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Abstract

This study aimed to verify the presence of IgG antibodies against Borrelia burgdorferi sensu lato (s.l) in domestic
dogs in western Cuba. Serum samples were analyzed by indirect enzyme-linked immunosorbent assay (ELISA),
using crude antigens of a B. burgdorferi strain of North American origin. To verify the presence of Borrelia spp.,
deoxyribonucleic acid (DNA) extracted from individual blood samples was analyzed by nested-PCR, with markers
targeted for amplification of portions of the flagellin B gene (flaB) present in Borrelia spirochetes. Ticks were
also collected through inspection of the animals. Sera from 93 of 176 (52.84%) dogs were reactive to the indirect
ELISA. Geographic prevalence varied from 54.35% (25/46) in Boyeros, 44.44% (20/45) in Cotorro, 66.67% (22/33)
in Habana del Este, and 50% (26/52) in San José de las Lajas. There was no statistical difference between these
tested variables. No blood samples analyzed were positive for the Borrelia flaB gene.
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Resumo

Este estudo teve como objetivo confirmar a presenca de anticorpos IgG contra Borrelia burgdorferi sensu lato (s.)
em cdes na regido oeste de Cuba. As amostras de soro foram analisadas por ensaio de imunoabsorcdo enzimatica
(ELISA) indireto, usando-se antigenos brutos de uma cepa de B. burgdorferi de origem norte-americana. Para
confirmar a presenca de Borrelia spp., o acido desoxirribonucleico (DNA), extraido de amostras individuais de
sangue, foi analisado por PCR, utilizando-se marcadores direcionados para a amplificacdo de por¢des do gene
da flagelina B (flaB) presente nas espiroquetas de Borrelia. Os carrapatos também foram coletados através
da inspecdo dos animais. Os soros de 93 de 176 (52,84%) caes foram reativos ao ELISA indireto. A prevaléncia
geografica variou de 54,35% (25/46) em Boyeros, 44,44% (20/45) em Cotorro, 66,67% (22/33) em Habana del Este
e 50% (26/52) em San José de las Lajas. Ndo houve diferenca estatistica entre essas variaveis testadas. Nenhuma
amostra de sangue analisada foi positiva para o gene Borrelia flaB.
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Borrelia spp. in dogs in Cuba

Introduction

Pathogenic spirochetes of the Borrelia genus are maintained in nature in a cycle thatincludes arthropod vectors,
mammals, birds, and reptiles. Phylogenetic studies indicate the existence of three disease groups within Borrelia:
(1) Lyme borrelioses (LB)/Lyme disease, transmitted by Ixodidae; (2) recurrent fever, transmitted by Argasidae
and Ixodidae (one exception, Borrelia recurrentis, is transmitted by lice); and (3) reptile-associated Borrelia (BAR),
transmitted by Ixodidae.

The first report of borreliosis in dogs was described in Lyme disease endemic area in the U.S. (Dewage et al.,
2019). The occurrence of Borrelia burgdorferi sensu lato (s.l.) is dependent on the occurrence of ticks of the genus
Ixodes (Eisen & Eisen, 2018). In recent decades, there has been anincrease in the geographical range and incidence
of I. scapularis, coinciding with an increase in the incidence of tick-borne diseases, particularly LB in the northeastern
U.S. (Eisen & Eisen, 2018). According to Bowman et al. (2009), county incidence of LB is substantially lower in the
Southern U.S.: B. burgdorferi-specific antibodies were reported in less than 1% of dogs from the South. In other
areas, dogs are considered important reservoirs, and spirochetes can be isolated from clinically healthy animals
(Dewage et al., 2019).

In Cuba, Gonzalez et al. (2018), in a retrospective study on BL's occurrence in humans, found that the available
knowledge refers to clinical and epidemiological aspects, compatible with BL. Similar observations were made in
Brazil (Lopes et al., 2017).

Besides Borreliosis, other Tick-Borne Pathogens (TBPs) were investigated in Cuba. Antibodies to Anaplasma
phagocytophilum, Ehrlichia chaffeensis and Babesia microti were detected in 7.2%, 3.6%, and 11.5% of studied human
serum samples, respectively (Rodriguez et al., 2018) and Silva et al. (2016) described the first evidence of the
presence of Anaplasma platys in dogs and R. sanguineus ticks, demonstrating hemoparasites circulating in the island.

Also, Obregdn Alvarez et al. (2020) published a review that covers research results including ecophysiology of
ticks, the epidemiology of TBPs in Cuba,

The aim of the present study was to evaluate the occurrence of homologous IgG antibodies against B. burgdorferi
(s.) in domesticated dogs, as well as the possible detection of Borrelia spp. in four municipalities in western Cuba.

Material and Methods

A total of 176 blood samples were collected from dogs in the municipalities of Habana del Este, Boyeros, and
Cotorro in the province of La Habana and San Jose de las Lajas in the province of Mayabeque between October
and December 2013.

Blood samples were obtained from the cephalic vein and the blood was transferred to sterile containers with
and without anticoagulant (EDTA). Subsequently, the blood without EDTA was centrifuged and the sera obtained
were stored in polypropylene vials. The samples with and without EDTA were kept at -20 °C until analysis. The ticks
collected were properly identified according to a taxonomic key described by Barros-Battesti et al. (2006, 2009).
The procedures for collecting and identifying ticks used in this study, in addition to extracting DNA from these
specimens, were previously published by Navarrete et al. (2016).

The serum was tested for IgG against the crude antigen of B. burgdorferi strain G39/40 using an indirect ELISA,
adapted from Joppert et al. (2001) and using the methodology proposed by Voller et al. (1976). Microwell medium
binding plates (NUNC® Surface Maxisorp) were coated with 100 pL/well of B. burgdorferi antigen at a concentration
of 15 pg/ml solubilized in 0.05M sodium carbonate/bicarbonate buffer (pH 9.6) and incubated at 4 °C overnight. After
incubation, the plates were washed three times with PBS (pH 7.4) containing 0.05% Tween-20 (PBST). The plates
were blocked for 90 min at 37 °C with 200 microliters of 6% skim milk powder solution in PBST and washed 3 times
in PBST. Control and test sera were diluted 1: 800 in 5% milk/PBST and 100 pL was added to the appropriate
microwells. The plates were incubated for 90 min at 37 °C and washed three times in PBST. Then 100 pL of alkaline
phosphatase anti-dog IgG (integral) (SIGMA®) diluted 1: 10,000 in 5% Milk/PBST was added to each well and the
plates were incubated for 90 min at 37 °C. The plates were washed three times in PBST, and 100 pL (1Tmg/mL) of
p-nitrophenyl phosphate substrate (pNPP-SIGMA®) solubilized in diethanolamine buffer (pH 9.8) was added to
each well and incubated for 25 min at room temperature. The optical density (OD) of each plate was measured
at 405 nm using a microplate reader. Twelve known negative samples from animals from the municipality of
Seropédica, Brazil and a positive control sample from an animal with hyper immunity for Borrelia (vaccinated with
crude B. burgdorferi antigen) were used.
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The cutoff point was calculated using the negative controls as in Frey et al. (1998). To correct the effect of the
OD of each plate, the value of the cut sheets was transformed to 100, so the optical density index was calculated
based on the formula ODx100/cutoff. The relationship between variables likely associated such as race, sex, age,
and street access were performed using the chi-square test with a 95% confidence interval. Statistical analyses
were performed using BioEstat 5.3.

The DNA were extracted using the Wizard® Genomic DNA Purification kit (Promega) per manufacturer
recommendations. Molecular analysis to detect Borrelia spp. was performed by the nested-PCR technique on DNA
from blood samples of antibody-positive animals.

The DNA extracted from blood samples was analyzed individually via nested-PCR, with markers targeted for
amplification of portions of the flagellin B (flaB) gene present in spirochetes of the Borrelia genus. For the first
reaction, we used the FlaLL (5-ACATATTCAGATGCAGACAGAGGT-3') and FlaRL (5'-GCAATCATAGCCATTGCAGATTGT-3")
primers and for the second reaction, we used the FlaLS (5-AACAGCTGAAGAGCTTGGAATG-3') and FlaRS
(5-CTTTGATCACTTATCATTCTAATAGC-3') primers (Ataliba et al., 2007). The PCR reaction mixtures contained 1.0 U
of GoTaq® DNA Polymerase (Promega®, Brazil), 1x Green GoTaq® reaction buffer, 1.5 mM MgCl,, 0.2 mM dNTPs,
1.25 pmoles of each primer and 2.5 pL of DNA template. Samples were initially heated to 95 °C for 5 min to
denature the template and activate the polymerase, followed by 35 cycles of denaturation at 95 °C for 60 seconds,
annealing at 55 °C for 60 seconds, and extension at 72 °C for 60 seconds, followed by a final extension at 72 °C for
five minutes. The obtained products were analyzed by gel electrophoresis (1.5% agarose). For each reaction, one
positive (DNA of B. anserina strain AL) and two negative controls (water) were included in the reaction.

Results and Discussion

A total of 176 blood samples were collected from dogs in the municipalities of Habana del Este (n= 33),
Boyeros (n=46), Cotorro (n=45) in the province of La Habana and San Jose de las Lajas (n=52) from the province
of Mayabeque. The animals sampled appeared healthy and were different ages, sexes, and breeds.

Of the 176 tested sera, a total of 93 (52.84%) were reactive to the indirect ELISA. By geographic location,
antibodies were detected in 54.35% (25/46) of the animals in Boyeros, 44.44% (20/45) in Cotorro, 66.67% (22/33)
in Habana del Este, and 50% (26/52) in San José de las Lajas. The optical density indexes obtained in each city are
shown in Figure 1. The prevalence found according to breed, sex, age, and street access is shown in Table 1. There
were no statistically significant differences between the tested variables. A total of 158 ticks (84 males, 48 females,
24 nymphs, 2 larvae) were collected from Habana del Este, Boyeros with 153 (95 males, 44 females, 14 nymphs)
specimens, San José de las Lajas with 73 (48 males, 16 females, 9 nymphs) and Cotorro with 47 (23 males, 8 females,
16 nymphs), all identified ticks belonged to the Rhipicepahlus sanguineus s. . species (Navarrete et al., 2016). In no
blood and tick DNA samples tested by nested PCR was the specific flaB gene of Borrelia found.
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Figure 1. Distribution of optical densities of animals in relation to the cutoff (DOx100/cutoff) obtained from the indirect ELISA
test for Borrelia burgdorferi in dogs sera from the municipalities of Boyero, San José de las Lajas, Habana del Este and Cotorro,
Western region of Cuba.
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Table 1. Analysis of the intrinsic characteristics of dogs tested for Borrelia burgdorferi, diagnosed through In-house ELISA in the
Western region of Cuba in 2013.

Bivariate
Variables N P (%) PR
x? p-value
Access to the street
No 81 0.23 1.399 0.3021 0.84
Yes 95 0.30
Breed
Crossbreed 93 0.28 0.469 0.5940 0.91
Pure 83 0.25
Gender
Females 92 0.26 1.570 0.2760 0.84
Males 84 0.27
Age
<5years 91 0.27 0.444 0.6068 0.91
> 5years 85 0.26

N = number of animals; P = prevalence; x2= Chi-square value; PR = prevalence ratio.

The prevalence of 52.84% by indirect ELISA for Borrelia spp. found in this study is consistent with epidemiological
studiesin dogs in an area endemic for LB in the U.S. (Bowman et al., 2009), and the serological prevalence determined
by OD is consistent with studies carried out in South America, specifically, in Brazil (Cordeiro et al., 2012).

Despite the epidemiological importance, there are no studies reporting the presence and the prevalence of
Borrelia spp. in the blood of antibody-positive animals. The same results were found by Socoloski et al. (2018) in
Brazil and it can be explained by the low spirochetemia that occurs in chronic cases. Molecular diagnosis can be
a limiting technique as it is most accurate when used during the acute phase of infection (Mantovani et al., 2012).

In South America, spirochetes of Borrelia genus are suspected of causing disease in humans (Lopes et al., 2017).
However, the lack of a Borrelia isolate does not confirm the existence of real cases of LB in South America. Similar
results have been found in Cuba (Rodriguez et al., 2004).

Sokoloski et al. (2018) have suggested that the tick species Rhipicephalus microplus, Rhipicephalus sanguineus, and,
primarily, Amblyomma sculptum are involved in the transmission of this agent in South America, however, no study
has substantiated this hypothesis. In Southern Hemisphere there are only culture isolation of borreliae from the
Borrelia recurrentis group (Mufioz-Leal et al., 2018), and the Borrelia theileri isolate from R. microplus (Cordeiro et al.,
2018) as the only one found in ticks of domestic animals may suggest cross-reaction in serological data domestic
animals (Cordeiro et al., 2012) and humans (Yoshinari et al., 2003). Four Borrelia spp. fla haplotypes findings from
the B. burgdorferi s.l. group were carried out in this part of the continent, but the vector species were ticks of the
genus Ixodes with no reports of infestation in humans (Carvalho et al., 2020). The four fla haplotypes were registered
in GenBank accession numbers MK160129, MK160130, MK160131, and MK160132 by Carvalho et al., (2020).

This is the first serological detection of Borrelia spp. in animals residing in Cuba as to date. In Cuba studies
have focused on human beings (Rodriguez et al., 2003, 2004, 2012). According to Rodriguez et al. (2012), the
serological data obtained indicate that the LB agent circulates at a relatively low prevalence in the Cuban population,
emphasizing the epidemiological alert to the national health authorities.

Among the 32 tick species reported in Cuba (23 Argasidae and nine Ixodidae), only one species belong to the
genus Ixodes, Ixodes capromydis, a parasitizes of the genus Capromydis rodents, but it has limited distribution and
there has been no description of it parasitizing in humans (Barros-Battesti et al., 2009). In contrast, the Amblyomma
cajennense tick (A. cajennense complex) has a wide distribution in Cuban territory and low host specificity. Other
species of Ixodidae found in Cuba include Amblyomma albopictum, Amblyomma dissimile, Amblyomma quadricavum,
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Amblyomma torrei, Dermacentor nitens, R. microplus, and R. sanguineus, the latter is a typical species infecting dogs
(Barros-Battesti et al., 2009; Silva et al., 2016) and it was the only species found in the animals tested in this study.

The presence of seropositive dogs indicates the presence of spirochetes of the genus Borrelia on the island
of Cuba. Our results may be used by local health authorities to further improve investigations aimed at clarifying
potential human LB cases and the participation of dogs as reservoirs for these agents.
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