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Antimicrobial resistance profile of Staphylococcus spp.
isolates in cattle herds from Western Amazon
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spp. isolados em rebanhos leiteiros da Amazonia
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Highlights

The evaluated dairy herds showed a high prevalence of Staphylococcus aureus.
Penicillin, ampicillin and tetracycline resistance were observed more frequently.
The isolates showed 100% susceptibility to oxacillin, cefalexin, and gentamicin.
In total, 12 resistance, including 6 multiresistance, patterns were identified.

Abstract

Staphylococcus is one of the most frequent etiological agents of bovine mastitis, causing economic losses
to milk farming. This study aimed to describe the milk production and management practices in 15 herds
located in three microregions of the State of Ronddnia and to identify the antimicrobial resistance profile
of 97 isolates of the genus Staphylococcus from these herds. The isolates were subjected to antimicrobial
susceptibility tests using the agar diffusion method. Twenty-nine S. aureus isolates were selected to
determine their minimum inhibitory concentration (MIC). In the farms studied, the breeding system was
semi-intensive, with the Girolando breed being predominant. Milking was performed predominantly using
a mechanical milking system (86.7%), twice a day (66.7%), in the presence of the calf (53.8%). The average
number of lactating cows in the farms was 24, with an average milk production of 204.9 L d" and a milk
productivity of 10.2 L animal™ d-'. The use of antimicrobials for the treatment and prevention of bovine
mastitis was reported for all properties, and therapy for dry cows was adopted in 80% of the herds. The
percent susceptibility to antimicrobials ranged from 85.5% to 100% for S. aureus, 22.2% to 88.9% for
coagulase-positive staphylococci (CPS), and 69.2% to 100% for coagulase-negative staphylococci (CNS),
with the highest resistance frequencies for penicillin, ampicillin, and tetracycline. Among the S. aureus

T Researcher, Doctor, Empresa Brasileira de Pesquisa Agropecuaria, EMBRAPA, Porto Velho, RO, Brazil. E-mail: juliana.
dias@embrapa.br

2 Masterin Environmental Science, The Environmental Science Graduate Program, Universidade Federal de Ronddnia,
UNIR, Rolim de Moura, RO, Brazil. E-mail: carla.menezes@fiocruz.br

8 Researchers, Doctors, EMBRAPA, Juiz de Fora, MG, Brazil. E-mail: mavpaiva@gmail.com; carla.lange@embrapa.br

4 Student Veterinary Medicine, Institutional Scholarship Program for Scientific Initiation, EMBRAPA, Porto Velho, RO,
Brazil. E-mail: ronaldo.queiroz.love@hotmail.com

* Author for correspondence

Received: Sept. 13, 2021 - Approved: Jan. 20, 2022

Semina: Ciénc. Agrar. Londrina, v. 43, n. 3, p. 1355-1364, maio/jun. 2022 1355



Ciéncias Agrarias I
SEMINA Dias, J. A. etal.

isolates, 100% susceptibility to oxacillin, cefalexin, and gentamicin was observed, and among the CNS
isolates, 100% susceptibility to gentamicin was observed. None of the antimicrobials tested showed 100%
in vitro effectiveness for CPS. CPS and CNS presented lower percentages of susceptibility to penicillin,
ampicillin, and tetracycline than the S. aureus isolates. Twelve resistance patterns were detected, six of
which were multiresistance patterns. The most prevalent resistance patterns were penicillin and ampicillin
(PEN-AMP) and penicillin, ampicillin, and tetracycline (PEN-AMP-TET). Results of the MIC assay revealed
that all 29 S. aureus isolates were susceptible to cephalothin, cefoxitin, tetracycline, and erythromycin,
whereas 25 (86.2%) were susceptible to penicillin.

Key words: Agar diffusion test. Bovine mastitis. Minimum inhibitory concentration. Staphylococcus aureus.

Resumo

O género Staphylococcus destaca-se como um dos agentes etiolégicos mais frequentes da mastite bovina,
causando prejuizos econdmicos a pecuaria de leite. Este estudo teve o objetivo de descrever a produgéao
de leite e praticas de manejo de 15 rebanhos localizados em trés microrregides do Estado de Rondoénia, e
identificaroperfilderesisténciaaosantimicrobianosde 97isoladosdogénero Staphylococcusprovenientes
destes rebanhos. Os isolados foram submetidos a testes de suscetibilidade a antimicrobianos, utilizando-
se atécnicade difusdo em agar. Foram selecionados 29 isolados de Staphylococcus aureus (S. aureus) para
determinacao da concentracao inibitéria minima (CIM). Nas propriedades estudadas, o sistema de criacao
era semi-intensivo, com predominio da raca Girolando. A ordenha era realizada predominantemente em
sistema de ordenha mecanica (86,7%), duas vezes ao dia (66,7%) e com a presenca do bezerro (53,8%). A
média do numero de vacas em lactacdo das propriedades era de 24 animais, com média de producéo de
leite de 204,9 Ld" e produtividade de leite de 10,2 Lanimal™ d-'. O uso de antimicrobianos para o tratamento
e prevencao da mastite bovina foi relatado em todas as propriedades, sendo adotada a terapia da vaca
seca em 80% dos rebanhos. A percentagem de susceptibilidade aos antimicrobianos variou de 85,5 a
100% para S. aureus, 22,2 a 88,9% para Staphylococcus coagulase positivos (SCP) e 69,2 a 100% para
Staphylococcus coagulase negativos (SCN), sendo as maiores frequéncias de resisténcia para penicilina,
ampicilina e tetraciclina. Entre os isolados de S. aureus foi observada 100% de susceptibilidade aos
antimicrobianos oxacilina, cefalexina e gentamicina, e entre os isolados de SCN, 100% de susceptibilidade
a gentamicina. Nenhum dos antimicrobianos testados apresentou 100% de efetividade in vitro para SCP.
SCP e SCN apresentaram menores percentagens de susceptibilidade a penicilina, ampicilina e tetraciclina
do que os isolados de S. aureus. Foram observados 12 padrdes de resisténcia, sendo seis padroes de
multirresisténcia. Os padrdes de resisténcia mais prevalentes foram resisténcia a penicilina e ampicilina
(PEN-AMP) e a penicilina, ampicilina e tetraciclina (PEN-AMP-TET). A determinacéo da CIM dos 29 isolados
de S. aureus mostraram que todos foram susceptiveis a cefalotina, cefoxitina, tetraciclina e eritromicina, e
25 (86,2%) foram susceptiveis a penicilina.

Palavras-chave: Concentracao inibitéria minima. Mastite bovina. Staphylococcus aureus. Teste de difusao
em agar.
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The state of Rondoénia is the seventh
largest milk producer in Brazil, producing
1.129 billion liters in 2019, representing
50.43% of the production in the northern
region and 97.5% in the western Amazon
(Instituto Brasileiro de Geografia e Estatistica
[IBGE], 2021). Milk production in the state is
family-based and involves 31,026 producers,
with an average daily production of 67.4 liters
per farm and productivity of 5.0 L cow’ d?
(Agéncia de Defesa Sanitaria Agrosilvopastoril
do Estado de Ronddnia [IDARON], personal
communication, May 27, 2020).

Bovine mastitis is the most prevalent
and economically relevant infectious disease
affecting dairy herds. Diasetal.(2021) reported
a prevalence of 45.5% of subclinical mastitis
(somatic cell count, SCC >200 x 103 cells mL™)
in dairy herds located in six microregions of
the state of Ronddnia, which are characterized
by low adoption of technologies and the
presence of a few specialized animals for
milk production. In a study carried out in 566
refrigeration tanks located in the main milk-
producing microregions of the state, SCC
averages of 263 x 103 cells mL™" in the rainy
season and 235 x 103 cells mL" in the dry
season were observed, with spatial clustering
of higher SCC in the microregion of Ariquemes
(Dias, Pacheco, Grego, Faria, & Cruz, 2020).

Among the pathogens that
cause intramammary infections in cattle,
Staphylococcus is among the most prevalent
(Beuron et al., 2014; Taponen, Nykasenoja,
Pohjanvirta, Pitkala, & Pyoérala, 2016). In
Rondbnia, studies have shown the Ilow
adoption of technologies and practices for the
prevention and control of mastitis in herds and
the predominance of bacteria of the genus
Staphylococcus in milk samples (Dias, Antes, &
Queiroz, 2015; Dias, Antes, Grego, & Menezes,
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2016). Dias et al. (2015) demonstrated that
variables related to the technification of farms
were associated with an increased probability
of occurrence of S. aureus in the herd
compared to farms with lower technification.

Bovine mastitis is recognized as
the most frequent cause for the use of
antimicrobials in dairy herds, and among the
problemsattributedtothe use ofantimicrobials
in animals are: the occurrence of residues
in milk and the potential development of
antimicrobial resistance that can become a
public health problem (Pol & Ruegg, 2007;
Taponen et al., 2016). Studies conducted in
different Brazilian states aimed to identify the
antimicrobial resistance profiles of bacteria
of the genus Staphylococcus isolated from
milk samples and presented varied results in
resistance patterns (Costa et al., 2013; Beuron
et al., 2014; Santos et al., 2016).

Considering the importance of the
genus Staphylococcus in the epidemiology of
bovine mastitis, this study aimed to describe
milk production and practices related to the
prevention and control of mastitis in herds
with a higher degree of technification located
in three microregions of the State of Rondénia
andidentify the antimicrobial resistance profile
of isolates of the genus Staphylococcus from
these herds.

Data were collected from 15 dairy
farms from eight municipalities in the
microregions of Ji-Parana (Jaru, Ouro Preto
do Oeste, and Presidente Médici), Rolim de
Moura (Castanheiras, Rolim de Moura, and Sao
Felipe do Oeste), Porto Velho (municipality of
Porto Velho), and Guajara-Mirim (municipality
of Guajara-Mirim), located in the state of
Rondénia. An epidemiological questionnaire
was administered to each farm to obtain
information on the production system,
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infrastructure and management, hygiene and
maintenance of milking equipment, measures
to control and prevent mastitis, and use of
antimicrobials. Data and milk samples were
collected between February 2013 and July
2014. The registry of access to the genetic
heritage in this study received the SisGen
AFCD75D code.

From each farm participating in the
study, composite milk samples from the four
mammary quarters of lactating cows were
collected for the isolation of Staphylococcus
spp.,accordingtothe procedures describedby
the National Mastitis Council [NMC] (2004). The
tamis test was performed on the animals prior
to the collection of milk samples. Ten to fifteen
cows, tamis test negative, were evaluated by
farm. To determine the somatic cell count, a
representative sample of the total production
of each animal was collected during the first
milking of the day using vials containing the
preservative bronopol. All samples were sent
to isothermal boxes containing recyclable
ice for analysis at the Milk Quality Laboratory
located in Embrapa Rondbnia.

SCCwasdetermined by flow cytometry
using automated equipment (CombiScope
FTIR400 - Delta Instruments) according to the
International Organization for Standardization.

Staphylococcus spp. were isolated
and identified from the milk samples of cows
according to the procedures established
by NMC (2004). Gram staining and catalase,
coagulase, and acetoin production assays
wereusedforidentification. Acetoin-producing
coagulase-positive isolates were considered
to be S. aureus, and non-acetoin-producing
coagulase-positive isolates were considered
to be coagulase-positive Staphylococcus spp.
(CPS).
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Antimicrobial susceptibility tests of the
Staphylococcus spp. isolates were performed
according to the Clinical and Laboratory
Standards Institute [CLSI] (2013a), and the
inhibition zones were compared with the
parameters established in the CLSI (2013b).
The agar diffusion method was used, with
discs containing penicillin (10 IU), ampicillin (10
pg), oxacillin (1 ug), cefalexin (30 ug), ceftiofur
(30 pg), tetracycline (30 pg), neomycin (30
pg), gentamicin (10 pg), erythromycin (15 pg),
clindamycin (2 pg), and enrofloxacin (5 pg).
Staphylococcus aureus ATCC 25923 was
used as the control.

The minimum inhibitory concentration
(MIC) of 29 S. aureus isolates was determined
in Mueller-Hinton agar, according to CLSI
(2013a), using the antimicrobials penicillin,
cephalothin, cefoxitin, tetracycline, and
erythromycin. These isolates were selected
from 62 S. aureus isolates from seven different
herds to maintain their representativeness.
A plate without antimicrobials and S. aureus
ATCC 29213 was included in each test
as quality control. The cutoff points for
determining susceptibility to antimicrobials
were interpreted according to CLSI (2013b).

For the inclusion of data obtained
from epidemiological questionnaires and
laboratory analyses, as well as for performing
descriptive statistical analysis (frequency,
average, median), the Epiinfo 7.2.2.16 Program
was used.

In the 15 farms evaluated in this
study, the lactating animals were grazing and
were supplemented with feed. Milking was
performed predominantly using a mechanical
milking system (86.7%), twice a day (66.7%), in
the presence of the calf (53.8%). The average
number of lactating cows on the farms was
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24, with an average milk production of 204.9
L d" and milk productivity of 10.2 L animal”’
d'. The predominant breed was the Girolando
breed and the Gir and Jersey breeds were
also observed. The calf breeding system was
predominantly individual (80%), and 50% of
the properties reported purchasing females
from other properties. In 91% of the farms,
the water used for milking came from a well,
either simple or artesian. As for good milking
practices, 73.3% of the farms reported
washing and drying the teats with paper
towels. The tamis test and teat antisepsis
before milking were performed in 53.3% of
the farms, and teat antisepsis after milking in
66.7% of the evaluated herds.

The use of antimicrobials for the
treatment and prevention of bovine mastitis
was reported in all farms, and dry cow therapy
was adoptedin80% of the herds. The diagnosis
of subclinical mastitis by the CMT test was
performed in 53.8% of the farms, and the
milking line was adopted in only three farms.
In 80% of the herds, treatment for mastitis
was recommended by a veterinarian, and the
protocol was established in seven farms. The
most commonly used active compounds for
the treatment of mastitis were gentamicin
(60%), neomycin (46.3%), cefquinome
(40%), tetracycline (20%), and sulfadiazine +
trimethoprim (20%). Only one farm reported
a microbiological diagnosis to identify the
pathogens that cause mastitis.

The dairy herds evaluated in this study
had a higher production median (L d"), higher
milk productivity (L cow™ d7), and a higher
frequency of adoption of technologies and
practices for the prevention and control of
mastitis compared to the herds evaluated from
the microregion of Ji-Parana (Dias et al., 2016),
from the municipality of Nova Brasilandia do
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Oeste (Benatti et al., 2020) and dairy farms that
supply family agroindustries in the state (Dias
et al., 2021), demonstrating a greater degree
of technification.

Considering the variables related to
mastitis control strategies, it was observed
that the frequency of cow culling resulting
from chronic mastitis in the present study was
lower than that observed by Dias et al. (2016)
(46.7 vs. 72.6%) in herds with a lower degree
of technification. In regional conditions,
accordingtothe dataobtainedinthese studies,
this type of culling is related to clinical mastitis
conditions that are unresponsive to treatment.
Some factors may have contributed to the
lower culling of cows from the herds evaluated
in this study, such as the higher probability of
diagnosis of clinical and subclinical mastitis
in the field (tamis test and CMT), greater
opportunity for immediate treatment of
clinical cases, and higher frequency of use of
dry cow therapy. These farms also showed a
higher frequency of antimicrobial prescription
by veterinarians (80% vs. 20%) and mastitis
treatment protocols (46.7% vs. 0.4%), when
compared to the study conducted by Dias et
al. (2016).

From the microbiological analyses
of 161 milk samples, 97 bacterial isolates,
62 S. aureus, nine CPS and 26 CNS were
obtained. Staphylococcus spp. isolates in
milk correlated with somatic cell counts in the
analyzed milk samples. An SCC average of
637.8 x 10° cells mL" was observed for CPS
(including S. aureus) and 375.2 x 102 cells mL™’
for CNS. Cows that did not show bacterial
growth showed fewer somatic cells than cows
with pathogens of the genus Staphylococcus
(P < 0.05), the counts being 107.1 x 102 cells
mL" and 580.1 x 103 cells mL™", respectively.
Among the isolated pathogens, S. aureus
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and CPS were responsible for the highest
elevations in SCC (P < 0.05), compared to CNS.

in Table 1. The percentages of susceptibility
to antimicrobials ranging from 85.5% to 100%

were verified for S. aureus, 22.2% to 88.9%
for CPS, and 69.2% to 100% for CNS. The
highest resistance indices were observed for
penicillin, ampicillin, and tetracycline. Among
the S. aureus isolates, 100% susceptibility
to the antimicrobials oxacillin, cephalexin
and gentamicin was observed, and 100%
susceptibility to gentamicin among the
CNS isolates. None of the antimicrobials
tested showed 100% in vitro effectiveness
against CPSs. CPS and CNS presented lower
percentages of susceptibility to penicillin,
ampicillin, and tetracycline than the S. aureus
isolates.

Staphylococcus aureus was the most
prevalent mastitis pathogen and was isolated
from all evaluated farms. In a previous study,
Dias et al. (2015) reported the isolation of S.
aureus from 36% of the total milk samples
from 266 dairy cattle herds in the microregion
of Ji-Parana, the largest milk producer in the
northern region. The results of the present
study confirm the importance of this pathogen
in the epidemiology of bovine mastitis in
Rondoénia.

The antimicrobial resistance patterns
of the Staphylococcus isolates are presented

Table 1

Susceptibility to antimicrobials (no. of isolates and percentage) of Staphylococcus aureus, coagulase-
positive Staphylococcus spp. (CPS) and coagulase-negative Staphylococcus spp. (CNS) isolated from
the milk samples of cows from herds located in the municipalities of the microregions of Ji-Parana,
Porto Velho and Rolim Moura, in the State of Rond6nia, 2013-2014

L. . Micro-organisms Total = 97
Antimicrobials
S. aureus (n=62) CPS (n=9) CNS (n=26) n (%)
Penicillin 53 (85.5) 3(33.3) 18 (69.2) 74 (76.3)
Betalactam Ampicillin 53 (85.5) 2(22.2) 18 (69.2) 73(75.3)
Oxacillin 62 (100.0) 8(88.9) 25(96.2) 95 (97.9)
. Ceftiofur 61 (98.4) 8(88.9) 25(96.2) 94 (96.9)
Cephalosporin .
Cefalexin 62 (100.0) 8(88.9) 25(96.2) 95 (97.9)
Tetracycline Tetracycline 58 (93.5) 6 (66.7) 20(76.9) 84 (86.6)
Aminoglvcoside Neomycin 56 (90.3) 6 (76.8) 23 (88.5) 85 (87.6)
b Gentamicin 62 (100.0) 8(88.9) 26 (100.0) 96 (98.9)
Macrolide Erythromycin 56 (90.3) 8 (88.9) 25 (96.2) 89 (91.7)
Lincosamide Clindamycin 61(98.4) 8(88.9) 24 (92.3) 93(95.9)
Fluoroquinolone Enrofloxacin 61(98.4) 8(88.9) 25(96.2) 94 (96.9)
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The most prevalent resistance
patterns were penicilin  and ampicillin
(PEN-AMP) and penicillin, ampicillin, and

tetracycline (PEN-AMP-TET). Six isolates
(6.2%), one S. aureus, two CPS, and three
CNS, presented multiresistance, which is the
resistance observed in three or more classes
of antimicrobials. The minimum inhibitory
concentrations of penicillin, cephalothin,
cefoxitin, tetracycline, and erythromycin
were determined for the 29 S. aureus isolates
(Table 2). All the isolates were susceptible
to cephalothin, cefoxitin, tetracycline, and
erythromycin, and 86.2% were susceptible to
penicillin. The MIC, andMIC, columns showed
the lowest concentrations (ug mL™"), which

Table 2

inhibited 50% and 90% of S. aureus isolates,
respectively. Evaluation of the antimicrobial
susceptibility of the Staphylococcus isolates
demonstrated higher resistance frequencies
for penicillin, ampicillin, and tetracycline.
These results are consistent with those
reported by Costaetal.(2013) and Santos et al.
(2016). According to Van Boeckel et al. (2019),
penicillin, tetracyclines, and sulfonamides are
the most commonly used antimicrobials in
animal production worldwide. In general, S.
aureus isolates presented higher percentages
of susceptibility to antimicrobials than CPS
and CNS isolates, as observed in other studies
(Santos et al., 2016; Taponen et al., 2016).

Minimum inhibitory concentration (MIC) of five antimicrobials for 29 Staphylococcus aureus isolates
from dairy herds of the microregions of Ji-Parana, Rolim de Moura and Porto Velho, Rondénia, 2013-
2014

.. . Cutoff point Variation Susceptibilit
Antimicrobial (g mFI,_*) (ng mL"") 5 ((f/’o) y
Penicillin >0.25 0.003-2 0.03 0.5 86.2
Cephalothin > 32 0.0625 - 0.25 0.125 0.25 100
Cefoxitin >8 1-4 2 2 100
Tetracycline 216 0.007 -0.125 0.125 0.125 100
Erythromycin >8 0.25-0.50 0.5 0.5 100

MIC,, - Minimuminhibitory concentration for 50% of S. aureus tested samples; >MIC, - Minimum inhibitory concentration
for 90% of S. aureus tested samples.

The percentages of S. aureus in S. aureus from this study were also higher

susceptibility in the present study were higher
thanthosereported by Beuronetal.(2014)and
Silveira et al. (2014) in S. aureus isolated from
the dairy herds in the states of Sao Paulo and
Pernambuco, respectively. The percentages
of susceptibility to penicillin and ampicillin
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than those reported by Costa et al. (2013) in
the dairy herds in Minas Gerais, although the
percentages of susceptibility to ceftiofur,
gentamicin, and enrofloxacin were similar.
In the present study, a single multiresistant
S. aureus strain was identified, at a low
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percentage compared to those reported by
Costa et al. (2013) (18%) and Silveira et al.
(2014) (63%, in two herds).

The high susceptibility of S. aureus to
antimicrobials in this study was also confirmed
by the determination of MIC, which detected
100% susceptibility of S. aureusto cephalothin,
cefoxitin, erythromycin, and tetracycline. The
percentage of penicillin susceptible S. aureus
was similar to that observed in the diffusion
tests. No isolates were resistant to cefoxitin,
indicating the absence of methicillin-resistant
S. aureus (MRSA), as phenotypic susceptibility
to cefoxitin has been used to predict methicillin
susceptibility (CLSI, 2013a).

The percentage of susceptibility
observed in S. aureus in this study by the MIC
test for penicillin and tetracycline was higher
than that reported in the studies of Brito,
Brito, Silva and Carmo (2001) and Santos et
al. (2016) in S. aureus isolated from the herds
of different Brazilian states. The MIC variation
range found in this study was also lower than
thosereported by Brito et al. (2001) and Santos
et al. (2016) for penicillin and tetracycline. This
suggests that the selective pressure caused
by the use of antimicrobials to treat mastitis
in the studied herds was lower, resulting in
the selection of a smaller number of S. aureus
resistant to the analyzed antimicrobials.

Identification of resistance patterns
in Staphylococcus isolates demonstrated a
higher frequency of resistance to penicillinand
ampicillin (PEN-AMP) and penicillin, ampicillin,
and tetracycline (PEN-AMP-TET). Several
resistance patterns were observedinthe same
farm located in the microregion of Porto Velho
that had a history of recurrent clinical mastitis
in the herd, use of different antimicrobials
without technical guidance, and a low cure
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rate. The farm was characterized by failure to
adopt practices for the prevention and control
of mastitis, including non-performance of the
tamis test and CMT.

Beuron et al. (2014) evaluated the
association between the management
practicesandproceduresusedinthetreatment
of bovine mastitis and the susceptibility
of S. aureus to antimicrobials. The non-
performance of microbiological examination
and susceptibility tests and treatment of
the cow in the dry period were considered
risk factors for the resistance of S. aureus to
penicillin and enrofloxacin, respectively. Pol
and Ruegg (2007) analyzed the relationship
between the use of antimicrobials on farms
and the results of tests for the susceptibility
of mastitis pathogens to antimicrobials. The
use of penicillin has been associated with the
reduced susceptibility of S. aureus and CNS to
this antimicrobial agent. In the present study,
the antimicrobials that showed the highest
resistance were penicillin, ampicillin, and
tetracycline, but only tetracycline was cited as
an antimicrobial widely used in herds.

The results of this study show the
importance of Staphylococcus as an etiological
agent of bovine mastitis in farms with a higher
degree of technification, considering the
predominant production characteristics of
the state of Rondénia. A higher frequency of
Staphylococcus spp. resistance to penicillin,
ampicillin, and tetracyclines, antibiotics widely
used in dairy cattle, was observed, indicating
the importance of resistance monitoring as an
auxiliary tool in the choice of the antimicrobial.
Efforts are needed so that farmers have
access to technical assistance and laboratory
diagnostics. The adoption of good milking
practices and mastitis control, as well as the
correct identification of the pathogens and
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the rational use of antimicrobials, are essential
tools for greater effectiveness in the treatment
of bovine mastitis, minimizing the selection of
resistant microorganisms, and retaining the
effectiveness of the drugs currently in use.
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