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Introduction

Equine piroplasmosis (EP) is a major parasitic disease 
transmitted by ticks to equids (equines, mules, donkeys, and 
zebras) (DEWAAL, 1992). Most of the cases of EP in equids are 

caused by the hemoprotozoa Theileria equi and Babesia caballi 
(ROTHSCHILD, 2013). Theileria equi is generally more pathogenic 
and more often detected than B. caballi in areas where both parasites 
are present (BRÜNING, 1996; RIBEIRO et al.,2013). American 
trypanosomiasis is caused by Trypanosoma evansi, and is mainly 
mechanically transmitted by insects of the families Tabanidae and 
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Abstract

The aim of this study was to determine the frequency and factors associated to Babesia caballi, Theileria equi and 
Trypanosoma evansi in naturally infected equids from the northeast Brazil. Blood samples from 569 equids (528 horses, 
8 mules, and 33 donkeys) were collected and tested for the presence of DNA of each of these protozoan parasites by 
PCR. Generalized linear models were used to evaluate risk factors associated with the infection. The frequency of 
T. equi infection was 83.5% (475/569) - 84.3% in horses, and 73.2% in donkeys and mules. The results of the final 
model indicated that age (senior group) and animal species (mule and donkey group) were protective factors against 
this pathogen. The frequency of B. caballi infection was 24.3% (138/569) - 23.5% in horses and 34.1% in donkeys 
and mules. Age (adult and senior group) was considered a protective factor against B. caballi infection whereas animal 
species (donkey and mule group) were considered a risk factor for the infection. Trypanosoma evansi infection was not 
detected in any of animals. Our results suggest that equids from the area studied may be infected earlier in life with the 
etiological agents of equine piroplasmosis and become asymptomatic carriers. 

Keywords: Piroplasmosis, trypanosomiasis, epidemiology, horses, mules, donkeys.

Resumo

Este estudo teve como objetivos conhecer a frequência e os fatores associados à infecção por Babesia caballi, Theileria 
equi e Trypanosoma evansi em equinos naturalmente infectados do nordeste do Brasil. Amostras de sangue de 569 equídeos 
(528 equinos, 8 muares e 33 asininos) foram coletadas e testadas para a presença do DNA destes parasitos através da 
PCR. Modelos lineares generalizados foram utilizados na avaliação dos fatores associados às infecções. A frequência de 
infecção por T. equi foi de 83,5% (475/569) -84,3% (445/528) em eqüinos e 73,2% (30/41) em asininos e muares. 
Os resultados do modelo final indicam idade (sênior) e espécie (muar e asinina) como possíveis fatores de proteção para 
este patógeno. A frequência de infecção por B. caballi foi de 24,3% (138/569) - 23,5% (124/528) em eqüinos e 34,1% 
(14/41) em asininos e muares. As faixas etárias (adulto e sênior) foram identificadas como possíveis fatores de proteção, 
e a espécie (asinina e muar) como risco para ocorrência de infecção por B. caballi. Infecções por Trypanosoma evansi não 
foram detectadas. Estes resultados indicam que os equídeos na região estudada se infectam precocemente com agentes 
da piroplasmose equina tornando-se portadores assintomáticos. 
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Stomoxidae and by hematophagous bats (Desmodus rotundus) as 
well (HOARE, 1972; LOSOS, 1986).

These hemoparasites are responsible for significant losses to the 
equine industry, especially in terms of treatment costs of acute infections, 
abortions, decreased performance, and deaths (ROTHSCHILD, 
2013). EP is a disease of international relevance since it imposes 
restrictions on the transit of infected animals limiting importations, 
trade, and participation in competitive sports (MUÑOZ et al., 
2013; RIBEIRO et al., 2013; SANTOS et al., 2009; WEILAND, 
1986). In T. evansi infection, the mortality rate may reach 100% 
in untreated equids (OIE, 2017).

In the acute form of the disease, animals develop diverse, non-
specific clinical signs including fever, lethargy, anorexia, pale mucous 
membranes, jaundice, hemolytic anemia (MUÑOZ et al., 2013), 
thrombocytopenia (BUTLER et  al., 2008; DE WAAL, 1992), 
hepato- and splenomegaly, hemoglobinuria, and bilirubinuria 
(SANTOS et al., 2009). Major clinical signs of trypanosomiasis 
due to T. evansi are fever, anemia, progressive weight loss, and 
lethargy (RODRIGUES et al., 2016) which progress to weakness, 
cachexia, incoordination, and paralysis with atrophy of the hindlimbs 
(RODRIGUES et al., 2005; SILVA & SANCHEZ, 2003).

It is estimated that only 10% of the global equine population 
inhabit areas considered free of piroplasmosis. Most tropical and 
subtropical regions around the world are considered endemic 
for both equine piroplasmosis and equine trypanosomiasis 
(SGORBINI et al., 2015).

Epidemiological studies have demonstrated an association 
between EP and tick infestation (KERBER et al., 2009), age range 
(QABLAN et al., 2013; SANTOS et al., 2011; VIEIRA et al., 2013), 
extensive farming (MORETTI et al., 2010; RIBEIRO et al., 2013), 
geographic area, season of the year, and gender (MORETTI et al., 
2010; RÜEGG et al., 2007). These are important factors to consider 
in the prevention and control of the disease (KERBER et al., 2009). 
Comparison between results of studies conducted in various regions 
of the world should be done with great caution. Differences in 
terms of the diagnostic test used in each study, the climate of the 
study area, the type of management system adopted by producers, 
and the methods and criteria of selection of animals in a study can 
directly influence research results.

In Brazil, T. equi prevalence ranges from 21.6% to 100% 
(BALDANI et al., 2010; KERBER et al., 2009) whereas B. caballi 
infection varies from 54.1% to 93.2% (KERBER et  al., 2009; 
MACHADO et al., 2012). The Central-West region of Brazil is 
endemic for T. evansi (FRANKE et al., 1994; SILVA et al., 1995). 
Outbreaks of the disease also occur in the North, Southeast, and South 
regions of the country (NUNES et al., 2012; RODRIGUES et al., 
2005). We conducted a thorough literature review and were unable 
to find any published references on the molecular diagnosis of these 
hemoprotozoan diseases in northeast Brazil. The Northeastern region 
of the country has over 46 million inhabitants, and an estimated 
equid population of 1,259,850 heads. The State of Bahia, Northeast 
Brazil, has the third largest equine herd of the country (IBGE, 2015).

The aim of this study was to determine the frequency of Babesia 
caballi, Theileria equi, and Trypanosoma evansi in naturally infected 
equids from the microregion of Ilhéus-Itabuna, northeast Brazil, 
and the laboratory abnormalities and risk factors associated with 
the occurrence these hemoparasitic infections.

Materials and Methods

Study area and sample population

Data was collected between August 2013 and December 2014 in 
the microregion of Ilhéus-Itabuna, state of Bahia, northeast Brazil. 
This geographic region is part of the mesoregion of Southern Bahia, 
and has an estimated equid population of 90,974 animals. The study 
area is located in the Atlantic forest. The annual average rainfall 
is 1445 mm, with a relative humidity of 80%, and a temperature 
of 24°C (INMET, 2010). Five counties from this mainly rural 
microregion have been selected for this study, and were ranked 
according to the size of their equid population as follows: Itaju 
do Colônia (15°08’S 39°43’O), Itapé (14°52’S 39°25’O), Ibicaraí 
(14°51’S 39°35’O), Santa Cruz da Vitória (14°57’S 39°48’O), 
and Floresta Azul (14°50’S 39°39’O). The county of Itabuna 
(15°8’S 39°43’W), which is a mostly urban area, was also included 
in this survey (Figure 1).

Animals, farms, and counties were selected based on their 
convenience. The number of animals per county was proportional 
to their equid population. Blood samples were collected from 
569 equidae (528 horses, 8 mules, and 33 donkeys); 516 out 
569 equids were from 20 rural properties; 53 horses out of 
569 equids were from urban areas and were used by mounted 
police, to draw coaches, or for horseback ride.

Inorder to evaluate potential risk factors, information regarding 
signalment (species, age, gender), farm characteristics and 
management (animal kept in a stable, presence of ticks, contact 
with other animal species) were obtained through semi-structured 
interviews with handlers (staff) or owners. Interviews were always 
conducted by the same researcher.

The study was carried out according to the standards established 
by the Brazilian College of Ethics and Animal Welfare. The research 
proposal was approved by the Committee for Ethics in Research 
with Animals (protocol 002/2013) at Santa Cruz State University, 
Ilhéus, BA, Brazil.

Sample collection and processing

Blood (10mL) was collected from each animal by jugular 
venipuncture using disposable needles (25 x 8mm) connected to 
vacuum tubes with anticoagulant (EDTA) for complete blood 
count and DNA extraction. Complete blood count (CBC) 
was performed on a ABX Vet hematology analyzer (Horiba™). 
Total plasma protein was measured using a traditional handheld 
refractometer. Blood smears fixed in methanol and stained with 
Giemsa (BIOTEC) were used for differential white blood cell 
count and direct parasitological examination. These blood films 
were examined under the light microscope (magnification 1000×).

After completing the CBC, tubes were centrifuged for 10 minutes 
at 699 g. Total plasma protein concentration was evaluated with 
supernatant plasma. The supernatant plasma was discarded, and 
then both the leukocyte layer and the packed red blood cells were 
removed, poured into plastic tubes free of DNase and RNase, and 
frozen at -20ºC for subsequent DNA extraction.
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Ticks were collected from horses during visits to farms. 
Taxonomic identification of ticks was performed using a stereoscopic 
microscope and was based on the morphological keys published 
by Aragão & Fonseca (1961), Barros-Battesti et al. (2006), and 
Martins et al. (2010).

Extraction of DNA from blood samples and molecular 
diagnosis of hemoprotozoan infection by PCR

DNA was extracted from blood samples using a commercial 
QIAamp DNA Blood Mini Kit (QIAGEN™) according to the 
manufacturer’s recommendations. DNA samples were labeled with 
accession numbers and stored in a freezer at -20°C for subsequent 
polymerase chain reaction (PCR). Positive controls were kindly 
provided by the Laboratory of Immunoparasitology of the São Paulo 
State University (UNESP), Jaboticabal, SP, Brazil, and obtained 
from experimentally infected horses as well (BALDANI et al., 
2010). Ultrapure water was used as the negative control.

PCR for the detection of Theileria equi

A nested-PCR for T. equi was performed using the primers and 
amplification protocols described by Nicolaiewsky et al. (2001). 
Primers were designed to amplify the ema-1 gene (Table 1).The first 
PCR reaction consisted of a final volume of 25μL containing 1μL 
of genomic DNA, 10x reaction buffer, 1.5mM MgCl2, 0.2mM 
of each dNTP, 0.5μM of each primer, 0.75U of Taq polymerase, 
and ultrapure water to complete the final volume. Tubes were 
briefly centrifuged and then placed in a MJ96G (Biocycler) 
thermal cycler for denaturation at 94°C for 4 minutes followed 

by 40 cycles of 94°C for 40 seconds for denaturation, 60°C for 
1 minute for annealing, extension at 72°C for 1 minute, and a 
final extension at 72°C for 4 minutes. 1μL of the product of the 
first reaction and the same components and concentration of the 
mix were used for the second PCR reaction. The amplification 
protocol consisted of initial denaturation at 94°C for 4 minutes 
followed by 35 cycles of 94°C for 1 minute for denaturation, 60°C 
for 45 seconds for annealing, extension at 72°C for 45 seconds, 
and a final extension at 72°C for 5 minutes.

PCR for the detection of Babesia caballi

A nested-PCR was performed for the detection of B. caballi. 
Primers developed by Ikadai et al. (1999) were used in the first 
PCR reaction, and primers developed by Battsetseg et al. (2002) 
were used for the second PCR reaction. Primers were designed to 
amplify the rap-1 gene (Table 1). For the first PCR reaction, a final 
volume of 25μL was used which consisted of 5μL of genomic DNA, 
10x reaction buffer, 1.5mM MgCl2, 0.25mM of each dNTP, 0.5mM 
of each primer, 1.25U of Taq polymerase, and ultrapure water until 
the final volume was achieved. The amplification protocol used 
consisted of initial denaturation at 94°C for 4 minutes followed 
by 40 cycles at 94°C for 1 minute of denaturation, annealing at 
56°C for 2 minutes, extension at 72°C for 2 minutes, and a final 
extension at 72°C for 5 minutes. Amplification was carried out 
according to the protocol published by Ikadai et al. (1999). 1μL of 
the product of the first reaction and the same components and 
concentration of the mix from the first reaction were used for 
the second reaction, and the thermocycling conditions were the 
same used in the first PCR reaction. We used the amplification 
protocol published by Battsetseg et al. (2002).

Figure 1. Location of the study area which includes the counties of Itaju do Colônia, Santa Cruz da Vitória, Itapé, Ibicaraí, Floresta Azul, 
and Itabuna.



Costa, S.C.L. et al.  Braz. J. Vet. Parasitol.50   50/58

PCR for the detection of Trypanosoma evansi

PCR for the detection of T. evansi was performed using primers 
TBR1 and TBR2 that were developed by Masiga et al. (1992) 
(Table 1). PCR was carried out using a final volume of 25μL containing 
10μL of genomic DNA, 10x reaction buffer, 1.5mM MgCl2, 
0.2mM of each dNTP, 1μM of each primer, 1U of Taq polymerase, 
2.5μL of BSA (bovine serum albumin, Sigma, Brazil), 0.9μL of 
DMSO D2650 (Sigma, Brazil), and ultrapure water until the final 
volume was achieved. The amplification protocol used was the one 
published by Ashour et al. (2013) with modifications, and included 
an initial denaturation step at 94°C for 10 minutes followed by 
40 cycles at 94°C for 30 seconds for denaturation, annealing at 
50°C for 45 seconds, extension at 72°C for 10 seconds, and a 
final extension performed at 72°C for 10 minutes.

PCR for the detection of GAPDH (glyceraldehyde-
3-phosphate dehydrogenase)

In order to verify DNA integrity and the presence of potential 
inhibitors, negative samples were subjected to PCR for the detection 
of the GAPDH gene using primers developed by Birkenheuer et al. 
(2003) (Table 1). In the PCR reactions, we used the final volume 
of 25μL, composed of 5μL of genomic DNA, 10x reaction buffer, 
2.0mM MgCl2, 0.2mM of each dNTP, 0.4μM of each primer, 
1.25U of Taq polymerase, and ultrapure water until the final 
volume was achieved. The amplification protocol used was the 
one published by Lacerda et al. (2017), and consisted of a initial 
denaturation step at 95°C for 5 minutes followed by 40 cycles 
of 94°C for 30 seconds for denaturation, annealing at 52°C for 
1 minute, extension at 72°C for 1 minute, and a final extension 
step at 72°C for 5 minutes.

PCR products were detected by 2% agarose gel electrophoresis 
on a TAE running buffer (40mM Tris-acetate, 2mM EDTA pH 8.0). 
The gel was run at 80V, 180mA for 30 minutes, and then stained 
with ethidium bromide (0.5μg/mL). A standard primer pair (1 Kb 
Plus DNA Ladder - Invitrogen) was used to estimate the size of 
the amplified products. Amplified products were visualized under 
a ultraviolet (UV) transilluminator (LPIX, LoccusBiotecnologia) 
and photographed on a coupled image analyzer.

Statistical analysis

In order to evaluate the influence of hemoparasite infection on 
all the parameters in the CBC and total plasma protein of equids, 
animals were divided into two groups: one group was composed of 
animals that tested positive for hemoparasites and another group 
was formed by animals that tested negative for hemoparasites. 
A comparison was carried out within each age group. The Student’s 
t-test was used to compare the averages with a significance level of 
5%. Frequency distribution between animals from rural areas and 
animals from urban areas was compared using the chi-square test.

The variables were categorized for purposes of statistical modeling 
as follows: species (equine/donkey + mule) (LINHARES et al., 
1997); age which was converted into age ranges, i.e. young 
(≤3 years), adult (> 3 and <12 years), and senior (≥12 years)] 
(VIEIRA  et  al., 2013), gender (male/female) (RÜEGG  et  al., 
2007), equid kept in a stable (yes/no) (MORETTI et al., 2010), 
equid had contact with sheep (yes/no), equid had contact with 
goats (yes/no), equid had contact with poultry (yes/no), equid 
had contact with cattle (yes/no) (SANTOS et al., 2011), presence 
of rats in the farm (yes/no), and presence of toxic plants in the 
pasture (yes/no). The presence of T. equi, B. caballi, and T. evansi 
infection (yes/no) were considered as outcome variables.

Blood samples from animals from urban areas were collected 
only in the county of Itabuna; a total of 53 horses were sampled 
including those used by the mounted police, to draw coaches, or 
for horseback ride. These animals were excluded from the modeling 
due to the different management practices applied to these horses.

Generalized linear models with binomial distribution were 
used to perform bivariate and multivariate analyses. Due to the 
possibility of clusters, intraclass correlation coefficients (ICCs) for 
counties and farms were calculated (DOHOO et al., 2003) from 
the null model (STARKWEATHER, 2010). In the case of cluster 
formation, the variable was considered random, and generalized 
linear mixed models were used for the analyses.

The modeling strategy used in the multivariate analyses was 
backward elimination, in which all variables were initially included 
in the model. In this initial model, in each step the variables were 
selected based on the Wald test until the most parsimonious model 
that best explained the outcome was obtained. The significance 
level for a variable remaining in the final model was set at 5%. 

Table 1. Primers used to perform PCR for the detection of equids naturally infected with hemoparasites, and to verify the DNA integrity 
and the presence of inhibitors in the blood samples tested.

Agent Code Sequence of oligonucleotides
(5’-3’)

Reaction
(Fragment) Reference

Theileria equi EMAE-F CCGCCCTTCACCTCGTTCTCAA 1ª
(396bp*)

Nicolaiewsky et al. (2001)
EMAE-R TCTCGGCGGCATCCTTGACCTC
EMAI-F CCGTCTCCGTTGACTTGGCCG 2ª

(102bp*)EMAI-R GGACGCGCTTGCCTGGAGCCT
Babesia caballi BC48F1 ACGAATTCCCACAACAGCCGTGT 1ª

(530bp*)
Ikadai et al. (1999)

BC48R3 ACGAATTCGTAAAGCGTGGCCAT
BC48F11 GGGCGACGTGACTAAGACCTTAT 2ª

(430bp*)
Battsetseg et al. (2002)

BC48R31 GTTCTCAATGTCAGTAGCATCCG
Trypanosoma evansi TBR1 GAATATTAAACAATGCGCAG 1ª

(164bp*)
Masiga et al. (1992)

TBR2 CCATTTATTAGCTTTGTTGC
GAPDH gapF CCTTCATTGACCTCAACTACAT 1ª

(400bp*)
Birkenheuer et al. (2003)

gapR CCAAAGTTGTCATGGATGACC
*Base pairs.
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The Akaike Information Criterion (AIC) was used to evaluate 
the fit of the models.

Odds ratios (OR) and their respective 95% confidence intervals 
(CI) were calculated based on the regression coefficients estimated 
by the models. Statistical calculations were performed with a 
R program version 3.2.5 for Windows (R DEVELOPMENT 
CORE TEAM, 2016) using a lmer4 package (BATES  et  al., 
2015), version 1.1-12.

Results

In the present study, 83.5% of the equids (475/569) were 
positive for T. equi by PCR; 84.3% (435/516) of these animals 
were from rural areas whereas 75.5% (40/53) were living in urban 
areas (p>0.05). Equids positive for hemoparasites were detected in 
all counties and farms with a percentage of positivity ranging from 
75.5 to 88.1% in each county, and from 54.5 to 100% in each 
farm; 84.3% (445/528) of horses, 72.7% (24/33) of the donkeys, 
and 75% (6/8) of mules were positive for hemoparasites. The ICCs 
for the municipalities (0.5%) and farms (1.1%) did not indicate 

the formation of clusters. Generalized linear models therefore 
were used. Tables 2 and 3 show the changes in all variables in the 
bivariate and the multivariate analyses (full model), respectively. 
The final model (Table 4) shows the senior age group and the other 
species (donkey + mule) as possible protective factors.

For B. caballi, by PCR, 24.3% (138/569) of the animals tested 
positive, 25% (129/516) in the rural population and 17% (9/53) 
in the urban population (p>0.05). Similarly, for T. equi, positive 
equids were identified in all studied counties and farms, with a 
percentage of positive animals varying from 18.8 to 32.7% in the 
counties and from 9 to 66.7% in the farms. The analyses found 
that 23.5% (124/528) of horses were positive, 30.3% (10/33) of 
donkeys were positive, and 50% (4/8) of the mules were positive. 
The ICCs (intraclass correlation coefficients) for the counties 
(0.9%) and farms (4.5%) indicated clusters only at the farm level. 
Therefore, generalized linear mixed models taking a farm as the 
random effect were used for the analysis of possible risk factors 
for the occurrence of B. caballi infection. Changes in all variables 
from both the bivariate and the multivariate analyses (full model) 
are shown in Tables 5 and 6. In the final model (Table 7), the 

Table 2. Generalized linear models for factors associated with Theileria equi infections in naturally infected equids from the Ilhéus-Itabuna 
microregion, State of Bahia, Northeast Brazil. Bivariate analysis.

Variable
Equidae Odds ratio

P
Positive (%) Negative (%) (95% CI)

Sex
Male 121 85.8 20 14.2 1.18 (0.68-2.03) 0.56
Female (Ref ) 314 83.7 61 16.3

Species
Horses (Ref ) 405 85.3 70 14.7
Donkey or mule 30 73.2 11 26.8 0.47 (0.23-0.98) 0.05

Animals kept in stables
Yes (ref ) 41 85.4 7 14.6
No 394 84.2 74 15.8 0.91 (0.39-2.10) 0.82

Contact with cattle
Yes 369 84.4 68 15.6 1.07 (0.56-2.04) 0.84
No (Ref ) 66 83.5 13 16.5

Contact with goats
Yes 53 88.3 7 11.7 1.47 (0.64-3.35) 0.36
No (Ref ) 382 83.8 74 16.2

Contact with poultry
Yes 376 84.1 71 15.9 0.90 (0.44-1.84) 0.77
No (Ref ) 59 85.5 10 14.5

Contact with sheep
Yes 96 90.6 10 9.4 2.01 (1,00-4.05) 0.05
No (ref.) 339 82.7 71 17.3

Rats in the farm
Yes 347 84.4 64 15.6 1.05 (0.58-1.88) 0.88
No(ref ) 88 83.8 17 16.2

Toxic plants in the farm
Yes 194 84.0 37 16 0.96 (0.59-1.54) 0.86
No (Ref ) 241 84.6 44 15.4

Age range
Young (Ref ) 80 93.0 6 7.0
Adult 227 90.4 24 9.6 0.71 (0.28-1.80) 0.47
Senior 128 71.5 51 28.5 0.19 (0.08-0.46) <0.01

CI: Confidence interval.
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Table 3. Generalized linear model for factors associated with Theileria equi infections in equids from the Ilhéus-Itabuna microregion, State 
of Bahia, Northeast Brazil. Multivariate analysis, full model.

Variable Category Odds ratio
(95% CI) P

Sex Female (Ref )
Male 0.94 (0.47-1.92) 0.87

Species Horses (Ref )
Donkey or mule 0.45 (0.19-1.02) <0.01

Animals kept in stables Yes (Ref )
No 1.94 (0.75-4.99) 0.17

Contact with cattle No (Ref )
Yes 0.81 (0.34-1.92) 0.63

Contact with goats No (Ref )
Yes 0.57 (0.11-3.01) 0.51

Contact with poultry No (Ref )
Yes 0.79 (0.31-2.03) 0.63

Contact with sheep No (Ref )
Yes 2.96 (0.83-10.59) 0.09

Rats in the farm No (Ref )
Yes 1.09 (0.53-2.24) 0.81

Toxic plants in the farm No (Ref )
Yes 0.84 (0.43-1.62) 0.60

Age range Young (Ref )
Adult 0.66 (0.25-1.73) 0.40
Senior 0.15 (0.06-0.40) <0.01

CI: Confidence interval; AIC=428.44.

Table 4. Generalized linear model for factors associated with Theileria equi infections in equids from the Ilhéus-Itabuna microregion, State 
of Bahia, Northeast Brazil Multivariate analysis, final model.

Variable Category Odds ratio
(95% CI) P

Species Horses (Ref )
Donkey or mule 0.41 (0.19-0.89) 0.02

Age range Young (Ref )
Adult 0.77 (0.30-1.96) 0.58
Senior 0.19 (0.08-0.47) <0.01

CI: Confidence interval; AIC= 419.12.

Table 5. Generalized linear mixed models for factors associated with Babesia caballi infections in equids from the Ilhéus-Itabuna microregion, 
State of Bahia, Northeast Brazil. Bivariate analysis.

Variable
Equidae Odds ratio

P
Positive (%) Negative (%) (95% CI)

Sex
Male 43 30.3 98 69.5 1.43 (0.85-2.40) 0.17
Female (Ref ) 86 22.9 289 71.1

Species
Horses (Ref ) 115 24.2 360 65.8
Donkey or mule 14 34.1 27 61.9 2.02 (0.90-4.55) 0.09

Animals kept in stables
Yes (ref ) 22 45.8 26 54.2
No 107 22.9 361 77.1 0.33 (0.17-0.64) <0.01

Contact with cattle
Yes 114 26.0 323 73.9 1.68 (0.69-4.07) 0.25
No (Ref ) 15 19.0 64 81.0

CI: Confidence interval.
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Table 6. Generalized linear mixed model for factors associated with Babesia caballi infections in equids from the Ilhéus-Itabuna microregion, 
State of Bahia, Northeast Brazil. Multivariate analysis, full model.

Variable Category Odds ratio
(95% CI) P

Sex Female (Ref )

Male 0.81 (0.44-1.52) 0.52

Species Horses (Ref )

Donkey or mule 2.42 (0.95-6.14) 0.06

Animals kept in stables Yes (Ref )

No 0.49 (0.22-1.09) 0.08

Contact with cattle No (Ref )

Yes 1.73 (0.66-4.53) 0.27

Contact with goats No (Ref )

Yes 0.21(0.04-1.09) 0.06

Contact with poultry No (Ref )

Yes 1.23 (0.51-2.97) 0.64

Contact with sheep No (Ref )

Yes 1.24 (0.45-3.43) 0.68 0.68

Rats in the farm No (Ref )

Yes 0.72 (0.34-1.53) 0.39

Toxic plants in the farm No (Ref )

Yes 1.20 (0.61-2.36) 0.59

Age range Young (Ref )

Adult 0.19 (0.11-0.34) <0.01

Senior 0.06 (0.03-0.13) <0.01
CI: Confidence interval; AIC=508.2.

Variable
Equidae Odds ratio

P
Positive (%) Negative (%) (95% CI)

Contact with goats
Yes 6 10.0 54 90.0 0.29 (0.11-0.78) 0.01
No (Ref ) 123 27.0 333 73.0

Contact with poultry
Yes 108 24.2 339 75.8 0.67 (0.30-1.50) 0.33
No (Ref ) 21 30.4 48 69.6

Contact with sheep
Yes 17 16.0 89 84.0 0.54 (0.26-1.10) 0.09
No (ref.) 112 27.3 298 72.7

Rats in the farm
Yes 96 23.4 315 76.6 0.62 (0.32-1.20) 0.16
No(ref ) 33 31.4 72 68.0

Toxic plants in the farm
Yes 50 21.6 1.8 78.4 0.74 (0.42-1.33) 0.32
No (Ref ) 79 27.7 206 72.3

Age range
Young (Ref ) 53 61.6 33 38.4
Adult 59 23.5 192 76.5 0.19 (0.11-0.33) <0.001
Senior 17 9.5 162 90.3 0.05 (0.03-0.11) <0.001

CI: Confidence interval.

Table 5. Continued... 
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adult and senior groups indicate that age protects animals from 
acquiring the disease whereas the other species of equids (donkey 
+ mule) indicate risk of contracting the infection.

Coinfections with hemoparasites were detected in 22.7% 
(129/569) of the equidae - 23.6% (122/516) in animals from rural 
areas and 13.2% (7/53) in animals from urban areas. Coinfections 
were detected in equids from all counties and farms studied. 
Among the equid species tested for hemoparasites in this survey, 
coinfection was detected in 22% (116/528) of the horses, in 50% 
(4/8) of the mules, and in 27% (9/33) of the donkeys examined.

At all sampling sites, tick eradication and control measures 
were adopted in the farms visited. However, ticks were still present 
in all these farms. Ticks of the following species were identified: 
Dermacentor nitens, Amblyomma sculptum, and Rhipicephalus 
microplus.

Trypanosoma evansi DNA was not amplified in any of the blood 
samples tested. The GAPDH gene was amplified in all samples 
that were negative for hemoparasites. Hemoparasites were not 
detected in any of the blood smears examined under the light 
microscope. There were no significant differences between the 
results of all the parameters in CBC and total plasma protein of 
equids from animals positive for T. equi and B. caballi and animals 
negative for these hemoparasites. Hematological values remained 
within the normal reference range.

Discussion

The present study was conducted in a region where tropical 
humid climate predominates, which favors the maintenance of 
the arthropod life cycle throughout the year and perpetuation 
of hemoprotozoan infections, as cited by Heim  et  al. (2007).
The presence of ticks in all equids sampled confirms this fact, 
and explains results like: the widespread distribution of equine 
piroplasmosis and the high prevalence of T. equi infection 
corroborating the results published by Heuchert  et  al. (1999) 
and Vieira et al. (2013).

In this study, a higher frequency of T. equi infection was 
observed in comparison with B. caballi infection corroborating 
the findings of previous studies on EP carried out in different 
regions of the world (BRÜNING, 1996; HEIM et  al., 2007; 
RIBEIRO et al., 2013). Since the ticks Rhipicephalus microplus 
(BATTSETSEG et al., 2002), Amblyoma cajennense (= A.sculptum) 
(KERBER et al., 2009; MARTINS et al., 2016), and Dermacentor 
nitens (HEIM et  al., 2007; SANTOS et  al., 2009), which are 

the vectors of both T. equi and B. caballi, were present in the 
study area, differences in infection frequency between these two 
hemoparasitic infections is probably associated with the different 
forms of transmission and increased pathogenicity of T. equi 
(ALLSOPP et al., 2007), leading to higher and more persistent 
parasitaemias (DAVITKOV et al., 2016). In addition, the ability 
of equids to limit B. caballi infection (WEILAND, 1986) and/or 
the lower prevalence of B. caballi in the region (HAWKINS et al., 
2015; ODUORI et  al., 2015) may also explain the variations 
between the results of different surveys.

The occurrence of coinfection with T. equi and B. caballi was 
almost as high as the frequency of B. caballi infection. This fact 
may be the result of the high frequency of T. equi infection (almost 
85%) since the majority of the animals that tested positive for 
B. caballi were also positive for T. equi. Coinfections are most likely 
due to the overlapping distribution of the tick vectors associated 
with these parasites.

It is important to emphasize that owners and caretakers 
interviewed did not mention any clinical signs of EP in equids 
from the farms visited, as described by Baldani et al. (2010) and 
Guimarães et al. (2016). This piece of information suggests that 
most of the hemoprotozoan infections are probably subclinical 
and asymptomatic as no changes are observed in the CBC of 
positive animals, indicating enzootic stability as mentioned by 
Santos et al. (2011) and Zobba et al. (2008).

The identification of age (adult and senior animals) as a 
factor that protects animals from acquiring B. caballi infection 
demonstrates that the number of positive animals decreases with 
advancing (older) age. Since this study was carried out in an area 
of enzootic stability, the first interaction between the mammalian 
host and the hemoprotozoan parasite is expected to occur early 
in life, with a higher prevalence and detection of parasitemia in 
younger animals (ASGARALI et al., 2007; VIEIRA et al., 2013; 
WEILAND, 1986).Thus, this finding may be related to the fact 
that equids are able to limit hemoparasitic infections (WEILAND, 
1986), making it difficult for diagnosticians to find the parasite 
on blood films of older animals. However, this same variation in 
the number of positive animals depending on the age group has 
not been observed in previous studies (GRANDI et al., 2011).

Similarly, our results also show that T. equi infection occurs at 
an earlier age. A number of authors report that, after recovery from 
acute T. equi infection, animals become healthy, asymptomatic 
carriers (GUIMARÃES  et  al., 2016;RÜEGG  et  al., 2007; 
VIEIRA et al., 2013; WEILAND, 1986). We expect to find a 

Table 7. Generalized linear mixed model for factors associated with Babesia caballi infections in equids from the Ilhéus-Itabuna microregion, 
State of Bahia, Northeast Brazil. Multivariate analysis, final model.

Variable Category Odds ratio
(95% CI) P

Species Horses (Ref )
Donkey or mule 2.94 (1.20-7.15) 0.02

Age range Young (Ref )
Adult 0.17 (0.10-0.30) <0.001
Senior 0.05 (0.02-0.10) <0.001

CI: Confidence interval; AIC= 499.6.
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higher prevalence of hemoparasitic infection in older animals 
since there is a longer time span for the infection to occur as the 
parasite remains in the bloodstream for prolonged periods of time, 
possibly throughout the entire lifetime of the animal (RÜEGG et al., 
2007; VIEIRA et al., 2013). Baldani et al. (2010) reports that 
failure to detect T. equi may be due to the reduction of parasitemia 
of the agent, consequently its DNA, to levels undetectable by 
molecular biology. In this study, a smaller number of older animals 
(senior group) were infected with hemoparasites which suggests 
that the immune system of these equids was able to reduce the 
parasitemia to undetectable levels by PCR. In addition, since 
there is no uniformity between studies in terms of categorization 
by age group, it is possible that differences in this criterion may 
have influenced results (SANTOS et al., 2011).

In the present study, the lower number of donkeys and mules 
that tested positive for T. equi in comparison with the number 
of horses that were positive for this protozoan organism suggests 
that donkeys and mules are less susceptible to the hemoparasites, 
or that they could be able to limit such infections. These findings 
are similar to those published by Hussain et al. (2014). However, 
García-Bocanegra et al. (2013) and Kouam et al. (2010) suggest 
that mules are more at risk factor to develop T. equi infections.

However, donkeys and mules were identified as being at increased 
risk of acquiring B. caballi infections. Mules had already been 
reported by García-Bocanegra et al. (2013), Kouam et al. (2010), 
and Moretti et al. (2010) as having a higher risk for developing 
this particular protozoan infection. These researchers attributed 
the increased risk of this species for being infected with blood 
parasites to differences that might occur in the management of 
these animals. These mules are generally used as working animals 
to carry loads and therefore receive less attention from owners and 
staff than horses. This hypothesis is also valid for donkeys used 
for the same purpose in Brazil. Nevertheless, these findings are 
controversial and not consistent between studies. Piantedosi et al. 
(2014) noted that horses are potential reservoirs for B. caballi 
whereas Linhares et al. (1997) and Hussain et al. (2014) did not 
find any difference in the prevalence of this protozoan infection 
between each of the three equid species with regard to B. caballi 
infection.

Guidi et al. (2015) compared the prevalence of hemoparasitic 
infections in several breeds of equids and suggested that variations 
in the prevalence of these infections is related to the different 
management practices to which each breed was subjected and 
not due to genetic susceptibility of each breed to these diseases. 
This hypothesis would explain the results of several studies, but 
it does not apply to our study. In our study, the prevalence of 
each etiological agent of EP in donkeys and mules differed from 
the prevalence of these pathogens in horses. We assume that in 
equids genetics plays a role in the occurrence of hemoprotozoan 
infections and would explain these findings. Alternatively, there 
may be genetic variability in hemoparasites that are found 
different geographic regions. This is corroborated by the results 
of other studies in donkeys only in which B. caballi infections 
was more prevalent than T. equi infections (CHAHAN et  al., 
2006; GARCÍA-BOCANEGRA et al., 2013; LAUS et al., 2015; 
MACHADO  et  al., 2012).The opposite was found in studies 
involving only horses (RIBEIRO et al., 2013; DE WAAL, 1992).

In the present study, other risk factors which are often 
reported in the literature such as contact with cattle, grass-fed 
animals, and the rural environment in comparison to the urban 
environment (DAVITKOV et  al., 2016; GUIDI  et  al., 2015; 
HEUCHERT et al., 1999; MORETTI et al., 2010; SHKAP et al., 
1998; VIEIRA et al., 2013) were not significantly associated with 
EP infections in equids. This reinforces the idea that the region 
studied is an area of enzootic stability with the occurrence of 
hemoprotozoan infections at an early age and wide distribution 
of the causal agents of EP in animals and ticks.

It is important to emphasize that in the present survey EP 
was diagnosed by molecular biology as opposed to the majority 
of the studies assessing prevalence and risk factors for EP in which 
serology was the diagnostic tool used. Serological assays yield 
more positive results for EP than PCR (MORETTI et al., 2010). 
In light of the above mentioned, it is possible that the prevalence 
of EP in the studied region is even greater since both diagnostic 
tests are complementary. The detection of the etiological agents 
of EP in the blood of the animals tested shows the potential risk 
of equids in transmitting them to potential vectors and in the 
maintenance of their life cycles in the area.

In the present survey, the negative results for T. evansi corroborate 
the lack of reports of clinical cases or outbreaks of trypanosomiasis 
due to T. evansi in the State of Bahia, Northeast Brazil, where 
this study was carried out. These findings suggest that probably 
T. evansi does not occur in the animals from this region of the 
country. Notwithstanding, as outbreaks of trypanosomiasis due 
to T. evansi (NUNES et al., 2012) have been reported in one 
area approximately 500 km from the State of Bahia, strict control 
over transportation of animals is important as that blood-sucking 
insect vectors of the disease and reservoirs of the pathogen such 
as the capybara and the collared peccary are mammals which are 
widespread in the region.

Based on the results of our study, we conclude that the animals 
of the area studied are infected early in life with the causal agents of 
EP, and remain as asymptomatic carriers. Therefore, the movement 
of young animals from this region could disseminate EP to other 
areas where the disease do not occur. Adequate measures should 
be implemented in order to minimize the chances of potential 
vectors to acquire the pathogen and transmit the disease to 
susceptible animals. Caution is also required when introducing 
animals that have not been exposed to the disease into an endemic 
region. Experimental studies with donkeys and mules should be 
carried out in order to assess the dynamics of EP in each of these 
equid species.
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