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are floodwater mosquitoes and among them
Linthicum et al. (1985) have recently provided
evidence that a field population of Ae. mcinto-
shi (Ae. lineatopennis) in Kenya transmitted
the virus transovarially. This would enable the
virus to survive through dry interepizootic pe-
riods 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 floodwater 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. Experiments
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 Mclntosh and Ae. (Ae-
dimorphus) dentatus (Theobald) from the in-
land plateau and Ae. (Aed.) argenteapunctatus
(Theobald) which occurs in the Natal coastal
lowlands. (McIntosh 1971, 1975). Additionally
there was Culex poicilipes which occurs on the
Natal coast 1 nly Ae. argenteopunctaius is an
un common . ..;.'.}ies.The specimens of this spe-
des and ex, polcilipes used for the tests were
collected in the Transvaal lowlands because
heavy rain had fallen in that area making mos-
quitoes available. These experiments were de-
signed to identify epizootic vectors and poten-
tial reservoir vectors.

cells respond to RVF virus by visually display-
ing eytcpathy, plaques forming after 3 days.
The 50% cytopathic dose endpoints were cal-
culated by the method of Reed and Muench
(1938) and expressed as LoglOCPD50/ml.
Infected insects were held at 25-26°C and

75--80% relative humidity for varying periods
before individual specimens (Ae. juppi) or
groups (If them were allowed to feed on ham-
sters, or single mosquitoes were tested by the in
vitro "capillary" method to determine if they
could transmit virus.
Transmission attempts. Transmission of

virus to hamsters 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 Aitken (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
pr oboscis of a mosquito which was then allowed
to feed en the mixture. Before feeding the tube
contained about 0.004 ml of the mixture which
after feeding decreased to about 0.0025 ml. The
mosquito injects saliva and also virus if present
into the capillary tube while feeding. The re-
maining 0.0025 ml was added to 0.25 ml of Lei-
bovitz's tissue culture medium and tested for
virus by inoculation into cultures of Vero cells.
A proportion of these specimens were titrated
as already described but these titers were ex-
pressed as Log1oCPD50/mosquito capillary fluid.
Development of cytopathy due to the presence
of virus indicated transmisslon had occurred.
Only visibly engorged infected mosquitoes were
considered in estimating the transmission route
which is expressed as the percentage of infected
mosquitoes transmitting virus.

Mosquito infectivity. The number of mosqui-
toes infected was determined by testing them
individually for virus by inoculation into Vero
cell 'ultul'es, usually on the same day as their
transmission feed. Each mosquito was titurated
in 1ml of Leibovitz's medium, centrifuged at
900 RPM for 5 mins and the super-
natant fluid inoculated into established mono-
layers of Vero cells in 4 wells of a microtiter
plate. 'I'itrations were performed on 12 of the
mosquitoes by inoculating 10 fold serial dilu-
tions of the supernatant. Titers were expressed
as LoglOCPD50/mosquito. The infection rate was
expressed as the percentage of mosquitoes feed-
ing on a viremic hamster which became
infected.

Transouarial transmission. To investigate
transovarial transmissiun, Ae. juppi were inoc-
ulated with virus, allowed to feed on susceptible
hamsters daily from days 4 to S postinoculation

MATERIALS AND METHODS
Mosquitoee. From the inland plateau region,

Ae. juppi was collected at Bethlehem, Orange
Free State Province, while Ae. unidentatus and
Ae. deniatus came from Heidelburg in the
southern Transvaal. FMm the eastern Trans-
vaal lowlands, Ae. argenteopunctatus and Ox.
poicilipes were collected 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 cultures. 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-
tomycin, neomycin, 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
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and Fl 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 Fl female and male mosquitoes
were tested for virus by intracerebral inocula-
tion of infant mice,

RESULTS

The results of the horizontal transmission ex-
periments, given in Table 2, show that a114 spe-
cies of mosquitoes were readily infected at the
high titers of virus used, and transmitted the
virus into capillary tubes. In the case of Ae. ar-
genieopunctaius and ex. poicllipes transmis-
sion by bite to hamsters was also attempted
with groups of 6-18 mosquitoes which was suc-
cessful. Capillary tube transmission rates were
low for Ae, argenteopunctntus, moderately
high for Ae. unidentatus and Ae. dentatus and
very high for ex. poicilipes. In the case of ex.
poicilipes, however, the maximum transmission
rate occurred later (30 days) indicating a longer
extrinsic incubation period.

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

tel'S for mosquitoes reached a higher level in the
case of ex. poicilipes (2.3-3.0 and 3.3-6.3
Log wCPDGo/mosqui to, respectively).

The Ae. [uppi females had an infection rate
of 93% (50/54) when tested 5-15 days after
their inoculation with virus (6.510gIOCPD50/ml).
However, the horizontal transmission rate de-
termined by feeding single infected mosquitoes
on Bingle hamsters on day 4 was 0/36. Larval
mortality was high when rearing the Fl progeny
so that only 461 females were successfully
reared and fed on hamsters. There were no
transmisaions to any of 10 hamsters. Subse-
quently, 656 females and 246 males were tested
for virus in 19 pools with no isolations of virus.

DISCUSSION
Aedes [uppi was investigated as a possible

overwintering reservoir because 3 isolations of
virus 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 (Me
Intosh et 0.1. 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 ~. Results of vector competence tests with Rift Valley fever vlrus and 4 mosquito species infected
orally.

Transmission
Days
after

infective
meal Test

Ae. argenteopunctatus 14-26 29/38 (76%) +i+
1/7 (14%)
7/12 (58%)
9/28 (32(!'o)
3/6 (50%)
4/26 (15%)
24/:10 (8Mt')

+;+

12/14 (86%)
28/31 (90%)
6/8 (75%)
26/29 (90%)

Table 3. Titers of RiftValley fever virus infe:ted mosquitoes and capillary fluids, LogIOCPD50/mosquito.

Capillary fluid-------- -----------
O. 2.3
2.0 2.0 2.0 2.3 2.5 2.5 2.5
1.8 1.8 1.8 J.•8 1.8 1.8 2.3 2.5 2.5
2.0 2.3 2.5

<I ::0 the mosquitoes corresponding to these capillary fluids were not titrated.

Mosquito infection

9;11 hamster
30 capillary
11 capillary
11 capillary
18 capillary
15 capillary
30 capillary

15;15 hamster_ .._--- -.--•.-~----
a = numerator .::::no. mosquitoes infected; denominator = no. mosquitoes tested.
b := numerator = no. mosquitoes transmitting; denominator == no. infected mosquitoes feeding.

-Days post. infection
of capillary feed Mosquitoes-----...:;...--

30 5.0 5.5
11 Not done
11 Not done
18 Not done
15 3.3 4.{)4.5 5.0 5.5 3.3 2.3
30 as 4.3 4.3 5.3 6.3 2.3" 2.5~ 3.0· 3.0·.------------ __-----------------

Titer of
infective
feed in

LoglOCPDr.O
PFU/ml

Days
after

infective
mealSpecies

7.8-9.8

Ae. unideniaius
Ae. deniatus

6.8-7.8
6.8-7.8

11
11
17
15ex. poicilipes 7.8

Species
Ae. argenteopunctatus
Ae:. unidentaius
Ae. deniatus

ex. poicilipes

25Xlo
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soon after inoculation with virus (4 days) be-
cause they were already old insects. As inocu-
lation bypasses tile midgut, the establishment
of infection in the salivary glands should have
occurred within this period so the negative
transmission rate indicates that this species has
a poor vector potential. This concurs with the
transmission rate of one out of 18 mosquitoes
determined previously (Mclntosh et al. 1980).
The difficulty in rearing progeny of Ae. juppi
meant that only a cmall sample could be made
available for the transovarial transmission test.
In other investigations on Ae. juppi the same
problem prevented the production of much
larger numbers of adults in the Fl generation;
this was the testing of adults reared from over-
wintering eggs collected at 'I'weespruit in 1984
(Gargan et al., in press), when 110 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-
zoetic 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 hamsters cir-
culating high titers of virus. Similar titers are
reached and sometimes exceeded in Iambs and
calves (Mclntosh, 1973b).

In the previous horizontal transmlsslon tests
done with several mosquito species (Mclntoeh
et al. 1980) the transmission 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 hamster feeding in the case of Cx.
(Dux.) unioittatus Theobald and West Nile and
Sindbis viruses when it was found that although
hamsters were ~;ightly more sensitive indicators
of transmission, the transmission rates obtained
with the two methods were not significantly dif-
ferent (Cornel and Jupp, unpublished work). It
is likely that the same would apply to various
mosquito species and HVF virus in which case
the transmission rates rhown in 'ruble 1 would
also have been a little higher if determined
using hamsters. All 4 species listed are potential
vectors according to the results in the tests £'1-
though no isolations of viruses have yet been
made from wild-caught mosquitoes of any of
them in southern Africa except one isolation
from Ac. dentatus collected in Zimbabwe
(Mclntosh 1972). Aedes argenteopunctatus
must have a low degree of importance as a vec-
tor on account of its low transmission rate and
uncommon occurrence in the Natal coastal area.
T'he floodwater mosquitoes Ae. unidentatus
and Ae. dentaius on the other hand, can both
be prevalent. in the highveld region of the inland
plateau and this, taken together with their

moderately high transmission rates, make them
more significant as potential epizootic and pos-
sibly reservoir vectors. Ae. unidentatus may
well be important as a reservoir vector since it
is closely related to Ae. mcintoshi (reported as
Ae. lineatopennis) the species shown to trans-
mit transovarially in Kenya (Linthicum et a1.
1985). Comparison of the present results with
results of a vector competence test done with
Ae. mcintoshi (Ae. lineatopennis) by McIntosh
et al, (1980), shows that Ae. unidentatus is a
considerably more efficient vector than Ae.
mcintoshi (Ae. lineatopennls) from the western
Transvaal with both a higher susceptibility and
transmissibility with H,VF virus. Culex poici-
lipes 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, 1983) but has
a similar long extrinsic incubation period nec-
essary for maximum transmisslon. This mos-
quito l.s fairly common in the woodland savan-
nah regions of the Natal coast although not dS
abundant as ex. zombavnsis and could play the
role of epizootic vect or ' "'is habitat.
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A BIONOMIC STUDY OF ADULT AEDES (NEOMELANICONION)
CIRCUMLUTEOLUS IN NORTHERN KWAZULU, SOUTH AFRICA

P. G. JUPP AND B. M. McINTOSH

Arboviru..~ Unit, National Institute for Virology, and Department of Virology, University of the Witwatersrand,
Private Bag X4, Sandringham, 2131, South Africa

ABSTRACT. Sixteen monthly visits were made to the Ndumu game reserve when resting Aedes
circumluteolus mosquitoes were collected on the ground. The population density reached exceedingly
high levels 7 or more days after the Usutu and/or Pongola rivers inundated their flood plains, and was
related mainly to river flooding and far less to local rainfall. During dry months male Ae. circllmluteolus
disappeared while females persisted at very low levels. Blood-feeding and ovarian development occurred
throughout the year and precipitin tests showed the preferred host was almost exclusively antelope
(Bovidae), the dominant large mammal present. It was concluded that Ae. circumluteolus is a floodwater
mosquito. Owing to the lowdensity of females during dry months and low infection rates with arboviruses
it is considered unlikely that Ae. circumltlteolus would support viral transmission throughout the year.
It is more likely that viruses survive in overwintering eggs and are transovarially transmitted.

INTRODUCTION

The Ndumu game reserve is regarded as situ-
ated in the tropical, eastern coastal plain of
South Africa. 'I'his is based on the 18°C mean
midwinter isotherm and the 500 mm isohyet
(Poynton 1964). From April 1956 through De-
cember 1968 our Unit made a viral survey of the
mosquito population. Aedes (Neomeloniconion)
circamluieolus (Theobald) was shown to be the
most prevalent mosquito and over the period
yielded 75 isolates which included strams of 11
arboviruses (Worth et al. 1961, Mclntosh et al.
1972a). Aedes circumluteolus was the most fre-
quently infected species and laboratory tests had
shown it capable of transmitting the flaviviruaes
Wesselsbron (Muspratt et al. 1957) and Spond-
weni, and the bunyaviruses Pongola and Buny-
amwera among the viruses isolated (Arbovirus
Unit, unpublished data). It was concluded at
that time that Ae. circumluteolus was an impor-
tant vector of arboviruees even if only in an
incidental capacity (Mclntosh et al, 1972a). Ad-
ditionally, 2 strains of the phlebovirus 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. circum-

luieolus was carried out at Ndumu from August
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 South Africa has
further incriminatedAe. circumluteolus as a vec-
tor of the important Rift Valley fever virus
(Jupp et al. 1983, McIntosh et al. 1983). Addi-
tionally, Linthicum et al, (1985) in Kenya have
obtained evidence that a feral population of
another member of the same Neomelaniconion
subgenus. Ae. iinetuopennt» (Ludlow) (= Ae.
mcinioshi; Huang 1985), acts as a reservoir vee-

(I

(I

tor of Rift Valley fever virus by transovarial
transmission.

Because only one isolate of Pongola virus and
one of Germiston virus were made from the
41,600 female Ae. circumluieolus collected in our
bionomic study, we were unable to relate viral
infection data to the bionomic data collected.
The diminished infectivity could have been
caused by a major change in blood-feeding pat-
terns by this species - from cattle to antelope
species - as a result of the transformation of the
Reserve into a wild life sanctuary which was
complete by mid-1967 just before the study be-
gan (Mclntosh et al, 1972a). Alternatively there
could have been a fall off in the number of
available susceptible vertebrate hosts.

STUDY AREA

The geographical position, topography and
climate of the Ndumu game reserve has already
been described (Worth et al. 1961). The area of
northern Natal in which it is located - Tonga-
land - is now part of the region known as
Kwazulu. Nearly half of the 10,000 hectare game
reserve 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 Mozambique, 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 periodic floodings of the rivers
various low lying areas of the reserve suddenly
become inundated and the water level in certain
pans rose. The mosquito collection sites situated
at or near the flood plain were close to the areas
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where larvae of Ae. circumluteolus developed.
Each site measured 743 sq. 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.

ME'fHons
Mosquito collecting: The portable "hand suc-

tion trap" made by us for collecting mosquitoes
off ground vegetation was similar to the trap of
De Freitas et al, (1966). It consisted of a "Per-
spex" cylinder 18 em long and 15 em in diameter
housing a 12 volt, 3watt, 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 mesh 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
handle in his right hand and a short stick
equipped with a metal hook in his left hand. He
combed one-half of the area of a collecting site
parting the vegetation with his stick while keep-
ing the inlet of the cylinder about 10 em off the
ground. Monthly visits were made to Ndumu
from Augur t 1967 through December 1968 ex-
cept in November 1968 when weather conditions
in northern Kwazulu prevented access to the
Ndumu area. Each visit 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 sites 1-12 was sampled twice. Site 13, the
forest site, was used only from February 1968
and was not sampled as frequently as the other
sites.
Examination of mosquitoes: Mosquitoes were

brought back alive to the field laboratory on the
day of collection, killed with hydrogen cyanide
and examined microscopically. The specimens
of Ae. circumluieolus were extracted from each
collection, the number of males and females
counted and females classified as to their meta-
bolic state. The undamaged females were sepa-
rated into 3 classes: "gravid," "blood-engorged"
and "empty." Mosquitoes with enlarged ovaries
and no detectable 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 were regarded
as "empty." This last category included females
with an undistended abdomen, those where it

O

(;

was fluid-filled and those where it may have
contained fatty material. 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 stored on filter paper and later
tested for vertebrate host origin by the precipitc;
test according to the method used by Anderson
(1967). During the period February through Oc-
tober 1968 mosquitoes other than Ae. circumlu-
teolus were also identified, usually from half of
the collections.
Analysis of results, rairtfall and river flow: The

monthly population index used for Ae. circum-
luteolus was the number of mosquitoes collected
per trap hour expressed as Williams' modifica-
tion of the geometric mean (Mw) (Haddow
1960). It was calculated from the total number
of mosquitoes collected, including those dam-
aged, and the total number of trap hours during
each visit to Ndumu The proportion of each
category of females was 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
Josini where a dam has subsequently been built.
Flow rates for the Usutu were recorded at a
station 22.5 km upstream from the confluence
with the Pongola River. A flow greater than
2,500 cusecs (70, 8 m3/sec) was regarded as
indicative of the river being in flood on the
advice of hydrologists in t.he Department of
Water Affairs.

RESULTS
Monthly fluctuations in population 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 graphically in Fig. 1 to-
gether with the monthly rainfall. The histogram
in Fig. 2 illustrates the relationship between
population density and river flooding (Usutu
and/or Pongola rivers) in time. The winter and
spring months, June to October 1968; viz the
period when A.e. circumluteolus was nearly in-
active is 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-
duction: Figure 3 shows the relative proportions

c



JUNE 1987

>450

350
250
150

100

"0>
"0
.G

c: 750"g
"5a.
0a..

50

BIONOMICS OF ADULT AEDES CIRCUMLUTEOLUS 133

25

July Aug Sept Oct Nov D'

1967

Feb Mar April May June July Aug Sept Oel Nov Dec

1968

175

150

125
E

100 E
'§

75 C
·0
0:

50

25

Fig. 1. Monthly fluctuations in rainfall and population level of Aedes circumluteolus at Ndumu: mean catch
per trap hour expressed as Williams' mean.

Table 1.Monthly fluctuations in population level of
Aedes circumluteolus* at Ndumu, Kwazulu, South

Africa.

o

o * The numbers in thin table and ill Fig. 1 include the
damaged but identifiable mosquitoes.

+Williams' modification of the mean.

~~~~~==~.==.--~--~------------
MalesFemales

of gravid, blood-engorged and empty individuals
in each month's catch of Ae. circumluteolus.
Engorged and empty mosquitoes occurred 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-
spectively). 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 2-9% of female mosquitoes were gravid.
During these months the catches were almost
certainly composed predominantly of newly
emerged mosquitoes which had not yet devel-
oped eggs. Such mosquitoes would account for
the large proportion of "empty mosquitoes"
present during these 4 months, i.e., 57-86% of
the total catches.
Precipitin test: Blood meals from 1,018 Ae.

circumluteolus tested by the precipitin test re-
vealed that 96% were of antelope (Bovidae) or-
igin.
Prevalence af other mosquito species: Culex

species were always present in the collections
with Culex (Culex) neavei Theobald, Cx. (Cux.)
zombaensis Theobald, Cx. (Eumelanomyia) in-
signis (Carter) and Cx. (Cux.) aniennatus
(Becker) being the commonest species in that
order. The population densities of these mos-
quitoes all fell to low levels during the dry winter
months except Cx. netuiei which usually pe...-
sisted in significant numbers. During the dry

No. ~ ~_.~ __ ~ ~
trap No. MW/tfSP' No. Mw/trap"

__ h_r~~_ moaqs hr mosqs hr
Aug. 1967 16 102 4 3 <1
Sept. 24 23 1 1 <1
Oct. 24 4 <1 0 0
Nov. 24 1,290 41 700 17
Dec. 22 7,377 154 7,230 100
Jan. 1968 24 37 1 6 <1
Feb. ~6 310 4 293 3
Mar. 24 16,151 354 28,457 416
April 25 3,776 114 669 14
May 25 1,601 43 200 4
June 25 272 3 13 <1
July 16 43 2 0 0
Aug. 13 11 1 0 0
Sept. 25 25 1 11 <1
Oct. 21 22 1 0 0
I?~ec~.~ __ ~ 2_5~_19,971 "__5_61 1_7,~B52..__ 3_71_

o
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Fig. 2. Density of Aedes circumluteolus 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 loclltion of sites at Ndumu,

No. mos-
quitoesSite

10
4,5 and 7
6,9 and 11
2,3 and 13
1,8 and 12

Location
Near floodplain
Near floodplain
Near floodplain
Intermediate
Outside floodplain

738
425-492
216-290
134-186
71-103

* All mosquitoes - males, females and damaged.

l~Lg~~~MI~~Ul~
AUQSelll Oct Nov Oec Jon Feb Mor April May June July AUQSect CCl Oee

1967 1960

Fig. 3. Seasonal pattern of blood-feeding and egg
production of Aedes circumluteolus at Ndumu; num-
bers above columns arc total numbers of females col-
lected.

months, June through October 1968, aedine
mosquitoes nearly disappeared from the catches
except Ae. (Aedimorphus) albocepholus (Theo-
bald) and Ae. circumluteolus. In March end De-
cember 1968 when densities of Ae. circumluteo-
Ius were at their highest numbers of all other
species of mosquitoes collected in the traps were

(J

o

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 Onthe hatch-
ing of the eggs of Ae. circumluteolus and their
subsequent development into adults is rain
which was concentrated On one day or several
consecutive days prior to IIcollecting trip carried
out during the warmer months (mean monthly
temperature 22.2-?7.8°C). Such rainfalls only
occurred on October 24-27, 1967 (34.5 mm),
November 17-22 (81.5mm), March 7,1968 (133
mm) and April 19 (62 mm). Although Fig. 1
shows there is some relationship between
monthly rainfall and population indices of fe-
males and males, the relationship is by no means
consistent, suggesting there must be another
cause 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 study the Usutu River was
more frequently in flood than the Pongola River.
As shown in Table 2 resting sites where the
highest densities of Ae. circumluteolus 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, 3 and 13) were further away from
such inundated areas, while sites 1, 8 and 12
located in dry areas of the reserve gave the

(fr:~=:::::::,::.:~~:::::=:::.:::!:;r)
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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 November 1967can only have been caused by
a combination of the previous 34.5 mm rain of
October 24-27 and river flooding which began
in November 6 days before the start of mosquito
collecting but which continued throughout fIle
6 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
a1. (1934) also reported a similar developmental
time from observation on Ae. circumiuteolus in
the field. This means that mosquitoes present
in the catches 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 readily ex-
plained by river flooding which commenced 14
days before the start of collecting. The 82 mm
rain recorded from November 17 to 22 may have
also contributed to this mosquito population.
Low populations in January and February 1968
followed months of low rainfall; there was no
river flooding in February while flooding in Jan-
uary occurred too late. The population peak in
March with more males than females, was
clearly due to extensive river flooding which
started 8 days before the start of collecting and
the 133 mm of local rain which fell in a single
day, March 7. On this trip the number of mos-
quitoes taken increased daily from the first until
the last collecting days indicating emergence
was occurring over the collecting period. In April
the density of males dropped while females re-
mained at a fairly high level, 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 females taken in
the catches were survivors from mosquitoes
which had emerged the previous monch, The
modest density in May is explained by the ab-
sence of river flooding since April 19. The 62
mm recorded on this date, a month before "01-
lecting began, may have produced a limited
number of mosquitoes of which a proportion
were still alive. River flooding which started on
November 27 is the only explanation for the
December 1968 population level which had the
highest density of females and second highest
density of males in the study.
On 3 occasions larvae of Ae. circumiuteolus

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

...."
1
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all unsuccessful. This also indicates that river
flooding rather than local rain per se is impor-
tant to cause the hatching of dormant eggs.
Aedes circumluteolus therefore fits the cate-

gory of a typical floodwater Aedes, whose egg!'
hatch ~..ainly because of riverine flooding in the
Tongaland area of northern Kwazulu, with sub-
sequent peaks in adult population density. This
compares with other floodwater mosquitoes,
such as Ae. (Ochlerotatus) juppi McIntosh and
4e. (Neomelaniconion) unidentatus McIntosh
occurring on the South African Highveld (T. P.
Gargan, R. J. Novak and P. G. Jupp, unpub-
lished data) and Ae. (Aedimorphus) vexans and
Ae. (Ochlerotatus) stictieus, Meigen occurring in
the Columbia River Valley in North America
(Gjullin et al. 1950). Our unit has not encoun-
tered Ae. circumluteolus in other parts of north-
ern Kwazulu at such high levels as those reached
at Ndumu. However, it has been collected at
river margins or marshes after rain in smaller
numbers. It appears that local rainfall needs to
be heavy and concentrated to cause similar sur-
face flooding to that associated with riverine
flooding. The observations of Nieschultz 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 small proportion of the total pop-
ulation is surviving for long periods; the females
collected from August to October usually ap-
peared old. Theoretically if virus infection rates
in Ae. circumluteolus were high enough the small
residual winter-spring population could include
infected mosquitoes which would carry a virus
through the dry season at Ndumu. However, the
infection rates in summer populations have al-
ways been low. (Worth et a1. 1961, McIntosh et
al. 1972a). It seems more likely that these viruses
overwinter in the egg stage and survive by tran-
sovarial transmission, particularly in view of the
work done by Linthicum et al, (1985).
The 2 rnonths when gravid mosquitoes did not

feature in the collections are not thougl t to
indicate a cessation of ovarian development,
especially as blood-engorged mosquitoes 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 that blood-feeding and ovarian
development occur at Ndumu throughout the
year and that there is no reduction of these
activities during the winter. The almost exclu-
sive preference for antelope blood shown by Ae.
circumluieolus at Ndumu in 1967-68 differs
from the preferences shown in a study prior to
1964 (Paterson et a1. 1064). In that study the

<Q:!':::=:::::,::: .:~::::::::::: E :J
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mosquito was shown to have a wider host range,
feeding on man and his domestic animals ue-
sides antelope. However, the new host prefer-
ence probably reflects the change which took
place in the Ndumu reserve by mid-1967 when
the natives and their animals were moved out
(Mclntosh et al, 1972a).
As concerns the other main species of mos-

quito collected in the study, it appears that Ae.
albocephalus is 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 (Theobald) in these
resting collections as compared to the frequency
at which it has been sampled in bait traps at
Ndumn (Mclntosh et al. 1972b) indicates this
species may rest elsewhere, possibly above
ground level.
Since the study was conducted, the Pongola

River has been dammed. This has prevented it
from flooding I-\~.)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-
cumluteolus in the reserve and presumably in
the whole of Tongaland judging from the infre-
quency at which the species has been collected
during malarial vector surveillance 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-
sides antelope. However, the new host prefer-
ence probably 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 is 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) poicilipe« Theobald) in these
resting collections as compared to the frequency
at v hich it has been sampled in bait traps at
Ndumu (McIntosh et al, 1972b) indicates this
species may rest elsewhere, possibly above
ground level.

Since the study was conducted, the Pongola
River has been 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-
cumluteolus in the reserve and presumably in
the whole of Tongaland judging from the infre-
quency at which the species has been collected
during malarial vector surveillance and during
collections for arboviral vector research.
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MOSQUITO VECTORS

P.G. Jupp

Introdu(.'tio"~

Among the pathogens that cause disease in livestock in southern Africa,

only a few viruses are transmitted by mosquitoes (Table '). These and

other arthropod··borne viruses (arboviruses) characteristically multiply in

both the vertebrate host and the mosquito vector. Successfui transmission

is dependent upon the virus producing a viraemia in the vertebrat,~, while

the mcsquito which feeds on the vertebrate must develop a salivary glan0

infection followed by excretion of virus in the saliva. The arboviruses

belong to several families and genera and their taxonomic categories and

host rel(-1tionsare discussed elsewhe,r:'e(see Chapter on Arboviruses).

Of the mosquito-burne viruses that occur in south .1 Africa, Rift

Valley fever (RVF) virus is periodically responsible for serious disease

~n sheep and cattle in the subcontinent, while Wesselsbron (WSL) virus

causes a milder disease, affecting shep.p in particular. West Nile (WN) and

Banzi (BAN) viruses, however, have only been experiment~lly incriminated

as causeS of congenital abnormalities in lambs (See Chapter on Viral

teratology in ruminants) in South Africa $10$. In France, WN virus has

been documented as the cause of encephalomyelitis in horses $22, 23$.

Other mosquito-borne viruses of the families Togaviridae and

Flav~viridae that do not occur in southern Africa, but which cause
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important ddseases mainly in equines and hursans outside Africa include the
alphaviruses of eastern, western and Venezuelan encephalomyelitides and
the flaviviruses ,~£ Murray Valley, st. Louis and Japanese B encephalitides
(see:Chapters on the specific diseases). It is 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
virus has been isolated from Culicl.)idos spp. and from mosquitoes in
Japan, suggesting :it is also mosquito-borne $81$. Akabane virus has been
incriminat.ed as the cause of abortion and congenital abnormalities in
livestock $51$ (see Chapter on Viral teratology in ruminants).

Rift Valley fever, WSL and WN viruses are also important in causing
human disease, while two other mosquito-borne viruses, namely chikungunya
(CHIK) and Sindbis (SIN) viruses, only cause disease in humans. Their
epide'lliologyand aasocf.ation with human disease have been summarized
recently by McIntosh $62$.

Apart fror:\virus isolation from wild-caugh ...mosquitoes, the lines of
evd.denca j.ncrimirating a mosquito speed as as a vector are its
susceptibility to infection with, and its ability to transmit, the virus
concerned (vector competence) plus its relative density and ecological
characteristics. Vector competence is assessed quantitatively in
laboratory tests while data on density and ecology are obtained by field
observations. Relevant aspects of ecology are feeding behaviour, including

(I host preferences, larvdl habitat associations and biology of the egg
sta;,,:,.

Climatic factors influerlL'€:arbovi.rusas bobh directly and indirectly.
Temperature conditions directly affect the multiplicatiJl of the virus 1no
the mosquito vector, low temperatures slowing down viral replication and
10werj"~ vector competence $28, 83$. How8ver, more importantly, climatic
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factors operate through their influ~nce on the geographical distribution
and prevalence of the viral hosts, both mosquito and vertebrate. In the
case of mosquitoes, high rainfall and temperatures can lead to higher
population densities of species belonging to all genera, particularly
Aedes. Climate therefore has a considerable effect on the epidemiology
of arbovirus infections.

Apart from some work in the temperet.te,moist highlands and
subtropir.al, 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 isolation
from t".ild-caughtmosqu.i toes being attempted. There is considerable
arbovirus activity in the tropical region of Mozambique and the Zambezi
valley, and in the subtropical, moist northern belt t.hat extends westwards
from Zirnbab~"I,,!and embraces the Caprivi strip, the Okavangr.) swamps in
nOrthern Botswana, and Etosha pan in north-eastern Namibia $11, 46, 50$.

Arbovirus activity in South Africa is more or less confined to the
subtropical and tropicaJ. Tl:ansv<~alLowveld, the Natal coastal lowlands,
and to th~ temperate, high inland plateau of the Karoo and Highveld. These
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 period1cal1y fall
below this. In the Transvaal I.owveld and Natal lowlands, \V'i.ntex:'sare dry
but mild.

Records of rainfall in the summer rainfa: region of South Africa
since 1910 reveal a 20 yenr- oscillation between decades of above and below
average rainfall $El8$. '1'he1950s was a decade of high average rc1infall,
the 1960s below average and the 19705 again above average. During the
period 1957-1979, the majcr outbreaks of WN, CHIK and RVF infections in

25X 10'1
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humans and domestic animals have occurred mainly during periods of above
average rainfall. One can therefore expect that the 1980s should be a
period of low arboviral activity and the 1990s one of high activity.

During times of heavy rain certain parts of the inland plateau,
notably the panveld area of the western Orange Free state and
north-eastern Cape Province, may become so saturated that large pans and
areas of pasture are flooded. Such accumulations of water may remain
standing on farms for several months, particular1y if there is a granite
underlay as in the case 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 occur, but the
extremely high densities of mosquitoes and other biting flies are also
detrimental to livestock in other ways. These include reduced milk
product.Lon by dairy cows and the development of a poor general state of
health in sheep and cattle. Sheep may even die from loss of blood as a
resul t of che continual biting by vast numbers of insects. 'I'hiskind of
sitnation is probably the main reason in South Africa for mosquito control
being necessary. However, effective large-scale mosquito control on farms
would be difficult and very expensive to carry out.

Virus isolations from mosquito~s

(I Table 2 lists the six mosquito species which yielded multiple isolations
0:: RVF virus when collected on farms during RVF eridemics among sheep and
cattle. The largest number of isolations on ~he inland plateau came from
Culex theileri (plate 1) and ~n the Natal lowlands from
cx . eombeenei s (plate 2). Fewer isolations were made from aedn ne
mosquitoes b::'!causecollecting only began once an epidemic was already

25Xlo
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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 mosquitoes belonging to the
subgene:c:aNeomelani coni on (Neo.) and Ochlerotatus tocm ,

Aedes (Neo ) mcintoshi and Ae. (Dch.) 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 tWC'tall these isolations were made from floodwater
aedine mosquitoes. However, RVF virus isolations were obta~ned from
numerous Culex as well as Aedes spp. Like RVF v~rus (Table 2), the
most important Aedes spp. involved with WSL virus were
Ae. (Neo.) circumluteelus (Natal lowlands), As. (Dch.) cahallus

s.1. (inland plateau) and ,lie. (Nee.) mcintiostd (Zimbabwe highlands).
From 1956 to 1980, 139 isolations of WN virus were made from

mosquitoes in South Africa. Of these, 136 came from mosquitoes collected
on the inland plateau and three from the Natal coastal lowlands. On the
plateau, 128 of the isolations were from Culex univittatus which
occurs throughout this region $67$. There was a large epidemic ()fWN fever
in the Raroo and northern Cape in 1974, when the infection rate of the
ex. uriiv ititietius popuJ.ation reached 39 infected mosquitoes per '1000 at
Upington $74$. The low incidence of tffl virus in the Natal coastal lowlands
is apparently due to the poor susceptibility of Culex neavei to
infection $40$. Cult!x neeve i replaces Cx. univittatus

allopatrically in the Natal lowlands, where it is apparently the mafn
vector $26, 67, 69, 90$.

Banzi virus has been isolated almost exclusively from
Culex (EumF:'laIlomyia) rubi.notuis at Harare in Zimbabwe and at 1;)ort
Shepstone and Mtubatuba··Empangeni on the Natal coast. Infec.tion rates in
this species have often be~n high $75$.

I
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vector comvetence
Values for the 50 per cent infection threshold and the trimsm:i.ssionrate
determined in horizontal biological tranlsmission tests tor six species of
mosquito with RVF virus are given in Table 2. Data indicating the
approximate length of the extrinsic incubation period for each species are
also shown. On the basis of these results the order of vectorial
in'portance is Cx. theileri, Ae. circutnluteolus, ex. eombeenei:s,

As. mcintoshi and Ae. juppi.

Table 4 gives the results for preliminary tests on three further
mosquito species, all of which had high infection rates after feeds of
high titre of virus, and which subsequently transmitted the virus.
Comparison of the results for Ae. uniden ta tus (Table 4) with t.nose :Eor
Ae. mcintoshi (summarized in Table 2) shows that Ae. unidentatus

is a more efficient vector.
Field studies during RVF epidemics have shown only low infection rates

in the moaqud to vector's, often no more t.hanone infected moaquf to per 1000

$59, 73$. In addition, high vector competence evidently requires high
levels of viraemia in the vertebrate host $35, 68, 73$. Despite this, a I

I
I
j

striking feature of RVF (~pidemics among sheep on the inland plateau of
South Africa is the rapid,tty with which infecUon spreads through flocks,
causing heavy losses. To account for the high level of infection,
biological infection bi moaqui t..)esis almost certainly auqmerrt ed by

mechanical :ransmission by various biting flies. In mechanical
transmission 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: Glossina mors.i.tans,

stomoxys ael ci t.rene, Lutzomyia lOllgipalpisr Culicoides variipennis, and
several species of Aeo€s and Culex $43, 18$. In interrupted
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transmission tests from viraamic to susceptible hamsters by the bite of
Ae. aegypti form osus'$43$, transmission was achieved by groups of
mosquitoes for up to 25 minutes after the infecti',e feed but not aft~r 5,5
hours. After shorter intervals of three to five minutes, single mosquitoes
were also shown to transmit the virus on three occasions.

The results of earlier vector competence tests with WSL virus are
shown in Table 5. They indicate that Cx. theileri can be excluded as a
vector, while Ae. circuml uteol us, Ae. caballus s.l. and
Cx. zombaensis are potential vectors.

Laboratory evaluation of all th~ common mosquito species occurring in
the Highveld as vectors of WN virus showed that Culex univittatus is
by far the mo~t efficient vector, with a low 50 per cent infection
threshold 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 EAN virus in natural populations
of Cx. rubinotus at Port Shepstone, it was possible to conduct a
transmission experiment illthe field in which individual hamsters were
exposed to 16 groups of between four and 19 wild-caught mosquitoes. Banzi
vi.rus isolates were made from the mosqud to groups that had fed on 11 out
of 16 hamsters, which suggested a high degree of vector efficiency $65$.

Ecology of mosquito vectors
Culex (Cux.) theile:t:i

Culex spp. deposit their egs'rafts on the water surface, where,
depending on the temperature, thsy hatch within two or three days. These
eggs cannot r.esist drying, hence the pre,ferred types of larval habitat are

() permanent PI'semi-permanent ground pools; although temporary pools are
sometimes used. Culex theileri is the most abundant and consistently i'

((

!,

I
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prevalent mosquito throughout the inland plateau region of Bouth Afr~ca,
but it is usua~ly rare on the Natal coast and in the Transvaal Lowveld
$36, 41, 73, 89$. This species feeds on goats, cattle, sheep and h~mans,
mainly at ground level during the first three hours after l:lunset.It also
feeds to a limited extent in the tree canopy as it is moderately
ornithophilic $1, 27, 36, 41$. The larvae are found in a ~lIiderange of
ground pools varying from c.learvleis with emergent vegetation to pools
highly polluted with organic waste from cati'e $20, 24$.

culex (Cux.) zombaensis

This species is common in the northern Natal coastal plain $14, 69, 70,
76$, but rarer in the southern pact $37$. It is mainly a ground
frequenting species which feed.;nocturnally on cattle, sheept goats,
antelope and humans $70, 76, 82$. Culex zombaensis seems more
selective in its choice of larval habit qn Cx. theileri and is
probably more confined to cleaner water W~~h 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 Ln catches $36, 41,

/ .~

!o
89$. It is predominantly or.n:ithophJ.licbut sometimes feeds on humans and
other ma~mals $1, 27, 36. 41$. It feeds nocturnally, particularly in the
tree canopy but also at ground level. While this species is only slightly
anthropophilic it has been shown to feed on humans indoors to some extent
(endophaqy) S'27$.EJ.j.demicsof \~Nare probably partly a resLllt of
increased feeding on humans when pa=ticularly high densities of the vector
occur, as they did at Up:fngton ..T' 1974 $74$. Precipitin tescs on

2sxlo
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blood-meals of Cx. univittatu$ collected on a cattle farm near
Johannesburg showed that 37 per cent of them were of mammalian origin, and
55 per cent of these mammalian meals were from cattle.

Culex UTlivittatus 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
im!?ortant fer Cx. univiU:atus adults and larvae to enter a state of
quiescence to overwinterj 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 collected 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 ie\l or absent. Although this type t,f habi t.atoccurs on the
inland plateau, it is particularly common on the Natal coast, and large
populations of the mosquito have be€n sampled at Mtubatuba and Empangeni
$75$. The mosquito probably seeks out this dense vegetation because of its
ser.sitivity ~o wind and low humidity. Large numbers have also been taken

o in mature suga:::-cane fi.eldswhen these adjoined the natural habitat $39$.
Culex rubinotus feeds primarily on rodents, to a moderate degree

on domestic ungulates and rarely on humans $39$. The feeding rate is high

() on hamsters in mosquito traps placed on the ground. Female mosquitoes
confine their activity almost entirely to ground level and rarely enter
t~aps in the tree ~anopy $39$.

I

!
I
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Larvae of ex. zubinotus have been collected in shallow water in
reed beds $39$, Hopkins $20$ recorded the larval habitats as being
papyrus swamps and weedy or Pistia-covered borrow-pits.

Aedes (Neo.) circumluteolus

This is the predominant member of the subgenus Neomelaniconion to be
found in the tropical coastal lowlands from northern Natal in South Africa
northwards into Mozambique. In Tongaland in northern Natal it is often one
of the most pr.evalent of all mosquitoes 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
floodwater species which oviposits 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 their microhabitat under the
soil where, like Ae. juppi, they are probably deposited 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
$38$.

A study at Ndumu in Natal showed that during the dry winter an~ spring
months (June to october) As. circumluteolus declined to very low

o
numbers, but it never completely disappeared. Blood-feeding and ovarian
development occurred throughout the year $38$. Aedes circumluteolus is
a ground feeder feeding dur.ing the day and alsc at night from about half
an hour after sunset. It fee:ds avidly on cattle, sheep, antelopes and
humans $38, 70, 82$.
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Aedes (Neo.) unidentatus and Aedes (Nee.) mcilltoshi

In 1971 McIntosh revisec;1the subgenus Neomelaniconioll in southern
Africa $58$. He named twc new species, }le. unidentatus and
Ae. luridus, making a total of eight species including
Ae. circumluteolus and Ae. lineatopennis. Prior to this revision
Ae. unidentatus may have been called Ae. lineet.opennis in
.Johannesburg and at Lake Chrissie for exam~.·,le$36$, while Ae. luridus

may have been confused with Ae. elbotbors», In 1985 Huang dest:ribed a
new species, Ae. (Neo.) mcintoshi, and showed that African mosquitoes
previously reported as Ae. lineatopennis really belonged to this
species $21$. Aedes lineatepennis itself was shown to be confined to
the Philippines. Thus, reports of Ae. lineatopennis in the literature
after 1971 refer to Ae. mcintoshi but before 1971 could have been
either Ae. unidentatus or Ae. mcintoshi.

Aedes unidentatus 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 species of the subgenus $58$.
Aedes mcintoshi is a more widely distributed species adapted to
regions with markedly different climates: it occu~s in the Karoo,
Highveld, Transvaal lowveld, Natal coastal lowlandS of South Africa and

spec i.ezappears to be dominated by Ae, ai xcuml utieolue, Its prevalence
the Zimbabwe highlands. In the northern part of the Natal lowlands this

relative to Ae. urudentieius and Ae, Luridas ~.nthe Highveld and
Karoo respectively is not yet properly known because of insufficient
sampling. Large numbers of Ae. mcintoshi have re:::entlybeen collected

Ae. unidentatus. In southern Africa the distribution of
at Villiers in the north-eastern HighvE!ld, where it was about as common as

intermediate temperature.
Ae. mcintoshi indicates that it is probably best adapted to regions of

~:::=:::::::::::::::.::.::)13' 2sxlo
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Larvae of Ae. unidentatus have been collected near Johannesburg in

Aedes uni.dentietusfeeds both by day and night, with peak biting

commencing about half an hour after sunset in Johannesburg. It feeds

voraciously on goats, cattle, sheep and humans $1, 36, 58$.

Aedes mcintoshi has the same host preferences although its biting

cycle still needs to be determined in South Africa.

temporary rainwater pools in flooded pasture $24$. Both

Ae. unidentatus an~ Ae. mcintoshi larvae occur in large numbers in

flooded pans and, to a lesser extent, in vleis in South Africa $4$. Recent

studies on the ecology of Ae. mcintoshi near Nairobi in the Kenya

highlands have indicated a behaviour pattern similar to that of ~outh

African populations. L,irvae have been collected in very large numbers in

dambos (pans) on bushed grassland $53$. AI ~lt females feed avidly on

cattle and humans, with peaks just before sunset and just after sunrise

$54, 56$. The dispersal distance fro!.,a dambo was found to be 0,07 and

0,15 km for males and females respect~.dly, and the daily survival rate

0,83 and 0,85 $52$.

Aedes (Deh.) juppi and Aedes (Deh.) caballus

McIntosh made a taxonomic reassessment of

Aedes (Dchlerotatus) cebe !ius and found that mosquitoes that had been

identified as this species before 1973 could have been either
/ .~

\ Ae. oebel Liis s :e, or a lleW species Ae. juppi or a mixture of both

o these species $60$. From the limlted number of locality records available

for these two species $60$ it appears that Ae. juppi is adapted to

temperate conditions and is endemic to the temperate regions of southern

Africa. It probably outnumbers Ae. caballus in the Highveld of the

Transvaal and northern Orange Free state, and seems to be the only species

2sxl[



in the western and coastal regions of the Cape Province. It is sympatric

with Ae. caballus over a large area, including the Karoo and southern

Orange Free State, but the relative proportions of th~ two species require

fur.ther elucidation. Aedes caballus is apparently adapted to higher

13.

the coastal regions of Natal and Mozambique.

te'llperatures and a lower rainfall than Ae. jupp~ and is absent from

Aedes juppi and Ae. caballus have very similar ecologies. Both

feed avidly in the light and just before and after sunrise on goats,

sheep, cattle and humans $3:, 41, 73$. Larvae of A..s, caballus 5.1.

have been recorded from small or large temporRry pools or pans $79$. More

recent studies have shown that the eggs of both species are laid in sedge

or grassland within Low+Ly Lnq depressions (t-rh1S) and hatch to produce

enormous numbers of larvae when thesf> ,.:>Rnsfill "fter cavy rainfall $15,

32$. Hence larvae of the subgenus Ochlerotatus are found in similar

habitats to those of the subgenus Neomelaniconion, and often species

site on the inland plateau.

belonging to both subgenera are collected together at the same aquatic

ViI 1. maintenance and occurrence of epidemics (Figs. I and 2)

failed to provide evidence supporting a continuous cryptic

Many years of work in s ut.hern Africa and in other African countries helve

vertebrate-mosquito virus transmission cycle that .serves to maintain RVF

obtained in southern Africa and Egypt that transmission by various

virus during the inter-epidemic period. Evidence has, however, b~en

mosquito species, notably Culex spp., occurs during Epidemics in sheep

some 40 000 mosquitoes trapped in RVF areas in Natal during the

and cattle $16, 19, 73, 76$. Virus isolation uttempts over 20 years from

inter-epidemic period failed to incriminate mosquitoes $~$.
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MorA rec'3ntly, LinthiclUll et al. $55$ isolated RVF viz'us from

mosqui toes collect.ed in Kenya during an inter"epidemic period. These

included eight isolations from adult Ae. mcintoshi (reported as

Ae. lineatopennis) that had been collected kS larvae or pupae and

reared to adulthood in the 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. ctlmminsi adults and a"1other from wild-caught Ae. mcintoshi

adults. This important finding provides evidence that RVF virus can be

mai,~ta';,nedthroughout inter-epidemic neriods in a state of dormancy in the

eggs of Ae. mcintoshi and can then be transmitted transovarially to

the next generatl,on of moequi coas . Linthicum et al. $55$ concluded

that Ae. mcintoshi is important in the generation of epidemics by the

primary seeding of virus in cattle and sheep. Subsequently, other

mosquitoes, Culex dnd Anopheles spp., col~nizing temporary and

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

a mosquito-sheep/cattle transmission cycle to maintain an epidemic $55$.

In South Africa, r.x. theileri and Cx. zombaensis are the

important species on the inland plateau and Natal coastal lowlands

resp~ctively. There is strong evidence that these specie8 transmit RVF

virus ciologically between sheep and cattle, and that mechanical

transmission by several mosquito species and other biting flies is

responsible for the maintenance of the epidemic. t'umans are also thought
o to become infected on occasions through transmission by ex. theileri

and ex. zombaensis although some human infections during epidemics are

undoubtedly caused by cont.acaon during the sLauqht er i.nq of infe .•ced

o animals.
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In South Africa, transovarial transmissior. test,s and testing of
mosquitoes reared from field-collected eggs have been undertaken to try to
incrimin~te various floodwater Aedes spp. as reservoir vectors of RVF

virus $15, 35, 73$. Such studies have so far been directed mainly at
Aedes juppi and have indicated that this species has a low vector
potentia], that it is only a subs~diary epidemic vector, and that it is
not involved in vertical transmission of the virus.

The paucity of isolations from floodwater Aedes during epidemics
j'~ partly because sampling of the mosquito populations for virus assay
invariably began late in the course of an epidemic. Despite this,
isolat';(ns have been made from Ae. Elcintoshi and Ae. juppi on the
inland plateau and from Ae. circumZuteolus on the Natal coastal
lowlands. If one or more of these species should be responsible for
transovarial transmission, such infected mosquitoes probably occur only in
a fe\Olendemic foci whare RVF virus erupts to trigger a new epidemic in

sheep and cattle when climatic conditions are favourable. Figure 1

summarizes the known epidemic cycle and the hypothetical maintenance cycle
for RVF virus in South Africa. Theoretically it might also ue possible fOl

some infected Culex spp. to overwinter and initiate transmissirn the
next spring, especially as small numbers of Cx. theileri adults have
been collected in the winter in Johannesburg $25, 29$.

Antibody surveys in humans and livestock have shown that WSL virus is
more common in the moist tropical part of southern Africa--northern
coastal Natal, northern Kwazulu, Nozambique and Namibl.a--than on the
inland plateau, the southern Natal lowlands and the Cape Province of South
Afr~ca $46, 47, 64, 77, 85$.

On the:temperate South Afncan plateau the Ae. caballus-~iuppi and
Ae. mCintoshi-luridlls-unidentatus group of mosqr itoes are probably
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vectors. Along the tropical, eastern coastal plain of northern Natal and

Mozambique, Ae. circumluteolus is the most likely vector. Because the

tropical areas of northern Natal and Mozambique receive a higher rainfall,

and are therefore moister than the drier ten,perate areas of South Africa,

Aedes spp , are probably active there over Lonqer f,er':'.).:1~This would

account for the higher level of WSL virus a~t~vity ~n ~he tropical areas

$61$.

The only evidence for the possible existeH~1:!of a wild vertebrate host

for WSL virus ~.S the single isolation of virus from the gerbil

(Desmodillus auriculatusl $6$. However, the absence of Culex

vectors suggests that viral maintenance would be through transova):ial

transmission from one generation of Uoodwater Aedes to the next by

vertical transmission, the virus sUI.viving dry periods in the eggs of

these mosquitoes. Domestic ungulates are important ~ncidental hosts with

which the vector could probably maintain the virus for quite long periods

in the absence of a primary ver ebrate maintenance hose. Livestock,

particularly adult sheep and cattle, are often inapparently infected.

Humans can be infected either by contagion through handling infected

carcases, or by mosquito bite (Fig. 2).

During each summer on the inland plateau of South Africa, WN virus and

SIN viruses are maarrt aaned in a feral eyc ls between Cx. univittab;s

and variotls avian specles. The same mo;..,quito,ex. univittatus, also

transfers 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 occur renee of such c:pidemJ.cs in April 1970 and

April, 1971 $66$.

/
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Serological surveys for neutralizing 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 cattle, oxen
and horses in Johannesburg $49, 64$. It appears, therefore. that livestock
also become infected with WN virus in the field, although calves show only
a trace of viraemia after inoculation wit~ virus $3$. Such infections
might be expected sometimes to lead to the development of abnormalities ir'
the foetuses of pregnant animals $10$.

Culex rubinotus maintains BAN virus among wild rodents. That
rodents are indeed the feral vertebrate maintenance hosts is clear from
aspects of the studies referred to above. Additionally, there is the
isolation of virus from, and the presence of antibodies iO,
Mastomys natalensis $63$, plus the viraemic response of wild rodentE
to inoculation with the H336 stra~n of the virus $57$. The occurrence of
Cx. rubinotus in other parts of Africa, with associated viral
isolations, suggests that it is probably the vector of BAN virus 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 blo to 16
per cent and in sheep at rates of from zero to seven per cent $47$. This
eVidence, together with the moderate feBding of Cx. rubinotus on
domestic ungulates, suggests that pregnant cattle, for example, could
becI'me infected, particula~ly if they were to browse near the marshy reed

o beds where ex . .t"uhinotusiG prevalent. It would seer.:worthwhile to
examine foetal material arising from natural abortions on the Natal coast
for the presence of the varus and developmental abnormali b.es. Whether
bovine infections ever atta~n the level of an epidemic is not known. Danzi
virus has been isolated from humans and is known to cause at least mild

t, '
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illness $87$, but the extent to which it causes morbl.dity in man is

uncertain.

Mosquito control

Fran the point of view of contrclling RVF, prior immunization of livestock

would be more cost-effective than vector control. However, for other

reasons already mentioned, it mayan occasion be advisable to institute

~0me mosquito control measures to reduce the degree of exposure of stock

to mosquito bites. Since the peak period for biting is from just before

suns'2t until sunrise, and because mosquitoes are always active at or close

to their breeding sites, stock should, if possible, be moved away from

pans and vleis to higher ground before nightfall. In the case of dairy

farms, the m' .l.ngsheds should be made mosquito proof, and perhaps

Culicoides-proof, and monthly sprays of their interior walls shOUld be

carried out with a residual insecticide other than an organochlorine.

Organophosphate insecticides such as malathion, fenthion (Baytex),

fenitrothion (Sumithion), or carbC:\matessuch as carbaryl (Sevin) and

propoxur (Arprocarb), can be used at rates of 1,5-2,Og!m2 $84$.

Control of adult mosquitoes outdoors would probably be neither

effective nor economic. Outside control could, however , be directed at

larvae in the main breeding pans, vleis and dams. Larvicides such as

Timephos (Abate) can be incorporated into sand granules or pellets and

sp~inkled into the breeding place. In the case of pans, a dry pan could be
o

seeded with such pellets just before a flood is expected so that the

insecticide is released into tnE: water as the aedine eggs hatch. An

alternative la:vl.cide is the bacterium,

Bacillus thuringiens.is iereel iensu «, whose spores can be in;'orporated

into pellets. This may become practicable if its present high cost is

_a
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reduced. The emphasis should be 011 a control programme with measures that

are selective and integrated.
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M::lsquito-borne vin ..ses cau$'ng d+sease i" 1ivest.ock and/or humans in southern AfricaTable 1

Wi ldMosquite vecto" Hosts showing disease
vertebrate --------------------------

host Livestock

FlavlVH"idae

Flavivi"'uS

Chi k"ngunyu

~. (l:;.~.) "C"vit.tatu$

Primates +

Bir"ds

ex. (Eu!".• ) r"ub'nct:;!; Rodents a.. +

t», (Ne~.) C"l t"CU"~ lutec 1US

~. (Nee. ) J!lC:1ntoshi Ro:Ie!1ts? .. +

Ae. (00'. ) filbilll us/JuP;)'

ex. (CP. ) lY11v1ttatus Bl"dS ..a

W"sse 1sb"'o'~

..

I
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Table 2 Souther"n African m::lsquito spec+es yielding rrultiple isolations e, Rift Val1ey fever" virus from 1953-81;
number"of isolations and results ~F transmission exper1ments

Region Species

5C~ infect10r.
No. thresholda

isola- Logl0lD50/~
tions

Tran~.miSS10r'<

rateb (days
post"lnfectiOI1) References

South Africa:

7 £. 7,5 3%. 4'~, 42~. (14, 22. 29) 44, 76

3 s- 7.5 32-38% (16-3') 42. 76

So.J~.h Af""1ca:

!niand ~. _.:dt.1>(.. ) the i1e'", 22 £. 5,7 13-35% (15-22) 16, 31, 59, 6B. 73

platea" ~. (Oeh. ) ~ 3 8,7 6:1: (17) 73

Ae. (OeM.) caba l lus s.1. 6 8,ac m;c (12, 13) 16, 73

Ae. (Nee. ) c
2 8,1 17% (10, ,." 73mc'~:b: ' tJ-,1

Z~mbabwe 2 59

r,g!-"(ial')c:":

o

o

... ; m§Fitiratr"~ "!\
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34.

Numbe'-of isolations of Wesselsbror. v-rus from ITOsquitoes collected in soutoern Africa

Region Re+erencesSpecies No.
'solations

So"th Africa:

Natal

ccas ta l

Ae. (Ne;:.) Ci,-c,ul'11uteolus 5, 61, 85, 9013

~, (~.)~

s

48, 9:':

So.Jth Afr,Cll:

Inlat"td

p1atea"

3 48

13

Z,rr.babwe 7, 59, 61

a. J:(e;:::,~,...teG ar ~.::. (C~IX, ) un-v ~t't-atlls

t. F'Ea::;rtE<:: a~ M·, (~. ) 1~n.ea't :'J;){"';'''!''-: ~



('10

°iU

35.

Results of vector' coroetence tests with Rift Valley fever virus and three rrosqu+to species; infective feeds on

v+raemc hamsters but tran"'11'SS10" by the in ill!£ capillary method $35$

Titre or 'nfe~tive ~b5q~ito infection Transm+ss too

SpeCit:'S

Days afte" Days after

infectwe mea) ,nrective meal

6£.. (~~.) unidentatl's 6,8 - 7,8 11 12/14 (86%) "j 7/12 (58%)

Ae. (~.) dentatus 6,8 - 7,8 11 28/31 (9C%j 11 9/28 (32%)

17 6/8 (15~) 18 3/6 (50%)

(.X. (Cux.)poic;1~ 7,8 15 26/'29 (90%) 15 4/26 (15%)

30 24/30 (80%) ,
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TDble::i Results of vector compete'1ce tests with various nosqu+tc species anc Wesselsbro-' virus

Virae-'; B'lccc-rrea" Infection Suscectible Tra~smission Refere'1O&

Spc,:ie: at-temp'l$rate

host

Ae. (~.) Circumluteolus Arti'hcial 7.2 7/9 Mice 16/18(1 80

t£.. (Deh. ) caballus 5.1. Mosqs. collected NT La"'1~E 1/,11 45

1n ep~daniC

Ae. (lli2:!. ) s:aba11us so 1. r-1osqs. C,c.11 e-:::te:: NT I",~ 1/31a 45
~

,n ep1ce'''ic IAe. (Oc~.) cai-Ja:lus s. ,. Lamb:; N"l' NT Mcc,~ 2/2a 45

1/2b
l

C", (Ctj~., ) ~.E~ Hamsters 8,4 13/26 Ha~.ster5 8 i
,--.x .. (Cu~.) theiie v- ~ HamstEr'''S 6,7-7,2 21/52 ~~-;cr 0/15 8 I

~
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Fig. 1

Fig. 2

Fig. 3
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Mosquito vectors (rnls 701.)

Culex theileri

Aedes (Nen.) maint.ostii

Aedes (Och.) juppi

Transmission cycles of Rift Valley fever; maintenance of virus

through the dry winter is hypothetically by means of vertical

(transovarial) transmission by Aedes spp. or by

overwintering adult Culex mosq\litoes

Transmission cycles of Wesselsbron virus; maintenance of virus

through the dry winter is hypothetically by means of vertical

(transovarial) transmission by Aedes (NeOmelaniconion)

or Aedes (Ochlerotatus) mosquito species
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Investigations of dengue vectors in countries
outside South Africa have only incriminated
aedine mosquitoes, mostly of the subgenus Ste-
gomyia. The rural endemic vector in Asia is
Aedes (Stg.) 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. [urcifer (Edwards) and Ae. taylori Edwards
(Cordellier et al. 1983, Roche et al. 1983).Aedes
aegypti is widespread in the tropical and sub-
tropical areas in eastern South Africa (Muspratt
1956), while Ae. [urcifer is limited to the tropical
areas of northern Natal and the northeastern
Transvaal (Jupp 1980).

Our 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
as representing points where a dengue outbreak
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POTENTIAL FOR DENGUE IN SOUTH AFRICA: l\.10SQUITO
ECOLOGY WITH PARTICULAR REFERENCE TO AEDES AEGYPTI

A. KEMP AND P. G. JUPP

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

ABSTRACT. Observations on prevalence, geographical distribution, utilization of artificial larval
habitats and anthropophilism were made on diurnal mosquitoes at selected localities along t?e coast of
Natal and inland in the Transvaal to identify potential vectors of dengue in South Africa. Larval
collections made in artificial containers OIl the ground, the exposure of bamboo pots as ovitraps in trees .--'.
and collection of mosquitoes biting man showed the following species as the most likely' candi~at~s for
vectors: Aedes aegypti, Ae. demeilloni, Ae. simpsoni, Ae. strelitziae, Ae. [urcifer, Ae. cordellieri and
Ereimapodites quinquenittaius, The bamboo pots showed that Ae. aegypti and Ae. simpsoni were t.he
most widespread species, occurring at 11 of 12 localities. Aedes aegypti was the most prevalent sp~cles
with mean pot index of 60.3 :!.; 9.8% (SE) and abundance index of 0.43 ± 0.15 (SE). Aedes aegypti was
frequently present as larvae in artificial containers at indices of 11-83% (mean 56.8 ± 5.6%, SE). ~nd
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
Transvaal), the local populations were poorly anthropophilic at these localities. At some localities,
populations of Ae. demeilloni, Ae. simpsoni and Ae. strelitziae had average biting rates of 5.4-9.6 per
man-hour. Aedes [urcijer was collected for the first time at Durban, extending its distribution southward
to latitude 29°53'S.

INTRODUCTION

o

might begin. Furthermore, Ndumu (Natal) and
the Magaliesberg and Mica (Transvaal) were
chosen primarily for investigations of' non-an-
thropophilic populations of Ae. aegypti, while
Tzaneen (northern Transvaal) was selected for
its anthropophilic population; these Ae. aegypti
collections were relevant to the taxonomic study
(Jupp et al., in ms.). 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

Ooitraps 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 various 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 McIntosh 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 eggswere hatched by flooding with tap water
and adults reared out. The bamboo pot index
for each species is defined as the percentage of

$1 I· n I •. 11101111 ~.kSA _. ~,



DECEMI3Elt lU91 DENGUE vscron ECOLOGY 575

pots found to contain that species. The abun-
dance index is the number of mosquitoes at each
locality divided by the product of the number of
pots and number of days they were exposed.

Artificio: containers: Mosquito larvae were
sampled from water-retaining artificial con-
tainers in motor car scrap yards, municipal rub-
bish dumps and other peridomestic sites at var-
ious localities in Natal and in the Transvaal
(Fig. 1) from November 5, 1988, to April 18,
1989. The following containers had culicine lar-
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 immature culi-
cines. Larvae were reared out in the laboratory
and identified. Container indices were recorded
as the percentage of containers found to contain
Ae. aegypti.

Human-baited eolleci' :t:: 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, 0530--0930 hand 1500-1900 h. No collec-
tions were undertaken 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
slightly 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 collection
effort). Observations were made on various as-
pects of feeding behavior.

Mosquito identification: The mosquito nomen-
clature follows that. of Knight and Stone (1977)
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-
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myia) cordellieri Huang in the Ae. furcifer group
(Huang 1986a).

RESULTS
Ouitrap« 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 genera were sampled at 8 localities
in Natal and 4 localities in the Transvaal (Fig.
1). Toxorhynchites breoipalpus Theobald andAe.
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, Tx. brevipalpus and Ae.
simpsoni (Theobald) followed by A.e. 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
aegypti was found most often in the bamboo
pots (mean pot index == 60.3 ± 9.8%, SE) And
was the most abundant species (mean abun-
dance index == 0.43 ± 0.15, SE) except for Ae.
dendrophilus (mean abundance index == 0.47 ±
0.26) .
. In the subgenus Diceromyia, Ae. cordellieri

occurred in bamboo pots at Ndumu in northern
Natal and, to a small extent, at Skukuza in the
eastern Transvaal. Aedes [urcifer 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 occurring at Port Shepstone (83%), Em-
pangeni (78%) and Durban (76%). Other species
quite frequently encountered in these containers
were Ae. simpsoni, Eretmapodites quinquevitta-
tus Theobald, Tx. breoipalpus and Culex quirt- '
quefasciatus Say. The first :{ of t hPHP 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

..,..•• •• I
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.. Bamboo pots jeJ
o Artificial containerSJ •
• Human-biting Q

~ Bamboo pots and human-biting

Mogallesberg ..

N

1
Tzaneen:

_Mica

TRANSVAAL
Skukuza.

Amanz!mtotl
.""\.-

'1.. ~scottbUrgh
Armadale _ Park Rynie
c:.-.. Port Shel-'stone
:dwar7 Oslo Beach

Po,1E./ PalmBeach

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 hooheriana Koch (Agavaceae) at
Oslo Beach. Large stands of Strelitzia nicolai
and Dracaena hooheriana were also found in
undisturbed, indigenous, coastal forest on the
farm, Armadale, about 14 km north of Port.
Shepstone. Eretmapodites quinqueuittatus lar-
vae were collected from the dried, opened husks
of the fruit ~l;. 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. aegypti at 7 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
localities in Natal further north than Empan-
geni, correlating with generally low abundances
(Table 1). Two adult collections at a Durban
site, spaced one month apart in early 1991, gave

. 'iiI
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0' Table 1. Survey with bamboo pots for mosquitoes at various localities; bamboo pot indices (% of positive pots): and, in parentheses, abundance l1dices (no.
i':
~$

mosquitoes/no. pots/no. days exposed). .£:
'"...'

- t P.Edw. Palm B- Oslo B. Arrnadale Durban R. Bay St. Lucia Ndumu Magal. Skukuza Mica Tzaneen 1<-=
1<-=I'_'

] No. of pots 5 10 15 6 15 14 23 44 22 23 26 15 I
No. of days exposed 57 57 57 57 ~57 57 56 64 112 153 31 38 I

1
Ae. (Aib. f capensis 100 (1.16) 80 (1.68) 0 67 (1.07) 0 0 57 (0.25) 30 (0.09) 0 0 0 0

hauorthi 0 0 0 0 0 0 0 0 0 9 (0.01) 0 0
kennethi 0 0 0 0 0 0 0 3410.05) 0 0 0 0
marshalli 0 0 0 0 0 0 0 0 36 (0.01) 57 (0.016) 0 40 (0.08)

Ae. (Die.) adersi 0 0 0 0 7 «0.01) 64 (0.17) 0 0 0 0 0 0
cordellieri 0 0 0 0 0 0 0 29 (0.02) 0 5 «0.01) n o
furcijer 0 0 0 0 20 (0.02) 0 0 71 (0.04) 0 47 (0.02) 0 0
furcifer group 32 (0.05) 39 (0.01) t)

t=:

Ae, tFin.s fulgens 0 0 0 0 0 0 0 7 (0.02) 0 17 «0.01) 6 13 (0.03) ~
Ae. (Psa.) natalensis 0 0 7 (0.05) 0 0 0 35 (0.06)

c
0 0 0 0 0 t=:

Ae. (Stg.) ae&:"pti 40 (0.10) 100 (1.17) 93 (0.85) 0 53 (0.14) 50 (0.071 9 «0.01) 73 (0.35) 45 (0.01) 100 (1;.65) 67 93 (1.39) <:
• t=:

coruinguus :) 0 0 0 0 0 0 0 50 (D.D5) 0 0 0 r...,
demeilloni 20 «(W2) 30 (O.02) 7 «0.01) 33 (0.04) 0 0 0 0 0 0 0 0 c

::::
dendrophilus 100 (1.53\ 100 (1.30) 20 (0.05) 100 (2.74) 0 0 4 «0.01) 16 (0.02) 0 7 «0.01) 0 0 t=1
heischi 0 0 0 0 0 0 0 48 (0.10) 0 0 0 7 (0.01) l~ledgeri 0 0 0 0 0 0 0 11 (0.01) 0 8'1 (0.36) 44 47 (0.73)
metollicus 0 0 0 0 0 0 0 41 (0.08) 0 100 (0.28) 39 47 (0.14j l~simpsoni 20 (0.02) 70 (0.46) 33 (0.15) 17 (0.01) 13 (C.Ol) 7 (0.02) 4 «0.01) 68 (0.14) 5 (0.03) 70 (0.15) 0 33 (0.08)
soleatus 0 0 0 0 0 0 87 {(i.H) 11 (0.01) 0 0 0 a
strelitziae 0 30 (0.03) 13 (0.01) 0 0 0 0 0 0 0 0 0
unilineaius 0 0 0 0 0 0 a 5 «0.01) 0 13 «O.OI; 6 0

c- (CUX.1 pipiens 0 0 0 0 0 0 0 0 14 0 0 0
zombaensis 0 0 0 0 0 0 0 2 «0.01) 5 f) 0 0

ex. (Cui.) cinerelius 0 0 0 0 0 0 0 20 (0.01) 0 0 0 0
cinereus 0 0 0 0 0 0 0 23 {D.05) 0 0 a 0
nebutosus 0 0 13 (0.02) 0 7 (0.03) 0 9 (0.03) 20 (0.04) 0 4 «0.01) 0 7

Cx. tEum.i horridus 0 0 0 0 G 0 0 16 (0.01) 0 48 (0.21) 0 7
Cx. (Lut.) tigripes 0 0 0 0 0 0 0 0 5 0 0 0
Tx. (Tax.) brecipalpus 100 88 27 60 40 43 61 66 0 0 0 0

I
01
-1
-1

~
11
<...
:l
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Table 2. Aedes aegypti collections at various localities: artificial container indices for larvae and average biting
rates in human-baited collections.

Biting rate
No. containers Container (per man-

Locality" examined index (%) Man-hours hour)
-..,._..,....,_ ....~--........~--~....---.,___._~------.....-"-----.--~~--.-----~~-.__,_------.-____,--__..--~-~~---...-.~- -_.

Natal
Pm"! Edward
Oslo Beach
Palm Beach
Port Shepstone
Park Rynie
Scottburgh
Durban
Stanger
Empangeni
Richards Bay
Mtubatuba
St. Lucia
Mkuze
Ndumu

Transvaal
Johannesburg
Skukuza
Tzaneen

Larval collections

1 'I

NF**
18
:n
19
45
13
18
53
21
9
10

NF

33
10

Adult. collections

47
2.0

31.2
o
11.2

8a
54
11

4.0 18,0

76 g,O
5.0

29.0
12.4
18.0

54
78
62
33
56
70

4.5
23.5 1.5

2.9
0.8

5.5
8.0
5.5
5.0

as
0.2

45
70

13.02.0
1.8
1.0

0.5
10.0

* All localities are urban except for Ndumu, which is rural; all sites in the urban localities are peridomestic
except at. Johannesburg, where it is domestic.

** NF == no artificial containers found.

biting rates of 15 and 89 per man-hour, respec-
tively. Both collections had taken place during
the midday period, defined for our purposes as
1000 ·1500h. Rainfall totals over 30 days prior
to each collect.ionwere 43 mm for the first and
263 mm for the second. The Ndumu and Sku-
kuza populations, known and assumed to be
non-anthropophilic, respectively, had biting
rates lower than 1 per man-hour even though
they were prevalent in the bamboo pots (Table
1).
Male mosquitoes subsequently captured and

identified as Ae. aegypti 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.
(WH)pti were often slow to alight before feeding,
particularly if a slight breeze was blowing. Males
also alighted on the bait but. apparently only to
rest, because as soon as females approached, the
males 'Wouldfly 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

(I
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andAe. sireliiziae, whereas males ofAe. simpsoni
and Er. quinqueuiitatus commonly occurred at
and rested on the bait. At Palm Beach, where
no obvious concentration oflarval habitats other
than water-retaining plants occurred, the diur-
nal, anthropophilic mosquitoes were only col-
lected in small numbers at anyone site. It was
necessary 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. quinqueuiiiaius.
Aedes demeilloni wanfound to bite readily during
the midday period. The biting rates measured in
1991were 13per man-hour at.Armadale (collec-
tion effort = 4.2 man-hours between 1000 and
1215 h) and 38.8 per man-hour at Palm Beach
(collection effort = 1.7man-hours between 1155
and 125(\ h). Aedes simpsoni was only encoun-
tered at high biting rates in Johannesburg in the
late afternoon. Aedes streliiziae 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 quinqueoittatus was not commonly
collected as adults except. for a site in Richards
Bay where the biting rate in December 1989was

I n:- FlI.e~ A4-::l
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Table 3. Daytime human-b itcd collections at
various localities; average bhing rates of the most

pr(~valent species other t~un A~des ae!QPti.

Biting rate
(pel' man-

____ Specie~s ~our) Locality

AI'. (Stg.) demeillani 5.4 Palm Beach
5.5 Armadale"
0.1 St. Lucia Estuary
1.2 Palm Beach
2.0 Oslo Beach
0,5 Park Rynie
0.2 Richards Bay
0.3 St. Lucia Estuary
7.5 .Iohannesburg
0.5 Skukuza
2.5 Palm Beach
9.6 Armadale"
0.4 Richards Bay**
0.7 Palm Beach
0.6 Stanger
2.3 Richards Bay
0.2 Mtubatuba

______ ~_~ ~~_~t. L\1.92~Estuo.ry

dendrophilus
simpsoni

.>1 relitzlae

Er. quinquevituuus

* 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-

ictus, was found in the course of this survey,
despite the recent discovery of immatures in tire
casings imported from South past Asia and
landed in Cape Town (Hunt et al. 1990).

DISCUSSION
Our study has concentrated on particular

areas of South Africa. First, those where dengue
is likely to be successfully introduced into the
country via the shipping and tourist industries
and, second, where the most probable vectors,

'" the Stegomyia and Diceromyia species, are to be
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. [urcder are dengue vectors
elsewhere (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 Ivary
Coast and Upper Volta was associated with Ae.
[urcijer and Ae. tavlori (Cordellier et al. 1983).
More recently Huang (1986a) has described Ae.
cordellieri, a third member of the Ae. [urcifer
group from the slime region, and it is possible
that this species may have played a role in the
epizootic. Aedes demeilloni, Ae. simpsoni, Ae.

(I
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strelitziae and Er. quinqueuittaius are potential
vectors of dengue because of their domestic or
peridomestic occurrence. Each species will be
discussed in the above order.
Aedes aegypii: The adult mosquito can sur-

vive under widely variable climatic conditions,
and anthropophilic populations occur in the
southeastern Cape Province at Grahamstown
(Edwards 1941; Jupp, unpublished data) and
East London (Mattingly 1953; Kemp, unpub-
lished data), both above 3:3°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 (bush veld) and forest (coastal scrub,
riverine and montane) or with the urban envi-
ronment (Muspratt 1956). This species has be-
come adapted to a wide range of larval habitats
ranging from natural tree holes and leaf axils to
artificial containers in the domestic and peri-
domestic environments (Hopkins 1952, Horsfall
1955).
The southern Natal coast has been urbanized

extensively to cater for the tourist industry, and
the endemic populations 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 vectors of dengue, In
northern Natal the urban areas are fewer and
less developed except for Richards Bay, an in-
ternational harbor. 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. aegypti. Artificial
containers were not present at this locality. An
extensive series of human-baited collections in
the reserve (Mclntosh et al. 1972) failed to dem-
onstrate It<? aegypti in gallery forest dominated
by Ficus sycamorus Linn. (Moract::i::lc).This was
confirmed by 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. aegypt! from Johannes-
bur. in the south and Tzaneen in the north. The
Jobannesburg population, however, is probably
not an established on6, 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 .;s 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 A.e.
albopictus, but from the subtropical region where
the species ;c; 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-
iesberg locality proved negative for Ae. aegypti
and more extensive collections at Skukuza
yielded few adults, in spite of the presence of
the species in ovitraps at both localities. Sku-
kuza, paradoxically, is an urban locality ill a
game reserve and consists of a large staff village
associated 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 not 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 is 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 Horsfa111955)
and that of Trpis et al, (1973). This was the
bas's for the timing of our human-baited collec-
tions. There is also strong evidence that major
biting peaks exist in the hour before midday
(Teesdale 1959) and from 1200 to 1400 hand
during the crepuscular periods (Lumsden 1957).
Biting activity during the daytime hours outside
of our standard periods was demonstrated in the
present study: the Durban and Palm Bench 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. aegypti of up to 13.4
per man-hour during the 1952-53 epidemic of
chikungunya fever in Tanzania (Lumsden
1955). 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 in the day corresponding to the times
when our collections were made, a rate of 9.9
per man-hour is obtained. The biting rates for
the anthropophilic populations of Ae. aegypti in
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South Africa are thus comparable to those re-
ported from 'East Africa. The occurrence of a
highly anthropophilic, peridomestic population
in the metropolis of Durban is potentially very
important in terms of epidemiology.
Aedes furciier: Our study was not designed to

. sample adults of this species, which is primarily
nocturnal with a crepuscular activity peak just
after sunset (Port and Wilkes 1979). The Ae.
[urcifer 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 Mclntosh 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° 53' 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 Natal and the northeastern Transvaal (Jupp
and McIntosh 1988). Because it has been estab-
lished as a vector of dengue in West Africa
(Cordellier et a1. 1983), it must be regarded as a
potentia: 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
(Mclntosh et a1. 1977), being identified then as
Ae. taylori. It constituted about 1% of the Ae.
{urciferf eordellieri total based on the proportion
of males collected (Jupp and ll,1cIntosh 1990).
This species was represented in the ovitraps in
the tropical region in association with Ae. fur ..
cifel' (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. furciier.
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, Dracaerui hooheriana, 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 to be dependent on the presence of large
stands of Dracaena spp. Aedes demeilloni is a
highly anthropophilic species, as the 1991 col-
lection 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
simpsoni 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 niches in a
variety of environments including the feral (tree
holes), agricultural (commercial banana planta-
tions) and domestic (Muspratt 1956, Huang
1986b). It is diurnally active (Muspratt 1956)
and bites man readily (Table 3). North and East
African records of its biting rate in human-
baited collections and its vector competence are
open to question after the taxonomic revision of
the Ae. simpsoni group by Huang (1986a, 1986b).
Aedes simpsoni was described as a major vector
of yellow fever in Nigeria (Lee and Moore 1972),
in Uganda (Gillett 1969) and in East 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 streliiziae: 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 1956).This plant is much more prev-
alent than Dracaena hooheriana. Only in a few
localities and at lowabundance didAe. streliiziae
oviposit in bamboo pots (Table 1). Artificial
containers were also used to some extent but
only when associated with large stands of Stre-
litzia nicolai. This dependence on a particular
plant introduces restrictions on geographic dis-
tribution, but Ae. strelitziae still exists in close
proximity t.o large human populations on the
Natal seaboard and is highly anthropophilic
(Table :::).
Eretmapodites quinqueuittatus: 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 local beer).
Muspratt (1955) confirms these breeding re-
quirements and indicates that natural collec-
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,
including 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-

o

1- 0..

581

ture. Lounibos (1980) found that Er. subsimpli-
cipes is common in and Er. quinqueuiitatus ab-
sent from the fruit husks of the Loganiaceae in
Kenya (Lounibos 1978, 1980).We found just the
opposite with apparently monospecific collec-
tions of Er. quinqueuittatus occurring in fruit
husks of Strychnos madagascariensis at St. Lu-
cia Estuary. With respect to larval predation,
Hartberg and Gerberg (1971) 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. siluestris Ingram and de Meillon
and Er. subsimplicipes, it is not able to develop
beyond the third instal' on a predatory diet
alone.
In Natal, Er. quinqueuittatus has become

adapted to both natural and artificial small re-
ceptacles for its larval habitat. Furthermore, it
is closely 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 5 species fall into 2 groups according
to our ecological criteria for selection. The most
important group comprises Ae.. aegypti, Ae.
simpsoni and Er. quinqueoittatus because of the
prevalence of these species and their close as-
sociation with man in the urban environment.
The second group consists of Ae. demeilloni and
Ae. streliiziae which are regarded as less impor-
tant because of their dependence on specific
plants for their larval habitats, which limits
their distribution. ,,'he 2 remaining species, Ae.
furcifer and Ae. cordellieri, are essentially rural
species limited to the tropical region. Therefore,
although they are both probably competent vee-
tors, they are unlikely to become involved in
epidemic transmission.
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THE POTENTIAL FOR DENGUE IN SOUTH AFRICA: MORPHOLOGY
AND THE TAXONOMIC STATUS OF AEDES AEGYPTI POPULATIONS

PETER G. JUppl, ALAN KEMPI AND emus FRANGOS2

ABSTRACT. Some 1,881 Aedes aegypti (L.) progeny were reared as sibling samples taken
from 196 families representing populations from 18 localities in South Africa, including
anthropophilic and non-anthropophilic populations. The number of white scales on tergite I
(T,) and in the basal band on tergite II (T2) were counted. Study of family samples showed
that 60.2% of families were heterogeneous, containing both the type and [ormosus forms.
Hence the division into nominate (type) and formosus subspecies is considered invalid.
Multivariate statistical analysis of variance in the population samples in respect ofT I and T:\
together showed that each population was significantly different from all the others. However,
statistical analysis of TI and T2 alone showed that although some populations differed
significantly. there was no consistent difference between anthropophilic and non-anthropo-
philic populations. It is concluded that in South Africa Ae. aegypti 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- [927 (Eding-
ton 1927). Sinee then it has not been reported
until 1985 when dengue 1 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 outbreaks of dengue in nearby coun-
tries, including Mocambiquc (Anonymous
1985). the Seychelles (Metselaar et al. 1980).
and Kenya (Johnson et al, 1982) has caused
concern that the virus might be reintroduced
into South Africa. Because of this, it was
decided that a study should be undertaken of
Aedes aegypti (Linnaeus), and other mosqui-
toes, particularly Aedes (Stegomyia) species,
occurring mainly along the eastern coast (Na-
"tal) to evaluate their candidature as potential

" vectors which could participate in epidemic
transmission. The overall study has several
aspects. The first is a morphological study of

IArbovirus Unit. National Institute for Virology. De-
partrnent of Virology. University of the Witwatersrand,
Private Bag X4. Sandringhnm 2131. SOUtl1Africa.
2 Department of Statistics. University of the Witwaters-
rand. P 0 WITS, 2050, South Africa.
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Ae. acgypti 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 Ae. aegypti the
ecology of Ae. aegypti and other mosquitoes,
and the results of experiments undertaken to
assess the vector competence of lie. aeg.l1}{i
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 Hauserrnann
1975, Tabachnick et al. 1979). Domestic and
sylvan forms of the mosquito have been re-
corded in coastal Kenya (Van Someren et al,
1955, Trpis and Hausermann 1975) and ap-
parently in inland Uganda (Haddow 1945).
The usually paler domestic form breeds in
domestic containers and exists in close asso-
ciation with Jan, 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
aegypti, the type form with pale scaling on
the first abdominal tergite and/or a distinctly
paler or browner body than the African sub-
species Ae. aegypti fonnosus (Walker). Aedes
aegypti fonnosus, which never has any pale
scales on the first tergite, has a rAarkedly
blackish appearance and is confined to Africa
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south of the Sahara. Aedes aegypti var, queens-
landensis (Theobald) has increased white scal-
ing on the abdominal tergites beyond the first
tergite and/or bas a lighter mesonotal color.
Van de Hey et aI. (1978) and Tabachnick et
al. (1<;79), respectively, reported extensive
morphological and genetic studies and agreed
with Mattingly (1957) that Ae. aegypti was a
polytypic species. 1n contrast, McClelland
(1974), who studied the morphology of pop-
ulations worldwide, concluded that there were
probably two species or incipient spec 'es, viz.
,Ie. aegypti and ..Ie. fonnosus. In these studies
these workers did not analyze morphological
variation within families to look for intraspe-
cific variation, i.e., polymorphism.

In 1960, McClelland obtained both the type
and./im/l(1slI.I' forms in the progeny from mat-
ings between [ormosus phenotypes, although
he appears to have pooled several families of
progeny together upon which to make his
morphological 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 families from field-collected females,
but his important results were only published
in a mimeographed document by the World
Health Organization, He also found variation
in abdominal tergal scale pattern within single
families from eggs laid by single .I(J/,1Il0Sl/S or
type form females.

In South Africa, little has been reported on
..Ie, llegypli. 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,
l';UJD1U in northern Natal-Kwa Zulu (Me-
Intosh et al, 1972, Kemp and Jupp 19(1) and
Mica in the northeastern Transvaal (Jupp and
:viclntosh 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 AL'. aegvpti is abundant in these
areas as judged by its prevalence in tree holes
and bamboo pots. the mosquito is rarely at-
tracted to man and taken off human bait. We
have also just completed field studies at Sku-
kuza and in the Magalicsburg Mountain').
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both inland in Transvaal (Kemp and Jupp
199 I), where similar but more limited obser-
vations indicated that the same situation
probably prevails at these further two rural
localities. We have therefore designated these
sylvan populations "probably non-anthropo-
philic" (Fig. 1). In this same project (Kemp
and J upp 199 I), collections off human bait
have, however, shown that anthropophilic
populations are present at domestic or peri-
domestic sites along the whole Natal coast
line and at Grahamstown near the coast in
the eastern Cape Province (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-anthropophilic popu
lation samples of Ae. aegypti collected at var-
bus localities in South Africa, We wished to
determine whether distinct type (nominate)
and formosus forms were present in South
Africa, and if they were present, whether they
bred true and could be related to geographi-
cally and ecologically different populations of
A e. (/eg.l1JI i.

MATERIALS AND METHODS

Populations of Ai'. (/egYI'li were sampled at
18 localities: one ill the Cape Province, 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 occurred. 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. Eggs and larvae were
reared into 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
a group of 10 or more adult female siblings
representing each family was pinned. These
specimens were examined under a binocular
dissecting microscope at 60-80 times magni-
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fication, using a blue filter on incident light.
The number of white scales on the first ab-
dominal tergite (TI) and the number in the
basal band on the second tergite (T2) 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

for the mean number of white scales on T,
and T2, 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 T2) together were compare"; on the
18 population samples by multivariate analy-
sis of variance using the following four statis-

Fig. I. Localities in South Africa where /1('. lIl!gJ'Pti populations were sampled.
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fication, using a blue filter on incident light.
The number of white scales on the first ab-
dominal tergite CTt)and the number in the
basal band on the second tergite (T2) 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

for the mean number of white scales on T I

and T2, 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 T2) together were compared on the
1b population samples by multivariate analy-
sis of variance using the following lour statis..

o
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o

south of the Sahara. Aedes aegyptl var. queens-
landensis (Theobald) has increased white seal-
ing on the abdominal tergites beyond the first
tergite and/or has a lighter mesonotal color"
Van de Hey et at. (1978) and Tabachnick et
al. (19"19), respectively, reported extensive
morphological and genetic studies and agreed
with Mattingly (1957) that Ae. aegypti 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 species, viz.
Ae. acgvpti and ..Ie. formosus. In these studies
these workers did not analyze morphological
variation within families to look for intraspe-
ciflc variation, i.e., polymorphism.

In 1960, McClelland obtained both the tvpe
and/imllo.I'IIS forms in the progeny from mat-
ings between .lhr/l1o.I"/s phenotypes, although
be appears to have pooled several families of
progeny together upon which to make his
morphological 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 families from field-collected females,
but his important results were only published
in a mimeographed document by the World
Health Organization, He also found variation
in abdominal tergal scale pattern within single
families from eggs laid by single .lb/'1110.\'IIS or
type form females.

In South Africa, little has been reported on
AI'. 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,
Ndurnu in northern Natal-Kwa Zulu (Mc-
Intosh et al. 1972, Kemp and Jupp 1991) and
Mica in the northeastern Transvaal (Jupp and
Mclntosh 1990) has shown the presence there
of non-anthropophilic (non-man-biting) pop-
ulations. At both these localities, mosquito
collecting over severn I years has shown that
although A(', aegypti is abundant in these
areas as judged by its prevalence in tree holes
and bamboo Dots, the mosquito ;5 rarely at-
tracted to man and taken off human bait. We
have also just completed field studies at Sku-
kuzu and in the Mugaliesburg Mountains,

o

both inland 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
localities. We have therefore designated these
sylvan populations "probably non-anthropo-
philic" (Fig. I). In this same r -iect (Kemp
and Jupp 1991), collections oIT human bait
have, however, shown that anthropophilic
populations ate present at domestic or peri-
domestic sites along the whole Natal coast
line and at Graharnstown near the coast in
the eastern Cape Province (Fig. 1).

We report here a quantitative examination
of the scaling of the first two segments of the
ubdoruinal tergite in families reared from an-
thropophilic: and non-anthropophilic popu-
lation samples of Ae. aegypti collected at var-
ious localities in South Africa. We wished to
determine whether distinct type (nominate)
and formosus forms were present in South
Africa, and if they were present, whether they
bred true and could be related to geographi-
cally and ecologically different populations of
Ae. aegytni.

MATEIUALS AND METHODS

Populations of Ai'. aegypti were sampled at
18 localities: one In the Cape Province, 12 in
Natal Province and five in the Transvaal
Province (Table I). The localities arc shown
on the map (Fig. 1), which also itAici:l~;:;s
where anthropophilic and non-anthropo-
philic populations occurred, 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. Eggs and larvae were
reared :n10 adults, and the female mosquitoes
thus obtained or females collected directly in
the field were fed on hamsters in the labora-
tory. The grrvid females were placed singly in
tubes containing moist cotton wool and filter
paper for oviposition. Subsequently. the dif-
ferent egg hatches were reared separately and
a group of 10 or more adult female siblings
representing each family was pinned. These
specimens were examined under a binocular
dissecting microscope at 60-80 times magni-
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Table 1. Localities in South Africa where /Ie.
acgvpti populations were sampled.

Engorged females
Eggs (pots)
Larvae
Eggs and larvae (pots}
Engorged females-----------------

tics: Wilks' Lambda (Wilks 1(32). Pillai's
Trace (Pillai (954). Hotelling-Lawley Trace
(Hotelling 1951) and Roy's Greatest Root
(Roy 1957). Furthermore, the population
means for T, and T~, respectively, were
grouped using the Waller-Duncan K-Ratio t-
test (Waller and Duncan 1969) to find which
means differed significantly. Conclusions
could then lw rlr'\wn as to the morpholorical
similarity and variability between the IR pop-
ulations.

If a mosquito specimen possessed an en-
tirely black T J, it was classified as ./iJ1'1Il0SlIS
form while specimens with one or more white
scales on this tergite were classified as the
nominate or type form. The nature of 1'2 was
not taken into account when assigning a form
classification to a snecimen. In this manner
the sibling groups representing the different
families were classified as "homogeneous type:
form," or "homogeneous jonnosus fbrm" or
"heterogeneous with both forms." In a ho-
mogeneous family every spec' "1\ '1 in the sam-
ple belonged to the same Lrm. whereas a

Locality of origin
CAPE

Grahamstown
NATAL

Port Edward
Palm Beach
Port Shepstone
Park RY111e
Durhan
Stanger
Empangeni
Richards Bay
Mtubatuba
St Lucia 1..>, .... 1y
Mkuze
Ndul1111

TRANSVAAL
Johannesburg
Magalicsberg
Skukuza
Mica
Tzaneen

o

'U', ','
'\ ..

\

Stage collected

Larvae

Larvae
Engorged females
Larvae
Engorged females
Engorged females
Engorged females
Engorged females
Engorged females
Engorged females
Larvae
Larvae
Eggs (bamboo pots)

heterogeneous family consisted of a mixture
of both forms in which one or more specimens
did not match the remainder.

RESULTS
Figure 2 gives the results for three of the

families examined, It shows TI and T2 of three
f;':.; collected adult females (mothers) taken
biting at Park Rynie in Natal, together with
the tergites of 10 of the siblings in their re-
spective F, families. It can be seen that al-
though the mothers were [ormosus (I 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. S0111eof the specimens from some of
the other localities displayed a heavier degree
of white scaling than shown in Fig. 2. The
types of families identified in the samples of
FI families representing each locality are
shown in Table 2. Out of 19,) families. only
three families (1 .5%) were [ortnosus form, 75
(38.3%)weretypet~, -';~ 1 I 18.(60.2%) were
heterogeneous. Whe.. ,;1; .iilies were classified
in a similar way according to the presence of
white scaling on T2, it was found that, out of
all the families, 55.6% were heterogeneous
and 44.4% were homogeneous for presence
of white scaling,

In Table 3, ali the specimens representmg
a locality, usually belonging to 1O~L3families,
were treated &S one sample. For each of the
18 samples, the range of values for TI and T2
is given together with the respective means
and standard devia' .ons. All the ranges of
values overlap for both TI and T2• illest
results were used to calculate the (I~(~)IOO';~,
large sample confidence limits, were lY = O.mi,
for TI and T2, respectively. Figure 3 gives
these limits as histograms and shows that the
confidence limits for 1', and 1'2 011the various
populations differ in length and position, al-
though some populations were very dose to
one another. When, however, the means of
the populations were compared by the Waller-
Duncan test in respect of 'C alone, it was
found that none of the four non-anthropo-
philic Of probable non-anthropophilic popu-
'atio-«, Ndumu, Mica, Magaliesberg i'~:jSku-
kuza, differed consistently from the remain-

o
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Iig. ;1, Distribution or white scab un the first ('1',) and second «('.o) tergites in three ,II' IIt~~.l'/J11 mothers 1M) and
samples of their Il'sPCl'lIW h progeny,

o ing anthropophilic populations P> 0,(5). The
same analysis done for T~ alone indicated
some similarity between these four popula-
lions in their having more white scales than
most anthropophilic populations <P <
(),{)O(ll), Ndumu din~red 1'1'0111 all other pop-
ulations except Mica. Mica differed from all
others except Ndurnu and Skukuza, Skukuza
was similar to Mil-a and tbe anthropophilic
populations of Po1'\ Edward and Johannes-
burg, tvhgL,liesbel'g was similar to Richards
lhy. l~nlj,.ln·5~~ni,Palm Beach and Mkuzi, all
anthronopluuc populations, Gruhamstown

differed from all other populations by having
a considerable number of white scales.

When both sample means (T1 and T~) were
compared together by multivariate analysis.
all I g populations were found to be signifi-
cantly different from one another (1' <
O,()OO l) using the four chosen statistics,

DISCl.JSSION

I Iurtberg et ul. (I WUl) showed that abdom-
inal tergal scale pattern in .Ie (/(~~J'[l[i up-
pcared to 1)1'C()lltJ'()lbl hv one major poly-
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I
I,Table 2. Classification of F, families of Ae. aegypti from various localities into those which

are homogeneous for either the typical or formosus forms and those which are
heterogeneous.

No, families

Homogeneous: Homogeneous: Heterogeneous:
Locality Total typical form formosus form both forms

Graharnstown 11 5 0 6
Port Edward 11 4 0 "/
Palm Beach 12 3 0 9
Port Shepstone 12 4 0 8
Park Rynie 12 0 1 11
Durban 10 5 0 5
Stanger 10 4 0 6
Ernpangeni 9 4 0 S
Richards Bay u 5 0 6
Mtubatuba 8 3 0 5
St Lucia Estuary 11 9 0 2
Mkuze 10 1 0 9
Ndumu 11 4 0 7
Johannesburg u 4 0 7
Magaliesberg 15 3 2 10
Skukuza 11 8 0 3
Mica 13 4 0 9
Tzaneen 8 5 0 3

196 75 3 118
38.3% 1.S% 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 to divide Ae. (/e}J.\'1Jti into different
species or subspecies, He concluded that while
abdominal tergal scale pattern may be useful
for distinguishing 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 ,/(1/,.
/IlOSIIS and typical forms collected at bar-es-
Salaam, Tanzania, nearly all failed to breed
true, inoicating that the populations were sim-
ply polymorphic for abdominal tergal scaling.
In the present study, about two-thirds Of'11C

196 families examined from [8 localities in
South Africa similarly failed to breed true, but
gave offspring that were heterogeneous for the
presence or absence of white scales on the first

o

.11_lfl2llTltUIt ....

\\ 2sxll1

tergite, This finding shows that the basis for
separating Ae. aegypti into nominate andJbr-
mosus subspecies proposed by Mattingly
(1957) should be regarded as invalid. rt would
be interesting to study the variety queenslan-
dells is in a similar way.

Using two characters, the degree of scaling
on both the first and second tergites, we found
that all 18 populations of ;le. aegyp{i differed
significantly regardless of their degree of an-
thropophilism or geographic location. This
supports the view that tie. aegypt! is a single
polymorphic species in ~outh Africa with a
variable preference for man. Other studies by
us using isozyme electrophoresis to analyze
genetic difference between South African
populations of Ae. aegypti (Kemp and Jupp,
unpublished observations) also failed to reveal
any evidence Ior the existence ....~ more than

Ir
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Table 3. Number of white scales on first tergite (TI) and in basal band on second tergite (T2)
.;~,

in FI female mosquitoes from various localities. i

TI T2
t
c
"1---' -~ ~

Locality n Range x s Range x s . ~
Grahamstown 104 0-45 7.58 9.54 4-35 18.60 6.01 ~

1
Port Edward 112 0-40 5.63 7.51 0-18 7.54 4.50 IPalm Beach 110 0-30 5.73 7.06 0··25 4.55 4.63
Port Shepstone 104 0-34 5.98 7.38 0-11 3.13 2.96
Park Rynie 110 0-24 1.95 4.38 0-15 4.15 4.44 :1Durban 102 0-35 8.77 9.95 0-22 5.75 5.44
Stanger 100 0-60 13.08 15.11 0-25 6.01 5.34 &
Empangeni 94 0-30 6.62 7.12 0-23 4.84 5.02 !
Richards Bay 109 0-40 7.15 7.47 0-16 5.40 4.33 .
Mtubatuba 81 0-24 5.80 5.47 0-17 7.09 4.66
S~ Lucia Estuary 100 0,-40 ll.() 1 8.89 0-·19 l88 4.02
Mkuze 96 0-15 2.76 3.37 0-21 4.40 4.00
Ndumu 125 0-J9 4.50 4.07 0-27 9.72 5.88
Johannesburg 104 0 ..26 5.02 6.54 0-22 7.41 5.10
Magaliesberg 129 0-25 3.42 5.98 0-20 4.37 3.97 n
Skukuza 108 0-31 8.81 7.39 0-26 8.39 6.41
Mka 130 0-30 5.38 5.83 0-20 9.29 4.96
Tzaneen ___QJ 0-30 8.05 8.34 0-·16 5.68 4.95

1,88 t

GRAHAMSTOWN -
PORT EDWARD
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Number 01White T~rgal Scalo5

Fig. J. Sample means and 9$% confidence limits for the number of white scales on T, and in the basal band on Ta
in ..It', llt'gypti populations. Fourteen populations were unthropophillc, two non-anthropophilic (Ndumu and Mica)
lind IWO were probably non-anthropophilic (Skukuza and Mugnliesberg).
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one species. Some of the populations were
significantly different in respect or' the TI
value alone by the Waller Duncan test, al-
though all the ranges of values for T I over-
lapped. The ranges of values also overlapped
for 12 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 a larger number of white
scales on T 2 than anthropophilic populations.
Apart from the work done on Ae. aegypti
from East African countries, morphological
variation has been recorded for Nigeria (Sum-
mers-Connal 1927), the Philippines (Mogi et
al. 1984) and northern Thailand (Mogi ct al,
1989). The presence of such variation needs
to be analyzed within families.
It is concluded that in South Africa, Ae.

aegypti 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 rural 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
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P.G. Jupp, A. Kemp and N.K. Blackburn
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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 ir, 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 Seychelles in 1976177. 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 a large

epidemic of DEN (Edington, 192"/) later shown retrospectively to have been due to

DEN 1 virus. The annual rainfall during 1926/27 was unusually high i.e. 5669mm

and 8839mm compared to the normal l00801m 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

ai., 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 imported to cause a possible outbreak, are shown in the(1

1
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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 to qualify as a potentially

efficient DEN epidemic vector. Such a mosquito species would be widespread in the

tropical and/or subtropical regions, it would be abundant, occur either domestically

or peri-domestically) bite man and be a competent 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 aegypti, Ae. simpsoni
and Eretmapodites quinquevittatus were recorded in all the 3 important regions:

Natal subtropical, Natal 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 Natal and subtropical north-eastern Transvaal.

However, a few specimens were collected in urban Durban indicating that this species

may occur much further south than was originally thought.

Vector competence tests were undertaken with an ill vitro system on field collected

mosquitoes or their F I or Fz progeny except in the case of Ae. 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-.J! °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. After 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 mosqllitoe~.ell1ploying~the technique of Rosen and Gubler (1974). After

8 days incubation at 30°C, the heads of 4 of these Ae. aegypti were squashed
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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 obtained 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 (Vel) 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

from each locality.

The results of the vector competence experiments for all the mosquitoes except Ae.

acgypti 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.

quinquevittatus 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 1 and 56% for DEN 2. None of the mosquitoes of this species

infected v.' rh DEN 1 transmitted virus but 2 out of 7 (29%) mosquitoes infected with

DEN 2 transmitted virus, giving a vel of 0.16. In the case of Ae. furcifer, the mean

HSIR's were 3% fl' ' 11% for DEN 1 and 2 respectively. In the case of DEN 2, 2

infected rnosqui.oc, .efed in the capillary feeding, one of which transmitted virus, so

that the VCI was 0.06.

The results for populations of Ae. aegypti from 5 different localities are shown in

Table 2 and were rather similar with both viruses. All populations transmitted 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 in turn. With DEN 1, Palm Beach and Skukuza differed from

the other 3 populations, but not from each other reflecting their low HSIR's. With

DEN 2, Pa.. I Beach differed from Durban and Ndurnu 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 significantly higher vel

o
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than ail the other populations while Skukuza had a significantly lower vel 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.

~
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CONCLUSIONS

1. The primary potential vector for an epidemic of DEN 1 or 2 in South Africa

would be Ae. aegypti and the secondary such vector would be Ae. strelitziae.

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 At'. aegypti was the most efficient vector out of the Ae. aegypti

populations tested from 5 localities.

4. The likehnood of a DEN outbreak 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.

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. aegypti

b)
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Table 1 Vector competence of 5 mosquito species after an infective blood-meal containing 6.1-8.4 log 10 Mllisolml of DEN 1 or
DEN 2 virus.

Head squash
infection rate (%)*

Species DEN 1 DEN 2

Ae. (Stg.) demeilloni 0/48 0/27 .

Ae. (Stg.) simpsoni 0/35 0/39

Ae. (Stg.) strelitziae 7121(33) 10/18(56)

Ae. (Dic.) furcifer 1137(3) 6153(11),
Er. quinquevittatus 0/49 0/31

Transmission
rate (%)+

Vector competence
index#

DEN 1 DEN 2 DEN 1 DEN 2

0/5

0/1

2/7(29)

1/2(50)

o
o

CU6

0.06

'" j
O~

I
I
1
I
!

"'Numerator, number infected; denominator, number tested.
+Numerator, number transmitting; denominator, number infected mosquitoes that fed, each mosquito fed from a separate single capillary
tube.
#defined in text

6

~

PoJ

,,-,~~.~__..._~_ 0 "J" •~~--...."...,.'... ;;:..:::..~'



· ..-.-.._..._.I!:' .....'..--.----.-.?7--- ..·--- ..~·~·-·......-.
..,..,....__ ,,_,,~~. _,', ...__,. ,._...,_, •.._....,.,,_.,,....__ .__ - __~-",_",,~ ......,..._.,.....2__,.. . ,..~__ "'_.--" .......-•.'-.---. .-_- ~....,. YI!,-","""

'~ 0-x
,---- It)

N
c

.f'~..i"""' ""c!~.........._.,·~.~~-.~_,.,'!':~·-"'t_'l'~"""'~~~~"!'·_::~, :~,~~~ii&iIt_~M._MA'*A~~~j.!"':,J~:~£_il!!$e.h ... ~.,"~· ................ ~_AtZY¥a. » 1 ff__ .. _ b ...,...

.,

Table 2 Vector competence of different populations of Ae. aegypti after an infective blood-meal containing 6.1-8.4 logl(/ml of
DEN 1 or DEZ'r2 virus.

Head SqU<Gh Transmission Vector competence
infection rate (%) rate (%) index

Locality DEN 1 DEN 2 DEN 1 DEN 2 DEN 1 DEN 2

Palm Beach 15172(21) 20/107(19) 6/9(67) 6/7(86) 0.15 0.18

Durban 28/52(54) 24/60(40) 20/24(83) 15/20(75) 0.47 0.34

l~JRichards Bay 29176(38) 21172(29) 10115(67) 11114(79) 0.25 0.23

Ndumu 32/88(36) 29/82(35) 6/9(67) 12117(71) 0.28 0.22 [Skukuza 511.7(11) 20171(28) 4/4(100) ;4118(78) 0.13 0.21

~
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Table 3 Interpopulation statistical comparisons by x-squared test of vector competence
in Ae. aegypti showing difference (+) or no difference (-) for DEN 1 and
DEN 2 ~iruses respectively.

",iity Durban Richards Ndurnu Skukuza
Bay

Head squash Palm Beach +',+" +,- +,+ - ,-
infection rate Durban -,- -,- +,-

Richards Bay -,- +,-

Ndumu +.-

Vector competence Palm Beach +,+ +,- +,--,-
index Durban

Richards Bay

Ndumu

+,- +,-

-,- +,-

+,-

# DEN 1
* DEN 2
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Fig 1. Map of t;afal and the Transvaal showing the principal localities of mosquito
collection.
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AEDES ALBOPICTUS AND OTHER MOSQUITOES IMPORTED IN
TIRES INTO DURBAN, SOUTH AFRICA

PB1'ER G. JUPP AND ALAN KEMP

Ar/JOviru8 Unit, National Institute for Virology, Department of Virology, University of the Witwatersrand,
Private Bag X4, Sondringham, 2131, South Africa

ABST.aACT. The reaults of surveillance for immature stages of mosquitoes in samples of wet tir~s in
5 consignments imported into Durban from Japan is reported, Three of these consignments cOl:tamed
tires with immatures of Aedes aegypti, Ae. albopietus and Uranotaenia n. novobscura. The proportions of
all the wet tires calculated to contain mosquitoes were 189/1,488 (l:1lJC;), 20/813 (2.5%) and 13/1,032
(1.3%) which emphasizes the need for effective mosquito control measures to prevent Ae. albopictu«
escaping from such tires lind establishing itself in Durban.

Figures for 1978-86 revealed that South Af-
rica was the fifth largest importer of used tires
from Japan with 1,065,211 tires, i.e., 118,356 per
annum (Reiter and Sprenger 1987). According
to A. S. Fullard of the South African Tyre Deal-
ers Association (personal communication), the
number has now increased with about 154,553
tires being the 1992 import quota. Immature
stages of the Asian mosquito Aedes albopictus
(Skuse) have been collected en 4 occasions in
tires landed in Cape Town from Japan. These
were clean.pupae and pupal exuviae in November
1989, and live larvae on a occasions in 1990
(Cornel ann Hunt 1991). Some populations of
Ae. aibopiccu« might survive the cold winter in
Cape Town's Mediterranean climate, since pop-
ulations of the mosquito in northern Asia can
apparently survive severe winter conditions
(Reiter and Darsie 1984, Hawley et al, 1989).
However, in South Africa it is considered much
more likely that this predominantly tropical spe-
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 which import second-hand
t'ires 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

Iate 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 to adults, while larval and
pupal pelts are stored in alcohol to facilitate
identification. Identifications have been made
using' the keys for mosquitoes of Japan and
Korea by Tanaka at al, (1979). So far 5 consign-
ments of wet motor Cal' tires, landed in con-
tainers between November 21,1901 and January

..;:::~;";~ .iii""" u ."'fIIIiII',."I.o '

16, 1992, have been sampled and live immature
mosquitoes were collected in 3 of them.
Table 1 gives details of the 5 shipments, all

from Japan. Seventeen 2nd or 3rd instal' 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 instal'
larvae which died before they became identifia-
ble. The other species were Urcnotaenia n. no-
uobscura Barraud and Ae. albopictus. During the
time the health inspectors could spend sampling
wet tires, only a 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 01'
pupae were calculated from the proportion of
tires found to 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

Home A.e. olbopictus could have established £')1111-
der populations in the vicinity of the tire im-
pot tel's' premises. The sc-onrl aspect of our sur-
veillance is aimed at the detection of such Ae.
albopictus populations. This project. is in pro-
gress and involves the exposure of bamboo pots
as ovipositional sites within the grounds of the
2 largest importers of second-hand tires from
the Far East in Durban. Uranotaenia n. novob·
scura is not medically important hut exotic Ae.
aegypfi, and more particularly Ae. albopictus, are
pote •..ial dengue vectors. The latter and possibly
the former, would bo expected to have a higher
vector potential for dengue viruses than the
indigenous moscuito species along the Natal
coast, It is therefore important that control
measures are effected to prevent the escape of
exotic mosquitoes from the imported tires lest
such mosquitoes become established in Durban.
A similar system of surveillance is planned for
the other main centers in South Africa where

;,"'--,
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Table 1. Second-hand tire casings landed in Durban, South Africa, from Japan: results of sampling for
immature

Proportion
of tires No. of all

No. tires examined wet tires
Collec- in Estimated found with estimated
tion Place of Date consign- no. tires mosquitoes to contain Mosquito
no. origln sampled" ment wet (%) (%) mosquitoes identity•_____ ~._. ______ ~_, _-.0-"' ,.~...-........;.-~ .. ~ ......-.-. -_. --~--,~,"","--,-,-~..""- ...,_.~~- .
1 Osaka Nov. 21, 1991 1,551 310 0/40

(20)
2 Yokohama Nov. 21, 1991 1,860 1,488 7/55 189 1 Ae. aegypti

(80) (12.7) 8 Ur. nouobscura
6 unidentifiable

3 Tokyo Dec. 20, 1991 1,626 813 1/40 20 1 U r. nouobscura
(50) (2.5)

4 'l'okyo Jan. 6, 1992 1,!;l.91 1,082 1/80 13 1 Ae. ollxiptctue
(80) (1.3)

5 Yokohama Jan. 16, 1992 1.172 703 0/45
(60)

II< This was also the date the container arrived at the t~re company and was opened.

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.

(I

INTRODUCTION

The mosquito, Aedes (StegomYlill albopictus (Skuse), is an important vector of

dengue virus in Asia. It has also been shown an efficient laboratory vector of, among others,

four African arboviruses: chikungunya, Rift Valley fever, West Nile and yellow fever. The

species has adapted readily to urban and perl-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 a wide range of vertebrate hosts including man (Hawley 1988). The increased exportation

of used tyres since 1985 by countries in the Fat East, particularly Japan, has led to the

establishment of breeding populations of Ae. il1bopictus in the United States of America

(Francy ~t al. 1990), Brazil (Forattini 1986) and Nigeria (Savage & Miller 1991). Because

of its ecological and vectorial attributes, there is a danger that Ae. albQpictu~ 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 a susceptible human population.

Routine surveillance by the Department of National Health in South Africa has

recently demonstrated the presence of Ae. a1honjcws and other exotic mosquitoes.including
Asian Aedes {Stegomyia) aegyptj (Linnaeusj, in Cape Town and Durban in used tyres

imported from Japan (Cornel & Hunt 1991; Jupp & Kemp, in press). In view of this,

additional surveillance was considered necessary at the premises of tyre importers too
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determine whether breeding populations of ~. albopictus. had become established. We

decided to begin this surveillance in Durban by means of ovitraps.

MATERIALS and METHODS

Two tyre retreading companies, 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 31103192 (C) and 31/03/92 to

19/05/92 (D).

For periods A and B, ovitraps not sheltered from the sun (40150) 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 m2 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 outside walls. The ~~\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 dech 'orinated water to two thirds full. Ovitraps removed at the end of

each of the four periods were emptied and mosquito larvae and pupae harvested for rearing

in the laboratory. The ovitraps were then alloweu 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.

o
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RESULTS

• . No evidence of A.e. albopictus was f~und in the survey. The most prevalent species

in the ovitraps was ~. aegypti with bamboo pot indices ranging from 28-52 % and.
abundance indices from 0,14-0,60 mosquitoes/pot/day for the combined collection sites

(Table 1). Bamboo pot 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) Quinguefasciatus Say, with

abundance indices of 0,08-0,36 mosquitoes/pot/day but bamboo pot indices ail below 24%.

The other species collected were, in order of prevalence: Ae. (Stegomyia) §impsoni

(Theobald), ,Culex iC.uliciomyia) Df!bulostls Theobald, Aedes (D1ceromyia) furcifer (Edwards)

group and Aedes (Stegomyia) !.r!Srtallicus(Edwards).

DISCUSSION

The highly anthropophilic Ae. aeg~ and Cx, guinQuefasciatus, both potential

vectors 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 ~liseutolia J.R. & G. Forster

(Casuarinaceae) and a solitary guava, ;Psidium guajava 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 Stegomyi(\ 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
qc\~

present on the walls of the tyre~ for the resultant larvae to develop into adults. However,

imported tyres are occasionally water-logged and could contain fourth stage larvae and pupae

which could emerge within two or three days after arrival. Adult mosquitoes that may have

o

.
emerged 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

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

cardboard cartons (of the kind used to contain milk or sorghum beer) are available in the

close vicinity of the two tyre retreading 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 University at. ..
Congella, Durban (Kemp & Jupp 1991) from 07/12/89-0::102/90 produced

A
comparable

bamboo pot index (53%) but lower abundance index (0,14 mosquitoes/pot/day) for Ae.

~.ti. The two species, Ae. simpsoni and r''''. nebulosus were as rare, but A&.. metallicus

and ~. quinquefasdatus were absent in the previous study, No evidence was found of the

predacious larvae of Toxorhynchites LT "'1ynchites) brevipalpus Theobald which occurred

in 40% of the ovitraps in 1989/1990. One female specimen of the Ae. furdfer group was

obtained from a pot from Natyre. Unfortunately, discrimination between the sympatric

species, Ae. furcifer and Aedes (Diceromyia) cordellieri Huang is only possible for the male

image (Jupp et al., in press). However, only Ae. furcifer sensu .stricte has been recorded

this 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).

o

The absence of A~. albopictml 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 en a much smaller scale. However, the

establishment of permanent populations of ss. albopictus in the future cannot be ruled out.

Therefore, the Department of Public Health intends continuing the survey in Durban and

expanding it to include other major ports and cities in South Africa.
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Smythe's Tyres Natyre

Period' A B C D A B C D

No, of pots 25 25 25 25 25 25 25 21

( I No. of days exposed 42 42 34 49 42 42 34 49

Ae..fiIrcifer group - - - - - - . - 4
(<0,01)

r.e, aegypti ,
28 28 32 40 4040 52 44
(0,28) (0,14) (0,24) (0,25) (0,25) (0,60) (0,40) (0,25)

Ae. metaIlicus - - - - - 4
(<0,01)

Ae. simpsoni - 8 - 4
(0,15) «0,01)

.ex. nebulosus - - - - 4O. (0,10)

ex. auinguefasciatus 16 - 12 24 8 - 16
(0,08) (0,12) (0,36) (0,22) (0,33)

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

6

. TABLE 1. Bamboo pot indices' and abundance indices' (in parentheses) for mosquitoes at two tyre retreading companies in
Durban from 03112/91 to 19/05/92.
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F'URTHER ISOLATIONS OF ARBOVIRUSES FROM MOSQUITOES

COLLECTED IN TONGALAND, SOUTH AFRICA, 1960-19681

ByB. M. McIntosh, P. G, Jnpp and J. de Sonsa2

(1
Abstract: Over a period of 8.5 years 168,231 mosquitoes,

including at least 52 species, were collected in a Game
Reserve and tested for infection with arboviruses. Fifty-two
isolations, including strains of Sindbls, Middelburg, Ndumu,
Wesselsbron, Spondwcni, Bunyamwera, Shokwe, Germiston,
Pongola, Mcssuril, Lebombo, Ingwavuma and Simbu viruses
were made from 5 species of mosquito. The most frequently
infected species, Aedes (Neomelaniconion) circumluieolus (Theobald),
yielded 37 strains which included strains of 11 arboviruses.
The appearance of particular viruses was intermittent and it
was not possible to incriminate any single species fundamen-
tally in the survival of Theseviruses. Seven species comprised
96% "f tlll' t'ltal number of mosquitoes tested and it seemed

o

,·the studies and observations on which this paper is based
wet« financed jointlv by the South African Institute for Medical
Research, the Poliomyelitis Research Foundation and the
~ouncil for Scientific and Industrial Research.
"Arbovirus Research Unit, South African Institute for

Medical Research, Johannesburg, SOll111Africa.

possible that unidentified vectors may be among species collect-
ed in small numbers.

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 mosquito 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-
miological 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 A.'des circumluteolus,
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Culex univittatus (= Culex neavei) and Mansonia africana
were most productive of viruses. The incidence of
viral isolates in time and from mosquito species was
irregular and failed to reveal firm indications 01

host specificity. The present report carries the
study for a further 8.5 years rhrou- h to the end of
T'ecemher 1968 involving altogether a period of 13
consecutive years.

METHODS

Worth et al. (1961) coll.cted most mosquitoes by
hand off vegetation in glass test-tubes, and mos-
quitoes intended for virus isolation were sorted with-
out regard to stages of the gonotrophic cycle. 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 objectives 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 sites 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.
These collections were made off live bait and were
therefore heavily biased towards the blood-seeking
female. 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. circumluieolus, mostly in
savanna, in a study on the population dynamics of
this species through the seasons. These collections
were made with portable suction traps sweeping low
vegetation and the catch included a high propor-
tion of blooded mosquitoes which in the pooling
for virus isolation were kept separate 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 larger than 50 mosquitoes although this was
occasionally increased to 100 when catches were
very large.

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

o

o
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TABLE 1. Number of mosquitoes, by species, tested for virus
from Ndumu, 1960-68.

TOTAL

Anopheles (AllOpheles) aoustani
H N tenebrosus

"
ziemanni

(Cetlia) funesius group
.• gambiae complex

marshallii
pharoensis
rivulorum
squamosus

spp. indet.
Ficalbia (Mimomyia) mimomyiaformis

• spp. indet,
Coquillettidia (Coquill.) aureahuahlbergi

II H chtysosoma
fuscopennata
metallica
microannulata

Mansonia (Mansonioides) africana
H H uniformis

Eretmapodites quinqueuiitatus
II siloestris

subsimpllcipcs
Aedes (Mucidus) lucianus
• sudanensis

(Stegomyia) aegypti
II calceatus

melallicus
simpsoni

Aedes (AedimIJrphus) aiboce,~halus
JI H cummillsii

durbanensis
filicis
kennelhi
lcesoni/dentatus'"
marshallil

H

N

minuttlS
II (Neomelanieonion) circumluteolus

II lineatopennis
,. (Diceromyia) furciftrftaylori

(Pseudannigeres) natalensis
H spp, indet.
Culex (Lutzia) tigripu

H (Neoculex) hotridus
H II insignis
N (Culiciomyia) nebulosus
" (Culex) annulioris
N H antetmaius
N guiarti

H neavai"''''
1/ perfuscus
II pipiellS

poicilipes
" thalasslus

theileri
H zombaensis

H spp. indet.
Total

89
149
62

314
102
13
74
23
73

254
3
5

15
17
16

264
9

30,099
2129

76
146

7
120
276
42
I

39
18

6242
3539

2b
1

253
1111

14
159

91)443
282
247

8
98
57
6

290
1

56
628
68

25,434
1

27
446
16
27

2420
894

161:1,231
*Both leesoni and deniatus occur at Ndumu but lessoni is

by far the more prevalent, No attempt was made to differen-
tiate these species.

**neavei was previously referred to by us as univitta/us.

life sanctuary. Over this period the domestic
animal and human populations were reduced to

10
j
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insignificant numbers while there was a gradual
increase in wild animals, particularly antelope.

RE5ULTS

TABLE 1 gives the total number of females of
each mosquito species tested for virus. A. arcumlu-
teolus constituted 54% of the total catch and this
species, together with M. africana and C. neauei,
composed 87% of the total. A further 4 or 5
species, A. albocephalus,A. cumminsii, C. zombaensis
and A. leesonijdentatus, in descending order of abun-
dance, together made up a further [l%. Hence the
remaining 43 0).' more species comprised only some
5% of the total.
From TABLE 2 it can be seen that 52 isolations,

which included strains of 13 arboviruses, were
made. The isolation of individual viruses on a
time basis was irregular with no tendency towards
an annual isolation pattern. For instance, 6 viruses,
NduI11u, Spondweni, Germiston, Lebombo, "n-
gwavuma and Simbu were only isolated during a
single year and another 4 viruses, Sindbis, Bun-
yamwera, Shokwe, and Mossuril only during 2
years. Even those viruses more frequently isolated
such a.s 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 period of study. As in the previous
study of WOrlh et al, (1961) A. circumluieolus was
"'evealed as the most frequently infected species.
. produced 37 of the 52 ioslations and all but 2 of
the viruses were isolated at least once from this

species. Nevertheless, considering the large numbs-
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 1 in 5000 which, considered to-
gether with the irregular appearance of this virus
over the years, hardly justifies firm conclusions with
regard to host specificity. A further factor tending
to diminish the importance of A. circumluteolus as
vector is that in 1968 when the entire collecting
effort was directed towards this species, a total of
33,617 specimens produced only a single isolation
of virus. The isolation frequency of different
viruses from the remaining 4 species found infected
was also low, and consequently with these species
also there are no substantial indications of host
specificity.

DlSCUSS!ON

The, .)peara e of different viruses in the mos-
quitoes .. er the years of observation was quite 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 aI.
(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
spec'es concerned were incidental vectors or were
merely carrying virus without necessarily transmit-

TABLE 2. Virus isolations, collecting sessions and days, total mosqultces and number of Aedes circumlutcolus tested,
on an annual basis, from Ndumu, 1960-68.

(I

No.
No. COL-
EES- LECT-
SIONd INO

YEARLY PAYS

..t. aIB-
alTJlLUTBOLUS

TOTAL _. -.~--.% OF

MOSQ.. Total Total

2

YEAR

1960
1961
1962
1963
19G4
1965
1966
1967
1968
Totals

1 8
3 30
5 42
5 44
6 46
4 41
2 14
7 44
II 60
44 329

3557 3334 94
14,720 10,834 74
30,678 13,397 44
29,670 10,167 34
13,898 6456 46
20,446 2877 14
4785 1135 24

16,860 9626 57
33.617 33,517 100
168,231 91.443 n4 4 6--------~------------- ------ ----------------

1
3
17
3

19
2
4
2
1

52

I
U

3
1

2
14

1
4

4
1

11

4
1

1- 4 5 3 19

. -11i._ .. nuw
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TA!.ILE 3. Frequency of isolation of different viruses from mosquito species at Ndumu, 1960-68.

VIRAL ISOLATIONS

BUNYAMWERA
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SPECIIlS

GROUP A GROUP B----
j s '2.... <J.~ '<l ;:J ~ ::

:§ '"CJ S '"CJ

~ ~
il ~~ 0

U3 ~ c,
CIl

2 1 3 4·
S
'!

Aedes circumluteolus
n leesoniidentatus
II cumminsii

Mansonia ofrucaa
Culex neauei
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4
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til
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til .c
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18 I 37
3
·t
3

2 5
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ting. There is therefore little evidence to implicate
any species as a maintenance or primary vector,

Several possible explanations come to mind as to
why the study failed to reveal definite enzooticity
or host specificity but comment will he confined to
only one possible reason. This concerns the ques~
tion of adequate sampling among the entire mos-
quito fauna at Ndumu, Most collecting techni-
ques i-sed 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 prevalent species
be relatively unimportant as vectors it seems quite
possible that excessive emphasis on these species
could result in important vectors among the rarer
species being overlookeu, Worth & Paterson
(1961) listed 75 culicine species from Ndumu so
the total of about 44 species tested for .rrus is only
slightly more than 1/2 the culicine fauna. Further-
more, of thore tested, 37 specie') were only tested in
very small numbers. Therefore, it does seem
possible that collecting methods used at Ndumu
failed to yield sufficient numbers of the right species.
It is among those species which exist continuously
as adults, such as Culex, that maintenance vectors
are most likely to occur and on this basis it would
Seem that efforts should be directed towards C\.~I .ct-
ing more of sud "pecies as C. horridus, C. insignis, C.
anionnatus, C. guiarti and C. perfuscus which were
barely sampled in the present study. These species
may not be quite as rare as collections have hitherto
indicated.

The frequency of infection observed in A. cir-
cumluieo.us oVP"!'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, experimentally it has been shown
capable of transmitting Wesselsbron (Muspratt et
al. 1957), Pongola, Bunyamwera and Spondweni
viruses (unpubl, work) so it is highly probable that

c

it is responsible for a significant amount of natural
transmission. However, there are factors in its
biology tending to diminish its importance as a
vector. Its high feeding preference for the large
mammal serves to decrease its chances 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 falls to
such low levels that it i~ doubtful whether significant
tra=smissior ~v this species could occur at this time;
although it ...ppears in vast numbers at Ndumu it
is largely restricted to the flood plains of the Usutu,
Pongola and Ingwavuma rivers which would limit
its importance over the remaining area of Tonga-
land; it is essentialry a bush-haunting -pecies so in-
fection ~f man by it in a domestic environment is
probably slight; and finally considering the large
numbers .ested, the 39' isolations from it divided
among as many as 11 viruses, fail to implicate it
fundamentally in the ecology of any particular
virus.

Furthermore, during the last 18 months of the
study there was evidence ..hat A. circumluteolus was
not becoming infected as frequently as before.
From August 1967 through December 1968,41,600
A. circumluteolus, comprising 45% of the total number
of this species tested for virus, were collected. Yet
during this lJcriod, involving 16 sessions with a
total of 58 working days, only 1 strain of virus was
isolated. A possible reason for this diminished in-
fectivity was a major change in blood-feeding pat-
tern by this species as a result of the transformation
of the Reserve into a wild-life s' -ctuary which was
complete by mid-1967. By this .me precipitin tests
on 1018 blood meals of.d. circumluteolus revealed that
96% were of antelope origin (unpubl, work) whereas
an earlier survey of 360 meals (Paterson et al. 1964)
had indicated a more general hcst range. The
conclusion seems justif '. that in areas where it
occurs in large numbers A. circumluteolus i~ an im-

c
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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) RURIN01'1/~~ 'lH.'0BALD AS VECTOR OF
BANZI, GERMISTON AND \VIT\VA1ERSRAND VIRUSES
I. Isolation of virus from wild lluwluions of C. rubinotus-

By B. M. McIntosh, P. G. JupP, I. S. L. Dos Santos and G. M. Meenehan2

Abstract: From 19,226 Oale» (Eumelal1017!via) rubinotus col-
lected in South Africa and Rhodesia over 3 years, 80 strains
of Banzi virus, 74 of Germiston virus and 67 of Witwatersrand
virus were isolated. It is concluded that the regularity of infec-
tion in different geographical areas over this period and its
frequency among individuals of'several different natural popula-
tions indicate that C. rubinotus is a maintenance vector of all
3 viruses. Four isolations of Arumowot virus and 2 of a Bunyam-
wera-Iike virus were also made from C. rut :WI!US.

In this series of papers evidence is presented which
we believe strongly implicates Culex ruoinotus as a
maintenance or primary enzootict vector of Banzi
(BAN), Germiston (GER) and Witwatersrand
(WIT) viruses among wild rodents in southern
Africa.

In 1958 isolations of BAN, GER and WIT viruses
were made from pools of Culex I »inotus alone and
a mixed pool of C. rubinotus and Cule. lheileri collected
at localities neal' Johannesburg on the inland,
temperate plateau region of South Africa (Smith-
burn et al, 1959, Kokernot et al, 1960, McIntosh
et al. 1960).

This was the first implication of C. rubinotus as
a possible viral vector and the first isolations of
GER and vVIT viruses. If it is assumed, as now
seems likely, that C. theileri in the single mixed pool
was not implicated, infection rates in C. rublnotus
were high, as only 89 C. rubinotus, grouped into 6
pools, yielded I strain f BAN virus, 2 of GF.R and
1 of WIT. Although attempts were made shortly
afterwards to obtain further specimens of C. rubinotus
in the environs of Johannesburg, these were unsuc-
cessful, and the apparent rarity of the species there
and elsewhere in South Africa seemed confirmed by
the collection of only occasional individuals for
several years thereafter.

Indeed, it was not until 1971 that C. rubinatus was
-'-lThc~tudiesmld observations on which thls paper is' based-
were financed jointly by the South African Institute fo.· Medical
Research, tne Poliomyelitis Research Foundation anti the
State Health Department.

'Arbovirus Research Unit, South African Institute for Medical
Research, Johannesburg, South Africa.

'These terms arc used synonymously in tile sense that Smith
(1964) defined "maintenance host," l.e., a ho.it that "i:; essential
for the continued existence of a virus," without any claim that
we can explain the precise survival mechanism of these viruses
in nature.
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again encountered in some numbers. This occurred
at Nyabira, 40 km north of Salisbury, on the
Rhodesian highlands. On this occasion 563 C.
rubinotus tested in 15 pools yielded 3 isolations of
BAN, 5 of GER arid 3 of WIT viruses. This 2nd
episode involving the same 3 viruses aroused sus-
picions that C. rubinotus was deeply concerned in
the transmission of these viruses and further efforts
were made to obtain more specimens. Success was
achieved the following SU~11er at Port Shepstone,
on the coast of the province of Natal, South Africa,
in estuarine habitats and once again high infection
rates with the same viruses were demonstrated.
Shortly afterwards the same viruses were isolated
from c. rubinotus populations in lake habitats on the
coastal plain of northern Natal.
The existmg situation, therefore, is that whenever

wild populations of C. rubinotus in southern Mrica
have been sampled for infection, at least 1 and
freq uently 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 transmission by C. rubinotus, the biology of this
mosquito, the e xposure of hamsters as virus sentinels
among wild populations of C. tubinotus, and attempts
at determining the natural vertebrate hosts, which
are described in the companion papers ,JuPP et al.
1976, McIntosh ct a1. 197fia, 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 i
(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 laboratory, and
the suspensions inoculated intracerebrally into infant
mice, 2-3 days old. Attempts were made to keep
mosquito pool sizes as uniform and small as possible
but since numbers of mosquitoes in pools varied,

I'
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infection rates are expressed merely as averages per
1000 mosquitoes.
Virus isolates were identified by their immu-

nological reactions with immune sera to the proto-
type strains of BAN, GER and WIT viruses, viz.,
H336, 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 brains of sick infant
mice and prototype strain immune ascitic fluids
obtained by the hyperimmunization of adult mice.
With some isolates, complement-fixation reactions
were confirmed by neutralization tests conducted
in mice and/or hemagglutination-inhibition tests
using immune sera prepared in guinea pigs or mon-
keys by a single inoculation of virus.

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

RESULTS

TABLE 1 shows the number of isolations of BAN,
GER and WIT viruses effected from C. rubinotus
collected at Nyabira, Rhodesia and at 6 localities
in Natal Province, South Africa. These collections
took place during 10 collecting sessions involving
72 collecting days spread over 3 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 localities
varied ecologically from the Rhodesian highlands, in
tropical savanna, to the subtropical coastal plains of
Natal, some 1600 km southwards. At the single
collecting session in Rhodesia and at each of the 3
at Port Shepstone all 3 viruses were consistently

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

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

At these localities there was some irregularity in
isolation 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. rubinotus on much the
same scale and manner as in the other 2 areas.

From a total of 19,226 C. rubinotus from all
localities and tested in 1004 pools, 80 strains of
BAN, 74 of GER and 67 of WIT viruses were
isolated.

In addition to these isolations, 4 isolations of
Arumowot virus were made from C. rubinotus collect-
ed in Natal. Two isolations occurred in 1972 at
Port Shepstone and 2 in 1973 at Lake Teza, Two
further strains of virus isolated from C. rubinotus
collected at Nyabira have been tentatively classified
as Bunyamwera virus.
At all these collecting sessions several thousand

mosquitoes 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 poicilipes collected at Nyabira

TABLE 1. Virus isolations, wich infection rates, from Culex rubinoius, at various localities.

DATE or No. cot- No. MEAN VIRUS lSOl.ATIONS: INFECTION RATESaOI,LEC- LI,CTING TOTAL MOSQ.. POOL "~IIA~r--·"GER~·_._ WIT--LOCALITY T!ONS DAYS MOS{~. POOlS SIZE

Nyabira Rhodesia Apr. 1971 4 563 15 50 3 5.3'" 5 B.9 3 5.3
Port Shopston» S. Africa Feb. 1972 9 603 63 10 10 16.6 11 18.2 5 B.3

Apr. 1972 9 B12 167 5 8 9.8 1:? 14.8 13 16.0
0 Fcb. 19701· 20 1374 163 8 33 24.0 0 6.6 20 14.6

Kwamhonambi Dl'(\ 1972 7 145 30 5 1 6.9
Lake Teza, Matubatuba H H .Jan. 1973 6 6567 254 25 15 2.3 14 2.1 13 1.9
Monzi, Matubatuba Jan. 1973 2 4GI 20 25 1 2.2 1 2.2 1 2.2

\J St. Lucia Estuary Jan. 1973 3 2078 B5 25 1 05 1 0.5
Lake Insese, Empange ni 6 n Apr. 1973 2 IB95 106 25 7 3.7 7 3.7

!liay 1973 10 4728 101 15 8 1.7 14 3.0 5 1.1
Total 72 19,Z!!fi 1004 20 80 4.5 74 3.8 F;r 3.5

"'5.3 per 1000 ;nosquitoes.
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of 1 strain each of BAN and GER virus and a strain
cf GER virus from Culex pipieT,'S collected at Lake
Insese in May 1973.

DISCUSSION

When wild populations of maintenance vectors
are sampled for infection, the nature of infection
revealed is likely to be regular in space and time
and of a high frequency among individuals of these
populations. The nature of infection by BAN,
GER and WIT viruses shown to exist among C.
rubinotus populations in our studies conforms to this
concept and suggests, therefore, that C. rubinotus is
maintaining these viruses. In support of this
viewpoint, we present evidence in the companion
papers (Jupp et a1. 1976, McIntosh et al. 1976a, b)
concerning the vector capability and biology of C.
rubiuotus, as wr-ll as evidence of infection in the
probable ver« ite host. Underlining these posi-
tive aspects is \,,(:;large volume of virtually negative
evidence implicating other species of mosquitoes,
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-
CI ed in the present study concerns the wild
transmission cycles, involving C. rubinotus 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 C. rubinotus was
apparently confined and in any case C. rubinoius
seems not to feed on man in this area. At Port
Shepstone also, domestic animals were virtually
absent from the main collecting site. Furthermore,
blood meals of C. rubinotus collected at Port Shepstone
and in northern Natal at the time infection was
demonstrated in C. rubinotus 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
Shepstone than ill the northern Natal localities.
Under natural conditions rates can obviously be
expected to vary geographically and factors causing
the difference in this instance seem likely 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 area the natural habitat has
been destroyed on a far greater scale by sugarcane
cultivation than in the Port Shepstone area arid, as
a result, it is likely that rodent numbers were higher

01

J

\._)

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 much larger and younger C. rubinotus populations.

The similarities in C. ruhinoius infection rates by
the 3 viruses were remarkable. 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
somewhat equivalent efficiency, was the principal
means of transmission between the same or a limited
number of vertebrate speoi....~. Because there is no
immunological overlap between the 3 viruses, which
C. rubinotus, according to our observations, ap~
parently transmits at a somewhat comparative level
of efficiency, and because the number of rodent
species in anyone area is generally limited, this
might well he the explanation for this similarity in
infection rates.

The survival of virus through the dry winter
occurring in southern Africa was not investigated.
This is still largely an unsolved 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 virus 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 !s a Culex breeding in
permanent waters suggests that for most if not the
whole year, adults would be active. Moreover,
the protected and humid nature of the C. rubinotus
habitat suggests that even an extended dry season
might not entirely eliminate adult C. rubinoius. The
fact that all 3 viruses were isolated from sentinel
hamsters exposed at Mopeia in Mocambique during
the dry season (McIntosh et a1. 1975a) shows that
in that area, at least, transmission occurred at this
time, and there is no reason to exclude C. rubinotus
as vector of these infections.

Until more information is available on the
distribution of these viruses and C. rubinotus, the
extent of the geographical area in which C. rubinotus
is maintaining these viruses must remain unknown,
At least in southern Africa, a large area encom ..
passing markedly different ecological zor es is
involved. The isolation of GER and WIT viruses
from C. rublnotus in Uganda (Henderson et al, 1972)
and of BAN virus from C. rubinotus in Kenya (Met-
selaar et al. 19H) suggests that C rubinotus is a vector
over a large part of Africa,

i"
\)
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CULEX (EUil1ELANOMYIA) RUBINOTUS THEOBALD AS VECTOR OF
BANZI, GERMISTON AND WITWATERSRAND VIRUSES

IV. Observations on the biology of C. rubinotus

By P. G. JuPP, B. M. McIntosh and D. Andersonl

Abstract: Because of its importance as a vector of viruses,
a study was made on aspects of the biology of Culex rubinotus ..1
southern Africa. Catches showed that this species is prevalent
in the subtropical "oa~tal plain of Natal where the adult is
commonly found wituin dense marshland and adjoining sugar-
caul' fields. Larvae were also found in reed beds. The active
female is ground-frequenting, occurring rarely in the tree
canopy. Comparative 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 ungulates.
Different geographical populations differed in their feeding
preferences for man, varying from very low to moderate. It is
concluded that C. rubinotus has biological characteristics con-
sistent with the viewpoint that it is the maintenance vector of
Banzi, Germiston and Witwatersrand viruses among wild
rodents. The other .rinclpal mosquito species collected are
briefly mentioned, .

When it seemed from the high infection rates of
Banzi, Germiston and Witwatersrand viruses de-
tected in wild populations of Culex rubiuotus that
this mosquito is an important viral vector (McIntosh
et al, 1976), the need arose for information on its
biology, Neither in South Africa nor apparently
elsewhere in Africa 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, C. rubinotus was regarded as a rare species
in southern Africa and it was only in 1971 in
Rhodesia that fail' numbers were first encountered
by us. High virus infection rates in these mosquitoes
led to searches for C. rubinotus ill 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 biology of
C. rubinotus were made either as a rem) t of collections
intended primarily for virus studies or from collec-
tions designed specifically to obtain information on
biology. They include observations 011 geographical
distribution, habitat association, prevalence, host
preferences and the vertical distribution of active
females.

METHODS
Stucfy sites

Observations were made at 6 localities between
-iArb()"Vi~U:~-Re;;i;ch ·U~it, South Afri~~-··i;';t1tute··f\)r
Medical Research, Jo"annesburg. South Ail'ica.

March 1971 and March 1974. The first of these
was Nyabira, 40 km north of Salisbury, Rhodesia,
where collections were made in open grassland in
a small swampy area containing rushes and rank
grass. The others ",'ere in South Africa. At the
Port Shepstone area in southern Natal, the sites
utilized were in estuarine marshes along the Boyboyi,
Izorsha and Mtentweni rivers, while in the coastal
plain of northern Natal collecting sites were mostly
on the edge of large riverine lakes. These were
Lake Teza, ncar Mtubatuba, with an area of about
200 ha, Lake Insese, neal' Empangeni, of about 300
ha and the area of marshland at St. Lucia estuary
which is even larger. Monzi, the remaining locality,
is 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.

Mosquito collecting
(1) Light"C02 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 1 in above the ground.
The CO2 was released through 3-mm bore poly-
thene tubing close to this opening. Source of the
CO2 was a tin insulated with corrugated cardboard
containing about 2 kg of solid CO2, The mos-
qui toes, 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
CO2, The animal was restrained within a wire
cage.

(3) Lard-can tyjJe trap : This is based on the
lard-can trap designed by Bellamy et al. (1952)
but is smaller, being 48 em long and 37 em 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 mm mesh except for snakes which
were enclosed by 10-1/2 mm mesh. The following
animals were employed: 21 rodents (Saccostolllus
cumpestris), 3 fruit bats (RorIS(;ltus aegyptiaClls), 1

I J'11 ' 'Z .... Tinl Mb k\
e .t.lI
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TABLE I. Relative activity of C. rubinotus in different habitats according to light-CO. traps,

SITE
--~---WOMFROM~-- 500M: FROM LAKE.--~------------~ Inside Reeds' Open Open

reeds edge track Sugarcane track Sugarcane

618 J. Med. Ent. Vol. I~, no. 6

I'otal mosquitoes collected
No. trap-nights
M'I1*

605
10
43

*Mw =""hiiIiams' mean.

domestic pigeon (Columba livea) , 2 brown house
snakes (Boaedonfuligillosus) and 5 toads (Rtifo ~aretls).

(4) Human-baited catches : These were under-
taken with 2 or more catchers. Each man operated
alone, using a torch dark,' ned with a red hood, and
collected mosquitoes as they alighted in test tubes.
Collections started at sunset and lasted for up to
2 hr.

Analysis oj results
The male mosquitoes collected were not included

in the results. For the series of catches made with
light-C02 traps in different habitats (TABLE 1), mear,
catches are expressed as \ViIIiams' modification of
the geometric mean (Mw) as recommended by
Haddow (1960). In the catches made in the lard-
can type traps ('l'ABLE 2), the proportion of engorged
mosquitoes is expressed as the arithmetic mean of
the percentages engorged from all catches of each
series. Relative attraction 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).

RESULTS

(I

General obseroations
Early in the studies it became apparent that

unless catches were made within or on the immediate
periphery of its characteristic habitat, appreciable
numbers of C. rubinotus would not be collected.
This .eluctance of C. rubinotus to leave its habitat
was strikingly demonstrated 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 C. rubmotus occurred in
very large numbers there was a tendency for it to
also occur at some distance from its usual habitat,
particularly where cultivated cane was present.

c

I I ne,•• 111 Ilff"

1186 300 1231 232 367
II 8 9 7 5
85 33 119 25 70

The preferred habitat of C. rubinotus was found to
he marshland associated with permanent waters
such as lakes, ri vers or streams. A dominant,
perhaps essential feature, is the dense tall stand of
reeds iPhragmites spp.), papyrus (Cyj;Jrus 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
plateau.
Numbers of C. rubinotus collected on windy nights

were extremely low. For example, a mean catch
of 500 mosquitoes in light-C02 traps 1 night fell
to only 12 mosquitoes the following night which
was windy, while other mosquito species were
collected in almost 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 leave its
habitat, seem to suggest that this species is unusually
sensitive to low humidities and is perhaps also a
weak flyer,

Although C. rubiuotus was reared in an insectary
to the adult stage from gravid, wild-caught females,
difficulty was experienced in passing it through the
larval stage; emerged adults failed to feed on a
hamster 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.
TOTAL

TYPE OF No.'l'R'\p MOSQ.. IvlEAN %
BAIT NlOHTS COLt.ECTED FED

Rodent
Saccostomus campestris 17 232 30

Pigeon
Columba lioca 17 17

Bat
Rousaius aeg),ptiacllS 11 14-

Snake
Boaedon fuliginosus 5 0

Toad
Blifo carens 5 0

Control
(empty) 2 0

.. ..nil' All It II
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TABLE 3. Relative attraction of C. rubinotus to .an according to human-bait catches at 3 localities.

RHODESIA,
NyABIIL ....

Apr.~
NATAL, PORT SHF.PSTONE

Feb. 1972 Apr. 1972
NATAL, LAKE TEZA

Jan. 197'3 Mar. 1974
Total mosquitoes collected
No. of man-hours
No. mosquitoes per man-hour

510
45
11

10 5
4 2
2.5 2.5

I 11
7.5 15

<1 -I-----------------------
Lake Teza in whi.:z, light-C02 traps were set in
different habitats at varying distances from the
lake to investigate to what extent C. rubinotus activity
is influenced by habitat. The habitats chosen were
as follows: (1) deep within the reed bed where
the water was about 30 em deep; (2) ashore at the
extreme edge of the reed. bed; (3) & (4') within
I.8-m high sugarcane at distances of 200 m and
500 ill, respectively, from the lake; and (5) & (6)
in open breaks consisting of tracks 3-4 m wide at
distances of 200 m and 500 m, respectively, from the
lake. The numbers and geometric means of C.
rubinotus collected in these habitats are given in
TABLE L 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 stili high at 50\:. m.
Activity was lowest in the open breaks.

Vertical distribution
A series of catches was made with light-C02 traps

over 6 nights at Lake Teza to compare C. rubinotus
activity at ground level and at 7.5 m in the canopy
of a tree. The total number of C. rubinotus collected
at ground level was 698, while in the canopy it was
30.

Host preferences
To determine the hos, preferences of C. rubinotus

among various classes of wild animals, a series of
catches was m?,.le at Lake Teza using lard-can
traps baited with 3 rodents, a pigeon, 3 bats, 2
snakes or ::.toads. The results of these catches are
shown in TABLE 2. It can be seen that the rodents
attracted most C. rubinotus, with a total of 232
mosquitoes, of which 30% had engorged. Blood
meals from 10 of the mosquitoes were identified
as being of rodent origm with the precipitin test.
Small numbers were attracted to the pigeon and
bats and none to the other animals.

With respect to other mosquito species, M.
unifotmis was attracted to and fed on rodents, bats
and pigeons, M, aJricana on bats and, to some extent,
on rodents and C. thalassius on bats. Of interest
also were 2 freshly engorged mosquitoes collected
in the toad-baited traps-l Ficalbia (Mimomyia)
lacustrls and 1 Urauotaenia pallidocephalus.

colonization of this species would be difficult.
In regard to the efficacy of the various cc'Iecting

methods, it was evident that goat ..baited net and
light-C02 traps were very effective and a high
proportion entering the net traps fed on the goat.
Light traps without CO2 yielded poor catches, as
did animal-baited lard-can traps at Port Shepstone
where populations were low.

Larvae of C. rubinctus 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-C02 traps and/or baited net

traps set at various localities in Natal to collect
female mosquitoes for virus studies yielded informa-
tion on the prevalence ofC. rubinotus, 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-C02 traps at Lake Teza yielded a mean
catch of 336 C. rubinotus per trap-night, while the
same trap at Port Shepstone yielded a mean of
only 8. High densities at Lake Insese were also
demonstrated by the collection there in goat-baited
net traps of about 1000 C. rubinotus per trap-night.
The conclusion drawn from these collections is that
C. rubinotus is widely distributed along the entire
coastal zone of Natal, although confined to specific
habitats within this zone, and that it occurs in vast
numbers in the larger marshes.

At Lake Teza more than 20 species of mosquitoes
other than C. rubinotus entered the light-C02 traps.
The 4 most prevalent of these species were as follows:
Culex (Culex) thalassius and Mansonia (.i\{allsonioides)
africana, which were collected in about equal
numbers with C. rubinotus ; Anopheles (Anopheles)
tenebrosus at twice this level; and Mansonia (Jt,fan-
sonic 'ies) uniformis which was about 18 times more
abundant. The occurrence and relative proportions
of these species were very similar at the other Natal
Iocali ties.

Actit'if)' of females in different habitats
A study was undertaken on a sugar farm bordering
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In regard to the preference of C. rubinotus 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-ca.i traps set over
8 nights, an average of 68 C. rubinotus was taken
nightly and 80% of the total catch was engorged.

At 3 localities, viz., Nyabira, Rhodesia, and Port
Shepstone and Lake Teza, South Airica, catches
were made nsing man d' ')a! t. A" shown in TABLE 3,
on no occasion were large numbers collected,
although at Nyabira a fair degree of attraction to
man was evident. At the other 2 localities, numbers
collected were extremely low considering that the
catches took place in reed beds and, at Lake Teza,
among very high population densities. Thus,
although different geographical populations of C.
rubinotus apparently vary in their preference for
man, at its highest level this preference j~ only
moderate.

The blood meals of 174 engorged c. rubinoius
collected in CO2-baited traps at 7 localities in Natal
were tested with the precipitin test to determine
host species. With 140 meals, antisera to rodent,
goat/cow, man, bird, rabbit, cat, dog, pig and horse
were used in the test, while for the other 34 meals
only rodent, goatjcow and human antisera were
used. The percentages of meals reacting positively
with the different antisera were as follows: rodent
66%, goaticow 9%, man 3%, bird 0.6%, pig
0.6/0, and unidentified 16%.
At 6 localities the percentage of meals reacting

with rodent antiserum far exceeded all other
reactions, ranging from 6S% to 88%. The single
exception occurred among 36 meals collected at
Lake Insese, where large numbers of gems and
cattle were present and in which 36% reacted with
goat/cow antiserum and only 30% with rodent.
Among the 16% of unidentified meals were probably
bloods from wild vertebrates for which antisera were
not available.o

DISCUSSION

Contrary to previous experience, the studies
showed that in Natal, at least, C. rubinotus is a very
prevalent mosquito indeed, and within its habitat
is widely distributed 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
pop" .ations earlier can be attributed to the rather
spatially restricted occurrence of C. rublnotus com-
bined with an omission by collectors to operate

J.Med. Fnt. Vol. 12,no. 6

within or on the immediate peripheral of the C.
rubinatus habi tat.

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 almost certainly
the principal larval habitat. Cultivated sugarcane
also provides a suitable environment for adults at
some distance from the natural habitat.

Collections indicated that C. rubinotus showed a
tendency to avoid far-ranging flights 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 flightc.

The evidence on host preferences clearly showed
that C. rubinoius is primarily a rodent feeder and that
feeding is at ground level. It will also feed to a
lesser extent on goats and sheep and presumably on
other large ungulates and to a small extent also on
birds and bats, but the paucity of active females at
the higher vertical levels suggests that natural
feeding 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, Rhod-sia
and apparently at Johannesburg, South Africa
(Kokernot et al, 1960), it was attracted fairly readily
to man. On the coastal plain of Natal Province,
however, it showed a very low preference for man.
Nevertheless, because of its prevalence in cultivated
sugarcane in Natal it seems that it might feed
significantly on man in cane fields because of the
practice of cane-cutters to start work well before
sunrise.

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

suggestive of a reservoir vector
by

P. G.JUPP, D. L. THOMPSON andA.J. CORNEL
Arbovirus Unit, National Institute for Virology, Private Bag X4, Sandringharn, Johannesburg,

2131 and Department of Virology, University of the Witwatersrand,Johannesburg.

Seventeen alphavirus isolates (lfi Middelburg and I Sindbis) were obtained
from 39.'i7 Aedes jUP/Ji mosquitoes collected at a single site on a farm at Twce-
spruit in the south-western Orange Free State Highveld, As collections were
made only one month after the first significant rain of an u•.usually dry sum-
mer, these mosquitoes were thought to be the first brood of the season and the
appearance of Middelburg virus due to the presence of transovarially infected
mosquitoes. This could indicate that At. jup]n serves as a reservoir vector to
carry this virus through dry j .iter-epizootic periods.

o

INTRODlh nON
As part of a long term study on the ecology of Rift Valley fever virun in South

Africa, the Arbovirus Unit has been investigating floodwater aedine mosquitoes to a.·-
certain whether they act as reservoir vectors of this virus during dry inter-epizootic
periods. Floodwater Aedes 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-
land 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 into adult
mosquitoes. Subsequently the pans dry up mainly through water evaporation. In a pro-
ject recently completed on farms ill the Tweespruit area of the Orange Free State prov-
ince, 20 000 eggs of lledes (Ochlerotatus) juppz' Mclnrosh were successfully recovered from
soil samples, mainly from those samples taken in pans as opposed to vleis (swamps)
(Gargan, Novak and JupP, unpublished). These eggs were collected .Ill ring the winter
in August, 1984, when pans and vleis were dry. However, as IW v , of any kind
were isolated from mosquitoes reared from them, evidence implicatu. , .le. juppi as a
transovarial vector was not obtained.

A follow-up visit was made to the same Tweespruit farms at the end of
March. 1985, a month after the fist significant summer rains had fallen. One of the ob-
jcctives of this visit was to trap adult floodwater Aedes. It was hoped to make isolations
of Rift Valley fever virus from lle. JuPPi mosquitoes which represented what was
thought to be the first brood of the summer, and to take live mosquitoes back 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 remained devoid of any standing

o
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water although the inundated area of the vleis and a dam had increased slightly. Sur-
prisingly, moderately large numbers of Ae.juppi were taken in bait collections, the ma-
jority of which were subsequently assayed for virus with the isolation of the alphavi-
ruses Middelbnrg (MID) and Sindbis (SIN). These isolations and their significance
form the topic OJ .his paper.

c

METHODS
"weesprnit is located at the south-western edge of the HighveJd region 29° r r '

27° u' I,'e Orange Free State Province. The term Highveld refers to the high in-
land ry!a.tC!1 region with an altitude of from 900-1 600 metres. It is grassland with a
temperate chmate and summer rains; mean annual temperature is 13-17 °C. Pans are
plentiful in the Tweespruit area but tlley have been empty since about the summer of
1980 owing: to below average rainfall.

lvIc..squito collecting was carried out on the farm Prospect from 26-281h
March, 1985, using three different methods. These were net-traps (Jupp and McIntosh
1967) and NIV light traps (Jupp 1986), both baited with solid carbon dioxide and set
overnight, Thirdly, human-baited catches were carried out from late afternoon till dark
by two operators using battery-operated aspirators. One person acted as bait and the
other collected the mosquitoes which alighted (.'1 him to bite. All the mosquitoes were
taken at one site near a dam and adjacent vleis, the margins of which had experienced
slight flooding from rainfall at the end of February.

Mosquitoes wer , segregated according to species and feeding status and
placed into pools which were stored ill liquid nitrogen. Pool size was 100 unless the
total number of a species collected was less. Subsequently, suspensions of the pooled in-
sects were inoculated intracerebrally into z-day-old suckling mice in attempts to isolate
virus. Brain from sick mice was used lor passage of virus in mice and as a source of vi-
rus for identification. Antigens were prepared by the sucrose-acetone methr j described
by Clark and Casals (1938). Virus isolates were identified by complement-fixation tests
in which hyperimmune mouse ascitic fluids were used as a source of known antibody.
These tests were done according to the method of Bradstreet and Taylor (1962) adapt-
ed to a micro technique using 0,(125ml volumes.

The statistical mosquito infection rate was calculated by the method of
Chiang and R('{'\'Cs(1962).

RESULTS

o

Table 1 shows the spring and summer rainfall which occurred up to the end
of March when mosquitoes were collected. Table ,~shows the numbers of the 4, flood-
water aedine mosquito species collected which were tested for virus and gives details of
the isolations made. Smaller numbers of Culex and Anopheles were also collected but
these were discarded. Sixteen isolations of MID virus and one of SIN virus were ob-
tained from 3957 Aedtsjuppi which accounted for 98,5% of the total Aedes catch. Two
Aedes (Ochlcrotatus) and tWI) Aedes (Neomelaniconion) species were present in the collec-
tions. The minimum infection rates with MID virus for the total Ae. juppi catch was
4,04 pel I ooo mosquitoes while it was 3,85 lor the unengorged Ae.juppi. The statistical
infection raw for unengorged Ae.juppi was 4,84.
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TABLEr, Spring-summer rainfall on a Tweespruit farm until mosquito .rollecting at end of
March, 1985

Dates No.mm,

October 5. 1I 38
24.29,31 23

November 15 13
29 42

December IB·21 28
January 16,17,22 47
February 7,8 21

20,23,27,28 82
March II-IS 45

25,26 19

TABLE2. Floodwa .•-r Aedes collected at Tweespruit in March 1985: number of mosquitos tested
for virus , •. : number of viruses isolated.

Species

Virus Isolates

No. No. Pool SIN MID
Tested Pool, Size

No. No. MIRa IR"
---'--

3900 39 roo IS 3,85 4.84
20
37C ()

3957 ,1-1 16 4,°4
2U

12

~8

Ac. (Och.) [uppi

Ae. (Och.) caballus
Ae, (Neo.) unideutatus
Ae. (Neo.) albothorax

a=minimum infection rate = no infected mosquitoes/rooo.
h=stutistical infection rate/rooo calculated by method of Chiang and Reeves (.962).
c=engorgcd mosquitoes.

DISCUSSION
In 197:3 Mclntosh described .1e.juppi, a new species very similar to Ae. cabal-

Ius. Hence collections of mosquitoes made before that date and. called .1e. caballus may
h:l'i'~ consisted only of one of the species or they may have been mixed so they should
Le "'"rred to as .-ie. caballus J,'llSU lato.

The intection rate of .:le. ]uppi with MID virus is less than that of the ..:le. cabal-
les 5C1lSU lato collected in the Karon region at Middelburg, Cape, in [957 when MID vi-
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rus was first identified as a new virus (Kokernot el al. 195;). The present isolates are
the iirst made from an ,Iedt'S species collected 011 the South African Highvcld. It is note-
worthy that both species were present at Tweespruit in the 19H5 collections a, no Ae.
cabal/us were reared from the eggs collected during the previous winter or WI'; taken
there as adults ill 19i4/75 (Mclntosh et at. I!l8o). I\lID virus was isolated 17 tunes in
South Africa and twice ill Zimbabwe during the period 1!l57-7G and except fill' lour
isolations from Culex thcileri, all the isolations were from floodwater iledeJ mosquitoes
belonging to thr Neomelanicouion; Aedimorphus and Ochlerotatus subgenera (Worth et al.,
If)Gl and ,uhoviT'.ls Unit, unpublished data).

It seem Ii that the first significant mints which wen' sufficient to inundate the
margins of the dam and vleis, albeit to a limited extent, causing aedine eggs to hatch,
occurred from \!o-;1Bth February when H2mm was measured. Previous to this, hatch-
ing is unlikely to have taken place because falls were too small and too spread out tem-
porally (Table I). Hence it is though, that the .tie. JUPJIi mosquitoes collected one
month later, at the end of March, represented the first brood of <lI'dinemosquitoes and
that they included individuals that might have been trans-ovarially infected with MID
virus. This interval seems rather longer than that required Ior development of adults
after submersion ofthe eg,:(s, since !1-15 days are needed ill the laboratory at a constant
water temperature uf 2:3 °C. There is some laboratory evidence that rodents mlgh: be
involved in Ml D transmission cycles (Mclntosh 1961). However, it seems unlikely that
the mosquitoes would have been alive long enough as adults to have initiated a rodent-
mosquito transmission cycle. These mosquitoes would haw represented populations
distinct {rom those sampled as ('~" 'I during the previous winter since the great majority
of eggs were recovered from pal which W('I'(' dry when the adults were taken in the
IH85 baited catches. The virus It;1S almost invariably been Isolated from floodwater
Aedes rather than Irom Culex mosquitoes which do not overwinter in the egg stage. This
suggests transovarial transmission .• 1e. caballus J"eIlJU lato has transmitted the virus hori-
zontally ill the laboratory (Kokrrnot et al. 1957) but tests to demonstrate transovarial
transmission remain to be done.

An explanation lor the pool of lie. jupjli infected with SIN virus is probably
that this single infection \\'<\S acquired Wh(',1 .le. JupjJi fed on viraemir birds. Culex [Cu:
;",,"_)unirattatus Theobald also occurred in our collections and a C,\. ullivitlalu,\-bircl trans-
mission cycl« would he expected with this mosquito breeding throughout the summer
ill the available permanent water.

o
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TlfCKS AND ARTHROPOD-BORNE VIRUSES IN SOUTH AFRICA

P.O. Jupp and B.M. Mcintosh

Arbovirus Research Unit,
National Institute for Virology
Private Bag X4, Sandrlngham,

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 Ornithodoros ticks. These are an Orbivirus, Chenuda virus, and 3 unclassified
viruses - Sold ado, Quaranfil and Nyamanini, 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 important mosquito-borne viruses
Chikungunya, Rift Valley fever and Wesselsbron viruses, we have considered argasid ticks and have undertaken
laboratory vector experiments on Ornithodoros savignyi, With Chikungunya and Rift Valley fever viruses first
nymphal instars failed to become infected but with Wesselsbron virus the infection rate of the subsequent second
instal's, was 220/0 showing that trans-stadial transmission had occurred. 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 of extrinsic
incubation are in progress.

INTRODUCTION

In South Africa nil the arthopod-borne viruses of major medical importance are mosquito-borne and ticks have yet
to be implicated in their transmission. This is in contrast to several othr countries where there are arboviruses causing
Important human diseases which are tick-borne, such as Russian Spring Summer Encephalitis virus in eastern Europe
and Russia, Congo virus in Central and West Africa and South-eastern Europe and Colorado 'ck fever virus 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 divp~.;~nt :.::.."onsand this also seems to apply even between different families of Diptera, This is
clear if reference is hla.le to a cataloote 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 bot 11 mosquitoes and phlebotomines, Furthermore, 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 restricted to one or 2 closely related species.

Six of the 37 different arboviruses isolated to date in Southern Africa have come from argasid ticks, the remainder
originating from mosquitoes (24) and Culicoides (7). These 6 viruses will be discussed in this paper, 4 of which were
isolated by our Unit and have not been reported on before. Probably more viruses would have been re...overed 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 transmisslon cycles of any of our medically important arbovlruses, However,
because of our failure to gather evidence to implicate mosquitoes as maintenance vectors of Rift Valley fever (RVF),
Wesselsbron (WESS) and Chikungunya (eRIK) viruses, we have given consideration to argasid ticks as being possible
maintenance vectors. Accordingly we have conducted experiments to test the vector competence of Ornithodoros
savignyt, the sand tampan, with these viruses in the laboratory to assess whether ticks could be involved in
transmission. The results of our experiments are reported in this paper. It should perhaps be emphasized that we do
have ,~ood evidence in the case of RVF and CHIK viruses that mosquitoes act as epizootic-epidemic vectors and it is
likely that the same would apply to WESS virus.
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Table 1 Arboviruses isolated from ticks in South Africa.

Viru» Classification Vector yielding Vertebrate host= I Locality Reference
isolations

- --
African Swine Iridovirus Ornithodoros Pini & Hurter

Fever (Iridovlridae) moubata Warthog Transvaal 1975
f---

Orbivirus
Hartebeespoortdam, I

Arbovirus UnitHalfway House,
Chenuda (Reoviridae) I Argas arboreus Cliff swallow "",,~1 _+_ N.!.V.

--- u""",~~l~:"~/·,,,: ---- -
Naboomspruit,. Arbovirus Unit

Quaranfil Cattle egret Transvaal N.r. V.
- -

I Nahoomspruit. Arbovirus Unit INyamanini Unclassified A. walkerae Cattle egret Ndumu, Natal. N.r.V.
f---- l- -- -- I-- --I

t~~~"·'"Arbovirus Unit
Sold ado

I
Unclassified Ornithodoros sp I- Cormorant Cape N.I.V.

-- ------. .-I Pretoria, Converse et aI.,
Pretoria Unclassified A. africolumbae Cape rock pigeon 1975Transvaal

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

Table 1 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. Each will be discussed in turn below.

African Swine Fever virus (ASF)

ASF virus is classified as an lridovirus 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 aethiopicus) (Plowright, 1977; Pini and Hurter, 1975).
O. moubata is also responsible for the eransmission of the virus from warthogs to domestic pigs. Transovarial and
venereal transmission of the virus by O. moubata has been demonstrated in the laboratory (Plowright et at, 1970) and
these may be important for the natural maintenance of the virus. Doubt exists whether O. moubata can acquire virus
from warthogs as viraemia levels in warthogs art apparently insufficient to infect these ticks (Plowright, 1977).

Chenuda virus (eNU)

CNU virus is an Orbivirus in the family Reoviridae, Twenty one isolates of the virus were obtained form Argas
arboreus collected by our Unit from nests of the cliff swallow, (Petrochelldon spilodera) under road culverts between
Johannesburg and Hartebeespoort Dam, Transvaal, in the summer of 1960. Nests of several colonies of swallows were
sampled. Seventeen 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 eNU virus had overwintered in the ticks. The cliff swallow is the only known host of
A. arboreus.

c

Qmuallfil virus (QRF)

QRF is an unclassified tick-borne virus anrl has been isolated by our Unit once from a cattle egret (Bubulcus ibis)
and 7 times from Argas walkerae ticks. A heronery in the tree tops on a farm at Naboomspruit, Transvaal, was the
source of both the cattle egret as well as the ticks which were recovered from under the bark adjacent to the cattle egret
nests. Adults and nymphal ticks were collected.

In Egypt this virus was isolated from the same avian and tick species and was isolated twice from human beings
(Taylor et aI., 1966). Isolations were made from 2 children who were bled during a mild febrile illness and serological
surveys of the human population living in close proximity to heroneries gave evidence of occasional 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 Mocamhique border. Subsequently 4 further
isolations came from cattle egrets collected at Naboomsprult us well as 14 isolations from Argas walkerae collected at
the same site. The virus has also been isolated from an egret and Argas arboreus in Egypt (Taylor et al., 1966) and
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from A. arboreus in Nigeria (Kemp et al., 1975).

Soldado virus (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 Nairovirus of the family Bunyaviridae, This genus has recently been described by Bishop et al., (in press).

Eight isolations of SOL virus were made by our Unit from Ornithodoros ticks, probably O. capensis, collected from
cormorant (Phalocrocorax afrlcanus 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. maritimus infesting herring gulls on Puffin Island in North
Wales (Converse et al., 1976). The extensive migrations of these manne birds accounts for the remarkably extensive
distribution of the virus. Converse et al., (19751) transmitted the virus to domestic chicks by infected O. capensis
removed from terns, the virus causing death of tl ese chicks.

Pretoria virus (PRE)

This virus, heretofore placed in the unciassified category, has like SOL virus 1ecently been sr own 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 africolumbae ticks sent to them from South

Africa (Converse et al., 19752). These ticks were taken near a 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. 1\/ n 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.

Table 2 Vector competence tests with 1st instar nymphs of
Ornithodoros savignyl and 3 viruses------~------------------------~

Infection Transmiss'on

* expressed as logso per 0.02 ml of mouse inoculum.
1- numerator '" No. ticks infected, denominator '" No. ticks tested.
? these ticks failed to moult and remained lst instars,
N.D. '" not done.

Table 2 shows the results of experiments to test the vector competence of Ornithodoros savlgnyi with 3 viruses
which are medically important in South Africa. first instar nymphs were allowed to feed on viraemic syrian hamsters
(RVF and WESS viruses) or viraemic Mystrotrys 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 concentration of virus in
the blood. 'Iitres were expressed as 10g50per 0,02 mls of mouse inoculum. After feeding, the engorged ticks were kept
in sand and allowed to moult to second ins tars. This occurred in the case of those ticks infected with RVF and WESS
viruses (experiments 1 and 2) but not with those ticks infected with CHIK virus (experiment 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 RVF and WESS viruses. With RVF virus, between 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 ':l'OUpSof 1-2 ticks, subsequently shown to
be infected, failed to transmit to hamsters on the 76th day.

One or 2 days after the transmission attempts the 2nd instar nymphs (experiments 1 and 2) and the lst 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 CRIK viruses but 11 out of 50 (22070) were infected with
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WESS virus indicating that trans-stadia! transmission had occurred with this virus.
The results of these experiments indicate that argasid ticks were unlikely to be involved as maintenance or other

vectors of RVF, WESS or eHIK viruses. In South Africa there is no evidence that ticks playa role in secondary
transmission cycles for spread of mosquito-borne viruses as has been suggested by Camicas (1978). Because of a few
isolations of West Nile virus made from ticks in the U.S.S.R. and Egypt and a few of Snowshoe Hare virus made from
ticks in the northern U.S.A. ana Canada, Camicas has suggested that ticks could intervene in the ecology of a
mosquito-borne virus. He postulated that there are tick-vertebrate cycle. vhich act as secondary transmission cycles
capable of "relaying" the major mesquite -vertebrate cycles from one area to another.
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this parasite is limited to the western Cape wI .re it:; eflect on the bark beetle popu-
lation is negligible (G. Tribe, personal commu cation).

During JUlle--July 19R'1 I collecte natura! enemies of O. erosus from infested
Pinus halepensis Miller and P. brutia Tenor at several sites in the Coastal Plain, Judean
Hills and the Upper Galilee of Israel d sent them to South Africa. After quarantine
the following natural enemies were cleased in a pine plantation at Bergvliet near
Sable: Dmdrosoter caenopachoides Ru I. (Hymenoptera: Braconidae); Metacolus unifascia-
Ills Foerster (Hymenoptera: Pte rnalidae); Aulonium ruficome 01. (Coleoptera: Coly-
diidae); Cor/jails pini Panz, (C eoptera: 'I'enebrionidae); Platysoma oblongum F. (Coleo-
ptera. Histeridac); I~J'cloriJ s . (Hemiptera: Anthocoridae}. In addition 5 releases of
C. caenopadioides were mad between January and April '985 at Lebanon and Nuwe-
berg State Forests in the vestern Cape Province. It is not known yet if these natural
enemies have become stablished. - Rami Kfir, Plant Protection Research Institute,
Private Bag X [a4, Pr oria, 000 I.

Identity of Argasid ticks yielding isolations of Chenuda, Quarsnfil and Nyama-
nini viruses in South Africa. - III IgBI we published a review on 'Ticks and Ar-
thropod-borne viruses in South Africa' (jupp, P. U. and McIntosh, B. M. 19RI. Pro-
ceedings of nn International Conference, 27-2.9 jaliumy, 1981, Tick Research Unit, Rhodes
Uniuersiiy, Grahan.stoum, Ed. W/d/e/zead & Gibson pp. '77-1Bo.) In this paper we reported
the first recorded isolations of four particular viruses obtained from ticks in this COUll-

try. In the case 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 (Aloeonasus) per-
ingu~yi Bedford and Hewitt 1925 and not from Argas arboteus. This is evident after an
examination of records of other collections made at the same locality. The latter con-
sists of nests of the cliff swallow (Petrochdidon spilodera] situated between Johannesburg
and Hartebeespoort 1)nl11. Further, the isolations of Quaranfil and Nyamanini viruses
were from Argas (Persicargas} arhoreus Kaiser, Hoogstraal and Kohls '964-, and not from
At:~as uialkerae as previously reported. This is clear from records of other ticks collected
in or near the same rattle egret (Bulbulcus ibis) heronery in Naboomspruit,

Chenuda virus is an Orbivirus in the family Reoviridae while Quaranfil and
Nyamanini viruses arc still unclassfied arboviruses, - P. a.Jupp and B. M. Mclntosh,
National Institute Ior Virology, Private Bag X4, Sandringham,Johannesburg, 2 I:F.

o

Pachycentrinus conuexicollis Hustache (Coleoptera: Curculionidae), a possible
biocontrol agent against jointed cac s, - While searching for suitable cactophagous
insects for the biological control of 1 'jointed cactus weed, O/Jlmtia aurantiaca Lindley,
in Argentina between 1970 and , 73, we observed characteristic feeding-damage 011
some low growing opuntiae oms _(I by a weevil recently identified as Padiycentrinus C(lll-

uexicollis Hustachc of the sublapflly Baridinae [Zimmermann, H. G., H. R Erb & R. E.
Mcl'adycn, '9'19. Acta Zwlo,!ji(a Lilloana 33: 101-112). This was the only cactophagous
beetle found in Ar_gcntiny~)~l jointed cactus ..like opuntiae (series Aurantiacae) and
hence our interest in its p ssihlc use for hiocontrol of jointed cactus ill };outh Africa.

P. conrexicollis as descrlbcd from specimens collected at Rio Tapcnagri in the
eastern Chaco of AI' ntina (590 40' W, 27° 30' S) from an unknown host plant (Hus-
tache, J\. IfH!). Bo dill do Museu Nacional, Zoologia, Brasil 97: I r I-I t s}, It has subsc-
queutly been coli ('tcd further north ('2;1°) and west (63°) ill the Chaco from the follow-
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CRIMEAN-CONGO HEMORRHAGIC FEVER IN SOUTH AFRICA

R. SWANEPOEL, J. K. STRUTHERS, A. J. SHEPHERD,
G. M. McGILLIVRAY, M. J. NEL, AND P. G. JUPp

Special Pathogens Unit and Arbovirus Unit, National Institute for Virology,
S andringham 21J1, Republic (}f South Africa

Abstract. Crimean-Congo 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
nutrginaium 11Ijipes and H. truncaium. Virus was also isolated from 4/38 pools of partially
engorged ticks and other ectoparasites collected off hosts, the infected species being Him,
rufipes, II. truncaiuni and Rhipicephalus euertsi. Antibodies vere found in the sera of 5/74
humans, 8/26 wild vertebrates, 74/270 sheep, and 109/170, ttle from the reserve and sur-
rounding farms. Antibodies were also found in 28/200 hares from various locations in the
country. It was concluded that the virus is widely prevalent in South Africa, but the full
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 10-
hannesburg on 19 February 1981, after attending
a nature study camp (veldschool) at the 8. A.
Lombard Nature Reserve near the town of
Bloemhof in the western portion of the ';.'ra.nsvaal
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 gazelle at the nature re-
serve.

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

ness made a tentative diagnosis of tick-borne ty-
phus (Rickettsia Callari infection) and instituted
appropriate antibiotic therapy. The condition of
the patient deteriorated over the next few days
and by 18 February, when he was in a frankly
hemorrhagic state, suspicion had turned to the Af-
rican viral hemorrhagic fevers, CCHF in partic-
ular, 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 area 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, and 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 CCHF virus and antibody. Sera were
also collected and stored from all medical person-
nel who had direct or indirect contact with the
CCnF patient.
The S. A. Lombard Nature Reserve (27°35'8;

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 plateau at an alti-
tude of 1,283 meters. It consists of flat or gently

1407

MATERIALS AND METHODS

H istory 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 a similar tick crawling on himself
while attending the camp and had crushed it. A
medical practitioner consulted at the onset of ill-
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undulating grassland with a few sparsely wooded
areas adjacent to pans: shallow accumulations of
surface water in depressions which lack drainage.
The veld school is sited on a 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 a week at the na-
ture reserve immediately following the death of
the patient, collecting questing ticks plus ectopar-
asites, blood and Jrgan samples from a few birds,
reptiles and small mammals. Partially engorged
ticks were also collected from the few sheep and
cattle kept at the veldschool. During March blood
samples were collected from all staff and their
families at the veldschool and nature reserve, as
well as from sheep and cattle at the veldschool
and on adjoining farms.

At the end of August, it was reported that the
following deaths had occurred in antelope and
gazelle at the nature reserve over a period of two
months: 01222 black wildebeest (Connochaetes
gnott), 3/26 gemsbuck (Oryx gazella), 2/1.,2 harte-
beest {Alcelapltus buselapbus), 3/88 impala (Ae-
p},ce1'os melampus), 10/1,000 spriugbuck (Anti-
dorcas 1lwrsupialus), and 23/80 eland (Tourotragiu
O1YX). Fur some species, notably springbuck, the
losses did not exceed what could normally be ex-
pected during the dry winter months, but the loss-
es in eland, in particular, caused concern and were
the first deaths recorded in this species at the na-
ture reserve. The team which investigated the
deaths at the beginning of September included a
veterinary pathologist, a veterinary parasitologist,
and a pasture specialist. Two weak eland were
killed for autopsy and blood and organ samples
were taken. A serum 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 Research Institute of the University of
Pretoria.

Reagents

Reference arthropod-borne virus grouping fluids
in the form of pools of mouse immune ascitic fluids
(MIAFs) were obtained from the National Insti-
tutes for Health, Bethesda, MD, U.S.A. Refer-

ence human antisera to CCHF, Rift Valley fever
(RVF), Ebola (EBO), Lassa fever (LAS) and Mat-
burg (MBG) viruses were obtained from the Cen-
ters for Disease Control, Atlanta, GA, U.S.A., as
were multivalent and monovalent cell culture an-
tigen slides of the same viruses for lise in indirect
immunofluorescence (IF) tests. CCHF antigen
slides were also obtained from the Centre for Ap-
plied Microbiology, Porton Down, U.K. Refer-
ence strains of CCHF virus (Ib Ar 10200) and
Hazara virus aC2 80) were obtained from the Yale
Arbovirus Research Unit, New Haven, CT,
U.S.A. as was MIAF to Hazara virus. Fluores-
cein-label' ... anti-species immunoglobulins Were
obtained from Well come Reagents Ltd, Becken-
ham, Kent, U.K. Anti-rabbit conjugate was used
in IF tests with hare sera.

Mouse immune ascitic fluids to viruses isolated
in this study and to the reference Ib Ar 10200
strains of CCHF virus, were prepared as de-
scribed by Sarto relli et al., 2 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.

Virus isolations

Human body fluids were inoculated intracere-
brally into day-old mice and into cultures of Vero
cells" in micro-slide culture chambers (Bellco Glass
Inc., Vineland, NJ). Cultures were fixed in cold
acetone and stained by IF with ~he antisera to
CCHF, RVF, LAS, ERa, and MBG viruses on
days 5,8 and 14 after inoculation, and supernatant
fluid was subcultured twice, serially. Viruses iso-
lated in mice were subcultured in mice and in Vero,
primary calf kidney (CK) and CER6 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
5 ml cell culture medium, centrifuged as above
and the supernantant was inoculated into mice
only. Where necessary, subsamples of immature
ticks were cleared and mounted for identification
by microscopy.

__ ....~,...,_.' .." ...... ,~ ......,._-..-..,..,..-~.. _r_~-" ";-""""·-.~~--·-_."'.T"'_"""JP""__ .""''''_.'.....,:...__ III:,....

...

I
,j

I
1

·1

I
1
I

1

:1



CPJMEAN-CONGO HEMORRHAGIC FEVER IN SOUTH AFRICA 1409

S erological tests

Complement-fixation tests were performed as
described by Blackburn and Swanepoel,? IF tests
as described by] ohnson et al., 8 reversed passive
hemagglutination inhibition (RPHI) tests as de-
scribed by Swanepoel et <,.1.,0 and ID tests as de-
scribed by Clarke. 10 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. 11

RESULTS

Virology

o

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.
el" 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 reference 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
Yew, 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 only 3/14 infant
mice in the original passage. Urine and tracheal
aspirate failed to yield virus.

No viruses were isolated from the sera of me-
ningoencephalitis patients, but ECHO 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 tBubulcus ibis), a multimammate
mouse (M astomys cot/efta) or the two 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.

o

( , .,
, I

\,.A

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 over-
whelmingly (2,964/3,037) Hyalomma spp. and only
five were immature (Hyalomma truncatum.
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 their feet on
the ground,

Preliminary sorting of ticks into species was
carried out in the f,'d without the aid of a mi-
croscope, and thus II 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. trunca-
tum. 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 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 hemorrhagic fever virus was
also isolated from a pool of 30 partially engorged
Rhipicephalus euertsi ticks taken orf sheep in
February and from three pools of Hyalomma 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 could .not be subcul-
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 lb Ar 10200 strain
of virus, producing antigen titers of up t( -1:128;
the same suspensions produced precipitarron I 'ps
of identity in ID tests with Ib Ar 10200 MIl'. 1.:1
antigen; and, finally, characteristic les ' 111 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 entirely white or
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TABLE 1

Results of attempts to isolate Crimean-Congo hemorrhagic fever virus from ticks and other ectoparasites from the
S. A. Lombard Nature Reserue and Veldschool

1410 SWANEPOEL ET AL.

Parasite

Questing ticks:
Hyalomma spp,
Hyalomma nuirginatum rufipes
Hyalomma truncaium
Hyalomma truncatum
Rhipicephalus euertsi
A 1IIblyom1lla 1IIa1'1II0rell1ll
Aponomma latum.

Host: cattle
Hyalomma marginaiuni rufipes
H yalomma truncniuni
Rhipicephalus everts;

Host: sheep
Rhipicephalus euertsi

Host: hares (Lepus spp.)
Hyalomma marginatum rufipes
H yalomma marginatum rufipe r
Rltipicephalns euertsi
Rhipicephalus evel'tsi
Ctenocephalides felis damarensis

Host: ground squirrel (Xertts inauris)
Haemaphysalis leachii
N eohaematopinus [aurei

Host: springhare (Pedetes capensis)
Rhipit:ephalus evertsi
Radfordilaelaps meridionalis

Host: yellow mongoose (Cynictus penicillata)
Rhipicephalus euertsi

Host: leopard tortoise (I'estu do pardalis babcocki)

..~

Amblyomma lIIGlrlllOrCum
Amblyomma tnal'lllOrC1I11!

Host: monitor lizard (Varal!lts exanthematicus
albigularisv

A mblyomma mal"lII01'eli1lt
Host: multimammate mouse (Mastomys coucho)

Echinolaelaps muricola
Laelaps liberiensis

Host: eland antelope (Talll'al1"agIl5oryx)
Hyalomma marginatum. rufipes
II yalomnui truncaiuni
.M ergoropus 111illtilemi
Rhipicephalus evertsi

o

Description

-_---
Isolations!
Pools (%)

6/23 (21)
5/22 (23)

10/58 (17)
a/I
0/5
0/5
0/1

0/1
all
0/1

1/3

0/3
0/3
0/2
0/2
0/1

0/1
0/1

0/1
0/1

0/1

0/1
0/1

0/1 '.

0/1

2/'-<'
1/4
0/3
0/3

Number

Adults
Adults
Adults
Nymphs
Adults
Adults
Adult

715
541

1,703
5

52
20
1

Adults
Adults
Adults

12
10
30

Adults 90

Nymphs
Larvae
Nymphs
Larvae
Fleas

100
22
69
82
20

Nymphs
Lice

7
250

Nymph
Mites 120

Nymph

Adults
Larvae + nymphs

26
51

Nymphs 5

Mites
Mite

11
1

xl

Adults
Adults
Adults
Adults

60
71

211
46

o
pale yellow in appearance. Microscopically, there
was massive necrosis of hepatocytes with karyor-
rhexis" Despite the presence of extensive lesions
and demonstrable antigen in livers, the infective

(
;."-'--~:';;';;'-;:O~:"::::-:;,·:::-;;;·;;:;O:,,,,;:';-;;,of,$C:;~;~iii"';;;·:.iiij··jfiii •• ·....... If--------··
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virus content was low and virus could be subcul-
tured from liver with difficulty and in few in-
stances only"

One strain of virus, 128/81/7, which was iso-
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S erological tests

Complement-fixation tests were performed 3.S

described by Blackburn and Swanepoel," IF tests
as described by Johnson et al., 8 reversed passive
hemagglutination inhibition (RPHI) tests as de-
scribed by Swanepoel et al., 9 and ID tests as de-
scribed by Clarke. to MIAFs used in neutralization
tests in mice!' or in fluorescent focus reduction
(FFR) testsl2 in CER cells were subjected to ace-
tone-ether extraction for removal of non-specific
inhibitors of the virus. 11

RESULTS

Virology

...~

Deaths in infant mice inoculated with the blood
of the patient started on the 6tn day after inocu-
lation ant. ...ontinued over the next few days, a
total of 15/32 inocul.itzd 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 ...ange of local arthropod-
borne viruses. CCHF 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 su-cessfully 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 only 3/14 infant
mice in the original passage. Urine an-I tracheal
aspirate failed to yield virus.

No viruses were isolated from the sera of me-
ningoencephalitis patients, but ECHO virus 9 was
isolated from OlW 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 tBubulcus ibis), a multimammate
mouse (it-Iastomys coucliat or the two 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.

o

o

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 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 (Hyalomma truncatum
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 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 thus 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. marginatun: rufipes and H. trunca-
tum, 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 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 hemorrhagic fever virus was
also isolated from a pool of 30 partially engorged
Rhipicephalus euerisi ticks taken off sheep in
February and from three pools of Hyalomma 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 could .not be subcul-
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 tip to ;;'1:128;
the same suspensions produced precipitation lines
of identity in ID tests with Ib Ar 1\.)200MIAF 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 entirely white or

xlo
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lated from H. In. rufipes ticks off eland antelope,
grew better than the others and killed mice in 5
days but, despite passaging the virus at limiting
dilutions, the highest titers achieved were 105

mouse ic LDr,io.02 ml and ~, cell culture infec-
tive doses (TCIDr,,,/ml). This ztrain was compared
more closely with strain It Ar 10200 in order to
make a definitive identification of the virus as
CCHF virus. Identical homologous and heterol-
ogous antigen titer- of 1:128 and antibody titers
of 1:512 wer- 'tined in reciprocal CF chess-
hoard titration, 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., neutralizing in-
dices of 0.8 to 1.0 were obtained in tests in mice,
and almost identical results were obtained in FFR
tests in cell 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 following contact with the
patient.

The incidence of antibody to 0 F virus de-
tected by RPHI technique in numan and a variety
of wild vertebrate sera from the veldschool and
nature re.erve 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 were uniformly
negative. IF titers were similar to RPHI titers:
8/8, 16/16, 32/64, 64/128, CAI64 (IF/RPHI titers of
individual sera). None of the people with antibody
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 themselves. I'he four RPHI-positive
hare sera from the nature reserve had IF/RPHI
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 squirrel serum had a minimal RPHI titer
of 1:8 and the three eland sera hat! RPHI titers of

o

c
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TABLE 2

Prevalence oj reversed passive hemagglutination inhibi-
tim! antibody to Crimean-Congo hemorrluigic feuer vi-
rus in human and wild uertebrate sera from the S. A.
Lombard Nature Reserve and Veldscbool

No.
Species positive/tested

i

\
't.,. \1<\

\. ~\

\
\
\

\r
\!. -

HUlllam; 5/74
Hares (/..epus spp.) 4/10
Ground squirrels tXerus inauris) 1/4
Springhare j tPedetes capensis) OiS
Monitor lizard (VaraltUs exanthemailcus

albigularis) 0/1
Yellow mongoose (Cynictis penicillata) ']/1
Pygmy mouse (Mus minutoidesi all
Mole rat (Cfyptomys hotteniotus) 0/1
Eland antelope (Taurotragus oryx\ 3/3

1:128, but lack of suitable anti-species conjugatae
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 summarized in Table 3, The incidence of an-
tibody in sheep averaged 27% and was consis-
tently lower on all properties than the incidence
of antibody in cattle, which averaged 64%. In
confirmatory IF tests, sheep sera with RPHI titers
of 1:8 and 16 were frequently negative, while sheep
sera with RPlII titers greater than 1: 16 had IF
titers which were the same or within 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 frequently 4- to s-fold lower
than RPHI titers.

The results of RPHI tests on hare sera collected
between 1977 and 1979 are summarized in Table
4. Positive sera were recorded in all four provinces
of South Africa, and occurred only in the two
species of Lepus recognized as valid. 13 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 soxaiillus sera col-
lected in the S. A. Lombard Nature Reserve at
least 2 yean: prior to the occurrence of the fatal
case of CCHF. The hare sera were also screened
in undiluted form for IV antibody and at "i dilu-
tion vf 1:8 for IF antibody. The results are shown
in relation to RPHI tlter<, in Table 5.

The known distribution of CCHF virus in South
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TABLE 3

Prevalence oj reversed posshle hcmogglllti,wtiolt hllzibition antibody t(l Crimean-Congo hemorrhagic [euer virus ill
cattle and sheep sera from the ueldschool and adjoinillgfaml:;, and titers of sera

------------------
Properly

No, positive/no tested (% posltive)

Cattle Sheep,---- .~--
Veklschool
Bospan
Panfnnteln
Kareefontein
Swartlaagte

Totals
Tlters of sera

Specie 16 32

Cattle
Sheep

!i
3

61
196

11
10

20
14

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

DISCUSSION

(I

The most urgent problem raised by the diag-
nosis of CCHF in (hp 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 011 whether or not the occur ..
renee of CCHF could be regarded as an isolated
incident, possibly related to recent introduction of
infected ticks on migratory birds. 1<1 In the event,
the children were sent home immediately and the
veldschool was subsequently closed when it
emerged that CClII" virus was highly prevalent.

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

9/12 (75)
18/29 (62)
20/35 (57)
54/78 (69)
8/16 (50)

109/170 (64)

17/46 (3'/)
16177 (20)
20/50 (40)
21197 (22)

74/270 (27)
Total

posJtested
(I'(, posltlve)128 512 2,0481,024256

31
29

109/170 (64)
741270 (27)

8
1

1
2

;H
13

difficulties encountered in testing for antibody to
CCHF virus in surveys are discussed in another
paper," which reports reinvestigation of the RPHI
technique of Gaidamovich et al. 1G 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 10 tests. Correlation between the
results obtained by IF and RPH, techniques was
found to be acceptably good in human, sheep and
hare sera, but IF titer'> were much lower than
RPHr 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 he confirmed by a
second technique.
The lack of potency of antisera observed here

in neutralization tests is a well known phenome-
non with CCHF virus, 12. lG-20 and may be related
to the low infective titers achieved with the virus.
It is notable that ill some recent reports of the
isolation of CCHF virus, neutralization tests were

TABLE 4
Prevalence o.f reversed /Jllssh'l' ltrll.aggilltillatioll iltltibiiic1l! tllllibody to Crimean-Conga hemol'I'hagte fellcl' vim •• ill

liarc sera collected ill 1977-197!l ill various locaiion» ill SOli/it Africa
---~'---"------"'----~---------

Province Totnl
pn~.Ite~trd
(% positive),----------

----~---~.-.-
Cape Orange Free State Nntnl Transvaal--------~---.•-----..----...,,-~- ---'--'--.~'---

L(~pIIS saxatillus
Lepus (1I/'1'II$is
Pronotagns l'Ilpcstfis
Pronolagus crassicaudatus
Pronolagus randensis

4{16
4/24
0/12

6/22
6/10
()/2

4/M
1/10

17/117 (1.5)
11/44 (25)
0/23
0/13
013

3/45

0/3

I~~
I,'
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TABLE 5
Numbej's of hare sera which reacted i Im1ltttl'ojlIlOl'cs-

cent (IF) tuul imm1l11OdifJusiol! (ID) screening tests
shown in relation to reversed passive hemagglutination
inhibition. (Rl'lll) liters of the scm

RPm liter Tolal
posltlve

'·:a 8 16 .12 64 256 (RPilI
Test" (n ~ 172)(n '" 3) (II -.. 1.1) (n '" J) (11 ~ 8) (n ~ 1) 28)

IF
ID

7
8

o
o

2
1

10
9

• Sera were screened undlhited In ID tests and ut a dilution of 1'8 in IF
tests.

1
(I

omitted and reliance was placed instead on IF and
CF tests for the identification of virus. 21. 21. 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 Microbiology, Porton Down, U.K. (Dr.
D. 1. H. 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. 1,1 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. 14 Subsequent to the isolation of
virus in South Africa, IF antibodies were found
in rural children in Zimbabwe. 2~ The implication
is that the virus may be even more widely distrib-
uted in Africa than at present realized.
The results obtained with hare seta indicate that

the virus is widely distributed within South AfM
rica, yet the disease has not been recognizer! pre-
viously. It has been suggested that African strains
of the virus may be less pathogenic than Eurasian
strains, hut Hoogstraal rejects this suggestion on
the grounds that investigations in Africa have been
too limited to allow such a conclusion. 1·1 It is sur-
prising that recognized cases of the disease did not
occur earlier 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 01' fatal cases of CCHF
could lluve passed undiagnosed in relatively un ..
sophisticated rural populations who are at greatest
risk. Moreover, there has been a lac 1: of awareness

()

I ' .. u. 'II

23
22

FIGURE 1. Sites at which antibodies (.) to Crimean-
Congo hemorrhagic fever virus were detected or virus
was isolated (A.) in South Africa.

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

The high incidence of antibodies found in live-
stock raises the question of the possible veterinary
signlficance of the virus. The role which farm an-
imals playas amplifiers of both virus and ticks
appears to be well established, and there are nu-
merous records of human infection arising from
contact with apparently healthy animals.v' 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 catt'e 14 while
in Kenya, the virus was isolated from the h lood
of a febrile cow in a herd where abortions were
occurring. III Possibly the present observations on
eland should be placed in the same inconclusive
category. In the limited experimental infections
which have been produced in livestock, 14 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.P' Clearly, there is need for further lnves-
tigation of infection 111 livestock, including preg-
nant animals.

The available evidence suggests that hares and
hedgehogs serve as reservoir hosts in Eurasia, 14

and the virus has been isolated from a hedgehog
in Nigeria.>' The present. results suggest that hares
may also serve as reservoir hosts in Africa, but it

I
~
i
L

~

I
In
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is necessary to extend the observations and to de-
termine whether there is a real difference in the
roles played by Lepus and Pronolagus species.

Crimean-Congo hemorrhagic fever virus has
been isolated previously!" from both of the Hy-
alomma tick species found to be infected here, and
one species, II. m. rufipes, has been proven to be
a vector and to be capable of transmitting the
vii us transovarially.v' It appears that the virus
has not previously been isolated from R. eve risi ,
but in this instance true infection cannot be dis-
tinguished from possible recent engorgement of
infected blood in ticks which were removed from
sheep. The virus has been associated with a wide
variety of ticks elsewhere," and there is need for
systematic study of the vector potential of South
Africar ticks.

Inve stigations 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 WIT

SUMMARY
A total of 1368 bedbugs of the species Cimex lectuiarlus
L were collected mainly from huts in villages or on farms
a~ 6 localities in the northern Transvaal. They wetll tested
in pools of 10 for the presence of hepatitis B surface
antigen (HBsAg). None of 20 pools from Pletersburg was
HBsAg-positive, but 32 out of 120 pools from the 5 othe:
I()calities were HBsAg.posltive. Estimated Infection rates
per 1000 bugs were 17,1 (Messina), 24,9 (Waterpoort),
28,4 (Letaba), 54,5 (Potgietersrus) and 67,0 (Louis Tri-
chardt), with an overall rate of 30,6. Seventeen out of
57 pools of the engorged bugs (infection rate 34,8) and
14 out of 62 pools of the unengorged bugs (infection
rate 25,3) were HBsAg-positlve. These very high infection
rates, even in unengorged bugs, suggest that C. lectulertus
could be a vector of hepatitis B virus in the Transvaal,
and that the varying degrees of infestation could explain
the markedly different HBsAg-posltive frequencies pre-
viously shown in sera collected from different population
groups in that province.

o

S. Air. med. J •• 53, 598 (1978).

Evidence is accumulating that bedbugs could be vectors
of human hepatitis B virus (HBV).' Both the common
bedbug. Cimex lcctularius L - the only domestic species
found in temperate regions but which also occurs in
some tropical areas ~ and the tropical species, Cimex
hemlpterus F. have been incriminated. In laboratory ex-
periments, Newkirk et al? demonstrated that hepatitis B
surface antigen (HBsAg) persisted in C. lectularlus 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 et al.' collected C. hemip-
taus from the huts of village dwellers in Senegal and
showed high field infection rates of HBV. They detected
HBsAg in 12 out of 55 unengorged bugs, 8 out of 17
engorged bugs and 3 out of 89 insects which were denied
blood for 30 days after they had been collected.

In South Africa C. lcctularius is the principal bedbug
species, and Newkirk et al.'s findings prompted us to
evaluate this insect as a possible vector in our country.
This seemed particularly 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 humans by the bedbug could explain the much
higher HBsAg-positivity among the Black population, since
bedbug infestations are commoner in housing used - ,
Blacks.

In this article we report high field 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 localities in the northern Transvaal

MATERIAL AND METHODS
Bedbugs were collected at 6 localities in the northern
Transvaal (Fig. 1). At all of these, except Pietersburg,
bedbugs were removed from huts in two or more villages
or on farms during June and July 1977 when visits were
made for routine malaria control spraying. In April 1977,
during bedbug control operations, collections were made
at Pietersburg in rooms in hostels situated within the
municipal area. The bedbugs were captured alive just
before spraying, killed shortly afterwards by freezing,
and kept at -20°C. They were transported at 4°C from
Pietersburg to Johannesburg where they were stored at
-70°C.
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Fig, 1. Mop of the Transvaal, showing the Ioealitles
where bedbugs were collected.

Fro=n bugs were examined under a stereo microscope
for idv itiflcation and separation into pools, which usually
contained 10 insects, according to stage of development
(nymph 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

59R

c



15 April 1978 SA MEDICAL JOURNAL 599
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 in that only those
values greater than 3,0 times the negative control mean
were considered unequivocally positive. This higher cut-
off value was chosen because of the results obtained when
reneat tests were carried out on borderline positives,
as' described 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 method recommended
by Chiang and Reeves" for mosquito vectors.

RESULTS
Several thousand bedbugs were collected, but only a
sample of 1 368 (all the common bedbug C. lectulariusi
was identified and tested. According to Usinger's' map

C. lectularius is the only domestic species which occurs
in South Africa, except in the extreme northern or
north-eastern part of the Transvaal where the tropical
bedbug, C. hemipterus, occurs as well. Although some of
our collections came from these areas, l.e. 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 gave essentiallv the
same results in the radio-immunoassay test. Comparison
of freshly prepared supernatants with supernatants which
had been frozen at -70·C foi 2 days indicated that
freezing did not lower the reactiv. 'J of the supernatants.
However, when 20 of the 31 specimens which showed
slight positive reactivity (values of 2,15 - 3,0) were reo
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 as HBsAg-positive by means of the confirmatory
neutralization test.

TABLE I. RESULTS OF HBsAG TESTS ON CIMEX LECTULARIUS COI-LECTED IN THE NORTHERN TRANSVAAL

Locality

Proportion
of viliagesl
farms with
HBsAg
(+) bugs

Unengorged
(U) or Adults (A)

engorged or nymphs
(E) (N)
U A. E A

[ U A/N
E N

j
u A
E A
U N
E N

U/E N

j
U A
E A
U N
E N

1
U A
E A
U N
E N

1
U A
E N
U A
E N
U A
E A
U N
E N
U A/N
E A/N

Pieters burg
municipality

potgietersrus 2/2

Letaba 2/2

o

3/5

Waterpoort 2/2

Messina

Louis
Trlchardt

o

No bugs
collected

80
71
36
52
58
71
49
38
7

120
80
10
30
140
30
10
40
70
50
31
40
69
53
20
98
10
5

Total 13G8

No pools

No pools
HBaAg
(+)

Infection
rate per
1000'

l!
n
8 1
8 I

1
f3

10

1
3
1
4
7

1
5
3
4
1 1
5

\
3
5

121)

20 o

21 54,5

20 28,4

18 24,9

19 17,1

3 1
3

22 2 112
1
0

32

67,0

30,6t

• Estimated statistically (see 'Matertal and Mothods' sectlcn).
t Overall infection rata, (Intecuon rate for unengorgcd tugs only 25.3 and that for onl'orged buqs only r- <:4.8,)
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The use of the HBsAg test on bedbugs collected at the
6 localities is shown in Table 1. No bugs from Pietersburg
were HBsAg-positive, but RBsAg-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 HBsAg-positive, as were
those from 3 of the 5 farms at Louis Trichardt. An overall
total of as many as 32 out of 120 pools contained HBsAg-
positivi! bugs and the infection rates per 1 000 bugs were
very high. varying from 17,1 at 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 RBsAg-
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 1 remaining HBsAg-positive
pool which was a mixture of engorged and unengorged
insects. The infection rate per 1 000 for unengorged
insects was 25,3 and that for engorged insects 34,8, in-
dicating a very high rate, even in unengorged insects.

DISCUSSION
Bersohn et at! reported on the prevalence of HBsAg in
sera from rural southern African Blacks. Our results for
localities in the Transvaal tend to concur with their
findings as shown in their map, except in the case of

. Potgietersrus for which they found a 2,) - 3,0°" HBsAg-
positive frequency but from which locality we collected
bedbugs that possessed the second highest infection rate
(54,5 per 1 000).

Apart from 89 bugs which were starved for a prolonged
period after collection, Wills et al. 's' tests were carried
out on only 72 specimens. Our results on a larger sample
of another species give similar results, with high infection

rates for HBsAg and an appreciably higher rate for
engorged over unengorged bugs,

While the positive results for the engorged ilw~cts
probably merely reflect HBsAg taken up with the insects'
blood meal. the infections which occurred in both un-
engorged nymphal and adult bugs suggest that the bed-
bug may either be a biological vector of HBV in which
the virus multiplies, or an unusually efficient mechanical
vector by virtue of the extraordinary stability of HBV,
Further laboratory experiments are necessary to confirm
that multiplication of the virus occurs in bedbugs and
to investigate whether transmission can take place to
animals, 11.1 addition, concurrent testing for RBsAg both
in bedbugs and in sera from humans living in the same
hut, if done on a large enough scale, might we;' yield
epidemiologrcal evidence indicating transmission of RBV
by these insects. 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 collecting and the health inspectors in the various
regions for undertaking it. Collecting in Pletersburg muni-
cipality was arranged by Mr D. J. Fraser, to whom we are
most grateful. We are also indebted to the staff of the Arbo-
virus Unit of the Institute for Virology for technical assistance
and to Dr J. de Beer. Secretary for Health, for permission to
publish .
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Transmission Experiments with Hepatitis B Surface
Antigen and the Common Bedbug (Cimex lectularius L)

P. G. JUPP.

SUMMARY
Hepatitis B surface antigen (HBsAg)-positive blood meals
were fed to a colony of the common bedbug (Cimex
lectulerlus L) in a series of 5 experiments. Antigen per-
o,Ilisted in the bugs for Ilt least 7% weeks, but was un-
detectable after 18 weeks. Trans-stadlal transmission
was demonstrated through one moult only, and transo-
varial transmission did not occur, Antigen was success-
fully transmitted by adult bugs Into 3 out of 35 canisters of
HBsAg-negatlve blood. Anllbody of HBsAg was detected
In the serum from a rabbit on which HBsAg-positive
adult bugs had fed as well as In the serum of 2 out of
10 gUinea-pigs on which HBsAg-positive 4th and 5th
nympha! instars had fed The results as a whole indicate
that biological rnultlpllcatlon and biological transmission
do not occur in C. leotulortus, but mechanical transmis-
sion has been demonstrated. This is probably an Impor-
tant means of hepatitis B virus transmission among
humans In South Africa.

S. Air. IIII'd. J .• 56. 54 (1979).

Recent work in our laboratory' showed high positivity
rates for hepatitis B surface antigen (HBsAg) in the com-
mon bedbug, Cimex lectularius L, collected from huts
located in the northern Transvaal. Other workers' de-
monstrated the antigen in the tropical bedbug, Cimex
hemipterus F, collected from huts in Senegal. The presence
of HBsAg is usually considered to indicate infection with
hepatitis B virus. However, infection alone in these insects
is insufficient 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 experiments
with C. lectularius designed primarily to investigate this
problem, but also to study the persistence of the antigen
in this bedbug and its possible trans-stndial and trans-
oval ial transmission.

MATERIALS AND METHODS

Bedbug Colony
A subcolony of C. lectularius was established with

adults taken from a colony maintained at the South
African Bureau of Standards in Pretoria. The bugs were

t ..

National Institute for Virology, Johannesburg
P. C. .ltTp!,. M.St: .. I'H.II.
s. Eo l\kELLICOTT. M.T.

'.Date t,~civod: 2R February

•
•

S. E. McELLIGOTT

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 patients or, more often, patients who n? longer re-
quired dialysis because they had undergone kidney trans-
plants. In experiment 1, 0,6 ml of HBsAg-positive serum
from a patient was added to 30 ml of negative defibrinated
blood, 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 antigen assay
and in experiments 1 and 2 some groups of bugs were
fed on antigen-negative blood as controls. A membrane
feeding 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 organdie netting at one
end and with Bad ruche membrane at the other. Ths
blood was placed within a Perspex ring inside a plastic
dish. The canister was then placed on top of the ring
so that full contact was achieved between blood and
membrane. The dishes were held in a water hath so that
the blood temperature was 32 - 33°C. Feeding took place
in the insectary 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. For the latter, either the bugs were
allowed to refeed on P,13sAg-negative defibrinated blood
through a membrane or they refed on a rabbit Of on
guinea-pigs. The membrane feeding technique for trans-
mission feeds was the same as that used for the first feed,
except in thr .e cases where a smaller, 0,2 - 0,5-ml volume
of blood was used. In this case the blood was placed in
smaller Perspex rings, with an internal diameter of 10
rnm and an internal height of 4,5 mrn, cemented on a
Perspex sheet, and the insects in canisters of the same
diameter. As bugs engorged they were replaced by further
unfed insects. For transmission feeds on animals, the
hugs were placed in glass centrifuge tubes with a 5 ern
internal diameter and the tops were closed with organdic
netting. These tubes were inverted and applied to the ears
of a rabbit or the shaved abdomen of anaesthetized
guinea-pigs.

Virological Techniques
Bugs were killed for antigen assay at varying intervals

after the HBsAg-positive blood-meal, those which fed
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a second time in the transmission tests usually being killed
on the day of the second feed. The insects were
killed by placing them in a --70·C freezer where they
were stored until extracts could be prepared from them
for antigen assay. For this, each bug was ground in A
tissue-grinding tube in bovine phosphate albumin (EPA).
The volume of EPA was D,S rnl for pools of 1 - 5 first
nymphal instars or single specimens of 2nd or 3rd instars,
and 1,0 ml for pools of 29 - 62 first ins tars or single
4th lnstars, 5th instars and adult bugs. The homogcnates
were centrifuged at 3 QOO rpm for 30 minutes and the
supernatants frozen immediately at -70·C. Later they.
were thawed and tested for HEsAg by radio-immuno-
assay (Ausria 11 - 125 (Procedure B); Abbott Laboratories,
North Chicago, Illinois) and the results were interpreted
according to the manufacturers' instructions. Apart from
the bug supernatants, other specimens tested were HBsAg-
positive defibrinated blood samples used for the first
blood-meal and control blood samples, as well as the
blood samples used in transmission attempts with their
controls.

The guinea-pigs used in transmission attempts were bled
2 days before and 21 and 61 days after the transmission
feed, while the rabbit was bled 1 hour before the feed
.and 39 and 110 days afterwards. These samples were
tested in duplicate for hepatitis 3 surface antibody
(HBsAb) by radio-immunoassay (Ausab, Abbott Labora-
tories).

RESULTS

Antige.'l in Adult Bugs and Transmission byAdults
and NY.llphal Instars

Bedbug feeding rates were rather higher on defibrinated
blood than on heparinized blood, so the former was used
ill most experiments. Furthermore, rates were much lower
on blood obtained from patients undergoing dialysis
(experiment 2). Batches of insects were given antigen-
positive, blood-meals in 5 experiments on different dates.

Table I shows the antigen positivity rates in adult
bedbugs in three experiments at intervals after the HBsAg·
positive blood-rnenl, control bugs fed HBsAg-negative
blood in experiment 2 all being antigen-negative. These
positivity rates remained high for 7 weeks. After varying
periods of extrinsic incubation, attempts were made to
transmit the antigen through a membrane to HBsAg·
negative blood and in two of these attempts three success-
ful transmissions were accomplished. The first occurred
in experiment 3, when D,S rnl of blood became HBsAg-
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 0,4 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 rabbit serum was HBsAb-
negative on the 39th day, but HBsAb-positive on the 110th
day after the transmission feed.

TABLE I. PERSISTENCEOF HBsAg IN ADULT BUGS AND ATIEMPTS TO TRANSMIT ANTIGEN BY BITE TO HBMG-
NEGATIVE BLOOD AND A RABBIT

Transmission attempts to HBsAg (-) blood----------------------Number of
HBsAg (+)
bugs which
fed on each
blood-meal

, Experlment
No.ll
2

Days after
HBsAg (+)

feed on which
bugs tested

3
10
17
74
33
35
36
47
10

HBsAg
positivity rate

In bugs
3/3' (O/l)t
S/6 (Din
3/4 (0/1)
2/3 (0/1)
1/1
5/5 (0/5)
3/3
4/7 (0/3)
12/13

Days after
HBsAg (+)

feed

3

11
15
27
34

24/2.4
54/55
G/S§
'u/6

Number of
canisters of
blood (volume
In brackets)

Number of
samples
becoming

HBsAg (+)

33 2,3 2. (8 - 10 ml) 0
34 t,2 2. (8.10 ml) 0

42 1 3 (D,S 011) 0
10 ! 1 (0,5 ml) 0

2 1 (0,5 011)
4St 1 (c. 7,0 ml) 0

10 1 -5 10 (0,2 - 0,4) ml) 2
Hi 1·7 15 (0,2 - 0,4 011) 0

• Number positlve/numbur tostod.
t Control bugs fed HBoAg (-) blOOd.
t Six of theao bugs testud nnd found positive .
• In oach experlment a botch fJC hugs was fod on po~llIvo blood from 1 Or .2 pationtt on 0 dilloron: dale.
§ On tho 24th day 26 bugs. 01 which these 6 bugs WON> ~ somplo. wore led on 8 r~bbil. Tho rnlibit's GOrum

391h day. but HBsAb (+) on the 110lh dby .Hor this rransmlsalen Ieed,
WU HBsAb (-) on the

I.'

I,

J



u

56 SA MEDICAL .I0UltNAL 14 July 1979

TABLE II. ATIEMPTS TO TRANSMIT HBsAg BY elTE FROM BUGS WITH POSITIVE BLOOD TO GUINEA-PIGS
(EXPERIMENT 5)

Days after HBsAg Transmission attempts (52)·
HBsAg (+) positivity rate

feed on which In bug sample Number of HBsAb
Bug ins tar bugs tested tested Guinea-pig No. bugs engorged guinea-pig

3rd 52 2/2 321 40 - 80 Negative
3rd 2/2 330 40 - 60 Negative
3rd 1/2 334 40 ·80 N~9ative
3rd 2/2 343 40·80 Negative
3rd 1/1 ~7 40 - 80 Negative

4th and 5th 0/1 326 40 - ao Negative
4th and 5th 1/1 344 40 -aD Posltivet
4th and 5th 1/1 345 40 -80 Positive:j:
4th and 5th 1/1 345 40 - 80 Negative

Adult!> 1/1 332 c. 20 Negative

• Numher of days after HOsAg (+) feed.
t Neg~hve for antibody at 21 days after trensmisslon feed and posiuvo at 61 days.
t Posiuve for antibody at 21 days and negativo at 61 days,

Table II shows the results of attempted transmission
to 10 guir a-pigs by means of nine tubes each containing
40 - 80 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
II) and the results of these tests are included in the
positivity rates for each instar shown in Table IV. It is
evident that most insects tested wcre still RBsAg-positive
on day 52 when the transmission feeds occurred. Of the
10 guinea-pigs 2 became HBsAb-positive, one 21 days
and the other 61 days after 4th and 5th nymphal instars
had engorged in the transmission feed. Antibody had
disappeared in the first guinea-pig by the 6Ist day..,.
Antigen in Nymphal Instars and Trans-stadial
Transmission

The results of experiment 1 are shown in Table II!.
·A large number of Ist nymphal instars were given a
RBsAg-positive blood-meal. Some of the 2nd instars
·subsequently obtained were tested for antigen, as were
samples of the succeeding instars and adults obtained after
blood-meals on an HBsAg-negative rabbit. This rabbit
was HDsAb-negative when tested 3 months after the
last feed. Antigen was present in 60% of the 2nd nymphal
instars tested and then it disappeared from the bugs after
the next moult.

TABLE III. TRANS·STADIAL TRANSMISSION OF HBsAg
FROM FIRST INSTAll NYMPHS (EXPERIMENT 1)

Davs after
HBsAg (+)

meal on which
bugs tested

11
19
27
60
74

lnsrar

HBsAg
posltlvlty rate

In bugs
6/10 (0/10)'
0110 (0/5)
0/10 (0/5)
0/5 (0/5)
0/5 (0/5)

2
3
4
5

Adults

• Control bug" led HB.Ag ( •. ) blood,

rr I ,mil

. Table IV gives the results of experiment 5. Groups of
bugs belonging to each of the nymphal lnstars were given
an antigen-positive blond-meal on the same day, and
the subsequent instars produced as each group moulted
were tested for antigen. All ihe bugs tested among the
succeeding instars were RBsAg-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 5th
instars and adult bugs tested were negative. One batch
of 3rd instars among the succeeding instal'S was refed on
an HBsAg-negative guinea-pig and the subsequent 4th
instal'Swere negative on the 127th day.

TABLE IV. TRANS-STADIAL TRANSMISSION OF HBsAg
AND ITS PERSISTENCE IN THE NEXT NYMPHAL INSTAR

(EXPERIMENT 5)

Days after
lnstar Succeeding HBsAg (+)
given instar feed on HBsAg

HBsAg (+) tested for which bugs positivity
feed HBsAg tested rate In bugs
1st 2nd 10 ala
2nd 3rd 10 a/s

3rd 52 9/10
4th 1,}1 0/10

3rd 4th 11) a/a
4th 52 a/II

4th 5th 10 s/a
5th &... 7/7
5th 127 0/10

5th Adult!: 10 !2/12
Adults 52 7/7
Adults 127 0/10

Transovarial Transmission
In experiments 2, 3 and 4, adult bugs were given antigen-

positive feeds and when the eggs subsequently deposited
by the-n hatched into 1st nymphal instal'S these Were
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TABLE V. ATTEMPTED TRANS OVARIAL TRANSMISSION: ANtiGEN TESTS IN FIRST NYMPHAL INSTAR PROGENY OF
ADULT BUGS PREVIOUSLY FED AN HBsAg-POSITIVE MEAL

Age (days) of tst Instars when tested... .., .. , .. ,
Interval (days) after parent bugs fed HBsAg (+) meal
Number of pools of 1st Instars
Number of insects per pool
Result of antigen test

assayed for antigen. The results of tests on 23 pools of
bugs were all negative as shown in Table V.

DISCUSSION

o

There are two previous reports of laboratory studies on
C. lectularlus and HBsAg. Downe" reported the detection
of antigen in bedbug faeces, while Newkirk et al." showed
that-untigen persisted for 5 weeks in adult bugs and that
4th or 5Ull'nymphal Instars retained antigen after moulting.
Our work confirms the results obtained by Newkirk
et al.,. as well as adding new findings. Our findings are
as follows: (i) HBsAg persisted for at least 6 weeks in
adult C. lectularius and for at least 7f weeks in adults
and nymphal instars fed antigen while in the precedi?g
lnstars; (ii) antigen persisted after one moult (trans-stadial
transmission) but was not retained by bugs after two
successive moults; (iii) antigen was not transmitted trans-
ovarially; (iv) antigen was transmitted by adult bugs to
HBsAg-negative blood and "~,";' rabbit, and by 4th or
5th instars to guinea-pigs, although the results indicate
that the transmission rate was low.

Our results indicate. that there was no biological multi-
plication (If hepatitis B virus in C. lectularlus and no
biological transmission by the bug. Rather it seems that
HBsAg persists in these insects and can be transmitted
mechanically. The evidence for this Is as follows: firstly.
positive/negative values for the radio-immunoassay" done
on the bugs of differing instars (experiment 5) were ap-
proximately proportional to the size of the bugs. If multi-
plication of antigen hat: occurred in the different instars
this relationship wouldn't have been expected, Secondly.
after the bugs had been kept for an 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 more frequ ~llt
if antigen had multiplied in the salivary glands of the bug
prior to the transmission feed. The limited number of
transmissions which occurred are thought to have been
mechanical. Villarejos 1.'1 al.' came to the same conclusion
as regards the multiplication of hepatitis B virus in the
reduvlld bug Rhodnius prollxus after they were unable 1,0
demonstrate HBsAg in either the haernolymph or the
salivary g'lnds of this insect.

The successful transmissions obtained in our experi-
ments suggest that mechanical transmission by bedbugs

Experiment

2 3
11 -17 1 - 2
33 17
7 3

1 - 5 29 - 30
Negative Negative

4
1-8
14 -15
13

50 - 62
Negativ,e

could well play an important role in the epidemiology
uman serum hepatitis due to hepatitis. B virus. In

Ut'j work the Dane particle had been identified by electron
microscopy in large numbers in the positive serum which
was mixed with defibrinated blood for the HBsAg-positive
feed in experiment I. However, it was not known whether
the blood-meals in experiments 2 - 5 contained this particle.
Furthermore, measurement of the E antigen' was not
attempted, althot. h this will be done in future experi-
ments. Downer fc nd that the Dane particle could pass
unchanged from a blood-meal into the faeces of C.
lectularlus; this suggested to us that it might also be
transmissible mechanically by bite. If complete Dane
particles were inoculated by bugs Into susceptible humans
they would be expected to 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 demonstrate a transmission rate which .can
be equated with the natural one except with chimpan-
zees, the only host laboratory animal," Transmission of
hepatitis B virus under natural conditions could be due
to mechanical transmission by bite of C. lee til/arias 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 (0 thank Linda Stannard of the University of
Cape Town for II supply of serum containing Dane particles.
Professor A. M. Meyers and Sister S. Blcm of the Johannes-
burg General Hospital for a supply of HBsAg-positive blood
specimens and the donors for their co-operation. We lire also
grateful to Mr G. M, T. Moerdyk of the South African
Bureau of Standards for supplying bedbugs and to Professor
O. W. Prozcsky and Dr J. J. Alexander of the National
Institute for Virology for their helpful suggestions and en-
courngernent. Lastly We thank Dr J. de Beer, Secretary for
Health, for permission to publish.
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To the Eclilor: A~ was stated in a recent review,' there is
now 1\ fair amount or evidence to incriminale both .the
common bedbug Cimex lectulnrius L'" and the tr?l;'lcal
bedbug C. hemipterus F'" as vectors of human hcpalilis lJ
virus (HOV). 111 rece!!! .cxpcril1lcnt~ ill C?l!r lubo-atorv' \~c
achieved a few trnnsnusslons of the hepntltis B surface anti-
gen (I JnsAg) by C. lectularius from IInligell-posilive blood
inlo c~nlsters of antigen-negative blood as well as to guinea-
pig.~ and a rabbit We concluded that tl-ese transmissions
were mechanlcal and that biological multiplication and bio-
logical t''1nsmis5ion of lIlIV probably do not occur in the
bug, We have since performed a further experiment with
C. lectularlus which we consider provides stronger evidence
Cor ll.~ absence of biological replication of !lilY in this
insect.

Our experiment was carried Ollt ln an insectary at 25-
2(j·C with a relative humidity of 75 - 80%. C. lectularlus 4th
and Sth nymphal lnstars from a laboratory colonr were
allowed to feed through a membrane on dcllbrlnated infected
blood, 1I5ing Il technique prevlcusly described.' The blood had
been obtained from the carrlcr donor on the day of the

.. experiment, but a sample tested 2 1110nlh" earlier possessed the
following characterlstlcs which ludlcuted it was highly in-
Iected. Hlle-posltive, antl-Hlle-negutlve, BUsAg (l'IlA) log,,:
5, hep, D-DNA polymerase pM/h/ml: 0,197.

011 radio-immunoassay the PIN value Ior IUlsAg in the
blood on the day of the feed was 24,9. Ten days ulter this
infective Ieed, when the bugs hnd moulted to 51h nympha]
instars lind adults, they W('TC killed hy being placed in a
-10'C freezer, where they were stored. Ten of these adult
bugs were tested indlvldunlly for 1lllsAg and the resulting
P IN values were nil positive nne! high, with 11 mean or
34,8 (Table I). The rcrnnlnlng 179 bugs were ground in bovine
phosphate nlburnln, 45 - 56 bugs per 2 1111.and centrifuged at
3000 rpm for 30 minutes, The supernatnut fluid ohtuincd \I'M
then added to antigen· negative defibrinated blood in the
proportion 1: 2 to provide the second scrlnl blood meal.

A second new butch of 4th and 5th nymphal instars was
fed this second serial blood meal, which had a PIN value of
51,7. Thirteen d..),s later the 5th lnstars unci adult bugs were
killed and stored at -70"C. except for a sample o( 10 bugs
which were tested for antigen. Only 7 (Jut of these 10
were positive and PIN values had dropped so much Ihat
the mean value was only 3,0. The 262 bugs remaining were
then used 10 prepare the third serial blood meal as described
above, and a third batch of new bugs were fed this blood-
virus mixture which had II PIN value of 9,2; this WM
slgulflcantly lower thnn that [or the tirst und second blood
meals. After 10 days the third balch of new 51h instnrs and
adult bugs was killed and stored. All 22 hugs in a sarnple
tested for HDsAg were negative, with a moun PIN value of
1,2 {Table 1).

We consider that the disuppcnrancc or IIOsAg after three
passages in these insects indlcutes the absence of replication

I
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TABLE I. PIN VALUES BY l'IADIO-IMMUNOASSAY IN
BLOOD MEALS AND BEDBUG SAMPLES

Passage level

2
Blood meals 24,9 51,7

1 '16,2 3,$
2 38,5 4:3
3 40,9 3,9
4 38,S 1,0'

Individual 5 43,3 1,9'
bugs In 6 35,4 3,0
samples ., 38,6 4,1.

8 36,6 1,5'

l 9 .liS,1 4,0
10 5,2 2,3

Mean for bug samples 34,8 3,0

3
9,2
1,1 •
(2~ rn)

1,2

• NDgnUvo I'/N vatu •••

of llUY in C. lectularius, However, it is possible !hal the
extrinsic incubation periods of 10 - 13 duys allowed ill out
experiment rnay have been too short to allow the completion
of viral multlpllcnrlons within the ti5~UC.~ or the bugs, For 11111
reason, we plan to repeat our experlrneut using a GO-du)
extrinsic incubation period, which is wlthin the range for the
duration of lncubatlon of Imy in the human host.

Even though it may not be nble to support biological ruulti-
plication of the virus, C. lectularius Is probably of considerable
Importance M a mechanical vector of BUY among humans,

We acknowledge with thanks the suggestion of Prolcssor K.
R. Dumbell of 51 Mary's Ilospltul, London, that we perform an
experiment of the type described, and permission 10 publish
granted liS by the Secretary for Health. We are also indebted
to Professor J. Desmyter or the Kalholleke Unlversiteit te
Leuvcn for arranging for sera to be tested for the c antigen
and DNA polymerase level.
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bugs; (if) contamination from infected faeces; and
(iii) infection by bite cue to regurgitation or inter-
rupted feeding.

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 hepatitis B surface 9.ntigen (HBsAg)
and hepatitis e antigen (HBeAg) were carried out on
wild-caught and laboratory-colonized bedbugs
(Cimex tectulerius L), the latter after hepatitis B
virus {H8V)-positive blood-meals. Positivity for both
antigens was interpreted as an indication of HBV
infectivity. Of 22 pools in which were tested 211
buqs collected in the northern Transvaal, 18 We{9
HBsAg-posi1ive and 17 HBeAg-positive, with esti-
mated infection rates of 156,7 and 137,7 per 1000
bugs respectively. Passage of HBV in bugs, allowing
an extrinsic incubation period of 57-69 days, resulted
in 19 out ot 25 bugs being positive for HBsAg after
the first passage; only a small number ofthese were
positive for HBeAg. Atter the second passage all
bugs .ested were HBsAg-negative, showing that the
virus had disappeared. Tests on the salivary glands
and carcass 01 each bug at intervals up to 31 days
after an infective meal showed a positivity rate of
98% (HBsAg) and 17% (HBeAg) for carcasses and
20% (H8sAg) And 0% (HBeAg) for salivary glands.
Attempts to detect HBV particles in the salivary
glands by electron microscopy failed. Bugs were
shown to continue to excrete HBsAg in their faeces
up to the 42nd day, and both HBsAg .'r. ; HBeAg
together up to the 30th day. HBsAg p.uticles were
only detected by electron microscopy in faeces
harvested on the 1Dth day. The results as a whole'
indicate that no biological multiplication of virus
occurs in C. tectutertus but thGt mechanical trans-
rnission from insects to man could occur by: (I)
contamination of a person when crushing infective(

National Institute for Virology, Sandrmgharn.johannesburg
P. G. ]UPP, MSC .• PlID.
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Department ofMedical Microbiology, University of'Fretorla
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Studies already repc+e , from our laboratory have rrovidcd a
considerable amount of evidence to incriminate the common
bedbug, Cimex lectularius L., as" vector of human hepatitis B
virus (HBV) in South Africa. High positivity rates for hepatitis B
surface antigen (HBsAg) were shown in bugs collected from huts
located in the northern Trs isvaal.' In audition, the results of
laboratory experiments indicated that the bug probably trans-
mits infection mechanically between humans and that the virus
does not multiply biologically in the inscct.?" Since that work
was carried out a radio-immunoassay test fer hepatitis e antigen
tHBeAg) has also become available. Since data obtained for both
HBsAg and HBeAg on a specimen gives a firmer indication th .t
it contains infectious HBV;j[, further studies were conducted
incorporating both types of test. We thought this should provide
stronger evidence as to whether biological or mechanical trans-
mission occurs. The results of this work are reported in this
paper.

Further hatches of bugs which had been collected in the field
at Louis Trichardt in the northern Transvaal and stored at
~20oC were chosen for testing because our previous work' had
shown that tilt! highest infection rate occurred in bugs collected
in villages at this particular locality. We also repeated our serial
passage of HEV 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 period of
about (lOdays, which is within the range for the duration ofRBV
incubation in the human host, so as to give the maximum oppor-
tunity for viral multiplication to r, Furthermore, we reseed
both the salivary glands and tr nainder of each insect at
intervals after an infective mer .scertain whether the virus
could be replicating in these glanus as in the case of an arbovirus.
Lastly. we collected and tested faeces from bugs after an infective
.feed to investigate whether virus was excreted in them making
them a source of infection.

1 I
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Material and methods
Field collection of bugs

~;edbugs were collected from huts in three villages neal' Louis
Trichardt in the northern Transvaal. IThey were captured alive,
killed shortly afterwards by freezing and kepi at -20°C except
during transportation from Pierersburg to Johannesburg when
thev were held at 4°C. Before the bugs were precessed for virus
assay they were identified and separated into P')o15, usually of 10
insects, according to their stage of development (nymph or
adult), their sex III the case of adults, and their state of engorge-
ment. The infection rates per I000 bugs wei e estimated statisti-
cally."

Bedbug colony
Bugs from the colony described previousty- were used for all

the laboratory experiments.

Bedbug feeding
For all infective meals bugs were fed through a membrane on

defibrinated blood drawn from one particular donor on the day
of the feed. The membrane feeding was dcne as described
before' and the bugs were the .. kept in an insectary where the
temperature W;lS 25 -26°C and the relative humidity 75 - 80%.

(!

Virologica.l techniques
DO:\OI' blood. On the day of each infective feed a serum

specimen was also obtained from the donor, upon which several
tests were done to confirm that she remained a highly infectious
HBV carrier. Each specimen was tested for HBsAg, HBeAg and
antibody to HBeAg by radio-immunoassay (RIA) (Ausria II,
procedure Band Abbott-Hlle'I'M, Abbott Laboratories) and the
results were in-erpreted according to the manufacturer's instruc-
tions, In addition, the le -el of hepatitis B DNA polymerase was
determined."

Bugs and their salivary glands. In laboratory experiments
bugs were killed for antigen ussay at varying intervals after the
infective blood-meal by placing them in u -70°C freezer,
where the} were stored until processed. Bugs from either the
field or the laboratory were ground in bovine phosphate albumin
(BPA) (volume 1,0 ml for pools of 10 nymphs or adults i'rc:.J the
field and 1,0 ml for single 5th -instar nymphs or adults from the
Iaboratory colony). The homogenates were centrifuged at 3000
rpm for 30 minutes and the supernatants frozen immediately at
- 20°C. Later they were thawed and tested for HBsAg and
HBeAg by RIA. In experiment 9 the salivary glands were
removed from each adult bug; these were processed and tested
separately from the remainder of the insect (the carcass), which
v. as treated in the same way a~ an intact adult bug. Both sauvary
glands were carefully removed from each bug in a drop of BP A
under a dissecting microscope; one gland was tested by RIA for
HB~Ag while the other was either tested for HBcAg by RIA or
examiner; under the electron microscope. For RIA a salivary
gland has placed in 0,2 ml BPA in a glass storage viul and
macerated using fine forceps under the microscope, after which
it was centrifuged at 1 500 rpm for 5 minutes and stored at
":moc until tested. For electron microscopy a glund was placed
on r! gb~s slide in a drop of anti-Hllsag-positive serum diluted
1: 10 with sre rile ..-ater and allowed to dry (the object of the
anti-Hlls.vg s..rum is to agglutinate any viral particles, thus
increasing tht chances of finding them with the microscope).
The dry material on the slide was then rehydrated by adding a
drop of distilled water. To a drop of this solution of lysed cells
was added a drop of 3%phosphotungstic acid, pH 6,0, and a drop

(

of this mixture was applied to a carbon-coated grid. Excess fluid
was removed with filter paper and the dry grill examined in a
Philips electron microscope operated at 80 kV.
Bug faeces. Faeces harvested from infected bugs were tested

by RIA for HBsAG and HBeAg. The bugs were kept in cannis-
tel'S containing two piece" of filter paper U90n which they rested
ami defaecated. Filter papers were removed at intervals 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 buffer, pH 7,0, at 4°C. The extracts were
lyophilized, dissolved in BP A and tested by ilIA. In experiment
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 BP A and tested by RIA
while others were placed on a glass slide, rehydrated in sterile
water and allowed to dry before being examined for particles of
HBV by negative-contrast electron microscopy as already
described.

Serial passage experiment, The main purpose of one
experiment (No.7) was to passage HBV in bugs. This was done
in essentially the same manner as me earlier passage experi-
ment.' Fourth-instar nymphs were fed on blood from the carrier
donor (see Table II). On the 27th day after this feed when the
bugs had moulted to 5th-instal' nymphs 3 bugs were killed,
stored in a -70"C freezer and subsequently tested singly for
HBsAg and HBeAg. 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 batch of 4th-instar nymphs was fed on this second
serial blood ..meal, a sample of which was tested for HBsAg. On
the 9th day ·1of these bugs, now 5th-instars, were killed and on
the 57th day another I 5. All were then tested for HBsAg. The
results for RIA of HBsAg and HBeAg were expressed as PIN
values, i.c. the number of 1<'1 counts for the sample divided by
the number of counts for the negative control.

Results
...nfectivity of field-collected bugs

The proportions of the pools of unengorged and engorged
bugs, adults 01' nymphs, positive for each antigen are show.i in
Table 1. As can be seen, most or all pools were positive, with a
total of 18 out of 22 positive fur HBsAg and 17 out of 22 for
HBeAg. The infection rate for HBsAg was 156,7/1 000 and that
for HBeAg 137,7/1000, which is extremely high.

Serial passage of HBV in bugs
Table II gives rhe result of this experiment. After the first

passage only 19 out of 25 insects were HBsAg"positive. Of these
19 not ali were HBeAg-positive, and bugs with the lower PIN
values for HBsAg were negative for HBeAg. After a second
passage, also with long incubation, the bugs were all HBsAg-
negative, ind icating the complete disappearance of RBV.

Infectivity of a.dult bugs and their salivary
glands

The proportion of bug carcasses and their corresponding sali-
vary glands positive for HBsAg and HBeAg in batches of bugs
killed at intervals up .0 31 days after the infective meal is shown
in Table III. 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 Ill) virus particles were detected
in the slides examined representing 31 insects. All except 1
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TABLE I. RESULTS OF HBlAg AND HBeAg TE:3TS ON BEOflUGS COLL.ECTED AT MODENA
VILLAGE IN THE LOUIS iRICHAROT ARI:A, NORTHERN TRANSVAAL

No. of bugs No. of HBsAg-pos.t HBeAg-p05.:j:
collected pools (No. of pools) (No, of pools)

Unengorged adult' 64 7 5 5
Engorged adult 36 4 4, 4
Unengorged nymph 29 3 3 3
Engorged nymph 82 8 6 5

Totai 2Ti 22 18 17
"Male and femalc adult bugs were tested In separate pools but thl two sexes gavE" :11milar results
lInh_'ction rate 15h,7/1 ono bugs, estimated statrsticallv (94 and 245 buns from two other vtltaqos. In Jurna ;"nd Kranspoort
resp8clively, were neqativn for both nntrcons:
~tntcctrcn rate 137,7: 1 000

~------------------------------------------------------.----------------------
Passage level
PIN value of blood-meals
Days after meal

TABLE II. SERIAL PASSAGE OF HBV IN BEDBUGS'
tst passage

77,9t
2nd passage (day 63)

30,5

PIN values
(individual bugs)

27 64-69 9 57
114,2 (2,9) 34,6 5,4 1,0 -1,1:j: 1,1 -1,4t
27,2 {3,4) 32,9 4,1 (1,1t) (4 bugs) (15 bugs)
i,3t (0,9) 17,4 3,6 (1,2;)

14,9 (2,0) 2,9
14,5 2,3
12,9 (1,5:j:) 2.3
12,4 (3,7) 2,0t(1,2t)
9,6 (i,n) 1,4t
8,1 (1,7:1:) 14:j:
'/,4 1,4+
6,8 (1,4t) 1,3:::
6,3 1,3
6,1

'P,N values by RIA for HBF,A~ one HbeA\lI,n plrenlllesesi In biooo-moals and bedbug snmples (oxr"nmool 71
+nonor ntood had thnfollowing otner cnn.uctcrtsncs Ht3eAg PIN 13,5; nnll.HBoAq.neg"tlve: nopatrus B DNA potvrnorano '0, 19x 10 ' pmol!I,lml

fNE)~ri~~e~n#;Nvaiuos

r---------------------------------------------------------------------------------------------~
TABLE ill.TESTS FOR HBsAg and HBeAg IN SALIVARY GLANDS AND CARCASS AND ATTEMPTS TO VISUALIZE

HBV PARTICLES IN SALIVARY GLANDS IN INDIVIDUAL ADULT BEDBUGS (EXPERIMENT 9)
Days after No, of bugs HBsAg-pos. No. of bugs HBeAg-pos, Electron
infective Salivary Salivary microscopy of
meal' Carcass gland Carcass gland salivary gland

14 10/10 3110 2/10 0110 NID
iii 10/10 4110 6/10 NO 0110
2'1 10/1C 1110 1/10 0110 NO
22 13/13 5113 0/13 NO 0/13
30 10/11 0111 1111 0/11 NO

() 31 10/10 OliO 1110 NO 0110
Total 63iii4 (98"/o) f3iii4 (20%) 11/64 (17%) 0t31 0733

"Donor blood tlild tno In!l(J\'Jlrlg cnarectousncs. H8!lAq PiN 76,0; H(leAq P.'N 16,5: h~patitjs A DNA polvmernso 4.4 x 10" pmoJ.Nml
ND nm dOtH'

()

carcass were HBsAg~positive and 17')(, were HBeAg-positive.
Although 20'){,of the salivary glands were HBsAg-positive, none
was HlieAg-positive.

Infectivity of bug faeces
The results of tests on the hug faeces arc given in Table IV.

The insects continued to excrete HBsAg up to the 42n.1 day after
the infective blood-meal (experiment 9) and both antigens
together up to the 30th day (experiment 7). This result of experi-
ment 7 means that the faeces could have remained positive for
both antigens for up to 27 days after defaecation in the insectary
at 26"C and 75% relative humidity. Other faeces harvested in
experiment 9 but not included in Table IV were deliberately

stored in the insectary after harvesting, and these remained
HBsA~-positive for at least 40 days but HBeAg-positivc for only
4 - 6 days after dcfaecation. Attempts to visualize HBV particles
with the electron microscope in faeces depositedin experimen. 9
were negative except on day 10, when a small 22 nm HBsAg
particle was detected (Fig. I).

Dlscusslon
All the studies so far reported on the infection of bedbugs (both
the common C. /I!fw/ul'iusl ;)., and the tropical bedbug C,
ht'lIIiptt"'IIS" 11) with HBV have relied entirely on tests for the

l:'I ~.. ,._;:',::~.~:#ii1JIIiIl:-,,- ..,:'-: __. -~.. ~ ..: !::::::::::::::::2 :::~)
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TABLE IV. TESTS FOR HBsAg and HBeAg AND ATTEMPTED VISUALIZATION OF RELATED PARTICLES IN BUG
FAECES STORED AT -70°C ON HARVESTING AFTER INFECTIVE FEEOS IN THREE EXPERIMENTS

Days
after

'Dom» hlno(~ In P)(pPrHtlf'ntfl hart thl' kJl!nWlOrl dhlr,1cter!~tic5, HB~;Ag P/N (j(j, 5: HB(lA~l P,'N 20,1: anh~HBeAn~fl('qallv{'. and hrpatltls 8 DNA polymerase 1.53
x 10 ' pmot. hT/l1
;On nay 3;1 tllqs \'VI'rp FI':pd ,1n ,minfflct{,(j blt,nr:!
Nt1 not dor'?, PW·,:th!P: nenativn

Experiment
No,

7

Bug
instar

5th Instars
5th instars
Adults
Adults
Adults

No, of bugs
giving
faeces
500
500
283
40

c,80

8'
9

Fig. 1, Spherical 22 nm particles from bedbug faeces negatively
stained with phoaphotunqsttc acid at pH 6,0 (x 180000),

(I

presence of HBsAg as nt, indication of infectivity and probable
presence of HBV. However, a low HBsAg titre in human serum
is usually considered to ir.dicate low infectivity and absence of
HBV." Because of this the present series of studies was carried
out, using tests for both HUsAg and HBcAn because the pre-
sence of hoth these antigens, with HBsAg in high titre, indicates
infectious Hnv. 1:, I:~In this way it has been possible for us to
reach U firmer conclusion as to the mechanical nature of the
transmission of HBV hy hugs The overall evidence from the
present expe~in~ents tltk~n toget,her with the result of the pre-
vious transmission experiments .n our luboratory- suggests that
only !11cc1mmcal t,rulbmihsion occurs between bugs and man and
that It (an occur 111 several wavs.

The lengthy extrinsic incubation period allowed for bugs in
t~e serial passage ofHBV lead to its disappearance in some bugs
:ltt~'rone pussagc and in all hugs after the second passage. This
):; 111 LOI~trast to our pn!\·ious.experiment,; when HBsAg disap-
p~~ar~d tr(lln.the bUrS on.lYutter three short passages. A longer
VIral incubation period of the duration which mav occur in man II

there' fore failed to enable biological reolicarion of the virus to
occur in the insects.

,Thl' !ligh po~iti':ity rate for both HB~Ag and HBeAg deter-
mined 111 the Wild-caught bugs from LOLis Trichardt indicates
that such hut's would probably release hig[llv infectious material
if they were crushed hy a person, Human i'lfeetilln could prob-
ably result by this method through the contamination or skin

\........

infective
meal

30
64
10
15
6
10

15·38r
42
49

Electrorl
HBsAg HBeAg microscopy

+ + ND
NO ND

+ + NO
+ + ND
+ +
+ + HBsAg
oj.

-+- ND
ND

lesions or mucosal surfaces. The presence of both antigens was
also shown in the carcasses of laboratory-infected bugs (Table
III), although HBeAg was present only in 1'1%of the sample.

The presence of HBsAg in 20'17, of the salivary glands of the
laboratory infected hugs (Table III) but the complete absence of
HBcAg indicates that HBV is not multiplying in these glands as
it should if it were a true arbovirus. Furthermore, if HBV were
replicating, virus particles (i.e. Dane particles as well as the
smaller 22 nm particles) should have been present in sufficient
quantity to be visualized under the electron microscope, Nothing
was .detected, so virus particles - perhaps only the 22 nm
particles - must have occurred at concentrations below 10'/ml.

Taylor and Morrison!" showed that faeces from C. lcctularius
remained HBsAg-positivc for up to 35 days after an infective
feed. In our experiments we detected Doth HBsAg and HBcAg in
such faeces at intervals up to the 30th day after the feed, i.e. up te
23 days after defaecation. Hence it appears that bug faeces
contain HBV and that they could serve as a means of spreading
HBV to man by contamination, as suggested by Ogston and
London,!" who showed that J:!B!lAg was excreted in the faeces of
C. hcmiptcrus. Infection of a susceptible person by means of the
faeces could occur by scrnrching of skin lesions or mucosal
surfaces or by inhalation of faecal dust. Our results as a whole
indicate that the amount ofvirus excreted in the faeces decreases
with time; since HBsAg particles were detected bv electron
microscopy in faeces collected on the 10th day after th~ infective
meal, it would appear that the rr.aximum level of HBV was
reached at that time with more than 10· particles per millilitre
present.

In conclusion, the results of our study indicate that IlO biologi-
cal multiplication of Hnv occurs in G. lcctularius and that
transmission from insects to man is entirely mechanical, taking
place by three probable routes: Ii) contamination of'a person who
crushes infective bugs; (ii) contamination from infected faeces,
es peciaily by scratching of bites; and (iii) infection by bite, in
which infective material is probably regurgitated from the gut 0'
because of interrupted feeding. Regurgitation has been observed
in1?lwdm'lIs prolixus": and probably occurs in bedbugs. Inter-
rupted feeding has been observed in C, Icctularius, I'; and it is
likely that a bug might start to feed on one person but complete
its meal on a second person sleeping nearby.

We wish to thmk Mr I .. A. S. van Wvk, formerlv of the Pieters-
burg office of the State Health Department, for nr;al'ging the bed-
bug collections, Mr. G. M. T. Moerdykcfthe South African Bureau
of Standards for supplying bedbugs, and Professor O. \'1:'. Prozeskv
of the National Institute for Virology for his helpful suggestions and.
encouragement.Lastly we thank Dr J. de Beer, Director-General of
the Department of Health and Welfare. for permission to publish.
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Detection of multiple blood-meals in experimentally
fed bedbugs (Hemiptera: Cimicidae)

hy

PETER G.JUPP and CAROLYN WILLIAMSON

National Institute for Virology, Department of Virology, University of the Witwatersrand,
Private Bag X4, Sandringham 1I!3!

TIl{' blood-menls of bedbugs «(.'imc,( lectulanus) were examined Ior serum
protein haprnglobiu» (HPJ in order to detect potcntlal multiple feeding by these'
insects. Up types 2.1 and 2.lI and multiple leeds on both these types of blood
were detectable up to at least 24, h after experimental fceding, If uarural multiple
rel'cls in bugs which have {hi on human hosts with different Up types can be
detected this would Indicate the likelihood of hepatitis B virus being transmitted
mechanically between humans by interrupted Ierding,

INTRODUCTION
Studies have indicated that bedbugs (Cimex leciulasius L and Cimex hemipterus

[Fabrj) may be vectors of hepatitis B virus (BBV) among the human population in
certain pans of South and W('st Africa, Among such studies, in »uro vector competence
experiments indicated that these insects could be capable of transmitting the virus (Jupp
& McElligott 1!l7n;Jupp et al. 11)8:~;Ogston et al. 1979; Ogstou 1981). More recently,
JuPP et at. (in press) carried out in vim experiments in which they attempted to transmit
BBV to chimpanzees by the bite of C. lectularius. III the 2 experiments with
C. lerudarius, which were unsuccessful, a 10 day period was allowed to elapse to permit
digestion of' blood, !'gg development and ovipo .•ition befhre the bugs were refed Oil
susceptible chimpanzees, However, it is possible that mechanical transmission between
humans could occur by interrupted feeding. 111such instances then' would he an inierval
lasting only a ft"\' minutes 1>('tW('('11 the start of feeding on all liB\' carrier and the
«nnpk-tion (If the' blood-meal Oil a non-Immune person.

Although theJ'(' is some evidence that interrupted feeding may occur in the
iabnratory (Dickerson & Lavoipierre, In5~1), it is not known whether it occurs under
natural conditions. One, and perhapn the only, \\',1) of' proving' whether interrupted or
multiple It'cds occur in bedbugs would be to collect engorged bugs in the field and
demonstratr the presence of blood that originated from 2 different host individuals in
such insects. By id,.'ntif\ing the serum protein haptoglobin (Hp) types present in
blood-meals, Boreham fI ill. (1978) have shown that a significant proportion of meals
taken in the field by anthropophilic populations of mosquitoes may be multiple ones.
There are :~main haptoglobin (Hp) types in humans, 1.1. :.!,I and 1.1, although some
people have no haptoglobins ;'Ild art' designated o.o. Borcham ar.d Lenahan (1976)
identified multiple I\'('ds by the detection of'.! different Hp types representing :1 human

o
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hosts present ill (Jill' mosquito blood-meal. 'I'he present paper describes the usc' of the Hp
system tn detect experimental multiple feeds ill the common bedbug. Cimex lrctularius L.

MATERIAL and :-'1ETHODS

Haptoglobin identification
The haptoglobins were unulvsed by ,!:(ral!ient !~d electrophoresis in non-

denaturing vertical gels essentially as described hy Herr-ham and Lenahan (1976). The
day prior to testing the bedbug specimens wert' transferred from liquid nitrogen to a
fh'('zl'l' at -70°C, Blood-meal sarnpk-s were obtained by cutting off the bug's abdomen
and submerging it ill 50 p.f of electrophoresis buffer ({),oBnJ! tris/o,oB!).\[ boric
ariri/o,oo;df EDTA) contaiuing 15% glycerol. The sample was then lightly homogr-
nized, the solid remnants removed and the sample of blood loaded Oil to the gel using a
Hamilton syringe. The control Sl'l'\I111 samples were prepared by soaking Whatman
Number I filter paper rertangles (B X (i 111m) in the sera and inserting them into the g('1.
The Bill-Rat! Protea Il vertical slab gel cell which was llsed is [fin mm ill l(,lII~th and is
iiued with it central cooling con'.

Gradient gds with various cnncentrations of'polvarrylamidr- were compared in
the electrophoresis ill order to obtain the hest resolution of' the haptoglobin hands.
Gradients (If !i-!.lB'X,. :;~ 12% and ;r" 10% were compared with and without tLe use of a
3'~1% stacking gel. The best results were obtained ll:,ing a ;)-12% gradient Eel with a
:,,:/Yc, stacking gd. A series of gels were run for various times at various currents and it
was Iound lx-st to run gels overnight ill :10 rnA. Higher currents caused heating of the gel
and reduced resolution of the bands in spite of cell-cooling. Gels were electrophoresed
until the 1'(.(1 haemoglohiu band reached thl' bottom of the geL I twas found neressurv 10
electrophorese at ,t 0(: with cold water circulating through the central core of tilt'
electrophort 'jis cell. After ('iC'l'tl'ophofesis the gel was removed from the cell and stained
with rHolidillt' lor the peroxidase activity of haemoglobin as described by Horvham and
Lenahan (I !l71il.

Bedbugs and artificial feeding
The bedbugs used in the laboratorv »xpcrimeut cam!' Irom a laboratory colony

of C, Lectulatiu. maintained hv the :~()l1th African Bureau or Standards and wen' housed
in an iusvrturv throughout th"t' experiment at :.!()°c alii! 75-110% relative humidity. Adult
male and Ii-muh- hugs W('I't' led through a membrane as previously described (Jupp Ii:
l\kElligott i!)7!1) except that the blood-meal consisted of dcfihrinan-d blond of known
IIp type and tln- membrane used was orstn·tellt'd pnratihn. Three tubes r-ach containing
~;) hugs wen- allowed to (i' III in I'arh 01'.1 groups as lollows: (I) Ied Oil blood of' HI' typ«
2.1. (2) (hi on blood of'Hp tYJl(' 2.2, (:i) (i'ti (.,1 un equal mixture of' Hp typt' :.!.I and z.c,
(,j.J the hugs \\'('1'1' allowed to li-ed Ior 3 mill on lip a.r beIorc hl'ing transferred to blood
ol'tvp« 2.2. Group (.P represented an interrupted n'cd. ;\ sample of bugs Irom earh group
was stored in liquid nitrogen immediuu ly ail!'" th'dillg (0 h), at :.! h and at :q It after
I{'('ding,

o
RESULTS

l'ig. I shows the first gel developed in tllt' Iaboratorv experiment. Four bugs
were tested at three diflcrvut intervals after 1l>t'cJillg. Meals of blood which was Hp type

o
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Fig. I. Cimex leaularius led in the laboratory: gradient gel electrophoresis of haptoglobins ill
blood-meals.
Lanes I, 2 and 3 are serum controls of Hp types :.1.1, :.1.:.1and a mixture of :.1.1and 2.2
respectively. Lanes 4-7 arc meals from bugs fed Oil Hp types z.r, 2.2, a mixture Of2.1 and
2.2 and a multiple feed OIl:.!.1and ~.2 with the bugs having been killed and stored in liquid
nitrogen immediately after feeding. Lanes 8-1I and 12-15 arc the same categories at 12 h
and :.14h 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 r:ould all be identified up to 24 h after feeding. The whole experiment was
repeated and the second gel obtained was VI;Y similar to the first.

DISCUSBION
Polyacrylamide gradient gel electrophoresis proved a suitable method for

determining Hp types in blood-meals of a laboratory colony of C. lectularius. MUltiple
blood-meals were dearly distinguishable in laboratory-reared bedbugs that had fed on a
mixture of Hp types 2.1 and 2.2 and the haptogloblns were stable in the gut of
C. lectularius lor at least 24. hailer feeding.

J t is thought that analysis of the blood-meals of bedbugs collected from a hut
occupied by hosts with differing Hp types would permit any multiple feeds to be
Identified provided a host was not Hp 0.0. It would not be possible to detect multiple
feeds involving type (1.0, as this type with no haptoglobin would nut show up in a mixed
meal. If this study is to be continued it would be necessary to identify a number of such
huts whirh would also have to he heavily infested with bedbugs.

o
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manipulate the heart to regenerate damag-
ed cells after injury.

The .ork had its beginnings in 1981
when we found that a protein (chalone)
isoleted from adult bovine hearts had the
ability to inhibit growth (defined here as
replication or DNA synthesis) of hearts in
new-born hamsters} The characterization
of this protein showed it to be very large,
with a molecular weight of approximately
720 000 dalrons, and consisting of carbon-
hydrate moeities attached to four protein
subunits.:

Radiolabdled chalone was injected into
new-born hamsters and found subsequently
to be associated only with the hearts of
these animals, indicating target specificity.
This tissue specificity, but lack of species
specificity, is a prerequisite for all chalones.
Further work showed that the chalone was
bound to the nuclear matrix of the heart
cells - a protein skeleton Iound in the
nucleus. Isolation of this matrix followed
by binding experiments with chat-me in-
dicated the presence of receptor. for the

Vvl. 81 April 19.'1S

chalone on the matrix.
We have been able to isolate a nuclear

matrix preparation from hearts that hav an
endogenous DNA synthesis activity and we
found that addition of chalone to this
system strongly inhibits DNA synthesis.

Recent evidence has indicated that
replication is initialed on the nuclear matrix
and •• ercfore we have concluded that since
the myocardial chalone binds to this matrix
and inhibits DNA synthesis there, the
chalone must be a specific myocardial
mitotic inhibitor. Further evidence to sup-
port this hypothesis" as obtained y, hen we
succeeded in separating the major cell types
of the heart, namely the cardiornyocytes
(contractile) cells and the non-contractile
cells (mainly fibroblasts). The chalone was
found to inhibit DNA synthesis in nuclei
and nuclear matrix 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 cardiornyocyte line. but not in

primary cultures of Ilbroblasts or ribrobla~t
cell lines. These findings arc strongly sug-
gestive of the presence of receptors for the
chalone on myocyte nuclear matrices. It ap-
pears that when these receptors are ac-
tivated by chalone, replication in these cells
is inhibited.

Our group has also developed polyclonal
and monoclonal antibodies to the chalone,
with which we plan to characterize the
molecule still further. In addition we intend
to attempt to establish the exact source of
the chalone. This knowledge may allow us
to manipulate chalone concentration and
could possibly lead to the therapeutic
regeneration of contractile heart muscle.
Clearly much is still to be learnt about this
protein, but we hope that this work may
become of benefit 10 victims of myocardial
infarction.
I. Knek 1.A., Van d~r "'all B.l, and B",I<' A 1.

(I981). Proc. natn, AUld, SCI. (.'.5..-1 71.
4161 ~ 4164,

2. Kriek l.A .• Van der Wah B,j , Van Hetden P.O .•
B"'ler A.l., and "I<rr!field E.H, IlY~~l, Btochem
Btophvs. Res. Commun. 108. n9 - 335

Infection of 'Vild Populations of the Tarnpan,
Ornithodoros moubata Murray, with Hepatitls B Virus

in the Kavango, Northern Namibia

J.J. Joubert", P.G.lupp, O.\\', Prozesky and J.G.H. Lourens

A high positivity rat,e to hepatitis B virus
(HBV), as measured by various markers,
particularly the viral surface antigen
(HBsAg) and antibodies to this antigen
(anti-Hlss), has been reported for the
human population of the territorles in nor-
thern Namibia bordering on Angoia.t? In
the case of Kavango, this finding has
recently been confirmed and extended
by us) and particular attention drawn to
the exceptionally high positivity rate
(95.5 - 99Atr~) in the local population. The
means whereby the virus IS transmitted so
effectively is unknown. The bedbug, Cimex
lectularis L, may be a mechanical vector of
HBV in tropical and subtropical areas of
South Africa',' and possibly also in the
Kavango. However, the much higher
prevalence of tarnpans, Ornithodoros
moubata Murray, in this area, which infest
about 800;0 of the huts of the local popula-
tion, led us to investigate these argasid ticks
as possible vectors. Tampans were tested
for the presence of HB~Ag and hepatitis e
antigen (HBeAg) as indicators of HB\, in-
Iection. These tick~ inhabit the vand flours
of the huts, feed e,du'hel~ (In human

o

(J

blood, and are well-know n as the vectors
of Borrelia duttonii, the cause of endemic
relapsing fever. This disease was reported
in the Kavango by Or dman" in 1957 and
is still prevalent (G. Newlands, personal
communication).

Materials and methods
From January to April, 198], tarnpans

were collected from ]] different wards in
all five tribal areas in the Kavango, name-
ly Kuangali, Mbunza, Sharnhyu, Gciriku
and Mbukushu, These localities ranged
from Narnumtuntu near the Ovamboland
border in the west, to Bagani near the
border of the western Capri vi in the cast.
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 5 krn wide, along the banks of the
Okavango river where more than 70tro of
the population is concentrated: The tam-
pam collected were separated according to
w ard and tranvported h~ air to Pr etor ia
where they were killed and stored In liquid
nitrogen unul they could be tevtcd On the
uly of testing they were idcntif'icd and

separated into pools. which contained up
to five ticks, according to stage of develop-
ment (nymph or adult) and state of
engorgement. Each pool was hornogenis-
ed in 1 011of bovine phosphate albumen
(pH 7.0) and centrifuged. The resulting
supernatant was subsequently tested for
HBsAg and HBeAg by radlo-irnrnunoavsay
(RIA) (Ausria, Abbott Laboratories, North
Chicago). Infection rates for the ticks 'I ere
estimated statistically using the method of
Chiang and Reeves,"

Results and discussion
The results of the survey for the presence

of HBsAg and HBeAg in the different
pools of rampans collected at different
localities are shown in Table I. Seventy-
eight pools were HBsAg·positive and 11
poots HBeAg-positive from the]] different
wards. The overall infection rate per I 000
ticks for unengorged tarnpans was 14~.1
and that for engorged tarnpans 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 for
bedbugs collected in Modena village in the
Louis Trichardt area (I56.7) and a higher
infection rat: for HBeAg (1]7.7).'

This prevalence of HB\Ag in natural
tarnpan populations, as well as the:presence
of H BeAg in ticks from two of the tribal

The: authorv arc in the Departmeurs of \ted,,:al
,.!t.:rotll(llll~) and \kLli.:al VIrology, Urnvervi-
t~ of Prerona, Pretorra OOO~. and the :"al!onal
Invt.tute for \'lrl,I,'~~.Sandringham, Johanue-
burg.
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Tllhlc 1. Rc\uh! of HB~Ai' and HBcAF le.h on Ornitbodoros moubata collected in the Kavango,_.-------- _.__ -, .. - -----.
Proportion
of wards Unengorged Adult~
with {U) or (A) or No. pooh Infection No pools Infection

HBsAG(+ ) engorged nymphs No.tampans HB~AG rate per ofHBcAg rate per
Tribal atea tarnpans (E) (N) collected No. pools (-+ ) 1000 ("" ) 1 000

J(uan~a1i 6/6 E A J I I
U A 9 3 3 275.3 0 0

.E N 0 0 e
U N 26 6 ..--

10 8
---_-._---_. --
Mbun;r.a 516 E A 0 0 0

U A )0 2 2 107.9 0 0
E N 5 )

U N )00 20 7--
23 )0

Sharnbyu 3/5 E A ) I 0
U A 23 5 0 129.5 0 0
E N I} 0 0
U N 67 14 )0--20 )0

Gciriku 10/12 E A 18 5 4 1
U A 19 5 <4 215.5 O· 6.8
E N ::i I I 0
U N 128 26 17 2--

37 26

# ".

Mbukushu 4/4 .J; A 30 6 2 2
U A 20 4 2 122.6 0 34.3

'X N 54 II 8 •'U N 134 29 12 . 2

50 24

Total: 650 14(1 78 150.4 11 26.7

o

areas, suggests that the tarnpan may play
a role as a mechanical vector in the
dissemination of the virus in the Kavango
similar to that of the bedbug in the north-
ern Transvaal. Preliminary experiments
with tam pans in the laboratory suggest that
the virus does not multiply in these
arachnids. Infection could probably be ac-
quired by crushing an infected tick on one's
person. Alternatively, infection might
occur as the result of a bite. owing t" the
survival of virus on the tick's mouthparts.
Such survival would be favoured by HBV's
relatively high resistance 10 desiccation ant'
elevated temperatures.s-w Whether the
virus is present in the coxal fluid of infected
ticks needs to be determined, since this
could be a means of mechanical
transmission.

Exposure of infected tampans in the'
Kavango may be promoted by the local
habit of frequently changing sleeping

quarters out of fear of witchcraft. The
custom of moving the whole kraal to a new
locality after a death. a practice formerly
prevalent in the Kavango, has nov. become
obsolete. This habit may have served as a
preventive measure against the spread of
the virus in thai tarnpans infected with Bor-
relia duttonii and, perhaps, HB\' were left
behind in the move.

We: thank the Director of Health and
Welfare, S.W.A. Administration, for per-
mission to carry out this study. General
C.F. Scheepers and Bri!!. E.O. Prinsloo of
the S.A. Medical Services for arranging air
transport. and Messrs J.la Grange and E.
Steyn for cooperation with the field work.
This work is supported by a grant from the
Medical Research Council.
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Ornithodoros moubata as vector of hepatitis B virus
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ABSTRACT. Wild-caught and colonized tampan ticks, Ornithodoros
moubata (Murray), were fed on hepatitis B virus (HBV)·positive blood-
means in a series of four experiments.

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 usually at the second feed.
HBeAg v. as only detected in one of two samples of coxal fluid collected at
the infecting feed.
The results as a whole indicate that no biological multiplication of virus

occurs :'1 Oimoubata but that mechanical transmission from ticks to man
could occur by: (i) contamination of a person when crushing infected ticks;
(ii) infection by bite; (iii) contamination with coxal fluid, especially by
scratching bites. This is thought to take place among the Kavango tribe in
their village huts in north-eastern Namibia where infestations of infected
Oimoubata occur.

Key words. Argasidae, ticks, Ornithodoros moubata, hepatitis B virus,
mechanical transmission, Namibia.
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Introduction
Two earlier studies showed that the human
population of the territories of Northern

Correspondence: Dr P. G. Jupp, De, -nt of
Virology, University of the Witwatersreud, and
National Institute for Virology, York Road, Park-
town, Johannesburg 2193, South Africa.

Namibia bordering on Angola had a high
positivity rate for hepatitis B virus (HBV) (Ber-
sohn et al., 1974; Botha 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 infection had been present
at some stage in 98.1% ofthe sample (Joubert et
al., 1985a). Since none of the usual transmission
methods for HBV seemed to explain tbis high
positivity rate in Kavango, the hut tamp an tick,
Ornithodoros moubata (Murray) sensu Walton
1962 (Acari: Argasidae) came under considera-
tion as a possible vector. This argasid tick WaS
found to be very prevalent, occurring ill about
80% of the huts of the local people where
it also r~ts as a vector of Borrelia duttoni (Novy
& Knapp) the cause of relapsing fever (Joubert
et al., 1<}S5b). Samples of tampans wer.:: col-
lected in huts 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 al., 1985b). These high infection
rates suggested the tamp an probably acted as a
mechanical vector ofHBV in a similar manner to
that in which the bedbug, Cimex lectularius L.,
probably acts in the northern Transvaal (Jupp et
ai. 1983). It was therefore decided to assess the
vector competence of Oimoubota in the labora-
tory to see whether such experiments would pro-
vide further evidence incriminating it as a vector
ofHEV.

Life cycle

(1

The following hrief description of the life cycle
of the hut tampan is included so that the
remainder of the paper can be more readily com-
prehended. It is based on a review by Hoogstraal
(1956) as well as observations by Walton (1959)
and ourselves (unpublished) which all deal with
ticks in the laboratory; there are almost no
records for the life cycle under natural condi-
tions. Copulation occurs before, during 01' after
feeding. The hut tampan feeds exclusively on
human blood, the male which is much smaller
than the female taking a correspondingly smaller
meal. As a result of taking a rapid blood-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 find then becomes
inactive until it moults to the first nymph. The
first nymph. after a short rest, feeds on an availa-
ble host for about hfttf an hour, then returns to
the soil to digest its meal. Subsequently the
nymphs moult usually three times (those
destined to become males) or four times (those
destined to become females). with resting and

o

feeding phases between each ecdysis. The adults
nerge from the last moult and have hid; g and

.. ding habits similar to those of the nymphs.
UIJ to about 93 days are necessary for comple-
tion of the life cycle from copulation to
emergence of the last females of the next genera-
tic: I dud 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 continues till completion of the
meal and intermittently for about 1 h after-
wards. The tick osmoregulates by secretinr ''-Ie
coxal fluid in order to maintain the ionic balance
of its haemolymph which is particularly necess-
ary after a blood-meal. The coxal fluid is hypo-
tonic with the haemolymph (Hagan et al., 1982;
Kaufman & Sauer, 1982). Defecation does not
occur in the tampan as the small intestine has a
blind ending. However, excretion is carried out
by the malpighian tubes which connect to a rec-
tal ampulla located posteriorly with a ventre-
posterior opemng. Excretion of water as a white
viscous rectal fluid ('urination') takes place
occasionally during but always after eacn blood-
meal and also sometimes when a tick is
d: 'urbed.

Materials 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-free tick colony (OM 1) was used for
experiments 3 and 4. This colony was established
by isolating thirty-one Rundu female ticks in
separate tubes, also subsequently keeping their
egg batches separate. After each egg batch had
hatched a sample of five first nymphs was
removed and tested for HBsAg negativity. The
colony and ticks used for experiments 3 and 4
were kept in an insectary where conditions were
25-26°C and relative humidity 7S-80°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 21JC. The tamoans were maintained in fine
sand inside plastic tubes, 6 em high and 4.5 em
diameter, closed with Organdy mesh.
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Tick feeding

For all infective meals ticks were fed through a
membrane on defibrinated blood drawn from
one or two H3V-carrier-donors on the day of
the feed. This membrane feeding was carded out
in the insectary, largely as described previously
for bedbugs (Jupp & McElligott, 1979). Differ-
ences were that blood 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 vitro
attempts to transmit HBV were done by refeed-
ing infected ticks on HBV-negative defibrinated
blood, also through a membrane. In vivo
attempts were carried out by refeeding the ticks
on hamsters. The latter were anaesthetized and
canisters containing the ticks, 4.0 ern diameter
and 2.5 ern high with Organdy lids, were glued
to the hamsters shaved abdomens.

Virological techniques

Donor blood. On the day of each infective
feed a serum specimen was also obtained from
the donor, upon which five tests were done to
confirm that he was still a highly infectious HBV
carrier. Each sppt'imen was tested for HBsAg,
HBtAg, Anti-hils, Anti-HBe and Anti-HBc by
solid phase radio-immunoassay ('A USRIA II',
'HBeTM', 'AUSl.B', HBeTM' and 'CORAB',
Abbott, Chicago).

Ticks. Tampans were killed for antigen assay
at varying intervals after the infecting meal,
enough tim ...usually being allowe« for oviposi-
tion by females or moulting by males and
nymphs. Those ti~ks wluch 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
killed a few days after hatching. Tarnpans were
killed by placing them in a -70cC freezer where
they were stored until extract could be prepared
frcm them for antigen assay. For this, each a-iult
or mature nymph or pool of fifty ;irst-stage
nymphs was homogenized in 1 ml bovine phos-
phate albumin, centrifuged at 3000 rpm for
3fl min, and the supernatant frozen immediately
at -70°C. Later they were thawed and tested
from HBsAg and H})eAg. Six adults or mature
nymph"! ticks whicr; had not received an infect-
ing meal were ..!sc tested individually as
controls.

o
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Transmission experiments. in the attempts to
transmit antigen to HBV-negative blood, such
blood was obtained from aporopriate donors,
Samples of blood which had been exposed to
infected ticks were tested for HBsAg and
HBeAg along with control samples of the same
blond which had remained unexposed. The
hamsters used in transmission attempts were
Died to obtain sera 2 days before and 21 and 61
days after the transmission feed. ~'c.ra were
tested for HBsAg and Anti-HBs.

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

Each sample of these fluids obtained came
from a group of ticks and in some cases were
diluted slightly w: .,ormal saline to bring
volumes up to 0.4 ml before freezing the speci-
men at -70°C. These fluids were subsequently
tested for HBsAg and HBeAg.

Results

Infectivity of adults and nymphs

Table 1 shows the antigen positivity rates for
three experiments in which adult and nymphal
ticks were given an infective meal and tested at
various intervals afterwards. Every tick killed
from day 16 till day 779 (2 years 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 inferrtve
meal, trans-stadial transmission of the SU.H.(ce
antiger through one moult had occurred. The six
control ticks which had 110t fed on infective
blood were HBsAg-negat./e. In experiment 3
infective blood came from two carriers, I+II,
who had rc.eived transplanted kidneys. Ticks
fed on blood trom donor I failed to moult or
failed to complete their moulting, the females
failed to deposit eggs and many of the ticks were
dead within 30 days. 011 the other hand, ticks fed
on donor II's blood remained perfectly hesl.hy
and moulted or deposited their eggs. An ;. 'nry
as to the medicine being taken by each donor
revealed that donor 1'5 prescription included
Cyclcsporin A while donor Irs did not.

,
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TABLE l. TI!~t:!;~HB~~~.:nd IIBI:Ag in licks at variou~ in!l.)r~,tl:~after infective Il1c"ls._· _
Experiment 110. Tick stage+ Duvs after No. of ticks
(incubation temperature) infective meal HlhAg,plli;.

I (2~.1(1"C 21"qr Field nymphs/
adults
Field nyrnphv
adults
('ohlin OM·!
Maiurl' nymph,
Mature nymph,
Males
Females

J (2S-2({'(')

16..55
:;:;-779
111-27
57-742

24/24
40/40
4:;/4:;
24124

No. of ticks
Hlle.Ag-pos.

!lI24
Not done
0145
Not done

'222.7
~+-37
.'I·~-37
:14·37

Hill
35.1;16
3l!Jl
54/54

OIl!
0136
OI3l
0/54

• Donor blood had the fllllllwing charucteristics: !II~~Ag"po~ .. HIll'Ag-pos .• Anti-Hlls-neg .• Anti-Hllc-neg.,
Anti-Hllc-, .,'s.

'j' Stage of tick tested for antigens.
:[:In ther., experiments ticks Were held at 2H<'lO°C for (10days ami subsequently at 21"('.

Cyclosporin A inhibits protein synthesis and
thus appears to have interfered with the normal
metabolism of the tampans in group 1.

Since the ticks in experiments :. 2 and 3.
which all turned out 1IIkAg-negative. WeI'L'only
killed lor assay from day 16 onwards. it was
decided to undertake Ulll;ther experiment (no.
4). This was to determine how long the I1BeAg
remained dctcctahle after til·; infective meal up
until day lri, The results aft' shown in Table, 2-
and 3 tor individual ticks which had fed 011 blood
from donors A and B respectively, and which
were killed for assa 'on successive days. In Table
2 it can he SI~l'!1 that. although the surface anti-
gen was always detecteil, the e aruigen disap-
peared in females r.fter day 12 and in males and
nymphs after day 7. In contrast to this. in Table 3
ticks whicn fed 011 donor 13. 9(11:; (44/·t9) of
which were HBsAg-positive. remained IIB~Ag-
positive for longer. TIll' antigen disappeared in
nymphs after day 13. in males after day 11. but in
females one of two ticks was still positive on day
16. Thus these results considered together with

the findings of experiments Iand '2 indicate that
the 16th day is probably the limit of persistence
of the HBeAg in ticks held lit 25".26°(',

In view of the trans-stadiul transmission of
HhsAg through nne moult which occurred in
experiments 1-3, 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 tin infective
meal in experiment 4 were allowed to moult and
Oil the 15Rth day post infection they were refed
011 uninfected blood. These tampans subse-
quently moulted a second time and on the 173rd
day were killed and tested. All of the sample of
eleven ticks. two nymphs and nine adults. Were
HBsAg ..positive except one of the nymphs.

Transmission attempts
In two experiments attempts were made to

transmit HHsAg 1'1")1:1 HBV-pnsitive to Hay-
negative blood (Table 4). Tlcks were either fed
singly OIl small volumes of uninfected blond or in

TABLE 2. Experimcut ·1:tests Ior IUlsAg b) and Hh~Ag (e) in ticks killed daily afterinfcctlve feed OIl blood from
donor A. +. positl\!!; ,mgatlw; ND, no !cst done.

__ "'T++-V .... .,..._.~~ __ ~~~_~_",____,.,,,.,_ .... ,___........, ........ "'_. __ ~." •

Days utter infective 1111',11

1-·:; h 7 " 9 10 11 12' D 14 15 h'
Antigens: S c S <: s e , ~ , t: S t! S e S C s e s e S e S e
Nymph + + + f· + + + - + + ~-. ND +

_.
+ -- + ~ ND

0 Male + + + + + + .-. + ~ + ~- .. + - ND ND ",I) ND N!)
FCIIUllcs + -+ 'I + l- .' + + + + + + + +

_.
+

+ + t ·1 r- + + + -- -I + + - + - + ,_, + - + -. + ""

+ + + --
_._. -=..",_".--"''""'~-''.-'"

• From day 12 onwan' J some of the nymphs had moulted til adults,

... ....... I a
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TABLE 3. Experiment 4: tests for HB~Ag (s) and HBI!Ag (e) in ticks killed daily after infective feed on blood
from donor U. +. positive; -. negative: ND, no test done.

Days after infective meal

1-6 7 II 9 10 11 12 13 14 15 16 126

Antigens: ~ e s c ~ e s e s c s e s e s e s c s e s e s e

Nymph + + + + + + + -i ND 4· + + + + - + - + .- ND
Male + + + + + ~ + + + + ND + - + - +

_.
+ -

Females + + + + + + + -. + + + + + - + + + + + + + + + -
+ + + + + + + + + _. + + + + + + + T + - + -.

+ NU + "_
+

._
----."

TABLE 4. Attempts to transmit HBsAg antigens from J-IBV.positive to HBV·
negative blood by bite of O.lIIouiJllla.

Expt Days after Vol. negative
no. infective blood used per

meal sumole (ml)
27 (l.SS-O 65

c.4.5

TABl.E. 5. Tests for HB~Ag and lIBeAg in samples of coxal and re 11 Iluids collected
from groups ll[ mature nymphs/adult ricks directly alter the infccth ... rneul (1st) or the
un infected meal (2nd).----Fluid Expt no. Meal Davs after No. samples

intective meal HBsAg·pos. IIBcAg-pr;.

0
Coxul 3 2nd 31 415 us

3 2nd 36 212 [liZ
.1 2nd 63 liZ ND
·1 ls! () 2/2 liZ·

-; Rectal ;1 2nd 31 4ih (}!(J

4 Jst () :!;':!, Of2-_ .._--_ ..--.._---"-
• Marginal.

2

;1 31 O.J
5.5

groups on larger volumes 27 01' 31 days after the
infective feed. In experiment 3, two out of
fifteen (13~'(,) individual ticks ""a female and a
mature nymph - transmitted the surface antigen
while feeding on 0.4 ml aliquots of blood on the
31st 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 feeding on5.5 ml
aliquots were six males, eight females. sixteen
females. seventeen females. nineteen mature
nymphs and a mixture of twenty mules and
mature nymphs. Assay for antigens in all the
ticks after they had been killed the same day (If

o

No. HBsAg·pos.
ticks fed 011
each blood meal

No. samples
becoming
HbsAg·pos.
OJI2
0/3

1
5-7
1
6-20

2/15
Of6

1-3 days after the transmission attempt showed
they were all HBsAg·positive but IIBeAg-
negative.

The results of four attempts to transmit to
hamsters by th ...niles of HBsAg-positive adults
(S females. 1:i males) and thirteen mature
nymphs which had been infected 3(J or 63 days
previously. ill some eases at an earlier deve 'up-
mental stage, were unsuccessful,

Injecttvit» (1/ coxal and rectalfluids

Tests for antigens in coxal and rectal fluids
collected from the ticks after feeding revealed

.v . \\- t .r... a.. . .•~.a::l
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that all samples of these fluids from the first
(infecting) feed were HBsAg-positive while one
of the two samples was marginally Hlle Ag-posi-
tive, The majority of samples of each kind of
fluid collected after the second feed were
HllsAg-positive but none were HlleAg-positlve
(Table 5).

Transovarial transmission
In experiments 1, 2 and 3, egg masses

deposited by some of the HBsAg-positive
female ticks were allowed to hatch and the first
nymphs tested for HBsAg. More than 1000 tam-
pans were assayed in nineteen pools but all were
negative.

Interval between blood-meals

In experiment 5, after an infected blood ..meal,
the individual ticks in batches of females, males
and mature nymphs were held in separate tubes
so that developmental times could be recorded.
Out of twenty adult females which deposited
eggs. only four had started oviposition by day 16.
Those refed were offered a second feed on day
17 and would almost certainly have done so on
day 15 or 16 if they had heen offered a feed then.
Among thirty-seven males none moulted after
their feed but two out of six individuals refed
when offered blood on day 17. In the case of
mature nymphs twenty-three out of twenty-six
which had moulted between days 11 and 14 refed
on day 14.

Discussion

{)

There have been no previous laboratory studies
on Onnoubata and IIBV. Our findings arc as
follows: (i) HBsAg persisted in nymphal and
adult ticks for up to 779 days after the infective
blood-meal: (ii) HBeAg nersisted in mature
nymphs up to 13 days, in adult males up to 11
days and 'n adult females up to 16 days; (iii)
HlhAg persisted through two moults (trans-
stadial transmission); (iv) HBsAg was not trans-
mitted transovarially: (v) HBsAg was transmit-
ted in two instances by single ticks (a female and
a mature nymph) into HllY-negative blood,
although the transmission rate was low in the
experiments overall; (vi) this antigen was not

transmitted to hamsters; (vii) HBsAg was
detected in samples of both coxal and rectal fluid
secretions always at the infecting feed and
usually 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 (Alter et
al., 1976; Grady et al., 1976; Sherlock &
Thomas, 1983) and in chimpanzees (Shikata et
al., 1977) show that the presence of both HBsAg
and HBeAg in the blood indicates a higher level
of infectivity of HBV than if HBsAg is present
alone. although 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 infectious 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 tick could 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 SOIneticks
since our experiments showed that at 26"C a
proportion of individuals would be ready to
refeed from day 12-16. This period could be
shorter under natural conditions in the Kavango
when higher temperatures would prevail.
Further transmission tests require to be curried
out from day 12-16 to see whether the e antigen
would be transmitted into HBV·negative blood
in addition to the surface antigen after this short
incubation period.
Our results indicate that there was no biologi-

cal multiplication of HBV in Oimoubata and no
biological transmission by the tampan, Rather it
seems that HBV persists in these ticks and can be
transmitted mechanically. Evidence in favour of
this is the disappearance of HBeAg after 16 days
and the paucity of in vitro transmissions of
HBsAg. Contrary evidence is the long survival
of HBsAg in tampuns including its trans-stadial
transmission through two successive moults
which may be compared to the result of similar
experiments h1 bedbugs where HBsAg was
undetectable after 127 days and only survived
after one moult (Jupp & Mcfilligott, 1979).
However. the much larger blood-meal size in
tampans as compared to bedbugs an« the
absence of defecation may explain this. In this
connection it b noteworthy that the HBeAg
remained detectable longer in females than in

• 11



males and nymphs which take a considerably
smaller blood-meal. Coxal fluid and occa-
sionally rectal fluid is discharged by the tick
while it is still attached to the host. An infecting
tick taking its second feed on a human, although
it failed to transmit virus by bite. might still cause
an infection due to the infectious (HBsAg-posi-
tive) coxal Of sometimes rectal fluid which is
secreted onto the skin. Such fluid could be
inoculated by the host scratching at the site of
the bite. Rectal fluid would be less important
than coxal fluid in this respect as it is more
usually secreted after the tick has finished feed-
ing and left the host.

The human host upon which a tamp an is feed-
ing or attempting to feed may crush the tick and
scratch the area of the bite or mucosal surfaces
causing self-inoculation with infectious material.
There is also tbe possibility of a crushed tick
releasing an infective aerosol. This kind of trans-
mission would be most likely 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
'iut possible mechanical transmission. This
could occur by three possible routes: (i) infec-
tion by tick bites, (ii) contnmination with
infected coxal fluid, especially by scratching
bites; (iii) contamination of a person who
crushes infected ticks. These routes arc similar
to those suggested for Cimex lectularius (Jupp et
al.• 19H;\). except that the tnmpan does not pro-
duce faeces, but coxal fluid discharged in large
volumes 011 the host may be as important for
iufection. No evidence is available as to whether
transmission by bite would be by regurgitation of
material from the gut on refeeding. Regurgita-
tion is thought more likely to occur than secre-
tion from infected salivary glands. Interrupted
feeding with u tick completing its meal on a
second host is thought unlikely.
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Attempts to transmit hepatitis B virus
to chimpanzees by arthropods
P. G. JUPP, R. H. PURCELL, J. M. PHILLIPS, M. SHAPIRO, J. L. GERIN

Summary
Bedbugs (Cimex lectularius L,) were fed on an Infective
blood-hepatitis B virus (HBV) mhdure. Further bedbugs and
tampan ticks (Ornllhodol'os moubata [Murray]) were fed on
HBV-carrler chimpanzees, After a 10 - 13 day interval for
oviposition, tests done on samples of individual arthropods
showed that 53 - 85% of the bugs were HBsAg-posltive and
none HBeAg-posltive, while 100% of the ticks were H13sAg-
positive and ll8% HBeAg-posltlve. The remaining arthropods
were fed on 3 susceptible chimpanzees, which had failed to
develop HBV infection after 11 months, Indicating no transmis-
sion had occurred; Subsequently the presence of viable virus
in the original Infective meals was confirmed by inoculatIon of
the relevant donor sera directly Into lhe 3 stili susceptible
chimpanzees. HBV Infections quickly followed in each animal.
It is concluded that, while mechanical transmission 01 HBV Is
most unlikely after a 10· i3.day Interval between feedings In
bedbugs and tampans, It Is still possible that mechanical
transmission between human" 'might occur during Interrupted
feeds.

S Air Mad J 1991; 79: 320·322.

It has been shown that human populations in the northern
Transvaal, the northern territories of Namibia and in West
Africa have a high positivity rate for hepatitis B virus
(HBV).1-4 None of the usual transmission methods for HBV
seemed adequate to account for these high positivity rates and
there was strong epidemiological evidence favouring transmis-
sion by bedbugs or argasid ticks.s-7 Tests on such arthropods
collected from huts showed high infection rates, based on the
presence of HBsAg and RBeAg in the common bedbug (Cimex
lectularius L.) in South Afric':l,s·8the tropical bedbug (Cimex
hemipterus [Fabr]) in West Africa,6,9 and the tampan tick
(Onziti;Jdaros moubata [Murray]) in Namibia." Laboratory
vector experiments provided further evidence that these arthro-
pods could be capable of transmitting the virus.8.lo'12 Among
such in vitro experiments HBsAg was transmitted by bite from
infected to uninfected blood by C. Ieaularius and O. moubata,
although other experiments suggested two additional potential
routes for mechanical transmission.8•13 Since it was not possible
to know with certainty that viable virus was indeed transferred
by bite in these in vitro tests, it was decided to determine

whether HBV could be transmitted to chimpanzees and so
cause hepatitis B infection ill recipient animals.

Materials and methods
Three transmission experiments were conducted using 3 RBV-
susceptible chimpanzees. In experiment 1, adult bedbugs were
given an infective feed in the Johannesburg laboratory on a
blood-virus mixture, which contained serum from a human
donor, and on the 10th day were allowed to refeed on a non-
immune chimpanzee (No. 1296). The 10th day was chosen
because 3 in vitro transmissions of HBsAg had previously been
accomplished with small numbers of bugs after that interval of
time.l? Furthermore, such a period would permit the com-
pletion of oviposition by the bugs so that they would then be
ready to feed again. In experiment 2,2 RBV-carrier chimpan-
zees (No. 1164 and No. 1241) were exposed to adult bugs and
on the lOth day the bugs were refed 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 a non-immune
chimpanzee (No. 73). The 13-day period allowed the nymphal
'Licksto moult and some of the adults to oviposit.

Arthropods
The arthropods were reared in an insectary at the National

Institute for Virology in Johannesburg. Newly moulted C.
lectularius adults and O. moubata adults and late nymphs were
taken by the senior author to the National Institutes of Health
(NIH) in Washington, DC. They included one group of C.
lectularius, which had already taken an infective blood meal
(experiment 1). The bedbugs originated from a laboratory
colony described previously'? and were maintained in plastic
tubes, 6 em high and 4,5 em in diameter, closed with organdie
mesh. The tamp an ticks used were the F I generation of an
HBV-free and Borrelia duttoni-free colony established from
ticks collected at Rundu, Kavango region, Namibia. Ticks
were maintained in fine sand inside the same kinp. of plastic
tubes as were used for the bugs. Except during their flight
from South Africa to the USA and while feeding on the
chimpanzees, the arthropods were housed in insectaries where
the temperature was maintained at 25 - 2'7°C, relative humidity
at 75 - 80% and the illumination regimen was 12 hours light-
12 hours darkness.

Arthropod feeding
For their infective feed in experiment 1, bugs were fed

through a membrane on a defibrinated blood-virus mixture as
described previously except that stretched parafilm was used
for membranes.P For the feedings on chimpanzees, either
donor 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 abdomen; 120 - 200
bugs or ticks were then placed within a ring whose top was
closed with Terylene mesh. The age of the chimpanzees was
4 - 5 years.
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Virological techiques
Infective donor blood. In experiment 1, the infective meal

consisted of a mixture of defibrinated blood and serum in the
proportion 2: 1. The blood was drawn from an HEV -negative
(negative for HBsAg, anti-Hlss and anti-HBc) donor less than
2 hours before the bugs were fed, while the serum Was
obtained 3 days earlier from the blood of a carrier-donor.
Until 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-BEc by solid phase radlo-immuno-
assay (RIA) (AUSRIA II, HB., AUSAB, HB. and CORAB;
Abbott, Chicago) and HBV DNA was detected by DNA
probe as described by Bowyer et al.14 All tests were positive
except anti-HBs and anti-Hlle. 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 infectious. Serological RIA tests already mentioned
(except anti-Hlle) and tests for the HEV 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 (AL T), isocitrate dehydrogenase (ICD) and y-glutamyl-
transpeptidase (GGTP). The recipient chimpanzees were
assessed just before exposure to the potentially infected arthro-
pods and after exposure weekly for g months. The same three
liver function tests were done but only tests for HBsAg, anti-
RBs and anti-HBc.
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 antigen assay. For this, each individual bug or tick
was homogenised in 1,0 ml bovine phosphate albumin (0,75%
bovine serum albumin in phosphate-buffered saline (BPA))
centrifuged at 3 000 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 HBcAg. Samples of arthropods which had
not engorged on an infecting meal and samples of the BPA
were also tested individually a~ controls.

Results
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
number of bugs, an equal number of adult males and females,
which .fed a second time in the transmission attempts were 102
(experiment 1) and 99 (experiment 2). With the ticks, however,
although feeding fates were high (88% ..;lld 92%) at the first

feed (adult females and mature nymphs), at the second feed it
fell to 32 out of 149 adult females (21%). This was probably
because only a proportion of the female ticks had completed
oviposition before the second feed.

The antigen positivity rates for both bedbugs and ticks on
the day of transmission attempts are given in Table I. These
rates were very high for both HBsAg and HEeAg in the ticks,
while HBsAg positivity vatied from 53% to 85% in bedbugs
and no HBeAg was detected. No arthropods in sampies of
6 - 10 individuals that had not taken infective IX!t,:'II" n"ere
found positive for HBsAg in. each experiment lind 4, w;qaot& of
BPA were also HBsAg-negative. In experiment 3, g (:ample 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 not
tested for RBeAg.

Although the 3 recipient chimpanzees were monitored for
almost a year after the transmission attempts, there was no
indication of infection by HEV as measured by serological
tests and liver function tests.

In "Q 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 June 1987 in the
Infective blood-virus mixture in experiment 1 was inoculated
. ravenously into chimpanzee No. 1296. Similarly, 0,1 mlof

m from each of the carrier chimpanzees, No. 1164 and
•• s, 1241, bled on 8 and 9 June 1987 was pooled and 0,2 ml
inoculated into chimpanzees No. 72 and No, 73, respectively.
After 2 - 3 weeks, the 3 previously non-immune chimpanzees
became highly HBsAg-positive, HRsAg disappeared bv weeks
9 and 8 in chimpanzees No. 72 and No. 73, respectively,
followed by conversion to anti-Hlls-positive and anti-HBc-
positive Status. AL T values became elevated 7 and 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,
t' ed elevated serum AL T values during week 10 and has

.d to be strongly HBsAg positive, with markedly ele-
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 RBV infection in all 3 of these
animals. Thus it was confirmed that the blood meals were
infectious and contained viable HBv. It must therefore be
concluded that adult C. lectularius and adult O. moubata will
not transmit HBV mechanically by bite if an interval elapses
between the infecting and transmission 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.

(J ----------------------.-------------------------------
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Days after
Infective

TABLE I. TESTS FOR HBsAg AND HBeAg IN ARTHROPODS ON DAY OF TRANSMISSION ATTEMPT

HBsAg+ HBeAg+
16/30 (SS%)t 0116
13/20 (65%) 0/13
17/21) (85%) 1)/17

:3 Chimpanzees Ticks 13 40/40 (10MII) 28/32 (lJ8%)
°Hum.n end chimpanzee donors were po~ltlve lor HSsAg. HBeAg, Antl,HSc, HSV-DNA and HSV.D~A p~lymera e activity and r.egativ. for
anti-HBs and anti-HBe. Both Chimpanzees had elwatad level. of serum A~T,leD and '3GTP.
tAn equal number of adult male and I.",ale bugs but only arMI I~mal. tlck~ we'D testad.

EXp.
No.
1
2

Infective
bloodmeal* Arthropod

Bedbugs
Bedbugs

Human
Chlmpanzeell

No. arthropods tested
meal
10
10
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With bedbugs, however, it is still possible that mechanical
transmission between humans could OCCUi' 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 interval lasting only a few
minutes between the start of feeding on an HBV carrier and
the completion of the blood meal on a susceptible person.
Although there is some evidence that interrupted feeding may
occur in C. lectularius in the laboratory;" whether it occurs 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
mosquitoes on chimpanzees." Two attempts to transmit virus
by 100 Aedes aegypti from a carrier to 2 different susceptible
chimpanzees failed. It would seem unlikely that bedbugs
would succeed where mosquitoes failed unless bedbugs differ
from mosquitoes in the anticoagulatory enzymes introduced at
the time of biting. Perhaps enzymes secreted onto the mouth-
parts of C. lsctularius would Hot inactivate the virus present,
whereas this would occur in mosquitoes as suggested by
Berquist et al,17 In the case of O. moubata it is unlikely that
interrupted feeding would occur because once a tick has
attached itself to its host it is not easily dislodged.

The two other possible routes for mechanical transmission
previously suggested for bedbugs and tampan ticks cannot be
ruled out on the basis of the results of the present experi-
ments.S,D These are, firstly, the infection of a 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, a person may become infected because he crushes
the bug or tick and then scratches the area of the bite or
mucosal surfaces causing self-inoculation with infectious
material. However, these routes now appear less likely. Sero-
logical studies to determine the prevalence of HEV among
blacks with viral hepatitis admitted to Johannesburg ho~,pitals,18
and among residents of Kangwane (South Africa) and Ovam-
boland (Namibia)/·19 showed a rise in the HBsAg and HBeAg
positivity between the age of 2 years and 4 years accompanied
by a fall in anti-Hlls positivity, This paucity of perinatal
infection but horizontal spread among young children is diffi-
cult to explain other than by arthropod transmission. However,
the experimental data described here do not support the
concept of anthropod transmission as a major factor in the
horizontal spread of HBV among young children and other
modes of transmission must be:considered. These might include
contamination from open sores caused by impetigo or by
scratches and cuts incurred during rough play.
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rr,~""elcvcls ln Ole rural "nd urban areas nrc higher thUII in The
Gambia and Senegal, but comparable Wit:1 levels in the so-called
,11t·deprlvedVoruba ethnic group." If Wib"n's hypothesls were
correct, no differences In blood pressure should be observed
betweenBenln Ci[y,' The Gambia, and Senegal,
The role of sodium in snit-induced hypertension, Itself

controversjnl, is central to \,(/i1sun'o hypothesis. However, there
"'-'III> to be little or no dltference in the sodium intake or excretion
between whites ami the US blacks who lire more prone to
hUlt'[tcnsilln.lfl
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SURVIVAL 0}1 mv IN "111B COMMON unn DUG
SIR,-Transmlsslon of human 'immunodefidellCY virus (I llV)

by imta$ h .. been postulated II~rme ruechanlsm of tmn.mission of
Infection In Afdat.' although it 1$ thought thnt insects nrc not
illvol.cd In "western" AIDS.'The known routes nf transmlssion of
AIDS are also common to those hepatitis nvirus, with which IIIV
>I"res severalepldernlologkal features, There is strong evidence for
mechsnlcsl uansmbslon or hepatitis a virus by the common
bedbug (Cimex IWlllatillJ).' Similar transmlssion of HIV by
bedbugs may be a "'"IGO of Infection In Afrlcan children. III Afrka
15-22% of All>S eases have been ln children whereas In the USA
tllil rroportlnn Is only l~I'Xn' suggesting that there nrc modes of
lIllnsmi!Slnnother than those recognised In the USA. Since bedbug
inf,slAtinn is common throughout Afri(~I, children nre eontlnually
(l(poscu to the bites of these insects, Bedbugs would probably
trsnsmit low levels of IMectlOn but n combinatlon of factors could
enhance the susceptibility of African childreu-elc, repeated
exposu-e to the insects, 11possibly lower threshold to infection in
loung dnldren, Immunosuppression due 10 malnutritlon, nnd
excessive activation 0.1'4 lynll'hO<.j'tc' by recurrent Infections,
MechnniCliI transmission depends upon nn insect being

Intemlpted while feeding on an infected host and then moving to n
lu!(eptible host to complete Its blood meal. 'Trnnsrnisslon would
occur via eontamlnated mouthparts nmJ/or regurgitation.
Interrupted fceding has been observed In laboratory bedbugs,' and
transrnlsslon of virus by til;'; means is a pussibility.· r<rgurgitntion
hI! been observed in the relntcd bug Rhodnius pro'i.~UJ.'
In rreliminnry experiments to assess whether insects can

uansmitlllV, adult G lectulcrius and ,It'des I!q:ypri mosquitoes
from1"!Oratory colonies were allowed In engorge on deflbrlruucd
blood 10 whl"h had been added tissue culture supernatant from
IIIV Jeered cells. 6IJ min after fcedlng the inse("ts were
bornog. ,Iiled in n very small srnounr or RPMI 1610 and the fluid
\\~S IU! yed for reverse tmnsc ..I['~l~C(nT)nctivlty after clnrifkation
bye.tII jfugation.111< fluids w~re allnegutive fllt RT IIctivity at this
Illgeso tiley were sterile filteted lind added to the permissive Il9 cell
line(I!IV negntive, kindly supillicd by Dr Robert C. Gallo, NIll).
~upenl3lnnt fluids f{<lInU,. l'ultlUc$ wrre tested fur itT nctivity
C\cry 3A days, FWlll th~ 23n1 day of culture, ItT nCllvit)' was
IMldcd in the supCWntlUll from cells in()culated with fluid fnull
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ground bedbugs. 'l hls nctivlty Increased to over 120 times more
than the background a<;tivlty by d"y 34 (table). In contrast cultures
inoculated with fluid from mosquitoes remained negative,
Th e survival ennv for 1 h in (Jlectularius (ollowing the feed 011 n

blood-virus mixture suggests Ulot mechanical transmlssion of the
virus between human behg. could be curried out by bedbugs.
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lUnAvnUN ENTEItS CEREnROSPINhLl'LUiD
Stn,.-DlItillg a phase I trial of (Oraldbllvirln for the treatment of

patients with AIDS nnd •\!DS·relnted complex (ARC) Ille level of
ribavlriu In the CSF of four patlems nfter several weeks 01 .ibavirin
was mensured, Patients received 1I1ouulllgdose of 1200 eng ribnvirln
orully two times ft day for three days Wid then 300 II1g O!RlIy twice a
dRY for II weeks. Ribnvlrin levels were measured when the patient
had been on the drug for 4-,7weeks. Three patients had CSF taken
durlng investigntiulls ofneurologlcal symptoms nnd one patient WRS
n volunteer. Rlbavirln levels in the ('..sF and in plasma from a
simultaneous blood sample were measured in three patients. In one
patient, rlbavlrln was measured in CSI' and in plasma from a blood
sample obtained 3 days latcr. Ollie ribavlrln level was measured by
sensitive radioimmunoassay on specimens obtnlned in Boston end
sent to the antivlrul laboratory of the University of CalifornlJ, S'UI
Diego.' Significant ribrwlrin levels Were present in tho spinal fluid:

Durdti01lo/
ribllt!t'n·n Rib'lttiritlln'tls
therapy (~molll) i'II
(.vh) Pla,m" CS/'_

7 56 78

CSf'I""I",
~. if blood
lrot!

73
Pillitnt J)WCIIM;S

I (ARC) 'numh
2 (t\105) CNS

conrusioll
HARC) Numhncss

In hand
~CAmS) eNS

confuslon,
post-
cryplocoo:cal
nl.nln~i1i' 8 6 10'

'Uk»1 dtl\WU 3lhl)'lllllu IlIIublir t'untlUre. J'alirnt l!il.l not ftCtivc .Jd.,iumtl tibftyhin
.ncr lumhAr rutll:Ullt,

77 113 67

62 II~

I111e phamlurokinetics of ribavilin uptnke in CSF were not
evaluuted. Thcse results indicate that with at least 4 weeks of ora!
RnV, more thnn 67':;, of a simuitnl1L'OusI'la,ma level Is found in the
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Experimental Assessment of Bedbugs (Cimex lectularius and
Cimex hemipterus) and Mosquitoes (Aedes aegypti formosus) as

Vectors o: Human Immunodeficiency Virus
Peter G, Jupp and Susan F, Lyons

In vitro experiments were conducted to assess whether bedbugs (Cimex tectuietius
and Cimex herrupterus) and mosquitoes (Aedes aegypti (ormosus) could act as vectors
of HIV. These insocts engorged throJgh a membrane on a blood-virus mixture. Female
bedbugs were larger than males and took la- jer blood-meals when fed to repletion
It was determined that the full blood-meal of J female bedbug contained 0.09 x 105

tissue culture intectious doses (Tel D) 01 v. JS and a male 0.07 x 105 TCID, while
partial meals taken when ieeding was Interrupted contained (\.013 x 105 TCID and
0.Q15 x 10~ 'rCID lor female and male bugs, respectively. Reverse transcriptase activ-
ity was assayed alter culture of insect extracts in H9 cells this showed survival of virus
in C lectularius for up to 4 h, in C. hemipterus for up to 1, possibly 2 h, but no survival
in Ae. aegypti formosus Four attempts to transmit the virus by interrupted feeding by
C lectularius from a blood-virus mixture to uninfected blood failed It is con-
cluded that Ae aegypt' formosus and probably other mosquitoes are not mechanical
vectors of HIV and that such transmission is also unlike!y to occur in bedbugs under
natural conc.uons

AIDS 1987, 1;171-174

Keywords: HIV, Insect vector experiments, Cfmex tectuteriu», Aedes aegypti,

Introduction
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 transmission could account for the equal
sex distribution of AIDS cases in Central Africa, the high
prevalence of antibodies to the virus in children there
[q 1 and the clustering of HI\' infection both in a family
in Rwanda [5J and in households in Zaire [6]. In a
preliminary study our laboratory reported the results
of experiments which showed that HI\' survived in the
bedbug. C. lectularius, for at least 1 h after feeding on a
blood-virus mixture [e]. These in ritro experiments were
continued to assess whether bedbugs and mosquitoes
pos<,e:.:-the ability ttl act a.,> mechanical VCC!.OfS of HI\'.

o

Materials andlmethods

Insects
C. lectularius Linnaeus, the common bedbug, came from
a long-established colony maintained at the laboratory
of the South African Bureau of Standards. C. hemipterus
Fabr, the tropical bedbug, was collected in northern
Kwazulu and these field bugs were used directly in the
experiment. Ae. t.1£'&'1'1)(ijonnosu.s (\\'alker) came from a
colony which originated from mosquitoes collected at
Richards Bay, Natal.

Insect feeding
For all infective meals, inse-cts were fed through a
membrane on a blood-virus mixture. The membrane
feeding was done as described previously [8,9], except
that mixtures were heated to a higher temperature (34°C)
in the water bath and the membranes were different.

Fro 11 the Medical Research Council I\IDS Virus Research Unit.
Department ot Vl[ologv Uruversty of the Witwatersrand. and
National InS\ltute for Virology. Joha'1nesburg South Alnca

Requests for reprints to Dr P G Jupp. Department of Virology
University of W"walersrand Medica: School York Road Parktowr..
Johannesburg 219:;;. South Atnca

Sponsorsrun Fllt;::nclal assistance was receiven from the Medical Date 0' receipt 3 February 1987. revised. 10 August 195:
Re':t>3rch Councit ar,':! the Pohomye!itls Re~eafch Foundat&o-,

© Gower Academic Journals Ltd ISSN 0269-9370 171

~:===::::::·r~-:~::::'::::::n::.::::::::J!::~ ()

I

25)( 10



172 AIDS 1987. Vol 1 No 3

Bedbugs fed through Parafllrn (American Can Company.
Greenwich, CT, llSA) which had been tightly stretched
over mosquito netting. while mosquhoes fed through
Badruche membrane which fined tightly over netting
The feeding took place inside an insect-proof laminar
flow hondo Afterwards the Insects were held ...t 22-
25°C and 759(, relative humidity until killed by being
placed in a -70DC freezer, where they were stored until
processed. For attempted bedbug transmission of the
virus by interrupted feeding, a canister with ]00 adult C.
Iectularius was placed in contact with the blood-virus
mixture for 3 min to permit partial engorgement The
bugs were then transferred to a dean canister with a
new membrane before being allowed to complete their
feed on uninfecred defibrinated blow,

S"mples of male and female bugs, respectively, were
weighed before and after feeding on defibrinated blood
through a membrane, either to repletion or after a partial
3 min feed. This enabled 'l't"'i)lL<; of individual blood-
meals t,~ be calculated

Tissue culture
Hlv-infected H9 cells and uninfected control H9 cells
were maintained in RPMI 1640 supplemented with 10%
fetal calf serum (FCS) and dilute;' to a concentration of
0.5 X 10(. viable cells/rnl m-ice weekly, Culture super-
natants of the HfV-infected cells, prepared by
centrifuging the cell suspension at 900 g for 20 min at
4°C, were used as the source of HT\' for the infective
blood-meals

Virological technlques
Three experiments were carried out. For each, a blood-
virus mixture was prepared for the infective feed b,
mixing human defibrinated blood with Hlv-infected
tissue culture supernatant in the proportion 2:1. The
amount of virus in the Hlv'-Infected tissue culture su-
pernatant was determined using the Dupont HI\' p2.-:I
enzyme-linked lmrnunosorbent assay test (Boston, l\1A,
USA) for antigen detection. From (his, the concentration
of virus in the blood-virus mixture as well as in blood-
meals imbibed by single bedbugs was calculated An
Hlv'-antlbody-negative donor was bled and the blood-
virus mixture made just before the insects were fed
The mixture was assayed for reverse transcriptase (RT)
activirv before and immediately after the Insects had
completed their feed \);11i1e the 'assar for RT activity was
done directly on the blood-virus mixture or uninfected
defibrinated' blood. extracts made from the insect pools
and blood into which transmission was attempted were
first cultured in H9 control cells. Supernatants from these

o

cultures were assayed as direct assay of Insect pools gave
uniformly negative results, presumably because or the
low levels of virus present,

To determine the RT acrivitv, the hlood-virus mixture,
defibrinated blood and cell culture fluids were clarified
by centrifugation at 900 g for 20 min at 4°C and then
ultra-centrifuged at 66000 g. The pellets thus ob-
tained were resuspended in pH 8.3 buffer (2001mo1 ..1
rris-HCI and 0.33 mmol/l EDTA) and disrupted with
0.24% triton X·lOO for measurement of enzyme activ-
ity. The polymerase reaction mixture (55,.1.1) 'comaii1ed
14.7 mmol/l Tris-HC1, 0.243 rnmol/l EDTA, 5.00101011
MgCb. 18 0 rnmol/l KCJ, 0.3 mmol/I GTP. 14.5 mrnol/l DTT,
1.52IJ.mol'l 3H-TfP (40-60 Ci'rnrnol) and 35IJ.g'ml of
poly-rA, oligo-d'F, Flvefold or greater increases in RT
actlviry over background were considered as indicative
of the presence of HI\'.

Each pool of five bedbugs or mosquitoes was pro-
cessed as follows. the pools were homogenized in 1 ml
of RPMI 1640 and centrifuged at 900 g for 20 min at
4"C, and the supernatant wac; sterile filtered, 111e filtered-
supernatant was then added to the H9 control cell line:
1 ml "filtrate and 2.5 ml RPMI 1640 supplemented with
10% FCS were added to 1.5 ml cells to give a final
concentration of 0.5 x ] 06 viable cells/ml. These cell cul-
tures were maintained by dilution to a concentration of
O.' X ]06 viable cells/ml with RPMI 1640 plus 10% FCS
rw Ice a week Supernatants from these cultures were as-
sayed for RT acuviry weekly from week 3 until week 6.

Results
Table 1 shows the weights of uncngorged bedbugs and
the weights and volumes of their full and partial blood-
meals. To determine the size of the partial mea! a balch
of partially fed bugs were weighed, their mean weight
calculated and the mean unfed weight previously found
subtracted from this. It can be seen that female bugs were
larger than males and took considerably more blood
when they fed to repletion, However, the male bugs
took slightly more blood during a 3 min partial feed
than the females because they started feeding sooner.
The mean amount of virus present in the infective feed
. was 4 ".I X 1O~Tem per rnl. From this figure and the
mean blood-meal volumes it was calculated that a full
female meal contained 0,09 X 10' TCID, a full male meal
0,0- X 1((' TC}D, Partial meals contained 0.013 x 10~
rCID and 0.()15 X 1O~TCID for females and males, re-
specth ..ely.

Table 2 shows the results obtained in tests for HI\'

Table 1. Weight (g) of the common bedbug elmox lectularius a,,..j Its bioco-mea:

Unengorged bugs Fun blood-meal Part.a: btood-mea"
-_ .. _._ .•-"<-.,.....

No. Ra'lge Mean No Range Mean No Mear.

Fernares 50 o 0033--{) 0088 0.0055 28 00120--0.0261 00188 18 0002S
(0.0185) (00028)

Males 49 o 0021--{) 0059 00036 27 o 0095-0 0206 00154 10 00032
(00151) (00031)._--o

'ThiS was oeterrnmeo by weighing the sample of partialiy fed bugs together. calCulating thei' mean weigll! and sutnractmq from trus the
mean unengorged weight FIgures In parentheses are volumes (m!) of deflb,.nated blood -rnbibed

\
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Table 2, Tests showing positive (+)or negallve (-) reverse
Iranscriplase acl"'ily tests in pools of five bedbugs or
mosquitoes

Interval after
infective mea!

Reverse transcnptase
activity

C. tectuletius

f

1 h
2h
311
4h
5h
6h

1-4 days
, h
2h
3h
1 h

2"
3h
4h
50
1 day

+.+,+.-
+.-
+.+
+.+

+ -

Ae. a<;gypl,

'Marginally positive

infectivity by RT assay on C lectularius, C. bemipterus
and Ae. aegypti formosus, respectively. Ao.;can be seen.
the virus survived for up to -4 h in C. lectularius, up
to 1 but possibly 2 11 in C bemipterus but remained
undetectable in Ae. aegypti fonnosus. Four attempts ,)
transmit HIV by interrupted feeding. using groups or C
lectularius, from a blood-virus mixture to uninfected
blood failed,

Discussion------------------------------------
Our results showing that full blood-meals taken by C.
Iectularius females were larger than those taken by
males are in accord with the results for Senegalese
C. bemipterus obtained by Yanovski and Ogston (10).
However, our colony of C. lectularius took much larger
volurr '<; of blood although the unfed bug weights
were ~... lnar.

Amplification of HIV through pr=sage in a permissive
cell line demonstrated 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 to include those
of insects killed at long intervals after an lnfectlv e IT -al
The possibility cannot, therefore. be excluded that HI\,
might have multiplied and reached the salivary gland"
in some or all of the insect species tested if longer
incubation period" had been allowed in the experiment".
However, this is thought to be unlikely '">ecause of the
requirement for the Tq receptor for viral attachment
It is considered that the most likelv mode of Insect
transmission of HI\' would be mechanical by interrupted
feeding without viral replication in the insect Hence our
experiments were designed to investigate this second
possibility.

It is unlikely that the RT activirv seen in our expert-
rnents was caused by an endogenous insect retrovirus a,
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insects Ied on uninfected blood gave uniformly negative
results even when the same amplification system was
employed Our results indicate that Ae. aegypti formosus
would not be able 10 act as a mechanical transmitter
since 110 short-term survival of virus wai.. demonstrated.
Mosquitoes as a whole can probably, therefore, be ex-
cluded as vectors of HI\', although other species lareer
than Ae. lli'&'11)fi,which take a correspondingly larger
blood-meal. still need to be evaluated. The failure of C
lectutarius to transmit the virus after interrupted 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 C. lectularius, would permit
bedbugs to transmit 1{I\' mechanically between humans
under natural conditions provided interrupted feeding
were to occur with a sufficiently large number of bugs
and the virus was sufftcientlv infectious. \X11ether the
former occurs naturally is unknown bUI HI\' is known to
have a low infectivity [i1,12]. Both species of bug appar-
ently occur in Central Africa wi.ere bedbugs might play
a role in HI\' transmission [13]. The shorter survival of
the virus in C bemipterus compared with C. lectularius
rnav be due to the smaller size of individuals of the
for;"er species, with their correspondingly smaller
blood-meal.

1here i~· .If'.>np =vidence that hepatitis B virus (HB\,)
is mecnar .. 'ally n ismltted by bedbugs [14] but not by
-nosqunoe [15J, and that bedbugs remain infected for
up to 7lf2 weeks [9,14} after an infective meal. Although
data on the levels of HI\' circulating in the bloodstream
of an AIDS patient are very scarce, it has been reponed
that there are only 104 panicles of HI\' per ml of infected
blood compared with 101~panicles ofHB\' in an indivld-
ual with chronic hepatitis 'B infection 112). This higher
concentration of HB\, must be pan of the reason why
HBY is much more infectious than HI\', The transmission
of HBVbut not HIV bv accidental needle-stick to a health
worker from a patient infected with both viruses demon-
strates the comparative infectlviry of the two vmrses [11],
Rift vallev fever virus has been mechanicallv transmitted
in the laboratory [16.1;), by mosquitoes 'Which were
allowed to engorge partially on vlraernic 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~PFF'ml,
which is also much higher than the level of HP: reponed
in AIDS patients. From these expert ':nt<;and tr")5e'of
the present study it seems unlikely that f- . transmitted
by insects. given the low Infectiviry of F,' ..nd the short
survival of the virus in bedbugs.
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