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Methicillin-resistant Staphylococcus aureus (MRSA) originating from swine is concerning for public health, but an understand-
ing of the emergence and persistence of MRSA in nursery herds is lacking. The aim of this study was to determine whether MRSA
in nursery pigs is associated with particular herd-level parameters, including the use of antimicrobials, disinfectants, and heavy
metals, which may be driving the selection and persistence of antimicrobial resistance. Nasal cultures for MRSA were completed
for 390 pigs from 26 farms at the end of the suckling phase and again at 3 weeks postweaning. Herd-level information was col-
lected, and a random subset of MRSA isolates was screened for resistance to zinc and quaternary ammonium compounds
(QACs). Multivariate analysis revealed that in-feed concentrations of zinc (P < 0.001) and frequent disinfection of nursery pens
(P < 0.001) are associated with MRSA shedding in nursery pigs. Furthermore, 62.5% (25/40) of MRSA isolates carried the zinc
resistance gene czrC and demonstrated decreased susceptibility to zinc. All MRSA isolates carried at least 1 QAC resistance gene.
The most common genotype was qacG qacH smr, which occurred in 32.5% (13/40) of isolates. Seven isolates (17.5%) demon-
strated a significant tolerance to benzalkonium chloride, indicating a potential to survive commercial QAC exposure in the pres-
ence of organic matter. Overall, these findings indicate that high levels of in-feed zinc and QAC-based disinfectants are impor-
tant drivers in the selection and persistence of MRSA in commercial swine herds, and these agents may be coselecting for other
antimicrobial resistance genes.

Staphylococcus aureus is one of the leading causes of opportu-
nistic infections in humans. Those strains with multiresistant

phenotypes, particularly methicillin-resistant Staphylococcus au-
reus (MRSA), are of concern due to the risk of treatment failure,
increased hospitalization, and increased use of medical resources
(1). Hence, it is understandable that since the first report of MRSA
in pigs and the implication of pigs as a source of human infections
(2), there has been escalating concern about the use of antimicro-
bials in livestock production systems and the potential public
health risk of MRSA originating from animals.

However, previous investigations of the association between
antimicrobial usage and the presence of MRSA in swine produc-
tion systems have yielded conflicting results. Several studies have
documented the commonness and long-term persistence of
MRSA in pigs raised without exposure to antimicrobials (3–5) and
in organic husbandry (6, 7). Furthermore, a Dutch study of 202
pig herds and a German study of 291 pig herds were unable to find
an association between MRSA and antimicrobial usage (8, 9), and
a recent meta-analysis of risk factors for MRSA in grower-finisher
herds determined no difference between organic and conven-
tional herds but did report group treatment with antimicrobials as
a risk factor (10). Regional differences in MRSA carriage by pigs
also are paradoxical; Denmark and the Netherlands, which have
legislated restraints for antimicrobial use in livestock production,
report a considerably higher prevalence of MRSA among pigs than
that in the midwestern United States (9, 11, 32). In addition, fur-
ther research has demonstrated no difference in the presence of
MRSA in conventional and antibiotic-free pork products (12).

The lack of a clear association between antimicrobial usage and
MRSA in swine production indicates that there are additional fac-
tors which may play a synergistic or independent role in the selec-
tion and perpetuation of antimicrobial resistance in staphylo-
cocci. Some recent evidence suggests that the use of disinfectants

and zinc are risk factors for MRSA, as these compounds are asso-
ciated with the coselection of resistance genes (13, 14). However,
these factors have not been thoroughly investigated in nursery pig
herds despite the relatively high prevalence of MRSA and com-
monness of antimicrobial use during this phase of production.
Therefore, the objective of the present study was to investigate risk
factors for MRSA shedding in pigs in commercial nursery herds
with a particular focus on antimicrobials, heavy metals, disinfec-
tants, biosecurity, and management practices.

MATERIALS AND METHODS
Study design. The use of animals in this study was approved by the Ani-
mal Care Committee at the University of Guelph. Twenty-two cohorts of
pigs (n � 390) were monitored from farrowing to 3 weeks postweaning on
26 participating farms (4 farrow-to-wean, 4 wean-to-finish, and 18 far-
row-to-finish farms) located throughout 10 counties in southern Ontario
(November 2013 to October 2014). A variety of different farm sizes and
management types were enrolled in the study from a sampling frame of
southern Ontario swine farms that have associations with the University
of Guelph, although the composition of this sampling frame does not
represent a probability selection of all southern Ontario swine herds. At
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each farm, 1 to 3 pigs were selected from each available litter (maximum of
20 pigs enrolled per farm) and assigned a unique identifier. There were no
selection criteria for either the commercial farms or the pigs.

A survey of production parameters, biosecurity, and herd health was
completed for each farm. The investigator completed an additional ob-
servational survey of the biosecurity and management practices on the
farm. Documentation of antimicrobial usage and diet also were collected
for each nursery herd. Lastly, a nasal swab of both nares was collected from
each pig just prior to weaning and once again at 3 weeks postweaning. The
samples were transported and stored at 4°C before being processed on the
same day.

Detection of methicillin-resistant Staphylococcus aureus. Methicil-
lin-resistant S. aureus was detected using a previously described enrich-
ment protocol (15). Briefly, nasal swabs were inoculated into an enrich-
ment broth (10 g/liter tryptone, 75 g/liter NaCl, 10 g/liter mannitol, 2.5
g/liter yeast extract) and incubated at 35°C overnight. The enrichment
then was inoculated onto MRSA chromogenic agar (BBL CHROMagar
MRSA; Becton, Dickinson and Company, Sparks, MD, USA) and incu-
bated at 35°C for 48 h. Suspect colonies were confirmed to be MRSA by
coagulase test, S. aureus latex agglutination assay (Pastorex Staph-plus;
Bio-Rad, Marnes-la-Coquette, France), and a penicillin binding protein
2a latex agglutination assay (MRSA latex agglutination test; Oxoid Ltd.,
Hants, United Kingdom). One isolate from each MRSA-positive pig was
stored for further analysis.

Molecular characterization of isolates. Five isolates of MRSA were
randomly chosen from each MRSA-positive nursery herd for further
characterization. Extraction of DNA was completed with InstaGene Ma-
trix (Bio-Rad Laboratories) in accordance with the instructions of the
manufacturer. Multiplex PCR was used for detection of mecA and mecC
(16), and PCR detection of Panton-Valentine Leukocidin (PVL) genes
and scn was completed as previously described (17, 18). The staphylococ-
cal protein A gene (spa) also was amplified and sequenced (19), and iso-
lates were assigned a spa type from the Ridom SpaServer database (http:
//www.spaserver.ridom.de).

Susceptibility to zinc was determined by agar dilution, with inocula-
tion of a 0.5 McFarland suspension of each isolate on Muller-Hinton II
agar plates containing ZnCl2 (0.25 to 16 mM) (20). Plates were read after
24 h of incubation at 35°C, and the MIC of ZnCl2 was recorded. Isolates
with a MIC of �2 mM were considered zinc resistant (14). Identification
of the zinc resistance gene czrC was completed by PCR amplification (21).

A selection of genes responsible for tolerance to quaternary ammo-
nium compounds (QACs) (qacAB, qacG, qacH, qacJ, and smr) was evalu-
ated using a real-time PCR protocol (22). The amplification and melting
curves were assessed for agreement with controls, and the products were
confirmed by sequencing. Phenotypic susceptibility to QACs was com-
pleted using the protocol developed by Sundheim et al. (23). Bacteria were
suspended (final concentration of 105 cells/ml) in microdilutions of
Muller-Hinton broth containing benzalkonium chloride (0.5 to 12.0 �g/
ml). The microtiter plates were incubated for 48 h and read on a spectro-
photometer using a 630-nm filter. The MIC was recorded as the concen-
tration needed to completely prevent regrowth. Two technical replicates
were performed for this protocol.

Statistical analysis. The group-level nursery data initially were ana-
lyzed using univariate methods. Fisher’s exact test was used for dichoto-
mous predictors of MRSA status, and the Wilcoxon rank-sum test was
used for continuous predictors of MRSA status. Further individual-based
analysis was performed to investigate the associations observed in the
group-level data. A multivariate random-effect logistic regression model
was constructed using individual data from 311 pigs that were not shed-
ding MRSA prior to weaning. The model was built manually, and a priori
decisions were made to assess confounding as a �30% alteration in the
coefficient and to assess two-way interactions between variables demon-
strating a tendency toward significance (P � 0.10). Additional descriptive
univariate statistics were used to validate the presence or lack of con-
founding variables. The colinearity of variables also was assessed. Vari-

ables were retained in the final model only if they were confounders, were
part of an interaction term, or demonstrated statistical significance. Stan-
dardized residuals and the best linear unbiased predictions of the random
effect were used to assess the fit of the model, and the final model was
accepted only if the assumptions of normality and homoscedasticity were
met. Statistical analysis was completed using STATA 10.0 I/C, and the null
hypothesis was rejected at P � 0.05 for all statistical tests used in this study.

RESULTS
Descriptive statistics of nursery herds. The swine herds partici-
pating in the study had an average of 524 sows (standard deviation
[SD], 440; range, 25 to 1,500) and weaned an average of 951 pigs
per month (SD, 758; range, 30 to 2,600). Ten (45.4%) of the 22
nursery herds identified as operating as continuous-flow opera-
tions, while the remaining 12 nursery herds identified as being
all-in/all-out operations. Two of the farrow-to-finish herds raise
pigs without exposure to antimicrobials and receive a premium at
slaughter.

The prevalence of MRSA among suckling pigs was 24.1% (94/
390), and MRSA was detected in 27.3% (6/22) of the cohorts at the
end of the suckling phase. At 3 weeks postweaning, 23.3% (90/
387) of pigs carried MRSA and 36.4% (8/22) of the cohorts were
MRSA positive (Table 1). All cohorts testing positive prior to
weaning also were positive at 3 weeks postweaning. The swine
operations testing positive for MRSA (2 farrow-to-wean, 2 wean-
to-finish, and 6 farrow-to-finish sites) were located in 7 of the 10
counties visited in southern Ontario.

Risk factors for MRSA in nursery herds. Univariate analysis of
risk factors associated with MRSA carriage in nursery herds is
presented in Table 2. Nursery herds testing positive for MRSA
reported more frequent use of zinc therapy and disinfectants, as
well as having a higher stocking density. Interestingly, the pres-
ence of companion animals (dogs and cats) on the farm was neg-
atively associated with MRSA status. The presence of MRSA was
not associated with any particular antimicrobial therapy, the
number of antimicrobials used, or the route of administration in
the nursery herds.

After analyzing the data with a multivariate random-effect lo-
gistic regression model, only two variables remained significantly
associated with MRSA in nursery herds: in-feed zinc concentra-
tion (mg zinc per kg feed; odds ratio [OR], 1.000915; 95% confi-
dence intervals [CI], 1.000405 to 1.001425; P � 0.001) and disin-
fection of the nursery for each new group of incoming pigs (OR,
14.12; 95% CI, 4.36 to 45.77; P � 0.001). Based on the predictions
of this model, the odds of MRSA carriage in pigs consuming a

TABLE 1 Observed concentration of zinc in nursery rations and
methicillin-resistant Staphylococcus aureus carriage in 22 swine cohorts

In-feed zinc concn
(mg zinca/kg feed)

No. (%) of:

Cohorts
MRSA-positive
cohorts

�500 1 (4.5) 0
500–999 5 (22.7) 0
1,000–1,499 0 0
1,500–1,999 0 0
2,000–2,499 2 (9.1) 1 (4.5)
2,500–3,000 13 (59.1) 7 (31.8)
�3,000 1 (4.5) 0
a All zinc was supplemented in the ration as zinc oxide.
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ration containing 3,000 mg zinc/kg feed was 12.4 times greater
than the odds of MRSA carriage in pigs consuming a ration con-
taining 250 mg zinc/kg feed (95% CI, 3.04 to 50.25; P � 0.001),
which was the lowest in-feed zinc concentration observed in this
study. The average concentration of zinc used in nursery feed was
2,284 mg zinc/kg feed (range, 250 to 7,000 mg zinc/kg feed), and
15 nursery herds (68.2%) used a therapeutic concentration (2,000
to 3,000 mg zinc/kg feed) (Table 1). There were no significant
two-way interaction terms or confounding variables detected in
the final multivariable model.

Molecular characterization of MRSA isolates. Twenty-five
(62.5%) of the 40 isolates of MRSA, originating from 6 (75%) of

the 8 MRSA-positive nursery herds, carried the czrC gene, but
90% (36/40) of isolates were phenotypically resistant to zinc chlo-
ride (MIC of �2 mM). Two nursery herds carried both czrC-
positive and czrC-negative genotypes of MRSA. The MICs toward
ZnCl2 are presented in Table 3 for czrC genotypes of MRSA.

Each MRSA isolate harbored at least 1 resistance gene for
QACs, and 30 (75%) of the 40 isolates harbored 2 or more QAC
resistance genes. The most common genotype was qacG qacH smr,
which was detected in 32.5% (13/40) of the tested isolates which
originated from 6 (75%) of the 8 MRSA-positive nursery herds.
One MRSA isolate (spa type t571) carried qacAB along with the
qacG, qacH, and smr genes. The qacJ gene was not detected in any

TABLE 2 Factors associated with methicillin-resistant Staphylococcus aureus in nursery herds

Parameter

Mean or proportion of parameter for:

P valuea

MRSA-positive
cohorts (n � 8)

MRSA-negative
cohorts (n � 14)

Herd size (no. of sows, SD) 698 (433) 425 (427) 0.076
Nursery was off site (%) 25 14.3 0.602
Continuous nursery flow (%) 25 57.1 0.204
Avg weaning age (days, SD) 22.4 (2.6) 24.5 (4.8) 0.351
No. of pigs weaned per month (SD) 1,224 (696) 795 (711) 0.088
Nursery stocking density (no. of pigs/m2, SD) 3.22 (1.23) 2.47 (1.17) 0.048
Direct pig-to-pig contact between pens (%) 50 42.9 0.999
Exposure to wooden surfaces (%) 25 21.4 0.999
Temp upon entrance to nursery (°C, SD) 27.6 (1.23) 26.7 (2.79) 0.273
No outside breeding stock replacements (%) 62.5 71.4 0.999
Danish entry (%) 37.5 42.9 0.999
Bootbath (%) 0 28.6 0.254
Shower-in/shower-out required (%) 62.5 28.6 0.187
Danish entry, bootbath, or shower (%) 75 71.4 0.999
Older pigs sometimes mixed with new pigs coming into the nursery (%) 25 35.7 0.999
Nursery pens disinfected for incoming pigs every time (%) 100 50 0.022
Corridors are disinfected on a weekly to monthly basis (%) 87.5 42.9 0.074
Cat(s) and/or dog(s) on the property (%) 37.5 92.9 0.011
Pets allowed into the barn (%) 0 71.4 0.115
Live rodents observed in barn at sampling (%) 12.5 7.1 0.999
Wild birds observed in barn in past year (%) 12.5 42.9 0.193

Antibiotic administration (%)
Feed 87.5 78.6 0.999
Water 37.5 42.9 0.999
Injection 87.5 71.4 0.613

Antimicrobial treatment (%)b

Tetracycline (in-feed) 62.5 85.7 0.309
Tiamulin (in-feed) 25 42.9 0.649
Penicillin (in-feed/injection) 50 50 0.999
Sulfamethazine (in-feed/in-water) 25 21.4 0.999
Zinc therapy (�2,000 ppm in-feed) 100 50 0.022

No. of different antibiotics administered at the group-level (SD) 1.88 (1.13) 2.43 (1.09) 0.345
a Univariate statistics (Fisher’s exact or Wilcoxon rank sum).
b Group-level exposure to antimicrobial between birth and 3 weeks postweaning.

TABLE 3 MIC of zinc chloride (ZnCl2) among methicillin-resistant Staphylococcus aureus isolates from nursery pigs

MRSA
genotype

No. of
isolates

No. of
farms

No. of isolates with ZnCl2 MIC (mM) of:

0.25 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16.0

czrC positive 25 6 6 13 3 3
czrC negative 15 4 4 11

Slifierz et al.

2692 aem.asm.org April 2015 Volume 81 Number 8Applied and Environmental Microbiology

http://aem.asm.org


of the tested isolates. In addition, there were 7 isolates (17.5%)
from 4 farms with a MIC of �4.5 �g/ml, indicating a potential to
survive exposure to commercial QAC preparations in the pres-
ence of organic matter. A summary of the QAC susceptibility pro-
files is presented in detail in Table 4.

The MRSA isolates tested in this study primarily belonged to
the clonal complex (CC) 398-associated spa types t034 (57.5%)
and t571 (37.5%), along with single isolates of t3075 (CC398 as-
sociated) and t002 (CC5 associated). The spa types t034 and t571
were from 5 (22.7%) and 3 (13.6%) nursery herds, respectively.
The spa types t002 and t3075 were from two different farms, each
coexisting with spa type t034. All of the tested MRSA isolates were
negative for mecC, scn, and PVL. The molecular characteristics of
each spa type are summarized in Table 5. Lastly, it was observed
that isolates belonging to spa type t034 were more likely to carry
czrC (P � 0.001) and demonstrated an increased tolerance to zinc
(P � 0.001) compared to isolates of spa type t571.

DISCUSSION

The finding that MRSA in nursery pigs is associated with the con-
centration of zinc in the nursery ration and the frequent use of
disinfectants to clean the nursery, in addition to the commonness
of resistance to zinc and QACs among MRSA isolates, indicates
that these compounds are important drivers in the selection and
persistence of MRSA in swine production systems. Resistance
genes for zinc and QACs have been found to colocate with antibi-
otic resistance genes in mobile genetic elements in the chromo-
somal genome and on plasmids (14, 24), forming a biological basis
for the observed statistical association in this investigation. This is
concerning, as exposure to these compounds may cause coselec-
tion or coretention of antibiotic resistance genes in environments

with low or no antibiotic exposure, as has been demonstrated in
laboratory experiments (13, 15, 25, 26).

The association between frequent disinfection of the nursery
and MRSA carriage in nursery pigs is consistent with the findings
of a meta-analysis which also determined that regular disinfection
of fattening pig holdings was associated with MRSA carriage (10).
The use of therapeutic levels of in-feed zinc also has been shown to
affect the shedding of MRSA in nursery pigs in previous controlled
experiments (15, 26). The evidence indicates that therapeutic lev-
els of zinc and routine use of QAC-based disinfectants is exerting
a selective pressure on MRSA in commercial nursery herds. The
means by which such a selective advantage leads to within-herd
changes in the persistence of MRSA still is unclear, but it may be
due to a combination of increased survival in the environment
and increased host susceptibility to colonization.

Supplementation of the diets of pigs in the postweaning period
with high levels of zinc is a common and an increasingly used
approach to prevent postweaning diarrhea (most often associated
with E. coli). Increased public concern about the use of antimicro-
bials in pork production and the premiums paid for antibiotic-
free pork presumably are important driving factors. This study
demonstrates that the use of rations containing therapeutic levels
of zinc is commonplace in Ontario nursery herds and highlights
the complexity of antimicrobial resistance. These data cannot be
taken as indicating that movement toward antibiotic-free pork
production is harmful; however, they indicate that replacing tra-
ditional antimicrobials with compounds that are not considered
to be classical anti-infective drugs (yet are being used for their
antimicrobial ability) is not an effective means of reducing anti-
microbial resistance pressure.

TABLE 4 MIC of BKCa among methicillin-resistant Staphylococcus aureus isolates from nursery pigs

MRSA genotype
No. of
isolates

No. of
farms

No. of isolates with indicated
spa type No. of isolates with BKC MIC (�g/ml) of:

t034 t571 t3075 t002 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

qacG 6 3 6 2 1 2 1
qacH 3 1 3 3
smr 1 1 1 1
qacG qacH 6 4 4 1 1 2 1 1 2
qacG smr 10 5 6 3 1 5 1 3 1
qacG qacH smr 13 6 7 6 3 1 3 4 1 1
qacG qacH smr qacAB 1 1 1 1
a BKC, benzalkonium chloride.

TABLE 5 Distribution of zinc and QAC resistance by methicillin-resistant Staphylococcus aureus spa type

Resistance gene/phenotype

No. (%) of isolates with indicated spa typea

t034 (n � 23) t571 (n � 15) t002 (n � 1) t3075 (n � 1) Total (n � 40)

qacAB 0 (0) 1 (6.7) 0 0 1 (2.5)
qacG 23 (100) 11 (73.3) 1 (100) 1 (100) 36 (90)
qacH 11 (47.8) 11 (73.3) 1 (100) 0 23 (57.5)
qacJ 0 0 0 0 0
smr 13 (56.5) 11 (73.3) 0 1 (100) 25 (62.5)
�2 QAC resistance genes 17 (73.9) 11 (73.3) 1 (100) 1 (100) 30 (75)
Mean MIC of BKC (�g/ml) 3.6 3.0 2 2 3.3
czrC 23* (100) 1* (6.7) 0 1 (100) 25 (62.5)
Mean MIC of ZnCl2 (mM) 8.78* 3.73* 2 16 6.9
a An asterisk indicates significant differences between spa types (P � 0.05).
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Interestingly, all qualitative questions relating to the reason for
using therapeutic levels of zinc were left unanswered by the pro-
ducers (data not shown). This suggests that producers have a min-
imal role in setting the in-feed zinc dosage, and further studies
should investigate the role of the herd veterinarian and nutrition-
ist with respect to setting the level of in-feed zinc, as it is essential
that these findings be communicated to the appropriate target
group. Furthermore, it was observed that a single production sys-
tem was using a nursery ration containing 7,000 mg zinc/kg feed,
which is surprising and indicates that there is an opportunity to
better educate the industry on the appropriate use of zinc in swine
feed.

Quaternary ammonium compounds are routinely used on
swine farms and in food-processing facilities as disinfectants, pri-
marily due to the bactericidal activity of these compounds in the
presence of organic burdens and the low cost (27). It has been
demonstrated that MRSA isolates with a benzalkonium chloride
MIC of �4.5 �g/ml, as exhibited by 17.5% of isolates in the cur-
rent study, are able to survive exposure to commercial QAC-based
disinfectants in the presence of organic matter (23). Hence, the
finding that QAC resistance genes are common among MRSA of
porcine origin is concerning and may provide explanations for the
observed association between frequent disinfection and MRSA in
the present study and the reported ineffectiveness of QAC-based
disinfectants for elimination of MRSA from swine holdings (28).
Additionally, genes conferring resistance to QACs, particularly
qacG and smr, also have been identified in MRSA ST9, originating
from pig carcasses in Hong Kong (29).

Herd size is a documented risk factor in several studies (8–10),
but in this study it was not significantly associated with MRSA
status; however, it did approach significance. This may be due to
limited sample size and the decision not to categorize herd size
during analysis, contrary to the approach used in other studies
(8–10). Stocking density was associated with MRSA carriage in
nursery pigs according to univariate statistics, and although not
statistically significant in the final model, it should be investigated
further as the rate of contact between pigs can play an important
role in MRSA transmission (30). Additionally, the inverse associ-
ation between cohort-level MRSA status and the presence of com-
panion animals is similar to reports of multispecies farms acting as
a protective factor (10), although the reason for this relationship
still is unclear.

The lack of an association between MRSA and various mea-
sures of antibiotic usage is consistent with previous reports (8, 9).
One possible explanation for this lack of association is the use of
therapeutic concentrations of in-feed zinc as a replacement for
antibiotic therapy. As observed in this study, MRSA-positive co-
horts appeared to use fewer antibiotics and higher levels of in-feed
zinc than the MRSA-negative cohorts. However, although no con-
founding effect was detected in the present data set, future studies
should consider the possibility for zinc to act as a confounder that
can influence the association between antibiotic usage and MRSA
status of swine herds. It is also worth mentioning that high fitness
and superior host adaptation may contribute to long-term persis-
tence of MRSA in the absence of antimicrobials (31).

One of the limitations of the present study is the limited num-
ber of cohorts that were enrolled. This sample size did reduce
statistical power when detecting differences at the cohort level,
and future studies should investigate these relationships using a
larger number of swine herds. Another limitation was a potential

for bias to be introduced into the survey results due to producers
providing answers that would please the surveyor; however, most
of the data were validated by documentation and investigator-
completed surveys. Lastly, comparing the measurements of the
current study to more comprehensive regional data indicates that
the cohorts enrolled in this study were representative of the On-
tario swine industry.

Overall, resistance determinants for zinc and QACs are wide-
spread among MRSA of porcine origin and, when paired with the
epidemiological evidence, it supports the hypothesis that these
compounds are playing an important role in the selection and
persistence of MRSA in commercial swine herds. These findings
illustrate the multifactorial nature of antimicrobial resistance
among staphylococci, and these results may be useful for devising
control measures to reduce antimicrobial resistance in staphylo-
cocci on swine farms. However, this issue may be region specific,
as resistance to zinc can vary substantially by spa type, and the
dominant spa type of pig holdings also differs by region. There-
fore, determination of resistance patterns to zinc and QACs in
additional MRSA spa types from different regions is warranted.
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