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Livestock-associated MRSA ST398 carriage in pig
slaughterhouse workers related to quantitative
environmental exposure
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ABSTRACT
Objectives To assess livestock-associated methicillin-
resistant Staphylococcus aureus (LA-MRSA) carriage
among workers in pig slaughterhouses and assess
associated risk factors, including occupational exposure
to LA-MRSA.
Methods A cross-sectional study in three Dutch pig
slaughterhouses was undertaken. Nasal swabs of
participants were taken. Nasal swabs and surface wipes,
air and glove samples were screened for presence of
methicillin-resistant Staphylococcus aureus (MRSA).
MRSA was quantitatively determined on gloves and in air
samples by culturing and real-time PCR.
Results 11 of 341 (3.2%) participants were identified as
nasal MRSA carriers. MRSA-positive workers were
predominantly found at the start of the slaughter
process. Major risk factors for carriage were working in
the lairage and working in the scalding and dehairing
area. Most nasal isolates (73%) belonged to the LA-
MRSA clone ST398. MRSA ST398-positive
environmental samples were found throughout the
slaughter process. A clear decrease was seen along the
slaughterline in the number of MRSA-positive samples
and in the MRSA amount per sample.
Conclusions This study showed that working in the
lairage area or scalding and dehairing area were the
major risk factors for MRSA carriage in pig
slaughterhouse workers, while the overall prevalence of
MRSA carriage is low. Occupational exposure to MRSA
decreased along the slaughterline, and the risk of
carriage showed a parallel decrease.

INTRODUCTION
Methicillin-resistant Staphylococcus aureus (MRSA)
accounts for a high proportion of nosocomial and
community-acquired infections in countries
worldwide.1 2 In 2005, the first livestock-associated
methicillin-resistant Staphylococcus aureus (LA-
MRSA) transmission to humans was described in
a young daughter of a pig farmer,3 which involved
a previously very rare multi-locus sequence type
ST398 (MLST ST398). Recent surveys among pig
and veal farmers indicated MRSA ST398 carrier
prevalence to be between 20% and 33%,4e6 with
a lower prevalence observed in veterinarians and
people living on farms.6e9 These surveys also
showed a high prevalence of ST398 among farm
animals and from this reservoir transmission to

humans occurs.6 10 11 The human-to-human
transmission of MRSA ST398 is considered to be
rare compared with non-livestock-associated
strains.12 Genome analysis revealed that MRSA
ST398 lacks certain S aureus virulence factors,13 but
severe MRSA and MSSA ST398 infections have
been described,14e16 some as a result of work-
related invasive accidents.17

Thus far, most LA-MRSA prevalence studies
focused on people with frequent contact with
living production animals, for example, farmers and
veterinarians. The high LA-MRSA prevalence in
production animals and people having contact with
these animals raises the question whether LA-
MRSA carriage might also occur in slaughterhouse
personnel, who have contact with live animals, dead
animals and derived meat products in various stages
of processing. Recent studies described LA-MRSA
risk factors for slaughterhouse personnel.18 19 In
both independent studies, LA-MRSA carriage in
poultry and pig slaughterhouse personnel was 5.6%
and contact with living animals was the major risk
factor for being LA-MRSA positive.
Although it has been shown that contact with

live animals is an important risk factor for LA-
MRSA carriage in slaughterhouses, quantitative
data on exposure of slaughterhouse workers to LA-
MRSA from the animals and their derived meat
products are lacking. In this paper, quantitative
data on levels of LA-MRSA are presented, measured
in air and glove samples collected in various pig
slaughterhouse sections.

METHODS
Study design and population
Three Dutch pig slaughterhouses participated in
this cross-sectional study. Between October 2009
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What this paper adds

A livestock-associated strain of MRSA (ST398)
emerged in the animal production chain and leads
to increased human nasal carriage. This paper
shows that nasal MRSA carriage risk is low in
slaughterhouse workers and associated with envi-
ronmental exposure on hands, in the air and on
surfaces throughout the slaughter process.
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and January 2010, sampling campaigns were conducted once in
each slaughterhouse. The number of eligible workers per
slaughterhouse was 150, 300 and 870. Prior to the slaughter-
house visits, total sample size was set to 375 participants. The
eligible population preferably included all workers from the start
of the main slaughterline (lairage area, scalding and dehairing
area and evisceration area) and a sample from those cutting meat
at the end of the process. Participants took two nasal swabs and
filled out a short questionnaire which provided information
about gender, age, current smoking, country of birth, working
area, contact with livestock outside the slaughterhouse and
recent antimicrobial use. Written consent was obtained from all
participants. Participants worked in various sections but
primarily along the main slaughterline. To minimise language-
related biases and to increase response rates, questionnaires,
information material and consent forms were translated into
English, German, Hungarian and Polish. One of the fieldworkers
was of Polish origin and assisted with recruitment.

Slaughterhouse characteristicsdproduction process
The layout of the slaughter process is similar in all three
slaughterhouses. Upon arrival, live pigs are collected in the
lairage area and showered with water to calm them. The
animals are stunned (electrically or by using carbon dioxide) and
killed by bleeding after cutting the carotid artery. After scalding
in warm water (58e608C), carcasses are dehaired, flamed and
washed with water. In the evisceration line, the carcasses are cut
open, organs and fat are removed and the carcasses are cut in
half over the entire length of the body. Subsequently, the heads
are separated from the body and the carcasses are cooled to
below 78C. After cooling, carcasses are further divided into three
parts: fore-end, middle and hind leg. These primal cuts consti-
tute the basis for further cutting and deboning of the meat.
Finally, the cut and deboned meat is processed into smaller meat
cuts and packaged and shipped.

All workers wear protective equipment, including a jacket,
trousers, hairnet, helmet and rubber boots and most of the
workers directly involved in the slaughter process wear dispos-
able gloves. Workers are instructed to wear a new pair of gloves
after each break, for a maximum of 2 h. Upon entering and
leaving work areas, workers wash and disinfect their hands.
Workers wear their work clothing during the break, with
exception of the jacket. Lairage workers have separate canteens.
At the end of the working day, the slaughterhouse, all equip-
ments, conveyor belts and benches are cleaned and disinfected.
All workers have access to facilities to wash their hands with
warm water in all slaughterhouse areas.

Environmental sampling
Personal air samples were collected using GilAir-5 air sampling
pumps (Gilian) and GSP conical inhalable samplers. Cassettes
containing 37 mm GFA glass fibre membrane filters (Whatman,
GE Healthcare, Diegem, Belgium) were placed in the GSP
samplers. Air samples were collected at a flow rate of 2 l/min for
6e10 h.

Initially, viable sampling resulted in very low colony counts.
During a pilot study, different air sampling methods were
compared (Andersen multistage sampler, liquid impingers and
agar plate sedimentation). Both the Andersen sampler and liquid
impingers had poor results compared with direct plating, prob-
ably because high air sampling volumes affected MRSA
viability.20 Best results were obtained by a GSP conical inhalable
dust sampler with glass fibre or gelatine membrane filters,
operated at a lower flow (2.0 instead of 3.5 l/min). Since the

dissolved gelatine interfered with the real-time PCR, glass fibre
filters were selected for the study. The reduced flow might have
led to changes in the particle collection efficiency, but this
modification had to be introduced to assure viability of MRSA
from air samples. The participants who received GSP samplers
were selected by the management. Samplers were attached to
the lapel of their jackets. Disposable gloves worn by the workers
were collected in sealed plastic bags after tasks were completed.
For reasons involving standardisation, gloves worn on the left
hand were collected.
Along the main slaughterline, surface samples were taken

with pre-packed sterile moist wipes (Sodibox; Raisio Diagnos-
tics, Nevez, France). The majority of the sampled surfaces had
not been in direct contact with pigs and pig-derived meat
products. All collected materials were transferred to the labora-
tory and processed the same day.

Microbiological analysis
Swabs were collected from each nostril of the participants. High-
salt pre-enrichment culturing was used for LA-MRSA, with 5 ml
Mueller Hinton (MH) broth with 6.5% sodium chloride
(Biotrading, Mijdrecht, the Netherlands) as the pre-enrichment
medium. Samples were incubated overnight at 378C. The
following day, 1 ml of culture was transferred to 9 ml phenyl
mannitol broth (PHMB/ca+) (bioMérieux) with 5 mg/ml cefti-
zoxime and 75 mg/ml aztreonam and incubated overnight at
378C. The other nasal swab was incubated directly in 5 ml
selective culture medium (tryptic soy broth supplemented with
4% sodium chloride, 1% mannitol, ceftizoxime (5 mg/ml),
aztreonam (50 mg/ml) and phenol red (16 mg/ml) (Mediaroom
UMC Utrecht)) and incubated for 48 h at 378C.21 After incu-
bation, 10 ml from both tryptic soy broth and PHMB cultures
were plated onto Brilliance MRSA agar (Oxoid) and blood agar
(Biotrading), respectively, and incubated overnight at 378C.
Colony morphology suspected S aureus were sub-cultured on
blood agar and identified as S aureus with a rabbit plasma slide
coagulase test and confirmed with either a ST398-specific PCR
assay22 or, for nasal isolates only, MLST and spa-typing for the
non-ST398 strains. MRSA was confirmed with a mecA-specific
PCR.23 24

Surface wipes were cultured in 200 ml MH broth (Becton
Dickinson, Breda, the Netherlands) supplemented with 6.5%
sodium chloride and cultured according to the pre-enrichment
method as described for the nasal swabs.
Air filters and gloves were analysed with a quantitative

culture method. Glass fibre filter membranes were divided into
two equal parts. One half was stored at �208C for DNA
extraction and subsequent PCR analysis. After thawing, the
filter material was extracted in 1.5 ml physiological saline solu-
tion with added EDTA (0.5 mM NaCl, 1 mM EDTA) by
vigorous shaking for 10 min in a Stomacher, and 200 ml was used
for DNA extraction as described below. The other half was
extracted by vigorous vortexing in 5 ml MH broth with 6.5%
sodium chloride for culturing. A 0.5 ml of this suspension was
diluted 10-fold, 100-fold and 1000-fold in MH broth and further
processed as described for the nasal swabs. Gloves were rinsed
with 20 ml phosphate-buffered saline. Two millilitre was
centrifuged for 3 min at 14 000 rpm, after which 1.8 ml super-
natant was removed. The remaining pellet was stored at �208C
for DNA extraction and subsequent PCR analysis. A selection of
the gloves was quantitatively cultured; 5 ml of the glove rinse
was mixed 1:1 with 5 ml double-concentrated MH broth (130 g
MH (Becton Dickinson) and 44 g sodium chloride per litre
broth). One millilitre of this suspension was diluted 10-fold,
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100-fold and 1000-fold in MH broth. Diluted suspensions were
cultured according to the pre-enrichment method as described
for the nasal swabs. It was established that latex gloves used did
not have any growth inhibiting effects. All MRSA-positive
isolates were screened for ST398, using a real-time PCR as
described below.

Molecular analysis
Bacterial DNAwas extracted from 200 ml rinse samples from the
gloves and air filters, with a DNeasy Blood & Tissue Kit
(QIAGEN Benelux, Venlo, the Netherlands) according to the
manufacturer ’s instructions. The extract was eluted in 100 ml of
elution buffer. DNA from MRSA colonies was extracted as
described by Schouls et al.25 In short, two colonies were incu-
bated at 378C in TE (10 mM TriseHCl, 1 mM EDTA, pH 8.0),
supplemented with 100 mg/ml lysostaphine (Sigma-Aldrich,
Zwijndrecht, the Netherlands) followed with heating at 958C.

Real-time PCRs were performed using oligonucleotides as
described previously,22 24 26e28 targeting mecA and Orf-X of S
aureus with the Staphylococcal cassette chromosome SCCmec
and ST398. The mecA gene determines methicillin resistance of
MRSA, but mecA can also be present in coagulase-negative
Staphylococcal species that can be present in the sample. The
SCCmec real-time PCR has the advantage that it combines
detection of S aureus with the SCCmec element in one PCR. The
disadvantage is that SCCmec is highly variable and must be
captured by several probes. The ST398 PCR specifically targets S
aureus isolates belonging to ST398, including methicillin-sensi-
tive S aureus ST398. For real-time detection of ST398, a Taqman
probe was developed: 59-ATTGTCAGTATGAATTGCGGT-39.
The reaction mixture was as follows: 10 ml (23) LC480 Probe
Master, 5 ml DNA and 10 pmol of each primer and 5 pmol of
each probe. Thermocycling conditions of the LightCycler�480
(Roche diagnostics, Almere, the Netherlands) were as follows:
958C for 5 min, followed by 45 cycles of 958C for 10 s, 588C for
20 s and 728C for 20 s. Puc19 DNA was added to the mecA PCR
mix for control of PCR inhibition in the sample.29

A standard curve of MRSA DNA consisting of five 10-fold
dilutions of a stock solution of 50 000 colony-forming unit
equivalents (CFUeq) followed by DNA extraction was made for
each PCR. This enabled calculation of bacterial CFUeq in rinse
samples from the gloves and air filter samples, adjusting for the
volume used for DNA extraction (200 ml) and sample extraction
volume (20 ml for gloves and 1.5 ml for air samples).

The genetic diversity of non-ST398 MRSA colonies cultured
from nasal swabs was determined with MLSTand spa typing as
described previously.25 30

Statistical analysis
Exposure data were reported by descriptive statistics after log-
transformation. Associations between MRSA carrier status and
potential risk factors were explored using the GLIMMIX
procedure (SAS V.9.2; SAS Institute Inc.). Slaughterhouse was
included as repeated subject to account for clustering of the data
on slaughterhouse level. Correlation between the results of the
three quantitative PCRs (qPCRs), and between the results of
the qPCRs and bacterial culturing, were analysed by means of
the REG procedure (SAS V.9.2).

RESULTS
Sampling of slaughterhouse workers
In total, 341 slaughterhouse workers voluntarily participated in
this study. Mean age was 42 (610.5; range 20e65) years and was
similar across all slaughterhouses. The population consisted of

various nationalities; countries of birth for the participants were
the Netherlands (55.8%), Poland (13.6%), Hungary (6.2%),
Germany (3.2%) and other (21.2%).
Nasal swabs were considered MRSA-positive when at least

one of the culturing methods (with or without pre-enrichment)
yielded a MRSA-positive result. Of the 341 participants, 11
tested positive for MRSA (3.2%). Prevalence per slaughterhouse
were 3/146 (2.1%), 3/135 (2.2%) and 5/60 (8.6%). Of the 11
MRSA carriers, seven were detected with the pre-enriched
culturing method alone, one with the non-pre-enriched
culturing method alone and three with both methods. This
means that in 64% (7/11) of MRSA-positive nasal swabs tested
without pre-enrichment, MRSA was not detected and resulted
in false-negative results. By inoculating a standardised concen-
tration of MRSA in the selective media, the sensitivity of these
media showed to be 1.6 3 105 CFU per sample (results not
shown).
All, except one, the MRSA-positive participants worked in the

lairage area, scalding and dehairing area or evisceration area. One
MRSA-positive participant worked for the technical service,
thereby working in multiple areas. None of the participants
working in the intestine cleaning area, cutting area, processing
area, packing area or shipping area tested positive for MRSA.
Due to cross-contamination, two MRSA-positive samples could
not be assigned to a participant. Because the likelihood of
a MRSA-positive nasal sample is low, it was assumed that only
one of the two workers was a nasal carrier. In the statistical
analysis, both results were omitted and 339 instead of 341
observations were used, including the 10 MRSA carriers.
Although limited power impeded a more detailed analysis,
working in the lairage area was the strongest risk factor for
MRSA carriage with a statistically significant (p<0.01) unad-
justed OR of 6.1 (95% CI 1.6 to 22.8). Working in the scalding
and dehairing area resulted in a significant unadjusted OR of 4.1
(p<0.05, 95% CI 1.0 to 16.7). The sample was too small for
a simultaneous adjustment for all potential confounders in one
logistic regression model. We therefore adjusted for gender, age
and smoking one by one in different models. This changed the
point estimates of the ORs, but the overall pattern in the results
remained the same in each of those analyses. In all cases, the risk
remained highest for workers in the lairage area after adjustment
for gender, age or smoking. It has previously been reported that
smoking appears to have a protective effect with regard to
MRSA carriage.6 The point estimate confirmed this finding,
albeit not statistically significant, with an unadjusted OR of 0.3
(p¼0.16, 95% CI 0.07 to 1.6) for MRSA carriage in current
smokers. Antimicrobial use, working for the technical service
and living on a livestock farm with pigs or cattle appeared
to have elevated but non-significant risks for MRSA carriage
(table 1).

Exposure
In total, 150 gloves were collected and analysed by qPCR. A
selection of 85 gloves was also analysed by culturing. Along the
main slaughterline, from the lairage to cutting area, a decrease in
MRSA was observed, both in the number of MRSA-positive
gloves and in the highest MRSA-positive dilution per glove
(table 2).
The relative number of MRSA-positive gloves decreased from

79% (15/19) in the lairage, scalding and dehairing areas
combined to 39% (13/33) in the evisceration area and 42% (10/
24) in the cutting area. Two of three gloves collected from the
intestine cleaning area in one of the slaughterhouses were
MRSA-positive. Higher MRSA numbers (dilution 10�2 to 10�3)
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were found on gloves collected in the lairage, scalding and
dehairing area with the distribution shifting to medium and
lower MRSA concentrations (dilution 100 to 10�2) for gloves
collected in the evisceration area and intestine cleaning area.
Lower MRSA concentrations (dilution 100) were predominantly
found in the cutting area. In samples from other areas, no MRSA
could be detected.

All three qPCRs for SCCmec, ST398 and mecA showed similar
trends in CFUeq per glove across the different slaughterhouse
sections (table 3).

Higher CFUeq counts for each qPCR were predominantly
observed in the lairage and slaughter area, decreasing to medium
and lower levels in the areas further down the slaughterline.
When compared with results obtained by quantitative culturing,
similar trends were observed. Associations between log-trans-
formed outcomes of the qPCR (CFUeq per qPCR sample;
CFUeq/qPCR) between the qPCRs were R¼0.52 for SCCmec and
ST398, R¼0.40 for SCCmec and mecA and R¼0.68 for ST398 and
mecA. Only three samples were positive for all three targets. The
reasonably high correlation between the ST398 and mecA qPCR
indicates that probably often MRSA ST398 was present in the

sample. The low correlation between SCCmec and mecA indi-
cates that mecA is not always associated with S aureus SCCmec
elements screened for in this qPCR analysis.
Log-transformed outcomes of the qPCR (CFUeq/qPCR) were

compared with the quantitative culturing method for each
qPCR separately. The variable for culturing was defined as the
number of MRSA-positive dilutions, from 0 for no positive
dilutions to four for all dilutions positive. Associations between
qPCRs and culturing were R¼0.22 for SCCmec and culturing,
R¼0.70 for ST398 and culturing and R¼0.57 for mecA and
culturing. The reasonably high correlation between ST398 and
culturing indicates that most of the cultured MRSA belong to
ST398 and that the ST398 qPCR is a good proxy for MRSA
ST398.
At each slaughterhouse, 10e15 air samples were collected,

resulting in 40 samples in total. In air samples, the same pattern
in MRSA levels was observed along the slaughterline. Twenty-
eight per cent (11/40) air samples were MRSA-positive after
culturing. For 9 of 11 MRSA-positive air samples, MRSA was
only found in the undiluted sample and not in subsequent
dilutions. In the two other cases, MRSA was also found in the

Table 1 MRSA nasal carriage prevalence and unadjusted ORs for risk factors among slaughterhouse workers

Characteristics Total (%) MRSA positive (%) OR (95% CI)* p Value

All 341/341 (100.0) 11/341 (3.2) n.c. n.c.

Gender (male) 304/341 (89.1) 11/304 (3.6) n.c. n.c.

Current smoking 146/341 (42.8) 4/146 (2.7) 0.3 (0.1 to 1.6) 0.16

Antimicrobial use 34/341 (10.0) 2/34 (5.9) 2.3 (0.5 to 11.2) 0.32

Lairage area 36/341 (10.6) 4/36 (11.1) 6.1 (1.6 to 22.8) <0.01

Scalding and dehairing area 34/341 (10.0) 3/34 (8.8)y 4.1 (1.0 to 16.7) 0.05

Sticking 26/341 (7.6) 0/26 (0.0) n.c. n.c.

Combined 47/341 (13.8) 3/47 (6.4) 2.8 (0.7 to 11.3) 0.15

Evisceration area 94/341 (27.6) 4/94 (4.3)y 1.1 (0.3 to 4.4) 0.89

Intestine cleaning 22/341 (6.5) 0/22 (0.0) n.c. n.c.

Combined 106/341 (31.1) 4/106 (3.8) 0.9 (0.2 to 3.7) 0.92

Cutting area 109/341 (32.0) 0/109 (0.0) n.c. n.c.

Processing area 25/341 (7.3) 0/25 (0.0) n.c. n.c.

Packing area 25/341 (7.3) 0/25 (0.0) n.c. n.c.

Shipping area 19/341 (5.6) 0/19 (0.0) n.c. n.c.

Combined 146/341 (42.8) 0/146 (0.0) n.c. n.c.

Technical service 15/341 (4.4) 1/15 (6.7) 2.7 (0.3 to 22.9) 0.38

Other 46/341 (13.5) 0/46 (0.0) n.c. n.c.

Contact with livestockz 20/341 (5.9) 2/20 (10.0) 4.3 (<0.001 to >999.9) 0.33

Pigs 10/341 (2.9) 1/10 (10.0) 3.7 (0.4 to 33.4) 0.24

Cattle 7/341 (2.1) 1/7 (14.3) 5.9 (0.6 to 55.5) 0.12

*For univariate calculation of ORs, CIs and p values, 339 observations were used, of which 10 were MRSA positive. Some participants indicated that they worked at more than one section.
yMRSA-positive participant working in both scalding and dehairing and evisceration areas (n¼1).
zContact with livestock outside of slaughterhouse.
n.c., not computable.

Table 2 MRSA distribution and concentration ranges of gloves worn by slaughterhouse workers for
various slaughterhouse sections

Section MRSA positive (%)

Highest dilution MRSA positive*

100 10L1 10L2 10L3

Lairage/scalding and dehairing area 15/19 (79) 1 3 4 7

Evisceration area 13/33 (39) 4 4 4 1

Cutting area 10/24 (42) 8 1 0 1

Processing area 0/2 (0) 0 0 0 0

Packing area 0/2 (0) 0 0 0 0

Shipping area 0/2 (0) 0 0 0 0

Organ area 2/3 (67) 0 1 1 0

*Higher positive dilution (eg, 10�3) correlates with higher concentration of MRSA in the undiluted sample.
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10-fold diluted sample. Only air samples from participants
working in the lairage area (7/8, 88%) and the scalding and
dehairing area (4/8, 50%) were MRSA-positive, and all others
were MRSA-negative.

PCR-positive samples were marginally higher above negative
threshold values, indicating low CFUeq levels (0.5e5 CFUeq/
qPCR). For SCCmec, none of the samples passed the threshold
value and were all considered negative. For mecA, 16 samples
were considered positive (9/16 in lairage/scalding and dehairing
area); 44% (7/16) of the positive samples were also positive for
culturing. For ST398, six samples were considered positive (5/6
in lairage/scalding and dehairing area), of which five samples
were also positive for mecA. Of these double-positive samples, 4/
5 originated in the lairage or scalding and dehairing area. Eighty-
three per cent (5/6) of the ST398-positive samples was also
positive for culturing. Again, the highest association was found
between ST398 and culturing.

Surface wipes from the lairage area were all (9/9) MRSA-
positive, three of four were positive in the scalding and dehairing
area and three of 10 were positive in the evisceration area. In the
cutting area, MRSA could not be detected on the sampled
surfaces (0/8), indicating a clear decrease in MRSA occurrence
along the main slaughterline.

Typing
As expected, the majority of the MRSA-positive isolates
belonged to ST398. Ninety-five per cent (38/40) of the glove
isolates, 100% (11/11) of the air isolates and 94% (15/16) of the
surface samples belonged to this sequence type. For all MRSA-
positive nasal isolates, spa-type and MLST were determined
(table 4).

Seventy-three per cent (8/11) of the nasal isolates were typed
as MRSA ST398. Spa types were t011, t064, t108 and t2330.
Besides MRSA ST398, non-LA-MRSA sequence types were

found: ST7 and ST8 (2/11), with associated spa types t091 and
t064, respectively. These two isolates originated from partici-
pants working in either the lairage area, scalding and dehairing
area or evisceration area and who were directly involved in the
slaughter process. One isolate was identified as MRSA ST45
(spa-type t015), which is usually regarded as a human-related
(community-acquired) MRSA sequence type. This isolate origi-
nated from a participant working for the technical service, who
was not directly involved in the slaughter process. Of the three
MRSA isolates other than ST398, one was detected with and
without pre-enrichment (ST8) and two were detected with pre-
enrichment only (ST7 and ST45). One MRSA ST398 was
detected without pre-enrichment only (table 4).

DISCUSSION
Our findings confirm that direct contact with live animals
largely determines LA-MRSA carriage in humans, although some
MRSA carriers were found among slaughterhouse workers
without contact with live animals. Carrier risk in slaughter-
house workers is considerably lower than that found in livestock
farmers. MRSA is present throughout the main slaughter
process, but both the proportion of MRSA-positive samples and
MRSA concentration show a clear decrease along the main
slaughterline. Nasal carriage is observed only in areas where
MRSA concentrations on gloves and in the air are relatively high.
With MRSA being found in 88% of the cultured air samples from
the lairage area, it is likely that workers in this area are regularly
exposed to airborne MRSA. This seems to explain higher carrier
rates in workers in these areas.
Typing of the isolates showed that the majority belonged to

MRSA ST398, which is the most commonly observed MRSA
sequence type in pigs.7 31 32 MRSA ST398 enters the slaughter-
house from the primary production chain and is subsequently
spread throughout the whole slaughter process. Three human

Table 3 Total number of gloves and average CFUeq per glove for each slaughterhouse section, based on quantitative PCR results for SCCmec, ST398
and mecA

Section

SCCmec ST398 mecA

n CFUeq ave n CFUeq ave n CFUeq ave

Lairage/scalding and dehairing area 20 55 050 20 51 807 19 65 790

Evisceration area 46 225 048 46 464 46 3856

Cutting area 54 740 54 42 53 2276

Processing area 16 62 16 0 16 580

Packing area 4 0 4 0 4 254

Shipping area 4 0 4 0 4 26

Organ area 6 0 6 0 6 3832

Table 4 MLST and spa types of all nasal MRSA isolates

Nasal isolate Pre-enrichment* No pre-enrichment* MLST spa type

1 + + ST8 t064

2 � + ST398 t011

3 + + ST398 t011

4 + � ST398 t2330

5 + � ST7 t091

6 + � ST398 t108

7 + � ST398 t108

8 + � ST45 t015

9 + � ST398 t108

10 + + ST398 t108

11 + � ST398 t011

*+, positive for MRSA; �, negative for MRSA.
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isolates belonged to sequence types other than MRSA ST398.
Two of these, ST7 and ST8, originated from two evisceration area
workers, of whom one reported to have used antimicrobials in
the past 3 months. One isolate originated from a technical service
employee (ST45). This was the only MRSA-positive participant
who was not working on the main slaughterline. Since ST7, ST8
and ST45 are usually not regarded as pig-related strains, these
most likely originate from outside the slaughterhouse.

More nasal swabs were shown to be MRSA positive with pre-
enrichment indicating that this is a more sensitive MRSA
detection method as observed earlier.21 Pre-enrichment also
increased the sensitivity for non-MRSA ST398 sequence types.
However, salt tolerance of MRSA strains may vary.33

Working in the lairage area, or in the scalding and dehairing
area, were the only significant risk factors for MRSA carriage in
the slaughterhouse. No increased risk of MRSA carriage was
found for workers in the cutting area, despite the observation
that MRSA is present in low concentrations on the gloves of
workers cutting the meat before packaging. We assume that
MRSA concentrations found on the gloves reflect MRSA
concentrations on the carcass and meat. MRSA levels found on
gloves are comparable with reported presence of MRSA on meat
(reported prevalence on pork meat: 1.8%e10.7%).34 35

LA-MRSA carriage can lead to increased LA-MRSA-related
health risks. Although possible adverse health effects caused by
LA-MRSA are considered minimal in healthy persons, LA-MRSA
is known to cause serious infections in persons with invasive
wounds and persons with an impaired immune system.15

A ‘search and destroy’ policy exists in the Netherlands and
several Scandinavian countries, through which MRSA rates in
hospitals are kept low by actively screening prior to admission.
MRSA-positive patients are decolonised before admission or
treated in isolation. In the Netherlands, persons with close
work-related contact with living pigs (second highest risk cate-
gory) undergo the same (isolation) procedures as proven MRSA
carriers (highest risk category). In the present study, it is shown
that slaughterhouse workers who come in contact with dead
pigs and derived products also show an increased risk for MRSA
carriage, however, the excess risk is small, and this limits effi-
cient selection on the basis of job title.

A novel aspect of this study is that environmental exposure
was measured by viable sampling and real-time PCR analysis of
dust samples. Different sampling techniques have been proposed
for collection and quantification of microorganisms from air,36

each with their own advantages and disadvantages.37 There are
still several unanswered questions related to MRSA air sampling.
Determining the amount of MRSA extracted from the glass fibre
filters proved to be difficult, and retention of MRSA on filters
after extraction cannot be ruled out. The dilution method used
for quantification in air and glove samples has limited accuracy;
however, it does allow a relative comparison of MRSA concen-
trations. The method can be optimised by diluting in tripli-
cate,38 but the gain in precision is limited and inefficient, given
the high number of plates. In contrast to MRSA quantification
by culturing, DNA fragments of non-viable microorganisms are
also detected by real-time PCR. By using real-time PCR, more
efficient, and for viable MRSA more stressful, air sampling
methods can be used. It was decided to use both real-time PCR
and culturing since carriage requires colonisation, and possible
health risks caused by MRSA would require viable organisms.

Real-time PCR analysis was based on detection of the MRSA
ST398 genetic targets: S aureus with SCCmec element, mecA and
ST398. However, positive mecA PCR signals could not directly be
assigned to MRSA ST398, since mecA is highly conserved and

could originate from coagulase-negative Staphylococci. Further-
more, the SCCmec element is typical for MRSA but is highly
heterogeneous, and therefore, variant SCCmec elements in LA-
MRSA strains could be missed. SCCmec qPCR might be a poor
proxy for MRSA. The ST398 qPCR is specific for S aureus ST398
but is not always associated with mecA. Nevertheless, the
reasonably high correlation between ST398 and mecA signals,
combined with the observation that the majority of MRSA
isolates belonged to ST398, indicates the predominant presence
of MRSA ST398. The high correlation between the ST398 PCR
signal and the MRSA culturing method in both glove and air
samples indicates that the ST398 signal can be considered as
a good proxy for MRSA ST398.

CONCLUSIONS
The current study showed that working in the lairage area or
scalding and dehairing area were significant risk factors for
MRSA carriage in the slaughterhouse. MRSA is found
throughout the slaughter process, but the number of MRSA
colonies decreased from front to end and parallels the occupa-
tional exposure and carriage risk for MRSA for slaughterhouse
workers.
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