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Abstract
Borrelia burgdorferi sensu stricto is the main etiological agent of Lyme disease (LD) in the USA. In Brazil, it is believed that a
similar spirochete is the causal agent of the Baggio–Yoshinari syndrome (BYS), a zoonosis also transmitted by ticks, whose
clinical manifestations are similar to those of LD. Despite the epidemiological importance, there are no studies reporting the
presence and the prevalence of B. burgdorferi among horses in Mato Grosso State. The aim of this study was to detect and
measure the frequency of IgG antibodies anti-B. burgdorferi American strain G39/40 in horses in the municipality of Sinop,
MT—Brazil, using the indirect enzyme-linked immunosorbent assay (ELISA) for serological diagnosis. Blood samples from 367
horses were collected in 81 farms. An epidemiological questionnaire was applied during the visits to obtain information related to
the animals and the farms. From the 367 horses, 214 were positive for B. burgdorferi sensu stricto according to the results of the
ELISA test, representing an apparent prevalence of 54.04% [CI = 0.4548051–0.6237234]. Concomitantly, 89 blood samples
were taken for molecular analysis by nested polymerase chain reaction (PCR). According to the PCR test results, none of the
samples were reactive, although 53 of these samples were reactive according to ELISA. Seventy five farms (92.59%) had at least
one reactive horse for B. burgdorferi. Our results support the hypothesis of the presence of anti-Borrelia spp. antibodies in horses
in Mato Grosso, reaching a high animal prevalence. Besides that, leisure/sport purposes proved to be a risk factor, with an odds
ratio of 3.16. These findings clearly indicate the need of borreliosis control in Sinop and make a significant contribution to the
knowledge of the disease in Mato Grosso.
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Introduction

Borrelia burgdorferi sensu stricto has an epidemiological im-
portance for public and animal health in many countries. In
North America, it is responsible for most cases of Lyme dis-
ease (LD), an anthropozoonosis transmitted by ticks of the
Ixodes ricinus complex, frequently diagnosed as well in
Europe and Asia. Along with B. garinii, B. afzelii, and ten
other known species, these spirochaetes comprise the so-
calledBorrelia burgdorferi sensu lato complex, the etiological
agent of LD in the northern hemisphere (Franke et al. 2013).

In Brazil, a similar disease, named Baggio-Yoshinari
Syndrome (BYS), has been reported since the 80’s (Talhari
et al. 1987). It is transmitted by ticks of the genera
Amblyomma and/or Rhipicephalus, responsible for the devel-
opment of clinical manifestations similar to those of LD, ex-
cept for the occurrence of recurrences and immune disorders
throughout its prolonged clinical evolution (Yoshinari et al.
2010). Its aetiological agent is still believed to be a genetically
similar variant of B. burgdorferi sensu stricto or even a new
Borrelia species not identified so far. These spirochaetes have
not yet been isolated in the biological fluids or in tissues of
patients diagnosedwith BYS in Brazil (Mantovani et al. 2012).

Horses are pointed as important hosts in the BYS cycle.
Serological studies have shown that spirochaetes of the genus
Borrelia circulate amidst horses in different regions of Brazil
and it is possible that, in addition to being sentinels and car-
riers of ticks transmitting Borrelia spp., these animals can act
as host in some cases, i.e., animals asymptomatic to infection
(Campos et al. 2015). However, there are no literature reports
of a seroepidemiological survey for B. burgdorferi in horses in
Mato Grosso State, Brazil.

The present study aimed to determine the prevalence of
IgG antibodies to B. burgdorferi in horses in the municipality
of Sinop, MT—Brazil, using the indirect enzyme-linked im-
munosorbent assay (ELISA) test.

Materials and methods

Study region and sampling

This study was conducted in horse ranches located in the
municipality of Sinop, MT, Brazil. Sample calculation to es-
timate the apparent prevalence of infection by Borrelia sp.
was performed by EpiTools (AusVet Animal Health Services
2016). A total herd of 1853 horses was included in this calcu-
lation, based on the Institute of Agricultural and Livestock
Defense of Mato Grosso State (Instituto de Defesa
Agropecuária do Estado de Mato Grosso—INDEA | 2015)
report. According to INDEA, there are 412 farms in Sinop
breeding, raising or using horses for any other finality. The
study adopted 50% as the expected prevalence to run the

calculations as there is not a priori information in this regard.
The maximum error expected was 10% and the confidence
level defined for the study was 95%. It was defined that on
farms housing less than five horses, all horses would have
their blood collected, whereas on the farms with more than
five animals, collection would be performed on approximately
20% of them.

Collection of epidemiological and husbandry data

An epidemiological questionnaire adapted from Madureira
(2004) was formulated to obtain information on the character-
istics of the animals as well as their respective farms. The
herd-level variables included in the questionnaire that were
investigated as putative risk factors were predominant breed
(Quarter Horse, crossbreeds, and other breeds), gender (male
and female), age (up to 4, 4 to 15, and more than 15 years old),
use (leisure, sport, reproduction and work), and health man-
agement, focusing on ectoparasite control. The questionnaire
was administered during the horse blood sampling study.

Sample collection

Eighty-one horse ranches were selected by the convenience
sampling method due to accessibility challenges. However,
within the farms, blood samples were taken randomly,
irrespectively of horse breed, gender, use, or age. In total,
367 samples were collected by venipuncture (Vacutainer tubes
and needles; Becton Dickinson Vacutainer Systems, Franklin
Lakes, NJ), which were later processed at the Laboratory of
Infectious Disease at the Federal University of Mato Grosso
(LDI-UFMT) by centrifugation. Samples were then aliquoted
into microtubes and stored at − 20 °C until serological analy-
sis. For the nested polymerase chain reaction (PCR), however,
blood samples were collected from 89 horses into tubes con-
taining EDTA which were aliquoted into microtubes and
stored at − 20 °C as well.

Laboratory tests

Serology for B. burgdorferi was performed at the Laboratory
of Parasitic Diseases at the Federal Rural University of Rio de
Janeiro (LDP-UFRRJ) by the ELISA technique standardized
by Salles et al. (2002). According to Magnarelli et al. (1994),
the assay sensitivities ranged from 82.6 to 100% in analyses
for immunoglobulinM and G antibodies. For this purpose, we
used 96-well polystyrene microplates (CORNING®) that were
initially sensitized with 100 μL of B. burgdorferi American
strain G39/40 antigen diluted at 20 μg/mL in carbonate buffer
(pH 9.6) and then incubated for 12 h in a moist chamber at
4 °C. After this sensitization stage, plates were washed three
times with 0.05% PBS-Tween 20 (phosphate saline buffer)
(pH 7.4) (PBST 20), blocked with 200 μL milk powder
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diluted in PBSTand incubated for 1 h30 in a moist chamber at
37 °C. Next, the plates were washed three times again.

The positive and negative sera used for the test belonged to
the serum bank at LDP-UFRRJ. Seven negative control and
two positive control sera were used per plate that, together
with the tests, were diluted at the ratio of 1:800 in PBST 20.
One hundred microliters (100 μL) of the material was poured
onto the plates and incubated at 37 °C for another 1 h 30 min
in a moist chamber. Subsequently, the material was washed
three times as in the previous step. Next, 100 μL of the con-
jugated rabbit anti-horse IgG linked to alkaline phosphatase
(Sigma Chemical©) in PBST at the dilution ratio of 1:1000
was added, and plates were incubated for another 1 h 30 min
under the same previously described conditions. Afterwards,
plates were washed again.

After this last incubation procedure, 100 μL of the p-
nitrophenylphosphate substrate (pNPP-SIGMA Chemical©)
was diluted into diethanolamine buffer (pH 9.8) at the concen-
tration of 1 mg/mL. Shortly thereafter, the plates were moni-
tored in a spectrophotometer for 96-well microplates (Thermo
Fisher Scientific® Uniscience Multiskan FC) with the 405-ηm
wavelength filter, until the two positive controls reached an
optical density near 1. This last reading was saved and later
used in the evaluation of the test result.

The seven negative control sera were used to define the
cutoff point of the trial, following the methodology described
by Frey et al. (1998), at a confidence level of 99.0%. The
mathematical formula of Frey is based on a t factor
(Student’s t distribution) according to the mean plus three
times the standard deviation of the optical density (OD) values
of the negative controls. Subsequently, the cutoff value of
each plate was equated to 100, applying the formula (OD test
serum × 100/cutoff) to correct the effect of the OD variation
obtained with the reading of the different tested plates. The
results of each test serum were expressed as optical density
index (ODI).

Molecular tests

A molecular analysis was performed by the nested-PCR tech-
nique on 89 blood samples from the 367 horses whose blood
had been collected. The DNA of the horses’ blood samples
and of positive control were extracted using the Wizard®

Genomic DNA Purification kit (PROMEGA©), as recom-
mended by the manufacturer.

The polymerase chain reaction was performed according to
Barbour et al. (1996). The DNA extracted from the 89 blood
samples was analyzed individually via nested PCR, with
markers targeted for amplification of portions of the flagellin
B gene (flaB) present in spirochaetes of the genus Borrelia.
For the first reaction, we used the FlaLL (5’-ACATATTC
AGATGCAGACAGAGGT-3′) and FlaRL (5’-GCAATCAT
AGCCATTGCAGATTGT-3′) primers in a final volume of

25 μl containing 2.5 μl DNA, 1.0 μM of each primer, Tris-
HCl (10 mM), MgCl2 (1.5 mM), dNTP (1.25 mM), and
TaqDNA polymerase (1.5 U). For the second reaction, we
used the FlaLS (5’-AACAGCTGAAGAGCTTGGAATG-3′)
and FlaRS (5’-CTTTGATCACTTATCATTCTAATAGC-3′)
primers in a final volume of 25 μl containing 1 μl of the end
product of the primary reaction, adding to the reagents at the
same above-described concentrations. The thermocycler con-
ditions for both reactions (primary and nested) consisted of an
initial denaturation for 5 min at 95 °C, followed by 40 cycles,
with denaturation at 95 °C for 1 min, annealing at 55 °C for
1 min, and an extension at 72 °C for 1 min. In each reaction
battery, DNA from Borrelia anserina in culture was used as
positive control, while water was used as negative control. A
330-nt band was expected as the end product of the nested
PCR to be visualized on 1.5% agarose gel stained with
ethidium bromide and visualized under UV transillumination.

Statistical analysis

The animal apparent prevalence was estimated by defining the
specific weight of each sampling unit within its herd in the
studied population, following the method described by
Dargatz and Hill (1996) and Dohoo et al. (2003). The Stata
software 14 (Stata Corporation, College Station, TX) was used
for data management and statistical analyses. In the univariable
analysis, variables with p value ≤ 0.15 and those of known
plausible biological contribution for B. burgdorferi positivity
were carried out for multivariate analysis. In multivariable anal-
ysis, a backward selection approach was then used (p < 0.05).
The adjusted odds ratio (OR) and 95% confidence interval (CI)
for each variable was estimated using the logistic regression
coefficient. Besides that, the test of proportions was used to
evaluate differences between the percentage of positive male
and female animals, age groups (< 4, 4–15, and > 15 years old),
and use (leisure, sport, reproduction, and work).

Results

The seroepidemiological analysis of the 367 tested sera sam-
ples revealed that 215 animals were reactive according to the
indirect ELISA test based on IgG antibodies anti-
B. burgdorferi, determining an apparent prevalence of
54.04% [CI = 0.4548051–0.6237234]. The optical density in-
dices ranged from 45.93 to 672.97 (Fig. 1).

Based on dataset from the questionnaire and the serology,
the logistic regression model identified leisure/sport use as
risk factor (p = 0.033), with an odds ratio of 3.16 (CI 1.09–
9.15) | Hosmer–Lemeshow goodness-of-fit test (p = 1.000).
There was no difference related to gender in proportions of
positive animals (p = 0.08), being 54.12% (105/194) of males
and 63.0% (109/173) of females reactive according to ELISA
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test. In the same way, there were no significant differences
related to the age of the animals, being 51.87% < 4 years old
(69/133 | p = 0.24), 61.32% 4–15 years old (130/212 | p =
0.17) and 68.18% > 15 years old (15/22 | p = 0.33). There
was also no statistical difference in the proportion of positive
animals intended for reproduction (p = 0.36) and work (p =
0.16). Among animals intended to sport, 54.0% were reactive,
statistically significant (p = 0.041) when compared to the an-
imals that do not have a sport purpose (64.8%).

The study showed that 55.68% of the Quarter Horses,
59.39% of the crossbreed, and 62.68% of the horses of other
breeds (14 Paint Horse, 14 Mangalarga, 11 Crioulo, and 3
Ponies) were posit ive in the indirect ELISA for
B. burgdorferi. From the 81 farms evaluated in this study, at
least one horse in 75 (92.59%) of themwas seropositive based
on the ELISA test, and in 89.33% (67/75) of them, there were
pastures close from some forest remnant. Also, in 53.33% (40/
75) of those farms the owners stated to be usual the presence
of ticks parasitizing their horses. Indeed, 71.60% of the farms
with reactive animals adopt some method to control ticks. In
75.86% of them, the treatment was applied only when it was
possible to see engorged ticks on the horses, while in 24.13%
of the farms, the control was performed systematically based
on health protocols. In 22.66% of the farms, no treatment was
applied at all.

Based on molecular analysis (89 blood samples), there
were no reactive animals according to PCR tests; however,
53 of these samples were classified as positive in the indirect
ELISA test.

Discussion

The prevalence of 54.05% horses seropositive for
B. burgdorferi in the present study is higher than values re-
ported in other seroepidemiological surveys already done in

different Brazilian states. Basile (2016) conducted a
seroepidemiological survey for B. burgdorferi on horses in
São Paulo State obtaining an average seropositivity of 21%.
The author also stated that there is a marked relationship
among reactivity, presence of A. sculptum ticks and presence
of capybaras on the farms. In fact, capybaras could also be a
problem inMato Grosso, considering that it is common to find
this species on horse ranches, mainly in wooded areas.
Moreover, the frequency of reactive animals was greater on
farms with some forest remnant, 82.71%, versus 9.87% of
seropositivity where there is no forest at all. Salles et al.
(2002) also described that the high percentage (approximately
43%) of horses seropositive for B. burgdorferi found in the
municipality of Seropédica (State of Rio de Janeiro) would
have a direct correlation with the fact that these animals are
extensively reared and under a high infestation of ticks of the
species A. cajennense, Dermacentor nitens, and R.
(Boophilus) microplus.

We must take into account the possible relationship be-
tween the simultaneous grazing by horses and cattle, based
on the fact that 76.54% of the farms share pastures for both
species. According to some authors, there is a possibility of
occurrence of cross-reactions between B. burgdorferi and
B. theileri, responsible for causing Bovine Borreliosis, which
can also be found in horses and sheeps (Soares et al. 2000).
According to Rich et al. (2001), there is a narrow phylogenetic
association between B. theileri and other spirochaetes of the
genus Borrelia causing clinical manifestations of LD. Rogers
et al. (1999) used the indirect immunofluorescence reaction
technique (IFAT) for serology in cattle and observed a cross-
reaction among the spirochaetes B. burgdorferi, B. coriaceae,
and B. theileri, yet, the same result was not observed when
they used the indirect ELISA with antigens of total cell ex-
tracts. The authors warned, however, about the possible oc-
currence of false positives in serological tests, mainly in areas
where these agents coexist.

Fig. 1 Distribution of optical
density indices of the test sera
relative to the cutoff point (OD ×
100/cutoff) obtained from the
same indirect ELISA for Borrelia
burgdorferi in horses in Sinop,
MT, Brazil
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In Brazil, cross-reactions between B. burgdorferi and
B. theileri cannot be discarded, as demonstrated by Madureira
(2007), who made the first genotypic description of B. theileri
in the country. Campos et al. (2015) found a prevalence of
44.66% for Borrelia spp. in horses in São Borja—RS, and
reported that the presence of mixed grazing by horses and cattle
enabled the infestation of horses by the tick R. (Boophilus)
microplus, the transmitter of B. theileri. The authors thus sug-
gested that the presence of this vector was associated with se-
ropositivity for B. burgdorferi and that cross-reactions between
these spirochaetes should be considered.

Nascimento (2012) found approximately 39% of horses
positive for B. burgdorferi, but through a distinct diagnosis
technique for screening, instead of the indirect ELISA, the
author used IFAT preceded by the Western Blot (WB) method
for confirmation. Other studies conducted in Brazil for the
screening of anti-B burgdorferi in horses by indirect ELISA
showed lower prevalence than that reported in this study, e.g.,
Prado et al. (2014), who found positivity in 29.89% of cavalry
horses in the municipality of Resende—RJ, and Madureira
et al. (2007), who investigated farms in the municipalities of
Três Rios and Vassouras, also in the state of Rio de Janeiro,
and reported 28.4% prevalence. Two studies in the state of
Pará, however, revealed 26.7% (Galo et al. 2009) and 7.2%
(Madureira et al. 2009) prevalence.

The negative PCR for Borrelia or the flaB gene in the 89
samples of horses analyzed in the present study corroborates
the results described by Montandon et al. (2014), who ana-
lyzed DNA samples of ticks collected from wild and domes-
ticated animals in the municipalities of Santa Cruz do
Escalado, Pingo D’Água, and Caratinga—MG and did not
observe any positive sample in PCR, using amplifiers for the
main gene involved in the synthesis of the flagellar hook of
Borrelia spp. However, in the serological analysis by indirect
ELISA, the authors found 9.68% prevalence (15/155) for
B. burgdorferi in horses. Soares (2013) also obtained a nega-
tive result in PCR for Borrelia spp. in all samples of tissue
from wild animals and ticks analyzed. In contrast, Madureira
(2007) obtained a positive result by PCR for the 16S rRNA
gene of B. burgdorferi in an isolation of the tick R.
(Boophilus) microplus originated from the state of Mato
Grosso do Sul. Similarly, Mantovani (2010) obtained also a
positive result by PCR for the flgE gene from a horse sample
(1/26) collected at the Federal Rural University of Rio de
Janeiro and in two tick samples, one R. sanguineus and one
R. (Boophilus) microplus from the State of Espírito Santo.

The failure in molecular diagnosis for Borrelia spp. in bi-
ological samples of humans and animals in Brazil can be
explained under the raised hypotheses regarding the traits of
this spirochete found in the country. It is believed to be a
spirochete very distant from the B. burgdorferi described in
the Northern Hemisphere causing LD, since, in Brazil, spiro-
chaetes of atypical, latent morphology, of cystic appearance,

were described. The presence of a new Borrelia spp. species
or a genetically similar strain of B. burgdorferi is suggested,
which cannot be properly identified in PCR using primers
targeted for the molecular diagnostic of the B. burgdorferi
found in the Northern Hemisphere (Mantovani et al. 2007).
As a rule, an enormous quantity of DNA is necessary to obtain
positivity in nested PCR with the use of the flgE primer, with
which it was possible to detect positive samples for Borrelia
spp. in Brazil (Mantovani et al. 2012). This fact makes mo-
lecular analysis unsuitable for the laboratory diagnosis of
Borreliosis, because it requires the Borrelia sp. to be circulat-
ing during the acute phase of infection, which is difficult in
most cases, because the diagnostic is usually obtained in the
latent stage of the infirmity (Mantovani 2010). Based on all
these hypotheses and the possibility to find false negative
animals, further studies are required to ascertain the situation.

Conclusion

Despite the failed attempt to amplify the Borrelia DNA, the
high seroprevalence of anti-B. burgdorferi antibodies accord-
ing to the results of the ELISA test indicates the presence of
Borrelia sp. in the municipality of Sinop—MT, and reinforces
the importance of horses as infection sentinels.
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