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ORIGINAL ARTICLE

ABSTRACT: The aims of the present study were to establish the prevalence of bovine clinical and subclinical 
mastitis in dairy herds located in the microregion of Garanhuns in the state of Pernambuco, Brazil, determine 
antimicrobial susceptibility as well as identify antimicrobial resistance mechanisms and the production of biofilm 
in the bacterial groups isolated. The study was conducted in 10 herds of dairy cattle. The number of lactating 
cows per herd ranged from 22 to 90, totaling 477 animals. The prevalence of clinical and subclinical mastitis 
ranged from 2.7 to 18.2% and 38.9 to 76%, respectively. The bacterial genera isolated from the cows with mastitis 
were Staphylococcus, Streptococcus and Corynebacterium, with respective frequencies of 75.2, 17 and 2.6%. Among 
the species identified, the most frequent was Staphylococcus aureus in both clinical and subclinical mastitis. The 
antimicrobial susceptibility test of the isolates of Staphylococcus and Streptococcus revealed high rates of resistance to 
penicillin and tetracycline. Biofilm production was found in 95.4% of Staphylococcus genera whereas none of the 
samples presented efflux pumps. In conclusion, high rates of mastitis were found in the herds analyzed. Moreover, 
the etiological agents are bacteria that have the potential for biofilm production and are resistant to the main groups 
of antimicrobials used for the control of the disease, making bovine mastitis a challenge for veterinarians who work 
in the studied region.
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RESUMO: O objetivo deste estudo foi estabelecer a prevalência de mastite clínica e subclínica em vacas pertencentes 
a rebanhos localizados na microrregião de Garanhuns, estado de Pernambuco, como também avaliar a susceptibili-
dade antimicrobiana, identificar a presença de mecanismos de resistência antimicrobiana e a produção de biofilmes 
nos grupos bacterianos isolados. O estudo foi realizado em 10 rebanhos de bovinos leiteiros, com número de fêmeas 
em lactação que variou de 22 a 90, totalizando 477 animais. A prevalência de mastite clínica nos rebanhos avaliados 
variou de 2,7 a 18,2% e de mastite subclínica de 38,9 a 76%. Os gêneros bacterianos isolados do leite de animais 
com mastite foram Staphylococcus, Streptococcus e Corynebacterium, com frequências de 75,2, 17 e 2,6%, respectiva-
mente. Dentre as espécies identificadas, Staphylococcus aureus foi a mais frequente, tanto dos casos de mastite clínica 
quanto de mastite subclínica. O perfil de susceptibilidade das amostras de Staphylococcus e Streptococcus evidenciou 
altas taxas de resistência frente à penicilina e tetraciclina. A produção de biofilme foi observada em 95,4% dos esta-
filococos, enquanto em nenhuma dessas amostras foi demonstrada a presença de bomba de efluxo. Conclui-se que 
nos rebanhos avaliados a mastite está presente em taxas elevadas e os agentes etiológicos são bactérias que apresen-
tam resistência aos principais grupos de antimicrobianos utilizados no controle da enfermidade, além de apresenta-
rem potencial para a produção de biofilme, tornando a mastite bovina um desafio para o profissional médico vete-
rinário que atua na região.

PALAVRAS-CHAVE: Infecção intramamária; resistência antimicrobiana; biofilme; bactérias.
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INTRODUCTION
Bovine mastitis is the main illness affecting dairy herds 
throughout the world. This condition is characterized by 
inflammation of the mammary gland which has a multi-
factorial etiology but those of infectious origin stand out, 
particularly caused by bacteria, such as those of the genera 
Staphylococcus, Streptococcus and Corynebacterium as well as 
Gram-negative bacteria, such as Escherichia coli, Klebisiella 
sp. and Pseudomonas sp. (Ferreira; Ribeiro, 2022; Lima et al., 
2022; Ulsenheimer et al., 2022). 

The prevalence of bovine mastitis varies depending on 
the type of animal management practices as well as pre-
disposing factors, such as trauma to the mammary gland, 
type of milking and milk production (Vieira et al., 2022; 
Youssif et al., 2021). In Brazil, the prevalence of the clini-
cal and subclinical forms in dairy herds ranges from 2.38 
to 38% and 20.6 to 87.5%, respectively (Niero et al., 2021; 
Oliveira et al., 2020).

The high prevalence of the disease exerts a negative impact 
on dairy cattle farming due to the cost of treatment, increase 
in labor, the discard of contaminated milk, reduction in milk 
production and the loss of animals (Lopes et al., 2020). 

Antibiotic therapy is an important component of mas-
titis control and prevention programs, with the indication 
for treatment and prevention of the clinical form during 
the lactation and dry period, respectively (Ordoñez et al., 
2022). However, such treatment favors the selection and 
dissemination of resistant bacterial strains, especially when 
antimicrobials are used incorrectly and excessively, which 
poses public health risks throughout the world (Carvalho 
et al., 2021). 

Bacterial resistance to antimicrobials is an evolutional 
phenomenon determined by genetic changes that define the 
expression of different resistance mechanisms either alone or 
in combination in the same bacterial strain, such as enzyme 
inactivation, efflux pump, the blocking of the drug entrance 
and a change in the antimicrobial target site (Nascimento 
et al., 2023; Silva et al., 2022). Besides antimicrobial resis-
tance, pathogenic bacterial can express other survival strategies, 
which are known collectively as virulence factors, to invade 
and multiply in an infection site, causing tissue damage that 
characterizes and composes the symptoms of a bacterial disease 
(Åvall-Jääskeläinen et al., 2021). The formation of biofilms 
and resistance to antimicrobials are examples of virulence fac-
tors that interfere with the control of bacterial diseases such 
as mastitis (Israel et al., 2022; Lucas et al., 2021a).

Considering this context, the aims of the present study 
were to establish the prevalence of bovine clinical and sub-
clinical mastitis in dairy herds located in the microregion of 
Garanhuns, state of Pernambuco, Brazil, determine antimi-
crobial susceptibility as well as identify antimicrobial resis-
tance mechanisms and the production of biofilm in the bac-
terial groups isolated.

MATERIALS AND METHODS
This study was conducted in 10 herds of dairy cattle. The num-
ber of lactating cows ranged from 22 to 90, totaling 477 ani-
mals. The herds were on rural properties located in the munici-
palities of Iati (n = 8), Bom Conselho (n = 1) and Águas Belas 
(n = 1), which are part of the microregion of Garanhuns in the 
state of Pernambuco. Visits to the properties, the assessment 
of the animals and the collection of samples were performed 
between August 2020 and July 2021. This study received 
approval from the Ethics Committee on Animal Use of the 
Federal Rural University of Pernambuco (CEUA-UFRPE pro-
tocol nº 4403240520) and the Ethics Committee in Research 
(CEP, Plataforma Brasil, protocol nº 4.428.064). 

To establish the prevalence of clinical mastitis in the herds, 
information was collected from the property owners on the 
occurrence of previous cases, clinical examinations of the udder 
and the black-bottomed mug results. The prevalence of sub-
clinical mastitis was established using the California Mastitis 
Test (CMT) on all lactating cows. Milk samples were taken 
from all animals with clinical mastitis as well as 10 to 25% of 
those with a positive CMT result (1+, 2+ and 3+), except in 
herds in which the number of cows with a positive CMT was 
less than or equal to 10 animals; in such cases, samples were 
collected from all positive animals. The standard method was 
used for collection, transport, isolation, and identification of 
the etiological agents (NMC, 2017).

Antimicrobial susceptibility of the bacterial isolates was 
determined by the disk diffusion method (CLSI, 2018) using 
the following drugs and respective concentrations: amoxicillin-
clavulanic acid (30 μg), cefoxitin (30 μg), cephalothin (30 μg), 
enrofloxacin (5 μg), penicillin G (10 UI), gentamicin (10 μg) 
and tetracycline (30 μg). The interpretation of the inhibition 
zones was carried out according to CLSI (2018).

The investigation of the efflux pump was performed using 
the method proposed by Ugwuanyi et al. (2021) based on the 
capacity of the bacteria to expel ethidium bromide (EtBr). Plates 
with Mueller-Hinton agar were prepared containing different 
concentrations of EtBr (0.5, 1.0, 1.5 and 2.0 mg/L). Plates 
without EtBr were used as the control. Bacterial samples were 
inoculated in a radiated star shape and incubated under aero-
biosis at 37°C for 24 hours, followed by the transilluminator 
reading and recording of the results. The interpretation was 
based on the presence (negative for efflux pump) or absence 
(positive for efflux pump) of any degree of fluorescence.

Biofilm production was investigated using the microtiter 
plate (MTP) method (Darwish; Asfour, 2013). The plates were 
read in a microplate reader (Analítica, Asys UVM 340) at 570 
nm. The interpretation of the results was in accordance with 
the criteria suggested by the same authors. After establish-
ing the cutoff point from the arithmetic mean and standard 
deviation of the optical density (OD) of the negative control 
(ODc), the arithmetic mean of the test samples (ODt) was 
used to classify the bacterial isolate as follows: ODt ≤ 0.070 
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= non- biofilm producer; 0.070 < ODt ≤ 0.140 = weak bio-
film producer; 0.140 < ODt ≤ 0.280 = moderate biofilm pro-
ducer; and ODt > 0.280 = strong biofilm producer. All tests 
were performed in triplicate.

The data were organized on Excel® spreadsheets, with the 
calculation of the mastitis cases, frequencies of the bacterial 
types isolated, and each characteristic analyzed. The follow-
ing equation was used for the calculation of the prevalence of 
clinical and subclinical mastitis (Cortês, 1993): 

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑎𝑎𝑜𝑜𝑜𝑜𝑁𝑁𝑎𝑎𝑎𝑎𝑁𝑁𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑁𝑁𝑎𝑎𝑎𝑎𝑎𝑎
𝑇𝑇𝑜𝑜𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑎𝑎𝑎𝑎𝑎𝑎𝑁𝑁𝑎𝑎𝑎𝑎𝑁𝑁𝑎𝑎

RESULTS AND DISCUSSION
Table 1 displays the prevalence of clinical and subclinical mas-
titis in the 10 herds analyzed, with high rates in all of them. 
Surveys conducted by other authors in different Brazilian 
regions also report high prevalence of subclinical mastitis in 
bovine dairy herds, i.e., 76.9% in the Santa Catarina State 
(Niero et al., 2021), 55.9% in the Rio Grande do Norte State 
(Oliveira et al., 2020) and 40.2% (Lima et al., 2022) in the 
Paraiba State. For clinical mastitis, prevalence of 0.99% (Santos; 
Mendonça; Muniz, 2020) to 28.3% (Ferreira; Roquete, 2019) 
has been reported.

In the evaluated herds the presence of mastitis probably 
is causing huge economic loss to the milk producer as well as 
to the dairy industry in the region. It’s important to highlight 
that the subclinical form is responsible for the largest por-
tion of the economic harm caused by mastitis in dairy herd, 
exerting negative impacts on the production, composition 
and shelf life of milk and other dairy products (Lopes et al., 
2020; Massote et al., 2019; Ribeiro; Caliman; Gasparotto, 
2023). On the other hand, high rates of clinical mastitis in 
dairy herds also increase the production cost of milk, exert-
ing a negative impact on the entire chain of dairy products 
(Romã; Madureira, 2020) and posing a serious risk to the 

health of consumers, as milk from animals with this form of 
the disease could carry traces of antimicrobials, subproducts 
of microbial metabolism and bacterial strains carrying resis-
tance genes (Peréz et al., 2020).

In the present study, 242 milk samples from 31 animals 
with clinical mastitis and 211 with the subclinical form were 
submitted to the microbiological culture. Microbial growth was 
seen in 153 samples (63.2%) and no growth was found in 63 
(36.8%). Among the positive samples, the genus Staphylococcus 
was the most frequently isolated, followed by Streptococcus 
and Corynebacterium (Table 2). The present finding is similar 
to those reported by other investigators who have observed 
a high frequency of isolation of the genus Staphylococcus in 
the milk of cows with mastitis in Brazilian herds (Carvalho 
et al., 2021; Lima et al., 2022; Pinto et al., 2021), demon-
strating the importance of this group of bacteria in the etiol-
ogy of this disease.

The lower frequencies of the genera Streptococcus and 
Corynebacterium in the present study agree with the results of 
previous surveys in the same area (Krewer et al., 2013; Mota 
et al., 2012), indicating that mastitis in cattle of the microre-
gion of Garanhuns are predominantly caused by Staphylococcus. 

As shown in Table 3, Staphylococcus aureus (S. aureus) was 
the most frequently isolated species in the milk from animals 
with clinical and subclinical mastitis (48.3 and 49.2%, respec-
tively). This species has been reported in previous studies as the 
main etiological agent of bovine mastitis, with similar rates, i. 
e. 65% (Pinto et al., 2021) or higher than to those found in the 
present study, i. e. 90% (Freitas et al., 2018). This pathogen 
frequently causes persistent intramammary infections, deter-
mining an intense inflammatory response and high somatic 
cells count (SCC) in the milk of infected animals, with nega-
tive impacts on the quality of the raw milk (Ordoñez et al., 
2022; Romã; Madureira, 2020) and posing a serious risk to 
public health since this bacterial species may carry determi-
nants of antimicrobial resistance and other virulence factors 
(Lucas et al., 2021a).

The Coagulase-negative Staphylococcus (CNS) group was 
isolated in six (20.7%) and 37 (29.8%) milk samples from 
cows with clinical and subclinical mastitis, respectively, either 
as a single agent or in combination with other bacteria. In a 

Table 1. Prevalence of clinical and subclinical mastitis in dairy herds 
located in the microregion of Garanhuns, Pernambuco, Brazil.

Herd Animals
Prevalence

Clinical mastitis Subclinical mastitis

1 27 2 (7.4%) 13 (48.1%)

2 39 3 (5.7%) 30 (72.9%)

3 53 4 (18.2%) 31 (58.5%)

4 22 0 (0.0%) 11 (50,0%)

5 22 3 (7.0%) 9 (40.9%)

6 43 5 (7.0%) 21 (48.8%)

7 71 3 (3.3%) 54 (76.0%)

8 90 9 (12.5%) 35 (38.9%)

9 72 1 (2.7%) 48 (66.7%)

10 38 1 (6.7%) 28 (73.7%)

TOTAL 477 31 (6.5%) 280 (58.7%)

Table 2. Frequencies of bacterial genera isolated from cows with 
clinical and subclinical mastitis. 

Genus AF*(N) RF*(%)

Staphylococcus 115 75.2

Streptococcus 26 17

Corynebacterium 4 2.6

Staphylococcus + Corynebacterium 4 2.6

Staphylococcus + Streptococcus 4 2.6

TOTAL 153 100

*AF=absolute frequency; RF=relative frequency
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study carried out in the Federal District and its surrounding 
areas, Carvalho et al. (2021) reported a 30.7% rate of CNS 
isolated in cases of bovine mastitis, representing the most 
prevalent isolated group in the herds analyzed. As found in 
the present investigation, other researchers have reported the 
association of the CNS group with bovine mastitis, but at a 
lower frequency than S. aureus and species of Streptococcus 
(Almeida et al., 2021). The occurrence of CNS in dairy herds 
is a cause of concern, as these emerging microorganisms 
can carry antimicrobial resistance genes, as demonstrated 
by Lucas et al. (2021b) and Klibi et al. (2018), besides have 
the potential to transfer these genes to other bacterial types 
(Fluit et al., 2013).

The frequency observed for S. agalactiae in this study 
agrees with that published by Lakew; Fayera; Ali (2019), who 
found a 10.3% frequency for this specie. Differently from the 
present results, Bettanin et al. (2019) observed a 1.7% fre-
quency for S. agalactiae as etiological agent of bovine mastitis. 
About the frequencies observed for S. uberis, they were higher 
than those reported by Bettanin et al. (2019), i.e., 1.3%, and 
Almeida et al. (2021), i. e., 3.05%. 

It is important to reinforce the importance of these spe-
cies in the epidemiology of bovine mastitis. S. uberis is an 
environment-associated straw bedding and pasture pathogen 
that is difficult to control, emerging as an important pathogen 
of the mammary gland in recent decades (Abd El-Aziz et al., 
2021) and S. agalactiae is considered an obligate contagious 
agent of the bovine mammary gland that causes mainly sub-
clinical mastitis and elevated milk SCC (El-Razik et al., 2021). 
Thus, and even at a lower frequency than that observed for 
Staphylococcus, the results of the present study suggest that in 

herds in the studied region Streptococcus species are important 
etiological agents of bovine mastitis.

In the herds analyzed, bacteria of the genus Corynebacterium 
were isolated from 5.7% of the milk samples from cows with 
subclinical mastitis either as a single agent or associated 
to Staphylococcus, and as a single agent in a case of clini-
cal mastitis. Although divergent opinions are found on the 
role of these agents in the pathogenesis of bovine mastitis, 
some authors have reported cases of clinical and subclini-
cal mastitis caused by these bacteria as well as an increase in 
somatic cells in milk from these animals (Gonçalves et al., 
2016; Lücken et al., 2021). The importance of the genus 
Corynebacterium was recently determined by the identifica-
tion of a new species isolated repeatedly in cases of bovine 
mastitis (Kittl et al., 2022).

The in vitro susceptibility of the isolates of Staphylococcus 
is shown in Tables 4 (S. aureus) and 5 (CNS). Sensitivity rates 
higher than 80% were found for the majority of antimicrobi-
als in all samples analyzed. However, two drugs stood out with 
regards to resistance: penicillin G and tetracycline. Resistance 
to penicillin was found in 93.2% of S. aureus and 77.8% of 
CNS isolates. Moreover, 16.4% of S. aureus and 59.7% of CNS 
exhibited resistance to tetracycline. 

Regarding S. aureus, studies conducted since 2009 in herds 
from the south Agreste region of the state of Pernambuco, 
which includes the microregion of Garanhuns, have dem-
onstrated high rates of resistance to penicillin, indicating the 
perpetuation of this phenotype (Krewer et al., 2013; Medeiros 
et al., 2009; Silva et al., 2012). The presence of this resistance 
phenotype over the decades suggests that the selective pres-
sure exerted by the β-lactams antibiotics is a continual event 

Table 3. Bacterial agents isolated from cows with clinical and subclinical mastitis in dairy herds located in microregion of Garanhuns, 
Pernambuco, Brazil. 

Bacterial agent
Clinical mastitis Subclinical mastitis 

N % N %

S. aureus 14 48.3 61 49.2

Coagulase-negative Staphylococcus (CNS) 5 17.3 33 26.6

Streptococcus uberis 2 6.9 9 7.3

Streptococcus agalactiae 2 6.9 4 3.2

Streptococcus spp. 4 13.8 5 4.0

Corynebacterium spp. 1 3.4 3 2.5

Streptococcus spp. + S. aureus - - 2 1.6

S. aureus + Corynebacterium spp. - - 2 1.6

Corynebacterium spp. + CNS - - 2 1.6

Streptococcus spp. + CNS - - 1 0.8

Streptococcus uberis + CNS - - 1 0.8

S. aureus + CNS 1 3.4 - -

Staphylococcus spp. - - 1 0.8

TOTAL 29 100 124 100
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in herds in that region. In different countries, high rates of 
resistance to penicillin of Staphylococcus aureus isolated from 
bovine mastitis also continue to be reported (Kaczorek-
Łukowska et al., 2022; Neelam et al., 2022; Ren et al., 2020; 
Rychshanova et al., 2022).

Considering the importance of S. aureus as an animal 
and human pathogen, the results highlighted above are wor-
risome due to the potential risk of the transference of resis-
tance genes by S. aureus to other bacterial types and because 
resistance to penicillin G implies the impossibility of using 
some classes of β-lactams as well as non-β-lactams, hamper-
ing or even impeding the treatment of animal and human 
diseases (Barkema; Schukken; Zadoks, 2006).

Besides the challenging scenario described above, two 
(2.7%) methicillin-resistant S. aureus (MRSA) isolates were 
detected in the present study using cefoxitin disk. The detection 
of MRSA strains causing mastitis in dairy herds is of utmost 
importance to animal health, as this phenotype impedes the 
use of all the β-lactams, leading to failures in the treatment of 
staphylococcal mastitis, favoring the persistence of the agent in 
the mammary gland and its dissemination in the herd (Lucas 
et al., 2021b). These MRSA strains will be submitted to geno-
typic analysis to confirm this phenotype.

Unlike S. aureus, resistance to tetracycline was greater 
than 50% in the CNS group, suggesting that species of this 
group are submitted to selective pressure due to the intense 

use of these drugs in the farm environment for the treatment 
of bacterial infections whether located in the mammary gland 
or other organs. Indeed, the use of this antimicrobial is fre-
quent among the producers in the region. 

Figure 1 demonstrates the antimicrobial susceptibility of 
eleven isolates of the genus Streptococcus. As discussed above 
for the genus Staphylococcus, the species of Streptococcus iso-
lated in the present study were likely submitted to selective 
pressure due to the indiscriminate use of drugs such as tet-
racycline and penicillin derivatives, which underscores the 
importance of surveillance and monitoring of the emergence 
and persistence of resistant phenotypes in these agents (Archer 
et al., 2017; Mesquita et al., 2019).

The ability to produce biofilm in vitro and the pres-
ence of the efflux pump were investigated in 66 isolates of 
the genus Staphylococcus (46 S. aureus and 20 CNS). Of the 
total, sixty-three (95.4%) were positive for biofilm produc-
tion and three (4.6%) were negative. In a separate analysis, 
all 46 samples of S. aureus were positive, with 19 (47.5%) 
strong producers, eight (5%) moderate producers and 19 
(47.5%) weak biofilm producers. Among the CNS samples, 
18 (85%) were positive, with six (33%) strong producers, 
two (11%) moderate producers and 10 (56%) weak bio-
film producers. 

High rates of positivity for biofilm production in 
Staphylococcus sp. isolated from cases of bovine mastitis 

Table 4. Antimicrobial susceptibility of Staphylococcus aureus isolated from bovine mastitis.

Antimicrobial

Profile

Susceptible Intermediate Resistant

N % N % N %

Amoxicillin-clavulanic acid 72 98.6 - - 01 1.4

Cephalothin 73 100 - - - -

Cefoxitin 71 97.3 - - 2 2.7

Enrofloxacin 67 91.7 5 6,8 1 1.5

Gentamicin 68 93.2 - - 5 6.8

Penicillin G 5 6.8 - - 68 93.2

Tetracycline 61 83.6 - - 12 16.4

Table 5. Antimicrobial susceptibility of Coagulase-negative staphylococci isolated from bovine mastitis.

Antimicrobial

Profile

Susceptible Intermediate Resistant

N % N % N %

Amoxicillin-clavulanic acid 25 89.3 - - 02 10.7

Cephalothin 25 89.3 - - 02 10.7

Cefoxitin 27 100 - - - -

Enrofloxacin 26 96.3 01 3.7 - -

Gentamicin 24 85.7 - - 03 14.3

Penicillin G 06 22.2 - - 21 77.8

Tetracycline 11 40.7 - - 16 59.7
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Figure 1. Antimicrobial susceptibility of Streptococcus uberis and Streptococcus agalactiae isolated from bovine mastitis.

AMC= Amoxicillin-clavulanic acid; CFL= Cephalothin; EN= Enrofloxacin; GEN= Gentamicin; PEN= Penicillin G; TET= Tetracycline. 
Source: author’s own production

Streptococcus uberis Streptococcus agalactiaeStreptococcus uberis Streptococcus agalactiae

have also been reported by other researchers (Felipe et al., 
2017; Israel et al., 2022; Ren et al., 2020; Rychshanova 
et al., 2022). Biofilm is considered an important virulence 
factor in species of the genus Staphylococcus, contribut-
ing to the colonization and persistence of these agents 
in infection sites (Felipe et al., 2019). The importance 
of biofilm formation by bacteriological agents of masti-
tis is associated with the failure of therapeutic protocols. 
Besides the greater resistance to antimicrobials by physi-
cal factors that impede the distribution of the drug in the 
infection sites, the transference of resistance genes also 
occurs in biofilm, expanding resistance within the bacte-
rial population (Felipe et al., 2017; Pedersen et al., 2021). 
In the present study, 42 samples (91.3%) of S. aureus and 
12 (66.6%) of CNS were simultaneously biofilm produc-
ers and resistant to penicillin, which are phenotypes that 
favor the dissemination and persistence of resistant strains 
(Rychshanova et al., 2022). 

The efflux pump was not detected in any of the Staphylococcus 
isolates in the present study. However, other researchers 
have reported the presence of this resistance mechanism in 
Staphylococcus species isolated from bovine mastitis, such as 
Guimarães et al. (2012) and Krewer et al. (2014), who reported 

frequencies of 36.7% and 0.9%, respectively. The efflux pump 
is one of the mechanisms of resistance to tetracycline and in 
the present study, resistance to this drug was found in 76.1% 
of the Staphylococcus isolates. Considering the absence of the 
efflux pump, one may raise the hypothesis that other resistant 
mechanisms may be involved, being important to investigate 
such mechanisms.

CONCLUSION
The results of the present study indicate high rates of mastitis in 
the herds located in microregion of Garanhuns, Pernambuco. 
Moreover, the etiological agents are bacteria that have the 
potential for biofilm production and are resistant to the main 
groups of antimicrobials used for the control of this disease, 
making bovine mastitis a challenge for veterinarians who work 
in the studied region.

ACKNOWLEDGMENTS
This work was funded by the State of Pernambuco Science 
and Technology Assistance Foundation [FACEPE scholarship 
grant IBPG - 1592.05/19] and National Council for Scientific 
and Technological Development (CNPq PIBIC scholarship 
grant 2020-2021/2021-2022).

https://doi.org/10.3390/ani11071849
https://doi.org/10.31533/pubvet.v15n11a959.1-9
https://doi.org/10.31533/pubvet.v15n11a959.1-9


5050 Acta Veterinaria Brasilica March 18 (2024) 44-51

Vieira et al.

ARCHER, S. C. et al. Prediction of Streptococcus uberis clinical 
mastitis risk using Matrix-assisted laser desorption ionization 
time of flight mass spectrometry (MALDI-TOF MS) in dairy herds. 
Preventive Veterinary Medicine, v. 144, p. 1–6, 2017. Disponível 
em: https://doi.org/10.1016/j.prevetmed.2017.05.015. 

ÅVALL-JÄÄSKELÄINEN, S. et al. Genomic analysis of Staphylococcus 
aureus isolates associated with peracute non-gangrenous or gangrenous 
mastitis and comparison with other mastitis-associated Staphylococcus 
aureus isolates. Frontiers in Microbiology, v. 12, p. 688819, 2021. 
Disponível em: https://doi.org/10.3389/fmicb.2021.688819. 

BARKEMA, H.W.; SCHUKKEN, Y.H.; ZADOKS, R.N. The role of cow, 
pathogen, and treatment regimen in the therapeutic success of bovine 
Staphylococcus aureus mastitis. Journal of Dairy Science, v. 89, 
n. 9, p. 1877-1895, 2006. Disponível em: https://doi.org/10.3168/
jds.S0022-0302(06)72256-1.

BETTANIN, J. et al. Frequência de Isolamentos dos Agentes 
Etiológicos da Mastite Bovina no Sudoeste Paranaense. Revista 
Brasileira de Higiene e Sanidade Animal, v. 13, n. 4, p. 440 – 451, 
2019. Disponível em: http://www.higieneanimal.ufc.br/seer/index.
php/higieneanimal/article/view/546/2698.

CARVALHO, A. S. S. et al. Study and characterization of microorganisms 
that cause bovine mastitis in the Federal District and surrounding areas, 
their resistance to antimicrobials and the risk factors for the occurrence 
of the disease. Brazilian Journal of Development, v. 7, n. 9, p. 86772-
86797, 2021. Disponível em: https://doi.org/10.34117/bjdv7n9-032.

CLSI - Clinical and Laboratory Standards Institute. Performance Standards 
for Antimicrobial Susceptibility Testing. CLSI Approved Standard 
M100-S15. Clinical and Laboratory Standards Institute, Wayne, 2018.

CORTÊS, J. A. Epidemiologia: conceitos e princípios fundamentais. 
São Paulo: Livraria Varela, 1993. 150p.

DARWISH, S. F; ASFOUR, H. A. Investigation of biofilm forming 
ability in Staphylococci causing bovine mastitis using phenotypic 
and genotypic assays. Scientific World Journal, nov 2, 2013. 
Disponível em: https://doi.org/10.1155/2013/378492.

EL-RAZIK, A. B. D. et al. Isolation, identification, and virulence determinants 
of Streptococcus agalactiae from bovine subclinical mastitis in Egypt. 
Journal of Infection in Developing Countries, v. 15, n. 8, p. 1133-1138, 
2021. Disponível em: https://doi.org/10.3855/jidc.12668.

FELIPE, V. et al. Chitosan disrupts biofilm formation and promotes biofilm 
eradication in Staphylococcus species isolated from bovine mastitis. 
International Journal of Biological Macromolecules, v. 126, [s.n], p. 
60-67, 2019. Disponível em: https://doi.org/10.1016/j.ijbiomac.2018.12.159.

FELIPE, V. et al. Evaluation of the biofilm forming ability and its associated 
genes in Staphylococcus species isolates from bovine mastitis in 
Argentinean dairy farms. Microbial Pathogenesis, v. 104, [s.n], p. 278- 
286, 2017. Disponível em: https://doi.org/10.1016/j.micpath.2017.01.047.

FERREIRA, B. H. A.; RIBEIRO, L. F. Mastites causadas por Escherichia 
coli, Klebsiella spp. e Streptococcus uberis relacionadas ao sistema 
de produção Compost Barn e o impacto na qualidade do leite. 
Revista GeTeC, v. 11, n. 35, 2022. Disponível em: https://revistas.
fucamp.edu.br/index.php/getec/article/view/2708.

FERREIRA, W. D. A.; ROQUETTE, J. J. Identificação da Frequência 
de Agentes Causadores de Mastite Clínica e Subclínica em Vacas de 
um Rebanho Leiteiro Localizado no Município de Coromandel/Minas 
Gerais-Brasil. Revista Agroveterinária, Negócios e Tecnologias, 
v. 4, n. 2, p. 70-79, 2019.

FLUIT, A.C. et al. Shared reservoir of ccrB gene sequences between 
coagulase-negative staphylococci and methicillin-resistant Staphylococcus 
aureus. Journal of Antimicrobial Chemotheraphy, v. 68, n.8, p.1707–
1713, 2013. Disponível em: https://doi.org/10.1093/jac/dkt12.

FREITAS, C. H. et al. Identification and antimicrobial susceptibility 
profile of bacteria causing bovine mastitis from dairy farms in Pelotas, 
Rio Grande do Sul. Brazilian Journal of Biology. v. 78, n. 4, p. 661-666, 
2018. Disponível em: https://doi.org/10.1590/1519-6984.170727.

GONÇALVES, J. L. et al. Effects of bovine subclinical mastitis 
caused by Corynebacterium spp. on somatic cell count, milk 
yield and composition by comparing contralateral quarters. The 
Veterinary Journal, v. 209, p. 87-92, 2016. Diponível em: https://
doi.org/10.1016/j.tvjl.2015.08.009.

GUIMARÃES, G. et al. Caracterização fenotípica, produção de biofilme 
e resistência aos antimicrobianos em isolados de Staphylococcus 
spp. obtidos de casos de mastite em bovinos e bubalinos. Pesquisa 
Veterinária Brasileira, v. 32, n. 12, p. 1219-1224, 2012. Disponível 
em: https://doi.org/10.1590/S0100-736X2012001200002.

ISRAEL, L. F. S. et al. Produção de biofilme por Staphylococcus spp. 
isolados de mastite bovina, em rebanhos leiteiros do estado do 
Acre, Brasil, e suas implicações. Arquivo Brasileiro de Medicina 
Veterinária e Zootecnia, v. 74, n. 4, p. 563-575, 2022. Disponível 
em: https://doi.org/10.1590/1678-4162-12271.

KACZOREK-ŁUKOWSKA, E. et al. Staphylococcus aureus from Subclinical 
Cases of Mastitis in Dairy Cattle in Poland, What Are They Hiding? 
Antibiotic Resistance and Virulence Profile. Pathogens, v. 11, n.12, 1404, 
2022. Disponível em: https://doi.org/10.3390/pathogens11121404.

KITTL, S. et al. Corynebacterium uberis sp. nov. frequently isolated from 
bovine mastitis, Systematic and Applied Microbiology, v. 45, n. 4, 
2022. Disponível em: https://doi.org/10.1016/j.syapm.2022.126325.

KLIBI, A. et al. Detection and characterization of methicillin-resistant 
and susceptible coagulase-negative staphylococci in milk from 
cows with clinical mastitis in Tunisia. International Journal of 
Antimicrobial Agents, v. 52, n. 6, p. 930-935, 2018. Disponível 
em: https://doi.org/10.1016/j.ijantimicag.2018.07.026.

KREWER, C. C. et al. Etiology, antimicrobial susceptibility profile of 
Staphylococcus spp. and risk factors associated with bovine mastitis 
in the states of Bahia and Pernambuco. Pesquisa Veterinária 
Brasileira, v. 33, n. 5, p. 601-606, 2013. Disponível em: https://doi.
org/10.1590/S0100-736X2013000500009.

KREWER, C.C. et al. Resistance to antimicrobials and biofilm formation 
in Staphylococcus spp. isolated from bovine mastitis in the Northeast 
of Brazil. Tropical Animal Health and Production, v. 47, n.3, p. 511–
518, 2014. Disponível em: https://doi.org/10.1007/s11250-014-0752-9.

LAKEW, B. T.; FAYERA, T.; ALI, Y. M. Risk factors for bovine mastitis 
with the isolation and identification of Streptococcus agalactiae 
from farms in and around Haramaya district, eastern Ethiopia. 
Tropical Animal Health Production. v. 51, n. 6, p. 1507-1513, 2019. 
Disponível em: https://doi.org/10.1007/s11250-019-01838-w.

LIMA, E. S. et al. Perfil microbiológico da mastite bovina no Agreste e Brejo 
Paraibano. Revista de Medicina Veterinária (UFRPE), v. 16, n. 2, p. 121–
127, 2022. Disponível em: https://doi.org/10.26605/medvet-v16n2-4987.

LOPES, M. A. et al. Influência da contagem de células somáticas 
sobre o impacto econômico da mastite em rebanhos bovinos leiteiros. 
Arquivos do Instituto Biológico, v. 78, n.4, p. 493-499, 2020. 
Disponível em: https://doi.org/10.1590/1808-1657v78p4932011.

https://doi.org/10.1016/j.prevetmed.2017.05.015
https://doi.org/10.3389/fmicb.2021.688819
https://doi.org/10.3168/jds.S0022-0302(06)72256-1
https://doi.org/10.3168/jds.S0022-0302(06)72256-1
http://www.higieneanimal.ufc.br/seer/index.php/higieneanimal/article/view/546/2698
http://www.higieneanimal.ufc.br/seer/index.php/higieneanimal/article/view/546/2698
https://doi.org/10.34117/bjdv7n9-032
https://doi.org/10.1155/2013/378492
https://doi.org/10.3855/jidc.12668
https://doi.org/10.1016/j.ijbiomac.2018.12.159
https://doi.org/10.1016/j.micpath.2017.01.047
https://revistas.fucamp.edu.br/index.php/getec/article/view/2708
https://revistas.fucamp.edu.br/index.php/getec/article/view/2708
https://doi.org/10.1093/jac/dkt12
https://doi.org/10.1590/1519-6984.170727
https://doi.org/10.1016/j.tvjl.2015.08.009
https://doi.org/10.1016/j.tvjl.2015.08.009
https://doi.org/10.1590/S0100-736X2012001200002
https://doi.org/10.1590/1678-4162-12271
https://doi.org/10.3390/pathogens11121404
https://doi.org/10.1016/j.syapm.2022.126325
https://doi.org/10.1016/j.ijantimicag.2018.07.026
https://doi.org/10.1590/S0100-736X2013000500009
https://doi.org/10.1590/S0100-736X2013000500009
https://doi.org/10.1007/s11250-014-0752-9
https://doi.org/10.1007/s11250-019-01838-w
https://doi.org/10.26605/medvet-v16n2-4987
https://doi.org/10.1590/1808-1657v78p4932011


51Acta Veterinaria Brasilica March 18 (2024) 44-51

Prevalence of mastitis and characterization of bacterial agents isolated from dairy herds in the microregion of Garanhuns, state of Pernambuco, Brazil

© 2024 Universidade Federal Rural do Semi-Árido  
This is an open access article distributed under the terms of the Creative Commons license.

LUCAS, A. P. et al. Detection of β-lactamase, blaZ and mecA in penicillin-
resistant Staphylococcus aureus isolated from bovine mastitis in 
Garanhuns, Brazil. Acta Veterinaria Brasilica, v. 15, n.15, p. 140-145, 
2021a. Disponível em: https://doi.org/10.21708/avb.2021.15.2.9611.

LUCAS, A. P. et al. β -lactam resistance in coagulase-negative 
Staphylococcus isolated from subclinical goat mastitis. Pesquisa 
Agropecuária Brasileira. v. 56, e02173, 2021b.

LÜCKEN, A. et al. Corynebacteria in Bovine Quarter Milk Samples—
Species and Somatic Cell Counts, Pathogens, v. 10, n. 7, 2021. 
Disponível em: https://doi.org/10.3390/pathogens10070831.

MASSOTE, V. P. et al. Diagnóstico e controle de mastite bovina: uma 
revisão de literatura. Revista Agroveterinária do Sul de Minas, v. 
1, n. 1, p. 41–54, 2019.

MEDEIROS, E. S. et al. Perfil de sensibilidade microbiana in 
vitro de linhagens de Staphylococcus spp. isoladas de vacas 
com mastite subclínica. Pesquisa Veterinária Brasileira, v. 29, 
n.7, p. 569-574, 2009. Disponível em: https://doi.org/10.1590/
S0100-736X2009000700012.

MESQUITA, A. A. et al. Staphylococcus aureus and Streptococcus 
agalactiae: Prevalence, resistance to antimicrobials, and their 
relationship with the milk quality of dairy cattle herds in Minas Gerais 
state, Brazil. Pesquisa Veterinária Brasileira, v. 39, n. 5, p. 308-316, 
2019. Disponível em: https://doi.org/10.1590/1678-5150-PVB-5821.

MOTA, R. A. et al. Participação dos Staphylococcus spp. na etiologia 
das mastites em bovinos leiteiros no Estado de Pernambuco (Brasil). 
Ciência Animal Brasileira, v. 13, n.1, p. 124-130, 2012. Disponível 
em: https://doi.org/10.5216/cab.v13i1.3790.

NASCIMENTO, G. R. S. et al. Resistência antimicrobiana em 
Staphylococcus sp. causadores de Mastite Bovina–revisão de 
literatura. Brazilian Journal of Health Review, v. 6, n. 1, p. 4375-
4391, 2023. Disponível em: https://doi.org/ 10.34119/bjhrv6n1-340.

NEELAM, J. V. K. et al. Virulence and antimicrobial resistance gene 
profiles of Staphylococcus aureus associated with clinical mastitis 
in cattle. PLoS ONE, v. 17, n. 5, e0264762, 2022. Disponível em: 
https://doi.org/10.1371/journal.pone.0264762.

NIERO, T. R. et al. Prevalência de mastite bovina no planalto de 
Santa Catarina. Ciência Animal, v. 31, n. 2, p. 20-29, 2021. 

NMC. NACIONAL MASTIST COUNCIL. Laboratory Handbook on 
Bovine Mastitis. 3ª ed. Minnesota: NMC, 2017. 148p.

OLIVEIRA, P. V. C. et al. Avaliação da qualidade do leite cru e prevalência 
de mastite no município de Mossoró –RN. Brazilian Journal of 
Development, v. 6, n. 8, p. 64027-64042, 2020. Disponível em: 
https://doi.org/10.34117/bjdv6n8-728.

ORDOÑEZ, V. V. et al. Mastite por Staphylococcus aureus em vacas 
leiteiras: epidemiologia e controle de infecção. Brazilian Journal 
of Animal and Environmental Research, v. 5, n. 3, p. 2814-2826, 
2022. Disponível em: https://doi.org/10.34188/bjaerv5n3-016.

PEDERSEN, R. R. et al. Biofilm Research in Bovine Mastitis. Frontiers 
in Veterinary Science, v. 7, n. 8, 2021. Disponível em: https://doi.
org/10.3389/fvets.2021.656810.

PÉREZ, V. K. C. et al. Relationship between virulence factors and 
antimicrobial resistance in Staphylococcus aureus from bovine mastites. 
Journal of Global Antimicrobial Resistance, v. 22, [s.n], p. 792-802, 
2020. Disponível em: https://doi.org/10.1016/j.jgar.2020.06.010.

PINTO, M. S. et al. Study of prevalence and etiology of subclinical 
bovine mastitis on farms in the Northwest region of São Paulo. 
Brazilian Journal of Development, v. 7, n. 2, p. 19184-19192, 2021. 
Disponível em: https://doi.org/10.34117/bjdv7n2-525.

REN, Q. et al. Prevalence and characterization of Staphylococcus 
aureus isolates from subclinical bovine mastitis in southern Xinjiang, 
China. Journal of Dairy Science, v. 103, n. 4, p. 3368-3380, 2020. 
Disponível em: https://doi.org/10.3168/jds.2019-17420.

RIBEIRO, L. F.; CALIMAN, M. F.; GASPAROTTO, P. H. G. Principais 
impactos da mastite bovina: revisão de literatura. Revista GeTeC, 
v. 12, n. 37, 2023. Disponível em: https://revistas.fucamp.edu.br/
index.php/getec/article/view/2963.

ROMÃ, L. S.; MADUREIRA, E. M. P. Perdas ocasionadas por mastite 
em uma propriedade leiteira no município de Cascavel/PR. Arquivos 
Brasileiros de Medicina Veterinária FAG, v. 3, n. 1, 2020.

RYCHSHANOVA, R. et al. Antibiotic resistance and biofilm formation 
in Staphylococcus aureus isolated from dairy cows at the stage 
of subclinical mastitis in northern Kazakhstan. Archives Animal 
Breeding. v. 65, n. 4, p.439-448, 2022. Disponível em: https://doi.
org/10.5194/aab-65-439-2022.

SANTOS, A. S.; MENDONÇA, T. O.; MUNIZ, I. N. Prevalência de 
mastite bovina em rebanhos leiteiros no Município de Rolim de 
Moura e adjacências, Rondônia. PUBVET, v. 14, n. 6, p.1-6, 2020. 
Disponível em: https://doi.org/10.31533/pubvet.v14n6a595.1-6.

SILVA, E. R. et al. Perfil de sensibilidade antimicrobiana in vitro 
de Staphylococcus aureus isolado de mastite subclínica bovina. 
Revista Brasileira de Produção Animal, v. 13, n. 3, p. 701-711, 2012. 

SILVA, S. G. M. et al. Resistência de Staphylococcus aureus e 
Escherichia coli a antibióticos. Research, Society and Development, 
v. 11, n. 2, p. e39611225693-e39611225693, 2022. Disponível em: 
https://doi.org/10.33448/rsd-v11i2.25693.

UGWUANYI, F. C. et. al. Evaluation of efflux pump activity and biofilm 
formation in multidrug-resistant clinical isolates of Pseudomonas 
aeruginosa isolated from a Federal Medical Center in Nigeria. Annals 
of Clinical Microbiology Antimicrobials. v. 20, n. 11, 2021. Disponível 
em: https://doi.org/10.1186/s12941-021-00417-y.

ULSENHEIMER, B. C. et al. Perfil bioquímico e de sensibilidade de 
Escherichia coli isoladas de leite mastítico bovino. Revista Contexto 
& Saúde, v. 22, n. 46, p. e10935-e10935, 2022. Disponível em: 
https://doi.org/10.21527/2176-7114.2022.46.10935.

VIEIRA, R. K. R. et al. Risk factors associated with the bovine 
subclinical mastitis in an Amazon micro-region. Tropical Animal 
Health Production. v. 54, n. 6, 2022. Disponível em: https://doi.
org/10.1007/s11250-022-03354-w.

YOUSSIF, N. H. et al. Associação de fatores de risco selecionados 
com mastite subclínica bovina. Acta Veterinaria Brasilica, v. 15, 
n. 2, p. 153-160, 2021.

https://doi.org/10.21708/avb.2021.15.2.9611
https://doi.org/10.3390/pathogens10070831
https://doi.org/10.1590/S0100-736X2009000700012
https://doi.org/10.1590/S0100-736X2009000700012
https://doi.org/10.1590/1678-5150-PVB-5821
https://doi.org/10.5216/cab.v13i1.3790
https://doi.org/
https://doi.org/10.1371/journal.pone.0264762
https://doi.org/10.34117/bjdv6n8-728
https://doi.org/10.34188/bjaerv5n3-016
https://doi.org/10.3389/fvets.2021.656810
https://doi.org/10.3389/fvets.2021.656810
https://doi.org/10.1016/j.jgar.2020.06.010
https://doi.org/10.34117/bjdv7n2-525
https://doi.org/10.3168/jds.2019-17420
https://revistas.fucamp.edu.br/index.php/getec/article/view/2963
https://revistas.fucamp.edu.br/index.php/getec/article/view/2963
https://doi.org/10.5194/aab-65-439-2022
https://doi.org/10.5194/aab-65-439-2022
https://doi.org/10.31533/pubvet.v14n6a595.1-6
https://doi.org/10.33448/rsd-v11i2.25693
https://doi.org/10.1186/s12941-021-00417-y
https://doi.org/10.21527/2176-7114.2022.46.10935
https://doi.org/10.1007/s11250-022-03354-w
https://doi.org/10.1007/s11250-022-03354-w

