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Abstract

This study used disease prevalence as an indicator to assess the effectiveness of the bovine brucellosis
vaccination program implemented by the state of Mato Grosso do Sul. The state was divided into
three regions: Pantanal, Planalto Sul, and Planalto Norte. For each region, a predetermined number of
properties was sampled; in each, blood samples were collected from randomly selected cows aged at least
24 months. Sera from animals were subjected to a protocol that called for serial testing, with screening
and confirmation using the buffered acidified antigen and 2-mercaptoethanol tests, respectively. In each
property, a questionnaire was completed in order to identify risk factors associated with the disease. The
overall prevalence rates of infected herds and infected animals in the state were 30.6% [27.4; 34.0] and
7.0% [5.6; 8.7], respectively. The regional prevalence rates of infected herds and infected animals were
39.1% and 8.9%, respectively, in Pantanal, 25.3% and 6.1% in Planalto Sul, and 32.1% and 6.4% in
Planalto Norte. Bovine brucellosis in the state is associated with the purchase of breeding animals, herd
size, and beef and mixed types of enterprise. Thus, Mato Grosso do Sul should reassess its vaccination
program in order to improve its effectiveness. The state must also increase education and supervision to
encourage producers to test breeding animals for brucellosis before introducing them to their properties.
Key words: Brazil. Bovine brucellosis. Mato Grosso do Sul. Prevalence. Risk factors. Vaccination.

Resumo

O estudo foi realizado para se verificar a eficacia do programa de vacinagdo contra brucelose bovina
implementado pelo Mato Grosso do Sul, utilizando-se a prevaléncia como indicador. O Estado foi
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dividido em trés regides: Pantanal, Planalto Sul e Planalto Norte. Para cada regido, foi amostrado um
numero preestabelecido de propriedades e em cada uma delas foram colhidas amostras de sangue de
fémeas com idade igual ou superior a 24 meses aleatoriamente selecionadas. Os soros dos animais
foram submetidos a um protocolo de testes em série, com triagem pelo teste com Antigeno Acidificado
Tamponado e confirmacdo pelo 2-Mercaptoetanol. Em cada propriedade foi aplicado um questionario
para individualizar os fatores de riscos associados a doenga. No estado, a prevaléncia de focos foi
30,6% [27,4; 34,0] e a de animais 7,0% [5,6; 8,7]. As prevaléncias de focos e de animais nas regides
foram 39,1% e 8,9% no Pantanal, 25,3% e 6,1% no Planalto Sul € 32,1% e 6,4% no Planalto Norte. A
brucelose bovina no estado estd associada a aquisi¢@o de reprodutores, ao tamanho do rebanho ¢ ao tipo
de exploragdo corte e mista. Assim, o0 Mato Grosso do Sul deve reavaliar seu programa de vacinagdo,
buscando maior eficacia. Adicionalmente, o estado deve realizar um grande esfor¢o de educacdo e de
fiscalizacdo para que os produtores testem os animais de reproducdo para brucelose antes de introduzi-
los em suas propriedades.

Palavras-chave: Brucelose bovina. Prevaléncia. Fatores de risco. Vacinagdo. Mato Grosso do Sul.

Brasil.

Introduction

Bovine brucellosis is a highly prevalent
anthropozoonosis with worldwide distribution and
is caused by the bacterium Brucella abortus. In
cattle, the main signs of infection are abortion in the
final third of gestation, retained placenta, stillbirths,
and the birth of weak calves (PAULIN; FERREIRA
NETO, 2003, 2002). The disease results in economic
losses since it increases the calving interval,
causing decreased calving rates as well as beef and
milk production, in addition to increased animal
replacement rates (FARIA, 1984). The disease also
hinders the marketing of animals and their products
and undermines the competitiveness of the country
in the international market (LAGE et al., 2006).

Humans can be exposed by contact with infected
animals or consumption of non-pasteurized milk.
Cowboys, handlers, veterinarians, milkers, and
slaughterers are high-risk occupations for infection
by contact with the fetus, umbilical cord, and fetal
fluid of infected cows and also because of accidents
with live vaccines (PAULIN; FERREIRA NETO,
2003). The disease also leads to losses related to the
cost of human treatment and the workplace absence
during convalescence (PAULIN; FERREIRA

NETO, 2003).

In 2001, the Ministry of Agriculture, Livestock
and Supply (MAPA), aware of the need to adequately
combat the disease, developed and launched the

National Program for the Control and Eradication
of Brucellosis and Tuberculosis (PNCEBT) (LAGE
et al., 2006).

Shortly after the launch of the PNCEBT, the
MAPA instructed the Collaborating Center in
Animal Health, School of Veterinary Medicine and
Animal Science of the University of Sao Paulo to
standardize a methodology and perform cross-
sectional studies in all units of the Federation, with
the aim of choosing the most appropriate strategies
and administrating the management processes
(POESTER et al., 2009).

Thus, studies were performed in 17 Federative
Units representing 75% of the Brazilian bovine
herd. The results revealed infected herds prevalence
rates of 0.32% and 41.2% in Santa Catarina and
Mato Grosso, respectively (ALMEIDA et al.,
2016; ALVES et al.,, 2009; AZEVEDO et al,
2009; BORBA et al., 2013; CLEMENTINO et al.,
2016; 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).

Mato Grosso do Sul (MS) opted to use data
collected in 1998 because of the similarity of the
methodology proposed by the Collaborating Center.
Thus, Chate et al. (2009) analyzed data collected
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in 1998 and reported an infected herd prevalence
of 41.5% [36.5; 44.7] in the state, placing it among
the most prevalent in the country. Consequently, it
was recommended that the state develop an efficient
vaccination program using the B19 strain, aiming
for an annual vaccination coverage rate of 80% for
calves between 3 to 8 months of age. In addition, to
help increase vaccine coverage, the state was also
stimulated to vaccinate adult animals with the RB51
strain from 2007, and its use was regulated by the
SDA Regulatory Instruction no. 33, of August 24,
2007.

In 2002, the state of Mato Grosso do Sul
instituted a mandatory B19 vaccination program
for all cattle and buffalo calves (MATO GROSSO
DO SUL, 2002). However, sanctions were adopted
only from 2004 (MATO GROSSO DO SUL, 2003).
Verification of vaccination coverage is performed
through the declaration of biannual vaccination
performed by the rural producer with the official
veterinary service, in such a way that vaccination
coverage is calculated based on the total number
of cows reported to be vaccinated compared to the
target population; i.e., the total number of cows of
sufficient age for vaccination. Figure 1 shows the
results of this program in the state.

Figure 1. Bovine brucellosis vaccination in the state of Mato Grosso do Sul from 2002 to 2009.
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et al., 2016; ANZAI et al., 2016; INLAMEA et al.,
2016; OLIVEIRA et al., 2016; SILVA et al., 2016).

Given the above, this study used prevalence
as an indicator to evaluate the effectiveness of the
vaccination program implemented by the state of
Mato Grosso do Sul. Furthermore, it also aimed to
individualize risk factors associated with bovine
brucellosis.
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Materials and Methods

The study was planned by technicians from
MAPA, the Collaborating Center for Animal
Health, School of Veterinary Medicine and Animal
Science of the University of Sao Paulo (FMVZ-
USP), and the state Agency for Animal and Plant
Health Protection of Mato Grosso do Sul (IAGRO-
MS). Fieldwork was carried out by technicians of
IAGRO from August to September 2009.

The state was first divided into regions, taking
into account the different production systems,
management practices, type of operation, average
herd size, the marketing system of the animals,
and the operational capacity of the animal health
protection service.

Within each of these regions, a pre-established
number of properties with reproductive activity
(primary sampling units) was selected randomly.
This process was carried out based on the land
register maintained by IAGRO properties. Within
each selected property, a pre-established number
of cows at least 24 months of age was selected
randomly (secondary sampling units).

In rural properties with more than one herd, the
herd of greater economic importance was chosen,
in which the animals were submitted to the same
management; i.e. under the same risks of exposure to
infection. Randomly selected properties that could
not be visited were replaced by a new property.
The number of properties selected per region was
estimated using the formula for simple random
samples (THRUSFIELD, 2007). The parameters
used for the calculation were: confidence level of
0.95, an estimated prevalence of 0.20, and an error
of 0.05.

The sample planning for the secondary units
aimed to estimate a minimum number of animals to
be examined on each property in order to allow their
classification as infected with brucellosis. For this
purpose, the concept of aggregated sensitivity and
specificity was used (DOHOO et al., 2003). Test
protocol sensitivity and specificity values of 0.95

and 0.995, respectively, were used (FLETCHER
et al., 1998), along with an estimated prevalence
of 0.20. Herdacc version 3 was used to calculate
the required sample sizes that resulted in herd
sensitivity and specificity values equal to or better
than 90%. Thus, 10 animals were sampled from
properties with up to 99 cows at least 24 months of
age, while 15 animals were sample from properties
with 100 or more cows at least 24 months of age.
Cows in the peri-delivery period; i.e. approximately
15 days before and after delivery, were excluded
from the selection.

Blood samples were collected from all selected
animals through jugular vein puncture using a
sterile disposable needle and placed in previously
labeled vacuum tube. The sera obtained from the
samples were frozen at —20°C in polypropylene
microtubes until the completion of the tests. The
sera testing protocol including an initial screening
using the buffered acidified antigen test (Rose
Bengal), followed by retest of positive samples
with the 2-mercaptoethanol test (2-ME). These tests
were performed by the Laboratory of Diagnosis of
Animal Diseases of IAGRO.

Properties were considered to be positive for
disease when least one seropositive animal was
detected. Those with only inconclusive and negative
results were withdrawn from the analysis, along
with animals with inconclusive results.

The sample planning enabled us to determine the
prevalence of infected herds and adult cows (=24
months of age) seropositive for bovine brucellosis
in the both state and in individual regions. The
prevalence and respective confidence intervals were
calculated as described by Dean et al. (1994). The
prevalence of infected herds and animals in the state
and of animals within the regions were estimated
in a weighed manner, as described by Dohoo et al.
(2003).

The weight of each property used to calculate the
prevalence of infected herds in the state was given
by:
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Properties in the region

Properties sampled in the region

The weight of each animal used to calculate the
prevalence disease among animals in the state was
given by:

P Cows > 24 months on the property X
Cows > 24 months sampled in property

Cows > 24 months in the region

Cows > 24 months sampled in the region

In the expressions above, the first term refers
to the weight of each animal in the calculation of
prevalence of animals within the regions.

The estimates of prevalence and their respective
95% confidence intervals were performed using
Epilnfo 6.0 and SPSS, version 9.0. The prevalence
rates were compared using the two-proportion test,
also conducted using SPSS.

In each sampled property, in addition to
blood sampling for serological examination, an
epidemiological questionnaire was also applied
in order to obtain information on the production
system and management practices employed.

The variables analyzed were: type of production
system (beef, dairy, or mixed), type of breeding
extended),
artificial insemination, predominant breeds, number

(confined, semi-confined, use of
of animals, presence of other domestic and wild
species, occurrence of abortion in the past two years,
disposal of placenta and aborted fetuses, purchase
and sale of animals, vaccination against bovine
brucellosis, sharing of pasture with other properties,
occurrence of floods in pastures, presence of calving

paddock, and veterinary care.

The variables were organized according to
increasing scale of risk. When necessary, the
variables were re-categorized. The category of
lower risk was considered the basis for comparison
with the other categories. The quantitative variables
were categorized in percentiles. An exploratory
analysis (univariate analysis) was performed to
identify variables with p<0.20 by %2 or Fisher
exact tests, which were included in subsequent
logistic regression analysis. The calculations were
performed using SPSS.

All field-based and laboratory data were
inserted in a specific database, and used for the
epidemiological analyses.

Results

The state was divided in three regions (Figure 2).
Region 1 includes Pantanal, with its characteristic
ebb and flow phenomena, where the main type of
production is extensive breeding. Regions 2 and
3 are located in Planalto and both have significant
milk production. In Planalto North, cattle breeding,
rebreeding, and fattening predominate,
fattening and finishing predominates in Planalto
Sul.

while

Table 1 provides a summary of the census data
and samples studied. Table 2 shows the prevalence
of infected herds and animals in the regions and
the state overall. The prevalence of infected herds
per type of breeding according to region is listed in
Table 3.

Table 4 shows the final logistic regression model
for risk factors associated with bovine brucellosis
infection in the state of Mato Grosso do Sul.
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Figure 2. Map of Mato Grosso do Sul state and the regions used in this study, 2009.

Table 1. Census data and the sample of the state of Mato Grosso do Sul, 2009.

Properties with Sampled cows

>
Region Nu.m.ber N f reproductive Sampléd Cows 224 >24 months of
Municipalities . properties months of age
activity age
Pantanal 9 6,320 306 2,157,468 3,501
Planalto Sul 31 18,976 319 1,491,708 3,506
Planalto Norte 38 30,338 318 4,733,766 3,018
Total 78 55,634 943 8,382,942 10,025

Table 2. Prevalence of bovine brucellosis infected herds and infected animals according to regions in the state of Mato
Grosso do Sul, 2009.

Region Properties Cows >24 months of age
Prevalence (%) 95% CI (%) Prevalence (%) 95% CI (%)
Pantanal 39.1 33.7-44.7 8.9 59-132
Planalto Sul 25.3 20.8 -30.4 6.1 4.1-9.0
Planalto Norte 32.1 27.2-374 6.4 4.7-8.6
Total 30.6 27.4-34.0 7.0 5.6-8.7

3472
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Table 3. Prevalence of infected herds of bovine brucellosis stratified by type of operation according to region in the

state of Mato Grosso do Sul, 2009.

Prevalence of brucellosis infected herds (P) (%)

Region Beef Dairy Mixed
P (%) 95% CI (%) P (%) 95% CI (%) P (%) 95% CI (%)
Pantanal 50.0 42.8-57.2 9.7 3.1-20.3 32.7 20.3-47.1
Planalto Sul 41.7 32.1-519 14.1 8.9-20.7 27.4 16.8 —40.2
Planalto Norte 42.2 34.5-50.1 14.8 8.5-233 25.0 14.4-38.4

Table 4. Multiple logistic regression analysis and risk factors associated with brucellosis infection in the state of Mato

Grosso do Sul, 2009.

Risk Factor OR CI (95%)

Number of cows > 24 months of age

Upto 12

13 to 35 1.51 0.94-2.46
36 to 169 2.37 1.5-3.81
170 or more 4.12 2.56—-6.72
Type of operation

Dairy

Mixed 1.96 1.21-3.18
Beef 2.88 1.9-4.41
Introduction of breeding animals

No

Yes 1.42 1.04 -1.94

Discussion animals is hampered by the ebb and flow regimen,

Despite the methodological differences between
this study and the study performed in 1998 (CHATE
et al., 2009), the results confirmed a decrease in
the prevalence of infected herds in the state. The
prevalence in 1998 was 41.5% [36.5; 44.7] and fell
to 30.6% [27.4; 34.0] in the present study, based
on fieldwork performed in 2009 (Table 2). This
decrease was probably the result of the vaccination
program implemented by the state in 2002.
However, the prevalence rates are still very high,
and the state should reassess its vaccination program
in order to improve it effectiveness, as advocated
by Amaku et al. (2009). Special attention should be
given to the dissemination of the RB51vaccine in
adult cows, since this practice positively impacts
the reduction of prevalence (SOUZA et al., 2016).
In the Pantanal region, where the management of

implementation of vaccination of calves with RB51
within a larger age window than that used for the
B19 vaccine should be considered.

Table 3 shows a clear concentration of infected
herds in beef enterprises, followed by mixed
enterprises, with lower prevalence observed in dairy
farms. This finding is corroborated by the results of
a study of risk factors, discussed below.

In addition to Mato Grosso do Sul, the states of
Sdo Paulo, Espirito Santo, Rondénia, Rio Grande
do Sul, Mato Grosso, Minas Gerais, and Santa
Catarina also performed a second study of the
prevalence of brucellosis. The prevalence of infected
herds decreased in Mato Grosso, Minas Gerais,
and Rondonia, presumably due to vaccination
(BARDDAL et al.,, 2016; BAUMGARTEN et
al., 2016; DIAS et al., 2016; ANZAI et al., 2016;

3473
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INLAMEA et al., 2016; OLIVEIRA et al., 2016;
SILVA et al., 2016).

The final logistic regression model indicated that
the purchase of breeding animals, herd size, and
beef and mixed enterprises were associated with
bovine brucellosis infection (Table 4).

The introduction of breeding animals has been
reported as a classic risk factor for bovine brucellosis
in the international literature (CRAWFORD et al.,
1990; KELLAR etal., 1976; NICOLETTI, 1980). In
Brazil, this variable was also verified as a risk factor
for bovine brucellosis in the states of Bahia, Goias,
Minas Gerais, Parana, and Sao Paulo (ALVES et al.,
2009; DIAS et al., 2009a, 2009b; GONCALVES
et al., 2009a; KLEIN-GUNNEWIEK et al., 2009;
ROCHA et al., 2009). The problem is not the
introduction of animals, a routine activity in cattle
breeding, but rather the introduction without
testing the animals or without knowing the sanitary
condition of the herd of origin.

The association between herd size and brucellosis
has been reported by several international studies
(KELLAR et al, 1976; NICOLETTI, 1980;
SALMAN; MEYER, 1984). this
association was also observed in the states of Mato

In Brazil,

Grosso, Rio de Janeiro, Sergipe, Tocantins, Sao
Paulo, and in 1998 study performed in Mato Grosso
do Sul (CHATE et al., 2009; DIAS et al., 2009b;
KLEIN-GUNNEWIEK et al., 2009; NEGREIROS
etal., 2009; OGATA etal., 2009; SILVA et al., 2009).
Some characteristics of larger herds facilitate the
transmission of brucellosis, especially the increased
need for animal replacement, increased difficulty
in implementing disease control measures, and the
inherent dynamics of brucellosis (CRAWFORD et
al., 1990). Christie (1969) observed that increased
herd size results in an increased probability of
occurrence, persistence of infection, and difficulty
in eradicating the disease. Therefore, the larger the
herd, the greater the risk of introducing brucellosis
and the greater the probability of its spreading
within the herd.

The fact that beef and mixed enterprises,
particularly beef, presented a higher risk of
brucellosis infection compared to dairy farms
probably results from larger herds. In the state, the
median number of cows in beef properties was 117
in mixed 27 compared to 13 in dairy properties.

Conclusions

The results of this study demonstrated a
reduction in the prevalence of brucellosis infected
herds since 1998. Nevertheless, the prevalence of
infected herds and infected animals remains high
in the state. Thus, the state of Mato Grosso do Sul
should reassess its vaccination program in order
to improve its effectiveness. Special attention
should be given to the dissemination of the RB51
vaccine in adult cows. In the Pantanal region, where
management of the animals is hampered by the ebb
and flow regimen, vaccination of calves with the
RBS51 vaccine, within a larger age window than the
B19 vaccine, should be considered. Additionally,
the state should increase education and supervision
to encourage producers to test breeding animals
for brucellosis before introducing them to their
properties.
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