitoes were caged individually and
observed for clinical signs of illness and mor-
tality, daily for 27 days. Sera obtained from the
hamsters were tesied for haemagglutinating
antibodies against chikungunya, Sindbis, West
Nile, Wesselsbron, Middelburg and RVF
viruses (NIV), or for RVF antibody by
the plague redoction neutralization test
(USAMRIID), :

Experimental horizontal transmission of RVE
virns by the reared mosquitoes was attempted at
the USAMRIID as described by Gargan ef ol
(1983), The procedure involved inoculating
hamsters with the Zagazig Flospital 501 strain of
RVF virus, and then allowing the mosquitoes to
feed on the viraemic hamsters 24 h post-inocula-
tion, The infective dose or the amount of virus
ingestad by the mosquitoes was determined by
collecting three freshly fed mosquitoes and
freezing them at —70°C until tested for virus.
Titrations were made by plaque assay in Vero
cells, and the titres expressed as plaque-forming
units (PFU) per ml. All mosquitoes were main-
tained in a bioclimatic chamber at 26°C, 70-80%6
r.h,, and a 15L:9D photopheriod. Following
oviposition, the females were given the oppor-
tunity to refeed individually on hamsters after 7
and 12 days of exirinsic incubation. The mos-
guitoes were examined for evidence of blood
feeding and then were frozen individually at
~T0°Cuntil tested for virns. The viral dissemina-
tion status of individual mosquitoes was deter-
mined by separate assays of bodies and legs
(Turell et al., 1984). By definition, mosquitoes
with a disseminated infection have virus in hoth
the body and leg samples,

ELoT AU

R R T T e T

LA

5% 1



(]

RVF and floodwater Aedes in South Africa 233

8 ey,

FE AT

e

S

FIG3, 1. Vegetatlon diagram of pan N0, 1 located on the farm Zeta near Tweespruitin the Orange Free State
Province, Republic of South Africa, Characteristle plants for the zones: A=Eragroitis planiculmis, Bronus
unicloides; B=E.planiculmis, Avena baerbata; CsA.barbata, Mariscus vongestus, D=M,congestus;

E~weed control area; F=cultivated field,

Results

The dry elliptical-shaped pan (No. 1) was
approximately 210 m in diameter and had four
major plant zones arranged in concentric circles
(Fig. 1). The lowest point in the pan was within
zone D and was approximately 60 cm below the
outer rim. The various plant species and the
number of mosquito eggs collected from each
z;..e are shown i Table 1, The highest density
of eggs was found in the low central zone D
under the sedge Mariveus congestus (Vahi)
C.B.Cl. All of the adult mosquitoes reared f-om
these epps were Ae.juppi,

The value of using the sedge M.congestus as
an indicator of Ae.juppi oviposition areas was
determined by collecting further soil samples

adjacent to this plant in pan No. 1 and five other
pans. Mosquito eggs were recovered from cach
of the sites (Table 2).

The results of egg hatching and larval rearing
were similar for both laboratories, so the data
were pooled. A haiching rate of 82%
{17,002/20,666) was obtained with the eggs
removed from all of the pans and vieis. Various
methods were used to rear the larvae, but no
single method gave consistently good results.
The most successful method included con-
tinuous aeration with an infusion of either dried
Kikuyu grass or dried alfalfa in distilled water
with a small quantity of powdered food com-
posed of yeast and either liver or cereal powder,
The percentage of larvae that survived to the
adult stage was 37% (6249/17,002)., Al
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TABLE 1. Plant species and the number of Aedes juppi epgs collected from soil samples taken from the four major

plaat community zones in pan No. 1.

Zone Piant Plant No. of soil No, of eggs
species abundance SmplS  Vigble Nou- Shells Total
viable
A Eragrosiis planicuimis Nees Dominant grass 35 0 0 1] 0
Bromus unioloides Kunth Subdominant grass
E.curvida (Schrad) Nees Subdominant prass
Panicum schintzii Hack Subdominant grass
B E.planiculmis : Dominant grass 10 0 0 0 0
Avena borbate Brot Subdominant grass
Tragopogon dubiys Scopoii Common hetb
Chenopodium olbum L. Common herb
C A.barbaia ) Dominaut grass 63 517 2m 270 1046
Mariscus congesius (Vahl) C.3. Cl. Subdominant sedge
T.dubivs Common herb
C.album Common herb
D M.congestus Sedge, only plant 88 3082 slé 79 434
in this zone
Total 196 3599 795 1066 5460

TABLE 2. Number of Aedes juppi eggs collected from six South
African pans when the sedge Mariscus congestus was used to dater-

mine the sampling sltes.

Pan No.

1 2 3 4 5 9
Total no, egas 18603 6 435 2045 300 6
Totul no. samples 175 1 1 2 1 10
No. samples with egps 157 1 1 18 Tt 3
No. samples without eggs 18 0 Q 4 0o 7

emargent adalts were Ae.jupp! except twenty-
one individuals (0.3%) which were Ae, (Neo.}
unidentatiss Melntosh,

The majority (77%, 2295/2995) of the mos-
quitoes involved in the virus transmission
experiments fed on hamsters, bui neither
laboratory was able to demonstrate transovarial
transmission of viruses by Ae juppi females fed
shortly after eclosion on & total of fifiy suscepti-
ble hamsters. None of these hamsters died nor
were any antibodies to chikugunya, Sindbis,
West Nile, Wesselsbron, Middelburg, or RVF
viruses detected subsequently in the hamster
sera.

No viruses were recovered from the 357 pools
of 5425 adult Ae. juppi, At the NIV, 413 pools of
twenty mosguitoes composed of 1642 male, 1848
fed female, and 676 unfed females were tested
for viris by mouse inoculation, At the

USAMRIID, 144 pools of ten mosquitoes com-
posed of 788 male, 447 fed female, and twenty-
four unfed female mosquitoes were tested for
virus by the plague assay technique.

RVF virus replicated and produced dissemi-
nated infections in Ae.juppi fed on viraemic
hamsters, The results of the experimental trans-
mission experiments, however, were inconclu-
sive because none of the females with a
disseminated viral infection re-fed a second
fime. Due to poor advlt survival, only a single
transmission attempt was made with twelve
females on day-7 extrinsic incubation. The initial
infective dose these mosguitoes received was
107300 pEYJ, The infection rate was 100% and
the dissemination rate was 50%. Only 25%
(3/12) of the females re-fed on the hamnsters
during the transmission attempt, and while these
mosquitoes were infected with virus (101, 1043,
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1043 PFUJ), none of them had a disseminated
viral infection,

Disgussion

Apart from the unconfirmed report of Alex-
ander (1957), to onr knowledge this is the first
time in Africa that aedine mosqeito eggs have
been collected from soil samples and subse-
quently reared to the adult stage. The sedge
A congestus proved to be an excellent indicator
of Ae_uppi oviposition sites, and this informa-
tion should assist future studies on the bionomics
of this species, However, our poor yield of adult
mosquitoes reared from viable epgs of Ae.juppi
indicated that improved rearing methods need
to be developed for this and other similar flood-
water Aedes specivs, In similar studies in mid-
western U.S.A., Novak (1981) found that
certain species of plants were good indicators of
oviposition sites for Aedes vexans (Meigen),

No virus was recovered from Ae. juppi and no
viral transmission demonsirated to the hams-
ters. Possible explanations of this failure to show
transovatially infected mosquitoes are either
that the virus was missed, or that the numbers of
mosquitees tested may have been inadequate to
include any infected specimens, because of very
low filial infection rates or extremely focal dis-
tribution of infected eggs, or that Ae.juppi may
not be involved as an enzootic maintenance vec-
tor of RVF virus in South Africa. One month
following the 1974-75 RVF epizootic in the
Tweespruit area the minimum field infection
rate of RVF virus from wild-caught Ae, juppi was
1/820 (Mcintosh er af., 1980); RVF isolates
obtained probably tepresented mosquitoes that
became infected by feeding on viraemic sheep
and cattle, In Kenya, transovarial transmission
of RVE virushas been reported for Ae.meintoshi
(Linthicum et al., 1985). It may be that the
enzootic cycle of RVF in Africa involves sub-
genus Neomelaniconion species {e.g. Ae
meintoski, Ae.unidentatus, Ae.circumlutecius
{Theobald)) and not subgenus Ochlerofams
species (e.g. Aejuppi and Ae.cabaliug
(Theobald)). More field data are required to
resolve this important guestion.

Laboratory experiments showed that RVF
virus replicated to high titres and produced dis-
seminated infections in female Ae. juppi by day-7
extrinsic incubation. Laboratory transmission

RVF and floodwater Aedes in South Africa 235

experiments reported by Mclntosh et af. (1980)

showed that this species transmitted RVF virus

to hamsters at a rate of 6% (1/18). Inconclusive
resnlts were, however, obtained on the vector
capabilities of this species, for none of the
females with a disseminated infection re-fed in
our transmission experiment.
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Table 2. Average percent cumulative mortality and percent inhibition of emergence (EI) of Anopheles
Phareensis larval and pupal isolates from Dimilin-treated ditches (15.2 Al7ucre) in Gezira, Sudan,

Larval isolates¥

Pupal isolutes*®

Ditch Larvaz  Pupae Adults (EI1%) Pupae Adults (E1%)
1 20 0 0 100 20 2 a0
2 20 2 1 95 20 3 85
3 (control) 20 19 17 15 20 18 10

* Based upon the average of 6 isolates, each containing 20 larvae or pupue in a cup,

Mortality of the surviving larvae and pupae
isolated from the field was high. Additional
mortality oceurred in subsequent stages produc-
ing a very high overall percent emergence
inhibition (Table 2). Similar findings were
reported by Mulla et al. (1974), Mulla and
Darwazeh (1975) and Schaefer et al. (1975)
using Dimilin against various mosquito spe-
L1es,

Thus, Dimilin offers good potential for the
control of various species of mosquitoes,
showing a varying degree of efficacy against
different species breeding in diverse habits.
This cornpound exhibits little or no hazard to
nontarget organisms in mosquito breeding
sources (Miura and Takahashi 1975, Mulla et
al. 1975, Steelman et al. 1975) and has the
potential for rendering control of immature
mosquitoes for 10 days at very low practical
rates.

We would like to thank Dr., A, A. El Gaddal,
Project Manager of the Blue Nile Heaith
Project, for the encouragement and facilities he
offered.
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. THE USE OF MEPACRINE
HYDROCHILORIDE TO CONTROL
VORTICELLA ON MOSQUITO LARVAE

P. G. JUPP! anp A, N, SMITHD

One of our recent projects entailed the
recovery of eggs of the flood-water mosquito
Aedes juppi McIntosh from soil samples col-
lected in the Orange Free Siale province,
South Africa, and their subsequent rearing to
adults. However, only 34% of the viable eggs
which hatched were rearved successfully 1o
adulthood owing to moriality of the 3rd and
4th instar larvae. Examination of dying and
recently dead larvae revealed a severe infesta-
tion with the ciliate Vorticelle which appeared to
be the main cause of death. No fungi or other
parasitic Protozoa were seen ag this timne on the
larvae and the possible existence of pathog:mic
bacteria or viruses was not investigated. It was
therefure decided to carry out a series of
experimen. ; to {ind a chemical which could be
incorporated in the v-ater in the krval rearing
trays to kill off the Vertirella encrustration
without harniing (he larvae themselves.

Metronidazole and chloroquine were each

b Nationai Institute lor Virology, Private Bag X4,
Sandringham 2131, Johaunesburg, and Department
of Virulogy, University of the Witwatersvaud, Johan-
neshary, South Abica,
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tried unsuccessfully but aniother chemieal, the
anti-malarial mepacrine hydrochloride 4-(3-
Chloro-7-methoxy acridin-9-ylamino)-NN-diethyl-
pentylamine dihydrochloride diltydrate, gave
promising results. ¥t was thought Iikely \nat
this would kill ciliates as it is kncwn to kil both
Sporozoan and flagellate Protozoa (Bowman
and Rand 1980), This article describes the
resulis of these tests.

Mepacrine hydrochloride was dissolved in
distilled water so as to provide a serics of 5
concentrations from 0.0009 to 0.0045%. In-
fested 8rd or 4th instar larvae of Ae. juppi,
recently dead, were placed into each of the 5
solutions. The lowest concentration at which all
the Vorticello. died was 0.0018% and the time
required 21 fir. The discovery of Vorticella on
larvae of Ae. Juppi prompted us to examine our
healthy colonies of Culex perexiguns Theobald
and Culex univittotus Theobald and Vorticella
was found on dead larvae but not on any living
larvae of the 2 species. The vorticellids on these
2 mosquitoes appeared to differ morphologi-
cally and that infesting Cax, perexsguus also
differed from the vorticellid infestibg Ae. juppi,
This may explain why less than 4 hr exposure
to 0.0018% mepacrine hydrochloride was needed
to kill the Vorticella on Cx. perexiguus larvae but
215 hr for the Vorticell species on Cx,
univittatus larvae, This suggests that the Vorticelly
species on Cx. univittatus may have been the
same as that infesting Ae. Juppi. When dead
infested Ae. juppi larvae were mixed with live
uninfested Gx. untvittatus 2nd instar larvae and
cultured together for o weeks, the Vorticella did
nol spread to the Cr. unfuittatus larvae while
they were alive, Hows=ver, if 3 Cx. univittatys
larva died from another cause, after death it
swiftly became infestad with Vorticella,

Having established the minimum concerntra-
tion of mepacrine hydrochloride and the
length of cxposure to kil the Vorticella,
experiments were undertaken to ascertain
whether the same concentration would be
detrimental tn the larva itself. Since at the time
of the tests no live Ae. Juppi were available,
expetiments were performec. «ir ‘ng other spe-
cies of mosyuitoes from labustory colonies,
Exposure of mature Jarvae of Cx, univittatus for
up to 8 days to mepacrine hiydrochloride at
concentrations greater than 0.0018% caused a

54% mortality mainly i the subsequent pupal

and adult stages, The mortality vate at 0.0018%
was not establishad although it was lower than
50%. When eggs of Aeges acgupti formosus
(Walker) were hatched using the technique of
Novak and Shroyer (1978), except that the
hatching tubes contained 0.19% nutrient broth
made up in 0.0018% meperine hydrochioride,
3 days later 10-85% of the young larvae were

found dead. When the rearing of the surviving
larvae was continued in dishes of mepacrine
hydrochloride, 6-25% of them failed to be-
come adults. If eggs of Ae. asgypii formosus were
hatched in the same way but the young larvae
were transferred on the first and second days
to distilled water and fed in the usual way,
about 87% of these larvae reached adulthood.

In conclusion, there are two possible proce.
dures for using mepactine hydrochloride to
control Vort.cella infestations. In the frst, eggs
are haiched in 0.0018% rmepacrine hydrochio-
ride made up in 0.1% nutrient broth and the
first instar larvae are transferred to clean water
a2 minimum of 91 hr later. The second
procedure is to place 2nd, 8rd and 4tk instar
infested larvae intwo mepacrine hydrochloride
solution for at least 21 hr and afterwards
transfer Jhem ... ~lean water in rearing dishes.

We wish v thnk the Director-General of
National Heal.4 und Population Development
for permission to publish.
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EVALUATION OF A SUSTAINED
RELEASE FORMULATION OF BACILLUS
THURINGIENSIS (H-14) FOR CGNTROL
OF WOODLAND CULEX MOSQUITOES:

C. 5. APPERSON?, E, E. POWELL? anp
F. VAN ESSEN#.A

Bacillus neringiensis var. israelensis {(B.ii), or
B. thuringiensis (H-14) as designated by de
Barjac (1978), is a bacteria, agent effective
against several nematocerous dipteran families,
including mosquitoes (Culicidae) and blackflies
{Simuliidae). During Sporogenesis of the bacte-
rsm, a proteinaceous crystal or parasporal
body is formed. This ctystal contains a delta-
endotoxin which is responsible for most of the
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VECTOR COMPETENCE TESTS WITH RIFT VALLEY FEVER VIRUS
AND FIVE SOUTH AFRICAN SPECIES OF MOSQUITO

P. G. JUPP anp A. J. CORNEL

Department of Virology, University of the Witwatersrand, and Arbovirus Unit, National Institute for
Virelogy, Private Bug X4, Sandringham 2131, Soith Africa

ABSTRACT. Aedes juppi was readily infected by incculation with virus but failed to transmit
sither horizontally vr vertically. Seventy-five 0 90% of the other 4 mosquito species hecame infected
after ingesting 6.8-9,8 log1gCPDy/ml of virus, These spacies all transmitted virus at the following
rates on the post-infection deys indicated: Aedes unidentatus (868% —day 11), Aedes dentatus
{32% —day 11, 50% —-day 18), Culex poicilipes (16% ~—day 15, 80% --day 30) and Aedes argenteo-
punctatus (14% on day 30). On the basis of these results and the reletive prevalence of ench species,
it was concluded that Ae, unidentatus and Ae. dentatus are potential spizootic and possibly reservoir
vectors and Cx. poiciiipes a polential epizootic vector of Rift Valley fever virua in South Africa,

INTRODUCTION

Rift Valley fever (RVF) virus oscurs in 2 eco-
logically distinct regions in South Africs, ie.,
the temperste inland plateau west of the Drak-
ensberg escarpment and the subtropical-tropi-
cal coastal lowlands of Nauwal. Multiple iscla-
tions of virus made from mosquitoes collected
during epizootics and the results of mosquito
vector competence tests have indicated the
identity of at least sume of the mosquito speciss
which are vectors, Table 1 summarizes this ev-
idence from which il can be seen that on the
basis of the number of field isolations, coupled
to their degree of susceptibility and moderate
transmission rates Culex (Culex) theileri Theo-

bald, Culex (Zulex) zombuensis Theobald
and Aedes (Neomelaniconion) circumluteolus
(Theohald) are the most efficient vectors. Vec-
tors incrininated in this way on the plateau are
Cx. theileri, Audes (Neomelaniconion) mcin-
toshi (Huang) {reported as Ae. lineatopennis
(Ludlow)) and Aedes (Qchlerotatus) juppi
McIntosh. Gesr et al. (1956) made 6 isolations
from a mosquito identified then as Aedes (Ockh.)
caballus (Theobald). However, subsequent re-
vision of the subytenue Ochlerotatus (Melntosh
19732) indicates the collections coneerned could
have comprised Ae. caballus sensu siricto, de.
Juppi, or a mixturs of both apecies. Culex zom-
baensis and Ae, ¢ircumluteolus ocour in the
Natal coastal lowlsnds, These sedine species

Table 1. Southern African mosquito species yielding multiple isolations of Rift Valley fever virus from 1953

81; number of isolations and results of transmiasion experimenta,

650% infection  Transmission
i No. threshold!  rate? (days post.
Region Species jsolations Luog.LDs/ml infection) References
Natal coastal Cx, 2ombaensis 7 ¢ 7.6 8-42% (14-29} Meclntosh et al. 1983
lowlands
Aa, circumluteolus 3 ¢ 7.6 32-38% (16-31) Xokernot et al, 1957
‘PIvIcIntoahlet al. 1983
o , upp et al, 1933
S.A. inland Cx, theileri 22 ¢ 0.7 13-35% (16-%22) Geuor et al, 1955
plateau
29 Melntosh, 1972
MeIntosh et al, 1873,
1980 _
Jupp et al., unpublished
. data
Ae. juppt - 8 8.7 6% (17) MclIntosk: et al. 1980
Ae. caballus 8., 8 8.0 0%3(12;13) Gear ot al. 1957
. 3 McIntuah ot al. 1980
. Ae, mcc‘ntoeh; 2 8.1 17% (10; 17) MelIntosh et l. 1080
Zimbabiwe A rmeintoshit ] MeIntosh 1972
highlauds '

! The titur of virus needed to infect 50% of the moaquitoes,
2 The proportion of infected mosquitoes transmitiing virus to hamsters.

3 Experiments done with Ae. caballus s.s,
‘Reported as Ae. lineatopennis,
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