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ABSTRACT: The aim of this study was to report the detection of methicillin-resistant Staphylococcus aureus 
(MRSA) strains at a veterinary university goat breeding farm and their characteristics. A total of 278 samples 
collected from animals, milk, environment and farm personnel between June 2006 and March 2008 were exami-
ned. The identification of S. aureus isolates was performed by a species specific PCR assay. All detected isolates 
were tested for resistance to oxacillin and other antimicrobials by phenotypic methods and for the mecA gene by 
PCR method. Eight MRSA were detected in this study. Five of them originated from goat’s milk and three were 
recovered from one human carrier of the farm personnel. All obtained MRSA isolates were clonally consistent 
and were characterized as: SCCmec type IV, spa type t064, seb positive and for genes encoding TSST-1, PVL and 
exfoliative toxins A and B negative.
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The emergence of pathogenic microorganisms re-
sistant to commonly used antibiotics is a worldwide 
concern of the 21st century. One of the most impor-
tant bacteria in this regard is Staphylococcus aureus, 
in particular its methicillin-resistant strains. The 
first methicillin-resistant Staphylococcus aureus 
(MRSA) strains were isolated from hospitalized pa-
tients in the UK in 1961, i.e. only two years after 
methicillin had started to be used for the treatment 
of staphylococcal infections (Barber, 1961). Since 
then the prevalence of MRSA has been monitored 
worldwide and has shown an upward trend over the 
last decade. Primarily, MRSA strains have been re-
ported to be the causative agents of hospital infec-
tions in humans. In the early 1990s, MRSA strains 
were isolated from the general population in the 
USA (Naimi et al., 2001) and in 2005 from farmed 
animals (Voss et al., 2005). However, detection of 

MRSA in animals, including also the farmed ones, 
was reported even much earlier (Devriese et al., 
1972).

MRSA are currently also studied in veterinary 
medicine, mainly in food animals. MRSA-infected 
or colonized animals can easily be involved in the 
spread of the pathogen not only to farm personnel 
but also to raw food materials intended for further 
processing (Lee, 2003).

MRSA detection has been reported in cattle, hors-
es, poultry (Devriese and Hommez, 1975; Seguin 
et al., 1999; Lee, 2003) and pigs (Voss et al., 2005). 
It has also been found in pet animals such as dogs 
and cats (Duquette and Nuttall, 2004) as well as in 
some exotic animals (O’Mahony et al., 2005).

The objective of this study was to report the de-
tection and characteristics of MRSA strains iso-
lated at a veterinary university farm.
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MATERIAL AND METHODS

Herd characteristics 

White shorthaired goats have been kept at the 
Clinic for Ruminants at University of Veterinary 
and Pharmaceutical Sciences in Brno since 2004. 
They are kept there for educational purposes and 
for meat production (mainly kids). The number 
of adult animals is about forty. They are housed 
in groups of 1 to 10. The herd is in good health, 
no severe cases of mastitis or other diseases re-
quiring antibiotic therapy have been observed. 
The goats are housed in the same building as 
animal patients are, but separately from the latter 
to prevent contact with each other. Nevertheless, 
the same personnel look after the animals and 
the same farm tools are used for both groups of 
animals. After weaning, the goats are machine 
milked twice daily and later, close to the ces-
sation of lactation, only once daily. Milk is not 
further processed.

Sample characteristics

Altogether 278 samples were collected from the 
housing and milking shed environment (swabs), 
animals (nasal, rectal, conjunctival and udder 
swabs), farm personnel (nasal, oral, abdominal 
skin swabs) and laboratory staff collecting swabs, 
examined at the beginning and at the end of the 
sampling period (nasal swabs). In addition, indi-
vidual and bulk tank milk samples, feed samples 
and animal excrement samples were collected at 
seven time periods from June 2006 to April 2008 
(Table 1). At first only bulk tank milk samples were 
collected (June 2006). After positive findings of 
MRSA, repeated sample collections were carried 
out as described above.

S. aureus and MRSA detection 

The following procedure was used: primary 
enrichment in Mueller-Hinton broth (BioRad, 
France) with 6.5% NaCl was followed by second-
ary enrichment in broth with antibiotics (TSB 
+ 3.5 mg/l of cefoxitin + 75 mg/l of aztreonam) 
(LabMediaServis, Czech Republic). Simultaneous 
inoculation onto the Baird-Parker agar (Oxoid, 
United Kingdom) and onto the selective chro-

mogenic medium ORSAB (Oxoid) was performed. 
Suspect colonies from both types of media were 
then inoculated onto blood agar (Oxoid) and as-
sessed morphologically. S. aureus isolates were con-
firmed by the multiplex PCR method for detection 
of the species specific fragment SA442 (Martineau 
et al., 1998) and mecA gene, which encodes resist-
ance to methicillin (Bosgelmez-Tinaz et al., 2006). 
All the mecA positive strains were tested for resist-
ance to methicillin and to other groups of anti-
microbials (concretely to beta-lactams, cephems, 
tetracyclines, sulphonamides with trimethoprim, 
aminoglycosides, lincosamides, glycopeptides, 
macrolides, f luoroquinolones, phenicols and 
ansamycins) by the disk diffusion method (Oxoid 
disks) and selected groups of antimicrobials were 
confirmed by MIC (E-test) (Oxoid and AB Biodisk, 
Sweden). The CLSI criteria (2006) were used for 
the result assessment. In methicillin-resistant S. 
aureus isolates, multiplex PCR was carried out 
to detect the presence of genes encoding entero- 
toxins (sea – sej) (Monday and Bohach, 1999; 
Lovseth et al., 2004), toxic shock syndrome toxin 
(tst), exfoliatins A and B (exA, exB) (Mehrotra et 
al., 2000) and Panton-Valentine leukocidin (lukF 
– lukS) (Lina et al., 1999). Furthermore, multiplex 
PCR typing of the staphylococcal cassette chro-
mosome mec (SCCmec) (Milheirico et al., 2007) 
and macrorestriction analysis using pulsed-field 
gel electrophoresis (Pantucek et al., 1996) were 
carried out. Restriction enzyme digestion was 
performed using SmaI enzyme (BioLabs, USA) 
in combination with NEB4 buffer (BioLabs, USA). 
The assessment of pulsotypes was based on the 
Tenover criteria (Tenover et al., 1995). Afterwards 
spa typing (Harmsen et al., 2003) was performed 
in all obtained MRSA isolates.

RESULTS

Detection of Staphylococcus aureus

In total forty-two S. aureus isolates were obtai-
ned. The highest detection rates were observed in 
milk samples (34/153) and human samples (5/35). 
Only three S. aureus isolates were recovered from 
73 animal samples (nasal, rectal, conjunctival and 
udder swabs) while none of the samples collected 
from feed, faeces and the housing and milking shed 
environment was positive for S. aureus. The results 
are detailed in Table 1.
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MRSA detection

Eight MRSA isolates were obtained within this 
study. Five isolates were recovered from milk 
samples, i.e. four from bulk tank milk samples 
and one from an individual milk sample, and three  
isolates were of human origin. Animal records 
revealed that the goat with the confirmed MRSA 
infection (SA7 – individual milk sample) had ex-
perienced a miscarriage with retained placenta in 
2008. The animal was treated with intramuscular 
Engemycin (oxytetracycline) for seven days. The 
therapy was completed two months prior to the 
sample collection. Neither at the time of sampling 
nor earlier did the animal show any symptoms of 
the mammary gland disease. After the positive 
finding of MRSA in an individual milk sample, the 
repeated examination of the animal was carried out 
in order to determine possible colonization. The 
examination involved the collection of nasal, rectal, 
conjunctival and udder swabs and the examination 
of faeces. No further MRSA positive sample was 
revealed in these samples.

The detection of MRSA in milk samples was ir-
regular (Table 1). MRSA was first recovered from 
bulk tank milk in June 2006 (three positive sam-
ples), then once in June 2007 from a bulk tank milk 
sample and once in March 2008 from an individual 
milk sample.

During the study 35 human samples were taken 
from 17 persons of the farm and laboratory person-
nel involved in sampling on the farm. Three MRSA 
isolates were recovered, all of them originated from 
nasal swabs collected at different time periods from 
one veterinarian regularly coming in contact not 
only with the goats but also with other animals 
at the Veterinary University Clinic for Ruminants. 
The veterinarian was sampled three times during 
2007–2008 with positive results (Table 1). This 
carriership is supposed to be long-term MRSA 
colonization; the veterinarian had neither clinical 
symptoms of staphylococcal infection nor other 
health problems.

Characterization of MRSA isolates

The eight S. aureus isolates carrying the mecA 
gene were also tested for oxacillin resistance by 
the disk diffusion method and were all oxacillin-re-
sistant. Furthermore, the isolates showed multire-
sistance to beta-lactams, cephems, tetracyclines, 

sulphonamides with trimethoprim and aminogly-
cosides by the disk diffusion method, selected re-
sults were confirmed by MIC (Table 2).

All MRSA isolates carried the gene encoding en-
terotoxin B production (seb). Two of these isolates, 
both from bulk tank milk, also carried other genes, 
namely sei and seg.

None of the isolates carried any of the genes en-
coding the production of toxic shock syndrome 
toxin (tst), Panton-Valentine leukocidin (lukF/S) 
and exfoliatins A and B (exA, exB). All MRSA iso-
lates were carriers of the same SCCmec type IV, all 
of them had the identical macrorestriction profile 
(pulsotype A) (Figure 1) and identical spa type t064 
(Table 1).

DISCUSSION

In the present study S. aureus was detected 
in 14.7% of raw goat’s milk samples. Similar data 
were reported by Zouharova and Rysanek (2008) in 
bulk tank cow’s milk samples (15.9%). MRSA was 
found only in goat’s milk samples and the irregu-
lar detection of MRSA in bulk tank milk samples 
was probably due to substantial dilution of con-
taminated milk and thus to substantially reduced 
likelihood of MRSA detection. None of the MRSA 
isolates was recovered from animal samples (nasal, 
rectal, conjunctival and udder swabs), environmen-
tal swabs and feed.

Genotyping of strains obtained within this study 
revealed the clonal identity of human and MRSA 
isolates obtained from milk. By SCCmec typing the 
strains were classified as community-associated 
MRSA (CA-MRSA) that are characterized by the 
presence of smaller cassette elements of SCCmec 
types IV and V (Boyle-Vavra and Daum, 2007). 
Detection of SCCmec type IV and V in animals was 
also reported in other studies (Juhasz-Kaszanyitzky 

et al., 2007; Khanna et al., 2008).
The way of the MRSA spread has remained un-

clear until now. MRSA strains were discovered only 
in goat’s milk (in both individual and bulk tank 
milk samples). Milking was carried out aseptically 
without the presence of the veterinarian with a 
positive finding. The veterinarian came into the 
only contact with an MRSA positive goat during 
the treatment of retained placenta and later on after 
weaning. He is also expected to observe hygienic 
rules during manipulation or any intervention in 
animals and so to prevent the potential spread of 
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MRSA. Spa type t064, the occurrence of which at 
the goat breeding farm is described in this study, 
is ranged in the group of CA-MRSA and it has not 
been described as livestock associated strain so 
far. The veterinarian regularly comes into contact 
also with other animals, nevertheless, they were 
also tested repeatedly for the presence of MRSA 
always with negative results (the data have not been 
published). Decisive data that could determine the 
possible origin of MRSA of the spa type t064 are 
still missing at present. In the study of Shittu et 
al. (2009) this type of MRSA (spa type t064 and 
SCCmec type IV) was reported in hospitals. On 
the other hand, the MRSA was negative for genes 
encoding staphylokinase (SAK), chemotaxis inhibi-
tory protein of S. aureus (CHIPS), C3 convertase 
inhibitor (SCIN) and staphylococcal enterotoxin 
A (SEA) (not in this study), which are the four hu-
man-specific innate immune modulators typical of 
strains of human origin (van Wamel et al., 2006).

MRSA transmission from both farmed and pet ani-
mals to humans has already been reported (Baptiste 
et al., 2005; O’Mahony et al., 2005; Weese et al., 2006). 
MRSA transmission from farmed cows to the farm 
personnel has also been documented (Lee, 2003; 
Juhasz-Kaszanyitzky et al., 2007). The present study 
has confirmed the human to animal (or vice versa) 
transmission of MRSA and is the first report of MRSA 
detection from goats and/or goat’s milk.

MRSA colonization is posing a risk for humans 
because the transmission of MRSA in community 
has been shown to be as high as 60%. Family mem-
bers who are living with MRSA carriers are exposed 
to MRSA transmission (Matsumoto et al., 2001). 
Antibiotics were shown to be effective with eradica-
tion rates only between 53% and 85% (Roccaforte 
et al., 1988; Walsh, et al., 1993; Asensio et al., 1996) 
But antibiotics are considered to be inappropriate 

for patients who are only colonized and not infected 
with MRSA and so in view of the high likelihood 
that the attempts to eradicate the MRSA carrier-
ship would fail in the long run, no treatment was 
prescribed.

CONCLUSION

The presence of MRSA in basic food production 
poses a risk of spreading the pathogens to other ani-
mal species, humans involved in animal husbandry 
and food processing, foodstuffs and consequently 
to the general population.
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Tab. 2 Minimal inhibitory concentration (MIC) of MRSA 
isolates of different origin

MIC (μg/ml)

Origin of isolate PG AM TR CI TE CN

Human 32 32 > 32 0.5 24 32

Bulk tank milk 48 48 > 32 0.5 24 32

Individual milk 32 32 > 32 0.5 24 32

PG = benzylpenicillin, AM = ampicillin, TR = trimethoprim, 
CI = ciprofloxacin (AB Biodisk strips), TE = tetracycline, 
CN = gentamicin (Oxoid strips)

Figure 1. Macrorestriction profiles of MRSA isolates of 
human origin and from milk restricted with SmaI. Lane  
1 = MRSA of human origin, lane 2 = MRSA originating 
from milk, Salmonella serotype Braenderup H 9812 rest-
ricted with XbaI was used as the size standard (lane M)
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The note of the editor

From one reviewer’s point of view, it is likely a 
human to animal/environment transmission since 
based on the characteristics of the strain it is a hu-
man strain that – as stated by the authors – has not 
been described as livestock-associated.
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