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ABSTRACT

Background: The enzootic bovine leukosis (EBL) is a viral disease with a chronic aspect and its etiological agent is an
oncogenic deltaretrovirus called bovine leukemia virus (VLB). It has a wide distribution in dairy cattle herds, and it may
take several years before the first clinical manifestations occur. Animals seropositive for VLB are more susceptible to
developing infectious diseases such as mastitis. The objective of this study was to evaluate the seroprevalence of EBL, the
prevalence of mastitis, the possible association between leukosis and mastitis, and the risk factors related to leukosis in
municipalities of the Caparaó region of Espírito Santo, Brazil.
Materials, Methods & Results: The prevalence of enzootic bovine leukosis and its association with mastitis were evaluated
in an 854 clinically healthy crossbred (Bos tauros tauros x Bos taurus indicus) dairy cows were used, in different lactation
phases, from farms located in the 12 municipalities that compose the Caparaó Capixaba micro-region, in the southern
part of Espírito Santo, Brazil, in the period from February to December 2015. The seroprevalence of EBL was determined
by the agar gel immunodiffusion test, the presence of clinical mastitis was ascertained by the black background mug test
and of subclinical mastitis by the CMT. The reuse of needles, type of milking, reproductive management, calf mortality,
presence of reproductive problems and milk yield were the risk factors assessed. The association between the variables
was estimated by the odds ratio (95% confidence interval). The significance of the associations was determined by the
Chi-square test. The prevalence of EBL, clinical and subclinical mastitis was 56.79%, 5.50% and 43.55%, respectively.
There was a positive association between the EBL virus and the presence of subclinical mastitis (P < 0.05, OR = 1.41, CI
= 1.07-1.86). The reuse of disposable needles (OR = 1.92, CI = 1.46-2.53), mechanical milking (OR = 2.03, CI = 1.343.08), calf mortality (OR = 2.39; CI = 1.25-4.55) and the presence of reproductive problems (OR = 1.62; CI = 1.23-2.14)
were considered risk factors associated with LEB (P < 0.05).
Discussion: Enzootic bovine leukosis is disseminated in the dairy herds in the municipalities the study. The lack of
knowledge about EBL among farmers and the failure to adopt measures for its control and elimination favor the appearance of new cases in the herd. Factors such as animal age, absence of exams when purchasing animals, reuse of gloves for
rectal palpation and needles, contribute to dissemination of the infection. The economic losses associated with subclinical
mastitis can even be greater than those caused by clinical mastitis. The differences for prevalence of clinical mastitis can
be associated with the breeding system, type of management, intensification and level of production. In this context, we
noted a much larger number of animals with subclinical infection, where the losses may not be perceptible to the farmers. It is concluded that EBL is widespread in dairy herds of the municipalities of Caparaó Espírito Santo’s region. The
prevalence of clinical and subclinical mastitis is high in some cities surveyed. The presence of EBL increases the chances
of developing subclinical mastitis. The reuse of disposable needles and mechanical milking were considered risk factors
associated with EBL. Seroreagent animals for EBL are more likely to present calf mortality and reproductive problems.
It is necessary to discuss the best sanitary management system for the region, with a better economic and social response
and then carry out the elaboration of educational and implementation measures, through technical assistance.
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INTRODUCTION

southern part of Espírito Santo, Brazil, in the period
from February to December 2015. Animals from
69 farms were evaluated at random, from 5 farms
per municipality, except for Alegre and Jerônimo
Monteiro, where 9 and 10 farms were evaluated,
respectively.

The Caparaó region, located in the southern
part of the state of Espírito Santo, Brazil, is important
for milk production. In 2015, the region accounted
for about 14% of the state’s milk output [14]. Despite
the expansion of dairy farming in the region, there are
few official animal health programs, and farmers suffer from productive losses due to infecto-contagious
diseases, among them enzootic bovine leukosis (EBL)
and mastitis. EBL is caused by the bovine leukemia
virus (BLV), a retrovirus that mainly infects the defense
cells, especially B cells [13].
Approximately 40% of carriers will develop
persistent lymphocytosis, and under 5% will develop
malignant lymphosarcoma, the clinical form of the
disease [27]. Seroreactive animals to EBL are more
susceptible to developing infectious diseases such as
mastitis due to the immunosuppression caused by the
virus [17]. The positive correlation between EBL and
the presence of mastitis (both clinical and subclinical) indicates that the higher the number of reactive
animals in a herd, the greater will be the presence of
mastitis [23].
Enzootic bovine leukosis occurs throughout
Brazil, causing a reduction of up to 3% in milk yield
by affected animals [9]. Its prevalence is varied in
Brazilian states, with 56.34% in Paraná [4], 24.1%
in Pernambuco [7] and 11.2% in São Paulo [10]. To
expand knowledge in this respect, the objective of this
study was to evaluate the seroprevalence of enzootic
bovine leukosis, the prevalence of clinical and subclinical mastitis, the possible association between leukosis
and mastitis, and the risk factors related to leukosis
in municipalities of the Caparaó region of Espírito
Santo, Brazil.

Serological test for leukosis

Whole blood samples were collected in a
vacuum collection system from all the lactating cows
by puncture of the medial coccygeal vein. The blood
samples were placed in tubes without anticoagulant
and taken to the laboratory in isothermal chests. The
samples were centrifuged at 200 g for 5 min and the
serum was fractionated in 1.5 mL polyethylene tubes
and stored at -80ºC. The presence of EBL was diagnosed by agar gel immunodiffusion (AGID), using
Noble Agar1 and with Tecpar antigens2.
Test for mastitis

The presence of clinical mastitis was determined by identifying the clinical signs of inflammation
of the mammary gland and by the black background
mug test. In turn, subclinical mastitis was diagnosed by
the California mastitis test (CMT). The animals were
considered positive for clinical or subclinical mastitis
when there was alteration in the mug or California test,
respectively, in at least one of the teats.
Study of risk factors

The variables analyzed were prevalence of
EBL, clinical mastitis and subclinical mastitis and the
possible relation between EBL and mastitis. A questionnaire was administered to the farmers referring to
reuse of needles, type of milking (manual or mechanical), reproductive management (artificial insemination
or natural mounting), calf mortality and whether the
farm had reproductive problems. The farms were
classified according to milk production as small (up
to 53 L/day), medium (from 54 to 133 L/day) or large
(>133 L/day) [5].

MATERIALS AND METHODS

Study population

A total of 854 clinically healthy crossbred
(Bos taurus taurus x Bos taurus indicus) dairy
cows were used, in different lactation phases, from
farms located in the 12 municipalities (Alegre, Bom
Jesus do Norte, Divino de São Lourenço, Dores do
Rio Preto, Guaçuí, Ibatiba, Ibitirama, Irupi, Iúna,
Jerônimo Monteiro, Muniz Freire and São José
do Calçado) that compose the Caparaó Capixaba
micro-region (20° 26’ 5’’ S and 41° 47’ 2’’ W), in the

Statistical analysis

The number of samples was calculated according to the formula below:
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RESULTS

Where:
n = sample size;
deff = design effect;
N = population size;
p = estimated proportion;
q = 1 - p;
d = absolute precision level.
Using an anticipated frequency of 50% for the
diseases (leukosis and mastitis), confidence limit of
5%, confidence interval of 99% and herd size in Espírito Santo of 2,223,531 head of cattle in 2015 [1], we
calculated the minimum sample size as 664 animals.
A total of 854 animals were evaluated.
The statistical results were tabulated descriptively and the associations between the variables were
estimated by the odds ratio (OR) with a confidence
interval of 95%. The chi-squared test was used to
verify the significance of the associations (P < 0.05).
All the calculations were performed with the OpenEpi
3.01 software3.

Of the 854 cows evaluated, 47 (5.50%) were
diagnosed with clinical mastitis and 372 (43.55%) with
subclinical mastitis (Table 1). Mean seroprevalence of
56.79% (485/854) was observed for EBL (Table 2).
There was a significant association between EBL and
the presence of subclinical mastitis, but no association
between EBL and clinical mastitis (Table 3).
Of the 69 farms assessed, 7 were classified as
small, 22 as medium and 40 as large, and the average
numbers of cows submitted to milking were 6, 8 and 17,
respectively. The prevalence of EBL was higher in farms
with larger milk output (Table 4). The reuse of disposable needles and mechanical milking were considered
risk factors associated with EBL (P < 0.05). Animals
seroreactive to EBL had a higher probability of giving
birth to dead calves and of presenting reproductive
problems (P < 0.05). The reproductive management by
natural mounting and milk production level were not
considered risk factors associated with EBL (Table 5).

Table 1. Prevalence (%) of clinical and subclinical mastitis in crossbred dairy cows in the municipalities that compose the Caparaó region,
Espírito Santo (February to December 2015).
Clinical Mastitis

Subclinical Mastitis

Municipality
+

n

%

+

n

%

Divino de São Lourenço

3

63

4.76

15

63

23.80

Bom Jesus do Norte

0

38

0

12

38

31.57

Ibatiba

2

57

3.50

23

57

40.35

Dores do Rio Preto

5

84

5.95

35

84

41.66

São José do Calçado

2

45

4.44

19

45

42.22

Jerônimo Monteiro

8

137

5.83

58

137

42.33

Muniz Freire

4

75

5.33

32

75

42.66

Guaçuí

2

36

5.55

16

36

44.44

Irupi

3

35

8.57

16

35

45.71

Ibitirama

5

72

6.94

33

72

45.83

Alegre

11

143

7.69

72

143

50.34

Iúna

2

69

2.89

41

69

59.42

Total

47

854

5.50

372

854

43.55

(+)= number of positive animals in at least one teat; (n)= number of animals evaluated; (%)= prevalence of clinical and subclinical mastitis.
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Table 2. Seroprevalence (%) of enzootic bovine leukosis (EBL) by the agar gel immunodiffusion assay in crossbred dairy cattle in the municipalities
that compose the Caparaó region, Espírito Santo (February to December 2015).
Municipality

Reactive cows

Non-reactive cows

Total cows

Seroprevalence of EBL (%)

Ibatiba

11

46

57

19.29

Bom Jesus do Norte

9

29

38

23.68

Dores do Rio Preto

41

43

84

48.80

Divino de São Lourenço

32

31

63

50.79

São José do Calçado

24

21

45

53.33

Guaçuí

20

16

36

55.55

Jerônimo Monteiro

77

60

137

56.20

Iúna

43

26

69

62.31

Alegre

95

48

143

66.43

Muniz Freire

51

24

75

68.00

Ibitirama

52

20

72

72.22

Irupi

30

5

35

87.71

Total cows evaluated

485

369

854

56.79

Table 3. Association between enzootic bovine leukosis and the presence of clinical mastitis and subclinical mastitis in crossbred
dairy cattle in the municipalities that compose the Caparaó region, Espírito Santo (February to December 2015).
Odds Ratio

Confidence Interval (95%)

P-value

Clinical Mastitis

1.85

0.97 - 3.51

0.05604ns

Subclinical Mastitis

1.41

1.07 - 1.86

0.01348*

P-value/chi-squared test; ns= Not Significant difference; *Significant difference (P < 0.05).

Table 4. Percentage distribution of the possible variables associated with the seroprevalence (%) of enzootic bovine leukosis (EBL) in crossbred
dairy cattle in the municipalities that compose the Caparaó region, Espírito Santo (February to December 2015).
Variable

Animals tested

Seroreactive to EBL

Seroprevalence of EBL (%)

Small (up to 53 L/day)

41

20

48.78

Medium (54 to 133 L/day)

167

86

51.49

Large (>133 L/day)

646

379

58.66

Yes

467

299

64.02

No

387

186

48.06

Yes

52

39

75.00

No

802

446

55.61

Yes

401

253

63.09

No

453

232

51.21

Mechanical

750

442

58.93

Manual

104

43

41.34

Artificial insemination

521

308

59.11

Natural mounting

333

177

53.15

Milk production

Reuse of needles

Calf mortality

Reproductive problems

Type of milking

Reproductive management
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Table 5. Variables associated with the seroprevalence of enzootic bovine leukosis (EBL) in crossbred dairy cattle in the municipalities that compose the Caparaó region, Espírito Santo (February to December 2015).
Variable

Odds Ratio

Confidence Interval (95%)

P-value

Reuse of disposable needles

1.92

1.46 - 2.53

0.000002758*

Mechanical milking

2.03

1.34 - 3.08

0.0006912*

Calf mortality

2.39

1.25 - 4.55

0.006234*

Reproductive problems

1.62

1.23 - 2.14

0.0004703*

Natural mounting

0.78

0.59 - 1.03

0.08618ns

Production level (small)

0.71

0.38 - 1.33

0.2900 ns

Production level (medium)

0.76

0.54 - 1.07

0.1236 ns

Production level (large)

1.36

0.99 - 1.86

0.05099 ns

P-value obtained by the chi-squared test; *Significant difference (P < 0.05). ns= Not Significant difference.

DISCUSSION

higher. In the municipality de Anchieta, Espírito Santo,
seroprevalence of 21.86% (204/933) was reported in
beef cattle at slaughter [3]. The lack of knowledge
about EBL among farmers and the failure to adopt measures for its control and elimination favor the appearance of new cases in the herd. Factors such as animal
age, absence of exams when purchasing animals, reuse
of gloves for rectal palpation and needles, contribute
to dissemination of the infection [24].
In this study, animals seroreactive to EBL
presented an increase up to 1.37-fold of subclinical
mastitis (Table 3). Similar findings were reported for
cows in different stages of infection by BLV [26]. In
this study, we observed higher prevalence of subclinical mastitis in animals carrying EBL in comparison
with negative animals. This finding can be associated
with the immunosuppression triggered by the BLV,
predisposing animals to secondary diseases [17]. Unlike observed in this present study, an association was
found between EBL and clinical mastitis (P = 0.047) in
a study conducted in Minas Gerais [2]. However, those
results do not allow claiming that the association was
a factor that increased or decreased the risk, since the
confidence interval varied from 0.111 - 1.027.
The reuse of disposable needles was a factor
that increased the risks of occurrence of EBL (Table
5). In this context, this practice was observed on 32
(46.37%) of the 69 farms evaluated, mainly for the
application of oxytokin. Of the animals evaluated,
54.68% (467/854) received oxytokin to facilitate the
ejection of milk (Table 4). The reuse of needles, as well
as obstetrical gloves, is a common practice among dairy
farmers, and should be discouraged [24].
Mechanical milking was also found to be a risk
factor for the occurrence of EBL. The animals submit-

Acceptable values for prevalence of clinical
mastitis in dairy herds are between 2 and 5% [22]. A
study conducted with crossbred cows in the Brazilian
state of Pará revealed prevalence of 4.6% [21], while
another found 10.5% in the state of Minas Gerais [20].
Such differences can be associated with the breeding
system, type of management, intensification and level
of production.
The indices of subclinical mastitis in this study
varied from 23.80% to 59.42% (Table 1). A previous
study carried out in the municipality of Alegre revealed
prevalence of 47.68% for subclinical mastitis [29], a
value similar to that of the present study, of 50.34%
(Table 1). In the state of Rio de Janeiro, subclinical
mastitis prevalence of 20.63% was observed [11]. The
economic losses associated with subclinical mastitis
can even be greater than those caused by clinical mastitis [8]. In this context, we noted a much larger number
of animals with subclinical infection, where the losses
may not be perceptible to the farmers. The reduction
in milk yield in function of subclinical mastitis can
amount to as much a 28 liters/cow/day [30].
There was large fluctuation of the seroprevalence of EBL (19.29 to 87.71%) in the municipalities
evaluated (Table 2). Similar findings were reported in
other Brazilian states: 56.34% in Paraná [4], 24.1%
in Pernambuco [7] and 11.2% in São Paulo [10]. EBL
is a notifiable disease according to the World Animal
Health Organization (OIE) and has already been notified in Canada, United States, Germany, Portugal,
Argentina and Chile [19]. Seroprevalence of 27.9%
was reported in a herd composed of 409 dairy cows in
the municipality de Alegre [28]. The average for that
municipality in our study (66.43%, Table 2) was much
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artificial insemination) in our study. Experiments carried out with biological materials with reproductive
importance, such as semen and ovules from animals
infected by the EBL virus, indicate that these materials
have little importance in the transmission of the agent
[16]. The milk production level of the farms also was
not associated with EBL.

ted to mechanical milking had up to twice the chance
of being seroreactive to EBL (Table 5). Those findings
corroborate those described in the state of Tocantins,
where mechanically milked cows presented EBL
prevalence of 54% in comparison with 36.3% among
those milked manually [12]. Greater intensification of
production associated with the presence of mechanical
milking can favor the transmission of the disease, since
deficiencies in herd management (especially udder
health) and disinfection and maintenance of milking
equipment can facilitate transmission of the virus,
which can be found in the milk of infected cows [15].
The increase in calf mortality observed in the
herds that were seroreactive to EBL can be associated
with the immunosuppression of the calf, since studies
have demonstrated that newborn calves infected experimentally with BLV have lower levels of IgM and T
lymphocytes in the blood [18]. The immunosuppression
of the mother leads to the production of colostrum with
worse quality, which can make the calf more susceptible
to secondary infections. To reduce the risk of vertical
transmission, calves born to mothers that are EBL carriers should be fed with colostrum and milk from cows
that are negative for the virus or with pasteurized milk
[1]. Nevertheless, EBL is not considered a disease that
causes neonatal mortality [25]. Therefore, the findings in
this study can be related to the inadequate management
of newborn calves, not just to BLV.
A larger number of reproductive problems was
observed in the animals that were seroreactive to EBL
(Table 5). Stillbirth, repetition of estrus, retention of
the placenta and uterine infection were the alterations
observed most often. Animals seroreactive to EBL can
take approximately 48 days longer for a new successful
conception compared to non-reactive animals [9]. In
this context, the greatest losses related to EBL are the
reduction of milk yield, longer interval between calving
and premature culling of animals [6].
There was no association between EBL and
the reproductive management (natural mounting or

CONCLUSION

Enzootic bovine leukosis is disseminated in
the dairy herds in the municipalities that compose the
Caparaó region of Espírito Santo. In these herds, the
occurrences of clinical mastitis, subclinical mastitis,
calf mortality and presence of reproductive problems
were high. The reuse of disposable needles and use of
mechanical milking were found to be risk factors associated with enzootic bovine leukosis. Reproductive
management (artificial insemination versus natural
mounting) and level of milk production by the farm
were not associated with EBL.
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