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ABSTRACT
Bovine mastitis is the most important disease of dairy herds worldwide. Its main etiologic agents are bacteria, including 
Streptococcus agalactiae. The importance of this agent in bovine mastitis is because it is highly contagious and has a 
high impact on the occurrence of clinical mastitis cases and in the increase of the bulk milk somatic cell counts. The dry 
cow therapy and the treatment of the clinical mastitis cases stand out among the measures to control intramammary 
infections in cows. However, these strategies require knowledge about the antimicrobial susceptibility of the causal 
microorganisms. Thus, this study aimed to evaluate the antimicrobial susceptibility of 89 S. agalactiae strains isolated 
from bovine mastitis between the years 2004 and 2008 in dairy herds from Campo das Vertentes region, Minas 
Gerais State, Brazil. The disc diffusion technique was used and the antimicrobials currently used in mastitis therapy 
were tested. The isolates tested showed 100% susceptibility to chloramphenicol, ceftiofur, cefotaxime, enrofloxacin, 
and cefquinome. High frequencies of susceptibility (>95%) were also observed for the beta-lactams (penicillin G, 
ampicillin, and oxacillin), cephalosporins (cephalotin, ceftiofur, cefotaxime, cefoperazone, and cefquinome), florfenicol, 
gentamicin, lincomycin, nitrofurantoin, and sulfamethoprim. The strains showed high frequencies of resistance to 
neomycin (15.74%), and tetracycline (21.35%). Multidrug resistance was detected in 2.25% of the tested isolates. 
The results pointed to variations in the antimicrobial susceptibility profiles of the studied strains and the importance 
of the use of the susceptibility tests to determine the correct antimicrobial to be applied in the treatment of bovine 
mastitis caused by S. agalactiae. The high frequencies of resistance observed to some antimicrobials, such as neomycin 
and tetracycline, commonly used in the treatment of mastitis and other pathologies, highlighted the need for more 
judicious use of antimicrobials on dairy farms.
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RESUMO
A mastite é a principal doença de bovinos leiteiros em todo o mundo e tem como principais agentes as bactérias, 
entre as quais Streptococcus agalactiae. Esse agente se destaca por ser altamente contagioso e pelos reflexos que causa 
na incidência de casos clínicos e no incremento da contagem de células somáticas do leite do tanque. Para o controle 
desta enfermidade, destacam-se a terapia de vacas secas e o tratamento de casos clínicos, medidas que requerem o 
conhecimento do perfil de sensibilidade dos agentes causais aos antimicrobianos. Este estudo teve como objetivo avaliar 
os perfis de suscetibilidade a antimicrobianos em 89 amostras de S. agalactiae isoladas de casos de mastite bovina 
em rebanhos da região de Campo das Vertentes, Minas Gerais, no período de 2004 a 2008. A técnica de difusão em 
discos foi utilizada e os antimicrobianos correntemente empregados na terapia da mastite foram testados. Os testes 
de suscetibilidade antimicrobiana apontaram 100% de susceptibilidade para cloranfenicol, ceftiofur, cefotaxima, 
enrofloxacina e cefquimona. Níveis elevados de susceptibilidade (>95%) foram observados para os betalactâmicos, 
florfenicol, gentamicina, lincomicina, nitrofurantoína e sulfametoprim. Altas frequências de resistência foram observadas 
para neomicina (15,74%) e tetraciclina (21,35%). Dois isolados multirresistentes (2,25%) foram encontrados. Os 
resultados apontaram variações nos perfis se suscetibilidade aos antimicrobianos na população analisada, indicando 
a importância do uso do antibiograma para a escolha mais criteriosa dos antibacterianos a serem utilizados para o 
tratamento da mastite bovina causada por S. agalactiae. As altas frequências de resistência detectadas para alguns dos 
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Introduction
Streptococcus agalactiae belongs to Group B of Lancefield. 

It is commonly called GBS. It is a pathogen involved in 
several diseases in animals and human beings. In cattle, this 
agent detaches as one of the most frequent in the bovine 
intramammary infections (IMI) worldwide (Keefe et al., 
2011; Radtke et al., 2012; Mesquita et al., 2019).

Bovine mastitis is one of the most frequent and 
economically relevant diseases affecting dairy herds on all 
continents. The high economic impact of this illness has been 
primarily attributed to the reduction of milk production, the 
discarded milk of animals undergoing treatment, changes 
in the milk composition, and the high costs of treatment 
of affected animals (Halasa et al., 2007). The losses in the 
milk industry occur mainly due to the alterations in the 
quality of the raw milk, as the mastitis causes a reduction 
in the contents of casein and fat milk and an increase in 
the bulk milk somatic cell count (BMSCC) (Costa, 2014; 
Santos & Laranja, 2019).

Besides economic losses, bovine mastitis also causes 
public health concerns due to the presence in the milk and 
its derivatives of microorganisms with zoonotic potential, 
residual antibiotics, and the presence of resistant bacteria 
that can be propagated in the community (Pinto  et  al., 
2014; Botelho et al., 2018).

The bacteria stand out among the agents involved in the 
etiology of bovine mastitis (Costa, 2014), and among these, 
S. agalactiae. This agent, in general, presents high infection 

rates in herds without adequate measures for the control 
and prevention of contagious mastitis (Duarte et al., 2004; 
Mesquita et al., 2019). Previous studies have indicated a 
high prevalence of bovine IMI caused by GBS in Brazilian 
herds. Elias et al. (2012) verified IMI prevalence of 39.7% 
due to this agent in herds from Minas Gerais State, while 
Mesquita et al. (2019) reported that this agent was isolated 
among 67% of dairy farms from the Campo das Vertentes 
region in this same state. Studies carried out to examine the 
prevalence of GBS in South American dairy herds pointed 
out that this bacterium was present in 60% of herds in 
Brazil (Duarte et al., 2004), 42% in Colombia (Keefe et al., 
2011), and 11% in Uruguay (Gianneechini et al., 2002). In 
addition, it has been considered as a re-emergent mastitis 
pathogen in dairy herds in Europe (Radtke et al., 2012).

Antimicrobials have been increasingly used in dairy 
cattle, due to intensive management practices and mainly 
to mastitis treatment. In cattle mastitis, blitz therapy is 
recommended as a control and eradication measure in 
herds infected by S. agalactiae. However, the intensive 
use of antimicrobial agents has contributed to an increase 
of resistance levels of the mastitis pathogens (Mota et al., 
2005; White & McDermott, 2001).

According to Machado et al. (2008), different species of 
multidrug-resistant bacteria have been isolated from bovine 
IMI, limiting the therapeutic options for animals affected 
by mastitis. The phenomenon of resistance is a dynamic 
process that presents temporal and spatial variations, which 
justify the execution of this study. Besides, studies about 
the resistance of S. agalactiae involved in bovine IMI are 
scarce about the other “major pathogens” of mastitis.

Thus, in the present study, the antimicrobial susceptibility 
profile of S. agalactiae strains, isolated from mastitis cases of 
dairy herds located in the region of Campo das Vertentes, 
Minas Gerais State, Brazil, was evaluated concerning 
antimicrobials routinely used for the treatment of bovine 
mastitis. The threats to human health related to antimicrobial 
resistance in GBS are also discussed.

Material and Methods
In this study, 89 strains of S. agalactiae isolated from 

milk samples sent to the Laboratory of Microbiology of 
the Department of Veterinary Medicine from the Federal 
University of Lavras were submitted to antimicrobial tests. 
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antimicrobianos comumente utilizados para o tratamento de mastite e outras patologias, tais como a neomicina e a 
tetraciclina, salientam a necessidade de monitoramento permanente do perfil de suscetibilidade aos antimicrobianos 
e do uso mais criterioso dos mesmos nos rebanhos leiteiros.
Palavras-chave: Resistência. Infecção intramamária. Multirresistência. Doenças de bovinos.
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The milk samples were collected from cows affected by 
clinical or subclinical mastitis, from 21 dairy herds located 
in the Campo das Vertentes region of the Minas Gerais 
State, between 2004 and 2008. The strains were isolated 
and then identified according to the National Mastitis 
Council (National Mastitis Council, 2004). After phenotypic 
characterization of the strains, antimicrobial susceptibility 
tests were performed through disk diffusion according 
to the Clinical Laboratory Standards Institute (Clinical 
and Laboratory Standards Institute, 2018). The following 
antimicrobials groups were tested: penicillin (penicillin G, 
ampicillin, and oxacillin), amphenicols (chloramphenicol and 
florfenicol), cephalosporins (cephalotin, ceftiofur, cefotaxime, 
cefoperazone, and cefquinome), quinolones (enrofloxacin), 
aminoglycosides (gentamicin and neomycin), lincosamides 
(lincomycin), tetracycline, sulfonamides + trimethoprim 
(sulfamethoprim) and nitrofurans (nitrofurantoin).

The reading and interpretation of the susceptibility test 
results were performed according to the CLSI standards 
(Clinical and Laboratory Standards Institute, 2018). 
The resistance rates were measured for each antibiotic. 
Moderately susceptible isolates were considered resistant 
to obtain total resistance rates. The strain was considered 
multidrug-resistant when showed resistance to three or 
more antimicrobial groups, according to Magiorakos et al. 
(2011). The strains Staphylococcus aureus ATCC 25923, 
Escherichia coli ATCC 25922, and Pseudomonas aeruginosa 
ATCC 27853 were used as controls of the susceptibility tests.

Results
The results of susceptibility tests are shown in Table 1. 

All strains tested were susceptible to chloramphenicol, 
ceftiofur, cefotaxime, enrofloxacin, and cefquinome. High 
frequencies of susceptibility (> 95%) were observed for all of 
the beta-lactams tested, and also for florfenicol, gentamicin, 
lincomycin, nitrofurantoin, and sulphamethoprim. Meanwhile, 
high frequencies of resistance were observed for neomycin 
(15.74%) and tetracycline (21.35%).

According to resistance among antimicrobial groups, 
13 resistance profiles were observed (Figure 1) and two 
strains (2.25%) showed multidrug resistance (Figure 2).

Discussion
IMI caused by S. agalactiae are generally associated with 

the increase of BMSCC, the increase of clinical mastitis 
cases and bacterial counts in bulk milk, and milk losses in 
infected herds (Keefe, 2012; Merl et al., 2003). This bacterium 
also has high importance in aquaculture, accounting for 
high morbidity and mortality in cases of septicemia and 

meningoencephalitis in freshwater, marine, and estuarine 
fish (Evans et al., 2008; Mian et al., 2009). In human beings, 
this microorganism has been associated with systemic 
infections, pneumonia, and meningitis in neonates and 
immunocompromised adults (Johri et al., 2006; Pinto et al., 
2014). The great importance of S. agalactiae in human and 
animal health requires the continuous monitoring of the 
resistance profiles of this pathogen, considering the risks 
of inter-species infections and the horizontal transmission 
of resistance genes among strains isolated from the same 
or different hosts (Dogan et al., 2005; Pinto et al., 2014).

S. agalactiae is one of the most important pathogens 
associated with bovine mastitis in Brazil (Cunha et al., 2016; 
Elias et al., 2012; Mesquita et al., 2019; Oliveira et al., 2013). 
However, studies about the antimicrobial susceptibility 
profiles of this pathogen isolated from IIM are scarce in 
Brazil and worldwide. In general, when one discusses the 
treatment of mastitis caused by this agent, the common 
empirical affirmation is that this pathogen is very susceptible 
to antimicrobials and that the treatment of IMI caused by 
it is not a problem, compared to other mastitis pathogens 
(Staphylococcus aureus, for example). However, previous 
studies have demonstrated significant resistance to 
antimicrobials among the GBS strains, as well temporal 
and spatial variations in susceptibility profiles between 
isolates from different herds and regions (Duarte  et  al., 
2004; Oliveira et al., 2011; Silva et al., 2017). According 
to Guérin-Faublée  et  al. (2002), there are difficulties in 

Table 1 - Frequency of resistance in 89 Streptococcus agalactiae 
strains isolated from bovine mastitis in dairy herds 
from the Campo das Vertentes region, Minas Gerais 
State, Brazil, 2004-2008

Antimicrobials
Resistant isolates

Frequency Percentage
Ampicillin 4/89 4.5
Oxacillin 4/89 4.5
Penicillin1 4/86 4.66
Cloramphenicol 0/89 0
Florphenicol2 1/74 1.36
Cephalotin 1/89 1.13
Ceftiofur 0/89 0
Cefotaxime 0/89 0
Cefoperazone 1/89 1.13
Cefquinome 0/89 0
Enrofloxacin 0/89 0
Gentamicin 3/89 3.38
Neomycin 14/89 15.74
Lincomycin 7/89 7.87
Nitrofurantoin 2/89 2.25
Tetracycline 19/89 21.35
Sulphamethoprim 2/89 2.25
1-Only 86 strains were tested to penicillin. 2- Only 74 strains were tested to 
florphenicol.
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comparing results from different studies because of variations 
in the number of isolates, drugs tested, and methodologies 
employed.

Besides the high importance of GBS as an animal 
pathogen, involved in several pathologies in different 
hosts, S. agalactiae also has high importance in public 

health. High resistance levels have been demonstrated in 
strains isolated from human beings (Botelho et al., 2018; 
Jaramillo-Jaramillo et al., 2018).

The indiscriminate use of antimicrobials in animal 
production strongly contributes to antimicrobial resistance in 
bacteria. We detected resistance to antimicrobials routinely 

Figure 1 - Resistance profiles of 89 de Streptococcus agalactiae strains isolated from bovine mastitis in dairy herds from the 
Campo das Vertentes region, Minas Gerais State, Brazil, 2004-2008. PEN= Penicillins; ANF= Amphenicols; CEF= 
Cephalosporins; QUI=Quinolones; AMI: Aminoglycosides; LIN= Lincosamides; NIT= Nitrofurantoin; TET= Tetracycline; 
SUL= Sulphamethoprim.

Figure 2 - Frequencies of non-resistant, resistant to one or two antimicrobials, and multidrug-resistant strains among 89 Streptococcus 
agalactiae strains isolated from bovine mastitis in dairy herds from the Campo das Vertentes region, Minas Gerais State, 
Brazil. 2004-2008.
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used in the treatment of bovine mastitis in Brazilian dairy 
herds, like neomycin (15.74%) and tetracycline (21.35%). 
Similar indexes of resistance to tetracycline and neomycin 
were demonstrated in other studies performed with GBS 
and Streptococcus spp. isolated from bovine mastitis 
(Alekish et al., 2013; Duarte et al., 2004; Guérin-Faublée et al., 
2002; Idriss et al., 2014; Rato et al., 2013; Silva et al., 2017).

The tetracycline genetic resistance determinants in 
Streptococcus are constituted principally by six resistance 
genes (tetK, tetL, tetM, tetO, tetQ, and tetT) characterized 
by two action mechanisms: the genes coding for efflux 
proteins and those coding for ribosomal protection enzymes 
(Haenni  et  al., 2018). These resistance genes have been 
described in GBS isolated from bovine mastitis (Gao et al., 
2012; Silva et al., 2017). Although these genes were not 
evaluated in the present work, its hypothetical presence 
associated with the intense use of this class of antimicrobial 
in dairy farms from Brazil may explain the resistance levels 
to tetracycline observed in our study.

Among the tested aminoglycosides, the indexes of 
susceptibility to neomycin and gentamicin were very 
discrepant. Although used in the composition of medicines 
to treat mastitis in cows in Brazil, neomycin is not commonly 
tested in studies performed with S. agalactiae isolated from 
mastitis cases. However, the results observed in the present 
study highlight the alarming levels of resistance to this 
antibiotic among the studied strains.

Resistance to gentamicin is a hallmark of GBS worldwide. 
Indeed, studies performed in China, Portugal, and Brazil 
showed respectively 29.4%, 80.6%, and 100% of resistance 
to gentamicin in Streptococcus spp. and specifically in S. 
agalactiae (Duarte et al., 2004; Gao et al., 2012; Rato et al., 
2013). In contrast, our findings demonstrated 96.62% of 
susceptibility of the strains to gentamicin. Paradoxically, 
gentamicin is one of the most common antimicrobials 
used for mastitis treatment in dairy herds in the region of 
origin of the isolates. Our findings corroborate with another 
work conducted by Silva et al. (2017), which demonstrated 
the susceptibility of 90.7% to gentamicin among strains 
of S. agalactiae isolated from different states of Brazil. 
Besides gentamicin, we also found high susceptibility 
of the isolate to beta-lactams. High susceptibility to this 
class of antimicrobials was also observed in several studies 
among S. agalactiae strains isolated from bovine mastitis 
(Kaczorek et al., 2017; Minst et al., 2012; Silva et al., 2017), 
demonstrating that this group of antimicrobials may be the 
first choice for the treatment of IMI caused by this pathogen.

According to Myllys et al. (1994), bacterial resistance 
to antimicrobials is a very dynamic phenomenon, which 

is closely related to changes in management, such as the 
systematic use of antimicrobials, animal husbandry, and 
the use of mechanical milking. This phenomenon leads 
to increased difficulties for the elimination of IMI and it 
facilitates the dissemination of resistant bacterial clones in 
the dairy farms. The adequate treatment of clinical cases 
and dry cow therapy are essential tools for the control and 
prevention of bovine mastitis (Costa, 2014). But the success 
of these measures depends on the correct choice and dose of 
the drugs used, the diffusion of the drugs in the mammary 
gland, the physiological status of the animal at the time of 
treatment, and the kind of pathogen involved (Erskine et al., 
2003; Gruet et al., 2001). For an effective mastitis control 
program, it is of great importance to identify the involved 
pathogen and trace its resistance profile to antimicrobials, 
as it can be extremely variable between microorganisms of 
the same species and even within the same herd (Costa, 
2014; McKeller, 1991).

Several medicines intensively used in the treatment of 
pathologies caused by GBS in animals, mainly in mastitis, 
are also used in the treatment of human diseases. The 
high pressure of selection caused by the intensive and 
sometimes abusive use of antimicrobials contributes to the 
increase of antimicrobial resistance. This creates the risk 
of the inefficacy of the treatment protocols for animal and 
human infections caused by this pathogen. Futhermore, the 
occurrence of multidrug resistance (MDR) strains of GBS 
among animals, especially in fish and cattle, increases the 
threats to human health by the occurrence of interspecies 
infection, as pointed out in several studies (Botelho et al., 
2018; Jaramillo-Jaramillo  et  al., 2018), and the risk of 
horizontal transference of resistance genes among GBS of 
animal and human sources (Pinto et al., 2014). In our study, 
we found two MDR strains, one of which is resistant to 
seven classes of antimicrobials, which highlights the need 
for surveillance over the emergence of MDR S. agalactiae 
among animal strains.

Bovine IMI represents a threat to human health not only 
by alterations in milk composition and the involvement of 
zoonotic pathogens in its etiology. In mastitis cases, there 
is a risk of transmission of resistant strains from animals 
to humans by the occupational activities in infected herds 
and by the consumption of contaminated dairy foods, 
especially raw milk and its unpasteurized derivatives, 
as was shown by Jaramillo-Jaramillo et al. (2018). These 
authors evaluated the transmission of GBS between cattle 
and people on 33 dairy farms in Colombia and compared 
the antimicrobial resistance profiles of isolates from both 
host species. A total of 60 human strains of GBS isolated 
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from the throat and rectal swabs from 191 people and 301 
strains isolated from rectal swabs and milk samples from 
cattle were compared by MLST. The sequence type 1 was 
the most common among the strains in both host species 
and two members of the bovine-specific clonal complex 
61/67 were isolated from human samples, demonstrating 
the risk of interspecies infections. Also, in this study, a high 
prevalence of penicillin resistance was observed among 
strains of both sources. This shows how dynamic the 
phenomenon of resistance among the mastitis pathogens 
is and the need for its permanent surveillance as discussed 
above. The risk of transmission of GBS by the consumption 
of milk and its derivatives is less studied, although the GBS 
transmission by the consumption of raw fish was shown 
in Singapore (Kalimuddin et al., 2017).

Besides the threat of interspecies transmission, there is 
also the likelihood of horizontal transference of resistant 
genes from GBS of bovine origin to GBS from human source 
by mobile genetic elements as shown by Pinto et al. (2014). 
These authors evaluated the presence of tetM and tetO 
resistance genes and conjugative transposons conferring 
resistance to erythromycin among S. agalactiae strains 
isolated from human and bovine sources and the ability 
for transferring resistance determinants between strains 
from both origins. They showed the conjugative transfer 
of ermA, ermB, mef, tetM, and tetO resistance genes from 
bovine donor strain to human recipient strain.

The use of antimicrobials is indispensable to protect 
human and animal health as animal welfare. However, the 
incorrect use of medicines worldwide has contributed to the 

increase of the resistance of pathogens involved in human 
and animal diseases. This poses a threat to controlling 
bacterial diseases in humans and animals throughout the 
world (World Organization for Animal Health, 2021). It 
is important to emphasize that, according to the World 
Health Organization (WHO), resistance is currently one of 
the greatest public health problems worldwide, putting at 
risk mainly immunodeficient individuals, such as neonates, 
pregnant women, and the elderly. As such, resistance 
requires the WHO’s permanent monitoring, as well as the 
dissemination of its knowledge and implications for the 
collective health.

Conclusions
Most of the strains showed high susceptibility to the 

tested antimicrobials, except to tetracycline and neomycin. 
The phenomenon of multidrug resistance was observed in 
2.25% of strains. Our results highlight the importance of 
the use of the susceptibility tests to define the therapeutic 
protocols for mastitis control, to monitor the resistance 
profiles of S. agalactiae, and promote the more judicious 
use of antimicrobials in dairy farms to avoid the increase 
of resistance and its negative impact in the animal and 
human health.
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