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Introduction: Bovine tuberculosis is one of the primary infectious diseases
affecting cattle. Although several countries have managed to eradicate this
zoonosis it remains endemic and uncontrolled across many countries in Africa,
Asia, Latin America, and the Middle East. Brazil launched its national control and
eradication program in 2001, and since then, epidemiological studies have been
carried out to define optimal control strategies and to enable the management
of the process in each region.

Methods: This study covered the state of Para, which was divided into three
regions, in each of which a pre-established number of properties were randomly
selected, and within each property, a minimum number of animals were drawn
to be tested by the tuberculin test to classify the farm as infected or free of the
disease. A questionnaire was administered to the selected properties to identify
the risk factors for the disease.

Results: A total of 976 properties comprising 17,151 animals were tested. The
prevalence of infected properties in the regions ranged from 3.1% [1.3; 4.9] to
18.6% [14.3; 22.9], while tuberculin-positive animals ranged from 0.24% [0.09;
040] to 4.8% [24; 7.3]. The introduction of cattle untested for bTB and the
renting of pastures have been identified as risk factors for the disease in this
state.

Discussion: Para has one of the highest prevalences of bovine tuberculosis in
Brazil, and the implications of these results for public health were discussed.
We therefore proposed that the state’s Official Veterinary Service, together
with the private dairy and meat sectors, pursue the objective of controlling or
eradicating the disease, along with mechanisms to verify its effectiveness. The
differences between the two objectives were discussed, but in both cases, an
education program is necessary to inform cattle and buffalo breeders that they
need to test animals for tuberculosis before introducing them to their farms, and
also to avoid renting pastures for cattle to graze and rest while moving on foot,
as these practices have contributed the most to the spread of bTB in the state.
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1 Introduction

Bovine and buffalo tuberculosis (bTB) is a chronic zoonotic
disease caused by bacteria of the Mycobacterium tuberculosis complex,
predominantly Mycobacterium bovis, as reported by the World
Organization for Animal Health. It is capable of infecting many
domestic and wild animals, but is one of the primary infectious
diseases in cattle, causing impaired general health, pneumonia, weight
loss, and, in rare cases, death (1). Cattle are the main source of M. bovis
infections in animals and humans (1). In regions with a high
prevalence of human tuberculosis and close interfaces with cattle, the
transmission of M. tuberculosis, M. bovis and Mycobacterium orygis
from humans to animals has been recorded (1).

Several species of wild animals have been identified as reservoirs
of the disease resulting in the infection of domestic cattle in Canada
(Cervus canadensis, EIk), the Iberian Peninsula (Sus scrofa (Wild boar)
and some cervids), Ireland and the United Kingdom (Meles meles,
Badger), New Zealand (Trichosurus vulpecula, Brushtail possum),
South Africa (Syncerus caffer, African buffalo), and certain regions of
the United States (Odocoileus virginianus, White-tailed deer) (1).

A country can declare itself free of bTB by demonstrating through
a surveillance system that, in the last 3 years, 99.8% of the premises
were tested and found to be uninfected (2). Only Australia, the
Netherlands, Sweden, Denmark, Finland, Estonia, the Czech Republic,
Latvia, Lithuania, Luxembourg, Slovakia, and Canada are considered
officially bTB-free (OTF) with no cases reported in the last 3years;
whereas, France, Germany, Austria, Poland, Belgium, Hungary, and
Slovenia are also OTE but with a few cases reported annually (3). In
2021, Japan declared itself free of M. tuberculosis complex infections in
cattle, while Egypt declared the same for its dairy cattle compartment
(4). In 2023, Namibia declared its Foot-and-Mouth Disease-free zone
to be free of M. tuberculosis complex infections in cattle (4). However,
bTB remains endemic and uncontrolled in much of Africa, Asia, Latin
America, and most Middle Eastern countries (1, 5).

In Brazil, the Ministry of Agriculture, Livestock and Food Supply
(MAPA) launched the National Program for the Control and
Eradication of Brucellosis and Tuberculosis (PNCEBT) in 2001 (6),
which covers cattle and buffalo and is based on mandatory testing
before moving animals, compulsory slaughter of positive ones, and
voluntary adherence to the accreditation process for farms free of
tuberculosis and brucellosis. Since then, several standardized
epidemiological studies have been conducted in Brazilian states to
estimate the prevalence of bTB-infected farms and comparative
cervical tuberculin-positive animals with the aim of choosing the best
strategies based on each region’s individual situation, and allowing
the effectiveness of actions to be verified in view of the initial
prevalence. The different states can choose which strategies to use,
either control or eradication. The only states that are implementing
eradication strategies are Mato Grosso and Santa Catarina.

These standardized studies have been coordinated by MAPA and
the Official Veterinary Service of the states, with scientific support
provided by our Collaborating Center for Animal Health at the
Faculty of Veterinary Medicine and Animal Science (FMVZ) of the
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University of Sao Paulo (USP). To date, 14 of Brazil's 27 states,
covering 77% of the country’s cattle and buffalo population, have
been studied.

These studies have shown that there are major differences in the
prevalence of bTB-infected herds between states (Figure 1), with
extremes of 0.16 and 9.0% in the states of Tocantins and Sao Paulo,
respectively (7, 8). Furthermore, bTB in Brazil is predominantly
associated with dairy farms, especially the high-performance ones, as
well as with the introduction of animals not tested for tuberculosis on
farms (9).

The highest prevalence areas have a large concentration of high
production dairy farms, characterized by European breeds in intensive
and semi-intensive systems, with mechanical milking and use of
artificial insemination. Unlike the extensive system used in the vast
majority of cattle and buffalo farms in Brazil, on these farms, the high
animal density and the greater concentration of cows for milking
increases the risk of M. bovis transmission. The lower prevalences in
other regions of Brazil are mainly explained by the absolute
predominance of beef or mixed properties operating under an
extensive production system.

Pard is the second largest Brazilian state, covering 1.2 million km?,
and housing 8.1 million inhabitants and 25 million cattle, representing
approximately 10% of the national cattle population (10, 11). The state
has 41% of the 1.6 million domestic buffalo in Brazil (11). Around
66% of the 650,000 buffalo in the state of Pard are located in the
Maraj6 archipelago, where they are raised extensively as working
animals, as well as for the production of meat, milk, and leather in
lowland and mangrove areas, adapting to the seasonal and climatic
variations governed by flood and ebb regimes, which are peculiar to
the region (12).

The data available on the epidemiological situation of bovine and
bubaline tuberculosis in the state of Pard comes from regional studies
with convenience samples, and does not allow the results to
be extrapolated to the entire population of the state. However, it can
be stated that the disease is endemic and affects both species (13-18).
Although the PNCEBT began in 2001, there are currently no farms
accredited as bTB-free in the state. Thus, the objectives of this study
were to identify the risk factors for bovine and bubaline tuberculosis in
the state of Par4, to estimate the prevalence of bTB at farm and animal
level, and to verify the existence of heterogeneities between regions
through a cross-sectional study. The generated data will inform future
decision making regarding combating the disease in the state.

2 Methods

This study was planned by MAPA and the Official Veterinary
Service (OVS) of the state of Para (Agéncia de Defesa Agropecudria
do Estado do Para—ADEPARA), with scientific support provided by
the Collaborating Center for Animal Health at the Faculty of
Veterinary Medicine and Animal Science (FMVZ) of the University
of Sdo Paulo (USP). The fieldwork was carried out by ADEPARA
between 2018 and 2020.
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FIGURE 1

Prevalence of bTB-infected herds in Brazil, showing a region of high prevalence covering the entire state of Espirito Santo (ES), South of Minas Gerais
(MG), North of Sdo Paulo (SP) and Southeast of Goias (GO). Source: Ferreira Neto et al. (9) and Rodrigues et al. (3).

2.1 Study design

To capture possible internal heterogeneities, the state of Para was
divided into regions, based on animal production and marketing
systems, management practices, and cattle and buffalo farming
enterprise (beef, dairy or mixed); in addition, ADEPARAs operational
and logistical capacity was also considered. No objective data from
the OVS property register was used, only the knowledge of the state
beef and milk industries by ADEPARAs more experienced staff. In
each region, a pre-established number of farms was randomly
selected (first stage), and on each farm, a pre-set number of breeding
females aged >24 months were randomly selected and tested for
tuberculin (second stage) to classify the property as infected or
non-infected with tuberculosis.

In order to identify the risk factors associated with TBT, the selected
properties were subjected to a questionnaire, drawn up according to the
literature. All the information generated was entered into a specific
database which was analyzed at the Epidemiology and Biostatistics
Laboratory of the Collaborating Center for Animal Health at FMVZ-USP.
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2.2 Sample planning

In the first stage of sampling, the number of properties selected
per region was estimated using the formula for simple random
samples by Thrusfield and Christley (19), with the following
parameters for an infinite population: estimated infected herd
prevalence of 0.25, 0.95 confidence level, and 0.05 error. Calculations
were performed using EpiTools (20).

In the second stage of sampling, the number of animals to
be tested on each selected property was defined using the concept of
herd sensitivity (hSE) and herd specificity (hSP), adopting individual
sensitivity and specificity values for the tuberculin comparative
cervical skin test of 0.800 and 0.995, respectively (21), and a within-
herd animal prevalence of 0.20, in order to guarantee values of
hSE >0.800 and hSP >0.900. Calculations using the EpiTools program
(22) determined the following operating procedures: all animals on
properties with up to 20 cows, 20 animals on properties with 21-99
cows, and 40 animals on properties with 100 or more cows. The
cut-off limit for classifying a property as infected was one positive

frontiersin.org


https://doi.org/10.3389/fvets.2024.1466199
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Oliveira et al.

animal for those with up to 99 cows and two for those with 100 or
more COws.

2.3 Tuberculin skin test

The comparative cervical tuberculin skin test was performed as
recommended by the PNCEBT (6). Inconclusive animals were
retested after 60 days; if the second test was inconclusive or positive,
the animal was considered positive according to the Brazilian
National Program (6). Cows within 30 days of calving were replaced
with a new draw.

2.4 Calculation of prevalence

The apparent prevalence and confidence intervals were calculated
according to the method described by Dean (23). The prevalence of
positive animals and infected properties for the state and the
prevalence of animals within the regions were weighted according to
Dohoo et al. (24).

The weight of each property in the sample was given by (P1):

Properties with reproductive activity in the region

- Sampled properties with reproductive activity in the region

10.3389/fvets.2024.1466199

The weight of each animal in the sample was given by (P2):

P Breeding females > 24 months in the property

Sampled breeding females > 24 months in the property

Breeding females > 24 months in the region

X
Breeding females > 24 months in the sampled properties of the region

Calculations were performed using R software (25).

2.5 ldentification of risk factors

To Identify the risk factors associated with tuberculosis at herd
level, an epidemiological questionnaire was administered to each
sampled farm. Based on the literature and local characteristics,
questions were asked about the type of farming enterprise and
breeding, species raised on the property, herd size, type of milking,
number of milkings, use of artificial insemination, presence of other
domestic and wild species, diagnosis of tuberculosis, use of whey in
calf feed, purchase of animals, and indirect contact between farms
(sharing pastures or water troughs with another farm). Following
the methodology proposed by Hosmer and Lameshow (26), an
exploratory analysis of each variable was initially carried out using
the chi-square or Fisher’s exact test, which were offered for
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FIGURE 2

Map of the state of Pard divided into three regions for the study of bovine and bubaline tuberculosis. In detail, the location of the state in Brazil.
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multivariable logistic regression, using the stepwise forward remained in the model if they had a p <0.05, provided they did not

method. The variables were entered into final multivariable  remove statistical significance from the other variables. Calculations

regression model one by one, in increasing order of p-value, and  were performed using Python software (27).

TABLE 1 Registration and sample data for the bovine and bubaline tuberculosis study in the state of Par4, Brazil.

Number of State of Para

municipalities

Region Sample

Properties with
reproductive activity

Breeding females
aged >24 months

Properties with
reproductive activity

Breeding females
aged >24 months

1 96 59,661 6,157,313 355 6,749
2 16 24,521 1,947,681 304 6,105
3 32 14,702 679,469 317 4,286
Para 144 98,884 8,784,463 976 17,140

TABLE 2 Prevalence of properties infected with tuberculosis and of bovines and buffaloes positive to the tuberculin test in the state of Para, Brazil.

Properties Animals
Positive/tested Prevalence Cl95% (%) Positive/tested Prevalence Cl 95% (%)
1 11/355 3.1 1.3-4.9 21/6,749 0.24 0.09-0.40
2 49/304 16.1 12.0-20.3 113/6,105 1.7 1.1-22
3 59/317 18.6 14.3-22.9 188/4,286 48 24-7.3
Paré 119/976 8.6 7.1-10.0 322/17,140 0.91 0.68-1.00

® |nfected properties
* Non-infected properties
[ Conservation areas

0 100 200km
| —

FIGURE 3
Map of the state of Para, Brazil, showing the geographical location of the Conservation Areas and the properties sampled for the study of bovine and
bubaline tuberculosis (infected and non-infected).
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2.6 Limitations of the study

This was a cross-sectional study with two-stage cluster sampling.
Since we had a significant number of bTB-infected and uninfected
properties, it was possible to study risk factors using a case—control
approach. However, the definition of cases and controls was subject to
misclassification based on the herd sensitivity and herd specificity
defined for an intra-herd prevalence of 0.20 (hSE>0.800 and
hSP >0.900).

3 Results

The state of Pard was divided into three regions (Figure 2): Region
1 is the most important for the beef and dairy industries, housing
around 70% of all cattle in the state; Region 2 has only 22% of the
state’s bovid population and is characterized by the presence of a vast
area of protected lands; Region 3 is greatly influenced by the flood and
ebb regimes, contains the Marajé archipelago and holds only around
8% of the bovid population in Pard, with a significant number
of buffaloes.

Table 1 presents demographic data on the state’s bovid population
and the sample used in this study. Table 2 shows the prevalence of bTB
at the farm and animal level. Figure 3 shows the geographical location
and sanitary condition of the sampled properties.

We compare the prevalence of bTB-infected herds on beef, dairy,
or mixed farms within the regions (Table 3). Looking at the central
values for the prevalence, there is a tendency for the highest prevalence
rates to be concentrated in dairy and mixed farms, except in Region
2, where the highest prevalence rates were found in beef and mixed
farms, even with very close values. However, within regions no
differences were detected between the prevalence of bTB-infected
herds on beef, dairy and mixed farms, as the confidence intervals
overlapped (Table 3). The small number of sampled dairy farms,
especially in Region 3, resulted in the estimation of wide confidence
intervals, increasing the likelihood of false-negative results in
these comparisons.

Table 4 shows the prevalence of bTB-infected herds on farms that
raised only cattle, only buffalo or both cattle and buffalo within regions.

TABLE 3 Prevalence of properties infected with bovine and bubaline
tuberculosis in the state of Para, Brazil, according to farming enterprise.

Farming Infected Prevalence Cl 95%
enterprise properties/  of infected (VA)
tested properties
properties (VA)

Beef 3/156 1.9 0.66-5.5
1 Dairy 1/37 2.7 0.49-13.8

Mixed 7/157 4.5 22-89

Beef 28/165 17.0 12.0-23.4
2 Dairy 2/25 8.0 22-25.0

Mixed 19/110 17.3 11.4-25.4

Beef 38/233 163 12.1-21.6
3 Dairy 4/11 36.4 12.4-68.4

Mixed 16/70 22.9 14.6-34.0
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The register of properties in the state of Para shows that 93.2% of
them raise only cattle, 5.2% only buffalo, and 1.7% both buffalo and
cattle. Only in Region 3 does buffalo farming take on greater
importance, with 20% of properties raising only buffalo, 5% buffalo
and cattle, and 75% only cattle. In regions 1 and 2, more than 98% of
farms raise only cattle. Thus, the results of Table 4 indicate that buffalo
make an important contribution to the high prevalence of
bTB-infected farms exclusively in Region 3, which has the fewest
properties and animals in the state (Table 1).

Table 5 presents the results of the univariate analysis and Table 6
the final multivariable logistic regression model for bovine and buffalo
tuberculosis in the state of Para.

4 Discussion

Table 1 shows a large demographic difference between the regions
studied, with region 1 holding approximately 3 times more animals
than region 2 and around 9 times more than 3.

Regarding the prevalence of infected properties, the estimated
value for the state does not adequately represent the situation observed
in the regions (Table 2). There was no difference between regions 2
and 3, which presented higher values than region 1 (Table 2). A similar
reasoning could be made regarding the prevalence in animals, except
for the difference found among the three regions, composing the
following decreasing scale of values: 3>2>1 (Table 2). These results
show that division into regions captured intrastate heterogeneities.

In Brazil, the state of Para had the same prevalence of infected
properties as the states of Sao Paulo (9.0% [7.8; 10.5] (8)) and Espirito
Santo (7.6% [5.7; 9.9], (28)), being the highest in the country (Table 2).
The other 12 states studied had a lower prevalence of infected
properties than Para, which are: Tocantins (0.16% [0.02; 1.15], (7)),
Federal District (0.36% [0. 0; 2.0], (29)), Santa Catarina (0.5% [0.07;
0.93], (30)), Mato Grosso do Sul (1.3% [0.7; 2, 4], (31)); Mato Grosso
(1.3% [0.7; 2.4], (32)), Parana (2.5% [1.9; 3.0], (3)), Rondonia (2.3%
[1.5; 3.5], (33)), Rio Grande do Sul (2.8% [1.8; 4.0], (34)), Pernambuco

TABLE 4 Prevalence of properties infected with bovine and bubaline
tuberculosis in the state of Para, Brazil, according to the species raised.

Species Infected Prevalence Cl 95%
raised on properties/ of infected (%)
the tested properties
property properties (VA
Bovine 10/346 2,9 1.1-4.7
) Bubaline 1/3 33,3 0-86.7
Bovine and
0/6 0,00 0-34.8%
bubaline
Bovine 49/301 16,3 12.1-20.5
5 Bubaline 0/0 0,00 -
Bovine and
0/3 0,00 0-52.7%
bubaline
Bovine 36/235 153 11.5-19.2
s Bubaline 17/57 29,8 18.0-41.7
Bovine and
7/25 28,0 10.4-45.6
bubaline

*Calculated by beta distribution and Monte Carlo simulation.
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TABLE 5 Results of the univariate analysis for the variables considered in the herd-level risk factors study for bovine and bubaline tuberculosis in the
state of Para, Brazil.

Variable Number of properties % of infected p value
Non-infected infected

Farming enterprise 0,8,761
Beef 485 69 14,2
Dairy 66 7 10,6
Mixed 295 42 14,2

Type of breeding 0,2,221
Extensive 831 113 13,6
Confined 9 4 44,4
Semi-confined 1 0 0,0

Species raised on the property <0,00001
Bovine 788 94 11,9
Bubaline 42 18 42,9
Bovine and bubaline 27 7 25,9

Number of females aged >24 months 0,0236
Up to 69 655 79 12,1
>70 (3rd quartile) 202 40 19,8

Number of milkings per day 0,2018
Do not milk 358 43 12,0
1 305 40 13,1
2or3 5 2 40,0

Type of milking 0,0949
Do not milk 314 36 11,5
Manual 300 37 12,3
Mechanics at the foot 5 0 0,0
Mechanics in the milking parlor 8 3 37,5

Artificial insemination 0,0489
Do not use 793 103 13,0
Use of artificial insemination and bull 21 7 33,3
Use of artificial insemination only 6 0 0,0

Presence of goat and sheep on the property 0,5,084
No 750 101 13,5
Yes 107 18 16,8

Presence of swine on the property 0,3,882
No 522 67 12,8
Yes 335 52 15,5

Presence of dog on the property 0,2045
No 192 20 10,4
Yes 665 99 14,9

Presence of cat on the property 0,5,519
No 468 69 14,7
Yes 389 50 12,9

Presence of wild Cervidae on the property 0,3,528
No 643 84 13,1
Yes 214 35 16,4

(Continued)
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TABLE 5 (Continued)

Variable

Non-infected

10.3389/fvets.2024.1466199

% of infected

Number of properties

p value

infected

Presence of wild capybara on the property 0,625
No 341 44 12,9
Yes 516 75 14,5

Presence of wild marsupials on the property 0,625
No 140 18 12,9
Yes 717 101 14,1

Regular testing for tuberculosis 0,1,094
No 809 109 13,5
Yes 39 10 25,6

Use of whey in calf feed 0,0406
No 777 99 12,7
Yes 5 1 20,0

Purchasing of breeding animals in the last 12 months 0,0271
No 503 57 11,3
Yes 325 60 18,5

Renting pasture for cattle to graze and rest while being moved on foot 0,004
No 824 108 13,1
Yes 5 4 80,0

Sharing pasture with another property 0,1,084
No 708 90 12,7
Yes 144 27 18,8

Renting pasture to another property 0,2063
No 687 102 14,8
Yes 157 17 10,8

Sharing water troughs with another property 0,0013
No 669 76 11,4
Yes 117 23 19,7

TABLE 6 Final multivariable logistic regression model identifying the

herd-level risk factors for bovine and bubaline tuberculosis in the state of

Para, Brazil.
Variable

Odds Ratio CI95% p value

Species raised on the property

Bovine (base category)

Bubaline 3.80 2.03-7.13 <0.0001

Bovine and bubaline 1.91 0.77-4.71 0.16

Number of breeding females aged >24months on the property

up to 69 (base category)

> 70 (3rd quartile) 1.76 1.14-2.79 0.011

Renting pasture for cattle to graze and rest while being moved
on foot

No (base category)

Yes 5.94 1.49-23.6 0.011
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(2.9% [1.8; 4.5, (35)), Goids (3.4% [2.2; 4.7], (36)), Bahia (4.2% [3.1;
5.3], (37)) and Minas Gerais (4.3% [3.4; 5.2], (38)).

Among the 61 regions of the 14 Brazilian states already studied,
only Regions 2 (11.2% [7.9; 15.5%]), 4 (11.8% [8.3; 16.6%]) 5 (13.9%
[10.2; 18.8]) and 7 (13.3% [9.6; 18.1]) of Sdo Paulo, located in the North
of the state (Figure 1), which represent the traditional milk-producing
area in Brazil (8), showed a prevalence of infected properties equal to
that of Region 3 of Par4, the highest in the country (18.6% [14.3; 22.9],
Table 2). Maraj6 Island is located in region 3, with large flooded areas
and home to around 67% of the state’s buffaloes. In Region 3, properties
that raised buffaloes alone or alongside cattle (a quarter of the farms)
showed central estimates for the prevalence of bTB-infected herds
higher than those observed for cattle-only farms (29.8, 28, and 15.3%,
respectively, Table 4). Thus, buffalo farms make an important
contribution to the high prevalence of infected herds in Region 3.

In Region 2, where the prevalence of infected farms is also high
(16.1% [12; 20.3], Table 2), the disease is concentrated in cattle-only
farms, as only 1.2% of the farms raise buffalo alone or alongside cattle.
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Thus, our results indicate that buffalo make an important
contribution to the high prevalence of infected farms exclusively in
Region 3, which has the fewest properties and animals in the state
(Table 1).

Although the methodology of the present study did not allow us
to clarify the reasons underlying the higher prevalence on properties
housing buffaloes, we hypothesize that the buffalo species’ gregarious
behavior (39) increases the proximity between the animals and favors
the transmission of M. bovis. In particular, on the Island of Marajo,
where most of the state’s buffaloes are concentrated, the animals
congregate in dry areas during the flood season and many of them
walk freely, with no control over their movement, which also favors
the transmission of M. bovis as well as other diseases.

The data in Table 3 show that within Regions 1 and 3, although a
comparison of the confidence intervals does not reveal significant
differences between the prevalence of infected herds on beef, dairy,
and mixed farms, as they overlapped, the central estimates of these
prevalences suggest a tendency for the disease to be concentrated
preferentially on dairy and mixed ones. The association between bTB
infection and milk production is very well documented in the
international literature, including in Brazil (9, 40-43). On dairy farms,
animals are grouped together daily for milking, which favors disease
spread. This is especially true in Pard, where almost all properties
extensively breed bovines and buffaloes.

The central estimates of these prevalences for the Region 2 suggest
a tendency for the disease to be concentrated preferentially on beef
and mixed farms, although the comparison of the confidence intervals
does not reveal significant differences, as they overlapped (Table 3).

It's important to note that the random sampling of properties
showed that dairy farms are a clear minority in the state, especially in
Region 3 (Table 4).

Our analysis revealed that species raised on the farm, properties
size, and renting pasture for cattle to graze and rest while being moved
on foot were risk factors increasing vulnerability to bovine and buffalo
tuberculosis in the state of Para (Table 6).

Farms that only raised buffalo were 3.8 times more likely to
be infected with bTB than those that only raised cattle. As previously
mentioned, we believe this is a consequence of the species’” highly
gregarious behavior and the way it is raised in the state, especially in
Region 3, where it represents one-fifth of the farms.

The size of a property, as measured by the number of adult
breeding females, is a variable that has been commonly identified as a
risk factor for slow-spreading endemic diseases. Owing to their size,
large properties require more complex management practices,
facilitating the spread of diseases among animals. Larger properties
also have a greater demand for animal replacements, leading to more
frequent purchases and introductions of animals, which is associated
with increased vulnerability to tuberculosis (3, 8, 28, 32, 44, 45). As
such, this variable indirectly suggests that the real risk factor for
tuberculosis is the introduction of animals without taking precautions
regarding tuberculosis. The purchase and introduction of animals is a
classic risk factor for bTB, as described in the review on the topic by
Skuce et al. (46). Further, this has been also verified in the Brazilian
states of Rondonia and Minas Gerais (33, 38). As described previously,
this purchasing involves the introduction of animals without any
precautions against bTB.

Renting pastures for cattle to graze and rest while moving on foot
is a unique practice still used in regions where moving cattle on foot
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is an economically viable option. This involves short-term rentals
(ranging from one night to a few days), with a high turnover of
animals from different flocks entering and leaving the pasture,
increasing the risk of cattle on the property coming into contact with
infected animals. This is the first time that this specific type of pasture
rental has emerged as a risk factor in standardized studies conducted
in Brazil to date. However, the traditional practice of renting pasture
for animals from other properties has been identified as a risk factor
for bTB in the states of Sdo Paulo (OR=1.58 [1.07; 2.33], (8)) and
Pernambuco (OR=5.12 [1.81; 14.45], (35)).

Although the study’s results on risk factors are biologically
plausible and supported by scientific literature, the limitations
mentioned in the Methods section suggest that a classic case-
control study should be conducted to identify them with
greater certainty.

In summary, despite cattle and buffalo farming being almost
exclusively extensive in the state of Pard, the prevalence of properties
infected with tuberculosis was surprisingly high, particularly in regions
2 and 3 (Table 2). This raises concerns regarding the zoonotic
transmission of M. bovis, both occupationally and among populations
that consume unpasteurized dairy products. Special attention should
be paid to the traditional production of mozzarella with unpasteurized
buffalo milk on the island of Marajd, located in Region 3, which can
be authorized provided that the properties are accredited as free of
tuberculosis and brucellosis. Otherwise, the milk produced by both
species in the state must be pasteurized to give dairy consumers
health guarantees.

In view of these results, we propose that the state of Pard, together
with the private dairy and meat sectors, opt for the goal of controlling
or eradicating the disease, as well as for mechanisms to verify
its effectiveness.

In order to control the disease, these actors, led by the Official
Veterinary Service, must develop policies to encourage the
accreditation of tuberculosis-free properties, such as additional
payment for milk and meat from free properties, and an efficient
mechanism for replacing animals positive for diagnostic tests.

If eradication is targeted, the state must develop and implement
a surveillance system (46) to detect infected properties in order to
convert them into disease-free ones through routine indirect
diagnostic tests, as recommended by PNCEBT (6). An important
aspect of eradication would be to choose appropriate strategies for
detecting infected properties, taking into account the organization
and characteristics of the state’s milk and meat production chains.
Ferreira Neto et al. (7) discussed the most appropriate strategies for
detecting infected properties in the Brazilian environment, which
included since tracing properties based on the condemnation of
carcasses for tuberculosis in slaughterhouses, on tests carried out to
move animals and also on the diagnosis of human tuberculosis in
rural residents, until actively searching for infection on the dairy
properties, on those with epidemiological link with infected ones,
and also through cross-sectional studies in properties not reached by
the above components.

According to Callefe and Ferreira Neto (46), given the complexity
of a surveillance system, the ideal would be to start with a few
components to detect infected properties, consolidate them, and only
then insert more complex ones. Given the characteristics of the state,
the following components could initially be implemented: tracing
properties based on the condemnation of carcasses for tuberculosis in
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slaughterhouses; actively searching for infection on dairy and mixed
farms, especially in confined breeding, on those that raise buffalo and
also on those with epidemiological links to infected ones.

Regardless of the chosen objective, a health education program
must be developed to inform Pards cattle and buffalo breeders that
they need to test animals for tuberculosis before introducing them to
their farms, as also avoid to rent pastures for cattle to graze and rest
while moving on foot, as it is what contributed most to bTB spread in
the state.

Data availability statement

The data sets analyzed during the current study are not publicly
available because they belong to the Official Veterinary Service of the
state of Pard (ADEPARA), but are available from the corresponding
author on reasonable request.

Ethics statement

The animal studies were approved by “Ethics Commiittee on the
use of animals (Comissio de Etica no uso de animais—CEUA)” of the
Faculty of Veterinary Medicine and Animal Science of the University
of Sao Paulo (protocol number CEUA 1278030322). The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent was not obtained from the
owners for the participation of their animals in this study because the
field work was done by the Official Veterinary Service of the state of
Para (ADEPARA), the Animal Health Authority of the state.

Author contributions

BO: Conceptualization, Formal analysis, Writing — original draft,
Writing - review & editing. JO: Conceptualization, Investigation,
Methodology, Writing — review & editing. AP: Conceptualization,
Investigation, Methodology, Writing - review & editing. RD:
Conceptualization, Methodology, Writing - review & editing. JG:
Conceptualization, Methodology, Writing - review & editing. VG:
Conceptualization, Methodology, Writing - review & editing.
MH: Conceptualization, Methodology, Writing — review & editing. MA:
Conceptualization, Methodology, Writing - review & editing. ET:

References

1. WOAH (2022). Mammalian tuberculosis: infection with Mycobacterium
tuberculosis complex. Available at: https://www.woah.org/fileadmin/Home/eng/Health_
standards/tahm/3.01.13_Mammalian_tuberculosis.pdf [Accessed March 15, 2024].

2. WOAH (2024). Infection with Mycobacterium tuberculosis complex. Terrestrial
animal health code. Available at: https://www.woah.org/en/what-we-do/standards/
codes-and-manuals/terrestrial-code-online-access/?id=169&L=1&htmfile=chapitre_
bovine_tuberculosis.htm [Accessed March 15, 2024].

3. Rodrigues DL, Amorim EA, Ferreira F, Amaku M, Baquero OS, Grisi Filho JHH,
et al. Apparent prevalence and risk factors for bovine tuberculosis in the state of Parana,
Brazil: an assessment after 18 years since the beginning of the Brazilian program. Trop
Anim Health Prod. (2022) 54:360. doi: 10.1007/s11250-022-03350-0

4. WOAH (2024). Self-declared disease-free status. Available at: https://www.woah.
org/en/what-we-offer/self-declared-disease-status/ [Accessed January 11, 2024].

Frontiers in Veterinary Science

10

10.3389/fvets.2024.1466199

Conceptualization, Methodology, Writing - review & editing.
BE: Conceptualization, Methodology, Writing — review & editing. FF:
Conceptualization, Data curation, Formal analysis, Methodology, Writing
- review & editing. JF: Conceptualization, Data curation, Formal analysis,
Methodology, Writing - original draft, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work was
supported by Coordenagio de Aperfeicoamento de Pessoal de Nivel
Superior (CAPES, grant number CAPES-PROEX 760/2020). José
Soares Ferreira Neto has received research fellowship from Conselho
Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPq, grant
number 302899/2022-7).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fvets.2024.1466199/
full#supplementary-material

SUPPLEMENTARY DATA SHEET 1
Questionnaire applied to the sampled properties.

SUPPLEMENTARY DATA SHEET 2
R and Python codes used in the analysis.

5. Ferreira Neto JS. Brucellosis and tuberculosis in cattle in South America. Braz ] Vet
Res Anim Sci. (2019) 55:€141139-23. doi: 10.11606/issn.1678-4456.bjvras.2018.141139

6. Lage AP, Roxo E, Miiller EE, Poester FP, Cavalléro JCM, Ferreira Neto JS, et al.
Programa Nacional de Controle e Erradicagdo da Brucelose e da Tuberculose Animal
(PNCEBT). Manual Técnico. Brasilia: Ministério da Agricultura, Pecudria e
Abastecimento (2006). 184 p.

7. Ferreira Neto JS, Barbosa RG, Ferreira F, Amaku M, Dias RA, Grisi Filho JHH,
et al. Epidemilogical situation of bovine tuberculosis in the state of Tocantins, Brazil.
Semin Ciénc Agrdr. (2021) 42:1673-84.doi: 10.5433/1679-0359.2021v42n3Supl1p1673

8. Dias RA, Stanojlovic FMU, Belchior APC, Ferreira RS, Gongalves RC, Bardo
RSC, et al. Prevalence and risk factors for bovine tuberculosis in the state of Sio
Pskuceaulo, Brazil. Semin Ciénc Agrdr. (2016) 37:3673-84. doi:
10.5433/1679-0359.2016v37n5Supl2p3673

frontiersin.org


https://doi.org/10.3389/fvets.2024.1466199
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fvets.2024.1466199/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fvets.2024.1466199/full#supplementary-material
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.01.13_Mammalian_tuberculosis.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.01.13_Mammalian_tuberculosis.pdf
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/terrestrial-code-online-access/?id=169&L=1&htmfile=chapitre_bovine_tuberculosis.htm
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/terrestrial-code-online-access/?id=169&L=1&htmfile=chapitre_bovine_tuberculosis.htm
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/terrestrial-code-online-access/?id=169&L=1&htmfile=chapitre_bovine_tuberculosis.htm
https://doi.org/10.1007/s11250-022-03350-0
https://www.woah.org/en/what-we-offer/self-declared-disease-status/
https://www.woah.org/en/what-we-offer/self-declared-disease-status/
https://doi.org/10.11606/issn.1678-4456.bjvras.2018.141139
https://doi.org/10.5433/1679-0359.2021v42n3Supl1p1673
https://doi.org/10.5433/1679-0359.2016v37n5Supl2p3673

Oliveira et al.

9. Ferreira Neto JS, Silveira GB, Rosa BM, Gongalves VSP, Grisi Filho JHH, Amaku
M. Analysis of 15 years of the National Program for the control and eradication of
animal brucellosis and tuberculosis, Brazil. Semin Ciénc Agrdr. (2016) 37:3385-402. doi:
10.5433/1679-0359.2016v37n5Supl2p3385

10. IBGE (2024a). Cidades e Estados: Pard. Available at: https://www.ibge.gov.br/
cidades-e-estados/pa.html [Accessed May 11, 2024].

11.IBGE (2024b). Pecudria. Available at: https://cidades.ibge.gov.br/brasil/
pesquisa/18/16459 [Accessed May 11, 2024].

12. Gomes DJC, Beltrao NES. (2023). Cheias no arquipélago do Marajo: analise de
sazonalidade em anos extremos através de processamento de dados SAR no google earth
engine. In: Proceedings XX Simpdsio Brasileiro de Sensoriamento Remoto: 2023 April
2-5; Florianopolis, Brasil. Sdo José dos Campos: INPE. Available at: https://proceedings.
science/sbsr-2023/trabalhos/cheias-no-arquipelago-do-marajo-analise-de-
sazonalidade-em-anos-extremos-atraves?lang=pt-br [Accessed May 11, 2024].

13. Carneiro PAM, Pasquatti TN, Takatani H, Zumarraga M]J, Marfil MJ, Barnard C,
et al. Molecular characterization of Mycobacterium bovis infection in cattle and buffalo
in Amazon region, Brazil. Vet Med Sci. (2020) 6:133-41. doi: 10.1002/vms3.203

14. Freitas JA (1999) Tuberculose em bubalinos (Bubalus bubalis var bubalis -
Linneus, 1758): a doenga em bufalos abatidos para consumo: aspectos
anatomopatoldgicos, microbioldgicos e consideragdes relativas a satde publica [Thesis].
Sao Paulo (SP): Universidade de Sio Paulo.

15. Oliveira NCL, THA Lima (2021). Estudo retrospectivo da brucelose e da
tuberculose em bovinos e bubalinos abatidos no estado do Pard em 2019 [TCC Medicina
Veterindria]. Belém (PA): Universidade Federal Rural da Amazodnia. Available at:. http://
bdta.ufra.edu.br/jspui/handle/123456789/2003 [Accessed May 10, 2021].

16. Ramos DF, Tavares LA, Nunez CV, Costa RC, Dellagostin OA, Silva PEA. Bovine
tuberculosis in the north of Brazil. Sci Anim Health. (2020) 8:188-203. doi: 10.15210/
sah.v8i3.18942

17. Carneiro PAM, Takatani H, Pasquatti TN, Silva CBDG, Norby B, Wilkins MJ, et al.
Epidemiological study of Mycobacterium bovis infection in Buffalo and cattle in
Amazonas, Brazil. Front Vet Sci. (2019) 6:434. doi: 10.3389/fvets.2019.00434

18. Barbosa JD, Silva JB, Rangel CP, Fonseca AH, Silva NS, Bomjardim HA, et al.
Tuberculosis prevalence and risk factors for water buffalo in Pard, Brazil. Trop Anim
Health Prod. (2014) 46:513-7. doi: 10.1007/s11250-013-0521-1

19. Thrusfield M, Christley R. Veterinary epidemiology. Roboken: Wiley
(2018). 888 p.

20. Sergeant ESG. (2018a). Epitools epidemiological calculators. Ausvet. Sample size
to estimate a proportion or apparent prevalence with specified precision. Available at:
https://epitools.ausvet.com.au/oneproportion [Accessed January 21, 2018].

21. Fletcher RH, Fletcher SW, Wagner EH. Clinical epidemiology: The essentials.
Baltimore: Williams & Wilkins (1988). 260 p.

22. Sergeant ESG. (2018b). Epitools epidemiological calculators. Ausvet. HerdPlus:
SeH and SpH for range of sample sizes and cut-points for given herd size. Available at:
https://epitools.ausvet.com.au/herdplusthree [Accessed January 21, 2018].

23. Dean AG. (1996). Epi-info, version 6: A word processing database and statistics
systems for epidemiology on microcomputers. Atlanta: CDC. p. 599. Available at:
https://stacks.cdc.gov/view/cdc/23189 [Accessed January 20, 2023].

24. Dohoo I, Martin W, Stryhn H. Veterinary epidemiologic research. Charlottetown:
Atlantic Veterinary College (2003). 706 p.

25. R Core Team (2016). R: a language and environment for statistical computing. R
foundation for statistical computing. Free Software Foundation. Available at: https://
www.R-project.org/ [Accessed January 20, 2023].

26. Hosmer DW, Lemeshow S. Applied logistic regression. New York: John Wiley &
Sons (2000). 396 p.

27.Van Rossum G, Drake FL. Python 3 reference manual. Scotts Valley, CA:
CreateSpace (2009).

Frontiers in Veterinary Science

11

10.3389/fvets.2024.1466199

28. Galvis JOA, Grisi Filho JHH, Costa D, Said ALPR, Amaku M, Dias RA, et al.
Epidemiologic characterization of bovine tuberculosis in the state of Espirito Santo, Brazil.
Semin Ciénc Agrdr. (2016) 37:3567-78. doi: 10.5433/1679-0359.2016v37n5Supl2p3567

29. Ribeiro LA, Gongalves VSP, Francisco PFC, Mota ALAA, Nascimento GT, Licurgo
JB, et al. Epidemiological status of bovine tuberculosis in the Federal District of Brazil.
Semin Ciénc Agrdr. (2016) 37:3561-6. doi: 10.5433/1679-0359.2016v37n5Supl2p3561

30. Veloso FP, Baumgartem KD, Mota ALAA, Ferreira F, Ferreira Neto JS, Grisi
Filho JHH, et al. Prevalence and herd-level risk factors of bovine tuberculosis in
the state of Santa Catarina. Semin Ciénc Agrdr. (2016) 37:3659-72. doi:
10.5433/1679-0359.2016v37n5Supl2p3659

31. Guedes IB, Bottene IFN, Monteiro LARC, Filho JML, Heinemann MB, Amaku M,
et al. Prevalence and risk factors for bovine tuberculosis in the state of Mato Grosso do Sul,
Brazil. Semin Ciénc Agrdr. (2016) 37:3579-88. doi: 10.5433/1679-0359.2016v37n5Supl2p3579

32.Néspoli JMB, Negreiros RL, Amaku M, Dias RA, Ferreira F, Telles EO, et al.
Epidemiological situation of bovine tuberculosis in the state of Mato Grosso, Brazil.
Semin Ciénc Agrdr. (2016) 37:3589-600. doi: 10.5433/1679-0359.2016v37n5Supl2p3589

33. Vendrame FB, Amaku M, Ferreira F, Telles EO, Grisi Filho JHH, Gongalves VSP, et al.
Epidemiologic characterization of bovine tuberculosis in the state of Rondonia, Brazil.
Semin Ciénc Agrdr. (2016) 37:3639-46. doi: 10.5433/1679-0359.2016v37n5supl2p3639

34. Queiroz MR, Groff ACM, Silva NS, Grisi Filho JHH, Amaku M, Dias RA, et al.
Epidemiological situation of bovine tuberculosis in the state of Rio Grande do Sul, Brazil.
Semin Ciénc Agrdr. (2016) 37:3647-58. doi: 10.5433/1679-0359.2016v37n5Supl2p3647

35. Lima PRB, Nascimento DL, Almeida EC, Pontual KAQ, Amaku M, Dias RA, et al.
Epidemiological situation of bovine tuberculosis in the state of Pernambuco, Brazil.
Semin Ciénc Agrdr. (2016) 37:3601-10. doi: 10.5433/1679-0359.2016v37n5Supl2p3601

36. Rocha WYV, Jayme VS, Mota ALAA, Brito WMED, Pires GRC, Ferreira Neto JS,
et al. Prevalence and herd-level risk factors of bovine tuberculosis in the state of Goias,
Brazil. Semin Ciénc Agrdr. (2016) 37:3625-38. doi: 10.5433/1679-0359.2016v37
n5Supl2p3625

37. Bahiense L, Avila LN, Bavia ME, Amaku M, Dias RA, Grisi Filho JHH, et al.
Prevalence and risk factors for bovine tuberculosis in the state of Bahia, Brazil. Semin
Ciénc Agrdr. (2016) 37:3549-60. doi: 10.5433/1679-0359.2016v37n5Supl2p3549

38. Barbieri JM, Oliveira LE, Dorneles SEM, Mota ALAA, Gongalves VSP, Maluf PP, et al.
Epidemiological status of bovine tuberculosis in the state of Minas Gerais, Brazil, 2013. Semin
Ciénc Agrdr. (2016) 37:3531-48. doi: 10.5433/1679-0359.2016v37n5Supl2p3531

39. Bertoni A, AlvarezMacias A, Mota-Rojas D, Dévalos JL, Minervino AHH. Dual-
purpose water Buffalo production Systems in Tropical Latin America: bases for a
sustainable model. Animals. (2021) 11:2910. doi: 10.3390/ani11102910

40. Dawson KL, Stevenson MA, Sinclair JA, Bosson MA. Recurrent bovine
tuberculosis in New Zealand cattle and deer herds, 2006-2010. Epidemiol Infect. (2014)
142:2065-74. doi: 10.1017/50950268814000910

41. Perez AM, Ward MP, Torres P, Ritacco V. Use of spatial statistics and monitoring
data to identify clustering of bovine tuberculosis in Argentina. Prev Vet Med. (2002)
56:63-74. doi: 10.1016/S0167-5877(02)00124-1

42. Porphyre T, Stevenson MA, Mckenzie J. Risk factors for bovine tuberculosis in
New Zealand cattle farms and their relationship with possum control strategies. Prev Vet
Med. (2008) 86:93-106. doi: 10.1016/j.prevetmed.2008.03.008

43. Zendejas-Martinez H, Peterson AT, Milidn-Suazo F. Coarse-scale spatial and
ecological analysis of tuberculosis in cattle: an investigation in Jalisco, Mexico. Geospat
Health. (2008) 3:29-38. doi: 10.4081/gh.2008.229

44. Gilbert M, Mitchell A, Bourn D, Mawdsley J, Clifton-Hadley R, Wint W. Cattle
movements and bovine tuberculosis in Great Britain. Nature. (2005) 435:491-6. doi:
10.1038/nature03548

45. Skuce RA, Allen AR, McDowell SWJ. Herd-level risk factors for bovine tuberculosis:
a literature review. Vet. Med Int. (2012) 2012:621210. doi: 10.1155/2012/621210

46. Callefe JLR, Ferreira Neto JS. Sistemas de vigilancia em satde animal. Sdo Paulo:
Universidade de Sao Paulo (2020).

frontiersin.org


https://doi.org/10.3389/fvets.2024.1466199
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.5433/1679-0359.2016v37n5Supl2p3385
https://www.ibge.gov.br/cidades-e-estados/pa.html
https://www.ibge.gov.br/cidades-e-estados/pa.html
https://cidades.ibge.gov.br/brasil/pesquisa/18/16459
https://cidades.ibge.gov.br/brasil/pesquisa/18/16459
https://proceedings.science/sbsr-2023/trabalhos/cheias-no-arquipelago-do-marajo-analise-de-sazonalidade-em-anos-extremos-atraves?lang=pt-br
https://proceedings.science/sbsr-2023/trabalhos/cheias-no-arquipelago-do-marajo-analise-de-sazonalidade-em-anos-extremos-atraves?lang=pt-br
https://proceedings.science/sbsr-2023/trabalhos/cheias-no-arquipelago-do-marajo-analise-de-sazonalidade-em-anos-extremos-atraves?lang=pt-br
https://doi.org/10.1002/vms3.203
http://bdta.ufra.edu.br/jspui/handle/123456789/2003
http://bdta.ufra.edu.br/jspui/handle/123456789/2003
https://doi.org/10.15210/sah.v8i3.18942
https://doi.org/10.15210/sah.v8i3.18942
https://doi.org/10.3389/fvets.2019.00434
https://doi.org/10.1007/s11250-013-0521-1
https://epitools.ausvet.com.au/oneproportion
https://epitools.ausvet.com.au/herdplusthree
https://stacks.cdc.gov/view/cdc/23189
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.5433/1679-0359.2016v37n5Supl2p3567
https://doi.org/10.5433/1679-0359.2016v37n5Supl2p3561
https://doi.org/10.5433/1679-0359.2016v37n5Supl2p3659
https://doi.org/10.5433/1679-0359.2016v37n5Supl2p3579
https://doi.org/10.5433/1679-0359.2016v37n5Supl2p3589
https://doi.org/10.5433/1679-0359.2016v37n5supl2p3639
https://doi.org/10.5433/1679-0359.2016v37n5Supl2p3647
https://doi.org/10.5433/1679-0359.2016v37n5Supl2p3601
https://doi.org/10.5433/1679-0359.2016v37n5Supl2p3625
https://doi.org/10.5433/1679-0359.2016v37n5Supl2p3625
https://doi.org/10.5433/1679-0359.2016v37n5Supl2p3549
https://doi.org/10.5433/1679-0359.2016v37n5Supl2p3531
https://doi.org/10.3390/ani11102910
https://doi.org/10.1017/S0950268814000910
https://doi.org/10.1016/S0167-5877(02)00124-1
https://doi.org/10.1016/j.prevetmed.2008.03.008
https://doi.org/10.4081/gh.2008.229
https://doi.org/10.1038/nature03548
https://doi.org/10.1155/2012/621210

	Epidemiological situation of bovine and bubaline tuberculosis in the state of Pará, Amazon region of Brazil
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Sample planning
	2.3 Tuberculin skin test
	2.4 Calculation of prevalence
	2.5 Identification of risk factors
	2.6 Limitations of the study

	3 Results
	4 Discussion

	References

