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Highlights

Coagulase-positive Staphylococci can cause food poisoning.

27% of the selected strains were resistant to at least one antimicrobial.

Staphylococcus in goat milk carries enterotoxin-producing genes sec, seh, and see.

Goat milk is often used in artisanal products without heat treatment.

Goat milk is a source of penicillin and tetracycline resistant Staphylococcus. 

Abstract

Goat milk presents interesting characteristics to consumers, but the production of this food faces several 

challenges that influence its quality. Process failures from milking to processing and commercialization 

can expose milk to contamination by pathogenic microorganisms, including the coagulase-positive 

Staphylococcus group. Although Staphylococcus aureus is the most relevant species in mastitis and food 

poisoning, other species in this group are also important, especially those related to food poisoning. This 
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study aimed to identify the coagulase-positive Staphylococcus species in goat milk using biochemical 

tests, determine the prevalence of antimicrobial resistance using the disc diffusion test, and investigate 

enterotoxin-producing genes, sea, seb, sec, sed, see, seg, seh, and sei by multiplex PCR. A total of 384 

coagulase-positive Staphylococcus strains obtained from raw goat milk collected from nine farms in Paraná 

during four seasons of the year were studied. Biochemical tests showed that 85.69% of the 384 strains were S. 

aureus, followed by 9.38% of S. intermedius, 4.17% of S. hyicus and 0.78% of S. delphini. For the antimicrobial 

resistance test, up to three strains of each species identified as coagulase-positive Staphylococci were 

chosen from each farm, with a total of 74 strains. Of these, 27% (20/74) showed resistance to at least one 

antibiotic, and among all penicillin-resistant strains, 45% (9/20) also presented resistance to tetracycline. 

In the search for staphylococcal enterotoxin-producing genes, 49 S. aureus strains were studied; among 

them, 40.81% (20/49) presented enterotoxin-producing genes. The highest prevalence was detected for 

the sec gene, which was present in 22.44% (11/49) of the strains, followed by the seh gene in 18.36% 

(9/49), and the see gene was detected in 4.08% (2/49). It was concluded that S. aureus was the predominant 

species in raw goat milk, with a high prevalence of penicillin- and tetracycline-resistant Staphylococci and a 

significant number of strains with staphylococcal enterotoxin-producing genes. The strains studied carried 

enterotoxin-producing genes involved in food poisoning in humans, indicating that goat milk is a possible 

source of contamination and, therefore, a potential danger to public health.

Key words: Antimicrobial susceptibility. Biochemical tests. Enterotoxin. Public health.

Resumo

O leite de cabra apresenta características interessantes aos consumidores, porém é um alimento cuja 

produção enfrenta vários desafios, influenciando na sua qualidade. Falhas durante a obtenção do leite até 

o processamento e comercialização, podem expor este à contaminação por microrganismos patogênicos, 

incluindo o grupo dos Staphylococcus coagulase positiva. Embora Staphylococcus aureus seja a espécie 

de maior relevância quando se trata de mastites e intoxicações alimentares, outras espécies incluídas no 

grupo dos Staphylococcus coagulase positiva também possuem importância, principalmente relacionada 

à intoxicação alimentar. Este trabalho visou identificar as espécies de Staphylococcus coagulase positiva 

em leite de cabra através de testes bioquímicos, e então determinar a prevalência de resistência a 

antimicrobianos seguindo a metodologia da disco difusão e pesquisar genes produtores de enterotoxinas, 

sea, seb, sec, sed, see, seg, seh e sei por PCR Multiplex. Foram estudadas 384 cepas de Staphylococcus 

coagulase positiva obtidas do leite cru de cabra, coletado de nove propriedades rurais no Paraná durante 

as quatro estações do ano. Nos resultados dos testes bioquímicos, do total de 384 cepas constatou-se 

que 85,69% eram S. aureus, seguido de 9,38% de S. intermedius, 4,17% de S. hyicus e 0,78% de S. delphini. 

Para o teste de resistência antimicrobiana foram escolhidas até três cepas de cada espécie identificada 

como Staphylococcus coagulase positiva de cada uma das propriedades, totalizando 74 cepas. Destas, 

27% (20/74) apresentaram resistência a algum dos antibióticos testados, e dentre todas as cepas que 

possuíam resistência à penicilina, 45% (9/20) também apresentaram resistência a tetraciclina. Na pesquisa 

de genes produtores de enterotoxinas estafilocócicas, foram estudadas 49 cepas de S. aureus, e destas, 

40,81% (20/49) apresentaram genes produtores de enterotoxinas. A maior prevalência detectada foi a do 

gene sec, estando presente em 22,44% (11/49) das cepas, seguido de 18,36% (9/49) de seh e 4,08% (2/49) 

de see. Conclui-se que S. aureus foi a espécie predominante em leite cru de cabra, observando-se alta 
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prevalência de Staphylococcus resistentes à penicilina e à tetraciclina e um número significativo de cepas 

com presença de genes produtores de enterotoxinas estafilocócicas. As cepas estudadas são portadoras 

de genes produtores de enterotoxinas envolvidos em intoxicação alimentares em humanos, indicando que 

o leite de cabra é uma possível fonte de intoxicação e, portanto, um perigo potencial para a saúde pública. 

Palavras-chave: Enterotoxinas. Saúde pública. Susceptibilidade antimicrobiana. Testes bioquímicos.

SEs are potent antigens whose activity 
is maintained even after heat treatments 
such as pasteurization (Cretenet et al., 2011). 
They can be separated into two groups: the 
five classical serological types (SEA-SEE) and 
newer (SEG-SEƖY and counting) enterotoxin 
groups. Only enterotoxins with demonstrated 
emetic potential in monkeys were designated 
SE, whereas enterotoxins that failed to do so 
or have not been evaluated in non-human 
primate models of emesis are designated 
enterotoxin-like (SEƖ-) antigens (Fisher et al,, 
2018; Argudín et al., 2010). SEs are one of the 
most common causes of food poisonings 
worldwide, and symptoms usually appear four 
hours after ingestion, and include nausea, 
vomiting, abdominal cramps, and diarrhea 
(Hennekinne et al., 2012).

The classical staphylococcal 
enterotoxins are responsible for 95% of 
staphylococcal food poisoning cases 
(Bencardino & Vitali, 2019). Two staphylococcal 
enterotoxins, SEA and SEB, are among the 
most important gastroenteritis-causing 
agents. They represent more than 60% of the 
agents involved in food poisoning in the USA 
and England (Jay et al., 2005). 

S. aureus carries multiple genes and 
produces different SEs and SE-like toxins. The 
SEs (SEA to SEE, SEG to SEI, SEK, SEM to SET), 
and SE-like toxins (SElJ, SElL, SElU to SElZ) 
have been reported to be associated with 
foodborne disease outbreaks (Kluytmans & 
Wertheim, 2005; Fooladi et al., 2010). In 2014, 

Introduction

Goat milk has a growing market 
owing to its nutritional and technological 
characteristics. The technological potential 
of this product is mainly related to its 
hypoallergenic characteristics, which make it 
an alternative to cow milk (Claeys et al., 2014; 
Balthazar et al., 2017). The quality and safety 
of milk depends directly on adequate hygienic 
conditions in milking, processing, and 
commercialization. Failures in these steps can 
expose milk to contamination with pathogenic 
microorganisms, including Staphylococci 
(Vyletělová et al., 2016; Palii et al., 2020).

Staphylococcus aureus is the 
most relevant species within the group of 
coagulase-positive organisms, as it causes 
the greatest damage to dairy production 
(Aras et al., 2012). From a public health 
perspective, in addition to the production 
of coagulase, which is indicative of 
Staphylococcus spp. pathogenicity and 
resistance to antimicrobials, other species 
belonging to the coagulase-positive group 
are considered potentially pathogenic 
because they are capable of producing more 
than 22 different thermostable enterotoxins, 
known as staphylococcal enterotoxins (SEs) 
(Le Loir et al., 2003). Although S. aureus is 
the most frequent species in milk samples, 
the importance of other coagulase-positive 
species, such as S. intermedius and S. hyicus, 
which can also cause food poisoning (Linage 
et al., 2012), must be considered.
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a food poisoning outbreak was reported at 
a Swiss boarding school, attributed to the 
consumption of soft cheese made from raw 
cow’s milk. In this study, we found high levels 
of staphylococcal enterotoxins in cheese 
(Johler et al., 2018). In China, 94.8% of S. 
aureus isolates from goat milk contain at least 
one of the enterotoxin-producing genes, with 
seb and sea being the most common (Qian et 
al., 2019).

Recently, several studies have reported 
the transmission of antimicrobial-resistant 
microorganisms via food, including milk and 
dairy products (Laganà et al., 2020). The 
selection of antimicrobial-resistant S. aureus 
strains poses a potential public health risk.

However, little is known about 
the frequency of coagulase-positive 
Staphylococcus species, their antimicrobial 
resistance profile, and the presence of 
enterotoxins in goat milk obtained in the state 
of Paraná.

Therefore, this study aimed to identify 
coagulase-positive Staphylococcus species 
in goat milk, determine the prevalence of 
antimicrobial resistance, and evaluate the 
presence of enterotoxin-producing genes in 
these isolates.

Material and Methods

Sampling and biochemical tests to identify 
coagulase-positive Staphylococci

A total of 384 coagulase-positive 
Staphylococcus strains isolated from raw 
goat milk collected from the bulk milk tanks 
of healthy goat herds were evaluated. The 
isolates were stored in BHI (Brain Heart 

Infusion) broth (Oxoid, Hampshire, United 
Kingdom) with 20% glycerol (-24 °C) and were 
provided by the Laboratório de Inspeção de 
Produtos de Origem Animal, Universidade 
Estadual de Londrina, Paraná. The strains 
were obtained from nine dairy goat farms 
located in the state of Paraná and collected 
during four periods of the year (fall, winter, 
spring, and summer) (Rios et al., 2018). 

The isolates were subjected to the 
coagulase test and streaked on 5% sheep 
blood agar to observe purity and hemolysis. 
The pure colonies were then tested for 
species identification in phenol red broth (1% 
mannitol, 1% maltose, and 1% trehalose) and 
Voges Proskauer (VP) in Clark Lubs medium. 
To interpret the results, the methodology 
described by Costa et al. (2010) was followed.

Antimicrobial resistance test

To evaluate antimicrobial resistance, 
74 strains of coagulase-positive 
Staphylococci were tested to obtain 
representative isolates from all the farms and 
the four sampling periods. Of these, 49 strains 
were S. aureus, 16 were S. intermedius, six S. 
hyicus, and three S. delphini.

The strains were seeded onto nutrient 
agar (Oxoid) and incubated at 37°C for 24 h. 
Then, antimicrobial resistance testing was 
performed using the disc diffusion test on 
Müller Hinton agar (Oxoid) according to the 
guidelines of the Clinical and Laboratory 
Standards Institute (Clinical and Laboratory 
Standards Institute [CLSI], 2021). For this 
purpose, a colony from the nutrient agar 
plate was inoculated in 0.1% peptone saline 
solution and adjusted to 0.5 turbidity on the 
McFarland scale. 
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Table 1
Primers and cycle conditions used in PCR to investigate enterotoxin-producing genes.

Gene Oligonucleotides primers sequences (5`- 3`) Size (pb)
PCR cycle 
conditions

Reference

sea
CCTTTGGAAACGGTTAAAACG

TCTGAACCTTCCCATCAAAAAC
127

95 °C, 2 min,
30 cycles 

95 °C, 1 min;
55 °C, 1 min;
72 °C, 2 min;
72 °C, 5 min

(Becker et al., 1998)

seb
TCGCATCAAACTGACAAACG

GCAGGTACTCTATAAGTGCCTGC
477

sec
CTCAAGAACTAGACATAAAAGCTAGG 

TCAAAATCGGATTAACATTATCC
271

sed
CTAGTTTGGTAATATCTCCTTTAAACG

TTAATGCTATATCTTATAGGGTAAACATC
319

see
CAGTACCTATAGATAAAGTTAAAACAAGC

TAACTTACCGTGGACCCTTC
178

seg
AATTATGTGAATGCTCAACCCGATC

AAACTTATATGGAACAAAAGGTACTAGTTC
642 94 °C, 2 min, 

30 cycles.
94 °C, 1 min;
53 °C, 1 min;
72 °C, 1 min;
72 °C, 5 min

(Jarraud et al., 1999)seh
CAATCACATCATATGCGAAAGCAG

CATCTACCCAAACATTAGCACC
375

sei
CTCAAGGTGATATTGGTGTAGG

AAAAAACTTACAGGCAGTCCATCTC
576

The isolates were tested for resistance 
to β-lactams [penicillin (P, 10 units)], 
inhibitors of the folic acid metabolic pathway 
[sulfamethoxazole-trimethoprim (Sxt, 25 
µg)], fluoroquinolones [norfloxacin (Nor, 10 
µg), enrofloxacin (Eno, 5 µg)], cephalosporins 
[cefotaxime (Ctx, 30 µg), ceftiofur (Ctf, 30 µg)], 
and tetracyclines [tetracycline (Tet, 30 µg)] 
(Cefar, São Paulo, Brazil). After inoculation 
and application of the antimicrobial discs, the 
Müller Hinton plates were incubated at 37 °C 
for 18 h.

Characterization of staphylococcal 
enterotoxin-producing genes

To investigate enterotoxin-producing 
genes, 49 strains of Staphylococcus 

aureus isolated from goat milk were tested, 
representing all farms across the four 
sampling periods. 

Five pure colonies from each sample 
were selected for genomic DNA extraction 
in a nutrient agar plate, for which the boiling 
method was used (Ribeiro et al., 2016).

The extracts were subjected to 
multiplex polymerase chain reaction (PCR) 
assays. In the first assay, the primers 
described by Becker et al. (1998) were used 
to investigate the enterotoxin-producing sea, 
seb, sec, sed, and see genes. The second 
assay was performed to detect the presence 
of genes sec, seh, and sei (Jarraud et al., 1999). 
The primers used for the oligonucleotides 
and PCR conditions are listed in Table 1.
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Results and Discussion

Among the 384 strains evaluated, 
S. aureus was the predominant species, 
representing 85.68% (329) of the strains 
studied, followed by 9.38% (36) of S. 
intermedius, 4.17% (16) of S. hyicus, and 

0.78% (3) S. delphini (Table 2). Our results 
agree with other studies showing that S. 
aureus is the predominant species among 
coagulase-positive Staphylococcus isolates 
from goat milk (Gonzales-Barron et al., 2017; 
Rola et al., 2015).

The presence of Staphylococcus spp. 
in milk, especially S. aureus, can be indicative 
of intramammary infection in the herd as well 
as of poor hygiene during milking (Kümmel et 
al., 2016). From a public health perspective, 
enterotoxigenic Staphylococcus spp. strains 
have the potential to cause food poisoning 
in humans (Le Loir et al., 2009; Schmid et al., 
2009; Ostyn et al., 2010). There have been 
several foodborne outbreaks involving S. 
aureus, and consumption of contaminated 
milk has been documented to be associated 
with poisoning (De Buyser et al., 1985; Fetsch 
et al., 2014). In the United States, S. aureus 
causes approximately 241,000 cases of 
food poisoning each year (Scallan et al., 

Table 2
Absolute and relative frequency of Staphylococcus strains detected in bulk raw goat milk from 9 
dairy farms located in the state of Paraná, Brazil.

Dairy farm S. aureus S. intermedius S. hyicus S. delphini Total

1 15 (75%) 5 (25%) 0 0 20 (100%)

2 0 0 13 (100%) 0 13 (100%)

3 3 (50%) 3 (50%) 0 0 6 (100%)

4 119 (100%) 0 0 0 119 (100%)

5 11 (92%) 0 1 (8%) 0 12 (100%)

6 10 (71%) 3 (21%) 1 (8%) 0 14 (100%)

7 28 (97%) 1 (3%) 0 0 29 (100%)

8 119 (91%) 9 (7%) 0 3 (2%) 131 (100%)

9 24 (60%) 15 (38%) 1 (2%) 0 40 (100%)

Total 329 (86%) 36 (9%) 16 (4%) 3 (1%) 384 (100%)

2011; Kadariya et al., 2014). In China, 23% of 
the analyzed retail food was contaminated 
with S. aureus. Among the raw milk samples 
selected, 14.6% contained this pathogen 
(Wang et al., 2014). 

Antimicrobial resistance was 
observed for at least one of the drugs tested 
in 27% (20/74) of the species analyzed. 
The highest resistance was found against 
penicillin, which was characteristic of the 
20 strains tested. In addition, 45% (9/20) 
of the penicillin-resistant microorganisms 
were resistant to tetracycline. Resistance 
to penicillin was observed in 10.20% (5/49) 
of S. aureus isolates, 31.25% (5/16) of S. 
intermedius isolates, and 16.67% (1/6) of S. 
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hyicus isolates. Penicillin and tetracycline 
resistance profiles were present in 14.28% 
(7/49) of S. aureus isolates, 16.67% (1/6) 
of S. hyicus isolates, and 33.33% (1/3) of S. 
delphini isolates.

Our results corroborate those of other 
studies in which high penicillin resistance 
was detected in S. aureus isolated from goat 
milk (Obaidat et al., 2018; Rola et al., 2015). 
Staphylococcal resistance to penicillin 
is mediated by the β-lactamase enzyme, 
which is synthesized when Staphylococci 
are exposed to β-lactam antibiotics (Lowy, 
2003), commonly used for the control of 
intramammary infections in goats (Moroni et 
al., 2004). In recent years, the emergence of 
antibiotic-resistant strains in farm animals, 
which are easily transferable to humans, has 
become a growing public health concern 
(Sharma et al., 2018).

Regarding the investigation of 
genes responsible for the production of 
staphylococcal enterotoxins, 40.80% (20/49) 
of the S. aureus strains tested were positive 
for at least one of the genes studied. A higher 
prevalence of the sec gene was detected 
in 22.44% (11/49) of strains. The sec gene 
is divided into three antigenically distinct 
subtypes (sec1, sec2, and sec3) based on 
antigenic differences and animal host. Some 
studies suggest that the heterogeneity of 
enterotoxin C is related to the selection 
of modified sequences that facilitate the 
survival of S. aureus in their respective hosts 
(Smyth et al., 2005). The prevalence of the 
sec gene found in this study is different from 
that found in other studies, in which sei or 
seg genes were most frequently detected in 
goat and bovine milk samples (De Leon et al., 
2020; Arcuri et al., 2010; Silveira et al., 2014). 
These genes can be found together, which is 

explained by their location within the same 
gene cluster (enterotoxin gene cluster or egc) 
in genomic island type II vSaβ (Jarraud et al., 
2001). 

The seh gene was also detected in 
18.36% (9/49) of the isolates and the see 
gene in 4.08% (2/49) of the isolates. Two 
strains showed a combination of the sec and 
seh genes. It is possible to find more than 
one combination of genes in many reports 
because S. aureus strains may produce more 
than one enterotoxin gene simultaneously 
(Bonsaglia et al., 2018; Zschöck et al., 2005; 
Srinivasan et al., 2006). Although potentially 
under-reported, the seh gene was described 
in an outbreak investigation caused by 
consuming mashed potatoes with raw milk, 
where high levels of SEH were detected 
(Jorgensen et al., 2005).

The high prevalence of enterotoxin 
genes in S. aureus strains may be due to 
their localization in mobile elements (phages, 
plasmids, and pathogenicity islands), which 
allows horizontal transfer of genes between 
different isolates (Malachowa & Deleo, 2010). 

The see gene is rarely reported 
in food and animals, and its involvement 
in outbreaks has been rarely reported. 
However, six outbreaks of SEE poisoning 
occurred in France at the end of 2009, where 
the consumption of soft cheese made from 
unpasteurized milk was the common source 
(Ostyn et al., 2010). Furthermore, the see gene 
was widely found in bulk milk tanks during an 
investigation in South Korea, even though 
the authors evidenced that this gene was not 
detected or detected at a low frequency in 
milk in previous studies (Jung & Lee, 2022). 
This result can be related to a temperature 
above 8 °C, as refrigeration failures during 
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milk processing and/or transportation can 
occur (Homsombat et al., 2021). 

The frequency of enterotoxin-
producing genes is influenced by several 
factors including temperature, pH, water 
activity, and microbiota composition (Schelin 
et al., 2011). In addition to coagulase-positive 
Staphylococci, enterotoxin-producing genes 
can also be found in coagulase-negative 
Staphylococci. A recent study demonstrated 
a frequent combination of the sec and seh 
genes in isolates from ready-to-eat food 
samples, demonstrating the important role 
of coagulase-negative Staphylococci in food 
poisoning (Chajęcka-Wierzchowska et al., 
2020). 

Remarkably, all genes detected in 
S. aureus strains isolated from goat milk 
have already been shown to cause food 
poisoning (Kadariya et al., 2014; Omoe et 
al., 2002; Ostyn et al., 2010). Goat milk is 
often used in artisanal products without heat 
treatment, representing a potential source 
of staphylococcal food poisoning (Aragon-
Alegro et al., 2007).

Conclusion

This study demonstrated that among 
the coagulase-positive Staphylococcus 
strains studied, S. aureus was the 
predominant species in raw goat milk. There 
was a high prevalence of penicillin- and 
tetracycline-resistant coagulase-positive 
Staphylococcus strains, which can be a health 
risk for consumers of raw goat milk and its 
derivatives. The presence of the sec and seh 
genes in S. aureus isolates makes goat milk 
consumption a potential risk to public health 
and may be associated with food poisoning.
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