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The mechanical transmission of
hepatitis B virus by the common bedbug
(Cimex lectularius L.) in South Africa
P. G. JUPP,

S. E. McELLlGOTT,

G. LECATSAS

Summary
Tests for both hepatitis B surface antigen (HBsAg)
and hepatitis e antigen (HBeAg) were carried out on
wild-caught and laboratory-colonized bedbugs
(Cimex lectularius L.), the latter after hepatitis B
virus (HBV)-positive blood-meals. Positivity for both
antigens was interpreted as an indication of HBV
infectivity. Of 22 pools in which were tested 211
bugs collected in the northern Transvaal, 18 were
HBsAg-positive and 17 HBeAg-positive, with estimated 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 of 25 bugs being positive for HBsAg after
the first passage; only a small number of these were
positive for HBeAg. After the second passage all
bugs tested were HBsAg-negative, showing that the
virus had disappeared. Tests on the salivary glands
and carcass of each bug at intervals up to 31 days
after an infective meal showed a positivity rate of
98% (HBsAg) and 17% (HBeAg) for carcasses and
20% (HBsAg) 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 and HBeAg
together up to the 30th day. HBsAg particles were
only detected by electron microscopy in faeces
hal1lested on the 10th day. The results as a whole·
indicate that no biological mUltiplication of virus
occurs in C. lectularius but that mechanical transmission from inseCts to man could occur by: (i)
contamination of a person when crushing infective
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bugs; (ii) contamination from infected faeces; and
(iii) infection by bite due to regurgitation or interrupted feeding.
5 AI,

ed J 1983. 63: 77-81

tudie already reported from our laboratory have provided a
considerable amount of evidence to incriminatc thc common
bedbug, Cimex lecfIIluri/ls L., as a vectOr of human hcpatitis B
virus (H B\') in oUlh Africa. High positi"iry ratc for hepatiti B
surface antigen (H B,Ag) were shown in bug collected from hut\
located in thc northern Tran vaal. l In addition, thc rc,ult, of
laboratory experiments indicated that thc bug probably tran;mil infection mechanically between humans and that thc viru\
doe not multiply biologic"ally in the in cc!.2.3 ince that work
was carried OUl a radio-immunoas ay le t for hepatiti e antigen
(HBeAg) ha al 0 become available. Since data obtained for both
HBsAg and H BeAg on a specimen give a firmer indication that
it contain infectious HBV,45 further tudies were conducted
incorporating both type oftes!. We thought thi hould providc
stronger evidence a to whether biological or mechanical transmission occur. The re ult of this work are reported in this
paper.
Further batches of bug which had been collected in the field
at Louis Trichardt in the northern Transvaal and stored al
-20°C were chosen for testing becau e our previou work l had
shown that the highe t infection rate occurred in bugs collected
in village at this particular locality. We al 0 repeated our serial
pa sage of HBV in bug to see whether the viru disappeared
during pa sage, which would indicate a lack of multiplication.
Thi time we allowed a longer extrin ic incubation period of
about 60 days, which is within the range for the duralion of HBV
incubation in the human host, 0 as to givc the maximum opportunity for viral multiplication to occur. Furthermore, we tested
both thc alivary gland and the remainder of each in ect at
interval after an infeclive meal to ascertain whether the viru
could be replicating in the e gland a in Ihe ca e of an arboviru,.
Laslly we collecled and te Icd faece from bugs after an infectivc
feed to inve tigate whether viru was excreted in them making
them a source of infection.
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Material and methods
Field collection of bugs
Bedbug were collected from huts in three villages near Louis
Trichardt in the northern Transvaal. 1 They were captured alive,
killed shortly afterwards by freezing and kept at -20 o e except
during tran portation from Pietersburg to Johannesburg when
they were held at 4°C. Before the bugs were processed for virus
a say they were identified and separated into pools, usually of 10
insects, according to their stage of development (nymph or
adult), their sex in the ca e of adults, and their state of engorgement. The infection rates per I 000 bugs were estimated statistically. 6

Bedbug colony
Bugs from the colony described previously2 were used for all
the laboratory experiments.

Bedbug feeding
For all infective meals bug were fed through a membrane on
defibrinated blood drawn from one particular donor on the day
of the feed. The membrane feeding was done a de cribed
before 2 and the bug were then kept in an insectary where the
temperature wa 25 - 26°e and the relative humidity 75 - 80%.

Virological techniques
Donor blood. On the day of each infective feed a erum
specimen wa also obtained from the donor, upon which several
tests were done to confirm that he remained a highly infectiou
HBV carrier. Each pecimen was tested for HB Ag, HBeAg and
antibody to HBeAg by radio-immunoa ay (RIA) (Ausria Il,
procedure Band Abbott-HBeTM, Abbott Laboratorie ) and the
re ult were interpreted according to the manufacturer's in tructions. In addition, the level of hepatiti BD A polymera e was
determined. 7
Bugs and their salivary glands. In laboratory experiments
bugs were killed for antigen assay at varying intervals after the
infective blood-meal by placing them in a -70 o e freezer,
where they were stored until processed. Bugs from either the
field or the laboratory were ground in bovine pho phate albumin
(BPA) (volume 1,0 ml for pools of ID nymphs or adults from the
field and 1,0 ml for single 5th-instar nymphs or adults from the
laboratory 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 alivary glands were
removed from each adult bug; these were processed and tested
separately from the remainder of the in ect (the carcass), which
was treated in the same way as an intact adult bug. Both salivary
glands were carefully removed from each bug in a drop of BPA
under a dissecting microscope; one gland was tested by RIA for
HBsAg while the other wa either tested for HBeAg by RIA or
examined under the electron microscope. For RIA a alivary
gland was placed in 0,2 ml BPA in a gla
torage vial and
macerated u ing fine forcep under the microscope, after which
it was centrifuged at I 500 rpm for 5 minutes and tored at
-Looe until tested. For electron microscopy a gland was placed
on a glas slide in a drop of anti-HBsAg-positive serum diluted
I: IQ with sterile water and allowed to dry (the object of the
anti-HBsAg serum is to agglutinate any viral panicles, thus
increasing the chance 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 grid examined in a
Philips electron micro cope operated at 80 kV.
Bug faeces. Faeces harvested from infected bugs were tested
by RIA for HBsAG and HBeAg. The bugs were kept in cannisters containing two pieces of filter paper upon which they rested
and defaecated. Filter papers were removed at intervals after the
infective feed (see Table IV) and replaced with fresh papers. In
experiments 7 and 8, faece on each paper were extracted with
0,03 m phosphate buffer, pH 7,0, at 4°C. The extract were
lyophilized, dissolved in BP A and tested by RIA. In experiment
9 the faece were extracted with sterile water instead of buffer.
Se\·eral extract were prepared from each paper, some of which
were rehydrated in 0,5 ml aliquots of BPA and tested by RIA
while other were placed on a glass slide, rehydrated in terile
water and allowed to dry before being examined for paniC?les of
HBV by negative-contrast electron microscopy as already
described.
Serial passage experiment. The main purpose of one
experiment ( 0.7) was to passage HBV in bugs. This wa done
in essentially the same manner as the earlier passage experiment.} Fourth-instar nymph were fed on blood from the carrier
donor ( ee Table II). On the 27th day after this feed when the
bugs had moulted to 5th-instar nymphs 3 bugs were killed,
tored in a -70 o e freezer and sub equently tested ingly for
HB Ag and HBeAg. On the 63rd day 427 bugs were killed and
stored bur another 25 were kept alive until the 64th-69th day,
when they were tested for HB Ag 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 econd
serial blood-meal, a ample of which was tested for HB Ag. On
the 9th day 4 of these bug , now 5th-in tars, were killed and on_
the 57th day another 15. All were then tested for HBsAg. The
result for RIA of HB Ag and HBeAg were expressed a PI
value, i.e. the number of 125 1 counts for the sample divided by
the number of count for the negative control.

Results
Infectivity of field-collected bugs
The proportion of the pools of unengorged and engorged
bugs, adults or nymphs, po itive for each antigen are shown in
Table I. A can be seen, most or all pool were po itive, with a
total of 18 out of 22 positive for HBsAg and 17 out of 22 for
HBeAg. The infection rate for HBsAg wa 156,711 000 and that
for HBeAg 137,7/1000, which is extremely high.

Serial passage of HBV in bugs
Table Il give the result of thi experiment. After the first
passage only 19 our of 25 insects were HBsAg-positive. Of these
19 not all were HBeAg-positive, and bugs with the lower PIN
. values for HBsAg were negative for HBeAg. After a second
pas age, al 0 with long incubation, the bugs were all HBsAgnegative, indicating the complete di appearance of HBV.

Infectivity of adult bugs and their salivary
glands
The proportion of bug carcasses and their corresponding salivary glands positive for HBsAg and HBeAg in batches of bugs
killed at intervals up to 31 days after the infective meal is shown
in Table Ill. In the case of three groups of these insects one
salivary gland of the pair was used for electron microscopy
instead of RIA for HBeAg, but no virus particles were detected
in the slides examined representing 31 insects. All except I
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TABLE I. RESULTS OF HBsAg AND HBeAg TESTS ON BEDBUGS COLLECTED AT MODENA
VILLAGE IN THE LOUIS TRICHARDT AREA, NORTHERN TRANSVAAL
No. of bugs
collected

No. of
pools

HBsAg-pos.t
(No. of pools)

HBeAg-pos.;
(No. of pools)

64
36
29
82
211

7
4
3
8
22

5
4
3
6
18

5
4
3
5
17

Unengorged adult"
Engorged adult
Unengorged nymph
Engorged nymph
Total

'Male and female adult bugs were testea In separate pools but the two sexes gave slmllar results
tlnfecrion rate 156.7/1000 bugs. estimated statistically (94 and 245 bugs from two other villages. La Juma and Kranspoort
respectively. were negative for both antiqens).
:lntecrlon rate 137.7/1000.

TABLE 11. SERIAL PASSAGE OF HBV IN BEDBUGS'
Passage level
PIN value of blood-meals
Days af1er meal

1st passage
77,9t

27
84,2 (2,9)
27,2 (3,4)
1,3t (0,9)

PIN values
(individual bugs)

34,6
32,9
17,4
14,9
14,5
12,9
12,4
9,8
8,1
7,4
6,8
6,3
6,1

2nd passage (day 63)
30,5

57

64-69
5,4
4,1 (1,1t)
3,6 (1,2;)
(2,6) 2,9
2,3
(1,5t) 2,3
(3,7) 2,0t(1,2;)
(1,7;) 1,4;
(1,7t) 1,4t
1,4;
(1,4;) 1,3;
1,3

1,1 -1,4t
(15 bugs)

·F/N values by AlA for HBsAg and HbeAg (In parentheses) In blood-meals and bedbug samples (expenment 7).
+Oonor blood had the following other characteristics: HBeAg PIN = 13.5: anti-HBeAg-negatlve: hepatitis B DNA polymerase = O. 19 x 10 I pmol h/ml

t~ebci~~~~n~;N values.

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
infective
meal"

14
15
21
22
30
31
Total

No. of bugs HBsAg-pos.
Salivary
gland
Carcass

No. of bugs HBeAg-pos.
Salivary
gland
Carcass

10/10
10/10
10/10
13/13
10/11
10/10
63/64 (98%)

2/10
6/10
1/10
0/13
1/11
1/10
11/64 (17%)

3/10
4/10
1/10
5/13
0/11
0110
13/64 (20%)

• Donor blood had the following characteristics: HBsAg PIN
NO:;;; not done.

= 76.0: HBeAg

carcass were HBsAg-posirive and 17% were HBeAg-posirive.
AlrhQugh 20% ofrhe salivary glands were HBsAg-posirive, none
was HBeAg-posirive.

Infectivity of bug faeces
The results of rests on the bug faeces are given in Table IV.
The insects conrinued to excrete HBsAg up to the 42nd day afrer
the infecrive blood-meal (experiment 9) and borh antigens
rogether up to rhe 30rh day (experiment 7). This result ofexperiment 7 means that the faeces could have remained posirive for
both antigens for up ro 27 days afrer defaecarion in rhe insecrary
ar 26°C and 75% relative humidity. Orher faeces harvesred in
experiment 9 bur nor included in Table IV were deliberately

PIN

0/10
ND
0/10
ND
0/11
ND
0/31

= 16.5: hepatitis B DNA polymerase = 4.4 x

Electron
microscopy of
salivary gland
N/D
0/10
ND
0/13
ND
0/10
0/33
10' pmol/h/ml

stored in the insecrary after harvesring, and rhe e remained
HBsAg-posirive for ar leasr 40 days but HBeAg-posirive for only
4 - 6 days afrer defaecarion. Arremprs to visualize HBV panicles
wirh rhe elecrron microscope in faeces deposired in experiment 9
were negarive excepr on day 10, when a small 22 nm HBsAg
panicle was derecred (Fig. I).

Discussion
All rhe studies so far reponed on rhe infecrion of bedbugs (borh
rhe common C. leclUlarills 1' 3 .8 and rhe rropical bedbug C.
9 11
hemiplerlls - ) with HBV have relied entirely on resrs for rhe
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TABLE IV. TESTS FOR HBsAg and HBeAg AND ATIEMPTED VISUALIZATION OF RELATED PARTICLES IN BUG
FAECES STORED AT -70°C ON HARVESTING AFTER INFECTIVE FEEDS IN THREE EXPERIMENTS

Experiment
No.

Bug
instar

No. of bugs
giving
faeces

7

5th instars
5th instars
Adults
Adults
Adults

500
500
283
40
c.80

8"

9

Days
after
infective
meal
30
64
10
15
6
10
15-38t
42

49
"Donor blood In experiment 8 had the following characterlstlcs. HBsAg PIN
x 10 I pmol/h/ml.
tOn day 32 bugs were fefed on uninfectect blood.
NO = not done; - = positive: -::::: negative.

HBsAg

+

HBeAg

+
NO

+
+
+
+
T

+
+
+

Electron
microscopy
NO
NO
NO
NO
HBsAg
NO
NO

66.5. HBeAg PIN::::: 20.1. antl-HBeAg-negatlve: and hepatitis B DNA polymerase = 1.53

Fig. 1. Spherical 22 nm particles from bedbug faeces negatively
stained with phosphotungstic acid at pH 6,0 (x 180000).

presence of HBsAg as an indication of infectivity and probable
presence ofHBV. However, a low HBsAg tine in human serum
is usually considered ro indicate low infectivity and absence of
HBV.12 Because of this the presenr series of studies was carried
out, using tests for both HBsAg and HBeAg because the presence of both these anrigens, with HBsAg in high titre, indicates
infectious HBV. 4.5. 12 In this way it has been possible for us ro
reach a firmer conclusion as ro the mechanical nature of the
transmission of HBV by bugs. The overall evidence from the
present experiments taken together with the result of the previous transmission experiments in our laboratory2suggests that
only mechanical transmission occurs between bugs and man and
that it can occur in several ways.
The lengthy extrinsic incubation period allowed for bugs in
the serial passage ofHBV lead to its disappearance in some bugs
after one passage and in all bugs after the second passage. This
is in contrast to our previous experiment,3 when HBsAg disappeared from the bugs only after three short passages. A longer
viral incubation period of the duration which may occur in man 13
therefore failed ro enable biological replication of the virus ro
occur in the insects.
The high positivity rate for both HBsAg and HBeAg determined in the wild-caught bugs from Louis Trichardt indicates
that such bugs would probably release highly infectious material
if they were crushed by a person. Human infection could probably result by this method through the contamination of skin

lesions or mucosal surfaces. The presence of both antigens was
also shown in the carcasses of laborarory-infected bugs (Table
Ill), although HBeAg was present only in 17% of the sample.
The presence of HBsAg in 20% of the salivary glands of the
laboratory infected bugs (Table Ill) but the complete absence of
HBeAg 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 presenr in sufficient
quanrity ro be visualized under the electron microscope. Nothing
was detected, so virus particles - perhaps only the 22 nm
particles - must have occurred at concentrations below 106/m!.
Taylor and l\10rrison 14 showed that faeces from C. leClularius
remained HBsAg-positive for up to 35 days after an infective
feed. In our experimenrs we detected both HBsAg and HBeAg in
such faeces at inrervals up to the 30th day after the feed, i.e. up ro
23 days after defaecation. Hence it appears that bug faeces
conrain HBV and that they could serve as a means of spreading
HBV to man by conramination, as suggested by Ogsron and
London, 15 who showed that HBsAg was excreted in the faeces of
C. hemiprerus. Infection of a susceptible person by means of the
faeces could occur by scratching of skin lesions or mucosal
surfaces or by inhalation of faecal dust. Our results as a whole
indicate that the amounr of virus excreted in the faeces decreases
with time; since HBsAg particles were detected by electron
microscopy in faeces collected on the 10th day after the infective
meal, it would appear that the maximum level of HBV was
reached at that time with more than 10 6 particles per millilitre
presenr.
In conclusion, the results ofour study indicate that no biological multiplication of HBV occurs in C. leClulan·us and that
transmission from insects to man is enrirely mechanical, taking
place by three probable routes: (i) conramination of a person who
crushes infective bugs; (ii) conramination from infected faeces,
especially by scratching of bites; and (iii) infection by bite, in
which infective material is probably regurgitated from the gut or
because of interru pted feeding. Regurgitation has been observed
in Rhodnius prolixus 16 and probably occurs in bedbugs. Interrupted feeding has been observed in C. lecrularius, I; and it is
likely that a bug might start ro feed on one person but complete
its meal on a second person sleeping nearby.
We wish to thank Mr L. A. S. van Wyk, formerly of the Pietersburg office of the State Health Department, for arranging the bedbug collections, Mr. G. M. T. Moerdykofthe South African Bureau
of Standards for supplying bedbugs, and Professor O. W. Prozesky
ofthe 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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News and Comment/Nuus en Kommentaar
Avoidance of domestic allergens for
asthmatics
Do asthmatics allergic to domestic allergens derive any longterm benefit by avoidance of the more important allergens? A
recent British report by Platts-Mills el al. (Lancer 1982; ii, 675)
suggests that avoidance of allergens not only may result in
clinical remission but in many cases may also reduce bronchial
hyper-reaetivity.
They studied 9 asthmatic patients who had been shown re be
allergic to dust mites and who were willing re use a hospital room
as their bedroomllivingroom for a prolonged period. All 9
patients had had asthma for more than a year and all required
continuous medical treatment, while 5 of them had presented as
emergencies. The patients remained in hospital for 2 months or
more, and in all cases symptoms and the early morning peak flow
rate improved. Seven patients needed much less treatment, and 5
showed a pronounced reduction in bronchial reactivity to
histamine.

Amplified music and deafness
A large number of older citizens are not only puzzled but are at
times resentful at the volume of noise which appears essential to
the welfare of the younger generation. Various papers have
appeared, purporting to show that substantial numbers of the
young will go deaf as a result of listening to amplified music in
discos and places where they dance. Envy and prejudice may of
course play a part in biasing some of the findings.
However, according to Carter er al. (Med] AUSl 1982; 2: 125)
there is little solid evidence that the hearing of young people is
endangered. This group, from the National Acoustic
Laboratories in Sydney, studied the hearing of a total of 944
young Australians aged 16 - 20 years, including university
students, office workers, and trades apprentices exposed to both
occupational and recreational noise. Each subject was
interviewed and given a comprehensive ear, nose and throat

examination, pure-tone air-conduction audiometry and electroacoustic impedance testing. The data provide very limited
support for the view that young people under the age of 21 years
are suffering or have suffered hearing loss as a result of exposure
to loud music. They point out, of course, that maybe measurable
noise damage is just around the corner for some youngsters,
whose rate of attendance in a noisy environment is high. The
mean noise emission for the highest attendance category was
calculated to be 96,4 dB or the equivalent of 4 years' exposure to a
daily noise dose of 1,0. To have incurred this amount of noise
exposure before the age of 21 from one source alone is quite an
achievement. Nevertheless, exposure to music is intermittent
and does not appear so far to have done any damage.

Die gevaar van die mini-bottel
'n Onlangse bedreiging vir die voorspoed van suigelinge in die
Duitssprekende wereld het volgens twee onlangse artikels in
Duitsland sowel as Switserland groet bekommernis gewek. Die
eerste artikel was deur Sprockhoff (Dlsch AerZlebl 1982; 79: 32)
wat 'n nuwe kindersiekte, die mini-bottelsindroom beskryf het.
Hierdie bababonel-sindroom is meer onlangs deur Kabus van
L us ern (Schweiz Aerzlezeilllng 1982; 63: 1945) bespreek en sy
beskouinge word deur die Switser e Vereniging van Pediaters
onderskryf.
Wat gebeur, is dat die kommersieIe onderneminge die gebruik
van 'n mini-bottel wat versoete tee in verskillende vermomminge
bevat, bevorder. Hierdie bottel word blykbaar om die baba se
nek gehang sodat dit te eniger tyd wanneer die baba onrustig is,
beskikbaar is. Die bonel word veral snags aan die baba gegee om
na willekeur aan te suig vir so lank soos hy wil. Dit nee m nie lank
om die suigeling s6 te kondisioneer dat hy baie gou hierdie nuwe
en gevaarlike speelding luidkeels sal vereis nie - gevaarlik
omdat dit nie net 'n gevaar van oorhidrasie inhou nie, maar ook
van oorgewig te wyte aan die suikerinhoud. 'n Toereikende
waterinname vir suigelinge is maklik genoeg om te verseker
sonder om van hierdie nuwe uitvindsel gebruik te maak wat in elk
geval net dien om die winste van die vervaardigers te verhoog.

