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ABSTRACT Neutralizing antibodies for dengue virus serotypes 1 and 2 and serotypes 2 and 3 were
detected in 1998 in 12 of 53 (22.6%) and 3 of 10 (30.0%) bats sampled in Costa Rica and Ecuador,
respectively. Dengue is a consistent health problem in the two Costa Rican communities in which
bats were sampled. The high percentage of bats with neutralizing antibodies to dengue virus in these
two Costa Rican communities suggests that bats may become infected with dengue virus. This
appears to be the case in Costa Rica and Ecuador.
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DENGUE HAS EMERGED during the past 30 yr as the most
important arthropod-borne viral disease of humans
throughout the tropical and semitropical regions of
the world (Gubler, 1997). Aedes aegypti (L.) is the
principle vector of dengue virus (DEN) in Central
America where epidemics characteristically occur
during the rainy season (May throughOctober). Clin-
ical manifestations of the disease vary from mild to
severe febrile conditions and on occasion are charac-
terized by plasma leakage and shock with a case mor-
tality rate as high as 10%. In areas not populated with
people DEN is maintained by transovarial transmis-
sion in several species of Aedes mosquitoes with non-
human primates serving as amplifying reservoirs
(Cordellier et al. 1983, Rosen et al. 1983, Hull et al.
1984, Gubler et al. 1985). Little is known about the
maintenance of DEN in populated areas during in-
terepidemic periods, which are characteristically dry.
Ae. aegypti populations survive during these dry pe-
riods as eggs. Transovarial transmission of DEN in Ae.
aegypti is apparently inefÞcient and no animal reser-
voirs of DEN have been identiÞed in urban areas
(Gubler 1987).OÕConnor andRowan (1955) detected
dengue protective antibody in a small population of
ßying foxes of the suborder, Megachiroptera, in Aus-
tralia and suggested that these animals could serve as
an interepidemic reservoir for DEN. More recently,
Price (1978) reported the presence of hemagglutina-
tion inhibition (HI) antibodies to DEN-2 in 126 of 857
bats that represented several species in Trinidad. The

speciÞcityof theseHIantibodieswasnotconÞrmedby
neutralization. Consequently the signiÞcance of HI
antibodies in the bat population of Trinidad is not
known. In the current study serological evidence is
presented that suggests that bats of the suborder Mi-
crochiroptera may be infected with dengue virus in
urban areas.

Serums were collected from 49 fruit-eating bats of
the genera, Artibeus, Uroderma, and Carollia and four
free-tailed bats of the genus Molossus in June 1998 in
and around the cities of Puntarenas and Liberia in
Costa Rica. Active outbreaks of dengue were occur-
ring in thesecommunities at the time that serumswere
collected from bats. Annual outbreaks of dengue are
common in both communities following the start of
the rainy season, and all four serotypes of DEN have
been isolated frompatients in these cities over thepast
6 yr (Saenz et al. 1999). Serums were also collected
from nine fruit-eating bats in the genera Artibeus and
Uroderma and from a single vampire bat, Desmodus
rotundus (E. Geoffroy St.-Hilaire), in Tena, Ecuador,
in August 1998. Information on the prevalence of den-
gue in the human population of Tena is not available.

Serums were tested by the constant virusÐvarying
serum plaque reduction neutralization test (PRNT)
(MangiaÞco et al. 1988) against DEN-1 (Hawaii),
DEN-2 (S16803), DEN-3 (CH53489), and DEN-4
(CAR341750) viruses. Brießy, each virus, diluted to
contain '100 plague forming units (PFU)/0.1 ml was
mixed with an equal volume of serial fourfold diluted
test serum and held overnight at 48C. The next day the
mixtures were inoculated into duplicate 23-mm wells
(0.1 ml/well) containing a conßuent monolayer of
LLC-MK2 cells. Plates with inoculated wells were
incubated for 1 h at 378C with 5% CO2 and overlaid
with nutrient medium with 1% agar, 5% fetal bovine
serum, 200 U penicillin/ml and 200 mg streptomycin/
ml. Plates were held at 378C with 5% CO2 for '72 h.
A second overlay, similar to the Þrst but containing a
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1:7,500 dilution of neutral red was then added. Plates
were returned to 378C and 5% CO2 and checked daily
until visible plaques were countable. The neutralizing
antibody titer was considered positive at the highest
serum dilution that inhibited 80% of the plaques com-
pared with the virus control titration. End points at a
Þnal serum dilution of 1:20 or higher were considered
positive. The PRNT80 titers of bat serums are summa-
rized in Tables 1 and 2.

Serums from 12 of the 53 bats (22.6%) sampled in
Costa Rica neutralized dengue virus. Six of these 12
serums with PRNT80 titers ranging from 20 to 40 only
neutralized DEN-1. Three of the 12 serums with
PRNT80 titers of 20 only reacted with DEN-2. Two of
the remaining three serums from Costa Rican bats
with PRNT80 titers of 80 and 40 for DEN-1 also had
PRNT80 titers of 20 for DEN-2. These polytypic reac-
tions suggest sequential infection in these bats with
different DEN serotypes. A sufÞcient quantity of the
last of the 12 seropositive serums was only available to
test for neutralizing activity against DEN-2. No neu-
tralizing activity speciÞc for DEN-3 or 24 was de-
tected in the serums of any of 53 Costa Rican bats that
were sampled.

Serums from 3 of 10 bats (30%) sampled in Ecuador
had neutralizing activity against dengue virus. One of
these three serums with a PRNT80 titer of 40 neutral-
ized DEN-2 but not DEN-1 or -3. A sufÞcient amount
of serum was not available to test this serum for neu-
tralizing activity against DEN-4. The remaining two
serums from Ecuadorian bats had PRNT80 titers of 80
for DEN-2, and PRNT80 titers of 80 and 20 for DEN-3.
Neither of these two serums neutralized DEN-1 or
DEN-4.

Neutralizing activity against dengue virus was de-
tected primarily in bats of the genera Artibeus and
Uroderma that comprised 87.3% of the total number
(63) of bats sampled. Antibody was also detected in
two of four Molossus species. No antibody was de-
tected in a single vampirebat or threeCarollia species.
No neutralizing activity was detected against yellow
fever virus, (the type species ßavivirus), in the serums
of any of the 15 Costa Rican and Ecuadorian bats that
neutralized dengue virus.

Thesedata indicate that serumsof someCostaRican
and Ecuadorian bats neutralized dengue virus. It may
be possible that a ßavivirus other than dengue virus
induced this neutralizing activity. However, this is
unlikely. This opinion is based Þrst on the fact that
dengue virus constitutes its own antigenic complex
within the Flaviviridae based on cross neutralization
assayswithpolyclonal antiserums(Calisher et al. 1989,
Monath and Heinz 1995) The DEN complex is anti-
genically distinct from seven other complexes includ-
ing the Rio Bravo and the Japanese encephalitis virus
antigenic complexes. These two antigenic complexes
represent, respectively, the Rio Bravo virus that is
ubiquitous in insectivorous bats of the neotropics, and
Saint Louis encephalitis (SLE) virus that has been
shown to be capable of infecting the bat, Eptesicus
fuscus(PolisotdeBeauvois)(Herboldet al. 1983).The
Montana myotis leukoencephalitis virus, which is too
antigenically distinct to include in any of the eight
antigenic complexes, has also been isolated from bats
in the Western Hemisphere. Secondly, the neutraliz-
ing activity of high titer immune serum to DEN sero-
types is monotypic (Calisher et al. 1989). In the cur-
rent study, the neutralizing activity of 10 of the
seropositive bat serumswith PRNT80s ranging from20
to 40 was monotypic. In addition, the two bat serums
that neutralized DEN-1 and -2 did not neutralize
DEN-3 or -4, and the two bat serums that neutralized
DEN-2 and -3 did not neutralize DEN-1 or -4 (Table
2). If the neutralizing activity observed in these bat
serums had been induced by a closely related ßavivi-
rus it seems likely that a broader polytypic response to
DEN serotypes would have been observed.

Currently humans and mosquitoes are considered
to be the only hosts involved in the epidemiology of
dengue. However, the relatively large number
(22.6%) of bats with neutralizing antibodies for den-
guevirus inLiberia andPuntarenas,CostaRica,where
human dengue is common, implicate them as possible
hosts for these viruses. Bats in these areas often roost
in houses and abandoned buildings during the day in
close proximity to the endophilic and diurnal Ae. ae-

Table 1. PRNT80 titers of 15/63 bat serums that neutralized
dengue virus

Serum
ID #

PRNT80 titersa

DEN-1 DEN-2 DEN-3 DEN-4

E-3 Ñ 40 Ñ QNSc

E-4 Ñ 80 80 Ñ
E-5 Ñ 80 20 Ñ
C-4 Ñ 20 Ñ Ñ
C-18 80 20 Ñ Ñ
C-31 40 Ñ Ñ Ñ
C-32 20 Ñ Ñ Ñ
C-50 Ñ 20 Ñ Ñ
C-52 20 Ñ Ñ Ñ
C-56 Ñ 20 Ñ Ñ
C-60 40 20 Ñ Ñ
C-65 20 Ñ Ñ Ñ
C-66 QNS 20 QNS QNS
C-67 40 Ñ Ñ Ñ
C-68 20 Ñ Ñ Ñ

Ñ, No detectable titer. QNS, quantity of serum available not suf-
Þcient for testing.

a PRNT80 titers for DEN-1, -2, -3 and -4 were determined against
DEN viruses; Hawaii, S16803, CH53489 and CAR341750, respectively.

Table 2. PRNT80 titers of bat serums that neutralized only a
single DEN serotype

Origin of
serum

Titer 3 no. of monotypic serums

DEN-1 DEN-2 DEN-3 DEN-4

Ecuador None 40 3 1a None None
Costa Rica 20 3 4 20 3 3 None None

40 3 2

a There was insufÞcient serum to test for sero-reactivity to DEN-4.
This serum is classiÞed as monotypic because it did not react with
either DEN-1 or -3 and because no other neutralizing activity to
DEN-4 was observed in any of the other 9 serums collected from
Ecuadorian bats.
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gypti. This mosquito is anthropohilic but is also op-
portunistic and will feed on a variety of other animals
including bats. We recently conÞrmed in the labora-
tory that Ae. aegypti from Puntarenas readily feeds on
bats. Thirty-four percent of 366 femalemosquitoes fed
to repletion on two bats within 20 min (W.A.R. and
K.B.P., unpublished data). A recent survey of mosqui-
toes in Costa Rica (O.J.R., W.A.R, M.E.Z. and K.B.P.,
unpublished data) found that between 55 and 100% of
homes in Liberia and Puntarenas had breeding pop-
ulations of Ae. aegypti during the rainy season. Several
of these homes were constructed in such a manner as
to provide roosting spaces for bats that would be
accessible to feeding Ae. aegypti. In the same study,
Rocha et al. were unable to isolate any viruses by
intercerebral inoculation of suckling mice, from 30
different species of mosquitoes collected in and
around homes in Costa Rican cities. Only a few Ae.
aegyptiwere represented in thesepools because of the
difÞculty of collecting this species in dry ice baited
CDC light traps. An inability to isolate any ßavivirus
including SLE, from peridomestic mosquitoes further
supports our contention thatdenguevirus induced the
antibodies found in bats.

The high seroprevalence of dengue virus-speciÞc
antibody in urban populations of bats suggests that
bats as well as humans may become infected with
DEN. Epidemiological studies are underway in Costa
Rica to conÞrm the presence of DEN in neotropical
bat populations. If dengue has a mosquito-bat cycle in
Costa Rica and Ecuador, knowledge of the mosquito-
bat-virus association will be important to further our
understanding of the transmission and natural history
of this disease in the Americas.
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