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ABSTRACT.- Costa G.M., Mesquita A.A., Rocha C.M.B.M,, Bruhn ER.P, Andrade R.S., Custédio
D.A.C,, Braz M.S. & Pinto S.M. 2019. Risk factors for high bulk milk somatic cell counts in
dairy herds from Campos das Vertentes region, Minas Gerais State, Brazil: a case-control
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High bulk milk somatic cell counts (BMSCC) are indicative of failures related to the control of
mastitis in the herd, which compromises the quality of the milk and generates great losses
for the producers and for the industry. A case-control study was carried out in dairy herds
in the Campos das Vertentes region, Minas Gerais State, Brazil, in order to contribute to the
knowledge of the risk factors involved with elevated BMSCC. The study involved 46 dairy
herds, of which 30 were considered cases (BMSCC =700,000 cells/mL of milk) and 16 control
farms (BMSCC 200,000 cells/mL of milk). Sixteen qualitative variables and four quantitative
variables were analyzed. The results showed that the risk factors for BMSCC =700,000 cells/
mL were the presence of Staphylococcus aureus and Streptococcus agalactiae pathogens in
bulk milk, non-use of pre and post-dipping, non-use of disposable paper towel for drying
of mammary glands, non-monitoring of mastitis in the herd by means of California Mastitis
Test (CMT) or individual somatic cell counts (SCC), non-implementation of the milking line
and therapy of dry cows and failures in hygiene of teats and udders before milking. Moderate
correlations were also observed between the elevation of BMSCC and counts of S. aureus and
BMSCC and counts S. agalactiae in bulk milk, and a moderate correlation between S. aureus
and S. agalactiae counts in bulk milk. Failures with regard to the maintenance and use of
milking equipment, including manual pressure application in milking assemblies, unregulated
milking vacuum pressure, and vacuum loss during milking, and maintenance failures of
the milking machine and bulk milk tank were also pointed out as important risk factors of
BMSCC elevation. The results of this study provided subsidies for the elaboration of more
effective programs for mastitis control and improvement of raw milk quality, reducing the
losses caused by the disease to producers and industry.

INDEX TERMS: Risk factors, milk, somatic cell, dairy herds, Minas Gerais, Brazil, mastitis, case-control
study, cattle.
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RESUMO.- [Fatores de risco para contagens elevadas de
células somaticas no leite de tanque em rebanhos de
bovinos da regido de Campos das Vertentes, Minas Gerais,
Brasil: um estudo de caso-controle.] Altas contagens de
células somaticas no leite do tanque (CCSt) sdo indicativas de
falhas relacionadas com o controle da mastite no rebanho, o
que compromete a qualidade do leite e gera grandes perdas
para os produtores e para a industria. Visando identificar os
fatores de risco envolvidos com a CCSt elevada, foi realizado
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um estudo de caso-controle em rebanhos bovinos leiteiros da
regido de Campos das Vertentes, em Minas Gerais. O estudo
envolveu 46 propriedades, das quais 30 foram consideradas
casos (CCSt 2700.000 cels/mL de leite) e 16 propriedades
controles (CCSt <200.000 cels/mL de leite). Foram analisadas
16 variaveis qualitativas e quatro variaveis quantitativas.
Os resultados demonstraram que os fatores de risco para
valores de CCSt 2700.000 cels/mL de leite foram a presenca dos
patégenos Staphylococcus aureus e Streptococcus agalactiae,
nao utilizacdo do pré e de pos-dipping, ndo utilizacdo de papel
toalha descartavel para a secagem dos tetos, ndo monitoramento
da mastite por meio do California Mastitis Test (CMT) ou
CCS individual, ndo implementacdo da linha de ordenha e
da terapia de vacas secas e falhas na higiene de tetos e de
ubere antes da ordenha. Também se observaram correlacdes
moderadas entre a CCSt e as contagens de S. aureus e entre
CCSt e as contagens de S. agalactiae, e correlacdo moderada
entre as contagens de S. aureus e de S. agalactiae no leite do
tanque. Falhas com relacdo a manutencao e utilizacdo dos
equipamentos de ordenha, aplicacdo de pressdo manual
nos conjuntos da ordenha, pressao de vacuo da ordenha
desregulada, perda de vacuo durante a ordenha e falhas de
manutencdo da ordenhadeira e do tanque de expansao foram
também apontadas como fatores de risco para elevagio da
CCSt. Os resultados deste estudo possibilitaram identificar
fatores de risco importantes para contagens elevadas de
CCSt que poderao fornecer subsidios para a elaboragdo de
programas de controle mais efetivos para a mastite e para a
melhoria da qualidade do leite, mitigando o impacto que a
doenca causa para os produtores e para a industria.

TERMOS DE INDEXACAO: Fatores de risco, contagem de células,
células somaticas, leite de tanque, bovinos, Minas Gerais, Brasil,
mastite, estudo caso-controle.

INTRODUCTION

In Brazil, the consumption of milk and dairy products has
showed a tendency of growing, as seen by the 42.6% increase
in the annual per capita acquisition of these products from
2000 to 2015, totaling 174 liters of dairy products/year per
inhabitant (IBGE 2017).The elevated nutritional value of milk,
due to its proteins, fats, carbohydrates, vitamins and mineral
salts has contributed to this increased of dairy consumption
(Ribeiro 2008). Although, the consumers are increasingly
worried about the quality, functionality and risks associated
to food products (Carvalho 2010).

This increased concern with quality led to changes
in legislation, aiming to adequate the milk production to
the consumer market requirements. Thus, the Normative
Instructions IN51 (Brasil 2002), IN62 (Brasil 2011) and
IN7 (Brasil 2016) were created to regulate the production
and quality parameters of the milk produced in Brazil.
The adequation to legislation led to changes in the payment
of milk acquired by dairy producers, introducing bonus for
products with higher percentage of nutritional constituents
and higher quality indexes, indicated mainly by reduction
in the total bacterial count (TBC) and bulk-milk somatic cell
count (BMSCC) (Guerreiro et al. 2005).

The milk from herds with high values of TBC and BMSCC
results in worse quality dairy products (Politis & Ng-Kwai-Hang
1988). Changes in milk composition due to breast infections

reduce the products nutritional values and raise processing
problems, which can lead to products out of the desired quality
standards. High values of BMSCC are also directly related
to lower yield of the dairy production (Santos & Fonseca
2007, Lopes et al. 2012). In addition, increased BMSCC due
to intramammary infections (IMI) caused by certain mastitis
pathogens, such as Streptococcus agalactiae, reduces the shelf
life of milk and its derivates (Barbano et al. 2006).

Among the milk quality parameters, BMSCC is the main
index of mammary gland health of the cows of the herd. In the
presence of bacterial infection and inflammatory process,
the somatic cell count (SCC) can reach high values due to the
increase in leukocytes that migrate to the mammary glands to
struggle the infectious agents (Dong et al. 2012). Thus, periodic
BMSCC evaluations can determine the average frequency of
mastitis in the herd (Machado et al. 2000). According to the
National Mastitis Council (NMC 1996), the prevalence of
mastitis in the herd is directly related to the BMSCC. Counts
of 200,000 cells/mL of milk indicate that approximately
6% of the herd’s mammary quarters are infected and, when
these counts reach 1,500,000 cells/mL of milk, it indicates
that approximately 48% of the herd’s mammary quarters
may have mastitis.

Mastitis is a multifactorial disease, thus characteristics
specific to the animals and also of the environment where the
milk is produced and handled are considered important risk
factors to IMI and milk quality (Omore etal. 1996). Among the
first we can cite the number of parities, stage of lactation and
individual production (Souza 2005). Risk factors related to
the milking handling, such as manual or mechanical milking
and lack of antisepsis of the teats before and after milking
are associated with the occurrence of IMI and high values of
BMSCC (Brito et al. 1998).

According to Cavazos (2003), inadequate functioning
of milking equipment, lack of training and low motivation
of the milkers are also associated with increased BMSCC.
Periodic microbiological tests are also important to control
and prevent mastitis and consequently reduce BMSCC; they
allow to evaluate the present pathogens and monitor the
index of infections in the herd, helping the adoption of control
measures more adequate according to the agents present in
the herd (NMC 2000).

Even though several contagious and environmental
pathogens can be involved in causing mastitis, Staphylococcus
aureus, Streptococcus uberis, S. agalactiae, S. dysgalactiae and
Escherichia coli are the most common (Ranjan etal. 2006) and
are usually associated with more severe mastitis (Reyher et al.
2012). According to Keefe (2012), S. agalactiae and S. aureus
are considered bovine mastitis primary pathogens due to its
impact in the production and quality of milk, especially in
BMSCC. The main propagation method of these pathogenic
agents within the herd is through infected cows, which serve
as reservoirs. According to Brito et al. (1999), among these
bacteria, named primary pathogens, S. aureus e S. agalactiae
are the most commonly isolated microorganisms in cases of
mastitis, being responsible for approximately 26% of the IMI
in herds of Minas Gerais state.

Due to mastitis multifactorial aspect, the study of its risk
factorsis of great importance, considering that the intervening
factors of this disease are dynamic and vary among herds.
One of the alternatives for this kind of study is the case control
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study, which includes epidemiological evaluations that are
observational, longitudinal, retrospective and analytical. This
type of study aims to create hypotheses for future investigations
of diseases with risk factors that are not completely known,
or for confirmatory studies to test pre-established hypotheses
through the investigation of suspected factors (Régo 2010).

Despite several studies focused on the BMSCC aspects and
itsimpact in the milk’s quality, and studies related to mastitis
risk factors in Brazilian bovine herds (Vilela & Nogueira 2010,
Costa et al. 2012, Mendonga et al. 2016), there is still a lack
of recent studies on the risk factors for the BMSCC increase.
Such studies can help in the adoption of public policies for
mastitis control and improvement of milk’s quality, resulting
in higher productivity for the producers, higher yield for the
dairy industry e higher security for the consumer. Thus, the
objective of this case control was to identify the main risk
factors related to increase of the BMSCC, aiming to contribute
to the knowledge of mastitis risk factors and the increase of
milk quality in bovine dairy herds from the region of Campos
das Vertentes, Minas Gerais, state.

MATERIALS AND METHODS

We performed a case control study to test the association of biological
variables, sanitary handling and milking with the herds BMSCC.
The BMSCC was considered the dependent variable. Thus, to perform
the study, we randomly selected 46 milk producing properties located
in the dairy farming region of Campos das Vertentes, in Minas Gerais
state. The properties analyzed had approximately 1600 total animals
(FAEMG 2006), 30 of them were considered cases and the remaining
properties (16) were considered controls. The farms selected as cases
presented BMSCC 2700,000 cells/mL of milk, values that indicate a
high prevalence of mastitis in the herd. The properties considered
controls presented BMSCC <200,000 cells/mL of milk, indicating
low prevalence of mastitis and superior milk quality.

We gathered information on the risk factors related to high
scores of BMSCC, i.e., the biological variables, sanitary handling and
milking. We also considered as possible risk factors the presence or
absence of the pathogens Staphylococcus aureus and Streptococcus
agalactiae in the milk samples obtained from the bulk milk tanks
of these properties.

We used the results of the three last BMSCC analyses of each
property and the milk quality data provided by the dairy, obtained
with the laboratories of the Brazilian Network of Milk Quality.

The independent variables were obtained by using a questionnaire
and in loco observation through technical visits to the properties. Data
were obtained by a trained team composed of assistant technicians
of the dairy that receive the milk from the studied properties.
The criteria for deciding the tested variables included those that
offered biological explanation for the increased BMSCC.

The following independent variables were raised in the interview:
use of Tamis test, ; pre and post dipping; drying of the teats with
disposable paper towel after the pre-dipping; monthly California
mastitis test (CMT) or SCC evaluations; use of milking line for animals
identified with clinical and subclinical mastitis; dry cow therapy and
treatment of clinical cases. In addition, we evaluated whether the
properties had cows with hyperkeratosis; whether the body score of
all animals indicated good nutrition of the herd; and whether there
were animals with thermal stress in any moment of the milking.

Related to the milking, we evaluated: the teats and udder hygiene
before milking; the use of manual pressure during milking; entry
of air in the milk sets during milking; the vacuum pressure of the
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milking machine according to the manufacturer’s indication; periodic
maintenance and adjustments of the milking machines and bulk
milk tanks; and the automated hygiene of the milking machine and
bulk milk tanks. We also verified if the milking period was superior
to 2 hours and 30 minutes after the animals’ arrival at the waiting
room, and if the milking routine was calm, without the presence of
dogs or other stress factors to the animals.

The presence of S. aureus and/or S. agalactiae was evaluated
in samples of approximately 40 mL of milk, collected directly from
the bulk milk tank in the studied properties; the samples were
submitted to microbiological analysis, using selective media for the
identification and quantification of these pathogens. For that, we
performed serial dilutions of milk in sterile saline, which were plated
in the selective culture media. The count of S. aureus was performed
with Agar Baird-Parker (Oxo0id®), according to the manufacturer’s
instructions. The count of S. agalactiae was performed with modified
Agar Edwards (0xo0id®) enriched with 5% bovine blood, according
to the manufacturer’s instructions. In the plates showing growth of
colonies suggestive of the agents of interest, we randomly selected
five colonies that were submitted to confirmatory tests, according
to Oliver et al. (2004a).

We performed descriptive analyses of all variables raised.
For quantitative variables, we performed the data Kolmogorov-Smirnov
normality test. We used non-parametric tests, including the Spearman
coefficient, to test the correlations, and the Mann-Whitney test for
comparison of rated means, considering 5% significance level.

The associations were tested with univariate analyses using the
Pearson’s chi-square test with 5% significance level. In a following
step, we calculated the Odds Ratio with a 95% confidence interval.

The correlation tests between the BMSCC quantitative variables,
daily milk production, S. aureus count and S. agalactiae count were
performed using the non-parametric Spearman’s test, with 1% and
5% significance levels.

The statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS, Chicago, USA) version 20.0
for Windows.

RESULTS AND DISCUSSION

Among the case properties (BMSCC 2700,000 cells/mL), 80%
presented the pathogen Streptococcus agalactiae and 76.6%
presented Staphylococcus aureus, while in the control properties
(BMSCC <200,000 cells/mL) only 18.75% were positive for
S. aureus and 50% for S. agalactiae. The results show that
the presence of these pathogens in the herd is an important
risk factor for increased BMSCC (Table 1). The presence of
S. aureus increased the risk for BMSCC above 700,000 cells/mL
of milk 14 times (p<0.001), while the presence of S. agalactiae
increased this risk four times (p=0.035).

The presence of S. aureus and/or S. agalactiae is strictly
associated with the increased BMSCC in the herd, due to its
contagious nature and for predominantly causing subclinical
mastitis, which negatively impacts milk quality (Jayarao et al.
2004, Keefe 2012). According to Philpot & Nickerson (2002),
increased BMSCC is due to the increment of IM], especially
the subclinical mastitis that occurs when these pathogens
are present in the herd.

The inflammatory process of mastitis triggers the release
of proinflammatory cytokines that induce the passage of
leucocytes from the blood to the interior of the gland, leading
to increased individual SCC and consequent increase of BMSCC.
The lesions in the mammary tissue decrease the efficiency
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Table 1. Sanitary handling variables associated with the values of image result for bulk milksomatic
cell counts (BMSCC) 2700,000 cells/mL

Variables Categories Herds P-values* . Odds
Cases Controls Ratio (95% CI)
Staphylococcus aureus Absent 7 13 0.000 14.23
Present 23 3 (3.13-64.70)
Streptococcus agalactiae Absent 6 8 0.035 4.00
Present 24 8 (1.06-15.07)
Tamis test Perform 16 4 0.117 -
Does not perform 14 12
Pre-dipping Perform 16 14 0.026 0.163
Does not perform 14 2 (0.03-0.084)
Teats dried with paper towel Perform 9 14 0.001 0.061
Does not perform 21 2 (0.01-0.32)
Post-dipping Perform 10 14 0.001 0.071
Does not perform 20 2 (0.01-0.37)
CMT or individual SCC Perform 5 17 0.000 0.01
Does not perform 27 1 (0.00-0.10)
Milking line Perform 2 6 0.015 0.119
Does not perform 28 10 (0.02-0.68)
Dry Cow Therapy Perform 20 17 0.012 0.10
Does not perform 12 1 (0.01-0.83)
Treatment of clinical cases Perform 27 17 0.290 -
Does not perform 5 1
Teat hygiene before milking Good 14 17 0.000 0.05
Poor 18 1 (0.01-0.39)

*p-values < 0.05 were statistically significant using the Pearson x2 (95%).

of the secretory cells, i.e., they produce and secret less milk
(Brito et al. 2001).

Our results showed that the most of the studied variables
were confirmed as risk factors of BMSCC above 700,000 cells/mL
of milk (Table 1). This can be observed for the variables
pre-dipping (OR=0.163, p=0.026), teats dried with disposable
paper towel (OR=0.061, p=0.001) and post-dipping (OR=0.071,
p=0.001). The use of these practices reduced the risk for
increased BMSCC, indicating that they are protective factors.
The lack of pre-dipping, drying of teats with disposable paper
towel and post-dipping increased the risk for BMSCC in 6.1,
16.4 and 14.08 respectively.

The variables treatment of cows with clinical mastitis,
Tamis test and automated hygiene of milk machine were not
correlated with the BMSCC scores, suggesting that they did
not impact this parameter(Table 2). Indeed the equipment
hygiene and sanitizing procedures have a more significant
impactin the total bacterial count (TBC) compared to BMSCC;
however, they may lead to new IMI and consequently increased
BMSCC when these requisites are not fully met.

Souza et al. (2005) observed herd characteristics and
handling practices associated to the increase of BMSCC in
175 milk herds located in the Zona da Mata in the Minas
Gerais state, verifying that performing the Tamis test did
not correlate with BMSCC, a result that is corroborated in
our study. The same author also observed that the nonuse of
milking line and lack of pre and post dipping were associated
to increase of BMSCC, again corroborating with our results.

The mastitis risk factors were studied by Mendonga et al.
(2016) in 186 herds with BMSCC above 400,000 cells/mL, also
located Zona da Mata region in the Minas Gerais state. The results
showed that the main risk factors for increased BMSCC in the
herds were related to inadequate handling practices: nonuse of
Tamis test; feed the cows while milking and lack of post dipping.

Our study showed that the variable use of Tamis test was
not associated with BMSCC. This was an unexpected result.
This test allows to identifying animals affected with clinical
mastitis for immediate treatment and disposal of their milk,
which usually present high SCC. Thus, we expected that the use
of this test to be a protective factor against BMSCC. However,
we observed that this test is usually performed inappropriately.
Many times, positive animals do not receive any treatment and
their milk, affected by clinical mastitis, is not always discarded
which may justify the results found in our study.

In this study, in agreement to results of Allore etal. (1998)
and Berry & Hillerton (2002), the use of post dipping, treatment
of dry cows and implantation of milking line were observed
as protection factors for the increment of BMSCC. However,
differently from the results obtained by these authors, the
early treatment of mastitis clinical cases was not observed
as a risk factor for high BMSCC. This may be due to the fact
that almost all studied properties applied this procedure,
both those with low and high BMSCC, but the frequency and
method of use of this control measure, wich usually varies
among herds, were not evaluated.

In the properties with mastitis monitoring through CMT,
treatment of dry cow and milking line use, we observed
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Table 2. Sanitary handling variables associated with bulk milk somatic cell counts (BMSCC) 2700,000 cells/mL
Herds 0dds
Variables Categories P-values* .
& Cases Controls Ratio (95% CI)
Automated milking cleaning Yes 18 6 0.217
No 12 10
Pressure in the milking collectors Perform 11 1 0.021 8.90
(1.05-76.04)
Does not perform 21 17
Milking vacuum pressure Normal 22 17 0.036 0.13
(0.02-1.11)
Unregulated 10 1
Loss of vacuum during milking Yes 9 1 0.055 6.65
(0.77-57.63)
No 23 17
Maintenance of milking machine and Good 0 16 0.000 Undefined
bulk milk tank
Poor 30 0

*p-values < 0.05 were statistically significant using the Pearson x2 (95%).

protective effect (p < 0.05), and the nonuse of these practices
increased the risk of BMSCC above 700,000 cells/mLin 100,
10 and 8.4 times, respectively (Table 1).

Oliveira etal. (2012) studied the risk factors associated with
bovine mastitis (SCC > 200,000 cells/mL) in 21 properties of
the microregion of Garanhuns, Pernambuco state. The authors
observed that the risk factors associated to the disease were
the non-treatment of dry cows, non-drying of the teats with
disposable paper towel and the nonuse of pre dipping; these
results corroborate with ours.

Our results showed that, with exception of the Tamis test
and the treatment of clinical cases, the deficiency or absence
of mastitis control and prevention measures lead to increse
of the BMSCC in the studied herds.

According to Lopes et al. (2011), increased BMSCC can
lead to direct economic loss to the producer; since a large
portion of the dairies adopts payment according to the milk
quality, a fact that directly affects the mastitis economic
impact. In another study, Lopes et al. (2012) verified that
expenses with mastitis prevention represent a much lower
cost compared to corrective measures and the production loss
caused by increased BMSCC, which shows the advantages of
investing in good milking handling practices that significantly
contribute to the reduction of BMSCC, and consequently to
reduction of the mastitis economic impact.

All the variables related to milking equipments were
confirmed as risk factors for BMSCC above 700,000 (Table 2).
The variable maintenance of the milking machine and bulk milk
tank revealed complete association, i.e., all properties with
any kind of failure in the maintenance or adjustments of the
milking machine and/or milk bulk tank had BMSCC =700,000.
Those properties without these problems had BMSCC <200,000
(p=<0.001), showing that these variables are highly associated
to BMSCC. The variables inadequate pressure in the milking
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cluster and loss of vacuum during milking were also considered
asrisk factors. The presence of these variables in the properties
led to increased risk of BMSCC 2700,000 cells/mL in 8.90 and
6.65 respectively (Table 2).

Coentrao et al. (2008) studied subclinical mastitis risk
factors (SCC >200,000 cells/mL of milk) in 2,657 cows from
24 herds from Minas Gerais state from November 2005 to
June 2006. They observed that the main subclinical mastitis
risk factors were related to cracks and fissures in the rubber
parts of the milking equipment, inadequate teat cups, lack
of maintenance of the pulsers, lack of milkers’ training and
the nonuse of mastitis microbiological diagnosis. Many of
the risk factors related to inadequate functioning and lack
of maintenance of the milking machine pointed out by these
researchers also were observed in our study.

Dysregulated or defective milking equipment, lack of staff
training and not adopting the recommended procedures for
control and prevention of mastitis were the risk factors detected
by Brito et al. (2002) and Cavazos (2003) for increased SCC.
These variables interact and affect the frequency of increase
in the herd’s BMSCC and, consequently, of mastitis presence.

As for the quantitative variables, we observed a positive
correlation between BMSCC and the counts of S. aureus and
S.agalactiae in the milk (Table 3), suggesting that the increase
of these agents in the bulk milk tank would be associated to
the their higher prevalence in the herd. However, according
to Oliver et al. (2004b), the counts of these pathogens in the
bulk milk tank are not directly associated to their prevalence
in the herd.

Souzaetal. (2009) evaluated the effect of mastitis pathogens
on SCC in 3,987 samples of milk from 2,657 animals from
24 milking herds located in the states of Rio de Janeiro and
Minas Gerais. In this study they verified that SCC presented
an average of 264,000 cells/mL of milk samples without



Risk factors for high bulk milk somatic cell counts in dairy herds from Campos das Vertentes region, Minas Gerais State, Brazil: a case-control study 611

Table 3. Quantitative variables associated with bulk milk somatic cell counts (BMSCC) 2700,000 cells/mL

) Controls? Cases®
Variables Mean Q,-Q, Min.-Max. Mean Q,-Q, Min.-Max.
BMSCC (cells/mL x 10%) 162.25 130.25-190,79 51-209 934.00 786.96-1,118.21 707-1,573
Dialy milk production (L) 224.50 139.50-323.00  52-3673 290.58 168.98-566.75 59-1,736
Count of Staphylococcus aureus (UFC/mL) 0 0.00-0.00 0-1400 110.00 9.00-1,325.00 0-83,000
Count of Streptococcus agalactiae (UFC/mL) 525 0.00-2,380.00 0-3,800 3,650 52.75-25,250.00 0-16,6000

a Properties with BMSCC bellow 200, 000 cells/mL, ® properties with BMSCC above 700,000 cells/mL.

Table 4. Correlations between bulk milk somatic cell counts (BMSCC), dialy milk production, count of Staphylococcus aureus
and count of Streptococcus agalactiae

Varibles BMSCC Dialy milk production Count of S. aureus Count of S. agalactiae
BMSCC 1.000 0.194 0.400? 0.320°
Dialy milk production 0.194 1.000 0.110 -0.075
Count of S. aureus 0.400° 0.110 1.000 0.406*
Count of S. agalactiae 0.320° -0.075 0.406° 1.000

2 Spearman correlation with significant level of 0.01, ® correlation with significant level of 0.05.

bacterial growth. When S. agalactiae was isolated, the SCC
average was of 1,520,000 cells/mL of milk, with 50% of the
samples presenting SCC 2923,000 cells/mL. The same authors
also observed that the presence of S. aureus was responsible
for the second highest increase of SCC, with an average of
966,000 cells/mL. These results corroborate with ours,
showing that these pathogens have great impact on BMSCC
when present in the herd.

The results for the correlation between daily milk production
and count of S. aureus (p=0.467), and between daily milk
production and count of S. agalactiae (p=0.627) were not
significant, showing that the farms daily production does not
affect the numbers of these pathogens in the milk (Table 4).
However, we observed moderate correlations between BMSCC
and counts of S. aureus (p=0.06) and a positive correlation
between BMSCC and counts of S. agalactiae (p=0.032).
In concordance of our resultas, Cortinhas (2013) studied the
correlation between SCC and the count of mastitis pathogens
in herds from the state of Sdo Paulo. This author found low
correlation between the count of de S. aureus and BMSCC,
and moderate positive correlation between the count of
S. agalactiae and BMSCC (r=0.49).

Botaro etal. (2013) evaluated the correlation between the
numbers of CFU/mL of S. aureus and SCC in samples of milk
from individual mammary quarts. The authors observed no
dependent correlation between the variables (p=0.1948),
which is related to the intermittent elimination of the agent
(Oliver et al. 2004b). This discordance with our results may
be due to differences in the samples analyzed, since our study
was performed with milk from bulk tanks. However, Sears et al.
(1990) e Shoshani etal. (2000), even though using individual
samples, pointed out the increased rate of elimination of S.
aureus in the milk of animals chronically affected by S. aureus,
concomitantly with increased SCC.

Djabri et al. (2002) observed that one single mammary
quart infected with S. aureus and S. agalactiae resulted in
357,000 cells/mL and 857,000 cells/mL of milk, respectively,
proving that the presence of these two pathogens is directly
correlated with SCC and BMSCC. The presence of these

microorganisms in milk, considered primary pathogens, was
alsorelated to the incremented SCC by Reis etal. (2011). The
correlation between the counts of S. aureus and S. agalactiae
with BMSCC suggests that this parameter may indicate the
prevalence of these pathogens and the level of subclinical
mastitis in the herd.

We also found a positive correlation between the counts
of these pathogens (Table 4), showing that the increased
count of one pathogen is associated to increased count of
the other. This fact can be related to their contagious nature
and similar epidemiological determinants.

Our results show that practices of prevention and control
of mastitis related to the herd handling, maintenance of
milking equipment and monitoring of mastitis are strictly
correlated to the levels of BMSCC in the herd, justifying
investments in these practices implementation, as shown by
Lopesetal. (2011). These researchers reported that expenses
with mastitis prevention, including culture and antibiogram,
monitoring of BMSCC and individual SCC, pre and post dipping,
vaccination against mastitis pathogens, treatment of dry
cows and milking machine maintenance represent at most
10.8% of the economic impact associated with increased
BMSCC in the herd. This highlights the economic return that
will occur due to the implantation of these measures, which
will significantly contribute to the reduction of BMSCC and
improved milk quality.

Our results offer subsides for the elaboration of strategies
to solve sanitary problems that influence BMSCC, improving
the herds productivity, and not less important, the quality of
the raw material, leading to higher profitability to producers
and industry.

CONCLUSIONS

The presence and concentration of the pathogens
Staphylococcus aureus and Streptococcus agalactiae are
relevant risk factors for BMSCC 2700,000 cells/mL.

There are moderate correlations between BMSCC and S.
aureus and S. agalactiae counts, and moderate correlation
between the S. aureus and S. agalactiae counts.
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The nonuse of classical measures of control and prevention
of mastitis related to the handling and milking hygiene, pre
and post dipping, use of disposable paper towel to dry the
teats, monitoring of the herd through CMT, implementation
of milking line, dry cow therapy and lack of hygiene of the
teats and udders were indicated as relevant risk factors for
BMSCC 2700,000 cells/mL.

The variables related to milking equipments, pressure
applied to the milking sets, dysregulated milking vacuum
pressure during milking and maintenance failures of the
milking machine and bulk milk tank were identified as risk
factors for BMSCC 2700,000 cells/mL.
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