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Background: Increasing evidence indicates a strong association between occupational livestock contact
and methicillin-resistant Staphylococcus aureus (MRSA) carriage. However, it remains unclear whether
there are frequency-risk and duration-risk relations between occupational livestock contact and human
MRSA carriage.
Methods: A cross-sectional survey was conducted in Guangdong, China, using a multistage sampling
method. Participants were interviewed and provided a nasal swab for S aureus analysis. All MRSA isolates
were genotyped by multilocus sequence typing. The dose-response relation was examined using logistic
regression models.
Results: Among the 1,860 participants, 1.4% of controls tested positive for MRSA (characterized as
sequence type [ST] 59 and ST7), and 7% of workers with livestock contact tested positive for MRSA
(characterized as ST9, ST59, and ST7). There was a 5.31 times increased risk of MRSA carriage corre-
sponding to occupational livestock contact (odds ratio ¼ 6.31; 95% confidence interval, 3.44-11.57) using
no contact as reference. We found frequency and short-term duration of occupational livestock contact
were associated with increased risk of MRSA carriage in a dose-response manner. These significant
trends were observed consistently among workers with occupational pig contact. However, no long-term
duration-risk increasing trend was observed for occupational livestock or pig contact.
Conclusion: Our findings suggest that there may be dose-response relations between occupational
livestock contact and human MRSA carriage. Nasal MRSA clonal complex 9 is not found in controls, but it
is found in workers with livestock contact.
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Methicillin-resistant Staphylococcus aureus (MRSA) is an impor-
tant cause of nosocomial and community-acquired infections in
countriesworldwide.1,2 The epidemiologic historyofMRSAhasbeen

reshaped since the first livestock-associated methicillin-resistant
S aureus (LA-MRSA) transmission to humans was described in a
young daughter of a pig farmer, suggesting human-animal trans-
mission of community-associated MRSA.3 LA-MRSA is typically
community-associated MRSA. Interestingly, multilocus sequence
typing (MLST) of LA-MRSA isolates showed that closely related
sequence types (STs) within clonal complex (CC) 398 predominate
in North America and Europe, whereas most LA-MRSA isolates in
Asia belong to CC9 (ST9 and single-locus variants thereof). Recently,
hospital outbreaks of LA-MRSA have been reported.4,5 Meanwhile,
serious invasive infections caused by LA-MRSA have been observed
in humans.6-8 Therefore, the emergence of this new LA-MRSA poses
a potential public health risk that warrants close monitoring.

It is noteworthy that most studies on LA-MRSA support a posi-
tive association between livestock contact and risk of MRSA car-
riage.9-12 However, previous research9-12 has focused on the
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relative risk for human MRSA carriage comparing exposure with
nonexposure to livestock, and little is known about the dose-
response relation between occupational livestock contact and
MRSA carriage, or the animal-specific associations. The present
study aimed to systemically investigate the prevalence of MRSA
carriage in workers with and without occupational livestock con-
tact and to confirm the adverse effects of occupational livestock
contact. Furthermore, this study builds on previous literature to
examine the possible frequency-risk and duration-risk relations
between occupational livestock contact and human MRSA carriage.

METHODS

Ethics statement

The study was approved by the Ethics Committee of Guangdong
Pharmaceutical University, and this survey qualified as involving no
risks to participants. All participants signed an informed consent
form.

Study sample and procedures

This cross-sectional study was conducted in Guangdong Prov-
ince, China, between November 2013 and November 2014.
A multistage sample design was used to obtain a representative
sample. First, 4 cities were randomly sampled from the 21 cities in
Guangdong Province. Second, in each city, we selected a specific
number of livestock-related venues (eg, pig farms, slaughterhouses,
wet markets) to reach a respondent sample size of 150 workers
with occupational livestock contact (including farm workers, vet-
erinarians, slaughterhouse workers, and butchers) and selected 2
factories to reach a sample size of 300 workers without occupa-
tional livestock contact. Butchers were included in our study
because butchery in China is a special job field. Butchers go to
slaughterhouse to kill pigs from 1 AM-5 AM and go to the meat
market to sell pork during the day. When butchers work in
slaughterhouses they will have contact with live animals, dead
animals, and derived meat products in various stages of processing.
Finally, all workers in selected venues were sampled to take part in
this study.

Quality control

All interviewers in each area were trained to ensure that the
survey was carried out according to protocol and that operation
procedures were identical across all areas. After obtaining informed
consent, eligible participants were asked to complete a face-to-face
survey by trained interviewers. All questionnaires were entered by
trained data entry personnel. Quality of data was also assured by
using double data entry procedures and a system to automatically
detect data entry errors.

Detection of S aureus and MRSA

Swabs were collected from each nostril of the participants.
Swabs were inoculated into 2 mL of enrichment broth containing
1% tryptone, 7.5% NaCl, 1% mannitol, and 0.25% yeast extract and
incubated overnight at 35�C � 1�C. A loopful of the broth was then
plated on mannitol salt agar. Suspect S aureus colonies were sub-
cultured to 5% sheep blood plates and incubated at 35�C overnight.
Initial identification of S aureus was based on gram staining,
morphology, and traditional biochemical tests, including catalase,
DNase, and tube coagulase tests and then confirmed by polymerase
chain reaction (PCR) screening for the carriage of 16S ribosomal
RNA and nuc genes.13 All isolates identified as S aureus were tested

for methicillin resistance using the cefoxitin and oxacillin disk
diffusion methods outlined by the Clinical and Laboratory Stan-
dards Institute guidelines.14 S aureus isolates with zone sizes
<21 mm for cefoxitin and 10 mm for oxacillin were identified as
suspect MRSA and further tested by PCR for the mecA gene.13

Molecular typing of MRSA

All MRSA isolates were molecularly characterized by MLST.15

MLST was performed on de novo, and alleles and STs were
assigned using the MLST database (http://www.mlst.net/). CCs
were determined using eBURST version 3 (Department of Infectious
Disease Epidemiology, Imperial College London, London, UK;
http://eburst.mlst.net) and the stringent group definition (6/7
shared alleles).16

Study variables

The main outcome variable was nasal carriage of MRSA. The
main independent variable was self-reported occupational live-
stock contact. Frequency of livestock contact (hours per day) was
continuous data and was also categorized into 3 groups: no contact
with any types of livestock, �7 h/d (below median of contact time
among persons with occupational livestock contact), and >7 h/d
(above median of contact time among persons with occupational
livestock contact). Duration of livestock contact was continuous
data and was also categorized into 4 groups: no contact with any
types of livestock, <1 year, 1-4 years, and �5 years. Short-term
duration (�12 months) of livestock contact was categorized into
3 groups: no contact with any types of livestock, <2.5 months
(below median of contact time among persons with short-term
contact), and 2.5-12 months (below median of contact time
among persons with short-term contact). Occupational contact
with pigs, poultry, and other animals was asked separately. Cova-
riates in our study were sex, age, education (elementary school,
junior high school, senior high school, and above), personal
monthly income (�U1000, U1001-2000, U2001-3000, or�U3001),
current smoking (smoked daily or occasionally in the last 30 days
for at least 6 months, yes or no), antimicrobial use in the last month
(yes or no), and hospitalization in the last month (yes or no).

Data analysis

All data were entered in duplicate into the EpiData version 3.1
database (The EpiData Association, Odense Denmark). The
frequency-risk and duration-risk relations between occupational
livestock contact and MRSA carriage were examined using uni-
variable and multivariable logistic regression models. Linear trends
of livestock contact were assessed by modeling contact as contin-
uous variables (arithmetic or logarithmic scale) or categorized vari-
ables in logistic regression models. We defined a 2-sided P value of
�.05 as being of statistical significance. All statistical analyses were
conducted using Stata version 13.0 (StataCorp, College Station, TX).

RESULTS

Characteristics of the sample

A total of 1,892 participants were interviewed, of whom 1,860
(98.3%) were willing to participate, and they all provided complete
data and a nasal swab from both nares. Of those, 682 participants
were workers with occupational livestock contact (including 224
farm workers, 20 veterinarian, 194 slaughterhouse workers, and
244 butchers), and 1,178 were control workers without occupa-
tional livestock contact. There were statistically significant
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