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Abstract
Background:

Bats are reservoirs for several zoonotic pathogens, making human-bat interactions particularly
concerning. Recent studies documented that Grenadian bats can be infected with Zika, dengue and
Chikungunya viruses and Leptospira bacteria among other pathogens. The objective of this study was to
estimate the number of homes in Grenada that have a bat infestation, and to determine whether there is a
correlation between the number of bat infested homes with the type of roo�ng or the presence of
arbovirus infections of human inhabitants.

Methods:

An institutional review board (IRB) approved questionnaire delivered through a semi-structured interview
was administered at the central bus stop in St. George, Grenada to recruit participants from all six
parishes and the island of Carriacou. Results determined the percentage of individuals that had bat
roosts in their households, whether this was of concern to them, whether they had taken any steps to
keep bats out of their residence, and whether they had con�rmed or suspected cases of dengue, Zika or
Chikungunya virus infections. Information on the type of roo�ng and presence of window screens were
also documented. Bat type (fruit vs insect eating bats) was attempted by guano description.

Results:

Results from 210 individual responses provided data showing all six parishes were represented although
not equally. Having bats at the household was not associated with parish of residence, roof type or
presence or absence of window screens. The results showed 60% of homes in Grenada are bat-infested
and 51% of people self-reported recent arbovirus infection; but no correlation between the two. Also, no
correlation to a speci�c type of roof or type of bat was found.

Conclusions:

 A statistically signi�cant number of inhabitants had attempted to remove bats from their homes,
indicating that bats are perceived as pest to homes in Grenada, and justifying further research into
relocating bats through the use of construction changes, awareness, and the creation of bat houses.  

Background
Grenada, is a Caribbean island in the West Indies that hosts up to twelve species of bats of varying
population sizes. These species range from insectivores to frugivores and are found throughout the
country’s six parishes. These bats serve vital ecological roles in pollinating, fruit dispersal and controlling
the insects on the island. However, studies have also determined that bats serve as a signi�cant reservoir
for zoonotic pathogens (1).   Bats possess speci�c traits that make them prone to sharing their
microbiome.  The ability of bats to �y allows them to carry pathogens over long distances, and their long
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lifespan allow these to transmit over time.  Some bat species live in large roosts, allowing for agents to
spread quickly among dense populations (1).   Due to the close proximity of humans and bats in
Grenada, close interactions are inevitable.

Three zoonotic arboviruses endemic to Grenada include Zika virus, Chikungunya, and dengue (2). Studies
in eastern Uganda and Costa Rica have discovered bats there were serologically positive to antibodies for
Zika and dengue respectively (3,4). A recent study discovered that 8% Grenadian bats are serologically
positive to Chikungunya virus (5) and another showed 15% seroprevalence to rabies (6). These studies
provide evidence that local bat species are being infected with zoonotic viruses and indicate the
possibility of Grenada’s bat population viruses could spill over to humans.

The study on Grenadian bats exposed to Chikungunya virus collected bats found within 1,000m of
human homes (5). Due to this proximity, there is potential for arboviral transmission between bats and
humans through arthropod vectors. A study on blood-meal analysis from mosquitoes in Grenada showed
that these may feed on diverse host species despite their preference for feeding from humans (7). 

No information is available on human-bat interactions in Grenada therefore, this study seeks to evaluate
the extent of bats living within Grenadian homes, and whether presence of bats is associated with roo�ng
type and/or con�rmed cases of the three arboviral diseases. We hypothesized that a majority of the
population have noticed bats living in their homes.  We also hypothesized that homes with tin roofs
would have a higher prevalence of bat infestation than other roof types, and that homes with reports of
bats would have a higher incidence of arbovirus infections. 

Based on the �ndings of this study, we suggest interventions to safely remove bats from roosting within
proximity to humans. Future public education will be a signi�cant factor in this intervention, both
teaching people the role that bats play in the ecosystem and why coexistence is required; as well as
additional measures including construction recommendations and bat houses to facilitate this
coexistence to be safely from the public health perspective. 

Methods
The study was conducted through quantitative analysis, in which a questionnaire was created outlining
information to be gathered from the participants. The sample strategy was a strati�ed randomized
approach. The data was analyzed in a nominal format using a chi square test to measure the strength of
correlations within the information collected for the study. Because the study involved human interaction
and data collection, the Institutional Review Board (IRB) approved our methods, ensuring the research
was being conducted ethically and legally. The application included the questionnaire to be used in the
study and an explanation of the method for obtaining the data. The IRB application also stated the
purpose of the research and how it could be bene�cial to the local population.  The IRB also described the
recruitment role, possible risks, compensation, and the method for storing and utilizing the data. A
consent form was submitted and later distributed, stating that the data collection process would be a
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non-invasive, non-risk, anonymous and voluntary study that provided no compensation to the
participants. Before the interview process, the goal of the study was explained to each participant.

The questionnaire was conducted by the research team and delivered in a 6-7minute verbal interview
conducted to random household members at the central bus stop in St. George, the capital city of
Grenada. Interviews were performed between 3-6pm, at the bus stop during busiest time of day and
considered to be most crowded, allowing a sample of people from all six parishes of Grenada and the
island of Carriacou (St. George, St. Mark, St. Andrew, St. David, St. John, St. Patrick). Representation
varied among each parish (Figure 1). The number of participants needed in order to get a 95% con�dence
interval needed was analyzed, allowing the data collected to be statistically signi�cant for future analysis
to be conclusive. The minimum sample number (n) of 30 per parish was used as a statistically signi�cant
measure of association.  With six parishes and the island of Carriacou requiring 30 samples each, our
analysis determined that the minimum sample size to be adequate and representative of the population
of Grenada was 210 households. A P value below 0.05 was viewed as signi�cant and a P value greater
than 0.05 was regarded as insigni�cant data. The data was analyzed on a yes/no basis, assigning a
response of “yes” to be correlated with 1 and a response of “no” to be marked as a 0.  The values were
then analyzed using a chi square analysis. The number 2 was assigned for data that was not available.   

Results
In this study 210 individuals were interviewed, providing data on presence or absence of bats in their
homes, along with recent resident arbovirus infections, existence of window screens, and the type of roof
of the homes. The data is summarized in Table 1. Over half of households (126, 60%) were from the
single most populous parish, St. George’s, and 177 (84%) were from the most populous three parishes
(Fig 3). Of those interviewed, 126 (60%) stated that they had bats living under their roofs. Most home
roofs were galvanized, with only 28 being concrete, tile, wood or other. Of the 126 reported bat inhabited
homes, 73 (58%) had tried to get rid of the bats by various means, including but not limited to “bat
proo�ng” the roofs by different means with the most common attempt being hanging plastic bags or
CD’s. The type of bat was not morphologically or genetically assessed, but visible seeds in the bat guano
were noted in 79 of the 126 that had con�rmed bat inhabitants in their houses, allowing the inference that
these were fruit-bats.  From the 60% of households that had bats, 54% of those reported arbovirus
infections. In comparison, 45% of those that did not have bats in their household, also reported arbovirus
infections. Of the 210 interviewed individuals, 208 (>99%) provided data on arbovirus infection (Zika
virus, Chikungunya or dengue virus) regarding the people that lived in each individual household. Half
(106 individuals) of the 210 con�rmed that they or someone in their household had an arbovirus infection
in the past year.  The information collected showed no association between bat infestation, parish of
residence, bat type, window screens or roof type.

Table 1
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 Correlation of the presence of bats in houses with each parish, house construction type, attempts to
eliminate bats, and uspected/con�rmed arbovirus disease prevalence

Discussion
Our �rst hypothesis regarding the presence of bats in most Grenadian homes was correct, as 60 % of
respondents reported bats in their homes (Table 1).  Regarding roof type and arbovirus infection however,
the results showed no signi�cant correlation between the presence of bats with arbovirus infection or
with roof type (P= 0.34, P=0.28 respectively).  

Homes in all parishes were surveyed and reported bats; but a shortcoming was the use of the St. George
bus stop as our location.  While the bus stop was used to obtain surveys from a wide range of
Grenadians from multiple parishes, our results showed that this did not allow us to obtain surveys evenly
from all areas of the island.  The sample size of 210 was met, however they were not consistently
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distributed among the parishes of Grenada.  Certain areas of the island such as Grenville were
particularly underrepresented. Grenville is the second largest town in the country, located on the east side
of the island and therefore people may use a different bus stop for that route. Non-speci�c information of
where the participants lived: community (data not shown), was also collected in the data from
participants. The data was summarized and analyzed by parish, however most of the data has more
speci�c information on location/community. This was to allow the study to compare areas of rural vs.
suburban, looking at a possible correlation to having more prevalent cases of bats roosting in homes that
were closer to natural reserves or wildlife areas. A similar study made this correlation this in northeastern
Brazil, where they looked at areas associated within close distance to the wildlife reserves and the
association with human-bat interactions (9). Grenada’s key reserves, parks, sanctuaries are detailed in
Fig. 2, however, most of Grenada’s homes are surrounded by wildlife and green areas, therefore, 60 % of
participates reporting bats inhabiting their houses was not unexpected. 

One signi�cant �nding was that the majority of residents who reported having bats in their homes, had
attempted one or more methods to remove the bats (P=0.0053).  When questions were asked if the
household had attempted to get rid of the bats, the answers were sometimes answered with simple yes or
no, but some had more detail. Even more so, in some cases, the actual method was hard to interpret such
as “bat proofed the house”, thus the data was simpli�ed on a yes or no basis for analysis. This suggests
bats are viewed as a problem to Grenadian families, although this is most likely due to the destruction of
their property rather than the awareness of potential zoonotic diseases, this information was not
collected in this study.  Nevertheless, our results indicate that citizens of Grenada would likely be
receptive to strategies that would help reduce the presence of bats in people’s homes, such as
construction plans to help prevent bats from accessing roofs, and the creation of wooden bat houses
adjacent to populated areas. 

Another shortcoming worth reporting was that while responding to the survey, some individuals who
participated were embarrassed to admit or discuss the presence of bats in their homes perhaps due to
their cultural association with uncleanliness, which could have impacted other responders and thus, the
real number of affected homes may be higher. 

Results show that both fruit-eating bats as well as non-fruit-eating bats were present in homes, as
suggested by the presence of seeds in their guano; however, it’s di�cult to differentiate between species
and this information is speculative because it cannot be con�rmed (9). Information on the type of roo�ng
(galvanized, wood etc.) and the presence of window screens was gathered for interpretation on whether
bats would roost in a particular type of home building style. Looking at screens on windows showed the
type of protection the occupants had from the mosquitos that could potentially transmit the arboviruses
among bats and humans. Again, seeing if correlation of no window screen would be comparable with
disease presence. No difference between roofs and presence of screens were observed which opposed
our hypothesis.
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The interview process also inquired if any of the household members had reported dengue, Zika or
Chikungunya virus infections. If a household resident had encountered one of the arboviruses, further
questions were asked seeing if con�rmation of the virus had been done by a doctor/lab or if the stated
virus type was a non-con�rmed assumption. Arbovirus disease self-reporting was predominantly Zika
and Chikungunya which may re�ect the outbreak behavior of the virus as well as people’s awareness due
to recent introduction as compared to the endemic dengue cases. The rate of infection of bats with Zika,
dengue and Chikungunya is under investigation in Grenada, but a recent study in Mexico reported 9%
prevalence of Zika virus infection and 32% of WNV by RT-PCR, with no detection of dengue in the region
that time in that small sample (n=22) (8) . 

Conclusions
In conclusion, more than half the people interviewed reported bats in their homes, most of them had
taken measures to deter bats from roosting in their houses but reported little success. No speci�c
construction or material was identi�ed neither type of bat. More than half participants self-reported
arbovirus disease in their households but there was no correlation with bat infestation. However, the
magnitude to human-bat interactions in Grenadian homes together with the information available on the
pathogens that they carry warrant that interventions such as public and environmental education, bat
houses, and construction considerations, should be put in place to minimize human exposure to
pathogens carried by bats.
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Figure 1

Map of Grenada. The central bus station in the town of St. George where interviews took place, is marked
by the icon on the bottom left side of the map. The island is divided into 5 parishes St. George, St. John,
St. Patrick, St. Andrew, St. David. Map made with software on www.scribblemaps.com 
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Figure 2

Map showing key locations for where major parks, reserves and wildlife sanctuaries exist in Grenada
(2018) Google Maps. Retrieved from maps.google.com 
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Figure 3

Distribution of interviews per parish and the presence of bats in homes of those interviewed.
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Figure 4

Distribution bat infestation in relation to the roof type


