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Abstract: Eight hunting dogs were visited by a state veterinarian on the island of Tobago, Trinidad
and Tobago, West Indies, as owners reported anorexia and paralysis in five of their dogs. The
veterinarian observed a combination of clinical signs consistent with tick-borne illness, including
fever, anorexia, anaemia, lethargy and paralysis. Blood and ticks were collected from each dog and
submitted to a diagnostic laboratory for analysis. Microscopic analysis revealed a mixed infection of
intracytoplasmic organisms consistent with Babesia spp. (erythrocyte) and Ehrlichia spp. (monocyte),
respectively, from one dog, while a complete blood count indicated a regenerative anaemia (n = 1;
12.5%), non-regenerative anaemia (n = 4; 50%), neutrophilia (n = 3; 37.5%), lymphocytosis (n = 2;
25%), thrombocytopaenia (n = 3; 37.5%) and pancytopaenia (n = 1; 12.5%). DNA isolated from the
eight blood samples and 20 ticks (16 Rhipicephalus sanguineus and 4 Amblyomma ovale) were subjected
to conventional PCR and next-generation sequencing of the 16S rRNA and 18S rRNA gene for
Anaplasma/Ehrlichia and Babesia/Theileria/Hepatozoon, respectively. The DNA of Ehrlichia spp., closely
related to Ehrlichia canis, was detected in the blood of three dogs (37.5%), Anaplasma spp., closely
related to Anaplasma marginale, in two (25%), Babesia vogeli in one dog (12.5%) and seven ticks (35%)
and Hepatozoon canis and Anaplasma spp., in one tick (5%), respectively. These findings highlight the
need to test both the vector and host for the presence of tick-borne pathogens when undertaking
diagnostic investigations. Further studies are also warranted to elucidate the susceptibility of canids
to Anaplasma marginale.

Keywords: Anaplasma; Amblyomma; Babesia; Ehrlichia; Hepatozoon; Rhipicephalus; ticks; tick-borne
diseases; Tobago; West Indies

1. Background

Ticks are vectors of pathogenic viruses, bacteria and protozoa that affect animals and
humans. The resulting diseases can severely impact the health and well-being of their
affected hosts. The tick-borne pathogens (TBPs) of dogs are diverse, and the clinical signs
may range from inapparent to acute illness. Considerable morbidity may include blood
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coagulopathies, anaemia, organ damage, leukopaenia, paresis, neurological deficits and
mortality in untreated or complicated clinical cases [1-4].

The brown dog tick, Rhipicephalus sanguineus, is one of the main arthropod vectors
responsible for the transmission of TBPs in dogs worldwide [5]. A previous study found
that this tick is the most prevalent species found on dogs on the island of Tobago [6].
Rhipicephalus sanguineus ticks have been implicated in the transmission of a range of canine
TBPs, including Anaplasma platys, Babesia canis, Ehrlichia canis, Hepatozoon canis and Rickettsia
spp. [5,7]. This tick is also the vector of B. canis, E. canis, Ehrlichia chaffeensis, Ehrlichia
ewingii, Coxiella burnetti and several spotted fever group (SFG) Rickettsia spp. in humans,
notably Rickettsia rickettsii, R. conorii and Rickettsia massiliae [8-11].

Amblyomma ovale is also known to infest dogs on the island [6]. Immature stages
feed mainly on birds and small rodents, while adults complete their life cycle on larger
vertebrates, including canids [12]. Human infestations have been reported in the Americas,
including Costa Rica, Panama and Brazil [13-17]. Infections of A. ovale with H. canis
and the SFG agent, R. parkeri strain Atlantic rainforest, pathogens of canids and humans,
respectively, have also been documented [17-21].

Canine babesiosis, caused by the protozoan parasites of the Babesia spp. (B. gibsoni, B.
canis, B. vogeli and B. rossi), is an important tick-borne disease (TBD) of dogs, with several
publications from the Caribbean [22]. Babesia vogeli is prevalent in the Caribbean and is
often associated with a milder, sometimes subclinical infection when compared to the most
virulent, B. rossi. Another protozoan parasite, H. canis, causes milder cases of anaemia and
lethargy compared to its more virulent counterpart Hepatozoon americanum [23]. Unlike
other TBPs, which are transmitted via the bite of infected ticks, H. canis is transmitted by
the ingestion of infected ticks.

Canine monocytic ehrlichiosis (CME) is caused by the rickettsial organism E. canis.
This Gram-negative, pleomorphic bacterium is found as membrane-bound morulae in
the mononuclear cells of the infected host. Canine ehrlichiosis is a multi-systemic disease
that can manifest as acute, subclinical or chronic forms. Acute disease is characterised by
pyrexia, depression, anorexia, lethargy, lymphadenopathy, splenomegaly and haemorrhagic
tendencies in the form of dermal ecchymoses, uveitis and epistaxis [24-27]. Similar signs
are manifested in the chronic phase but may be more severe. Another obligate, intracellular
rickettsial organism, Anaplasma platys, resides in the platelets of dogs [25,28]. It is vectored
by R. sanguineus and causes canine cyclic thrombocytopaenia [24,29]. Co-infection with
E. canis is frequently detected in domestic dogs, causing more severe signs, including
thrombocytopaenia [30-32].

Tick infestations and TBDs of the canine population have been reported throughout
the Caribbean [6,22,33-37]. However, very little or no reported data is available for some
islands, including Tobago, the smaller of the two islands that comprise the Republic of
Trinidad and Tobago. The islands are the southernmost in the Caribbean, with Tobago
located 35 km northeast of Trinidad and to the southeast of Grenada. Tobago’s population is
approximately 61,000 inhabitants within a land area of 300 km?. The climate is tropical with
two seasons—wet (June to December) and dry (January to May). The canine population
consists of both domesticated and stray dogs. Frequently, dogs are free to roam throughout
the villages, interacting with other dogs and other species, including wildlife.

In November 2020, a cluster of dogs exhibiting clinical signs consistent with tick-borne
illness was reported in Charlotteville, a small fishing village in Tobago. Dogs on this island
are known to be infested with R. sanguineus and A. ovale ticks [6]. While diagnostic methods
such as clinical presentation, microscopic detection of pathogens in peripheral blood smears,
serological testing (lateral flow test kits) and response to chemotherapeutic agents are used
to diagnose tick-borne illness in animals in Tobago, their sensitivity and specificity are not
reliable. The aim of this study was therefore to use more sensitive molecular techniques,
together with classical techniques, to detect and characterise the TBPs in a cluster of dogs
suspected of having tick-borne illness and their ticks from a small village in Tobago.
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2. Methods
2.1. Study Period and Location

Samples were collected from dogs residing in Charlotteville, Tobago (11°19/32.0'N
60°32/49.7""W) in November 2020 (Figure 1).
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Figure 1. Map of Tobago showing the location of the cluster of suspected canine TBD cases in
Charlotteville. Map generated using the free and open source QGIS software.

2.2. Field Collection and Processing of Blood and Ticks

The veterinary officer for the area received a report that five dogs in the study area were
exhibiting neurological signs related to paresis and recumbency. Further investigations
were conducted to determine if these five dogs, three other dogs in close proximity and ticks
infesting the dogs were positive for TBPs, as tick-borne illness was a primary differential.
Blood and ticks (if present) were collected from all dogs in the cluster. A questionnaire with
demographic data, signalment (age, sex and breed) and history of tick infestation and TBD
was completed for each dog.

Blood from each dog was collected via cutaneous venepuncture of the cephalic vein
and placed into an EDTA tube (purple top tube) and tube without anticoagulant (red top
tube) for serum. Ticks attached to infested dogs were collected and placed in plastic vials
with the tops punctured to allow entry of air. On the field, all blood and ticks were placed
in a cooler with an icepack, followed by refrigeration at 4 °C within 2 h of collection. All
samples were then transported within 14 h of collection to the University of the West Indies,
School of Veterinary Medicine (UWI-SVM) in Trinidad for further analysis. Blood samples
were analysed within 1 h of receipt from Tobago, while ticks were stored at —20 °C until
further processing.
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2.3. Diagnostic Testing
2.3.1. Microscopic Examination of Blood

Thin blood smears were prepared and stained with Wright-Giemsa stain. Slides were
examined using light microscopy under oil immersion (100X objective) using the Olympus
BX41 microscope (Olympus Corporation, Tokyo, Japan). A sample was considered positive
if any inclusion bodies morphologically consistent with trophozoites, merozoites, gamonts
or bacteria were detected in any erythrocytes, leukocytes or platelets respectively.

2.3.2. Microscopic Examination of Ticks

All ticks were morphologically identified to the species level using established taxo-
nomic identification keys [38] and separated according to sex visually under a Olympus
5Z2-ILST dissection microscope (Olympus Corporation, Tokyo, Japan) at a magnification
of 56 x.

2.3.3. Complete Blood Count and Serum Biochemistry

Complete blood counts (CBCs) were performed using the IDEXX Procyte Haematology
Analyser (IDEXX Laboratories, Incorporated, Maine, ME, USA) and serum biochemistry us-
ing the Mindray B-200 automated biochemistry analyser (Mindray Bio-Medical Electronics
Co. Ltd., Shenzhen, China).

2.4. DNA Extraction and Quantification

For each dog, DNA was extracted from 100 uL of EDTA blood using the Qiagen
DNeasy Blood and Tissue Kit (Qiagen, Maryland, MD, USA) according to manufacturer’s
instructions. The DNA was eluted in 200 puL elution buffer and stored at —20 °C until
further analysis.

Before DNA extraction, individual ticks were washed in 70% ethanol, followed by
5% sodium hypochlorite, then rinsed with distilled water followed by a phosphate buffered
saline (PBS) rinse for one minute. The ticks were then dried on sterile Whatman® filter
paper and placed into individually labelled sterile 2 mL Eppendorf tubes. Each tick was
dissected into four parts with a sterile scalpel blade inside 2 mL Eppendorf tubes, using a
new blade for each tick. A total of 180 pL of lysis buffer and 20 pL proteinase K (Qiagen,
Maryland, MD, USA) was added to each tube then incubated at 56 °C overnight. Total
DNA was then extracted using the Qiagen DNeasy Blood and tissue kit (Qiagen, Maryland,
MD, USA), adjusted to 200 uL of buffer AE and stored at —20 °C until further use.

After extraction, DNA concentrations from the dog blood and ticks were determined by
spectrophotometry (NanoDrop® One C 2000 Spectrophotometer, Thermo Fisher Scientific,
Madison, WI, USA). To minimise risk of contamination, DNA extractions, PCR preparation,
PCR amplification and agarose gel electrophoresis were performed in separate rooms.

2.5. PCR Amplification of 165 rRNA and 185 rRNA

Individual PCR reactions of 25 ul. consisted of 5 uL. of extracted DNA, 12.5 uL. of Chai
2x Master Mix (Chai Biotechnologies Inc., Santa Clara, CA, USA), 1 uM of each primer
and 5.5 pL of PCR grade water (Sigma-Aldrich Inc. St. Louis, Missouri, MO, USA). For the
detection of Babesia and Hepatozoon spp., primers RLB F2 and RLB R2 (Table 1) were used to
amplify the 185 rRNA gene spanning the V4 hypervariable region [39]. The hypervariable
V1 region of the 165 rRNA gene was amplified to detect Anaplasma and Ehrlichia DNA
using primers B-GA1B and 16 S8FE [40] (Table 1). PCRs were performed using a Techne
Flexigene Thermal Cycler (Techne, Cambridge, UK) with the following cycling parameters
for both sets of primers: initial denaturation at 94 °C for 10 min, followed by 35 additional
denaturation cycles at 94 °C for 30 s, annealing at 53 °C for 30 s and extension at 72 °C for
45 s. A final extension step was performed at 72 °C for 5 min. Samples were then held at
4°C.
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Table 1. Primer sequences used in this study.
Target Organism  Target Gene  Primer Name Primer Sequence (5'-3) Product Size (bp) Reference
Ehrlichia/ 165 rRNA 16 SSFE AGAGTTGGATCMTGGYTCAG ~500 [40]
Anaplasma
B-GA1B t CGAGTTTGCCGGGACTTYTTC [40]
B“bf;;za/ tTO ZEZZ”“/ 18S rRNA RLB-F2 t ACACAGGGAGGTAGTGACAAG 460-540 [39,41]
RLB-R2 } CTAAGAATTTCACCTCTGACAGT [39,41]

t Forward primer; } Reverse primer.

All PCR products were separated by electrophoresis through a 2% agarose gel in
1% TBE buffer impregnated with GelRed® nucleic acid gel stain (Biotium Incorporated,
Fremont, CA, USA) and visualised by UV illumination. The negative control was PCR
grade water, and the positive controls were DNA isolated from the blood of confirmed
Babesia, Hepatozoon and Ehrlichia positive animals.

2.6. Sequence Analysis of TBPs

To confirm the results obtained by PCR, 16S and 185 rRNA amplicons from canine
blood and ticks were sequenced using a next-generation sequencing (NGS) approach
utilising the Oxford Nanopore Technologies’ (ONT) GridION® (Oxford, UK) at the De-
partment of Pre-Clinical Sciences, Faculty of Medical Sciences, the University of the
West Indies, Trinidad and Tobago, West Indies. The library was prepared using a lig-
ation kit (SQK- LSK109, Oxford Nanopore Technology, Oxford, UK) and analysed with a
FLOMINT106 flow cell (v9.4.1). Basecalling of the resultant Fast5 files was performed using
Guppy (v6.3.8) to produce fastq files [16]. Quality checking was assessed using PycoQC
(https:/ /github.com/a-slide/pycoQC, accessed on 17 July 2023) and reference-based as-
sembly of the files was performed with minimap2 (https://github.com/Ih3/minimap2,
accessed on 17 July 2023), samtools (https://github.com/samtools/, accessed on 17 July
2023) and bcftools (https://github.com/samtools/bcftools, accessed on 17 July 2023). Pol-
ishing was done using Medaka (https:/ /github.com/nanoporetech/medaka, accessed on
17 July 2023). Resultant nucleotide sequences were compared with existing sequences in
the GenBank database using the Basic Local Alignment Search Tool (BLAST) algorithm [42]
on NCBI (https:/ /blast.ncbi.nlm.nih.gov/Blast.cgi, accessed on 17 July 2023). Reference
sequences from GenBank with a query coverage of 97-100% were compared to sequenced
microorganisms for phylogenetic analysis.

2.7. Phylogenetic Analysis of TBPs

Partial 16S and 18S rRNA gene sequences derived in this study were aligned with
reference sequences from GenBank with query coverage ranging from 97-100% identity
with B. vogeli 185 rRNA and A. marginale and E. canis 16S rRNA using the Muscle algo-
rithm. Molecular phylogenies were inferred from the two resulting data sets [(i) 49 partial
16S rRNA sequences from this study and GenBank, including A. marginale, A. platys, A.
phagocytoplilum, E. canis and Neorickettsia risticii (Accession number: NR029162.1) as an
outgroup, and (ii) 21 partial B. vogeli 185 rRNA sequences, including Toxoplasma gondii
isolate, Tg10 (Accession number: KX008033.1) as the outgroup, using the MEGA11 software.
The maximum-likelihood algorithm was selected based on best fit [43]. Data sets were
sampled 1000 times for bootstrap value generation using the best fit substitution models,
i.e., Tamura-Nei model for the 185 rRNA sequences and Kimura 2-parameter for the 16S
rRNA sequences [44]. All sequences from this study were deposited in GenBank with the
following accession numbers: OR077268-OR077273 and OR666420 for the protozoan TBPs
and OR296878-OR296884 for the rickettsial pathogens.
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3. Results
3.1. Clinical Signs, Tick Infestations and Haematological Findings

A cluster of eight dogs (six female and two male) ranging in age from 5 months to
8 years were sampled in this study. A summary of the clinical presentation of these dogs
is provided in Table 2. The most prevalent clinical signs were visible weight loss (n = 6),
paralysis (n = 5), anorexia (n = 5), anaemia (n = 6) and listlessness (n = 4). Two dogs
exhibited dermal ecchymoses (Dogs 1 and 4), of which one of these dogs (Dog 4) also
presented with uveitis. Another dog experienced stillbirths of full-term puppies (Dog 6).
The temperatures of the dogs were not recorded at the time of sampling. Ectoparasites
(20 ixodid ticks) were collected from six dogs (75%) and identified as adult R. sanguineus
(n =16; 11 male, five female) and A. ovale (n = 4; all female). Ticks were not observed on
two (25%) dogs.

Table 2. Summary of clinical presentation and diagnostic investigation of affected dogs from Charlot-

teville, Tobago.
. . Amplification of
Case Signalment Clinical Tllc)k ts ptec(lles Haematology Summary B.Sull?mqr{ Parasites on TBP DNA
Number Presentation etecte Results 2 Haematology Report 1ochemistry Blood Smear
(n = 20) Report Blood Ticks
Anaemic
Anorexic WBC: 24.27 Newtronhil HyPOPfotff?nem?a
5 month old, Ecchymosis Rhipicephalus Stre{ggcl(%? L riu ﬁgg tlolsais HIYIP Oi:;;é}i?;a None Babesia
Dog 1 intact female Icteric sanguineus HCT: 0 0 43 ymphocy N yp hl g detected None vogeli
mixed breed Paralysis (fore (n = 2F, IM) o b 1 Poorly regeneraﬂve Hypochloremia etecte
and P%’ 0 ~456 anaemia Elevated BUN,
hindlimbs) : ALT and CK
Weight loss
Anorexic
P Lilstless B WBC: 30.38 Mild, obul
7 month old, aralysis an . . Segs: 25.52 non-regenerative Hyperglobulinemia
Dog 2 intact male oedema (fore R (s;\lllg{l]l\}/}t)ma RBC: 5.46 anaemia Elevated CK dgg&: d None None
mixed breed and - HCT: 0.352 Neutrophilia Hyperkalemia
hindlimbs) Hgb: 116 Monocytosis
Weight loss
Anaemic ; i B. vogeli
10 month old, Anorexic R. sanguineus WBCf 15.42 Neutrophilia Hyp oalbullr}errua} None Anaplasma and
Dog 3 intact female Listless (n = 3F, 3M) Segs: 13.26 Thrombocytopaenia Hyperglobulinemia detected s Hepatozoon
hound YFV}?:E};(])(:)ZS ’ LT: 44 ytop Hypocalcaemia PP pcam's
Non-regenerative
. WBC: 22.9 i
Anaemic § anaemia . .
2 year old, Anorexic No tick RS Lymphocytosis, e oo None Ehrlichia
Dog4  intact female Listless detected HCT: 0.283 ooariose Flevated ALT detected No ticks
hound Ecchymosis etecte: 5 b ‘98 Cytotoxic T Elevated ALT Spp-
Uveitis PIT: 162 lymphocyte and CK
’ Clumped platelets
. . Pancytopenia
Anaemic WBC: 2.09 ytopen . . .
3year old, Anorexic ) Segs:. 1.8 (neutropgma, Hyperglobqlmerma ‘ B'avr’fgd’
Dog5§ intact female Ecchymosis No ticks RBC.A 3.0 lymphopenia ancﬁ Hypoalbulmerma B.vogeli and Ehrlichia No ticks
. detected HCT: 0.184 thrombocytopaenia) Hyppocalcaemia Ehrlichia spp.
hound Weight loss Heb: 60 ytopae " spp.
Thin blood | Non-regenerative Azotemia
PLT:5 anaemia
WBC: 9.4
4 vear old R. sanguineus Segs: 5.26 Hyperproteinemia .
}r,e nant Aborted (n=2M) RBC: 5.92 Moderate platelet Hyperglobulinemia N Ehrlichia Franciscella
Dog 6 1§ pG & X puppies Amblyomma HCT: 0.356 clumps I—%] p glb li . detgcri d spp- endosym-
(6 weeks) Paralysis ovale Hgb: 119 Hyperproteinemia ypoalbulinemia biont
hound (n=1F) PLT: 100 Elevated CK
PP: 87
WBC: 7.74 o i R
: R. sanguineus Segs: 5.73 yperproteinemia B. vogeli
6 year old Anaemia 8! & . N 8!
. 4 : (n = 4M) RBC: 5.84 . . Hyperglobulinemia None and
Dog 71§ mt}?;fmmdale V\{)e;ga}}t 15?:5 A. ovale HCT: 0.34 Hyperproteinemia Hypoalbulinemia detected None Anaplasma
¥ (n=2M) HI{?IE’ ;&5 Elevated CK Spp-
N WBC: 8.14 Hvmerslobulinem
naemia Segs: 5.05 - ypergrobulinemia B. vogeli
Dog 8§ 8 yeafr Oldi Listless A. ovale RBgC: 5.29 Non;rreéeegﬁgatlve Hypoalbulinemia None Anaplasma an§
] I“tfilct irga e Weight loss (n=1F) HCT: 0.343 Thrombocytopaenia Hypocalcaemia detected spp- Ehrlichia
ou Paralysis 1%5?} }3173 Yop Elevated CK spp-

2 Complete blood count (CBC) reference intervals: White blood cell count (WBC) 6-17.1 x 10°/L; Neutrophils
(Segs) 3.6-11.5 x 10° /1; Red blood cells (RBC) 5.5-8.3 x 10'2/L; Haematocrit (HCT) 0.37-0.55 /L, haemoglobin
(Hgb) 120-180g/L; Platelets (PLT) 120-350 X 10°/L (46); Plasma proteins (PP) 55-76 g/L 1 Same owner and
kennel; § Dogs hunt together; LN lymph node, CK creatinine kinase, ALT alanine aminotransferase.

Microscopic examination of blood smears from one dog (Dog 5) revealed a mixed
infection of rare intra-erythrocytic inclusion bodies consistent with Babesia spp. and a
morula, consistent with E. canis, in the cytoplasm of a mononuclear cell (Figure 2). It
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should be noted that the blood of this dog was observed to be very ‘thin” on venipuncture.
The changes in the erythrogram of sampled dogs included anaemia, ranging from poorly
regenerative (n = 1) to non-regenerative anaemia (n = 4) (Table 2). Changes in the leukogram
included neutrophilia (n = 3), neutropaenia (n = 1), lymphocytosis (n = 2), lymphopaenia
(n = 1), monocytosis (n = 2) thrombocytopaenia (n = 3) and pancytopaenia (n = 1). Blood
references were based on Comazzi and Weiss [42,45]. The clinical outcomes of the eight
cases are presented in Table 3. The youngest dog (Dog 1) and the oldest (Dog 8) died within
a day and six weeks, respectively, of sampling. Although the clinical signs exhibited by
these two dogs mirrored canine TBD cases, no TBPs were detected in their blood. Further,
the cause of death in both cases was inconclusive since necropsies were not performed.

B

Figure 2. Giemsa-stained peripheral blood smear of a dog (Dog 5) from Charlotteville, Tobago, show-
ing an intra-erythrocytic inclusion body (A) consistent with Babesia vogeli and an intracytoplasmic
mononuclear inclusion body (B) consistent with Ehrlichia canis (indicated by arrows).

Table 3. Clinical outcome of the eight dogs sampled for tick-borne pathogens from Charlotteville, Tobago.

Case No. Clinical Update/Outcome
Dog 1 Died on 13 November 2020.
Carcass disposed of by owner.
Dog 2 Paralysis and other clinical signs resolved.
Dog 3 Resolution of clinical signs.
Dog 4 Bright, alert, responsive and eating well.
Dog 5 Much improvement after prednisone treatment and two cycles of doxycycline.
D C-section done to remove six dead and decomposing pups. Treated for septic shock
og 6 .
and doing better.
Dog 7 Treated for tick fever but still anorexic.
Dog 8 Died on 28 December 2020.

3.2. Molecular Detection of TBPs in Dog Blood

The overall frequency of TBPs in dog blood was 62.5% (five out of eight dogs) of those
sampled. Single infections of Ehrlichia spp. (n = 3, 37.5%) and Anaplasma spp. (n = 2, 25%)
were amplified in the blood of five dogs. A mixed infection of B. vogeli and Ehrlichia spp.
was detected in one dog (12.5%) only. Moreover, the blood smear of this dog (Dog 5) was
positive for Babesia and Ehrlichia spp.

Sequences of the Anaplasma/Ehrlichia 16S rRNA gene amplified in this study were
98-100% homologous to E. canis and 99-100% to Anaplasma marginale when compared to
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reference sequences previously deposited in GenBank. The Babesia spp. detected in the
blood of Dog 5 showed a 97% similarity to B. vogeli sequences in GenBank. All pathogen se-
quences derived were deposited in GenBank under the following accession numbers: Anaplasma
spp- (OR296882-OR296884), B. vogeli (OR666420) and Ehrlichia spp. (OR296878-OR296881).

3.3. TBPs in Ticks Infesting Dogs

Of the 20 ixodid ticks screened, TBPs were detected by PCR in eight (40%) individual
ticks, from five (83.3%) of the six infested dogs. Babesia vogeli was detected in both R.
sanguineus (n = 5, four male and one female) and A. ovale (n = 2, both female), while H.
canis was amplified in only one R. sanguineus female tick. One dog (Dog 3) was host to six
R. sanguineus ticks, of which B. vogeli DNA was amplified in two ticks and H. canis in one
tick (Table 4). In another dog (Dog 7), two tick species consisting of four R. sanguineus and
two A. ovale were detected. Of these six ticks, B. vogeli DNA was amplified in R. sanguineus
(n =2) and A. ovale (n = 1). Additionally, A. marginale DNA was also amplified in the same
A. ovale tick from Dog 7 and E. canis DNA was amplified in the A. ovale ticks from Dog 8. A
Francisella-like endosymbiont was detected in one A. ovale tick from Dog 6.

Table 4. Molecular detection of TBPs in canine hosts and tick vectors from a cluster of tick-fever
suspected dogs from Charlotteville, Tobago.

TBPs in Ticks
. 16S rRNA 18S rRNA
Canine Host TBPs in Host Blood Tick ID Tick spp.
Ehrlichia Anaplasma Babesia Hepatozoon
spp- spp- vogeli canis
T1 R.s - - - -
Dog 1 n.d. T2 R.s - - + -
T3 Rs - - - -
Dog 2 nd. T4 Rs - - - -
T5 Rs - - - -
T6 Rs - - + -
T7 Rs - - + -
Dog 3 Anaplasma spp. T8 Rs ] ) ) ]
T9 Rs - - - -
T10 Rs - - - +
Dog 4 Ehrlichia spp. No ticks No ticks
Dog 5 Ehrlzcézza SPP- and No ticks No ticks
. vogeli
T11 R.s - - - -
Dog 6 Ehrlichia spp. T12 Rs - - - -
T13 Ao - - - -
T14 R.s - - - -
T15 Rs - - + -
T16 Rs - - + -
Dog 7 n.d. T17 Rs ] ] ) ]
T18 Ao - - - -
T19 A.o - + + -
Dog 8 Anaplasma spp. T20 Ao + - + -

R.s: Rhipicephalus sanguineus; A.o: Amblyomma ovale ; n.d.: not detected.

Sequences of the amplified Babesia/Theileria/Hepatozoon 185 rRNA gene were 98-99%
identical to reference sequences in GenBank. The derived TBP sequences from ticks were
assigned the following accession numbers: Anaplasma spp. (OR296884), B. vogeli (OR077267-
ORO077273) and H. canis (OR077267).

3.4. Comparison between the Presence of TBP DNA in Blood and Ticks from the Same Dog

Tick-borne pathogen DNA was amplified using PCR from the blood of five dogs
(62.5%) and eight ticks (40%). However, different pathogens were detected in the blood
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versus ticks from some dogs. For example, E. canis was amplified only in the blood of
Dog 6, while a Francisella spp. endosymbiont was detected in the sole tick found on this dog
(data not included). In contrast, TBPs were not amplified in the blood of Dogs 1 and 7 but
B. vogeli and Anaplasma spp. were amplified in some of the ticks infesting them. Tick-borne
pathogens were amplified in both blood (Anaplasma spp.) and ticks (B. vogeli, H. canis and
Ehrlichia spp.) of Dogs 3 and 8, respectively (Table 4).

3.5. Comparison among the Presence of TBP DNA in the Blood, Clinical Signs and Haematological
Findings Presented in Each Dog

DNA homologous with E. canis (n = 3), A. marginale (n = 2) and B. vogeli (n = 1) was
amplified from blood of five of the eight dogs in the Tobago cluster. Of the three Ehrlichia
spp- positive blood samples (Dogs 4, 5 and 6), clinical signs included anaemia, anorexia,
ecchymotic haemorrhages, listlessness and, in one case, uveitis, abortion and paralysis
(Table 2). One of the Ehrlichia spp.-infected dogs was co-infected with B. vogeli (Dog 5). A
similar clinical picture was presented in the two dogs with Anaplasma spp. (Dogs 3 and 8);
however, dogs in which no TBP DNA was amplified (Dogs 1, 2 and 7) showed at least one
clinical sign suggestive of TBD. The haematological data highlights non-regenerative to
poorly regenerative anaemia, thrombocytopaenia and hyperproteinaemia being the most
prevalent findings in the cluster of cases.

3.6. Sequence Analysis

Basic Local Alignment Search Tool (BLAST) analysis of the 165 rRNA isolates of
Ehrlichia spp. from this study shared a 98-100% homology with isolates from India
(KX364265.1), Thailand (AB287435.1) and Turkey (KY247110.1), while Anaplasma spp.
shared a 99-100% homology with sequences from Puerto Rico (MK737024.1), Croatia
(MN187218.1) and Iran (MK310488.1). For B. vogeli, positive amplicons shared a 97-98%
sequence identity with sequences from China (HM590440.1), Egypt (AY371197.1) and Japan
(AB083374.1). The best GenBank matches for the sequences from this study are shown in
Table 5.

Table 5. Comparison of DNA sequence similarities among pathogens detected in the Tobago dogs
and ticks in this study and GenBank deposited sequences.

Pathogen Sequences from Ticks

Tobago TBP-Accession No. First GenBank Match TBP
(Tick Id) Accession No. (% identity)

Pathogen Sequences from Dog Blood

Tobago TBP-Accession No. First GenBank Match TBP
(Dog 1d) Accession No. (% identity)

Babesia spp.

Babesia vogeli-OR077267.1 (T6)
B. vogeli-OR077268.1 (T19)

B. v0geli-OR077269.1 (T2)
B. vogeli-OR077270.1 (T7)
B. vogeli-OR077271.1 (T15)
B. vogeli-OR077272.1 (T16)

B. vogeli-OR077273.1 (T20)

Hepatozoon spp.

Hepatozoon canis-OR077266.1 (T10)

Ehrlichia spp.

Ehrlichia spp.-OR29688.1 (T20) t

Anaplasma spp.

Anaplasma spp.-OR296884.1

(T19) §

B. vogeli-AY371197.1 (98)
B. vogeli-AY371197.1 (98)
B. vogeli-AY371197.1 (98)
B. vogeli-HM590440.1 (98)
B. vogeli-HM590440.1 (98)
B. vogeli-AY371197.1 (98)
B. vogeli-L.C602472.1 (98)

B. v0ogeli-OR666420.1 (Dog 5) B. vogeli-MN823219.1 (97)

H. canis-LC331053.1 (99) - -

Ehrlichia spp.-OR296880.1 (Dog 4)
Ehrlichia spp.-OR296878.1 (Dog 5)
- Ehrlichia spp.-OR296879.1 (Dog 6)

E. canis-AB287435.1 (100)
E. canis-KY247110.1 (100)
E. canis-AB287435.1 (100)

E. canis-KX364265.1 (98)

A. marginale-MK737024.1 (99) - -

_ Anaplasma (]%PO%'SM%%E‘Q A. marginale-MK737024.1 (100)
Anaplasma spp.-OR296882.2

(Dog 8)

A. marginale-MK737024.1 (100)

T Amblyomma ovale tick; all others are Rhipicehalus sanguineus.
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3.7. Phylogenetic Analysis

A total of 49 nucleotide sequences were used to generate phylogenetic trees of Ehrlichia
spp- (21) and Anaplasma spp. (27) with Neorickettsia risticii as an outgroup, while 21 se-
quences were used for B. vogeli. The 165 rRNA-based phylograms were computed to
deduce the evolutionary relatedness of TBPs belonging to the Ehrlichia/ Anaplasma genera
(Figure 3). The Tobago E. canis sequences derived in this study clustered with published
sequences from a broad range of geographic locations, including the Americas (including
Trinidad), Africa, Asia and Europe, with an exception of one sequence (OR296881), which
fell outside of the major E. canis clade (not included in tree).

— LC705264.1 Anaplasma marginale Zambia
@ 0R296883.2 Uncultured Anaplasma sp. Tobago
@ 0R296882.2 Uncultured Anaplasma sp. Tobago
KU686794.1 Anaplasma marginale Uganda
MK737006.1 Anaplasma marginale USA
MK804764.1 Anaplasma marginale Cuba
97| MK737024.1 Anaplasma marginale Puerto Rico
AF414878.1 Anaplasma marginale Zimbabwe
AF414877.1 Anaplasma marginale Uruguay
LC007100.1 Anaplasma marginale Philippines
AF414874.1 Anaplasma marginale Australia

AB916498.1 Anaplasma marginale Saudi Arabia

'HM439433.1 Anaplasma marginale China
OR296884.1 Uncultured Anaplasma sp. Tobago

OR096227.1 Anaplasma phagocytophilum Poland

EF068228.1 Anaplasma phagocytophilum Germany

MK814404.1 Anaplasma phagocytophilum South Africa
o3

al ilum South Korea

.1 il Estonia

MF061301.1 Anaplasma phagocytophilum Slovakia

82 JQ894779.2 Anaplasma platys Philippines
KX792089.2 Anaplasma platys Cuba

LC269822.1 Anaplasma platys Zambia

MNG630836.1 Anaplasma platys China

KT982643.1 Anaplasma platys India
KUS500914.1 Anaplasma platys Malaysia
MK814421.1 Anaplasma platys South Africa

MT472812.1 Ehrlichia canis Colombia

— . 0R296878.1 Uncultured Ehrlichia sp. Tobago

@ OR296880.1 Uncultured Ehriichia sp. Tobago
MK507008.1 Ehrlichia canis Cuba

(— AB723711.1 Ehrlichia canis Japan

(— KX364265.1 Ehrlichia canis India

MH620198.1 Ehrlichia canis USA

MF153962.1 Ehrlichia canis Peru

EF011110.1 Ehrlichia canis Greece

EF195135.1 Ehrlichia canis Brazil

[EU439944.1 Ehrlichia canis Italy
B KY247110.1 Ehrlichia canis Turkey
EU781689.1 Ehrlichia canis Tunisia
GU810149.1 Ehrlichia canis Taiwan
KP844663.1 Ehrlichia canis Mexico
KR920044.1 Ehrlichia canis Malaysia
KX818219.1 Ehrlichia canis India
KY010672.1 Ehrlichia canisTrinidad
KY010673.1 Ehrlichia canis Trinidad

MG029069.1 Ehrlichia canis Mexico

@ OR296879.1 Uncultured Ehrlichia sp. Tobago

NR 029162.1 Neorickettsia risticii lllinois

0.02

Figure 3. Phylogenetic tree of selected representatives of Anaplasma and Ehrlichia spp. inferred from
165 rRNA. The evolutionary history was inferred by using the maximum likelihood method and the



Pathogens 2024, 13, 161

11 of 16

Kimura 2-parameter as the best-fit model. The tree with the highest log likelihood (—861.12) is shown.
The percentage of trees in which the associated taxa clustered together is shown next to the branches.
Initial tree(s) for the heuristic search were obtained automatically by applying neighbour-joining
and BioN]J algorithms to a matrix of pairwise distances estimated using the maximum composite
likelihood (MCL) approach, and then selecting the topology with superior log likelihood value. The
analysis contains Ehrlichia spp. The 16S rRNA sequences from dog blood (red diamonds; n = 3)
and Anaplasma spp. sequences from dog blood (blue diamonds; n = 2) and an A. ovale tick (yellow
diamond; n = 1), from Charlotteville, Tobago, together with nucleotide sequences from GenBank (no
diamond; from canine blood), including Neorickettsia risticii as an outgroup. Sequence IDs are in
the format accession number, pathogen and country of origin. Bootstrap values are represented as a
per cent of internal branches (1000 replicates); values less than 70 are hidden. The tree is drawn to
scale, with branch lengths measured in the number of substitutions per site. This analysis involved
49 nucleotide sequences. All positions containing gaps and missing data were eliminated (complete
deletion option). There were a total of 343 positions in the final dataset. Evolutionary analyses were
conducted in MEGA11.

For the 185 rRNA-based phylogram, (Figure 4), Babesia spp. detected in this Tobago
study clustered together in a strongly supported clade (bootstrap value = 100%) that was a
sister clade to the one containing all other B. vogeli sequences.

AY371198.1 Babesia vogeli USA
— DQ439545.1 Babesia vogeli Spain
KY290979.1 Babesia vogeli Argentina
AY072925.1 Babesia vogeli Europe
—— HQ148664.1 Babesia vogeli Taiwan
DQ297390.1 Babesia vogeli Venezuela
- KJ939326.1 Babesia vogeli China

AY077719.1 Babesia sp. Japan

AY371194.1 Babesia vogeli Brazil
AY371195.1 Babesia vogeli Brazil
HM590440.1 Babesia vogeli China
AB083374.1 Babesia vogeli Japan
AY371197.1 Babesia vogeli Brazil

HQ662635.1 Bahesia vogeli Romania

77 . OR077267.1 Babesia vogeli Tobago
ORO077268.1 Babesia vogeli Tobago
100 . ORO077272.1 Babesia vogeli Tobago

. OR077269.1 Babesia vogeli Tobago

t’ OR077270.1 Babesia vogeli Tobago

. OR077271.1 Babesia vogeli Tobago

KX008033.1 Toxoplasma gondii isolate

—_—

0.02

Figure 4. Phylogenetic tree of selected representatives of Babesia vogeli inferred from 18S rRNA. The
evolutionary history was inferred by using the maximum likelihood method and Tamura-Nei as the
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best-fit model. The tree with the highest log likelihood (—3123.55) is shown. The percentage of trees
in which the associated taxa clustered together is shown next to the branches. Initial tree(s) for the
heuristic search were obtained automatically by applying neighbour-joining and BioN]J algorithms to
a matrix of pairwise distances estimated using the Tamura—Nei model, and then selecting the topology
with a superior log likelihood value. The analysis contains Babesia vogeli 18S rRNA sequences derived
from R. sanguineus ticks (red diamonds; n = 5) and A. ovale ticks (yellow diamond; n = 1) from dogs
in Charlotteville, Tobago, together with 15 sequences from GenBank (no diamonds; all from canine
blood), including the Toxoplasma gondii sequence (GenBank KX008033.1) as an outgroup. Sequence IDs
are in the format accession number, pathogen and country of origin. Bootstrap values are represented
as per cent of internal branches (1000 replicates); values less than 70 are hidden. The tree is drawn to
scale, with branch lengths measured in the number of substitutions per site. This analysis involved
21 nucleotide sequences. All positions containing gaps and missing data were eliminated (complete
deletion option). There were a total of 1485 positions in the final dataset. Evolutionary analyses were
conducted in MEGA11.

4. Discussion

Haematophagous arthropods play a significant role in the transmission of diseases
to animals and humans globally. In this study, we reported the detection of TBPs in a
cluster of hunting dogs showing clinical signs suggestive of TBDs and in the ticks infesting
them. To our knowledge, this is the first report of the simultaneous co-infection of dogs and
ticks with protozoal and rickettsial TBPs on the island of Tobago. Additionally, this study
demonstrates the first molecular detection of Ehrlichia spp., Anaplasma spp., B. vogeli and
H. canis in dogs and/or ticks in Tobago, as previous molecular work on ticks from Tobago
cattle and dogs focused on viral diversity [33].

The DNA of two rickettsial TBPs, Ehrlichia spp. (37.5%) and an Anaplasma spp. (25%)
with 98-100% homology to E. canis and A. marginale, respectively, were detected in the
blood of the Tobago dogs. From a previous report on the sister island of Trinidad, the
molecular detection of E. canis in canine blood was 14.1% (49/348), while a subsequent
serological survey reported almost 50% of the stray dog population being seropositive for
this parasite [46,47]. A molecular study conducted on dogs in Grenada, reported E. canis
(24.7%) and A. platys (19.2%) as the most prevalent TBPs in the blood of dogs [35]. Ehtlichia
canis was also the most prevalent TBP detected in the blood of clinically suspected TBD
cases (23.6%) and presumably healthy dogs (7.2%) from St. Kitts, West Indies, while A. platys
was amplified in only apparently healthy dogs (3.6%) [48]. The relatively high frequency of
E. canis in the Tobago cluster and other Caribbean islands corresponds with their tropical
climate, which is conducive to the proliferation of the tick vector, R. sanguineus [49,50].
Ehrlichia canis was found in only one of the Tobago ticks (A. ovale) from a dog with Anaplasma
spp- amplified in its blood. Considering that all stages of A. ovale can feed on canids, it
could have acquired E. canis from a previous infected canine host.

The effects of CME is subclinical in some dogs while in others it is associated with
leukopaenia, thrombocytopaenia (causes a bleeding diathesis) and anaemia [2,9]. It should
be noted that, from our current study, two of the three dogs with E. canis showed similar
clinical signs (anaemia, uveitis and ecchymotic haemorrhages). Paralysis and abortion
was documented in the third dog, which have been reported in previous cases [51,52].
Dogs severely affected by CME may also present with marked pancytopaenia (leukopaenia,
non-regenerative anaemia and thrombocytopaenia) due to bone marrow hypoplasia, as
was the case with one of the dogs in the Tobago cluster [26]. Although there was molecular
evidence of E. canis in the blood of these dogs, the organism was detected in only one of
the stained blood smears. This is in agreement with a previous study which revealed that
detection of the morula in monocytes is successful in only 4% of cases [53]. This finding
justifies the need for molecular detection as a confirmatory diagnostic tool for CME.

Anaplasma marginale, the causative agent of bovine anaplasmosis, is a globally im-
portant TBP of cattle [54]. This pathogen is transmitted biologically by Rhipicephalus ticks
and mechanically by biting flies and blood-contaminated fomites [55,56]. Fever exceeding
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40 °C and anaemia are outstanding features of bovine anaplasmosis [57]. Although dogs
are known to be hosts of Anaplasma platys and Anaplasma phagocytophilum, the DNA of A.
marginale was detected in the blood of two dogs in this study. Interestingly, a previous study
reported molecular evidence of A. marginale in the blood of two dogs from Hungary [58].
These dogs, similar to the dogs in our study were situated in a rural environment with free
access to livestock, wildlife, their ticks and TBPs. This can possibly explain the presence of
A. marginale DNA within the blood of the two dogs from Tobago. Further, the DNA of A.
marginale was also amplified from one A. ovale tick from this study. The immature stages of
A. ovale can be found on a range of small mammals and bird species, while adults complete
their life cycle on larger mammals, including canids [12]. This tick may have possibly fed
on an infected ruminant before attachment to its canid host. Further studies are, however,
needed to elucidate the presence of A. marginale in the blood of these Tobago dogs.

Canine babesiosis is a globally significant TBP of protozoal origin. Molecular studies
have detected B. vogeli and less frequently, B. gibsoni in dogs from various Caribbean
islands [35,47,48,59]. The DNA of B. vogeli was detected in the blood of only one dog,
co-infected with E. canis, in the Tobago cluster. Of note was the presence of rare intra-
erythrocytic organisms morphologically similar to Babesia spp. in the blood of this same
PCR-positive dog for B. vogeli. Clinically, this dog exhibited anaemia, anorexia, dermal
ecchymoses and weight loss. These clinical signs were supported by a pancytopaenia on
laboratory blood analysis. Although younger dogs are more likely to present with severe
babesiosis, older dogs with co-infections, similar to this case, are also affected [4,60]. These
findings highlight the importance of the concurrent use of molecular techniques in a clinical
setting in detecting low parasitaemias for TBPs and the awareness of increased severity of
clinical signs in dogs co-infected with TBPs [61].

Hepatozoon canis has been reported in dogs and ticks from the Caribbean and the
Americas [34,35,62-66]. The DNA of H. canis was amplified in one of the R. sanguineus ticks
but not in the host’s blood. As this tick was partially engorged, it can be surmised that it
may have harboured the parasite before attachment to its current host. Hepatozoon canis
is known to be transmitted via the ingestion of ticks, thus there is a possibility that this
dog could have been infected by eating this infected tick. Other ixodids including A. ovale
and Rhipicephalus microplus are vectors of H. canis and have been found infesting dogs and
ruminants in Tobago [6,38,67,68].

5. Conclusions

The cases presented in this study appear to be a microcosm of the status of TBPs in
Tobago, which is endemic in its neighbouring sister-island, Trinidad. Humans are also at
risk of infection by these TBPs due to their close relationship with pets. As such, tick control
is paramount in the prevention and control of TBDs in animals and humans. Veterinarians
and physicians should be aware of the tick species present and their associated TBPs with
inclusion of the latter as differentials for illnesses with similar clinical signs. Further, the
importance of testing both the host and vector for the presence of TBPs using classical and
molecular methods is warranted in completing the puzzle in epidemiological investigations
related to TBDs.
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