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Discussion

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
oviposi~onbefore the second feed. .

The antigen positivity rates for both bedbugs and ticks on
the day of transmission anempts are given in Table I. These
rates were very high for both HBsAg and HBeAg in the ticks,
while HBsAg positivity varied from 53% to 85% in bedbugs
and no HBeAg was detected. No arthropods in samples of
6 - 10 individuals that had not taken infective meals were
found positive for HBsAg in each experiment and 4 aliquots of
BPA were also HBsAg-negative. In experiment 3, a sample 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 HBeAg.

Although the 3 recipient chimpanzees were monitored for
almost a year after the transmission anempts, there was no
indication of infection by HBV as measured by serological
tests and liver function tests.

In the light of this, we decided to confirm the presence of
viable virus 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
intravenously into chimpanzee No. 1296. Similarly, 0,1 mlof
serum from each of the carrier chimpanzees, No. 1164 and
No. 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, HBsAg disappeared by weeks
9 and 8 in chimpanzees No. 72 and No. 73, respectively,
followed by conversion to anti-HBs-positive and anti-HBc­
positive status. ALT values 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,
developed elevated serum ALT values during week 10 and has
continued to be strongly HBsAg positive, with markedly ele­
vated results of liver function tests for over 2 years.

The direct inoculation of sera corresponding to those of the
original infective blood meals into the still susceptible recipient
chimpanzees clearly produced HBV infection in all 3 of these
animals. Thus it was confirmed that the blood meals were
infectious and contained viable HBV. It must therefore be
concluded that adult C. lecrularius and adult O. moubara 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.

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 HBV-negative
(negative for HBsAg, anti-HBs 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.
Un.til 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-HBc by solid phase radio-immuno­
assay (RIA) (AUSRIA 11, HB" AUSAB, HB, and CORAB;
Abbon, 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-HBe. The donor chimpanzees were
bled and a liver biopsy taken just before they were exposed to
arthropods (experiments 2 and 3) so that tests could be done
to confirm that they were still HBV carriers and probably
highly infectious. Serological RIA tests already mentioned
(exceptanti-HBe) and tests for the HBV DNA and HBV
DNA polymerase were performed. The laner was done as
described previously.15 The serum levels of three enzymes
were determined in liver function tests: alanine aminotrans­
ferase (ALT), 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 9 months. The same three
liver function tests were done but only tests for HBsAg, an~i­
HBs 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 HBeAg. Samples of arthropods which had
not engorged on an infecting meal and samples of the BPA
were also tested individually as 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 rates were high (88% and 92%) at the first

Arthropods
The arthropods were reared in an insectary at the National

Institute for Virology in Johannesburg. Newly moulted C.
lecrularius 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.
lecrularius, which had already taken an infective blood meal
(experiment 1). The bedbugs originated from a laboratory
colony described previouslylO and were maintained· in plastic
tubes, 6 cm high;md 4,5 cm in diameter, closed with organdie
mesh. The tampan ticks used were the F I generation of an
HBV-free and Borrelia durrpni-free colony established from
ticks collected at Rundu, Kavango region, Namibia. Ticks
were maintained in fme sand inside the same kind 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 - 27°C, relative humidity
at 75 - 80% and the illumination regimen was 12 hours1ight:-
12 hours darkness. . .

Materials and methods

Three transmission experiments were conducted using 3 HBV- .
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 lOth 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.lO 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 HBV-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
ticks to moult and some of the adults to oviposit.

whether HBV could be transmined to chimpanzees and so
cause hepatitis B infection in recipient animals.
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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 HBeAg in the common bedbug (Cimex
lecrularius L.) in South. Africa,s,8 the tropical bedbug (Cimex
hemipterus [FabrJ) in West Africa,6,9 and the tampan tick
(Ornithodoros moubata [MurrayJ) in Namibia.7 Laboratory
vector experiments provided further evidence that these arthro­
pods could be capable of transmining the viruS.8,lo-I2 Among
such in vitro experiments HBsAg was transmined by bite from
infected to uninfected blood by C. lecrularius and O. moubata,
although other experiments suggested two additional potential
routes for mechanical transmission.8,ll 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.

Bedbugs (Cimex lectularius L.) were fed on an infective
blood-hepatitis B virus (HBV) mixture. Further bedbugs and
tampan ticks (Ornithodoros moubata [MurrayJ) were fed on
HBV-carrier chimpanzees. After a 10 - 13 day interval for
oviposition, tests done on samples of individual arthropods
showed that 53 - 85% of the bugs were HBsAg-positive and
none HBeAg-positive, while 100% of the ticks were HBsAg­
positive and 88% HBeAg-positive. 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 the 3 still susceptible
chimpanzees. HBV infections quickly followed in each animal.
It is concluded that, while mechanical transmission of HBV is
most unlikely after a 10 - 13-day interval between feedings in
bedbugs and tampans, it is still possible that mechanical
transmission between humans might occur during interrupted
feeds.

Summary
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*Human and chimpanzee donors were positive for HBsAg, HBeAg, Anti-HBc, HBV-DNA and HBV-DNA polymerase activity and negative for
anti-HBs and anti·HBe. Both chimpanzees had elevated levels of serum ALT. iCD and GGTP.

tAn equal number of adult male and female bugs but only adult female ticks were tested.

No. arthropods tested
HBsAg+ HBeAg+

16/30 (53%)t 0/16
13/20 (65%) 0/13
17/20 (85%) 0/17
40/40 (100%) 28/32 (88%)13

10
10

Ticks

Arthropod

Bedbugs
Bedbugs

Infective
bloodmeal*

Human
Chimpanzees

Chimpanzees3

Exp.
No.

1
2

TABLE I. TESTS FOR HBsAg AND HBeAg IN ARTHROPODS ON DAY OF TRANSMISSION ATTEMPT

Days after
infective

meal

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 paraftlm ~as used
for membranes. lo 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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With bedbugs, however, it is still possible that mechanical
transmission between humans could occur 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 REV carrier and
the completion of the blood meal on a susceptible person.
Although there is some evidence that interrupted feeding may
occur in C. leetularius in the laboratory,16 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 anempted by interrupted feeding of
mosquitoes on chimpanzees. 17 Two anempts to transmit virus
by 100 Aedes aegypri 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
pans of C. leetularius would not inactivate the virus present,
whereas this would occur in mosquitoes as suggested by
Berquist er alY In the case of O. moubara it is unlikely that
interrupted feeding would occur because once a tick has
anached 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.8,13 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 HBV among
blacks with viral hepatitis admined to Johannesburg hospitals,18
and among residents of Kangwane (South Africa) and Ovam­
boland (Namibia),z,19showed a rise in the HBsAg and HBeAg
positivity between the age of 2 years and 4 years accompanied
by a fall in anti-HBs 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
sctatches and cuts incurred during rough play.
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