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1  | INTRODUC TION

Bats are of great importance for healthy ecosystems, as they are 
abundant mammals that contribute to seed dispersion, flower polli-
nation and insect control (Calisher, Childs, Field, Holmes, & Schountz, 
2006; Hahn et al., 2014; Kunz, Braun de Torrez, Bauer, Lobova, & 
Fleming, 2011). However, they can also harbour viruses that have zo-
onotic potential (Moratelli & Calisher, 2015; Vasconcelos & Calisher, 
2016; Wynne & Wang, 2013). Due to the possible impact on human 

health, there is increasing interest in determining which viruses in-
fect bats and clarifying the role that these mammals play in the ecol-
ogy of zoonotic viruses.

Bats have been identified as primary reservoir hosts for several 
high impact zoonotic viruses, including several variants of the rabies 
virus and other lyssaviruses (Rhabdoviridae), SARS and MERS corona-
viruses (Coronaviridae), Nipah and Hendra viruses (Paramyxoviridae) 
and Ebola and Marburg viruses (Filoviridae). As is frequently ob-
served with reservoir hosts, and except for the rabies virus variants, 
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Summary
Antibody detection against selected potentially zoonotic vector-borne alphaviruses 
and flaviviruses was conducted on sera from bats from all six parishes in Grenada, 
West Indies. Sera were tested for (i) antibodies to flaviviruses West Nile virus, St. 
Louis encephalitis virus, Ilhéus virus, Bussuquara virus (BSQV), Rio Bravo virus and all 
four serotypes of dengue virus (DENV) by plaque reduction neutralization test 
(PRNT); (ii) antibodies to alphaviruses western equine encephalitis virus, Venezuelan 
equine encephalitis virus and eastern equine encephalitis virus by epitope-blocking 
enzyme-linked immunosorbent assay (ELISA); and (iii) antibodies to the alphavirus 
chikungunya (CHIKV) by PRNT. Two species of fruit bats were sampled, Artibeus ja-
maicensis and Artibeus lituratus, all roosting in or within 1,000 m of human settle-
ments. Fifteen (36%) of the 42 bats tested for neutralizing antibodies to CHIKV were 
positive. The CHIKV-seropositive bats lived in localities spanning five of the six par-
ishes. All 43 bats tested for epitope-blocking ELISA antibody to the other alphavi-
ruses were negative, except one positive for Venezuelan equine encephalitis virus. 
All 50 bats tested for neutralizing antibody to flaviviruses were negative, except one 
that had a BSQV PRNT80 titre of 20. The CHIKV serology results indicate that bats 
living close to and within human settlements were exposed to CHIKV in multiple lo-
cations. Importantly, bats for this study were trapped a year after the introduction 
and peak of the human CHIKV epidemic in Grenada. Thus, our data indicate that bats 
were exposed to CHIKV possibly during a time of marked decline in human cases.
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these viruses appear to cause little to no pathology in bats (Calisher 
et al., 2006).

Of particular interest for the Caribbean region is the role bats 
may play in the ecology of mosquito-borne zoonotic arboviruses, as 
several of these viruses are either endemic or have been recently in-
troduced (Gibson, Fitzpatrick, Stone, Noel, & Macpherson, 2016). It 
is unknown whether or not bats can play a role in inter-epidemic viral 
maintenance in sylvatic cycles. A first step in investigating whether 
bats may be important in the ecology of any of these viruses is to de-
termine whether exposure occurs under natural conditions. Several 
studies have documented bat exposure to mosquito-transmitted 
zoonotic alphaviruses and flaviviruses in various parts of the world. 
For example, a recent study in Trinidad identified bats that were 
positive for antibodies to Venezuelan encephalitis virus (VEEV) and 
St. Louis encephalitis virus (SLEV) by epitope-blocking enzyme-
linked immunosorbent assay (ELISA) and to an undetermined flavi-
virus by hemagglutination inhibition assay (HIA) (Thompson et al., 
2015). A study of insectivorous bats in New Jersey and New York 
detected antibodies that neutralized West Nile virus (WNV) and 
SLEV (Pilipski, Pilipskl, & Risley, 2004). Bats with neutralizing anti-
bodies to VEEV, eastern equine encephalitis virus (EEEV), western 
equine encephalitis virus (WEEV) and SLEV have also been reported 
in Guatemala (Ubico & McLean, 1995), and bats with neutralizing 
antibodies to SLEV have been found in Ohio (Herbold, Heuschele, 
Berry, & Parsons, 1983). A study on bats in Indonesia detected HIA 
antibodies against both flaviviruses (Japanese encephalitis virus and 
Zika virus [ZIKV]) and alphaviruses (Ross River virus and chikun-
gunya virus [CHIKV]), but failed to detect any neutralizing antibodies 
to these viruses (Olson et al., 1983).

Currently, the mosquito-borne alphaviruses and flaviviruses 
with highest public health significance in the Caribbean are den-
gue virus (DENV), CHIKV and ZIKV (Gibson et al., 2016). Several 
studies have found evidence of bat exposure to, or infection with 
DENV under natural conditions, across a wide range of endemic 
areas and utilizing various detection methods. Dengue virus has 
been detected in bats in the Gulf and Pacific coasts of Mexico 
by RT-PCR and by DENV NS1 protein detection (Aguilar-Setien 
et al., 2008), and in south-eastern Mexico by RT-PCR (Sotomayor-
Bonilla et al., 2014). Antibodies that neutralized DENV were de-
tected in bats in Mexico (Machain-Williams et al., 2013), Costa 
Rica and Ecuador (Platt et al., 2000). However, all titres in these 
bats were low, indicating that they could have been infected with 
a DENV-like virus not included in the plaque reduction neutraliza-
tion test (PRNT) analysis. Furthermore, experimental infection of 
the Jamaican fruit bat (Artibeus jamaicensis) with DENV serotypes 
1 and 4 did not demonstrate viremia or seroconversion (Cabrera-
Romo et al., 2014), and some studies failed to detect seropositive 
bats in areas where DENV is known to circulate (Cabrera-Romo 
et al., 2016; Maguire, Macnamara, Miles, Spears, & Mataika, 1971). 
These contrasting results may be the product of confounding fac-
tors such as bat species, DENV serotype, geographic region and 
the type of antibody assay used. Antibodies to CHIKV have been 
detected in wild rodents (Darwish, Hoogstraal, Roberts, Ahmed, & 

Omar, 1983; Vourc’h et al., 2014) and non-human primates (Vourc’h 
et al., 2014) exposed under natural conditions. Experimental infec-
tion of bats with CHIKV has been performed with no apparent clin-
ical signs (Bedekar & Pavri, 1969; Bosco-Lauth, Nemeth, Kohler, & 
Bowen, 2016), but one of these studies demonstrated that bats 
can generate neutralizing antibodies to CHIKV (Bosco-Lauth et al., 
2016). With the exception of one report describing the isolate of 
CHIKV from the fruit bat Rousettus leschenaultia in China (Chen 
& Tao, 1996) and phylogenetic evidence indicating the involve-
ment of bats in the zoonotic potential of alphaviruses (Olival et al., 
2017), there have been no published reports that confirm exposure 
of bats to CHIKV under natural conditions. Of note is that ZIKV 
was introduced into the Caribbean after samples for this study 
were collected, and thus, exposure to this virus was not examined.

Grenada is a small island state in the southernmost region of the 
Caribbean Windward Islands. As is common in the Caribbean, hu-
mans in Grenada live in close proximity to bats, and both bats and 
mosquitos are abundant and active year around. Grenada reflects 
much of the rest of the Caribbean in that DENV has been endemic 
for decades and by experiencing the introduction and epidemic 
of CHIKV in 2014. Thus, Grenada provides an ideal setting within 
which to determine whether bats are exposed to these, and possibly 
other, zoonotic mosquito-transmitted alphaviruses and flaviviruses 
under natural conditions. Importantly, the study reported here re-
flects data on bats sampled in the fall of 2015, a year after the peak 
chikungunya epidemic in Grenada (PAHO, 2014, 2015, 2016) and 
before ZIKV was detected on this island (PAHO, 2014, 2015, 2016).

2  | MATERIAL S AND METHODS

2.1 | Bat capture and sampling

Bats were captured using mist nets and hand nets and placed in indi-
vidual clean cloth bags to prevent cross-contamination after capture 

Impacts

•	 Neutralizing antibodies to chikungunya virus (CHIKV) 
that was introduced into Grenada in 2014 were de-
tected in 15 of the 42 bats tested (36%). These bats in-
habited five of the six parishes in Grenada.

•	 Grenada has been endemic for the dengue flavivirus for 
decades, but neutralizing antibodies to this virus were 
not detected in any of the 50 bats tested.

•	 Results suggest that bats may be a reservoir host for chi-
kungunya in the Caribbean. The detection of antibodies 
to CHIKV indicates exposure to infected mosquitoes, 
suggesting replication of the virus in bats and warrants 
further investigation to determine whether levels of 
viremia in bats could infect mosquitoes.
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(for a concurrent virus study). Bats were captured next to inhabited 
locations from all six parishes of Grenada from mid-August into the 
first week of September of 2015. Bats were transported live to the 
necropsy laboratory at St. George’s University, School of Veterinary 
Medicine, where they were euthanized using isoflurane overdose 
and exsanguination. The Animal Care and Use Committee of the 
American Society of Mammalogists (Sikes & Gannon, 2007) and St. 
George’s University Institutional Animal Care and Use Committee 
(IACUC-14008R) approve these methods as humane. Digital images 
were collected, and a written report was generated on each bat to 
document location of capture, species, sex, age (juvenile, subadult 
or adult) and gross findings. Cardiac blood collection was performed 
immediately after isoflurane overdose to obtain serum samples. 
Serum volume varied depending on the bat’s size, from 0.1 ml in the 
smaller insectivorous bats (weight 10–12 g) to 1 ml in the larger fruit 
bats (weight 40–60 g).

2.2 | Epitope-blocking ELISA

Sera were tested for antibodies to WEEV, VEEV and EEEV by 
epitope-blocking ELISA following procedures previously described 
(Thompson et al., 2015; Wang et al., 2005). The antigens used were 
VEEV-TC83 (vaccine) strain for VEEV, North American Strain (NJ/60) 
for EEEV and Fleming strain for WEEV. The monoclonal antibodies 
(anti-WEEV—MAB8746; anti-VEEV—MAB8767) (EMD Millipore 
Corporation, Temecula, CA, USA) and anti-EEEV (IBT Bioservices, 
Gaithersburg, MD, USA) were used in the assay.

The seropositivity of the tested alphaviruses was calculated by 
use of the formula: % inhibition = 100 − (TS − B)/(CS − B) × 100, 
where TS = optical density (OD) of test sera, CS = OD of control 
sera and B = background OD (Hall, Broom, Hartnett, Howard, & 
Mackenzie, 1995). Each new batch of CS, normal equine serum, is 
tested by PRNT using all the flaviviruses tested for in the labora-
tory to ensure that it is negative. For TS, CS and B, the mean optical 
densities from duplicate tests were used. An inhibition value of 30% 
or greater was considered to indicate the presence of viral antibod-
ies (Blitvich et al., 2003). Each sample was tested in duplicate, so an 
average optical density was first calculated. Normal control equine 
sera (Vector Laboratories Inc, Burlingame, CA, USA) were utilized 
with the ELISAs.

2.3 | PRNT for flaviviruses

Sera were assayed by PRNT following standard protocols (Beaty, 
Calisher, & Shope, 1995). Plaque reduction neutralization tests 
were performed using nine flaviviruses: Bussuquara virus (BSQV; 
strain BeAn-4073), dengue virus type 1 (DENV-1; strain Hawaii), 
dengue virus type 2 (DENV-2; strain NGC), dengue virus type 3 
(DENV-3; strain H-87), dengue virus type 4 (DENV-4; strain 241), 
Ilhéus virus (ILHV; original strain), Rio Bravo virus (RBV; strain 
M64), St. Louis encephalitis virus (SLEV; strain TBH-28) and West 
Nile virus (WNV; strain NY99-35261-11). Bussuquara virus, ILHV, 
SLEV, WNV and the four DENV serotypes were obtained from the 

World Health Organization Center for Arbovirus Reference and 
Research at the US Centers for Disease Control and Prevention, 
Division of Vector-Borne Infectious Diseases in Fort Collins, 
Colorado; RBV was obtained from the World Arbovirus Reference 
Collection at the University of Texas Medical Branch in Galveston, 
Texas. Plaque reduction neutralization tests were performed in 
six-well plates using African green monkey kidney (Vero) cells. 
Sera were initially tested at a dilution of 1:20. Those that reduced 
the number of plaques by ≥80% (PRNT80) were titrated. Final ti-
tres were expressed as the reciprocal of serum dilutions yielding 
≥80% reduction in the number of plaques (PRNT80). For aetiologi-
cal diagnosis, the PRNT80 antibody titre to the respective virus 
was required to be at least 4-fold greater than that of the other 
flaviviruses tested.

2.4 | PRNT for CHIKV

Plaque reduction neutralization test was performed to demonstrate 
the presence of neutralizing antibodies against CHIKV. Chikungunya 
virus 181-25 strain, which belongs to the Asian genotype, was used 
in study. The strain was chosen because of the endemic status of 
the Asian genotype of CHIKV in the New World. Sera were tested 
in duplicate at each dilution with a starting dilution of 1:10 or higher 
if sufficient serum was not available. Neutralization of antibodies 
was performed at 37°C for 1 hr. Mixtures of serum and virus were 
plated on Vero 76 cells in 24-well plates and incubated at 37°C for 
5 days. PRNT end-point titres were expressed as the reciprocal of 
the last serum dilution showing the desired per cent reduction in 
plaque counts. Currently, no international CHIKV antibody refer-
ence sera are available for routine testing. The PRNT titre was calcu-
lated based on a 50% or greater reduction in plaque counts (PRNT50).

The PRNT assays for the flaviviruses and for CHIKV were per-
formed in different laboratories with minor discrepancies on diag-
nostic standards. Both laboratories used the same cell line, providing 
the same standards for comparison of neutralizing antibody titres. 
The PRNT50 standard was used in the serological diagnosis of CHIKV 
because the relative short period of its circulation in the New World 
might limit the incidence of repeated exposure and result in lower 
antibody titres in naturally infected bats.

2.5 | Ethical approval and permits

The capture of bats was approved by the Grenada Ministry of 
Agriculture, Forestry and Fisheries. The study design and all methods 
were approved by the Institutional Animal Care and Use Committee 
of St. George’s University for the capture, euthanasia and sampling 
of bats.

3  | RESULTS

One hundred and twenty-three bats were captured. Based on ex-
ternal morphological features, the four species collected were the 
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insectivore Molossus molossus (velvety free-tailed bat; n = 26), the 
frugivores A. jamaicensis (Jamaican fruit bat; n = 51), Artibeus litura-
tus (great fruit-eating bat; n = 2) and the nectarivore Glossophaga lon-
girostris (Miller’s long-tongued bat; n = 43). Sera were obtained from 
111 bats, and a subset (n = 50) was selected for this study. These 
50 individuals represented bats from all six parishes of Grenada 

and were all fruit bats (A. jamaicensis, n = 48 and A. lituratus, n = 2). 
Figure 1 shows the number of bats serologically tested from each of 
the parishes of Grenada.

The results of the serology analyses for the alphaviruses and 
flaviviruses tested are shown in Table 1. Fifteen of 42 bats (36%) 
were seropositive by PRNT for CHIKV. These bats represented both 
species of fruit bats tested and were trapped in five of the six par-
ishes. Eight bats were not tested for antibodies to CHIKV because 
an insufficient amount of sera was available. Of the 38 bats tested 
by epitope-blocking ELISA for antibodies to VEEV, WEEV and EEEV, 
all were negative except one A. jamaicensis that was seropositive for 
VEEV. Twelve bats were not tested for antibodies to these viruses 
due to insufficient sera. All 50 bats were tested by PRNT for evi-
dence of flavivirus infection, and all were negative except one A. ja-
maicensis that had a BSQV PRNT80 titre of 20.

Details on the 15 bats with antibodies that neutralized CHIKV 
are shown in Table 2. Chikungunya virus PRNT50 titres and the num-
ber of bats with these titres were as follows: 10 (n = 3), 20 (n = 5), 
40 (n = 3), 80 (n = 1), 160 (n = 1), ≥320 (n = 1) and ≥640 (n = 1). Eight 
of the 15 seropositive bats, all A. jamaicensis (seven males and one 
female), were trapped at the same time from a cave on the western 
coast of Grenada in St. John parish. This cave is located approxi-
mately 500 m from human habitation. Three of the 15 seropositive 
bats, all female A. jamaicensis, were trapped at the same time from an 
abandoned hotel in the St. David parish, approximately 1,000 m from 
human habitation. All other positive bats for CHIKV represented 

F IGURE  1  Island of Grenada. Number of bats sampled in each 
parish

TABLE  1 Seropositivity for alpha and flavivirus antibodies in bats from Grenada

Virus Test

Species (# positive/# tested) 
Parishes 
Total % positive Titres

CHIKV PRNT50 Artibeus lituratus (1/2) 
St. George 
Artibeus jamaicensis (14/40) 
All parishes except St. Andrew 
36%

Positive at 1:10–
>1:640 dilution

Bussuquara virus PRNT80–90 A. jamaicensis (1/48) 
A. lituratus (0/2) 
St. David 
2%

Pos at PRNT80 (Neg at 
PRNT90)

DEN 1, 2, 3, 4 PRNT80–90 0/0.0% NA

WNV PRNT80–90 0/0.0% NA

SLEV PRNT80–90 0/0.0% NA

Rio Bravo virusa PRNT80–90 0/0.0% NA

VEEV Epitope-blocking ELISA A. jamaicensis (1/36) 
A. lituratus (0/2) 
St. John 
2.6%

30.38% inhibition

WEEV Epitope-blocking ELISA 0/0.0% NA

EEEV Epitope-blocking ELISA 0/0.0% NA

CHIKV, chikungunya virus; EEEV, eastern equine encephalitis virus; ELISA, enzyme-linked immunosorbent assay; PRNT, plaque reduction neutraliza-
tion test; SLEV, St. Louis encephalitis virus; VEEV, Venezuelan encephalitis virus; WEEV, western equine encephalitis virus; WNV, West Nile virus.
aAlthough not mosquito-transmitted, neutralizing antibodies for Rio Bravo virus were also assayed. Rio Bravo virus is a flavivirus associated with bats 
and, if present, can influence the interpretation of antibody responses to other flaviviruses.
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single findings at their respective locations, and all of these locations 
were within 100 m of human settlements.

4  | DISCUSSION

Little is known about bat immune responses to viruses (Schountz, 
2014) including the type, duration and protection of antibody re-
sponses generated to infection with specific zoonotic alphavi-
ruses and flaviviruses. Further complicating the interpretation of 
serologic data on bats under natural conditions are coinfections, 
cross-reacting antibodies and lack of information on which viruses 
are currently circulating in a particular geographic area. Of the al-
phaviruses and flaviviruses included in the study reported here, only 
DENV and CHIKV are known to circulate in Grenada. ZIKV also oc-
curs in Grenada (PAHO, 2017), but the bats were sampled prior to 
the introduction of the virus onto the island. The only other virus 
included in this study that has been evaluated for exposure in any 
animal in Grenada is WNV. In 2006, 45 donkeys were tested by 
WNV IgM ELISA and all were negative (Chikweto et al., 2008). Thus, 
other than DENV and CHIKV, there is limited information on which 
mosquito-borne alphaviruses and flaviviruses occur in Grenada.

Chikungunya virus was introduced into Grenada in 2014, and 
the first documented human case was in May 2014 (PAHO, 2014, 
2015, 2016). Serologic evidence of bat exposure to CHIKV needs to 
be interpreted with caution because of the possible cross-reactivity 
with Mayaro virus (MAYV), a related alphavirus endemic to Latin 
America (Garcia de Figueiredo & Figueiredo, 2014). Although se-
rological cross-reactivity has been observed in human humoral 
immune responses, it remains unclear if a similar cross-reactivity 
occurs in bats (Fox et al., 2015). Mayaro virus is mostly confined to 
forest ecosystems (Vasconcelos & Calisher, 2016), but urban human 
cases have been reported, most recently from the Caribbean island 
of Haiti (Lednicky et al., 2016). The presence of MAYV in Grenada 
is unknown. In support of our positive CHIKV serologic results, a 
concurrent study on the molecular detection of alphaviruses in a 
larger bat sample confirmed the presence of CHIKV in one of the 15 
CHIKV-seropositive bats included in this study, and in seven of 73 
bats (9.6%) not serologically tested (Cheetham, manuscript in prepa-
ration). It is possible that a subset of the CHIKV-seropositive bats 

in this study, particularly those with low PRNT50 titres, could have 
been exposed to a CHIKV-like virus not included in the PRNT analy-
sis. This is unlikely because the only alphavirus identified by RT-PCR 
and Sanger sequencing was CHIKV. Importantly, bats for this study 
were trapped a year after the peak of the human CHIKV epidemic 
on the island (PAHO, 2014, 2015, 2016), and seropositive bats were 
identified from five of the six parishes of the island of Grenada. 
Thus, our results indicate that bats living close to and within human 
settlements were exposed to CHIKV in multiple locations and may 
have been exposed during a time of marked decline in human cases 
(PAHO fall 2014 and 2015 data). Future studies will determine if bats 
continue to be infected with CHIKV even in the absence of human 
infections.

The only other alphavirus for which antibodies were detected 
was VEEV in one bat, as determined by blocking ELISA. Of interest 
is that the per cent positive for VEEV antibodies due to this one bat 
(one bat = 2.6% of those tested) is in close agreement with results 
(2.9%) from a larger number of tested bats in Trinidad (Thompson 
et al., 2015), a much larger island located 103 miles from Grenada, 
and a region where VEEV is known to circulate (Jonkers, Aitken, 
Spence, & Worth, 1966). The same epitope-blocking ELISA was used 
in both studies. The detection of one seropositive bat constitutes 
the first report of antibodies to VEEV in any animal in Grenada. 
Additional testing will be required to confirm this observation and 
determine whether VEEV is actively circulating in Grenada.

Bussuquara virus was the only flavivirus that neutralized bat 
serum. The BSQV neutralizing antibodies were detected in a single 
bat, and it had a low PRNT80 titre (20) indicating it may have been 
exposed to another, perhaps unrecognized, flavivirus not included 
in the PRNT analysis. The only flavivirus known to be circulation in 
Grenada at the time of this study is DENV. Historically, DENV has 
been endemic in Grenada for decades and all four serotypes have 
been documented on the island at various times between 2000 and 
2013 (Schioler & Macpherson, 2009). Thus, the lack of detection of 
antibodies that neutralized DENV in the 50 bats tested in this study 
was an unexpected result. In an endemic area of Mexico, antibod-
ies that neutralized DENV were detected in the two species of fruit 
bat that were also evaluated in this study, A. jamaicensis and A. litu-
ratus (Machain-Williams et al., 2013). In endemic areas of Costa 
Rica and Ecuador, DENV serotype 2 neutralizing antibodies were 

Species/(Sex/#) Parish Capture conditions
CHIKV titre 
PRNT50

Artibeus lituratus (M/1) St. George Captured on mist net near golf 
course and houses

1:80

Artibeus jamaicensis 
(M/1)

St. George Captured on mist net near river 
and houses

1:10

A. jamaicensis (M/7, F/1) St. John Cave roost hand net 1:10–>1:640

A. jamaicensis (F/3) St. David Abandoned hotel hand net 1:10–1:40

A. jamaicensis (M/1) St. Patrick School roof mist net 1:20

A. jamaicensis (F/1) St. Mark Abandoned house hand net 1:20

CHIKV, chikungunya virus; PRNT, plaque reduction neutralization test.

TABLE  2 Chikungunya virus PRNT50 
titres by bat species, sex (F: female; M: 
male), parish and capture conditions
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also detected in an unspecified Artibeus species (Platt et al., 2000). 
Importantly, the concurrent molecular study (Cheetham, manuscript 
in preparation) confirmed the presence of DENV RNA in six of the 
50 DENV-seronegative bats in this study and in 35 bats not serolog-
ically tested. Two of the sequenced bands confirmed DENV-3. Our 
negative DENV serology results may reflect lack of, or undetectable 
levels of, neutralizing antibody responses developed against the 
DENV serotype circulating in Grenada at the time the bats sampled 
in this study became infected. It will be important to determine the 
type of immune responses to DENV in naturally exposed Grenada 
bats, including whether there is a consistent lack of neutralizing an-
tibodies to some serotypes in some bat species, and whether or not 
bats generate non-neutralizing antibodies. Answering these ques-
tions will shed light on the potential that bats have to establish per-
sistent infections and high-titre viraemias, with implications for the 
role of bats in the ecology of specific DENV serotypes.

As in the Grenada bats, all bats tested in a recent study in Trinidad 
were negative for antibody to EEEV, WNV and WEEV. However, out 
of the 308 bats tested in Trinidad, a few were found positive for RBV 
(1.0%) and SLEV (or a closely related virus: 1.8%) by HIA and blocking 
ELISA, respectively (Thompson et al., 2015). It is possible that RBV 
and SLEV are either not circulating in Grenada or are present at very 
low levels and that the smaller sample size in this study did not allow 
for detection. It is also possible that bats do not make neutralizing 
antibodies in response to infection with these viruses and thus were 
missed by the PRNT used in this study.

In conclusion, the CHIKV serologic results reported here, 
which are supported by the detection of CHIKV RNA in some of 
the bats, indicate that there was widespread exposure of at least 
two species of fruit bats, A. jamaicensis and A. lituratus, to CHIKV 
in Grenada. Future studies will determine whether bats continue 
to be exposed to CHIKV in Grenada in the absence of human in-
fections, the types and duration of antibody responses to CHIKV 
and whether bats under natural conditions can develop high-level 
viraemias sufficient to infect the primary vector in Grenada, Aedes 
aegypti.
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