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Seroprevalence and risk factors for bovine brucellosis in Minas
Gerais State, Brazil
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Abstract

This cross-sectional study was conducted in the state of Minas Gerais, Brazil in 2011 to estimate the
seroprevalence of bovine brucellosis (Brucella abortus) in properties and cattle, and to identify potential
infection risk factors for herds with cows of reproductive age. The state was divided into seven regions:
1. Noroeste, Norte and Nordeste; 2. Leste; 3. Central; 4. Zona da Mata; 5. Sul and Sudoeste; 6. Alto
Paranaiba; and 7. Triangulo Mineiro. Random, two-stage sampling was performed of both properties
and cattle from each property. Blood samples were collected from 18,990 cows of reproductive age
from 2,185 properties. The serologic tests used for the detection of anti-B. abortus antibodies included
the buffered, acidified plate antigen test, as a screening test, with the 2-mercaptoethanol reduction,
test as a confirmatory test, as recommended by the Programa Nacional de Controle ¢ Erradicagdo
da Brucelose e Tuberculose Animal — PNCEBT (National Program for the Control and Eradication
of Animal Brucellosis and Tuberculosis). The seroprevalence of bovine brucellosis on the surveyed
properties and in cattle were 3.59% (95% confidence interval [CI]: 2.76 4.42%) and 0.81% (95% CI:
0.05-1.10%), respectively. Multiple logistic regression analysis identified the total number of cows in
the property as a risk factor for the presence of anti-B. abortus antibodies, with an odds ratio (OR) of
1.93 (95% CI: 1.12 — 3.34) for herds with 30 to 210 cows and 7.81 (95% CI: 3.72-16.38) for those with
more than 210 cows, relative to the risk in herds with less than 30 cows, the base category. While these
results demonstrate a significant reduction in the prevalence of properties with bovine brucellosis, the
disease is still present in Minas Gerais, with properties with higher numbers of cows at higher risk for
infection.
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Resumo

Um estudo transversal foi realizado no estado de Minas Gerais, Brasil, em 2011, para estimar a
soroprevaléncia da brucelose bovina (Brucella abortus) em propriedades e bovinos e identificar
possiveis fatores de risco para a infeccao nos rebanhos com fémeas em idade reprodutiva. O estado
foi regionalizado em sete estratos: 1. Regides Noroeste, Norte ¢ Nordeste; 2. Regido Leste; 3. Regido
Central; 4. Regido da Zona da Mata; 5. Regioes Sul e Sudoeste; 6. Regido do Alto Paranaiba; 7. Regido
do Triangulo Mineiro, e a amostragem foi aleatoria em dois estagios: de propriedades e, posteriormente,
de bovinos em cada uma das mesmas. Foram coletadas amostras de sangue de 18.990 fémeas em idade
reprodutiva em 2.185 propriedades. Os testes soroldgicos utilizados na detecgdo de anticorpos contra B.
abortus foram o teste do antigeno acidificado tamponado e, como confirmatorio, o teste de redugao do
2-Mercaptoetanol, rotina preconizada pelo Programa Nacional de Controle e Erradicagcdo da Brucelose
e Tuberculose Animal (PNCEBT). O resultado da soroprevaléncia da brucelose bovina em propriedades
e animais foi de 3.59% (IC 95%: 2,76-4,42%) e 0,81% (IC 95%: 0,05-1,10%), respectivamente. A
analise de regressdo logistica multipla revelou como fatores de risco para a presenca da infec¢do o
numero de fémeas na propriedade com Odds Ratio (OR) de 1,93 (IC 95%: 1,12-3,34) para os rebanhos
de 30 a 210 fémeas e de 7,81 (IC 95%: 3,72-16,38) para aqueles com mais de 210 fémeas, sempre em
comparagdo ao risco dos rebanhos com menos de 30 fémeas. Os resultados indicam que, apesar da
reducdo na prevaléncia de focos na ultima década, a brucelose bovina ainda se encontra presente em
Minas Gerais, havendo um maior risco de infec¢ao em propriedades com maior numero de animais.

Palavras-chave: Bovino. Brucella abortus. Prevaléncia. Fatores de risco. Minas Gerais. Brasil.

Introduction

Bovine brucellosis, caused by the bacterium
Brucella abortus, is a zoonosis with worldwide
distribution and responsible for significant economic
losses associated with cattle farming (BERNUES et
al., 1997; ALVES et al., 2015). In Brazil, the annual
economic impact of bovine brucellosis in cattle
herds was estimated at 32 million dollars (MAPA,
1971; POESTER et al., 2002), but 2013 estimates
suggest a total loss due to the presence of bovine
brucellosis of R$ 892 million for the Brazilian
herd, taking into account the costs involved with
abortions, stillbirths, subfertility,
discharge, decreased milk and beef production,
and cost of veterinary interventions, among other
costs (SANTOS et al., 2013). These costs may be
even higher if the large differences in prevalence
between states are also taken into account (ALVES
et al., 2015).

involuntary

The main clinical signs of bovine brucellosis are
reproductive problems, including abortion in the
final third of pregnancy, affecting up to 80% of the
cows in a susceptible herd upon its first introduction
(BISHOP et al., 1994). In addition to abortion, the

disease may also cause stillbirths, birth of weak
calves, placental retention, temporary or permanent
infertility, perinatal mortality, and chronic or
diffuse interstitial mastitis, among other problems
(CORBEL, 2006; LAGE et al., 2008; XAVIER
et al., 2009; POESTER et al., 2013). In males,
infection can cause orchitis, epididymitis, decrease
spermatozoa quality, and subfertility or sterility
(CAMPERO, 1990; LAGE et al., 2008; POESTER
et al., 2013). Articular lesions may occur in both
sexes, typically as arthritis and bursitis (LAGE et
al., 2008).

Despite the worldwide distribution of bovine
brucellosis, the World Organization for Animal
Health (OIE) has declared some countries to be
disease-free, including Australia and New Zealand
(OIE, 2014). Other countries, such as Canada
and the United States, still have some cases,
which are directly connected to infections in wild
animals (RAGAN, 2002; OIE, 2014). In various
South American countries, sero-epidemiologic
studies have demonstrated a large variation in
the apparent prevalence of cattle seropositive
for B. abortus, albeit differences in geographical
stratification and methodologies; from 2.10% in
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Argentina (AZNAR et al., 2014), 3.15% (2000) to
1.62% (the first six months of 2014) in Paraguay
(BAUMGARTEN, 2002; SENACSA, 2014), 1.22%
in Bolivia (MANRIQUE et al., 2005), 0.2% in
Chile (LOPETEGUI, 2011), and 0.04% in Uruguay
(GARIN, 2011).

In Brazil, several seroprevalence studies were
performed between 1975 and 2001, using various
epidemiological methodologies, which revealed
variations in the prevalence of positive properties,
from around 0.4% in the state of Santa Catarina,
to 32.0% in Goias (ANSELMO; PAVEZ, 1977;
POESTER et al., 2002). Given the importance of
bovine brucellosis to the national livestock scenario,
the Programa Nacional de Controle e Erradicacao
da Brucelose e Tuberculose Animal — PNCEBT
(National Program for the Control and Eradication
of Animal Brucellosis and Tuberculosis) was
created by the Ministério da Agricultura Pecuéria e
Abastecimento — MAPA (Ministry of Agriculture,
Livestock and Supply) in 2001 (BRASIL, 2001).
The main objective of the PNCEBT is the reduction
of the prevalence and incidence of both diseases
and the establishment of a number of properties
certified as free or monitored for brucellosis and
tuberculosis. The prevention and control strategies
adopted by the PNCEBT are based on compulsory
actions: vaccination of cattle and buffalo heifers
aged between three and eight months against
brucellosis with the S19 vaccine,
animal transit for breeding, and culling of animals
diagnosed as positive for brucellosis; and voluntary
actions: free or monitored property certification.
From 2001 to 2004, in addition to the deployment
of the procedures established by PNCEBT, 18 states
performed prevalence studies with methodological
standardization, varying
between 0.32% to 41.5% of seropositive herds in

control of

reporting prevalences

the states of Santa Catarina and Mato Grosso do
Sul, respectively (ALVES et al., 2009; AZEVEDO
et al., 2009; CHATE et al., 2009; DIAS et al.,
2009a, 2009b; GONCALVES et al., 2009a, 2009b;

KLEIN-GUNNEWIEK et al., 2009; MARVULO
et al., 2009; NEGREIROS et al., 2009; OGATA
et al., 2009; ROCHA et al., 2009; SIKUSAWA
et al., 2009; SILVA et al., 2009; VILLAR et al.,
2009; BORBA et al.,, 2013; ALMEIDA et al.,
2016; CLEMENTINO et al., 2016). The states of
Rondoénia, Mato Grosso, Mato Grosso do Sul, Santa
Catarina, Sao Paulo, Espirito Santo, and Rio Grande
do Sul have performed a second assessment of the
seroprevalence of brucellosis in these regions, about
ten years apart from the first study. Of these, only
Mato Grosso, Mato Grosso do Sul, and Rondonia
reported a decrease in the prevalence of positive
herds due to vaccination (BARDDAL et al., 2016;
BAUMGARTEN et al., 2016; DIAS et al., 2016;
ANZAl etal., 2016; INLAMEA et al., 2016; LEAL
FILHO et al., 2016; SILVA et al., 2016).

In the state of Minas Gerais, B. abortus
seroprevalence studies performed in 1975, 1980,
and 2002 reported prevalences in properties and
cattle of 17.70% and 6.30% (ANSELMO; PAVEZ,
1977), 20.50% and 6.60% (CASTRO, 1982), and
6.04% and 1.09% (GONCALVES et al., 2009a),
respectively. Based on the results of the 1980
study, the state of Minas Gerais created a voluntary
brucellosis vaccination program in calves, which
became compulsory in a regionalized form in 1994
(MINAS GERALIS, 1994) and for the whole Minas
Gerais state territory in 1998 (MINAS GERALIS,
1997). In the last decade, the state has reported an
average vaccination coverage of 79.50% (IMA,
2014).

As systematic evaluation of the indicators of
morbidity, such as prevalence, is essential for the
development of control and eradication programs,
the objectives of this study were to estimate
the prevalence of anti-B. abortus antibodies in
properties and cattle and to analyze the potential
risk factors associated with seropositivity in herds,
in order to propose changes and new strategies for
disease control and eradication of the disease in
Minas Gerais.
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Material and Methods
Study population

A cross-sectional epidemiological study was
performed in the state of Minas Gerais, located in the
southeastern region of Brazil, with a geographical
area of 586,522 km? (IBGE, 2014) and a cattle
herd with 23,965,914 individuals (IBGE, 2012),
which represents 61.14% of the bovine herd in
the southeastern region and 11.3% of the national
herd. The Minas Gerais bovine herd is the second-
largest herd in the nation, and the largest dairy herd
(ANUALPEC, 2014). Minas Gerais has the highest
milk production in the country, with 23.70% of the
cows in the region used for milking (IBGE, 2012).

In this study, the state was divided in seven
regions (strata) of bovine production (Figure 1) in
order to characterize differences between regional
profiles, including production
systems, management practices, breeds, average

epidemiological

herd size, marketing methods, and sanitary practices
(ALVES, 2009; GONCALVES et al., 2009a;
OLIVEIRA, 2016). The strata were the same as those
described in a previous study on the prevalence of
brucellosis in Minas Gerais (GONCALVES et al.,
2009a) and validated by Alves (2009) and Oliveira
(2016).

Figure 1. Map of the state of Minas Gerais, showing the regions defined in the current study. The state was divided
into seven regions: 1. Noroeste, Norte and Nordeste; 2. Leste; 3. Central; 4. Zona da Mata; 5. Sul and Sudoeste; 6. Alto

Paranaiba; and 7. Triangulo Mineiro.

Sample collection

Population data provided by the Instituto
Mineiro de Agropecuaria (IMA), the Animal Health
Protection Agency of Minas Gerais, were used as the

basis for the sampling calculations (IMA VA-1/2010)
(IMA, 2010). Table 1 summarizes the population and
sample data in each of the seven producing regions
of Minas Gerais defined in this study.
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Table 1. Census data of the bovine population in the state of Minas Gerais, Brazil, in 2010, according to productive

regions.

Total herds with Sampled cows

Stratum Regions reproductive Herds sampled Total cows 224 >24 ?nonths of
. . months of age
activity age

1 Noroeste, Norte e Nordeste 78,754 303 9,382 2,521
2 Leste 26,275 297 15,279 2,803
3 Central 80,555 367 10,785 2,979
4 Zona da Mata 44,752 310 85,81 2,510
5 Sul and Sudoeste 61,899 305 70,62 2,299
6 Alto Paranaiba 30,147 301 13,534 2,909
7 Tridngulo Mineiro 23,789 302 17,775 2,969
Total Minas Gerais 346,171 2,185 82,398 18,990

The sampling procedure for estimating the
apparent prevalence of herds and cattle seropositive
for B. abortus comprised two phases, starting with
a random selection of a pre-established number
(properties/herds),
by assessment of the health status of the herd by
random selection of a pre-established number of

of primary units followed

secondary units (cows at least 24 months of age). In
situations in which the initial primary units needed
to be replaced, the nearest property with similar
productive characteristics was selected instead,
when possible. The number of selected properties for
the seven regions was estimated in accordance with
the formula for simple random samples proposed
by Noordhuizen et al. (1997) and Thrusfield (2005).
The following parameters were used to calculate
the primary unit sample sizes (properties/herds):
degree of confidence of 0.95, expected apparent
prevalence 7.1% — upper limit of the confidence
interval for the estimation of the prevalence of the
herd in the seroepidemiological study by Gongalves
et al. (2009a) in 2002; and accuracy or absolute
error of 0.03. The sample sizes of the secondary
units (animals) were calculated to allow sensitivity
and specificity of the herd equal to or greater than
90%. Hence, in herds with up to 99 cows at least 24
months of age, 10 cows or all cows (if there were
fewer than 10 cows in the herd) were sampled, and
15 animals were sampled in herds with 100 or more
cows at least 24 months of age. All female animals

that were in the peripartum period (15 days before
or after delivery) were excluded from the sampling.
Thus, 18,990 cows at least 24 months of age were
sampled from 2,185 herds with reproductive activity
in the state of Minas Gerais. The collections were
concentrated in 2011 (2,169 properties; 99.27%),
but started in 2010 (1 property, 0.05%) and ended in
2012 (15 properties; 0.69%).

Potential risk factors for the occurrence of B.
abortus were assessed using an epidemiological
questionnaire applied to all sampled herds. This
questionnaire included factors reported in the
scientific literature as associated with bovine
brucellosis, such as management type, operation
type, herd size, predominant breeds, number of
cows, use of artificial insemination, purchase and
sale of animals for reproductive purposes, methods
of disposal of placental waste, use of calving
pasture, presence of other domestic and wild
species, veterinary care, and history of abortions on
the property.

Serologic tests

Blood samples were collected by puncture of the
jugular vein, using one sterile disposable needle per
animal. The diagnostic protocol incorporated two
serial tests to increase the specificity of diagnosis.
In accordance with the recommendations of the
PNCEBT (BRASIL, 2006), the Rose Bengal Test
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(RBT) was used as a screening test, followed by
the confirmatory 2-mercaptoethanol reduction test
(2ME). All tests were performed by the Laboratorio
de Saude Animal — LSA (Laboratory of Animal
Health) of the IMA wusing antigens produced
by Instituto de Tecnologia do Parana (Parand’s
Technology Institute) (Tecpar, Brazil).

Calculation of apparent prevalence in herds and
animals

A property was considered positive based on
the detection of at least one positive cow with
the confirmatory test (2ME). Due to the sample
planning, it was possible to calculate the prevalence
of brucellosis infected herds and infected animals
for both the state of Minas Gerais and the seven
regions individually. The calculations of apparent
prevalences of herds and animals were performed
12® (Statacorp, USA),
considering the number of properties and existing

using Stata version

animals in each strata (IMA, 2011), properties and
animals sampled and number of properties and
seropositive animals. The number of properties
and existing animals in the stratum, according
to the municipalities inserted into each of them,
were extracted from the 2011 VA-1 Report (IMA,
2011), since 99.27% of the properties were sampled
in 2011. The confidence intervals (Cls) of these
prevalences were obtained by the exact binomial
distribution, also using Stata version 12. The
determination of prevalence coefficient (herds and
animals) in each of the seven strata was performed
using the following formulas to calculate the relative
weight of each herd (P1) and each animal (P2) in the
stratum (DOHOO et al., 2003):

Number of cows > 24 months in the property

P2= Number of cows > 24 months sampled in the X
property

The number of cows > 24 months in stratum

Number of cows > 24 months in the properties
sampled in the stratum

In formula P2, the first term refers to the weight
of each animal inside the property; the second
term refers to the weight of each animal within its
respective strata (GONCALVES et al., 2009a).

Study of risk factors

The analysis of risk factors for brucellosis
was performed based on data collected from the
questionnaires as well as the results of the laboratory
diagnosis from the transversal study. The data were
stored in an Access®1997 database (Microsoft
Corporation, USA). The variables were organized
in increasing scale of risk (VASCONCELLOS
et al.,, 1987; ACHA; SZYFRES, 2001; PAULIN;
FERREIRA NETO, 2003).

In some cases, variables were re-categorized for
adequacy of the provision of the data to the reality of
the data in the State, making it more representative
in the final results. For the variable ‘Total number
of cows in the herd’ the categorization was based
on the cumulative distribution in percentiles (50%
and 95%, respectively); in the state, herds with up
to 29 cows were considered small; those with 30 to
210 cows, average; and large herds were those with
more than 210 cows.

Initially, an exploratory univariate analysis was
performed using the Chi-squared test, to identify
variables with P < 0.20 (ZAR, 2010); the lower
risk category was always maintained as a basis for
comparison to other risks. The selected variables
were analyzed by multivariate logistic regression
analysis, following a forward process of data entry
in the final logistic regression model drawn up in
the design-based format using variables with P <
0.05 (HOSMER JUNIOR; LEMESHOW, 1989).
This methodology of design-based analysis takes
into consideration the calculated value of the
weights of the properties sampled according to
the stratum within the state, allowing for inference
of the population character in the analysis of risk
factors (HOSMER JUNIOR; LEMESHOW, 1989).
All logistic regression calculations were performed
using Stata version 12 (Statacorp, USA).
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Spatial analysis of brucellosis-infected herds in the
state of Minas Gerais

To verify the occurrence of spatial groupings of
seropositive properties, we applied the K function to
test the hypothesis of random identification of cases
and controls: K, (h) = K, (h) = K , (h). The graph
of IA(“ (h) - IA(22 (h) was used as a distance function
(h) to investigate the occurrence of departure from
the assumption of random identification between
the upper and lower limits of the proposed curve.
The program R (R CORE TEAM, 2014) using the
‘splancs’, *maptools’, ‘rgdal’ and ‘rgeos’ packages
(BIVAND; RUNDEL, 2014; BIVAND; LEWIN-
KOH, 2015; BIVAND etal.,2015; ROWLINGSON;
DIGGLE, 2015) were used in these analyzes, as
well as for the calculation of the upper and lower
envelopes (K, and K ). A total of 1,000 simulations
were performed to obtain these values, which were
compared to with the significance of the peaks
of those functions (BAILEY; GATRELL, 1995;
DRUCK et al., 2004).

Results

Of 2,185 herds analyzed, 82 had at least one
animal seropositive for B. abortus. Table 2 shows
the apparent seroprevalence of B. abortus in

seven productive regions as well as the weighted
results for the cattle herd across the entire state.
Table 3 shows the apparent weighted prevalence
of animals seropositive for B. abortus. Of 18,990
cows tested, 113 were seropositive, resulting in
an apparent prevalence of animals in the state of
Minas Gerais of 0.81% (95% CI: 0.05-1.10) (Table
3). The comparison of the prevalence of herds and
animals seropositive for B. abortus obtained in
the current study with that reported by the study
performed in 2002 (GONCALVES et al., 2009a) is
shown in Figure 2. Only the Leste (stratum 2) and
the Triangulo Mineiro (stratum 7) regions showed
a significant reduction in the prevalence of herds
seropositive for brucellosis, based on comparison
of the confidence intervals, from the 2002 to 2011
studies (Figure 2). Similarly, the comparison of
the results of the present study for the state of
Minas Gerais with those of the study conducted in
2002 (GONCALVES et al., 2009a), also showed
a significant difference in prevalence rates of
herds seropositive for brucellosis. However, there
was no significant reduction in the prevalence of
seropositive animals in any of the evaluated strata,
as well as for the state overall, when comparing these
results with those of the 2002 study (GONCALVES
et al., 2009a) (Figure 3).

Table 2. Apparent prevalence of herds seropositive for Brucella abortus in seven cattle-producing regions and overall

in the state of Minas Gerais, 2011.

Stratum Regions Herds Prevalence Cl
Sampled Positive (%) (95%)
1 Noroeste, Norte ¢ Nordeste 303 8 2.68 0.84-4.52
2 Leste 297 6 2.02 0.41-3.62
3 Central 367 13 3.49 1.62-5.36
4 Zona da Mata 310 15 4.83 2.44-7.22
5 Sul and Sudoeste 305 11 3.60 1.51-5.70
6 Alto Paranaiba 301 14 4.56 2.22-6.89
7 Triangulo Mineiro 302 15 5.06 2.56-7.56
Total Minas Gerais 2,185 82 3.59 2.76-4.42
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Table 3. Apparent prevalence of cattle seropositive for Brucella abortus in seven cattle-producing regions and overall
in the state of Minas Gerais, 2011.

Stratum Regions Animals Prevalence CI
Sampled Positive (%) (95%)
1 Noroeste, Norte e Nordeste 2,521 10 0.77 0.00-1.72
2 Leste 2,803 09 1.06 0.00-2.24
3 Central 2,979 22 0.76 0.16-1.35
4 Zona da Mata 2,510 20 1.23 0.31-2.14
5 Sul and Sudoeste 2,299 17 0.55 0.15-0.94
6 Alto Paranaiba 2,909 16 0.78 0.20-1.36
7 Triangulo Mineiro 2,969 19 0.67 0.26-1.07
Total Minas Gerais 18,990 113 0.81 0.05-1.10

Figure 2. Coefficients of the prevalence of herds and cattle seropositive for Brucella abortus in the study performed
in 2002 (GONCALVES et al., 2009a) and in the present study (2011).
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Figure 3. Differences between k functions for herds seropositive and seronegative for B. abortus in the state of Minas
Gerais, 2011 (dotted lines represent the upper and lower limits of the envelope; the continuous line represents the

observed spatial pattern).
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The following variables had P < 0.20 in chi-
square tests, and were, therefore, included in the
multivariate logistic regression analysis of potential
risk factors for the occurrence of B. abortus in
cattle herds in the state of Minas Gerais: breed (P =
0.056), presence of sheep and goats on the property
(P = 0.018), presence of cats in the property (P =
0.101), history of abortions on the property (P
= 0.067), diagnostic testing for brucellosis (P <
0.001), purchase (P = 0.028) and sale (P = 0.022)
of breeding animals, brucellosis vaccination (P =
0.096), slaughter of breeding animals (P < 0.001),
pasture rental (P = 0.095), presence of a maternity
paddock on the property (P < 0.001), destination

&0 S0 G0 00

of milk produced (P = 0.096), cooling of milk
produced (P = 0.064), consumption of raw milk (P
= 0.049), use of veterinary assistance (P = 0.001)
and the number of cows in the herd (P < 0.001).
These variables were included in the multivariate
logistic regression model following a forward
process data entry drawn up in the design-based
format (HOSMER JUNIOR; LEMESHOW, 1989).
The only variable with P < 0.05 that remained in
the final model, and thus considered a risk factor for
the occurrence of brucellosis infection in the state of
Minas Gerais, was the total number of cows of the
herd (Table 4).

Table 4. Results of multivariate logistic regression analysis of the association of risk factors with bovine brucellosis

in herds from the state of Minas Gerais, 2011.

Variable Odds ratio 95% CI P
Total number of cows in the herd
<29 Base category
30<x<210 1.93 1.12-3.34 0.018
>210 7.81 3.72-16.38 0.000
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Figure 3 shows the results of the clustering
analysis of properties seropositive for B. abortus in
the state of Minas Gerais. There was no evidence of
clustering since the curve given by IA(“ (h)— K ,, (h)
was not outside the limits of the upper and lower
envelopes from 1,000 independent simulations.

Discussion

The apparent prevalence of properties and cattle
seropositive for B. abortus found in this study
indicates that brucellosis is still present in the state
of Minas Gerais, with a homogeneous distribution
across the seven productive regions, regardless of
the productive characteristics of the herds (Tables
2 and 3). In fact, spatial analysis did not identify
clusters of infected herds, which confirms the
homogeneous distribution of properties seropositive
for bovine brucellosis in these regions. However,
the apparent prevalence of 3.59% (95% CI: 2.76-
4.42%) of herds seropositive for brucellosis in the
present study shows a significant reduction in the
prevalence of the disease in cattle herds in Minas
Gerais compared to the reported prevalence in 2002
(6.04%; 95% CI: 5.0 to 7.1%) (GONCALVES et
al., 2009a) (Figure 2). This reduction was probably
the result of the reduction of the prevalence of
significant infected herds in the Leste and Triangulo
Mineiro regions (strata 2 and 7), since the other
sections showed identical coefficients of prevalence
compared to those reported in 2002 and 2011. The
restriction of these positive results to the Leste and
the Triangulo Mineiro regions can be explained by
the fact that they were also the two strata with the
highest prevalence of brucellosis in the 2002 survey
(GONCALVES et al., 2009a); and that brucellosis
vaccination produces faster effects when the
original indices of the disease are higher (AMAKU
etal., 2009; ALVES et al., 2015).

The state of Minas Gerais has had a state
brucellosis vaccination program since the early
1990s (MINAS GERAIS, 1997; OLIVEIRA,
2016), unlike other Brazilian states, which deployed

a compulsory vaccination only after the creation
of the PNCEBT in 2001 (BRASIL, 2001). Since
the establishment of the PNCEBT, the animal
health protection service of the state, in addition to
applying epidemiological surveillance measures,
including control of animals for interstate transit and
participation in events, monitoring of infected herds,
and destruction of positive animals, also maintains
a vaccination program with an average vaccination
coverage between 2004 and 2014 of 79.5% (IMA,
2014; OLIVEIRA, 2016). Moreover, 92.95% of the
properties sampled in this study reported regular
brucellosis vaccination. Therefore, it is plausible
to relate the decline in the seroprevalence of herds
positive for brucellosis observed in the current study
to the effectiveness of the systematic application
of the control measures recommended by the
PNCEBT, with a greater emphasis on vaccination
and maintenance of a satisfactory vaccine coverage
throughout its territory. However, it is important to
recognize the challenges the state will encounter in
reaching new significant reductions in the prevalence
of infected herds based only on the maintenance of
the vaccination program and the current vaccination
coverage (AMAKU et al., 2009). This hypothesis
is corroborated by the results of the present study,
showing that most of the strata (stratum 1, 3, 4,
5, and 6), which had low rates of the disease in
2002, did not present significant reductions in the
seroprevalence of herds in 2011 compared to 2002
(Figure 2).

Likewise, the apparent prevalence of cattle
seropositive for B. abortus was not statistically
lower than that observed in 2002 (GONCALVES et
al., 2009a) (Figure 2), which may be due to the low
prevalence rates of seropositive animals observed
in the previous study, which, as discussed earlier,
is difficult to reduce when the control programs
of brucellosis are based heavily on compulsory
vaccination (AMAKU et al., 2009; ALVES et al.,
2015). One must stress that, as in the 2002 study
(GONCALVES et al., 2009a), the region in the Sul
and Sudoeste (stratum 5) presented a lower apparent
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seroprevalence, although there were no statistically
significant differences between the seven regions
(strata 1 to 7) (Table 3).

The multivariate logistic regression analysis of
risk factors indicated that the total number of cows
in the herd was associated with an increased risk
of bovine brucellosis. Analysis of the association of
seropositive properties with the number of cows in
the herd revealed a 1.93-fold higher probability of
the occurrence of the disease in herds of 30 to 210
cows compared to herds with up to 29 cows (Table
4). The risk increased to 7.81-fold higher in herds
with more than 210 cows compared to those with
up to 29 cows (Table 4). The herds with less than 29
cows corresponded to the 50th percentile in relation
to the number of cows in the properties sampled,
while herds with more than 210 cows corresponded
to the 99 percentile; that is, the proportion of herds
classified as small (under 29 cows) is significant
in the state of Minas Gerais. The association of
other variables, such as the total number of animals
or the total number of cows with increased risk
of B. abortus infection in the herd has previously
been demonstrated in studies of seroprevalence
performed in other Brazilian States and elsewhere
(NICOLETTI, 1980; SALMAN; MEYER, 1984;
CRAWFORD et al., 1990, HOMEM, 2003;
AZEVEDO et al.,, 2009; DIAS et al., 2009b;
VILLAR et al., 2009; KLEIN-GUNNEWIEK et al.,
2009; CHATE et al., 2009; NEGREIRO et al., 2009;
SILVA et al., 2009, OGATA et al., 2009). In a 2011
global analysis of prevalence studies performed
in 14 states (Bahia, Espirito Santo, Goias, Distrito
Federal, Mato Grosso, Parana, Rondonia, Minas
Gerais, Santa Catarina, Rio de Janeiro, Rio
Grande do Sul, Sdo Paulo, Sergipe e Tocantins),
this association was proven, regardless of the
region or state in the country (MOTA et al., 2016).
Some characteristics of larger herds facilitate the
transmission ofbrucellosis, particularly the increased
need for replacement of animals, greater difficulty
in implementing disease control measures, and the
inherent dynamics of brucellosis (CRAWFORD

et al.,, 1990). Christie (1969) observed a direct
association between herd size and probability of
disease occurrence, infection persistence, and the
difficulty in eradicating brucellosis. Therefore, the
larger the size of the herd, the greater the risk of
introducing brucellosis and also the probability of
its spreading within the herd.

It was not possible to confirm the relationship
between seroprevalence in properties and cattle
with the production characteristics of herds, such as
type of management or breed. Thus, the occurrence
of herds infected with brucellosis in the state may be
influenced by factors not included in the proposed
model for the analysis of risk factors. Dohoo et al.
(2003) emphasized the limitations of transversal
studies used to identify risk factors. These data,
together with the low seroprevalence of brucellosis-
positive properties in this state, may indicate
the need to replace cross-sectional studies with
longitudinal studies, such as case-control studies,
in order to improve our understanding of the risk
factors of bovine brucellosis in Minas Gerais and to
assess the adequacy of control measures.

The following results of the current study could
be considered when formulating the control and
epidemiological surveillance activities for bovine
brucellosis in the state of Minas Gerais by the
State Agency for Animal Health Protection (IMA):
i — the homogenous distribution of seroprevalence
of brucellosis-positive properties in the seven
productive regions, reinforced by the result of the
spatial analysis; and ii — the association of higher
risk of occurrence of brucellosis in herds with more
than 210 cows, a stratum that represented the last
percentile of the distribution of the number of cows
per property sampled.

The results of this study suggest that only
vaccination will not be enough for significant
reduction in the seroprevalence of properties
positive for bovine brucellosis in the state of Minas
Gerais. Nevertheless, it is important to maintain the
vaccination program, with vaccine coverage above
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80%, mainly for the properties with a higher number
of cows. Moreover, the establishment of incentive
policies for producers is necessary to ensure the
viability of the strategies already recommended by
the PNCEBT. Cost-benefit analyses on the types of
voluntary measure proposed by the PNCEBT have
been performed by Lébo (2008) and Leite (2012),
who demonstrated the need for an additional
compensation per liter of milk and allowance for
diagnostic tests so that producers can obtain a return
on their investment in this process.

It will not be possible to compel producers to
test and eliminate brucellosis-positive animals or
to reorganize infected herds based only on proven
improvements in productive and reproductive
performance, with consequent increase in revenue
generation. In the before mentioned stimulus
policies, it is important to involve not only public
entities, by offering subsidies for brucellosis testing
and stimulus as structured compensation funds, but
also dairy houses and slaughterhouses, by means
of additional compensation for milk and meat
produced in demonstrably better sanitary conditions
(disease-controlled properties or certified as disease-
free). Taking as an example the path followed by
the United States (RAGAN, 2002), it is evident
that understanding and shared efforts between
the federal government, state, and rural producers
will be indispensable for the eradication of bovine
brucellosis in the state of Minas Gerais.

The epidemiological scenario of low prevalence
of properties and cows seropositive for bovine
brucellosis presented by this study, added to
the financial contribution of an indemnity fund,
subsidies for completion of diagnostic tests, and
additional compensation for milk production by
agribusinesses, will make it possible for the state of
Minas Gerais to move toward eradication of bovine
brucellosis.

Thus, the present study revealed a significant
difference in the prevalence of herds infected with
brucellosis in the state of Minas Gerais. However,

the disease still displays a low prevalence of infected
herds and animals, distributed homogeneously
throughout the state. In addition, an increase in
the risk of brucellosis in properties with a higher
number of cows was observed.
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