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  ABSTRACT 

  The objective of this study was to isolate and identify 
the main staphylococcal species causing bovine mastitis 
in 10 Brazilian dairy herds and study their capabil-
ity to produce enterotoxins. Herds were selected based 
on size and use of milking technology, and farms were 
visited once during the study. All mammary glands of 
all lactating cows were screened using the California 
Mastitis Test (CMT) and a strip cup. A single aseptic 
milk sample (20 mL) was collected from all CMT-pos-
itive quarters. Identification of Staphylococcus spp. was 
performed using conventional microbiology, and PCR 
was used to determine the presence of enterotoxin-
encoding genes (sea, seb, sec, and sed). Of the 1,318 
CMT-positive milk samples, Staphylococcus spp. were 
isolated from 263 (19.9%). Of these isolates, 135 (51%) 
were coagulase-positive staphylococci (CPS) and 128 
(49%) were coagulase-negative staphylococci (CNS). 
Eighteen different species of CNS were isolated, among 
which S. warneri, S. epidermidis and S. hyicus were 
the most frequent. The distribution of Staphylococcus
species was different among herds: S. epidermidis was 
found in 8 herds, S. warneri was found in 7 herds, and 
S. hyicus in 6 herds. Some of the CNS species (S. sap-
rophyticus ssp. saprophyticus, S. auricularis, S. capitis, 
and S. chromogenes) were isolated in only one of the 
farms. Genes related to production of enterotoxins were 
found in 66% (n = 85) of all CNS and in 35% of the 
CPS isolates. For both CNS and CPS isolates, the most 
frequently identified enterotoxin genes were sea, seb, 
and sec; the prevalence of sea differed between CPS 
(9.5%) and CNS (35.1%) isolates. Staphylococcus war-
neri isolates showed a greater percentage of sea than 
seb, sec, or sed, whereas S. hyicus isolates showed a 
greater percentage of sea than sec. Over 60% of CNS 
belonged to 3 major species, which carried 62.2 to 
81.3% of the enterotoxin genes. The high prevalence 

highlights the potential for food poisoning caused by 
these species. For possible high-risk situations for food 
poisoning, such as milk produced with total bacterial 
counts greater than regulatory levels and stored under 
inappropriate temperatures, monitoring contamination 
with CNS could be important to protect human health. 
Because the prevalence of CNS intramammary infec-
tions in dairy herds is usually high, and these species 
can be found in great numbers in bulk milk, identifi-
cation of risk factors for production of staphylococcal 
enterotoxins should be considered in future studies. 
  Key words:    coagulase-negative staphylococci ,  bovine 
mastitis ,  polymerase chain reaction ,  enterotoxin gene 

  INTRODUCTION 

  Foodborne diseases are of major concern worldwide. 
Recent outbreaks highlight the need for reducing con-
tamination with bacterial pathogens in foods of animal 
origin. Zoonotic bacteria can cause clinical disease, 
morbidity and mortality in animals and are a major 
source of economic loss to the livestock industry world-
wide. Moreover, these pathogens can be carried asymp-
tomatically and transmitted through the food chain to 
humans (Gaggia et al., 2010). More than 250 different 
foodborne diseases have been described, being bacteria 
the causative agents of two-thirds of foodborne disease 
outbreaks (Le Loir et al., 2003). 

  Among foodborne diseases, staphylococcal gastroen-
teritis results from consumption of food in which en-
terotoxigenic staphylococci have grown and produced 
toxins. Normally, they exert their effects on the gas-
trointestinal tract and therefore are called enterotoxins 
(Bergdoll, 1983). Symptoms are of rapid onset and 
include nausea and violent vomiting, with or without 
diarrhea (Bhatia and Zahoor, 2007). The illness is usu-
ally self-limiting and only occasionally severe enough to 
result in hospitalization. 

Staphylococcus aureus is one of the leading causes of 
food poisoning in humans (Le Loir et al., 2003); S. au-
reus enterotoxins are highly stable and resistant to heat 
and most proteolytic enzymes such as pepsin or trypsin 
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(Bhatia and Zahoor, 2007). Genes encoding the staphy-
lococcal enterotoxins have different genetic structures, 
most of which are mobile genetic elements. These genes 
can be located in chromosomes, plasmids, and phages. 
Staphylococcal enterotoxin SEA is the most common 
cause of staphylococcal food poisoning worldwide, but 
the involvement of other staphylococcal enterotoxins 
has been also demonstrated (Argudín et al., 2010).

Among a wide range of staphylococcal species (Ban-
nerman et al., 2003), the CNS have been considered 
to be largely saprophytic and rarely pathogenic (Kloos 
and Schleifer, 1975). Over the last decades, however, 
the CNS have been recognized as etiological agents of 
a series of infectious processes, representing one of the 
most frequently isolated microorganisms from human 
blood cultures and nosocomial infections (Huebner and 
Goldmann, 1999). Some studies have suggested an as-
sociation between species of CNS and infections arising 
in hospitals (Vuong and Otto, 2002), with S. epider-
midis being identified in 74 to 92% of patients with 
bacteremia (Martin et al., 1989). Several studies have 
reported a series of infections caused by other CNS 
species (Herwaldt et al., 1996), such as S. hemolyticus, 
which was the second most frequently detected species 
(Bannerman et al., 2003). Control of CNS infections 
may be complicated due to the presence of antibiotic 
resistance. Even et al. (2010) reported that 71% of the 
strains possessed at least one gene encoding antibiotic 
resistance.

In cattle, CNS have been recognized as emergent 
mastitis pathogens (Macovec and Ruegg, 2003; Nevala 
et al., 2004; Piepers et al., 2007; Costa et al., 2008). 
Several studies reported that CNS were the leading 
cause of subclinical mastitis and also associated with 
clinical mastitis. Subclinical cases have been associated 
with reduced milk production (Gröhn et al., 2004; De 
Vliegher et al., 2005; Taponen et al., 2006). In general, 
mastitis caused by CNS results in mild inflammation of 
the mammary gland. Quarters infected with CNS have 
lower SCC than quarters from which major pathogens 
are isolated (Pantoja et al., 2009). The presence of en-
terotoxin genes in CNS isolated from bovine mastitis 
has been described and enterotoxin production verified 
for some species (Bautista et al., 1988; Becker et al., 
2001).

Because of the increase in the proportion of IMI 
caused by CNS in herds that have successfully con-
trolled contagious mastitis, identification of species 
capable of producing enterotoxins would be important 
to determine and decrease the risk of human exposure 
to such hazards. Therefore, the purpose of this study 
was to study the distribution of staphylococcal species 
causing bovine mastitis in Brazilian dairy herds and 
their potential to produce enterotoxins.

MATERIALS AND METHODS

Herd Selection and Sampling Strategy

A convenience sample of 10 dairy herds in São Paulo 
state, Brazil, was used for the study. Herds were in-
cluded in the study based on size (at least 80 lactating 
cows), and use of milking technology (machine-milked 
cows). Farms were visited once during the study. For 
each farm, all mammary glands of all lactating cows 
were screened using the California Mastitis Test (CMT) 
and a strip cup (Schalm and Noorlander, 1957). A 
single aseptic milk sample (20 mL) was collected from 
all CMT-positive quarters (even when visible abnor-
malities in milk were present) after udder preparation 
was performed by farm personnel.

Laboratory Methods

Isolates obtained from milk samples were plated (10 
μL) onto blood agar and incubated for up to 72 h at 
37°C. Samples were defined as contaminated if there 
were >2 bacterial species on a plate. Initial identifica-
tion of Staphylococcus spp. was based on Gram staining 
and the catalase reaction. Isolates were then inoculated 
into brain heart infusion broth, as described by Kloos 
and Schleifer (1975). After incubation in brain heart 
infusion broth for 24 h, staphylococcal species were 
determined using a series of biochemical tests.

Staphylococcus spp. were differentiated from Micro-
coccus spp. based on oxidation and fermentation of glu-
cose, resistance to bacitracin (0.04 U), and susceptibil-
ity to furazolidone (100 μg; Baker, 1984). Identification 
of Staphylococcus spp. was carried out according to the 
criteria suggested by Kloos and Schleifer (1975) and 
modified by Cunha et al. (2004). A series of biochemi-
cal tests was performed, including sugar fermentation 
(xylose, arabinose, sucrose, trehalose, maltose, man-
nitol, lactose, xylitol, ribose, fructose, and mannose), 
production of hemolysin, nitrate reduction, presence 
of urease and ornithine decarboxylase, and resistance 
to novobiocin. To confirm the identification of individ-
ual species, the following international reference CNS 
strains were used as controls: S. epidermidis (ATCC 
12228), S. simulans (ATCC 27851), S. warneri (ATCC 
10209), S. xylosus (ATCC 29979), S. saprophyticus 
(ATCC 15305) and S. aureus (ATCC 33591 and ATCC 
25923). To confirm the identification of S. aureus, we 
used the primers Staur 4 and Staur 6, as described 
previously by Straub et al. (1999).

Polymerase chain reaction was used to determine 
enterotoxin genes (sea, seb, sec, and sed), and DNA 
extraction was carried out using the Illustra Blood 
GenomicPrep Mini Spin Kit (GE Healthcare, Chalfont 
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St. Giles, UK). The PCR reactions were performed 
in a DNA thermal cycler (Mastercycler, Eppendorf, 
Hamburg, Germany) with primers described previously 
(Johnson et al., 1991). After electrophoresis in a 2% 
agarose gel and staining with SYBR Safe DNA stain 
(Invitrogen, Carlsbad, CA; 1 μL in 10 mL of gel), the 
gel image was recorded and analyzed. Staphylococcus 
aureus strains ATCC 33591 and ATCC 25923 were 
used as positive controls.

Thermocycler parameters were as follows: for sea, 
initial denaturation was at 94°C for 4 min, and then 
denaturation at 94°C for 2 min, annealing at 51°C for 2 
min, and extension at 72°C for 1 min 30 s, denaturation 
at 94°C for 2 min, annealing at 53°C for 2 min, and ex-
tension at 72°C for 1 min 30 s for 35 cycles, and a final 
extension at 72°C for 7 min. For seb, initial denaturation 
was at 94°C for 4 min, and then denaturation at 94°C 
for 2 min, annealing at 55.5°C for 2 min, and extension 
at 72°C for 1 min 30 s for 38 cycles, and a final exten-
sion at 72°C for 7 min. For sec, initial denaturation was 
at 94°C for 4 min, and then denaturation at 94°C for 
2 min, annealing at 52.4°C for 2 min, and extension at 
72°C for 1 min 30 s for 38 cycles, and a final extension 
at 72°C for 7 min. For sed, initial denaturation was at 
94°C for 4 min, and then denaturation at 94°C for 2 
min, annealing at 55°C for 2 min and extension at 72°C 
for 1 min 30 s, denaturation at 94°C for 2 min, anneal-
ing at 53°C for 2 min and extension at 72°C for 1 min 
30 s, denaturation at 94°C for 2 min, annealing at 51°C 
for 2 min and extension at 72°C for 1 min 30 s for 38 
cycles, and a final extension at 72°C for 7 min.

Statistical Analysis

Frequency distributions were produced to present the 
data. The Chi-squared or Fisher’s Exact Test (PROC 
FREQ; SAS Institute, 2009) were used to compare 
the proportion of (1) coagulase-positive staphylococci 
(CPS) isolated; (2) genes related to production of 
enterotoxins between CNS and CPS; and (3) genes 
related to production of enterotoxins within CNS or 
CPS species. Statistical significance was defined at a 
confidence level of 0.05.

RESULTS

Among 1,203 cows, CMT analysis of 4,592 mammary 
glands revealed that 1,318 samples were positive, from 
which milk samples were collected and used for mi-
crobiological examination. Of the 1,318 CMT-positive 
milk samples, Staphylococcus spp. were isolated from 
263 (19.9%). Of these isolates, 135 (51%) were CPS 
and 128 (49%) were CNS. Of the CPS isolated, most 
(68%, n = 90) were S. aureus, 15% (n = 21) were S. 

intermedius, 13% (n = 19) were S. hyicus, and 4% (n = 
5) were S. schleiferi ssp. coagulans (P < 0.01).

Eighteen species of CNS were isolated, among which 
S. warneri, S. epidermidis, and S. hyicus were the most 
frequent (Table 1). The distribution of Staphylococ-
cus spp. was different among herds (Tables 1 and 2). 
Among the CNS, S. epidermidis was found in 8 herds, 
S. warneri was found in 7 herds, and S. hyicus in 6 
herds. Some of the CNS species (S. saprophyticus ssp. 
saprophyticus, S. auricularis, S. capitis, and S. chromo-
genes) were isolated in only 1 of the farms (Table 1).

Genes related to production of enterotoxins were 
found in 66% (n = 85) of all CNS and 35% of the CPS 
isolates (P < 0.01). For both CNS and CPS isolates, 
the most enterotoxin genes were sea, seb, and sec (Table 
3). The prevalence of sea differed between CPS (9.5%) 
and CNS (35.1%) isolates (P < 0.01).

The staphylococcal enterotoxin genes detected by 
PCR in the S. warneri, S. epidermidis and S. hyicus 
isolated from bovine mastitis are presented in Table 3. 
Staphylococcus warneri isolates showed a greater per-
centage of sea than seb (P < 0.01), sec (P < 0.01), and 
sed (P < 0.01). Staphylococcus hyicus isolates showed a 
greater percentage of sea than sec (P < 0.01; Table 3).

Isolation and distribution of enterotoxin genes for the 
main CPS species (S. aureus, S. intermedius, and S. 
hyicus) are presented in Table 2. The enterotoxin genes 
were more frequently found in S. epidermidis, S. war-
neri, or S. hyicus compared with S. aureus (P < 0.05 for 
each comparison, Table 3). In contrast, no difference 
in the frequency of isolation of these genes was found 
among CNS species (Table 3).

DISCUSSION

It has been consistently demonstrated that CNS spe-
cies play an important role in mastitis etiology (Mac-
ovec and Ruegg, 2003; Nevala et al., 2004; Piepers et 
al., 2007; Costa et al., 2008). In total, 18 CNS species 
were isolated from bovine mastitis, among which S. 
hyicus, S. warneri, and S. epidermidis were the most 
prevalent. These 3 species were prevalent among 
pathogens causing IMI in previous studies. Costa et al. 
(2008) studied IMI caused by CNS in Brazilian herds 
located in the states of São Paulo and Pernambuco, and 
reported that S. warneri (45.5%), S. hyicus (18.2%), S. 
chromogenes (14.3%), and S. epidermidis (5.2%) were 
the most prevalent.

Milk from subclinically infected cows can be hazard-
ous to human health not only because of the risk of 
pathogen transmission, but also because of contamina-
tion with enterotoxins. Surprisingly, enterotoxin genes 
were more prevalent among CNS than in S. aureus. 
We observed that approximately twice as many CNS 
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Table 1. Distribution of CNS isolates and the presence of enterotoxin-encoding genes from bovine mastitis cases among 10 dairy herds (I to X) 

CNS

I II III IV V VI VII VIII IX X Total

CNS EG1 CNS EG CNS EG CNS EG CNS EG CNS EG CNS EG CNS EG CNS EG CNS EG CNS EG

S. auricularis 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
S. capitis 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
S. chromogenes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0
S. cohnii ssp. cohnii 0 0 2 2 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 4 3
S. epidermidis 4 1 5 5 4 4 1 0 2 2 0 0 1 0 1 0 0 0 1 0 19 12
S. hemolyticus 1 1 2 2 0 0 0 0 0 0 2 1 1 0 0 0 0 0 0 0 6 4
S. hominis 0 0 0 0 2 1 3 2 0 0 0 0 0 0 0 0 1 0 0 0 6 3
S. hyicus 2 1 7 7 3 2 2 1 1 1 0 0 0 0 0 0 1 1 0 0 16 13
S. lugdunensis 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 2 1
S. pasteuri 0 0 0 0 1 0 1 1 0 0 2 1 0 0 0 0 1 1 0 0 5 3
S. saccharolyticus 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1
S. saprophyticus 
 ssp. bovis

0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0

S. saprophyticus 
 ssp. saprophyticus

3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 2

S. schleiferi ssp. 
 schleiferi

1 0 1 1 1 1 3 1 0 0 0 0 0 0 0 0 0 0 0 0 6 3

S. sciuri ssp. sciuri 0 0 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 3 2
S. simulans 0 0 1 1 1 1 1 0 0 0 0 0 1 1 0 0 0 0 0 0 4 3
S. warneri 2 1 12 8 14 14 6 3 4 4 1 1 1 0 0 0 0 0 0 0 40 31
S. xylosus 0 0 2 2 2 1 2 0 0 0 1 0 1 0 0 0 0 0 0 0 8 3
Total 14 6 35 31 32 27 19 9 8 8 9 3 5 1 2 0 3 2 1 0 128 85
1Values indicate number of enterotoxin-encoding genes in each CNS species.
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Table 2. Distribution of coagulase-positive staphylococci (CPS) isolates and the presence of enterotoxin-encoding genes from bovine mastitis cases among 10 dairy herds (I to X) 

Coagulase-positive  
staphylococci

I II III IV V VI VII VIII IX X Total

CPS EG1 CPS EG CPS EG CPS EG CPS EG CPS EG CPS EG CPS EG CPS EG CPS EG CPS EG

S. hyicus 4 1 3 1 4 0 3 3 2 2 1 0 0 0 0 0 2 2 0 0 19 9
S. intermedius 9 0 2 0 4 3 2 0 3 3 0 0 0 0 0 0 1 0 0 0 21 6
S. schleiferi ssp. coagulans 3 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 5 1
S. aureus 2 2 0 0 4 4 2 0 1 1 1 0 1 0 11 3 8 7 60 8 90 25
Total 18 4 5 1 10 7 8 3 6 6 2 0 1 0 11 3 11 9 60 8 135 41
1Values indicate number of enterotoxin-encoding genes in each CPS species.

Table 3. Classical staphylococcal enterotoxin-encoding genes detected by PCR in the main species of coagulase-positive and coagulase-negative staphylococci isolated from bovine 
mastitis of 10 dairy herds 

Enterotoxin gene(s)

Coagulase-positive staphylococci Coagulase-negative staphylococci

S. aureus S. intermedius S. hyicus Total S. warneri S. epidermidis S. hyicus Total

No. % No. % No. % No. % No. % No. % No. % No. %

sea 10 11.1 0 0 5 29.4 15 11.8a 25 62.5 8 42.1 10 62.5 43 57.3b

seb 6 6.7 1 5.0 0 0 7 5.5 4 10.0 1 5.3 4 25.0 9 12.0
sec 5 5.5 1 5.0 2 11.8 8 6.3 10 25.0 3 15.8 1 6.3 14 18.7
sed 2 2.2 0 0 1 5.8 3 2.4 5 12.5 4 21.1 0 0 9 12.0
sea + seb + sec 2 2.2 0 0 0 0 2 1.6 0 0 0 0 0 0 0 0
sec + sed 2 2.2 4 20.0 1 5.8 7 5.5 3 7.5 1 5.3 0 0 4 5.3
sea + sec 0 0 1 5.0 0 0 1 0.8 3 7.5 0 0 0 0 3 4.0
sea + sec + sed 1 1.1 0 0 1 5.8 2 1.6 2 5.0 2 10.2 0 0 4 5.3
seb + sec 0 0 0 0 0 0 0 0 1 2.5 0 0 0 0 1 1.3
sea + sed 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
sea + seb 1 1.1 0 0 1 5.8 2 1.6 2 5.0 0 0 2 12.5 4 5.3
Positive 29 32.2 7 35.0 11 64.7 47 37.0a 31 77.5 12 62.2 13 81.3 56 74.7b

Negative 61 67.8 13 65.0 6 35.3 80 63.0 9 22.5 7 36.8 3 18.7 19 25.3
Total 90 100.0 20 100.0 17 100.0 127 100.0 40 100 19 100 16 100 75 100
a,bDifferent superscripts within the same row indicate significant differences between proportions (P < 0.05).
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isolates showed the classical enterotoxin genes (sea, seb, 
sec, and sed) as S. aureus isolates (64.4 and 32.2%, 
respectively). Although safety hazards associated with 
CNS have been mostly associated with the presence of 
antibiotic resistance (Even et al., 2010), it is important 
to note that some CNS species found in this study (car-
rying enterotoxin genes) have been reported as frequent 
causes of human disease and could be transmitted 
through unpasteurized milk. In fact, several CNS food 
poisoning outbreaks have been described (Omori and 
Kato, 1959; Breckinridge and Bergdoll, 1971; Carmo et 
al., 2002; Veras et al., 2003).

Previous studies have reported the prevalence of en-
terotoxin genes among CNS isolates. In France, among 
61 strains isolated from raw milk cheeses, 15.9% were 
enterotoxigenic (Rosec et al., 1997). In another study, 
Park et al. (2011) researched 19 classical and newly de-
scribed enterotoxin genes from 263 CNS isolated from 
mastitic cows and showed 31.2% carried enterotoxin 
genes. Production of staphylococcal enterotoxins has 
been verified in some species of CNS such as S. cohnii, 
S. epidermidis, S. hemolyticus, and S. xylosus (Bautista 
et al., 1988), S. chromogenes, S. warneri, S. sciuri, S. 
saprophyticus, and S. lentus (Becker et al., 2001). In a 
previous Brazilian study, Brabes et al. (1999) reported 
enterotoxin production by S. sciuri and S. chromogenes. 
Although production of staphylococcal enterotoxin 
could not be confirmed, the high prevalence of CNS 
carrying enterotoxin genes in this study suggests that 
more attention should be given to examination of dairy 
products and the conditions (such as milk temperature) 
that trigger production of staphylococcal enterotoxins.

Among CNS species, S. epidermidis is one of the most 
pathogenic for human health (Even et al., 2010). In the 
latter study, 76% of the CNS carrying genes encoding 
staphylococcal toxins were S. epidermidis. Results of 
the present study corroborate the results of Even et 
al. (2010): most (63.2%) S. epidermidis strains isolated 
from mastitic milk showed enterotoxin-encoding genes, 
predominantly sea, seb, and sed. Moreover, other CNS 
species carried enterotoxin genes in high percentages, 
such as S. warneri (77.5%) and S. hyicus (81.3%). In 
the present study, we verified the predominance of sea 
in both CNS and CPS. The most frequent enterotoxin 
genes found in CNS were sea (35.1%), seb (7.1%), and 
sec (6.5%). The sea gene has been linked to most cases 
of staphylococcal food poisoning worldwide, but in-
volvement of other classical enterotoxins has been also 
demonstrated (Argudín et al., 2010). These findings 
suggest that studies aiming to identify risk factors for 
production of enterotoxin by multiple CNS species are 
important to protect public health.

CONCLUSIONS

The high prevalence of CNS carrying staphylococ-
cal enterotoxin genes found in this study highlights the 
potential for food poisoning caused by these species. 
In possible high-risk situations, such as milk produced 
with total bacterial counts greater than regulatory lev-
els and stored under inappropriate temperatures, moni-
toring contamination with CNS could be important to 
protect human health. Because the prevalence of CNS 
IMI in dairy herds is usually high, and these species can 
be found in great numbers in bulk milk, identification 
of risk factors for production of staphylococcal entero-
toxins should be considered in future studies.
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