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ARTICLE INFO ABSTRACT

Keywords: Introduction: Neglected tropical diseases (NTDs) in developing countries like the Caribbean, negatively affect
Neglt_?Cted trOP{Cal diseases multiple income-generating sectors, including the tourism industry upon which island states are highly depen-
Tropical medicine dent. Insect-transmitted NTDs include, but are not limited to, malaria, dengue and lymphatic filariasis. Control

Infectious diseases

. measures for these disease, are often ignored because of the associated cost. Many of the developing country
Arthropod-borne disease

Caribbean members are thus retained in a financially crippling cycle, balancing the cost of prophylactic measures with that

Mosquito of controlling an outbreak.

Insect The purpose of the paper is to bring awareness to NTDs transmitted by insects of importance to humans, and to
assess factors affecting such control, in the English-speaking Caribbean.
Method: Comprehensive literature review on reports pertaining to NTDs transmitted by insects in the Caribbean
and Latin America was conducted. Data search was carried out on PubMed, and WHO and PAHO websites.
Results and conclusion: Potential risk factors for NTDs transmitted by arthropods in the English-speaking Carib-
bean are summarised. The mosquito appears to be the main insect-vector of human importance within the region
of concern. Arthropod-vectors of diseases of veterinary importance are also relevant because they affect the
livelihood of farmers, in highly agriculture based economies. Other NTDs may also be in circulation gauged by
the presence of antibodies in Caribbean individuals. However, routine diagnostic tests for specific diseases are
expensive and tests may not be conducted when diseases are not prevalent in the population. It appears that only
a few English-speaking Caribbean countries have examined secondary reservoirs of pathogens or assessed the
effectivity of their insect control methods. As such, disease risk assessment appears incomplete. Although
continuous control is financially demanding, an integrated and multisectoral approach might help to deflect the
cost. Such interventions are now being promoted by health agencies within the region and various countries are
creating and exploring the use of novel tools to be incorporated in their insect-vector control programmes.

1. Introduction arthropods that are of human importance, include but are not limited to,
dengue, chikungunya, malaria, filariasis, onchocerciasis, leishmaniasis,
Neglected tropical diseases (NTD) transmitted by hematophagous and chagas disease. Insect transmitted NTDs are usually endemic in
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developing countries [1], such as many in the Caribbean, and are
problematic in low-income communities, particularly where water
availability and waste management are poor. Often, the cost of man-
agement of vectors and prevention of disease, pose serious challenges for
developing countries and as such, the systematic control of insect
transmitted NTDs remain elusive, until an outbreak forces a temporary,
band-aid approach to salvage some control [1-3]. Spotlights have been
shone on major outbreaks in the Caribbean, due its geographic impor-
tance as a gateway to North and South America, and it is clear that
management of these outbreaks in these islands is of significant value to
the wider region. This paper therefore aims to bring into sharp focus, key
parameters involved in the management of insect transmitted NTDs in
the English-speaking Caribbean (Fig. 1).

The review firstly presents insect-borne diseases of importance to
humans, reported in the Caribbean, and known underlying causative
agents - insect vectors, followed by challenges in insect-vector man-
agement, with a brief highlight on important/developing threats, as well
as challenges posed by climate change, given the particular sensitivity of
the region to this global phenomenon. Vector monitoring and
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surveillance tools available in the region along with some challenges
associated with their use are also presented.

Although multiple studies exist on arthropod-borne diseases in the
Americas, entomological and epidemiological publications examining
the presence of arthropods and their pathogens within the English-
speaking Caribbean, are very limited [4,5]. This review highlights the
presence of insect-borne diseases reported in the Caribbean, with an aim
to bring about awareness to the region, specifically in the English-
speaking Caribbean (Fig. 1), where information appears lacking. The
review hopes to bridge knowledge gaps that could promote awareness
and a heightened vigilance for future outbreaks.

2. The Caribbean and its neglected tropical diseases
2.1. Situational analysis
The geographic location and climate of the Caribbean archipelagos

(Fig. 1) present suitable habitats for many pathogenic arthropods that
thrive in warm, moist climate. The Karst and mountain topography of
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Fig. 1. Map highlighting the English-Speaking Caribbean countries.
(Map created using Arc-GIS using version 10.6)

Highlighted in purple are countries within the Caribbean that are a part of the Commonwealth of Nations, inclusive of overseas territories — The islands — Anguilla,
Antigua and Barbuda, The Bahamas, Barbados, British Virgin Islands, Cayman Islands, Dominica, Grenada, Jamaica, Monserrat, Turks and Caicos Islands, St. Kitts
and Nevis, St. Lucia, St. Vincent and the Grenadines, Trinidad and Tobago. Continent Countries — Belize and Guyana.

The Caribbean is comprised of several archipelagos- The Lucayan archipelago (The Bahamas and the Turks and Caicos islands), the Greater Antilles (Cuba, His-
paniola, Jamaica, Puerto Rico and the Cayman Islands), the Lesser Antilles (made up of the arc islands from the Virgin Islands to the Trinidad), and the Leeward

Antilles (Aruba, Bonaire and Curagao).
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the islands that forms rock holes, as well as the rich vegetation, where
tree stumps, tree holes, leaf axils and fruit pericarp, all provide unique
habitats for insect proliferation [6]. The Caribbean region is especially
vulnerable to insect-vector borne diseases, which have devastating
impact on the health, economy and social fabric of these small island
developing states (SIDS). The Caribbean relies heavily on tourism to
balance its fiscal budget. The limited medications to treat the diseases,
the high risk of rapid transmission through travel, the risk of infection
and the associated negative publicity, collectively result in decreased
tourist travel during disease outbreaks [2,7,8]. Reduced labour force
during disease outbreaks leads to reduced productivity and low earning
potential within the region [8]. The underlying consequence of these
economic and environmental conditions coupled with the looming
impact of climate change [9] in the region and the potential threat of
non-arboviruses presents a potent package of unknown risk to the
region.

Summarised in Tables 1 and 2 are the insect-vectors of the Caribbean
that transmit NTDs that have been either detected or suspected in
humans living within the Caribbean. Some insect-vectors appear local-
ised to a region of the Caribbean, for example Triatoma dimidiate, an
insect found in the forested areas of Belize and neighbouring Latin
American countries, and usually transmits Trypanosoma cruzi to forest
dwelling animals [10]. Some pathogens within the Caribbean appear to
have region specific vectors, an example of such is, Mansonella ozzardi,
which causes Mansonelliasis. The disease has been well discussed
[11-14], though it is considered as a forgotten insect-vector borne dis-
ease, that is neglected by health authorities in some countries [14];
possibly because infections are generally mild to asymptomatic, and go
undetected. Throughout the Caribbean, the insect-vector that transmit
Mansonella ozzardi are Culicoides spp., however, along the Amazon
border of Guyana and southern Latin America countries, the pathogen is
transmitted mainly by Simulium spp. [11]. More common insect-vectors
and pathogens of interests, based on unique cases, increased detection of
pathogens in forest insects or observation in novel locations are
described.

2.2. Common insect vectors and their associated diseases in the Caribbean

2.2.1. Sandflies

Phlebotomine sand flies are responsible for the transmission Leish-
mania spp., a protozoa species that causes Leishmaniasis. The disease has
three main forms- cutaneous, the most common, mucocutaneous, and
visceral, the most severe. The pathogen and its vector are widely
distributed in impoverished communities globally, where it thrives in
immunocompromised individuals [15]. Over 1-million new cases are
reported yearly, worldwide, resulting in 20,000 deaths annually [16].
Cases of cutaneous leishmaniasis have been reported throughout the
Caribbean, including in Martinique, Guadeloupe, Trinidad [15-18],
Dominica Republic [19], Belize and Guyana [16]. Successful control and
elimination programmes in the region have resulted in a reduction in the
number of reported cases in endemic countries targeted to eliminate the
disease by 2030. In 2019, Guyana, a country where cutaneous leish-
maniasis is endemic, reported a 73% reduction in the number of in-
cidences [20], owing to the mass distribution of therapeutics. The
pathogenesis of the diseases appears to be temperature sensitive. Tem-
perature sensitive pathogens generally remain within the cutaneous
membrane and more temperature resistant strains migrate towards the
viscera [21] of the individual. Recently, L. martiniquensis, a cutaneous
species restricted to the island of Martinique, was observed for the first
time to clinically manifest as visceral leishmaniasis in an individual
previously diagnosed with the immunodeficient disease HIV [22]
(Table 1). It appears that a shift in climate patterns is driving vector
dispersal and mutagenesis in the pathogen, causing Leishmania spp. to
occur in novel locations [23,24]. As temperature patterns continue to
change within the region, sandflies and the mutagenesis of Leishmania
spp. needs to be monitored.
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2.2.2. Fleas

Illnesses contributed by fleas within the Caribbean appear low. In
light of symptoms caused by flea-borne diseases, which range from
gastroenteritis to the plague, test for the pathogen it transmits, appears
to be conducted routinely in the region during diarrheal outbreaks
[25,26]. It appears that the only mammalian positive test of flea-disease
pathogen, Yersinia sp., in the English Caribbean, is linked to a unique
case in St. Kitts in 2012. Caged Chlorocebus aethiops sabaeus monkeys,
displayed maladies associated with enteric disease. Splenic screens for
the animals were positive for the specific mammalian Yersinia spp. an-
tibodies [27]. Studies conducted in Trinidad on 423 diarrhoeic and non-
diarrhoeic livestock from 50 farms showed Yersinia spp., contributed to
0.7% of the enteric bacterial infection [26]. These results suggest a low
presence of Yersinia spp., pathogen in the region, and to date have not
contributed to human enteric diseases in the region. Other research
further supports the low impact of flea-borne diseases in the region.
Studies conducted on pregnant women from the Caribbean showed low
seroprevalence <2%, for the antibodies to typhus group rickettsiae [28],
another flea-borne disease. The study was conducted across ten Carib-
bean countries, and only 6 countries had candidates that tested positive.
The study suggests that Rickettsia typhi, a pathogen transmitted by mu-
rine flea, Xenopsylla spp., is not a common disease agent in the region.

2.2.3. Triatomine bug

Chagas or American Trypanosomiasis is a disease caused by the
parasite Trypanosoma cruzi, a pathogen restricted to the Americas. Tri-
atomine bug are hematophagous insects that defecate during feeding.
Their faecal matter contains multiple infectious protozoa, trypomasti-
gotes, which then enters the body through breaks in the cutaneous
membrane [16]. Trypanosomiasis is endemic in French Guiana, Guyana
and Suriname [16], and evidence of its vectors and pathogen [10,29]
occur throughout the Caribbean. However most epidemiological reports
on chagas primarily originate in Latin America and Caribbean countries
in close proximity to the Latin American continent (Table 1, Fig. 1).
Studies in the 1960s, found <10% of Triatoma maculata collected from
Curacao and Aruba [29] to be infected with T. cruzi. However, Feral
animals (dogs, sheep, rats, rabbits) tested in Aruba showed antibodies
against T. cruzi, but sera collected from over 2000 residents tested, were
negative [30]. Other studies conducted around that period in patients
displaying cardiomyopathies from Trinidad and Jamaica, were positive
for antibodies against T. cruzi [10]. In the recent decade, serological
studies conducted on stray (13%) and kept (6%) dogs in Grenada [31] as
well as humans working or living in close proximity to forested areas of
Belize (6.1%) showed evidence of exposure to T. cruzi [32]. It is spec-
ulated that human-T. cruzi exposure in the Caribbean is owed to the
interaction of humans with infected forest dwelling Triatomine bugs
[10]; animal reservoirs [31]; blood transfusion; or the movement of
infected human immigrants into non-endemic countries [32].

2.2.4. Mosquitoes

With the exception of continental English-speaking Caribbean
countries, such as Guyana and Belize, and islands in close proximity to
the Continent such as Trinidad and Tobago, the main arthropod vector
of importance in the English-speaking Caribbean appears to be the
mosquito. Each year regional data on mosquito-borne illnesses are
pusblished [33]. Mosquito-borne illnesses in the Caribbean are often
caused by a flavivirus, example, the dengue virus, which is transmitted
by Aedes spp., or by a parasite, example, malaria causing Plasmodium
spp., which is transmitted by Anopheles spp., (Fig. 2). However, other
mosquito pathogens too, such as Orthobunyavirus, have been isolated in
English-speaking Caribbean countries close to the Latin American
continent (Table 2). Shown in Fig. 2, are the number of cases of the
major mosquito-borne diseases, dengue, malaria, chikungunya and the
Zika virus reported in the English Caribbean region between 2000 and
2020.

The control and prevention of mosquito-borne diseases started
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positive for the T. cruzi antibody;
The Triatoma dimidiata, a sylvatic
vector is sometimes found in and
around human dwellings. These
bugs may the vector of
epidemiological importance for
Chagas in Belize.

Table 1
Non-mosquito insect-borne diseases observed in the Caribbean and Latin America.
Insect Vector (s) Associated Disease caused Reported Detection in Detection in Humans from Non- Common Reference
Type, Family, Genus ~ Pathogen by Arbovirus Pathogen Humans in Hispanic Caribbean Countries Treatments
species Reservoir Latin
American
Countries
(a) Rickettsia
prowazekii
(b) Bartonella (d) Low seroprevalence (< 2%) for
. -(a) Louse and . . L
quintana -(aand d) Typhus Flvin the Rickettsia typhi antibody were
Louse (Rocalimaea -(b) Trench s }lllirfels among test population. No
. quintana) (Quintana) fever q Yes Caribbean studies are available antibiotics [16,28]
Pediculus humanus . -(b and ¢) L .
(c) Borrelia -(c) louse-borne that definitively links the
) . Louse humans ..
recurrentis relapsing fever () Rats transmission of the pathogen to
(d) Rickettsia lice.
typhi (Rickettsia
mooseri)
Leishmaniases . Pentavalent
. Sporadic cases of cutaneous form. R R
. Exist in three -Humans antimonial
Phlebotomine i
Sandflies forms ‘Rats In Martinique, 1 case stud (Drug resistance
Leishmania spp. (i) Visceral -Mongoose, Yes . . que, Y reported) [16,22,23,89]
o R identified mucocutaneous form.
. (ii) cutaneous —Marsupials
#Lutzomyia spp. (iii) -Dogs vector control
s Cutaneous form endemic in Belize
mucocutaneous necessary
and Guyana
(a) "Yersinia spp.
Flea (b) Rickettsia (a) Plague or -Rodents - Low seroprevalence (< 2%) for
. typhi enteric maladies -Monkeys Yes the Rickettsia typhi antibody were antibiotics [16,27,28,67]
Xenopsylla cheopis . . . L. : "
(Rickettsia (b) Rickettsiosis -Humans among test population. Possibly
mooseri) transmitted by rat flea.
Midges
SCulicoides spp.
Culicoides furens
Culicoides barbosai
(are important in Yes
- Studies have
Haiti)
. shown that
Culicoides Mansonella - . .
R Mansonelliasis Human repeated bites . R Ivermectin [14]
Pphlebotomus ozzardi Detected in -Haiti
. . necessary to
(are important in roduce
Trinidad) fnfection
(Simuliidae are
responsible for
Latin American
transmission)
Yes
Studies have All Caribbean countries are
Blackflies - shown that classified as non-endemic.
R Onchocerca Onchocerciasis X .
Simuliidae . . Human repeated bites Ivermectin [12,16,89,90]
- volvulus (river blindness) . . I
Simulium spp. necessary to No evidence of human infection in
produce the region could be found.
infection
Endemic in Guyana.
Serological studies conducted in
the 1960s, in humans from
Jamaica &Trinidad showing
di thi iti
cardiac myopathies, were positive benznidazole or
for the antibody. e
. . -Dog, nifurtimox
Triatomine bugs Shee
Panstrongylus spp. P Feral animals from Grenada, Aruba
. -Rats . L Dependent on
Rhodnuis spp. . & Brazil tested positive for the .
Triatoma s “Trypanosoma -Cotton-tailed Yes antibodies (studies conducted in disease
X p P- ryp Chagas disease Rabbits, Endemic areas L. manifestation [16,29,30,32]
#Triatominae crugi R the 1960s), but negative in humans
-Human of 21 countries N
(cockroaches and . from those countries. .
. -Marsupials Vector control via
houseflies can act Blood insecticides
as carriers) . Serological studies found 0.004% .
transfusion . ) remains cost
of 888 natives from Belize were .
effective

The table shows insect vectors in the region, their pathogens, reported pathogen reservoirs in the Caribbean, and medications normally used to combat the disease.

Table Key: # Vector specific to the Caribbean and Latin America, " viruses havingSylvatic cycle, § vectors responsible for Caribbean transmission.
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shortly after the discovery of their transmission vectors [34]. In the
1900s, organised health and sanitation programs involving the World
Health Organization (WHO), local health authorities, the Pan American
Sanitary Bureau (PASB) and the use of dichlorodiphenyltrichloroethane
(DDT) led to the successful reduction of mosquito populations including
the eradication of the A. aegypti, throughout the islands of the Carib-
bean. Further, the yellow fever and malaria pathogens, were eradicated
within the Caribbean except in Hispaniola [34,35]. Although malaria on
the smaller islands was successfully eradicated, periodic outbreaks re-
sults from imported cases. Such outbreaks are usually managed by the
health authorities through the use of pesticides and the distribution of
the anti-plasmodium drugs [35,36].

The A. aegypti mosquito, on the other hand, repopulated many
countries from the 1970’s onwards, resulting in sporadic observances in
dengue fever (Fig. 2). However, in 2013, the vectoring potential of the
A. aegypti mosquito, with its capability to transmit various pathogens
became relevant to the Caribbean and Latin America. Chikungunya, an
alphavirus transmitted by the Aedes spp., was previously localised to
Asian and African countries. The first autochthonous case in the Western
Hemisphere was reported in late 2013 in the Caribbean island, St.
Martin. The virus, which causes debilitating arthritic-like symptoms
rapidly spread throughout the Americas by the end of 2014 [37,38]. The
Zika virus, a flavivirus, usually observed in Asian countries followed
shortly in 2015 [38]. Not only was the virus transmitted by the Aedes
spp., to humans, but also from humans to humans. The virus was found
to be sexually transmitted and more importantly, observed to be trans-
mitted vertically from mother to foetus, causing microcephaly in new-
borns [39]. The long-term implications of both diseases are unknown.
However continuous health care for new-borns infected with the Zika
virus and its associated birth defects, is certain. Further, in 2019, the
combined region of the Caribbean and Latin America reported the
highest occurrence of dengue worldwide for the first time, despite the
vigilance of the healthcare authorities [40]. These observations in the
recent decade, highlights the need to assess potential risks of mosquito-
borne diseases, to strengthen vector surveillance activities to effectively
combat current and future healthcare challenges. More so, studies in the
region have shown increases in competent species, invasive and native,
established close to human dwellings [41,42] and insecticides losing
their potency (Table 3) [43-45].

Other mosquito-borne viruses that affect humans living in the
Caribbean, though rarely, are the Mayaro virus and the Oropouche virus
(Table 2). The Mayaro virus, an alphavirus, first observed in four forest
workers from Trinidad [46], affects individuals working or dwelling in
forested areas in Trinidad [46], French Guiana [47], Brazil, and neigh-
bouring countries, including Suriname. The outbreaks appear small and
localised, and usually occur simultaneously with sylvatic yellow fever
[48]. The vectors of the virus include forest mosquitoes [49](see Table 2
for species), as well as the anthropophilic Aedes mosquitoes. The non-
specificity of vector facilitates movement of the virus from forested to
urban areas with the aid of infected humans [50] or birds [48].

Oropouche fever caused by the Oropouche virus (Orthobunyavirus
genus) is a febrile infection transmitted by Cogquillettidia venezuelensis
mosquitoes and sanguineous midges [51]. Ever since its initial isolation
from humans and forest monkeys in Trinidad [52], the virus is the
second causative agent of human illnesses in Brazil and Peru [53,54].
The outbreaks are usually explosive. The virus has been shown to cause
infections to the central nervous system in immunocompromised in-
dividuals [55]. The virus is usually maintained in a sylvatic cycle [52].

2.3. Non-insect arthropods of importance in the Anglo-Caribbean

Although not an insect, Ticks, are worth mentioning in this review, as
they are arthropod-vectors of economic significance in the region, that
affect the health of live-stocks, and also infect humans [56]. The
Amblyomma variegatum, widely distributed in the region, is thought to
have arrived in the Caribbean during the 18th Century, with the
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introduction of cattle from Senegal and its dispersal facilitated either by
regional trade of live-stock or by the migration of cattle egrets [57].
Amblyomma variegatum are vectors of bacterial Rickettsia africae and
viral Nairovirus which causes African Spotted Fever and Crimean-Congo
Hemorrhagic Fever virus in humans, respectively [56]. Serological
studies on individuals living in the English Caribbean were positive,
33.5 + 4.4%, for spotted fever group rickettsia [28]. The study
demonstrated that African tick-borne fever may be common in the re-
gion. Studies conducted in select Caribbean countries, have shown
A. variegatum to be the main vector of rickettsia [58,59]. The interaction
of humans/farmers with animals infested with infected ticks, may
facilitate tick-human interactions and the transmission of tick-borne
disease to individuals in the region. Live-stock farming is an important
sector in the Caribbean [60], as such, countries in the region have un-
dertaken several tick eradication projects to improve animal health and
to reduce economic losses incurred from tick-borne diseases [4].
Considering the limited success of the tick-eradication projects [4,58]
and the results of the serology study for spotted fever group rickettsia,
previously mentioned [56], investigations on the impact of ticks on
human health in the region are relevant. Other tickborne diseases,
example Ehrlichia spp., transmitted by Rhipicephalus spp., have been
isolated from dogs (9% of 29 dogs) in the Caribbean [61], suggesting
that Caribbean individuals could also be at risk for Ehrlichia spp., which
clinically manifests as Human Monocytotropic Ehrlichiosis [62,63]. For
a comprehensive review on ticks and tick-borne pathogens observed in
the region see [4].

2.4. Challenges in insect-borne control in the region

2.4.1. Consistency of vector management in light of knowledge gaps and
limited resources

As previously mentioned, the English-speaking Caribbean countries
have conducted several eradication programmes for nuisance insect
vectors and their diseases. The lack of consistency and the overzealous
use of insecticides have led to resistance and reinfestation [58,64,65].
The persistent climate and environmental challenges faced by many
SIDS like the Caribbean, forces their government to prioritise spending
[66]. The possibility of prioritising NTDs in terms of their economic
impact on the country may underpin the practice of how funds are
allocated to maintain prophylactic management to prevent reoccurrence
after elimination. This would primarily be due to the realistic earning
and spending potentials of the country.

Caribbean islands, except for Hispaniola and Trinidad have less
arthropod-borne diseases in comparison to the continental Caribbean
countries. This is possibly the result of the size of the islands and their
limited forest range, which creates less vector niche in comparison to the
continental countries [67]. As such, vector control programmes may be
easier to managed on small islands in comparison to larger land mass
[34].

Arthropod-borne diseases are transmitted to humans by either peri-
domestic (urban cycle) or canopy-dwelling (sylvatic cycle) vectors [68],
or in some cases, through blood transfusion [32,64]. The increase in
population size with human encroachment on forested areas [69] fa-
cilitates sylvatic vector-pathogen-human interactions [70], which can
drive the spread of arthropod-borne diseases. Little is known about
pathogenic reservoirs of arthropod-borne diseases within the region
[711; this is an area of research that requires immediate attention to fully
comprehend potential risk factors of forest encroachment. Serological
studies conducted on fruit bats, trapped one year following the intro-
duction of chikungunya in Grenada showed that 15/42 bats were sero-
positive for the virus [71]. The study appears to be the only investigation
of sylvatic viral reservoirs for chikungunya in the region.

Mayaro and Oropouche viruses, which are mainly transmitted by
forest mosquitoes, are gaining concerns within the region because of the
similarities in their symptoms to the more common mosquito-borne
illnesses, such as dengue [47,68], making diagnosis difficult [72].
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Table 2
Mosquito-borne diseases observed in the Caribbean and Latin America.
Mosquitoes of the Associated Disease Reported Pathogen Detection in Detection in Humans Common Treatments Reference
Caribbean Genus Pathogens caused by Reservoir Humans in in Non-Hispanic
species Order/ family, Arbovirus Latin Caribbean Countries
genus, spp. American
Countries
-A. aegypti Togaviridae Chikungunya Possibly Bats Yes 2013, first appearance  analgesic & NSAIDs [16,71]
-Aedes albopictus alphavirus (Grenada) in St. Martin.
Chikungunya virus The disease is
considered endemic to
the Region
-Mansonia Togaviridae Mayaro Yes First isolated in Symptomatic treatment  [16,73,91]
venezuelensis Mainly alphavirus Trinidad in 1954,
found in forested or Mayaro virus since then rare
rural areas occurrences have been
-Haemagogus reported in very rural
Jjanthinomys areas.
Mainly found in
forested or rural Detected in Haiti in
areas 2016.
-A. aegypti
-Aedes albopictus
-A. aegypti Flaviviridae Urban Yellow Man Yes Detected prior to the Vaccine [16,92]
-Aedes albopictus Flavivirus Fever 17th century.
Yellow fever virus
Since then, it has been
successfully
eradicated in Cuba
1900 and other small
islands
However, sporadic
cases have been
reported
Guyana
Trinidad and Tobago
Surinam
French Guiana
- Haemagogus Flaviviridae Sylvan -Mammals: Yes Isolated cases have Vaccine [16,93-95]
Jjanthinomys Mainly Flavivirus (Jungle) wild Monkeys been found in Trinidad
found in forested or “Yellow fever virus yellow fever belonging the & French Guiana
rural areas Cercopithecidae,
-Sabethes spp. Colobidae and
Mainly found in Cebidae Family, The
forested or rural Galogao senegalensis
areas
-A. aegypti Flaviviridae Dengue -Aedes spp. Yes Initially observed in: Treatment dependent [16,96]
-Aedes albopictus Flavivirus (transovarial) 1953 DENV2 - on the severity
-Aedes mediovittatus “Dengue virus -Human Trinidad 1963 DENV3
-Sylvatic cycle — Puerto Rico
(monkeys and canopy 1977 DENV1 -
mosquitoes) Multiple islands
1981 DENV4 —
multiple islands
The disease is
considered endemic to
the Region.
-A. aegypti Flaviviridae Zika Yes Initially observed in analgesic & NSAIDs [16]
-Aedes albopictus Flayivirus 2015,
“Zika virus The disease is
considered endemic to
the Region
-Culex spp. Flaviviridae (a) St. Louis -Birds Yes During an outbreak Treatment depends on [16,97]
-(Argasidae Ticks) Flavivirus encephalitis -Domesticated around 2001, severity
(a) St. Louis (b) West Nile animals serological studies

encephalitis virus
(b) West Nile virus

Fever

detected antibodies to
West Nile Virus in
humans in Cayman,
Bahamas, Haiti

Symptomatic treatment

[51,52,72,98]

(continued on next page)
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Mosquitoes of the Associated Disease Reported Pathogen Detection in Detection in Humans Common Treatments Reference

Caribbean Genus Pathogens caused by Reservoir Humans in in Non-Hispanic

species Order/ family, Arbovirus Latin Caribbean Countries

genus, spp. American
Countries

(a)- Coquillettidia Order: (@) (a)-Sloth Yes (a)Initially isolated in

venezuelensis Bunyaviridae Oropouche -Cebus monkey -Peru Trinidad in 1955,
Mainly found in Orthobunyavirus fever -Howler monkey -Brazil since then rare
forested or rural “(a) Oropouche virus -Marsupial -Panama occurrences have been
areas -Birds reported in very rural
- Aedes serratus areas.

- Culex

quinquefaciatus

(-Culicoides paraensis “(b) Cache Valley (b)In 1958, antibodies

Midge) orthobunyavirus (b) Cache (b) -Mice were found in 15/46

(b)-Aedes scapularis Valley -Horse human sera from

-Monkey(Alouatta) Trinidad and 8/26

from Guyana, rare
detections has
occurred since its
discovery.

-An. darlingi Plasmodiidae Malaria non-zoonotic Yes Detected prior to the antimalarial drugs e.g. [16]
-An. aquasalis -Plasmodium vivax 17th century. Chloroquine
-An freborni -Plasmodium Cases within the past
- An. falciparum; 20 years occur in
quadrimaculatus Are most common, Guyana
-An. albimanus however, few cases Surinam
- An. nunegtovari have been caused by French Guiana
-An P. ovale, P. malaria, Haiti
pseudopunctipennis and P. knowlesi Dominica Republic
-An. argyritarsis Belize
-An. crucians -However the disease

has been eradicated in
the islands except
Hispaniola.

-Anopholes spp Nematodes Lymphatic -Domestic cats Yes Detected prior to the Combined treatment of [16,89,90]
-Culex Onchocercidae filariasis - Macaca -Monkeys 17th century. albendazole,
quinquefasciatus -Wucheria banocrofti Cases within the past ivermectin and
-Culex pipens 20 years occur in Haiti ~ diethylcarbamazine
-Culex spp. Dominica Republic citrate
- Aedes spp Guyana
-Masonia spp. The diseases does not

Mainly found in
forested or rural
areas

occur on the smaller
islands.

Recently classified
non-endemic are
Trinidad and Tobago
& Surinam by WHO.

Guyana is currently
using the mass drug
administration for the
elimination of
nematodes
transmitted by
mosquitoes.

The table shows mosquito vectors in the region, their pathogens, reported pathogen reservoirs in the Caribbean, and medications normally used to combat the disease.

Table Key: " viruses having Sylvatic cycle; organisms within the bracket shows possible non-mosquito vectors of the disease.

Additionally, mutated strains of the viruses have been found in new
locations within the region. In 2015, the Mayaro virus was isolated from
a child living in Haiti [73], the first report of the virus in the northern
Caribbean. The case report demonstrated an increase in the geograph-
ical range of the virus as well as viral mutation. Prior to the report,
Mayaro virus detection occurred only in the Southern basin of the
Caribbean and Latin America. The phylogenetic profile of the Mayaro
virus now, clearly shows two distinct clades, 1) a South American, which
includes strains from Peru, Bolivia, Venezuela, Trinidad and Tobago,
and French Guiana, and 2) the Haitian strain [73]. The Oropouche virus
on the other hand, commonly displays genetic reassortment that leads to

novel viruses, such as Iquitos and Madre de Dios viruses [54,72], has
been maintained to date in southern Caribbean and Latin American
countries, though increased pathogenicity of the virus appears common
in nature.

From this review, it appears that few Caribbean countries routinely
conduct epidemiological studies on pathogens of insect-vectors or res-
ervoirs of insects-borne diseases. The knowledge of existing pathogens
of arthropods in circulation is essential to determine prevalence, mu-
tations or aberrant behaviour in pathogen and or vector.

The non-arbovirus pandemic- COVID-19, currently being observed in
2020-2021, further tests the mettle of the health sectors in the
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Fig. 2. Graph showing reported cases of Insect transmitted NTDs in the English-speaking Caribbean of the past 20 years. Information obtained from PLISA [33].

Guyana, where malaria is endemic, is the main contributor to the total malaria cases reported throughout the English-speaking Caribbean. The majority of the
malaria cases observed in the other English-speaking Caribbean countries appear to result from imported cases. Imported cases have resulted in outbreaks. The
2004-2007 outbreak in Jamaica, contributed to the high incidences of malaria observed within that period . Dengue on the hand, occur yearly in all English-speaking
Caribbean countries. The insert graph shows cases reported for chikungunya (ChikV) and Zika (ZikV) viruses. The first viral transmission of these virus within the

English-speaking Caribbean occurred between 2014 and 2015 respectively.

Caribbean. These countries are not only grappling with the impact of
COVID-19, but the co-circulation of arboviruses, such as the dengue
virus [75,76]. Latin American countries have reported malaria and
dengue co-circulating with COVID-19 [77]. Funding and resources for
vector control are typically quite limited in most Caribbean countries
and Vector Control departments are usually understaffed. The man-
agement of the COVID-19 pandemic within the Americas, aggravates
healthcare systems by weakening their limited resources. While the use
of laboratory diagnostic technologies to properly identify circulating
pathogens has been readily accepted by the health sectors, such tech-
nologies are still expensive and not sustainable for most countries on
allocated budgets. Less prevalent pathogens co-circulating with highly
prevalent pathogens that share similar symptoms, may go undetected
[74] owing to the inaccessibility of epidemiological diagnostic tools.

2.4.2. Climate impact on the incidences of arboviruses

Many studies have indicated correlation of insect transmitted NTDs
with climate variables such as temperature and precipitation. Climatic
variables have been shown to affect the development and proliferation
of pathogens and arthropod-vectors, as well as the vectors ability to
transmit diseases [78,79]. In the Caribbean, temporal correlation

between dengue incidence and rainfall or temperature [80] have been
reported. Studies in other parts of the world have associated epidemic
outbreaks and the transmission of the disease with climate variability
[81] (evidenced by the occurrences of El Nino Southern Oscillation/
ENSO events) through temperature increases and availability of stag-
nant and stored mosquito-accessible water during droughts as well as
after rains [78,79].

Rises in temperature and moisture content, seem to enhance dengue
transmission rates as moisture is needed for the subsequent trans-
formation of eggs to adults. Time to transformation appears to decrease
with rise in temperature. An excess or lack of rain can contribute to an
increase in breeding sites and vector productivity. Excess of rainfall
results in pools of stagnant water on the ground or discarded containers,
can become breeding sites. On the other hand, lack of rainfall encour-
ages water storage in containers by community dwellers. These also can
become potential breeding sites especially if the containers are not
properly covered [78,79]. Additionally, in warmer climates blood meals
are digested faster and adult female insects feed more frequently,
increasing the transmission intensity. The development cycle of patho-
gens also appears reduced in warmer climate [23,24], thus infection
rates can increase with increased temperature.
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Table 3
The table showing a summary of reported Insecticide resistance in A. aegypti in the Caribbean.
Insecticide Evidence of Insecticide Resistance Evidence of Insecticide kdr mutation observed V1016I/  Elevate Metabolic Enzymes Reference
1980-1990 Resistance F1534C Activity
2000-2020
Organophosphates (All organophosphates listed) (Malathion and Temephos) [65,99]
Chlorpyrifos (C) Antigua Grand Cayman
Fenitrothion (F) Bahamas Guadeloupe,
Malathion (M) Cuba Jamaica
Temephos (T) Dominica Republic St. Martin
Dominica
Grenada
Jamaica
Monserrat
Puerto Rico
St. Kitts & Nevis
St. Lucia
St. Vincent & Grenadines
Trinidad
British West Indies
Pyrethroids Dominica republic Guadeloupe (D) Guadeloupe, Jamaica [43,65,99]
Deltamethrin (D) Jamaica (D, L,P) Jamaica Grand Cayman
Lambda cyhalothrin St. Martin (D) St. Martin
(L) Grand Cayman (D, L, P) Grand Cayman
Permethrin (P)
Organochlorides Dominica Republic Grand Cayman Grand Cayman Grand Cayman [99,100]
DDT Jamaica
Carbamates Dominica Republic (Pr) Jamaica (Pr, B) [45,101]

Bendiocarb (B)
Propoxur (Pr)

Grenada (Pr),
Monserrat (Pr),
St. Kitts & Nevis (Pr)

Other cases demonstrating change in arthropod-borne disease
manifestation with increase temperature within the region is exempli-
fied in Leishmania spp., which has been previously discussed [22].

3. Surveillance system, availability of tools and innovative
vector control approaches in the Caribbean

3.1.1. Entomological and epidemiological surveillance facilities and tools
Within the Caribbean the surveillance of arthropod-borne diseases
takes place at different levels in the national health systems of each
country (district, parish, regional and national). Syndromic surveillance
and country disease data on endemic mosquito-borne diseases, such as
dengue, and other circulating arboviruses are collated and reported on a
regular basis to the Caribbean Public Health Agency (CARPHA), which
collates and analyses public health surveillance data at the regional level
[82]. The CARPHA Medical Microbiology laboratory (CMML) also offers
molecular based diagnostic testing for arboviruses [83]. Technical
assistance and interventions of control programmes are routinely
offered to countries of concern within the region by organisations, such
as, CARPHA [82], WHO, Pan American Health Organization (PAHO)
and the United States Agency for International Development (USAID) to
lower the incidences of mosquito borne diseases in the country and to
reduce the global economic burden of the disease. As recently as,
2016-2019, funding to enhance entomological capacity in the Americas
was provided through the Zika AIRS project (ZAP). ZAP was an emer-
gency response programme, funded by USAID, to reduce the spread of
the Zika virus within the Americas, minimising its impact. This multi-
country initiative actively collaborated with their health authorities
and stakeholders to equip national teams with standard protocols,
entomological supplies and equipment, surveillance tools and compre-
hensive laboratory and field training workshops. For the Caribbean
countries, Jamaica, Haiti, Dominica Republic and Barbados received
donations of an insectary-in-a-box, including equipment to refurbish

existing insectaries. Entomological materials for laboratory and field-
work, and training for health officials to improve their skills in mos-
quito surveillance, identification and insecticide susceptibility evalua-
tions were also awarded to Jamaica, Haiti, Dominica Republic,
Barbados, Anguilla, Dominica, St. Kitts, St. Lucia and Montserrat [84].
Though aggressive vector control programmes undertaken by ZAP,
PASB and PAHO may not be feasible by the governments of Caribbean
states, the tools supplied by international programmes provide means to
support in country national campaigns, albeit not indefinitely.

3.1.2. Climate model tools

Climate models are being developed under the Economic Commis-
sion for Latin America and the Caribbean as prediction tools. In
conceptualizing the models, non-climate predictors were included for
arboviral diseases. Regression models incorporated the importance of
sanitation and water access for the control of dengue, gastroenteritis and
leptospirosis. So far, the models performed well in predicting trends in
the pattern of the diseases investigated and on all occasions the test of
validity demonstrated a mirroring of the trend in the historical disease
patterns. The models are being made available as tools within the region
[9], the effect of their integration and ease of utilisation as tools of insect
disease programmes across the Caribbean is to be determined.

3.1.3. Sterile mosquitoes for SIDS of the Caribbean

Innovative non-insecticidal approaches, example the release of
transgenic mosquitoes, to prevent subsequent A. aegypti male pop-
ulations from being generated on mating with wild-type female pop-
ulations have been used in the Americas. Although the Cayman Islands
have claimed success of the programme, long term studies to support the
efficacy of the programme are currently not available. In contrast to
Brazil, long-term surveillance studies have found that the method was
not as successful at preventing F; generation [85]. Other techniques,
such as the Sterile Insect Techniques (SIT) have been successfully
demonstrated on other vectors of human and veterinary importance in
the region [86]. The application of sterile vectors in SIDS presents an
attractive alternative method to the use of ineffective pesticides and is
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environmentally friendly. Challenges that may be incurred under these
programmes are the availability of funds required for the initial in-
vestment; suitable infrastructure to mount a sustainable programme;
availability of qualified personnel in sufficient numbers to conduct the
entire procedure and the resilience of the insect to endure packing;
transportation to the designated sites and their survival rate in the field.

The success or failure of innovative approaches that include the use
of transgenic insects [85] or SIT in the Americas were dependent on the
entomological knowledge of the insect, including its behaviour and life-
cycle, intensity of field surveillance studies prior to and after release,
while practicing an integrative approach to vector management that
involved all stakeholders (Dwight Robinson pers. comm.).

Other sterility techniques such as the incompatible insect technique
(IIT), which exploits the use of Wolbachia spp. to infect male mosquitoes,
to induce male sterility is at present being explored in non-Caribbean
countries [87].

3.2. Lessons learnt from the past

The absence of continuous project funding and the non-availability
of qualified personnel are the major underlying challenges that affect
the lowered success rates of vector control programmes. Today, the
strategic approach of integrated vector management as proposed by the
WHO describes a holistic methodology for the prevention and man-
agement of vector-borne diseases. This strategy involves strengthening
disease and vector surveillance within each country, the use of chemical
and biological controls, with repetitive investigation on the efficacy of
the control measures. Other aspects of integrative management involve
community engagement through health promotions and behavioural
change, along with the inclusion of multisectoral agents, such as plan-
ning and development, water and sanitation, agriculture, education, law
and finance. The collective actions of multisectoral agents that impact
health and sanitation, and community infrastructure and design, may
aid in reducing the cost to achieve effective and sustainable vector
management programmes within a country, irrespective of the moni-
toring and surveillance tools utilised [88].

4. Conclusion

Highlighted in this review is that the main insect vector of impor-
tance in the English-speaking Caribbean, currently appears to be the
mosquito. Numerous studies within the region report reduced efficacy of
insecticides against insect vectors, while at the same time reporting an
absence of robust medications to treat mosquito-borne illnesses. Addi-
tionally, the circulation of more prevalent endemic diseases over-
shadows the correct diagnosis of less common or novel infectious
diseases. Funding for continuous vector control and surveillance along
with the continuous training of health authority officials is fiscally un-
sustainable by Caribbean countries. However, programmes to contain
the spread of diseases are routinely executed by external agencies.
Practical applications for sustained monitoring and control of neglected
insect vector diseases within the Caribbean may benefit from a multi-
sectoral and integrative approach that includes all stakeholders that can
be strengthened by the regional support of CARPHA and other governing
bodies. Reliable scientific evidence in the English-speaking Caribbean to
fill knowledge gaps on arthropod-borne diseases are scarce. The incor-
poration of research that allows the development of vector management
tools, particularly for the arthropod of importance, mosquitoes, as well
as routine insect vector management, may alleviate the burden on the
local healthcare sector when impacted by known and unknown non-
arthropod-borne disease challenges such as climatic disasters or infec-
tious disease pandemics like the COVID-19, which can exhaust meagre
resources of the health care system.
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