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ABSTRACT Transmission of methicillin-resistant Staphylococcus aureus (MRSA) from
animals to humans is of great concern due to the implications for human health
and the health care system. The objective was to investigate the frequency and du-
ration of MRSA carriage in human volunteers after a short-term exposure in a swine
farm. The experimental study included 34 human volunteers staying 1 h in a MRSA-
positive swine farm in four trials. In two of the trials, the influence of farm work in-
volving pig contact was studied using a crossover design. The quantities of MRSA in
nasal swabs, throat swabs, and air samples were measured at different time points
and analyzed in relation to relevant covariates. This investigation showed that,
overall, 94% of the volunteers acquired MRSA during the farm visit. Two hours after
the volunteers left the stable, the nasal MRSA count had declined to unquantifiable
levels in 95% of the samples. After 48 h, 94% of the volunteers were MRSA-negative.
Nasal MRSA carriage was positively correlated to personal exposure to airborne
MRSA and farm work involving pig contact and negatively correlated to smoking. No
association was observed between MRSA carriage and face touching behavior, nasal
methicillin-susceptible Staphylococcus aureus (MSSA) carriage, age, or gender. The in-
crease in human MRSA carriage among the volunteers with pig contact seems to be
dependent on the increased concentration of airborne MRSA of the surrounding air
and not directly on physical contact with pigs. MRSA was not detected in any of the
throat samples.

IMPORTANCE The experimental approach made it possible to elucidate the contri-
butions of airborne MRSA levels and farm work to nasal MRSA carriage in a swine
farm. Short-term exposure to airborne MRSA poses a substantial risk for farm visitors
to become nasal carriers, but the carriage is typically cleared within hours to a few
days. The risk for short-term visitors to cause secondary transmissions of MRSA is
most likely negligible due to the observed decline to unquantifiable levels in 95% of
the nasal samples after only 2 h. The MRSA load in the nose was highly correlated
to the amount of MRSA in the air and interventions to reduce the level of airborne
MRSA or the use of face masks might consequently reduce nasal contamination.
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Methicillin-resistant Staphylococcus aureus (MRSA) was described for the first time
in 1961 and was for several decades almost exclusively found in humans. In 2005,

a new variant of MRSA belonging to clonal complex 398 (CC398) was first described in
pigs and pig farmers in France and the Netherlands (1, 2). MRSA CC398 was later
disseminated in pig production worldwide but is also found in other livestock animals,
such as poultry and veal calves (3, 4), which has led to the designation livestock-
associated MRSA (LA-MRSA). LA-MRSA CC398 is characterized by being mostly negative
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for the human-associated immune evasive gene cluster (containing sea, scn, sak, and
chp) and Panton-Valentine leukocidin (PVL), which in contrast are found in the human
CC398 MRSA lineage (5).

Transmission of LA-MRSA from animals to humans has been of great concern in
some European countries, especially those with low MRSA incidence and large pig
productions (e.g., Denmark), due to negative implications for human health and the
health care system. Several studies have reported an increased risk for being colonized
or infected with LA-MRSA among persons working in the livestock industry (6–8), but
infection rates of LA-MRSA are also increasing among the general public (9, 10).

There has been a steep increase in LA-MRSA cases in Denmark since 2004, primarily
in persons with swine farm contact. Since 2012, patients with regular contact with
livestock have been tested for MRSA carriage at hospital admission and isolated until
negative MRSA results were confirmed. However, 33% of LA-MRSA infections in Den-
mark are not associated with livestock contact (9). In order to diminish spread to the
general public, attempts to restrict LA-MRSA to stables have been made, e.g., by
improved hygiene routines for farm workers. Furthermore, there is an ongoing discus-
sion among professionals and in the public regarding the risk of carriage in relation to
short-term visits, e.g., those by school classes, veterinarians, and workmen.

The transmission routes between pigs and humans in swine farms have not yet been
fully elucidated, but transmission is likely to be associated with both the within-herd
MRSA prevalence (11) and the intensity of animal contact (3, 12). Hands are generally
suspected to be the main vector for transmitting S. aureus from surfaces to the nose
(13). However, the presence of LA-MRSA at high levels in air samples from pig farms
(14–16) indicates that aerosols and contaminated dust particles may also be important
in the transmission to workers and visitors (17, 18). The relative importance of physical
contact and airborne transmission in human carriage of LA-MRSA is not clear and
further investigations are needed to guide rational interventions to protect farm
workers and visitors from becoming contaminated and reduce the risk for subsequent
transmission and infection. It is of special interest to establish if certain work-related
procedures carry an increased risk of contamination, as well as to establish the
relationship between the LA-MRSA level in air and the degree of human MRSA carriage.

To answer these questions, we conducted a study where MRSA-negative human
volunteers visited an LA-MRSA-positive swine farm. The primary objectives were to
investigate the frequency and duration of MRSA carriage after short-term exposure to
MRSA in a swine farm and to determine the impacts of work-related activity and
associated risk factors.

RESULTS
Summary statistics for human volunteers. In total, 34 volunteers were enrolled in

the study. The age distribution was as follows: 20 to 29 years (n � 29), 30 to 39 years
(n � 1), 40 to 49 years (n � 2), and �50 years (n � 2). In trials 1 to 3, 24 volunteers
participated, whereas 22 participated in trial 4. The data set therefore contained 94
observations in total. Twenty-two volunteers participated in both trials 1 and 2, 12
volunteers participated in all 4 trials, 10 volunteers participated 3 times, four volunteers
participated twice, and eight volunteers participated in one of the trials. Seven volun-
teers (22%) were male and seven volunteers (22%) were smokers (6 females and 1
male).

MRSA carriage in human volunteers. All samples taken before entering the swine
farm were MRSA-negative. In total, 88/94 (94%) of the volunteers became positive after
the 1-h stay in the stable. During the visits with high MRSA load in the air (trials 1 and
2), the nasal samples of all 48 volunteers were MRSA-positive when leaving the stable
(time [T] � 0). In trials 3 and 4, where all volunteers were passive observers and where
the load of MRSA in the air was relatively low, 6/46 (13%) of the volunteers were
MRSA-negative when leaving the stable. All strains were confirmed as LA-MRSA CC398
with spa type t011. In all trials, a sharp decline in MRSA count was observed during the
first 2 h after leaving the stable (Fig. 1; see also Table S1 in the supplemental material),
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and after 2 h the amount of MRSA was unquantifiable in 95% of the samples (growth
of �1 MRSA colony by direct plating or only positive after enrichment). The number
and percentage of MRSA-positive volunteers after different time points are shown in
Table 1 (see additional details in Table S1). After 48 h, 94% of the nasal swabs were
MRSA-negative; in trials with high versus low MRSA load in the air, the corresponding
values were 90% and 98%, respectively. Only one volunteer was MRSA-positive after
7 days, but tested negative on day 14. All participants in trials 1 and 2 were still
MRSA-negative after 3 weeks when enrolling to the next trial. MRSA was not detected

FIG 1 Nasal MRSA count (CFU/ml swab fluid) of human volunteers 0, 1, and 2 h after leaving the stable, shown for the four trials performed.

TABLE 1 MRSA-positivea volunteers after farm visit

Trial no.b

No. of
volunteers

No. (%) of MRSA-positive volunteers according to time after
leaving stable

0 h 1 h 2 h 1 day 2 days 7 days

1 24 24 (100) 13 (54) 5 (21) 1 (4) 1 (4) 0
2 24 24 (100) 18 (75) 12 (50) 4 (17) 4 (17) 1 (4)
3 24 19 (79) 11 (46) 3 (13) 2 (8) 1 (4) 0
4 22 21 (95) 8 (36) 2 (9) 3 (14) 0 (0) 0

All trials 94 88 (94) 50 (53) 22 (23) 10 (11) 6 (6) 1 (1)
aAfter enrichment culture.
bTrials 1 and 2, high MRSA exposure in the stable; trials 3 and 4, low MRSA exposure in the stable.
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in any of the throat samples at any time. Summary statistics on class variables in
relation to MRSA counts from the volunteers at different time points can be found in
Table S2 in the supplemental material.

Methicillin-susceptible Staphylococcus aureus carriage. Thirteen of the volun-
teers (41%) had a persistent nasal methicillin-susceptible Staphylococcus aureus (MSSA)
population and were accordingly recorded as MSSA carriers. Nineteen of the volunteers
(59%) were persistent MSSA throat carriers. Seven volunteers (21%) were MSSA carriers
in both the nose and throat and identical spa types were found in both locations. Seven
volunteers (21%) were MSSA-negative in both the nose and throat in all trials.

Exposure to MRSA in air. Personal exposure to airborne MRSA varied between 24
and 5,452 CFU MRSA/m3 (geometric mean [GM] � 384; standard deviation [SD] �

1,033). The exposure level was significantly higher in trials 1 and 2 (GM � 1,133; SD �

1,116) than in trials 3 and 4 (GM � 124; SD � 131) which was as expected according
to the initial investigations in the herd. There was a significant difference in exposure
levels between trials 1 and 2, but not between trials 3 and 4. Being in the active group
also had an effect on the personal exposure levels of the volunteers in trials 1 and 2,
with the highest exposure in the groups taking pig samples. However, the difference
was only statistically significant in trial 2 (Fig. 2). The exposure levels on the different
days of the trials are shown in Fig. S1 in the supplemental material. The volunteers in
the active group had the highest MRSA carriage levels at all time points after the farm
visit (see Fig. S2 and S3 in the supplemental material).

There was a correlation between the nasal MRSA level immediately after leaving the
stable and personal exposure to airborne MRSA (Fig. 3; data points corresponding to
volunteers in the active group are marked in red). The correlation between the nasal
MRSA level and personal exposure to airborne MRSA had almost disappeared by 1 and
2 h after leaving the stable (see Fig. S2).

The six volunteers who tested MRSA-negative immediately after leaving the stable
in trials 3 and 4 had all been exposed to air levels in the range of 24 to 310 CFU
MRSA/m3 (GM � 66; SD � 131). On the other hand, five volunteers that had been
exposed to similar concentrations were still positive after 24 h; one of these was also
MRSA-positive after 48 h.

Multivariable analysis. The effects of pig contact and face touching on nasal MRSA
carriage were estimated using data from trials 1 and 2 (see model A, Table 2). Among
the volunteers with pig contact, the number of face touches in trials 1 and 2 was on
average 5.6 per hour (range 1 to 32; SD � 6.2). The multivariable analysis showed that
nasal MRSA carriage level was dependent on (i) the level of exposure to airborne MRSA
and (ii) whether the person was in the active group during the visit. According to the
model, a doubling of the airborne MRSA level corresponded to a 73% increase in the

FIG 2 Air level of MRSA (CFU/m3) in the four trials. A, active group with pig contact; P, passive group.
Box-and-whisker plot indicates median, interquartile ranges, and maximum and minimum values.
Different letters above the graph indicate significant differences between groups (two-sided t test, P �
0.05).
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nasal MRSA carriage level among the volunteers without pig contact and to a 168%
increase in MRSA carriage among volunteers in the active group. Nonsignificant factors
in this analysis were age, gender, smoking habit, the number of face touches, and nasal
MSSA carriage. The random between-person variation in carriage level (highest versus
lowest of two levels) had a median ratio of 1.67.

The factors influencing nasal MRSA carriage of the volunteers were subsequently
analyzed, including only passive observers from all four trials. This analysis showed that
nasal MRSA carriage level was (i) positively correlated to personal exposure to airborne
MRSA, whereas it was (ii) negatively correlated to smoking (see model B, Table 2).
According to this model, a doubling of the airborne MRSA level corresponded to a 42%
increase in nasal MRSA carriage. Smoking reduced nasal MRSA carriage by 56%

FIG 3 Correlation between nasal MRSA level immediately after leaving the stable and MRSA level in the air. Data
points corresponding to active volunteers with pig contact in trials 1 and 2 are marked in red. Black points
correspond to passive volunteers in all four trials. Regression lines are indicated for the active group (y � 2.46 �
0.34x, coefficient of determination [R2] � 0.18) and passive group (y � 1.85 � 0.37x, R2 � 0.22). The regression line
for all data points combined (not shown) corresponded to y � 1.78 � 0.5x (R2 � 0.33).

TABLE 2 Determinants of MRSA carriage level in nasal swabs according to multivariable
analysis

Modela Variable
Relative carriage
level (CI)b

A Exposure level of airborne MRSAc 1.73 (1.70–1.77)
Farm work (active)d 1.55 (1.59–1.60)
Farm work (passive)e 1

B Exposure level of airborne MRSAc 1.42 (1.39–1.45)
Smoker 0.44 (0.21–0.92)
Nonsmokere 1

aModel A, trials 1 and 2; model B, trials 1 to 4, excluding volunteers with pig contact.
bThe confidence interval (CI) for each value is shown in parentheses.
cExposure was measured in log2-transformed CFU/m3.
dFarm work with pig contact.
eReference.
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compared to nonsmokers. Nonsignificant factors in this analysis were age, gender, and
MSSA carriage. The random between-person and between-trial variations in carriage
level had median ratios of 1.76 and 1.10, respectively.

DISCUSSION
Acquisition and loss of MRSA. This study showed that the main determinants for

nasal MRSA carriage among the volunteers were the personal exposure level to
airborne MRSA, performing work with pig contact, the time passed since leaving the
stable, and smoking habit. These factors have all previously been reported to be related
to MRSA carriage. Several studies found MRSA in aerosols from swine farms (14–16) and
one study showed that an increased level of MRSA in the air is correlated to increased
MRSA carriage in humans (17).

The present study included a detailed investigation of nasal MRSA carriage in the
hours following a farm visit. In total, 94% of the volunteers were MRSA-positive when
leaving the stable, but the amount of bacteria was reduced to unquantifiable levels in
95% of the samples when measured 2 h after leaving the stable. Thus, due to the short
duration of the observed MRSA carriage, it is more correct to regard this as a transient
contamination. Nevertheless, 12% were still MRSA-positive after 24 h and 6% were
MRSA-positive after 48 h. This is higher than what was reported in a Dutch study where
only 6% were positive after 24 h (10). However, in that study only 44% of the
participants were MRSA-positive when leaving the stable and a lower level of MRSA
exposure may therefore explain the difference. Another study that included 30 veter-
inary students reported that 22% were MRSA-positive after visits to MRSA-positive
swine farms and that all were MRSA-negative 24 h later (19). The MRSA air levels were
not measured in these two studies, so a direct comparison to our results is difficult.

Transmission dynamics. Several investigations have previously tried to elucidate
the transmission dynamics by using indirect measures for physical contact, e.g., work-
ing time and work location (12, 17), but it has been difficult to produce conclusive
evidence on the different transmission routes by observational studies alone. In the
present study, farm work (the active group) was defined as 1 h of active sampling of
nasal and skin swabs from swine. The volunteers worked in groups of three, alternating
regularly between the tasks of catching and constraining pigs, taking samples, and
supportive functions, thereby ensuring a homogenous exposure within the group. The
volunteers in the active group had a significantly increased airborne exposure and nasal
carriage level of MRSA compared to the passive volunteers. Direct physical transfer
between the hands and the face could not explain the higher nasal carriage level in the
active group.

These findings suggest that the direct contact with pigs is not the determining
factor by itself and that the increase in human MRSA contamination is mainly a function
of the increased concentration of airborne MRSA in the surrounding air. This is
supported by the multivariable analyses, where a doubling of the exposure to airborne
MRSA corresponded to a higher increase in the nasal MRSA contamination level among
the volunteers in the active group (186%) than in the passive group (73% in trials 1 and
2 [model A] and 42% in trials 1 to 4 [model B], respectively). An increased respiratory
rate can be expected among the volunteers in the active group, which might explain
the higher nasal deposition of MRSA compared to the passive group. An increased
nasal MRSA deposition can therefore be expected also in connection with other forms
of farm work generating dust or increased physical activity.

Covariates. Smoking was associated with a lower level of MRSA contamination
among the volunteers. A reduced S. aureus carriage level associated with smoking has
also been reported by others (3, 20).

MRSA contamination was not associated with age, gender, or MSSA carriage in our
study. The limited age range among the volunteers and the fact that mainly female
subjects participated make it difficult to draw conclusions from this study regarding the
significance of these parameters.
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In the present study, we divided the volunteers into persistent MSSA carriers and
intermittent/noncarriers according to recommendations by van Belkum et al. (21);
MSSA status was not found to be associated with MRSA carriage. Earlier investigations
have indicated that carriage of MSSA might have a protective effect against coloniza-
tion of MRSA (22). On the other hand, there are reports indicating that nasal carriage
of S. aureus predisposes subjects to rather than protects against staphylococcal acqui-
sition in the nose (23).

MRSA contamination in the nose but not in the throat. The anterior nasal cavity

is the main colonizing site for S. aureus in humans (18, 24). A persistent MSSA population
was found in the nose and the throat of 41% and 59% of the volunteers, respectively.
In the present study, MRSA was found as a transient contaminant of the nasal cavity,
whereas the throat swabs collected during the trials were all MRSA-negative. This might
indicate that colonization of the throat does not take place directly from inhaled air. In
accordance with the present study, other investigations have shown that simultaneous
carriers have identical S. aureus genotypes in their nose and throat, indicating that the
throat is colonized following establishment in the posterior part of the nasal cavity (25).

Quantification of airborne MRSA. The air level of MRSA measured by personal

Gesamtstaubprobenahme (GSP) samplers showed a significant correlation between the
MRSA levels in the nose and air (Fig. 3). There were, however, many deviating obser-
vations, which indicate that individual factors have great importance when determining
the carriage level of each individual. This random between-person variation represents
a challenge in regard to determining a colonizing dose for MRSA. Only six volunteers
were MRSA-negative when leaving the stable (Table 1). All volunteers exposed to air
levels above 310 CFU/m3 were MRSA-positive when leaving the stable. However, other
volunteers exposed to MRSA levels in the range of 24 to 310 CFU/m3 were MRSA-
positive for up to 2 days after leaving the stable. It was therefore not possible to
determine a general and specific colonizing dose for MRSA.

Sampling limitations. Repeated sampling of the nasal cavity might influence the

MRSA count by physically removing parts of the bacterial population, thus confounding
an accurate assessment of bacterial loss. Other factors affecting the amount of nasal
mucus, e.g., nasal secretion and sneezing induced by the farm visit, can also be
expected to have impact on repeated nasal sampling. Only the anterior part of the
nasal cavity was sampled in this study. Nasal lavage could have assessed a larger part
of the MRSA population present in the nasal cavity but would probably have had an
even higher confounding effect upon repeated sampling.

GSP samplers are commonly used for dust sampling and have also been used for
MRSA sampling (12). However, loss of viability of vegetative cells may occur, presum-
ably due to desiccation stress during sampling (26), leading to an underestimation of
the number of airborne bacteria.

Study limitations. The strength of this study is the experimental approach whereby

it was possible to analyze the relative importance of work, direct contact with pigs, and
air transmission for human MRSA contamination after a short-term visit to a swine farm.
The study included data from a single swine farm and a single LA-MRSA strain and was
based on MRSA-negative, healthy volunteers, primarily between 20 and 30 years old. In
spite of these limitations, the conclusions can probably be extrapolated to several other
groups, e.g., craftsmen, veterinarians, school classes, and other short-term visitors.
However, the results may not be directly applicable to farm workers spending longer
durations in swine farms, as longer colonization times have been observed in this group
(27).

Public health significance. This study shows that short-term visitors to MRSA-

positive swine farms will experience transient contamination of the nasal cavity. The
risk for short-term visitors to cause secondary transmissions of MRSA is most likely
negligible, due to the observed decline to unquantifiable levels in 95% of the nasal
samples after only 2 h.
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The MRSA load in the nose was highly correlated to the amount of MRSA in the air
and interventions to reduce the level of airborne MRSA or the use of face masks might
consequently reduce the nasal contamination.

Conclusions. This study has shown that the nasal MRSA contamination level is
positively correlated to the air level of MRSA and to farm work, and negatively correlated
to the time passed since leaving the farm and smoking habit. No association was
observed between MRSA contamination and face touching behavior, nasal MSSA
carriage, age, or gender. An increased level of airborne MRSA had a higher impact on
nasal MRSA contamination among volunteers performing farm work than on passive
volunteers. This probably reflects the higher respiratory activity of active volunteers.
MRSA contamination declined quickly after the farm visit and after 48 h MRSA could
only be detected in 6% of the volunteers.

MATERIALS AND METHODS
Recruitment of volunteers. Human volunteers were recruited through advertisements at the

University of Copenhagen. Most of the volunteers were students within the fields of veterinary science
and animal husbandry. In addition, a few staff members from the Statens Serum Institut participated. All
volunteers participated in an information meeting, received written project information, and signed a
declaration of informed consent. The participants filled in a questionnaire and were tested for MRSA
carriage in the nose and throat. Subjects were eligible for participation if they (i) were healthy individuals
above 18 years of age, (ii) tested negative for MRSA in the nose and throat, (iii) did not have professional
exposure to swine, (iv) did not work in health care facilities, (v) did not have allergies to dust, (vi) had not
used antibiotics during the last 3 months, and (vii) did not have skin diseases or wounds. The study was
performed in accordance with the principles of the Declaration of Helsinki and was approved by the
National Committee on Health Research Ethics (Protocol H-15013814).

Study design. The study was conducted on an LA-MRSA-positive swine farm. We used the weaner
section for our study, as initial investigations showed a low MRSA load the first week after weaning and
a high MRSA load approximately 4 weeks after weaning, making it feasible to conduct experiments with
different MRSA loads. The farm was visited in 2016 on two consecutive days in each of the weeks 14, 17,
21, and 39, here referred to as trials 1 to 4. In trials 1 and 2, we visited stables with pigs approximately
4 weeks after weaning (high MRSA exposure), whereas in trials 3 and 4, we visited stables with pigs 1 to
2 weeks after weaning (low MRSA exposure).

Twelve and 11 volunteers visited the stable on each day in trials 1 to 3 and in trial 4, respectively. The
influence of farm work with physical contact with pigs during the farm visit on subsequent MRSA carriage
was studied in trials 1 and 2 using a crossover design. Six volunteers worked in groups of three persons
inside the pens by taking nose and skin swabs from the pigs for 60 min, here referred to as the active
group. Meanwhile, six volunteers in the passive group stayed in the corridor separating the pens and
were instructed not to touch anything in the room. During the 60 min of the study, each member of the
passive group registered the number of hand-to-face skin touches for one of the active volunteers. The
volunteers allocated to the active group in trial 1 constituted the passive group in trial 2 and vice versa.
In trials 3 and 4, all volunteers were passive observers and stayed in the corridor between the pens for
60 min without touching anything in the room.

Procedures at the farm. Before entering the farm, all volunteers washed their hands and changed
clothes. The volunteers were dressed in a clean pair of boots and a disposable suit (Tyvek Classic Xpert,
DuPont) covering the whole body, including the hair and leaving only the hands and the frontal part of
the face exposed. When leaving the farm, the volunteers changed clothes and washed their hands. They
were not allowed to smoke or wash their face within the first 2 h after leaving the stable.

Human sampling. Swab samples were taken from the nose and throat of the volunteers using
eSwab (Copan). Nasal samples were taken from the anterior part of the nose by rotating the same swab
5 times in each nostril. Throat samples were obtained by swabbing the palatopharyngeal arch and tonsils
on both sides. Nasal and throat samples were taken 2 h before entering the stables and immediately after
leaving the stable (T � 0). In addition, nasal samples were taken 1 and 2 h after leaving the stable in all
trials, whereas corresponding throat samples were only collected in trial 1, as all throat samples turned
out to be MRSA-negative. All samples were kept in a cooling box and cultivation was initiated
approximately 3 h after leaving the stable. Additional nasal samples were taken the day after the visit
(day 1), nasal and throat samples were obtained on day 2, and a final nasal swab was taken on day 7.
If MRSA was detected in the final sample, an additional nasal sample was obtained 14 days after the farm
visit. All samples were taken by the principal investigator except the nasal samples on day 1 and 7, which
were taken by the volunteers themselves. The volunteers kept these samples at 4°C for up to 24 h before
cultivation was initiated.

Microbiological and molecular analyses of human samples. From each sample, MRSA was
quantified by making serial dilutions of the swab fluid (1 ml) with 0.9% NaCl added to 0.1% Triton X-100
(Sigma-Aldrich), followed by spread of 100 �l on one Brilliance MRSA 2 agar plate (Oxoid) and incubation
at 35°C for 22 to 24 h. Furthermore, all samples were investigated for MRSA by enrichment in tryptic soy
broth (Sigma-Aldrich) supplemented with 6.5% NaCl at 35°C for 16 to 24 h, followed by spread of 10 �l
on Brilliance MRSA 2 agar plates and incubation at 35°C for 22 to 24 h. MRSA was identified as denim
blue colonies. One colony from each volunteer at T � 0 was selected for molecular verification. In
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addition, one colony from each person showing growth of presumptive MRSA-colonies on day 1 or later,
as well as all colonies showing an atypical phenotype, was verified by PCR.

Methicillin-sensitive S. aureus (MSSA) was detected on SaSelect agar plates (Bio-Rad) as pink colonies
after cultivation at 35°C for 22 to 24 h. Four presumptive S. aureus colonies from each volunteer were
subcultivated on 5% blood agar plates for subsequent molecular analysis. The presence of MSSA was
investigated from nasal and throat samples taken before and 2 days after the farm visit as well as from
throat samples collected at T � 0, as initial investigations had shown that these contained predominantly
MSSA.

All MRSA and MSSA subcultures were verified by a PCR assay detecting mecA, lukF-PV, scn, and spa,
followed by spa typing (28). MRSA was identified by the presence of mecA and spa amplicons. The
presence of only a spa amplicon was indicative for MSSA.

Based on spa typing of the four MSSA isolates from each sample, the persistence of MSSA carriage
of the nose or the throat was assessed. A carrier was defined as a person having MSSA with identical spa
types in the majority (�80%) of the sampling events; the other participants were recorded as noncarriers
(including transient carriers) following the recommendations by van Belkum et al. (21).

Personal exposure sampling of airborne particles. Airborne MRSA was sampled using GSP
(Gesamtstaubprobenahme) samplers (CIS by BGI, Inc., Waltham, MA, USA). The GSP samplers with a
Teflon filter (pore size 1 �m; Millipore, Bedford, MA, USA) were mounted in the inhalation zone on the
chest and were connected by flexible tubes to a pump adjusted to an airflow of 3.5 liters/min. In each
trial, sampling was performed for approximately 60 min during the stay in the stable. The exact sampling
time for each person was noted and used for calculation of exposure (CFU/m3 air). The GSP samplers
were unmounted outside the stable before leaving the farm, and all samplers were transported in closed
boxes to the laboratory within 2 h after sampling for quantification of MRSA.

Microbiological and molecular analyses of air samples. Extraction of dust particles was performed
immediately after arrival at the laboratory as previously described (29). Briefly, filters were extracted in
5 ml liquid (0.85% NaCl added to 0.05% Tween 80) by orbital shaking (500 rpm) for 15 min at room
temperature. MRSA was quantified by spreading 500 �l of the dust suspension in duplicate on Brilliance
MRSA 2 agar plates. The agar plates were incubated at 37°C for 22 to 24 h and MRSA colonies were
identified by denim color and counted. The only two negative air samples (both from trial 3) were
reexamined and MRSA was detected after recultivation from frozen samples. The MRSA content of
these two samples was set to the detection limit of the test (24 CFU/m3).

For verification of MRSA, five randomly selected isolates from each sampling day were subjected to
PCR analysis for mecA, lukF-PV, scn, and spa, followed by spa typing (28).

Data collection. The following data regarding the volunteers were extracted from the questionnaire:
age, gender, and regular smoking habit. During the farm visits in trial 1 and 2, allocation to group (active
or passive role) and the number of face touches for the active group were recorded. The quantity of
MRSA per ml of swab fluid was recorded at T � 0 as well as at 1 and 2 h after leaving the farm. In addition,
the detection of MRSA after enrichment was recorded for all samples. The amount of MRSA (CFU/m3) in
the air was obtained from the personal GSP samplers.

Statistical analysis. All statistical analyses were performed with SAS Enterprise 6.1 (SAS Institute,
Inc.) and GraphPad Prism 7 (GraphPad Software, Inc.). A multivariable analysis was performed using the
MRSA counts per ml swab fluid when leaving the stable as the dependent variable. A multivariable model
was evaluated using the GLIMMIX procedure (based on the Poisson distribution) and using person
identifier (ID) as random effect. The estimated size of the random effect was presented using the median
ratio parameter according to Larsen et al. (30). The airborne MRSA level was log2 transformed in order
to facilitate a direct interpretation relative to the nasal MRSA carriage. Models with and without
interaction terms were evaluated. When estimating the effect of pig contact and face touching on MRSA
carriage, only data from trials 1 and 2 were used (model A). In addition, a model was evaluated using data
from all 4 weeks, excluding the volunteers that had pig contact in trials 1 and 2 (model B). In this model,
both trial number and person ID were included as random effects. The best model fit and hence the
models to be analyzed and presented were found by a combined forward and backward selection
process by selecting significant variables (P � 0.05). For model A, an interaction term could not be fitted
due to quasiseparation of data. A scatter plot was made of the log-transformed values of airborne MRSA
and MRSA carriage of the volunteers (MRSA values were added to 1 before transformation).
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