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Kaeng Khoi virus was recoveredfrom bedbugs (Stricticimex parvus and Cimex insuetus)
andfrom suckling wrinkle-lipped bats (Tadarida plicata) collected in central Thailand. The
data implicate bedbugs as possible vectors of this virus.

At its meeting in 1966, a WHO Scientific Group
on Arboviruses and Human Disease (1) indicated a
need for further studies of " viruses originally iso-
lated from bats or rodents and included tentatively
among the arboviruses (that) have not yet been
shown to be transmitted by an arthropod vector ".
In view of this recommendation, field investigations
were undertaken to delineate aspects of the natural
transmission cycle of Kaeng Khoi (KK) virus recov-
ered from insectivorous bats in Thailand. This virus
is at present classified as a possible arbovirus in the
Bunyamwera supergroup (2). In addition to the
problems it poses for arbovirus classification, KK
virus is of potential public health concern, as
Neill (2) has reported finding neutralizing antibody
in the sera of Thai people who work in bat caves.
Such caves characteristically harbour numerous
haemophagous arthropods, among which bedbugs
are the most conspicuous. The bedbugs, which
attack humans ferociously, were included in our
investigations because many Thai people expressed
the belief that bedbug bites cause an illness in
persons entering bat caves for the first time.
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STUDY LOCATIONS

Work was done in two caves with immense popu-
lations of the insectivorous, free-tailed, wrinkle-
lipped bat Tadarida plicata (Buchannan). One of the
caves, at Khao Wong Kot (longitude 100033' E,
latitude 1502' N), Ban Mi, Lopburi Province, Thai-
land, was on land belonging to a Buddhist temple,
and access to it was limited by the abbot in the
Buddhist tradition of protecting wildlife. In effect,
the influence of human activities on the natural cycle
of virus transmission was minimal within the cave.
In addition to T. plicata, a few rousette fruit bats
(Rousettus amplexicaudatus (Geoff.)) were found
there. The other site studied was the cave where KK
virus was first discovered by Neill (2), on the moun-
tain Khao Lom Phat (longitude 101°8' E, latitude
14035' N), Kaeng Khoi District, Saraburi Province.
Although the cave could be reached only after a
rigorous climb, people temporarily resided within it
much of the year to collect bat guano. In addition to
T. plicata, the bat population of this cave included
substantial numbers of tomb bats (Taphozous theo-
baldi Dobson and a few Taphozous melanopogon
Temminck).

MATERIALS AND METHODS

Ectoparasites were collected from rock walls or
boulders within the caves with forceps (ticks) or
camel-hair brush (bedbugs), secured in sealed vials,
and frozen on dry ice for transit. In the laboratory,
ectoparasites were thawed and pooled for processing
on a cold table using a microscope at 40 x magnifi-
cation. Bedbug pools were triturated in 1.5 ml of
diluent (M-199 a containing 5% fetal calf serum in-

a Tissue culture medium 199 (Difco Laboratories, Detroit,
MI 48232, USA).
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activated at 56°C for 30 minutes, pH 8.3) using
sterile, chilled mortars and pestles, and then centri-
fuged at 2000 g for 10 minutes at 4°C. The super-
natant fluid was inoculated intracerebrally into
suckling white laboratory mice (0.02 ml/mouse).a
Brains of mice that died were extracted with needle
and syringe, triturated in 3 ml of diluent, centrifuged
and inoculated into LLC-MK2 (rhesus monkey
kidney) cell cultures using sterile techniques
throughout. Virus recovered in cell cultures exhibit-
ing a cytopathic effect was identified using neutrali-
zation tests with constant concentration of immune
rabbit serum prepared against the prototype strain
S-19-B of KK virus and varying doses of the virus
under test. Reisolation of virus was attempted from
original suspensions and was successful in most
cases.

Species composition for bedbug collections was
ascertained according to Ueshima (3) from samples
preserved in 70% alcohol. Identification was a
tedious process and could not be accomplished for
some immature specimens.

Suckling wrinkle-lipped bats (T. plicata) that had
fallen from the ceiling and upper reaches of the cave
walls, including a considerable number of weak
individuals in various stages of starvation, were
collected, placed in plastic bags and euthanatized on
dry ice for transit. In the laboratory, suckling bats
were thawed a few at a time and disinfected. Then,
for each bat, the brown fat on the back, when
present, was removed and pooled with a piece of the
liver. These tissue pools were ground in chilled
mortars with 2 ml of diluent and centrifuged at
1400 g for 15 minutes at 4°C. The supernatant fluid
was inoculated intracerebrally into suckling mice
(0.02 ml/mouse). Subsequent passage of isolates to
cell cultures and identification by neutralization with
S-19-B specific rabbit sera were accomplished as
described above for bedbugs.

Adult bats were captured at evening exodus using
a mist net placed across a portion of the cave
entrance. Soon thereafter, bats were exsanguinated
by cardiac puncture with needle and syringe, during
which each blood sample was mixed in the syringe
with an equal volume of the M-199 diluent referred
to above. The sera, obtained by centrifugation and
frozen on dry ice during transit, were diluted to

a In conducting the research described in this report, the
investigators adhered to the Guide for laboratory animal
facilities and care (now known as the Guide for the care and
use of laboratory animals) issued by the Institute of Labo-
ratory Animal Resources, National Academy of Sciences-
National Research Council, USA.

1: 10 and 1: 50 in the laboratory for plaque-reduc-
tion neutralization tests in replicate LLC-MK2 cell
cultures using the technique of Russell et al. (4).
Rates of pregnancy were determined through autop-
sy of bats.

RESULTS

Four isolations of KK virus were obtained from
bedbugs collected at Khao Wong Kot on 4 April
1970, while 18 isolations of the virus were made
from bedbugs collected at Khao Lom Phat on 13
April 1971 (Table 1). In processing the 1970 collec-
tion of bedbugs, no attempt was made to separate
engorged from nonengorged individuals for the iso-
lation attempts. The possibility therefore exists that
the virus recovered from bedbug pools was in reality
derived from infected bat blood. However, no virus
isolations were obtained from the 350 engorged bat
ticks (Ornithodorus hermsi) that were collected along
with the bedbugs. In the 1971 collection of bedbugs,
engorged and nonengorged bedbugs were segregated
for virus isolation attempts, and KK virus was
recovered at approximately equal frequencies from
both groups (Table 1).
The rate of virus infection in bedbugs was at least

0.4% in 1970 compared to 0.9% in 1971 (calcula-
tions based on one infected individual per positive
pool). One obvious difference in conditions when the
two collections were made was in the presence of
baby bats, which were not noticed in the cave at
Khao Wong Kot in 1970, although some may have
been present, while suckling bats were seen in large
numbers within the cave at Khao Lom Phat in 1971,
including many that had fallen to the ground. Six
isolations of KK virus were made from the suckling
bats collected in 1971 (Table 1), indicating a 2.4%
infection rate, more than double that for the bed-
bugs collected with them. It is noteworthy that 8-10
men were mining guano in the cave at Khao Lom
Phat when collections were made.

In serological studies (Table 2), >500% plaque
reduction at the 1: 10 serum dilution was considered
as evidence of some virus neutralizing antibody,
while > 50% plaque reduction at the 1: 50 serum
dilution indicated neutralizing antibody of at least
moderate titre. Some sera of T. plicata gave > 500%
plaque reduction at a 1: 800 dilution (highest
tested), and a few sera of the tomb bat Taphozous
theobaldi were likewise positive at a 1: 100 dilution.
At Khao Wong Kot, 62-78% of adult T. plicata

showed evidence of some neutralizing antibody in
their sera (Table 2). Antibody prevalence was lowest
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Table 1. Isolations of KK virus from arthropods and bats in central Thailand

Location and date Specimens tested Number Number Pools Pools %
tested per pool tested positive infected a

Cave at Khao Wong Kot, Ban Mi, Bedbugs (Stricticimex parvus; 1 000 50 20 4 (20 %) 0.4
Lopburi Province, 4 April 1970 29 % engorged)

Bat ticks (Ornithodorus hermsi, 325 5 65 0 0.0
100 % engorged)

Cave at Khao Lom Phat, Kaeng Khoi Bedbugs (85 % S. parvus,
District, Saraburi Province, 15 % Cimex insuetus)
13 April 1971

Engorged 1 650 50 33 13 (39 %) 0.8

Nonengorged 450 50 9 5 (56 %) 1.1

Total 2100 50 42 18 (43%) 0.9

Suckling wrinkle-lipped bats 250 1 250 6 (2.4 %) 2.4
(Tadarida plicata)

a Calculation based on one infected individual per positive pool.

in March and April, when pregnant bats were bats (Taphozous theobaldi) also possessed KK virus
abundant. Nevertheless, 58-68% of pregnant bats neutralizing antibody (Table 2).
showed evidence of neutralizing antibody in their
sera, with 13-32% positive at the 1 : 50 serum DISCUSSION
dilution. The prevalence of neutralizing antibody
increased progressively from April to October, as the According to the criteria of a WHO Scientific
young of the year entered the flying population. Group on Arboviruses and Human Disease (1), cur-
At Khao Lom Phat, a substantial number of tomb rent evidence showing KK virus infection in wild-

Table 2. KK virus neutralizing antibody in bats

Bat sera tested % positive a at serum dilution
Species, location,

and date
male female

male female both male female both

Tadarida plicata
captured at Khao Wong Kot:

4 April 1970 14 46 57 65 63 14 22 20

2 July 1970 42 28 79 75 77 26 29 27

15 October 1970 46 17 72 94 78 37 76 48

4 March 1971 42 23 64 56 62 38 26 34

pregnant bats b

4 April 1970 24 58 13

4 March 1971 19 68 32

Taphozous theobaldi
captured at Khao Lom Phat:

10 February 1970
1 April 1970 48 27 46 30 40 38 26 33

a Average plaque reduction in LLC-MK2 cell cultures > 50 %.
b Pregnant bats were not collected on 2 July or 15 October 1970.
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caught, unblooded bedbugs and an association of
the bedbugs with infected bats strongly implicates
these insects as possible vectors of the virus. The
data are most suggestive for the bedbug Stricticimex
parvus, whereas Cimex insuetus represented only
15% of all the bedbugs collected from one cave.
Definitive laboratory studies will be required to test
the abilities of these species to acquire and to
transmit KK virus infections by bite, in order to
establish whether or not either bedbug functions as a
true biological vector or even if transmission by
merely mechanical means can occur.
Although some suckling bats were infected with

KK virus, it was not established that such individ-
uals were suffering from disease. As up to 68 % of
pregnant bats exhibited some neutralizing antibody
in their sera, maternal antibody may play a part in
protecting young bats from disease or even from
infection for some time after birth. The possibility
also exists that KK virus is a nonlethal agent for

wrinkle-lipped bats. In any case, the serological data
indicate that many young bats acquiied KK virus
infections and survived, resulting in a progressively
increased incidence of antibody in flying bats from
April to October. Indeed, infected young bats may
function as amplifying hosts for KK virus, since
bedbugs collected after baby bats were born had
more than twice the rate of virus infection found in
bedbugs collected before young bats appeared.

Evidence for human infection with KK virus, at
least when man ventures into bat caves (2), makes
further investigations desirable from the public
health viewpoint. In undertaking such studies, it
should be borne in mind that KK virus might be
transmitted by mechanisms in addition to, or other
than, bedbugs. As the virus occurs in enclosed,
constantly warm and humid tropical cave environ-
ments, transmission via aerosols, saliva, urine,
faeces, or by other mechanical and biological vectors
remains a possibility that requires examination.
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RlJSUMI

VIRUS KAENG KHOI PROVENANT DE PUNAISES DES LITS (CIMICIDE'S) NATURELLEMENT INFECTEES
ET DE CHAUVES-SOURIS TADARIDA PLICATA NON ADULTES

Le virus Kaeng Khoi (KK), classe comme un possible
arbovirus dans le super-groupe Bunyamwera, se rencontre
dans le centre de la Thailande oui il infecte les chauves-
souris insectivores. Bien que des vecteurs n'aient pas et
determin6s avec certitude, les chauves-souris infectees de
virus KK habitent des cavernes hebergeant de nombreux
arthropodes hematophages, y compris des punaises des
lits qui se nourrissent principalement sur les chauves-
souris mais piquent volontiers les personnes qui penetrent
dans les grottes. Une proportion importante des sujets
qui y travaillent a recueillir le guano poss'edent un anti-
corps specifique du virus KK et estiment que la piqure
des punaises provoque une maladie caracterisee par une

fievre elevee, un malaise et des douleurs articulaires
marquees. On a donc entrepris des recherches pour
determiner s'il existait un cycle de transmission entre les
chauves-souris et les punaises, cycle dans lequel l'homme
pourrait etre accidentellement implique, ce qui entralnerait
chez lui une maladie.
Des specimens ont ete recueillis dans deux cavernes

qui hebergent d'immenses populations de chauve-souris
Tadarida plicata et de punaises Stricticimex parvus. Dans
l'une de ces grottes, il y avait aussi des chauves-souris
Taphozous theobaldi et des punaises Cimex insuetus. On a
cherche a isoler le virus sur souriceaux de laboratoire 'a la
mamelle, 'a partir des punaises ainsi que du foie et de la

368



KAENG KHOI VIRUS VECTORS 369

graisse brune de chauves-souris T. plicata A la mamelle.
En outre, on a recherche dans les serums des chauves-
souris adultes les anticorps neutralisants a l'aide des
epreuves de reduction du nombre des plages en cultures
de cellules renales de singes rhesus.
Les punaises recueillies appartenaient surtout a 1'espece

S. parvus: il y avait seulement 15% de C. insuetus. On a
obtenu 22 isolements de virus KK, dont 5 provenaient de
lots de punaises non gorgees. Les taux d'infection mini-
maux des punaises etaient de 0,4% avant l'apparition des
chauves-souris A la mamelle et de 0.9 % lorsque ces
dernieres se trouvaient en abondance. Six isolements de
virus KK ont 6te obtenus a partir de T. plicata A la ma-
melle, le taux minimal d'infection etant donc egal A 2,4%.
On a decouvert la presence d'anticorps neutralisants dans
62% a 78% des s6rums de T. plicata adultes et notamment
chez 58% A 68% des chauves-souris gravides. La frequence
des anticorps augmentait d'avril A octobre au fur et A
mesure que les jeunes de I'annee rejoignaient la population
capable de voler. Parmi les s6rums des chauves-souris

T. theobaldi, 40% possedaient egalement des anticorps
neutralisants. I1 apparait clairement que nombre de
chauves-souris survivent ah l'infection par le virus KK,
et les anticorps maternels procurent sans doute une
certaine protection aux jeunes.
Avant de pouvoir affirmer qu'il existe un cycle de

transmission vecteur-vertebres en ce qui concerne le
virus KK, il convient de pratiquer des experiences au
laboratoire pour verifier les observations selon lesquelles
il semble que les punaises et particulierement S. parvus
puissent servir de vecteur, et les chauves-souris T. plicata
a la mamelle etre des hotes susceptibles de permettre la
multiplication de ce virus. Le fait que les punaises en
soient infectees donne a penser (mais ne le prouvent pas)
que ces insectes sont des vecteurs biologiques du virus
ou bien le transmettent mecaniquement. D'ailleurs,
d'autres modes de transmission sont egalement envisa-
geables; de nouvelles recherches sont donc necessaires
pour evaluer l'importance du virus KK en matiere de
sante publique.
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