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Abstract

This is a cross-sectional study to assess the presence of antibodies in ruminants against selected pathogens associated 
with reproductive disorders in cattle in four Brazilian states, including the zoonotic agent Coxiella burnetii. The used 
tests were Virus Neutralization Assay for IBR and BVD, Microscopic Agglutination Test for Leptospira spp., Indirect 
Fluorescent Antibody Test (IFAT) for C. burnetii and Toxoplasma gondii, and Enzyme-Linked Immunosorbent Assay 
for Neospora caninum and Trypanosoma vivax. Seropositivity for C. burnetii was 13.7% with titers from 128 to 131,072; 
57.8% for BoHV-1, with titers between 2 and 1,024; 47.1% for BVDV-1a, with titers from 10 to 5,120; 89.2% for 
N. caninum; 50% for T. vivax; and 52.0% for Leptospira spp., with titers between 100 to 800 (the following serovars 
were found: Tarassovi, Grippotyphosa, Canicola, Copenhageni, Wolffi, Hardjo, Pomona and Icterohaemorrhagiae); 
19.6% for T. gondii with titer of 40. This is the first study that has identified C. burnetii in cattle associated with BoHV 
and BVDV, N. caninum, Leptospira spp., T. gondii and T. vivax. Thus, future studies should be conducted to investigate 
how widespread this pathogen is in Brazilian cattle herds.
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Resumo

Este é um estudo transversal para avaliar a presença de anticorpos em ruminantes contra patógenos selecionados e 
associados a distúrbios reprodutivos em bovinos de quatro estados brasileiros, incluindo o agente zoonótico Coxiella 
burnetii. Os testes utilizados foram Teste de Vírus-Neutralização para BoHV e BVDV, teste de Aglutinação Microscópica 
para Leptospira spp., Reação de Imunofluorescência Indireta for C. burnetii e Toxoplasma gondii, e Ensaio de Imunoabsorção 
Enzimática para Neospora caninum e Trypanosoma vivax. A soropositividade para C. burnetii foi de 13,7% com títulos de 
128 a 131.072; 57,8% para BoHV-1, com títulos entre 2 a 1.024; 47,1% para BVDV-1a, com títulos de 10 a 5.120; 89,2% 
para N. caninum; 50% para T. vivax; e 52,0% para Leptospira spp., com títulos entre 100 a 800 (sorovares encontrados: 
Tarassovi, Grippotyphosa, Canicola, Copenhageni, Wolffi, Hardjo, Pomona e Icterohaemorrhagiae) 19,6% para T. gondii 
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Introduction

Both Brazilian beef and dairy cattle production are prominent 
in economic scenario worldwide. However, reproductive disorders 
are a serious obstacle to excellence in production (LUCY, 2001; 
ROYAL, et al., 2000), and abortion is considered to be one of the 
biggest causes of economic losses in cattle farming (REICHEL et al., 
2013). Considering that infections involving the reproductive 
system can reduce fertility, the pathogenicity involved infectious 
agents has been associated with both intrinsic and extrinsic factors 
(PELLERIN et al., 1994; STENLUND et al., 2003; GROOMS, 
2004), including management practices, such as vaccination and 
introduction of new animals into the herd (CHI et al., 2002).

In the center-west of the United States, it was found that 
approximately 30% of abortions were caused by infectious agents; 
half of them involved pathogenic bacteria as etiologic agents 
(KIRKBRIDE, 1992). Infectious-parasitic agents associated with 
reproductive disorders in ruminants include Coxiella burnetii, 
Bovine Herpesvirus (BoHV) and bovine viral diarrhea (BVD) 
virus, Neospora caninum (KIRKBRIDE, 1992), Leptospira spp., 
(MURRAY, 1990), Toxoplasma gondii (BÁRTOVÁ et al., 2009) 
and Trypanosoma vivax (SILVA et al., 1996, 1998).

Coxiella burnetii, a Gram-negative obligatory intracellular 
bacterium (VAN SCHAIK et al, 2013; ABDEL-MOEIN & 
HAMZA, 2017), was reported for the first time in 1930 and 
has been detected worldwide ever since, except in New Zealand 
(MAURIN & RAOULT, 1999; ELDIN et al., 2017). This parasite 
is the zoonotic agent that causes Q fever (MAURIN & RAOULT, 
1999). It was also considered as a potential bioterrorism agent by the 
Center for Disease Control and Prevention (CDC, 2018). Although 
the main route of infection for humans is via aerosols (MAURIN 
& RAOULT, 1999; PARKER et al., 2006; TISSOT-DUPONT 
& RAOULT, 2008), ingestion of contaminated food and infected 
ticks may also represent alternative routes of transmission of the 
parasite (ELDIN et al., 2017).

In humans, this agent has been associated with pneumonia, a 
syndrome similar to influenza and hepatitis; in some cases, pruritus, 
pericarditis, myocarditis, encephalitis, and osteomyelitis have also 
been observed (MAURIN & RAOULT, 1999; TISSOT-DUPONT 
& RAOULT, 2008). The chronic form of the infection can cause 
endocarditis, which is usually associated with valvular heart disease 
and immunosuppression. Although less commonly, individuals can 
develop granulomatous lesions in the bones, joints, liver, lungs, 
testicles and other tissues (RALPH et al. 2007; TISSOT-DUPONT 
& RAOULT, 2008).

The first serological evidence of exposure to C. burnetii infection 
in Brazil occurred in the 1950s in humans in the state of São Paulo 
(BRANDÃO et al., 1953) and in cattle in the state of Rio de 
Janeiro (TRAVASSOS et al., 1954 apud OLIVEIRA et al., 2018). 

Ever since, serological and molecular evidence of circulation of the 
parasite has been found in humans in São Paulo (BRANDÃO et al., 
1953; VALLE et  al., 1955; SICILIANO et  al., 2015), Rio de 
Janeiro (LAMAS et al., 2009, 2013; LEMOS et al., 2011, 2018; 
ROZENTAL et al., 2012, 2018; MARES-GUIA et al., 2016), 
Minas Gerais (RIEMANN et  al., 1974; COSTA et  al., 2005; 
2006) and Bahia (SICILIANO et al., 2008).

The main clinical signs associated with this infection in ruminants 
are infertility, abortion, stillbirth, endometritis and mastitis 
(TISSOT-DUPONT & RAOULT, 2008). Although C. burnetii 
is a zoonotic agent associated with the occurrence of abortion 
in ruminants all over the world, there are few studies about the 
occurrence of this agent in ruminants in Brazil (TRAVASSOS et al., 
1954 apud OLIVEIRA et al., 2018; MARES-GUIA et al., 2014; 
GUIMARÃES et al., 2017; OLIVEIRA et al., 2018; SOUZA et al., 
2018). Therefore, the objective of this study was to investigate 
the frequency of antibodies against ruminant-selected pathogens, 
namely C. burnetii, BoHV-1, BVDV, N. caninum, Leptospira spp., 
T. gondii and T. vivax in serum samples from cattle with a history 
of reproductive problems from four Brazilian states.

Materials and Methods

Sample selection

This is a cross-sectional study to assess the presence of antibodies 
to ruminant-selected pathogens associated to reproductive 
disorders in cattle from four Brazilian states, including the zoonotic 
C. burnetii. The total of 12 proprieties (Supplementary Material) 
were conveniently selected from the Reproductive Viruses Center 
(São Paulo State University, Unesp, Jaboticabal - São Paulo, Brazil). 
The total of 102 serum samples were obtained from cows showing 
a history of reproductive disorders. All sample sets were located in 
the central-western and southeastern regions of Brazil.

Eligibility criteria

Study animals consisted of adult cows (> 24 months) 
from productions (milk and breeding) (i.e., commercial cattle 
production). All samples were obtained from the sampled farms 
between December, 2014 and November, 2015.

Bovine serum samples

Between 2014 and 2015, serum samples collected from 
102  cattle presenting reproductive disorders were selected by 
convenience from four Brazilian states, São Paulo (José Bonifácio, 
Urânia and Torrinha), Minas Gerais (Espera Feliz, Patos de 

com título de 40. Este é o primeiro estudo que evidencia a participação de C. burnetii em bovinos associada ao Vírus da 
Rinotraqueíte bovina infecciosa e da diarreia viral bovina, N. caninum, Leptospira spp., T. gondii e T. vivax em bovinos. 
Desta forma, futuros estudos devem ser conduzidos a fim de investigar o quão disseminado se encontra este patógeno 
em rebanhos bovinos brasileiros.

Palavras-chave: Coxiella burnetii, abortamento, Febre Q, gado.
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Minas, Lagoa Grande and Coromandel), Mato Grosso do Sul 
(Anastácio) and Goiás (Nova Caixás and Goiatuba). While the 
proprieties A, B, G and L were composed by beef cattle, the 
proprieties C, D, E, F, H, I, J and K were composed by dairy 
cattle (Suplementary Table). Serum samples were stored at -20°C 
until all serological assays were performed.

Virus Neutralization (VN) assay for detection of 
BVDV‑1 and BoHV‑1

The selected bovine serum samples were tested by virus 
neutralization (VN) assay for the detection of antibodies to BVDV-1 
and BoHV-1, as recommended by the “Manual of Diagnostics 
Tests and Vaccines for Terrestrial Animals” (OIE, 2018a,b), with 
modifications. For this purpose, “Madin-Darby bovine kidney 
(MDBK)” cell line and cytopathic strains of BVDV-1a (Singer) 
and BoHV-1 (Nebraska), were used. All seropositive samples 
were tested twice in order to estimate the geometric mean of 
titer (GMT) values. In addition to the internal controls, positive 
and negative controls were also used (GATTO  et  al., 2018). 
A sample was considered positive when the total neutralization 
of 100 TCID50 occurred in the serum and no cytopathic effect 
(CPE) was observed in the cell layer in serum dilutions higher 
than 1:10 (BVDV) and 1:2 (BoHV-1) (OIE, 2018a,b).

BVDV-1

The serum samples were heat-inactivated for 30 minutes at 
56°C. All serum samples were tested in duplicate at the same 
time and were subjected to successive dilutions ranging from 
1:10 to 1:5120, using cell culture medium as diluent. At each 
dilution of serum, for each sample one well was left without virus, 
aiming at monitoring for evidence of sample toxicity that could 
mimic viral cytopathology or interfere with virus replication. 
An equal volume (50 μL) of a stock of cytopathic strain of BVDV, 
which contained 100 TCID50 (50%) tissue culture infective doses, 
was added to each well. The plate was incubated for 1 hour at 
37°C. Fifty microliters of the cell suspension at 2 × 105 /mL were 
added to each well. The plate was incubated at 37°C for 4–5 days, 
either in a 5% CO2 atmosphere.

BoHV-1

The serum samples were heat-inactivated for 30 minutes 
at 56°C. All serum samples were tested in duplicate and were 
subjected to successive dilutions ranging from 1:2 to 1:1024, 
using cell culture medium as diluent. At each dilution of serum, 
for each sample, one well was also left without virus in order 
to monitor the evidence of sample toxicity that could mimic 
viral cytopathology or interfere with virus replication. An equal 
volume (50 μL) of a stock of cytopathic strain of BoHV-1, which 
contained 200 TCID50 (50%) tissue culture infective doses, was 
added to each well. The plate was incubated for 24 hours at 37°C. 
One hundred microliters of the cell suspension at 3 × 105 cells 
per well were added to each well. The plate is incubated at 37°C 
for 3–5 days, either in a 5% CO2 atmosphere.

Microscopic Agglutination Test (MAT) for detection of 
IgG antibodies to Leptospira spp.

The Leptospira spp. antigens used in serological tests were obtained 
from bacteria subcultured weekly in liquid EMJH culture medium 
(Ellighausen, McCullough, Johnson and Harris), with 10% of the 
medium volume used to seed cultures that were maintained in a 
bacteriological incubator at 28°C ± 1°C (OIE, 2018c).

The MAT was used to identify the serogroups/serovars. 
The 24 Leptospira serovars used can be found in Table 1. Serum 
samples were diluted in saline, at an initial dilution of 1:50. Aliquots 
(25 μL) of serum were placed in polystyrene plates with a flat 
bottom, with an equal quantity of antigens, resulting in a dilution 
of 1:100. The serum-antigen mixture was homogenized gently 
and incubated in an environmental incubator at a temperature 
of 28 °C for 40 to 120 minutes.

Results were read by dark field microscopy with 10× objective, 
directly from the plate wells. Samples shoeing 50% agglutination 
were considered to be reactive. Samples reactive at the initial 
dilution were assayed with serial twofold dilutions from the original 
1:100 dilution. Positive tests were defined as MAT results ≥1:100 
for at least one of the 24 serovars (Table 1).

Indirect Fluorescent Antibody Test (IFAT) for detection 
of IgG anti‑C. burnetii and anti‑T. gondii antibodies

The detection of anti-C. burnetii IgG antibodies was 
performed with crude antigen of strain At12 of C. burnetii, 
phase-1 reactive (PACHECO et al., 2013). The serum samples 

Table 1. Leptospira antigens used in MAT.
No Serogroup Serovar
1 Australis Australis
2 Australis Bratislava
3 Autumnalis Autumnalis
4 Autumnalis Butembo
5 Ballum Castellonis
6 Bataviae Bataviae
7 Canicola Canicola
8 Celledoni Whitcombi
9 Cynopteri Cynopteri
10 Grippotyphosa Grippotyphosa
11 Hebdomadis Hebdomadis
12 Icterohaemorrhagiae Copenhageni
13 Icterohaemorrhagiae Icterohaemorrhagiae
14 Javanica Javanica
15 Panama Panama
16 Pomona Pomona
17 Pyrogenes Pyrogenes
18 Sejroe Hardjo
19 Sejroe Wolffi
20 Shermani Shermani
21 Tarassovi Tarassovi
22 Andamana Andamana
23 Seramanga Patoc
24 Djasiman Sentot
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were first diluted at 1:64 in phosphate-buffered saline solution, 
PBS pH 7.4 (130 mM NaCl; 2.7 mM KCl; 5.6 mM Na2HPO4; 
1.0 mM KH2PO4; 0.8 mM NaH2PO4). After that, 20 μL of each 
diluted serum sample was deposited in wells of slides containing 
the antigen of C. burnetii. The slides were incubated at 37°C for 
30 minutes, in a moist chamber. Afterwards, they were washed 
with Washing Buffer solution (phosphate-buffered saline solution, 
PBS pH 7.4 + 1% Triton) and then dried. Each slide received 
20 μL conjugate (bovine anti-IgG diluted at 1:200) marked by 
fluorescein isothiocyanate (Sigma-Aldrich, St. Louis - Missouri, 
USA) for test samples as well as positive and negative controls. 
The slides were then incubated for a further 30 minutes at 37°C in 
a moist chamber. After being washed (this time was added 1.5 ml 
of Evans Blue on each wash in the washing buffer solution) and 
dried again, the slides were evaluated through ultraviolet light 
microscopy. The  reaction was considered to be positive when cells 
were fluorescent at the dilution of 1:64 (PACHECO et al., 2013), 
according to the protocol previously described by Reeves et al. 
(2006). Bovine serum samples previously tested for C. burnetii 
and considered non-reactive and reactive were used as negative 
and positive controls, respectively (GUIMARÃES et al., 2017).

For T. gondii, the tachyzoites of the RH strain were used 
as an antigen, according to a protocol previously described 
(OLIVEIRA et al., 2008; ANDRÉ et al., 2010). Samples were 
considered positive when titration was above 40. The used protocol 
was similar to that one used for detection of IgG antibodies for 
C. burnetii, with some modifications, such as following: i.) PBS 
pH 7.4 was used in all washing procedures; ii.) Evans Blue at 10% 
to the conjugate solution was used instead of the washing solution. 
IFAT used a serial dilution of the test sera to the log base 2 for 
titration of antibodies. The positive and negative controls used in 
this serological assay were serum samples from cattle known to be 
positive and negative for T. gondii, provided by IMUNODOT 
Diagnósticos (Jaboticabal - São Paulo, Brazil).

Indirect Immunoassay (iELISA) for detection 
of IgG antibodies anti‑Neospora caninum and 
anti‑Trypanosoma vivax

The detection of IgG antibodies anti-T. vivax was performed 
with the indirect ELISA (iELISA), according to the protocol 
established by Machado et al. (1997) and Aquino et al. (1999), 
with minor adaptations. After purification of the trypomastigote 
forms, as described by González et al. (2005), and sonication in 
a 750w Ultrasonic Processor (Coleparmer – Montréal – Quebec, 
Canada), the protein concentration of the soluble antigen was 
determined by the bicinchoninic acid method (Pierce BCA Protein 
Assay Kit, Thermo Fisher Scientific, San Diego – California, USA). 
The total antigen of T. vivax was diluted in carbonate-bicarbonate 
buffer 0.5M and pH 9.6 and its optimal concentration was 
adjusted to 0.1 μg/mL. After incubation for 12 hours at 8 °C, 
blocking was performed with PBS Tween 20 (pH 7.2), and 6% 
normal rabbit serum was added. The plates (Nunc Maxisorp, 
Thermo Fisher Scientific, São Paulo - São Paulo, Brazil) sensitized 
with T. vivax antigen were incubated for 90 minutes at 37°C, in 
a moist chamber. After three washes with PBS-Tween 20 buffer, 

reference positive and negative sera (FIDELIS et al., 2016) and 
test sera were added to the ELISA plate. All serum samples were 
diluted 1:400 solution in PBS-Tween 20 plus 5% of skimmed 
milk powder (Molico, Nestlé, São Paulo - São Paulo, Brazil). 
The plates were incubated again at 37°C for 90 minutes. After three 
washes with PBS-Tween 20 buffer, the ELISA plate received the 
anti-bovine IgG antibody conjugate linked to alkaline phosphatase 
(Sigma, St. Louis - Missouri, USA) at a dilution of 1:30000 in 
PBS-Tween 20 plus 5% of skimmed milk powder (Molico, Nestlé, 
São Paulo - São Paulo Brazil), with subsequent incubation and 
washing. Finally, the substrate of the enzyme alkaline phosphatase, 
p-nitrophenyl phosphate (Sigma, St. Louis - Missouri, USA), 
diluted to 1 mg/mL at pH 9.8 buffer diethanolamine (Sigma, 
St. Louis - Missouri USA) was added.

The total antigen of N. caninum (IMUNODOT, Jaboticabal 
- São Paulo, Brazil), at optimal concentration of 0.1 μg/mL, 
was diluted in carbonate-bicarbonate buffer 0.5M and pH 9.6. 
After incubation for 12 hours at 8 °C, blocking was performed 
with PBS Tween 20 (pH 7.2), and 6% of skimmed milk powder 
(Molico, Nestlé, São Paulo - São Paulo, Brazil). The plates (Nunc 
Maxisorp, Thermo Fisher Scientific, São Paulo - São Paulo, Brazil) 
were sensitized with the antigen of this parasite and then were 
incubated for 60 minutes at 37°C in a moist chamber. After three 
washes with PBS-Tween 20 buffer, the ELISA plate received the 
reference positive and negative sera, supplied with the kit, and 
tested sera, which were diluted at 1:200 in PBS-Tween 20 solution. 
The plates were incubated again at 37°C for 60 minutes. After 
three washes with PBS-Tween 20, the ELISA plate received the 
anti-bovine IgG antibody conjugate linked to alkaline phosphatase 
(Sigma, St. Louis - Missouri, USA) at a dilution of 1:30000 in 
PBS-Tween 20, with subsequent incubation and washing. Finally, 
the substrate of the enzyme alkaline phosphatase, p-nitrophenyl 
phosphate (Sigma, St. Louis - Missouri, USA), diluted at 1 mg/mL 
at pH 9.8 diethanolamine buffer (Sigma, St. Louis - Missouri, 
USA) was added.

The plates were sealed with aluminum foil and incubated for 
45 minutes at ambient temperature. Reading was performed in 
ELISA plate reader (B.S.-100; Embrabio, São Paulo - São Paulo, 
Brazil), with a 405nm filter. The cut-off point was calculated 
as 2.5 times the average absorbance of negative control sera 
(MACHADO et al., 1997).

Results

The seropositivity for C. burnetii was 13.7% (14/102), 
with titers ranging from 128 to 131072; 57.8% (59/102) for 
BoHV-1, with titers ranging from 2 to 1024; 47.1% (48/102) for 
BVDV-1a, with titers ranging from 10 to 5120; 19.6% (20/102) 
for T. gondii, with titers of 40; 89.2% (91/102) for N. caninum, 
with optical densities ranging from 0.309 to 1.646 (cutoff point: 
0.309); 50% (51/102) for T. vivax, with optical densities ranging 
from 0.406 to 2.597 (cutoff point: 0.393); and 52.0% (53/102) 
for Leptospira spp., with titers ranging from 100 to 800 (serovars 
found: Tarassovi, Grippotyphosa, Canicola, Copenhageni, Wolffi, 
Hardjo, Pomona and Icterohaemorrhagiae).



v. 28, n. 2, apr.-june 2019 249/257   249Coxiella burnetii in cattle in Brazil

Antibodies for C. burnetii were found in two animals in the 
state of Goiás (10%, 2/20), four animals in the state of São Paulo 
(12.5% 4/32), seven animals in the state of Minas Gerais (17.9%, 
7/40) and only one animal in Mato Grosso do Sul (10%, 1/10). 
All seropositive animals for C. burnetii also showed antibodies 
to at least one more agents. There were significant differences for 
the presence of antibodies against Leptospira spp., T. gondii and 
BVDV-1 between the animals sampled in the four selected states 
(Table 2 and Table 3).

Among the selected animals presenting reproductive disorders 
in the present study, a higher seropositivity for N. caninum was 
found. In this sense, antibodies to N. caninum were found in 100% 
(10/10) of the animals sampled in the state of Mato Grosso do 
Sul, 85% (17/20) of the animals sampled in the state of Goiás, 
93.7% (30/32) of the animals sampled in the state of São Paulo, 
and 85% (34/40) of the animals sampled in the state of Minas 
Gerais. Six animals showed to be seropositive only for N. caninum 
(Table 2 and Figure 1).

Table 2. Seropositive samples for selected bovine pathogens associated to abortion in cattle in Brazil.

PATHOGENS
% OF SOROPOSITIVITY IN EACH STATE

Total  
(102)Goiás  

(20)
São Paulo  

(32)
Minas Gerais  

(40)
Mato Grosso do Sul 

(10)
Coxiella burnetii 10% (2) 12.5% (4) 17.5% (7) 10% (1) 13.7% (14)
Leptospira spp. 65% (13) ab 37.5% (12) b 47.5% (19) b 90% (9) a 52.0% (53)
BVDV-1a (Singer) 50% (10) ab 25% (8) b 62.5% (25) a 50% (5) ab 47.1% (48)
BoHV-1 (Nebraska) 60% (12) 68.7% (22) 50% (20) 50% (5) 57.8% (59)
Neospora caninum 85% (17) 93.7% (30) 85% (34) 100% (10) 89.2% (91)
Toxoplasma gondii 10% (2) b 40.6% (13) a 12.5% (5) b 0% b 19.6% (20)
Trypanosoma vivax 55% (11) 34.4% (11) 55% (22) 70% (7) 50.0% (51)
Different lowercase letters on the same row represent a significant difference (P <0.05), a>b.

Table 3. Seropositivity for parasites associated with abortion in cattle in Brazil according to place of origin.

Goiás São Paulo Mato Grosso do 
Sul Minas Gerais

Total
20 32 10 40

N.c 1 (0.98%) 1 (0.98%) - - 2 (1.96%)
BoHV-1 - - - 1 (0.98%) 1 (0.98%)
C.b. + T.g. - - - 1 (0.98%) 1 (0.98%)
N.c. + T.g - 1 (0.98%) - - 1 (0.98%)
N.c. + T.v. - - - 3 (2.94%) 3 (2.94%)
N.c. + BVDV-1 1 (0.98%) - - 1 (0.98%) 2 (1.96%)
N.c. + BoHV-1 - 2 (1.96%) - 1 (0.98%) 3 (2.94%)
N.c. + L. sp. 2 (1.96%) 2 (1.96%) 2 (1.96%) 1 (0.98%) 7 (6.86%)
T.v. + BVDV-1 - - - 1 (0.98%) 1 (0.98%)
BVDV-1 + BoHV-1 - - - 1 (0.98%) 1 (0.98%)
C.b. + N.c. + T.v. 1 (0.98%) - - - 1 (0.98%)
C.b. + T.g. + BoHV-1 - 1 (0.98%) - - 1 (0.98%)
C.b. + N.c. + BVDV-1 - - 1 (0.98%) - 1 (0.98%)
C.b. + N.c. + L. sp. - - - 1 (0.98%) 1 (0.98%)
N.c. + T.v. + BVDV-1 - - - 2 (1.96%) 2 (1.96%)
N.c. + T.g. + T.v. - 1 (0.98%) - - 1 (0.98%)
N.c. + T.g. + BoHV-1 - 2 (1.96%) - - 2 (1.96%)
N.c. + T.v. + L. sp. 1 (0.98%) - 1 (0.98%) 1 (0.98%) 3 (2.94%)
N.c. + T.v. + BoHV-1 1 (0.98%) 5 (4.90%) - 1 (0.98%) 7 (6.86%)
N.c. + BVDV-1 + BoHV-1 - - - 2 (1.96%) 2 (1.96%)
N.c. + T.g. + L. sp. 1 (0.98%) - - 1 (0.98%) 2 (1.96%)
N.c. + BVDV-1 + L. sp. - 1 (0.98%) - 1 (0.98%) 2 (1.96%)
T.v. + BVDV-1 + BoHV-1 - - - 1 (0.98%) 1 (0.98%)
BVDB-1 + BoHV-1 + L. sp. 1 (0.98%) - - - 1 (0.98%)
C.b. + T.v. + BVDV-1 + L. sp. - - - 1 (0.98%) 1 (0.98%)
C.b. + N.c. + BoHV-1 + L. sp. - 1 (0.98%) - - 1 (0.98%)
C.b. + N.c. + BVDV-1 + L. sp. - 1 (0.98%) - 1 (0.98%) 2 (1.96%)
C.b. + N.c. + T.g. + T.v. - 1 (0.98%) - - 1 (0.98%)
C.b.: Coxiella burnetii; N.c.: Neospora caninum; T.g.: Toxoplasma gondii; T.v.: Trypanosoma vivax; L. sp.: Leptospira sp.
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Discussion

Although several pathogens interfere with the reproductive 
performance of cattle, e.g., the bovine viral diarrhea virus (BVDV), 
bovine herpesvirus (BoHV), Brucella abortus (occasionally 
B. melitensis), N. caninum, C. burnetii, Campylobacter fetus venerealis 
or Campylobacter fetus fetus, Leptospira spp., Tritrichomonas foetus 
and Chlamydia abortus (AGERHOLM, 2013; BUTZLER, 
2004; DAMMAN  et  al., 2015; DÍAZ APARICIO, 2013; 
CERQUEIRA-CÉZAR et  al., 2017), there is still not enough 
information on the occurrence and the epidemiological impact 
of some pathogens on reproductive disorders in ruminants.

Despite the low rate of seropositivity found for C. burnetii 
(13.7%, 14/102) among the sampled bovine population with 
reproductive disorders, it should be noted that most (71.4%, 
10/14) of the seropositive animals showed high antibody titers, 
ranging from 512 to 131072. Even though high antibody titers 
are suggestive of recent infection (GUIMARÃES et  al., 2017; 
OLIVEIRA et al., 2018), the antigen used in the present study 
is only reactive to phase-1 antibodies, found only in the chronic 
phase of the disease (PEACOCK et al., 1983). Therefore, it is 
possible that the seropositive animals were in the chronic phase 
of the disease at the time of sampling. Additionally, despite 
the high titers found in the present study, we can’t rule out 
the occurrence of serological cross-reaction with other agents, 
such as Legionella sp. and Bartonella sp. (MUSSO & RAOULT, 
1997; SCOLA & RAOULT, 1996). Although a previous study 
reported the occurrence of antibodies to C. burnetii in cattle in 
Brazil (BRANDÃO et al., 1953), the present work showed high 
antibody titers against this agent in this country.

Although serological evidence of exposure to C. burnetii has 
already been reported in cattle in Europe (CZAPLICKI et al., 2009; 
AGGER et al., 2010; BOTTCHER et al., 2011; GACHE et al., 
2017; RYAN  et  al., 2018; VARELA-CASTRO  et  al., 2018; 
VIDAL et al., 2017; SOFTIC et al., 2018), Asia (CETINKAYA et al., 
2000; NOKHODIAN  et  al., 2016), North America 
(MCQUISTON et al., 2005) and Africa (KAMGA-WALADJO et al., 
2010; SCOLAMACCHIA et al., 2010), there are few data on 
seroprevalence to this agent in ruminants in Brazil. In this regard, 
while Guimarães et al. (2017) found a seropositivity rate of 2% for 
C. burnetii among sheep sampled in the state of Piauí, northeast 
of Brazil, Oliveira et al. (2018) found a seroprevalence of 55.1% 
in a herd of goats with history of reproductive disorders in the 
state of Alagoas, Northeast of Brazil. Recently, Souza et al. (2018) 
found 2.2% of the goats and 2.1% of the sheep seropositive to 
C. burnetii in the state of Pernambuco, also in northeastern Brazil. 

Goiás São Paulo Mato Grosso do 
Sul Minas Gerais

Total
20 32 10 40

C.b. + N.c. + BVDV-1 + BoHV-1 - - - 1 (0.98%) 1 (0.98%)
C.b. + N.c. + T.v. + BoHV-1 - - - 1 (0.98%) 1 (0.98%)
N.c. + T.g. + BoHV-1 + L. sp. - 2 (1.96%) - - 2 (1.96%)
N.c. + T.g. + BVDV-1 + L. sp. - - - 1 (0.98%) 1 (0.98%)
N.c. + T.g. + T.v. + L. sp. - - - 2 (1.96%) 2 (1.96%)
N.c. + T.v. + BoHV-1 + L. sp. - - 1 (0.98%) 2 (1.96%) 3 (2.94%)
N.c. + T.g. + T.v. + BoHV-1 - 1 (0.98%) - - 1 (0.98%)
N.c. + T.v. + BVDV-1 + BoHV-1 2 (1.96%) 1 (0.98%) - 4 (3.92%) 7 (6.86%)
N.c. + T.v. + BoHV-1 + L. sp. 2 (1.96%) 1 (0.98%) 2 (1.96%) 1 (0.98%) 6 (5.88%)
N.c + BVDV-1 + BoHV-1 + L. sp. 3 (2.94%) 2 (1.96%) - 3 (2.94%) 8 (7.84%)
N.c. + T.g. + BVDV-1 + BoHV-1 - 3 (2.94%) - - 3 (2.94%)
T.v. + BVDV-1 + BoHV-1 + L. sp. 1 (0.98%) - - - 1 (0.98%)
N.c. + T.g. + T.v. + BoHV-1 + L. sp. - 1 (0.98%) - - 1 (0.98%)
N.c. + T.v. + BVDV-1 + BoHV-1 + L. sp. 2 (1.96%) - 3 (2.94%) 2 (1.96%) 7 (6.86%)
C.b. + N.c. + BVDV-1 + BoHV-1 + L. sp. - - - 1 (0.98%) 1 (0.98%)
C.b. + N.c. + T.g. + T.v. + L. sp. 1 (0.98%) - - - 1 (0.98%)
C.b.: Coxiella burnetii; N.c.: Neospora caninum; T.g.: Toxoplasma gondii; T.v.: Trypanosoma vivax; L. sp.: Leptospira sp.

Table 3. Continued...

Figure 1. Selected sampling States: Goiás, Minas Gerais, Mato Grosso 
do Sul, São Paulo. This map was generated using MapInfo software.
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In southeastern Brazil, Mares-Guia et al. (2014) found 66.6% 
seropositivity in sheep and 50% seropositivity in goats in the 
state of Rio de Janeiro.

According to Mori & Roest (2018), vaginal swabs samples 
from cows that aborted within 8 days should preferably be 
collected aiming at the direct detection of C. burnetii by PCR. 
However, if the abortion occurred a longer time ago or if there is 
any history of reproductive problem in the herd, serologic tests 
can be used to verify if there was any contact with C. burnetii in 
the herd. This approach justifies the use of IFAT on cattle serum 
samples for investigating the occurrence of C. burnetii in the cattle 
showing reproductive disorders in the present study. Unfortunately, 
additional information regarding the abortion in each sampled 
property was not available.

In the present study, the seropositive samples were originated 
from both beef and dairy cattle herds. The ELISA test in milk 
storage tanks has proved very effective in sorting lactating animals 
seropositive for C. burnetii (VAN DEN BROM  et  al., 2012; 
GUATTEO et al., 2007) as well as have produced results concordant 
with those found from individual serum samples because of the 
transfer of immunoglobulins from blood to milk (NIELSEN et al., 
2011). Thus, future large-scale studies should be conducted in 
Brazil using this approach aiming at investigating the exposure 
of dairy cows to the agent under study. The detection of DNA of 
C. burnetii, but not of viable bacteria in dairy products (cheese, 
yoghurt, butter and creams) in France (ELDIN  et  al., 2013) 
emphasizes the need for additional studies in Brazil to investigate 
the prevalence of this agent in dairy cattle.

Although the main clinical signs associated with Q fever in 
ruminants are linked to reproduction (infertility, abortion, stillbirth, 
endometritis and mastitis) (TISSOT-DUPONT & RAOULT, 
2008; ELDIN et al., 2017), seronegative cows that do not have 
medical abortion are also capable of spreading the parasite through 
vaginal discharges (RODOLAKIS  et  al., 2007). Considering 
that C. burnetii can be dispersed via aerosols at distances greater 
than 30 Km (ELDIN et al., 2016) and survives for long periods 
in the environment as a form of resistance (Small Cell Variant) 
(ELDIN  et  al., 2017), this agent is very likely to be widely 
distributed in regions close to the areas sampled in this study. 
Because C. burnetii is an agent that can infect a wide range of 
hosts, from unicellular beings (such as amoeba) to invertebrates, 
reptiles, birds and mammals (CUTLER et al., 2007; NASPHV, 
2013; ELDIN et al., 2017), the dispersion of this pathogen in 
extensive areas seems to be easily achieved. In this sense, the data 
presented in this study were relevant, both from an economic point 
of view and for public health, considering that cattle are one of the 
main reservoirs for human infection (GEORGIEV et al., 2013; 
NOKHODIAN et al., 2016). An outbreak of Q fever has been 
recently described among cadets in the state of Rio de Janeiro, 
Southeastern Brazil, whose diagnosis was confirmed by serologic 
tests (LEMOS et al., 2018). Additionally, future studies should 
be conducted about the participation of ticks in the transmission 
of C. burnetii between animals and humans in Brazil.

In the present study, we have also reported the occurrence of 
antibodies against BoHV-1, BVDV and Leptospira spp. In Brazil, 
previous seroepidemiological studies have indicated a significant 
dissemination of BVDV, BoHV-1 (AFFONSO  et  al., 2010; 

FINO et al., 2012; FLORES et al., 2013), and Leptospira sp. in 
herds (FÁVERO et al., 2017). While prevalence rates ranging from 
22.2% to 85.4% (FLORES et al., 2013; QUINCOZES et al., 
2007; ALMEIDA et al., 2013) have been reported for BVDV, 
seropositivity rates between 18% and 90% were found for BoHV-1 
in non-vaccinated herds in different geographic regions of Brazil 
(LOVATO et al., 1995; TAKIUCHI et al., 2001; DIAS et al., 2013). 
The Leptospira spp. serovars Hardjo, Wolffi and Grippotyphosa, are 
the most frequently associated with the occurrence of abortions in 
cattle (MINEIRO et al., 2007), which corroborates the results of 
the present study. The serological results of this study for BVDV, 
BoHV-1 and Leptospira sp. support the evidence that these three 
etiological agents are disseminated in Brazil and may directly 
favor the occurrence of reproductive disorders in cattle, thus 
participating as primary infectious agents or worsening clinical 
co-infection conditions.

The highest rate of seropositivity (89.2%, 91/102) in the present 
study was found for the apicomplexan N. caninum. Our data 
corroborate those found previously in other Brazilian states, in 
which N. caninum has been reported as the main causative agent 
of abortion in cattle. In this sense, seropositivity rates of 23-91.7% 
to this agent were described in cattle presenting abortions in the 
states of Rio Grande do Sul, Minas Gerais, Paraná, Rondônia, 
Mato Grosso and Amazonas (CERQUEIRA-CÉZAR et al., 2017). 
In Brazil, seroprevalence to N. caninum in cattle ranges from 
6.7 to 91.7%, depending on the geographic region and cattle 
breed. Cattle can be infected by ingesting oocysts of the parasite 
eliminated through feces of Canidae (horizontal transmission) or via 
the placenta (vertical transmission) (CERQUEIRA-CÉZAR et al., 
2017). Transplacental transmission was incriminated the main 
N. caninum’s route of transmission in cattle in the state of 
Pernambuco, northeastern Brazil, allowing the maintenance of this 
agent in production systems in the study region (RAMOS et al., 
2016). In this sense, farms that use embryo recipients should take 
preventive measures to avoid economic losses and perpetuation 
of the parasite on farms.

While N. caninum stands out as one of the most important 
parasites associated with reproductive problems in cattle, 
such animals are considered to be resistant to T. gondii 
(CERQUEIRA-CÉZAR et al., 2017), in spite of its worldwide 
distribution and its association with abortions in small ruminants 
(WYROSDICK & SCHAEFER, 2015). Toxoplasmosis in animal 
production is serious because it poses potential risks to public 
health, as a result of the consumption of non-pasteurized milk 
and raw or underdone beef, associated with economic losses 
caused by abortion in small ruminants (TENTER et al., 2000; 
WYROSDICK & SCHAEFER, 2015). Herein, a seroprevalence 
of 19.2% (20/102) was found to T. gondii, which is lower than 
that others reported in previous studies (29.1-32.9%) in Brazil 
(TILAHUN et al., 2018). This fact corroborates results of previous 
studies that indicate low pathogenicity of T. gondii in cattle, with 
little or no influence on the occurrence of abortion in herds 
(CERQUEIRA-CÉZAR et al., 2017).

Trypanosoma vivax infects a large number of species of domestic 
and wild ungulates and, in South America, it is the main etiologic 
agent of trypanosomiasis in cattle, hence it causes great economic 
losses (JONES & DÁVILA, 2001). In Brazil, the transmission 
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occurs mechanically by Tabanidae (horseflies) and Stomoxys calcitrans 
(stable fly) (PAIVA et al., 2000; RODRIGUEZ-BATISTA et al., 
2005; CADIOLI  et  al., 2012), or iatrogenically by fomites 
(CADIOLI et al., 2012). The present study reported a seroprevalence 
of 50% (51/102) for this agent among the cattle population with 
reproductive disorders. This protozoan is currently associated with 
the occurrence of abortions in different Brazilian regions (DÁVILA 
& SILVA, 2000; LINHARES  et  al., 2006; CADIOLI  et  al., 
2012). Previously considered as an endemic agent in cattle herds 
in the Pantanal region in the Brazilian states of Mato Grosso 
(SILVA et al., 1996) and Mato Grosso do Sul (PAIVA et al., 1997, 
2000), T. vivax has been recently causing outbreaks of the disease 
in several Brazilian states, e.g., Maranhão (FEITOSA et al., 2004), 
Tocantins (LINHARES et al., 2006), Paraíba (BATISTA et al., 
2007), Minas Gerais (CARVALHO et al., 2008), Rio Grande do Sul 
(SILVA et al., 2009), Pernambuco (PIMENTEL et al., 2012), São 
Paulo (CADIOLI et al., 2012), Alagoas (ANDRADE et al., 2015), 
Santa Catarina (FÁVERO et al., 2016), Goiás (BASTOS et al., 
2017), Sergipe (VIEIRA et al., 2017) and Piauí (LOPES et al., 
2018). Our study did not find significant differences regarding the 
presence of antibodies against T. vivax across the cows sampled in 
the four states, which suggests that the parasite is being scattered 
across the country. Such expansion of its geographical distribution 
in Brazil is mainly due to the movement of cattle from endemic 
regions to those where there is a favorable epidemiological situation 
(climatic conditions favoring the presence of hematophagous 
dipterans, animals without prior immunity to the parasite in question 
and long-standing practice of sharing needles contaminated with 
blood [fomites] during vaccination and application of oxytocin) 
(CADIOLI et al., 2012; BASTOS et al., 2017).

Although the found results presented information about 
serological evidence of exposure of cattle to the selected pathogens, 
it is not possible to determine which one was the real causative agent 
of the abortion, or if there was an association of agents that could 
possibly have potentialized the final outcome of a reproductive 
disorder. The present study was the first to show C. burnetii as 
a pathogen associated with bovine rhinotracheitis and bovine 
viral diarrhea viruses, N. caninum, Leptospira spp., T. gondii and 
T. vivax in cattle with abortion in Brazil. Future studies should 
be conducted to investigate how widespread C.  burnetii is in 
Brazilian cattle herds and its real role in the etiology of reproductive 
problems in cattle in South America, as the single agent causing 
abortion or in co-infections with other agents.
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Supplementary Material

Supplementary material accompanies this paper.
Supplementary Table. Detailed serological results for selected bovine pathogens associated to abortion in cattle in Brazil.
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