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Chapter

Overview of the Main Species of
Ticks and Animal and Human
Tick-Related Diseases in the
Caribbean, Particularly in Haiti

Max Francois Millien, Daphenide Saint-Lousis,
Daphnée Michel

Abstract

The Caribbean region faces a wide diversity of ticks and tick-borne diseases
(TBDs) in animals and humans. But to date, these have been the subject of few
studies, resulting in a relative lack of knowledge of their epidemiology, pathogenic-
ity, and the best prevention and control methods. Ticks are hematophagous mites,
which feed on the blood of mammals, birds, and reptiles. They are subdivided
into two large families: the Ixodidae or hard ticks and the Argasidae or soft ticks.
Each collection of blood by ticks from infected hosts can lead to their infection,
which will contaminate other previously unharmed animals and contribute to the
spread of tick-borne diseases caused mainly by bacteria, viruses, and parasites. It
seems important to us to draw up a state of knowledge on ticks. Some long-known
tick species like Rhipicephalus, Dermacentor, and Amblyomma and diseases like
Anaplasmosis and Babesiosis deserve to be better studied, and others are yet to be
identified for further research. The study consists of a review of the various docu-
ments published on this theme by Haitian and foreign researchers. The data are
analyzed to assess the spatiotemporal distribution of ticks and identify the patho-
genic germs they harbor and the various pathologies they induce in the Caribbean
and Haiti.

Keywords: ticks, tick-borne diseases, epidemiology, research, Caribbean, Haiti

1. Introduction

Over the past five decades, infestations of human and animal populations by
ticks have had a clear upward trend resulting in an increase in the prevalence of
tick-borne diseases worldwide and particularly in the Caribbean. Several reasons
have been put forward to explain these two facts. These are mainly climate change,

1 IntechOpen



Tick-Borne Diseases - A Review and an Update of Knowledge on Infections in Human...

new modes of land use linked to deforestation, the strong growth in demogra-
phy in certain continents such as Asia, Africa, and America, the unprecedented
development of the various livestock domestic animals, and their closer proxim-
ity to wild fauna in the case of extensive farming [1]. Indeed, ticks and wildlife
are major reservoirs of pathogens that cause a whole range of infectious diseases
transmitted by ticks, which can be of bacterial, viral, and parasitic origin such as
anaplasmosis, babesiosis, borreliosis, ehrlichiosis, and rickettsioses in humans
and animals [2].

These tick-borne diseases are distributed throughout the world, but fairly affected
areas are found in subtropical and tropical regions such as the Caribbean [3]. Despite
the existence of certain studies on this theme in the Caribbean, multidisciplinary teams
must develop much more research activities on the epidemiology, ecology, and diagnosis
of tick-borne diseases (TBDs) in animals and humans according to the “One Health”
approach.

One of the advantages of this approach is that it helps to better understand the
epidemiology of ticks and the diseases they transmit to animals and humans, given
the fact that wild and domestic animals infested with ticks play an extremely impor-
tant role in the epidemiology of zoonotic tick-borne diseases [2, 3]. In this study, we
propose to present the epidemiological situation of these diseases in the Caribbean to
take stock of the progress made and to identify new research projects to be initiated on
this theme.

2. Classification and biology of ticks

Ticks are ectoparasites with an exoskeleton and articulated appendages that make
them belong to the arthropod branch within the animal kingdom [4]. They belong to
the order of mites and arachnids and are of major economic and health importance
because of the direct and indirect losses they cause in animal production and their con-
sequences on animal and human health. They are hematophagous mites that are found
in almost all vertebrates throughout the world (mammals, birds, reptiles, etc.) but
that only occasionally bite humans. During blood meals, they are capable of becoming
infected if the hosts are already infected or of transmitting to their host pathogenic
germs which induce animal (domestic livestock and wildlife) and human patholo-
gies, some more severe than the others, and even become infected at the same time as
they transmit pathogenic infectious agents [2]. They are known to be responsible for
various disorders such as paralysis, allergy, abscess, anemia, immunosuppression, and
deterioration of the skin at the bite site [5].

2.1 Classification

Ticks or Ixodida are divided into three families: the Nuttalliellidae having a single
genus and a single species; the Ixodidae or hard ticks include 14 genera and 700 spe-
cies; and the Argasidae or soft ticks include 5 genera and around 200 species. In the
order of Ixodida, there are two superfamilies:

* Argasoidae (suborder Argasina) are ticks without a dorsal crest and are called
“soft ticks.”
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* This superfamily includes only one family which is, Argasidae, itself divided
into two subfamilies: Argasinae, with a single genus: Argas, and Ornothidorinae
which also has only one genus: Ornothodoros;

e the Ixodoidae (of the suborder Ixodina) known as “hard ticks” which include 14
genera and about 700 species), and the Argasidae or soft ticks (which include 5
genera and about 200 species). It has been estimated that nearly 10% of the 900
known tick species can transmit pathogens [6].
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Body division of an Ixodidae. Source: [3].
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General morphology of a tick. Source: [9].
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Ticks are known to be among the arthropods, the vectors that transmit the great-
est variety of pathogenic microorganisms, including bacteria, viruses, protozoa, and
helminths [7].

The Ixodoidae superfamily is the best known and the most studied, because it
includes most of the ticks that are adapted to domestic animals and/or that can bite
humans. They infest different species of domestic animals and wild fauna in which
they cause significant economic losses to breeders around the world and especially
in the Caribbean. On the other hand, some species of these ticks are capable of
accidentally infesting humans and causing severe infectious diseases such as Lyme
disease due to the bacterium Borrelia burgdorferi, thus disrupting the functioning
of health systems, public, and social security in countries other than those of the
Caribbean.

The superfamily (Ixodoidae) contains two families: Ixodidae and Amblyommidae.
The Ixodidae family has only one subfamily (Ixodinae) and one genus: Ixodes.

As for the second family, that of the Amblyommidae, it includes several genera:
Haemaphysalis, Amblyomma, Dermacentor, Hyalomma, and Rhipicephalus
Boophilus.

The Ixodidae or hard ticks are so called because of their structure and conforma-
tion because they have a hard plate or crest on the dorsal side of their body, while the
Argasidae or soft ticks have a soft integument devoid of a dorsal crest.

Ixodidae can survive much more easily than Argasidae in unfavorable conditions
to be able to go long without feeding and to adapt to several hosts. Hard ticks are also
more prolific, because they lay more eggs and are less vulnerable to having fewer
natural enemies than soft ticks [8].

2.2 Morphology of ticks

Ticks are mites whose body is divided into two parts, the capitulum or gnatostome,
which mainly bears the mouthparts and the idiosome on which the legs are attached.
Unlike insects which have three pairs of legs, they have four. A global description of
an Ixodidae tick looks like as shown in Figures 1 and 2.

The morphology of ticks is directly related to their hematophagous lifestyle. The ros-
trum, carried by the capitulum, is similar to a blood collection instrument composed of
two chelicerae and a hypostome which will penetrate the tissues of the vertebrate host
for their blood meal. The idiosome is covered almost entirely by an extensible cuticle
which allows it to expand and store blood. The males of adult hard ticks absorb little or
no blood and, on the contrary, do not have an extensible cuticle but a scutum that covers
the entire dorsal surface of its idiosome, preventing the distention of the idiosome and
thus not allowing only slight dorsoventral dilation. Also, they absorb little or no blood.
On the contrary, in female Ixodidae, the scutum only covers a small part of the body on
the dorsal side and is located at the base of the capitulum [4].

2.3 Life cycle and main hosts

Ticks are large mites that present three stasis separated by real metamorphoses: larva,
nymph, and male or female adult, corresponding to the mature stasis. The larva is easily
distinguished by its small size and the number of its pairs of legs because, at this stasis,
it has only three pairs. The nymph is distinguished from the female by the absence of a
genital pore and porous areas in species that have them Figure 3.
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Life cycle of the two-host ixodid (hard) ticks [10].
2.3.1 Reproduction of ticks

Ixodidae mating usually occurs on the host. At the end of their meal, the fertilized
female detaches herself and falls to the ground where she lays her eggs. Hard ticks are
reputed to be most often exophilic, that is to say, they live in open biotypes such as
forests, pastures, savannahs, or grasslands. But some species are endophilic because
they are found in protected habitats such as burrows or nests.

After hatching from the eggs, the larvae quickly seek out a host to feed on blood. Then,
they detach and fall to the ground to undergo a metamorphosis into nymphs that can last
from 2 to 8 weeks depending on the species and the climatic conditions. As for the phase
of transformation into adults, it is generally longer because it extends up to 20 to 25 weeks.
Environmental and climatic conditions influence the length of the life cycle of Ixodidae.
The males feed little; only females take a large enough blood meal to ensure spawning [4].

The Ixodidae are by far the most important family of ticks in human and veteri-
nary medicine because they include 80% of species in the world and have a triphasic
life cycle: larva, nymph, and adult. Each stage of the vector tick cycle corresponds to a
different vertebrate host, bites it, attaches to it, and takes a unique blood meal.

As for soft ticks (Argasidae), they have several nymphal stages before metamor-
phosis into adults. They generally live in dry areas and have great resistance to desicca-
tion and fasting. Most species of Argasidae are endophilic; the distribution of species
as well as the diseases transmitted is often limited. Generally, the parasitic stages feed
on the host several times over a short period (from a few minutes to a few hours),
ingest a relatively small amount of blood per meal, and then return to their nest [7].
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In some species, the sting is painful unlike that of the Ixodidae which is often
painless. The main soft ticks are of the genus Ornithodoros, vectors of the agents of
relapsing fever and African swine fever [2].

2.3.2 Finding the host

In the process of finding the host and a sexual partner, the sensory organs of ticks
play a vital role. These are also used in the assessment of climatic conditions. In addition
to the bristles distributed over the entire body of ticks endowed with mechano-proprio-
ceptive or chemoreceptor functions and the eyes in certain species of ticks, ticks have a
very particular organ, the Haller organ, which is sensitive, among other things, to the
degree hygrometry and pheromones, allowing ticks to locate their host by detecting the
CO, that this emits as well as the heat and metabolites that it releases [11].

Exophilic ticks search for their host in two ways. They can practice passive wait-
ing by climbing on the vegetation at a variable height according to the species or the
stages and wait for the passage of a host with their forelegs raised to be able to cling to
it. On the contrary, they can resort to an attack strategy by leaving their habitat and
going toward hosts that are within their reach to attract them by different stimuli that
they emit. Some tick species can use both strategies. The choice of one or the other
can then vary according to the stage within the same species.

Ticks have preferential attachment sites on vertebrate animals, which vary accord-
ing to species and sometimes according to stages within the same species. They can
bite humans all over the body but are often found on the head, neck, or groin. But
it is important to know that there is no tick specific to humans who always become
infected only accidentally when they share the biotope of tick-infested animals [2].

2.3.3 Methods of transmission of infection by ticks

A vector can be defined as a hematophagous arthropod responsible for the active
biological transmission of an infectious agent which can be viral, bacterial, or parasitic.
The vectorial transmission of this infectious agent implies that it is taken by the vector
during its blood meal and that it retransmits it in favor of another blood meal taken from
anew host. For there to be the transmission, the infectious agent must remain alive in the
vector between the two blood meals, either by transstadial transmission or by transovar-
ial transmission. The biological transmission of an infectious agent implies the existence
within the vector of a phase of its life cycle (multiplication or antigenic modifications).

Biological transmission of an infectious agent differs from simple passive transport,
which refers to mechanical transmission. The tick, as a vector, has an active role in the
contact between the infectious agent and the vertebrate host. A distinction is made
between the main vectors of infectious agents which can be responsible on their own for
an endemic disease, from those known as secondary or even accidental. These different
vectors may very well vary from one region to another for the same infectious agent [2].

Hard ticks typically have a type of transstadial transmission that occurs when
a vector retains a pathogenic infectious agent in its body as it transitions from one
developmental stage to another, i.e. when the vector tick is infected at the larval stage
and that this infection can persist when the larva transforms into a pupa and then into
an adult form. This type of transmission is the necessary condition for a tick to be a
vector of an infectious agent. Although the nymphs and adult larvae represent the
main vectors of pathogenic germs, the larvae also play a role in the transmission of
infectious agents by transmission [9].
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. In the light of the phenomena of transstadial transmission and or transovarial
transmission, we can explain the problem of co-infections by various microorganisms
which are often observed in ticks, making the diagnosis and treatment of certain
induced pathologies more difficult [12]. However, reports of co-infections in humans
in the Caribbean are rare.

2.3.4 Impact of climate change on ticks

Many facts establish a correlation between the occurrence of tick-borne diseases
and climate change. It is indeed known that climatic factors influence the multiplica-
tion of ticks, their life cycle, the seasonal variation of their activity and behavior as
well as population dynamics. According to data published by the National Climate
Assessment of the United States, there would be a 2°C increase in the average annual
temperature during the middle of the twenty-first century (2036-2065), which could
lead to a 20% increase in the number of cases of Lyme disease in the United States in
the decades to come.

The parameter of geography has to be taken into consideration in the study of the
distribution of ticks. Indeed, each species tends to present a particular geographical
distribution, and the diseases transmitted by ticks which are both vectors and reser-
voirs of germs are considered geographical diseases. But still, with climate change,
some species of ticks are starting to become more and more cosmopolitan.

3. Physical framework for the study of ticks
3.1 Main physical, geographical, and climatological characteristics of the Caribbean

The Caribbean is a geographical unit formed by the Antilles and part of the
circumference of the Antilles Sea. It is also called the Caribbean or Caribbean space
and represents a region of the American continent that includes the Caribbean Sea,
islands, some of which are surrounded by the Caribbean Sea, and other islands
which border both this sea and the North Atlantic Ocean and surrounding coasts.

It is located, for the most part, on the Caribbean Plate, which is a region with more
than 700 islands, islets, and reefs. Generally, when we talk about the Caribbean
Community, the first agglomerations that come to mind are the Greater Antilles and
some Lesser Antilles.

The Greater Antilles include Cuba, Dominican Republic, Haiti, Jamaica, and Puerto
Rico. The Lesser Antilles form part of the Antilles Archipelago which extends from
Puerto Rico to the coast of Venezuela. The most representative islands of this group
are the Virgin Islands, Saint-Martin Island, Anguilla, ABC Islands: Aruba, Bonaire and
Curagao, Antigua and Barbuda, Saint Kitts and Nevis, Guadeloupe, Dominica, Saint
Vincent, and the Grenadines, Grenada, Martinique, Saint Lucia, and Barbados.

This region is often confronted with cyclones and is often the scene of earth-
quakes, particularly in Haiti. Some areas of this region are also prone to volcanism.

Its temperature levels are typical of a tropical climate and are softened by sea
breezes and by altitude. There are two distinct seasons: the dry season which is cool and
which extends from December to June, and the wet season which is hot from June to
December, known as the hurricane period. It is generally characterized by stormy rains
and the passage during the summer of cyclones with destructive effects on agriculture,
livestock, various infrastructures (irrigation canals, bridges, etc.), and human life.

7
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3.2 Some aspects of health situation in the Caribbean region

In the Caribbean region, because of the glaring differences between the animal
health and public health systems of certain countries of this region, there are great
differences between them in terms of overall health and in their capacity for epide-
miological surveillance of ticks and tick-borne diseases.

All the islands of the Greater Antilles as well as a good number of the Lesser Antilles
are members of the Caribbean Animal Health Network (CaribVET) or are develop-
ing cooperative relations with this network in terms of animal health. The Caribbean
countries led by CIRAD established this network some 20 years ago with the technical
support of certain regional organizations such as IICA and APHIS/USDA. The aim was
to network the animal health and veterinary public health services of the countries of
the Caribbean region including, among others, Haiti, the French, American, British
and Dutch West Indies, as well as Cuba and the Dominican Republic.

CaribVET is today the only animal health and veterinary public health network in
the Caribbean, recognized by regional (CARICOM, CAHFSA, and IICA) and inter-
national (OIE, FAO, PAHO, and USDA) bodies which are themselves involved in its
governance. It also brings together the veterinary services of 34 countries/territories,
7 universities and research and development centers, totaling 48 members.

The purpose of this network is to provide an operational response to health issues
and the emergence of animal and zoonotic diseases in this complex region made up
of more than 30 territories of quite varied size, level of development, and political
status.

4. Ticks and transmission of diseases to animals and man
4.1 Pathogenic power of ticks

Ticks have a pathogenic role that is both direct and indirect. The direct role results
in blood loss, paralysis, toxicosis, tropical dyshidrosis, allergic reactions, and wounds
which can then become superinfected [4]. The indirect role is exerted through the
transmission of infectious agents to their vertebrate hosts. They are vectors that trans-
mit the greatest diversity of infectious agents in the world and are the second vector
after mosquitoes, as far as human public health is concerned [13]. They are involved
in the transmission of pathogens to both humans and animals [3].

4.1.1 Vectorial capacity of ticks

The vector competence of an arthropod, i.e. its ability to transmit an infectious
agent, is an essential condition for it to be considered as a vector of this agent, without
however being sufficient. Indeed, other parameters such as the abundance of the vec-
tor, the dispersal capacity of the vector via its hosts, the ecological preferences of the
vector in terms of habitat, host, and activity, the trophic and ecological preferences of
ticks, the age or the stasis of the vector are also important to make an arthropod the
vector of an infectious agent or to determine its vectorial capacity [14].

Ticks are considered to be good vectors of infectious agents whose contact with
their hosts can be either prolonged in hard ticks which have long and copious blood
meals or repetitive in soft ticks with meals of very low volume [4]. In both cases, the
exchange of infectious agents is facilitated. Ticks can therefore have broad to very
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broad host spectra, thus promoting the circulation of infectious agents [15]. In addi-
tion, during their metamorphoses, they undergo few rearrangements thus favoring,
most often, the preservation of infectious agents between each stasis (transstadial
transmission) [15].

It is recognized that the most important ticks in terms of their ability to transmit
diseases to ruminants in the Caribbean islands are as follows: Amblyomma variega-
tum, a vector of heartwater and associated with acute dermatophilosis; Amblyomma
cajennense, a potential vector of heartwater; Boophilus microplus, vector of babesio-
sis and anaplasmosis [16].

4.1.2 Tick infection and co-infection process

As the biological cycles of ticks can be very long, they also serve as reservoirs of
infectious agents in nature [4]. As they can be transported by their hosts, especially
birds, over very long distances, they cause a very significant dispersion of the infec-
tious agents they carry [17, 18]. The fact of having several meals during their life
allows them to undergo co-infections, which are to say to harbor at the same time
several infectious agents that can be transmitted to susceptible hosts.

The probability of having an infecting tick vector is all the greater when the
concentration of infectious agents is high and their presence in the blood of the
host is prolonged. However, it has been observed that infectious agents present
in an infected tick can pass to a healthy tick during the co-meal phenomenon in
the absence of viremia or bacteremia in the host, even in the presence of targeted
antibodies of the host [4]. This is because the bite site undergoes, under such condi-
tions, significant local pharmacological modifications linked to the injection of
active substances contained in the saliva of ticks promoting the action of certain
infectious agents to contaminate naive ticks [19]. However, co-meal transmission is
only possible if the infected tick and the naive tick are attached a short distance from
each other.

Such behavior by facilitating both blood feeding and mating contributes to the
transmission of pathogens from an infected tick to an uninfected one sharing the
same blood meal. Ticks can then become infected with pathogenic germs during
co-feeding without the host being bacteremia or viremic, i.e. carrying these germs
[2, 20]. Tick co-infections are well known in the Caribbean region, especially in dogs.
This fact has been observed in several countries in the region such as Grenada, St
Kitts, and Haiti. By way of illustration, let us present some results of co-infections in
Haiti and Cuba.

In Haiti, co-infection in dogs with two or more PTBs was detected using serol-
ogy (20.0%) and molecular methods (10.6%). The most common co-infection
involved Dirofilaria immitis and B. Vogeli (3.4%), followed by D. immitis and E. canis
(1.9%), D. immitis and H. canis (1.4%), E. canis and H. canis (1.4%), H. canis and
Acanthocheilonema recondite (1.0%), D. immitis and Anaplasma platys (0.5%), E. canis
and B. vogeli (0.5%), and H. canis and A. platys (0.5%). [21].

In Cuba, different co-infections have been identified with:

* three haemoparasites (B. bigemina, A. marginale, and B. bovis) in 12.0%
of water buffaloes, co-infections with B. bovis and A. marginale being the
most common (26.0%). %) followed by B. bovis/B. bigemina (20.0%) and A.
marginale/B. bigemina (24.0%), suggesting the potential positive interaction
between these pathogens.
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* B. caballi and T. equi in 20.0% of horses tested.

¢ A. ovis and B. ovis and between A. ovis and E. ovis

* A. ovis and B. motasi in sheep by microscopic examination of blood

smears [22].

4.1.3 Other ways of transmission of a tick-borne disease

Not all tick-borne diseases are transmitted exclusively by tick bites. This is par-
ticularly the case for certain pathogenic germs such as Bartonella, Francisella, and
Coxiella which use other routes for the transmission of infectious agents. Indeed, the
transmission of Q fever or coxiellosis does not generally occur by infected tick bite
but by inhalation of contaminated dust (feces of infected ticks) and by contact with
infected secretions, including milk, and also the placenta, aborted small ruminants.
It has been shown that in the case of certain human epidemics cataloged as tick-borne

Pathogens Caribbean Infection (TBDs) Vector’ Reported Detection

distribution host method
Anaplasma Antigua, Anaplasmosis Rh. microplus Cattle Serology
marginale Barbados,

Cuba,

Dominica,

Dominican

Republic,

Grenada,

Guadeloupe,

Haiti, Jamaica,

Martinique,

Montserrat,

Puerto Rico,

St Kitts and

Nevis, St

Lucia, St

Martin, St

Vincent,

Trinidad
Anaplasma Puerto Rico Anaplasmosis Ixodes spp Dogs Serology
phagocytophilum (Granulocytic

Anaplasmosis)

Anaplasma platys Cuba, Anaplasmosis Rh. sanguineus, Dogs Serology/

Grenada, (Canine Cyclic A.cajennense Molecular

Haiti, St Kitts, = Thrombocytopenia) biology

Trinidad,
Bartonella vinsonii Grenada, Canine and human Rh.sanguineus Dogs Serology/
subspp. Berkhoffii Martinique endocarditis Molecular

biology

Borrelia burgdorferi  Cuba Borreliosis (Lyme A.cajennense Humans Serology
sensu lato disease)
Borrelia Relapsing US Virgin Borreliosis (Relapsing ~ Ornithodoros spp ~ Humans Serology
Fever group Islands fever)

(Borrelia hermsii)
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Pathogens Caribbean Infection (TBDs) Vector Reported Detection
distribution host method
Coxiella burnetii Puerto Rico Q fever D. nitens Cattle ND
Ehrlichia canis Aruba, British ~ Ehrlichiosis Rh. Sanguineus Canids, Serology/
West Indies, (Canine Monocytic Cats Molecular
Grenada, Ehrlichiosis) biology
Haiti, Puerto
Rico, St Kitts
and Nevis,
Trinidad,
Turks and
Caicos Islands
E. canis or closely Dominica, Ehrlichiosis ND Cattle, Molecular
related species Grenada, Sheep, biology
Montserrat, Goats
St Kitts and
Nevis
Ehrlichia Antigua, Ehrlichiosis A. variegatum Cattle Serology
ruminantium Guadeloupe, (Heartwater,
Marie Cowdriosis)
Gualante
Panola Mountain Dominica, St Ehrlichiosis A. variegatum Domestic Molecular
Ehrlichia sp. Kitts animals biology
Candidatus Trinidad Hemotropic Rh.sanguineus Dogs Molecular
Mycoplasma mycoplasmosis biology
haematoparvum
Mycoplasma Trinidad Hemotropic Rh. sanguineus Dogs Molecular
haemocanis mycoplasmosis biology
Mycoplasma Trinidad Hemotropic Rh. sanguineus Cats Molecular
haemofelis mycoplasmosis biology
Candidatus Trinidad Hemotropic Rh. sanguineus Cats Molecular
Mycoplasma mycoplasmosis biology
haemominutum
Mycoplasma Cuba Hemotropic ND Cattle ND
wenyonii mycoplasmosis
Mycoplasma ovis Cuba Hemotropic ND Sheep Serology
mycoplasmosis
Rickettsia africae Antigua, Rickettsiosis (African  A.wariegatum Humans, Serology/
Dominica, tick bite fever) Cattle, Molecular
Guadeloupe, Goats, biology
Martinique, Sheep
Montserrat,
St Kitts and
Nevis, St
Lucia, U.S.
Virgin Islands
Rickettsia conorii Guadeloupe Rickettsiosis A. variegatum Humans Serology
(Mediterranean
spotted fever)
Rickettsia felis Dominica, St Rickettsiosis Ctenocephalides Cats Molecular
Kitts felis biology

11
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Pathogens

Caribbean
distribution

Infection (TBDs)

Vector

Reported
host

Detection
method

Rickettsia typhi

Rickettsiosis (Murine

typhus)

Puerto Rico

Xenopsylla
cheopis

Rodents

ND

Babesia bigemina

Antigua, Babesiosis
Barbados,
Cuba,
Dominica,
Dominican
Republic,
Grenada,
Guadeloupe,
Haiti, Jamaica,
Martinique,
Montserrat,
Puerto Rico,
St Kitts and
Nevis, St
Lucia, St
Martin, St
Vincent,
Trinidad

Rh. microplus

Cattle

Serology/
Molecular
biology

Babesia bovis

Antigua, Babesiosis
Barbados,
Cuba,
Dominica,
Dominican
Republic,
Grenada,
Guadeloupe,
Haiti, Jamaica,
Martinique,
Montserrat,
Puerto Rico,
St Kitts and
Nevis, St
Lucia, St
Martin, St
Vincent,
Trinidad

Rh. microplus

Cattle

Serology/
Molecular
biology

Babesia caballi

Grenada, Piroplasmosis
Guadeloupe,

Martinique,

Montserrat,

St Kitts

and Nevis,

Trinidad

D. nitens

Equids,
Goats,
Sheep

Serology/
Molecular
biology

Babesia (canis) vossi

Montserrat Babesiosis

Rh.sanguineus,
Rh. turanicus

Goats

Molecular
biology

Babesia (canis)
vogeli

Dominica, Babesiosis
Grenada,

Haiti,

Montserrat,

St Kitts

and Nevis,

Trinidad

Rh. sanguineus,
Rh. turanicus

Dogs, Cats,
Cattle,
Sheep,
Goats

Serology/
Molecular
biology

12



Overview of the Main Species of Ticks and Animal and Human Tick-Related Diseases in the...
DOI: http://dx.doi.org/10.5772/intechopen.106080

Pathogens Caribbean Infection (TBDs) Vector Reported Detection
distribution host method
Babesia gibsoni Dominica, St Babesiosis Rh.sanguineus, Dogs, Molecular
kitts Rh.turanicus Cattle, biology
Sheep,
Goat,
Equids
Babesia vulpes Montserrat Babesiosis ND Goats, Molecular
Sheep biology
Hepatozoon canis Aruba, Hepatozoonosis Rh. sanguineus Dogs Serology/
Grenada, Molecular
Haiti, St Kitts, biology
Trinidad
Theileria equi Dominica, Piroplasmosis D. nitens Equids, Serology/
St kitts Cattle, Molecular
and Nevis, Sheep, biology
Trinidad Goats
Theileria mutans Cuba, Theileriosis A. variegatum Cattle Serology
Guadeloupe, (IFA)
Martinique
Theileria parva Guadeloupe Theileriosis A. variegatum Cattle ND
Theileria sp. Bl5a Grenada Theileriosis ND Cattle Molecular
biology
Theileria sp. Nevis Theileriosis ND Goats Molecular
NG-2013a biology
Theileria sp. OT3 Montserrat Theileriosis ND Sheep, Molecular
Goats biology
Theileria sp. St Kitts Theileriosis ND Equids Molecular
YW-2014 biology
Theileri velifera Guadeloupe Theileriosis A. variegatum Cattle Serology
African swine fever = Cuba, African swine fever Ornithodoros spp ~ Swine ND
Dominican
Republic, Haiti
Estero Real Cuba ND C. tadaridae ND Isolation
Hugues Virus Cuba, ND C. denmarki Seabirds Isolation
Trinidad
Soldado Virus Trinidad ND Carios spp Seabirds Isolation
Wad Medani Virus ~ Jamaica ND A.cajennense ND Isolation

Source: [31].

Table 1.

Tick-borne pathogens and suspected tick vectors reported within the Caribbean.

diseases, such mites may not be directly involved as vectors. Examples include human
piroplasmosis which can occur through blood transfusion [23].

» tick-borne encephalitis, the virus of which can be transmitted to humans by
drinking infected milk;

* Crimean-Congo hemorrhagic fever, the virus of which can be contracted by

handling the carcasses of infected animals.
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4.2 Tick species identified
4.2.1 Origin of ticks

In the Caribbean, the tick fauna is made up, on the one hand, of endemic species
and, on the other hand, of exotic species which have been introduced there by different
routes: movement of animals in the region, movement of birds migratory or non-
migratory from North, Central, or South America, occupation of this region by settlers
who came with infested cattle and dogs from Europe, Africa, and Asia [24, 25]. A total
of 56 species of ticks have been recorded in the Caribbean, belonging to 10 genera and
2 families (Argasidae and Ixodidae) including 15 species of Ornithodoros, 10 species
of Antricola, 17 species of Amblyomma, 3 species of Argas, Ixodes, and Rhipicephalus,
2 species of Haemaphysalis, and 1 species each of Parantricola, Dermacentor
(Anocentor), and Aponomma [26].

Because of their impact on health, the most studied tick species in the West Indies
are those associated with the transmission of tick-borne diseases to livestock or pets.
However, even if the tropism of ticks for certain hosts is well documented, it is observed
that many of them can parasitize different species of hosts, including humans, opening
the way to the occurrence of zoonotic diseases [27, 28]. Other species of ticks, present
in wildlife, also exist in the Caribbean without arousing much concern and interest to
date. As the majority of emerging diseases come from wildlife reservoirs, characteriza-
tion of the diversity and ecology of ticks present in these wild environments should be
addressed [29, 30]. The tick species described in this review are significantly implicated
in the epidemiology of animal tick-borne diseases (Table1).

4.2.2 Diseases transmitted by Ixodidae ticks to cattle
* Rhipicephalus (Boophilus) microplus

It is the tropical cattle tick considered to be the most important in the world. Although
primarily associated with cattle, Rh. microplus can feed on a variety of hosts among
domestic animals in the Caribbean such as horses, donkeys, goats, sheep, buffaloes, pigs,
dogs, and also in some wild animals [32]. According to some cases of human infestation
by Rh. microplus have sometimes been detected in humans [33]. But these Rh. microplus
ticks are single host, i.e. they can stay on the same host throughout their life cycle. They
are well distributed in the Caribbean, both in the Greater and the Lesser Antilles [16].

This cattle tick is mainly involved in the transmission of bacteria and protozoa
such as Anaplasma marginale, Anaplasma centrale, Babesia bigemina, Babesia bovis,
and Theileria spp [34].

In almost all Caribbean countries with a fairly large livestock population, signifi-
cant economic losses of several million US dollars have been recorded, as was the case
in Puerto Rico.

» Amblyomma variegatum

Unlike Rhipicephalus microplus, the tropical tick A. variegatum is a tick with
several hosts which are mainly ruminants (cattle and goats). It causes deep skin
lesions through their mouthparts which can facilitate the development of secondary
infections leading to acute dermatophilosis. It transmits pathogenic bacteria such as
Ehrlichia spp. and Rickettsia spp., and protozoa such as Theileria spp. [27, 35-37]. It
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also caused significant losses during the 1990s which amounted to several million US
dollars in the English Lesser Antilles.

The tick was first introduced to Guadeloupe and for a time remained confined to
Guadeloupe, Antigua, and Martinique until the 1960s. But by the 1980s, it had spread
to 18 islands in the Caribbean in the late 1980s. So far, the distribution of Amblyomma
variegatum in the Caribbean is restricted to the Lesser Antilles [16, 38].

» Amblyomma cajennense

A. cajennense, a tick with multiple hosts, has also been reported in several
Caribbean countries such as Cuba, Jamaica, and Trinidad. However, due to deficien-
cies in the epidemiological vigilance system for ticks and tick-borne diseases in some
Caribbean countries, it cannot be said with certainty that it is limited only to these
three countries. It is suspected to be the vector of the agents Ehrlichia spp., Rickettsia
spp., and equine piroplasms [39].

e Dermacentor (Anocentor) nitens

The tropical horse tick is a single-host tick that primarily parasitizes equines. D.
nitens is suspected of being the vector of Babesia caballi and Theileria equi, the two
causative agents of equine piroplasmosis [40].

* Rhipicephalus annulatus

The existence of R. annulatus has not been established with certainty in the
Caribbean because according to some authors, there is a risk of confusion about this
tick with Rh. microplus because of their morphological similarities.

* Rhipicephalus sanguineus

It is a brown tick commonly found in dogs, but it has three hosts and is considered
widespread in the Caribbean and often parasitizes dogs [24-26]. It is prevalent in sev-
eral Caribbean countries including Haiti and plays an important role in both animal
health and public health due to its ability to transmit various Ehrlichia, Anaplasma,
Rickettsia, and Babesia pathogens [28].
4.2.3 Ttks and tick-borne diseases in pets

The most common ticks and bacterial and protozoan diseases transmitted by ticks
in dogs in the Caribbean are as follows:

* tropical canine pancytopenia (caused by Ehrlichia canis),

e canine cyclic thrombocytopenia (Anaplasma platys), and

e canine babesiosis (Babesia canis) [21, 37, 41, ].

 Canine babesiosis is one of the most commonly reported infections and is often

caused by Babesia canis vogeli and Babesia gibsoni. It has been detected in Haiti,
Grenada, and St Kitts.
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Another hemiparasite, Hepatozoon canis, is acquired by ingesting infected ticks;
it has been reported in certain Caribbean islands such as Cuba, Grenada, Saint-Kitts,
and Trinidad [31, 42-44].

The above pathogens are usually transmitted or associated with the bite or inges-
tion of R. sanguineus ticks. It should be noted that natural infections with Rickettsia
amblyommatis and Rickettsia rickettsii have been detected in R. sanguineus [45].

* Babesia gibsoni infections are usually acute and characterized by anorexia, fever,
hepatomegaly, splenomegaly, and pallor. Some animals, after recovery, however,
remain carriers. Other Babesia infections reported in mammalian hosts include
B. Gibson and Babesia vogeli in cats. [3, 46].

4.2.4 Ticks as vectors of human pathogens of bacterial and protozoan origin in the
Caribbean

R. rickettsii is a highly pathogenic agent causing Rocky Mountain spotted
fever (RMSF) in humans. This has been detected in Belize and some Caribbean
countries. Its symptoms are high fever, violent headaches, and exanthema. A
less severe rickettsia, African tick-bite fever, caused by R. africae, has been
reported from the eastern Caribbean [47]. This TBP was probably introduced into
the Caribbean with cattle infected with A. variegatum imported from Senegal
more than 200 years ago. Although a small number of clinical human cases are
reported, R. africae and its human-infecting vector, A. variegatum, are widely
distributed in the Caribbean [48].

4.2.5 Human and animal viruses transmitted by ticks in the Caribbean

Several tick-borne viruses, particularly the Argasidae, have been identified in
ticks in the Caribbean region, including Hughes virus in the Ornithodoros capensis
(Ornithodoros denmarki and Soldado virus in Ornithodoros capensis of Trinidad [49, 50],
and O. denmarki in Cuba [51], Estero real virus in Ornithodoros tadaridae ticks in Cuba
[52], and Wad Medani in A. cajennense from Jamaican ticks [53] .

The African swine fever virus, which raged in Haiti, the Dominican Republic, and
Cuba in the 1980s, was detected in Ornithodoros ticks [54]. However, there was no evi-
dence that these had participated in the spread of ASF under natural conditions because
this virus was not identified in any of the 350 Ornithodoros puertoricensis ticks col-
lected in the Dominican Republic and Haiti. Ticks were unable to acquire and transmit
this virus transstadially and transovarially under laboratory conditions [55, 56].

4.3 Veterinary and health importance of ticks
4.3.1 Divect and indirect impact of ticks on human and animal health

The impact of ticks is quite significant in both animal and human health. Their
natural hosts are normally wild and domestic animals. But, when man finds himself
in the biotopes of ticks, he can become an accidental host, [57]. The medical impor-
tance of ticks must be understood on the one hand, through their direct role on the
health of their host, which is dependent on their behavior as hematophagous ecto-
parasites, and, on the other hand, through their indirect action as carriers of a large
number of direct pathogens.
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4.3.2 Direct health impacts of ticks

The direct effects of ticks on the health of the host are particularly observed in
animals where they cause significant economic losses for the livestock industries. Some
species of ticks such as those of the genus Amblyomma have the ability to take about
4 ml of blood during their blood meal, thus creating cases of blood loss, anemia, and
significant weakening of the animal infested. When the tick is attached to a given host,
the rostrum will penetrate the skin of the host, which can often transform this bite into
a cutaneous wound capable of causing superinfections, the introduction of opportunis-
tic pathogens or the formation of abscesses. A bacterium like Dermatophilus congolensis
responsible for bovine dermatophilosis is widely associated with cases of infestation of
the animal by A. variegatum ticks, whose bite sites are entry routes for the pathogen. The
leather industries are particularly affected by the poor quality of animal skin linked to
tick infestation. Similarly, domestic animal infestations can result in a significant drop
in productivity for livestock industries for meat and milk [7]. Another consideration is
that tick saliva is made up of several different molecules in the feeding site during the
blood meal with possible consequences of reduced host immune system, transmission
of pathogens, and even allergies due to the presence of certain molecules which can
prove to be toxic for the host (animal or human) leading to cases of toxicosis or serious

paralysis [5, 58].
4.3.3 Indirect health impacts of ticks

Ticks are the most important vectors in animal health, and they are placed before
the mosquito. In human health, they come second to mosquitoes. They ensure active
transmission (mechanical or biological) of an infectious agent from one vertebrate to
another vertebrate. Globally, ticks are responsible for transmitting the widest range of
pathogens. They transmit microorganisms responsible for bacterial (Lyme borreliosis
and rickettsioses) or parasitic (babesiosis and theileriosis), or even viral (tick-borne
encephalitis) diseases. The microorganisms responsible for these diseases constitute a
major risk for both human and animal health. Ticks are capable of parasitizing many
host species, affecting wildlife, livestock, pets, and even humans.

Without having precise figures, it is estimated that the financial costs related

to ticks and tick-borne diseases are considerable in public and animal health in the
Caribbean [7].

5. New perspectives for the development of a better system for the
epidemiological surveillance of ticks and tick-borne diseases

As has been demonstrated, the Caribbean is a region at risk for the proliferation
of vector-borne diseases. Such a situation is explained by favorable conditions for
vectors, increasingly important intercontinental exchanges, animal movements, and
a strong presence of migratory birds in this region. Also, it is important to develop
increasingly efficient epidemiological surveillance systems for ticks and tick-borne
diseases. But conventional diagnostic techniques have proven ineffective for a true
assessment of the extent of these pests and diseases. New diagnostic tools are needed
to draw up a more in-depth inventory of pathogens of medical and veterinary inter-
est present in ticks in the Caribbean region. The use in Guadeloupe and Martinique
of high-throughput RNA sequencing techniques extracted from ticks collected in
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the Caribbean gives great hope for an exhaustive inventory of pathogens (bacteria,
parasites, and viruses) present in the region.

The analyses thus carried out revealed a great diversity of pathogenic germs within
the samples collected which would not be detected by conventional detection tech-
niques. For example, they revealed:

* The presence of four viruses belonging to new viral genera recently described
and associated with arthropods.

* The constitution of a list or directory of pathogens transmitted by ticks requiring
health surveillance in the Caribbean and which can make it possible to develop a
high-throughput screening system for infectious agents applicable to the entire
Caribbean area.

* Important data on the epidemiological situation of the Lesser Antilles with regard to
pathogens transmitted by ticks, i.e. 45 bacteria, 17 parasites, and 31 viruses poten-
tially from the sampling of the study carried out in Guadeloupe and Martinique.

Despite the wide variety of ticks and pathogens transmitted, few studies have
been devoted to assessing the diversity of tick species and the incidence of tick-
borne diseases in humans [59, 60]; it is now necessary to actively monitor the spread
of important pathogens transmitted by ticks other than those which have tradition-
ally been transmitted such as A. marginale, Ehrlichia ruminantium, Babesia. bovis,
Babesia bigemina, Babesia caballi, and Theileria equi, due to their socio-economic
impact [61, 62].

The surveillance and control strategy against ticks and tick-borne diseases in the
Caribbean benefit from adopting the “One Health” approach, which implies greater
collaboration between veterinary health and environmental professionals for a com-
prehensive approach of health because over the past few decades, changes in ecosys-
tems have contributed to making wildlife the main reservoir of pathogenic germs. The
“One Health” approach should enable the improvement of the diagnostic process, the
acceleration of treatment decisions, and the adoption of appropriate prevention and
control protocols.

6. Conclusion

Several ticks and tick-borne diseases exist in the Caribbean, constituting sources
of danger for human and animal health. Many of these pathogens are restricted to
cycles of transmission primarily involving domestic Ehrlichia animals. canis) and
wild animals and/or livestock (e.g. Ehrlichia ruminantium), while others are com-
paratively widespread in humans Anaplasma mixtum, Anaplasma variegatum, and R.
sanguineus are the important vectors in the region due to their potential for transmis-
sion of zoonotic pathogens.

However, the Caribbean remains largely understudied with respect to tick-borne
diseases because existing studies focus on the identification and epidemiology of
pathogens affecting animals such as E. ruminantium, Babesia (bovis and bigemina),
and A. marginale. But they were carried out using conventional detection tools which
proved to be far from being able to answer questions concerning the risk of emer-
gence or re-emergence of tick-borne diseases.
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The use of the surveillance method based on the sequencing of new generations
of microorganisms and pathogens present in ticks in Guadeloupe and Martinique
undoubtedly represents a major improvement in epidemiological monitoring tech-
niques which will allow the rapid and parallel detection of a wide range of pathogens.
The ideal would be to be able to apply this method to the high-throughput screening
of infectious agents present in ticks collected throughout the Caribbean, at least at
the level of all the member countries of the Caribbean Animal Health and Veterinary
Public Health Network (CaribVet).

The situation of the Republic of Haiti requires, in this regard, a little more atten-
tion because the majority of studies that have been carried out on ticks and tick-
borne diseases have been carried out by foreign researchers. There is a great lack of
professionals specialized in veterinary and medical entomology in this country, and
the “One Health” approach is still slow to establish itself there because of a certain
compartmentalization between the sectors of health, agriculture, and the environ-
ment. At government level, there does not yet seem to be much importance given to
vector-borne diseases, with the exception of those transmitted by certain species of
mosquitoes. The research undertaken with the veterinary parasitology and microbiol-
ogy and public health laboratories did not allow us to discover any interesting data
likely to advance the state of knowledge on this topic.

Research on ticks and tick-borne diseases must therefore be approached through
networks of researchers throughout the Caribbean to facilitate exchanges of experi-
ence. The Caribbean Network for Animal Health and Veterinary Public Health
(CaribVet) can therefore play a major role in the coordination of research and training
actions on this theme.
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