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Abstract: Rabies virus is the only Lyssavirus species found in the Americas. In discussions about
rabies, Latin America and the Caribbean are often grouped together. Our study aimed to independently
analyse the rabies situation in the Caribbean and examine changes in rabies spatiotemporal epidemiology.
A questionnaire was administered to the 33 member countries and territories of the Caribbean Animal
Health Network (CaribVET) to collect current data, which was collated with a literature review. Rabies was
endemic in ten Caribbean localities, with the dog, mongoose, and vampire bat identified as enzootic
reservoirs. The majority of animal cases occurred in Puerto Rico, the Dominican Republic, and Haiti,
while human cases only consistently occurred in the latter two areas. Rabies vaccination was conducted
for high-risk animal populations with variable coverage, and rabies diagnostic capacities varied widely
throughout the region. Illegal importation and natural migration of animals may facilitate the introduction
of rabies virus variants into virus-naïve areas. Passive surveillance, together with enhanced methods and
serological screening techniques, can therefore be of value. The insularity of the Caribbean makes it ideal
for conducting pilot studies on reservoir host population management. Best practice guidelines developed
for these reservoir hosts can be individually modified to the epidemiological status and available resources
within each locality.

Keywords: Americas; Caribbean; canine rabies; Lyssavirus; mongoose rabies; bat rabies; vampire bat;
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1. Introduction

Rabies is a highly virulent, globally distributed viral encephalitic zoonotic disease. The major
etiological agent, rabies virus (RABV), belongs to the Lyssavirus genus [1] and is the only Lyssavirus
species found in the Americas, where it circulates mainly in bats and mesocarnivores [2]. The virus is
most commonly transmitted by bite exposure, with virus-laden saliva being introduced directly into the
host through broken skin [3,4]. The clinical syndrome is variable with the disease presenting as either
furious or paralytic [5,6]. Bat-transmitted rabies differs from canine-transmitted rabies, with the latter
manifesting more encephalitic symptoms (hyperactivity and dysautonomia) typical of furious rabies,
compared to the more peripheral symptoms (ascending flaccid paralysis) of the former [7]. Genetically,
two major viral clades occur in the Caribbean: the cosmopolitan and the American clades [8].
The cosmopolitan clade consists of canine-maintained and canine-derived viruses, the latter resulting
from spill-over and maintenance of canine-maintained lineages in neo-tropical mesocarnivores [9].
Canine-maintained viruses are disseminated as canine-transmitted rabies, which was first noted in the
Americas during the 18th century [10] after being introduced during European colonization with the
importation of domestic dogs [11]. Alternatively, phylogenetic, historical, and archaeological evidence
suggests that the existence of bat-maintained rabies viruses, which falls within the American clade,
predated European colonization of the New World [9,11–13]. Early reports indicate the presence
of vampire bats that attacked Spanish colonists and likely fed on wildlife before the introduction of
domestic livestock [14,15], which provided an abundant, readily-available resource for the expansion of
vampire bat populations [16]. However, vampire bat-transmitted rabies in humans was only diagnosed
during the beginning of the 20th century on the island of Trinidad [17], with later reports from
countries in Central and South America [18–20]. With the concomitant decline in canine-transmitted
rabies towards the end of the 20th century, these bats are now recognized as a major reservoir for
RABV [20–22]. Rabies affects public, animal, and ecosystem health, and, as such, it is recognized as
a key One Health issue [16]. With such issues, interventions are possible from many angles. However,
in the case of rabies, intervention at the human health interface is unpredictable and very expensive;
therefore, the most effective strategy is to target the animal source [16]. Prevention and control
measures consequently mainly focus on the protection of susceptible animal populations through
vaccination schemes, import control, and source reduction through reservoir animal population control.

In 1980, the annual average burden for canine rabies in Latin America and the Caribbean was
approximately 25,000 cases in dogs and 350 cases in humans [23]. These high case numbers prompted
the introduction of a regional Pan American Health Organization (PAHO) coordinated program
for the control of canine-transmitted rabies in 1983 [23]. Since its implementation, there has been
a dramatic decrease (>90%) in canine-transmitted rabies in both humans and dogs, with complete
elimination in many countries [24,25] due to large-scale dog vaccination and population control,
increased technical cooperation between ministries of health and agriculture, and improved access to
pre-and post-exposure prophylaxis [26]. Despite these successes, which were hindered by political and
economic constraints, the disease still exists in pockets in Latin America and the Caribbean (i.e. Bolivia,
Brazil, Peru, Honduras, Guatemala, Haiti, Dominican Republic, and Cuba) [23,25]. As such, the action
plan and expected elimination date have been updated several times, with the latest revision running
up until 2022 [27]. The aforementioned regional program was launched at the first Meeting of National
Rabies Program Directors in the Americas (REDIPRA), which is coordinated by PAHO and supported
by numerous non-governmental organizations and public-private partnerships [28]. REDIPRA usually
meets biennially to advocate for and review existing control strategies, compare program achievements
against objectives, and update the regional action plan accordingly [27,28]. These meetings have
been instrumental in the success of the regional program, aligning the countries towards a common
goal and facilitating practical amendments to their national rabies control programs through shared
experiences [29]. As part of the regional strategy, the Regional Information System for Epidemiological
Surveillance of Rabies (SIRVERA), coordinated by the Pan American Foot-and-Mouth Disease Center
(PANAFTOSA), PAHO, is an essential online database that facilitates monthly reporting of rabies



Trop. Med. Infect. Dis. 2018, 3, 89 3 of 21

for countries in the Americas. This system, which has been in operation since 1969, has recently
been improved and is now a searchable database that facilitates accessibility to detailed information
on reported cases such as diagnosis, viral variant, and aggressor animal species [30]. Although no
information is collected on the type of surveillance method employed to capture cases, in Latin America
and the Caribbean, as in other areas within the Americas, passive surveillance based on exposures
and clinical suspicion may account for the majority of cases [31]. PAHO provides recommendations
for active surveillance within canine populations [21]; however, they currently do not provide such
recommendations for sylvatic reservoirs. Laboratory-based surveillance activities in Latin America
and the Caribbean are supported by PAHO/WHO Research Centers in North America [32]. However,
it has been recognized that there has been limited systematic evaluations of rabies surveillance carried
out within the region [27,33].

Generally, in discussions about rabies in the Americas in the existing literature, Latin America
and the Caribbean are often grouped as one area. However, due to limited surveillance and
reporting, data available from most Caribbean countries is deficient and incomplete, whereas data
from Latin America is usually more readily available. Hence, rabies data from the Caribbean is
usually inadequately represented in the existing literature. Rabies is one of the priority diseases of the
Caribbean Animal Health Network (CaribVET), which is a non-profit organization that involves the
veterinary services from 34 Caribbean countries and territories, academic institutes, and regional and
international organizations [34]. The network promotes collaborations and coordinated actions in the
field of animal and veterinary public health to increase knowledge and improve the prevention and
control of diseases in the Caribbean. This study, conducted by the Rabies Subgroup of the CaribVET
Veterinary Public Health Working Group, therefore aims to present an analysis of the current rabies
situation in the Caribbean to fill the existing gap in the literature and to examine changes in the
spatio-temporal epidemiology of the disease since the 1930s.

2. Materials and Methods

A questionnaire (see Supplementary Materials) was developed and administered by email
during February 2014, to the veterinary and or public health authorities of the then-current
33 member countries or territories of CaribVET, through the Adobe Forms Central Web-based platform.
The questionnaire was first validated and proof-read by the Rabies Subgroup of CaribVET and pilot
tested by two Caribbean veterinary health officers from two CaribVET member countries chosen at
random. Criteria for inclusion in the survey was all countries or territories that were current members
of the CaribVET network. Data were collected between February 2014 and June 2015, during which
time responses from 30 countries or territories were received. In analysing the responses, responses
indicating ‘not sure’ were taken as ‘no’. Data were captured on (i) country rabies status, (ii) protocols
and legislation, (iii) surveillance programs, (iv) rabies biologics, (v) reservoir population control
programs, (vii) rabies diagnostics, and (vii) import health standards. Information collected by the
survey was presented to and verified by the Steering Committee of CaribVET, which consists of
Chief Veterinary Officers from member countries or territories and representatives of regional and
international animal or public health institutions. These were then summarized and prepared as
a descriptive analysis on the Caribbean rabies situation and supplemented by a literature review
conducted on rabies within the rabies-endemic countries highlighted in the survey. The literature
review was conducted on rabies in these countries from the first report of the disease to present.
We used multiple electronic databases including PubMed, WHOLIS (World Health Organization
Library Database), SciELO, ScienceDirect, and the AFPMB (Armed Forces Pest Management Board).
Key words included ‘rabies’, ‘Caribbean’, ‘bat rabies’, ‘mongoose rabies’, ‘dog rabies’, ‘canine rabies’,
and individual Caribbean country and territory names.
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3. Results

3.1. Rabies Status and Main Animal Reservoir

Rabies was reported to be endemic in ten Caribbean countries and territories, with the dog, mongoose,
and vampire bat being the main enzootic reservoirs (Table 1 and Figure 1). On the island republic of
Trinidad and Tobago, rabies was only reported to be endemic on the island of Trinidad. The other twenty
countries and territories that responded to the survey (as shown in Table S1) reported that their locality was
‘rabies-free’ or ‘non-endemic’ i.e. by the World Health Organization (WHO) criteria, no indigenous case of
rabies (human or animal) was reported within the last two years in the presence of a robust surveillance
system [35]. Only 20% of these non-endemic areas indicated that a control program (i.e., import control,
vaccination, and surveillance) was implemented to achieve their non-endemic status.

Table 1. Rabies endemic locations in the Caribbean: main animal reservoir and average case frequency
with types of animals affected by country.

Location Main Animal Reservoir Mean # Cases per Year Main Animals Affected

Belize Vampire bat 1–5 Cattle
Cuba Mongoose 16–20 Dogs, cats, mongoose

Dominican Republic Dog >20 n.r.
French Guiana Vampire bat 0–1 Cattle, dogs, bats

Grenada Mongoose 1–5 Mongoose, cattle, small
ruminants, dogs, cats

Guyana Vampire bat 1–5 Cattle
Haiti Dog >20 Dogs, cats

Puerto Rico Mongoose >20 Mongoose
Suriname Vampire bat 0 a Bats a,b

Trinidad Vampire bat 6–10 Cattle, small ruminants
a no surveillance; b not laboratory confirmed; n.r. (no response).

Figure 1. Main animal reservoirs for rabies virus and country endemic status in the Caribbean.

At the time of survey administration, responses indicated that animal rabies cases were nationally
notifiable in all rabies-endemic areas but in only 85% of non-endemic countries/ territories (see Table S1).
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Likewise, rabies in humans was nationally notifiable for all rabies-endemic cases, but in only 75% of
non-endemic countries/territories.

3.2. Risk of Rabies Introduction

The risk of rabies introduction was considered low by the majority (60%) of non-endemic areas.
However, St. Maarten and the British Virgin Islands deemed the risk to be high, whereas the remainder
indicated intermediate-risk levels. Illegal importation of dogs from endemic areas was identified
as a major risk for the introduction of rabies into almost all (95%) reporting non-endemic areas.
For Trinidad, Guyana, and French Guiana, illegal importation of dogs and cats posed a risk for the
re-introduction of canine-transmitted rabies, and wildlife migration was noted to be an additional risk
with respect to sylvatic (bat-transmitted) rabies in Grenada, Trinidad, Suriname, and Belize.

3.3. Rabies Case Burden

3.3.1. Animal Rabies

As illustrated in Table 1, in general amongst the rabies-endemic countries/territories, most
animal cases (>20 cases per year) reported on the survey were from the Dominican Republic, Haiti,
and Puerto Rico. Among countries where there was rabies surveillance, the fewest cases occurred in
French Guiana (0–1 cases per year). No cases were reported from Suriname, where there was no rabies
surveillance. In the other localities with vampire bat-transmitted rabies (i.e., Belize, French Guiana,
Guyana, and Trinidad), the main animals affected were cattle. In Trinidad, small ruminant cases were
also common. In other areas (Cuba, Grenada, and Puerto Rico), the majority of cases occurred in
mongoose. Cats were also a notably affected species in Cuba, Haiti, and Grenada, with the latter also
reporting cases in small ruminants transmitted by mongoose. Similarly, in Haiti and the Dominican
Republic, where dog-transmitted rabies was prevalent, the majority of cases occurred in this species.

3.3.2. Human Rabies

Table 2 illustrates the occurrence of human rabies cases within Caribbean rabies-endemic localities.
Haiti had the highest human mortality with 6–10 cases estimated to be reported per year; however,
sub-notification was suspected. Isolated cases were reported from French Guiana (2008), Puerto Rico
(2015), and Suriname (1998). The Dominican Republic and Cuba reported cases more often, with the last
reported cases being less than 5 years prior to this study. No cases were reported in Belize, Grenada,
and Trinidad for at least 25 years. Guyana did not report the occurrence of any human cases in
this survey. Dog and cat bites were reported to be the main source for human RABV exposure in
Belize, Haiti, and Puerto Rico, and bat exposures were likewise reported in French Guiana and Cuba.
In Grenada, mongoose exposures were listed as most common.

Table 2. Human rabies cases in the Caribbean: case frequency and availability of human rabies biologics
for pre-and post-exposure prophylaxis reported in the survey.

Location Years since Last
Reported Case *

Mean # Human
Cases per Year *

Causative
Variant of Last
Human Case

Pre-Exposure
Vaccination

Biologics Available
for Post-Exposure

Prophylaxis

Belize >20 0 Canine Yes vaccine
Cuba 1–5 0–1 Mongoose Yes vaccine and RIG

Dominican Republic <1 0–1 Canine Yes vaccine
French Guiana 6–10 0–1 Bat Yes vaccine and RIG

Grenada >20 0 Mongoose Yes vaccine and RIG
Guyana n.c.r. 0 n.c.r. Yes vaccine

Haiti <1 6–10 # Canine Yes vaccine and RIG
Puerto Rico 1–5 0–1 Mongoose Yes vaccine and RIG
Suriname 11–20 0–1 Bat Yes vaccine
Trinidad >20 0 Bat Yes vaccine

* as at June 2018; # sub-notification suspected; n.c.r.: no cases reported on survey; RIG: rabies immune globulin.
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3.4. Rabies Case Definitions, Protocols, and Legislation

The existence of case definitions for suspect animal rabies cases was reported in most
rabies-endemic localities (80%) but only in 20% of the non-endemic localities. Thirty percent (30%) of
‘rabies-free’ localities indicated that they had a case definition for a human rabies suspect, whereas 60%
of rabies-endemic respondents had such a definition including those areas that had reported human
cases. Only eight non-endemic localities (40%) reported having standard protocols in place for dealing
with a suspected or confirmed animal rabies case compared to 70% of endemic areas. Likewise, 30% of
non-endemic localities had protocols for dealing with a suspected or confirmed human rabies case
compared to 60% of endemic rabies countries. Specific national legislation for the prevention and
control of animal rabies existed in 70% of endemic and only 45% of non-endemic localities.

3.5. Rabies Virus Exposure Incidents

Human bite incidents from potential rabies animal reservoirs were reportable in 70% of endemic
localities (Table S2), with less than half of these specific to bites from bats (French Guiana, Cuba,
and Belize). Dog bites in humans were reportable in French Guiana, Cuba, Haiti, Belize, and Grenada.
Animal bite incidents from potential rabies reservoirs were reportable in 70% of endemic localities,
with Suriname, Belize, and Cuba being the exceptions. Incidents of humans being bitten by potential
rabies virus reservoirs were reportable in 45% of non-endemic areas, with dog bites being the most
common type of bite incident specified and Guadeloupe being the only respondent to specify the
inclusion of bat bites. Only 30% of non-endemic areas indicated that animal bite cases from other
animals considered potential rabies reservoirs were reportable, with dog bites being the most common
and bat bites not specified for any country.

3.6. National Agencies with Responsibility for Rabies Surveillance

All endemic localities reported having governmental departments responsible for rabies
surveillance in either animals or humans. In the Spanish-speaking Caribbean (Cuba, Dominican
Republic, and Puerto Rico), the health ministry was responsible for both animal (canine) and human
rabies surveillance, whereas in the other endemic localities, responsibilities for animal and human
surveillance were held by the agriculture and health ministries, respectively. In non-endemic areas,
35% of respondents had departments responsible for syndromic surveillance for human rabies and 50%
had departments responsible for animal rabies surveillance (passive). In contrast, in rabies-endemic
localities, nearly all (90%) indicated that they had governmental departments responsible for human
rabies surveillance, and all reported having departments responsible for animal surveillance (although
no surveillance was noted to be conducted in Suriname).

3.7. Rabies Surveillance Programs in Animal Populations

3.7.1. General

All endemic localities, apart from Suriname, indicated they conducted some form of surveillance
for animal rabies. Passive surveillance was conducted in domestic and wildlife populations in all other
(9) endemic areas, with testing of suspected cases for rabies virus antigens based on the reporting of
clinical signs and human exposures. For example, in the Dominican Republic, an average of 2–3 (brain)
samples from suspect animals was estimated to be tested per week. Active surveillance for rabies
was less commonly implemented and mainly focused on rabies reservoirs in endemic areas. For the
purpose of this study, active surveillance was defined as targeted sampling and testing (for antigen or
antibody) of specific groups of animals based on risk factors.
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3.7.2. Wildlife

Routine active surveillance was conducted in the bat and mongoose populations in Trinidad and
Puerto Rico, respectively. In Grenada, mongooses killed by animals or humans were opportunistically
submitted for diagnostic testing of brain tissue. Likewise, in Guadeloupe, only bats that were involved
in human bite incidents were submitted to the Institut Pasteur (Paris) for testing. In Haiti, a rabies
prevalence research project was being conducted in the bat population at the time of administration
of this survey and a similar project in the mongoose population was pending. Similarly, in Curacao,
although the disease was not endemic, a research project was reported as being implemented to test
for rabies within the bat population.

3.7.3. Domestic Animals

Opportunistic (passive) rabies diagnostic testing of dogs and cats was conducted in 55% of
non-endemic localities. This was based on the reporting of public health exposures and clinically
suspect animals. Active surveillance in domestic animals was mainly conducted in rabies-endemic
areas with meso-carnivore rabies. The stray dog population was the main target for this type of
surveillance in Cuba, Haiti, and Grenada, with Cuba estimating a sample size of 0.1% of their
dog population.

3.8. Animal Rabies Vaccination

As illustrated in Table 3, with the exception of Suriname, routine vaccination programmes for
various animal species were conducted for all endemic areas. The vaccine was provided free of
charge in six (60%) of the rabies-endemic countries (Belize, Cuba, Grenada, Haiti, Dominican Republic,
and Trinidad). Four (40%) of the rabies-endemic localities indicated that they experienced unspecified
difficulties in obtaining animal rabies vaccines for routine vaccination. The main target populations for
animal vaccination strategies were herbivores (mainly cattle) and domestic carnivores (mainly dogs).
Dogs were the main species vaccinated in Belize, Cuba, the Dominican Republic, Grenada, and Haiti,
with the highest population coverage (>90%) estimated for Cuba. Ruminants were targeted in Guyana,
French Guiana, and Trinidad, with Trinidad reporting the highest estimated population coverage (70%)
and Guyana the lowest (10%). Rabies vaccination was generally a recommended practice in most of
these areas, as compared to being legislatively mandatory in French Guiana and Trinidad.

Table 3. National animal rabies vaccination programs.

Location Vaccination
Requirement

Main Animals
Vaccinated Periodicity Estimated Population Coverage

Belize recommended ## Dogs and cats annually 80% dogs
Cuba recommended ## Dogs annually >90% dogs ¶

Dominican Republic recommended Dogs and cats n.r. 80% dogs and cats

French Guiana mandatory by
legislation

Ruminants, dogs
and cats, equine biennially No data available

Grenada recommended ## Ruminants, dogs
and cats, equine annually 40% dogs ***; 4% cats; 31% goats;

22% sheep; 4% cattle
Guyana recommended Bovine annually 10% bovine

Haiti recommended ## Dogs annually 40—50% dogs

Puerto Rico recommended Dogs and cats,
ruminants, equine annually No data available

Suriname Not conducted - - -

Trinidad mandatory by
legislation ## Ruminants, equine triennial 70% bovine; <40% goat and sheep;

<40% equine
¶ owned dog population (not inclusive of stray population); ## vaccination provided free of charge; *** not inclusive
of vaccination done by private (non-government) veterinarians; n.r.: no response.
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3.9. Human Pre-Exposure and Post-Exposure Prophylaxis (PEP)

As shown in Table 2, pre-exposure rabies vaccination for at-risk personnel was routinely
conducted in all endemic areas and included veterinarians, veterinary students, laboratory personnel,
and animal health field assistants. Only 6 (30%) of non-endemic countries/territories conducted human
vaccination for rabies. Immunized persons included bat researchers (Aruba and Curacao), travellers to
high-risk areas (Bermuda), laboratory personnel (Guadeloupe and Martinique), and veterinarians and
animal health field assistants (Turks and Caicos and Martinique). All 7 countries/territories (6 endemic,
1 non-endemic) that responded to the survey question indicated that they used modern cell culture
vaccines for immunization. At the time of survey, rabies immune globulin for PEP was only available
in 8 (27%) Caribbean localities, 5 (50%) endemic (as shown in Table 2), and 3 (15%) non-endemic
(Bonaire, Bermuda, and Guadeloupe). All endemic countries also had vaccine available for PEP.

3.10. Animal Reservoir Population Control Programs

National programs to control rabies animal reservoir populations were present in 70% of
rabies-endemic locations. Dog spay and neuter programs were existent for population control in 50% of
endemic countries. Although no rabies cases occurred, 30% of non-endemic respondents indicated that
they implemented dog and cat spay and neuter programs for animal population control. These were
mainly implemented by non-governmental organizations in both endemic and non-endemic countries.
In two countries where vampire bat rabies was endemic, anticoagulant poisoning of these bats was
conducted for population control. Similarly, at the time of survey administration, culling was also noted
to be conducted for the mongoose populations in two countries where mongoose rabies was endemic.

3.11. Rabies Laboratory Diagnostics

Only Cuba, the Dominican Republic, and Puerto Rico conducted human rabies diagnostic testing,
but animal testing was carried out in these three countries, as well as in Grenada, Haiti, and Trinidad.
The direct fluorescent antibody test (DFA) was available in all the laboratories detailed above with the
capacity for rabies diagnostics, but PCR was only routinely available for rabies diagnosis in Cuba and
Grenada. The direct rapid immunohistochemistry test (dRIT) and histological techniques for rabies
diagnosis were also used in Haiti. Belize, Guyana, and Suriname indicated that they expected to set-up
facilities for animal rabies diagnostics within the next 5 years, and Haiti was the only country that
indicated plans to set up facilities for human rabies diagnostics. Laboratories external to the Caribbean
region to which samples were sent for animal rabies diagnostics included the Ministerio de Desarrollo
Agropecuario Laboratory in Panama, Laboratorio Nacional de Salud in Villa Nueva in Guatemala,
the Animal Health and Veterinary Laboratories Agency (AHVLA) in the United Kingdom, the Institut
Pasteur de Paris in France, and the Rabies Program at the Centers for Disease Control and Prevention
(CDC) in the United States of America.

3.12. National Import Health Regulations Related to Rabies

National import health restrictions related to rabies were in place for almost all rabies non-endemic
and endemic localities. These applied mainly to dogs, cats, and wild carnivores and essentially included
a requirement for rabies vaccination with or without rabies titre testing. In instances in which titre
testing was also required, the minimum time allowed between vaccination and sample collection was
most commonly one month but ranged from 3 weeks to 3 months. Most rabies non-endemic (90%) and
endemic (80%) localities indicated that they had protocols in place for dealing with imported animals
that did not meet their import health requirements. These mainly included re-exportation or refusal of
entry (73%), euthanasia (66%), and quarantine with or without rabies vaccination (30%). For 26% of
all respondents, the course of action in implementing these protocols was reported to differ between
importations from OIE listed rabies non-endemic and endemic countries. Nine (30%) (4 non-endemic
and 5 rabies-endemic) localities reported having a quarantine station for animal importation. Species of
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animals that could be housed mainly included equine (77%), dogs and cats (66%), ruminants (66%),
avian (11%), and wildlife (22%). The length of the quarantine period varied according to species,
ranging from 7 days (equine) to 6 months (dogs and cats).

4. Discussion

4.1. Rabies Status and Reservoir Hosts

The current pattern of canine-transmitted rabies in the English Caribbean noted in this study
may reflect the historical timing of control in Great Britain (1922) [36]. This early date of elimination,
with similar disease control and animal movement control measures aided by sea borders, may explain
the apparent absence of indigenous cases of canine rabies on British island colonies over the last
century. Thus, although 80% of non-endemic localities reportedly had no specific measures aimed
at achieving a ‘rabies-free’ status, regulations and policies instigated during colonial times might
account for the historical absence of the disease. In contrast, vampire-bat rabies present since
pre-Colombian times [9], as illustrated in this survey, is still enzootic in Caribbean countries from
which it was reported, possibly due to increased awareness, after the Trinidadian epidemic in the 1930s,
i.e., Guyana, Suriname, Belize, and French Guiana [15,18–20]. Although the common vampire bat
(Desmodus rotundus) is the main bat species implicated in RABV transmission in the Caribbean [37–40],
given the occurrence of cross-species transmission events and RABV isolations associated with
non-hematophagous bats [22,41–44], surveillance of these species should also be considered.

Mongoose rabies was first recognized in Puerto Rico in 1950 [45], but suspicious clinical signs
have been observed in mongooses since the beginning of the 20th century [46]. The disease was
subsequently confirmed in the mongoose populations of Grenada (1955) and Cuba (1956) [46,47],
where they remain the primary reservoir, and in mongooses in the Dominican Republic (1950) [48],
which only became a significant reservoir for transmission events in the 1980s [46]. Although this
species was not noted as an animal reservoir in Haiti, given the shared land boundaries with the
Dominican Republic, it is very likely to also exist in Haitian mongooses [46,48,49]. The small Indian
mongoose (Herpestes auropunctatus) is not indigenous to the Caribbean and was introduced from
India to Guyana, Suriname, French Guiana, and 29 Caribbean islands in the late 19th century
in an attempt to control rodents in colonial sugar cane plantations [50–52]. Phylogenetic studies
of mongoose RABV variants in Cuba, Grenada, and Puerto Rico indicate that they are distinct
meso-carnivore RABV variants, independently derived from dog-maintained viruses through separate
introductions [9,42,53,54]. Therefore, the restricted distribution of mongoose rabies despite the
extensive distribution of the vector within the Caribbean may be due to the historical absence of
endemic RABV in the dog populations and lower mongoose population densities in most of the
Caribbean localities [49] that did not facilitate either an initiating viral spill-over event or sustain
effective animal-animal transmission rates. Other carnivore species thought to be involved in sylvatic
rabies in the Caribbean include the gray fox (Urocyon cinereoargenteus) in Belize.

4.2. Risk of Introduction

The perception by the majority of non-endemic respondents that illegal importation is a major
risk for canine-rabies introduction is justifiable given the scale of the Caribbean tourism industry.
The high movement of humans and companion animals both from external regions and from island to
island may facilitate the entry and rapid spread of canine-transmitted RABV, as the dog population
is largely unvaccinated. Animal migration as a risk for the introduction or re-introduction of rabies
viruses is most pertinent to countries such as Guyana, Suriname, French Guiana, and Belize that share
land borders with other countries in which enzootic canine rabies still exists. For example, in 1995,
after a 5-year absence of urban rabies, a limited outbreak occurred in Belize [55], which may have
been attributed to animal movement from a neighbouring country. In other countries, such as Cuba
and Grenada, bat migration has proven to be a threat. The identification of a vampire RABV variant



Trop. Med. Infect. Dis. 2018, 3, 89 10 of 21

and other RABV isolations in non-hematophagous bats in Cuba (see Table S3) [42,56], along with
the presence of high RABV neutralizing antibody in Artibeus bats in Grenada [57,58], indicates that
bat rabies may not be limited by the geographical range of the vampire bat, and the risk of bat
RABV introduction may have been underestimated. The wide distribution of bats with high dispersal
ability such Tadarida brasiliensis and Molossus molossus [59] may be associated with an increased risk of
RABV translocation from bat rabies-endemic to non-endemic areas. This risk is highest for Caribbean
countries in close geographical association with those countries in which bat rabies exists (e.g. Cuba in
the north and Grenada in the south). The importance of RABV variant typing to identify reservoir bat
species and elucidate possible origins cannot therefore be overemphasised.

4.3. Surveillance and Reporting of Animal Rabies

In general, areas in which canine rabies still predominates are responsible for most of the animal
rabies cases (mainly dogs and mongoose) in the Caribbean, which may be because dogs are more
common aggressor species. Haiti accounts for the majority of dog cases, with consistently high annual
estimates of animal cases despite gross under-reporting due to inconsistent surveillance (Table 1).
For example, the implementation of a novel, community-based surveillance system from 2013–2014
led to the confirmation of 70 rabid cases from only 20% of Haitian communes, compared to 12 cases
reported countrywide for the previous 4-year period using existing surveillance methods [33,60].
This clearly demonstrates the usefulness of implementing novel surveillance techniques based on field
evidence and/or statistical modelling in this country and can be extended to other countries.

In the Dominican Republic, during the 1960–1970s, dogs accounted for most (94%) of the animal
rabies cases [46,61]. However, in the 1980s, following the implementation of dog vaccination programs,
a relative increase in rabid mongoose highlighted the importance of this introduced species in
transmission [46], although as this study illustrates the dog remains the primary RABV reservoir
and transmitter. A similar increase in mongoose rabies was observed in Cuba during this time, but in
this case the mongoose displaced dogs as the main reservoir host in 1982 [41,46]. Wildlife rabies
was increasingly diagnosed in Cuba thereafter with >17 bat rabies cases reported from 1991–1999
and current positivity rates up to 64% estimated for mongoose [42,46,56]. In Puerto Rico, since the
detection of mongoose rabies in 1950, all rabies cases have been attributed to this viral variant [46,62,63],
with mongooses accounting for about 75% of total animal rabies cases [64] and is shown to be the
main animal affected in this study. Similarly, in Grenada, 73% of animal rabies cases reported during
a passive surveillance program implemented by the Grenadian Ministry of Health for nearly two
decades were mongoose [61,65]. The results of the current survey indicate that Cuba conducts routine
active surveillance for dogs with an estimated target of 0.1% population coverage This activity should
be more than adequate to identify circulation of endemic RABV given the minimum recommended
sample size for effective surveillance is 0.01–0.02% of the dog population [21].

Of those localities in which the vampire bat is the main reservoir, Trinidad reported the highest
estimated number of animal cases per year (6–10 cases). This may be due to a higher prevalence of
cases and/or more efficient surveillance programs. Although there is evidence of RABV importation
from the South American mainland to Trinidad [40], its smaller land mass and more manageable sea
borders are advantageous in terms of disease surveillance efforts and case finding in comparison to
continental areas. Additionally, the long history of rabies in Trinidad may have resulted in increased
awareness and case reporting by the general public. Alternatively, the smaller size of the island means
that forested areas are more accessible and the risk of bat contact with susceptible domestic animals
and humans may be higher. In contrast, in mainland countries such as Suriname, cases occurring
in the interior forested areas are likely to go undetected, especially given the absence of structured
surveillance programs. In Guyana and French Guiana, where passive surveillance was conducted,
Guyana reported a higher average case number (n = 1–5) than French Guiana (0–1) possibly due to the
absence of routine animal vaccination programs and the use of clinical (non-laboratory) diagnosis of
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cases in Guyana. Clinical diagnosis may result in misdiagnoses with higher rates of case identification
and should therefore be epidemiologically linked to at least one laboratory confirmed case.

Centralized reporting of national rabies cases through the use of regional data collection tools
such as the online platform SIRVERA facilitates transparency and fosters trust between Caribbean
countries [29]. However, data contribution is largely voluntarily, and few Caribbean countries have
reported consistently [30]. Reporting should therefore be promoted at the national level to increase
the availability of Caribbean data, and data quality checks should be implemented to improve the
validity of data [29]. Increased participation of Caribbean nations and representation of the CaribVET
network in the REDIPRA meetings in recent years will serve well to fortify consistency in reporting
and encourage presentation of valid and accurate data.

Routine or project-based rabies surveillance of bat populations has been conducted in at least
eight Caribbean localities, with RABV isolated from 16 bat species (12 genera) in six localities
(Table S3) [39,42–44,46,47,56,58,66,67]. While vampire bats are implicated in the majority of reports
on bat-transmitted rabies within the Caribbean, and the vampire bat-related RABV variant has been
the major variant detected, isolations in other bat species indicate they should be included in routine
surveillance activities. The number of rabid species identified in each of the localities mentioned above
is relatively low compared to their bat species richness [67–75] (Table S3). However, the number of rabid
bat species is directly correlated to research effort [22], so it is anticipated that increased surveillance
(and the use of modern laboratory techniques) will result in the identification of more rabid bat species.
Since RABV isolations from Caribbean bats are rare, with recent detection rates <0.5% [39,40,76],
passive surveillance with the testing of sick or dying bats for RABV and seroprevalence studies for
both bat endemic and non-endemic locations would be preferable for initial studies in resource-limited
settings. More expensive enhanced surveillance should then target bats species with higher dispersal
abilities [59,77], those previously found to be rabies positive, and other species to which they have
sympatric roosting relationships. Likewise, RABV variant diversity studies can focus on bat genera
noted elsewhere in the Americas to host several variants (e.g. Myotis, Eptesicus, Lasiurus, Tadarida,
etc.) [32]. Beyond bats that expose humans and domestic animals, or bats that appear ill or are found
dead, indiscriminate killing of bats is unjustified, and non-destructive sampling is advocated.

4.4. Surveillance and Reporting of Human Rabies

In the Caribbean, human rabies surveillance relies on the expectation that cases will be reported
if they occur. However, in the absence of a well-defined case definition (the basic foundation for
disease surveillance programs), as was noted for some countries in this study, under-reporting
and/or misdiagnosis are to be expected. Standardized case definitions provided by international bodies
(e.g., OIE/WHO standard guidelines) should be adopted for national surveillance [35]. In theory,
human rabies clinical surveillance falls under the auspices of the Ministry of Health in all endemic
localities in the Caribbean. However, in both non-endemic and endemic locations where the last
reported human case was not recent, i.e., Trinidad (1937) [78], Grenada (1970) [61], Belize (1989) [79],
Suriname (1998) [24], and Guyana (2001) [80], surveillance mechanisms and laboratory capacities
may not be readily available to support such activities. On the other hand, in places reporting
human cases within recent years (i.e. Haiti, French Guiana), there may be other challenges such
as incomplete reporting and inefficient data sharing between authorities handling human versus
animal surveillance. Although no surveillance is being conducted in Suriname at present, an anecdotal
trend of human rabies at 15–20 year intervals was reported in this survey, with outbreaks generally
in the forested interior affecting an average of about 10 persons [20,24]. Epidemiological data such
as this can be used to plan intermittent active surveillance activities to support case finding and
public health management of exposures. In planning such activities, authorities should bear in mind
that given the coastal population settlement structure in Suriname (which is similar to Guyana and
French Guiana), urban surveillance systems may not capture human cases in the interior, especially in
indigenous communities.
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Overall, the results of the present survey indicate that localities where canine-transmitted rabies
predominated had higher numbers of human rabies cases. This may be due to the close social relationships
between humans and dogs, and their greater accessibility to human populations, especially in light of
free-roaming dog-keeping practices [81]. Official reports of canine-transmitted human rabies in the Americas
are generally recognised as underestimates. Therefore, disease modelling has been employed to estimate
a more realistic number of about 200 human cases per year [35]. Haiti, which reported only 2 to 39 cases
per year from 1970 to 2013 [24,82,83] and 6-10 cases per year in the present study, was predicted to account
for the majority of these [35]. Apart from under-reporting, Haitian rabies case numbers are thought to be
highly variable and possibly correlated to the prevailing environmental conditions, such that increased
cases have been observed after natural disasters, e.g., in 2006 (11 cases) after a series of hurricanes and
in 2010 (13 cases) after a major earthquake [23,25,32]. This observation may be a result of post-disaster
challenges to the national dog rabies vaccination campaign due to competing needs and increases in the
stray dog population. These challenges should therefore be anticipated and budgeted for when establishing
post-disaster management plans.

Although the Dominican Republic shares the island Hispaniola with Haiti, human rabies
mortality rates are considerably lower and are likely correlated to the disparities in socioeconomic
conditions. As in Haiti, the dog is the major reservoir for rabies and is involved in most transmissions.
However, with the decline in canine cases [84] and recognition of mongoose as a vector [46],
the prevalence of human cases in the Dominican Republic gradually decreased from an average
of 5 cases annually during the 1980s [46] to sporadic cases every 1–2 years as reported here. A similar
trend in human cases was seen in Cuba [24,84], which is largely attributed to the reduction in
canine-transmitted rabies due to the PAHO regional program [25]. The last reported human case
of canine-transmitted rabies in Cuba was in 2008 [30]. Wildlife-transmitted human rabies emerged
in 1988 with an increase in human cases associated with non-hematophagous bats, following the
first occurrence in 1970 linked to an Eptesicus fuscus bat [30,41,42]. Currently, human rabies cases
average less than one per year in Cuba, and are transmitted by wildlife (mongoose and bats) and
cats, with the last case documented in 2016 [30,85]. On the other hand, in Puerto Rico, the last
human cases of canine-transmitted rabies (canine RABV variant) occurred relatively early in 1896,
with the later elimination of the disease in 1933 [45,47]. Since the establishment of mongoose rabies in
Puerto Rico [45], few human rabies cases have been reported despite high numbers of animal cases.
The last confirmed human rabies case in Puerto Rico was in 2015, due to a mongoose bite [86].

In areas such as Haiti and the Dominican Republic, in which under-reporting of human cases
is thought to be high, active surveillance mechanisms employing community-based case-searching
may be used to attain a more accurate picture of the disease burden. This can in turn be used as
evidence to leverage political commitment and initiate policy development for disease prevention
and control. Furthermore, in an attempt to evaluate the sensitivity of surveillance mechanisms to
identify human rabies cases, systemic evaluations of surveillance outcomes, for example, and reviews
of medical records for acute encephalitis, can be conducted [27]. In localities where there is separation
of responsibilities for animal and human rabies surveillance, inter-sectoral coordination is essential to
avoid inefficiencies. In addition, in those countries with shared land borders, inter-administrative and
departmental cooperation is crucial to control efforts.

4.5. Human Exposures and Public Health Risk

Public health risk varies according to the type of animal reservoir and nature of animal–human
interaction. In general, places with canine-transmitted rabies will have a higher risk than those
with wildlife rabies, because carnivore reservoirs (e.g., mongoose, foxes) have a higher potential
for human contact than other reservoirs such as bats. Nevertheless, in the Caribbean, bat bites are
generally overlooked as potential RABV exposures, particularly in countries without vampire bats.
However, given evidence of routine bat movement between islands and RABV isolations from countries
without vampires, the risk of transmission from such incidents should not be underestimated [42,57].
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In Trinidad, despite reports of bat biting to dogs, no cases of rabies in domestic carnivores have been
documented since the 1930s [76]. Conversely, French Guiana had several confirmed domestic carnivore
cases associated with the vampire bat RABV variant within the last 30 years [87], most recently in
2015 when more than 10 people were exposed to an infected dog [88]. This demonstrates that the
presence of canine variant RABV is not a prerequisite for transmission by dogs. This risk is recognized
in French Guiana, where dog bites are reportable, but this is not the case in Trinidad, which increases
the probability of unrecognized human exposures on the island.

4.6. Rabies Diagnostic Capacity

Due to the ubiquity of vampire bat rabies and previous high prevalence of canine-transmitted
rabies in Latin America, there are extensive rabies laboratory networks throughout this region [89].
In contrast, the wide disparities in the rabies situation within the Caribbean have not supported such
a system, with most islands having no internal capacity for rabies testing. The only Caribbean localities
noted by the present survey to have diagnostic capacity for human rabies were the Spanish-speaking
Caribbean countries, which, similarly to their Latin American counterparts, have one primary agency
responsible for rabies surveillance in both human and animal populations. At present, given where
human cases routinely occur, these facilities are ideally positioned for efficient human rabies diagnosis
and regional control, although in some cases this will only be realised if there are mechanisms for
country to country cooperation. For example, Haiti, which is responsible for the vast majority of
human cases, has no dedicated human rabies diagnostics facility but shares the island of Hispaniola
with the Dominican Republic, where facilities exist.

Our study shows that most endemic localities currently have laboratory capacity to conduct
DFA testing for animal samples, including a recently-established animal rabies laboratory in Guyana.
However, in the majority of these countries, limitations related to dedicated funding for reagents and
consumables may hinder consistent testing. In such cases, use of alternative, low-resource diagnostic
tools (e.g., immunohistochemical and immunochromatographic techniques) [90] and the pooling of
samples (especially for wildlife) may be of immense value. In 2014, CaribVET organized a training
workshop on rabies diagnostic techniques for rabies-endemic Caribbean countries. Such training
exercises, together with strong laboratory networking facilitated by CaribVET, can significantly
improve rabies diagnostic capacities in countries without existing laboratory facilities. At present,
only two Caribbean localities routinely employ molecular diagnostics for rabies. It may be useful
to develop this capacity in other countries or to outsource testing regionally to WHO/OIE reference
centers for confirmatory testing, especially with public health exposures, and for viral typing, which can
be useful towards determination of RABV variants and reservoir host identification.

4.7. Prevention and Control Measures

4.7.1. Animal Vaccination

Animal rabies vaccination is targeted at those animals identified as high-risk species based on the
behaviour of the main reservoir hosts, so in endemic Caribbean areas the main targets are domestic
carnivores and herbivores. In the face of limited financial resources, national programs that attempt
mass vaccination schemes annually (see Table 3) may achieve lower population coverage compared to
those with biennial and triennial schemes. Economic constraints may be off-set by vaccine procurement
mechanisms initiated by international bodies, such as the PAHO revolving fund (canine vaccine) [91]
and the OIE vaccine bank [92]. However, some localities may still be limited in the availability
of personnel to effectively administer regular national vaccine programmes. For example, despite
legislative support for effecting mandatory animal rabies vaccination programmes in Trinidad and
French Guiana, manpower to enforce and conduct programmes is a significant limiting variable [87,93].

In areas with endemic canine rabies, vaccine coverages of at least 70% in the dog population over
a few years should be effective to prevent the enzootic circulation of RABV [35,94]. Given an estimated
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vaccine coverage of less than 50% in Haiti, elimination of canine-transmitted rabies by 2030 [95] may
prove to be less realistic than in places such as the Dominican Republic and Cuba with reported
coverages over 80%. Although the results of this survey indicate that Cuba has the highest estimated
dog population vaccine coverage in the Caribbean, this figure does not include free-ranging dogs,
so the at-risk canine population is underestimated. This likely also holds true for the estimates of canine
vaccine population coverage in other endemic areas. In non-endemic areas where routine vaccination
programs do not occur, rabies vaccine coverage of dog populations would be low, and introduction
of RABV to these naïve populations could result in explosive outbreaks. With the exception of Haiti,
areas with carnivore rabies historically implemented major dog vaccination programs, e.g., Grenada
(1971), Cuba (1981), and the Dominican Republic (1987), which resulted in effective declines in endemic
dog rabies over successive years [46,61]. Current estimates of rabies immunization coverage for the
Grenadian dog population given in other studies (20–25% of the dog population) [54,96] are much more
conservative than those provided in this survey. Similarly, in Haiti, dog vaccination coverages reported
elsewhere were 40–42%, compared to 50% in this study [83,97]. Annual variations in vaccination
coverage related to variations in the availability of funding may explain these inconsistencies.
The absence of reliable animal population census information is an additional barrier to obtaining
accurate vaccine coverage estimate in Caribbean animal populations.

In most places with endemic vampire bat-transmitted rabies, routine rabies vaccination is
conducted in livestock, with particular emphasis on cattle. Compliance with such rabies vaccination
programs is influenced by whether there is a legal requirement and the cost to the farmer. For example,
in French Guiana, one study showed a 7% decline in livestock vaccination from the biennial
periods 2006-2007 (when vaccine was free of cost) to 2008–2009 after a ministerial decree (2008)
that implemented shared costs between livestock farmers and the government for mandatory
vaccination [87]. Although no population coverage data were provided in the current study, one report
indicated that 41% of livestock (including 26% small ruminants) were vaccinated during the period
2008–2009 in French Guiana [87]. As noted in the current study, vaccination coverage for livestock
varies widely between countries, with differences attributed to the type of rabies immunization
program implemented. The first mass livestock rabies inoculation program in the Caribbean
was implemented in Trinidad during 1932 [98] and has since been conducted on a routine basis
for rabies prevention. On the other hand, livestock rabies vaccination in Guyana is conducted
irregularly on a more concentrated scale, as ring-vaccination schemes, after clinical cases are observed.
Ring-vaccination around rabies index cases are also implemented in Trinidad, although the radius
range around cases may need to be increased to coincide with the vector feeding range [93].

4.7.2. Human Pre-Exposure and Post-Exposure Prophylaxis (PEP)

Pre-exposure human rabies vaccination was conducted in all of the rabies-endemic areas; however,
the results of this study did not indicate how and when immunity was monitored in these individuals.
Although the WHO recommends routine rabies titre determination for laboratory workers and
animal health professionals [35], in the Caribbean this is difficult to maintain, given limited resources
and no laboratory capacity for rabies serological testing. Therefore, most countries administered
booster vaccines based on duration of immunity estimations for the vaccine without titre testing to
determine the necessity of booster vaccines (i.e., titer levels <0.5 IU/mL [35]). This system, however,
does not take into account the possibility of seroconversion failures and subsequent lack of immunity.
The importance of pre-exposure vaccination for visitors to Caribbean rabies-endemic areas involved in
potentially high-risk activities is highlighted by reports of imported human cases into other localities
to which the Caribbean was epidemiologically linked as the source. These cases are mainly from
Haiti, with four cases exported to the United States of America and the Netherlands during the period
1994–2013 [82]. The neighbouring Dominican Republic was also implicated in a human case diagnosed
in Canada in 2012 [99].
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In Latin America, despite the significant decline in human rabies cases over the last few decades,
the demand for rabies vaccine has increased [27]. This may have been due to increased disease
awareness driving greater adherence to prophylaxis protocols after exposures. In the Caribbean,
similar increases may be expected with the implementation of rabies awareness programs, particularly
in endemic areas during domestic animal outbreaks. In contrast, in localities where rabies cases
were not reported for many years, institutional memory may fade and cause an underestimation
of the risk of RABV transmission, which would promote non-compliance to prevention and control
strategies. As Haiti bears the heaviest burden of human rabies cases in the region, the allocation of
rabies vaccine is much higher than regional counterparts, with approximately 8,000 doses of human
vaccine administered per year [83]. While only 7 (23%) respondents answered the question, cell-culture
rabies vaccines were noted to be used by all of these countries, including the Dominican Republic,
where nerve tissue vaccines were only discontinued in 2009 [35]. Provisions made by the PAHO
revolving fund [91] have made modern cell culture human rabies vaccines more accessible and
affordable. The poor response to survey questions related to human rabies prophylaxis may be a result
of the survey having been primarily administered to veterinary authorities that may have limited
the data captured from the human health sector, especially in areas where separate institutions are
responsible for human and animal rabies. The limited availability of rabies-immune globulin (RIG)
throughout the Caribbean noted in this study can pose significant challenges to effective PEP in
humans. Bat bite incidents in unvaccinated humans are considered category III (severe) exposures
warranting both vaccine and RIG [35]. However, at present, 80% of bat rabies-endemic countries do
not have the biologic available locally, which puts the population at risk in the event of bat exposures.
To bridge this gap in data and to ascertain the current knowledge of human medical practitioners on
rabies in general, a similar study targeting professionals in the field of human medicine is currently on
the workplan of the CaribVET Rabies Subgroup to be conducted within the Caribbean.

4.7.3. Reservoir Host Population Control Programs

Reservoir host population control mainly involves culling and reproductive sterilization techniques.
For domestic mammals, dog and cat spay and neuter programs were the most common population control
measures reported across the Caribbean, including in non-endemic localities, and were closely associated
with national stray dog management programs. While vaccination effectively curbs enzootic circulation of
canine-transmitted RABV [32], population control programs are useful to reduce the stray animal population,
which can form pockets of unvaccinated animals and a nidus of enzootic virus. In wildlife, population
control programs were based on chemical culling methods, e.g., anticoagulant pasting of vampire bats.
Trinidad has a long history of studies on chemical control for vampire bats, with initial programs resulting in
significant reductions in estimated bat numbers [93]. The island, due to its relative insular isolation compared
to its mainland counterparts, can facilitate studies on other methods of rabies management similarly based
on the ecology of the vampire bat, such as topical oral vaccination schemes [100]. Mongoose control
programs identified in this study mainly involved culling by poisoned baiting; however, the potential of
chemical sterilization and oral vaccination of this species are now being investigated in pilot programs [101].
These strategies should provide more ecologically sound and sustainable population control programs for
rabies animal reservoirs.

5. Conclusions

Rabies epidemiology across the Caribbean differs from the situation in Latin America and North America.
Historically, wildlife rabies in the Western Hemisphere was first suspected in this region. However, with the
possible exception of Trinidad, programs for control of wildlife rabies are not as well established or consistent
as those in these other regions, mainly due to financial constraints. The diversity and inconsistencies between
rabies programs within the Caribbean make it difficult to establish a standard regional approach to rabies
control and prevention, as was done in Latin America. More realistically, best practice guidelines for rabies
control independently addressing the various RABV reservoirs can be developed based on evidence-based
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information and adapted to the individual epidemiological status, existing infrastructure, and available
resources in the implementing country. The mongoose is one of the main rabies reservoirs in the Caribbean,
but due to its absence from other regions in the Americas, it is often overlooked as a transmitting animal,
which can lead to fatal consequences [102].

Sustained infection of dog-transmitted rabies in areas such as Haiti, where severe economic challenges
exist, presents barriers to the elimination of the disease in the region. If the goal of elimination is to be attained
in such areas, consistent external support will be necessary. As noted in other regions, since short-term
goals are more suited for encouraging donor investment [27], it might be worthwhile implementing
programs in phases. A minimum requirement for the certification of a country as being ‘rabies-free’ is
a functional laboratory-based surveillance program. However, rabies diagnostic capacity is limited within
the Caribbean, which may compromise surveillance efforts and pose challenges to national declarations
of rabies freedom. Training and laboratory networking such as that facilitated by CaribVET can function
to improve rabies diagnostic capacities and surveillance in Caribbean countries. Furthermore, even if
the elimination of canine rabies is on the distant horizon for the Caribbean, the approach to wildlife
rabies control, related to mongoose and particularly bat-transmitted rabies, is not as straightforward,
and the possibility of realistic prevention and control in these populations is debatable. The latter may
be a more long-term goal with the adoption of measures successfully utilized in developed countries,
e.g., oral vaccination programs [103] with the application of novel species appropriate techniques, such as
vaccination of mongoose populations and perhaps vampire bats by oral administration during routine
feeding and social grooming [100]. Nevertheless, coordinated efforts towards improving rabies control in
the Caribbean should be continued through networks like CaribVET, which represents an asset to the region
by promoting communication, increasing awareness, developing strategies, and sharing of human and
material resources between Caribbean countries.

Supplementary Materials: The following are available online at http://www.mdpi.com/2414-6366/3/3/89/s1,
Table S1: Rabies disease status and national notification status of Caribbean countries/ territories surveyed;
Table S2: Mandatory reporting of rabies virus exposure incidents in humans and animals and: Table S3: Bat species
richness and species identified as rabies positive in the Caribbean. Questionnaire used for the Caribbean Animal
Health Network (CaribVET) regional rabies survey administered in this study.

Author Contributions: Conceptualization and study design, J.F.R.S., A.V., J.P. and B.L.; Study coordination, data
curation and analysis, J.F.R.S.; Project administration, J.F.R.S., A.V. and J.P.; Validation, J.F.R.S., A.V., J.P. and B.L.;
Writing–original draft, J.F.R.S.; Writing–critical review & editing, J.F.R.S., A.V., M.A.N.V., C.V.F.C., J.P., A.V.S., R.R.,
J.C.G.A., M.F.M., C.J. and C.E.R.

Funding: This research received no external funding.

Acknowledgments: The authors acknowledge the numerous persons who function in the day-to-day prevention
and control of rabies across the Caribbean and wider Americas from the officers in the various International
Organizations, Ministries and Institutions to the individual champions within the communities. We appreciate
your commitment to the management of this fatal disease and the role that you play in the activities outlined
in this paper. We also thank the membership of the Caribbean Animal Health Network for their support of this
study and the network secretariat (CIRAD) for their assistance in follow up towards obtaining country responses.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Dietzgen, R.G.; Calisher, C.H.; Kurath, G.; Kuzmin, I.V.; Rodriguez, L.L.; Stone, D.M.; Tesh, R.B.; Tordo, N.;
Walker, P.J.; Wetzel, T.; et al. Virus taxonomy: Ninth Report of The International Committee on Taxonomy of Viruses;
Elsevier: Oxford, UK, 2011; pp. 686–714.

2. Banyard, A.C.; Evans, J.S.; Luo, T.R.; Fooks, A.R. Lyssaviruses and bats: Emergence and zoonotic threat.
Viruses 2014, 6, 2974–2990. [CrossRef] [PubMed]

3. Manning, S.E.; Rupprecht, C.E.; Fishbein, D.; Hanlon, C.A.; Lumlertdacha, B.; Guerra, M.; Meltzer, M.I.;
Dhankhar, P.; Vaidya, S.A.; Jenkins, S.R.; et al. Human rabies prevention–United States, 2008: Recommendations
of the advisory committee on immunization practices. MMWR 2008, 57, 1–28. [PubMed]

4. Rupprecht, C.E.; Willoughby, R.; Slate, D. Current and future trends in the prevention, treatment and control
of rabies. Expert Rev. Anti-Infect. 2006, 4, 1021–1038. [CrossRef] [PubMed]

http://www.mdpi.com/2414-6366/3/3/89/s1
http://dx.doi.org/10.3390/v6082974
http://www.ncbi.nlm.nih.gov/pubmed/25093425
http://www.ncbi.nlm.nih.gov/pubmed/18496505
http://dx.doi.org/10.1586/14787210.4.6.1021
http://www.ncbi.nlm.nih.gov/pubmed/17181418


Trop. Med. Infect. Dis. 2018, 3, 89 17 of 21

5. Hanlon, C.A.; Niezgoda, M.; Rupprecht, C.E. Rabies in terrestrial animals. In Rabies; Jackson, A.C.,
Wunner, W.H., Eds.; Academic Press Publications: Cambridge, UK, 2007; pp. 201–258.

6. Woldehiwet, Z. Rabies: Recent developments. Res. Vet. Sci. 2002, 73, 17–25. [CrossRef]
7. Udow, S.J.; Marrie, R.A.; Jackson, A.C. Clinical features of dog- and bat-acquired rabies in humans.

Clin. Infect. Dis. 2013, 57, 689–696. [CrossRef] [PubMed]
8. Nadin-Davis, S.A.; Real, L.A. Molecular phylogenetics of the lyssaviruses-insights from a coalescent

approach. Adv. Virus Res. 2011, 79, 203–238. [PubMed]
9. Velasco-Villa, A.; Mauldin, M.R.; Shi, M.; Escobar, L.E.; Gallardo-Romero, N.F.; Damon, I.; Olson, V.A.;

Streicker, D.G.; Emerson, G. The history of rabies in the western hemisphere. Antiviral Res. 2017, 146,
221–232. [CrossRef] [PubMed]

10. Smith, J.S.; Orciari, L.A.; Yager, P.A.; Seidel, H.D.; Warner, C.K. Epidemiologic and historical relationships
among 87 rabies virus isolates as determined by limited sequence analysis. J. Infect. Dis. 1992, 166, 296–307.
[CrossRef] [PubMed]

11. Vos, A.; Nunan, C.; Bolles, D.; Muller, T.; Fooks, A.R.; Tordo, N.; Baer, G.M. Historical review: The occurence
of rabies in pre-Colombian Central America: A historical search. Epidemiol. Infect. 2011, 139, 1445–1452.
[CrossRef] [PubMed]

12. Badrane, H.; Tordo, N. Host switching in Lyssavirus history from the chiroptera to the carnivora orders.
J. Virol. 2001, 75, 8096–8104. [CrossRef] [PubMed]

13. Kuzmina, N.A.; Kuzmin, I.V.; Ellison, J.A.; Taylor, S.T.; Bergman, D.T.; Dew, B.; Rupprecht, C.E.
A reassessment of the evolutionary timescale of bat rabies viruses based upon glycoprotein gene sequences.
Virus Genes 2013, 47, 305–310. [CrossRef] [PubMed]

14. Acha, P.N. A review of rabies prevention and control in the Americas, 1970–1980. Overall status of rabies.
Bull. Off. Int. Epiz. 1981, 93, 9–52.

15. Baer, G.M. Vampire bat and bovine paralytic rabies. In The Natural History of Rabies, 2nd ed.; Baer, G.M., Ed.;
CRC Press Inc.: Boca Raton, FL, USA, 1991; pp. 389–403.

16. Pastoret, P.P.; Van Gucht, S.; Brochier, B. Eradicating rabies at source. Rev. Sci. Tech. Off. Int. Epiz. 2014, 33,
509–519.

17. Pawan, J.L. The transmission of paralytic rabies in Trinidad by the vampire bat (Desmodus rotundus murinus
Wagner 1840). Ann. Trop. Med. Parasitol. 1936, 30, 101–129. [CrossRef]

18. Acha, P.N. Epidemiology of paralytic bovine rabies and bat rabies. Bulll. Off. Int. Epizoot. 1967, 67, 343–382.
19. Nehaul, B.B.G. Rabies transmitted by bats in British Guiana. Am. J. Trop. Med. Hyg. 1955, 4, 550–553.

[CrossRef] [PubMed]
20. Schneider, M.C.; Romijn, P.C.; Uieda, W.; Tamayo, H.; daSilva, D.F.; Leanes, L.F. Rabies transmitted by

vampire bats to humans: An emerging zoonotic disease in Latin America? Rev. Panam. Salud Publica 2009,
25, 260–269. [CrossRef] [PubMed]

21. Schneider, M.C.; Belotto, A.J.; Ade, M.P.; Hendrickx, S.; Leanes, L.F.; Rodrigues, M.J.F.; Medina, G.; Correa, E.
Current status of human rabies transmitted by dogs in Latin America. Cad. Saude Publica 2009, 23, 2049–2063.
[CrossRef]

22. Escobar, L.E.; Peterson, A.T.; Favi, M.; Yung, V.; Medina-Vogel, G. Bat borne rabies in Latin America.
Rev. Inst. Med. Trop. Sao Paulo 2015, 57, 63–72. [CrossRef] [PubMed]

23. Vigilato, M.A.N.; Clavijo, A.; Knobl, T.; Silva, H.M.T.; Cosivi, O.; Schneider, M.C.; Leanes, L.F.; Belotto, A.;
Espinal, M.A. Progress towards eliminating canine rabies: Policies and perspectives from Latin America and
the Caribbean. Philos. Trans. R. Soc. Lond. B. Biol. Sci. 2013, 368, 20120143. [CrossRef] [PubMed]

24. Belotto, A.; Leanes, L.F.; Schneider, M.C.; Tamayo, H.; Correa, E. Overview of rabies in the Americas.
Virus Res. 2005, 111, 5–12. [CrossRef] [PubMed]

25. Vigilato, M.A.N.; Cosivi, O.; Knobi, T.; Clavijo, A.; Silva, H.M.T. Rabies update for Latin America and the
Caribbean. Emerg. Infect. Dis. 2013, 19, 678–679. [CrossRef] [PubMed]

26. Clavijo, A.; Del-Rio-Vilas, V.J.; Mayen, F.L.; Yadon, Z.E.; Belotto, A.J.; Vigilato, M.A.N.; Schneider, M.C.;
Cosivi, O. Perspective piece: Gains and future road map for the elimination of dog-transmitted rabies in the
Americas. Am. J. Trop. Med. Hyg. 2013, 89, 1040–1042. [CrossRef] [PubMed]

27. Del-Rio-Vilas, V.J.; Freire-de-Carvalho, M.H.; Vigilato, M.A.; Rocha, F.; Vokaty, A.; Pompei, J.A.; Molina
Flores, B.; Fenelon, N.; Cosivi, O. Tribulations of the last mile: Sides from a regional program. Front. Vet. Sci.
2017, 4, 4. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/S0034-5288(02)00046-2
http://dx.doi.org/10.1093/cid/cit372
http://www.ncbi.nlm.nih.gov/pubmed/23723193
http://www.ncbi.nlm.nih.gov/pubmed/21601049
http://dx.doi.org/10.1016/j.antiviral.2017.03.013
http://www.ncbi.nlm.nih.gov/pubmed/28365457
http://dx.doi.org/10.1093/infdis/166.2.296
http://www.ncbi.nlm.nih.gov/pubmed/1634801
http://dx.doi.org/10.1017/S0950268811001440
http://www.ncbi.nlm.nih.gov/pubmed/21798107
http://dx.doi.org/10.1128/JVI.75.17.8096-8104.2001
http://www.ncbi.nlm.nih.gov/pubmed/11483755
http://dx.doi.org/10.1007/s11262-013-0952-9
http://www.ncbi.nlm.nih.gov/pubmed/23839669
http://dx.doi.org/10.1080/00034983.1936.11684921
http://dx.doi.org/10.4269/ajtmh.1955.4.550
http://www.ncbi.nlm.nih.gov/pubmed/14376780
http://dx.doi.org/10.1590/S1020-49892009000300010
http://www.ncbi.nlm.nih.gov/pubmed/19454154
http://dx.doi.org/10.1590/S0102-311X2007000900013
http://dx.doi.org/10.1590/S0036-46652015000100009
http://www.ncbi.nlm.nih.gov/pubmed/25651328
http://dx.doi.org/10.1098/rstb.2012.0143
http://www.ncbi.nlm.nih.gov/pubmed/23798691
http://dx.doi.org/10.1016/j.virusres.2005.03.006
http://www.ncbi.nlm.nih.gov/pubmed/15896398
http://dx.doi.org/10.3201/eid1904.121482
http://www.ncbi.nlm.nih.gov/pubmed/23750499
http://dx.doi.org/10.4269/ajtmh.13-0229
http://www.ncbi.nlm.nih.gov/pubmed/24306030
http://dx.doi.org/10.3389/fvets.2017.00004
http://www.ncbi.nlm.nih.gov/pubmed/28197407


Trop. Med. Infect. Dis. 2018, 3, 89 18 of 21

28. Pan American Health Organization. PANAFTOSA. Rabies: Pending Challenges—An Unfinished Process.
16th Meeting of Rabies Program Directors in the Americas. REDIPRA 16. Available online: http://www.
panaftosa.org/redipra16/index.php?option=com_content&view=article&id=49&Itemid=54&lang=en (accessed
on 27 February 2018).

29. Freire-de-Carvalho, M.; Vigilato, M.A.N.; Pompei, J.A.; Rocha, F.; Vokaty, A.; Molina-Flores, B.; Cosivi, O.;
Del Rio Vilas, V.J. Rabies in the Americas: 1998-2014. PLoS Negl. Trop. Dis. 2018, 12, e0006271. [CrossRef]
[PubMed]

30. Pan American Health Organization. Regional Information System for Epidemiological Surveillance of Rabies
(SIRVERA). Available online: http://sivera.panaftosa.org.br/login (assessed on 8 July 2018).

31. Ma, X.; Monroe, B.P.; Cleaton, J.M.; Orciari, L.A.; Yager, P.; Li, Y.; Kirby, J.D.; Blanton, J.D.; Petersen, B.W.;
Wallace, R.M. Rabies surveillance in the United States during 2016. J. Am. Vet. Med. Assoc. 2018, 252, 945–957.
[CrossRef] [PubMed]

32. Velasco-Villa, A.; Escobar, L.E.; Sanchez, A.; Shi, M.; Streicker, D.G.; Gallardo-Romero, N.F.; Vargas-Pino, F.;
Gutierrez-Cedillo, V.; Damon, I.; Emerson, G. Successful strategies implemented towards the elimination of
canine rabies in the western hemisphere. Antivir. Res. 2017, 143, 1–12. [CrossRef] [PubMed]

33. Wallace, R.; Reses, H.; Franka, R.; Dilius, P.; Fenelon, N.; Orciari, L.; Etheart, M.; Destine, A.; Crowdis, K.;
Blanton, J.D.; et al. Establishment of a canine rabies burden in Haiti through the implementation of a novel
surveillance program. PLoS Negl. Trop. Dis. 2015, 9, e0004245. [CrossRef] [PubMed]

34. Lefrancois, T.; Petit-Sinturel, M.; Kalloo, M.; Shaw, J.; Herbert-Hackshaw, K.; Trotman, M.; Gongora, V.
Caribvet: A model for surveillance of zoonotic diseases. Int. J. Infect. Dis. 2010, 14, e185. [CrossRef]

35. World Health Organization (WHO). World Health Organization (WHO) Expert Consultation on Rabies; WHO:
Geneva, Switzerland, 2018.

36. Muir, P.; Roome, A. Indigenous rabies in the UK. Lancet 2005, 365, 2175. [CrossRef]
37. World Organization for Animal Health (OIE). Rabies, Belize. In World Animal Health Information Database

(WAHID). Available online: http://www.oie.int/wahis_2/public/wahid.php/Diseaseinformation/statusdetail
(accessed on 21 November 2017).

38. Meynard, J.B.; Flamand, C.; Dupuy, C.; Mahamat, A.; Eltges, F.; Queuche, F.; Renner, J.; Fontanella, J.M.;
Hommel, D.; Dussart, P.; et al. First human rabies cases in French Guiana, 2008: Epidemiological investigation
and control. PLoS Negl. Trop. Dis. 2012, 6, e1537. [CrossRef] [PubMed]

39. Berger, F.; Desplanches, N.; Baillargeaux, S.; Joubert, M.; Miller, M.; Ribadeau-Dumas, F.; Spiegel, A.;
Bourhy, H. Rabies risk: Difficulties encountered during management of grouped cases of bat bites in
2 isolated villages in French Guiana. PLoS Negl. Trop. Dis. 2013, 7, e2258. [CrossRef] [PubMed]

40. Seetahal, J.F.R.; Velasco-Villa, A.; Allicock, O.M.; Adesiyun, A.A.; Bissessar, J.; Amour, K.; Phillip-Hosein, A.;
Marston, D.A.; McElhinney, L.M.; Shi, M.; et al. Evolutionary history and phylogeography of rabies viruses
associated with outbreaks in Trinidad. PLoS Negl. Trop. Dis. 2013, 7, e2365. [CrossRef] [PubMed]

41. Cruz, R.B. Situation of Rabies in Cuba. In Proceedings of the The XVI International Conference on Rabies in
the Americas, Ottawa, ON, Canada, 16–21 October 2005.

42. Nadin Davis, S.A.; Torres, G.; Ribas, M.; Guzman, M.; Cruz De La Paz, R.; Morales, M.; Wandeler, A.I.
A molecular epidemiological study of rabies in Cuba. Epidemiol. Infect. 2006, 134, 1313–1324. [CrossRef]
[PubMed]

43. Constantine, D.G. Bat Rabies and Other Lyssavirus Infections; United States Geological Survey National Wildlife
Health Center: Reston, VA, USA, 2009.

44. Goodwin, G.G.; Greenhall, A. A review of the bats of Trinidad and Tobago: Descriptions, rabies infection
and ecology. Amer. Muse. Nat. Hist. 1961, 122, 187–302.

45. Tierkel, E.S.; Arbona, G.; Rivera, A.; de Juan, A. Mongoose rabies in Puerto Rico. Public Health Rep. 1952, 67,
274–278. [CrossRef] [PubMed]

46. Everard, C.O.R.; Everard, J.D. Mongoose rabies in the Caribbean. Ann. N. Y. Acad. Sci. 1992, 653, 356–366.
[CrossRef] [PubMed]

47. Everard, C.O.R.; Murray, D.; Gilbert, P.K. Rabies in Grenada. Trans. R. Soc. Trop. Med. Hyg. 1972, 66, 878–888.
[CrossRef]

48. Jonkers, A.H.; Alexis, F.; Loregnard, R. Mongoose rabies in Grenada. West Indian Med. J. 1969, 18, 167–170.
[PubMed]

http://www.panaftosa.org/redipra16/index.php?option=com_content&view=article&id=49&Itemid=54&lang=en
http://www.panaftosa.org/redipra16/index.php?option=com_content&view=article&id=49&Itemid=54&lang=en
http://dx.doi.org/10.1371/journal.pntd.0006271
http://www.ncbi.nlm.nih.gov/pubmed/29558465
http://sivera.panaftosa.org.br/login
http://dx.doi.org/10.2460/javma.252.8.945
http://www.ncbi.nlm.nih.gov/pubmed/29595389
http://dx.doi.org/10.1016/j.antiviral.2017.03.023
http://www.ncbi.nlm.nih.gov/pubmed/28385500
http://dx.doi.org/10.1371/journal.pntd.0004245
http://www.ncbi.nlm.nih.gov/pubmed/26600437
http://dx.doi.org/10.1016/j.ijid.2010.02.1900
http://dx.doi.org/10.1016/S0140-6736(05)66769-4
http://www.oie.int/wahis_2/public/wahid.php/Diseaseinformation/statusdetail
http://dx.doi.org/10.1371/journal.pntd.0001537
http://www.ncbi.nlm.nih.gov/pubmed/22363830
http://dx.doi.org/10.1371/journal.pntd.0002258
http://www.ncbi.nlm.nih.gov/pubmed/23826400
http://dx.doi.org/10.1371/journal.pntd.0002365
http://www.ncbi.nlm.nih.gov/pubmed/23991230
http://dx.doi.org/10.1017/S0950268806006297
http://www.ncbi.nlm.nih.gov/pubmed/16740188
http://dx.doi.org/10.2307/4588059
http://www.ncbi.nlm.nih.gov/pubmed/14900364
http://dx.doi.org/10.1111/j.1749-6632.1992.tb19662.x
http://www.ncbi.nlm.nih.gov/pubmed/1626884
http://dx.doi.org/10.1016/0035-9203(72)90123-X
http://www.ncbi.nlm.nih.gov/pubmed/4918501


Trop. Med. Infect. Dis. 2018, 3, 89 19 of 21

49. Everad, C.O.R.; Everard, J.D. Mongoose rabies in Grenada. In Population Dynamics of Rabies in Wildlife;
Bacon, P.J., Ed.; Nat. Acad. Press: London, UK, 1985; pp. 43–69.

50. Espeut, W.B. On the acclimatization of the Indian mongoose in Jamaica. Proc. Zool. Soc. Lond. 1882, 28,
712–714.

51. Hinton, H.E.; Dunn, A.M.S. Mongooses: Their Natural History and Behavior; UC Press: Berkeley, CA, USA, 1967.
52. Horst, G.R.; Hoagland, D.B.; Kilpatrick, C.W. The mongoose in the West Indies: The biogeography and

population biology of an introduced species. In Biogeography of the West Indies: Patterns and Perspectives,
2nd ed.; Woods, C.A., Sergile, F.E., Eds.; CRC Press: Boca Raton, FL, USA, 2001; pp. 409–424.

53. Nadin Davis, S.A.; Velez, J.; Malaga, C.; Wandeler, A.I. A molecular epidemiological study of rabies in
Puerto Rico. Virus Res. 2008, 131, 8–15. [CrossRef] [PubMed]

54. Zieger, U.; Marston, D.A.; Sharma, R.; Chikweto, A.; Tiwari, K.; Sayyid, M.; Louison, B.; Hooman, G.;
Voller, K.; Breed, A.C.; et al. The phylogeography of rabies in Grenada, West Indies, and implication for
control. PLoS Negl. Trop. Dis. 2014, 8, e3251. [CrossRef] [PubMed]

55. InterAmerican Institute for Coorporation on Agriculture (IICA). A Proposal to Modernize the Agricultural
Health Services of Belize; IICA: Belize, CA, USA, 1996; p. 3.

56. Cordero, Y.; de los Angeles, R.M.; Beatriz, C.H.; Cintra, Y.; Tejero, Y.; Gonzalez, J.; Daileny, P.; Castilho, J.
Epidemiology and Molecular Characterization of Rabies in Cuba from 2003 to 2016. In Proceedings of the
XXVIII Rabies in the Americas Conference, Calgary, AB, Canada, 22–26 October 2017; p. 17.

57. Zieger, U.; Cheetham, S.; Santana, S.E.; Leiser-miller, L.; Matthew-Belmar, V.; Hooman, G.; Fooks, A.R.
Natural exposure of bats in Grenada to rabies virus. Infect. Ecol. Epidemiol. 2017, 7, 1332935. [CrossRef]
[PubMed]

58. Price, J.L.; Everard, C.O.R. Rabies virus and antibody in bats in Grenada and Trinidad. J. Wildl. Dis. 1977,
131–134. [CrossRef]

59. Speer, K.A.; Petronio, B.J.; Simmons, N.B.; Richey, R.; Magrini, K.; Soto-Centeno, J.A.; Reed, D.L. Population
struture of a widespread bat (Tadarida brasiliensis) in an island system. Ecol. Evol. 2017, 7, 7585–7598.
[CrossRef] [PubMed]

60. Millien, M.F. Update of the Rabies Situation in Haiti. In Proceedings of the Regional Conference on
Surveillance and Research on Vector-borne and Emerging Animal and Zoonotic Diseases in the Caribbean,
Guadeloupe, France, 21 April 2015.

61. Everard, C.O.R.; James, A.C.; Da Breo, S. Ten years of rabies surveillance in Grenada, 1968–1977.
Bull. Pan. Am. Health Organ. 1979, 13, 342–353. [PubMed]

62. World Health Organization (WHO). WHO Wkly Epidemiol. Rec.; WHO: Geneva, Switzerland, 1976;
pp. 381–382.

63. Dyer, H.; Yager, P.; Orciari, L.; Greenburg, L.; Wallace, R.; Hanlon, C.A.; Blanton, J.D. Rabies surveillance in
the United States during 2013. J. Am. Vet. Med. Assoc. 2014, 245, 1111–1123. [CrossRef] [PubMed]

64. Krebs, J.W.; Smith, J.S.; Rupprecht, C.E.; Childs, J.E. Rabies surveillance in the United States during 1998.
J. Am. Vet. Med. Assoc. 1999, 215, 1786–1798. [PubMed]

65. Everard, C.O.R.; Everard, J.D. Mongoose rabies. Rev. Infect. Dis. 1988, 10, 610–614. [CrossRef]
66. Organizacion Panamericana de la Salud (OPS). Republica Dominicana: Elimination of Dog-Transmitted Rabies in

Latin America: Situation Analysis; OPS: Washington, WA, USA, 2004; pp. 58–59.
67. Gannon, M.R.; Kurta, A.; Rodriguez-Duran, A.; Willig, M.R. Bats of Puerto Rico: An Island Focus and A Caribbean

Perspective; Texas Tech University Press: Lubbock, TX, USA, 2005.
68. Fenton, M.B.; Bernard, E.; Hollis, L.; Johnston, D.S.; Lausen, C.L.; Ratcliffe, J.M.; Riskin, D.K.; Taylor, J.R.;

Zigouris, J. The bat fauna of Lamanai, Belize: Roosts and tropical roles. J. Trop. Ecol. 2001, 17, 511–524.
[CrossRef]

69. Willig, M.R.; Presley, S.J.; Bloch, C.P.; Genoways, H.H. Macroecology of Caribbean bats: Effects of area,
elevation, latitude and hurricane-induced disturbance. In Island Bats: Evolution, Ecology and Conservation;
Fleming, T.H., Racey, P.A., Eds.; The University of Chicago Press Ltd.: Chicago, IL, USA, 2009; pp. 216–264.

70. Lim, B.K.; Emngstrom, M.D. Species diversity of bats (Mammalia: Chiroptera) in Iwokrama forest, Guyana,
and the Guianan subregion: Implications for conservation. Biodivers. Conserv. 2001, 10, 613–657.

71. Shapley, R.L.; Wilson, D.E.; Warren, A.N.; Barnett, A.A. Bats of the Potaro Plateau region, Western Guyana.
Mammalia 2005, 69, 375–394. [CrossRef]

http://dx.doi.org/10.1016/j.virusres.2007.08.002
http://www.ncbi.nlm.nih.gov/pubmed/17869366
http://dx.doi.org/10.1371/journal.pntd.0003251
http://www.ncbi.nlm.nih.gov/pubmed/25330178
http://dx.doi.org/10.1080/20008686.2017.1332935
http://www.ncbi.nlm.nih.gov/pubmed/28804595
http://dx.doi.org/10.7589/0090-3558-13.2.131
http://dx.doi.org/10.1002/ece3.3233
http://www.ncbi.nlm.nih.gov/pubmed/29043016
http://www.ncbi.nlm.nih.gov/pubmed/526674
http://dx.doi.org/10.2460/javma.245.10.1111
http://www.ncbi.nlm.nih.gov/pubmed/25356711
http://www.ncbi.nlm.nih.gov/pubmed/10613210
http://dx.doi.org/10.1093/clinids/10.Supplement_4.S610
http://dx.doi.org/10.1017/S0266467401001389
http://dx.doi.org/10.1515/mamm.2005.030


Trop. Med. Infect. Dis. 2018, 3, 89 20 of 21

72. Genoways, H.H.; Phillips, C.J.; Baker, R.J. Bats of the Antillean island of Grenada: A new zoogeographic
perspective. Mammal. Pap. Univ. Nebraska State Mus. 1998, 98, 1–28.

73. Flanders, J.; Yohe, L.; Rossiter, S.; Davalos, L.M. Field Key to the Bats of Hispanola. 2014. Available online:
https://seis.bristol.ac.uk/~bzjrf/JonFlanders/Field_key_bats_Hispaniola.pdf (accessed on 21 November 2017).

74. Gomes, G.A.; Reid, F.A. Bats of Trinidad and Tobago: A Field Guide and Natural History; Trinibats: Port of Spain,
Trinidad, 2015.

75. Moratelli, R.; Wilson, D.E.; Novaes, R.L.M.; Helgen, K.M.; Gutierrez, E.E. Caribbean Myotis (Chiroptera,
Vespertilionidae), with description of a new species from Trinidad and Tobago. J. Mammal. 2017, 98, 1–15.
[CrossRef]

76. Seetahal, J.F.R.; Sanchez-Vazquez, M.J.; Vokaty, A.; Carrington, C.V.F.; Mahabir, R.; Adesiyun, A.A.;
Rupprecht, C.E. Unpublished work. 2018.

77. Pumo, D.E.; Goldin, E.Z.; Elliot, B.; Phillips, C.J.; Genoways, H.H. Mitochondrial DNA polymorphism in
three Antillean island populations of the fruit bats, Artibeus jamaicensis. Mol. Biol. Evol. 1988, 5, 79–89.
[PubMed]

78. Butcher, L.V. The present status of paralytic rabies (bat transmitted) in Trinidad. West Indian Med. J. 1958, 7,
17–20. [PubMed]

79. Pan American Health Organization (PAHO). Country volume: Belize. In Health in the Americas; PAHO:
Washington, DC, USA, 2002; pp. 64–75.

80. Pan American Health Organization (PAHO). Country volume: Guyana. In Health in the Americas; PAHO:
Washington, DC, USA, 2007; pp. 395–411.

81. Fielding, W.J.; Ostberg, A. Animal Welfare in the Wider Caribbean in 2008, with Emphasis on Dogs;
The Pegasus Foundation: Concord, NH, USA, 2008.

82. Berger, S. Rabies. In Infectious Diseases of Haiti; Gideon Informatics Inc.: Los Angeles, CA, USA, 2014;
pp. 274–277.

83. Millien, M.F.; Pierre-Louis, J.B.; Wallace, R.; Caldas, E.; Rwangabgoba, J.M.; Poncelet, J.L. Control of dog
mediated human rabies in Haiti: No time to spare. PLoS Negl. Trop. Dis. 2015, 9, 0003806. [CrossRef]
[PubMed]

84. Beran, G.W. Rabies and infections by rabies related viruses. In Handbook of Zoonoses, 2nd ed.; Beran, G.W., Ed.;
CRC Press: Boca Raton, FL, USA, 2014; p. 313.

85. Hadad, J.H. Country volume: Cuba. In Health in the Americas; Pan American Health Organization (PAHO):
Washington, DC, USA, 2012.

86. Centers for Disease Control and Prevention (CDC). Rabies in Puerto Rico: First Case of Human Rabies Caused
by Mongoose bite in Puerto Rico. Available online: http://www.cdc.gov/worldrabiesday/puerto-rico.html
(accessed on 16 October 2016).

87. Dupuy, C.; Berger, F.; Baudrimont, X.; Martrenchar, A.; Moutou, F.; Spiegel, A.; Desplanches, N.; Krieger, N.
Situation de la rage animale en Guyane. Bull. Epid. Santé Anim. Alim. 2011, 43, 26–30.

88. Rabies-French Guiana (02): (CY) Canine, OIE. Available online: http://www.promedmail.org/direct.php?
id=3624448 (accessed on 4 September 2015).

89. Pan American Health Organization (PAHO). Report of the IX Meeting of Directors of National Programs for Rabies
Control in Latin America REDIPRA, Santa Cruz de la Sierra, Bolivia, 7–9 October 2002; PAHO: Santa Cruz de la Sierra,
Bolivia, 2003; Available online: http://bvs1.panaftosa.org.br/local/file/textoc/IX_Redipra_ing.pdf (accessed on
29 June 2018).

90. Mani, R.S.; Madhusudana, S.N. Laboratory diagnosis of human rabies: Recent advances. Sci. World J. 2013,
2013, 569–712. [CrossRef] [PubMed]

91. The 14th Meeting of Directors of National Programs for Rabies Control in Latin America (REDIPRA),
Lima (Peru), 2013. Available online: https://rabiesalliance.org/resource/14th-redipra-lima-peru (accessed
on 25 November 2013).

92. World Organization for Animal Health (OIE). Vaccine Banks. Available online: http://www.oie.int/support-
to-oie-members/vaccine-bank/ (accessed on 25 July 2017).

93. Seetahal, J.F.R.; Vokaty, A.; Carrington, C.V.F.; Adesiyun, A.A.; Mahabir, R.; Hinds, A.; Rupprecht, C.E.
The history of rabies in Trinidad: Epidemiology and control measures. Trop. Med. Infect. Dis. 2017, 2, 27.
[CrossRef]

https://seis.bristol.ac.uk/~bzjrf/JonFlanders/Field_key_bats_Hispaniola.pdf
http://dx.doi.org/10.1093/jmammal/gyx062
http://www.ncbi.nlm.nih.gov/pubmed/2833678
http://www.ncbi.nlm.nih.gov/pubmed/13558068
http://dx.doi.org/10.1371/journal.pntd.0003806
http://www.ncbi.nlm.nih.gov/pubmed/26110845
http://www.cdc.gov/worldrabiesday/puerto-rico.html
http://www.promedmail.org/direct.php?id=3624448
http://www.promedmail.org/direct.php?id=3624448
http://bvs1.panaftosa.org.br/local/file/textoc/IX_Redipra_ing.pdf
http://dx.doi.org/10.1155/2013/569712
http://www.ncbi.nlm.nih.gov/pubmed/24348170
https://rabiesalliance.org/resource/14th-redipra-lima-peru
http://www.oie.int/support-to-oie-members/vaccine-bank/
http://www.oie.int/support-to-oie-members/vaccine-bank/
http://dx.doi.org/10.3390/tropicalmed2030027


Trop. Med. Infect. Dis. 2018, 3, 89 21 of 21

94. Coleman, P.G.; Dye, C. Immunization coverage required to prevent outbreaks of dog rabies. Vaccine 1996, 14,
185–186. [CrossRef]

95. World Health Organization (WHO). Report of the rabies global conference. In Global Elimination of Dog-Mediated
Human Rabies; World Health Organization (WHO) and World Organization for Animal Health (OIE):
Geneva, Switzerland, 2016.

96. Thomas, D.; Delgado, A.; Louison, B.; Lefrancois, T.; Shaw, J. Examining dog owners’ beliefs regarding
rabies vaccination during government-funded vaccine clinics in Grenada to improve vaccine coverage rates.
Prev. Vet. Med. 2013, 110, 563–569. [CrossRef] [PubMed]

97. Fielding, W.J.; Gall, M.; Green, D.B.; Eller, W.S. Care of dogs and attitudes of dog owners in Port-au-Prince,
the Republic of Haiti. J. Appl. Anim. Welf. Sci. 2012, 15, 126–253. [CrossRef] [PubMed]

98. Director of Agriculture of Trinidad and Tobago. Extracts from the administration reports of the director of
agriculture for the years 1923–1948. Caribb. Med. J. 1959, 21, 172–184.

99. Berger, S. Rabies. In Infectious Diseases of the Dominican Republic; Gideon Informatics Inc.: Los Angeles, CA, USA,
2015; pp. 274–277.

100. Stoner-Duncan, B.; Streicker, D.G.; Tedeschi, C.M. Vampire bats and rabies: Towards an ecological solution
to a public health problem. PLoS Negl. Trop. Dis. 2014, 8, e2867. [CrossRef] [PubMed]

101. Johnson, S.R.; Berentsen, A.R.; Ellis, C.; Davis, A.; Vercauteren, K.C. Estimates of small Indian mongoose
densities: Implications for rabies management. J. Wildl. Manag. 2016, 80, 37–47. [CrossRef]

102. Styezynski, A.; Tran, C.; Dirlikov, E.; Zapara, M.R.; Ryff, K.; Peterson, B.; Cruz Sanchez, A.; Mayshack, M.;
Martinez, L.; Condori, R.; et al. Human rabies - Puerto Rico, 2015. MMWR Morb. Mort Wkly Rep. 2017, 65,
1474–1476. [CrossRef] [PubMed]

103. King, A.A.; Fooks, A.R.; Aubert, M.; Wandeler, A.I. Historical Perspective of Rabies in Europe and the
Mediterranean Basin; OIE: Paris, France, 2005; p. 362.

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/0264-410X(95)00197-9
http://dx.doi.org/10.1016/j.prevetmed.2013.02.009
http://www.ncbi.nlm.nih.gov/pubmed/23611065
http://dx.doi.org/10.1080/10888705.2012.683760
http://www.ncbi.nlm.nih.gov/pubmed/22742200
http://dx.doi.org/10.1371/journal.pntd.0002867
http://www.ncbi.nlm.nih.gov/pubmed/24945360
http://dx.doi.org/10.1002/jwmg.998
http://dx.doi.org/10.15585/mmwr.mm6552a4
http://www.ncbi.nlm.nih.gov/pubmed/28056006
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Rabies Status and Main Animal Reservoir 
	Risk of Rabies Introduction 
	Rabies Case Burden 
	Animal Rabies 
	Human Rabies 

	Rabies Case Definitions, Protocols, and Legislation 
	Rabies Virus Exposure Incidents 
	National Agencies with Responsibility for Rabies Surveillance 
	Rabies Surveillance Programs in Animal Populations 
	General 
	Wildlife 
	Domestic Animals 

	Animal Rabies Vaccination 
	Human Pre-Exposure and Post-Exposure Prophylaxis (PEP) 
	Animal Reservoir Population Control Programs 
	Rabies Laboratory Diagnostics 
	National Import Health Regulations Related to Rabies 

	Discussion 
	Rabies Status and Reservoir Hosts 
	Risk of Introduction 
	Surveillance and Reporting of Animal Rabies 
	Surveillance and Reporting of Human Rabies 
	Human Exposures and Public Health Risk 
	Rabies Diagnostic Capacity 
	Prevention and Control Measures 
	Animal Vaccination 
	Human Pre-Exposure and Post-Exposure Prophylaxis (PEP) 
	Reservoir Host Population Control Programs 


	Conclusions 
	References

