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ABSTRACT.- Lopes T.S., Fussieger C., Rizzo FA,, Silveira S., Lunge V.R. & Streck A.F. 2022. Species
identification and antimicrobial susceptibily profile of bacteria associated with cow
mastitis in southern Brazil. Pesquisa Veterindria Brasileira 42:¢06958, 2022. Laboratorio de
Diagnostico em Medicina Veterinaria, Universidade de Caxias do Sul, Rua Francisco Getilio
Vargas 1130, Campus-Sede, Caxias do Sul, RS 95070-560, Brazil. E-mail: afstreck@ucs.br

Bovine mastitis is the most common disease in dairy cattle and responsible for economic
losses in the milk industry. The present study aimed to identify the main species and to evaluate
the antimicrobial susceptibility of bacterial isolates from cow herds with mastitis in dairy
farms from southern Brazil. A total of 107 milk samples were collected from different cow
herds in one important dairy producing region in southern Brazil, including farms located
in ten cities from the Northeast region in the Rio Grande do Sul state. Bacterial strains were
isolated and submitted to presumptive identification by classical bacteriological methods.
Bacterial species were also identified by MALDI-TOF MS and antimicrobial susceptibility testing
was performed with 12 antimicrobials commonly used in dairy farms. Fifty-one bacterial
strains were isolated and the presumptive identification demonstrated the occurrence of
Staphylococcus spp. (82.3%), Bacillus spp. (3.9%), Klebsiella spp. (3.9%), Streptococcus spp.
(3.9%), Corynebacterium sp. (2%), Enterococcus sp. (2%) and Serratia sp. (2%). Forty-one
isolates were successfully identified in the MALDI-TOF analysis, including 35 isolates from
eleven different bacterial species. Importantly, there were eight different Staphylococcus species,
with a high frequency of Staphylococcus chromogenes (48.6%) and Staphylococcus aureus
(20%). Overall, bacterial isolates demonstrated resistance to penicillin (46.3%), tetracycline
(39%), amoxicillin (36.6%), ampicillin (34.1%) and sulfamethoxazole/trimethoprim (31.7%).
Enrofloxacin was the unique antimicrobial that all isolates were susceptible. In addition,
there were six multidrug resistant isolates (five S. chromogenes and one S. aureus). This study
highlights that bacterial pathogens with resistance to several antimicrobials were identified
in cows from dairy farms in a very important milk producing region located in southern
Brazil. Microbial identification of the bovine mastitis pathogens and determination of the
antimicrobial profile is necessary for the rational use of the medicines.

INDEX TERMS: Species identification, antimicrobial resistance, mastitis, milk, Staphylococcus, MALDI-
TOF MS, public health, cattle, Brazil.

RESUMO.- [Identificacdo de espécies e perfil de
suscetibilidade aos antimicrobianos de bactérias associadas
a mastite bovina no sul do Brasil.] A mastite bovina € a
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doenc¢a mais comum em gado leiteiro e responsavel por perdas
econdmicas na industria de laticinios. O presente estudo teve
como objetivo identificar as principais espécies e avaliar a
suscetibilidade antimicrobiana de isolados bacterianos de
rebanhos bovinos com mastite em fazendas leiteiras no sul
do Brasil. Um total de 107 amostras de leite foram coletadas
em diferentes rebanhos bovinos em uma importante regido
produtora de leite do sul do Brasil, incluindo fazendas localizadas
em 10 cidades da regido Nordeste do estado do Rio Grande
do Sul. As cepas bacterianas foram isoladas e submetidas a
identificagdo presuntiva por métodos bacterioldgicos classicos.
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A identifica¢do bacteriana foi confirmada por MALDI-TOF
MS e o teste de sensibilidade antimicrobiana foi realizado
com antimicrobianos comumente usados em fazendas
leiteiras. Cinquenta e uma cepas bacterianas foram isoladas
e a identificacao presuntiva demonstrou a ocorréncia de
Staphylococcus spp. (82,3%), Bacillus spp. (3,9%), Klebsiella
spp- (3,9%), Streptococcus spp. (3,9%), Corynebacterium
sp. (2%), Enterococcus sp. (2%) e Serratia sp. (2%). Os 41
isolados foram identificados com sucesso na analise MALDI-
TOF, incluindo 35 isolados de onze espécies bacterianas
diferentes. E importante ressaltar que houve a ocorréncia de
oito espécies diferentes de Staphylococcus, com alta frequéncia
de Staphylococcus chromogenes (48,6%) e Staphylococcus
aureus (20%). No geral, os isolados bacterianos tiveram alta
resisténcia a penicilina (46,3%), tetraciclina (39%), amoxicilina
(36,6%), ampicilina (34,1%) e sulfametoxazol/trimetoprima
(31,7%). A enrofloxacina foi o inico antimicrobiano que todos
os isolados foram suscetiveis. Além disso, havia seis isolados
multirresistentes (cinco S. chromogenes e um S. aureus). Este
estudo destaca que os patégenos bacterianos com resisténcia
aos antimicrobianos estdo presentes em fazendas leiteiras
de subsisténcia em uma importante regido produtora no
sul do Brasil. E necessario o monitoramento constante dos
patégenos da mastite bovina e a determinacdo de seu perfil
antimicrobiano para o uso racional dos medicamentos.

TERMOS DE INDEXACAOQ: Identificacdo de espécies, resisténcia
antimicrobiana, mastite, leite, Staphylococcus, MALDI-TOF MS, satide
publica, bovinos, Brasil.

INTRODUCTION

Brazil has the second largest dairy herd in the world and
bovine mastitis is one of the main health problems affecting
herds, with important economic losses in all dairy supply
chain (Duarte et al. 2020). This disease is characterized by an
inflammation of the mammary gland, which directly affects its
physiological function and cause symptoms such as: changes
in color and consistency of milk, udder alterations, systemic
disease and decreased yield (Kibebew 2017, Braga etal. 2018).

Mastits usually occurs as a consequence of bacterial
infections (Haubertetal. 2017). More than 130 bacterial species
have already been associated with bovine mastitis (Holko
etal. 2019). However, few bacterial species (Staphylococcus
aureus, Streptococcus uberis, Streptococcus dysgalactiae and
Escherichia coli) are responsible for approximately 80% of the
mastitis cases (Braga et al. 2018). Other coagulase-positive
Staphylococcus (CPS) and coagulase-negative staphylococci
(CNS) have also been frequently associated with mastitis
(Blaiotta et al. 2010, Vanderhaeghen et al. 2014, Haubert et
al. 2017).

The therapeutic scheme for the prevention and treatment
of cow mastitis cases is generally based on the administration
of antimicrobials (Ruegg 2017, Zhang et al. 2018). The large
use of these medicines has resulted in a high increase of
the antimicrobial resistance in different bacterial species
isolated from milk samples in Brazil (Mesquita et al. 2019).
Importantly, many bacterial isolates have already presented
resistance to three or more antimicrobial classes, evidencing
the occurrence of multidrug-resistance (MDR) (Machado et
al. 2008, Silva et al. 2012, Valmorbida et al. 2017, Dorneles
etal. 2018, Freitas et al. 2018).
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In southern Brazil, small dairy farms based on family
labor are very important to produce milk for the processing
industries. One important challenge in these farms is the
lack of technical assistance, leading to failures in animal
management to prevent intramammary infections resulting
in bovine mastitis, which the treatment is usually performed
without technical guidance (Girardini et al. 2016). These
practices may increase the risk of antimicrobial resistance
and resistant bacterial strains can spread to the community by
direct contact with infected animals or eating contaminated
animal products (Dorneles et al. 2018).

The aim of this study was to identify the bacterial species
as well as to characterize antimicrobial susceptibility from
milk samples isolates of cows with mastitis in small dairy
farms from southern Brazil.

MATERIALS AND METHODS

Dairy farms and sample collection. Cows with a history of
recurrent mastitis were chosen for this study. These animals were
from farms located in one important dairy region in South Brazil (the
Northeast from the Rio Grande do Sul state), including ten counties:
Anta Gorda, Caxias do Sul, Estrela, Farroupilha, Gramado, Nova Aracga,
Nova Bassano, Nova Petropolis, Parai and Sdo Jorge (Fig.1). Milk samples
were collected by veterinarians between March and July 2019. Briefly,
selected teats presenting visible milk alterations or positive result
in the California Mastitis Test (CMT) were washed and dried with a
paper towel and disinfected with alcohol (70%) (NMC 2004). Three
streams of milk were collected in sterile tubes, immediately frozen
and sent to the diagnostic laboratory (“Laboratério de Diagnostico
em Medicina Veterinaria”) in the “Universidade de Caxias do Sul”
(UCS), Caxias do Sul, Brazil. This study was approved by the Ethical
Committee on the Use of Animals of UCS (number 12/2018).

Bacteriological culture. Bacterial culture was performed
according to the guidelines described by the National Mastitis
Council (NMC 2004). A total of 10uL of each milk sample was
plated in Columbia agar with 5% sheep blood and MacConkey agar
(Kasvi®, Sao José dos Pinhais/PR, Brazil). The plates were incubated
aerobically at 37+1°C for 24 to 72h. The samples were considered
positive when one or more colonies were observed (2100 CFU/
mL) (Verbeke et al. 2014). When three or more different colonies
types were identified in the agar plate, contamination was assumed
and results disregarded (NMC 2004). Presumptive identification of
bacterial species was firstly performed by traditional bacteriological
procedures according to previously described (Verbeke et al. 2014).
Briefly, colonies were identified by morphological appearance and
Gram staining. Hemolysis evaluation and catalase activity were
performed on Gram-positive cocci. Presumptive Staphylococcus
spp. isolates were analyzed for coagulase activity. Presumptive
Enterococcus spp. and Streptococcus spp. were further differentiated
based on bile esculin test and incubation on BHI medium with 6.5%
of NaCl (Kasvi®, Brazil). Corynebacterium spp. was identified by
urea production and oxidation/fermentation tests. Bacillus spp.
was identified by characteristic morphology of the colonies. Gram-
negative bacilli were identified by the following biochemical tests:
lactose fermentation, motility, indole production, H,S production,
triple sugar iron, utilization of citrate and lysine decarboxylation.
All isolates were stored in skim milk with glycerol at -80°C.

MALDI-TOF MS. Matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry (MALDI-TOF MS) was carried out
as previously described (Braga et al. 2018). The software Biotyper
4.0 was utilized for the identification of bacterial species. A log score
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>2 ensures safe identification in genus and species. Scores between
2-1.7 assure safe identification for genus level and probable for
species level. Finally, scores <1.69 were considered insufficient for
identification at any taxonomic level.

Antimicrobial susceptibility test. Determination of antimicrobial
susceptibility was performed using the Kirby-Bauer disc diffusion
method (Bauer et al. 1966, CLSI 2020). Twelve antimicrobials
commonly used in the treatment of cow mastitis in southern Brazil
were evaluated: amoxicillin/clavulanic acid 30pg, amoxicillin 10pg,
ampicillin 10pg, cefalexin 30ug, ceftiofur 30ug, ceftriaxone 30ug,
enrofloxacin 5ug, gentamicin 10pg, neomycin 30ug, penicillin
G 6ug, sulfamethoxazole/trimethoprim 25ug and tetracycline
30ug (Cefar, Sdo Paulo/SP, Brazil). Isolates were categorized into
susceptible, intermediate or resistant and multidrug resistance
(MDR) was assumed when the isolate was resistant to three or more
antimicrobials classes (CLSI 2020).

RESULTS

Mastitis etiology

A total of 107 milk samples were obtained from different
dairy farms located in ten municipalities: Nova Petrdpolis
(n=59), Caxias do Sul (n=18), Estrela (n=11), Nova Bassano
(n=4), Farroupilha (n=3), Sdo Jorge (n=3), Parai (n=3),
Gramado (n=2), Nova Araga (n=2) and Anta Gorda (n=2).
Overall, 85 were individual quarter samples and 22 were mixed
samples (mixes of 2 to 4 quarters from the same cow). After

bacteriological culture, 56 samples were discarded because the
absence of colony growth or any evidence of bacteriological
contamination. The remaining 51 isolates from different
milk samples were identified with bacteriological methods.

The results of the presumptive identification of the bacterial
genus are presented in Table 1. The initial identification of
bacterial isolates indicated the occurrence of Gram-positive
cocci (n=45), followed by Gram-negative bacilli (n=3) and
Gram-positive bacilli (n=3). Staphylococcus spp. were further
classified into CPS (n=9) and CNS (n=33).

Table 1. Bacteria genus obtained from milk sample from
cows with diagnosis of mastitis in dairy farms in southern

Brazil

Presumptive identification =~ Morphology Gram stain N (%)
Staphylococcus spp. Cocci Positive 42 (82.3)
Klebsiella spp. Bacilli Negative 2(3.9)
Streptococcus spp. Cocci Positive 2(3.9)
Bacillus spp. Bacilli Positive 2(3.9)
Serratia sp. Bacilli Negative 1(2.0)
Enterococcus spp. Cocci Positive 1(2.0)
Corynebacterium spp. Bacilli Positive 1(2.0)
TOTAL - 51 (100.0)
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Fig.1. Map indicating the ten cities where milk collections were carried out, in the state of Rio Grande do Sul, Brazil.
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Bacterial species

MALDI-TOF MS coupled to the Biotyper version 4.0 was
used to analyze all the 51 isolates. A total of 41 isolates were
identified with good accuracy. It was observed the predominance
of Staphylococcus spp. (n=35, 85.4%), but Klebsiella spp. (n=2,
4.9%), Streptococcus spp. (n=2, 4.9%), Serratia sp. (n=1, 2.4%)
and Enterococcus sp. (n=1, 2.4%) were also identified in the
samples. The remaining ten isolates (19.6%) presented low
analytical scores, insufficient for a safe bacterial identification.
According to the presumptive identification of these isolates,
there were seven (70%) Staphylococcus spp., two (20%)
Bacillus spp. and one (10%) Corynebacterium sp.

Among the 35 isolates from the genus Staphylococcus, eight
different bacterial species were identified: Staphylococcus
chromogenes (n=17, 48.6%), Staphylococcus aureus (n=7,
20%), Staphylococcus epidermidis (n=3, 8.6%), Staphylococcus
xylosus (n=3, 8.6%), Staphylococcus sciuri (n=2, 5.8%),

Staphylococcus haemolyticus (n=1, 2.8%), Staphylococcus
pseudintermedius (n=1, 2.8%) and Staphylococcus warneri
(n=1, 2.8%). CNS were more frequent isolated (n=27, 77.1%;
including S. chromogenes, S. epidermidis, S. xylosus, S. sciuri, S.
haemolyticus and S. warneri) than CPS (n=8, 22.9%; including
S. aureus and S. pseudintermedius).

In the remaining six isolates from other bacterial genera,
four species were identified: two Klebsiella varilicola, two
Streptococcus uberis, one Enterococcus faecalis and one
Serratia marcescens (Fig.2).

Antimicrobial susceptibility test

Thirteen isolates (31.7%) were susceptible to all evaluated
antimicrobials. The antimicrobial profile of the remaining 28
(68.3%) isolates demonstrated resistance to one (n=7), two
(n=4), three (n=8), four (n=2), five (n=3), six (n=2) and even
seven (n=2) different antimicrobials (Fig.2). Importantly,

MALDI-TOF MS MDR PEN TET AMO
Sample identification N (a6 19(463) 16(39) 15(366)
Ucs-62/19 E. faecalis 6(50)
UCS-06/19 K variicola 3(25)
UCS-106/19 K variicola 3(25)
ucs-07/19 S. marcescens 7 (58.3)
uUcs-63/19 S. aureus 7 (58.3)
ucs-82/19 S. aureus 3(25)
uUcs-93/19 S. aureus 3(25)
UCs-68/19 S. aureus 1(8.3)
UCSs-14/19 S. aureus 0(0)
UCS-95/19 S. aureus 0(0)
UCS-96/19 S. aureus 0(0)
UCS-98/19 S pseudintermedius 4 (33.3)
UCS-53/19 S. chromogenes 6(50)
UCS-40/19 S. chromogenes 5 (41.6)
UCs-41/19 S. chromogenes 5(41.6)
UCS-57/19 S. chromogenes 5 (41.6)
UCs-29/19 S. chromogenes 3(25)
UCs-60/19 S. chromogenes 3(25)
UCS-65/19 S. chromogenes 3(25)
UCS-42/19 S. chromogenes 2 (16.6)
UCS-44/19 S. chromogenes 2 (16.6)
UCS-46/19 S. chromogenes 2 (16.6)
ucs-23/19 S. chromogenes 1(8.3)
UCs-32/19 S. chromogenes 1(8.3)
UCS-64/19 S. chromogenes 1(8.3)
UCS-78/19 S. chromogenes 1(8.3)
UCs-48/19 S. chromogenes 0(0)
UCS-55/19 S. chromogenes 0(0)
UCs-58/19 S. chromogenes 0(0)
uUcs-15/19 S. epidermidis 4(33.3)
ucs-81/19 S. epidermidis 0(0)
uUcs-92/19 S. epidermidis 0(0)
UCS-100/19 S haemolyticus 0(0)
ucs-01/19 S. sciuri 1(8.3)
UCS-45/19 S. sciuri 0(0)
Ucs-84/19 S. warneri 0(0)
ucs-75/19 S. xylosus 3(25)
uCcs-71/19 S. xylosus 2 (16.6)
UCcs-69/19 S. xylosus 1(8.3)
UCS-66/19 S. uberis 0(0)
UCS-105/19 S. uberis 0(0)

2

AMP suT CFE NEO AMC GEN CRO CTF ENO
14(34.1) 13(31.7)

497 3(73) 1(24) 1(24) 1(24) 1(29 0(0)

Fig.2. Antimicrobial susceptibility profile of isolates from mastitis cases in southern Brazil. Black = multidrug resistance (MDR) isolates,
Gray = non MDR resistance. Green = susceptible, Red = resistant, Yellow = intermediate resistance. N is the number of antimicrobials
with resistance, followed by percentage (intermediate resistance was included). Penicillin (PEN), tetracycline (TET), amoxicillin
(AMO), ampicillin (AMP), sulfamethoxazole/trimethoprim (SUT), cefalexin (CFE), neomycin (NEO), amoxicillin/clavulanic acid (AMC),
gentamicin (GEN), ceftriaxone (CRO), ceftiofur (CTF), enrofloxacin (ENO).
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bacterial isolates of the genus Staphylococcus were usually
resistant from one to seven different antimicrobials (n=24,
68.6%). Furthermore, sixisolates (five S. chromogenes and one
S. aureus) were additionally classified as multidrug resistant
(MDR). Overall, S. chromogenes presented a higher number of
MDR isolates (n=5) than S. aureus (n=1). The unique isolates
of S. marcescens and E. faecalis also demonstrated resistance
to several antimicrobials (7 and 6, respectively) (Fig.2).

The number and frequency of resistance was high
to penicillin (n=19, 46.3%), tetracycline (n=16, 39%),
amoxicillin (n=15, 36.6%), ampicillin (n=14, 34.1%) and
sulfamethoxazole/trimethoprim (n=13, 31.7%). All of the
remaining antimicrobials were effective in inhibiting the
growth of most isolates. Noteworthy, enrofloxacin was the
unique antimicrobial that all isolates were susceptible. The
analysis according to the antimicrobial class demonstrated
a higher frequency of resistance to -lactams (46.3%),
followed by tetracyclines (39%) and sulfonamides (31.7%).
The resistance was below than 10% for cephalosporins and
aminoglycosides class, and all strains were susceptible to the
unique evaluated fluoroquinolone (enrofloxacin).

DISCUSSION

In the present study, 107 milk samples were collected in dairy
farms from an important milk production region in southern
Brazil. These farms did not have well-established prevention
protocols against contagious or environmental mastitis, and
the cows sampled had repeated episodes of mastitis. The
properties carry out basic hygiene measures during milking
routine and cases of chronic mastitis are often treated with
antibiotic dry cow therapy. However, the selection of these
antibiotics are often empirical in small dairy farms.

According the bacteriological culture, 51 isolates were
first presumptively identified and the results demonstrated
the predominance of the genus Staphylococcus (82.3%).
Characterization by MALDI-TOF MS showed that they were
CNS and CPS. Staphylococcus spp. was also the most commonly
bacterial genus isolated from bovine mastitis in previous
studies carried out in Brazil (Oliveira et al. 2011, Haubert et
al. 2017, Valmorbida et al. 2017, Lavor et al. 2019) and even
in other countries (Sztachanska et al. 2016, Vakkamaki et
al. 2017, Kim et al. 2019). On contrast, 56 milk samples dit
not present bacterial growth. Culture-negative samples may
be explained by the real absence of any bacteria as well as
the occurrence of intermittent elimination of some bacteria,
including Staphylococcus aureus (Barkema et al. 2006).

Most staphylococci identified in the present study were CNS,
including six species: Staphylococcus chromogenes, Staphylococcus
epidermidis, Staphylococcus xylosus, Staphylococcus sciuri,
Staphylococcus haemolyticus and Staphylococcus warneri. S.
chromogenes was the most widespread CNS species as also observed
in other studies performed in Brazil (Tomazi etal. 2014, Braga et
al. 2018). CNS was firstly considered as opportunistic pathogens
of minor clinical importance (Schmidt et al. 2015), but they are
frequently being detected in bovine mastitis in the last years
(Freitas et al. 2018). Specifically, S. chromogenes and S. xylosus
can cause an important inflammatory process affecting udder
health (Supré etal. 2011). Moreover, CNS are known to possess
important virulence factors to evade the host’s imune system
and to produce biofilms, leading to persistent intramammary
infection (Thorberg et al. 2009, Supré et al. 2011).

In addition, CPS were also detected, including seven S.
aureus that is considered the main etiologic agent of cow
mastitis worldwide (Freitas et al. 2018). Curiously, S. aureus
frequency observed here was lower than in other Brazilian
studies with this disease in cow herds (Krewer et al. 2014,
Valmorbidaet al. 2017, Freitas et al. 2018, Lavor et al. 2019).
This epidemiological feature is probably associated with the
differences in the cows microbiotas from dairy farms located
in different geographic regions. Also S. pseudintermedius was
identified in one sample. It is a commensal bacteria of skin
and mucous membrane, frequently isolated from companion
animals (Smith et al. 2020). Despite being a rare scientific
finding, cow mastitis by this bacterial species was already
reported (Pilla et al. 2013). The close contact among pets,
humans and farm animals may have contributed to the
contamination of the herds.

Noteworthy, other two Gram-positive bacterial genera were
detected: Streptococcus and Enterococcus. Streptococcus spp.
is another important genus associated with clinical mastitis.
The two isolates identified as S. uberis by MALDI-TOF MS
deserve special attention, once this species is an environmental
pathogen responsible for a significant proportion of mastitis
cases and associated with the lack of hygiene in the dairy farms
(Valmorbida etal. 2017). This pathogen can persist in the udder
and cause a chronic infection in the mammary gland. Thus, a
contagious route of spread of Streptococcus uberis is also likely
through the milking machine (Lopez-Benavides et al. 2007,
Leelahapongsathon et al. 2020). In the same way, enterococci
are environmental causative agents of cow mastitis (R6zanska
etal. 2019). They are commensals of the gastrointestinal tract
of different animal species and the feces can contaminate milk
samples (Chajecka-Wierzchowska et al. 2020). Specifically,
Enterococcus faecalis has been detected in bovine mastitis
worldwide, from 0.2% to more than 60% (Tenhagen etal. 2006,
Petersson-Wolfe etal. 2008, Nam et al. 2010, Hamzah & Kadim
2018, Yang et al. 2018, Rdzanska et al. 2019).

Also, some Gram-negative bacterial were isolated, including
Klebsiella variicola and Serratia marcescens. Reports of K. variicola
isolation from cow mastitis are scarce, but this pathogen has
been under-reported due to the inefficiency of traditional
microbiological methods to discriminate it from Klebsiella
pneumoniae (Podder et al. 2014). Serratia spp. is also not
frequent in mastitis cases, butitis a ubiquitous bacteria already
associated with long-lasting clinical and subclinical mastitis
(Schukken et al. 2012). Specifically, S. marcescens outbreaks
were already detected in dairy farms with significant economic
impacts (Friman et al. 2019). These two bacterial species
are also human pathogens and associated with nosocomial
outbreaks (Rodriguez-Medina et al. 2019, Silva et al. 2021).

The identification of bacterial resistance is necessary to
choose the appropriate antimicrobial treatment for cows (Lavor
et al. 2019). Importantly, it was observed a high frequency
of bacterial resistance to penicillin, tetracycline, amoxicillin,
ampicillin and sulfamethoxazole/trimethoprim in this
study (46.3%, 39%, 36.6%, 34.1% and 31.7%, respectively).
Antimicrobial resistance is not a recent phenomenon, but
it has progressively increased in the last decades due to an
abusive use in veterinary and human medicine (Valmorbida
etal. 2017). The high frequency of resistance to some of these
antimicrobials were expected, since they were frequently used
in veterinary practice in recent years (Dorneles et al. 2018).

Pesq. Vet. Bras. 42:€06958, 2022
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Staphylococciisolates presented a wide range of resistance
(from 0 to 58.7%). Studies carried out in different Brazilian
regions have already shown that Staphylococcus spp.
isolated from dairy farms present high levels of resistance
to trimethoprim (Freitas et al. 2018), sulfamethoxazole/
trimethoprim (Valmorbida etal. 2017, Dorneles et al. 2018),
tetracycline (Martini et al. 2017, Valmorbida et al. 2017,
Dorneles et al. 2018, Mesquita et al. 2019) and penicillin
(Machado et al. 2008, Silva et al. 2012, Martini et al. 2017,
Dorneles et al. 2018, Freitas et al. 2018, Mesquita et al.
2019). Additionally, six isolates were MDR, including five
S. chromogenes and one S. aureus. CNS isolates from cow
mastitis, such as S. chromogenes, were already reported to
develop resistance to antimicrobials drugs more frequently
than S. aureus (Taponen & Pyorala 2009). MDR in the dairy
supply chain has also been previously reported and itis a very
concerning health problem (Machado et al. 2008, Silva et al.
2012, Valmorbida etal. 2017, Dorneles et al. 2018, Freitas et
al. 2018). There is a true risk for the transmission of these
bacteria to animals and humans through the consumption of
feed and food (Valmorbida etal. 2017, Dorneles et al. 2018).
In addition, E. faecalis isolated here was resistant to the half
of the tested antimicrobials. Although information about E.
faecalis recovered from bovine mastitis in Brazil is rare, this
bacterial species has frequently a very high antimicrobial
resistance profile (Yang etal. 2018, Gao et al. 2019, Rézanska et
al. 2019). So itis a potential risk to contaminate milk products
and human consumers (Rézanska et al. 2019). On contrast,
thirteen Gram-positive isolates (31.7%) were susceptible to
all evaluated antimicrobials, including two S. uberis. These
results disagree to previous studies with Brazilian herds that
demonstrated streptococci with high levels of resistance
(Oliveiraetal. 2011, Valmorbida etal. 2017), requiring longer
periods of treatments (Kibebew 2017).

K. variicola strains presented resistance to penicillin,
amoxicillin and ampicillin as expected, since Klebsiella species
have a mechanism to resist these antimicrobial based on
chromosomal (3-lactamases LEN (Rodriguez-Medina et al.
2019). The two isolates also presented susceptibility to the
other antimicrobials as previously described (Podder et al.
2014). The unique S. marcescens isolated in this study was
resistant to a high number of antimicrobials. S. marcescens
is difficult to treat since it is intrinsically resistant to many
antimicrobials, due to multi-drug efflux pump(s) (Friman et
al. 2019). Even using the correct treatment, the bacteriological
elimination rate is low, with poor responses to antimicrobial
therapy (Pinzén-Sanchez & Ruegg 2011).

Bacterial resistance to fluoroquinolones, aminoglycosides
and third generation cephalosporin was not observed, despite
these antimicrobials have been widely used for the treatment of
bovine mastitis and other cattle diseases in Brazil (Tomazi & Dos
Santos 2020). Low resistance to these classes have already been
observed in dairy herds in Rio Grande do Sul (Girardini etal. 2016,
Haubert et al. 2017, Lavor et al. 2019), showing that regional
differences in the use of these antimicrobials could produce
different selection pressures on bacterial populations. These
results highlight the importance of the regional characterization
of circulating strains (Valmorbida et al. 2017).

Importantly, it was not possible to obtain a high number
of bacterial isolates to achieve more definitive data about
the main bacterial species as well as their resistance to the
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currently used antimicrobials. Also some important clinical
data from the animals were missed since the samples were
obtained by convenience in low-income communities in the
region. However, the findings presented here are very important
to demonstrate the main bacterial species associated with
bovine mastitis in a very important milk-producing region
in South Brazil. More studies are necessary to reinforce these
results in dairy farms in the different dairy regions to have a
more complete scenario about mastitis in Brazil.

Finally, antimicrobials frequently used in veterinary
medicine are still legally purchased in Brazil without veterinary
prescription, which could further facilitate the excessive
and incorrect use of antimicrobials in dairy herds, favoring
persistent infections and antimicrobial resistance (Martini
et al. 2017, Tomazi & Dos Santos 2020). In addition to this
serious animal and public health problem, it can result in
direct financial losses to dairy farmers due to medicines
costs and milk waste during treatment (Lavor et al. 2019).
The complete and accurate microorganism identification in
bovine mastitis is essential to determine the reservoirs and
sources of infection, and to adopt the appropriate hygienic
measures (Dorneles etal. 2018). Therefore, good management
practices combined with the rational use of antimicrobials
are of paramount importance to avoid emerging bacterial
resistance in human dairy products.

CONCLUSIONS

Staphylococcus spp., grouped as CNS, was the predominant
genus identified as the cause of bovine mastitis.

Ahigh resistance rates to 3-lactamics and tetracyclines was
observed among the bacteria isolates, these antimicrobials
classes are widely prescribed as a treatment of mastitis in
dairy farms in the Northeast region of Rio Grande do Sul, Brazil.

These findings point out the need of a judicious analysis
about the use of antimicrobials in small dairy herds, counting
whenever possible with the correct identification of the
pathogen and evaluation of the in vitro susceptibility profile.
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