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are floodwater mosquitoes and among them
Linthicum et al. (1985) have recently provided
evidence that a field population of Ae. meinto-
shi (Ae. lineatopennis) in Kenya transmitted
the virus transovarially, This wouid enable the
virus to survive through dry interepizootic pe-
riodg probably for several years until climatic
conditions, notably rainfall, were suitable to
trigger the next epizootic. We have so far been
unsuccessful in obtaining evidence to show that
a species of foodwater Aedes in South Africa
can transmit the virus transovarially (McIntosh
et al, 1980 and Gargan et al., in press).

The present paper reports the results of fur-
ther vector competence studies. Expsriments
with Ae. juppi were conducted to investigate
possible transovarial transmission and assess
the horizontal transmission potential of this
species. Horizontal transmission studies were
also conducted with 3 floodwater Aedes species:
Ae. (Neo.) unidentatus McIntosh and de. (de-
dimorphus) dentatus (Theobald) from the in-
land plateau and Ae. (Aed.) argenteopunciatus
{Theobald) which occurs in the Natal coastal
lowlands. (McIntosh 1971, 1875). Additionally
there was Culex poicilipes which occurs on the
Natal coast ‘ nly Ae. nrgenteopunciatus is an
uncommon - .soies. The specimens of this spe-
cies and Cx. poicilipes used for the tesis were
collected in the Transvaal lowlands because
heavy rain had fallen in that area making mos-
guitoes available, These experiments were de-
signed to identify epizootic vectors and poten-
tial reservoir vectors.

MATERIALS AND METHODS

Mosquitoes. From the inland plateau region,
Ae, juppi was collected at Bethlehem, Orange
Free State Province, while Ae, unidentatus and
Ae. derialus came fiom Heidelburg in the
southern Transvaal. From the eastern Trans-
vaal lowlands, Ae. argenteopunctatus and Cx,
poicilipes were collacted at Hazyview,

Infecting Meals. The mosquitoes were in-
fected by allowing them to feed on hamsters
which were viremic 30 hours after intraperito-
neal inoculation of the AN 1830 strain of RVF
virus, The virus had been passed 6 times in mice
and 3 times in Vero cell culiures. The concen-
tration of virus in the blood of each hamster was
determined by titration in Vero cells of a sam-
ple collected shortly before feeding, For this, 0.1
ml of blood was removed from the heart and di-
luted with 0.9 ml of Leibovitz’s medium. Strep-
tomyein, neomyein, gentamicin and fetal calf
serum were incorporated in this medium, Ten-
fold serial dilutions were then inoculated into
monolayers of Vero cells in 96 well plates. Vero

cells respond {0 RVF virus by visually display-
ing cytcpathy, plaques forming after 3 days.
The 60% cytopathic dose endpoints were cal-
culated by the method of Reed and Muench
(1938) and expressed as Logi1sCPDg/ml.

Infected insects were held at 25-26°C and
75--80% relative humidity for varying periods
before individual specimens (Ae. juppi) or
groups of them were allowed to feed on ham-
sters, or aingle mosquitees were tested by the in
witro “capillary” method to determine if they
could transmit virus,

Transmission attempts, Transmission of
virus to hamasters was established by isolation of
virus in infant mice inoculated intracerebrally
with extracts of the livers of dead animals.

The capillary method for showing in vitro
transmission by individual mosquitoes was
based on the method of Altken (1977), With
this technique a fine capillary tube containing a
mixture of equal parts of fetal and calf serum
and 10% sucrose solution was inserted over the
proboscis of 2 mosquito which was then allowed
to feed ¢n the mixture. Refore feeding the tube
contained aboui 0.004 ml of the mixture which

after feeding decreased to about 0.0025 mi. The -

mosquito injects saliva and also virus if present
into the capillary tube while feeding. The re-
maining 0.0025 m! was added to 0.26 ml of Lei-
bovitz's tissue culture medium and tested for
virug by inoculation into cultures of Vero cells.
A proportion of these specimens were titrated
as already described but these titers were ex-
pressed as LogyCPDgy/mosquito capillary fluid.
Development of cytopathy due to the presence
of virus indicated transmission had occurred.
Only visibly engorged infected mosquitoes wers

. considered in estimating the transmission route

which is expressed as the percentage of infected
mosquitoes transmitting virus,

Mosguito infectivity. The number of mosgui-
toes infected was determined by testing them
individually for virus by inoculation into Vero
cell ~ultures, usuaily on the same day as their
transmission feed. Bach mosquito was titurated
in 1 m! of Leibovitz’s medium, centrifuged at
960 RPM for 5 ming aund the super-
natant fluid inoculated into established mono-
layers of Vero cells in 4 wells of g microtiter
plate. Titrations were performed on 12 of the
mosquitoes by inoculating 10 fold serial dilu-
tions of the supernatant. Titers were expressed
as Log10CPDso/mosquito. The infection rate was
expressed as the percentage of mosqguitees feed-
ing on a viremic hamster which became
infacted.

Transovarial transmission. To investigate

" transovarial transmissizn, de. juppi were inoc-

ulated with virus, allowed to feed on ausceptipla
hamsters daily fron: days 4 to 8 postinoculation
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and T eggs obtained from days 6 to 20, The
subsequently reared F, adults were fed on ham-
sters for attempted transmission of virus. In ad-
dition, both the F, female and male mosquiloes
were tested for virus by intracerebral inocula-
tion of infant mice.

RESULTS

The results of the horizontal transmission ¢x-
periments, given in Table 2, show that all 4 spe-
cies of mosqguitoes were readily infected at the
high titers of virus used, and transmitted the
virus into capillary tubes. In the case of de. ar-

genteopunctatus and Cx. poicilipes transmis-

sion by bite to hamsters was also attempted
with grotps of 618 mosquitoes which was sue-
cessful. Capillary tube iransmisgion rates were
low for Ae. argenteopunciatus, moderately
high for Ae. unidentatus and Ae. dentatus and
very high for Cx. poicilipes. In tha case of Cx.
poicilipes, however, the maximum transmission
rate occurred later (30 days) indicating a longer
extrinsic incubation period,

The results of the titration of individual mos-
yuitoes and capillary fluids are shown in Table
3. While titers of capillary fluids were similar
for Ae. unidentatus and Ae. dentetuy (1.8-2.5
LogwCPDsx/mosquito), these titers as well as ti-

ters for mosquitoes reached a higher level in the
case of Cx., poicilipes (2.3-3.0 and 8.3-6.3
LogoCPDgo/mosquito, respactively).

The Ae. juppi females had an ivfection rate
of 93% (50/54) when tested 5-156 days after
their inoculation with virus (6.5 logiCPDso/ml).
However, the horizontal fransmission rate de-
termined by feeding single infected mosquitoes
on single hamsters on day 4 was 0/36. Larval
mortality was high when rearing the F, progeny
go that only 461 females were successfully P
reared and fed on hamsters. There were no !
{ransmissions to any of 10 hamsters. Subse-
quently, 666 females and 246 males were tesied
for virus in 19 pools with no isolations of virus.
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DISCUSSION
Aedes juppi was investigated as a possible :
uverwintering reservoir because 3 isolations of _ '

virusg had been obtained from a large collection
of this species made during an epizootic at
Tweespruit in 1975 and the species had been
shown to transmit the virus horizontally (Mec-
Intosh et al. 1980). The failure of 4 of the 54
mosquitoes tested in the present study to be-
come infected after inoculation was probably :
due to inadequate inoculation in the case of ;£
these 4 mosquitoes. The mosquitoes were fed

Table 2, Results of vector compotence tests with Rift Valley faver virus and 4 moaguito species infacted

orally, ;
Titer of Mosquito infection . T'ransmission
infective Days Days
feed in after : after
LogiCPDy  infective infective
Species PFU/m] meal Rate® maal Test Rate® 4
Ae. argenteopunctatus 7.8-9.8 14-26 29/38 (76%) 911 hamster + 1+
: 30 capillary 1/7 (14%) [
Ae. unidentatus 6.8-7.8 11 12/14 (86%) 11 capillary  7/12 (58%) #
Ae, dentatus 6.8-7.8 11 28/81 (90%) 11 capillary  9/28 (32%) L
17 6/8 (76%) 18 capillary /6 (50%)
Cz. poicilipes 7.8 15 26/25 (90%) 16 capillary 4/28 (16%)

30 capillavyy  24/30 (B0%)
1516 hamster + g

o = numerator = no., mosquitoes infected; denominater = no. mosguitoes tested.
* = numersaior = no. mosquitoes transmitting; denominator = no. infecied moaguitoes feeding.

Table 8, Titers of Rift Valley fever _\ii_ma infected mosquitoes and capillary Auids, LogWCPDw/mosquito,

Days post-infection
Species of capillary feed Mosquitoes Capillary fluid i

Ae. argenteopunctatus 30 50 B.5 0. 23
Ae, unidentatus 11 Not done 2.0 2.0 20 23 25 25 25 ;
Ae, dentatus 3 Not done 18 18 18 1.8 1.8 1.8 2.8 25 2.5

18 Not done 20 2.8 25
Cx. poicilipes 16 334045650685F — — — 33 23

30 3.3 43 43 53 63 2.3 2.5 3.0° 3.0°

* = the mosquitoes corresponding to these capillary fluids were not titrated.
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soon after inocnlation with virus (4 days) be-
cause they were already old insects. As inccu-
Iation hypasses the midgut, the establishment
of infection in the salivary glands should have
oceurred within this period so the negative
transmission rate indicates that this species has
a poor vector potential. This concurs with the
transmigsion rate of one out of 18 mosquitoes
determined previously (McIntosh et al. 1380).
The difficulty in rearing progeny of Ae. juppi
meant that oniy a small sample could be made
available for the transovarial transmission test.
In other investigationa on Ae. juppi the same
problem prevented the production of much
larger numbers of adults in the ¥y generation;
this was the testing of adults reared from over-
wintering eggs collected at T'weespruit in 1984
(Gargan et al,, in press), when no viruses were
recovered from 5,425 mosquitoes tested in 557
pools, All the available evidence therefore sug-
gests that Ae. juppi has a low vector potential
and that it is probably only a subsidiary epi-
zoovtic vector not at all involved in vertical
transmission of the virus. .

The 4 species of mosquitoes orally infected
with virus were allowed to feed on hamgters cir-
culating high titers of virus, Similar titers are
reached and sometimes axceeded in ismbs and
calves (Meclntosh, 1978h).

In ihe previous horizontal transmission tests
done with several mosquito species {McIntosh
et al, 1880) the transmigsion rates were deter-
mined using hamsters whereas in the present
work an in vitro method was used for most of
the tests. This capillary method has been com-
pared with hamater feeding in the case of Cx.
(Crex.) univittatus Theobald and West Nile and
Sindbis viruses when it was found that although
hamsters were siightly more sensitive indicators
of transmission, the transmission rates obtained
with the two methods wera not significantly dif-
ferent (Cornel and Junp, unpublished work), It
is likely that the same would apply to various
mosquito species and RVF virus in which case
the {ranymission rates chown in Table 1 would
also have been a little higher if determined
using hamsters. All 4 species listed are potential
voctors according to the resulls in the tests al-
though no isolations of viruses have yet been
made from wild-caught mosquitoes of any of
them in southern Africa except one isolation
from de. dentaius collected in Zimbabwe
(Melotosh 1972). Aedes argenteopunciatus
must have a low degrae of importance as a vee-
tor on account of its low transinission rate and
uncommon occurrence in the Natal coastal area,
The fAoodwater mosquitoes Ae, unideniatus
and Ae. dentatus on the other hand, can both
be prevalent. in the highveld region of ihe inland
plateau and this, taken together with their

moderately high transmigssion rates, make them

more significant as potential epizootic and pos--

sibly reservoir vectors. Ae. unideniatus may
well be important as a reservoir vector since it
is closely related to Ae. meintoshi (reported as
Ae. lineatopennis) the species shown to trans-
mit transovarially in Kenya (Linthicum et al,
1885). Comparison of the present results with
results of a vector competence test done with
Ae. meintoshi (Ae. lineatopennis) by McIntosh
et al. (1980), shows that Ae. unidentatus is a
considerably more efficient vector than Ae.
meintoshi (Ae. lineatopennis) from the western
Transvadl with both a higher susceptibility and
transmisgibility with RVF virus. Culex poici-
{ipes appears to be a more efficient vector than
Cx. zombaensis which was the major vector
during an epizootic at Mtubatuba in the Natal
coastal lowlands (Mcintosh et al. 71983) but has
a similar long extrinsic incubation period nec-
essary for marimum transmission. Thizs mos-
quito i3 fairly common in the woodland savan-
nan regiona of the Natal coast although not as
abundant as Cx. zombavnsis and eruld play the
role of epizootic vector’ is hakitat.
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A BIONOMIC STUDY OF ADULT AEDES (NEOMELANICONION)
CIRCUMLUTEOLUS IN NORTHERN KWAZULU, SOUTH AFRICA

P. G. JUPP anp B. M. McINTOSH

Arbovirus Unit, National Institute for Virology, and Department of Virology, University of the Witwatersrand,
Private Bag X4, Sandringham, 2181, South Africa

ABSTRACT. Bixteen monthly visits were made to the Ndumu game reserve when resting Aeded
cireumluteolus moaquitoss were collected on the ground. The population density reached exceedingly
high levels 7 or more days after the Usutu and/or Pongola rivera inyndated their flaod plains, and was
relratoed mainly to river flooding and far less to Jocal rainfall. During dry months male Ae, cireumiutecius
disappeared while females persisted at very low levels. Blood-feeding and gvarlan development eccurred
throughout the year and precipitin tests showed the preferred host was almost exclusively antelope
{Bovidas), the dominent large mammal present, It was concluded that Ae, circumiuteolus is a floodwater
mosquito, Owing to the low density of females during dry months and low infection rates with arboviroses
it ja considesed uniikely that Ae. circuminteolus wouid wepport viral transmission throughout the year.
It is more likely that virusss survive in overwintering eggy end are transovarially transmitted,

INTRODUCTION

The Ndumu game reserve is regarded as situ-
ated in the tropical, eastern coastal plain of
South Africa. ‘This is based on the 18°C mean
midwinter isotherm and the 500 mm ischyet
{Puynton 1964). From April 1966 through De-
cember 1968 our Unit made a viral survey of the
moezuito population. Aedes {Neomelaniconion)
cireumiuteoliws {Theobald) was shown to be the
most prevalent mosquito and over the peried
yielded 75 izolates which included strams of 11
arboviruses {Worth et al. 1961, McIntosh et al.
1972a). Aedes circumiuteolus was the most fre-
quently infected species and laboratory tests had
shown it capable of transmitting the flaviviruses
Wesselsbron (Muspratt et al, 1957) and Spond-
weni, and the bunyaviruses Pongola and Buny-
amwera graong the viruses isolated (Arbovirus
Unit, unpublished data). It was concluded at
that time that Ae, eircumluteolus was an impor-
tant vector of arboviruses even if only in an
incidental capacity (McIntosh et al, 1872a), Ad-
ditionally, 2 strains of the phlehovirus Rift Val-
ley fever virus had also been isolated from the
species in another part of northern Kwazulu
(Kokernot et al. 1957).

A study of the adult bionomics of Ae. cireum-
futeolus was carried out at Ndumu from Augast
1967 through December 1968 to better under-
stand its role as a vector of arboviruses and the
results are reported here, Since this study was
completed further work in Bouth Africa has
further inctiminated Ae. circumluteolus as a vec-
tor of the important Rift Valley fever virus
{Jupp et al, 1983, McIntosh et al, 1983). Addi-
tionally, Linthieum et al, {1985} in Kenya have
obtained evidence that a feral population of
another member of the same Neomelaniconion
subgenus, Ae. lineatopenniy (Ludlow) {= Ae
meintoshi; Huang 1985}, acts a8 a reservoir vee-

tor of Rift Valley fever virug by iransovarial
transmission.

Because only one isolate of Pongola virus and
one of Germiston virus were made from the
41,600 famale Ae. circumluteolus collected in our
bionomic study, we were unable to relate viral
infection data to the bionomic data collected.
The diminished infectivity could have been
eaused by a major change in blood-feeding pat-
terns by this species — from cattle to antelope
species - a9 a result of the transformation of the
Feserve inte a wild life sanctuary which was
complete by mid-1967 just before the study be-
gan (Melntosh et al. 1972a). Allernatively thare
could have been a fall off in the number of
available susceptible vertebrate hosts.

STUDY AREA

The peographical position, topography and
elimate of the Ndumu game reserve has already
been dercribed (Worth et al. 1961). The area of
northern Natal in which it is located - Tonga-
land - is now part of the region known as
Kwazubu. Nearly half of the 10,000 hectare game
regerve lies within the flood plain of the Usutu
and Pongola rivers which meet at the north-
eastern corner of the reserve. The Usutu River
forms the reserve’s northern boundary and the
border with Mozambigue, while the Pongola
River runs parallel and close to its eastern
boundary. Thirteen sites were chosen for col-
lecting mosquitoes resting in ground vegetation.
Ten of these were just within or on the edge of
the flood plain of the Usutu river, while 3 sites
were much drier and located outside the flood
plain, During periodie floodings of the rivers
various low lying areas of the reserve suddenly
hecome inundated and the water level in certain
panes rose, The moaguito collection sites situated
at or near the flood plain were elose to the areas
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where larvae of Ae. cireumiuleolus developed.
Each site messured 743 sqg. meters and had
ground cover shaded by trees throughout the
year, At Ndumu rain falls usually in the summer
from November through March. The rest of the
year is much drier, particularly June through
August when there is little or no rain.

METHODS

Mosquito collecting: The portable “hand sue-
tion trap” made by us for collecting mosguitves
off ground vegetation was similar to the trap of
De Freitas ei al, (1968), It consisted of & “Per-
spex” cylinder 18 em long and 15 cm in diameter
housing a 12 volt, 3 watt, DC electric motor with
a 3-bladed rubber propeller. In our design the
mosquitoes were aspirated directly through the
fan into a 20 em® collecting cage, About 10% of
the catch was damaged at high mosquito densi-
ties. The inlet was covered by wire meah screen
comprised of squares measuring 13 X 13 mm to
prevent debris and very large insects being as-
pirated. ‘The operator of a trap carried a satchel
on his back containing the 12 volt motor cycle
battery, held the trap by its upwards curving
bandle in his right hand and a short stick
equipped with a metal hook in hiz left hand. He
combed one-half of the area of & collecting site
parting the vegetation with his atick while keep-
ing the inlet of the vylinder about 10 cm off the
ground. Monthly vigits were made to Ndumu
from August 1967 through December 1968 ex-
cept in November 1968 when weather conditions
in northern Kwazulu prevented access to the
Ndumu area. Each vigit usually consisted of 6
collecting days: each morning 2 men collected
for half an hour at each of four sites so that each
of the giter 1-12 was sampled twice. Site 13, the
forest site, was used only from February 1088
and was not sampled as frequently as the other
sites.

Examination of mosquitoes: Mosquitoes were
brought back slive to the field laboratory on the
day of collection, killed with hydrogen cyanide
and examined microscopically. The apecimens
of Ae. circumiuteolus were extracted from each
collection, the number of males and females
counted and females claggified ns to their meta-
holie state, The undamaged females were sepa-
rated into 3 classem “gravid,” “blood-engotged”
and “empty.” Mosquitoes with enlarged ovaries
and no detectuble unassimilated blood were re-
corded as “gravid,” specimens with any detect-
able blood whether the ovaries were partly de-
veloped or not were recorded as “blood-en-
gorged,” while all other females wers regarded
as “empty.” This last category included females
with an undistendsd abdomen, those where it

was fluid-filled and those where it may have
contained fatty waterial. A small proportion of
females were unclassified owing to damage -
this number was recorded. Blood-meals from a
proportion of the engorged mosquitoes in each
collection were atored on filter paper and later
tested for vertebrate hoat origin by the precipiti.:
test according to the method used by Anderson
(1967). During the period February through Oc-
tober 1968 mosquitoes other than Ae, cireumiu-
teolus were also identified, usually from haif of
the collections.

Analysis of results, rainfall and river flow: ‘The
monthly population index used for Ae. circium-
luteolus was the number of mosquitoes collected
per trap hour expressed as Williams' modifica-
tion of the geometric mean (Mw} (Haddow
1960). It wags calculated from the total number
of mosquitoes collected, including those dam-
aged, and the total nuwmber of trap hours during
each visit to Ndumu The proportion of each
category of females waa expressed as the per-
centage of the total collection of female mosqui-
toes during each month and the number dam-
aged was not included, Rainfall was recorded at
the general store just outside the game reserve.
Monthly averages are shown in Fig, 1. Flow rates
for the Pongola River were recorded in a gauging
station 22.5 km upstream from the gorge at
Jogini where a dam has subsequently been built,
Flow ratey for the Usutu were recorded at a
station 22,5 km upstream from the confluence
with the Pongola River. A flow greater than
2,600 cusecs (70, 8 m®/sec) wan regarded as
indicative of the river being in flood on the
advice of hydrologiets in the Department of
Water Affairs.

RESULTS

Monthly fluctuantions in poptilation level of Ae,
circumluteolus: Table 1 shows the numbers of
male and female mosquitoes collected monthly
over the 16 months of the study, together with
the corresponding Williams' means, The same
figures are expressed graphieally in Fig, 1 to-
gether with the monthly rainfall. ‘The histogram
in Fig. 2 illustrates the relationship hetween
population density ard river flooding (Usutu
and/or Pongola rivers) in time, The winter and
spring months, June to October 1968, viz the
period when Ae. circumiuteolus was nearly in-
active i3 omitted from this figure.

Table 2 illustrates productivity of the 13 trap-
ping sites when expressed in terms of the aver-
age catch of all Ae, circumluteolus mosquitoes
per man hour over the whole study period.

Seasonal pattern of blond-feeding and egg pro-
ductior:; Figure 3 shows the relative proportions
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Fig. 1. Monthly fluctustions in rainfall and population lovel of Aedes eireuminteolus at Ndumy: mean catch

per trap hour expressed a3 Williams' mean.

Table 1, Monthly fluctuations in population levei of
Aedes circumiuteolug® at Ndumu, Ewazulu, South
H.

Ne Females Males

tap  Noo  Mw/trap*  No.  Mw/trsp*

hre  moags hr mosgs hr
Aug. 1987 16 102 d 3 <
Sepl. b i) 1 1 <l .
Oct. o4 4 <1 0 [+
Now, 24 1,200 41 00 17
Dee, 0w e 164 7,230 100
Jan, 1968 24 a7 1 3} =]
Feb, 28 an 4 203 3
Mar. 24 16,151 a5d 28,457 416
Aprlt 26 8,178 114 669 14
May 2 1,801 43 200 4
June 28 22 3 13 <t
duly 16 43 2 1] 0
Ang, 19 11 1 o 0
Sept. 25 25 1 11 L4
Qet. 2 22 1 0 1
Dee, 26 18,971 fi6l 17,857 an

*The numbers in thio table and in Fig. 1 include the

dameged but identifiable mosquitoes,

*+ Willinms' modification of the rasan.

of gravid, blovd-engorged and empty individuals
in each month's catch of Ae. circuminteolus.
Engorged and empty mosquitoes oceurred in
every catch and gravid insects as well except in

October 1967 and August 1968 when catches
were at their lowest (4 and 11 mosquitoes, re-
apectively), In those summer months when the
male catch was about the same as the female
catch, i.e., December 1967 and February and
December 1968, or greater as in March 1968,
only 2-8% of female mosquitoes were gravid.
During these months the catehes were almost
certainly composed predominamily of newly
emerged mosquitoes which had not yet devel-
oped eggs, Such moagquitoes would account for
the large proportion of “empty mosquitoes”
present during these 4 months, i.e., 57-86% of
the total catches.

Precipitin tesi: Blood meals from 1,018 Ae.
circumiuteolus tested hy the precipitin test re-
vealed that 96% were of antelopt {Bovidae) or-

igin.

Prevalence of other mosguilo species: Culex
species were always present in the collections
with Culex (Culex) neavei Theobald, Cx. (Cux)
zombaensis Theobald, Cx. (Eumelenomyia) in-
signis (Carter) and Cx, {Cux) antennatus
{Becker) being the commonest species in that
order, The population densities of these mos-
quitoes all fell to low Jevels during the dry winter
months except Cx. neapei which usually per-
sisted in significant numbers. During the dry
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Fig. 2. Density of Aedes circumiuteolus at Ndumu related to flow of Pongola and/or Usutu rivers: June-

October 1968 data are omitted.

Table 2. Average catch of Aedes circumluteolus* per
man hour according to location of sites at Ndumu,

No. mos-
Bita Location quitoes
10 Near floodplain 738
4,5and 7 Near floodplain 426-492
6,9 and 11 Near flogdplain 216-290
2, 3and 13 Intermediate 134-186
1, 8and 12 Qutside flovtplain 71-108

* All mosquitoes - males, fomales and damaged,

Engmged g

[ro

Etngly
j—i - 1oy By m“'muun Ll a I L] " ey
H_H-HH_Hl . 1
fyg Gegt O Nov Dec Jow Fab Mer Ageil Sloy June Bty Ao Sept Qo e

-1 %8

Fig, 3. Beasonal pattern of blocd-feeding and egp
production of Aedes circumiuteclus at Ndumm: num-

bers above columns ara total numbers of females col-
lected.

g

Farcel gl et catechon
5 8 E 2

months, June through October 1968, aedine
mosqguitoes nearly disappeared from the catches
axcept Ae. {Aedimorphus) albocephalus (Theo-
bald) and Ae, circumluteolus, In March snd De-
cember 1988 when densities of Ae, eircuminteo-
fus were at their highest numbers of all other
species of mosquitoes collected in the traps were

extremely low, possibly because they had been
displaced from their usual resting places.

DISCUSSION

The only local rainfall at Ndumu which could
have had any significant influence on the hateh-
ing of the eges of Ae. circumiuteolus and their
subsequent development fato adults is rain
which was concentrated on one day or several
consecutive days prior to a collecting trip carried
out during the warmer months (mean monthly
temperaturs 22,2-27.8°C). Such rainfalls only
oceurred on October 24-27, 1967 (34.5 mm),
November 17-22 (81,5 mm), March 7, 1968 (133
mm) and April 19 (62 mm). Although Fig. 1
ehows there is some relationship between
monthly rainfall and population indices of fe-
males and males, the relationship is by no means
consistent, sugpgesting there must be anocther
cauge for some of the population peaks. Study
of Fig. 2 reveals that high population levels were
mainly related to the degree of previous river
flooding expressed in terms of river flow. During
the period of the atudy the Usutu River was
more frequently in flood than the Pongola River.
As shown in Table 2 resting sites where the
highest densilies of Ae. circumiuteolus were col-
lected were those closest to areas in the reserve
most frequently flooded by the Usutu River
(sites 4-7 and 9-11). Sites with intermediate
catches (2, 8 and 13) were further away from
such inundated aress, while sites 1, 8 and 12
located in dry areas of the reserve gave the

i3
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smallest catches. Each monthly collecting trip
shown in Fig. 2 is examined with regard to its
relationship to rainfall and river flooding,

The modest population level which occurred
in Novembet 1967 cun only have been caused by
a combination of the previcus 34.6 mm rain of
October 2427 and river flooding which began
in November 6 days before the start of mosquito
coflecting but which continued throughout the
8 day trip. However, in the laboratory we have
found that at an air temperature of 25°C this
mosquito requires a minimum of 7 days from
egg hatching to adult emergence. Nieschulz et
al, {1934) also reported a similar developmental
time from cbservalion on Ae, eircumiuteoius in
the field. This means that mosquitoss present
in the catehes on the first day or second day of
this trip probably originated from larval sites
provided by local rain rather than river flooding,
while the latter could have accounted for mos-
quitoes collected over the remaining 4 days, The
high density of December 1967 is rveadily ex-
plained by river flooding which commenced 14
days before the start of collecting. The 82 mm
rain recorded from Novermber 17 to 22 may have
also contributed to this mosquito population,
Low populationa in January and February 1988
followed months of low rainfall; there was no
river flooding in February while flooding in Jan-
uary occurred too late, The populetion peak in
March with more males than females, was
clearly due to exiemsive river flooding which
gtarted B days before the start of collecting and
the 133 mm of local yain which fell in a singie
day, March 7, On this trip the number of mos-
quitoes taken increased daily from the first yntil
the last collecting days indicating emergence
wasg oceurring over the collecying period, In April
the density of males dropped while females re-
mained at a fairly high lavel, indicating that
little emergence was still taking place, As there
was limited river flooding in April it is most
likely that the majority of the {ernales taksn in
the catches were survivors from mosquitoes
which had emerged the previous moih. The
modest dennity in May is explained by the ah-
sence of river flooding since April 19, The 62
mm recorded on this date, a month before ~ol-
lecting began, may have produced a lmited
nuraber of mosquitoes of which n propoition
were still alive, River flooding which started on
November 27 is the only explanation for the
December 1868 population level which had the
highest density of femaley and second highest
density of males in the study.

On 8 occasions larvae of Ae. cfreumliuteolus
were collected in inundated areas adjacent to
pans within the flood plain of the Usutu River,
Several attempts to find larvae in temporary
rain water pools away from the flood plain were

all unsuccessful This also indicates that river
Booding rather than local rain per se is impor-
tant to cause the hatching of dormant egge.

Aedes eireumiuteclus therefore fits the cate-
gory of a typical floodwater Aedes, whose eggs
hatch ; -ainly because of riverine flooding in the
Tongaland area of northern Kwazalu, with sub-
sequent peaks in adult population density. This
compares with other floodwater mosquitoes,
such as Ae (Dchlerotaius} juppi Mclntosh and
4, (Neomelpniconion} unidentatus McIntosh
occurring on the South African Highveld (T, P.
Gargan, R. J. Novak and P. G. Jupp, unpub-
lished data) and Ae. (Aedimorphus) bexans and
Ae. (Ochlerotatus) sticticus, Meigen ocourring in
the Columbia River Valley in North America
(Gjullin et al. 1960}, Our unit has not encoun-
tered Ae, circumiuteolus in other parts of north-
ern Kwazulu at such high levels as those reached
at Ndumu, However, it has been collected at
tiver marging or marshes after rain in smaller
numbers, It appears that local rainfall needs to
be heavy and concentrated to cause similar sur-
face flooding o that asssociated with riverine
flooding. The observations of Niegehultz et al.
{1934} are in accord with this.

During the dry winter and spring months
{June to October) the mosquito dropped to very
low levels but never completely disappeared.
Male mosquitoes were either absent or fewer
than females, It appears that during this dry
period a very smal' proportion of the total pop-
ulation is surviving for long periods; the females
collected from August to QOctober usvally ap-
peared old, Theoretically if virus infeetion rates
in Ae. cireumluteolus were high enough the small
residual winter-gpring population could include
infected mosquitoes which would carry a vims
through the dry season at Ndumu, However, the
infection rates in summer populations have al-
ways been low. (Worth et al. 1981, Mcintosh et
al, 1972a), It seema more likely that these viruses
overwinter in the egg stage and surviva by tran-
sovarial tranamission, particularly in view of the
work done by Linthicum et al. {1985).

The 2 months when gravid mosquitoes did not
feature in the collections are not thougit to
indicate a cessation of ovarian development,
especially as blcod-engorged inosquitoes were
collected on both occasions. Rather they were
probably due to the small size of the sample of
mosquitoes available for examination. The re-
sults indicate thet blood-feeding and ovarian
development oceur at Ndumu throughout the
year and that there is no reduction of these
activities during the winter. The almost exelu-
sive preference for antelope blood shown by Ae.
cireumniuteolus at Ndumu in 1867-88 differs
from the preferences shown in a study prior to
1964 (Paterson et al. 1964). In that study the
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mosquito was shown to have a wider host rangs,
feeding on man and his domestic animals be-
sides antelope. However, the new host prefer-
ehice probably reflects the change which took
piace in the Ndumu reserve by mid-1967 when
the natives and their animals were moved out
{MecIntosh &t al, 1972a).

As concerns the other main species of mos-
quito collected in the study, it appears that Ae,
albocephadus is the only other ground- -breeding
Aedes in which small numbera of adults ocour
throughout the winter in the reserve. The pau-
city of Cx. (Cux) poicilipes (Theobald) in these
repting collections as compared to the frequency
at which it has heen sampled in bait traps at
Ndumn (Melntosh et al. 1972b) indicates this
gpecies may rest elsewhers, possibly above
ground lavel,

Since the study was conducted, the Pongola
River has boen dammed, This has prevented it
from flooding = frequently as bafore including
where it passes through the Ndumu game re-
serve, Thia development appears to have caused
8 reduction in population densities of Ae. cir-
cuminteolus in the reserve and presumably in
the whole of Tongaland Judgmg froiu the infre-
quency at which the species has been collected
during malarial vector aurveillance and during
collections for arboviral vector research,
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mosquito was shown to have a wider host range,
feeding on man and his domestic animals be-
gides antelope. However, the new bopt prefer-
ence probshly reflects the change which took
place in the Ndumu reserve by mid-1967 when
the natives and their animals were moved out
(McIntosh et al. 1972a).

As concerns the other main species of mos-
quito collected in the study, it appears that Ae.
albocephalus 1= the only other ground-breeding
Aedes in which small numbers of adults occur
throughout the winter in the reserve. The pau-
city of Cx, (Cux) poicilipes Theohald) in these
resting collactions as compared to the frequency
at v hich it has been samplcd in bait traps at
Ndumu {(McIntosh et al. 1972b) indicates this
species may rogt elsewhere, possibly above
ground level.

Since the study was conducted, the Pongola
River has heen dammed. This has prevented it
from flooding as frequently as before including
where it passes through the Ndumu game re-
serve. This development appears to have caused
a reduction in population densities of Ae, cir-
cumiuteolus in the rescrve and presumably in
ihe whole of Tongaland judging from the infre-
quency at which the species hag been collected
during malarial vector surveillance and during
collections for arboviral vector research.
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MOSQUITO VECTORS

P.G. Jupp

Introduction
Among the pathogens that cause disease in livestock in southern Africa,
only a few viruseé.are transmitted by mosgquitoes (Table 1). These and
other arthropod-borne viruses {(arboviruses) characteristically multiply in
both the vertebrate host and the mosguito vector. Successful transmission
is dependent upon the virus producing a viraemia in the vertebrat:, while
the mecsquito which feeds on the vertebrate must develop a salivary gland
infection followed by excretion of virus in the saliva. The arboviruses
belong to savarai families and genera and their taxonomic categories and
host relations are discussed elsewhere (see Chapter on Arboviruses). |

of the mosguito-borne viruses that occur in south. . Africa, Rift_
Valléy fever (RVF) virus is periedically responsible for serious diseaﬁe
in sheep and cattle in the subcon£inent, while Wesselsbron (WSL) wirus
causes a milder disease, affecting sheaﬁ in particular. West Nile (WN).and
Banzi (BAN) viruses, howe§er, have only been expefimentally incriminated
as causes of congenital abnormalities in lambs {(See Chapter on Viral
teratology in ruminants} in South Africa $10%. In France, WN virus has
heen documented as the cause of encephalomyelitis in horses $22, 23§%.

Other mosquito-borne viruses of the families Togaviridae and

Flaviviridae that de not occur in southern Africa, but which cause
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important diseases mainly in équines angd humans outside Africa inciude the
alphaviruses of eastern, western and Venezuelan éncephalomyelitides and
the flaviviruses of Murray Valley, St. Louis and Japanese B encephalitides
{Bee Chapters on the specific digeases). It ig possible that Akabane
virus, whicn is a bunyavirus of the family Bunyaviridae, is also present
in southern Africa, although this still remains to be demonstrated. This
viruas has been isolated from Culicuides spp. and £rom mesguitoes in

Japan, suggesting it is als§ mosquito-borne $81%. Akabanes virus has been
incriminaled as the cause of abortion and congenital abnormalities in
livestock $51% (see Chapter on Viral teratology in runinants).

Rift Valley fever, WSL and WN viruses are algo important in causing
human disease, while two other mesquito-borne viruses, namely chikungunya
(CHIX) and Bindbis (SIN) viruses, only cause diseasé in humans. Their
epideniclogy and assogiation with human disease have been summarized
recently by McIntosh $62§%.

Apart from virus isolation from wild-caughv mosquitoes,.the lines of
evidence incrimirating a mosgquite species as a vector are its
susceptibility to infection with, and its ability to transmit, the virus
concerned (vector competence) plus its relative density and etological
characteristios. Vector competence isnassessed guantitatively in
laboratory tests while data on density and ecalogy are sbtained by field
observations, Relevant aspects of ecology are feeding behaviour, including
host preferences, larval habitat associations and biology of the egy
stare.

Climatic factore influenve arboviruses bath directly and indirectly.
Temperature conditions directly affect the maltiplication of the vitus an
the mosquito vectﬁr, low temperatures slowing down viral replication and

lowerinrn vector competence $28, 83%. However, more importantly, climatic
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factors operate through their influence on the geographical distribution
and ptevalehce.of the viral hosts, both mosquito and vertebrate. In the
tase of mosquitoes, high réinfall and temﬁeratures cart lead to higher
population densities of specles belonginé to all genera, particularly
Aedes. Climate therefore has a considerable effect on the epidemiology
of arbovirus infecﬁions..

Apart from some work in the temperste, meist highlands and
subtropical, moist lowlands of Zimbabwe, the areas of southern Africa
lying outside South Africa have largely only been studied for the presence
of mosquito-borne viruses by means of serology without virus iselation
from wild-cavght mosguitoes being attempted. There is considerable
arbovirug activity in the tropical region of Mozambigue and the Zambezi
valley, and in the subtropical, moist northern belt that extends westwards
from Zimbabwe and embraces the Caprivi strip, the Okavango swamps in
fioxthern Botswana, and Btosha pan in north-eastern Namibia $11, 46, 508.

Arbovirus attivity in Souwth Africa is more or less confined to the

:%« subtropical and tropical Transvaal Lowveld, the Natal coastal lowlands,
l and to the temperate, high inland plateau of the Karoo and Highveld. These
q regions all fall in the summer rainfall area. The inland plateau has
virtually no rain from May to Novembe:, while in the winter, from June to

August, night temperatures are often near freezing and periedically f£all

/’33 below this, In the Trangvaal Lowveld and Natal lowlands, winters are dry

j '
but mild.

O
Records of rainfall in the summer rainfa. region of South Africa

since 1910 reveal a 20 vear oscillation between decades of above and below
average rainfall $88%. The 19505 was a decade of high average rainfall,

T the 1960s below average and the 1970s again above average. During the

? ” " period 1%57-1979, the major outbreaks of #WN, CHIK and RVF infections in
h._1
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humans and domestic animals have occurred mainly during periods of above
average rainfall, One can therefore expect that the 19680s should be a
period of low arboviral activity and the 19908 on§ of high activity.
buring times of hea;y rain certain parts of the inland piateau,
notably the panveld area of the western Orange Free State and
north-eastern Cape Frovince, may become so saturated that large pans and
areas of pasture are flooded. Such accumulations of wacer may remain
standing on farms for several months, particulariy if there is a granite
underlay as in the c¢ase of the Ghaapse Plateau. Under these conditions
large populations of floodwater Aedes mosquitoes are produced
initially, which are subsequently replaced by equally large populations of
Culex mosquitoes., At such times epidemics of RVF may ocour, but the
extremely high densities of wmosquitoes and other biting fliesz are also
detrimental to livestock in other ways. These include reduced milk
production by dairy cows'and the development of a poor general state of
health in sheep and e¢attle, Sheep may even die from loss of blood as a
result of Lhe continual biting by vast nmumbers of ingects. This kind of
sitnation is probably the main reason in South Africa for mesguito control
heing necessary. However, effective large-scale mosquito control on farms

would be difficult and very expensive to carry out.

virus isolations from mosquitoes

Table 2 lists the six mosguito species which yielded multiple isolations
of RVF virus when collected on farms during RVF epidemice among sheep and
caftle. The largest number of isolations on ithe inland plateau came from
Cilex theileri (plate 1) and in the Natal lowlands from

Cx. zombaensieg (plate 2)., Fewer isolatinns were made from aedine

mosquitoes berause collecting only bhegan once an epidemic was already
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well under way,'by which time the aedine populations were waning. All the
Aedes spp. given in Table 2 are floodwater mosguitoes belonging to the
subgenera Neomelaniconion (Nec.) and Ochlerotatus (Och}.

Aetdes (Neo.) meinteshi and Ae, (Och.) juppi are illustrated in

plates 3 and 4.

As shown in Table 3, 33 isolations of WSL virus have been made from
mosquitoes collected in South Africa and 15 from mosquitoes collected in
zimbabwe. Apart from two, all these isolations were made from floodwater
agsdine mosquitoes. However, RVF wvirus isolations were obtained from
numerous Culex ag well as Adedes spp. Like RVF varus {(Table 2}, the
most important Redes spp. involved with WSL virus were
Ae. {(Neo,) vircumluteolus (Natal lowlands), Ae. (Och.) caballus
s.1. {inland plateau) and Ae. (Nep.) meintoshi {Zimbabwe highlands).

From 1956 to 1980, 139 isolations of WN virus were made from
mosquitoes in South Africa. Of these, 136 came from mosquitnes tollected
on the inland plateau and three from the Natal coastal lowlands. On the
platesu, 128 of the isolations were from Culex uniwittatus which
occcurs throughout this region $67%. There was a large epidemic of WN fever
in the Karoo and northern Cape in 1574, when the infection rate of the
Cx. univittatus population reached 39 infected mosquitoes per 000 at
Upington $74%. The low incidence of Wﬁ virus in the Natal coastal lowlands
is apparently due to the poor susceptibility of Culex neavel 4o
infection $40%. Culex neavei replaceaes Cx. univittatus
allopatrically in the Natal lowlands, where it is apparently the nain
vector $26, 67, 6%, S0%.

Banzi virus has been isolated almost exclusively from
Culex (Eumelanomyia) rubinotus at Harare in Zimbabwe and at Port

Shepstone and Mtubatuba~Empangeni on the Natal coast, Infection rates in

this species have often been high $75%.

o — kit ot w1 = 1
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Vector competence

Values for thé 50 per cent infection threshold and the transmission rate
determined in horizontal biclogical transmission tests for six species of
mosquite with RVF virus are given in Table 2. Data indicating the
appro#iﬁate length of the extringic incubation period for each species are
also shown. On the basis of these results the order of vectorial
inportance ig Cx. theileri, Ae. circumluteolus, Cx. zombaensis,

As. mcintoshi and Ae. juppi.

Table 4 gives the results for preliminary tests on three further
mogquito species, all of which had high infection rates after feeds of
high titre of wvirug, and which svbsequently transmitted the virus.
Comparison of the results for Ae. unidentatus (Table 4) with taocse for
de. meintoshi (summarized in Table 2) shows that Ae. unnidentatus
is a more efficient vector.

Field studies during RVF epidemics have shown only low infection rates
in the mosquito vectors, often no more than one infected mosquito per 1000
$59, 73%. In addition, high vector compefence'evidently requires high
levels of viraemia in the vertebrate host $35, 68, 73%. Despite this, a
striking feature_of RVF ¢pidemics among sheep on the inland plateau of
South Africa is the rapidity with which infection spreads through flocks,
caueing heavy logses. To account for fhe high level of infection,
biological infection by mosquit.es is almost certainly augmented by
mechanical ‘ransmission by various biting flies. In mechanical
transmigsion there is no viral replication in the vector, only a passive
transfer of virus. Experimental mechanical transmission of RVF virus has
been accomplished by various haematophagous Diptera: Glessing morsitans,

Stomoxys calcitrans, Lutzomyia longipalpis, Culicoides variipennis, and

several species of Aedes and Culex $43, 183, In interrupted
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transmission tests from viraemic to susceptible'hamsters by the bite of
Ae. aegypiti formosus $43§, transmission was achieved by groups of
mosgquitoes for up to 25 wminvtes after the infective.feed but not after 5,5
hours., After shorter intervals of three to five mihutas, single mosgquitoes
were also shown to transmit the virus on three occasions.

The results of sarlier vecter competence tests with WSL virus are
shown in Table 5. They indicate that Cx. theileri can be excluded as a
vector, while Ae. ecircumiuvteoius, 3e, cabalilus s.1. and
Cx. zombaensis are potential vectors.

Laboratory evaluation of all the common mosguito species otcurring in
the Highveld as vectors of WN virus showed that Culex uniwvittatus is
by far the mogt efficient vector, with a low 50 per cent infection
thresheold of about 2,3 log LDSO/ml and a high transmission rate of 97
per cent %28, 30%,

Owing to the high infection rates of BAN virug in natural populations
of Cx. rubinotug at Port Shepstone, it was possible to qnnduct a
transmission experiment in the field in which individual hamsters were
exposed_to 16 groups of between four and 19 wild-caught mosgquitoes. Banzi
virus isclates were made from the mosguito groups that had fed on {1 out

of 16 hanmsters, which suggested a high degree of vector efficiency $65%.

. Ecolo of moscquito vectors
/fﬂa gy v

Culex (Cux.} theileri

Culex spp. deposit their egg rafts on the water surface, where,

depending on the temperature, they hatch within two or three days. These
eggs cannot resist drying, hence the preferred types of larval habitat are
permanent or semi-permanent ground pools, although temporary pools are

sometimes used. Culex theileri is the wost abundant and consistently
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prevalent mosguito throughout the inland plateau regiqn of South Africa,
but it is usually rare on the Natal coasi and in the Transvaal Lowveld
%36, 4%, 73, 89%. This species feeds on goats, cattle, sheep and humang,
mainly at ground level during tﬂe first three hours after zunset. It alzs
feeds to a limited extent in the tree canopy as it is moderately
ornithophilic §1, 27, 36, 41%. The larvae are found in a wide range of
ground pools varying from clear vleis with emergent vegetation to pools

highly polluted with organic waste from catile $20, 24%.

Culex (Cux.) zombaensis

This species is common in the northern Natal coastal plain $14, 69, 70,
76%, but rarer in the southern ﬁaft $37%. It is mainly a ground
frequenting spécies which feeds nocturnally on cattle, sheep, goats,
antelope'and humans $70, 76, B2%. Culex zombaensis seems more

selective in its choice of larval hsbit - an Cx. theiler:i and is
probably more confined to cleaner water waih emergent vegetation; such as

river margins and permanent pans.

Culex (Cux,} univittatus

This mosquito occurs throughout the Highveld and Karoo regions and is
usually one of the most abundant Culex spp. taken in catches $36, 41,

89%. It is predominantly ornithophilic but sometimes feeds on humans and
cther mammals $1, 27, 36, 41%. It feeds nocturnally, particularly in the
tree canopy but also at ground level. While this species ig only slightly
anthropophilic it has been shown to feed on humans indoors to some extent
{endophagy) §27%. Ep.demics of WN are probably partly a result of
increased feeding on humans when particularly high densities of the vector

occuxr, as they did at Upington .rt 1974 $74%. Precipitin tesis on
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blood-meals of Cx. wnivittatus collected on a cattle tarm near
Johannesburg showed that 37 per cent of them were of mammalian origin, and
55 per cent of these mammalian meals were frém cattle. |
Culex vnivittatus will utilize temporary, semi-permanent and
permanent ground pools as larval habitats, although it prefers sites with
clear water and emergent vegetation $20, 24%. Reed beds at the margins of
the Orange river were probably utilized at Upington in 1974 and 1976 when
densities of Cx. univittatus were high there. It appears to be
important for Ox. univittatus adults and larvae to enter a state of
gquiescence to overwinter, although the available evidence indicates that
adults pass the winter in a nulliparous rather than a parous condition

$25, 29%.

Culex (Eum.) rubinotus
Culex rubinotus can be ¢ollected in reasonable numbers only within or
near its preferred habitat. This is dense marshland vegetation, always
associated with permanent water such as lagoons, rivers or streams, and
dams or lakes. Rank reeds, papyrus or grass are always present but trees
are either few or absent. Although this type of habitat occurs on the
iniand plateau, it is particularly COmmoN ©n the Natal coasgt, and large
populations of the mosguito have been sampled at Mtubatuba and Empangeni
$7%%. The mosguitc probably seeks out this dense vegetaticn because of its
sensitivity o wind and low humidity. Large numbers have also been taken
in mature gugar cane figlds when these adjoined the natural habitat $39%.
Culex rubinotus feeds primarily on rodents, to a moderate degree
on domestic ungulates and rarely on humang $39%. The feeding rate is high
on hamsters in mosquito traps placed on the ground. Female mosguitoes
confine their sctivity almost entirely to ground level and rarely enter

traps in the tree canopy $39%.
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Larvae of Cx. rubinotus have been ¢ollected in shallow water in

reed beds $393. Hopking $203 recorded the larval habitats as being

papyrus swamps and weedy or Pistia-covered borrow-pits.

Aedes (Neo.) circumluteoclus

Thig is the predominant member of the subgenus Neomelaniconion to be
found in the troplical coastal lowlands from northern Natal in South Afrieca
northwards into Mpzambigue. In Tongaland in northern Natal it is often ome
of the most prevalent of all mosguitoes during the summer $12, 38, 58, 69,
70, 90%. It has been collected in much smaller numbers in other.parts of
northern Natal at river margins or in marshes after rain, although it can
apparently become quite prevalent at Lake St Lucia $13%. This is a
fioadwater species which ovipoéits at the edge of rivers and pans within
the flood plain. Aedine eggs are resistant to dessication as long as a
high level of humidity is maintained within théir microhabitat under the
soil where, like Ade. juppi, they are probably déposited within the top

50 mm $15$. They do not hatch until they are inundated at the next river
flooding., Local rainfall apparently has to be heavy and concentrated to
cause surface flooding similar to that associated with river flooding
$388.

.

A study at Ndumu in Natal showed that during the dry winter and spring

/Agﬂ months (June to Dctober) Ae. circumluteolus declined to very low

J o numbers, but it never completely disappeared. Blood-feeding and ovarian
development occurred throughout the year $38%. Aedes circumluteclus is
a ground feeder feeding during the day and alse at night from about half

! an hour after sunset. It feeds avidly on cattle, sheep, antelopes and

; € humans $38, 70, 82%.
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Aedes (Neo.) unidentatus and Aedes (Neo.) mcintoshi

In 1971 McIntosh revised the subgenus Neomelaniconion in southern
Africa $58%5. Be named twc new sbecies, Ag. unidentatus and

Ae. luridus, making a total cof eight species including

Ae. circumiuteolus and Ade. lineatopennis. Prior to thisg :evision

Ae. unidentatus may have been called fe. lineatopennis in
Johannesburg and at Lake Chrissie for examyle $363%, while Ae. loridus
may have been confusad with Ae. albothora.. In 1985 RHuang described a
new species, Ade. (Neo.) meintoshi, and showed that African mosguitoes
previocusly reported as Ae; lineatopennis really belonged to this
species %218, Aedes lineatopennis itself was shown to be confined to
the Philippines., Thus, reports of ie. l;neatqpennis in the literature
after 1971 refer to Ae. mcintoshi but before 1971 could have been
either Ae. unidentatus or Ae. mcintoshi.

Aedes wnidentatus is probably more common in the moister eastern
part of the Highveld and the middle veld of the Orange Free State where it
is probably the numerically'dominant spacies of the subgenus $58%.
Aedes mcintoshi is & more widely distributed species adapted to
regions with markedly Qifferent climates: it occurs in the Karoo,
Highveld, Transvaal lowveld, Natal coastal lowlands of South Africa and
the Zimbabwe highlands. In the northeéﬁ part of the Natal Jowlands this
species appears tc be dominated by Ade. circumluteolus. Its prevalence
relative to Ae. unidentatus and Ae. luridus in the Highveld and
Karoo respecﬁively is not yet properly known because of insufficient
sampling. Large numbers of Ae. mcintoshi have recently been collected
at villiers in the north-eastarn Highvald, where it was about as common as
Ae. wunidentatus. In southern Africa the distribution of

Ae. meintoshi indicates that it is probably best adapted tc regicns of

intermediate temperature.
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Aedeg unidentatus feeds bqth_by day and night, with peak biting
commencing about hélf én hour after sunset in Johannesburg. It feeds
voraciously on goats, cattle, sheep and huwans $1, 36, 58%5.

Aedes méintoshi has the same host preferenc;s although its biting
cycle still needs to be determined in South Africa.

Larvae of Ae. vnidentstus have been collected near Johannesburg in
temporarf rainwater pools in flooded pasture $243%. Both
Ae. unidentatus and Ae. mcintoéhi 1arvae.occur in large numbers in
flooded pans and, to a lesser extent, in vleis in South Africa $4%. Recent
studies on the ecolegy of Ae. meintoshi near Nairobi in the Kenya
highlands have indicated a behaviour pattern similar to that of south
African populations. Lurvae have been tollected in very.large numbers in
dambos (pang) on bushed grassland $53%. A alt females feed aﬁidly on
cattle énd humans, with peaks just befofe sunset and just after gunrise
B ‘ $54, 56%. The dispersal distance frou a dambo was found to be 0,07 and
| | 0,15 km for males and females respecti.ely, and the daily survival rate

0,83 and 0,85 $528.

| | Aedes {ch.) juppi and Aedes (Och.) caballus
McIntosh made a taxonomic reassessment of
\ Aedes (Ochlerotetus) cabzllus and found that mosquitoes that had been
$ identified as this species before 1973 could have been either
‘ ¥ Ae. caballus s.5. or a new species Ae. juppi or a mixture of both
, O these species $60%. From the limited numbear of locality records available
i : for these two species $608% it appears that de. juppi is adapted to

temperate conditions and is endemic to the temperate regions of southern

I Africa. It probably outnumbers Ae. caballus in the Highwveld of the

Transvaal and northern Orange Free State, and seems to be the only species
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in the westérn and coastal regions of the Cape Province. It is sympatric
with &e, caballus over a large area, including the Karoo and southern
Orange Free State, but the relative proportions of the two species regquire
furtﬁer elucidation. Aedes caballug iz apparently adapted to higher
temperatures and a lower rainfall than Ae. jupp: and is obsent from
the coastal regions of Natal and Mozambique.

Aedes juppi and Ae. cabalius have very similar ecblogiés, Both
feed avidly in the'light and just before and after sunrise on goats,
sheep, cattle and huméns $33, 41, 73%. Larvae of Aw. eaballus 5.1,
have been recorded from small or large temporary pools or pans $795. More
recent studies have shown that the eggs of both species are laigd in_sedge
or grassland within low-lying depressions {pais) and hatch to préduce
enormous numbers of larvae when these pans £ill .fter weavy rainfall $15,
328, Hence larvae of fhe subgenus Ochlerotatus are found in similar
habitats to these of the subgenus Neomelaniconion, and often specieg
belonging to both subgenera are collected togéther at the same aguatic

site on the inland platean,

Vir 1 maintenance and scourrence of epidemics (Figs. 1 and 2)
Many years of work in s-uthern Africa and in other African countries have

failed to provide evidence supporting a continuous cryptic

/”ﬁm vertebrate-monquito virus transmission cycle that serves to maintain RVF
_‘ virug during the inter-epideéemic period. Evidence has, however, been
o pbtained in southern Africa and Egypt that transmissidn by wvarious
mosguito species, notably Culex spp., cccurg during epidemicg in sheep
and cattle $16, 19, 73, 76%. Virue isolation sttempts over 20 vears from
% G some 40 000 mosquitoes trapped in RVF areas In Natal during the

inter—epidemic'period failed to incriminate mosquitoes $Z%.
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Morm recently, Linthicum et al. $55% isolated RVF virus from
- mosqguitoes collected in Kenyé during én inter-epidemic periocd. These
included eight isolations from‘a&ult Ae. meintoshi (reported as.
Ag. lipeatQPenﬁis} that had been collected u¢ larvae or pupae and
reared to adulthood in thé laboratory. These immatures came from newly

flooded dambos in bushed grassland near Nairobi. The only other RVF virus

isolations from aedine mosquitoes were one from wild-caught

Ae, cumninsi adults and another from wild-caught Ae. meintoshi

ﬁifl

adults. This important finding provides evidence that.RVF virus can be
maictained throughout inter-epidemic neriods in a state of dormancy in the
eggs of Ae. mcintoshi and can then be transmitted transovarially to.

the next generation of mosquitoes. Linthicum et al. $554% concluded

.that Ae¢, mointoshi is important in the gensraticn of epidemics by the
primary seeding of wvirus in cattle and sheep. Subsequently, other
mosquiteces, Culex and Anopheles spp., colonizing temporéry and

permanent water in the epidemic areas, are able to propagate the virus in

& mosquito-sheep/cattle transmission d?cle to maintain an epidemic $55%.
In South Africa, fx. theileri and Cx. zombaensis are the

important species on the inland plateau and Natal coastal lowlands

respectively. There is strong evidence that these species transmit RVF

virus biologically between sheep and éﬁttle, and that mechanical a

transmission by several mosquito species and other biting flies is *i'f o

responsible for the maintenance of the epidemic. “umans are alse thought

to bacome infected on occasions through transsiszsion by Ox. theilerd

and Cx. zombaensis although some human infections during epidemics are

undoubtedly caused by contagion during the slaughtering of infe.ced

animals.

VR P Tl
Ty .

2510

' .mmmu .»m.-.m B sees s




R

15.

In South Africa, granaovarial tfansmission tests and festing of
mosquitoes reared from field-collected egges have bsen undertaken to try to
incrirvinate various floodwater dedes Bpp. as reservoir vectors of RVF
virus $15, 35, 73%. Such studies have so far been directed mainly at
Aedeg juppi and have indicated that this species has a low vector
potential, that it is only a subsidiary epidemic vector, and that it is
not involved in vertical transmisgion of the wirus.

The paucity of isolations from floodwater Aedes during epidemics

i partly because sampling of the mosguite populations for virus assay

invariably began late in the course of an epidemic. Despite this,
isclatsens have been made from Ade. mecintoshi and Ae. juppi on the

inland plateau and from Ae. circumluteolus on the Natal coastal

lowlands. If one or more of these species showld be responsible for
transovarial transmission, such infected mosgquitoes probably occur only in
a few endemic foci where RVF virus erupts to trigger a new epidemic in
shieep and cattle when climatic conditions are favourable. Figure 1
summarizes the known epidemic cycle and the hypothetical maincenance cycle
for RVF virus in South Africa. Theoretically it might alse ue possible for
seme infected Culex spp. to overwinter and initiate transmissicn the

next spring, especially as small numbers of Cx. theileri adulis have

been collected in the winter in Johannesburg $25, 295.

Antibody surveys in humans and livestock have shown that WSL virus is
more common in the moist tropical part of southern Africa--northern
¢oastal Natal, northern Kwazulu, Mozambique and Namibia-~than on the
inland plateau, the southern Natal lowlands and the Cape Province of South
Africa $46, 47, 64, 17, B5S.

On the temperate South African plateau the Ae, caballus-juppi and

Ae. meintoshi-luridus-unidentatus group of mosquitoes are probably
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vectors. Along the tropical, eastern coastal plain of northern Natai and
Mozambique, Ae. circumluteolus is the mest likely vector. Because the
tropical areas of northern Natal and Mozambique receive a higher rainfall,
and are therefore moister than the drier temperaté areas ofISQuth Africa,
Aedes spp. are probably active there over longey yerisic This would
account for the higher level of WSL virus activity .n the tropical areas
$618%.

The only evidence for the possible existence of a wild vertebrate host
for WSL virus is the single isolation of virus from the gerbil
{Desmodillus auriculafus) 36%. However, the absence of Culex
vectors suggests that viral maintenance would be through transovarial
transmicsion from one generation of floodwater Aedes to the next by
vertical transmission{ the virus surviving dry periods in the eggs of
these mosquitoes, Domesiic ungulates are important incidental hosts with
which the vector could probably maintain the virus for quite long periods
in the absence of a primary ver ebrate maintenance host. Livestock,
particularly adult sheep and cattle, are often inapparently infected.
Humans can be infected either by contagion through handling infected
carcases, or by mosguito bite {(Fig. 2}.

During each summer on the inland plateau of South Africa, WN wvirus and
SIN viruses are mainiained in a f=ral Eycle betwaen Cx. uwnivittatus
and various avian species., The same mesguito, Cx. univittatus, also
trangsfers infection to man $28, 34, 36, 71, 72, 74%. An outbreak of WN
fever in the human population will depend upon an epidemic situation first
developing in the avian population. The exposure of sentinel pigeons at
Bethulie indicated the occurrence of such epidemiceg in April 1970 and

hpril, 1971 $663.
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Serological surveys for nevtralizing antibodies in livestock have
shown a prevalence of 16 per cent for WN in sheep and cattle on the
Highveld generally, and rates of from 21-47 per cent in older ¢attle, oxen
and horses in Johannesbury $49, 64%. It appears, therefore, that livestock
also become infected with WN virves in the field, although calves show only
a trace of viraemia after inoculation with virus $3%. Such infections
might be expected scometimes to lead to the development of abnormalities in
the foetuses of pregnant aninals $10%,

Culex rubinotus maintains BAN virus among wild rodents. That
rodaents are indeed the feral vertebrate maintenance hosts is clear from
aspects of the studies referred te above, Additionally, there is the
isolation of virus from, and the presence of antibodies in,

Hastomys natalensis $63%, plus the viraemic response of wild rodents

to inocﬁlation with the H336 strain of the wirus $57%. The ocecurrence of
Cx, rubinotus in other parts of Africa, with associated viral
iselatiﬁns, suggests that it is probably the vector of BAN §irus over a
large part of the continent $17, 78%.

Serological surveys in the Natal coastal lowlands showed that
neutralizing antibodies were present in cattle at rates of from two to 16
per cent and in sheep at rates of from zerc to seven per cent $47$. This

evidence, together with the moderate feeding of Cx. rubinotus on '

fﬂﬂﬁ domestic ungulates, suggests that pregnant cattle, for example, could
| ‘ hecome infected, particulaxly if they were to browse near the marshy reed
o beds where Ci. rubineotus ip prevalent. It would seerm worthwhile to
examine foetal material arising from natural abortions on the Natal coast
for the presence of the virus and develcopmental abnormalities. Whether
E o bovine infections ever atfain the level of an epidemic is not known. Banzi

virus has been isolated from humans and is known to cause at least mild




LW PAE A e

G

18.

illiness $87%, but the extent to which it causes morbidity in man is

uncartain.

Mosquito control

Fron the point of view of contrelling RVF, prior immunization of livestock
would be more cost-effective than vector control. However, for other
reasons already mentioned, it may on occasion be advisable to institute
gome mosquito control measures to reduce the deuree of exposure of stock
to mosquito bites. Since the peak periocd for biting is from just before
sunset until sunrise, and because mosquitoes are always active at or close
to their bree@ing sites, stock should, if possible, be moved awéy from
pans and vleis to higher ground before nightfall, In the case of dairy
farms, ﬁhe m* ing sheds should be made mosgquito proof, and perhapé
Culicoides-proof, and monthly sprays of their interior walls should be
carried out with a residual insecticide other than an organcchlorine.
Organophosphate insecticides such as malathion, fenthion (Baytex),
fenitrothion (Sumithion), or carbamates such as carbaryl {Sevin) an&
propoxur (Arprocarb), can be used at rates of 1,5—2,Dg/m2 $84%.

Control of adult mosquitoes outdeoors would probably be neither
effective nor economic. Outside control could, however, be directed at |
lzrvae in the main breeding pans, vleis and dams. Larvicides such as
Timephos (Abate} can be incorporated into sand granules or pellets and
sprinkled into the hreeding place. In the case of pans, a dry pan could be
seedad with such pellets just before a flood is expected so that the
insecticide is released into the water as the sedine eggs hatch. An
alternative larvicide is the bacterium,

Bacillus thuringiensis israeliensig, whose speores can be incorporated

into pellets. This may become practicable if its present high cost is
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reduced. The emphasis should be on a control programme with measures that

are selective and integrated.
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Mosquito-borne viruses causing disesze in Tivestock and/or humans in southern Africa

Virus
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Wild
vertebrale

host

Hosts stowing disease
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Togaviridae
[ WATR Crihungunya
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{Coxn, } umyittatus

Cx. {Eur,} rubinctus
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e ]
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¥
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{Qer. ) gabalivs/gupe

Primates

Birds

Rodents

Rodents?

Birgs

Anteiope”

a . .
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Table 2 Southern African mysguite species y'le'ld'ing mutiple isolations « Rift Vaﬂey fever virus fm 1953-81
number oF jsolations and results oF tramsmission experiments

50% infestion Trangmission
No. threshold® rate® (days
Regton Specias i50la=- LangDSO)'m post-infect jon) Referencas
tions
South Africa:
Nata’ Cx. (Cux.) zombaensis 7 c. 15 a%, A%, 4%%, (14, 22, 29) 44, 76
coasta’t
towtanos fe. (Neg.) cirtmiutentis 3 c. B 32-38% (&6—3‘-) 42, 76
Soutn Africar
Intand Ot Zun.) theilers 22 ¢ 5,7 13-35% (15-22) 16, 31, 59, €8, 73
plateas Ae. {Dch.) jupps i 8,7 5% OO 73
he. (er.) caballug s.1. 6 8,0° ox° (12. 13} 16, 73
fe. (Noo,) meinrasni” 2 8,1 17% (10, 17} 73
2iminabvg fe. (hec.) g_ug‘_md 4 59
rghlancs
g, The ttre of wiree moedex to infect BUN of the mosa. troes
/ ”F‘m f. The proportics of nfected 'm;.:s::uwt.oe5 transmitting virus tﬁ hameters

€. Erpgriments O woth Bl ganglive s.5.

4. FReported as Lo, Tipgatocednis
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Tabie 3 Number of isolations of Wesselsbron vrus from mosouitoes collected in soutoern Africa

Regipn Species , fo. References
. 150lations

South Africa:

Neta? se. {Nec.) circumlutenius 33 5, 61, 86, 90
coastal Ae. (Acde. ) minutus 1 8z
iowlanas Ae. {Aor,) veerize 3 b

Marso~aa (Mad, ) unsformis 1 4g, 9o

Cx. {Cux.) peaver® 1 o

South Africa:

Inland ’ Ae, {Neo.) rrr:m_to_gmb/amcthorax"‘ 3

plateay fg. {Och.} cakallus 5. 1,9 ' 13 48
Zwbatwe e, (Nen.) meintoshs® 18 7, 59, &
nighiangs

a. Reportes ag O, {Cux, ) umvitratug
_I/ﬂ- Ry b. Feooeted ot Ae, {Nen. ) bineatopennos
<. Provatly Ae. (hoo.) Jurddus

¢, fould be fe. cabalus .5, or e, Juppt
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Table & Results of vector competenge tests with Rift Vallay fever virus and three mosguits spacies; infective feeds on

viraemic hamsters but transmission by the in vitro capillary r'nathod'$35$

Titre §$ infestive Mosautto infection Transmission
Spectes feed 1 Log.nCPlg, ' .
PEL/mE” . Days after Raze® o Days aftar Rateb
infective meat infective meal
be. (Mec.)} unidentatus 6.8 - 7.8 1 12114 (BER) 11. /12 {%8n)
Ao, (fgm, ) gentatus 68-78 1 28/31 (9CR} 1 9/28 (32%)
17 : 6/8 (15%: 8 3fe (50%)
tx. (Cux.} poicilipes 7.8 18 26/29 (90%) 15 4726 (155
kS 24433 (80%)

@, oumeratoe = ne rhiouttoes infectel;  denomingtor = no. mosguiioes testad
k. oumgrator & 6g. MOESLITORS trasstitting;  detominator = no, infected mosquitoes feading
2. Uytopatte dose (CFD)

Flague fortng untts (BFID




36.

Tapte 5 ResuMts of vector compatence tests with various mosquite speties and Wesselsbrom virus

Viraer B Blosz-mea’ Infaction  Susgextible Trarmmission Reference
Spesien infeat ng titre . rate hzetfe attempis
host 10;;..0:.’.3%/!-*‘6

fe. (Neg.) circumluteolus  Artifigial ' 7,2 7/8 Mice | 16/18° 8o
Ae. (Och.) caballus s.7. Mosgs. collected AT Lames R 45

in eprdenie
Be. {0ch.) gaballus 5.7, Mosgs. sollected Nt Mige 14318 45

in epicemic
Ae, (Dch. ) gaballus 8.7, Lambs NY NT ‘ge 2/2% 45

§

Cx. {Cux.) zombaensis  Hamsters g2 15/26 Hamsters 1/2° 8
£x. (Cux.) theilers Hamsters 6,7-7.2 21752 Mg Al 8

a. Numerator = nn, sutgessful tranermissiors; dendminator © no. Attempts with groups of moszantoes.
L. Transmogsion rates

RT N0t teftec
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Legends
Fig. 1
Fig. 2
Fig. 3
Fig. 4
Fig. §

37.

Mosquito vectors {(m/s 703)

Culex theileri
Aedes (Nen.) mcintoshi
Aedes {(Och.) juppi

Transmission cycles of Rift Valley fever; maintenance of virus
through the dry winter is hypothetically by means of vertical
{transcovarial)} transmission by Aedes spp. or by

overwintering adult Culex mosguitoes

Transmission cycles of wegselsbron virus; maintenance of virus
through the dry'winter is hypotheticaliy by means of vertical

{transovarizl) transmission by Aedes {(Neomelaniconion)

or Aedes (Ochlerctatus} mosguito species
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' POTENTIAL FOR DENGUE IN SOUTH AFRICA: MOSQUITO -

ECOLOGY WITH PARTICULAR REFERENCE TO AEDES AEGYPTI
" A KEMP anp P. G. JUPP |

National Institute for Virology, Department of Virology, University of the Witwatersrand, Private Bag X4,
Sandringhain, 2131, South Africa

ABSTRACT. Observations on prevalence, geographical distribution, utilization of ertificial larval
habitats and anthropophilism were made on diurnal mosquitoes at selected localities along the coast of
Natal and inland in the Transvaal to identify potential vectors of dengue in South Africa. Larval

" collections made in artificisl containers on the ground, the exposure of bamboo pots as ovitraps in trees e
and collection of mosquitoes biting man showed the following species as the most likely candidates for
vectors: Aedes negypti, Ae. demeilloni, Ae. simpsoni, Ae. strelitzine, Ae. furcifer, Ae. cordellieri and o
Eretmapodites quinqguevittetus. The bamboo pots showed that Ae. eegypti and Ae, stmpsoni were the ¥
most widespread species, occurring at 11 of 12 localities. Aedes wegypti was the most prevalent species g
with mean pot index of 60.3 2: 9.8% (SE) and abundance index of 0.43 £ 0,15 (SE}. Aedes aegyspti was
frequently present as larvae in artificial containers at indices of 11-83% {(mean 56.8 * 5.6%, SE} and
was the most anthropophilic species with average biting rates of 10-29 per man-hour at 7 localities.
Although Ae. aegypti was abundant in the pots at Ndumu {northern Natal} and at Skukuza {eastern
Tranavaal), the local populations were poorly anthropophilic at these localities. At some localities,
populations of Ae, demeitloni, Ae. simpsoni and Ae. strelitziae had average biting rates of 5.4-9.6 per
man-hour. Aedes furcifer was collected for the first time at Durban, extending its distribution southward
to latitude 29°53/8.

3 L i i £

INTRODUCTION

Investigations of dengue vectors in countries
outaeide South Africa have only incriminated

might begin. Furthermore, Ndumu (Natal) and
the Magaliesberg and Mica (Transvaal) were
chogen primarily for investigations of non-an-
thropophilic populations of Ae. aegypti, while

aedine mosquitoes, mostly of the subgenus Ste-
gomyia. The rural endemic vector in Asia is
Aedes (Sig.) albopictus (Skuse), while the urban
vector in Asia, West Africa and tropical America
is Ae. (Stg.} aegypti (Linn.) (Gubler 1988). In
West Africa, other Stegomyia species apparently
play the role of enzootic sylvan vector, together
with 2 species of the subgenus Diceromyia, i.e.,
Ae. furcifer (Edwards) and Ae. taylori Edwards
{Cordellier et al. 1983, Roche et al. 1983). Aedes
uegypti is widespread in the trepical and sub-
tropical areas in eastern South Africa (Muspratt
1958), while Ae, furcifer is limited to the tropical
areag of northern Natal and the northeastern
Transvazl (Jupp 1980).

Qur Arbovirus Unit is engaged in a project
designed to investigate tree hole and container
breeding Aedes species, principally members of
the subgenera Stegomyia and Diceromyia, in
eastern South Africa. The objective is to assess
these mosquitoes as potential vectors of dengue
viruses which could participate in epidemic
transmission should dengue be reintroduced into
the country. The project has several aspects
which have already been defined in a publication
on the taxonomic status of Ae. aegypti popula-
tions {Jupp et al.,, in ms.). This study is con-
cerned with the ecology of potential vectors.
Collecting localities were chosen along the Natal
coast and at Skukuza in the eastern Transvaal
aa representing points where a dengue outbreak

Tzaneen (northern Transvaal} was selected for
its anthropophilic population; these Ae, aegypii
collections were relevant to the taxonomie study
{Jupp et al., in me.). Observations were made on
prevalence, geographical distribution, utiliza-
tion of artificial containers as larval habitats
and diurnal biting activity on human bait to
determine to what extent different species pos-
sessed ecological attributes which made them
likely dengue vectors.

MATERIALS AND METHODS

Quitraps in trees: Bamboo pots simulating tree
holes were exposed as ovitraps to collect tree
hole breeding mosquitoes. Eggs, larvae and pu-
pae were obtained from the varicus localities
mapped in Fig. 1 by exposing bamboo pots for
extended periods ranging from 38 to 153 days
between November 7, 1989, and May 17, 1990,
Eggs were also obtained by exposing black plas-
tic bottles of water containing wooden paddles
for oviposition {Jupp and Meclntosh 1990) on a
farm in the Magaliesberg mountains and at
Mica. The ovitraps were suspended in shady
trees at heights ranging from 1 to 4 m above
ground level. At the end of the exposure period,
ovitraps were returned to the laboratory where
the eggs were hatched hy flooding with tap water
and adults reared out. The bamboo pot index
for each species is defined as the percentage of
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pots found to contain that species. The abun-
dance index is the mmmber of mosquitoes at each
locality divided by the product of the number of
pots and number of days they were exposed.

Artificta. containers: Mosquito larvae were
sampled from water-retaining artificial con-
tainers in motor car scrap yards, municipal rub-
hish dumps and other peridomestic sites at var-
jous localities in Natal and in the Transvaal
(Fig. 1} from November 5, 1988, to April 18,
1989. The following containers had culicine laz-
vae and pupae: used tire casings (most com-
monly), metal drums, floor pans and tire wells
in scrapped cars, paint cans, beverage cans and
beverage cartons. Samples were taken from tires
containing water and leaf litter by dipping a
ladle repeatedly into the water until at least 50
larvae and/or pupae had been obtained, or at
least 3 times until it was evident that no culi-
cines were present. The other, more accessible
containers were scrutinized for rnmature culi-
cines. L.arvae were reared out in the laboratory
and identified. Container indices were recorded
as the percentage of containers found to contain
Ae. aegypti.

Human-baited collect’ :x; These collections
were carried out during the daytime because Ae.
aegypti and other species of Stegomy?+: are diur-
nal biters, Volunteers used test tubes to collect
adult female mosquitoes which probed and en-
gorged on their bare legs and feet. The biting
rates thus obtained were based on 2-5 volunteers
collecting in the open at suitable sites, usually
near artificial containers in the urban localities
and the bamboo pot sites at Palm Beach, Ar-
madale, Ndumu and Tzaneen. Collections were
made over the months of January to April 1989,
November 1989 to February 1990 and January
to February 1991, usually during 2 periods of the
day, 05300930 h and 1500-1900 h. No collec-
tions were underiaken during the crepuscular
periods or at night. Collecting generally took
place on days when the prevailing climatic con-
ditions were warm, humid, partly cloudy and
calm; mosquitoes remained active during
glightly windy conditions. Mosquitoes were sep-
arated according to species, and biting rates were
calculated by combining data from several col-
lections per locality and dividing by the total
number of man-hours invested (the ccllection
effort). Observations were made ox various as-
pects of feeding behavior:

Mosguita identification: The mosquito nomen-
clature follows that ol Knight and Stone (1877)
and Ward (1984) except where more recent. tax-
onomic revisions have occurred. These relate to
the transfer of certain Ae. (Aedimorphus) spe-
cies into the subgenus Albuginosus of Aedes (Re-
inert 1986) and the description of Ae. (Dicero-

myia) cordellieri Huang in the Ae. furcifer group
(Huang 1986a).

RESULTS

Ovitraps in trees: The results of the survey for
tree hole breeding mosquitoes by means of bam-
boo pots are given in Table 1. Twenty-eight
species in 3 genara were sumpled at 8 localities
in Natal and 4 localities in the Transvaal (Fig.
1). Taxorkynchites brevipalpus Theobald and Ae.
aegypti utilized the pots most frequently at the
Natal localities {(mean bamboo pot indices >
50%). The most abundant species in Natal were,
in order, Ae. dendrophilus Edwards, Ae. capensis
Edwards and Ae. aegypti, while the most wide-
spread were, in order, T brevipalpus and Ae.
simpsoni {Theohald) followed by Ae. aegypti, Ae.
dendrophilus and Ae. capensis. At the Transvaal
localities Ae. aegypti had the highest pot index
and was the most abundant and widespread
species.

Overall, Ae. aegypti and Ae. simpsoni occurred
at 11 of the 12 South African localities. Aedes
aegypli was found most often in the bamboo
pots (mean pot index = 60.3 = 9.8%, SE) »nd
was the most abundant species (mean abun-
dance index = 0.43 x (.15, SE) except for Ae.
denc;.rophilus (mean abundance index = 0.47 +
0.286).

"In the subgenus Diceromyin, Ae. cordellieri
occurred in bamboo pots at Ndumu in northern
Natal and, to a small extent, at Skukuza in the
eastern Transvaal. Aedes furcifer utilized the
bamboo pots in Durban, Ndumu and Skukuza
with pot indices of 20, 71 and 47%, respectively.
The abundances of the 2 species were low in all
cases.

Artificial containers: Container indices were
determined for Ae. aegypti {Table 2) because
this was by far the most prevalent species oc-
curring as larvae in artificial containers on the
ground and because of the known importance of
the species as a vector of dengue and other
viruses outside South Africa. Nine of the 14
localities where containers were sampled had
container indices greater than 50%, with the 3
highest oceurring at Port Shepstone (83%]), Em-
pangeni (78%) and Durban (76%). Other species
quite frequently encountered in these containers
were Ae. simpsoni, Eretmapodites quinguevitta-
ius Theobald, Tx. brevipalpus and Culex quin-
quefascintus Say. The f{irat 3 of these species
were also found to be common in containers
sampled in Eshowe in Natal, although Ae, ae-
gypti was uncommon when that locality was
sampled in November 1988.

Water-retaining plants: Larvae and pupae of
Ae. simpsoni and Ae, strelitziae Muspratt were
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Skukuza @

‘1. Scolthurgh
Armadale w 7 Park Rynie
€ Port Shegstone

lo B
Port EWPS';%;;? b

Fig. 1. South African localities where mosquitoes were sampled in bamboo pot ovitraps in trees, in artificial
containers on the ground and by diurnal human baited collections.

collected from the leaf axils of Strelitzia nicolai
Regel and Koern (Strelitziaceae) at Palm Beach
and the immatures of Ae. demeilloni Edwards,
Ae. simpsoni and Er. subsimplicipes Edwards
from Dracaena hookeriana Koch (Agavaceae) at
Oslo Beach. Large stands of Strelitzia nicolai
and Dracgena hookeriane were also found in
undisturbed, indigenous, coastal forest on the
farm, Armadale, about 14 km north of Port
Shepstone. Eretmapodites guinguevittaius lar-
vae were collected from the dried, opéned husks
of the fruit vi the black or spineless monkey

orange tree, Strychnos madagascariensis Poiret
{Loganiaceae), at St. Lucia Estuary.
Human-baited collections: Biting rates, as a
measure of anthropophily, were significant for
Ae. gegypti at T of the urban localities (10-29
per man-hour: Table 2), although the Johannes-
burg sample is probably not from a perennial
population. Biting rates were generally low at
loealities in Natal further north thap Empan-
geni, correlating with generally low abundances
{Table 1). Two adult collections at a Durban
site, spaced one month apart in early 1991, gave
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Table 1. Survey with bamboe pots for mosquitoes at various localities; bamboo pot indices (% of positive pots); and, in parentheses, abundance iadices (no.
mosquitees/no. pots/no. davs exposed).

N [ P.Edw. PalmB. OQsloB. Armsdale Dushan R.Bay St.Lucis Ndume — Magal Skukuza Mica Tzaneen
- No. of pots 5 0 15 & 15 14 23 44 22 23 26 15
No. of days exposed AT a7 57 a7 57 57 b6 64 112 153 31 38
¥ Ae. (AiD. Trapensis 160 (1.16y 80 (1.63) O 67{(1.07y O 0 57 (0.25) 30 (0.09) Q 4] 0 0
A haworthi 0 0 0 0 0 0 0 0 0 9 (0.01) 0 0
] kennethi 0 ), ¢ G 0 0 0 34 (0,05) [\ 1] 0 0
marshalli 0 0 0 0 ¢ 0 4] ¢ 36 (0.01) 57 (0.016) 0 40(0.08)
Ae. (Dic.Y adersi ] 0 ¢ 0 T7{<0.01) 64(0.17} O { 0 0 ¢ 0
cordelliert 0 0 ¢ g 0 0 0 29 {0.02) 0 5 (<0.01) H] )
' furcifer 0 0 0 0 204002y O 0 (7S B 47 (0.02) 6 0
furcifer group 32 (0.05) 39 (0.01)
Ae. (Fin.) fulgens o 0 0 0 0 0 ¢ 7 (0.02) 0 17 {<0.01) 8 13 (0.03}
Ae. (Psa.) natalensis 0 0 7 {(3.05) 0 0 0 35 (0.06) a U 0 ¢ 0
Ae. (Stg) epapii 40 {0107 100 {1.17) 93 (0:85) 0 53(0.14) B0 (00N  9(«<0.01} 73(0.35) 45 (0.01) 100 (.85} 67 93 (1.39)
continguus 2 i) 0 H 0 0 0 0 50 (0.053) O 0 0
demeilloni 2046.02) 30{002) T(<001} 33(0.04) O 0 0 0 0 0 0 0
dendrophilus 100 (1.53) 100 (1.30) 20(0.05) 100{(2.74} O 0 4 (<0.01) 16 {0.02) 0 T<001} 0 0
heischi 0 0 0 0 0 1] .0 48 {0.10) 4] o ] 7 (0.01}
ledgeri 0 0 0 0 0 i1 0o 11 (0.01) 0 87(0.36) 44 47{0.73)
metallicus 0 0 0 0 Q ] 0 41 {0.08) ] 100 {0.28} 39 471(0.14)
simpsont 20 (0.02) 70 (0.46) 33 {0.15) 17 (0.01) 13 (0.01) 760.02) 4{<0.01} 68 (0.14) 5(0.03) 70(0.15) 0 33(0.08
soleatus 0 H ] V] 0 0 87 12,74} 11 (001) 0 0 ¢ 0
strelitzige 0 30 (0.03) 13(0.01) 0 0 0 0 0 0 0 0 0
unilineatus 0 0 0 0 0 ¢ 0 5{«<001) 0 13 {(<0.01} g 0
C: {Cux.) pipiens 0 0 0 0 0 0 0 0 14 0 ¢ o
zombaensis g 0 1) ] 0 0 0 2(<001) 5 1] g o0
Cx. (Cui) cinerellus 0 0 0 0 0 ¢ 0 20 (0.01) 0 0 ¢ 0
cinereus 0 0 ¢ 0 L 0 0 23 {0.05) 0 0 ¢ 0
nebuiosug 0 G 13 (0.02} 0 7 (0.03) g 9(0.03) 20 (0.04) 0 4 {<0.01) 0 7
Cx. (Eum.} horridus 0 0 0 0 ¢ 0 0 16 {0.01) 0 48 {0.21) g 7
Cx. (Lut.) tigripes 0 o 0 0 0 0 0 0 5 0 0 0
Tx. {Tex.) brevipalpus 100 g8 27 &0 40 43 61 66 0 0 0 0
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Table 2. Acdes eegypti collections at various localities: artificial container indices for larvae and average biting
rates in human-baited collections.

Larval collections

Aduli colleclions

Niting rnt;.

No, conlainers Container (per man-
Locality* examinect index (%) Man-hours _hour) -
Natal
Port Edward 17 47 — --
Oslo Beach — —_ 2.0 0
Palm Beach NE** - 31.2 it.2
Port Shepstone 13 83 —_ —
Park Rynie 37 54 40 18.0
Scotthurgh 19 11 -— —_
Durban 45 i 9.0 29.0
Stanger 13 b4 6.0 124
Empangeni 18 78 4.5 18.0
Richards Bay 63 62 23.5 1.6
Mtubatuba 21 a3 B.B 2.8
St. Lucia 9 66 8.0 08
Mkuze 10 0 6.5 3.5
Ndumu ' NF — 5.0 0.2
Trensvaal

Johannesburg 33 4 2.0 13.0
Skukuza 10 70 1.8 0.5
Tzaneen — s 1.0 10.0

* All localities are urban eacept for Ndumwu, which is rural; all sites in the urban localities are peridomestic

except at Johannesburg, where it is domestic,
w NF = no artificial eontainers found.

biting rates of 15 and 83 per man-hour, respec-
tively, Both collections had taken place during
the midday period, defined for our purposes as
1000 -1500 h, Rainfall totals over 30 days prior
to each collection were 43 mm for the first and
263 mm for the second. The Ndumu and Sku-
kuza populations, known and sssumed to be
non-anthropophilic, respectively, had biting
rates lower than 1 per man-hour even though
tl;ey were prevalent in the bamboo pots (Table
ik

Male mosquitoes subsequently captured and
identified as Ae. aegypii were often observed to
swarm in small numbers (rarely greater than 10)
about the bait, a man's exposed leg and foot,
Within minutes of swarm-formation, the con-
specific females arrived at the bait. They were
immediately approached by the males and cop-
ulation ensued in the air, Mating mosquitoes
either remained in copula in flight or landed on
the ground or on the bait to mate. The females
then approached the bait to feed. Female Ae.
aegypiti were often slow to alight before feeding,
particularly if a slight breeze was blowing, Males
also alighted on the baijt but apparently only to
rest, because as soon as females approached, the
males would fly up to meet them. Occasionally,
females arrived and fed on the bait without the
presence of males in the vicinity, Similar behav-
ior patterns were observed for Ae. demeilloni

and Ae, strelitziae, whereas males of Ae. simpsoni
and Er. guinquevittctus commonly vccurred at
and rested on the bait. At Palm Beach, where
no obvious concentration of larval habitats other
than water-retaining plants occurred, the diur-
nal, anthropophilic mosquitoes were only col-
lected in small numbers at any one site. It was
neceasary to move regularly over small distances
to find fairly large numbers of these species
biting.

Four Stegomyia species other than Ae. aegypti
were taken in the human-baited collections.
Their average biting rates are shown in Table 3
together with the rate for Er. quinguevitiatus.
Aedes demetilloni was found to bite readily during
the midday period. The biting rates measured in
1991 were 13 per man-hour at Armadale (collec-
tion effort = 4.2 man-houra between 1600 and
12156 h) and 38.8 per man-hour at Palm Beach
{collection effort = 1.7 man-hours between 1158
and 1250 h). Aedes simpsoni was only encoun-
tered at high biting rates in Johannesburg in the
late afternoon. Aedes strelitzice was the most
common anthropophilic species at Armadale,
with biting rates ranging from 8.7 to 16.3 per
man-hour, the higher obtained during 1000~
1215 h (collection effort = 4.2 man-hours), Er-
etmapodites quinguevittatus was not commonly
collected as adults except for a site in Richards
Bay where the biting rate in December 1989 was
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Table 3, Daytime human-b ited collsctions at
various localities; average biving rates of the most
prevalent species other than Aedes aegypli.

Biting rate

(per man-
Species hour) Locality
Ae. (Stg.) demeillont 64  Palm Beach

5.5  Armadale*
dendrophilus 0.1  8t. Lucia Estuary
simpsoni 12  Palm Beach

2.0  Oslo Beach

0.5  Park Rynie

0.2  Richards Bay

0.3 St Lucia Estuary

7.6 Johannesburg

0.5  Skukuza
strelitziae 2.5 Palin Beach
96  Armadale*
0.4  Richards Bay**
Er, guinguenittotus 0.7  Palm Beach

0.8  Stanger

23  Richards Bay

0.2  Mtubatuba

1.9 St Lucia Estuary

* Collection effort = 15 man-hours.
** Collection effort = 14 man-hours.

10 per man-hour (collection effort = 2 man-
hours in the late afternoon).

No evidence of the exotic species, Ae. albop-
lctus, was found in the course of this survsy,
despite the recent discovery of immatures in tire
casings imported from Southeast Asia and
landed in Cape Town (Hunt et al. 1990).

DISCUSSION

Our study has concentrated on particular
areag of South Africa, Fiist, those where dengue
is likely to be successfully introduced into the
country via the shipping and tourist industries
und, second, where the most probable vectors,
the Stegomyia and Diceromyia species, are to he
found. The characteristics of potential vectors
are their appropriate distribution, abundance
and anthropophilic behavior. If a species is a
known vector of dengue virus outside South
Africa, this is also an important consideration.
Aedes aegypti and Ae, furcifer are dengue vectors

- alsewhere (Gubler 1988, Roche et al. 1983),
" Aedes cordellieri must also be considered, even

though its potential for dengue transmission is
unknown., A dengue 2 epizootic in the Ivory
Coast and Upper Volta was associated with Ade,
furcifer and Ae, teylori (Cordellier et al. 1983).
More recently Huang (1988a) has described Ae.
cordellieri, a third member of the Ae. furcifer
group from the same region, and it is possible
that this species may have played a role in the
epizootic, Aedes demeilloni, Ae. simpsoni, Ae.

strelitziae and Er. quinquevittatus are potential
vectors of dengue because of their domestic or
peridomestic occurrence, Fach species will be
digcussed in the above order.

Aedes acgypti; The adult mosquito can sur-
vive under widely variable climatic conditions,
and anthropophilic populations oeccur in the
southeastern Cape Province at Grahamstown
{Edwards 1941; Jupp, unpublished data) and
Bast London (Mattingly 1953; Kemp, unpub-
lished data), hoth above 33°8 latitude. Further-
more, the species is represented by established
populations at a variety of altitudes ranging
from near sea level to 1,800 m (Johannesburg)
in South Africa, mainly associated with wooded
savannah (bushveld) and forest (coastal scrub,
riverine and montane) or with the urban envi-
ronment (Muspratt 1956), This species has be-
come adapted to o wide range of larval habitats
ranging from natural tree holes and leaf axils Lo
artificial containers in the domestic and peri-
domestic environments {Hopkins 1852, Horsfail
19565},

The southern Natal coast has been urbanized
extengively to cater for the tourist industry, and
the endemic populatinna of Ae. aegypti appear
to have adapted to utilize the peridomestic en-
vironment. These local populations were shown
to be highly anthropophilic (Table 2) and could
constitute a serious health hazard should they
be found to be efficient vectory of dengue. In
northern Natal the urban areas are fewer and
less developed except for Richards Bay, an in-
ternational hsrbor. High densities of anthropo-
philic Ae. aegypti were not as evident in our
collections at these localities, although con-
tainer indices (Table 2) were significant at the
collection sites which consisted mainly of tire
dumps. The collections at Ndumu, a relatively
undeveloped game reserve on the Mozambique
border, are considered to represent a non-an-
thropophilic population of Ae. aggypti, Artificial
containers were not present at this locality. An
extensive geries of human-baited colleclivns in
the reserve (MeIntosh et al. 1872) failed to dem-
onstrate Ae. aegypti in gallery forest dominated
by Ficus sycamorus Linn, (Moraceac). This was
confirmed hy the present adult collections at the
same site, even though ovitraps yielded abun-
dant eggs of Ae, aegypti (Table 1).

The Transvaal collections include anthropo-
phi’ic populations of Ae. negypti from Johannes-
bur. in the south and Tzaneen in the north. The
Jubannesburg population, however, is probably
not an astablished one, i.e., does not overwinter
there, At least some of the tires which formed
the larval habitats were imported via Durban,
and it is probable that Ae. aegypti eggs were
introduced with the tires. The relevant site was
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on the grounds of a small busin s8 concern
which reprocessed the rubber from tires into
commercial goods, e.g., sandals. This illustrates
the unusual mode of range extension in the form
of eggs being dispersed by the used tire industry,
not only intercontinentally as in the case of Ae.
albopictus, but from the subtropical region where
the species is endemic to the temperate region
which can support the species during the sum-
mer in South Africa.

Egg collections were made at a farm in the
Magaliesberg mountains, Skukuza in the Kruger
National Park and a game farm near Mica to
sample what were considered to be non-anthro-
pophilic populations due to their feral nature.
Limited human-baited collections at the Magal-
lesberg locality proved negsative for Ae. aegypti
and more extensive collections at Skukuza
vielded few adults, in spite of the presence of
the species in ovitraps at both localities. Sku-
kuza, paradoxically, is an urban locality in a
game reserve and consists of a large staff village
agsociated with an industrial site (workshops
and light industry) and tourist camp, The Mica
locality in the wooded savanna region of the
northeastern Transvaal yielded collections of
Ae. aegypti in ovitraps. Human baited collec-
tions were nol attempted, as an earlier study
{Jupp and McIntosh 1990) described the non-
anthropophilic nature of the population.

The strong diurnal pattern in the biting activ-
ity of Ae. aegypti 18 well known, However, the
possibility of biting peaks just after sunrise and
just before sunset was indicated by the work of
Reed and colleagues in 1901 (see Horsfall 1955)
and that of Trpis et al. (1973). This was the
bar's for the timing of our human-baited collec-
tions. There is also strong evidence that major
biting peaks exist in the hour hefore midday
{Teesdale 1959) and from 1200 to 1400 h and
during the crepuscular periods (Lumaden 1857),
Biting activity during the daytima hours outside
of our standard periods was demonstrated in the
present study: the Durban and Palm Beach pop-
ulations of Ae. aegypti were collected from 1000
to 1500 h at very high biting rates.

Twenty-four-hour human-baited collections
yielded biting rates for Ae. cegypti of up to 13.4
per man-hour during the 1952-53 epidemic of
chikungunya fever in Tanzania (Lumsden
1965). Trpis et al, (1973) made extensive record-
ings of landing rates on man for the species in
an automobile dump in Dar-es-Salaam, Tanza-
nia. The landing rate is an approximation of
biting rate, and if one extracts their data for
periods int the day corresponding to the times
when our collections were made, a rate of 8.9
per man-hour is obtained. The biting rates for
the anthropophilic populations of Ae. aegypti in

South Africa are thus comparable to those re-
ported from East Africa. The occurrence of a
highly anthropophilie, peridomestic population
in the metropolis of Durban is potentially very
important in terms of epidsmiology.

Aedes furcifer: Our study was not designed fo

* gample adults of this species, which is primarily

nocturnal with a crepuscular activity peak just
after sunset {Port and Wilkes 1979). The Ae.
furcifer group was previously thought to be con-
fined to the tropical regions with the southern-
most distribution being in the region of Lake St.
Lucia {28°S latitude) on the 18°C midwinter
isotherm (Jupp and McIntosh 1988). Aedes fur-
cifer sensu strictu was found in the ovitraps
placed in a horticultural nursery in the suburb
of Congella in Durban at 29°63’S latitude (Table

1}. However, the abundance of the mosquito in

the bamboo pots was low and the epidemiologi-
cal threat may consequently be slight. Sizable
populations only occur after heavy summer rain-
fall in th ; often drier wooded savanna of north-
ern Matal and the northeusstern Transvaal (Jupp
and McIntosh 1988). Because it has been estab-
lished as a vector of denzue in West Africa
{Cordellier et al. 1983), it raust be regarded as a
potential vector in the tropical regions of South
Africa,

Aedes cordellieri: As for the previous species,
experimental design precluded the collection of
adults of the nocturnally active Ae. cordellieri.
It was present during the rural epidemic at Mica
{McIntosh et al. 1977), being identified then as
Ae, taylori, It constituted about 1% of the Ae,
furcifer/cordeliier: total based on the proportion
of males collested (Jupp and ™elntosh 1990).
This species was represented in the ovitraps in
the tropical region in association with Ae. fur-
cifer (Table 1). The abundance in the bamboo
pots appeared to be too low for the species to be
considered epidemiologically important, even
though it must be considered a potential vector
of dengue due to its taxonomic and behavioral
similarity to Ae. furcifer.

Aedes demeilloni: This species is limited to
the eastern coastal plain largely due to special
habitat requirements. The leaf axils and apical
crown of the plant, Dracaeng hookerigna, form
the natural breeding places (Muspratt 1956).
Even though Ae. demeilloni was found in bam-
boo pots and sometimes in artificial containers
on the south coast of Natal, these populations
appear ta be dependent on the presence of large
stands of Dracaena spp. Aedes demeilloni is a
highly anthropophilic species, as the 1991 col-
lzction at Palm Beach shows. Muspratt {(1956)
reports biting rates of 30-50 per man-hour fur-
ther south at Port St. Johns on the Transkei
coast. It must be considered a potential vector,
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as its restricted distribution coincides with the
densely populated Natal coast.

Aedes simpsoni: Its similarity to Ae. aegypti
in distribution and ecology strongly suggests
that this species is a potential vector. Aedes
simpsgoni is common throughout the tropical and
subtropical regions of South Africa (Table 1)
and is highly prevalent throughout its range,
utilizing natural and artificial larval nichesin a
variety of environments including the feral (tree
holes), agricultural (commercial banana planta-
tions) and domestic (Muspratt 1956, Huang
1986b). It is dinrnally active (Muspratt 1956)
and bites man readily (Table 3). North and Kast
African racords of its biting rate in human-
baited collections and its vector compatence are
open to question after the taxonomic revision of
the Ae. simpsoni group by Huang (1986s, 1986b).
Aedes simpsoni was described as a major vector
of yellow fever in Nigeria (Lee and Moore 1972),
in Uganda (Gilett 1869) and in BEast Africa
{Hamon et al. 1971), but Huang (1986b) suggests
that this work relates to Ae. bromeliae, appar-
ently Ae. simpsoni is confined to southern Af-
rica. :

Aedes strelitziae: The preferred oviposition
site of this species is in the leaf axils of Strelitzia
nicolai, a common plant on the Natal coast and
in montane and riverine forests further inland
{Muspratt 1966). This plant is much more prev-
alent than Dracaena hookeriana. Only in a few
localities and at low abundance did Ae. strelitziae
oviposit in bamboo pois (Table 1). Artificial
containers were also used to some extent but
only when associated with large stands of Stre-
litzin nicolai. This dependence on a particular
plant introduces restrictions on geographic dis-
tribution, but Ae. strelitzice still exists in close
proximity to large human populations on the
Natal seaboard and iy highly emthropophilic
(Table 3).

Eretmapodites quinquevittatus: This species
appeared to be the only member of the genus to
occur in abundance in the study area. The ovi-
position requirements almost always involved
small collections of rainwater in discarded tins
and cardboard cartons (milk and iocal heer),
Muspratt (1966) confirms these breeding re-
quirements and indicates that natural collee-
tions of rainwater in fallen leaves, snail shells
and leaf axils are also utilized. The facility with
which the species utilizes such small receptacles
is apparently augmented by its larval behavior,
ineluding the ability for facultative cannibalism
and larval activity out of the water (Hopkins
1952}, both of which were observed in our labo-
ratory,

Some inconsistencies with respect to larval
requirements and behavior exist in the litera-

ture. Lounibos (1980) found that Er. subsimpii-
cipes is common in and Er. quinqguevitiatus ab-
sent from the fruit husks of the Loganiacesas in
Kenya (Lounibos 1978, 1880). We found just the
opposite with apparently monospecific collec-
tions of Er. quinquevitictus occurring in fruit
husks of Strychnos maedagascariensis at St. Lu-
cia Estuary. With respect to larval predation,
Hartberg and Gerberg (1871) report no evidence
of cannibalism for the species in the laboratory,
although Haddow (1946) describes larvae from
Uganda as predatory, Lounibos (1980) suggests
that, unlike Er. silvestris Ingram and de Meillon
and Er. subsimplicipes, it is not able to develop
beyond the third instar on a predatory diet
alone.

In Natal, Er. guinguevitiatus has become
adapted to both natural and artificial small re-
ceptacles for its larval habitat. Furthermore, it
is closaly associated with man in the domestic
environment, has a diurnal biting-activity pat-
tern and is significantly anthropophilic. Conse-
quently, it must be regarded as a potential vector
of dengue.

It may be concluded that of the 7 species
identified as potential vectors of dengue in
South Africa, five are potentially epidemic vec-
tors. The § aspeeies fall into 2 groups according
to our ecological criteria for selection, The most
important group comprises Ae aqegypti, Ae.
simpsoni and Er. quinquevittatus because of the
prevalence of these species and their close as-
gociation with man in the urban environment,
The second group consists of Ae. demeilloni and
Ae. strelitzine which are regarded as less impor-
tunt because of their dependence on specific
plants for their larval habitats, which limits
their distribution. ‘T'he 2 remaining species, Ae.
furcifer and Ae. cordellieri, are essenfially rural
species limited to the tropical region. Therefore,
although they are both probably competent vec-
tors, they are unlikely to become involved in
epidemic transmission.
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THE POTENTIAL FOR DENGUE IN SOUTH AFRICA: MORPHOLOGY
AND THE TAXONUMIC STATUS OF AEDES AEGYPTI POPULATIONS

“Vou, 23, No, 3

PrTER G. JUPP!, ALAN Kemp' AND CHRIS FrRANGOS?

ABSTRACT. Some 1,881 Aedes aegypii (1.} progeny were reared as sibling samples taken
from 196 families representing populations from (8 localities in South Africa, including
anthropophilic and non-anthropophilic populations. The number of white scales on tergite |
(T)) and in the basal band on tergite 1I (T2) wete counted. Study of family samples showed
that 60.2% of families were heterogeneous, containing both the tvpe and formosus forms,
Hence the division into nominate (iype) and formosus subspecies is considered. invalid.
Multivasiate statistical analysis of variance in the population samples in respect of T, and T,
together showed that each population was significantly different from all the others. However,
statistical analysis of T, and T, alone showed that although some populations differed
significantly, there was no consistent difference between anthropophilic and non-aathropo-
philic populations, It is concluded that in South Africa de. acgypti is a single polymorphic

species displaying plasticity in its man-biting behavior.

INTRODUCTION

Dengue fever occurred in epidemic form in
South Africa in Durban in 1926=1927 (Eding-
ton 1927), Since then it has riof been reported
until 1985 when dengue | virus was isolated
from one person and dengue antibodies de-
tected in two other people, all of whom were
Durban residents recently returned from trips
to India (Blackburn and Rawat 1987, Black-
burn et al. 1987). This development and the
recent outhreaks of dengue in nearby coun-
tries, including Mogambique (Anonymous

19835). the Seychelles (Metselaar et af, 1980},

and Kenya (Johnson et al. 1982) has caused
congern that the virus might be reintroduced
into South Africa. Because of this, it was
decided that a study should be undertaken of
Aedes gegypti (Linnaeus), and other mosqui-
toes, particularly Aedes (Stegomyia) speciss,

occurring mainly along the eastern coast (Na-

®al) 1o evaluate their candidatore as potential
vectors which could participate in epidemic
transmission. The overall study has several
aspects. The first is 2 morphological study of

! Arbovirus Unit, National Institute for Virology., De-
partmend of Virology, University of the Witwaiersrand,
Private Bug X4, Sandringham 2131, Soutl Africa.

I Depariment of Statistics, University of the Witwalets-
rand, P O WITS, 2050, South Afiica,

Ae. aegypti populations to elucidate their tax-
onomic status, which is reported in this paper.
Other aspects to be reported will deal with
isozymes and the taxonomy of de. aegpptl the
ecology of Ae. aegypri and other mosquitoes,
and the results of experiments undertaken to
assess the vector competence of Ae. acgynti

and selected mosquitoes with dengue viruses,

Populations of Ae. aegypti may vary in their
morphology, ecology, physiology and genetics
{e.g.. Machado-Allison and Craig 1972,
McClelland 1974, Trpis and Hausermann
1975, Tabachnick et al. 1979). Domestic and
sylvan forms of the mosquito have been re-
corded in coastal Kenya {(Van Someren et al,
19535, Trpis and Hausermann 1975) and ap-
parently in inland Uganda (Haddow [943),
The usually paler domestic form breeds in
domestic containers and exists in close asso-
clation with aan, while the usually darker
sylvan form breeds in tree holes in rural areas
away from houses. In 1957, Mattingly divided
the species into two subspecies viz. Ae. aegypti
acgypti, the type form with pale scaling on
the first abdominal tergite and/or a distinetly
paler or browner body than the Alrican sub-
species Ae. aegypli formosus {Walker). Aedes
aegypti formosus, which never has gny pale
scales on the first tergite, has a markedly
blackish appearance and is confined to Africa
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south of the Sahara. Aedes aegypti var. gueens-
landensis (Theobald) fias increased white scal-
ing on the abdominal tergites beyond the first
tergite and/or has a lighter mesonotal color,
Van de Hey et al. (1978} and Tabachnick et
al. (1279), respectively, reported extensive
morphological and genetic studies and agreed
with Matlingly (1957) that Ae. aegrpti was a
polytypic species. In contrast, McClelland
(1974}, who studied the morphology of pop-
ulations worldwide, concluded that there were
probably two species or incipient sped 'es, viz.
Ae. aegypri and e, formosus, In these studies
these workers did not analyze morphological
variation within families 1o look for intraspe-
cific vardation, i.e., polymorphism.

In 1960, McClelland obtained both the type
and formaosus forms in the progeny from mat-
ings between formosus phenotypes, although
he appears to have peoled several families of
progeny together upon which to make his
morpholtogical analysis, Similar heteroge-
neous progeny resulted from matings between
phenotypes of the type form, Hartberg (1969)
appears to be the only worker who has reared
separate famities from field-collected females,
bui his important results were only published
in a mimeographed document by the World
Health QOrganization. He also found variation
in abdominal tergal scale pattern within single
families from egps laid by single formosus or
type form femaies.

In South Africa, little has been reported on
Ae. aegypii, Earlier work by Muspratt (1956)
indicated the presence of populations in
South Alrica with differing ecoiogies. More
recent work by our unit at two rural localities,
Ndamu in northern Natal-Kwa Zulu (Mc-
Intosh et al. 1972, Kemp and Jupp 1991) and
Mica in the northeastern Transvaal (Jupp and
Wiclntosh 1990) has shown the presence there
of non-anthropophilic {non-man-biting) pop-
ulations. At both these localities, mosquito
collecting over several years has shown that
although Ae aegypti is abundant in these
areas as judged by its prevalence in tree holes
and bamboo pots, the masquito is rarely at-
tracted to man and taken off human bail. We
have also just completed f{ield studies at Sku-
kuza and in the Magalicsburg Mountains,

" both infand in Transvaal (Kemp and Jupp

1991), where similar but more limited obser-
vations indicated that the same situation
probably prevails at these further two rural
loealities, We have therefore designated these
sylvan populations “probably non-anthropo-
philic” (Fig. 1). In this same project (Kemp
and Jupp 1991), collections off human bait
have, however, shown that anthropophilic
populations are present a1 domestic or peri-
domestic sites along the whole Natal coast
line and at Grahamstown pear the coast in
the eastern Cape Provinee (Fig. 1),

We report here a quantitative examination
of the scaling of the first two segments of the
abdominal tergite in families reared from an-
thropophilic and non-arthropophilic popu
lation samples of de. aegypti collecled at var-
ious localities in South Africs, We wished to
determine whether distinet type (nominate)
and formosus forms were present in South
Africa, and if they were present, whether they
bred true and could be relaied to geographi-
cally and ecologically different populations of
Ae. aegymi,

MATERIALS AND METIIODS

Populations of de. aegypri were sampled at
18 lacalities: one in the Cape Provinee, 12 in
Natal Province and five in the Transvaal
Province (Table 1), The localities are shown
on the map (Fig. 1), which also indicates
where anthropophilic and non-anthropo-
philic populations occnrred. Mosquitoes were
collected either as eggs deposited in bamboo
pots exposed in woodland, as larvae removed
from artificial containers or as adults taken in
landing/biting catches. Feps and larvae were
reared into adul(s, and the female mosguitoes
ihus obtained or females collceted directly in
the field were fed on hamsters in the labora-
tory. The gravid {emales were placed singly in
tubes containing moist cotton wool and filter
paper for oviposition. Subscqoently, the dif
ferent egg batches were reared separately and
a group of 19 or more aduit female siblings
representing each family was pinned, These
specimens were examined under a binocular
disseeting microscope at 6080 times magni-
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Fig. 1. Localities in South Africa where Ae. aegypri populations were sampled,

fication, using a blue filter on incident light.
The number of white scales on the first ab-
dominal tergite (T)) and the number in the
basal band on the second tergite (Ta2) were
counted, The second tergite was examined in
addition to the first because, like McClelland
(1960), we had noticed variation; the degree
of white scaling at its base varied from com-
plete absence to a well marked band.

The 95% confidence limits were calculated

et

for the mean number of white scales on T,
and Ts, respectively, for each of the 18 pop-
‘ulations, The data were subjected to further
statistical analysis using the general linear
models procedure of a SAS statistical package
implemented on an IBM mainframe com-
puter, The means of both tergal characters
(T and T) together were compared on the
18 population samples by multivariate analy-
sis of variance using the following four statis-
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1 Probably non-anthropophilic
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Fig. 1. Lacalities in South Africa where de. acgupti populations were sampled.

fication, using a blue filter on incident light.
The number of white scales on the first ab-
dominal tergite (T,) and the number in the
basal band on the second tergite (To) were
counted. The second tergite was examined in
addition to the first because, like MeClelland
(1960), we had noticed variation; the degree
of white scaling at. its base varied from com-
plete absence to 2 well marked band.

The 95% confidence limiis were calculated

for the mean number of white scales on T,
and ‘T, respectively, for each of the 18 pop-
‘ulations. The data were subjected to further
stutistical analysis using the general linear
models procedure of a SAS statistical package
implemented on an IBM mainframe com-
puter, The means of both tergal characters
(T, and T:) together were compared on the
1% population samples by multivariate analy-
sis of variance using the following four statis-
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south of the Sahara. Aedes acgypti var. queens-
{undensis (Theobald) has increased white scul-
irg on the abdominal tergites beyond the first
tergite and/or has a lighter mesonotal color,
Van de Hey et al. {1978) and Tabachnick et
al. (1979), respectively, reported extensive
morphological and genetic studies and agreed
with Mattingly (1957) that Ae. gegypti was a
polytypic species. In contrast, McClelland
(1974), who studied the morphology of pop-
vlations worldwide, concluded that there were
probably two species or incipient species, iz,
Ae. aegypti and Ae. formaosus. In these studies
these workers did not analyze morphological
variation within families to look for intiaspe-

. cifie variation, i.e., polymaorphism,

In 1960, McClelland obtained both the tvpe
and formosus forms in the progeny from mat-
ings between formosus phenotypes, although
he appears to have pooled several families of
progeny iopether upon which to make his
morphological anilysis. Similar heteroge-
neous progeny resulied from matings between
phenotypes of the type form. Hartberg (1969)
appears to be the only worker who has reared
separate families from ficld-collected females,
but his important results were only published
in & mimeographed document by the World

- Health Organization. He also found variation

in abdominal tergal scale patiern within single
families from cges laid by single formosus or
type form females,

In South Africa, little has been reported on
Ae, aegypti, Earlier work by Muspratt (1956)
indicated the presence of populations in
South Africa with differing ecologies. More
recent work by our unit at two rural localities,
Ndumuy in northern Natal-Kwa Zulu {Me-
Intosh et al, 1972, Kemp and Jupp 1991} and
Mica in {he northeastern Transvaal (Jupp and
Mclntash 1990) has shown the presence there
of non-anthropophitic {non-man-biting) pop-
ulations. At hoth these localities, mosquito
collecting over several years has shown that
although Ae. aegypti is abundant in these
arcas as judged by its prevalence in tree holes
and hamboo pots, the maosquito *s rarely at-
tracted 10 man and 1aken off human bait, We
have also just completed field studies at Sku-
kuza and in the Magaliesburg Mountains,

both inland in Transvaal (Kemp and Jupp
1991), where similar but more limited obser-
vations indicated that the same situation
prohably prevails at these further two rural
localities, We have therefore desipnated these
sylvan populations “probably non-anthropo-
philic” {(Fig. 1), In this same p “ect (Kemp
and Jupp 1991), collections off human bait
have, however, shown that anthropophilic
populations are present ai domestic or peri-
domestic sites along the wihole Natal coast
iine and at Grahamstown near the coast in
the eastern Cape Province (Fig, 1).

We repori here a quantitative examination
of the scaling of the first two segments of the
abvjoniinal lergite in families reared from an-
thropophilic and non-anthropophilic popu-
lation samples of Ae. aegypri collected at var-
ious localities in South Africa. We wished to
determine whether distinct type (nrominate)
and formosns forms were present in South
Alvica, and if they were present, whether they
bred true and could be relaied to peographi-
cally and ecologicaily different populations of
Ae. aegypti.

MATERIALS AND METHODS

Populations of Ae. cegypti were sampled at
18 localities: one 1n the Cape Provinee, 12 in
Natal Province and five in the Transvaal
Province {Tahle 1}. The [ocalities ave shown
on the map (Fig. 1), which aiso iudicotcs
where anthropophilic and non-anthropo-
philic populations occurred. Mosquitoes were
eptlected either as eggs deposited in bamboo
pots exposed in woodiand. as larvae removed
from artificial containers or as adults taken in
Ianding/biting catches. Eggs and larvae were
reared .o adults, and the female mosquitoes
thus obtained or females collected directly in
the field were fed on hamsters in the labora-
tory. The gravid females were placed singly in
tubes containing moist cotton wool and filter
paper for oviposition, Subsequently, the dif-
ferent egg batches were reared separately and
2 group of 10 or more adult female siblings
representing each family was pinned, These
specimens were examined under a binocular
disseeting micrascope al 60--80 limes magni-
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Table 1. Localities in South Africa where e,

aegvpii populations were sampled.,

Locality of origin Stage collected
CAPE
Grahamstown Larvac
NATAL
Port Edward Larvae
Palm Beach Engorged females
Port Shepstong Larvae
Park Rynie Engorged females
‘Durban Engorged females
Stanger Engorged feinales
Empangeni Engorged females
Richards Bay Engorged females
Mtubatuba Engorged females
St Lucia Lai..iy Larvae
Mkuze Larvae
" Ndumu Eggs (bumboo pots)
TRANSVAAL
Johannesburg Engorged females
Magaliesberg Egps (pots)
Skukuza Larvae
Mica Eggs and larvae (pots}
Tzaneen Engorged females

tics: Wilks’ Lambda (Wilks 1932), Pillai’s
Trace (Pillai 1954), Hotelling-Lawley Trace
{Hotelling 1951) and Roy's Greatest Root
(Roy 1957), Furthermore, the population
means for T, and T. respectively. were
grouped vsing the Waller-Duncan K-Ratio 1~
test (Waller and Duncan [969) to find which

means differed significantly. Conclusions

could then be Arawn as to the morphoiorical
similarity and variability between the 18 pop-
ulations,

If a mosquito specimen possessed an en-
tirely black ‘T, it was classified as formosus
form . while specimens with one or more white
scales on this tergite were classified as the
nominate or type form, The nature of T, was
not iaken into account when assigning a form
classification to a specimen, in this manner
the sibling groups representing the different
families were clagsified as “homogeneous Lype
form,” or “homogeneous formosus form™ or
“heterogeneous with both forms,” In a ho-
mogencous family every spec’ ~i¢n in the sam-
ple belonged to the same fuim. whereas a

heterogencous family consisted of a mixture

of both forms in which one or more specimens
did hot match the remainder,

RESULTS

Figure 2 pives the results for three of the
families examined. It shows T, and T of three
£.12 collected adult females (mothers) taken
hiting at Park Rynie in Natal, together with
the fergites of 10¢ of the siblings in their re-
spective F; families. It can be seen that al-
though the mothers were formaosus (1 M and
2 M) and type form {8 M) phenotypes. both
forms appeared in their progeny with a wide
range in the degree of white scaling on beth
tergites. Some of the specimens from soine of
the other localilies displayed a heavier degree
of white scaling than shown in Fig. 2. The
types ol families identified in the sampics of
F, families representing each logulity are
shown in Table 2, Qut of 195 families, only
three families {*.5%) were formosus form, 75
(38.3%) were type kv, v i 3 118 (60.295) were
heterogeneous. Whe.: iuiailies were classified
in a similar way according to the presence of
white scaling on T, it was found that, out of
ail the families, 55.6% were leterogenecus

=

and 44.4% werg homogeneous for presence

of white scaling.

In Table 3, al the specimens representing
alocality, vsually belonging to 10-13 families,
were treated as one sample. For each of the
18 samples, the range of values for T, and T,
is given together with the respective means
and standard devia’ions. All the ranges of
vilues overlap for both Ty and T.. These
results were used to caiculate the (1) 100%
large semple confidéence limits, were & = 0.05.
for T, and T, respectively. Figure 3 gives
these limits as histograms and shows that the
confidence limiis for T; and T on the various
populations differ in length and position. al-
though some populations were very ciose o
one another, When, however, the means of
the populations were compared by the Waller-
Duncan test in respect of T, alone, ii was
found that none of the four non-anthropo-
philic or probable non-anthropophilic popu-
tatic= s, Ndumu, Mica, Magaliesherg 2::3 Sku-
kuza, diifered consistently from the remain-




’ 3
RO _ Moyt SYSTEMATICS Vi, 23, N, 3 '
1-M 11 1-2 1-3 1-4 1-8
T1 ::: " “':'. &
Tz L) (111 L1] (1] L1] [ 1] B
1-6 1-7 1-8 1-8 1-10
, i
I. L) L) ELLL [] 1] {11} LL1Y ]
; 2-2 2-3 2-4 2-5 ' . ,
: , | 27 2-8 29 2-10
whngE AEAL Wt FaTw IO
e
8-M 81 8-2 83 g4 85 i
oy i
O r + 'i
X
86 87 8-3 8.9 810
" 13
—— [
) 14
|
' . e Fig, 2. Distributeon of white sealos on U first (17} and second (F5) tergites in three e, acerpti mothers {M) and fg
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i C ing anthropophitic populations P> 0.05). The  differed from all other populations by having
i same analysis done for T alone indicated  a considerable number of white scales,
; some similarity between these four popula- When both sampie nieans (T, and Th) were
i tions in their having more white seales than  compared together by multivariawe anaiysis,
i most anthropophilic  populations (P < all |8 populations were found to be signifi-
0,0000). Ndumu ditlered lrom all other pop-  cantly different from one another (P <
— ulations except Mica, Mica differed from all  (.0001) using the four chosen statisties,
oA athers except Ndumu and Skukuza, Skukuza
was similar to Mica and the anthropophilic DISCUSSION
v I‘ populitions of Port Bdward and Johunnes-
\u-i - burg. Magaliesberg was similar to Richards Hartberg et al. (1986) showed that abdom-
Ry, Fnnangeni, Palin Beach and Mkuzi, all - inal tergal seale pattern in Ao aegeptl ap-

anthropephine  populations. Grahamstown  peared to be controlled hy one major poly-




Drcespcr 1994

187

Table 2. Classification of F, families of Ae. aegypti from various localities into those which
are homogeneous for either the typical or formosts forms and those which are

heteropeneous, . .
No, families
Homogeneous:  Homogeneous: Heterogeneous:
Locality Total typical form . Jormosus form both forms
Grahamstown 11 5 4] 6
Port Edward 1l 4 0 7
Palm Beach ' 12 3 0 9
Port Shepstone 12 4 0 8
Park Rynie 12 ] 1 i1
Durban 19 5 0 5
Stanger ' 10 4 0 6
Empangeni 9 4 0 5
Richards Bay 1l 5 0 ]
Mtubatuba 3 3 0 3
St Lucia Estuary 11 9 4] 2
Mkuze 10 1 g g
Ndumu i 4 0 7
Johannesburg 11 4 0 7
Magpaliesberg 15 3 2 10
Skukuza il 8 0 3
Mica 13 4 0 ]
Tzaneen L 5 0 3
196 75 3 118
38.3% 1.5% 60.2%

genic system with modifiers. Hence he consid-
ered that it would be better to use differences
in ecology. physiology and behavior when
attempting o divide Ade, gegiptf into different
species or subspecies. He concluded that while
abdominal tergal scale pattern may be useful
for digtinguishing populations, it may not be
valid as the exclusive taxonomic basis for
classification. In earlier work, Hartberg {1969)
showed that the offspring of 35 female for-
mosus and typical forms collected at Dar-cs-
Salaam, Tanzania, ncarly alf failed to breed
Lrue, inaicating that the populations were sitn-
ply polymorphic for abdominal tergal scaling,
In the present study, about twa-thirds of e
196 families examined from (8 localities in
South Africa similariy fiuiled to breed true, but
gave offspring that were heterogeneous for the
presence or absence of white scales on the first

terpite. This finding shows that the basis for
separating Ae. aegypti into nominate and for-
mosus subspecies proposed by Matiingly
{1957} should be regarded as invalid. It wonld
be interesting to study the variety queeitslan-
densis in & similar way,

Using two characters, the depree of scaling
on both the first and second tergites, we found
that ail {8 populations of Ae. aegypti differed
significantly regardless of their degree of an-
thropophilism or geographic location. This
supports the view that Ae. aegypti is a single
polymorphic species in South Aftica with a
variable preference for man, Other studies by
us using isozyme electrophoresis to analyze
genctic difference between South Aftican
populations of Ae. aggypri (Kemp and Jupp,
unpublished observations) also failed to reveal
any evidence for the existence o more than
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Table 3. Number of white scales on first tergite (T) and in basal band on second tergite (T2)
in F, female mosguitoes from various localities.

r— —— e —

Tl Tl
Locality n Range X §  Range X 8
Grahamsiown 104 045 7.58 9.54  4-35 1860 6,01
Port Edward 112 0-40 5.63 1.51 0-18 754 4,50
Palm Beuach 110 (--30 573 7.06 0-25 455 4,63
Port Shepstone 104 0-34 598 7.38 0-~11 313 298
Park Rynie {10 0-24 1,95 4.38 0-15 4.15 444
Durban 102 0-35 8,77 8,95 0-22 575 544
Stanger 100 0-60 13.08 1511 0-25 601 534
Empangeni 94  0-30 6.62 712 0-23 484  5.02
Richards Bay 109 0-40 7.15 7.47 0-16 340 4.33
Mtubatuba 81 0-24 5.80 5.47 0-17 7.09  4.66
St Lucia Estuary 100 0-40 1191 8.89 0-19 188 4,02
Mkuze 96 0-15 2.76 .37 =21 440 4.00
Ndumu 125 0-1% 4.50 4.07 0-27 072 588
Johannesburg 04 = 0-26 5.02 6.54 0-22 741 510
Magaliesberg 129 0-25 3.42 5.98 0-20 437 397
Skukuza 108 -3t 8.81 7.39 0-26 8.3 641
Mica 130 0-30 5.38 5.83 0-20 9.20 496
Tzaneen 63 0-30 8.05 8,34 0--16 568 495
1,881
GRAHAMSTOWN « o =
PORT BEOWARD -} oy b
PALM REACH - A =
POAT SHEPETONE | e e L
PARK AYNIE- wajecy | ==
DUREAN el — ek
BTANGER <  svemmnsmwesamemmmy ===
EMPANGEN e ey
RICHARD'S BAY —— gsbury
MTURATURA e rzzken
8T, LUGIA - s ] o
MKUZE] mlvn =
NDLML ) e=r=
JOHANNESRLURE - i | e
MAGALIESRERG -] fe =tn
SKUKLIZA - l— ] PR
MIGA + S =32
TZANEEN - Ty eei— === o

¥
% MW 1’ 1o 8 8 L] 2

2

8 ] 10

18

Number of Whita Tergal Scalea
Fig. 3. Sample means and 95% confidence fimits for the nember of white scales on Ty and in the basal band on Ty
in e gewvprl populations. Fourteen populations were antheopophilie, two non-anthropophilic (Ndumu and Mica)
ond two were probably non-anthropophilie {Skukuza and Magaliesberp).
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one species, Some of the populations were
significantly different in respeci of the T
value alone hy the Waller Duncan test, al-
though all the ranges of vilues for Ty over-
lapped, The tanges of values also overlapped
for Ty in all of the populations, although some
samples also differed statistically in respect of
this character. Nevertheless, our results failed
to show that non-anthropophilic populations
invariably exhibited 8 larger number of white
scales on Ty than anthropophilic populations.
Apart from the work done on Ae. qegynti
from East African countries, morphological
variation has been recorded for Nigetia (Sum-
mers-Connal 1927), the Philippines (Mogi et
al. 1984) and northern Thailand {(Mogi et al.
1989). The presence of such variation needs
to be analyzed within families.

it is concluded that in South Africa, de
uegypti is a single polymorphic species show.
ing a considerable amount of variation in the
degree of white scaling on the first two abdom-
inal tergites, The presence of some niral syl

van non-anthropophilic populations in our

country (Kemp and Jupp 1991) might, how-
ever, indicate incipient speciation.
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MOSQUITO VECTORS OF DENGUE IN SOUTH AFRICA
by
P.G. Jupp, A. Kemp and N.K. Blackbumn
Arbovirus Unit, National Institute for Virology, Department of Virology
University of the Witwatersrand, Private Bag X4, Sandringham 2131 South Africa
presented by B.H. Kay

Although epidemic dengue (DEN) has been known for a long time in Asia and the
Caribbean-American region, it has only been reported from Africa much more
recently (Gubler, 1988). Not until the 1960’s and early 1970's was DEN illness
recognised in Nigeria in West Africa, and only in the 1980"s were epidemics first
documented in East Africa. Epidemics of DEN 2 occurred in the Sudan and Somalia
in 1984, in Kenya in 1982 and in the Seychelies in 1976/77. There was an outbreak
of DEN 3 in Mozambique in 1984, Durban, the main port on the eastern coast of
South Africa experienced DEN in 1897, 1901 and 1926/27. The latter was 2 large
epidemic of DEN (Bdington, 1927) later shown retrospectively to have been due to
DEN | virus. The annual rainfall during 1926/27 was unusually high i.e, 5669mm
and 8839mm compared {o the normal 1008mm which must have contributed to the
outbreak. In 1985 and 1987 several people who had returned home to Durban after
visits to India suffered DEN 1 infections (Blackburn and Rawat, 1987; Blackburn et
al., 1987). Because of this and the recent outbreaks in nearby countries, it was

decided to determine which mosquito species were the potential vectors of DEN 1 and
DEN 2 in South Africa.

Only Aedes mosquitoes, almost all belonging to the subgenera Stegomyia and
Diceromyia have been found to be vectors in other countries. These are mosquitoes
breeding in artificial containers, such as tyres and tin cans, or in natural receptacles

such as tree holes or leaf axils, Our investigations were therefore concentrated on

mosquitoes in these subgenera in the subtropical regions of Natal and the Transvaal
and the tropical region in Northern Natal-Kwazulu. These, the likely regions into

which DEN virus could be impofted to cause a possible outbreak, are shown in the

43




map in fig 1. The 'principal localities where we collected along the Natal coast and
inland in the eastern Transvaal lowveld are also given.

A mosquito would possess a number of particular attributes lo qualify as a potentially
efficient DEN epidemic vector. Such a mosquito sp.ecies would be widespread in the
tropical and/or subtropical regions, it would be abundant, occur either domesticaly
or peri-domestically, bite man and be a compeient laboratory vector with high
infection and transmission rates. Our field studies produced a "short list” of 6 species
which qualified as potential vectors on grounds of their distribution, abundance,
anthropophilism and domesticity (Kemp & Jupp, 1991). Aedes acgypti, Ae. simpsoni
and Eretmapodites quinguevittatus wese recorded in all the 3 important regions:
Natal subtropical, Natat tropical and Transvaal subtropical. Aedes strelitziae and Ae.
demeilloni were limited to the Natal coast, mainly the subtropical region as they
depend on the plants Strelitzia nicolai and Dracaena hookeriana for their larval
habitats. Aedes furcifer is predominantly a rural species confined to the thornveld
savannah of the tropical region of Matal and subtropical north-eastern Transvaai,
However, a few specimens were collected in urban Durban indicatin g that this species

may occur much further south than was originally thought.

Vector competence tests were undertaken with an in vitro system on field collected
mosquitoes or their F, or F, progeny except in the case of de. furcifer where a long
established laboratory colony was usually employed. The mosquito species under
assessment was first allowed to feed on an infective blood-meal consisting of a
defibrinated blood-virus mixture, The engorged mosquitoes were then incubated at
30-51°C for 17-18 days until their transmission feed. For this feed each mosquito
was allowed to feed from a capillary tube charged with a mixture of 10% sucrose and
foetal calf serum using the method of Aitken (1977). If it transmits, the insect
secretes virus into the capillary tube. Afier a feed the balance of the fluid remaining
in the tube was discharged into Bovine Phosphate Albumen which was assayed for
virus. This was done by intrathoracic inoculation of a group of Ae. aegypti
laboratory mosquitoes _employing the technique of Rosen and Gubler (1974). After
8 days incubation at 30°C, the heads of 4 of these Ae. gegypti were squashed




individually and tested for antigen by the indirect fluorescent antibody test (IFAT).
If the capillary tube turned out negative, the original mosquito which had fed in the

capillary tube was then tested. The information thus obiained permitted the

calculation of a head squash infection rate (HSIR) and a transmission rate which was
defined as the percentage of the infected mosquitoes feeding which transmitted virus.
A vector competence index (VCI) was also calculated which was the product of the
decimal fractions of HSIR and transmission rate. The maximum possible VCI is 1.0.

The entire procedure was usually repeated twice on different samples of mosquitoes
frosn each locality.

The results of the vector competence experiments for all the mosquitoes except Ae.
aegypti are shown in Table 1. Results for DEN 1 virus and DEN 2 virus were
generally similar. Three of the species, Ae. demeilloni, Ae. simpsoni and Er.
quinguevittatus proved entirely refractory to both types of DEN virus so that
transmission tests were not done in these cases, Ae. strelitziae gave a mean HSIR of
33% for DEN I and 56% for DEN 2. None of the mosquitoes of this species
infected v."th DEN 1 transmitted virus but 2 out of 7 {29%) mosquitoes infected with
DEN 2 transmitted virus, giving a VCI of 0.16. In the case of Ae. furcifer, the mean
HSIR's were 3% - “-11% for DEN 1 and 2 respectively. In the case of DEN 2, 2
infected mosquiwn .efed in the capillary feeding, one of which transmitted virus, so
that the VCI was 0.06.

The results for populations of Ae. acgypti from 5 different localities are shown in
Table 2 and were rather similar with both viruses. All populations transmitied both
serotypes. The vector competence indices were highest for Durban with both viruses,
while indices for the other species were considerably lower.

Using the Chi-squared test, the HSIR of each population was compared with each of
the other populations int turn. With DEN 1, Palm Beach and Skukuza differed from
the other 3 populations, but not from each other reflecting their fow HSIR's. With
DEN 2, Pu..: Beach differed from Durban and Ndumuy only. The same statistical
analysis was conducted on the 5" populations with respect to the vector competence

index. In the case of DEN 1, the Durban population had a significanily higher VCI
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than ail the other populations while Skukuza had a significanily lower VCI than all
populations except Palm Beach. With DEN 2, only Palm Beach differed from
Durban, Transmission rates were compared using the Fisher’s exact test and no
statistically significant differ .ices were found between the different populations.

CONCLUSIONS

1. The primary potential vector for an epidemic of DEN I or 2 in South Africa
would be Ae. aegypti and the secondary such vector would be Ae. strelitzice.

2, Ae. furcifer would seem only a poor potential vector confined to the rural
areas of northern Natal-Kwazulu and the eastern Transvaal,

3 Durban Ae. aegypri was the most efficient vector out of the de. acgypii |

~ populations tested from § localities.

4. The likehnood of a DEN cutbreak occurring in Durban or elsewhere in South

Africa has increased in recent years for 3 reasons:-

a) The virus has been more active than ever before in our neighbouring
East African states and was also imported into Durban in 1985 and
1987.

b) The lifting of sanctions against South Africa is resulting in increased
traffic by sea and air between South Africa and Asia enhancing the
chances of the virus being imported.

c} Increased urbanization in our tropical and subtropical regions is

providing more breeding places for Ae. aegypri
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Tablel Vector competence of 5 mosquito species after an infective blood-meal containing 6.1-8.4 log, MIDssy/mi of DEN 1 or

DEN 2 virus.
Head squash ~ Transmission Vector competence
infection rate (%)* rate (%)* _ index#
Species DEN1  DEN2 DEN1  DEN2 DEN 1 DEN 2

Ae. (Stg.} demeilloni 0748 0/27- - -

Ae. (51g.) simpsoni 0/35 0/3¢ - -

Ae. (Stg.) sirelitziae 7/21(33) - 10/18(56) 0/5 2/7(29) 0 0.16
Ae. (Dic.) furcifer | 1/37(3) 6/53(11) 0/1 - 12(50) 0 0.06
Er, qufn;}kevi:rams 0/49 _ 0/31 - - '

N umerator, number infected; denominator, number tested.

+Numerator, number transmitting; derominator, number infected mosquitoes that fed, each mosquito fed from a separate single capiilary
tube. _

#defined in text
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Table 2 Vector competence of different populations of de. aegypyi after an infective blood-meal containing 6.1-8.4 log,/ml of
DEN 1 or DEX 2 virus. '
Head squasi. Transmission Vector competence
infection rate (%) rate (%) index
Locality DEN 1 DEN 2 DEN 1 DEN 2 ~ DENI DEN 2
Palm Beach 15/72(21) 20/107(19) 6/9(67) 6/7(86) 0.15 _ 0.18
Durban 28/52(54) - 24/60(40) 20/24(83) 15/20G(75) 0.47 0.34
Richards Bay 29/76(38) 21/72(29) 10/15¢(67) 11/14(79) 0.25 0.23
Ndumu 32/88(36) 29/82(35) 6/9(67) 12/17(71) 0.28 0.22
Skukuza 5/27(11) 20/71(28) 4/4(100) 14/18(78) 0.13 0.21
7
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Table 3

lnterpopulahon statistical comparisons by x-squared test of vector competence

in Ae. aegypa showing difference {(+) or no dlfference {-) tor DEN 1 and

DEN 2 viruses respectively.

Jity Durban  Richards Ndumu  Skukuza
' Bay :

Head squash

infection rate

Falm Beach 4 +, - +, ¥ it A
Durban i “e= +i-
Richards Bay ol +,-

Ndumu do=

Vector competence  Palm Beach +p¥ i *, = +, -

index

Durban - +,= -
Richards Bay - +, -

- Ndumu ¥, -

# DEN 1
* DEN 2
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Fig 1. Map of Matal aid the Transvaal showing the principal locatlities of mosquito
collectira.
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AEDES ALBOPICTUS AND OTHER MOSQUITOES IMPORTED IN
TIRES INTO DURBAN, SOUTH AFRICA

PETER G. JUPP anp ALAN KEMP

Arbovirus Unit, Nationol Institute for Virology, Depariment of Virolagy, Unliuersity of the Wiiwatersrand,
Private Bag X4, Sendringhom, 2131, South Africa

ABSTRACT. The reaulta of surveillance for immature stages of mosquitoes in samplea of wet tires in
b consignments imported into Durhan from Japan is reported, Three of these consignments contained
tires with immatures of Aedes acgypti, Ae. albopictus and Uranotaenia n. novobscura. The proportions of
all the wet tires caleulated to contain moaquitoes were 189/1,488 (13%), 20/813 (2.5%) and 13/1,032
{1.3%)} which eraphasizes the need for effective mosquito control measures to prevent Ae. albopictus
gacaping from such tires and establishing itself in Durban,

Figures for 1978-86 revealed that South Af-
rica was the fifth largest importer of used tires
{rom Japan with 1,065,211 tires, 1.e., 118,356 per
annum {Reiter and Sprenger 1987), According
to A. 8. Fullard of the South African Tyre Deal-
ure Association (personal communication), the
number has now increased with about 154,563
tires being the 1992 import quota, Immature
stages of the Asian mosquito Aedes albopictus
{Skuse) have been collected on 4 occasions in
tires landed in Cape Town from Japan. These
were dearl pupae and pupal exuviae in November
1989, and live larvae on 3 nccasions in 1990
{Cornel and Hunt 1991). Some populations of
Ae. gibopic.as might survive the cold winter in
Cape Town's Mediterranean climats, since pop-
ulations of the mosquito in northern Asia can
apparently survive severe winter conditions
(Reiter and Darsie 1984, Hawley et al. 1985},
However, in South Afriea it is considered much
more likely that this predominantly tropical spa~
cies (Hawley 1988) would establish itself in Dur-
ban with its subtropical climate should it be
introduced into this city, For this reason we are
undertaking aurveillance for Ae, albopictus and
other exotic mosquitoes in Durban at the prem-
ises of companies whick import second-hand
tires from the Far East. Durban is situated on
the east coast of South Africa in the Province
of Natal and is our busiest port.

The first aspect of this surveillance began in
late November 1991, when we initiated the sam-
pling of each consignment of wet tires landed.
Two inspectors from the Port Health Office
search for mosquito larvae and pupae in a con-
signment with wet tires for at least 1 hour, Any
live immatures are brought to the laboratory,
where they are reared fo adults, while larval and
pupal pelts are stored in aleohol to facilitate
identification. Identifications have been made
using the keys for mosquitoes of Japan and
Korea by Tanaka et al, (1979). So far b consign-
ments of wet motor car tires, landed in con-
tuiners between November 21, 1991 and January

16, 1992, have been sampled and live immature
mosquitoes were collected in 3 of them.,

Table I gives details of the § shipments, all
from Japan, Seventeen 2nd or 3rd instar larvae
and 2 pupae were collected, All were reared to
adults except 7 specimens in collection No, 2;
these were one Aedes aegypti (Linn.) which died
on reaching the 4th instar and six 2nd instar
larvae which died before they became identifia-
ble. The other specics wera Uranolaenic n. no-
vobscura Barraud and Ae. albopictus, During the
time the health inspectors could spend sampling
wot tires, only & relatively small proportion (4-
13%) of all the wet tires in a consignment could
be examined. However, the proportions of all
the wet tires estimated to contain larvae or
pupae were calculaied from the proportion of
tires found {o contain immature stages in the
samples examined, The figures shown in Table
1 indicate that a considerable number of larvae-
bearing tires must have escaped detection, e.g.,
182 {189 minus 7) in collection No. 2.

In view of the above, it seems possible that
soine Ae. albopictus could have established foun-
der populations in the vicinity of the tire im-
potters’ premises. The se~ond aspect of our sur-
veillance is aimed at the delection of such Ae,
albopictus populations. This project is in pro-
gress and involvea the exposure of bamboo pots
as ovipositional sites within the grounds of the
¢ largest importers of second-hand tires from
the Far East in Durban, Uranotaenia n. novob-
scura 18 not medically important but exotic 4e.
aegypti, and more particularly Ae. albopictus, are
pote...ial dengue vectors. The latter and possibly
the former, would be expected to have a higher
vector potential for dengue viruses than the
indigenous mosauito species along the Natal
coast, It is therefore important that control
measures are offected to prevent the escape of
exotic mosquitoes from the imported tires lest
such moaquitoes become established in Durban.
A gimilar syatem of surveillance is planned for
the other main centers in South Africa wherd
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Table 1. Second-hand tire casings londed in Durhan; South Africa, fror Japan: results of sampling for

immature moaquitoea, .

Proportion
of tires No, of gll

No. tires examined  wet tires
Collec- in Fstimated found with estimated
tion Place of Date consign-  mo. tires mosquitoes to contain Mosquito
no. origin sampled* ment  wet (%) (% maosquitoss identity
1 ‘Ossha Now. 21, 1991 1,661 310 0/40 —_ -
‘ (20) '
2 Yokohama Nov, 21, 1891 1,860 1,488 7/56 189 1 Ae. aegypti
(80) 2.7 8 Lfr, novobseura
6 unidentifiable
3 Tokyo Deg, 20, 1991 1,626 818 " 1/40 20 1 ['r. nanobseura
{50) (2.5)
4 - Tokyo Jan, 6, 1992 1,291 1,032 1/80 13 1 Ae, albopictus
{80) (1.3}
& Yokohama Jan, 16, 1992 1.172 7083 0/45 - —

i

{60)

containers with imported tires are opened up.
These are Cape Town, Johannesburg and Pre-
toria, .

We thank the following staff of the Port
Health Office, Durban, in the Department of
National Health and Population Development
for their splendid assistance in the project: Stella
Simes, Mimie van der Merwe, Debbie Naidoo,

Mark Morganthal, Susan Kukard and Alvin
Louve,
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Results of a preliminary ovitrap survey for Aedes albopictus {Diptera: Culicidae)
at two tyre retreading companies in Durban

by
A. Kemp and P.G. Jupp

Arbovirus Unit, National Institute for Virology, Department.of Virology, University of the
Witwatersrand, Private Bag X4, Sandringham, 2131,

INTRODUCTION

The mosquito, Aedes (Stegomyia) albopictus (Skuse), is an important vector of
dengue virus in Asia, It has also been shown an efficient Iaboratory vector of, among others,
four African arboviruses: chikungunya, Rift Valley fever, West Nile and yellow fever. The
species has .adapted readily to urban and peri-urban environments in a range of climates
ranging from the tropical to those with severe winters. Both artificial containers, including
discarded tyres, and natural container sites are utilized for breeding and the adults feed avidly
on 8 wide range of vertebrate hosts including man (Hawley 1988). The increased exportation
of used tyres since 1985 by countries in the Far East, particularly Japan, bas led to the
establishment of breeding populations of Ae. albopictus in the United States of America
(Francy et al. 1990), Brazil (Forattini 1986) and Nigeria (Savage & Miller 1991). Because
of its ecological and vectorial attributes, there is a danger that Ae. albopictus could become
involved in arboviral disease transmission in countries that were previously free of the
species and that it might possibly outperform the local vectors or introduce a formerly
enzootic virus to 2 susceptible human population.

Routine surveillance by the Department of National Health in South Africa has
recently demonstrated the presence of Ag. albopictus and other exotic mosquitoes,including
Asian Aedes (Stegomyia) aegypti (Linnaens), in Cape Town and Durban in used tyres
imported from Japan (Cornel & Huni 1991; Iupp & Kemp, in press). In view of this,

additional surveillance was considered necegsary ar the premises of tyre importers to
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determine whether breeding populations of Ae. albopictus had become established. ‘We
decided to begin this surveillance in Durban by means of ovitraps.

MATERIALS and METHODS

Two tyre retreading companigs, Natyre and Smythe’s Tyres, situated respectively in
the suburbs of Jacobs and Congella, are the biggest importers in Durban of used tyre . from
the Far East. Because of this they were selected as the two sites for our surveillance.
Bamboo pot ovitraps containing dechlorinated water and a few dry poplar leaves were
suspended at heights ranging from 1,0-2,5 metres above ground level at Natyre and in two
premises adjacent to Smythe’s Tyres that belong to Durban City's Department of Parks,
Recreation and Beaches. Ovitraps were hung from walls, in trees and amongst shubbery in
groups of 25 per site for four periods ranging from 34 to 49 days, namely 03/12/91 to

14/01/92 (period A), 14/01/92 to 25/02/92 (B), 25/02/92 to 31/03/92 (C) and 31/03/92 to
19/05/92 (D).

For periods A and B, ovitraps not sheltered from the sun (40/50) were suspended two
centimetres below small squares of hardened masonite to help retard evaporation. During
periods C and D, 13 of the ovitraps at Natyre were suspended from two 1,0 x 1,5 m? frames
covered with shade-cloth and the remainder hung in trees. At Smythe's Tyres, 18 ovitraps
were placed inside carports and the remainder left attached to du tside walls. The 3'* ovitraps

exposed to direct sunlight at the two sites during periods C and D were fitted with masonite
hoods,

Staff of the Durban Port Health Office inspected the ovitraps every fortnight and
topped them up with dechorinated water to two thirds full, Ovitraps removed at the end of
each of the four periods were emptied and mosquito Jarvae and pupae harvested for rearing
in the laboratory. The ovitraps were then zlloweu to dry out partially before being flooded
with tap water in the laboratory. They were left for two days to allow the eggs to hatch.

Once the ovitraps had dried, they were refiooded a second time. All the resulting larvae
were reared to adults before being identified.
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RESULTS

+ ' _No evidence of Ae. albopictus was fpund in the survey. The most prevalent species
in the ovitraps was Ae. gepypti with bamboo pot indices ranging from 28-52% and
abur;dance indices from 0,14-0,60 mosquitoes/pot/day for the combined collection sites
{Table !). Bamboo i:ot indices increased during the survey period at Smythe’s Tyres but not
at Natyre; abundance indices were essentially unchanged except for a peak in March at
Natyre. The next most prevalent mosquito was Culex (Culex) guinquefasciatus Say, with
abundance indices of 0,08-0,36 musquitoes/pot/day but bamﬁoo pot indices all below 24 %.
The other species coliected were, in order of prevalence: Ae. (Stegomyia) simpsoni
(Theobald), Culex (Culiciomyia) nebulosus Theobald, Aedes (Diceromyia) furcifer (Edwards)
group and Aedes (Stegomyia) metallicus (Edwards),

DISCUSSION
The highly anthropophilic Ae. aegypti and Cx. guinquefasciatus, both potential
veciors of pathogens, were present in significant numbers at two industrial sites where there
were virtually no artificial or natural containers for larval habitats except for the bamboo

pots. ‘The only trees at Natyre were Casuarina eguisetitolia J.R. & G. Forster

(Casuarinaceae) and a solitary guava, Psidium guaiava L. (Myrtaceae), neither being suitable
phytotelmata. One of the plots adjacent to Smythe’s Tyres had no vegetation at all and the
other only had shubbery and small monocotyledons. The buildings at both sites could
conceivably provide resting sites for adults and company employees could provide
bloodmeals, especially for the diurnal Stegomyia species.

The period between the opening of the shipping containers in which the tyres are
imported and the drying of the tyre casings during heat treatment prior to retreading is
reportedly about four days, This is too short a time for local rainfall to hatch out eggs

present on the walls of the tyr:s:for the resultant larvae to develop into adufts. However,
imported tyres are occasionally water-logged and couid contain fourth stage larvae and pupae
which could emerge within two or three days after arrival, Adult mosquitoes that may have
en';erged inside the shipping containers could also be released when the containers are opened
in the factory yard.
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In spite of the dearth of containers for oviposition at the two factories, alternative

jarval habitats in the form of artificial containers such as discarded beverage cans and

cardboard cartons (of the kind used to cuntain milk or sorghum beer) are availabie in the
close vicinity of the two tyre retreadmg companies. Natural larval habitats in the form of
tree-holes or leaf-axils are also present within a few hundred metres of Smythe’ s Tyres.

An earlier bamboo pot survey conducted in the grounds of Natal Universlty at
Congella, Durban (Kemp & Jupp 1991) from 07/ 12/89-0702/90 produoed comparable
bamboo pot index (53%) but lower abundance index (0,14 mosqmtoeslpotlday) for Ae.
gepypti. The two species, Ae. simpsoni and §™~, pebulosus were as rare, but Ae. metaliicus
and Cx. guinquefasciatus were absent in the previous study. No evidence was found of the
predacious larvae of Toxorhynchites (T  ~hynchites) brevipalpus Theobald which occurred
in 40% of the ovitraps in 1989/1990. One female specimen of the Ae. furcifer group was
obtained from a pot from Natyre. Unfortunately, discrimination between the sympatric
species, Ae. furcifer and Aedes (Diceromyia) cordellieri Huang is only possible fot the male
imago (Jupp et al., in press). However, only Ae. furcifer sensu stricto has been recorded
thix far south before (Kemp & Jupp 1991) and in December 1991, an Ae. furcifer male was
recorded from a discarded tyre at Sprin,, = Durban (Jupp, unpublished).

The absence of Ag. albopictus from our survey would suggest that the species has
not become established in the Durban area, Although other companies in Durban import
used tyres from the Far East, they do so only on a much smaller scale. However, the
establishment of permanent populations of Ag. albopictus in the future cannot be ruled out.
Therefore, the Department of Public Health intends continuing the survey in Durban and
expanding it to incinde other major ports and cities in South Africa.
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Smythe's Tyres

Bamboo pot indices' and abundance indices? (in parentheses) for mosquitoes at two tyre retreading companies in
Durban from 03/12/91 to 19/05/92.

Period®
No, of pots
No. of days exposed

D
21
49

 Ae.furcifer group
Le,
Ae. metallicus

Ae. i

Cx

Cx. guinguefasciatus

Percentage of pots containing the species.
No. mosquitoes/pot/day.
See Materials and Methods for dates.

0,25) (0,60)

. nebulosus

4
(<0,0D)

40
(0,23)
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FURTHER ISOLATIONS OF ARBOVYIRUSES FROM MOSQUITOES | ;
COLLECTED IN TONGALAND, SOUTH AFRICA, 1960-1968! $

Ny By B. M. McIntosh, P. G, Jupp and J. de Sousa?

Abstract;  Over a peviod of 8.5 years 168,231 mosquitoes,
including at least 52 species, were collected in a Game
Reserve and tested for infectivn with arboviruses. Tifty-two

passible that anidentified vectors moy bz among species collect-
ed in small numbers, :

P

isolations, including soains of Sindbis, Middelburg, Ndurms,
Wesselsbron, Spondweni, Dunyamwera, Shokwe, Germiston,
Pongoln, Messueil, Lebombo, Ingwavuma and Simbu viruses
were made from 5 gpecies of mosquite. The most fequently
infected species, dedes {Neomelonicanion) circumlizteolus {Theobald),
vielded 37 strains which included strains of 11 arboviruses,
The appearance of particular virnses was intermittent mad it
was not possible to incriminate any single spectes fundamen-
tally in the survival of these viruses. Seven species comprised
969 of the tntal number of mosquitons tested and it seemed

¥{he studies and observations on which this paper is based
weee financed jointly by the South Afriean Institute for Medical
Research, the Poliomyelitin Resvarch Foundation and the
Jounci] for Scientific and Indlustrin]l Research,

SArbovirus Research Unit, South African Institute for
Medical Research, Jobanneshurg, South Afvica,

Since 1956 a field study on arboviruses has been
maintained by this Unit in the Ndumu Game
Reserve situated in the tropical, eastern, coastal
plain of South Africa. One aspect of this study has
been a viral survey of the mesquito population.
‘Worth et al. {1961) reported on the viruses isolated
from 1956 through April 1960, briefly described
the ecology of the area and discussed the epide.
minjogical implications of their results. During this
period 59 isolations, which included 9 identified
viruses, were effected from 9 species of mosquito.
Spondweni, Wesselsbron and Pongola viruses were
most frequently recovered and Acdes circuminteplus,

1
E

itk




e e e bt

156 J. Med, Eat,

Culex univittatus {= Culex neavei) and Mansonia africana
were most productive of viruses, The incidence of
viral isplates in time and from mosquito species was
irregular and failed to reveal firm indications o1
host specificity. The present report carries the
study for a further 8,5 years throush to the end of
T acember 1968 involving altogether 2 period of 13
consecutive years.

METHONS

Weorth et al. (1961) coll scted most mosquitoes by
hand off vegetaiion in glass test-tubes, and mos-
quitoes intended for virus isolation were sorted with-
out regard to stages of the gonotrophic eycle. During
the first 4 years of the present study similar techni-
ques were used. After that collecting sites and
collecting methods varied depending upon what
other ohjectives the studies were attempting to
fulfill. For instance, following the disclosure that
a high immune rate to chikungunya virus existed
in the monkey population in the Reserve, the
collecting sitcs were moved in March 1964 from
savanna to riverine forest where mosquitoes were
collected at ground level and in the canopy in an
attempt to identify the vector of chikungunya virus,
Theze collections were made off live bait and were
therefore heavily hiased towards the blood-secking
fernale. This study terminated in April 1967 and
from August 1967 through December 1968 a further
change ensued when collections were concentrated
on a single species, A. circumluleolus, mostly in
savanna, in 2 study on the population dynamics of
this species through the seasons. These collections
were made with portable suction teaps sweeping low
vegetation and the catch included a high propor-
tion of blooded mosguitoes which in the pooling
for virus isclation were kept aeparate from non-
blooded specimens,

As shown in TaBLE 2, during the 8,5 years of the
present study there were 44 mosquito-collecting
sessions with a total of 329 working days. The
average duration of a session was 7.5 days and
total working time was 10%, of the elapsed time.

Mosquitoes were identified shortly after collec-
tion and stored on solid carbon dioxide until pro-
cessed in the laboratory for inoculation intracere-
brally into infant mice, Pool sizes were usually
no Jarger than 50 mosquitoes although this was
occasionally increased to 100 when catches were
very lavge,

During the present study a significant ecological
transformation occurred in the study areas as a
result of the development of the Reserve as a wild

Vol, 9, no. 2

TABLY 1. Number of mosquitoes, by species, tested for virus
from Ndnmu, 1960-68,

L 2ECIES Torar

Anephelzs (Anophelvs) coustani 88
b ’ tenebrosts 149

‘ ” zitmanni 62

” {Cellia) funestus proup 314

ol Zambiaz complex 102

4 ¥ marshalli i3

“ v pharensis 74

i ¥ tipulorum 28

o ¥  sguomosyy 73

*  spp. indet. 254
Tigalbia (Mimomyia) mimompinformis )
*  gop. indet, 5
Coguilietiidi (Coguill.} aureafwalibergt 15
“ " chposome 17

b T jfuscobennata 16

' *  meinllica 264

* “  ricrearmulafa g
Mansonia {Munsonisides) afticona 30,009
d . uniformis 2129
Eretmapodsles quinguevitialns 16
v silvesiriy 146

* subsimplisipes 7
Avdes (Mucidus) luctonus 120
* ®  sudpnensis 276
*  (Stogomyin) aegzpli 42
. . calceatus i

* . mefaliicus 39
M - SHmproni 18
Aedes (Aedimorphus) eibocchhalus 6242
¥ ’ canmingii 4589
’ v durbanensis 24
u - Jilicis 1

¥ " kenneili 253

” » leesoni]dentatus® 111

* ” marshallii 14

- - mintus 159
7 Neomelaniconion) circumlutzolus 91,448

# * dineatopennis 282

" (Diceromyid) furciferflaylori 241

*  (Psendarmigeres} natalensis 8

# dpp. indet. 9
Culex (Lutzia) tigripss 57
¥ (Neaculas) horridus 6

. l insi 290

*  {Culiciomyic) nebufosus 1
*  (Culex) annulioris 56
* *  anlennnlus 628

4 ¥ guiarli 66

y T nsavei** 25,434

’ 4 perfusous 14

o *  piplens 27

4 *  poicilipes 446
il ¥ thalasslur 16

- *  theiler 27

4 " zombaensis 2420

*  spp. indet, 894
Total 168,231

*Both leeroni and dentaius occur at Ndumu but Jessoni is
by far the mare prevalent, No attempt was made {o diffrren-
tate these species.

®%aeavei was previowly referred to by us as univitiatus.

life sanctuary, Over this period the domestic
animal and human populations were reduced to
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insignificant nuwmbers while there was a gradual
increase in wild animals, particularly anteiope,

REBULTS

TABLE 1 gives the total yumber of females of
each mosquito species tested for virws, A, coroumit-
teolus constituted 5494 of the total catch and this
species, together with M, gfficuna and C. neavei,
composed 879 of the total. A further 4 or 5
species, A, albocephalns, A. cumminsiZ, C. zombaensi
and A. leesoni{dentatus, in, descending order of abun-
dance, together made vp a further 8%, Hence the
remaining 43 or more species comprised only some
5%, of the total.

From Tanrz 2 it can be seen that 52 isolations,
which included strains of 13 arboviruses, were
mede. The isolation of individual viruses on a
time basis was irregular with no tendency towards
an annual isolation pattern. For instance, 6 viruses,
Ndurau, Spondweni, CGermiston, Lebombo, n-
gwavuma and Simbu were only isolated during a
single year and another 4 viruses, Sindbis, Bun-
yatowera, Shokwe, and Mossuril only during 2
years., Even those viruses more frequently isolated
such as Middelburg, Wesselsbron and Pongola
showed a high proportion of years during which
they failed to appear.

TABLE 3 shows the virus isolation frequency from
the 5 species of mosquito found infected over the
the whole peried of study. As in the previous
study of Worth et al, {1961} 4. ciroumluieolys was
vevealed as the most frequently infected species.
.. produced 37 of the 52 ivslations and all but 2 of
the viruses were isolated at least once from this

species. Nevertheless, considering the large numbe
of specimens of this species tested, with a yearly
average of about 10,000, the infection rate with
each virus was low Even with Pongola virus the
overall rate was | in 5000 which, considered to-
gether with the irregular appearance of this virus
over the years, hardly justifies frm conclusions with
regard to host specificity. A further factor tending
to diminish the importance of A, circumiuteolus as
vector is that in 1968 when the entire collecting
effort was directed towards this species, a total of
38,617 specimens produced only a single isolation
of virus. The isolation fiequency of different
viruses from the remaining 4 species found infected
was also low, and consequently with these species
also there are no pubstantial indications of host
specificity,

DIECUSSION

The . opeara e of different viruses in the mos-
quitoes -+ =r the years of observation was guite in-
termittent, Even Pongola, the most frequently
isolated virus, failed to appear during 4 years,
This is in accord with the results of Worth et al.
(1961) and after 13 years it must be concluded that
there were no firm indications of enzooticity by any
particular virus. Nor was there definite evidence
of host specificity. Generally, the most frequently
infected species were the most abundant and fre-
quency of infection seemed more related to numbers
of each species tested than to host specificity. This
is the pattern of infection to be expected if the
speces concerned were incidental vectors or were
merely carrying virns without necessarily transmit-

TABLE 2. Viras isolations, collecting sessions and days, total moaquitees and numbar of dedes circumlutealus tested,
nn an annual basis, from Ndumy, 1960-68,

Vs 1S0LATIONS

GROUP  BUNYAM- é U -
QROUP A = WERA £ sy I3
TRARE
A, OfR-
g:"_‘ ;f::’,p orMIDTRODTS - % E % E 5 . £ "E
sons o  TotaL  ° ow :g 'é 5 —g g 7 g: 5 a
YEAR  YEARLY DAYS  MOSQ, Total Total z = & 8 6 m o8 9 Total
1960 1 8 3557 8384 04 i 1
1861 3 30 14,720 10,54 74 2 1 8
1962 5 42 30,678 18,397 44 3 4 2 11 1 17
19568 5 44 24670 10,167 34 1 1 3
1964 6 46 13,808 6456 45 H 4 1 11 1 19
1965 4 4] 20,416 2877 14 1 2
1968 2 14 4785 1135. 24 4 4
1967 7 44 16,860 9626 57 1 t 2
1968 It 60 33.617 33,517 100 1 1
Totals 44 329 168,231 91,443 s 4 1 4+ 4 5 3 1 19 1 1 2 1 52
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TADEE 3. Frequency of isolation of different vivuses from. mosquito species at Ndumu, 1960-68.
' VIRAL BOLATIONS
GROUP A GROUF B BUNYAMWERA BWAMBA SIMBU  UNGROUPED
- A T A
= g x 8 p 3 E-] LT 2
ERRRRERREERE
Srxoms 5 % X @ oa @ E A8 5 3 1om
Aeides civenmiuteolus 2 1 1 3 4 4 1 1 18 1 1 87
T leesonifdentatus 3 3
* comminsi 1 1 1 4
Mansonia afrcan i 1 3
Culex neavei 1 1 1 2 5

ting, There is therefore little evidence to implicate
any species as a meinienance ox primary veclor.

Several possible explanations come to mind as to
why the study failed to reveal definite enzooticity
or host specificity but comment will be confined to
only one possible reason. This concerns the ques-
tion of adequate sampling among the entire mos-
quitc fauna at Ndwnu, Most collecting techni-
ques vsed in a study of this kind tend to favor the
prevalent species and there are valid reasons for
the use of met-~ds which yield large numbers of
mosquitoes. Ho..ever, should the prevulent species
he relatively unimportant as vectors it seems quite
possible that excessive emphasis on these species
could result in important vectors among the rarer
species being overloockeu. Worth & Paterson
(1961} listed 75 culicine spicies from Ndumu so
the total of about 44 species tested for :rus is only
slightly more than 1/2 the culicine fauna, Further-
more, of thore tested, 37 species were only tested in
very small numbers, Therefore, it does seem
possibie that collecting methods used at Ndumu
failed to yield sufficient numbers of the righe species,
It is among those species which exist continuously
as adulis, such as Culex, that maintenance vectors
are most likely to occur and on this basis it would
seem that efforts should be directed towards ot :ct-
ing more of such ~pecies as C\ korridus, €. fnsignis, C.
anfentnatus, C. guiarti and C. perfuscus which were
barely sampled in the present study. These species
may not be quite a8 rare as collections have hitherto
indicated.

The frequency of infection observid in 4, ey
cumlulzouus ovev several years strongly implicates this
species as a vector, even if, as seems likely, this is
only in an incidental capacity. Apart from in-
fection in the field, experimentaily it has been shown
capable of transmitting Wesselsbron (Muspratt ot
al. 1957), Pongola, Bunyamwera and Spondweni
viruses (unpubl. work) so it is highly probable that

it is responsible for a significant amount of natural
transmission. However, there are factors in its
biology tending to diminish its imporcance as a
vector, Its high feeding preference for the large
masnmal gerves to decrease its charces of feeding on
such hosts as rodents, birds, bats or reptiles which are
the more likely viral hosts; during the long, dry
season, in Tongaland the adult population fulls to
such low levels that it is doubtful whether significant
trangmissior "y this species could occur at this time;
although it ippears in vast numbers at Ndumn it
is largely restricted to the floed plains of the Usutu,
Pongola and Ingwavuma rivers which would litnit
its importance over the remaining area of Tonga-
land; it is essentialiy a bush-haunting :pecies so in-
fection ~f man hy it in a domostic environment js
probably slight; and finally considering the large
numbers .ested, the 3Y isolations from it divided
among as many as 11 viruses, fail to implicate it
fundamentally in the ecology of any pardeuler
virus, :

Furthermore, during the last 18 months of the
study there wus evidence hat A. cireumlufenlus was
not becoming infected as frequently as hefore,
From August 1967 through December 1968, 41,600
A, circumluieolus, comprising 45%, of the total nmber
of this species tested for virus, were collected. Yet
duwring this period, involving 16 sessions with z
total of 58 working days, only 1 strain of virus was
isplated, A possible reason for this direinished in-
fectivity was a major change in blood-feeding pat-
tern by this species ag a result of the irausformation
of the Reserve into a wild-life 8~ retuary which was
complet by mid-1967. By this .me precipitin tests
on 1018 blood meals of 4, sirexmiutenlys revealed that
96, were of antelope origitt (unpubl. work) whereas
an earlier survey of 360 meals (Paterson et al. 1964)
had indicated 2 more general hest range. The
conclusion seems justifi :: that in areas where it
occurs in large numbers 4. sircumdutenlus i an im-
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portant but incidental vector of several viruses and
is probably not deeply involved in the survival of
these viruses.
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CULEX (EUMELANOMYIA) RUBINGT'/S 1 H.OBALD AS VECTOR OF
BANZI, GERMISTON AND WITWATEXSRAND VIRUSES

L. Ysolation of virus from wild pcorlutions of C. rubinotusl

By B, M, McIntosh, P, G. Jupp, L. $. L. Dus Santos and G. M. Meenehan?

Abstrages TFrom 19,226 Culex {Eumelanomyia) rubinotus col-
lected in South Africa and Rhodesia over 8 yeats, 8) strains
of Banzi virus, 74 of Germiston virus and 67 of Wimmtetgrand
virus were isolated, It is ¢oncluded that the regularity of infecs
tion, in, different geographical areas over this period and ifs
frequency aong individuals of several different natural popula~
tions indicate that C. rabinolns is & mnintenznce vector of all
3 viruses. Four isolations of Arumowot virus and 2 of a Bunyam-
wera-like virus were also made frow C. vl f2otus.

In thix saries of papers evidence is presented which
we believe strongly implicates Culex ruoincins as a
maintepance or primary enzootie? vector of Banzi
(BAN), Germiston (GER) and Witwatersrand
(WIT) viruses among wild rodents in southern
Afvica.

In 1958 isolations of BAN, GER. and WIT viruses
were made from pools of Culex 1. vinoius alone and
a2 mixed pool of C. rubinotus and Cule. theileri collected
at localities near Yohanneshurg on the inland,
temperate plateau region of South Afriea (Smith-
burn et al. 1959, Kokernot et al. 1960, Melntosh
et al. 1960).

Thiz was ibe first implication of G, rubinsius as
a possible viral vector and the first isolations of
GER and WIT wviruses. If it is assumed, as now
scems likely, that €. theilsri in the single mived ool
was not implicated, infection rates in C, rubinoius
were high, as only 89 G rubinofus, grouped into &
pools, yielded 1 straiv - { BAN virus, 2 of (GFR and
1 of WIT, Although attempts were made shortly
afterwards to obtain further specimens of €. rubinotus
in the environs of Johannesburg, these were unsuc-
cessful, and the apparent rarity of the species there
and elsewhere in South Aftica seemed confirmed by
the collection of only occasional individuals for
several years thereafter,

Tndeed, it was not until 1971 that C. rubinchus was

tThe studies and obssrvatlons on which this paper is based
were financed jointly by the Bouth Afiican Institute o Medical
Resedarch, the Poliomyelitin Research Foundation and the
State Health Department.

Arbovires Research Unit, South African Institute for Medical
Research, Johannesburg, South Advica.

IThese terms are used usly in the pense thal Smith

{1964} defined *maintenance host,” i,6., a hout that *s essentinl
for the continued existence of a virus," without any claim that
we can explain the precise survivnl mechanism of these viruses
in nature,

again encouniered in some numbers, This occurred
at Nyabira, 40km mnorth of Salisbury, on the
Rhodesian highlands. On this occasion 563 G,
rubinplus tested in 15 pools yielded 3 isolations of
BAN, 5 of GER =and 3 of WIT viruses, Thiz 2nd
episode involving the same 3 virutes aroused sus-
picions that C. rubinofus was deeply concerned in
the transmission of these viruses and further efforts
were mado to obtain more specimens, Success was
achieved the following summer at Port Shepstone,
on the coast of the province of Natal, Scuth Africa,
in estuarine habitats and once again high infection
rates with the same virusen were demonstrated,
Shoxtly afterwards the same viruses were isolated
from C. rubinelus populations in lake habitats on the
coastal plain of northern Natal,

The existing situation, therefore, is that whenever
wild populations of €, rubinofs in southern Afvica
have been sampled for infection, at least 1 and
frequently all of these viruses have been isolated.
The nature of these isolations led us to investigate
other aspects of the ecology of these viruses, including
their tranamission by C. rubinetus, the biology of this
mosquito, the cxposure of hamsters as virus sentinels
among wild populations of €, rubineius, and attempts
at determining the natural vertebrate hosts, which
are described in the companion papers | Jupp et al,
1976, MclIniosh ct al. 197Ra, b),

METHODS

Females of C. rubinotus, as well as other species,
were caught by a variety of collecting methods which
included the following: (1) portable light traps;
(2) the same traps with carbon dioxide as additional
attractant; (3) test tube collections off human bait;
and (4) net traps baited either with carbon dioxide,
goat or sheep. '

Mosquitoes were killed, identified and stored
under refrigeration on the day of collection, Storage
was either on solid carbon dioxide or liquid nitrogen,
Mosquitoes were processed in the Iaboratory, and
the suspensions inoculated intracerebrally into infant
mice, 2-5 days old. Attempts were made to keep
mesquito pool sizes a3 uniform and small as possible
but since numbera of mosquitoes in pools varied,
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infection rates nre expressed merely as averages per
1000 mosquitoes.

Virus isolates weve identified by their immu-
nological reactions with immune sera to the proto-
type strains of BAN, GER and WIT viruses, viz.,
11336, AR1050 and AR 1062, respectively. With
some BAN and GER isolates, reactions to closely
related viruses were also studied, All isolates were
tested in complement-fixation tests using an antigen.
of the isolate prepared from hrains of sick infant
mice and prototype strain immune asgcitic fluids
obtained by the hyperimmunization of adnit mice.
With some isolates, complement-fixation reactions
were confirmed by neutralization tests conducted
in mice andfor hemagplutination-inhibition tests
using immune sera prepared, in guines pigs or mon-
keys by a single inoculation of virus.

Evidence wus obtained indicating that some
mosquito pools actually contained more than 1
virus. In these cases no attemnpt was made to
identify the other virus, since too few pools were
concerned to have justified the work involved,

RESULTS

TABLE | shows the number of isolations of BAN,
GER and WIT viruses effected from €. rubinolus
collected at Nyabira, Rhodesia and at 6 localities
in Natal Provinee, South Africn. These collections
took place during 10 collecting sessions involving
72 collecting days spread over B years, from April
1971 through February 1974,

It can be seen that there was a remarkable reg-
ularity of isolation of each virus with regard to
locality as well as collecting session.  The lvcalities
varied ecologically from the Rhodesian highlands, in
tropieal savanna, to the subtropical ¢oastal plains of
Natal, some 1600 km southwards, At the single
¢ ollecting session in Rhbodesia and at each of the 3
at Port Shepstone all 3 viruses were consistently

Vol. 12, no. 6

isolated. At these localities, where only moderate
numbers of C. rubinoius were present, infection rates
were always at levels we regard as high, considering
{bat enzootic viral activity was probahly involved,
They varied from the lower value of 5.3 with BAN
and WIT viruses in Rhodesia to 24.0 per 1000
mosguitoes with BAN at Port Shepstone.

The study sites of Kwambonembi, Lake Teza,
Monzi, St. Lucia estuary and Lake Insese are
located close to earh other on the coastal plain of
northern Natal and, with the exception of Kwem-
bonambi and Monz, are on the edges of large
permanent lakes and marshes where conditions are
apparently eminently favorable for €. rubinnius,
since extremely high population densities were
encountered there.

At thege localities there was some irregularity in
olation of virus, and lower infection rates were
present compared with those in Rhodesia and Port
Shepstone, Nevertheless, it is evident that infection
rates were still significantly high and that all 3
viruses were associated with C. rubinofus on much the
samg scale and manner as in the other 2 areas.

From a total of 19,296 C. rubinotus from all
localities and tested in 1004 pools, 80 strains of
BAN, 74 of GER and 67 of WIT wviruses were
isolated.

In addition to these isolations, 4 isolations of
Arumowot virus were made from . rubinoius collect-
ed in Natal, Two isolations ocourred in 1972 at
Port Shepstone and 2 in 1973 at Lake Teza. Two
forther straing of virus imolated from €. rubinetus
collected at Nyabira have been tentatively classified
as Bunyamwera virus,

At all these collecting sessions several thousand
mosquitees belonging to many species were collected
and also tested for virus. With regard to BAN,
GER and WIT viruses the outcome of all this was
the isolation from Culex poiciliper collected at Nyabira

TABLE L. Virus isolations, with infection yates, from Culev rubinofis, at various localition,

Dare or  No, oot~

COLLEG~ LEcTNG TOTAL  M0SQ. FOOL

No.  MeAN  yopin oramonai  ISFEQTION RATES

i e s

P

Looarrry TIONS DAYS  MOS{t, DOOLY HIZE BAN GER WIT
Nyabira Rhodesin =~ Apr. 1971 4 563 15 50 3 53% 5 BAO 3 58
Port Shepstons 5. Alviea Tob. 1972 g 608 63 10 I} 166 il 182 5 B3

Apr, 1072 g 812 167 5 g 9848 12 148 13 160
Fab, 1974 20 1574 169 8 53 240 D 66 20 146
Kwambonambi S Dee, 1972 7 145 30 5 1 &%
Lake Teza, Matubatubs * * Jan, 1979 6 6567 25¢ 25 15 2.3 14 21 13 18
Monzl, Matabatuba *o® Jan, 1973 2 461 20 2 1 22 1 2.2 1 232
St. Lacls Bstuary S Jan. 1973 8 2078 85 25 1 4.4 1 05
Lake Insese, Empangeni = * Apr, 1973 2 1895 06 25 7 87 7 87
May 1973 10 4728 1)1 15 8 L7 14 3.0 5 11
Total 72 19226 1004 20 80 45 4 8.8 7 5.8
*5.3 per 1000 rnosquitoes,
= ° ;')
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of 1 sirain each of BAN and GER virus and a strain
of GER virus from Culsxy pipiens collected at Lake
Inscse in May 1973,

PISCUSSION

‘When wild populations of maintcnance vectors
are sampled for infection, the nature of infection
revealed is Ekely to be vegular in space and time
and of a high frequency among individuals of these
populations. The natare of infection by BAN,
GER. and WIT viruses shown to exist among C.

rubinotus populations in our studies conforms to this

concept and sugpests, therefore, that ¢, mmbinolus i3
maintaining these viruses, In support of this
viewpoint, we present evidence in the companion
papers {Jupp et al. 1976, McIntnsh et al. 1976a, b)
concerning the vector capahility and bislegy of C.
rubinotus, as well as evidence of infection in the
probable vera  ite host, Underlining these posi-
tive aspects is 1..¢ large volume of virtnally negative
evidence implicating other species of mosquitoces,
many of which were tested for virus at a time and
place when infection was shown to be present in
C\. rubinotus.

It is almost certain that the viral activity un-
cowced in the present study concerns the wild
transmission cycles, involving C. rubinois and wild
rodents. There was no evidence at the time that
human beings were ever involved with the 2 viruses
known to be pathogenic for man. At Port Shep-
stone man rarely entered the rather restricted and
inaccessible habitats to which €. rubinofus was
apparently cordined and in any case C. rubinotus
seems not to feed on man in this area. At Port
Shepstone also, domestic animals were virtually
absent from the main collecting site, Furthermove,
blood meals of G, rubinoius collected at Port Shepstone
and in northern Natal at the time infection was
demonsirated in G, rubinoius were predominantly of
rodent origin and evidence showing that wild
rodents are infected with these 3 viruses is produced
in the following paper (McIntosh et al, 1975a},

Infection rates were consistently higher at Port
Shepstonie than in the northern Natal localities.
Under natural conditions rates can obviously be
expected o vary geographically and factors causing
the difference in this instance seem likcly to have
been the relative availability of rodents and the age
and size of vector populations, both of which would
have tended towards the lowering of rates in northern
Natal. In the latter aren the natural habitat has
been destroyed on a far greater seale by sugarcane
cultivation than in the Port Shepstone area and, as
a result, it is likely that rodent numbers were higher

at Port Shepstone. However, probably of greater
effect is the vast extent of suitable aquatic habitats
in northern Natal which ensured the presence there
of muich larger and younger C. rubinoius populations,

The similarities in C. rubinofus infection rates by
the 3 viruses were remarksble. It is perhaps the
type of situation which could be expected to occur
in transmission cycles in which the same vector,
transmitting immunologically distinct viruses with
gomewhat equivalent efficiency, was the principal
means of transmission hetween the same or a limited
number of vertebrate specics. Because there i3 no
immenological overlap beiween the 3 viruses, which
(. rubinoius, according tc our observations, ap-
parently transmits at a somewhat comparative level
of efficiency, and becamse the number of rodent
species in any one area is generally limited, this
might well be the explanation for this similarity in
infection rates.

The survival of virns through the diy winter
occurring in southern Africa was not investigated.
This is still largely an unszolved problem with even
well-studied arboviruses, and its solution in the case
of BAN, GER and WIT viruses is likewise unlikely
to be achieved without considerable effort and
expertise. There are indications, however, that
these viruses are maintained by a continuous cycling
of vitus between vector and rodents during the
sununer, perhaps with lowered or temporarily
suspended transmission during the winter. There
are factors present that promote prolonged trans-
mission. That the vector is a Culer breeding in
permanent waters suggests that for mest if not the
whole vear, adults would be active. Moreover,
the protected and humid nature of the C. rubinofus
habitat suggests that even an extended dry season
might not entirely eliminate adult C. rabinoine. The
fact that all § viruses were imolated From. sentinel
hamsters exposed at Mopeia in Mocambique during
the dry season (McIntosh et al. 1973a) shows that
in that area, at least, transmission occurred at this
time, and, there it no reason to exclude O\ rubinotus
as vector of these infections.

Until more information iz available on the
distribution of these wviruses and C. rubinotus, the
extent of the peogrphical area in which C. rubinalis
is toaintaining these wiruses must remain unknown,
At least in southern Afrca, a large area encoms
passing markedly different ecological zores is
involved. The isolation of GER and WIT wviruses
from C, rubinotus in Uganda (Henderson et al, 1972)
and, of BAN virus from C. rebinofus in Kenya (Met-
selaar et al, 1874) suggests that (* rubinotus is a vector
over a large part of Africa.
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CULEX (EUMELANOMYIA) RUBINOTUS THEOBALD AS VECTOR OF
BANZI, GERMISTON AND WITWATERSRAND VIRUSES

1V. Observations on the biology of C. rubinotus

By P. G. Jupp, B. M. Mcintosh and ), Anderson!

Abstracir Because of its importance as a4 vector of viruses,
a study was made on aspects of the biolcgy of Culex rubinotes .
southern Afiica. Clatches showed that this species is prevalent
in the sukiropical rgastal plain of Natal where the adult is
commonly found witnin dense marshland and adjoining sugar-
cane felds, Laxvae were also found in reed baeds, The active
fernale s ground{requenting, oceurring rarely in the tree
canopy. Comparptive animal-baited catches and precipitin
tests on natural blood meals showed. it to feed primarily on
wild rodents and to a moderate extent on domestic ungualates.
Different geographical populations diffeved in their feeding
preferances for man, varying from very low to moderate, It is
concluded that €. rabinclus has biological characteristivs con-
sistent with the viewpoint that it iz the maintenance vector of
Banzi, Germiston and Witwatersrand virusen among wild
rodents. The other tincipal mosquite speeies collected are

briefly rentioned,

When it seemed from the high infection rates of
Banzi, Germiston and Witwatersrand viruses de-
tected in wild populations of Cules rubinstur that
this mosquito is an important viral vector (McIntosh
et al, 1978}, the need arose for information on its
biology, Neither in South Africa nor apparently
elsewhere in Afriea has this mosquito been collected
frequently and as a result little has been recorded
of its habits (Muspratt 1955, Worth & de Meillon
1960). For a long time, despite much mosquito
collecting, €. rubinoius was regarded as a rare species
in southern Africa and it was only in 1971 in
Rhodesia that fair mumbers were first encountered
by us, High virus infection rates in these mosquitoes
led to searches for C. rubinotus in South Africa and
this resulted in the finding of large populations in
the subtropical coastal plain of Natal Province
where most of the present studies on its biology were
made.

‘The observations reported here on the biclogy of
C. rubinstus were made either 23 a result of collections
in‘ended primarily for virus studies or from collec-
tions designed specifically to obtain information on
biology. ‘They include observations on geographical
distribution, habitat association, prevalence, host
preferences and the vertical distribution of active
females,

METHODRS

Study sites
Observations were made at 6 localities between

‘Arbovitus Research Unit, South African Institate for
Muodical Research, Jobannesburg, South Advica,

March 1971 and March 1974, The first of these
was Nyabira, 40 km north of Salisbury, Rhodesis,
where collections were made in open grassland in
a small swampy area containing rushes and rank
grass. The others were in South Afvica. At the
Port Shepstone arca in southern Natal, the sites
utilized were in estuarine marshes along the Boyboyi,
Izotsha and Mitentweni rivers, while in the coastal
plain of northern Natal collecting sites were mostly
on the cdge of large riverine lakes. These were
Lake Teza, near Miubatuba, with an area of about
200 ha, Lake Insese, near Empangeni, of about 300
ha and the area of marstland at St. Lucia estuary
which is even larger,  Monzi, the remaining locality,
i situated 16 km east of Mtubatuba and is a much
smaller marsh. The area around Lake Teza is
under intense sugarcane cultivation and most of
the observations at this locality were made on the
eastern side of this lake,

Mosquilo collseting

(1) Light-COg trap; This consisted of a portable
battery-operated light trap with carbon dioxide as
additional attractant. The trap was hung so that
the entrance was about Iin above the ground,
The CO, was released through 3-mm bore poly-
thene tubing close to this opening. Source of the
CO; was a tin insulated with corrugated cardboard
containing about 2kg of solid CO, The mos-
quitoes, sucked downwards into the collecting cage,
were mainly blood-seeking females, but also collected
were some replete or gravid females and some males,

(2) Net trap: This trap was set overnight
baited either with a goat or a sheep or 3 kg of solid
CO, The animal was restrained within a wire
cage,

(3) Lard-can type trap> This is based on the
lard-can trap designed by Bellamy =t al. (1952)
but is smaller, being 48 ¢m long and 37 cm square
in cross section. These traps with various animal
species as bait were set overnight on or just above
the ground. Bait animals were enclosed in wire
cages of 12-1/2 mum mesh except for snakes which
were enclosed by 10-1/2 mm mesh. The following
animals were cmployed: 3 rodents (Ssccostomus
campestris), 3 froit bats (Rowssius aegppiiacus), 1
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TABLE 1. Relative activity of O, rubinotur in different haldtats according to light-COy; traps.

Syrm
200 M FROM LAXE 500 & FROM LAKE
" Toside Reeds’ Open Open
reeds edge track Suparcane track  Sugarcane
‘Fotal mosquitnes collected 605 1186 300 1231 232 367
No. trap-nights 10 11 B 9 7 8
Mu* 43 85 33 119 25 70

*Mw = yyilliams’ mean,

domesiic pigeon (Coluwmba livea), 2 brown house
snakes (Boaedon fuliginosus) and 5 toads (Byfo sarens).

(4) Hummaen-baited vafches: 'These were under-
taken with 2 or more catchers. Each man operated
alone, using a torch darkened with a red hood, and
cellected mosquitoes ag they alighted in test tubes,
C?ilecﬁons started at sunset and lasted for up to
2 hr.

Analysis of results _

The male mosquitoes collected were not included

in the results. For the series of catches made with.

light-CO, traps in different habitats (TaBLE 1), mear
catches are expressed as Williams' modifieation of
the geometric mean (Mw) as recommended by
Haddow {1960). In the catches made in the lard-
can type traps (TasLE 2), the proportion of engorged
mosquitoes is expressed as the arithmetic mean of
the percentages engorged from all catches of each
series. Relative atfraction for human bait is

expressed as the number of mosquitoes biting per
man-hour,

Precipitin test
The method used for the preparation of antisera

for the test and the technique employed for the
test were as described by Anderson {1967).

RISULTS

General obscrvations

Early in the studies it became apparent that
unless catchies were made within or on the immediats
periphery of its characteristic habitat, appreciable
numbers of C. rubinotus would not be collected.
"This .eluctance of C. subinsius to leave ity habitat
wag strikingly demnonstrated at Port Shepstone when
a net trap set only about 10m from the edge of a
reed bed caught 1.5 C. rubinotus per trap-night,
whereas when it was moved to within the adjacent
reed bed 54 per trap-night were taken. However,
it was subsequently observed at the study sites in
northern Natal that when €. rubmolus ocourred in
very laxge numbers there was a tendency for it to
also occur at some dJistance from its usual habitat,
particularty where cultivated cane was present,

'The preferred hebitat of C. rubinotss was found to
be marshland asmociated with pecmanent waters
such as lakes, rirers or streains, A dominant,
perhaps essential foature, s the dense tall stand of
reeds (Phragmites spp.}, papyrus (Cyferus papyrus) or
rushes or in less moist situations, of rank grasses,
Forest, wooded savanna and dry grassland seem
unsuitable, and the species is thus very localized
despite its occurrence in zones of markedly different
ecologic type, sach as coastal lowland and inland
plateas.

Numbers of C. rubinotus collected on windy nights
were extremely low. For example, 2 mean catwch
of 500 memquitoes in light-CO, traps 1 night fell
to only 12 mosquitoes the following mnight which
was windy, while other mosquito species were
collected in almiost undiminished numbers. Rela-
tive to other species, it was also observed that C.
rubinotus died quickly after collection. These ob-
servations, together with its reluctance to Jeave its
habitat, seem to sugpest (hat this species is unusually
sensitive to low humidities and is perhaps also a
weak flyer,

Although C. rubirotus was reared in an insectary
to the adult stage from gravid, wild-caurxht females,
difficulty was cxperienced in passing it through the
larval stage; emerged adulis failed to feed on a
homster and soon died. From this it seems that

TABLE 2. Total numbers and mean percentage fed of C
rubinotus collected in lard-can type traps with various animal

bait,
Torax
T¥rr OF No.Rar  Mosp,  Mean %
BAIT NIGHTS COLLECTED PED
Rodent )
Saccostontts campestris 17 282 30
Pigeon
Colwmba liren 17 17
Bat
Rousertas negpbiiacns 11 14
Snake @
Bonedon filiginosus 5 o
Toad :
Bufa carens 5 i}
Control
{empty) 2 0
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TABLE 3. Relative attraction of €. rubinolus to . ,.an according to human-bait catches at 3 localitios,

Ruonrsia,

NYABIRA INAYAL, PORT SHEPETONE

KaTar, Laxe Trza

Apr. 1971 Feb, 1572  Apr, 1972  Jan. 1973 Mar, 1974
Total osquitoes collected 510 1 ir 10 5
No. of man-hours 45 7.5 15 4 2
No. mosqguitoes per man-hour 1 <1 -1 25 2.5

colonization of this species would be difficult.

In 1egard to the efficacy of the various cclecting
metheds, it wag evident that goat-baited net and
light-CO, traps were very effective and a high
proportion entering the net traps fed on the goat.
Light traps without CO, yielded poor caiches, as
did animal-baited lard-can traps at Port Shepsione
where populations were low.

Larvae of C. rubinsius were found in shallow water
in reed beds at Lake Teza and in reed beds on the
edge of the Boyboyi River near Port Shepstone.

Relative prevalence at various localities

Catches in light-CO, traps andfor baited net
traps set at various localities in Natal to collect
female mosquitoes for virus stadies yielded informa-
tion on the prevalence of C. rubinoius. 'These shr -ved
that it occurred at high densities at Lake Teza, Lake
Insese and St. Lucia estuary, all of which are large
marshes, but at only moderate densities at Port
Shepstone and Monzi where study sites were located
in much smaller marshes. For example, collections
in light-CO, traps at Lake Teza yielded a mean
catch of 336 C. rabinvtuy per trap-night, while the
same trap at Port Shepsione yielded a mean of
only 8. High densities at Lake Inmsese were also
demonstrated by the collection there in goat-baited
net traps of about 1000 C. rubinoius per trap-night,
The conclusion drawn from these collections is that
C. rubinotns is widely distributed along the entire
coastal zone of Natal, although ccnfined to specific
habitats within thiz zone, and that it occurs in vast
numbers in the larger marshes,

At Lake Teza more than 20 species of mosquitoes
other than C. rublmoluy cntered the light-CO, traps,
‘The 4 most prevalent of these species were as foHows:
Culex (Culex) thelassivs and Mansonia {Mansonioides)
africana, which were collected in about equal
numbers with C. rubinoius; Aropheles (Anopheles)
tenebrosuy at twice this level; and Mansonia (Man-
sonts, des} uniformis which was about 18 times mors
abundant. The occurrence and relative proportions
of these species were very similar at the other Natal
localities.

detivity of females in different habitals
A study was undertaken on a sugar farm bordering

Lake Teza in whiuh light-CQ, traps were set in
different habitats at varying distances from the
lake to investigate to what extent C. rubinofus activity
is influenced by habitat. The habitats chosen were
as follows: (1) deep within the reedd bed where
the water was about 30 cm deep; (2) ashore at the
extreme edge of the reed bed; (3) & (4} within
1.8-m high sugarcane at distances of 200m and
500 m, respectively, from the lake; and (5) & {B)
in open breaks consisting of tracks 84 m wide at
distances of 200 m and 500 m, respectively, from the
lzke, The numbers and geometric means of C
rubinolur collected in these habitats are given in
TaBLE 1. It can be seen that C. rubinotus was more
active on the edge of the reed bed than deeper in
and even greater activity was present in cane 200 m
from the lake's edge and was siili high at 500 m.
Activity was lowest in the open breaks,

Vertical disiribution
A series of catches was made with light-CO, traps
over 6 nights at Lake Teza to compare C. rubinotus

activity at ground level and at 7.5 ra in the canopy

ol a tree. The total number of €. rubinstis collected
at ground level was 698, while in the canopy it was
30.

Host frreferences

To determine the hox. preferences of €. rubinolus
among various clasecs of wild animals, a series of
catches was mede at Lake Teza using lard-can
traps baited with 3 rodents, a pigeon, 3 hais, 2
snakes or 5 toads. 'The results of these catches are
shown in TaBLe 2. It can be seen that the rodents
attracted most C. rubinoies, with a total of 232
mosquitoes, of which 30% had engorged. Blood
meals from 10 of the mosquitoes were identified
as being of rodent origin with the precipitin test.
Small numbers were attracted to the pigeon and
bats and none to the other animale,

With respect to other mosquito species, M.
tniformis was attracted to and fed on rodents, bats
and pigeons, M. gfficang on bats and, to some extent,
on rodents and C., halassivs on bats, Of interest
also were 2 freshly engorged mosquitoes collected
in the toad-baited traps—1 Ficalbia {Mimomyia)
lacustris and 1 Uranotaenia pallidocephalus.
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In regard to the preference of C. rubinstus for
rodents, it was also observed that it fed readily on
hamsters placed on the ground. In a series of
catches with hamster-baited lard-caa traps set over
8 nights, an average of 68 C. rubinofus was taken
nightly and 80%, of the total catch was engorged,

At 3 localities, viz., Nyabira, Rhodesia, and Port
Shepstone and Lake Teza, South Africa, catches
were made using man ar bait.  Asshown in rabLe 3,
on no occasion were large numbers collected,
although at Nvabira a fair degree of attraction to
man was evident. At the other 2 localities, numbers
collected were extremely low cousidering that the
catches took place in reed beds and, at Lake Teza,
among very high population densities. Thus,
although different geographical populatiors of €.
rubinofus apparently vary in their preference for
maa, at is highest level this preference is only
moderate,

The blood meals of 174 engorged C. rubinofus
collected in CO,-baited traps at 7 localities in Natal
were tested with the precipitin test to determire
host species. With 140 meals, antisera to rodent,
goatfecow, man, bird, rabbit, cat, dog, pig and horse
were used in the test, while for the other 34 meals
only rodent, goat/cow and human antisera were
used. The percentages of meals reacting positively
with the different antisera were as follows; rodent
66%, goatjcow 9%, man 3%, bird 0.6%, pig
0.6%, and unidentified 16%,

At 6 localities the percentage of meals reacring
with rodent antiserum far exceeded all other
reactions, ranging from 63%, to 889%,. The single
exception occurred among 36 meals collected at
Lake Insese, where large numbers of geaws and
cattle were present and in which 369/ veacted with
goat/cow antiscrum and only 30% with rodent,
Ameong the 169%, of unidentified meals were probably
bloods from wild vertebrates for which antisera were
not available.

DISCUSRION

Contrary to previous experience, the studies
showerl that in Natal, at least, C. rmbinotus is a very
prevalent mosquite indeed, and within its habitat
is widely disiributed on the coastal plain. The
discovery of such large populations was unexpected,
as to us it had seemed unlikely that a species existing
in such large numbers could have escaped notice for
so long. It seems that the failure to locate these

pops.ations earlier can be attributed to the rather
spatially restricted occurrence of C. rubinofus com-
bined with an omision by collectors o operate

Vol. 12, no. 6

within or on the immediate peripheral of the C.
rubinptus habitat.

This habitat is quite characteristic and presumably
provides the sheltered environment which C. rubinotus
apparently requires. It is available on an abundant
scale in the numerous estuaries and riverine lakes
present along the coast of Natal. The shallow and
calm water pres-nt in this habitat Is alowost certainly
the principal larval habitat, Cultivated sugarcane
also provides a suitable enviconment for adults at
some distance from the natural habitat,

Collections indicated that C. rubinstus showed a
tendency to avoid far-ranging fliphts which would
entail leaving the dense vegetation and high humi-
dity of its habitat. It seems to be exceptionally
sensitive to low humidities and presumably the
presence of its preferred host within or close t- its
habitat eliminates the necessity for such flight:.

The evidence on host preferences clearly showed
that C, rubinotus is primarily a rodent feeder and that
feeding is at ground level. It will alsc feed to a
lesser extent on goats and sheep and presumably on
other large ungulates and to a small extent also on
birds and biats, but the paucity of active females at
the higher wvertical Jevels suggests that natural
freding on bats and tree-roosting birds is probably
insignificant,

There were indications that while the degree of
anthropophilism was generally low it varied among
different geographical populations. On the inland
plateau of southern Africa, viz., Salisbury, Rhodesia
and apparently at Johannesburg, South Africa
(Kokernot et al. 1260), it was attracted fairly readily
to man. Ou the coastal plain of Natal Provinge,
however, it showed a very low preference for man,
Nevertheless, because of its prevalence in cultivated
sugarcane in Natal it scems that it might feed
rignificantly on man in cane fields because of the
practice of cane-cutiers to start work well before
sunrise,

Because of its prevalence, host preferences and
feeding habits, it is evident that C. rubinotus possesses
biological characteristics consisten with its probable
role az a vector of rodent-associated arboviruses,
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Isolations of Middelburg virus from Aedes
(Ochlerotatus) juppi Mcintosh (Diptera: Culicidae)
suggestive of a reservoir vector

by
P.G.JUPP, D. L. THOMPSON and A, J. CORNEL

Arbevirus Unit, National Institute for Virology, Private Bag X4, Sandringhara, Johanmesburg,
2131 and Department of Virology, University of the Witwaretarand, Johannesburg,

Seventeen alphavirus isclaces {16 Middelburg and 1 Sindbis) were obtained
Trom 3957 Aedes juppé sosquitoes collected at a siegle site on a farm at Twee-
spruit 10 the south-western Orange Free State Highveld. As collections were
made only one month after the first significant rain of an w..usually dry sum-
mer, these mosguitoes were thonght ta be the tirst brood of the season and the
appearance of Middelburg virus doe to the presence of transovarially infected
toasquitovs. This could indicate that Ae jupfs serves as 4 resecvais vecior {o
carry this virus through dry i «ter-cpizootic peviods.

INTROD1): FION

As part of 2 long term study on the ecology of Rift Valley fever virus in South
Aftica, the Arbovirns Unit has been investigating floocwater aedine mosquitoes to ar-
certain whether they act as reservoir veetors of this virus during dry inter-epizcotic
periods. Floodwater dedes deposit their eggs in the flood plains of streams and rivers as
well as at the water's margin in pans. Pans are natural shallow depressions in grass-
Jand with no outlets which are not associated with a river drainage system. They are
seasonally flooded by rainfall which causes the eggs to hatch and develop inte adult
mosquitoes. Subseguently the pans dry up mainly through water evaporation. In 4 pro-
ject recently completed on farms in the Tweespruit area of the Orange Free State prov-
inee, 20 000 eggs of dedes (Ochlerotains) jupipi Melntosh were snecessfully recovered from
soil samples, mainly from those samples taken in pans as opposed to vieis {swamps)
(Gargan, Novak and Jupp, unpublished), These eggs were collected Juring the winter
in Auezust, 1984, when pans and vleis were dry. However, as no v - 5 of any kind
were isolated from mosquitoes reared from them, evidence implicatiiyg, e juppi az a
transovarial vector was not obtained.

A follow-up visit was made to the same Tweespruit farms at the end of
March, 1085, a month after the fist significant summer rains had fallen. One of the ob-
jeetives of this visit was to trap adult Hoodwater Aedes. It was hoped to make isolations
of Rift Valley fever virus from e juppi mosquitees which represented what was

thought to be the first brood of the summer, and to take live mosquitoes bitck to the

laboratory for vector competence experiments. On arrival it was found that the rains
had been inadequate to affect any of the pans which remamed devoid of any standing
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water although the inundated area of the vleis and a dam had increased slightly. Sur-
prisingly, moderarely Iarge numbers of Ae. juppi were tiken in bait collections, the ma-
jority of which were subsequently assayed for virus with the isolation of the alphavi-
ruses Middelburg {MID) and Sindbis (SIN). These isolations and their significance
form the topic 01 *his paper.

METHODS

" xeespruit is lovated at the south-western edge of the Highveld region 29° 11’
27" u: toe Orange Frée State Provinee, The term Highveld refers to the high in-
land nfarer  regiom with an akitude of from goo—t Goo metres. It is grassland with a
teraperate chmate and summer rains; mean annunal temperature is 13—17 "C. Pans are
plentiful in the Tweespruit area but heey have been empty gince about the summer of
1980 owing to below average rainfall.

Mesquito collecting was carried out on the farm Prospect from 26—28th
Maxch, 1985, using three different methods. These were net-traps ( Jupp and McIntosh
1g67) and NIV light traps { Jupp 1986), both baited with solid carbon dioxide and set
overnight, Thirdly, hnman-baited catches were carried out from late afternoon till dark
by two operators using battery-operated aspirators. One person acted w5 bait and the
other collected the mosquitoes which alighted ¢ him to bite. Afl the mosquitoes were
taken at one site near a dam and adjacent vleis, the margins of which had experienced
slight finoding from rainfill at the end of February.

Mosquitoes wer. segregated according to species and feeding status and
placed into pools which were stored in liquid nitrogen. Pool size was 100 unless the
total number of a species collected was Iess, Subsequently, suapensions of the pooled in-
sects were inoculated Intracerebrally inte 2-day-old suckling mice in atternpts to isolate
virus, Brain from sick mice was used for passage of virus in mice and as a source of vi-
rus for identification, Autigens were prepared by the sucrose-acetone methe i described
by Clark and Casals (1958). Virus isolates were identified by complement-fization tests
in which hyperimmune mouse ascitic fluids were used as a sourve of known antibedy,
These tests were done according to the method of Bradstreet and Taylor (1962) adapt-
ed to a micro technigue uging 0,025 ml volumes,

The statistical mosquitn infection rate was calculated by the method of
Chiang and Reeves (1962).

RESULTS

Table 1 shows the spring and summer rainfall which occurred up to the end
of March when mosquitoes were collected. Table 2 shows the numbers of the 4 flood-
water aedine mosguito species collected which were tested for virus and gives details of
the isolations made. Smaller numbers of Culex and Angpheles were also eollected but
these were discarded. Sixceen izolations of MID vitus and ove of SIN virus were ob-
tained from 3957 Aedes juphi which accounted for g8,5% of the total Aedes catch, Two
Aedes (Ochlerntatus) and twn dedes (Neomelaniconion) species were present in the collec-
tions, The minimum infection rates with MID vieus for the total Ae. juppi catch was
4,04 et 1 000 mMasquitoes while it was 3,85 for the pnengorged Ae. juppi. The statistical
infection rate for unengorged Ae. juppi was 4,84,
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‘TABLE 1. Spring-tummer rainfall on & Fweespruit farm untl mosquite -ollecting at eod of
March, 1485
Dates No. mm.
Oetober : . (3! 38
. 24, 29, 31 28
November ] 15 rg
_ 29 42
December 14 21 28
January 16, 17, 22 4
Febroary 7.8 ar
- 20, 23, 27,28 8z
March - : 11-15 45
25,26 19

TasLe 2. Floodwater Aedes collected at Tweespruit in March 1985: mumber of musqu.ttas tested
for virus ... .: number of viruses isofated.

- Wirus Isolates

No. Na. Pool SIN MID
Species Tested  Pools Size
No. No. MIR" IRk
Ae, (Qch.) juppi 3400 39 100 1 15 385 482
20 I
37c 1 1
3957 41 1 16 204
Ae, [(Och.) caballus au 1
Ae. (Neo.) unidentatus 12 t
Ac. (Neo.) albothorax 28 T

a=miminum jufection rate = no infeeted mosquivoes/1aoo.
b=statistical infection rate/ 1000 calcwated by method of Chiang and Reeves {962},
c=cngorged mosquitoes,

DISCUSSION

In 1973 Mcintosh described .le. juppi, a new species very similar to Ae. cobal-
fus, Hence collections of mosquitoes made before that date and called Ae. coballus may
hzw» consisted only of one of the species or they may have been mixed so they should
Lo rewrred to as Ae. caballus seisu fals,

The infection rate of Ae. juppi with MID virus is less than that of the de. cabal-
Les sensy fafo collected in the Karoo region at Middelburg, Cupe, in 1g57 when MID vi-




( ,,_,\-.,......*... : -*W

396 J. ent. Soc. sth. Afr. Fol, 50, No. 2, 1587

tus was fivst identilied 4s 2 new virus (Kokernot ef al. 1957). The present isolates are
the first made from an dedes species collected on the South Afiican Highveld, It is note-
worthy that hoth species were present at Tweespruit in the 1985 coflections as no de,
eabatius were reared from the epgy collected during the previous winter or we: - taken
there as aduhs in 19%4/75 (Mclntosh ef gl t1gBo}. MID virns was isalated 17 tunes in
Sonth Africa and twice in Zimbabwe during the pertod 1957—%6 and except for fin
isolations frora Cilex theilerd, all the isolations were from floodwater dedes mosquitoes
helonging to the Nesmelanicouion, Aedimorphus and Ochlprofotus subgenera (Worth o al,,
1561 and Arbeviras Unit, unpublished data).

It seemn that the first significant raints which were sufficient to inundate the
margins of the dam aund vleis, albeit to a limited extent, cuusing aedine eggs to hateh,
vecurred from 20-28th February when 82 mm was measured. Previous to this, hatch-
ing is nnlikely t have taken plaﬂe Lecause falls were too small and too spread out tem-
porally (Table 1), Henee it is thoughi that the de, juppi mosquitoes collected vne
mouth lacer, at the end of March, represented the first beood of wedine mosquitoes and
that they mcludcd individuals that miglat have been trans-ovarially infeeted with MID
virus. This interval seems rather longer than that required for development of adults
after submersion of the eggs, since g—r5 days are needed in the laboratory at a constant
water tempenature of 23 °C. There is some laboratory evidence that rodents might be
invalved in MID transmission cycles (McIntosh to61). However, it seems unlikely that
the mosquitors would have been alive long enough as adulis to have initinted a rodent-
mosgulto transmission cycle. These mosquitoes would have represented poepulations
distinct from those sampled as ey during the previoas winter sinee the great majority
of eggy were recovered from par: which were dry when the adults were faken in the
1985 buited catches, The viras bas abmost invariably been wolated from {loodwater
Apdes rather than from Culex mosqguitoes which do not overwinter in the ege stage, This
suggesty transovarial transndssion. Ae. caballys sensw lnlo has transmitted the virus host-
zontally in the laboratory (Kolernat of al. 1957) but tests w demonstrate eransovarial
transmission remain ta be doue,

An explanation for the paol of Ade, juppi infected with SIN viras is prohably
that this single infection was acquired whea e fuppi fed on viraemic birds, Culex {Cu-
ivx) unieatiahes ‘Theobald also acenrred in our collections and a Cx, univittatur—bird trans-
taission cvele would be expected with this mosguita breeding throughout the suminer
in the available penmaneat water,
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TICKS AND ARTHROPOD-BORNE VIRUSES IN SOUTH AFRICA

P.G. Jupp and B.M. McIntosh

Arbovirys Research Unlt,
Mationg! Institute for Virology
Private Bag X4, Sandringham,

Transvaal, 2131

ABSTRACT

To date 6 arthropod-borne viruses have been isolated from argasid, but none from ixodid ticks in South Africa.
Apart from African Swine Fever and Pretoria viruses isolated by other laboratories, 4 viruses have been isolated by
our Unit from bird-feeding Argas or Ornithodores ticks. These are an Orbivirus, Chenuda vires, and 3 unclassified
viruses — Soldado, Quaranfil and Nyamatini. Details concerning our isolation of these 4 viruses are described as well
as the extent of our knowledge of their ecology.

In searching for natural arthropod maintenance vectors of the medically imporiant mosquito-borne viruses
Chikungunya, Rift Yalley fever and Wesselsbron vituses, we have considered argasid ticks and have undertaken
laboratory vector experimenis on Orpithodoros savignyi, Witk Chikungunys and Rift Valley fever viruses first
nymphal instars failed to become infected but with Wesselsbron virus the infection rate of the subsequent second
instars, was 22% showing that trans-stadial transmission had oeourred, Four ticks infected with Wesselsbron virus did
not transmit the virus to 3 hamsters 76 days after the infective feed but further tests at shorter periods nf extrinsic
incubatic: are in progress.

INTRODUCTICN

In South Africa all the arthopod-borne viruses of major medical importance are mosquito-borne and ticks have vet
to be implicated in thelr transmission. This is in contrast to several otli-y countries where there are arboviruses causing
important human diseases which are tick-borne, such as Russian Spring Symmer Encephalitis virus in eastern Europe
and Russia, Congo virus in Central and West Africa and South-eastern Burope and Colorado . 'ck fever virns in North
America, all of which are transmitted by ixodid ticks, It is unusual for a virus to have as its vectors arthropods
belonging to widely divergenf i=vans and this also seems to apply even between different families of Diptera. This is
clear if reference is 1wsue to a catalogue of virus isolations made from arthropods the world over {Berge, 1975) which
shows that only a very few viruses have been recovered consistently from both ticks and mosquitoes, from both
mosquitoes and Culicoides or from bota mosquitoes and phlebotomines. Fusthertnore, very few tick-borne viruses
have been Isolated from both argasid and ixodid ticks. The specificity of the virus for its arthropod host is indeed
usually resiricted to one or 2 closely related species.

Six of the 37 differsnt arboviruses isolated to date in Southern Africa have corme from argasid ticks, the remainder
originating from mosquitoes (24) and Culicoides (7). These 6 viruses will be discussed in this paper, 4 of whith were
isolated by our Unit and have not been reported on befure. Probably more viruses would have been recovered from
ticks by our Unit if as much effort had been devoted to their collection as has been devoted to the collection of blood-
sucking flies, This limited regard to ticks has been due to the ahsence of any epidemiological evidence in South Africa
to suggest that they are involved in Tvansmission cycles of «nv of our medically important arboviruses. However,
because of our failure to gather evidence to implicate mosquitoes as maintenanes vectors of Rift Valley fever (RVF),
Wesselsbron (WESS) and Chikungunya (CHIK) viruses, we have given consideration to argasid ticks as being possible
miaintenance vectors, Accordingly we have conducted experiments to test the vector competence of Ornithodoros
savignyl, the sand tampan, with these viruses in the laboratory to assess whether ticks could be involved in
transmisston. The results of our experimenis are reported in this paper, It should perhaps be emphasized that we do
have zoed evidence in she case of RYF and CHIK viruses that mosquitoes act as epizootic-epidemic veetors and it is
likely that the same would apply 10 WESS virus.
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Table 1 Arboviruses isolated from ticks in South Africa.

Viens Classifleation Vectar yielding Vertebrate ltost* Locality Reference
Isolations
Alrican Swine Tridovirus Ornithodores Plni & Hurter
Fever (iridoviridae) mowbaie Warthog Transvaal 1975
Hartebeesponridam,
Orbivirts Halfway House, Arbovirus Unit
Chenuda (Reovirldae) Arzas arboreus Clitf swallow Trangveral N.ILV.
Naboomspruit, Arbovirus Unit’
Quararnfil Unclassified A. walkeroe Catile egret Transvaal N.IV,
Nahoomspruit. Arbovirus Unit
Nyamanini Unclassifled A, walkerae Cattle epret Ndumu, Natal. N.LV, -
Lamberts Ray, Arbovirus Unit
Soldado Unclassified Ornithodoros sp /~ Cormorant Cape N.LV.
Pretotla, Converse et al,,
Pretorig VUnclassified A. gfrlcolumbae Cape rock pigeon Transvaal 1975

* Virus was isolated from those animals underlined
£ Probably O. capensis

Table | summarizes details concerning the 6 viruses isolated in South Africa from argasid ticks, The first, African
Swine fever, is a porcine virus while the 5 others are all avian viruses, Bach will be discussed in turn below.

African Swine Fever virus (ASF)

ASF virus 15 classified as an Iridovirus in the family Iridoviridae and is related to the insect viruses. This virus,
which periodically causes outbreaks of disease in domestic pigs in the Transvaal, is believed to be maintained in a cycle
between Ornithodoros moubata and warthogs (Phaecchoerus gethiopicus) (Plowright, 1977; Pini and Hurter, 1975).
O. moubata is also responsible for the cansmission of the vires from warthogs to domestic pigs, Transovarial and
venereal transmission of the virus by Q. moubata has been demonstrated in the laboratory (Plowright et al., 1970} and
these may be important for the natural maintenance of the virus, Doubt exists whether O. moubata can acquire vims
from warthogs as viraemia levels in warthogs are apparently insuffictent to infect these ticks {Plowright, 1977).

Chenuda virus (CNU)

CNU virus is an Orbivirus in the family Reoviridae, Twenty one isolates of the virus were obtained form Areas
arboreus collect=d by our Unit from nests of the cliff swallow, (Petrochelidon spilodere) under road culverts between
Johannesburg and Hartebeespoort Dam, Transvaal, in the summer of 1960. Nests of several colonies of swallows were
sampled. Sevenfeen more isolates were made from ticks taken from empty nests the following winter in August 1961
just before the swallows returned to South Africa after their annual migration to Central Africa. These second
recoveries of virus showed that CNYJ virus had overwintered in the ticks. The cliff swallow is the only known host of
A. arboreys,

Quaranfil virus {QRF)

QRF is an unclassified tick-borne virus and has been isolated by our Unit once from a cattle egret (Bubuleus ibis)
and 7 times from Arges walkerae ticks, A heronery in the tree tops on a farm at Naboomsp:uit, Transvaal, was the
gource of both the catile egret as well as the ticks which were recovered from under the bark adjaceni to the cattle egret
nests. Adults and nymphal ticks were collected,

Int Egypt this virus was isolated from the same avian and tick species and was isolated twice from humar belngs
(Taylor et al., 1966). Isolations were made from 2 children who were bied during a mild febvile illness and serclogical
surveys of the human population living in close proximity fo heroneries gave evidence of oceasional human infection,
Furthermore, experiments by the same workers showed that although the virus could be transmitted trans-stadially on
moulting it was not transmitted transovarially,

Nyamanini virus (NYM)

This unclassified virus was first isolated by our Unit from a cattle egret collected at Nyamanini pan in the Ndumu
Game Reserve in 1957, This reserve is situated in Northern Natal on the Mocambique border, Subsequently 4 further
isolations came from cattle egrets collected at Naboomspruit as well as 14 isolations from Argas walkerae collected at
the same site. The virus has also been isolated from an egret and Argay arboreus in Egypt (Taylor et al., 1966) and
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from A, arboreur in Nigeria {Kemp et al., 1975).
Soldado virns (SOL)

To date SOL virus has remained in the unclassified group but recently Casals and Tignor (personal communication)
have shown on the basis of serological relationships that this virus should be placed together with other viruses in the
new genus Nairovérus of the family Bunyaviridae. This genus has recently been described by Pishop et al., (in press).

Fight isolations of SOL virus were made by our Unit from Ornithodoros ticks, probably ©. capensis, collected from
cormorant {Phalocrocorax africanus and P. capensis) nests on an island in Lamberts Bay, Cape Province, This virus
has also been isolated from O, capensis infesting marine birds living on islands in Trinidad (Jonkers et al., 1973) and
the Seychelles (Converse et al., 19751 as well as from O, meritimus infesting herring gulls on Puffin Island in North
Wales {(Converse et al., 1976). The extensive migrations of these marine birds accounts for the remarkably extensive
distribution of the virus. Converse et al., {1975!) transmitted the virus to domestic chicks by infected O, copensis
remaved from terns, the virus causing death of these chicks.

Pretoria virus (PRE)

This virus, heretofore placed in the unciassified category, has like SOL virus «scently been sk awn to belong to the
genus Nairovirus of the family Bunyaviridae (Casals and Tignor, personal communication).

It was isolated by Co' erse and co-workers from a pool of 2 Argas africolumbee ticks sent to them from South
Africa (Converse et al., 19759, These ticks were taken near 2 nest of a Cape Rock pigeon (Columba guinea
phaeonata), in a house at Derdepoort in Pretoria.

It can be seen that each of these bird-associated viruses is probably maintained by a species of argasid tick which is
restricted to the particular avian host population. The tick vector also provides for dissemination of virus to further
birds. M~ is unlikely to readily acquire infection of any of these viruses, because of the host specificity of the vector
and the specialised habitat of the avian host,

Tahle 2 Vector competence tests with Ist instar nymphs of
Ornithodoros savigryi and 3 viruses

Infection Transmiss'on
Titre of Days after
Expt. No. Virus | vitaemic host | infective feed | Infection rate Result
B in Jogs* ticks tested | (2nd instars)

RVF 12 groups of 1-5 ticks failed 10 transmit to hamsters
1 (Bunyavirus-like}, 3,8 thamster) 64-67 0/ 4 on the ¢4-56th day

WESS 3 zroups of 1-2 infected ticks falled to transmit on
2 (Flevivirus) | 5,6 (hamster) #3-78 11750 (22%) | the 76ia day

CHIK 6,6 fMystramys
3 {Alpbavirus) albicaudifus) 50-61 0711 - N,D.

* exprossed us logeg per 0,02 mil of mouse inoculum,

A numerator = No. ticks infected, denominator = Mo, ticks tested,
A= these ticks Falled to moult and remained 1st instars,

N.D. = not done,

Table 2 shows the results of experiments to test the vector competence of Qrnithodoros savignyf with 3 viruses
which are medically important in South Africa. First instar nymphs were allowed to feed on vitaemic syrian hamsters
{RYF and WESS viruses) or viraemic Mystronys albicaudatus (CHIK virus). A blood sample was taken from each
animal immediately prior to this infective feed and titrated in infant mice to determine the conceritration of virus in
the blood. Titres were expressed as logy, per 0,02 mls of mouse inoculum. After feeding, the engorged ticks were kept
in sand and allowed to moult to second instars. This occurred in the case of thoge ticks infected with RVE and WESS
viruses (experiments 1 and 2) but not with those ticks infectea with CHIK virus (experincesit 3), in which this virus
might have inhibited moulting and caused considerable mortality among the ticks.

Transmission was attempted to hamsters in the case of RVFE aud WESS viruses. With RVF virus, betwsen day 64
and 66 after the Infective feed 12 groups of 1-5 ticks failed to transmit to hamsters which confirmed the subsequent
finding that none of the ticks was infected with virus. With WESS virus 3 ~roups of 1-2 ticks, subsequently shown to
be infects 3, failed to transmit to hamsters on the 76th day.

One or 2 days after the transmission atternpts the 2nd instar nymphs (experiments 1 und 2} and the 1st instars
{experiment 3) were killed and tested individually for the presence of virus by intracerebral inoculation into infant
mice. No ticks were shown to be infected with RVF and CHIK viruses but 11 out of 50 (22%) were infected with
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WESS virus indicating that trans-stadial transmission had occurred with this virus,

The results of these experiments indicate that argasid ticks were unlikely to be involved as mamtenanoe or other
vectors of RVF, WESS or CHIK viruses. In South Africa there is no evidence that ticks play a role in secondary
transmission cycles for spread of mosquito-borne virnses as has been suggested by Camicas {1978), Because of a few
isolations of West Nile virus made from ticks in the U.8.5.R. and Egypt and a few ¢f Snowshoe Hare virus made from
ticks in the northemn U.8.A. and Canada, Camicas has suggested that ticks could intervene in the ecology of a
mosquite-borne virus. He postulatod that there are tick-vertebrate cycle. which act us secondary transmission cycles
capable of “‘reiaying” the major mosquitc -vertebrate cycles from one area to another.
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this parasite is limited to the western Cape wl
lation is negligible (3, Tribe, personal commugpdceation). :

During June-July 1984 I collectegt natural enemies of O erosus from infested
Pinus halepensis Miller and P, brutia Tenoge/ at several sites in the Coastal Plain, Judean
Hills and the Upper Galilee of Isracel gid seat them to South Africa. Afler quarantine
the following patural enemics wereAcleased in a pine plantation at Bergvhiet near
. (Hymenoptera: Braconidae); Metacolus unifascia-
tus Foerster (Hymenoptera: Pre mahdnc}, Aulonium ryficorne O, (Coleoptera: Coly-
diidae); Corticens pini Panz. (Coleoptera: Tenebrionidae); Platysoma oblongum F. (Coleo-
ptera. Histeridac); Lycloris spl (Hemiptera: Anthocoridac). In addition 5 releases of
C. caennpachoides were madg/between January and April 1985 at Lebanon and Nuwe-
berg State Forests in theAvestern Cape Province, It is not known yet il these natural
enemies have become gstablished. — Rami Kfir, Plant Protection Research Institute,
Private Bag X134, Preforia, ooor.

Identity of Argasid ticks yielding isolations of Chenuda, Quaranfil and Nyama-
nini viruses in South Africa. — In 1981 we published a review on “Ticks and Ar-
thropod-bortie viruses in South Africa’ (Jupp, P. G. and Mclntosh, B, M. 1981. Pro-
ceedings of an Inlernational Conference, 27-29 January, 1981, Tick Research Unit, Rhodes
University, Grahas.siowon, Ed. Whitehead & Gibson pp. 177--180.) In this paper we reported
the first recorded isolations of four particular viruses obtained {rom ticks in this coun-
try. In the casc of three of these viruses, it has since become clear that the tick vectors
were incorrectly identified,

'The isolations of Chenuda virus originated from Ornithodoros (Alveonasus) per-
ingueyi Bedford and Hewitt 1925 and not from Argas arborens. This is evident after an
exanination of records of other collections made at the same locality, ‘The latter con-
sists of nests of the cliff swallow (Petrochelidon spilodera) situated between Johannesburg
and Harteheespoort Dam. Further, the isolations of Quaranfil and Nyamanini viruses
were from Argas (Persicargas) arborews Kaiser, Hoogstraal and Kohls 1964, and not from
Argas walkerae as proviously reported, This is clear from recourds of other ticks collected
in or near the same rattle egret (Bulbulcus this) heronery in Naboomspruit,

Chenuda virus is an Orbivirus in the family Reoviridae while Quaraniil and
Nyamanini viruses ave still unclassfied arbovituses. - P. GG, Jupp and B. M, McIntosh,
National Institute for Virology, Private Bag X4, Sandringham, Joliannesburg, 2131,

Pachycenirinus convesicollis Hustache, (Coleoptera: Curculionidae), a possible
biocontrol agent against fointed cactds, — While searching for suitable cactophagous
insecis for the hinlogical control of b€ jointed cactus weed, Opuniin aurantinca Lindley,
in Argentina -between 1970 and 1g73, we observed characteristic feeding-damage on
some low growing opuntiae crused by a weevil recently identified as Pachycentrinus con-
vexicollis Hustache of ihe subfapfily Baridinae (Zimmermann, H. G,, H, E. Erb & R, E.
McFadyen. 1979, Acta Zsologifa Litloana 33 101~112). This was the only cactophagous
beetle found in Argenting/on jointed cactus-like opuntiae (series Auvrantiacae) and
hence our interest in its pubsible use for biocontrol of fointed cactus in Bouth Africa.

P. ronvexicollis/vay deseribed from specimens collected at Rio Tapenagd in (he
castern Chaco of Argénting (59° 40" W, 27° 30” 8) from an wnknewn host plant (Hus-
tache, A. 1049. Bofétin do Musen Nacional, Zoolngia, Brasil g72 111~112). It has subss-
quently been collfeted Further north (23°) and west {63°) in the Chaco from the follow-

Te ita effect on the bark beetle popu--
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CRIMEAN-CONGO HEMORRHAGIC FEVER IN SOUTH AFRICA

R. SWANEFOEL, 1. K. STRUTHERS, A. J. SREPHERD,
G. M, McGILLIVRAY, M, J, NEL, Axp P. G. JUPP
Special Pathogens Unib and Arbovirus Unit, National Instityie for Virology,
Sandringham 2131, Republic of South Africa

Abstract.

Crimean-Congoe hemorrhagic fever virus was isolated for the first time in South

Africa in February 1981, from the blood of a 13-year-old boy who died in Johannesburg after
attending a camp in a nature reserve in the western Transvaal. Virus was isolated from 21/
120 pools of questing ticks from the nature reserve, the infected species being Hyalomma
marginatum rufipes and H. truncatum. Vires was also isolated from 4/38 pools of partially
engorged ticks and other ectoparasites collected off hosts, the infected species being H.m,
rufipes, H. truncetum and Rhipicephalus evertsi, Antibodics vere found in the sera of 5/74
humans, /26 wild vertebrates, 74/270 sheep, and 109/170 . -itle from the reserve and sur-
rounding farms. Antibodies were also found in 28/200 hares from various focations in the
country. It was concluded that the virus is widely prevalent in South Africa, but the fuil
medical and veterinary significance of its presence has yet to be determined.

Crimean-Congo hemorrhagic fever (CCHF) was
diagnosed for the first time in South Africa by
isolation of the virus from the blood of a 13-year-
old boy who died in a hemorrhagic state in Jo-
hannesburg on 13 February 1981, after attending
a nature study camyp (veldschool) at the S. A.
Lombard Nature Reserve near the town of
Bloemhof in the western portion of the Vransvaal
province from 5-13 February. Field investigations
which followed recognition of the disease included
an antibody survey on sera collected from man and
livestock in the vicinity of the veldschool and a
survey of the prevalence of virus in ticks. Further
investigations were undertaken in September 1981,
after reports were received that deaths had oc-
curred in antelope and pazelle at the nature re-
serve,

A clinical description of the fatal case of CCHF
has been published elsewhere,* This paper pre-
sents the results of laboratory and field investi-
gations, '

MATERIALS AND METHODS
Histary and specimens

The patient became ill on the morning after he
returned home and what is believed to have been
a Hyalomma tick was found attached to his scalp.
He had found & similar tick crawling on himself
while atiending the camp and had crushed it. A
medical practitioner consulted at the onset of ill-
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ness made a tentative diagnosis of tick-borna ty-
phus (Ricketlsia conori infection) and instituted
appropriate antibiotic therapy. The coundition of
the patient deterforated over the next few days
and by 18 February, when he was in a frankly
hemerrhagic state, suspicion had turned to the Af-
rican viral hemorrhagic fevers, CCHF in partic-
utar, and accordingly, blood, urine and pleural
fluid were submitted for virological examination,
He died on the following day, and since permis-
sion for autopsy was refused the only other spec-
Imen submitted for virological examination con-
sisted of tracheal aspirate,

The patient had been one of 320 boys of similar
age from schools in the Johannesburg arsa who
had attended the camp together, An epidemic of
meningoencephalitis, associated with ECHO vi-
rus 9 infection, was known to be occurring in
school children in the Johannesburg area at the
time, antd seven of the children from the veld-
school group were affected within 2 weeks of their
return home, Appropriate specimens for the iso-
lation of enteroviruses were submitted from af-
fected children, as well as sera to be tested for the
presence of CCHI' virus and antibody. Sera were
also collected and stored from all medical person-
nel who had direct or indirect contact with the
CCHF patient.

The 5. A. Lombard Nature Reserve (27°35'S:
25°30’E), which covers an area of 4,000 hectares
and has an annual precipitation of 300 to 400 mm,
is located 18 km north-west of Bloemhof on the
western edge of the high-veld vlateau at an alti-
tude of 1,283 meters, It consists of fat or gently
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undulating grassland with & few sparsely wooded
areas adjacent to pans: shallow accumulations of
surface water in depressions which lack drainage.
The veldschool is sited on 8 subdivision of the
nature reserve, and during their stay school chil-
dren undertook adventure trails in the reserve and
spent nights outdoors sleeping on the ground.

A team of investigators spent 2 week at the na-
ture reserve immediately following the death of
the patient, collecting questing ticks plus ectopar-
asites, btood and rgan samples from a few birds,
reptiles and small mammals, Partially engorged
ticks were also collected from the few sheep and
cattie kept at the veidschool, During March blood
samples were collected from all staff and their
femilies at the veldschool and nature reserve, as
well as from shcep and cattle at the veldschool
and on adjoining farms,

At the end of August, it was reported that the
following deaths bad occurred in artelope and
gazelle at the nature reserve over a perioed of two
months: 0/222 black wildebeest (Connachasies
gnion), 3/26 gemsbuck (Oryx gazella), 2/132 harte-
beest {Alcelaphus buselaphus), 3/88 impala (de-
Pycevos melompus), 101,000 spriughuck (dnti-
dorcas marsupialus), and 23/80 eland (Tourotregus
oryx). Fur seme species, notably springbuck, the
losses did nol exceed what could normally be ex-
pected during the dry winter months, but the loss-
es in eland, in particular, caused concerh and were
the first deaths recorded in this species at the na-
ture reserve. The team which investiguted the
deaths at the beginning of September included a
veterinary pathelogist, a veterinary parasitologist,
and a pasture specialist. Two weak eland were
killed for autopsy and blood and organ samples
were taken. A seram sample which had been col-
lected earlier from a third eland was also obtained
and partially engorged ticks were collected from
the fresh and some putrified eland carcases.

Finally, 200 sera which had been collected from
hares in various locations in South Africa between
1977 and 1979 in a study of the taxonomy of hares
were obtained from Dr, T, J. Robinson of the
Mammal Rerearch Institute of the University of
Pretoria,

Reagents

Reference artiiropod-borne virus grouping fuids
in the form of pools of mouse immune ascitic Auids
(MIAFs) were obtained from the National lnsti-
tutes for Health, Bethesda, M, U.5.A. Refer-

ence hutuan antisera to CCHF, Rift Valley fever
(RVF), Ebola (EBO), Lassa fever (LAS) and Mazx-
burg (MBG) viruses wete obtained from the Cen-
ters for Disease Control, Atlanta, GA, U.S5.A., as
were multivalent and monovalent cell culture an-
tigen slides of the same viruses for use in indirect
immunofiuorescence (IF) tfests. CCHF antigen
slides were also obtained from the Centre for Ap-
plied Microbiclogy, Porton Down, U.K. Refer-
ence strains of CCHF virus (Jb Ar 10200) and
Hazara virus (JC280) were obtained from the Yale
Arbovirus Research Unit, New Haven, CT,
U.B5.A. as was MIAF to Hazara virus. Fluotes-
cein-label’ . anti-species immunvglobulins were
obtained from Wellcome Reagents Ltd, Becken-
ham, Kent, U.K. Anti-rabbit conjugate was userd
in IF tests with hare sera,

Mouse timmume ascitic fuids to viruses isolated
in this study and to the reference Ib Ar 10200
strains of CCHF virus, were prepared as de-
scribed by Sartorelli et al.,? except that the first
two doses of mouse brain virus used for hyper-
immunizing mice were inactivated with beta-pro-
priolactone.® Antigens for complement-fixation
(CF} and immunodiffusion (ID) tests consisted of
sucrose-acetone extracted® infected mouse brain or
liver, or crude 10-20% saline extracts of these or-
gans,

Vivus isolations

Human body fluids were inoculated intracere-
brally into day-old mice and into cultures of Vero
celis® in micro-slide culture chambers (Bellco Glass
Inc., Vineland, NJ). Cultures were fixed in cold
acetone and stained by IF with the antisera to
CCHF, RVF, 1.AS, ERQ, and MBG viruses on
days §, 8 and 14 after inoculation, and supernatant
fluid was subcultured twice, serially, Viruses iso-
lated in mice were subcultured in mic: and in Vero,
primary calf kidney (CK) and CER® cells and
stained as above, Ten percent suspensions of ani-
mal organs (brain, spleen, liver, kidney and lung)
were prepared in cell culture medium, centrifuged
at 10,000 X g for 1 hour at 4°C, and the supernatant
was inoculated into cell cultures and mice. Sus-
pensions of tick pools, most consisting of 30 in-
dividuals of a particular species, were prepared in
$ ml cell cuiture medium, centrifuged as above
and the supernantant was inoculated intn mice
only. Where necessary, subsamples of immature
ticks were cleared and mounted for identification
by microscopy.
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Serological tests

Complement-fixation tests were performed as
described by Blackburn and Swanepoel,” IF tests
as described by Johnson et al.,? reversed passive
hemagglutination inhibition (RPHI) tests as de-
scribed by Swanepoel et al.,” and ID tests as de-
scribed by Clarke. " MIAFs used in neutralization
tests in mice!* or in fluorescent focus reduction
(FFR) tests!? in CER celis were subjected to ace-
tone-ether extraciion for removal of non-specific
inhibitors of the virus.!!

RESULTS
Virology

Deaths in infant mice inoculated with the blood
of the patient started on the 6th day after inocu-
lation and continued over the next few days, a
total of 15/32 inoculated mice dying. In CF tests
on the 7th day, antigen prepared from mouse brain
reacted to a titer of 1:64 with both Congo grouping
fluid and the reference human CCHF anti-serum.
CF tests were negative with other grouping fluids
and with antisera to a range of local arthropod-
borne viruses. CCHF virus had not previously
been cultured in the laboratory and reterence vi-
rus had not even been acquired at the time. The
virus was not successfully isolated in cell cultures,
but could be subcultured from mouse brain in

" Vero, CK and CER cells. The virus was desig-

nated strain 4/81. A second strain of the virus,
designated 6/81, was obtained from the pleural
fluid of the patient and this killed onlv 3/i4 infant
mice in the original passage. Urine and tracheal
aspirate failed to vield virus.

No viruses were isolated from the sera of me-
ningoencephalitis patients, but ECHQ virus 9 was
isolated from one cerebirospinal Auid and two stool
specimens in the general diagnostic section of the
Institute.

No viruses were isolated from the organs of 10
cattle egrets (Bubulcus ibis), 2 multimammate
mouse (Mastomys concha) or the iwo eland an-
lelope which had been killed for examination. The
two eland were emaciated and there was marked
hemosiderosis of the spleen in both animals, The
presence of antibodies, reported below, indicated
that they had undergone CCHF infection. It was
felt that eland had coped less well than sm:ler
species with the stress brought on by dry winter
grazing and cold spells,

The results of attempts to isolate virus from
ticks and other ectoparasites are summarized in
Table 1. Adult ticks were highly active at the
veldschool and nature reserve during February,
and a total of 3,037 questing ticks were collected
in the course of a week. The ticks were ovey-

whelmingly (2,964/3,037) Hyalomma spp. and only

five were immature (Hyalomme ilrunceium
nymphs) despite express efforts to capture im-
mature stadia by blanket-dragging. The ticks were
abundant on the bare ground between trees where
the children had slept and they readily ap-
proached when investigators stamped theix feet on
the ground.

Preliminary sorting of ticks into species was
carried out in the £+:'d without the aid of a mi-
croscope, and thus . transpired that 28 pools of
Hyalomma ticks were tested for virus in the lab-
oratory before it was realized that two species were
involved: . marginetun rififes and H. brunca-
tame, The first 28 pools are, therefore, designated
Hyalomme spp. in Table 1. The remaining ticks
were identified in the laboratory and tested as sep-
arate species. The 21 isolations of CCHF virus
which were made from questing ticks, all came
from the 109 pools of Hyalomma tested and the
incidence of virus was not significantly different
in the two species (Table 1),

Crimean-Congo hemosrhagie fever virus was
also isolated from a pool of 30 partially engorged
Rhipiceplalus everisi ticks taken oif sheep in
February and from three pools of Hyalomnta ticks
taken off eland antelope in September. All other
parasites taken off hosts failed to yield virus (Ta-
ble 1).

The majority of the strains of virus isolated from
ticks togk 8—14 days or longer to kill mice in the
original passage, and most could npt be subcul-
tured or refsolated. Isolation of CCEF virus could,
pevertheless, be confirmed in three ways: brain
and liver suspensions of dead mice reacted in CF
tests with MIAF to the reference Ib Ar 10200 strain
of virus, producing antigen titers of up tt  -1:128;
the same suspensions produced precipitation | ses
of identity in ID tests with Tb Ar 10200 MIs. 1.1
antigen; and, finally, characteristic les'm ac-
curred in mice, In this last respect, a peculiarity
of all strains isolated in the present study, from
both human and tick specimens, was the marked
pathology seen in mouse livers, Macrescopically,
some livers appeared normal, but most were mot-
tled with 2 mm diameter or larger white areas of
necrosis and a few livers were entively white or
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Resulls of attempts to isolate Crimean-Congo hemorvhagic fever vivus from tichs and other ectoporasites from the
3. 4. Lombard Nature Reserve and Veldschool

e e o e e

A

Tsofutlons
Parasite Description RNumber Pools (%) [ T
Questing ticks: : !
Hyalomme spp. Adults 715 6/28 (21) o
Hyalomma marginatunt vufipes Adults 341 5122 (23) _ l‘
Hyalomma truncatum Adults 1,703 10758 {17 o
Hyalomma trusncatum Nymphs 5 /1 g
Rhipicephalus evertsi Adults 52 ofs
Amblyomma marmoreun Adults 20 o/s g
Aponomma latum Adult 1 o1 .5
Host; cattle 3
Hyalamma marginatum rifipes Adults 12 o/t o
Hyalomma truncetum Adults 10 o/1 _ h
Rhipicephalus evertsi Adults 30 o/1 . ]ﬁ
Flost: sheep _ Ff .
Rhipicepkalus evertsi Adults 90 1/3
Host: haves (Lepus spp.) H
Hyalomma imarginatum rifipes Nyraphs 100 0/3 L
Hyalomma marginatum rufipes Larvae 22 /3 [
Rhipicephalns evertsi Nymphs 69 0/2 J
Rhipicephalus everlsi Larvae 82 o/2 N
Ctenocephalides felis damarensis Fleas 29 o/ 3
Host: ground squirrel (Xerus inauris) hf x
Haemaphysalis leachii Nymphs 7 o1 H
Neohaemuoiopinus faurvei Lice 250 0/t ¥
Host: springharc {Pedeles capeisis)
Rhipicephalus everlsi Nymph 1 o/1 ]
Rudferdilaelaps meridionalis Mites 120 o1 )
Host: yellow mongoose (Cynictus penicillata) ' :
Rhipicephalus evertsi Nymph 1 o/1 i
Host: leopard tortoise (Tesinde perdalis habcocki) E
Amblyomma marmorcum Adults 26 on '
Amblyomma mavmoreum Larvae + nymphs 51 on
Host: monitor lizard (Varenus exanthematicus | ' \%
albigularis) . \\r
Amblyoming marmorerim Nymyphs 5 o/t o
Bost: multimammate mouse (Mestomys coucha) ,
Echinolaelaps muricoln Mites n of
Laelaps liberiensis Mite 1 ! ;
Host: eland antelope (Taurotragus oryx) :
Hyalomma marginatum rufipes Adults 60 214
Hyalomma truncatum Adults n 1/4
Mergaropus winthemi Adults 217 /3
Rhipicephulus evertsi Adults 46 o/3
pale yellow in appearance. Microscopically, there  virus content was low and virus could be subcul-
was massive necrosis of hepatoeytes with karyor- tured from liver with difficulty and in few in-
rhexis. Despite the presence of extensive lesions stances only. . :
and demonstrable antigen in livers, the infective One strain of virus, 128/81/7, which was iso- 4
7139 In
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Serological lests

Complement-fixation tests were perforracd as
described by Blackburn and Swanepoel,” IF tests
as described by Johnson et al.,’ reversed passive
hemagglutination inhibition {(RPHI) tests as de-
scribed by Swanepoel et al.,? and ID tests as de-
scribed by Clarke.!® MIAFs used in neutralization
tests in mice!! or in fluorescent focus reduction
(FFR) tests'? in CER cells were subjected to ace-
tone-ether extraction for removal of non-specific
inhibitors of the virus. !

RESULTS
Virelogy

Deaths in infant mice inoculated with the blood
of the patient started on the 6th day after inocu-
lation an. .ontinued over the next few days, a
total of 15/32 inoculatzd mice dying. In CF tests
on the 7th day, antigen psepared from mouse brain
reacted to atitcr of 1:64 with both Congo grouping
fluid and the reference human CCHF anti-serum.
CF tests were negative with other grouping fuids
and with antisera to a range of local arthropod-
borne viruses. CCH¥ virus had not previously
been cultured in the laboratory and reference vi-
rus had not even been acquired at the time, The
virus was not sn-cessfully isolated in eell cultures,
but could be subcultured from mouse brain in
Vero, CK and CER celis, The virus was desig-
nated strain 4/81. A second strain of the virus,
designated 6/81, was obtained from the pleural
fluid of the patient and this killed only 3/14 infant
mice in the original passage. Urine an‘} tracheal
aspirate failed to vield virus.

No virnses were isolated from the sera of me-
nirgoencephalitis patients, but ECHOQ virus 9 was
isolated from one cerebrospinal fluid and two stool
specimens in the general diagnostic section of the
Institute. '

No viruses were isolated from the organs of 10
cattle egrets (Bubulcus ibis), a multimammate
mouse (Mastomys coucha) or the twe eland an-
telope which had been killed for examination. The
two eland were emaciated and there was marked
hemosiderosis of the spleen in both animals. The
presence of antibodies, reported below, indicated
that they had undergone CCHF infection. It was
felt that eland had coped less well than smaller
species with the stress brought on by dry winter
grazing and cold spells,
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The results of attempts to isolate virus from
ticks and other ectoparasites are summarized in
Tab'e 1. Adult ticks were highly active at the
veldschool and nature reserve during February,
and a total cf 3,037 questing ticks were collected
in the course of a week. The ticks were over-
whelmingly (2,964/3,037) Hyalomma spp. and only
five were immature (Hyelomma iruncoium
nymphs) despite express. efforts to capture im-
mature stadia by blanket-dragging, ‘The ticks were
abundant on the bare ground beiween trees where
the children had slept and they readily ap-
proached when investigators stamped their feet on
the ground.

Preliminary sorting of ticks into species was
carried out in the field without the aid of a mi-
croscope, and tlms it transpired that 28 pools of
Hyalomma ticks were tested for virus in the lab-
oratory before it was realized that two species were
involved: H. marginatum rufipes and H, trunce-
truent. The first 28 pools are, therefore, designated
Hyalomma spp. in Table 1. The remaining ticks
were identified in the laboratory and tested as sep-
arate species, The 21 isclations of CCHF virus
which were made from questing ticks, all came
from the 109 peols of Hyalomma tested and the
incidence of virus was not significantly different
in the two species (Table 1).

Crimean-Congo hemorrhagic fever virugs was
also isolated from a pool of 30 partially engorged
Rhiipicephalus evertsi ticks taken off sheep in
February and from three pools of Hyalommu ticks
taken off eland antelope in September, All other
parasites taken off hosts failed to yield virus (Ta-
ble 1).

The majority of the strains of virus isolated from
ticks took 8-14 days or longer to kill mice in the
original passage, and most couid not he subecul-

tured or reisolated, Isolation of CCHF virus could, -

nevertheless, be confirmed in three ways: brain
and liver suspensions of dead mice reacted in CF
tests with MIAF to the reference Ib Ar 10200 st ain
of virus, producing antigen titers of up to =1:128;
the same suspensions produced precipitation lines
of identity in ID tests with Ib Ar 10200 MIAF and
antigen; and, finally, characteristic lesions oc-
curred in mice, In this last respect, a peculiarity
of all strains isolated in the present study, from
both human and tick specimens, was the marked
pathology seen in mouse livers., Macroscopically,
some livers appeared normal, but most were mot-
tled with 2 mm diameter or larger white areas of
necrosis and a few livers were eutirely white or
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lated from H. m. rufipes ticks off eland antelope,
grew better than the others and killed mice in 3
days but, despite passaging the virus at limiting
dilutions, the highest titers arhieved were 10°
mouse ic LD;/0.02 ml and 7. cell culture infec-
tive doses (TCID/ml). This strain was compared
more closely with strain Ib Ar 10200 in order to
make a definitive identification of the virus as
CCHF virus. Identical homologous and heterol-
ogous anfigen titer: of 1:128 and antibody titers
of 1:512 wer- -"iired in reciprocal CF chess-
heard titratior. with antigens and MIAFs of the
two viruses, whereas antigen titers of 1;8 and an-
tibody titers of 1:64 were obtained in tests with
Hazara MIAF. However, the MIAFs lacked po-
tency in neutralization tests and nonsignificant ho-
mologous and heterologous log,, neotralizing in-
dices of 0.8 to 1.0 were obtained in tests in mice,
and almost identical results were obtained in FFR
tests in cel cultures, .

Serology

No antibody to CCHF virus was detected by
IF test on the serum sample of the patient which
yielded virus, nor were CCHF antibodies detected
in acute and convalescent sera from children with
meningoencephalitis or medical personnel who
suffered minor illnesses {ollowing contact with the
patient.

The incidence of antibody to Ct ¥ virus de-
tected by RPHI technigue in numan and a variety
of wild vertebrate sera from the veldschoel and
nature reerve is shown in Table 2. The human
sera were tested by both RPHI and IF techniques
and five of 74 sera were positive by both tech-
niques while the remaining sera w.re uniformly
negative. IF titers were sunilar to RPHI titers:
8/8, 16/16, 32/64, 64/128, 74/64 ([F/RPHI titers of
individual sera). None of the penple with antibady
could recall having suffered illness suggestive of
CCHF, but it is noteworthy that three of the peo-
ple with antibody were related to each other. A
few of the residents could recall having found ticks
attached to themseives., I'he four RPHI-positive
hare sera from the nature reserve had IF/RPIL
titers of: 8/8, 128/256, 128/128 and 256/256 while
six sera were negative by both techniques. Offi-
cials at the nature reserve felt that hares had been
particularly numerous in 1981, but this was a
purely subjective impression, The single positive
ground squtirrel serum had a minimal RPHI titer
of §:8 aricl the three eland sera had RPHI titers of

TABLE 2

Prevalence gf reversed passive hemagglulinagtion inhibi-
tion anitbody lo Crimean-Congo hemorrhagic fevesr vi-
vus in human and wild vertebrete seva from the 5. A.
Lombard Nature Reserve and Veldscihool

Na,
Specles pasitiveftested
Flumans 5774
Hares (Lepus spp.) 4/10
Ground squirrels (Xerus inauris) 1/4
Springhare s (Pedetes capensis) /s
Monitor lizard (Varanus exanthematicus
tlbigularis) 01
Yellow mongoose (Cyriclis peniciflata) o1
Pygmy mouse (Mus minutoides) o/l
Mole rat (Cryplorys hotlentoins) o/t
Eiand antelope (Tanroiragis oryxh 33

1:128, bui lack of suitable anti-species conjugates
prevented confirmatory IF tests being performed
on the sera.

The results of RPHI tests or sheep and rattle
sera from the veldschool and neighboring farms
are suimsnarized in Table 3, The incidence of an-
tibody in sheep averaged 27% and was consis-
tently lower on all properties than the incidefice
of antibedy in cattle, which averaged 64%. In
confiratory IF tests, sheep sera with RPHI titers
of 1;8 and 16 were frequently negative, while sheep
sera with RPIII titers greater than 1:16 kad IF
titers which were the same or withih one or two
dilutions of RPHI titers. Agreement between RPHI
and IF titers was less good in cattle sera. Sera
with RPHI titers of up to 1:32 were negative in
IF tests and in sera with RPHI titers greater than
this, IF titers were {requently 4- to 3-fold lower
than RPHI titers.

The results of RPHI tests on hare sera collected
between 1977 and 1979 are summatized in Table
4, Positive sera were recorded in all four provinces
of South Africa, and occurred only in {he two
species of Lepus recognized as valid.'® Fewer in-
dividuals of the three recognized species of Fron-
olagus hares were tested, but all lacked antibody.
It is of interest that among the hare sera, anti-
bodies were found in 2/7 Lepus saxatillys seta col-
lected in the 5. A. Lombard Nature Reserve at
least 2 years prior to the occurrence of the fatal
case of CCHF. The hare sera were also streened
in undiluted form for ID antibody and at a dilu-
tion i 1:8 for IF antibody. The results are shown
in telatiun to RPHI titers in Table §.

T'he known distribution of CCHF virus in South

LRSS

'I,;..-,za-..-_ s

T A gy




e 2 o A i
0- _,'.f'

o

1412 SWANEPOEL ET AL,

TABLE 3

Prevalence of vevevsed passive !wmagglmi:satimi inhibition entibody to Crimean-Cango hemorrhagic fever virus in

catlile and sheep sera from the veldschool and adfoining farms, and titers of sera

No. posittve/no tested (%% posltive)

Properiy Cattle Sherp
Veldschool 9/12 (75) 17146 (37)
Bospan 18/29 (62) 16577 (20)
Panfontein 20435 (51 20/50 {40
Kareefontein 54/78 (69) 21197 (22)
Swartlaagte 8/16 (50 —_
Totals 109/170 (64) 14/270 (21
Titers of sera Totsl
pas.ftested
Spectes g 8 té a2 6 128 256 512 1,024 2,048 (% positive)
Cattle 61 1 5 11 20 31 31 8 1 | 1097170 (64}
Sheep 196 2 3 10 14 29 13 1 2 — 741270 2N

Africa, based on the present virological and se-
rological findings, is shown in Figure 1,

DISCUSSION

The most urgent problem raised by the diag-
nosis of CCHF in the present study, concerned
the advisability of continuing to use the veldschool
for visits by school children and, indeed, the next
group of children were already at the school by
the time that the investigations were started. The
problem centered on whether or not the occur~
rence of CCHF could be regarded as an isolated
incident, possibly related to recent introduction of
infected ticks on migratory hirds. " In the event,
the children were sent home immediately and the
veldschool was subsequently closed when it
emerged that CCHF virus was highly prevalent.

An incidental problem, faced at the outset of
the study, concerned the need for & convenient
serological test for investigating the disease. The

difficulties encountered in testing for antibody to
CCHPF virus in surveys are discussed in another
paper,? which reports reinvestigation of the RPHI
technique of Gaidamovich et al,'® and describes a
standardized RPHI test used in the present study.
The results obtained here tend to confirm the
impression that the RPHI test is more sensitive
than the IF and I tests. Correlation betweea the
results obtained by IF and RPHL technigues was
found to be acceptably good in human, sheep and
hare sera, but IF titers were much lower than
RPHI titers in cattle sera and in all species there
is need to regard RPHI titers of 1:32 or less with
caution unless the finding can be confirmed by a
second technique,

The lack of potency of antisera observed here
in neutrallzation tests is & well known phenome-
non with CCHF virus, 2 1%% 3nd may be related
to the low infective titers achieved with the virus.
It i5s notable that i some recent reports of the
isolation of CCHF virus, neutralization tests were

TARLE 4

FPrevaicnee of veversed passive hemngglutination inhiliilion axtihedy to Crimean-Congo hemorvliagic fevey vivus in
have seva tollected in 19771970 in various locatinns in Sowth Afvica

Drovines T?taied

Speries Cape _ ’ Orange Feee Rtate Natal Transvael {'I;“ ﬂ::iﬂm)
Lepus saealiltus 416 622 3748 4134 C 1117 (18)
Lepus capensis 424 6/10 - 1) 11744 (25}
Pronolugus rupestris /12 0/2 o/y —— /23
Pronolagus crassicondatus — — 03 — 0/13
Pronalagus randensis - — _— o3 03
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CRIMEAN-CONGO HEMORRHAGIC FEVER IN SOUTH AFRICA

TABLE §

Nuntbers of have sera which reacled i. Immurafluores-
ceitl (IF) and immunodiffusion (1D} screening tests
shown in velation Lo reversed passive emagglutination
inhibition (RPHI) titers qf the sera

RFHI tlier Tolal
positlve
a2 64 256 (RPHI

3 a 1]
Test* e 12imeN ot med) =8 =0} IR
IF 0 F3 10 3 7 1 23
1D ¢ 3 9 3 B I 22

# Sera were sereener] andituted In 1D teata ol ot a ditution of 18 in IF
L EN

omitted and reliance was placed instead on IF and
CF tests for the identification of virus, *V 2 Viruses
isolated in the present study cross-reacted strongly
in CF, ID and IF tests with a reference strain of
CCHF virus and less completely in CF tests with
Hazara virus, Identification of strains 4/31 and
128/81/7 as CCHF virus has been confirmed by
CF tests against a range of antisera at the Centre
for Applied Micrebiology, Porton Down, UK. (Dr.
D. 1. K. Simpson, personal communication).

Crimean-Congo hemorrhagic fever virus is
widely distributed in eastern Europe and in Asia,
and it has been isolated in a belt of countries in
tropical Africa extending from Senegal in the west
to Kenya in the east,™ Prior to the present inves-
tigation, the furthest south that evidence of the
virus had been found in Africa had been antibod-
ies in Tanzania,' Subsequent to the isolation of
virus in South Africa, IF antibodies were found
in rural children in Zimbabwe.* The implication
is that the virus may be even more widely distrib-
uted in Africa than at present realized.

'The results obtained with hare seca indicate that
the virus is widely distributed within South Af-
rica, yet the disease has not been recognized pre-
viously. It has been sugpested that African strains
of the virgs may be less pathogenic than Eurasian
strains, but Hoogstranl rejects this suggestion on
the grounds that investigations in Africa have heen
too limited to allow such a conclusion, ™ It is sur-
prising that recognized cases of the disease did not
oceur ewrlier among the thousands of school chil-
dren who passed through the veldschool annually,
but possibly the present patient was particularly
susceptible. Elsewhere in South Africa it is quite
possible that even severe or fatal cases of CCHF
could have passed undiagnosed in.relatively un-
sophisticated rural populations who ate at greatest
risk. Moreover, there has been a lack of awareness
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Sites at which antlbodies (@) to Criynean-

Figure 1.
Congo hemorrhagic fever virus were detected or virns
was isolated (A) In South Africa.

of the disease even where sophisticated medicine
applies, and specific laboratory tests were not pre-
vipusly available.

The high incidence of antibodies found in live-
stock raises the question of the possible veterinary
significance of the virus. The role which farm an-
imals play as amplifiers of both virus and ticks
appears fo be well estahlished, and there are nu-
merous records of human infection arising from
contact with apparently healthy animals.tt The
possibility that the virus is pathogenic for animals
is implied in a few publications., Thus, in at least
two incidents in the Soviet Union, human infec-
tion followed the butchering of sick cattle, ' while
in Kenya, the virus was isolated from the blood
of a febrile cow in a herd where abortions were
occurring. '® Possibly the present observations on
eland should be placed in the same inconclusive
category. In the limited experimental infections
which bhave been produced in livestock, empha-
sis has been placed on viremia studies and on in-
fection of ticks, but it was noted in one study that
the virus produced mild febrile illness in two
calves,* Clearly, there is need for further inves-
tigation of Infection in livestock, including preg-
nant animals,

The available evidence suggests that hares and
hecdgehogs serve as reservolr hosts in Eurasia, ™
and the virus has been isolated from a hedgehog
in Nigeria.® The present results suggest that hares
may also serve as regerveir hosts in Africa, but it
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is necessary to extend the observations and to de-
termine whether there is a veal difference in the
roles played by Lepus and Pronologus species.
Crimean-Congo hemorthagic fever virus has
been isolated previously!® from both of the Hy-
alowmma tick species found to be infected here, and
one spenies, H. m. rufipes, has been proven to be

‘a vector and to be capable of transmitting the

viius transovarially.® It appears that the virus
has not previously been isolated from R. evertsi,
but in this instance trne infection cannot be dis-
tinguished from possible recent engorgement of
infected bloud in ticks which were removed from
sheep. The virus has been associated with a wide
variety of ticks elsewhere,' and there is need for
svstemitic study of the vector potential of South
Africar. ticks,

Investigations of the medical and veterinary
significance of the virus and of the roles played by
various tick species and potential reservoir hosts
in South Africa are in progress.
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Infection of the Common Bedbug (Cimex lectularius L)
with Hepatitis B Virus in South Africa

P. G. JUPP, O. W, PROZESKY, $S. E. McELLIGOTT, L. A. S. VAN WYK

SUMMARY

A total of 1368 bedbugs of the species Cimex lechiarius
L were collected msinly from huts In villages or on farms
at 6 localities In the northern Transvaal, They were tastad
in pools of 10 for the presence of hepetitis B surface
antigen (HBsAg). Nons of 2¢ poola from Pletersburg was
HBsAg-positive, but 32 out of 120 pools from the 5 otha’
locellties ware HBsAg-positive, Estimated Infection rates
per 1000 bugs wers 171 (Messina), 24,8 (Waterpoort),
28,4 (Letobs), 54,5 (Potgiatererus) and 87,0 {Louls Tri-
chardt), with an owverall rate of 30,8. Seventesn out of
57 poole of the angorged hugs {Infection rate 34,8) and
14 out of 62 pools of the unengorged bugs {infection
rate 25,3) ware HBsAg-positive. Thesa very high Infaction
rates, sven n unangorgsd buge, suggest that C. Jectularius
could bhe & vector of hepatitls B virus In the Transvaal,
and that the varying degrees of Infestation could expluin
the markedly differont HBsAg-positive fraquencles pra-
viously shown In sera collected from different population
groupa In that province.

8. Afr. med. J., 53, 598 {1978),

Evidence [s accumulating that bedbugs could be wvectors
of human hepatitis B virus (HBV).' Both the common
bedbug. Cimex lectularius L. — the only domestic species
found in temperatz regions but which also occurs in
some tropival areas ~—— and the tropleal species, Cimex
hemipterus F, have been incriminated. In laboratory ex-
periments, Newliirk ef 2l° demonstrated that hepatitis B
surface antigen (HBsAg) persisted in C. lectaloring for 5
weeks after the insects had fed on HBsAg-positive blood.
They also obtained evidence for possible replication of
the virus, More recently Wills er al® collected C. hemip-
teries from the huts of village dwellers in Senegal and
showed high field infection rates of HBV, They detected
HBsAg In 12 ont of 55 unengorged bugs, 8§ out of 17
engorged bugs and 3 out of 39 insects which were denied
blood for 30 days after they had been collected.

Ta South Africa O lectidarius is the principal bedbug
species, and Newkirk er al’s findings prompted us to
evaluate this insect as o possible vector in our country.
This seemed particolarly worth while, since no wholly
satisfactory explanation was available to account for the
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marked difference in prevalence of HBsAg among different
population groups in the country,! HBV transmission
between bumans by the bedbug could explzin the much
higher HBsAg-positivily among the Black population, since
bedbug infestations are commoner in housing used . _
Blacks.

In this article we report high fleld infection rates of
HBV as detected by the presence of HBsAg in pools of
C. lectularius collected from huts in villages or on farms
at 5 out of 6 iocalities in the northern Transvaal

MATERIAL AND METHODS

Bedbugs wers coliected at 6 localities in the northern
Transvaal (Fig. 1). At all of these, except Pietersburg,
bedbugs were removed from huis in iwo or more villages
or on farms during June and ¥uly 1977 when visits were
made for routine malaria control spraying. In April 1977,
during bedbug control operations, collections were meade
at Pietersburg jn rooms in hostels situated within the
municipal aren, The bedbugs were captored alive just
before spraying, killed shortly afterwards by freezing,
and kept at —20°C. They wers transported at 4°C from
Pietersburg to Johannesburg where they were stored at

—T0°C,
ONESIA
Mewsing, + s
Wulemmt L] wﬁmm
BOTEWANA, Lands' Tricherd:
Fietershurg « Letabn o
¥ Botgistersrua

TRANBVAAL

dohanneabary ¢

N

Fig. 1, Map of the Trmsvazl, showing the localities
where bedbugs were colected,

Fro-en bupgs were examined under a stereo microscope
for idu wifieation and separation into pools, which usually
contained 10 insects, according to stage of development
(mymph or adult) and state of engorgement. Each pool of
insects was then ground in 1,0 ml physiological saline in
a mortar and the homogenate was centrifuged at 2 500
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rpm for 30 minutes. The supernatants were immediately
frozen at ~70°C. Later these were thawed and tested in
duplicate by radio-immunoassay (Ausria 11-125, Pro-
cedure B, Abbott Laboratories, North Chicago, Illinois).
However, the criterion of positivity differed from that
recommended by Abbott Laboratories jn that only those
values preater than 3,0 times the negative coatrel mean
were considered unequivocally positive, This higher cut-
off value was chosen because of the results obtained when
repeat tests were carried out on borderling positives,
as despribed in the ‘Results’ section. The reactivity
of selected positive specimens was confirmed with the
Ausria 11 -125 confirmatory test kit.

The infection rates for the bedbugs sampled were esti-
mated statistically by means of the methed recommended
by Chiang and Reeves® for mosquito vectors,

RESULTS

Several thousand bedbugs were collected, but only a
sample of 1368 (all the common bedbug C. leciniarius)
was identified and tested. According to Usinger's® map

SA MspIicaL JOURNAL 599

C. lectularins is the only domestic species which ocours
in South Africa, except in the extreme northern or
north-eastern part of the Transvaal where the tropieal
bedbug, . hemipierus, occurs as well. Although some of
our collections came from these areas, ie. Messina and
Letaba, they did not contain C. hemipterus. This probably
indicates that the tropical bedbug occurs only rarely
within South Africa and that we would need to examine
large samples from these localities to encounter it.

The use of either bovine phosphate albumin or physio-
logical saline for processing the bugs pave essentiallv the
samne resuits jn the radio-immumoassay test. Comparison
of freshly prepared supernatants with supernatants which
had been frozen at ~70°C for 2 days indicated that
freezing did not lower the reactiv.., of the supernatants,
However, when 20 of the 31 specimens which showed
slight positive reactivity (values of 2,15-3,0) were re-
tested on different days, variations from 0,02 to 0,91 were
obtained. Owing to this, only values greater than 3,0
were regarded as positive, Seven such specimens were
confirmed 25 HBsAg-positive by means of the confirmrtory
neutralization test.

TABLE |. RESULTS OF HBsAG TESTS ON CIMEX LECTULARIUS COLLECTED IN THE NORTHERAN TRANSVAAL

Proporticn
of villagesf  Unengorged
Locality farms with () or Adule (A)
HBsAg engurged or nymphas
(+) bugs . {E) {N)
Platershurg | ) A
munlcipallity : E A
u AN
E N
o A
E A
Patgletersrus 2/2 U N
E N
UJE N
u A
Letaba 22 1 5 a
E N
u A
Waterpoort 2/2 1 5 a
E N
u A
Messing 23 ’ S :
E N
U A
E A
Loula u N
Trichardt 3f5 E N
U AN
E AN
Total

* Estimated statistivally {age ‘Matorial and Mutheds® sectien).

t Overall infection raﬁa. {Infection vate Ffor unengorged tuga only -

No pools
No bugs HBsAg
collected
80
H
ag
52
58
H
40

Infaction
rate per
No pools () 1 000*

8

r 21 9 54,5

b 4 24,9

19 3 i

f 22 " 87,0
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The use of the HBsAg test on bedbugs collected at the
6 localities is shown in Table 1. Mo bugs from Pietersburg
were HBsAg-positive, but HBsAg-positive bugs occurred in
two collections from villages and farms at Potgietersrus,
Letaba and Waterpoort. Insects from 2 of the 3 farms
sampled at Messina were also FHBsAg-positive, as were
those from 3 of the § farms st Louis Trichardt, An overall
total of as many as 32 out of 120 pools contained HBsAg-
positiva bugs and the infection rates per 1 000 bugs were
very high, varying from 17,1 st Messina to 67,0 at Louis
Trichardt, with an overall rate of 30,6.

Table I also shows the proportion of the pools of
unengorged and engorged insects which were HBsAg-
positive at each locality, Overall, these proportions were
14 out of 62 pools for unengorged bugs, 17 out of 57
pools for engorged bugs and I remaining HBsAg-positive
pool which was a mixture of engorged and umengorged
jnsects, The infection rate per 1000 for unengorged
insects was 25,3 and that for engorged insects 34,8, in-
dicating a very high rate, even in unengorged insecis.

DISCUSSION

Bersobn et al* reported on the prevalence of HBsAg in
serp from rural southern Adrican Blacks. Our results for
localities in the Transvaal tend to concur with their
findings as shown in their map, except in the case of

positive frequency but from which locality we collected
bedbugs that poasessed the secomd highest infection rate
(54.5 per 1000).

Apart from 89 bugs which were starved for a prolonged
period after collection, Wills of al’s® tests were carried
out on only 72 specimens. Our results on 2 larger sampie
of another species give similar results, with high infection
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rates for HBsAg and an appreciably higher rate for
engorged over unengorged bugs.

While the pogitive resulis for the engorged insucis
probably merely reflect HBsAg taken up with the insects’
blood meal, the infections which occurred in both un-

engorged nymphal and adult bugs supgest that the bed-

bug may either be a biclogical vector of HBV in which
the virus multiplies, or an unosually efficient meckenical
vector by virtue of the extraordinary stability of HBV.
Further laboratory experiments are mecessary to confirm
that multiplication of the virus occurs in bedbugs and
to investigate whether transmission can take place to
animals, I addition, concurrent testing for HBsAg both

in bedbugs and In sera from humans living in the same

hut, if done on a large enough scale, might we yield
epidemiological evidence indicating transmission of HEV
by these ingects. Positive evidence for virus replication in
the bedbug and transmission by this insect would place
HBV in the arbovirus category,

We wish to thank Dr G. Joubert, Director of Regional
Health Services for the northern Transvaal, for arranging the
bedbug coflecting and the health inspectors in the various
regions for underteking it. Collecting in Pietersburg muni-
cipallty was arthnged by Mr D, J, Fraser, to whoin we are
most yrateful, We are also indebted to the staff of the Arbo-
virus Unit of the Institute for Virolng¥ for technical assistance
amtiﬂ.tohl)r 1. de Beer. Secretary for Health, for permission to
publish.
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Transmission Experiments

€2

with Hepatitis B Surface

Antigen and the Common Bedbug (Cimex lectularius L)

P, G, JUPP,

) SUMMARY

Hapatitis B surface antigen {HBsAg)-positive blood meals
were fud to a colony of the common bedbug (Cimex
loctularius L} in a series of 5 expzriments. Antlgen per-
wigted in tha bugs for at least 7% weeks, but was un-
detectable aftar 18 weoks. Trans-atadfel transmisalon
was demonatrated through ons moult only, and franso-
varfal transmissalon did not occur, Antigen was success-
fully transmitted by adult bugs into 3 out of 35 canistars of
HBsAg-nagative blood. Antibody of HBsAg was detected
in the serum from a rsbbit on which HBsAg-positive
adult bugs had fed ns well as In the serum of 2 aut of
10 guinea-plgs on which HBsAg-positive 4th and 5th
nymphal instara hed fed The results as s whole indicate
that biological multiptication and blological transmisalon
do not occur In C, lectularius, but mechanical trabsmis-
sion has besn demonstrated. This ia probably an impor-
tant meant of hepatitie B virus transmission among
humans In South Afriea,

8. Afr, med, I, 56, 54 (1979).

Recent work in our laboratory' showed high positivity
rates for hepatitis B surface antigen (HBsAg) in the com-
mon bedbug, Cimex fectilarniuy L, collected from huts
lscated in the northern Transvaal, Cther workers® de-

" monstrated the antigen in the tropical bedbug, Cimex

hemipterus P, collected [rom huts in Senegal, The presence
of HRsAg is usually considered to indicate infection with
hepatitis B virus. However, infection slone in these insects
is insufliclent evidence for accepting the bedbug as a
vector of hepatitis B virus, although it suggests that this
is a possibility. Firmer evidence would be a demonstration
of the insect’s ability to transmit HBsAg by bite. In
this article we report the results of laboratory exnerimenis
with C. lectularius designed primarily fo investigate this
problem, but also to study the persistence of the antigen
in this bedbug and its possible trans-stadial and trans-
ovarial transmission. '

MATERIALS AND METHODS

Bedbug Colony

A subcolony of . leetuldring was established with
adults taken from a c¢olony maintsined at the South
African Bureaw of Stnndards in Pretoria. The bugs were

I.';Iailnt;;nilnsﬁ;uie for Yirology, Jnh:i-rht.ﬁdésburg S

B, G, JUDP, at.8c., PILD.
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reared and maintained in the dark in an insectary where
the temperature was 25 - 26,5°C and the relative humidity

“75 - 80%. Rabbits were provided as a source of blood-

meals.

Bedbug Feeding

HBsAg-positive blood was obtained from either renal
dialysis palients or, more often, patients who no longer re-
quired dialysis because they had undergone kidney traps-

" plants. o experiment 1, 0,6 ml of HBsAg-positive serum

from a patient was added to 30 mi of negative defibrinated
bload, while in experiments 2-5 blood was defibrinated
or heparinized on bleeding and offered to the bedbugs
the same day. In each experiment a sample of the blood
used was stored at —70"C for subsequent anligen assay
and in experimests 1 and 2 some groups of bugs were
fed on antigen-negative blood as controls. A membrane
feading method was used for feeding the bugs; this was
essentially the same as that used in our laboratory for
feeding mosquitoes.? With this method bugs were placed
in Perspex canisters closed with organdic netting af one
end and with Badruche membrane at the other, Tha
blood was placed within a Perspex ring inside a plastic
dish. The canister was then placed on top of the ring
so that full contaet was achieved between blood and
membrane, The dishes were held in a water bath so that
the blood temperature was 32 - 33°C. Feeding took place
in the jnsectary in the dark; afterwards groups of bugs
were kept for varying periods of extrinsic incubation and
allowed to moult or oviposit before being refed in the
transmission attempts, Fer the latter, either the bugs were
allowed to tefeed on FRBsAg-negaiive defibrinuted biood
through a membrane or they refed on a rebbit or on
guinea-pigs. The metmnbrane feeding technique for trans.
missiof feeds was the same as that used for the first feed,
except in thr .2 cases where 2 smalier, 0,2 - §,5-ml volome
of blood was used. In this case the blood was placed in
smalier Perspox rings, with an internal diameter of 10
mm and an internal height of 4.5 mm, cemented on a
Perspex sheet, and the insects in canisters of the same
diameter, As bugs engorged they were replaced by further
unfed ineects. For tratsmission feeds on animals, the
hugs were placed in glass centrifuge tubes with a 5 cm
internal diameter and the fons were closed with organdic
netting, These tubes were inverted and applied to the ears
of a rabbit or the shaved abdomen of snuesthetized
guinea-pigs.

Virological Techniques

Bugz were kitled for antiger assay at varying intervals
after the HBsAg-positive blood-meal, those which fed
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a second lime in the transmission tests nsually being killed -

cn the day of the secomd fecd, The insects were
killed by placing them In a -~70°C freezer where they
were stored until extracts could be preparved from them:
for antigen assay. For this, each bug was ground inm A
tissue-grinding tube in bovine phosphate albumin (BPA).
The volume of BPA was 0,5 ml for pools of -5 fivst
nymphal instars or single specimens of 2nd or 3rd instars,
and 1,0 mi for pools of 29-62 first instars or single
4th Ilnstars, 5th instars and adult bogs. The homogenhates
were centrifoged af 3000 rpm for 30 minutes and the

supernatants frozen immediately at —70°C, Later they =

were thawed end tested for HBsAg by radio-immuno-
assay (Ausriz 11-125 (Procedure B); Abbalt Laboratories,

" North Chicage, Illinois) and the results were inferpreted
according to the manufacturers’ instructions. Apart from
the bug supernatzats, other specimens tested were HBsAp-
positive deflbrinated blood samples used for the first
bivod-meal and confrol blood samples, s well as the
blood spmples used in transmission attempts with their
controls,

The soinea-pigs used in transmission attempis wers bled

2 days before and 2] and 61 days after the Irapsmission

feed, while the rabbit was bled 1 hour befcrs the feed

* and 39 and 110 days afterwerds. These samples wers

tested in duplicste for hepatitis 3 surface antibody

(Hl_is?b) by radio-immmunoassay (Ausab, Abbott Labora-
tories),
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RESULTS

Antigex in Adult Bugs and Transmissien by Adults
and Nyliwphal Instars

Bedbug feeding rates were rather higher on defibrinated
blood than on heparinized blood, so the former was used
in most experiments. Furthermore, rates were much lower
on blood oblained from patients undergoing dialysis

(experiment 2), Batches of insects were given antigen-

positive blood-meals in § experimenls on different dates.

Table T shows the antigen positivity rates in adult
bedbugs in three experiments at intervals after the HBsAg-
positive bloed-menf, control bugs fed HBsAg-negative
biood in experiment 2 all bheing antigen-nagative, These
posltivity rates remained high for 7 weeks., After varying
periods of extrinsic incubation, atiempts were made to
trapsmit the antigen through a membrane to HBsAg-
negalive blood and in two of these attempts three suceess-
ful transmissions were accomplished. The first ocenrred
in experiment 3, when 0,5 ml of blood became FiBsAg-
positive after two infected bugs had engorged. The second
and third were in experiment 4, when one and two in-
fected bugs fed on 0,2 and 04 ml samples of blood
respectively. A fourth transmission occurred when 25
bugs were refed on a rabbit 24 days after their first

HBsAg-positive blood-meal, The robbit serum was HBsAb-

negative on the 39th day, but HBsAb-positive on the 110th
day after the transmission feed.

TABLE | PERSISTENCE OF HBsAg IN ADULT BUGS AND ATYEMPTS TO TRANSMIT ANTIGEN BY BITE TO HBsAG-

NEGATIVE BLOOD AND A RABBIT :

‘

Transmisslon attempts to HBsAg (—) hlood

Number of
Daysa after . HBsAg (1} Number of MNumber of
HBsAg {-+) HBsAg Days aftar . bugs which canisters of samplas
. Experiment  faed on which positivity rate HBsAg (+) fed on each bload (voluma becoming
: No.¢ bugs teated in bugs faad blood-meal In brackets) HBsAg ()
2 3 3/3* o)t : '
10 6fs  (of)
17 3/4  (0f1)
M 23 (oft)
33 1 a3 23 2 (8-10 ml) 0
3 5/5  (0/3) 4 1,2 2 (8~ 10 mi 0
.8 33
42 &7 () a2 1 2 {05 ml) )
3 10 1213 10 1 1 (05 mi) 0
= 2 1 {85 mi) 1
/ w 48t 1 (e 70 mD 0
: ¥ 4 i 24{24 10 1-5 10 (0,2 - 0,4) ml} 2
16 54/55 i 1.7 15 (0,2 -04 ml) a
G 27 6/6§
. 34 -6/8

* Numbor positive/numbur tosted.

t Centrol bugs jed HBaAg {~) blond, .
Six of thusn bugs tested mnd lound positlve.
In each axperimant a batch

§ On tha 24th “?B 26 bugs, af whick theae B bu
34th day, but HBEsAb (

.

at kugs was fad o©n poslave hlopd Fom 1 or 2 patiente on # difforant daie.
g% waere g sample, wara fed on a rabhit. The rebbit's serem wes HAsAh (=) on tha
Y on the 11Mh day aiter this transmission Yead,
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TABLE H. ATIEMPTS TO TRANSMIT HBsAg BY BIYE FROM BUGS WITH POSITIVE BLOOD TOD GHINEA-PIGS
’ (EXPERIMENT 5)
Days after HB?AQ Transmisslon attempts (52)*
HBsAg (1) positivity rate

feed on which in bug sample Mumber of HidsAb
Bug instar bugs tasted tasted Guinea-pig No. bugs engorged gulnsa-plg
ard ' 52 212 324 40-80 Negative
3rd 252 330 40 - 80 Negative
3rd 12 334 40 - 80 Nugative
Brd 2/2 343 40 - g0 Negative
Srd 111 241 40- 80 Negative
4th and 5th . of1 328 40 - 80 Negatlve
4th and Sth ' 1h 344 %0 - 50 Positivet
4th and Sth 154 M5 40 - 80 Positivef
4th and 5th ' in 348 40 - 80 MNegative
Adults : 1h 332 : S 20 Negative

* Numher ol dayz siter H2sAg (+) feed.

1 Megateve for sntibody at 21 deys aMer transmission fesd and positive at 61 days.

} Poxitiva for entibody st 21 days and negativa at 61 days.

Table II shiows the resulis of atternpted transmission
to 10 guir a-pigs by means of nine tubes each containing
40 - 30 nymphal instars and one tube containing about
20 adult bugs. A sample of one or two of the bugs which
fed on each guinea-pig was tested for positivity (Table
1T} and the results of these iesis are jncluded jn the
positivity rates for each jnstar shown in Table IV. It is
evident that most insects tested were still HBsAg-positive
on day 52 when the transmission feeds occurred, Of the
10 guines-pigs 2 became HBsAb-positive, one 21 days
and the other 61 days after 4th and S5th nymphal instars
had engorged in the tramsmission feed. Antibody had
disappeared in the first guimea-pig by the 61st day.

., :
Antigen in Nymphal Instars and Transstadial
Transmission

The results of experiment 1 are shown in Table 1IN
A large number of Ist nymphal instars were given a

_HBsAg-positive blood-meal. Some of the 2nd instars

subsequently obtained were tested for antigen, as were
samples of the succeeding instars and adults obtrined after
blood-meals on an HMBsAg-teputive rabbil. ‘This rabbit
was HBsAb-negative when tested 3 months after the
last feed. Antigen was present in 60% of the 20d nymphal
instars tested and then it disuppeared from the bugs nfter
the next moult.

TABLE IN. TRANS-STADIAL TRANSMISSION OF HBsAg
FROM FIRST INSTAR NYMPHS (EXPERIMENT 1}

Days aflar
HBsAg () HBsAg
maal on which positivity rate
Instar bugs tested in bugs
2 1t sf10. [of10)*
| 19 oo (ofs)
4 Y o/to  (0/5)
5 &0 0/5  (ofs)
Adults T4 o5 (0/8)

* Control bugs fed HBxAg (-] blopd.

. Table IV gives the results of experkment 5, Groups of
bugs belonging to each of the nymphal instars were given
an dntigen-positive blorud-meal oh the same day, and
the subsequent instars produced as each group moulted
were tested for antigen. All ihe bugs tested among the
suceeeding instzrs were HBEsAg-positive on the 10th day
after the blood-meal, and it was shown that the 3rd,
4th and 5th instars and adults were still mostly positive
on the 52nd day. On the 127th day, however, all Sth
instars and adult bugs tested were negative. One batch
of 3rd imstars among the succeeding instars was refed on
an HBsAg-negative guinea-pig and the subsequent 4th
instars were negativit on the 127th day,

TABLE IV, 'I‘I"IANS-STADIAL TRANSMISSION OF HBsAg
AND ITS PERSISTENCE IN THE NEXT NYMPHAL INSTAR

(EXPERIMENY 5)
' Days after
Instar Succoeding  HBsAg (+)
glvan ‘Instar feed on HBzAg
HBaAg {+-) testad for which bugs positivity
fead HBsAg testad rate In bugs
15t 2nd 10 aja
2ad 3rd 10 8fe
Ard 52 8f10
Ath w7 oflo
ard ath 1 8/s
dth 52 Bl
4th 5th 10 #f8
Sth be 17
Sth 121 oio
Sth Adulis 10 - 12h2
Adults 52 K/ A
Adults 127 of1o

Transovarial Transmission

In experiments 2, 3 and 4, adult bugs were given antigen-
positive feeds and when the eggs subseguently deposited
by them hatched into 1si nymphal instars these were

L1
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TABLE V. ATIEMPTED TRANSOVARIAL THANSMISSION: ANTIGEN TESTS IN FIRST NYMPHAL INSTAR PROGENY OF
: ADULT BUGS PREVIOUSLY FED AN HBsAg-POSITNE MEAL

Experiment
2 3 4 .
Age (doys) of 1st instars when tested ... .. ... .. it1-17 1-2 1-8
Interval (days} aftar parent bugs fed HBsAg (+) meal a3 17 14-15
MNumber of pools of 1st fnstars ... ... ... .. 1 3 13
Number of insects per ponl ... ... . .. 1-5 20 -30 50-62 .
Hesult of antigen fest ... .. .. .. Negetive Negative Negative

assayed for antigen, The results of tests on 23 pools of
hugs were <l negative as shown in Table V.

DISCUSSION

There are two previous reports of laboratory studies on
€. lectiarins and HEsAg. Downe' reported the detection
of antigen in bedbug faeces, while Newkirk et al." showed
that*antigen persisted for 5 weeks in adult bugs and that
4th or 5the nymphal instars retained antigen after moulting.
Our work confirms the resuits obtained by Newkirk
# al! as well as adding new findings, Qur findings are
as follows: {i) HBsAg persisted lor at least 6 weeks in
adult € lectularius and for at least 74 weeks in adults
and nymphal instars fed antigen while in the preceding
instars; {7{) antigen persisied after one mouit (trans-stadial
transmissfon) hnt was not retained by bugs after two
successive moulls; (i) antigen was not teansmitted trans-
ovarially: (Iv) antigen was trapsmitted by adult bugs lo

" .. HBsAg-negative bload and. iv'a rabbit, and by 4th or

5th instars to guinen-pigs, although the results indicate
that the transmission raie was Jow.

Qur results jndicate.thal there was no biological multi-
plication of hepatltis B virus in C. lectwlariuy and no
biological transmission by the bug. Rather it seems that
HBsAg persists in these insects and can be transmitted
tnechanically. ‘The evidence for this is as follows: firstly,
positive/negative values for the radio-immunonszays done
on the bugs of differing instars {experiment 5} were ap-
proximately proportional fo the size of the bups, If mulli-
plication of antigen had occourred in the different instars
this relationship wouldn't have been expected. Secondly,
after the bugs had been kept for a2n extended period
(127 days) after the HBsAg-positive blood-meal, the anti-
gen disappeared. Thirdly, transmission of antigen into
HBsAg-negative blood should have been niore frequant
if antigen had multiplied in the salivary glands of the bug

prior to the transmission feed, The limited mumber of .

transmissions which oceurred are thought to bave been
mechanical. Viilarejos er al® came to the same conclusion
as regards the muftiplication of hepatitis B virus in the
reduvild bog Rhodnius prolixus after they were unable i
demonsttate HBsAg in either the haemaolymph or the
sallvary g'nds of this Insect,

'The successful transnissions obtained in our experi-
ments suggest thai mechanical transmission by bedbugs

coukt well play an important role in the epidemiology

uman serim hepatitis due to hepgtitis B -virus., In
v work the Dane particle had been identified by electron
microscopy in large numbers in the positive sertim which
was mixed with defibrinated blood for the HBsAg-positive
feed in experiment |. However, it was not known whether
the blood-meals in experfmenis 2 - 5 contajned this particle.
Furthermore, measurement of the E antigen’ was pot

attempted, althot:h this will be done in future experi-

ments, Downe® f¢ nd that the Dane particle could pass
unchanged from a blood-meal into the faeces of O
fectularins, this suggested to us that it might also be
teansmissible mechanically by bite. If complete Dane
particles were inoculated by bugs iuto susceptible humans
they would be expected fo multiply, causing a higher
transmission rate than could be inferred from our work
on non-susceptible rabbits and guinea-pigs. It is not
possible to demonstrale a transmission rate which .can
be egquated with the natural one except with chimpan-
zees, the only hnst laboratory animal® Trabsmission of
hepatitis B viros under naturnl cohditfons could be due
to- mechanical transmission by bite of O leefelarins as
well as by contamination from infective faeces. Both these
routes could be important in the spread of hepatitis B
virus in South Africa.

We wish to thank Linda Stannard of the Universily of
Cape Town for a supply of serum containing D:me partices,
Professor A, M., Meyers and Sister 8. Blom of the Johannes-
buig Genersl Hosplitel for a supply of HBsAg-positive blood
specimens and the donors for thelr co-pperation. We are also
grateful to Mr @, M. T. Moerdyk of the South African
Burean of Standwrds fm‘ supplying bedbugs and to Professor
O, W, Prozesky and Dr 1. J. Alexapder of lhe National
Institute for Virology for their heI]pfuI suggestions and en-
couragement, Lastly we thank Dr J. Jdc Besr, Secretary for
Henlth, for permission o publ:sh
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lished in the SAMI are not necessarily those of
the Medical Association af South Africa—Edilor

. ADSENCE OF BIQLOGICAL MULTIPLICATION O
IEPATITIS B YIRUS IN TIHE COMMON DEDBUG

To the Editorr As was stated in a recent review,! there s
now # Inlr smount of evidence lo incriminate both the
common bedbug Cimex feciwdwivg L¥' snd the tropleal
bedbug C, hemiprorns F%* a5 veetors of bungn hepatitis B
vims (11BV)., In recent experiments in our Inboniory' we
achieved a few tranamissions of {he hepatitis B aucfoce anti-
Fen ({1BsAp) by C. lecridarins from antigen-posilive blood
nto cinislers of anligen-negalive blood s well as lo guinca-

" pigs and s rabbil. We concluded thal 1bese transmisslons
wete machonlesl sad (hat blological multiplication ang bie-
legical tenpsmission of 1BV probably do oot verur in the
bug. We hove since performed n further experiaent with
C. lectularius which we consider provides styonper evidence
Ifor c{ls-‘: absence of biclogical replivation of HBY in ihs
nsect,

Our experiment was carried oot in an inscclary ut 25-

25°C with a relslive humidity of 75 - 80%. C. fecrdarins 4ih

nd Sth “fm‘ml lostars from a Inboralory colony were
llowed to tirough a membtene on defibripated Jnfecied
lood, uaing a techoiqus previously described.” The blood hnd
been obiniped from the catriec domor on the day of the
caperigent, bul a saruple tested 2 monllis eatlier possessed the
following characleristics which ndicated jt was hlsi:lir in-
[ected. HBe-positive, anti-HBe-negative, IiBsAg (PHLA) Togw!
5, hep. B-DNA polysierase pM/h/mi; 0,197,

Of tdio-lmimunossay the P/N value Tor HBsAg in the
blood on Lhe day of the leed wis 24,9, Ten duys after Lhis
infeclive feed, when the bugs lmd moulted to Sth nymphal
instacs and adults, they were killed by being plieed in a
—J0*C freezer, where Hey were stored, Ten ol these adult
bugs were lested individually for }isAg and the resullin
P/N valuey were all posilive and high, with » mean o
- 34,8 {Table 2’ ‘The temuining 179 bugs were ground in bavine

phosphete nibumin, 45 - 56 bugs per 2 mlb, and cenicifuged at

3000 rpm for 30 minutes. The supernatanl fluid oblained wag

then addesl {0 anligen-nepnlive defibrinaled blood in the
propoction 1:2 to provide the socond scetinl blood menl.

A prcond new balch of 4ih aad S nymphnl instars was
fed 1his gecond serfal blaod smenl, which hoad & P/N value of
F1,7. Thitteen days lnler the Sth Inslars anek adelt bugs were
killed and stored ot —70°C, oxcepl or » smnple of 10 bugs
which were tested for nnl'igen. Only 7 out of these Fﬂ
were positive aod P/N valoes hnd deopped so much thal
the mean volue was only 3,0, The 262 bugs remaining were
then used lo prepate the third serial blood wmeal as described

[

above, ond a third batch of new bups were Ted ihis bloods |

virus mixture which had o P/N value of 9,2; this was
significantly lower thon that for the frst and second blood
meals, After 10 days Lhe thivd batch of new Siby instars nnd
ndult bugs was killed and stored, Al 22 bugk in & sample
tested for HBsAg were negalive, with a mean P/N value of
1,2 (Table 1.

We consider that the disappearance of 1illsAg nfter three
passages in these insecls indienten e absence of replication

TABLE 1. P/N VALUES BY RADIO-IMMUNOASSAY IN
BLOOD MEALS AND BEDBUG SAMPLES

Passage level

1 ‘2 3
Blood meuls 249 51,7 |
1 B2 a5 il-
2 i85 43 {22 s}
3 40,8 39
4 386 1,8
{adividusl 5 433 19
tnigs In | g 354 90
samples .7 386 ' . At
8 386 15"
9 45,1 49
L 10 B 23
Muan for bug saniples 348 30 1,2

¥ Hugntive P/N valusa,

of 1BV in ¢ lecrularins. However, it Is possible that the
exlilosic incubation petlods of 10-13 doys allowed In our
expesiment may have been too short to allww Ihe completion
ol viral multipllentiony within the tissues of the bugs. Far this
tenhun, we plan o repent our experfment using a GO-duy
exlrinsic incubation perind, which is within the range for the
duratlon of Incubation of HBV in {he buman host. .
Bven though it may not be able to supgort blologieal nwilli-
licalion of the virus, . Jesynlarins Is probably of consideralle
mportance as 8 mechanical veelor of HDBV among humans,
e acknowledge with thanks Lhe suggestion of Professor XK.
R. Dumnbell of St Mary's Hozplial, Londos, that we perforne in
experiment of the Lype dnscribeti, and %rnmsion o publish
granted us by the Secretary For Heallh. We are nlso indebie
io Professor J. Desmyter of the Katholieke Universileit fe
Leuven for arcanging for sern to be tesied [or the  antigen
and DNA polymerase fevel. :

P G. Jupp
0. W. i'roresky
§. E. McEliipatt

National Institute for Virofogy
Prtvate Bap

Sandringhnatn

Johannesburg

b Lending Arlele (1979 Dl aned, d., 2, 751
1. zﬁwgr irM;“M. Duwne, A. E. R. sid Shmon, J. B (975} Gawm
e \ .
a1 , O, B , O, W, L 8 E o ol : 5
'rlllm:. 5 fsja. ﬁruky 0. McElligoit 8. Ei o of. {(I976): 5. A
4 dupp, P, G. npd McBllipodl, 5 B, (19791 et . 56, 54,
S, Mtolmnn, B., Prince, A, M. and Guodffrey, I, & (1970: Lavcel, |
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The mechanical transmission of |
hepatitis B virus by the common bedbug
(Cimex lectularius L.) in South Africa

P. G. JUPP, S.E.McELLIGOTT, G.LECATSAS

Summary

Tests for both hepatitls B surface antigen (HBsAg)
and hepatitie eantigen (HBeAp) were carried outon
wild-caught and laboratory-colonlzed beddbugs
(Cimex lectulariug L), the latter after hapatitis B
virus {HBV)-positive blood-meals, Posltivity for both
antigens was interpreted as an indication of HBV
- infectivity, Of 22 poals in which were tested 219 -
bugs. collacted In the northern Transvaal, 18 were
HEsAg-positive and 17 HBeAg-positive, with: asti-
mated infection rates of 156,7 and 137.7 per 1000
bugs respectively, Passage of HBV in bugs, allowing
an extrinsic incubation period of §7-69 days, resulted
Irr 19 qut of 25 bugs being positive for HBsAg after
the flrst passage; only 8 amall number of these ware
positive for HBeAg. After the second passage all
bligs i2sted were HBsAg-negative, showing that the
virus had disappeared. Tests on the salivary glands
and carcass of each bug at intervals up to 31 days
after an infective meal showed a positivity rate of
98% (HB=Ag) and 17% {HBeAg) for carcasses and’
20% {HBsAg) and 0% {HBeAg) for salivaty glands.
Atternpts to detest HBV particles in the salivary
glands by elsctron microscopy falled, Bugs were
shown to tantinye to excrete HBsAg in their fasces
up to the 42nd day, and both HBsAg = ; HBeAg
together up to the 30th day, HBsAg particles were
only detected by electron microscopy In faeces
haryested on thé 10th day. The rasulis as a whole
Indicate that no biclogical multiplication of virus
occurs in C. lectuiarius but thot mechanical trans-
migsion from Ihseéts to man could occur by; ()
contamination of a person when grushing infective

National Institute for Virology, Sandringham, Johannesburg
P, G. JUPP, m.$c..BR.D.

5. E. McELLIGOTT, M1

Department of Medical Microblology, University of Fretoria
. LECATSAS, Mib, nsc.

Thate reerived: 23 Belpary 1982

bugs; () confamination from infected faeces; and
(it} infection by bite gue to regurgitation or inter-
rupted feeding.

- 8 Alr Meg 1 1883: 83; TF-81.

Studies already reperte. from our laboratory have ryovidad a
considerable amount of evidence ta incrimindie the common
bedbug, Ciuex lecialurins L., as o vector of human hepatitis B
vitus (HBV) in South Africa. Hish positivity rates for heparitis B
surfac: antigen {FIBsAg) were shown in bugs collected from huts
located in the northem Trs 1svaal.! In addicion, the results of

- laboratory experiments jndicated that the bug probably trans-

ntits infection mechanicaily between humans and that the virus
does not multiply biologically in the insect.™ Shice that work
was carried out a radio-immunoeassay test for hepatiis e antigen
(HBeAg) has also become available, Siace data obtained for both
HBsAg and HBeAg on a specimen gives a firmer indication th:t
it contains infectious EBV,** further studies were conducted
incorporating both types of test. We thoughe this should provide
stronger evidence as to whether biologicsl or mchanical trans-
mission oceurs, The results of this work are reported in this
paper.

Further hatches of bugs which had been collected in the fiald
at Louis Trichardt in the northern Transvaul #nd stored at
-20°C werz chusen for testing because our previous work! had
shown thart the highest infection rate occurred in bugs collected
in villages at this particular locality. We also repeated out serial
passage of HBYV in bugs to see whether the virus disappeared
during passage, which would indicate a lack of multiplication.
This time we allowed a longer extrinsic Incubation pexiod of
about 60 days, which is within the range for the duration of HEV
incubation in the human host, so as to give the maximum oppor-
tunity for viral multiplication to r. Furthermore, we tesied
borth the salivary glands and tb paionder of each insect at
intervals after an infective mer scertain whether the virus

= could be replicating in these glanus as in the cas2 o an arbovirus,

Lastly. we collected and tested faeces from bugs after an infective
feed to investigate whether virus was excreted in them meking
them a source of infection,

fh
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Material and methods

Ficld collection of bugs

Vedbugs were collected from huts in three villages near Louis
Trizhardt in the northern Transvaal.! They were captured alive,
killad shortly afterwards by freezing and kepr at ~20°C except
during transportation from Pietersburg to Johannesburg when
they were held at 4°C, Before the bugs were processed for virus
assay they were identified and separared into pools, usaatly of 10
insects, according 1o their stage of development (nymph or
adult), their sex in the case of adults, and their state of engorge-

ment. The infection rates per 1 000 bugs we estimated seatisti- |

vally.*

Bedbug colony

Bugs from the colony described previously: wete used for all
the laboratory experiments,

Bedbug feeding

Far all infective meals bugs were fed through a membrane on
defibrinated blood druwn from one patticular donor on the day
of the feed. The membrane feeding was dene as described
before? and the bugs were the., kept in an insectary where the
temperature was 25 - 26°C and the relative humidity 75 - 80%.

Virological techniques

Daxor blood, On the day of each infective feed a serum
specimen was also obiained from the dunor, upon which several
tests were done to confirm that she remained a kighly infectious
HBV carrier. Each specimen was tested for HBsAg, HBeAgand
antibody to HBeAp by radio-immunoassay (RIA) (Ausria I,
procedure B and Abhntt-FH BeTM, Abbott Laboratories) and the
results were interpreted uccording to the manufacturet’s instroe-
tions. In addition, the level of hepatitis B DNA polymerase was
determined.?

Bugsand their salivary glands, In laboratory experiments
bups were killed for antigen ussay at varying intervals after the
infective blood-meal by placing them in 8 -70°C freezer,
where they were stored until processed. Bugs from cither the
field or the laboratory were ground in bovine phosphate albamin
i BPA} (voiume 1,0 ml for pools of 10 nymphs or adults freza the
field and 1,0 ml for single Sth-instar nymphs or adults from e
labaratory colonyl, The homogenates were centrifuged at 3000
rpm tor 30 minutes and the supernatagnts frozen immediately ar
~-2°C, Later they were thawed and tested for HBsAg and
HBeAg by RIA. In experiment 9 the salivary glands were
removed from each adult bups these were processed and tosted
separately from the remainder of the insect (the carcass), which
was treated in the same way as an intact adult bug, Both saitvary
glands were carefully removed from each bug in a drop of BI'A
unider a dissecting mivroscopes one gland was tested by RIA for
HBsAg while the other was vither tested for HBeAg by RIA or
examinea’, under the electron microscope. For RIA u salivary
gland was placed in 0,2 ml BPA in a glass storage viad and
macerated using fine forceps under the microscope, after which
it was centrifuged at 1500 rpm for 5 minutes und stored at
--20°C until tested, For electron microscopy A glaad was placed
on @ plass slide in 2 drop of anti-HBsAp-positive serum diluted
1:10 with sterile svater and allowed 10 dry (the object of the
anti-HBsAg scrum is to agglutinate any viral pacticles, thus
increasing the chaoces of finding them with the microscope),
The dry material on the slide was then rehydroted by adding a
drop of distilled water. To & drop of this solution of lysed ceils
was added a drap of 3% phosphotangstic acid, pH 6,0, and a drop

of this mixture was applied to & carbon-coated grid. Excess fluid
was remaved with filter paper and the dry gric! examined in a
Philips electron mictoscope operated at 80 kV.

Bug facces, Faeces harvested from infected bugs were tested
by RIA for MBsAG and HBeAg. The bugs were kept in cannis-
ters containing two pieces of filter paper unon which they rested
and defaecated, Filier papers were remaoved at intexvals after the
infective feed (see Table IV) and replaced with fresh papers. In
experiments 7 and 8, faeces on each paper were extracted with
0,03 m phosphate bufter, pH 7,0, at 4°C. The extracts were
Iyophilized, dissolved in BPA and tested by [LIA. Inexperiment
9 the faeces were extracted with sterile water instead of buffer.
Several extracts were prepared from each paper, some of which
were rehydrated in 0,5 ml aliquots of BPA and tested by RIA
while others were placed on a glass slide, rehydrated in sterile
water end allowed to dry before being examined for particles of
HBV by negative-contrast electron microscopy as already
described. : _

Scrlal passage experiment. The main purpose of one
experitnent (Ne. 7) was to passage HBV in bugs, This was done
in essentially the same manner ss the earlier passage experi-
ment, Fourth-instar nymphs were fed on blood from the carrier
donor (see Table IT), On the 27th day after this feed when the
bugs had moulted to Fth-instar oymphs 3 bugs were killed,
stored ia @ ~70°C [reszer and subsequently tested singly for
HBsAg and HBeAp. On the 63rd dav 427 bugs were killed and
stored but another 25 were kept alive until the 64th-69th day,
when they were tested for HBsAg and in some cases for HBeAg
as well. The 427 bugs were ground in BPA, 61 bugs per 2 ml and
centrifuged, The supernatant was then added to defibrinated
blood in the proportion of 1:2 to provide the second blood-meal.
A second fresh barch of 4th-instar nymphs was fed on this second
serial blood-meal, a sample of which was tested for HRsAg. On
the %th day 4 of these bugs, now Sth-ingiars, were killed and on
the 57th day another 15. All were then tested for HBsAg, The
results for RIA of HBsAg and HBeAg were expressed as P/N
valegs, i.e. the number of *5I counts for the sample divided by
the number of counts for the negative control,

Restults

snfectivity of field-collected bugs

The proportions of the pools of unengorged and engorged
bugs, adults or nymphs, positive for cach antigen are show. in
Table 1. As can be seen, most or all pools were positive, with a
total of 18 out of 22 positive for HBsAg and 17 out of 22 for
HBeAg. The infection rate for HBsAg was 156,7/1 000 and that
for HReAg 137,771 004, which is extremely high.

Serial passage of HBV in bugs

Table IT gives che result of this experiment. After the fitst
passage only 19 out of 25 insects were HBsAg-positive. Of these
19 nat atl were HBeAg-positive, and bugs with the lower P/N
valyes for HBsAg were negative for HBeAg. After o second
passage, glso with long incubation, the bugs wete ali HBsAg-
negative, indicating the complete disappearance of HBV.

Infectivity of adult bugs and their salivary
glands

The proportion of bug careasses nd their corresponding sali-
vary glands positive for HBsAg and HBeAg in batches of bugs
killed at intervals up .o 31 days after the infective meal is shown
in Table ITI, In the case of three groups of these insects one
salivary gland of the pair was used for electron microscopy
instead of RIA for HBeAg, but no virus particles were detected
in the slides examined representing 3! insects. All except 1
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TABLE |. RESULTS OF HBiAg AND HBeAg TESTS ON BEDRUGS COLLECTED AT MODENA
VILLAGE !N THE LOUIS TRICHARDT AHEA, NORTHERN TRANSVAAL
No. of bugs No. of HBsAg-pos.t HBeAg-pos.}
collected poois {No. of pools) {No. of pools)
Unengorged aciult* 64 7 5 B
Engarged adult as 4 4 4
Unengorged nymph 29 3 3 a
Engcrged nymph 82 2 -5 5
Total 211 22 18 17
*Male and *emale Rdutl bugs weare tastod in Suparate poota byt he. bwo SExEs gave Simitar resuits,
tinfegtian mte 156 7100 huqs astimated gtatistically (94 ang 245 bugs from two ather viliages, La Juma zed Kranspoert
:?gpoclmn fate 13? 7: 4000 for bai antia '
TABLE I1. SERIAL PASSAGE OF HRY !N BEDBUGS*
Passage level 15t passage 2nd passage (day 63)
P/N value of blood-meals 78t _ 30.5
Days after meal 27 64-69 9 57
/ 84,2 (2,9} 34.6 54 1,0-1,1% 1,1-14
27,2 {3.4) 32,9 41 (1,11} {4 bugs) (15 bugs)
1,3t {0, 17.4 3.4 (1,21)
14,9 {28} 29
14,5 23
' 12,2 {1.51) 2.3
! P/N values 12,4 {37} 2,08(1.21)
{Individual bugse) 9.8 (1,71 1,45
8.1 (1.7%) 1.43
7.4 1,4%
63 (14%) 1,31
63 1,3
\ 61
*P-N valups by RIA for HBsAx and HbeAy (i parentheses! oo biopd=meais and bodbog samples texparsnent 7).
Hgpnor load kad the following athez chaoctaristics: HleAq PN = 13,5 anti-HBoAg-neg thap BDNA paly 20,98 % 10 " pmal/himl
Pﬁotl.':nhw g W values.
TABLE ili. TESTS FOR HBsAg and HBeAg IN SALIVARY GLANDS AND CARCASS AND ATTEMPTS TO VISUALIZE
HBY PARTICLES IN SALIVARY GLANDS IN INDIVIDUAL ADULT BEDBUGS {EXPERIMENT )
Days after No of bugs HBsAg-n0s. No. of bugs HBeAg-pos. Elegtron
infective Salivary Salivary microscopy of .
meaf* Carcass gland Carcass gland salivary gland
14 10740 3114 210 oHo N/D
15 10/10 4o &6/10 ND 0/10
21 1010 110 110 0/10 ND
22 13118 513 013 ND 0/13
30 10414 o/ i /1t ND
k3 ) 10/10 /10 1/10 NO b/o
Total 63/64 (98"%h) 13764 {20%} 11/84 {177} (YL 0/23
hrgnnm ri:{l::!ud‘han tho tallowing charaetoristics. HE3Ag P/ - 78,0, HBeAq PN« 16.5: hopatibe & DNA polymeman < 4.4 % 107 pmalhml.
-n e

carcass were HBsAg-positive and 17% were HBeAg-positive,
Although 20% of the salivary glands were HBs Ag-positive, none
wos HBeAg-positive,

Infectivity of bug faeces

The results of tests on the bug facces are given in Table IV,
‘The insects continued to excretc HBsAgup to the42nd day after
the infective blood-mesl {experiment 9) ond both antigens
topether up to the 30th day {cxperiment 7)., This resultof experi-
ment 7 means that the faeces could have remained positive for
hoth antigens for * up 10 27 days after defaecution in the insectary
at 26°C and 75% relative humichty Other faeces harvested in
experiment 9 but not included in Table IV were deliberarely

stored in the insectary after harvesting, and these remained
HBsAg-positive for at least 40 days but HBeAg-positive for only
4 - 6 days after defaacation. Attcmpts to visualize IBV partlclcw
with theelectron microscope in faeces deposited in experimen: 9

were negative except on day 10, when a small 22 nm HBsAg -

particle was detecred (Fig. 1).

Discussion

All the studies so far repnrtcd on the infection of bedbugs (both
the commorn C. Necrularius' ™ and the tropical bedbug €.
hemipterns” ) with HBV have relied entirely on tests for the
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No. of bugs
Experiment Bug giving
NG, instar faeces
7 5th ihatars 500
§th Instars 500
8 Aclults 283
9 Aduits 40
Aduits ¢.Bo

* 1 pmol bt
S0 Aay 32 Bogs were relied an urinfreted dlond
NIY  aot gdare, - positers - pegative

TABLE IV. TESTS FOR HBsAg and HBeAg AND ATTEMPTED VISUALIZATION OF RELATED PARTICLES IN BUG
FAECES STORED AT -70°C ON HARVESTING AFTER INFECTIVE FEEDS IN THREE EXPERIMENTS

Bays
after
infective Electror
meal HBsAg HBeAg ricroscopy
30 + + ND
B84 - ND ND
10 + + ND
15 + + ND
6 + + -
10 + + HBsAg
15-38+ + = -
a2 + - ND
. » - - ND

*Dangr biead i expenmend 3 bad the fofiwng charackensios: HERAQ PN - 6.6 HBOAG PN - 2001 anti-HBGAG-nenalive. and hopatitio B ONA polyorass - 163

Flg. 1. Spherical 22 nm pardicles from badhug faeces negatively
atained with pheaphotungstie acid at pH 6,0 (x 180 000).

presence of HBsAg as ar indication of infectivity and probable
presence of HBV., However, a low HBsAg titre in human serum
is usually considered to itdicar: low infectivity and shsence of
HBV."? Because of this the present series of studies was carried
out, using tests for both HBsAg and HBeAp bevause the pre-
sence uf hoth these antigeas, with HBsAg in high titre, indicares
infections HRV.*FIn this way it has been possible for us to
reach a firmer conclusion s to the mechanical nature of the
transsiiission of HBV by bugs The overall evidence from the
present experiments taken together with the result of the pre-
viaus transmission experiments In our laboraory: suggests that
only mechanical tranamission occurs between bugs end man and
that it can eocur in suveral ways,

‘The lengthy extrinsic incukation period allowed for bugs in
the setial parsage nf HBV lead ta its disappearance in some bugs
after one passage and in all bugs after the second passage. This
i» In contrast o our previous experiment.’ when HBsAg disap-
peared from the hugs only after three short passages. A longer
viral incubation peritd of the duration which muy eccur inman'*
therefore failed to enable biclogival reslication of the virus to
occur in the insects,

The high positivity rate for bath HBsAg and HBeAg deter-
mined in the wild-caught tugs from Louis T'richardt indicotes
that such bugs would probabiy release highly infectious material
if they were crushed by a person. Human infection could prab-
ably result by this method through the contamination of skin

lesions or mucosal surfaces. The presence of both antigens was
also shown in the carcasses of laboratory-infected bugs (Table
II0), although HBeAg was present only in 17% of the sample.

The presence of HBsAg in 20% of the salivary glands of the
inhoratory infected bugs (Tabie 111D but the complete absence of
HBeAg indicates that HBV is not muktiplying in these glands as
it should if it were a true arbovirus. Furthermore, if HBV wete
replicating, virus particles (i.e. Danc patticies as well as the
smatler 22 nm particles) should have been present in sufficient
quantity to be visualized under the electron ticroscope. Nothing
was detected, so virus particles — perhaps only the 22 am
pacticles — mast have ocenrred nt concentrations befow 105/ml.

‘Taylor and Morrison! showed that facces from ¢, lecndarins
remained HBsAg-positive for up to 35 days after an infective
feed. In our experiments we detected noth HBsAgand HBeAg in
such faeses at intervals up 1o the 30th day after the feed, L2, up te
23 days after defaccation. Hence it appears that hug facces
contain HBV and that they could serve as a means of spreading
HBV to man by contamination, as suggested by Opston and
London," who showed that HBsAg was excreted in the facces of
€. hemipterys. 1ntection of a susceptible person by means of the
faeces could occur by scratching of skin lesions or mucosal
surfaces or by inhalaton of faecal dust, Our results as a whole
indicate that the amount of virus excreted in the faeces decreases
with time; since HBsAg particles were detected by electron
microscopy in facces collected on the 10th day after the infective
meal, it would appear that the waximum leve) of HBYV was
reached at that time with more than 10% particles per millilirre
present.

In conclusion, the results of our study indicats that oo bislogi-
cal multiplication of HBV oceurs in ¢, lectwfaring and that
transmission from insects to man s entirely mechanival, taking
place by three probable routes: () contamination of'a person who
crushes infycrive bugs; () contamination from infected Facces,
especiarly by scratching of hites; and (i#) infection by bite, in
which infzctive material is probably repurgitated from the gutor
berause of interrupted feeding, Regurgitation has bean sbserved
in Rhodnius prolivust® and probably sceurs in bedbugs, Inter-
rupted feeding has becn observed in G fectilarius, 'V and it is
likely that & bug might start to feed on one person but complete
its medl on & recond person sleeping nearhy.

We wish to thank Mr L. A, 8. vin Wk, formerly of the Pieters-
burg office of the State Health Department, for arranging the bed-
bugcollections, Mr, (3. M. T. Moeerdyk of the South African Burcan
of Standards for supplying hedbmgs, and Professor O, W', Prozesky
of the National Institute for Virology for his helpfil suggestions and
encouragement. Lastly we thank Dr ], de Beer, Direcior-General of
the Departrnent of Health and Wel(are, for permission to pubslish.
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Detection of multiple blood-meals in experimentally
fed bedbugs (Hemiptera: Cimicidae)

by
PETER G. JUPE and GAROLYN WILLIAMSON

Natiopal Institute for Virology, Deparement of Virology, University of the Witwatersrand,
Private Bag X4, Sandeingham 2131

‘The Llood-meals of bedbuge (Gimer fectelavins) wore examined for seeum
protein haptuglobing (HP) in arder to tetect potential multiple feeding by these
insects. Hp types 2.1 and a2 and mualdple leeds on both these types of blood
wete detectable up to at least 24 h after experimental feeding. Ifnatural multiple
feeds i bugs which have fod o human hosts with different Hp types can be
detected this wunld indicace the fikelilood of hepatitis B virus being cransmicted
mechunically between humans by jnterrupted feeding,

INTRODUCTION

Studiey have indicated that bedbugs (Cimex leciulariuy L and Cimex hemiplerus
[Fabr]) may be vectors of hepatitis B virus (HBV) among the human population in
vertain paris of Santh and West Africa. Among such studies, i vitm vector competence
experiments irdicated that these insects could be capable of transmitting the virns (fupp
& MceEligott 1970: Jupp o al. 1983; Opston & of. 1974; Ogston 1g81), More recently,
Jupp et al. {in press} carried out i pire experiments in which they attempted to transmit
HBV to chimpanzees by the bite of € lederins. In the 2 experiments with
£ fectuburing, which were unsuccessfitl, a ro day perind was allowed to elapse tu permit
digestion of Mood, egg development and oviposition before the bugs were refed on
suseeptible chinipanzees, However, it is possible that mechanical transmission hetween
humins could oveur by interrupted feeding. In such instanves thete would be an inverval
lasting only a lw minutes hetween the start of feeding on an HBV carricr and the
completion of the blood-meal on 2 now-immune person,

Althouglt there is some evidenve that mntercupted foeding may oceur in the
wboratory {Dickerson & Laveipierre, 1g56), it s not known whether it oceurs under
matural conditions. One, and perhaps the only, way of proving whether interrupted or
muitiple feeds oceur in bedbugs would be to collect engorged bugs in the field and
demeonstrate the presence of blood that originated from 2 different host individuals in
sucl insects. By identifping the serum protein haptoglobin (Hp) types present in
blood-meaks, Boreham of al (1978} have shown that a significant proportion of meals
taken in the field by anthrapophilic papulations of mosquitoes may he multiple ones,
There are 3 main haptoglobin (Hp) types in humans, 2.2, 2.1 and 1.1, although same
peope have no haptoglobins 2nd ure designated o0, Bureham ard Lenahan (1976)
identified multiple feeds by the detection of 2 different Hyp types representing 2 human
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hosts present in one mosquito blood-meal, Tlie present paper desceibes the use of the Hp
system to deteet experimiental multiple feeds in the common hedbug, Ciinex leetidarius 1.,

MATERIAIL and METHODS
Haptoglobin identification

The haptoglobing were analysed by pradient gel electrophoresis in aon-
denaturing vertical gels essenfially as described by Bereham and Lenaban (1976), The
day prior 1o testing the hedbug speeimens were transfesred Trom liquid niteogen w a
freezer av —50°CL Blood-meat samples were oliained by custing off the bug’s abdomen
and submerging it in sopuf of electrophoresis builer (o0Bpd tris/o.oBgd boric
acid/o,uo2d EDTA) containing 15% glycerol. The sample was then lightly homuoge-
nized, the sofid renants reruoved and the sample of bloed loaded on to the gel using

 Hamilton syrnge. The control serum samples were prepared by soaking Whatman

Number ¢ filter paper rectangies (8 X 6 mm) in 1he sera and inserdng them into the pel,
The Biv-Rad Protea IT vertical slab gel coll whiely wis nsed s 6o mm in lengrh and is
iitted with a central cooling core,

Gradient gels with various concentrations of polyacrylanide were rompaved in
the electrophoresis in oxder to abtain the best resolution of the haptoglobin bands.
Cradients of 5-28%. - 12% and 5-10% were compared with and without the use ol a
3.5% stacking gel, The best results were obtained using o 4-12% gradient pel with a
3.5% stacking gel. A series of gels were run for various times at various currents and it
wits found Lest vo run gels avernight at 30 mA, Higher curvents caused teating of the gel
and reducesd resolution of the bands in spite of cellcoaling. Gels were electrophoresed
until the red haemoglobin band veached the bottom of the gel, Lt was found necessary to
clectrophorese at 4°C with cold water cireulating chrouglt the central core of the
electraphoreids eell, After electrophoresis the gel was remaved from the cell and stained
with aolidine for the peroxidase activity of haemoglobin as deseribed by Borcham and
Lenahan (16%6),

Bedbugs and artificial feeding

The hedbugs used in the laboratory experiment came from a labaratory colony
o O, lertaderins maintained by the South African Bureau of Standards and were housed
in an insectury throughout the experiment at 26°C and 75-H0% relative humidity, Adult
mile und female ugs were {ed through a membrane as previously described (Jupp &
MeEligott o) exceps thutt the blood-meal consisted of defilwinated blood of knewn
Hyp type and the membrane used was of siretehed parafiln, Three tubes each containing
an bugs were allowet] to levd i pach of 3 proups as follows: (1) fed on bload of Hp type
2.1, (2} fed ou bluod of Hp type 2,2, (3] et s an equal mixture of Hp type 2.t and 2.2,
i) the bugs were allowed (o teed for 3 min on Hp .t helore hetng transferred to blood
ol type 2.2, Growp () represented an interrnptedd feed. A sainple of bups from each group
}vmrsmrﬂl in liguid nitrogen immediatly wlier feeding (o h), at 2 1 and ut 24 b afer
ceding, :

RESULTS
Fig. 1 shows the first gel developed in the faboratory experiment, Four bugs
were tested at three different intervals alter feeding, Meals of blood which was Hp type
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Fig. 1. Chex lechularins fed in the Jaboratory: gradient ge! electropharesis of haptoglobins in
bload«meals.
Tanes 1, 2 and 5§ pee serum controls of Hp :gpes 2.1, %2 and a mixtuee of 2.1 and 2.2
respectively, Lanes 4-7 ave meals from bugs fixd on Hp types 2.1, 2.2, a mixture of 2.1 and
2.2 and a multipte feed on 2.1 and @2 with the bugs baving heen kilted and stored in liguid
nitrpgen immediately after feeding. Lanes B-11 and 12-15 are the same cavegorics at 1z b
and 24 h after feeding respectively.

2,1, type 2.2, an equal mixture of types 2.1 and 2.2 as well as a multiple meal on types
2.1 and 2.2 could all be ilentified up to 24 h after feeding, The whole experiment was
repeated and the second gel obtained was vi sy similar to the first.

DISCUSSION

Bolyacrylamide gradient gel electropharesis proved a suitable method for
determining Hp types ix blood-meals of a laboratory colony of G, Zertularius, Multiple
blood-raeals were clearly distinguishable in laboratory-reared bedbugs that had fed on a
mixtare of Hp types a.t and 2.2 and the haptoglobins were stable in the gut of
€. lectularius for at least 24 h alter feeding.

Tt is thought that analysis of the blood-meals of bedbugs collected from a hut
oeeupied by hosts with differing Hp {ypes would permit any multiple feeds to be
identified provided 2 host was not Hp 0.0, It would not he pessible to detect multiple
feeds involving type 0.0, as this type with no haptoglobin would not show up in a mixed
meal. If thiz study is to he continued it would he necessary to identify a number of such
huts which would also have to be heavily infested with bedbugs.
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manipuiate the heint 10 Tegencate damag-
ed cells afier injury.

The work had its beginnings in 1981
when we found that a protein {chalone)
isolated from adult bovine hearts had the
ability 1o inhibit growth {defincd here as
replication or DNA synthesis} of heans in
new-borm hamslers.! The characterizalion
of this protein showed it to be very lasge,
with a molecular weight of approximately
720 000 daltons, and consisting of carbon-
hydrate moeities attached to four protein
subunits.?

Radiolahelled chalone was injected into
new-born hamsters and found subsequently
1o be associated only with the hearts of
these animals, indicating target specificity.
This rissue specificity, but lack of species
specificity, is a prerequisite Tor all chalones.
Further work showed that the chalone was
bound to the ntclear matrix of the heart
cells == a protein skeleton found in the
nucleus. Isolation of this matrix followed
by binding experiments with cha'one in-
dicated the presence of recepior; for the

Vol 81 April 1983

chalone on the matrix.

We have been able 16 holaie a nuclear
matrix preparation from hearts that havan
endogenous DNA synthesis activity and we
found that addition of chalone to 1his
systers strongly inhibits DNA synshesis.

Recent cvidence has indicated that
replication is inflinted on the nuclear matrix
and . .trefore we have concluded that sinee
the myocardial chalone binds lo this matrix
and inhibits DNA synthesis therz, the
chalone must be a specific myocardial
mitetic inhibitor. Further evidence 1o sup-
port this hypothesis was obtained when we
succeeded in separating the major cell types
of the heart, namely the cardiornyocvies
{contractile} cells and the non-contractile
cells (mainly ibrobiasts). The chalone was
found to inhibit DNA synthesis in nuclei
and nuclear malrix preparations of only the
cardiornyocytes. These results were extend-
ed to cultured cells, with which it was found
that chalone inhibited replication in both
primary cultures of cardiomyocytes and an
established cardiomyocyie line, but not in

primary cultures of Tibroblsis or fibroblast
vefl Yines. These flindings are strongly sug-
gestive of the presence of receptors for the
chalone on myocyte nuclear malrices, b ap-
pears that when these receptors are ac~
tivaled by chalone, replication in thexe cells
is inhibited.

Our group has also developed polyctonal
and monoclonal antibodies 1o the chalone,
with which we plan to characterize the
molecule still further, In addition we inlend
to attempt 10 establish the exact source of
the chatone. This knowledge may allow us
to manipulate chalone vonceniration and
could possibly lead to the therapeuric
regeneralion of contraciile heari muscle,
Clearly much is stil} to be learnt about this
protein, but we hope that this work may
become of benefit 1o vivtims of myocardial
infarction.

1. Kriek J.A., Van der Walt B.). and Beser A ).
(1981}, Prov. notn, Aced. 5c. U5 A N,
4151 - 4164,

A Kriek 1A, Van der Wah B.J., Yan Helden P D,
Bruer A.)., and Merrilicld E.H. (19, Brockem
Biophys. Res. Commun. 104, 329 - 335

Infection of Wild Papulations of the Tampan,
Ornithodoros moubata Murray, with Hepatitis B Virus
in the Kavango, Northern Namibia

LJ. Joubert*, P.G. Jupp, O.W. Prozesky and J.G.H, Lourens

A high positivity ratg to hepatitis B virus
{HBYV), as measured by various markers,
particularly the vival sorface antigen
(HBsAp) and antibodies to this antipen
{anti-HBs), has been zeported for the
human population of the tercitories in nor-

thern Namibia berdering on Angoia.'? jn -

the case of Kavango, this Minding has
recently heen confirmed and extended
by ust and particular attention drawn to
the exceptionally high positivity rate
{95.5 — 99.4%) in the local population. The
mmeans whereby the virus is transmitted so
elfectively is unknown. The bedbug, Cimex
lectularis I, may be a mechanical vector of
HBY in tropical and subtropical areas of
South Africa*’ and possibly also in the
Kavango. However, the much higher
prevalence of tampans, Oraithodoros
mowhata Murray, in this area, which infest
ahout 80% of the huts of the local popula-
tion, jed us 10 investigate theve argasid ticks
as possible vectors. Tampans were iested
for the presence of HBsAR and hepatitis e
antigen {HBeAp) as indicators of HBV in-
fection. These tichy inhatit the sand Noory
of the huts, leed evciuively on human

&

bipod, and are well-known a5 the vectors
of Borrelia duttonii, the cause of endemic
relapsing fever. This disease was reported
in the Kavango by Qrdman* in 1957 and
is still prevalent {G. Newlands, personal
communication),

Materials and methods

From January o April, 19583, tampans
were collected from 33 different wards in
all five tribal areas in the Kavango, name-
Iy Kuangali, Mbunza, Shambyu, Geiriku
and Mbukushu, These localities ranged
from Namumiunty neat the Ovamboland
border in the west, to Baganl near the
border of the western Caprivi in the east.
A ward is defined as a cluster of households
under the jurisdiction of a local headman.
Most of the samples were taken in a strip,
about § km wide, along the banks of the
Okavanga river where more than 70%e of
the population is concentrated.” The tam-
pans collected were separated avcording 1o
ward and transported by air to Pretoria
where they were killed and stored n liquid
nitrogen until they could be tested. On the
day of westing they were wentifusd and

-separaled into pools, which contained up

1o five ticks, according 1o stage of develop-
ment (nymph or adult) and sizie of
engorgement. Each pool was homogenis-
ed in 1 mi of bovine phosphate atbumen
(pH 7.0} and centrifuged. The resulling
supernatant was subseguenily tested for
HBsAg and HBeAg by radio-itnmunoassay
{R1A) (Ausria, Abbott Laboratories, North
Chicago). Infzction rates for the ticks were
estimalted statistically using the method of
Chiang and Reecves*

Results ard discussion

The results of the survey for the presence
of HBsAg and HBeAg in the different
pools of tampans collected at different
localities are shown in Table 1. Seventy-
eight pools were HBsAg-poshive and It
povis HBeAg-pasitive from the 33 different
wards. The overall infection rate per 1 000
ticks lor unengorged tampans was 142.1
and that for engorged tampans 191.2. All
the HBsAg infection rates determined in
this study were considerably higher than
those First determined for bedbugs from the
northern Transvaal. However, a similar
HBsAg infection rate was later reported lor
bedbugs collected in Modena village in the
Louis Trichardt area (156.7) and a higher
infection rate for HBeAg {137.7).*

This prevalence of HBsAg in natural
lampan populations, as well as the presence
of HBeAg in ticks from two of the tribal

The authots are in the Departments of Medweal
Abcrobiology and Medical Virology, Uni eni-
& of Pretona, Pretona 0002, and the Natonal
Instatute fur Virologs, Sandringham, Johannes.
burg,

*Authaer Lar currespandence.
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Tabie 1. Resulis of HEsA and HBeAg tests on Drnithodores moubate tollected in the Ravango.

Proporiion
of wards  Linenporged Aduols :
with ) or {A) or Nopools  Infection  Nopools  Infeciion
HBsAG(+) tngorged nymphs  No,tampans HEAG rale per . of HBeAg  rate per
‘Tribal aten lampans {E) MN) eallzcted No. pooks (+) 1 000 i+) 1800
Kuosngai 676 E A } 1 1
U A 9 3 3 2753 0 0
+ E N 0 o D
U N 26 6 4
10 ]
Mbunza 576 E A ¢] @ 0
u A 10 2 2 107.9 0 0
E N 3 1 H
u N 100 20 7
23 10
Shambyu s E. A 1 1 0
u A 23 5 ] 129.5 0 0
E N ] 0 0
|4 N &7 14 10
20 10
Geiriku 10712 E A 18 5 4 i
U A 1% 5 4 2153 0 6.8
E N 3 ] 1 0
u N 128 26 17 2
37 26
Mbuhushy 474 x A 30 6 2 2 _
U A 20 4 2 12,6 0 34.3
E N 54 n 8 L]
u N 1 29 2
50 24
Toial: &50 14¢ % 150.4 11 26,7

areas, suggests that the tampan may play
a role as a méchanical vector in the
disseminaiion of the virus in the Kavango
similar to that of ihe bedbug in the north-
ern Transvaal. Freliminary experiments
with tampans in the laboralory suggest that
the virus doess not muliiply in these
arachnids. Infection could probably be ac-
fuired by crushing an infected tick on one’s
person, Alternatively, infection mighi
occur as the result of a bite, owing t~ the
survival of virus on the tick™s mounthparts.
Such sunvival would be favoured by HBEV's
relatively high resistance to desiceation and
elevated temperatures.®® Whether the
virus is present in the coxal fluid of infected
ticks needs 1o be determined, since this
could be a means ol mechanical
transmission.

Exposore of infecied tarapans in the
Kavango may be promoted by the local
habii of frequently chanping slegping

guarters oul of fear of witcheraft. The
cusiom of moving the whale kraal 10 a new
locality after a death, a practice formerly
prevalent in the Kavango, has now become
absolete, This habit may have served as a
preventive measure against the spread of
the virus in that tampans infected with Bor-
relia durtonii and, perhaps, HBY wereleft
behind in the rove,

We thaok the Director of Health and
Welfarg, S.W.A. Administration, for per-
mission to carry out this study, General
C.F. Schegpers and Brig, E.Q. Prinsloo of
the S.A. Medica) Services for arranging sir
transport, and Messrs I, la Grange and E.
Steyn for cooperation with the Nield work.
This work is supported by a grant from the
Medical Research Council,
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An experimental assessment of the tampan tick
Ornithodoros moubata as vector of hepatitis B virus

P. G. JUPP, J. 1. JOUBERT,* A, J. CORNEL, C, SWANEVELDER" and

0. W. PROZESKYY Department of Virology, University of the Witwatersrand, and
National Institute for Virology, Johannushurg, *Department of Medical Microbiology,
University of Pretoria, and tDepartment of Medical Virology, University of Pretoria,

ABSTRACT, Wild-caught and colonized tampan ticks, Ornithodoros
moubata (Murray), were fed on hepatitis B virus (HBV)-positive blood-

Hepatitis B surface antigen (HBsAg) persisted in nymphal and adult
ticks for up to 779 days, while the epsmark antigen (HBeAg) persisted in
mature nymphs up to 13 days, in adult males up to 11 days and in adult
females up to 16 days. HBsAg was transmitted trans-stadially through two
moults during the life cycle but transovarial transmission did not occur.
The surface antigen was transmitted by two out of fifteen single ticks into
0.4 ml aliquots of HBV-negative blood, although six groups of ticks failed
to transmit into 5.5 ml aliquots of blood: this antigen was not transmitted
to hamsters. HBsAg was detected in samples of the ticks’ coxal and rectal
fluid secretions always at the infecting feed and usvally at the second feed.
HBeAg was only detected in one of two samples of coxal fluid collected at

The results as a whole indicate that no bioclogical multiplication of virus
oceurs 1 O.moubata but that mechanical transmission from ticks to man
could occur by; (i) contamination of a person when crushing infected ticks;
(ii} infection by bite; (iil) contamination with coxal fluld, especially by
scratching bites, This is thought to take place among the Kavango tribe in
their village huts in north-egstern Namibia where infestations of infected

Key words. Argasidae, ticks, Ornithodoros moubata, hepatitis B virus,

South Africa
means in a series of four experiments.
the infzcting feed.
O.moubata oceur.
mechanical transmission, Namibia,
Intreduction

Namibia bordering on Angola had a high

Two earlier studies showed that the human
population of the territories of Northern

Correspondence: Dr P, G. Jupp, De, 0t of
Virology, University of the Witwaterstaud, and
National Iastitute for Virology, York Rord, Park-
town, Johannesburg 2193, South Africa.

positivity rate for hepatitis B virus (HBV) (Ber-
sohn et al,, 1974; Baotha et al., 1984), In 1985
further observations were reported in regard to
one of these territories, the Kavango region,
situated in: the north-eastern corner of the coun-
try. These showed that only 1.9%% of the subjects
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tested were negative for all the HBV markers
used indicating that infectfon had been present
at some stage in 98.1% of the sample (Joubert e
al., 1985a). Since pone of the usual transmission
methads for HBV seemed to explain this high
positivity rate in Kavango, the hut tampan tick,
Ornithadoroy moubata (Murray) sensu Walton
1962 (Acari: Argasidae) came under considera-
tion es a possible vector. This argasid tick was
found to be very prevalent, oceurring in about
80% of the huts of the local people where
it also ~ats as s vector of Borrelia duttont (Novy
& Knapp) the canse of relapsing faver (Joubert
ef al., 1985b), Samples of tampans werc col-
lected in hats and infection rates of 150.4 and
26.4 per 1000 ticks were demonstrated for the
HBsAg and HBeAg respectively in these ticks
(Joubert et af,, 1985b). These high infection
rates suggested the tampan probably acted as a
mechanical vector of HBV in a similar manner to
that in which the bedbug, Cimex lecrularius L.,
probably acts in the northern Transvaal (Jupy et
al. . 1983). It was thorefore decided to assess the
vector competetice of O.motbeta jn the labora-
tory to see whether such experiments would pro-
vide further evidence Incriminating it as a vector
of HqBV'

Lifa cyele

The following hrief Gescription of the life cycle
of the hut tampan is included so that the
remainder of the paper ¢an be more readily com-
prehended. Itis based on a review by Hoogstraal
{1956) as well as observations by Walton (1959)
and ourselvet (unpublished) which all des! with
ticks in the laboratory; there are almost no
recards for the ife cycle under natural condi-
tions. Copulation eccurs before, during or after
feeding. The hut tampan feeds exclusively on
uman blood, the male whick is much smailer
than the femple taking a correspondingly smaller
meal. As a result of taking 2 rapid blsod-meal,
the adult male moults while the female deposits
a batch of eggs In or on the soil. A semi-active
larva hatches from the egg rnd then becomes
inactive vatil it moults o the first nymph. The
first nymph, after ashort rest, feeds onan availa-
ble host for about half an bour, then returns to
the soll to digest its meal. Subsequently the
nymphs moult usually three times (those
destined to become males) or four times (those
dastined to become females), with resting and

feeding phaszs between each ecdysis. The adults

ustge from the last moult and have hidi- zand
« ding habits similar to those of the nymphs,
Up to about 93 days are necessary for comple-
tion of the life cycle from copulation to
emergence of the last famales of the next genera-
tiv: and the ticks have a longevity of 14 months
to 5 years, Coxal fluid is discharged from a coxal
organ through a duct which passes between the
first and second legs on each sule of the body.
This discharge starts about 15 min after feeding
has begun and continnes tili completion of the
meal and intermittently for about 1 h after-
wards, The tick osmoregulates by secreting *he
coxal flujd in order to maintain the ionic bala..ce
of its haemolymph which is particularly necess-
aty after a blood-meal. The: coxal fluid is hypo-
tonic with the haemolymph (Hagan et al,, 1982;
Kaufman & Sauer, 1982). Defecation does not
aecur in the tampan as the smal) intestine has a
blind ending. However, excretion is carried out
by the malpighian tubes which connect to a rec-
tal ampulia Jocated posteriorly with a ventro-
postetior opsning, Excretion of water as a vhite
viscous rectal fluid (‘urination') takes place
oceesionally during but always after each blood-
meal and also sometimes when a tick is
df *urbed,

Muterials and Methods
Ticks

Field-collected ticks from the Kavango were
used in experiments ! and 2, some of which
might have been naturally infected with HBV,
To eliminate this possibility the F; generation of
an HBV-frec tick colony (OM 1) was used for
expetiments 3 and 4, This colony was established
by isolating thirty-one Rundu female ticks in
separate tubes, also subseguently keeping their
epp batches separate. After each egg batch had
hatched a sample of five flrst nymphs was
removed and tested for HBsAg negativity, The
colony and ticks used for experiments 3 and 4
were kept in 2n insectary where conditions were
25-26°C and relative bumidity 75-B0°C. In
experiments 1 and 2, after their infective feed,
the ticks were held at a high humidity in plastic
boxes kept at 28-30°C for 60 days and thereafter
at 21“C. The tampuns were maintained in fine
sand inside plastic tubes, 6 cm high and 4.5 cm
dinmeter, closed with Organdy mesh,




Tick feeding

For all infective meals ticks were fed througha
membrane on defibrinated blood drawn from
one or two HRV-carrier-donors on the day of
the feed, This membrane feeding was canied out
in the insectary, largely as described previously
for bedbugs (Jupp & McElligott, 1979). Diifer-
ences were that biood was warmed to 37°C and
stretched Parafilm was used for membranes in
experiments 3 and 4 rather than Budruche
because a higher proportion of the ticks were
found to feed through the Parafilm. In vifro
attempts to transmit HBVY were done by refeed-
ing infected ticks on HB V-negative defibrinated
biood, also through a membrane. In vive
attempts were carried out by refeeding the ticks
on hamsters. The latter were anaesthetized and
canisters containing the ticks, 4.0 ¢cm diameter
and 2,5 cm high with Organdy lids, were glued
to the hamsters shaved abdomens.

Virological technigues

Donor bload, On the day of each infective
feed a serum specimen was also obtained from
the denor, upon which five tests were done to
confirm that he was still a highly infectious HBY
carrler, Each sperimen was tested for HBsAg,
HBeAg, Antisluss, Anti-HBe and Anti-HBcby
solid phase radio-inamunoassay 'AUSRIA IT',
‘HBeTM’, ‘AUSAB’, HBeTM' and ‘CORAB’,
Ahbbott, Chicago).

Ticks. Tampans were killed for antigen assay
at varying infervals after the infecting meal,
enough time usually being allowe. for oviposi-
tion by females or moniting by males and
nymphs. Those tizks wiuch fed a second time in
the transmission tests were killed the same day
or up to 3 days after this feed. First stage
nymphs, the progeny of infected females, were
kitled a few days after hatehing. Tampans were
killed by placing them in a ~70°C freezer where
they were stored until extract- could be prepared
frem them for antigen assay, For this, each a-ult
or mature nymph or pool of fifty .rst-stage
nymphs was homogenized in 1 ml bovine phos-
phate albumin, centrifeged at 3000 rpm for
30 min, and the supernatant frozen immediately
at —=70°C, Later they were thawed and tested
from HBsAg and HEeAg. Six adulis or maturs
nympha! ticks whicr. had dot received an infect-
ing meal weie ulse tesed individually as
controis,
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Transmission experimenis. In the attempts to
trunsmit antigen to HBV-negative blood, such
blood was obtained from aporopriate donaors.
Samples of blead which had been exposed to
infected ticks were tested for HBsAg and
HBeAg along with control samples of the same
blond which had remained vmexposed, The
har.sters used i transmission attempts were
dled to obtain sera 2 days before and 21 and 61
days after the transmission feed. Swra were
tested for HBsAg and Anti-FBs.

Coxal and rectal fluids. Coxal fluid was col-
lected immediately after a mature nymph or
adult tampan had finished fee¢ ding. Ticks were
removed from membrane-feeding canisters or
hamsters and transferred to empiy plastic tubes
from which coxal and also rectal fluid could be
drawn np by means of fine glass capillary tubes.

Each sample of these fluids obrained came
from a group of ticks and in some cases were
diluted slightly wi  uormal saline to bring
volumeés up to 8.4 ml before freezing the speci-
men 2f =70°C, These fluids were subsequently
tested for HBsAg and HBeAg.

Results
Infectivity of adults and nymphs

Table 1 shows the autigen positivity rates for
three experiments in which adult and nymphal
ticks were given an infective meat and tested at
various intervals afterwards. Every tick killed
from day 16 till day 779 (2 vears 49 days) was
HBsAg-positive except one solitary individual,
but all were HBeAg-negative, As some of the
adults were nymphs and the mature nymphs a
younger nymphal stage when given the infertive
meal, trans-stadial transmission of the su..4ce
antiger through one moult had occurred. The six
control ticks which had not f:d on infective
blood were HBsAg-negat.ve, In experiment 3
infective blood came from two carriers, I4+I1,
who had re.eived transplanted kidneys. Ticks
fed on bloed trom donor I failed to moult or
failed to complete their moulting, the females
failed to deposit egps and many of the ticks were
dead within 30 days. On the other hand, ticks fed
on denor II's blood remained perfectly herlihy
and moulted or deposited their eggs, Ani. ury
as to the medicine being taken by each dunor
revegled that donor I's preseription included
Cyclosporin A while donor II's did not,
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TABLE t. Tests for HBsAp and FlBeAp in ticks at various intervuls after infective mouls.*

Experiment no, Tick staget

{incuhation temperature)

1 {28300, 210+ Ficld nymphs/
adults

2 (28-30°C, 21°C) Fiedd nymphs!
wdults

Colony OM-1
Matune nymphs
Mutw e nymple
Males
Females

Drays after Nu. of ticks No. of ticks
inlective meal HBsAg-pos, HBeAg-pos,
16-55 o 2um /24

55-TH 40/40 Not done
1627 45445 (V45

57-742 2424 Not done
2327 L1 U1

3437 3536 0136

337 K PN 131

34-37 454 054

* Ponur blood had the tallowing characteristies: HBsAg-pus,, HBeAp-pos., Anti-HBs-neg,, Anti-HBe-neg.,

Anti-HBe- s,
T Stage of tick tested For untipens.

1 In thivs., experiments ticks were held at 28-30°C for 60 days and subsequently at 21°C.

Cyclosporin A inhibits protein synthesis and
thus appears to have interfered with the normal
metabolism of the tampans in group I.

Since the ticks in experiments 1, 2 and 3,
which all turned out HBe Ap-negative, were only
killed tor assay from day 16 onwards. it was
decided to andertake unother expeviment (no,
4). This was 1 determine how fong the TIBeAp
remained detectable after the infeetive meat up
until day 16, The results are shown in Tables 2
and 3 for individual ticks which had fed on blond
from donors A and B respectively. and which
were killed for assa 7 on successive days, In Table
2 it can be seen that, althoogh the surtace anti-
pen was always detected, the ¢ antigen disap-
peared in females after day 12 and in males and
nymphs after day 7, In contrast to this, in Table 3
tivks whicn fed on donor B, 902 (44/39) of
whivh were HBsAp-positive, remained IBaAp-
positive for longer, The antipen disappeared in
nymphs alterday 13, in makes nfter day L1, but in
females one of two ticks was still positive on day
16. Thus these results considerad tagether with

the findings of experiments | and 2 indieate that
the 16th day is probably the limit of persistence
of the HBeAg in ticks held at 25-26°C,

In vivw of the trans-stadial transmission of
HbsAg through one moult which occurred in
experiments {-3, it was decided to ascertain
whether this antigen would be transmitted
through two moults. To do this some of the
nymphal ticks which had been given an infective
meql in expe riment 4 were allowed to moult and
on the 158th doy post infeetion they were refed
on uninfected blood. These tampans subse-
quently moulted a seeond tims and on the 173rd
day were killed and fested, Alt of the sample of
eleven Heks, two nymphs and nine adults. were
HBsAg-positive cxeept one of the nymphs.

Transmission attempts

In two experiments attempts were made to
transmit HRBsAp fror HBV-positive to HBV-
negative blead (Tuble 4). Ticks were either fod
singly onsmall volumes of uninfected blood orin

TABLE 2. Exoutitoent 3: tests lor ITHs A (5) and Eibe Ap o) in tigks killed daily sfter infective feed on hlood from

donor A, -+, positive; -, pogatives NI, po test doge.,

Days after infective meal

05 e 7 ¢y
Antigens: S e % e ose s oe oo
Nymph 4+ b b k- b
Male L N
Females + + + + + <« + 4 3+ -

+ + F b o+ + - =

P

TN

Sl e T oy

- ND + = 4~ L+ 3~ ND

~ + ~ NP ND N ND NI

I T T .

I G R BRI S S
+ o+ o+ -

* From duy [2 onward s some of the nvmphs hisd mouited to adults,

St
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P Y N,
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25% 40



©

Ornithodoros moubuty and hepatitis B virus 365

TABLE 3. Experiment 4: tests for HBsAg (s) and HBeAp (e} in ticks kilted daily after infective feed on blood
from donor B. +, posltive; -, negative; ND, ne test done,

BPays after infective meul

e T s e T e
Anligens: % ¢ 0§ 5 B X oC 5 € 5 ¢ 5 ¢
Nymph  + + + + 4 4+ —~ 4+ = + = ND
Male S S B I T R
. 4w
Females + + + + + + + « 4 4 4+ + + - + 4+ + 4+ + + + + + -
I T N R T S G T TR S N T R A

+ ND + -

+ -

TABLE 4. Attempts 1o teansmit HBsAg antigens from HBV-positive to HRV»

negative blond by hita of O.moubmrg,

Expt Days after . Vol, negative

no, infegtive blood used per
e samele (m)
2 21 0.55-0.65
o 4.5
3 it b4
5.5

No. HBsAg:pos, No. samples
ticks fed on beeomitig
each blond meal HbsAp-pos.
1 0/

1 /3

i 2115

20 06

groups on larger volumes 27 or 31 days after the
infective feed. In experiment 3, two out of
fifteen (13921 individual teks - a female und a
mature nymph - transmitted the surface antigen
while feeding on 0.4 ml aliquots of blood on the
Alst day. The fifteen ticks consisted of ten
females. two males and three mature nymphs.
The six groups of ticks which failed to transmit in
the same experiment (3) while feading an 3.5 mt
aliquots were six males, eipht females, sixteen
females, seventeen females, nineteen mature
nymphs and a mixture of twenty males and
matare nymphs, Assay for antigens in all the
ticks stfter they had been killed the same day or

1~3 days after the fransmission attempt showed
they were all HBsAg-positive but HBeAg-
negutive,

The results of four attempts to trensmit to
hamsters by the bites of HBsAg-positive adults
{§ females., 15 males) and thiricen mature
nymphs which liad been infected 30 or 63 days
praviously. inl some cases ot an earlier deve'np-
mental stage, were unsucecssful.

Infecrivity &f coxal urd rectal fluids

Tests tor antigens in coxal and reetal fluids
collected from the ticks after feeding revealed

TABLE 5. Tests for HBsAg aod HBeAg in samples of coxal und re 1| fwids coflected
from growps of mature nymphs/adadt ricks dircetly alter the infectin, meal (1st) or the
uninfected meal (Ind).

Fhuidl Expt no, Meal

Days after

N No. samples
infective meal LN

S HBsAgpos.  HBeAgpes.
Cuxal ) : \

3 Ind il 3 s
3 dnd 6 s 02
3 Znd o3 112 ND
) 1st 0 32 a*
Rectal a Ind Kl Ah W
fst 0 o w2

* Marpinal,
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that all samples of these fluids from the first
{infecting) feed were HBsAg-positive wlile one
of the two samples was matginaliy HBeAg-posi-
tive. The majority of samples of each kind of
fluid collected aiter the second feed were
HBsAg-positive but none were HBe Appositive
(Table 5).

Transovarial transmission

In experiments 1, 2 and 3, egg masses
deposited by some of the HBsAg-positive
female ticks were allowad to hatch and the first
nymphs tested for HBsAg. More than 10(K} tam~
pans were assayed in nineteen pools but all were
negative.

Interval between bload-meals

In experiment 5, after an infected bload-meal,
the individual ticks in batches of females, males
and mature nymphs were held in separate tebes
sa that developmenta] times could be recorded.
Qut of twenty adult females which deposited
epgs, anly four had started oviposition by day 16,
Those tefed were offered a second feed on day
17 and would almost certanly have done 50 on
day 15 or 16if they had been offered a feed then,
Among thirty-seven males none mounlted after
their feed but two out of six individuals refed
when offered blood on duy 17, In the case of
mature nymphs twenty-three out of twenty-six
which had meulted between days 11 and 14 refed
on day 14,

Discusslon

There have heen ne previous laberatory studies
on Gumoubate and HBV. Our findings are as
follows: (i) HBsAg persisted in nymphal and
adult ticks for wp to 779 days after the infcctive
blood-meal; (i) HBeAg nersisted in mature
nymphs up to 13 days, in udult males up to 11
days and ‘n adolt ferales up to 16 days; (i)
HBsAp persisted through two moults {trans.
stadial transmission); (iv) HBsAg was not trans-
mitted transovarially; (v) HRsAp was transmit-
ted in two instanees by single ticks {a fomale and
a mature nympl) into HBV-negative blood,
although the transmission rate was low in the
experiments overall; (vi) this antipen was not

transmitted to hamsters; (vil) HBsAg wus
detected in samples of hoth coxal and rectal fluid
secietions always at the infecting feed and
usuatly at the second feed but HBeAg was only
detected in one of the two samples of coxal fluid
collected at the infecting feed.

Studies on HBY infection in humans (Alteref
al., 1976; Grady et al., 1976: Sherlock &
‘Thomdg, 1983) and in chimpanzees (Shikata ef
al., 1977) show that the presence of both HBsAg
and HBe Ay in the blood indicates a higher level
of infactivity of HBV than if HBsAg is present
alone. atthough the latter still indicates infec-
tivity (Burrel, 1980; Hadziyannis et al., 1983),
Extrapolation of these results over to the tick
indicates that the tampan would be potentially
more infectivus when both the antigens can still
be detected. This situation exists with 11-16 days
of the tick's engorgement on the infective blood-
meal, depending on its life stage, at which time a
crushed tlck conld prove a source of infection or
a tick could refeed and possibly transmit HBV.
Refeeding  within  this period of HBeAg
positivity would seem a possibility for somne ticks
since our experiments showed that at 26°C a
proportion of individuals would be ready to
refead from day 12-16. This period eouid be
shorter under natural conditions in the Kavango
when higher temperatures would prevail,
Further transmission tests require to be carried
out from day 1216 to see whether the e antigen
would be transmitted into HBV-negative blood
in addition to the surface antipen after this short
incubation period.

Qur results indicate that there was no biologi-
cal multiplication of HBV in O.moubate and no
biglogical transmission by the tampan, Rather it
seems that HBV persists in these ticks and can be
trunsmitted mechanically, Bvidence in favour of
this is the disappearance of HBe Ag after 16 days
and the paucity of in vitro transmissions of
HBsAg. Contrary evidence is the long survival
of HBsAg in tampans including its trans-stadial
transmission through two successive moults
which may be compared to the result of similar
experients in bedbups where HBsAg was
undeteetable after 127 days and only survived
after one moult (Jupp & McElligoit, 1979},
However, the much larger blood-mienl size in
tampans as compared to bedbugs anu the
ubsence of defecation may explain this. In this
connection it is noteworthy that the HBeAg
remained detectable longer in females than. in
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males and nymphs which take a considerably
smaifer blood-meal. Coxal fluid and oeca-
sjorally rectal fluid is discharged by the tick
while it is still attached to the host, An infecting
tick taking its second feed on a buman, although
it failed to transmit virus by bite, might still canse
an infection due to the infections (HBsAg-posi-
tive) coxal or sometimes rectal flaid which is
secreted onto the skin, Such fiuid could be
inoculated by the host seratching at the site of
the bite, Rectal fluld would be less important
than coxal fluid in this respect as it is more
ustially secreter? after the tick has finished fesd-
ing end left the host.

The human host upon which a tampan is feed-
ing or attempting to feed may crush the tick and
scratch the aren of the bite or mucosal surfaces
causing self-inoeulation with infectious material,
There iy also the possibility of a crushed tiek
releasing an infective aerosol. This kind of trans-
mission would ba most fikeiy during the period
that a proportion of the ticks are still HBeAg-
positive.

In conclusion. the results of our study indicate
an absence of biological replication of the virus
But possible mechanienl trunsmission. This
eauld oceur by three possible routes: (i) infec-
tfion hy tick bites, (if) contmnination with
inferted coxal fluid, espeefally by scratching
bites; (i} contamination of a person who
crushes infected ticks. These routes are similar
to those suggested for Cimex lectlarius (Jupp et
al., 1953}, except that the tampan does not pro-
duve faeces, but coxal fluid discharged in large
volumes on the host may be as important for
infaction. Mo evidence is available as to whether
transmission by bite would be by regurgitution of
material from the gut on refeeding, Regurgita-
tien is thought more likely to oecur than secre.
tion from infected salivary glands. Interrupted
feeding with a tick completing its meal on a
second host is thonght unlikely.
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Attempts to transmit hepatitis B virus
to chimpanzees by arthropods

P. G. JUPP, R H.PURCEWL., J M,PHILLIPS, M.SHAPIRO, J.L. GERIN

Summary

Bedbugs (Cimex leciilarius L) were fed on en infective
biood-hepatitis B virus (HBV) mixture. Further bedbugs and
tampan ticks {Omfthodorgs moubala (Murray)) were fed on
HBV-carrier chimpanzess, Alter a 10 - 13 day interval for
oviposliion, feats tone on samples of indlvidual arihropods
showed that B3 - 85% of the bugs were HBsAg-positive and
none HBeAg-posiive, while 100% of the ticks were HBsAg-
positive and 88% HBeAg-posiiive, The remaining arthropods
ware fed on 3 susceptible chimpenzees, which had falled 1o
develop KBV infaction after 11 months, indicating no ttansmis-
sion had sceurred. Subsequantly the presence of viabie virus
In the original Infective meals was contirmed by Inoculation of
the relevant donor sera directly into the 3 still suscepiible
chimpanzees. HBY infactions quickly followed in each enimal.
it Is concluded that, while mechanical transmission of HBY e
most unilkely after a 10 - 13~-day Interval between ieedings In
badbugs and tampang, it is elill possible that machanical
tral:lsmlnlon between humar* might occur during interrupted
teads.

5 Afr Mad J 198Y; T8 520-822,

It has been shown that human populations in the northern
Transvagl, the northern territories of Namibia and in West
Africa have s high positivity rate for hepatitis B virus
(HBV)." None of the usual transmission methods for HEV
seemed adequate to account for these high positivity rates and
there was song epidemiological evidencs favourinig transmis-
sion by bedbugs or argasid ticks,””’ Tests on such arthropods
collected from huts showed high infection rates, based on the
presence of HBsAg and HBeAg in the common bedbug (Cimex
lectularius L.) in South Africa,™ the tropical bedbug (Cimex
hemipterus [Fabr]) in West Africa,*” and the tampan tick
(Ornithodoros moubate [Murray]) in Namibia.? Laboratory
vector expariments provided fusther evidence that these arthro-
pods conld be capable of transmaitting the virus.*'""'2 Among
such in vitro experiments HBsAg was transmitted by bite from
infected to uninfected blood by G, lentularius and O, moubata,
althotigh other experiments suggested two additional potential
routes for mechanieal transmission,*** Since it was not possible
to know with certainty that viable virus was indeed transferred
by bitg in these i vitro tests, it was decided to determins
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whether HBV could be transmitted to chimpenzees and so
cause hepatits B infeetion in recipient animals,

Materials and methods

Three transmission experiments were conducted using 3 HBV-
susceptible chimpanzees. In experiment 1, adult bedbugs weze
given an infective feed in the Johannesburg laborstory on a
blood-virus mixture, which contained serum from a human
donor, and on the 10th day were allpwed to refeed on & non-
immune chimpenzee (No. 1296). The 10th day was chosen
because 3 i wuitro transmissions of HBsAg had previously been
accomplished with small numbers of bugrs after that interval of
time. Furthermore, such a period would permit the com-
pletion of oviposition by the bugs so thar they would then be
ready to feed again, In experiment 2, 2 HBV-carrier chimpan-
zees (No, 1164 and No. 1241) were exposed to adult bugs and
on the 10th day the bups were reféd on a non-immune
chimpanzee {No. 72). In experiment 3, adult and late nymphal
ticks were given their infective feed on the 2 carrier chimpan-
zees and on the 13th day were refed on & non-immune
chimpanzes (No. 73). The 13-day period allowed the nymphal
ticks to moult and some of the adults to oviposit,

Arthropods :

The arthropods were reared in an insectary at the National
Institute for Virology in Johahnesburg. Newly moulted G,
lectularius aduits and Q. motibata adults and late nymphs were
taken by the senior author to the National Institutes of Health
(NIH} in Washingten, DC, They included one group of C.
fectularius, which had already teken an infective blood meal
(experiment 1), The bedbugs originated from a laboratory
colony described previously!? and were maintained in plastic
tubes, 6§ cm high aad 4,5 cm in diameter, closed with organdie
mesh. The tampan ticks used were the F, generation of an
HBV-free end Borrelia durconi-free colony established from
ticks collected at Rundu, Kavango region, Namibiz, Ticks
were maintained in fine sand inside the same kind of plastic
tubes az were used for the bugs. Excopt during their flipht
from South Aftica to the {JSA and while feeding on the
chimpanzees, the arthropods were housed in insectaries where
the temperamre was maiptained at 25 - 27°C, relative humidity
at 75 - B0% and the illumination regimen was 12 hours light-
12 hours darkaess.

Arthrepod feeding

For their infective feed in experiment 1, bugs were fed
through a membrane on & defibrinated blood-virgs mixtore as
described previously except thet swetched parafilm was vsed
for membrates.'® For the feedings on chimpanzees, either
domnor or recipient, each animal was anaesthetised and an open
PVC ring, 7 cm deep and 10,5 cm in total diameter, was
tightly applied and secured to the shaven shdomen; 120 - 200
bugs or ticks were then placed within a ring whose top was
Zlossed with Terylene mesh, The age of the chimpanzees was

- 5 years.

0




SAMJ VOL.79 1B MAR 1981 N

Virological techiques

Infective donor bloud. In experiment 1, the infective meal
consisted of a mixture of defibrinated blood and serum in the
proportion 2:1. The blaod was drawn from an HBV-negative
(negative for HBsAg, an%i-HBs and anti-FBc) doner less than
2 hours before the bugs were fed, while the zernm was
obtained 3 days earlier from the blood of u carrier-donar,
Unril used, the serum was kept at ~20°C except for a sample
which was tested to confirm the donor was still an HBV
carrier. Tests done on this sample were for HBsAg, HBeAg,
anti-HBs, anti-HBe and anti-HBe by solid phase radio-immune-
assay (RIA) (AUSRIA II, HB,, AUSAR, HB, and CORAB;
Abbott, Chicago) end HBV DNA was detected by DNA
probe as described by Bowyer ot al.1¥ All tests were positive
except anti-HBs dand anti-HBe. The donor chimpanzees were
bled and a liver biopsy taken just before they were exposed to
arthropods (experiments 2 and 3) so that tests could be done
to confirm that they were still HBV carriers and probably
highly wfectious, Serological RIA tests already mentioned
{except nuti-HBe) and tests for the HBV DNA and HBV
DNA polymerase were performed. The latter was done as
described previously.)® The serum levels of three enzymes
were determined in liver function tests: alanine aminotrans-
ferase (ALT), isocitrate dehydrogenase (ICD) and y-glutamyl-
transpepridase (GGTP). The recipient chimpanzees were
assessed just before exposure to the potentially infectad arthro-
pods and gfter exposure weekly for S months, The same three
liver funcrdon tests were done but oaly tests for HBsAg, anti-
HBs and anti-FHBc.

Arthropods. Samples of arthropods were killed immediately
after their second feed by placing them in a ~70°C freezer
where they were stored until extracts could be prepared from
them for sntigen assay, For this, each individual bag or tick
was homogenised in 1,0 ml bovine phosphate albumin (0,75%
bovine serum atbumin in phosphate-buffered saline (BPAY)
centrifuged at 3000 rpm for 30 minutes and the supernatants
frozen immediately at -70°C, Subsequently, supernatants were
thawed and tested for HBsAg. Those found HBsAg-positive
were also tested for HBeAg, Samples of arthropods which had
not éngorged on an infecting meal and samples of the BPA
were also tested individuatly as controls.

Resuits

The bedbug feeding rates on chimpanzees were consistently
high at both the first and second feeds (81 - 97%) after the
insects had been allowed ample time (20 - 80 min). The
oumber of bugs, an equal pumber of aduit males and females,
which fed & second time in the transmission attempts were 102
{experiment 1) and 99 {experiment 2), With the ticks, howsver,
although feeding rates were high (88% .nd 92%) at the first

feed (adult females and mature nymphs), at the second feed it
fell o 32 out of 149 adult females (21%), This was probably
because only a proporvion of the femele ticks had completed
oviposition before the second feed.

The antigen positivity rates for both bedbugs and ticks on
the dey of transmission attempts are given in Table I. These
rates were very high for beth HBsAg and HBeAg in the tcks,
while HBsAg positivity varied from 53% to 85% in bedirugs
and no HBeAg wae detected. No arthropods in semaplss of
6 - 10 individuals that had not taken infectiva medds wers
found positive for HBsAg in each experyment and 4 cliquors of
BPA were also HBsAg-negative. In experiment 3, 2 v2mplé of
coxal fluid was collected from the ticks at the second feed and
diluted in 0,5 ml BPA. This was HBsAg-positive but was fot
tested for HBeAg, :

Although the 3 recipient chimpatzees were monitored for
almost a year after the trensmisgion attempts, there was no
indication of infection by HBV as measured by serological
tests and Jiver function tests.

In ™= light of this, we decided to confirm the presence of
viable .rus in the original infective blood meals. For this, 0,1
ml of the original human serum used on 4 Juneé 1987 in the
infective blood-virus mixture in experiment 1 was fnoculated
" avenously into chimpanzee No, 1296, Similarly, 0,1 ml of

. m from each of the carrier chimpanzees, No. 1164 and
ava 1241, bled on 8 and 9 June 1987 was pooled and 0,2 ml
inoculated into chimpanzees No. 72 and Ng, 73, respectively.
After 2 - 3 weeks, the 3 previously non-immune chimpanzees
became highly HBsAg-positive, HBsAp dissppeared by weeks
9 and 8 in chimpanzees No. 72 and No, 73, respectively,
followed by conversion to anti~HBs-positive and anti-HBc¢-
positive status. ALT values bacame elevated 7 gnd 5 weeks
after inoculation in chimpanzees No. 72 and No, 73 and both
animals developed anti-HBc. Chimpanzee No, 1296 demon-
strated de novo synthesis of HBsAg by 2 weeks after inoculation,

¢ - od elevated serum ALT values during week 10 and has
vd to be strongly HBsAg positive, with markedly ele-
T sults of liver function tests for over 2 years.
- Discussion

The direct inoculation of sera corresponding to those of the
original infective blood meals into the still susceptible recipient
chimpanzees clearly produced HBV infection in all 3 of these
animals, Thus it was confirmed that the blood meals were
infectious and contained yiable HBV, It must therefore be
concloded thar edult C, lecralarius and adult O, moubara will
not transmit HBV mechanically by bite if an interval clapses
between the infecting and transmilssion feeds sufficient to
permit digestion of blood, egg development and oviposition,
Such an interval would be expected in the normal course of
events before bedbugs or ticks would refeed.

R ——

TABLE |. TESTS FOR HBaAg AND HBeAg IN ARTHROPODS ON DAY OF TRANSMISSION ATTEMPT

Days after
Exp. Infective Infective No, arthropads lested
No. ‘bloodmeal* Arthropod meal HBsAg+ HBeag-+
1 Human Badbugs 10 16730 (534} /18
2 Chimpanizeas Badbiga 10 13720 (B5%) 0/13
17720 {85%) 017
3 Chlinpanzess Ticks 13 40740 (100%) 28/32 (38%)

“Humen and chirmgsizes danors wers pasitive for HBaAg, HBeAg, Anti-Hidg, HBV-DNA and HEV-DNA palyimara e activily and rapative tor
entj-HEe and anil-HBe. Bath thimpanzess had efevwind lavals of serum ALT, IC0 and SETP, v
tAn equal number of adilt ingle gnd famals Bugs but only adit fembls Hicks wers tasted,
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With bedbugs, however, it is still possible that mechanjcal
transmission humans could oceur by interrupted
feeding, Unfortunately; a shortage of chimpanzees prevented
the inclusion of an experiment to test this in the present study.
In such instances there would be an intervel lasting only a few
minutes between the start of feeding on an HBV carrier and
the completion of the blood meal on a susczptible person.
Although there is some evidence that interrupted feeding may
occur in G, Jecrtlarius in the Jaboratory,'s whether it oceurs in
natural human bedbug infestations is not known. One previous
experiment has been reported in which the mechanical trans-
mission of HBV was attempted by interrupted feeding of
mesquitees on, chimpanzees 17 Two attempts to transmit virus
by 100 Aedes aegypti from a catrier to 2 different susceptible
chimpanzees failed, It would seem unflikely that bedbugs
would succeed where mesquitoes failed unless bedbugs differ
from mosquitces in the anticongulatory enzymes introduced at
the time of biting, Perhaps enzymes secreted onto the mouth-
parts of O, Isenwdarius would not inactivate the virus present,
wheress this would occur in mosquitoes as suggested by
Berquist ot ¢f.17 In the case of O, moubata it is unlikely that
interrupted feeding would oceur because once 8 rick hes
attached itself to its haost it is not easily dislodged.

The two other possible routes for mechanicel transmission

previously suggested for bedbugs and tampan ticks cannot be

ruled gut on the basis of the results of the present experi-
ments, > These are, firstly, the infection of u susceptible

person by means of bedbug faeces or by tick coxal or rectal
ﬂuid, which could occur by scratching of skin lesions or
mucosal surfaces that had been contaminated by these products.
Secondly, & person may beceme infected because he crushes
the bog or tick amd then geratches the arca of the bite or
mutcosel surfaces causing self-inoculation with infectious
material. However, these routes now appear iess likely, Sero-
Ingical studies to determige the prevalence of HEV among
blacks with yiral hepatitis admitted to Jobannesburg hospitals,'
and among residents of Kangwene {South Altica) and Ovam-
boland (Namihia),>'? showed a rise in the HBsAg and HBeAg
positivity between the age of 2 years and 4 years accnmpanied
by a fall in anti-HBe positivity., This paucity of perinatal
infection but horizental spread among young children i5 diffi-
cult to explain other than by arthropod transmission. However,
the experimental date degecibed hers do not support the
concept of anthropod transmission as & major factor in the
horizontal spread of HBV among young children snd other
muoxdes of transmission must be considered. These might include
contamination, from open sores censed by impetigo or by
scratches and cuts incurred during rough play.
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presture Jevels b i rural g urban arey sre higher than in The
Gahia and Sencgal, but comparsbly with levels [n the so-ealled
ll-deprived Yornba ethnde group. IF Wilson's hypothésis wers
comect, mo differencet In blood presmure should be gbserved
between Benln City,” The Gesnbis, and Sencgnl.

The role of sodfum i salt-lwdaced hypertension, frsclf
ontroversial, s cental ta Wilson's bypothesis. However, there
seern 10 be liethe or no differente in ie sodium intake oF excretion
between whites amd the TS blacks whio sre more pronz o
hyperternion,®
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SURVIVAL OF IV IN THH COMMON BEDBUG

Sim,~Tewsenltlon of human Jrymuedeficency vins (I1IV)
by insects lane beesi paseiibated ugtme mechridsm of transwmissivse of

* infection i Alfrlcs,' altliough it v thought Bt insects are not

Involyed [n “western™ ATDS.2 Theknownroutes of tmnsmisvion of
AlDS mdm common to thase hepatitis B vins, with which 11V
sh Iefogival There s strong evidence for
mechankal transmdnsfon of licpetith # virus by the commuon
bedbug (Cinrext Fectudarion)® Shollar teaceralysion of IV by
bedbuge may be o cuniee of hufection Tn Alrican childeen, In Akl
15-22%% of AIDYS cascs bave been In childyen whetcns In the USA
this propacidia i only 1-4%%,* suggesting that there xte modes uf
trumissiancther than thore remgnieed in die TISA. Sincebicdbug
infeswiéon is common theouglout Afries, chilifren wee contdiually
wposed to the Bites of these Inaccis. Bedbugs would probmbly
transmit fow Jevels of Infection bt s combination of fuxors could
ailance the suscoptibility of Aftican childrew--is, repeaied
expasiee to the nsects, & possibly lower theeshold to infection b
young. eluldeen, immunrsappression due 1o trsdnutddon, nd
excessive ectivation of T4 lymythosyter by recurrent infecuions,

Mechandcnl trensmission depersls upon an jnssct being
internpted while feeding on an infeuted host and then moving to o
wicepiibfe hoat to complete [ blaok meal. Teanamisslon would
ooeat ¥la contominuted  mouthipacs  andfor  reguegiation.
[merugpted feedlig bas been nbserved b baboratery bedbregs,? and
transmdssion of wirus by this apeans Is 8 possibilily.* Regurgiiation
s beens abiszevedd T the pelnted bug Rhodnins prafioae.?

in preliminery experliments to agsess whether insscls ouin
srangnzt HIV, adult @ Jeerelariie ard Aeder aggypri mosquiios
froim Inbatatory colonics were aligwed te engerge on defibrinated
Slood 1 which hud been added dssue culture supemasant frum
HIV i dfected coll. 80 min after feudlog 1he insecis were
homog. alsed in g very mynll zmount of RPMI 1640 and the fluid
wasot yed for reverse touacdptase (VT nctiviey after clarification
byeent ifugation, The fulds ware pil negative for RT activity at this
wrgeso ey wereaterile filiered und nddded tnihe permissive Fi9 uell
ling (11 negetive, kindly supplied by Dr Robert C, Galla, NTH).
Supernatant fulds frorn the cullwies wers tesied for R activity
every 34 daps. From the 23nk day of culiuze, KT sctivity was
revordled in the supesciatant from cells inoculated with fluid from

£ Gk 1. F. Wepaihy H uedl AIDS be Adibca. Afnt T Awse LDBT; 14D B45.

2. Curvan |, Mewide Abrrgin W0, Hundy A, Juffe 1 T, Darves W97, Dawdle WR.
;l:: mldu;t,h&w of ATDIS: Cusrent viain wl foruee proejecis. Seice 1965
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RITAVIRIN ENTERS CEREBROSPINAL FLUID

Stie—~During u phaise | trivt of oral Hbuvltln for the trptment of
patiens with AJDS ond AV S-relnied bex (ARG the level of
Hbawvirinin the CSF of Tour petfents pfler sevecal weeks of dbovitin
waa tneasuced, Parisnis received i loading doseof 1200 ing ritmvitln
orslty two thmes o day for three days snd then 300 mg orally twice s
day for 8 wecks, Ribavirin levels wers mensured when the patlent
lind beers ob tve drug for 4-7 weeks, Thiree patlents bind CSF inken
during investigntions of neuralogical symitoius and oue patieni way
= volupteer, Ribavirn Jovels I the CSF and In plasiom from a
sbmultaresus blood sample were measured in three patlents, Inone
patient, ribavirin wos measuzed in GSF and in plosma from e blood
sample obtained 3 daya e, The lbavirin level was gressured by
sensitive ralioinmmunparay on specimena obtofned Ia Boston and
sent to the ontivicnt laberaocy of she Dniversity of Californis, Sun
Diego.t Signilicant ribovitin Jevels were present e the aplnat Buid:

Diration of
ribavirs  Rohovivin dredy LS5 level ut
thevapy Jumod(i} e % of bl
Patient  Dhingrasiz {neh) Plama GSF . el
LEARD) "Thrush T 56 18 £
2{ALDS) CHS
confusion T T Uz 67
IARD) Wumbiwss .
in hend -] it} 4 1%
i (AIDIS} CHB
onlankan,
et 1
Yool
menifgits 4 B& T

ool dravet % dayn Miter licliae pasissure, urienl Jdud ot recelee séd. mll roavirin
afier hunbar punciine,

‘The phammpokinetics of ribovitin umake In CSF were not
evalunted. “Tete reanha indicas that with at Jeast 4 weeks of oml
ROV, mote thar 677, ofa simultnteous plasma level Is o d in die
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Experimental Assessment of Bedbugs (Cimex leclularius and
Cimex hemipterus) and Mosquitoes (Aedes aegypti formosus) as

Vectors ol Human Immunodeficiency Virus
Peter G. Jupp and Susan F. Lyons

In vilro experiments were conducled 1o assess whether bedbugs (Cimex fectufarivs
and Cimex hemipterus) and mosauiices {Aedas aegypli formosus) could acl as veclors
of HIV. These insacts ehgorged through a membrang on & blood-vinus mixiure. Female
bedbugs were larger than males and ook la*;jer blood-meals when fed to repletion.
It was determined thal the fult blood-meal of 4 fernale bedbug contained 0.09 x 10°
tissue culture infectious doses (TCID) of v s and a male 0.07 x 10% TCID, while
parlial meals taken when feeding was interrupled contained 0.013 x 10% TCID and
0.015 x 10° TCID for femate and male bugs, respeclively. Reverse transcriptase activ-
ity was assayed afler eufture of insest extracts in HS cells: this showed sutvival of virus
in C fectularius for up to 4 h, in C. hemiplerus for up to 1, possibly 2 h, but no survival
in Ae. asgypl formosus. Four atlempls to transmit the virus by inferrupted feeding by
C. lectularius from a blood-virus mixture io uninfected blood failed. I is con-
cluded that Ae aegypli lormosus and probably other mosquitoes are not mechanical
vectors of HIV and that sych transmission is alse unlikely to oceur in bedbugs under
natura! condilions,
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Materials and methods

The epidemiological pattern of "Western' AIDS in the
VSA does not suggest the involvement of arthropods in
its transmission [1} However, there are aspects in the
epidemiology of ‘African’ AIDS in Central Africa which
suggest that arthropods could be involved in this region
[2,3]. Arthropod wansmission could account for the egual
sex distribution of AIDS cases in Central Africa, the hiph
prevalence of antibodies o the virus in children there
[4] and the clustering of HIV infection both in a family
in Rwanda [5] and in households in Zaire [6) In a
prefiminary study owr lahoraory reporied the results
of experimens which showed that HIV survived in the
bedhwg. C lfecrdarius, for at feast 1 h after feeding on a
blood-virus misture {7]. These i vifro experiments were
continued 10 assess whether bedbugs and mosguitoes
possess the ability to acc 2s mechanical vectors of HIV,

Insects

C. lectilarius Linnaeus, the common bedbug, came from
a long-established colony maintained at the laboratory
of the South African Bureau of Standaids. €. hemipterus
Fabr, the tropical bedbug, was collected in northern
Bwazulu and these field bugs were used directly in the
experiment. Ae. aegpti formosus (Walker) came from a
colony which originated from mosquitoes collected at
Richards Bay, Natal. :

Insect feeding

For all infective mweals, insects were fed throupgh a
membrane on a blood-virus mixture. The membrane
feeding was dune as described previously [89], excep
that mixtures were heated to 2 higher temperature (34°C)
in the water bath and the membranes were different.
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Bedbugs fed through Parafiim {American Can Company,
Greenwich, CT, USA) which had been tightly streiched
over mosquito netting, while mosquiloes fed through
Badruche membrane which fited rightly over netting,
The feeding ok place inside an insec-proof Iaminar
flow hood. Afterwards the insects were held a1 22-
25°C and 75% relative humidity umtil killed by being
placed in a =70°C freezer, where they were stored unitil
processed. For atempted bedbug transmission of the
virus by interrupted leeding, a canister with 100 adui: C.
lectilariies was placed in comact with the blood~virus
mixture for 3 min t0 permit partial engorgement., The
hugs were then transferred to a ciean canister with a
new membrane before being allowed to complete their
feed on uninfected defibrinated blood.

S~mples of male and female bugs, respeciively, were
weighed before and afier ferding on defibrinated biood
through 2 membrane, either 1o repletion or afer a partial
3 min feed. This enabled weihts of individual blood.
meals 1 be calculated.

Tissue culture

H.infected HY celis and uninfected control HY cells
were maintained in RPMT 1640 supplemented with 10%
feta) calf serum (FCS) and dilm&? 1o a concentration of
0.5 X 10° viable cells/ml twice weekly. Culture super.
natants of the HN-infecqed cells, prepared by
centrifuging the cell suspension at 900 g for 20 min at
4°C, were used as the source of HIV for the infective
blood-meals.

Virological techniques

Three experiments were carried out. For ear:h a bloot-
viris mixture was prepared for the infective feed b,
mixing humnan defibrinated blood with HIV-infected
rissue culture supernatant in the proportion 2:1. The
amnount of virus in the HIV-infected tistue culure su-
pematant was determined using the Dupont HIV p2i
ennyrne-linked immunosorben: assay test (Boston, MA,
LISA) for antigen detection. From ihis, the concentration
of virus in the blood-virus mivture as well as in blood-
meals imbibed by single bedbugs was calculated. An
HIV-antibudy-negative donor was bled and the biood-
virus mixture made just before the insects were fed

The mixture was assaved for reverse transeriptase (RT),

detiviny before and immedinely after the insecs had
completed their feed. While the assay for RT activity was
done direcily on the bload—virus mixture or uninfected
defibrinated biood. extracs made from the insect paols
and blood inte which transmission was anempted were
first cultured in H9 control cells. Supernatants from these

cultures were assayed as direct assay of insect pools gave
uniformly negative resuls, presumably because of the
fow levels of virus present,

To determine the RT activity, the hlood-virus mixiure,
defibrinated blood and cell culture Auids were clarified
by centrifugation at 900 g for 20 min at 4°C and then
ulira-centrifuged at 66000g. The pellets thus ob-
tained were resuspended in pH 8.3 buffer (20 mmoii
Tris-HCl and 0.33 mmall EDTA) and disrupted with
0.24% rriton X-100 for measurement of enzyme activ-

“ity. The polymerase reaction misture (55 ul} contained

147 mmold Trs-HC), 0.243 mmold EDTA, 5.0 mmolt

MgCl;, 18.0 mmold KC), 0.3 mmoll GTP, 14.5 mmold DTT,

1.52 umold 3H-TTP (40-60 Ci‘mmol) and 35 pg'ml of
poh-ra, oligo-dT. Fivefold or greater increases in RT
activity over background were considered 3s indicative
of the presence of HIV,

Each pool of five bedbugs or mosquitoes was pro-
cessed a5 follows. the pools were homugenlzed in 1 mi
of RPMI 1640 and centrifuged ar 90Gg for 20min at
4°C, and the supernatant was sterile filtered. The filtered”
supernatant was then added o the H9 control cell line:
Iml fikrate and 2.5 mi RPMI 1640 supplemnented with
10% FCS were added 10 1.5ml cell to give a final
concentration of 0.5 X 10° viable cells/ml. These cell cul-
tures were maintained by dilution 10 a concentration of
0. X 10° viable cells/m! with RPMI 1640 plus 10% FCS
twice a2 week, Supernatants from these cultures were as-
saved for RT activity weekly from week 3 until week 6.

Results

Table 1 shows the weights of unengorged bedbugs and
the weights and volumes of their full and pamial blood-
mezls, To determine the size of the partial meal a barch
of partially fed bugs were weighed, their mean weight
calculated and the mean unfed weight previously found
subtracied from this. It can be seen that female bugs were
larger than males and took considerzbly more bloud
when they fed o repletion. However, the male bugs
ok slighth more blood during a 3 min panial feed
than the females because they started feeding socner,
The mean amoumnt of virus present in the infective feed

. was 4.4 X 10° 'TCID per ml. From this figure and the

mean Blood-meal volumes it was calculated thar a full
female meal contained 0,09 X 10° TCID, a full male meal
0.0 X 10 TCID. Parial meals conined (.013 X 10°
TCID and $.015 X 10° TCID for females and males, re-
specu-.ei\

Table 2 shows the resuhs obtained in tests for HIV

Table 1. Weight {g) of the cormmon: bedbuy. Cimox lectularius ari s bisog-mea!

Unengtirged bugs

Ful! blood-meal Partia! biood-meal™

No. Range Mearn No Range Mean No. Mear:

Femalgs &0 0.0033-0.0088 0.0055 28 0.0120~0.0261 00188 18 0.002%
‘ {0.0785} {0 0028

Mates 49 0.0021-0 0059 00038 27 0.0096-0.0206 0.0154 10 06032
{00151} (0 DD31)

*This was determined by weighing the sample of parlialiy fed bugs together, calcutating ther mean waigh and sublracting from this the
mean unengorged weight. Frgures in parentheses are volumes (m!} of defibrmatec bipod smbibed
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Tuble 2, Tesls showing posilve {+) or negalive (-} reverse

insects fed on vninfeaed blood gave uniformly negative
franscriptase activity fesle in pools of five bedbugs or

N T

LY

PRI

mMOosSqQuitoRs.

Intervat after
infective meal

Feverse lranscriplase
achivity

C. lectulariyg S -

C. hemiplerus ih

Ae. aegypli

‘Marginally posilive.

infectivity by RT assay on C lectularius, C. benipleries
and Ae. gegupti formosus, respectively. As can be seen,
the virus survived for up w0 4h in € lectularius, up
© I but possibly 2h in € bemipterus but remained
undetectable in Ae. aegipti formosus. Four atempty O
transmit HIV by interrupted feeding, using groups ot €
lectularius, from a blood—virus mixwre to uninfected
blood failed.

Discussion

Our results showing that full blood-raeals 1aken by €
lectularius females were larger than those taken by
males are in aceord with the results for Senegalese
C. hemipterus obuained by Yanovski and Ogsion [10]
However, our colony of C. lectularius took much larger
volur w of blood although the unfed bug weights
were s.ailar,

Ampilification of HIV through presage in a permissive
cell line demonsirated that viable virus was present in
the bugs. However, as the technique was both time-
consuming and complex, it was impractical to apply this
test to large numbers of insect pools and w include those
of insects killed at Jong intervals afier an infective nreal.
The possibility cannot, therefore, be excluded that HIV
might have multiplied and reached the salivary glands
in some or all of the insect species tested if longer
incubation perinds had been allowed in the experimens.
However, this is thought 1o be unlikely hecause of the
requirement for the Ta receptor for viral atachment.
It is considered that the most lkely mode of insect
rransmission of HIV would be mechanical by interrupted
feeding without viral replication in the insect. Hence our
experiments were designed to m\'em;,.ne this sevond
possibility.

It ts unlikely that the RT activity seen in our experi-
ments was caused by an endogenous iNsect retrovirus a:

results even when the same amplification system was
employed. Qur results indicate that Ae. aegpif formosis
would not be able to act @s 2 mechanical transminer
since no shon-term survival of virus was demonstrated.
Mosquitoes as a whole can probably, therefore, be ex.
cluded as veaors of HIV, akhough other species lareer
than Ae. aegnii, which take a correspondingly larger
blood-meal, still need to be evaluated. The failure of C
lectilarius 10 transmit the virus after interrupled feeding
in four attempts, each involving a large number of hugs
(100), tends also to discount transmission by bedbugs.
However, the survival of virus in both species of bug,
especially the 4 h survival in € lectiddarins, would permit
bedbugs to transmit HIV mechanically between humans
under nawaral conditions provided interrupted feeding
were (0 occur with a sufficiently large number of bugs
and the virus was sufficienty infectious. Whether the
former accurs naturally is unknown but HIV is known to
have a low infectivin: {11,12]. Both species of bug appar-
ently occur in Central Africa wiwre bedbugs might play
a role in HIV transmission {13). The shorter survival of
the virus in C bemipterus compared with € lectularius
may be due to the smaller size of individuals of the
former species, with their correspondingly smaller
hlowi-meal.

1here i= trong ~vidence that hepatitis B virus (HBY)
is mechar, ~ally t1. wmined by bedbugs [14] but not by
mosquitoe . [15), and that bedbups remain infected for
up o 7%2 weeks [9,14] after an infective meal. Although
data on the levels of HIV circulating in the blondstream
of an AIDS patiert are very scarce, it has been reponed
that there are only 10* particles of HIV per ml of infected
blood compared with 10% particles of HBV in an individ-
ual with chronic hepatitis B infection [12}. This higher
concentration of HBV must be pant of the reason why
HBV is much more infectious than HIV. The transmission
of HBV but not HIV by accidental ncedle-stick to a health
worker from a patient infecied with both viruses demon-
strates the comparative infectivity of the two viruses [11},
Rift Valley fever virus has been mechanically transmitted
in the laboratory [16,17], by mosquitoes which were
allowed 1o engorge partially on viraemic hamsters and
then allowed to complete their meals on susceptible
hamsters. It is noteworthy, however, that the viraemia in
the hamsters used for the infecting feed was 10* PFUm,
which is also much higher than the level of HIV reported
in AIDS patients. From these exper?. wits and tose-of
the present study it seems unlikely that £ . wansmitted
by insects, given the Jow infectivity of F* and the short
survival of the virus in bedbugs.
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