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Abstract

Our purpose was to determine the dynamics of livestock-associated methicillin-resistant Staphylococcus aureus (LA-MRSA) carriage and its
determinants in persons working at pig farms, in order to identify targets for interventions. This prospective cohort study surveyed 49 pig
farms in the Netherlands on six sampling dates in | year (2010-11). Nasal and oropharyngeal swabs were collected, as well as environmental
surface samples from stables and house. Of |10 pig farmers, 38% were persistent MRSA nasal carriers. The average cross-sectional MRSA
prevalence was 63%. Methicillin-susceptible S. aureus (MSSA) nasal carriage was associated with fewer MRSA acquisitions (prevalence rate
(PR) = 0.47, p 0.02). In multivariate analysis, an age of 40-49 years (PR = 2.13, p 0.01), a working week of >40 h (PR=1.89, p 0.01), giving
birth assistance to sows (PR=2.26, p 0.03), removing manure of finisher pigs (PR=0.48, p 0.02), and wearing a facemask (PR = 0.13, p 0.02)
were significantly related with persistent MRSA nasal carriage. A higher MRSA exposure in stables was associated with MRSA in pig farmers
(p <0.0001). This study describes a very high prevalence of LA-MRSA carriage in pig farmers, reflecting extensive exposure during work. We

identified the possible protective effects of MSSA carriage and of continuously wearing a facemask during work.
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become less clear. In the Netherlands there still is a very
low carriage rate of MRSA in the community (0.1%) [2].
Therefore, new strains, such as livestock-associated MRSA
(LA-MRSA), are easily recognized.

The first LA-MRSA-positive pig farmer in the Netherlands

was recognized in 2005 [3] and subsequent surveys showed a

Introduction
prevalence of LA-MRSA carriage ranging from 20-40% in
people working with pigs [4-8]. Invasive infections were
Methicillin-resistant Staphylococcus aureus (MRSA) is a well- rarely described [9—11], and close contact with livestock was
known pathogen inside and outside hospitals all around the shown to be the major risk factor for LA-MRSA acquisition
world [I]. In the last years, the distinction between [6,7].
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Currently there is a huge reservoir of MRSA in livestock
with a relatively low impact on public health. This might change
because S. aureus has proven to be very capable of exchanging
genetic material, i.e. acquiring virulence factors [12]. To reduce
the threat for public health the reservoir must be eliminated or
reduced. Targets for intervention are needed, but at present
unidentified. The purpose of this prospective cohort study was
to determine the dynamics of LA-MRSA carriage and its
determinants in persons working at pig farms.

Materials and Methods

Study design and selection of farms

This prospective cohort study surveyed persons working at 49
farrowing pig farms in the Netherlands for | year (2010—
2011). Pig farms were randomly selected among participants
from a previous study [13], which contained randomly selected

farrowing pig farms from all Dutch pig farms.

Sampling occasions

During the |-year study period, there were six sampling
occasions: day 0, day 4, day 7, month 4, month 8, and month
I2. Quantitative nasal and oropharyngeal swabs, extensive
questionnaires, and wet wipe samples of four defined surfaces
in house (backdoor handle, remote control of television,
favourite chair of pig farmer, and dog neck/back) and four
surfaces in the stables (farrowing and weaning stables, both
sampled twice) were collected on day 0. Nasal swabs were
introduced in the nostril and rotated once. Oropharyngeal
swabs sampled the area of the inner cheek including the
tonsils. Refrigerated swabs were transported to the labora-
tory, and cultured within 24 h. In addition, dry electrostatic
dust collector cloths (EDCs) [14] were placed in the farrowing
and weaning stables (two per stable) and on the highest
cupboard in the living room of the house, and were left in place
for 2 weeks before quantitative analysis.

On the remaining sampling occasions, subjects semi-quan-
titatively sampled their own nose and filled in a short
questionnaire. Swab instructions were sent with the swabs.
EDCs were placed on the same five locations in months 4, 8
and 12. An extra semi-quantitative sample of the throat was
taken by the subjects themselves in month [2. Results of the

individual cultures were disclosed at the end of the study.

Definitions

Persons working in pig farm stables for >20 h per week at the
start of the study were defined as pig farmers, regardless of
whether they lived on the farm premises or not. Persistent

carriers were defined as persons with all nasal cultures positive
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for MRSA, non-carriers had no positive cultures, and inter-
mittent carriers were the remaining persons.

Questionnaires

Extensive questionnaires were used to elucidate known and
hypothetical determinants for (LA-)MRSA carriage. Data were
collected on exact activities on the pig farm, contact with
animals, hospital contact, personal use of antibiotics or
immunosuppressive drugs, underlying disorders (e.g. eczema
or other skin diseases) and presence of indwelling catheters
and/or open wounds.

Laboratory analysis: cultures

Quantitative cultures were performed by diluting the elution
buffer from ESwabs™ (swabs with | mL elution buffer; Copan,
Brescia, Italy) up to 10* times in 0.9% NaCl, and incubating
100 pL of these dilutions on chromlID S. aureus and chromID
MRSA agar plates (BioMérieux, La Balme Les Grottes, France)
overnight at 35°C. The number of CFU was counted on each
agar plate, and plates with 10-100 CFU were used to calculate
the original CFU number per swab. The remaining elution
buffer and swabs were enriched overnight in Muller—Hinton
broth with 6.5% NaCl, and subsequently cultured on S. aureus
and MRSA selective agar plates.

Semi-quantitative cultures were performed by inoculating
dry swabs (Copan) directly onto S. aureus, MRSA and Colum-
bia agar plates with 5% sheep blood, and Muller—Hinton
enrichment broth. Wet wipe samples (Sodibox, Nevez,
France) were double-enriched in Muller—Hinton broth, fol-
lowed by phenol mannitol broth with ceftizoxime (BioMérie-
ux), which was subsequently cultured on blood and Brilliance™
MRSA agar plates (Oxoid, Basingstoke, UK), whether colour
change occurred in the phenol mannitol broth or not.

All S. aureus strains were defined by green colonies in
combination with a positive coagulase slide and DNase test. In
case of discrepancies a tube coagulase test was performed.
Methicillin susceptibility was tested for all S. aureus isolates,
using the cefoxitin disk diffusion method according to EUCAST
standards [|5], followed by a duplex PCR for the nuc and mecA
genes as described previously [16].

Laboratory analysis: EDC PCR

The EDC was suspended in FE-buffer (150 mm NaCl, | mm
EDTA), mixed in a Stomacher blender (Seward Limited,
London, UK), and stored at —20°C until further processing.
DNA was isolated and purified with a Versant Molecular kPCR
molecular system (Siemens Healthcare Diagnostics, The
Hague, the Netherlands). For each sample, 5 pL was used to
detect four targets with a LightCycler 480-Il (Roche Diagnos-

tics, Almere, the Netherlands): (i) mecA for methicillin-resis-
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