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Transmission of methicillin-resistant Staphylococcus aureus (MRSA) between animals and humans is widely recognized. In this
study, we describe the first case of infection of a goat and suspected transmission of MRSA ST398 to a human, which resulted in
colonization of animal owners by MRSA sequence type 398.

CASE REPORT

A goat 1 month and 17 days old (mixed breed) was submitted
for necropsy because of the sudden deaths of three goats in a

week from the same stable box, as reported by the animal owners.
After a thorough gross examination, pathohistological and bacte-
riological examinations were performed. In the foreground were
the changes in the lungs. The lungs showed high-grade alveolar
edema and moderate alveolar emphysema and, in some places,
far-reaching atelectasis. Histologically, the lungs showed a focal,
low-moderate desquamative pneumonia with focal purulent
components and subtle fibrin in the alveoli. At one location, sev-
eral coccoid bacteria presented in the alveoli. Bacteriological ex-
amination yielded Mycoplasma mycoides subsp. capri and Staphy-
lococcus aureus (isolate 414_12). S. aureus species identification
was confirmed by PCR (1). Antimicrobial susceptibility testing by
the disk diffusion method according to guidelines of the Clinical
and Laboratory Standards Institute (2, 3) showed that this isolate
was resistant to oxacillin, cefoxitin, penicillin, amoxicillin-clavu-
lanic acid, ceftiofur, cefovecin, cefquinome, tetracycline, doxycy-
cline, and enrofloxacin and susceptible to marbofloxacin, cipro-
floxacin, amikacin, gentamicin, chloramphenicol, azithromycin,
erythromycin, clindamycin, teicoplanin, vancomycin (as deter-
mined by a MIC evaluator test), trimethoprim-sulfamethazole,
linezolid, rifampin, and mupirocin. The production of �-lacta-
mase was confirmed using a nitrocefin assay. After incubation on
BBL CHROMagar MRSA II, the colonies showed a colony appear-
ance typical of methicillin-resistant S. aureus (MRSA). The isolate
was confirmed as MRSA by mecA PCR (4). The infected goat re-
sided in a small goat farm in lower Austria, shared a stable box
with 10 other goats, and was in frequent close contact with eight
goats from a neighboring box, as reported by the owner. To estab-
lish the MRSA nasal colonization status of the goats and humans
that had been in contact with the affected goat, diagnostic samples
were requested. Two weeks after first isolation of MRSA, nasal
swabs were collected from owners (female and male), from fellow
workers (female and male), and from goats which shared the same
box with the infected animal. Six out of 10 investigated goats were
colonized with MRSA (isolates 5Z, 7Z, 8Z, 9Z, 11Z, 13Z), whereas
both owners and fellow workers were negative for MRSA. Subse-
quently, 2 weeks later, the same persons were screened again for
the presence of MRSA, as were eight goats from the neighboring
box, a household dog, and three cats, resulting in two MRSA-
positive samples (isolates 15H and 28Z), one originating from a

goat and the other one from the female owner. Four weeks after
isolation of human MRSA, nasal swabs from the person who
tested positive were screened and remained positive (isolate 16H).
All MRSA isolates were confirmed as described above and further
investigated by PCR targeting Panton-Valentine leukocidin
(PVL) genes (5), staphylococcal cassette chromosome mec
(SCCmec) typing using the multiplex PCR method (6), staphylo-
coccal protein A (spa) typing (7) (results of spa typing were inter-
preted by using BioNumerics version 5.1 software), and two dif-
ferent multilocus variable-number tandem-repeat analyses
(MLVA): MLVA-14Orsay (8) and multiplex PCR MLVA (9). Mul-
tilocus sequence typing (MLST) was performed on all isolates.
MLST was carried out by PCR amplification and sequencing of
seven housekeeping genes (arcC, aroE, glpF, gmk, pta, tpi, yqiL) as
previously described (10). The allelic profiles and sequence types
(ST) were assigned by the MLST website (http://saureus.mlst
.net/). In order to determine the antibiotic profile of each isolate,
they were tested against the above-mentioned antibiotics.

All MRSA isolates were PVL negative, carried an SCCmec type
V cassette, belonged to spa type t011, and shared the same MLVA-
14Orsay genotype (7 7 �1 5 1 1 5 0 4.5 4 5 3 3 2). All but one isolate
utilized the same genotype obtained after multiplex PCR MLVA.
For one goat isolate (11Z), primer pair clfB generated a band that
was approximately 100 bp smaller than the bands generated by the
same primer pair in all other isolates (Fig. 1). Therefore, on the
basis of a difference of this band, this MRSA isolate could be as-
signed to another MLVA genotype. MLST revealed that all tested
MRSA isolates belonged to the clonal lineage ST398. All isolates
tested in this study shared the same antibiotic profile.

MRSA was not detectable after the first examination of the
female owner, but she became positive 2 weeks afterward and
remained positive for another 4 weeks. She reported that she
would daily feed and hold the goats, especially the young animals.
During the time between the first isolation of MRSA and the last
sample collection, neither the tested animals nor the humans had

Received 19 November 2012 Returned for modification 14 December 2012
Accepted 16 February 2013

Published ahead of print 27 February 2013

Address correspondence to Igor Loncaric, igor.loncaric@vetmeduni.ac.at.

Copyright © 2013, American Society for Microbiology. All Rights Reserved.

doi:10.1128/JCM.03052-12

CASE REPORT

May 2013 Volume 51 Number 5 Journal of Clinical Microbiology p. 1625–1626 jcm.asm.org 1625

http://saureus.mlst.net/
http://saureus.mlst.net/
http://dx.doi.org/10.1128/JCM.03052-12
http://jcm.asm.org


received any antibiotic therapy nor showed any clinical signs. As
reported by the owner, none of the examined persons had been
exposed to pigs and veal calves, which is a well-documented risk
factor associated with acquisition of MRSA ST398 (11). Based on
the data presented in the current case, we believe that the owner
most likely became a carrier of MRSA ST398 after acquisition of
MRSA by the goat, because the human isolate was indistinguish-
able from eight out of nine goat isolates by the methods used.

MRSA is a frequent pathogen of humans and many animal
species. In the past years, the transfer of MRSA isolates between
animals and humans gained specific attention, especially in the
case of livestock-associated MRSA ST398 belonging to clonal
complex 398 (CC398), which has been the most commonly re-
ported MRSA strain found in association with livestock (12).
However, there is still a scarcity of information on infections with
MRSA ST398 in goats. Colonization of humans with ST398 in
contact with infected colonized animals has been widely docu-
mented (12). Consequential infection of humans have also been
reported (13), and in some areas with high livestock density, the
prevalence is rising (14). Two Austrian regions, upper Austria and
southeast Styria, with intensive pig farming account for practically
all human MRSA ST398 infections (15, 16). Although pig farming
is as common as in upper Austria, there are no reports of MRSA
ST398 in lower Austria. We recognize that the results of our study
have limitations, because it was not possible to completely deter-
mine the source of MRSA. Despite this limitation, this study is the
first to report MRSA ST398 in Austrian goats and, to our knowl-
edge, the first to suggest transmission from goats to human.

In conclusion, our study contributes to the growing evidence
that MRSA ST398 could be transmitted from animal to human. At
this point, it could be highly recommended that unnecessary close
contact with positive animals should be avoided.
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FIG 1 MLVA fingerprints of the 9 MRSA isolates from the goats and owner.
M, 100-bp marker; lane 1, isolate 414_12; lane 2, isolate 9Z; lane 3, isolate 11Z;
lane 4, isolate 8Z; lane 5, isolate 5Z; lane 6, isolate 7Z; lane 7, isolate 13Z; lane
8, isolate 28Z; lane 9, isolate 15H; lane 10, isolate 16H; lane 11, negative
control.
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