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Abstract 

Research on tick-borne diseases in the Caribbean is very scarce. On Aruba, the 

Dutch Caribbean, in particular, some research reports were issued by the Utrecht Center 

of Tick-borne Diseases. However, there is no scientific publication in a peer-reviewed 

journal with impact factor on the presence of different tick species and the prevalence 

of tick-borne diseases. For example, the presence of Borrelia burgdorferi sensu lato has 

not been studied at all. The aim of this thesis was hence to provide information about 

local tick species and tick-borne pathogens to the local Public Health Department. 

Samples of ticks collected between 2019 and 2020 from different locations on 

the island were morphologically identified and subsequently screened for presence of 

Anaplasma platys and Borrelia burgdorferi sensu lato using 16S rRNA and flagellin PCR 

tests, respectively. Additionally, important information about dogs, from which the ticks 

were collected, was recorded and thereafter statistically analyzed. Morphological 

identification distinguished three different species of the genus Rhipicephalus among 

300 screened ticks. 168 ticks were identified as Rhipicephalus sanguineus species, 111 

ticks as Rhipicephalus turanicus, and 21 ticks as Rhipicephalus appendiculatus. A total of 

325 ticks were screened for Anaplasma platys with 0 % prevalence and Borrelia 

burgdorferi sensu lato with a prevalence of 8.9 %. Morphological identification of tick 

species and differentiation of particular borrelia species found should be confirmed by 

genetic sequencing in the future. The results of this thesis suggest that street dogs and 

crossbreed dogs were the most susceptible to tick infestation and thus also borrelia 

infection compared to pet and purebred dogs. Those findings should cause concern 

about the possible transmission of this pathogen to humans or other animals on the 

island. 

Keywords: Anaplasma; Borrelia; Caribbean; PCR; tick; vector-borne disease; zoonotic 

disease 
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1 . Introduction and Literature Review 

1.1. Lesser Antilles - Caribbean Islands 

Caribbean islands are divided into two categories: The Greater Antilles and the 

Lesser Antilles. The Lesser Antilles (see Figure 1) is an area with an approximate 

amplitude of 940 km, from the British and US Virgin Islands in the north to Trinidad in 

the south, and an approximate breadth of 1140 km from Aruba in the west to Barbados 

in the east (Britannica 2021; Allen 2017). The islands vary in their geological formations 

(sedimentary, volcanic islands) and climatic conditions and are further accordingly 

divided into three groups - the Leeward Islands, the Windward Islands, and the Leeward 

Antilles (Allen 2017). 

Figure 1. Map of Lesser Antilles. Modif ied picture (Jochim 2017). 

1.1.1. Leeward Antilles 

The Leeward Antilles comprise five islands belonging to the Kingdom of the 

Netherlands and several Venezuelan islands along the southern Caribbean Plate and the 
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northern coast of South America. Aruba, Bonaire, and Curacao (often mentioned as the 

ABCs) are the three biggest Dutch islands of the archipelago (Allen 2017). 

This group of islands has many similarities in their climate, geomorphology, and 

history. Falling outside the hurricane belt, tropical storms are very rare in this area 

during this problematic season. The islands have a very dry climate, they are mostly 

limestone with large dunes occurring mostly on Aruba (Kohsiek et al. 1987). 

The ABCs have, since ever, had a close connection with South America. It was the 

mainland from which it was the easiest to reach the islands, particularly Aruba. For this 

reason, many waves of immigration had been occurring for centuries, particularly from 

today's Venezuela. However, they also have Dutch colonial history and therefore 

a strong connection with the slave trade, particularly Curacao and Bonaire (Allen 2017). 

1.1.2. Aruba 

Aruba is an island located around 30 km away from the coast of Venezuela. The 

climate is very dry, with a very low average precipitation of 471.1 mm (Kohsiek et al. 

1987; Oduber & Ridderstaat 2016; Allen 2017). It belongs to the Bsh climatic category 

according to Koppen's classification (see Figure 2). Category B denotes arid and semiarid 

climates, subcategory Bsh is classified as hot semiarid steppes with dry summers (Kottek 

et al. 2006). The average temperature is 29.7°C with a constant wind coming mostly 

from the northeast and the southeast (Oduber & Ridderstaat 2016). Parts of mainland 

Colombia and Venezuela have the same climatic conditions as seen in Figure 2. 

Arid grasses and cactuses are the predominant vegetation (Berschauer & Ros 

2014) and the main local land fauna species described in local literature (Boer 2001) are 

listed below (Table 1). More information on particular species of bats and rodents can 

be found in Bekker (1996) and birds in Lepage (2022). The marine fauna is different from 

the neighboring islands due to the shallow waters around Aruba as it is the closest to 

the Venezuelan mainland, the depth being almost 10 times shallower than the waters 

around Curagao and Bonaire (Berschauer & Ros 2014). The island has three landscapes, 

the oldest central lava formation rocks, and batholith rocks, both surrounded by 

limestone formations (Allen 2017). 
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Figure 2. Köppen-Geiger Climate Classification for the ABCs and 

Venezuela. From Climate Change and Infectious Diseases Group (2007). 

Table 1. List of the most common fauna species on Aruba. Based 

on Boer (2001).  

LAND MAMMALS 

Latin name Common name 

Capra aegagrus hircus Goat 

Chiroptera order Bats 

Equus asinus asinus Feral Donkey 

Mus musculus House Mouse 

Sus scrofa Feral Pig 

Sylvilagus floridanus nigronuchalis Cottontail 

LAND REPTILES 

Latin name Common name 

Ameiva bifrontata Cope's Ameiva 

Anolis lineatus Tree Lizard, Anole 

Boa constrictor Boa Constrictor 

Chelonoidis carbonarius Red-footed Tortoise 

Cnemidophorus arubensis Whiptail Lizard 

Cnemidophorus lemniscatus Rainbow Whiptail 

Crotalus durissus unicolor Aruban Rattlesnake 

Gonatodes antillensis Antilles Gecko 

Gonatodes vittatus Wiegmann's Striped Gecko 

Gymnophthalamus laevicaudus Spectacled Teju 

Hemidactylus mabouia Tropical House Gecko 

Iguana iguana Green Iguana 

Leptodeira annulata bakeri Cat-eyed Snake 

Phyllodactylus julieni Aruba Leaf-toed Gecko 

Phyllodactylus martini Dutch Leaf-toed Gecko 

Thecadactylus rapicaudus Smooth Gecko 

Trachemys scripta Common Slider 
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1.2. Ticks and Tick-borne Diseases in the Caribbean 

1.2.1. Ticks 

The Caribbean is, as previously mentioned, a very vast and international area, 

having encountered significant migration and trade exchanges at both intercontinental 

and inter-insular levels throughout its entire history. This phenomenon is logically 

connected with animal movements and therefore the introduction and spreading of new 

pathogens. This occurs mostly by the legal or illegal import of infested domestic animals 

(e.g., dogs, farm animals) and by the influx of migratory birds from the Americas. The 

Caribbean does, thus, record both endemic and imported species of ticks (Basu 

& Charles 2017, Gondard et al. 2017). 

In the Caribbean 56 tick species from 10 genera and 2 families - Argasidae and 

Ixodidae were described (Gondard et al. 2017). Soft ticks (Argasidae) are represented by 

the genus Ornithodoros with 15 different species mostly to be found in Cuba, Jamaica, 

Puerto Rico, and Trinidad and Tobago (Basu & Charles 2017). Hard ticks (Ixodidae) found 

across the Caribbean are more widespread, including 17 species of Amblyomma, 

3 species of both Rhipicephalus and Ixodes, 2 species of Haemaphysalis, and one species 

of Aponomma quadricavum and Anocentor nitens (Basu & Charles 2017, Gondard et al. 

2017). The most widely distributed ticks are, according to Basu & Charles (2017), 

Rhipicephalus microplus, Rhipicephalus sanguineus, and Anocentor nitens; the 

occurrence of those ticks is interpreted in a map below (Figure 3). 

Cuba 

Rhipicephalus sanguineus 

•fo Rhipicephalus microplus 

"jr Anocentor nitens 

Montserrar-fcrWJf 

Guadeloupe \ 

Figure 3. Presence of the main tick species in the Caribbean. Based 

on Basu & Charles (2017) and Gondard (2017). 
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1.2.1.1. Aruba 

On Aruba, no scientific research has been published in peer-reviewed journal on 

the occurrence of tick species, nevertheless, three existing research reports from the 

Utrecht Centre of Tick-borne Diseases state that all the collected ticks in those studies 

were identified as Rhipicephalus sanguineus. In a study from 2008, Straten collected 

4237 ticks from 100 neglected dogs (Straten 2008). In 2010 two studies were reported: 

Vugteveen collected ticks from 117 dogs from a veterinary clinic and 40 dogs from the 

kill cage, but the total number of ticks collected remains unknown (Vugteveen 2010). 

The same applies to Shuit's research, who collected ticks from 129 dogs from 

a veterinary clinic and 40 dogs from the kill cage (Shuit 2010). 

1.2.1.2. Rhipicephalus sanguineus Latreille, 1806 

Brown dog tick, tropical dog tick, or kennel tick, as called in different anglophone 

countries, Rhipicephalus sanguineus is a very important vector of several tick-borne 

diseases. Its distribution is cosmopolitan and it feeds mostly on dogs, however, it can 

also be found on domestic, wild animals, and humans (Walker et al. 2003; Dantas-Torres 

2007; Basu & Charles 2017). 

This vector has significant importance in the veterinary and medical fields since 

it can transmit and act as a reservoir of many pathogens (Dantas-Torres 2007). In dogs, 

the transmission of many pathogens had been reported, namely parasitic Babesia 

vogeli, Babesia canis, Babesia gibsoni, and Hepatozoon canis, and bacteria such as 

Anaplasma platys, Ehrlichia canis, and Rickettsia rickettsia or Rickettsia conorii conorii. 

In cattle then Babesia bigemina, and in humans many Rickettsia species and Coxiella 

burnetti (Walker et al. 2003; Dantas-Torres 2007; Basu & Charles 2017). Although 

transmission has not exactly been proven, those tick species were found infected by 

Leishmania spp. therefore it is possible that this tick could potentially be capable of 

transmitting such a parasite (Coutinho et al. 2005). Transmission of pathogens to 

humans has also been reported although it rarely parasites on humans (Palmas et al. 

2001). 
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The genus Rhipicephalus is of African origin as it was described by Latreille in 

1806 (Pegram et al. 1987). The different species in this genera can be hard to distinguish 

morphologically. The guide for species identification can be found in Walker et al. 

(2003). 

This tick species has four developmental stages (egg, larva, nymph, adult) and is 

a three-host parasite (Figure 4). Tick in each of those stages feeds once to realize the 

transformation. After egg incubation, the hatched larvae start feeding for up to 10 days. 

Nymphs then feed for up to 11 days before they develop into an adult. An adult female 

tick can feed for up to three weeks before it drops from the host, lays eggs, and dies. 

They can lay around 4000 eggs (Nuttall 1915; Walker et al. 2003; Sonenshine & Roe 

2014). 

Life cycle of Rhipicephalus sanguineus and the transmission of 
Rickettsia hckettsii (the causative agent of Rocky Mountain Spotted Fever) 

© Nymphsfeed on second host " a f t e r leaving first host 

and may acquire R. rickettsii 

Images are not drawn to scale. P. sanguineus can maintain P. rickettsii between life stages. 
Humans, as well as dogs, may become infected when bitten by a tick infected with P. rickettsii. 

CS246081 -A 

Figure 4. The life cycle of Rhipicephalus sanguineus. CDC (2022). 
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Rhipicephalus sanguineus has very good host-seeking skills since it can actively 

hunt. The primary host of the Brown dog tick is a dog. First developmental stages can 

be found in small mammals such as rodents while the adults choose larger mammals 

and even can parasite on humans when the tick population is very abundant (Walker et 

al. 2003; Dantas-Torres 2007). 

1.2.2. Tick-borne Diseases in the Caribbean 

According to Maggi & Krämer (2019), the most important tick-borne diseases 

that affect both dogs and cats on the Caribbean islands are babesiosis, bartonellosis, and 

ehrlichiosis. In addition, dogs are also commonly affected by anaplasmosis and 

hepatozoonosis. Humans, however, do not usually suffer from those diseases. Table 2 

was created based on complex literary research from several resources and shows the 

presence of the most significant dog tick-borne diseases on different Caribbean islands. 

Table 2. Diseases reported in dogs on different Caribbean islands. •/ - reported in dogs, x - not reported in 

dogs, or no research done specifically on dogs. Based on: Bool & Sutmoller (1957); Davoust et al. (1999); Georges et 

al. (2008); Straten (2008); Yabsley et al. (2008); Moreta (2009); Schuit (2010); Vugteveen (2010); Klarenbeek (2010); 

Rodriguez et al. (2012); Spruit (2012); Westra (2012); Kelly et al. (2013); McCown et al. (2013); Li et al. (2015); Silva et 

al. (2016); Starkey et al. (2016); Grochowska et al. (2021); Morshed et al. (2021). 

Disease/ 

Country 
Babesiosis Hepatozoonosis Anaplasmosis Bartonellosis Borreliosis Ehrlichiosis Ricke ttsios is 

Aruba • y X X X y X 

Cuba X X y X X X X 

Curasao X X y X X y X 

Dominica V X X X X X X 

Grenada •/ • y y X y X 

Haiti • y y X X y X 

Martinique X X X y X X X 

Montserrat y X X X X X X 

Puerto Rico X X y X X y X 

St. Kitts & Nevis • y y X X y X 

Trinidad y y y X X y X 

Silva et al. (2016) analyzed 100 dog blood samples and 431 ticks collected on 

Cuba. All of the ticks were identified as Rhipicephalus sanguineus and were pooled into 

49 samples for PCR (polymerase chain reaction) analyses. Five of those pools (9.8 %} 
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tested positive for Anaplasma platys. The prevalence of Anaplasma platys in dog blood 

samples was 16 %. 

Starkey et al. (2016) conducted research on Haiti using PCR for pathogen 

detection in dog blood samples. The prevalence was 6.3 % for Anaplasma platys, 0 % for 

Anaplasma phagocytophilum, 7.7 % for Babesia vogeli, 7.2 % for Ehrlichia canis, and 

19.3 % for Hepatozoon canis. Snap 4Dx Plus test (IDEXX Laboratories, Inc., Westbrook, 

ME) was also used to assess the seroprevalence of Anaplasma spp., Ehrlichia canis, and 

Borrelia burgdorferi with results: of 17.6 %, 32.9 %, and 0 %, respectively. 

In 752 dog blood samples collected around Puerto Rico, none tested positive for 

Borrelia burgdorferi. The overall prevalence of diseases was 6 % for Ehrlichia canis, 1 % 

for Anaplasma phagocytophilum, and 5 % for coinfection of Ehrlichia canis and 

Anaplasma phagocytophilum (McCown et al. 2013). 

Kelly et al. (2013) performed similar research on St. Kitts using blood samples 

from 372 dogs with a PCR prevalence of 19 % for Ehrlichia canis, 12 % for Babesia vogeli, 

10 % for Babesia gibsoni, 11 % for Anaplasma platys, and 6 % Hepatozoon canis. 

In a study conducted on Grenada (Yabsley et al. 2008) the PCR prevalence for 

Ehrlichia canis was 24.7 %, 19.2 % for Anaplasma platys, 1 % for Babesia canis vogeli, 

7 % for Hepatozoon canis and 1.4 % for Bartonella spp. in a total of 73 blood samples 

collected from dogs. Snap 3Dx tests (IDEXX Laboratories, Inc., Westbrook, ME) were 

performed to assess the antibodies' presence with a resulting prevalence of 49.3 % for 

Ehrlichia canis and 20.5 % for Anaplasma spp. There were no significant differences 

between males and females. 2 dogs were positive for Borrelia burgdorferi, but both of 

them had travel history in the USA, therefore it could not be considered acquired on 

Granada. 

Georges et al. (2008) found the following prevalence in 348 canine blood samples 

on Trinidad: 0.6 % for Anaplasma, Ehrlichia, Babesia and Theileria nonspecific analyses; 

1.7 % for Theileria and Babesia only, 2.3 % for Theileria and Babesia together with 

Babesia canis vogeli. Nonspecific Anaplasma and Ehrlichia only had prevalence of 4.3 %. 

Anaplasma, Ehrlichia plus Anaplasma platys was 2.3 % and Anaplasma, Ehrlichia and 

Ehrlichia canis was 13.2 %. 
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Rodriguez et al. (2012) discussed the possible presence of Borrelia burgdorferi 

on Cuba using the ELISA (enzyme-linked immunoabsorbent assay) analyzing human sera 

and the presence of typical clinical signs for Lyme disease. 

1.2.2.1. Curacao 

Spruit conducted research in 2012 to evaluate the tick species present in wildlife 

fauna as well as in domestic animals all over Curacao. There were 56 dogs examined and 

1071 ticks were found and collected. The average number of ticks per dog was 19.1 and 

all were identified as Rhipicephalus sanguineus. Ticks of genus Amblyomma were found 

on 4 (out of 27 examined) local turtles Geochelone pardalis and on 14 iguanas Iguana 

iguana. No ticks were found on other examined wild and domestic animals: 3 tiger 

pythons, 30 equids including horses, ponies, mules, and donkeys, 175 goats and sheep, 

22 cattle, 36 pigs, and 4 rabbits (Spruit 2012). 

The first dog-specialized research was done by Klarenbeek (2010) who collected 

1314 ticks from 129 dogs coming to a veterinary clinic; another 71 examined dogs were 

tick-free. The average number of ticks per dog was 6.6 and all of the collected ticks were 

of Rhipicephalus sanguineus species. This study also focused on the dog's history of tick-

borne canine ehrlichiosis (reported in 27 % of purebred and 19.8 % of crossbreed dogs). 

Tick control products were reported to be used by only 5 % of dog owners. 

Westra (2012) did similar research to the previous one, collecting ticks and 

diagnosing tick-borne diseases on the basis of clinical signs and results of Snap 4Dx Plus 

tests (IDEXX Laboratories, Inc., Westbrook, ME). In a total of 120 dogs that were 

examined for ehrlichiosis, 115 were positive (37 % purebred, 62 % crossbreed). The Snap 

4Dx Plus test also shows the presence of antigens for three other pathogens, where 9 % 

of dogs showed positivity for heartworm disease caused by Dirofilaria immitis, 27 % 

were positive for Anaplasma spp., and 1.7 % positive for Borrelia burgdorferi. The 

Borrelia result was discussed as a false positive in this study due to the belief that this 

bacterium is only transmitted by the tick species Ixodes ricinus which has never been 

found on Curacao. However, this tick is not its strict vector and many other species were 

found to be carrying Borrelia burgdorferi e.g., Ixodes pacificus, Ixodes angustus, 
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Dermacentor reticulatus and Rhipicephalus sanguineus (Grochowska et al. 2021, 

Morshed et al. 2021). 

Also, 976 ticks were collected from 55 dogs, the average number of ticks per dog 

being 18. All of them belonged to Rhipicephalus sanguineus species. 944 ticks resulted 

positive for Ehrlichia canis using PCR method (Westra 2012). 

1.2.2.2. Veterinary Conditions Overview of Aruba 

According to Pan American Health Organization (2012, 2017), there were no 

cases of zoonoses reported on Aruba between 2006 and 2017. Anecdotal records of 

babesiosis and hepatozoonosis were reported by Bool & Sutmoller (1957) but analyses 

for those diseases have not been renewed since then. Ehrlichia canis has been 

repeatedly reported (Straten 2008; Moreta 2009; Schuit 2010; Vugteveen 2010). 

According to the statements of local veterinarians, dogs were the most common 

patients coming to the clinics with the most common tick-borne disease reported being 

ehrlichiosis and anaplasmosis. Snap 4Dx Plus tests method is the majorly used procedure 

in detecting those diseases in the veterinary clinics on Aruba. 

There are six veterinary clinics on the island: 

- Veterinaire Klinieken Aruba in Wayaca and in Noord; 

- Animal Care Clinic in Paradera; 

- Animal Health Hospital in Noord; 

- Contreras Veterinary Services in Noord with a small subdivision in Savaneta. 

1.2.3. Tick-borne Diseases in Latin America 

The most important tick-borne parasitic diseases in Latin America are babesiosis, 

hepatozoonosis, and bacterial anaplasmosis, bartonellosis, borreliosis, ehrlichiosis, and 

rickettsiosis. According to Maggi & Kramer's review article (2019), these pathogens were 

recorded in many countries (Table 3). Only one case of Lyme disease was reported in 

a dog from Costa Rica (Montenegro et al. 2017). For the purpose of this thesis, only 

countries with direct access to the Caribbean Sea were chosen, as it is meaningless to 

10 



compare island climate with countries that abound predominantly with mountain 

ranges. 

Table 3. The diseases reported in Caribbean countries of Latin America. Based on Maggi & Krämer (2019). 

T T Disease/ 

Colombia y y • y X y y 

Costa Rica • y X y y y 

Honduras X X X X X y X 

Nicaragua y y y X X y y 

Panama X X y X X y y 

Venezuela y y y X X y X 

Rickettsiosis 

Studies conducted across Latin America found that certain factors play a role in 

the assessment of risk factors for infection with different pathogens. Two studies from 

Brazil and Costa Rica showed that disease prevalence was higher in male dogs, older 

dogs, and in mixed breed dogs (Toledo Vieira et al. 2018; Barrantes-Gonzalez et al. 2018). 

Louly et al. (2009) also suggest that the English Cocker Spaniel breed is more likely to be 

heavily infested by Rhipicephalus sanguineus ticks than Beagles. 

1.2.3.1. Colombia 

Colombia, and in particular its Caribbean region, has highly suitable 

environmental and socioeconomic conditions to support the spread of pathogens 

(Pesapane 2019). There is a high potential for comparing the different tick-borne 

pathogens with those from Aruba, since the climatic conditions are very similar. The 

immigration from Colombia could also play an important role in disease and pathogen 

introduction (personal experience, 2020). 

According to McCown et al. (2014) in a study conducted in Barranquilla 

"Exposure to tick-borne pathogens was the highest in shelter animals and military 

working dogs: more than 90 % of the samples were seropositive or PCR positive for one 

or more organisms as compared to 51 % in client-owned animals." Results (see Table 4) 

show that Ehrlichia canis and Anaplasma platys are important pathogens and can even 

occur quite often in coinfection. Neither Anaplasma phagocytophilum nor Borrelia 

burgdorferi was confirmed in this study. It can be also noticed that not all seropositive 

samples were positive using PCR analysis. 
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Table 4. Pathogens PCR prevalence in Barranquilla. Based on McCown et al. (2014). 

Pathogen/ tested Ehrlichia Anaplasma Coinfection Borrelia Anaplasma 
samples canis platys E.canis/Aplatys burgdorferi phagocytophilum 

Total DNA samples [n] 218 218 218 218 218 

PCR positive out of all 
samples [n] 

62 35 16 0 0 

[%] 28.4 16.1 7.3 0 0 

Seropositive out of all 
samples [n] 

163 116 101 0 2 

PCR positive out of 
seropositive samples [n] 

60 26 10 N/A 0 

In 2015, McCown et al. published another study on pathogens prevalence in 

three different cities (Barranquilla, Medellfn, and Cartagena) this time using the Snap 

4Dx Plus test. The seroprevalence of analyzed Ehrlichia canis and Anaplasma 

phagocytophilum is shown in the table below (Table 5). Borrelia burgdorferi was not 

detected in any of the analyzed samples. The city of Medellfn with its high altitude was 

chosen in this study as a counterpart to the tropical wetland cities - Barranquilla and 

Cartagena (McCown et al. 2015). 

In a study carried out during 2017 (Pesapane et al. 2019), 170 samples of dog 

blood from Santa Marta and Cienaga cities, Colombia, were analyzed with PCR. The 

results are found in Table 5. They were compared to the results from McCown et al. 

2014 since these Caribbean cities have similar tropical weather to the previously studied 

Barranquilla and Cartagena. Ehrlichia canis infection prevalence here, however, still 

remained the lowest. 

Lyme disease (Borrelia burgdorferi infection) had been detected in Colombian 

people, but not in research focused on dog patients (Maggi & Krämer 2019). 

1 2 



Table 5. Pathogens reported in different Colombian cities. The sign " - "means that the selected pathogen 

was not analyzed in the given city. 

Pathogen prevalence 

Total samples [n] 218 223 175 100 34 136 38 

Ehrlichia canis [%] 28 82 3 0 8 0 0 1 9 . 1 -

Anaplasma platys [%] 16 - - - 5 23 .8 -

An a plasma 

phagocytophilum [%] 
0 4 0 1 1 5 1 - - -

Coinfection Exanis/ 

Aplatys [%] 
7 - - - 0 8 -

Coinfection Exanis/ 

Aphagocytophilum 

[%] 

0 4 0 6 4 9 - - -

Borrelia burgdorferi 

[%] 
0 0 0 0 - - 0 

Babesia spp. [%] - - - - - - 10 

Anaplasma marginale 

[%] - - - - - - 52 

Coinfection Babesia/ 

A marginale [%] 
- - - - - - 5 

Coxiella spp. [%] - - - - - - 89 

Reference 
M c C o w n 

2 0 1 4 

M c C o w n 

2 0 1 5 

M c C o w n 

2 0 1 5 

M c C o w n 

2 0 1 5 

Pesapane 

2 0 1 9 

Pesapane 

2 0 1 9 

C o t e s - P e r d o m o 

et al . 2 0 2 0 

1.2.3.2. Venezuela 

Venezuela, as well as Colombia, has similar climatic conditions to the ABCs and 

there is also a high level of immigration to Aruba (personal experience, 2020). 

Huang et al. (2005) conducted research to assess the occurrence of two 

Anaplasma species in Venezuela using the PCR. Analyses were done on ticks, the blood 

of military dogs, and their owners. Twelve collected ticks were identified as 

Rhipicephalus sanguineus species and none of them were infected with Anaplasma 

platys. Seven out of 43 samples (16 % prevalence) of dog blood resulted positive for 

Anaplasma platys, but not for Anaplasma phagocytophilum. None of the human 

samples (n=25) were tested positive for any of the pathogens. 

Lyme borreliosis had so far been reported in humans only, no research on dogs 

has been done (Maggi & Krämer 2019). 
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1.3. Studied Pathogens 

1.3.1. Anaplasma spp. 

A disease called anaplasmosis has two main causative agents - Anaplasma 

phagocytophilum and Anaplasma platys. They both cause different forms of 

anaplasmosis: granulocytic anaplasmosis and thrombocytotrophic anaplasmosis, 

respectively (Sykes & Foley 2014). The general distribution is found in Figure 5. 

Anaplasma phagocytophilum causes disease in dogs, cats, humans, horses, 

camelids, and in Europe also in ruminants. The first three mentioned hosts are only 

accidental since the pathogen's reservoir is wildlife. For the transmission to the host to 

happen, the tick must be feeding for at least 36 - 48 hours (Carrade et al. 2009). This 

form of anaplasmosis is mostly asymptomatic, but some dogs can develop symptoms 

like fever, lethargy, low appetite, and arthritis with lameness (Egenvall et al. 1998). 

A previous study done by Egenvall et al. (1997) showed that Golden Retrievers had 

a higher predisposition for this infection. It is usually spread by a tick of the Ixodes genus 

and can often be found in co-infection with Borrelia burgdorferi (Granick et al. 2009). It 

can also infect humans, causing human granulocytic anaplasmosis, therefore it acts as 

a zoonosis (Sykes & Foley 2014). 

Figure 5. Distribution of anaplasmosis in the World. CVBD (2021). 

Anaplasma platys causes canine cyclic thrombocytopenia in dogs only. No case 

of infection in a human has been reported. Commonly asymptomatic disease, fever, and 
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lethargy may sometimes appear. Coinfection with Ehrlichia canis is frequent. It is 

present on all continents and frequently found in Rhipicephalus sanguineus ticks (Sykes 

& Foley 2014), but it was also recorded in Rhipicephalus turanicus e.g., in a study from 

Israel (Harrus et al. 2011). 

Infection by both of these pathogens can only be prevented by avoiding ticks and 

frequent use of an acaricide. Both forms of anaplasmosis can be treated by doxycycline 

broad-spectrum antibiotic (Sykes & Foley 2014). 

1.3.2. Borrelia burgdorferi sensu lato 

Spirochetes from Borrelia burgdorferi sensu lato complex, a group of about 20 

different genospecies, are causative agents of Lyme disease, sometimes also called Lyme 

Borreliosis. It is present in Europe, Asia, and parts of North and South America (Figure 6). 

De facto, most of the Borrelia burgdorferi s.l. complex is present in temperate zones of 

the Earth; therefore, it is not believed to occur in tropical areas. However, Rhipicephalus 

sanguineus can also transmit Borrelia spp., and is an important vector of this pathogen 

in Brazil (Spickler 2021). 

^ Enaemic occurrsrcs 

Figure 6. Distribution of Borrelia burgdorferi in the World. CVBD (2021). 

Wildlife serves as its reservoir; hence dogs are only accidental hosts. For the 

transmission to occur, the tick needs to be feeding on its host for at least 24 - 48 hours 

(Spickler 2021). 
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Lyme disease in dogs seems to be rather asymptomatic, i.e., no specific 

symptoms or signs. However, some 5 % of infected animals develop the disease and 

clinical signs may most commonly include specific arthritis of carpal joints with lameness 

shifting from leg to leg, unspecific fever, anorexia, and lethargy (Spickler 2021). 

Around half of the bacteria present in the Borrelia burgdorferi s.l. complex can 

affect humans and it is an important zoonosis in countries affected by the occurrence of 

this pathogen. The illness in dogs can be treated with antibiotics, e.g., Amoxicillin or 

Doxycycline (Spickler 2021). 
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2. Aims of the Thesis 

The aims of this diploma thesis were to obtain current data on the presence of 

tick species and prevalence of selected tick-borne pathogens affecting dogs on the island 

of Aruba. The prevalence of the pathogens confirmed by the PCR method was compared 

with previous findings from the island as well as selected neighbor islands and mainland 

countries. Information collected about the dog patients used for this study and the ticks 

found on them were statistically analyzed to assess risk factors and impacts on tick 

infestation and pathogen transmission. 

Hypotheses: 

1 . Hoi: The only tick species on Aruba is Rhipicephalus sanguineus. 

H A I : There are also other tick species on Aruba. 

2 . H02: All dogs on Aruba have the same risk of getting infested by ticks. 

H A 2 : There are specific risk factors that presuppose tick infestation. 

3 . H03: Borrelia burgdorferi is not present on Aruba. 

H A 3 : Borrelia burgdorferi is present on Aruba. 

These aims and hypotheses were established in cooperation with the 

Department of Public Health, Veterinaire Dienst Aruba. There is no scientific research 

published about tick-borne diseases on Aruba hence the importance of this study for the 

local authorities and veterinarians to provide important information about animal 

health and the zoonotic potential of the researched pathogens. 
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3. Methods 

3.1. Sample Collection 

Ticks were collected from dogs on Aruba during two sampling periods, one in 

March 2019 and the second between August 2020 till January 2021. Ticks were taken 

from pet dogs during appointments hours at the veterinary clinics on Aruba (Veterinaire 

Klinieken Aruba - Wayaca and Noord; Animal Care Clinic; Contreras Veterinary Services; 

Animal Health Hospital), from abandoned dogs in governmental facility Centro di 

Control di Cacho) further mentioned as the kill cage), and from feral dogs rescued by 

Aruba Animal Shelter and other local foundations (Crijojo Trappers, Sergeant Pepper's 

Friends, Luna Foundation, Nine Lives). The main sampling points on the island are shown 

below (Figure 7). 

Figure 7. Location of veterinary clinics and animal facilities used as sampling points on 

Aruba. 
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Ticks were taken alive in the majority of cases, crawling on a dog's body or 

feeding. All larvae, nymphs, and adults were collected. Samples were fixed in 96 % 

ethanol for transportation to the Czech Republic where the laboratory analyses took 

place. Every time a tick was collected from a dog, information about this dog and tick 

was written down. Once a week between August 2020 and January 2021, information 

was collected from dog patients coming to the Wayaca Veterinary Clinic, recording both 

patients with ticks and without ticks. 

3.2. Sample Database Creation 

During the collection of the ticks, important information about them and about 

their canine hosts was taken with the help of a questionnaire that is attached in the 

appendix (Appendix 1: Questionnaire). A sample database was created and later 

statistically analyzed. 

Collected information about the dogs was: name, sex, breed, age, veterinary 

clinic affiliation, provenance as neighborhood, status (pet/street dog), current disease 

symptoms, health history, use of tick control, and alternatively date of the last dose of 

tick control. This information was important mostly for the local veterinarians to track 

back the dogs that may test positive for some of the researched pathogens. 

Dogs were divided into different age groups with a help of an experienced 

veterinarian: from 0 to 7 months, from 7 months to 2 years, 2-5 years, 5-10 years and 

older than 10 years, and labeled: puppies, juniors, young adults, mature adults, and 

seniors, respectively. The division of different provenances of the dogs was kept 

identical to the six official regions of Aruba - Noord, Oranjestad, Paradera, Santa Cruz, 

Savaneta, and San Nicolas. To avoid a bias in the later analyses, one extra category had 

to be created (Oranjestad foundation/shelter) since most of the animal foundations and 

the animal shelter are found in the capital city of Oranjestad, and dogs from all over the 

island are brought there. 

Information collected about the ticks was: the location of the tick on the dog's 

body, whether the tick was feeding or only crawling on the dog's body, the number of 
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ticks collected from the dog, and the total number of ticks present on the examined 

patient. Later on, the genus, species, sex, and developmental stage of the ticks were 

identified. 

On 22 different dates, once a week, between August 2020 and January 2021, it 

was possible to record information of examined canine patients that did not have any 

ticks. Data collected about those dogs were: name, sex, breed, age, and provenance. 

3.2.1. Statistical Analysis 

A database with information about ticks and their hosts was created in Microsoft 

Excel, where the graphic figures were subsequently created. Further statistical analyses 

were also performed in Excel. The correlation was used for the dependence of age 

interval and tick infestation and a two-sample t-test to test the average number of ticks 

in male/female dogs and in street/pet dogs. ANOVA was used for testing average tick 

count in different age categories, different dog breeds, individual localities, and lastly to 

assess differences in tick infestation depending on the last administration of acaricide. 

Univariate analysis was used to assess potential risk factors for tick infestation and for 

Borrelia burgdorferi infection. 

3.3. Identification of Tick Specimens 

All tick specimens were identified before the DNA extraction. The identification 

was performed by determining unique morphological features under the binocular 

microscope with the help of Associate Professor Saima Naz, an experienced veterinary 

entomologist, using a guide to the identification of species by Walker et al. (2003). 

3.4. DNA Extraction 

DNA extraction was done using Genomic DNA Mini Kit (Tissue) (GENEAID). 

Extraction was performed according to the manufacturer's instructions. The user 

manual is attached in the appendix (Geneaid manual for DNA extraction). 
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3.5. PCR 

This diploma thesis is based on the PCR method by amplifying segments of DNA 

of selected bacteria genomes (16S rRNA for Anaplasma platys and flagellin for Borrelia 

burgdorferi) using specific primers. For both reactions nested PCR was required. 

3.5.1. Used Primers 

The pathogen-specific primers used for this study are listed in Table 6. 

Table 6. Primers used for selected protozoan parasites and bacteria. 

Pathogen Anaplasma platys Borrelia burgdorferi OUT Borrelia burgdorferi 1N 

Forward primer 
5'-

AAGTCGAACGGAI111IGTC-
3' 

5'-
G CATCACTTTCAG GGTCTCA-

3' 

5'-
CTTTAAG AG TTC ATG TTG G AG-

3' 

Reverse primer 
5'-

CTCTCCCGGACTCTAGTC-
3' 

5'-
TG G G G AACTTG ATTAG CCTG -

3' 

5'-
TCATTG CCATTG CAGATTGT-

3' 

Amplicon size [bp] 504 503 447 

Primer annealing 

temperature [°C] 
60 55 58 

Reference Fernandes 2017 Wills et al. 2018 Wills et al. 2018 

3.5.2. Reaction mixture 

DNA was mixed with a 2x PPP mastermix (Top-Bio, Prague, Czech Republic) 

including Taq polymerase, specific primers, and filled with pure PCR grade water. The 

reaction-specific mastermix compositions are listed in Table 7. For Anaplasma platys, 

both reactions were carried out with remained the same reaction composition. 

Table 7. Mastermix reaction composition for Anaplasma platys (a) and Borrelia burgdorferi (b). 

Anaplasma platys 10 ul b) Borrelia burgdorferi OUT 20 ul IN 20 Hi 

PPP mastermix 5 nl PPP mastermix 10 Hi 10 Hi 

Forward primer 1 Hi Forward primer 1 Hi 1 Hi 

Reverse primer 1 Hi Reverse primer 1 Hi 1 Hi 

PCR grade water 2 ul PCR grade water 5 Hi 3 Hi 

DNA template 1 Hi DNA template 3 Hi 5 Hi 
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3.5.3. Conditions of PCR reaction 

PCR reaction was carried out in T100 Thermal Cycler (BioRad) in the following 

order. Initial denaturation at 95°C for 15 minutes, followed by 40 cycles of DNA 

amplification (denaturation at 95°C for 30 seconds, primer annealing temperature 

specific for each pathogen for 30 seconds, and 72°C for 1 minute for DNA amplification), 

and the final elongation at 72°C for 10 minutes. The annealing temperature for 

Anaplasma platys is 53°C, and for Borrelia burgdorferi 55°C and 58°C. 

Positive samples for selected pathogens acquired from the Institute of 

Parasitology, Biology Centre CAS, and Faculty of Veterinary Medicine, University of 

Veterinary Sciences, Brno, were used as positive controls. Negative controls were 

created with PPP Mastermix without the addition of a DNA template. 

3.6. Gel Electrophoresis 

Gel electrophoresis was used to visualize the PCR results. 1.5 g of agarose was 

dissolved in 100 ml of TBE buffer (1.5 % gel) and colored by 2 pi of ethidium bromide. 

TBE - (Tris/Borate/EDTA) buffer was used as a solution for the DNA environment. 

Electrophoresis was run at 120 V using PowerPac (BioRad) power source and HU13 (Scie-

Plas) electrophoresis pool. The voltage gradient between electrodes was 5 V/cm. The 

electrophoresis was run for approximately 1 hour. Afterward, the separated DNA 

molecules were visualized by UV transilluminator, G:Box Chemi XRQ (Syngene) and 

photographed. The pictures were analyzed on a computer. 
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4. Results 

4.1. Tick Identification 

The total number of dogs examined for ticks and where ticks were found was 

404. A total of 1508 ticks were collected during the sampling. Due to limited time 

capacity, it was possible to identify the genus of only 330 ticks. All of them were 

identified as Rhipicephalus spp. by morphological determination. Only 300 samples 

were identified to the level of species. Three species were identified: Rhipicephalus 

sanguineus (n=168), followed by Rhipicephalus turanicus (n= l l l ) , and lastly 

Rhipicephalus appendiculatus (n=21). The sex distribution is elaborated in Table 8 

although it was not possible to assess the sex in non-adult ticks (mentioned as N/A in 

the table). 

Table 8. Basic results in numbers. 

[n] b) Tick [n] Females Males N/A 

Total dogs examined 404 Rh. appendiculatus 21 15 2 4 

Total ticks collected 1508 Rh. sanguineus 168 93 53 22 

Ticks identified for genus 330 Rh. turanicus 111 63 35 13 

Ticks identified for species 300 Total 300 171 90 39 

4.2. Statistical Analyses 

On 22 different dates during the sample collection, it was possible to gather 

information about dog patients that presented at the clinic both with and without ticks. 

The following chart shows the difference in the number of dogs with and without ticks 

on different dates between August 2020 to January 2021 (Figure 8). The data about 

these patients were for the most part collected by veterinarians, nurses, and assistants, 

and due to the lack of instructions among different workers, not all the information was 

gathered from every patient. That data is therefore missing in the table and could not 
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serve for statistical analyses. The total number of dogs examined was 484 from which 

41 had ticks (8.5 %) and 443 (91.5 %) were tick-free. 

Date 

WITH TICK WITHOUTTICK 

Figure 8. Dog count with and without tick on different dates during sample collection. 

Some of the patients came to the clinic repeatedly but each sampling was 

counted as one event. The total number of samplings on patients that visited the clinic 

was therefore 509. Due to some missing information about certain patients, the total 

number of patients in each statistical analysis was different. 

All the analyses were performed with significance assigned at p<0.05. There was 

no statistically significant difference found between the sex of the dog (p=0.0608) shown 

in Figure 9a. A significant difference was found between pets and street dogs (p=0.0408) 

(Figure 9b). 

Figure 9. Dog count related to the dog's sex (a) and status (b). 
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No statistically significant differences were found neither between age 

categories with p=0.291 (Figure 10) nor between different patient's residence locations 

reaching from p=0.171 to p=0.563 (Figure 11). The examined dog breeds were 

subsequently grouped into two categories - purebred dogs and crossbred dogs 

(Figure 12). There was a significant difference found with p=0.0004. 

Figure 10. Dog count related to dog's age interval. 
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Figure 11. Dog count related to dog's provenance. 
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Figure 12. Dog count related to pure or crossbred group. 
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The purebred category was eventually split into different dog breeds 

(Figurel3). No significant difference was found in dogs with/without ticks between 

different breeds (p=l). 
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Figure 13. Dog count related to each pure breed. 
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A second database was created out of all sampled dogs with ticks (a total of 576 

samples from 404 dogs). The statistical analyses were carried out on the basis of the 

average number of ticks collected from each patient. The dogs' sex distribution is shown 

in Figure 14. According to the chart, males were found to be slightly more infested by 

ticks, but no statistically significant difference was found with significance assigned at 

p<0.05 with p=0.3565. The sex of the other dogs was unknown. 

Quantity 

• Female Male 
n = 480 

Figure 14. Tick count related to the sex of the dog. 

Next statistical analyses were performed to assess the possible differences 

between the average tick count in dogs of different age groups with p=0.676 (Figure 15), 

in different locations of their provenance with p=0.592 (Figure 16), and between 

different dogs' breeds with p=0.9707 (Figure 17). As for the provenance of the dogs, the 

highest average can be seen in the San Nicolas region. Mixed breed, American Pitbull 

Terriers and Jack Russel Terriers were, on average, most infested by ticks, respectively. 

However, none of these differences was statistically significant. 
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Figure 15. Average tick count related to the age interval of the dog. 
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Figure 17. Average tick count related to the breed of the dog. 
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In several dogs, information about the last dose of acaricide was recorded 

(Figure 18). It shows that there is no difference in tick infestation regardless of when 

they received the product. Accordingly, there was no statistically significant difference 

with a result of p=0.616. Surprisingly, it seems that dogs that were given this product in 

less than one month and dogs that have never received any product against ticks have 

the same tick infestation. 

8 

5= 4 

2 

0 
4,11 4,11 i 1 

less than 1 month less than 3 months more than 3 months Never 

Figure 18. Average tick count related to the last dose of acaricide given to the dog. 

4.3. PCR Analyses 

A total number of 323 ticks were analyzed for the presence of Anaplasma platys. 

Seven other ticks were unfortunately lost during the handling of the samples. None of 

those tested samples came out positive. 

The same number of tick samples was tested for the presence of Borrelia 

burgdorferi. Twenty-nine samples resulted positive, that is 8.9 % prevalence. 

An example of positive samples on gel agarose is shown in Figure 19. 
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ladder 100bp 

Figure 19. Samples positive for Borrelia burgdorferi have a 

glowing band. The "+ "marks positive control. 

4.3.1. Statistical Analyses of Borrelia Positive Samples 

Those samples were taken from 19 different dogs with the following distribution 

in age groups (Figures 20 and 21). No ticks were positive in the Mature Adult and Senior 

age groups. 
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Figure 20. Distribution of positive and negative ticks analyzed for Borrelia burgdorferi in different 

age groups. 
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Figure 21. Percentage of positive and negative ticks analyzed for Borrelia burgdorferi in age groups that 

had at least one positive sample. 

The following figures show the number of positive ticks in the total number of 

every tick species (Figure 22) and the percentage in every species (Figure 23). The 

species of other 23 ticks was not identified. The highest percentage of ticks positive for 

borrelia was found in Rhipicephalus turanicus however it was not statistically significant. 
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Figure 22. Distribution of positive and negative ticks analyzed for Borrelia 

burgdorferi in different tick species. 
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Figure 23. Percentage of positive and negative ticks analyzed for Borrelia burgdorferi in different tick 

species. 

Figure 23 shows positive ticks in pet and street dogs. There were some dogs 

whose status was unknown and they were not included in this statistic. There was 

a statistically significant difference found with p=0.0084. 

140 

120 

127 132 

100 

§ 80 
o u 

M 60 

Pet (132) Street (151) 

• Positive Negative n = 283 

Figure 24. Distribution of positive and negative ticks 

analyzed for Borrelia burgdorferi according to the 

status of the dog. 

The overall results show that street dogs and crossbred dogs are significantly 

more infested by ticks and also that street dogs have a higher probability to be infected 

by borrelia. Differences between all other categories were not found to be statistically 

significant. 
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5. Discussion 

There are no other data about tick-borne pathogens from Aruba published in 

peer-reviewed journals, therefore it is difficult to compare the current results with past 

results from research on the island. 

Rhipicephalus sanguineus species was the most widely identified tick and it has 

also been the only tick found in some previous research on Aruba and Curacao and is 

reported to be very widespread all over the Caribbean islands. The other two species 

found on Aruba in this study, Rhipicephalus turanicusand Rhipicephalus appendiculatus, 

differ highly from the past results as well as from the results from other islands and Latin 

America. The theoretical presence of Rhipicephalus turanicus tick has been discussed in 

a study on livestock (Li et al. 2015) however, it has not been scientifically confirmed. The 

distribution of Rhipicephalus appendiculatus has been reported on the African continent 

(Spickler 2009; Njaa 2017). To confirm the presence of the two novel tick species found 

on Aruba, molecular sequencing should be carried out. 

The only research that collected information about dogs with ticks, as well as 

dogs without ticks, was Klarenbeek (2010) in a study conducted on Curagao. There were 

129 dogs with ticks and 71 dogs without ticks. That is 64.5 % of dogs with ticks and 35.5 % 

of dogs without a tick. In this study, results showed that 8.5 % had ticks and 91.5 % 

were tick-free. In both studies, the examined dogs were patients of a veterinary clinic, 

therefore it is unclear why there can be such an important difference. However, these 

studies were conducted more than 10 years apart from each other, hence we can 

suggest that the general knowledge about acaricides has improved and the frequency 

of their usage has increased over the past years. 

One statistically significant difference was found in tick presence between pets 

and street dogs. This result was rather expected as street dogs are usually severely 

neglected compared to pet dogs that receive regular treatment from their owners, 

including the administration of acaricide. 

Another statistically significant difference was found in tick presence when the 

dogs were divided into two groups: purebred and crossbred ones. This could be 
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influenced by the dog's genetics although it is also apparent that, unlike the purebred 

dogs, crossbreeds are more likely to be street dogs and therefore have a higher 

susceptibility to ticks. No other statistically significant differences were found in the next 

categories (between male and female dogs, different age intervals, locations, and dog 

breed) although we expected to find some, at least between the regions of the island. 

Each region has different socio-economic conditions and in certain areas the level of 

animal care is low, which could suggest a higher risk for tick infestation and hence also 

pathogen transmission (Pesapane 2019). San Nicolas is the region considered the most 

socially disadvantaged and abounding in free-roaming dogs. Also, our artificially created 

category "Oranjestad foundation/shelter" was expected to have higher rates of tick 

infestation because dogs brought to those facilities are very recently taken from the 

streets of the entire island, regrettably often sick and highly infested with ticks. 

Compared to the study of Louly et al. (2009) who suggest that the Cocker Spaniel breed 

was more infested by ticks than other breeds, there was no difference in tick infestation 

between dog breeds examined on Aruba. However, it is important to mention that 

although this study analyzed a broad range of breeds, each of them was represented by 

low number of individuals. 

No statistically significant difference was found either between the categories of 

last administration of acaricide product. It would have been expected that dogs that 

have never received any product against ticks would have a higher tick infestation, 

unlike dogs that receive their treatment regularly and their last dose was administered 

in less than 3 months from the sample collection. Our results may seem confusing, but 

there is an important information that should be mentioned - it is unknown if the 

owners have administered the correct dose of the product to their dog. Products against 

ticks tend to be very expensive for many dog owners which could cause them to buy 

a less expensive product that is meant for a smaller dog breed or divide one tablet 

between several dogs. This could result in an underdose of the active substance and 

hence not diminish the number of ticks found on the dog. Also, some dogs were 

administered the product on the same day on which they visited the clinic and they were 

automatically put in the category of dogs who received the product in less than one 

month. It was not possible to track back the exact information and therefore it is 
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possible that the product has not yet started working and thus possibly diminish the 

number of ticks feeding on the dog. 

Contrary to most of the results found in the Caribbean area, no sample in this 

study tested positive for Anaplasma platys. I did not have a positive control containing 

the Anaplasma platys strain from this area, therefore I cannot say (based on 

experimental results), that the PCR reaction I used is able to detect the strains of 

Anaplasma platys which circulates in the Caribbean. Nevertheless, the reaction was 

prepared following a protocol by Fernandes (2017) which worked well. It would be 

rather expected to find at least some positive samples for this bacterium since there is 

quite high prevalence on the other islands and mainland countries. The PCR results 

showed a prevalence of 9.8 % in ticks from Cuba (Silva et al. 2016) but 0 % in ticks from 

Venezuela (Huang et al. 2005). Other prevalence from dog blood samples analyzed by 

PCR was 6.3 % in Haiti, 11% in St. Kitts, 16 % in Cuba, 16 % in Venezuela, 19.2 % in 

Grenada, and reaching up to 24 % in certain cities in Colombia (Huang et al. 2005; 

Yabsley et al. 2008; Kelly et al. 2013; Silva et al. 2016; Starkey et al. 2016; Pesapane 

2019). On Curagao, the prevalence was reported to be 27 % using Snap 4Dx tests only 

(Westra 2012). Although most of those analyses were done on blood samples, 

considering the above-mentioned prevalence, it is quite implausible that it would be 0 % 

on Aruba after analyzing 300 tick samples. However, my results could be justified by the 

similar result of Huang et al. (2005). This analysis should be repeated using an eligible 

positive control sample (that we would like to acquire from the studied area). 

Twenty-nine ticks of Rhipicephalus species were found to be positive for Borrelia 

burgdorferi sensu lato. This tick is not known to be a common vector of Lyme disease; 

however, it has been reported by Morshed et al. (2021). As Borrelia occurrence is not 

limited only to the temperate zones, as it is often believed, it could be very possibly 

present on Aruba. No official reports on Lyme disease in humans on Aruba were found, 

therefore it becomes difficult to assess its real presence on the island. The Snap 4Dx test, 

which is widely used, shows the presence of Borrelia antibodies, but it has never been 

recorded to show positive results at veterinary clinics (personal communication with the 

veterinarians and nurses at the clinics, 2020). The particular borrelia species from these 

positive samples should be determined by sequencing in the future. 
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The finding of 29 ticks positive for Borrelia burgdorferi is a very interesting result 

considering the zoonotic potential of this pathogen. Dogs are the brown dog tick's 

primary host; however, the ticks can easily feed on humans as those two tend to live 

close together. The whole Caribbean area seems to be rather Lyme disease-free 

(McCown et al. 2013; McCown et al. 2014; McCown et al. 2015; Starkey 2016; Maggi & 

Krämer 2019; Cotes-Perdomo et al. 2020). Nevertheless, Rodriguez et al. (2012) 

discussed its possible presence in people from Cuba and there were also some cases of 

positive findings in dogs, e.g., Montenegro et al. (2017) found one positive dog in Costa 

Rica and Yabsley et al. (2008) found two positive dogs on Grenada. However, those had 

an important travel history that suggests a denial of autochthonous infection. The travel 

history of the Arubian dogs whose ticks were positive for Borrelia is currently unknown 

but is in the process of investigation for pet dogs. The probability that the street dogs 

with positive ticks have traveled outside Aruba is highly unlikely. Westra (2010) states 

that two borrelia positive dogs found on Curacao are a false-positive result, due to the 

belief that this bacterium is only transmitted by the tick species Ixodes ricinus which has 

never been found on Curagao. I decline this assertion as this tick is not the only borrelia 

vector and many other species were found to be carrying Borrelia burgdorferi, e.g., 

Ixodes pacificus, Ixodes angustus, Dermacentor reticulatus, and Rhipicephalus 

sanguineus (Grochowska et al. 2021; Morshed et al. 2021). 

Toledo Vieira et al. (2013) and Barrantes-Gonzalez et al. (2018) suggested that 

disease prevalence was higher in male dogs, older dogs, and mixed breed dogs. Results 

of my study on Aruba showed a higher disease prevalence only in street dogs. These 

results can also be confirmed by a study conducted in Barranquilla (McCown et al. 2014), 

in which it was found that 90 % of street dogs were positive for some pathogen 

compared to only 51 % positivity in pet dogs. 
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As for the hypotheses, we can accept all alternative hypotheses. 

1 . Hoi: The only tick species on Aruba is Rhipiccphalus sanguineus. 

H A I : There are other tick species on Aruba. 

2. H02: All dogs on Aruba have the same risk of getting infested by ticks. 

H A 2 : There are specific risk factors that presuppose tick infestation. 

3. H03: Borrelia burgdorferi is not present on Aruba. 

H A 3 : Borrelia burgdorferi is present on Aruba. 

Despite all the mentioned studies, the research on tick-borne pathogens, 

particularly Borrelia burgdorferi, in dogs in the Caribbean remains very scarce and 

should not be underrated. 
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6 . Conclusions 

Three different tick species were found on Aruba in this study using 

morphological identification, namely, Rhipicephalus sanguineus, Rhipicephalus 

turanicus and Rhipicephalus appendiculatus. The two latter species are a novel finding 

as they have not been reported to feed on dogs in the Caribbean before. As mentioned 

in the Discussion, a molecular confirmation using sequencing is needed to confirm the 

exact tick species identification. 

Spirochetes of Borrelia burgdorferi sensu lato were found by PCR method in 

29 ticks collected from 19 different dogs. This pathogen is not commonly reported in the 

Caribbean, therefore more testing should be done for borrelia presence in dogs as well 

as humans. The particular borrelia species from these positive samples should be 

determined by genetic sequencing. 

Street dogs and mix breed dogs were found significantly more infested by ticks 

than pet and purebred dogs. Ticks collected from crossbred dogs had significantly higher 

chance to be infected by borrelia compared to those from purebred dogs. Differences 

between all other monitored parameters were not statistically significant. 

These results can serve as an important baseline for the Arubian authorities and 

veterinarians for the assessment of the current situation of occurrence of ticks and the 

tick-borne diseases and their zoonotic potential as this issue had not been previously 

addressed and investigated. 
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SAMPLE ID 

DATE 

CLINIC 

DOG'S NAME 

SEX 

BREED 

AGE 

STATUS (pet/feral) 

TOWN 

SYMPTOMS 

HEALTH HISTORY 
haematocrit/serolog 

y 

N° of TICKS collected 

TOTAL TICKS on dog 

Feeding/Crawling 

LOCATION OF TICK 
body part o f thedog 

TICK-CONTROL / / X 

Which tick control 
PRODUCT 

LAST DOSE 



Appendix 2: Geneaid manual for DNA extraction 

Genomic DNA Mini Kit (Tissue) 
For research use only 
Sample: u p t o 30 mg of t issue (tailsnips, liver, kidney, brain, adipose t issue, earpunches, insects etc.) 
Yield: 10-20 pg (0.5 c m of mouse tail, 20 mg of mouse liver), 2 0 - 5 0 pg (20 mg of mouse kidney) 
Format: spin column 
Time: within 30 minutes 
Elution volume: 30 -200 pi 
Storage: dry at room temperature (15-25°C) 

Introduction 
The G e n o m i c D N A Mini Kit (Tissue) w a s designed specifically for purifying total D N A (including genomic, mitochondrial and 

viral DNA) from a variety of t issue and insect samples . The provided micropestle can efficiently homogenize tissue samples 

to shorten the time in the Lysis Step. Proteinase K and chaotropic salt are used to lyse cel ls and degrade protein, allowing 

D N A to be easi ly bound by the g lass fiber matrix of the spin co lumn. Once any contaminants have been removed, using a 

Wash Buffer (containing ethanol), the purified D N A is eluted by a low salt Elution Buffer, T E or water. The entire procedure 

can be completed without phenol/chloroform extraction or alcohol precipitation. The purified D N A (approximately 2 0 - 3 0 kb) 

is suitable for use in P C R or other enzymatic reactions. 

C^eneaid 

Quality Control 
The quality of the G e n o m i c D N A Mini Kit (Tissue) is tested on a lot-to-lot basis by isolating genomic D N A from a 20 mg mouse 

liver sample . The purified D N A (more than 10 pg with an A260/A280 ratio of 1.8-2.0) is quantified with a spectrophotometer 

and analyzed by electrophoresis. 

Kit Contents 
Component GT004 GT050 GT100 GT300 
GT Buffer 3 ml 30 ml 30 ml 75 ml 
GBT Buffer 4 ml 40 ml 40 ml 75 ml 
W1 Buffer 2 ml 45 ml 45 ml 130 ml 

Wash Buffer 1 ml 25 ml 25 ml 50 ml 
(Add Ethanol) (4 ml) (100 ml) (100 ml) (200 ml) 

Proteinase k" 1 mg 11 mg 11 mg x 2 65 mg 
(Add ddH 20) (0.1 ml) (1.1 ml) (1.1 mlx2) (6.5 ml) 

Elution Buffer 1 ml 30 ml 30 ml 75 ml 
GS Columns 4 50 100 300 
2 ml Collection Tubes 8 100 200 600 
Micropestle 4 50 100 300 

*Add absolute ethanol (see the bottle label for volume) to 
**Add d d H 2 0 (see the bottle label for volume) to prepare I 

Order Information 
Product Package Size Catalogue Number 
Genomic DNA Mini Kit (Blood/Cultured Cell) 100/300 preps GB100/300 
Genomic DNA Maxi Kit (Blood/Cultured Cell) 10/25 preps GDM010/25 
Genomic DNA Mini Kit (Tissue) 50/100/300 preps GT050/100/300 
gSYNC™ DNA Extraction Kit 50/100/300 preps GS05 0/100/3 00 
Genomic DNA Mini Kit (Plant) 100 preps GP100 
Genomic DNA Maxi Kit (Plant) 10/25 preps GPM010/25 
GENEzol™ DNA Reagent Plant 100/200 rxns GR100/200 
Presto™ Mini gDNA Yeast Kit 100/300 preps GBY100/300 
Presto™ Mini gDNA Bacteria Kit 100/300 preps GBB100/101/300/301 
Geneius™ Micro DNA Extraction Kit 100/300 preps GMB100/300 
Presto™ Buccal Swab gDNA Extraction Kit 100/300 preps GSK100/300 
Pic-Lo"" 96 Well Blood j>DNA extraction Kit 4 / 1 0 x 9 6 preps 96GBP04/10 
Pio-Lo"" 96 Well Plant j>DNA Extraction Kit 4/10 x 96 preps 96GPP04/10 

W a s h Buffer prior to initial use 
einase K (vortex to dissolve and spin down) and store at 4°C 

Caution 
G B T Buffer contains guanidine hydrochloride. During operation, a lways wear a lab coat, disposable gloves, and protective 
goggles. 

Genomic DNA Mini Kit (Tissue) Functional Test Data 

Figure 1. Genomic DNA from a variety of tissue samples was extracted using the Genomic DNA Mini Kit (Tissue). The 
purified genomic DNA (30-40 kb) was EcoRI digested and analyzed by electrophoresis on a 1% agarose gel. 
1 = Mouse Liver 
2 = Mouse Tail 
3 = Fish Muscle 
4 = Fruit Fly (Drosophila) 
M = Geneaid 1 Kb DNA Ladder 
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Genomic DNA Mini Kit (Tissue) Protocol 

IMPORTANT B E F O R E USE 
• Add d d H 2 0 (see the bottle label for volume) to prepare Proteinase K (vortex to dissolve and spin down) and store at 4°C 
• Add absolute ethanol (see the bottle label for volume) to the W a s h Buffer prior to initial use 
•Additional requirements: microcentrifuge tubes, absolute ethanol, (optional) R N a s e A (10 mg/ml), d d H 2 0 

Tissue 
Dissociation 

• Cut up to 30 mg of animal tissue (or 0.5 cm of mouse tail) then transfer it to a 1.5 ml microcentrifuge tube. 
NOTE: If tissue has a higher number of cells (e.g. spleen or liver), reduce the starting material to 10 mg. 
• Use the provided Micropestle to grind the tissue to a pulp. 
• Add 200 pi of GT Buffer to the tube and homogenize the sample tissue by grinding. 
• Add 20 ul of Proteinase K to the sample mixture then shake vigorously and incubate at 60°C for 30 minutes. 
NOTE: During incubation, invert the tube every 5 minutes. 

Step 1 
Lysis 

» Add 200 ul of GBT Buffer then shake vigorously for 5 seconds. 
» Incubate at 60°C for at least 20 minutes to ensure the lysate is clear. 
NOTE: During incubation, invert the tube every 5 minutes. If insoluble material is present following incubation, 
centrifuge for 2 minutes at 14-16,000 x g then transfer the supernatant to a new 1.5 ml microcentrifuge tube. 
At this time, preheat the required Elution Buffer (200 pi per sample) to 60°C (for Step 4 DNA Elution). 
Optional Step: RNA Degradation (If RNA free gDNA is required, perform this optional step) 
» Following 60°C incubation, add 4 pi of RNase A (10 mg/ml) to the sample lysate then shake vigorously. 
» Incubate at room temperature for 5 minutes. 

Step 2 
DNA 
Binding 

• Add 200 pi of absolute ethanol to the lysate then immediately shake vigorously for 10 seconds. 
NOTE: If precipitate appears, break it up as much as possible with a pipette. 
• Place a GS Column in a 2 ml Collection Tube. 
• Transfer the mixture (including any precipitate) to the GS Column then centrifuge at 14-16,000 x g for 2 minutes. 
• Discard the 2 ml Collection Tube then transfer the GS Column to a new 2 ml Collection Tube. 

Step 3 
Wash 

. Add 400 pi of W1 Buffer to the GS Column then centrifuge at 14-16,000 x g for 30 seconds. 
» Discard the flow-through then place the GS Column back in the 2 ml Collection Tube. 
• Add 600 pi of Wash Buffer (make sure ethanol was added) to the GS Column. 
» Centrifuge at 14-16,000 x g for 30 seconds. 
» Discard the flow-through then place the GS Column back in the 2 ml Collection Tube. 
• Centrifuge for 3 minutes at 14-16,000 x g to dry the column matrix. 

Step 4 
DNA Elution 

Standard elution volume is 100 ul. If less sample is to be used, reduce the elution volume (30-50 ul) to increase DNA concentration. If 
higher DNA yield is required, repeat the DNA Elution step to increase DNA recovery and the total elution volume to approx. 200 ul. 
• Transfer the dried GS Column to a clean 1.5 ml microcentrifuge tube. 
• Add 100 pi of pre-heated Elution Buffer or TE to the CENTER of the column matrix 
• Let stand for at least 5 minutes to ensure the Elution Buffer or TE is completely absorbed. 
• Centrifuge at 14-16,000 x g for 30 seconds to elute the purified DNA. 

Troubleshooting 

Problem Possible Reasons/Solution 
Too much tissue was used 
• If using more than 30 mg of tissue, separate into multiple tubes. 
Sample tissue was not lysed completely 
• Add additional Proteinase K and extend the incubation time in the Lysis Step. 
• Following the Lysis Step, centrifuge for 2 minutes at 14-16,000 x g to remove sample debris. Transfer the supernatant 

to a new microcentrifuge tube and proceed with the DNA Binding Step. 
Precipitate was formed at DNA Binding step 
• Reduce the sample material. 
• Following ethanol addition, break up any precipitate as much as possible prior to loading GS Column. 
Sample tissue was not lysed completely 
• Add additional Proteinase K and extend the incubation time in the Lysis Step. 
Column was clogged at DNA Binding step 
• Following the Lysis Step, remove the insoluble debris by centrifugation. 
• Prior to loading the column, break up the precipitate in the ethanol-added lysate. 
Incorrect DNA Elution Step 
• Ensure that the Elution Buffer orTE is added to the center of the GS Column matrix and is absorbed completely. 
Incomplete DNA elution 
• Elute twice to increase the DNA recovery. 
Residual ethanol contamination 
• Following the Wash Step, dry the GS Column by centrifuge at 14-16,000 x g or incubate at 60°C for 5 minutes. 
RNA/Protein contamination 
• Perform optional RNA Degradation step/reduce the sample amount. 
Genomic DNA was degraded 
• Use fresh samples or freeze fresh samples in liquid nitrogen immediately and store at -80°C. 
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