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SUMMARY

There is limited knowledge about the effect of livestock-associated methicillin-resistant
Staphylococcus aureus (LA-MRSA) carriage on health-related quality of life (QoL). With this
study, we explored whether LA-MRSA causes infections or affects health-related QoL in pig
farmers. This prospective cohort study surveyed persons working on 49 farrowing pig farms in
The Netherlands for 1 year (2010–2011). On six sampling moments, nasal swabs, environmental
samples and questionnaires on activities and infections were collected. At the end of the study year,
persons were asked about their QoL using the validated SF-36 and EQ-5D questionnaires. Of
120 persons, 44 (37%) were persistent MRSA carriers. MRSA carriage was not associated with
infections, use of antimicrobials, healthcare contact and health-related QoL items in univariate or
multivariate analysis, most likely due to the ‘healthy worker effect’. Despite high carriage rates, the
impact of LA-MRSA carriage in this population of relatively healthy pig farmers on health and
health-related QoL appears limited; more research is needed for confirmation.

Key words: Infectious disease epidemiology, methicillin-resistant S. aureus (MRSA), public health,
zoonoses.

INTRODUCTION

Staphylococcus aureus (SA) generally resides on skin
and mucous membranes, like nares, pharynx, and

perineum [1, 2]. About one in three persons carry SA
in their nose. Next to being a commensal bacterium,
SA is also known for its pathogenic potential, ranging
from harmless skin infections like impetigo and furun-
cles to severe infections like sepsis, osteomyelitis and
pneumonia [1]. Persistent carriers are supposed to
have the highest risk of infection by SA [3], whereas
non-carriers appear to suffer more serious consequences
when they experience a (nosocomial) SA infection [4].
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In TheNetherlands, a low carriage rate ofmethicillin-
resistantS. aureus (MRSA)was found in the community
(0·1%) [5–7]. Therefore, new MRSA clades, such as
livestock-associated MRSA (LA-MRSA), were easily
recognized. The prevalence of LA-MRSA carriage ran-
ged from 20–60% in people working with pigs [8–13].
Close contact with livestock was shown to be the major
risk factor for LA-MRSA acquisition [11, 13].

Like all variants of SA, LA-MRSA is able to cause
a wide spectrum of infections [14–16]. Nevertheless,
the proportion of LA-MRSA in serious MRSA infec-
tions appears to be low, ranging from 0·8% to 14%
[17–23]. A study in livestock veterinarians found
that skin infections were more prevalent in persistent
SA carriers, compared to non-carriers (25% vs. 0%,
relative risk 3·3, P = 0·058). Numbers were compar-
able for LA-MRSA and methicillin-sensitive S. aureus
(MSSA), generally indicating a less virulent strain
[24]. Several studies show that LA-MRSA has less
virulence genes than other MRSA strains, but, as
any other MRSA, it has the ability to exchange genet-
ic material easily [19, 25–29].

To our knowledge, little is known about the effect
on health-related quality of life (QoL) of LA-MRSA
carriage. In this study, we assessed whether LA-
MRSA carriage is associated with (1) a higher risk
of infection or (2) reduced health-related QoL in pig
farmers.

METHODS

Study design and selection of farms

This prospective cohort study surveyed persons work-
ing on 49 farrowing pig farms in The Netherlands for
a single year (2010–2011). Pig farms were randomly
selected from participants in a previous study [30],
which contained randomly selected farrowing pig
farms from all Dutch pig farms. A detailed analysis
of determinants of MRSA and MSSA carriage in
the pig farmers and household members of this
study has been described elsewhere [13, 31].

Sampling moments

Six sampling moments occurred during the 1-year
study period: day 0, day 4, day 7, month 4, month
8, and month 12. On day 0, nasal and oropharyngeal
swabs and extensive questionnaires with items on
contact with animals, hospital contact, personal use
of antimicrobials or immunosuppressive drugs,

underlying disorders (e.g. eczema or other skin dis-
eases), presence of indwelling catheters and/or open
wounds were collected. Nasal swabs were introduced
in the nostril and rotated once. Oropharyngeal
swabs sampled the area of the inner cheek including
the tonsils. House and stable environments were
sampled on day 0 with wet wipe samples and dry elec-
trostatic dust collector cloths (EDCs) [32], the latter
were left in place for 2 weeks before quantitative
analysis.

On the remaining sampling moments, nose self-
samples and short questionnaires on farm activities
and infections were collected. Swab instructions were
sent with the swabs. EDCs were placed on the same
locations in months 4, 8 and 12. In month 12, an add-
itional oropharyngeal self-sample and two health-
related QoL questionnaires were added. Results of
the individual cultures were disclosed at the end of
the study.

The Short Form 36 (SF-36) [33, 34] measures eight
dimensions of health: physical functioning, physical
role functioning (i.e. limitations due to physical diffi-
culties), bodily pain, social functioning, emotional
role functioning, mental health, vitality, and current
general health perception. Each dimension is scored
from 0 (least favourable health state) to 100 (most fa-
vourable health state). An additional question on
health change, compared to a year earlier, was
added, which could be scored as much better (score 0),
a bit better (score 25), the same (score 50), a bit worse
(score 75), ormuchworse (score 100) [34].Two summary
scales (physical and mental) were calculated and stan-
dardized to a mean of 50 with a standard deviation of
10 in the general population for easy comparison.

The EuroQol 5D (EQ-5D) questionnaire [35] mea-
sures five domains: mobility, self-care, usual activities,
pains/discomfort, and anxiety/depression. Each do-
main is scored as 1 (no problems), 2 (some problems),
or 3 (severe problems). In addition, a visual analogue
scale (EQ-VAS) on health state was added, scoring
from 0 (worst imaginable health state) to 100 (best im-
aginable health state).

Definitions

Pig farmers were defined as individuals who worked in
the stables for at least 20 h per week at the start of the
study, regardless of whether they lived on the pig farm
premises or not. PersistentMRSAcarrierswere defined
as persons with all cultures positive forMRSA, regard-
less of typing results, non-carriers had no positive
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MRSA cultures, and intermittent carriers were the
remaining persons. Nasal and oropharyngeal samples
were combined, if either one of the samples was posi-
tive, that sampling moment was considered positive.

Laboratory analysis

The extended laboratory procedure is described else-
where [13]. In short, cultures were performed by incu-
bating swabs on chromID S. aureus and chromID
MRSA agar plates (bioMérieux, France). Wet wipe
samples (Sodibox, France) were double-enriched and
subsequently cultured onto blood and Brilliance™

MRSA agar plates (Oxoid, UK).
All SA strains were defined by coloured colonies on

selective SA agar in combination with a positive co-
agulase slide latex agglutination test and positive
DNase test. Methicillin susceptibility was tested
using the cefoxitin disk diffusion method according
to EUCAST standards [36], followed by a duplex
polymerase chain reaction (PCR) for the nuc and
mecA genes as described previously [37].

For eachEDC sample, four targetswere detectedwith
a LightCycler 480-II real-time quantitative PCR (Roche
Diagnostics, The Netherlands): (i) mecA for methicillin
resistance [38], (ii) C01 for sequence type 398 showing
livestock association [39], (iii) femA [38] and (iv) nuc
[40] for detection of SA [13].

Statistical analysis

Data were analysed with SAS v. 9.3 (SAS Institute
Inc., USA). For each person, the proportion of
nasal cultures positive for MRSA was calculated,
resulting in persistent, intermittent and non-carriers.

Intensive pig contact was expected to be a strong
confounder in the possible association between
MRSA carriage and QoL [13]. Since most of the pig
farmers in this study worked with sows, which implies
more intensive pig contact than working with finisher
pigs, we excluded persons not working with sows from
the analysis. In a comparable manner, since MSSA
was negatively associated with MRSA carriage in pre-
vious studies [13, 31], and we expected MSSA carriage
to be related to infections and possibly QoL, we only
analysed those persons who were not persistent MSSA
carriers.

The effect of MRSA on acquisition of infections
and use of antimicrobials was studied in sets of two
consecutive sampling moments with PROC GENMOD, a
generalized estimated equations model (logistic

regression), with adjustment for correlations between
repeated observations from the same individual and
for potential confounders (age, gender, MRSA in
home and stable environment, working in the stables,
giving birth assistance to sows, wearing facemasks).
All determinants with univariate χ2 P values of
40·20 were eligible for multivariate analysis. When
Spearman’s rho for two determinants was 50·70, col-
linearity was assumed, and the determinant with the
highest prevalence ratio (PR) [41] or lowest P value
was selected for the multivariate analysis. Associ-
ation of MRSA and healthcare contact, which was not
enquired for on all sampling moments and therefore
did not vary over the 1-year study period, was stud-
ied with χ2 tests, or Fisher’s exact tests when ex-
pected cell counts were <5.

Mean scores for different dimensions in SF-36
health-related QoL in persistent, intermittent and
non-MRSA carriers were compared with a one-way
ANOVA. Mental and physical summary scales were
used as dependent variables in multivariate PROC

GENMOD, this time used as a generalized linear
model, with persistent MRSA carriage as a possible
determinant, adjusted for correlated observations
from the same farm and for expected confounders.
All determinants with univariate type 3 P values of
40·20 were eligible for multivariate analysis. Type 3
P values were calculated using likelihood-ratio tests,
and reflect the significance of the effect in the presence
of interactions. Wald P values from the estimates were
less powerful and did not take interaction effects into
account. When Spearman’s rho for two determinants
was 50·70, collinearity was assumed, and the deter-
minant with the most extreme estimate or lowest
P value was selected for multivariate analysis.

Problems in each domain of EQ-5D health-related
QoL were compared between persistent, intermittent,
and non-MRSA carriers with Fisher’s exact tests.
Associations between each domain and persistent
MRSA carriage were tested with multivariate logistic
regression, adjusted for correlated observations from
the same farm and for expected confounders, with eli-
gibility and collinearity confirmations as described
above. The EQ-VAS was analysed linearly, as
described above.

Ethical considerations

All subjects provided written informed consent
before entering the study. The study protocol was
approved by the medical ethical committee of St
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Elisabeth Hospital in Tilburg, The Netherlands
(protocol no. 0933).

RESULTS

Study population

Of the 281 persons from 49 farms who entered the
study (pig farmers, employees, household members),
198 (70%) worked with sows, mostly men of working
age. Of these persons, 62 did not complete the QoL
questionnaires and another 16 were persistent MSSA
carriers, leaving 120 persons for analysis (Table 1).

In total, 44/120 persons (37%) were persistent
MRSA carriers, 53 (44%) were intermittent MRSA
carriers and 23 (19%) did not carry MRSA during
the study period. Environmental sampling showed
that all stables were MRSA positive at the start of
the study, and 41/46 (89%) houses.

Infections, use of antimicrobials and healthcare contact

Of the 198 persons working with sows, 398 sets of con-
secutive sampling moments were available for ana-
lysis, of which 198 were initially without MSSA.
Frequencies and univariate logistic regression results
are shown in Table 2. In total, 23 infections were pre-
sent on 198 sampling moments [12%, Wilson 95%
confidence interval (CI) 8–17%, one person had both
eczema and an open wound on one sampling mo-
ment]. Skin infections were found on 21/198 (11%,

95% CI 7–16) sampling moments, divided into 10%
(10/100, 95% CI 6–17) of MRSA-positive sampling
moments, and 11% (11/98, 95% CI 6–19) of
MRSA-negative sampling moments in the 1-year
study period. These skin infections occurred in 19 dif-
ferent persons (19/116 = 16%, 95% CI 11–24).

Table 1. General characteristics of the study population

Characteristic Total Persistent MRSA Intermittent MRSA Non-MRSA

Total number, n (row %) 120 44 (37) 53 (44) 23 (19)
Male gender, n (row %) 81 33 (41) 40 (49) 8 (10)
Age, years, median (IQR) 44 (32–49) 46 (39–51) 40 (30–49) 39 (20–48)
Work in stables 520 h/week, n (row %) 88 40 (45) 40 (45) 8 (9)
Work at farm (hours/week), median (IQR)* 39 (14–50) 49 (30–60) 39 (18–45) 5 (0–35)
Wear facemask, n (row %)

Always 12 1 (8) 7 (58) 4 (33)
Sometimes 45 20 (44) 18 (40) 7 (16)
Never/missing 63 23 (37) 28 (44) 12 (19)

Give birth assistance to sows, n (row %) 80 38 (48) 34 (43) 8 (10)

MRSA, Methicillin-resistant Staphylococcus aureus; IQR, interquartile range (i.e. p25–p75).
Persistent, samples from all sampling moments positive; Non-carrier, all samples negative; Intermittent, the remaining
persons.
Only persons working with sows, who completed the Quality-of-Life questionnaire and were not persistent methicillin-
susceptible S. aureus carriers are depicted (n= 120).
*Median amount of hours worked per week are shown for all study subjects, being both pig farmers (persons who work in the
stables, n= 88) and household members (n= 32).

Table 2. Acquisition of infections and use of
antimicrobials associated with MRSA, in consecutive
sets of sampling moments

Current sampling
moment

Total
(N= 198)

Previous sampling
moment

MRSA
(n = 100)

No MRSA
(n= 98) P valuea

Abscess 0 (0) 0 (0) 0 (0) n.a.
Bacteraemia 0 (0) 0 (0) 0 (0) n.a.
Osteomyelitis 2 (1) 1 (1) 1 (1) 0·58
Impetigo 0 (0) 0 (0) 0 (0) n.a.
Pneumonia 0 (0) 0 (0) 0 (0) n.a.
Open wounds 10 (5) 4 (4) 6 (6) 0·29
Boils 1 (1) 0 (0) 1 (1) n.a.
Diabetes mellitus 0 (0) 0 (0) 0 (0) n.a.
Eczema 11 (6) 7 (7) 4 (4) 0·65
Psoriasis 0 (0) 0 (0) 0 (0) n.a.
Use antimicrobials 13 (7) 7 (7) 6 (6) 0·25

Values given are n (%).
MRSA, Methicillin-resistant Staphylococcus aureus; n.a.,
not applicable.
* Univariate P values for association with logistic regres-
sion, adjusted for correlated observations from the same
person.
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Presence of infections or use of antimicrobials was not
significantly associated with MRSA in a previous
sampling moment in univariate analysis. Moreover,
additional multivariate analysis did not reveal associa-
tions with MRSA carriage.

Table 3 shows the absence of an association of
healthcare contact and MRSA carriage groups.

Short Form 36

Table 3 shows SF-36 data, where different MRSA-
carriage types (persistent, intermittent, none) did not
differ in mean scores.

When comparing persistent MRSA carriers with
thosewho did not carryMRSA persistently, no relation-
ship was found with physical or mental summary scales,
as depicted in Table 4. Only higher age was associated
with a lower physical summary scale (−1·32 points per
10 years, 95%CI−2·30 to−0·35,P= 0·03) in univariate
analysis. Additional multivariate analysis did not reveal
associations with persistent MRSA carriage.

EuroQol 5D

Domain scores per MRSA carriage type are illus-
trated in Figure 1. Since no persons scored severe
problems (score 3) on any domain, the results were

dichotomized into no problems (score 1) and some
problems (score 2). No differences were found be-
tween different carrier groups. The mean EQ-VAS
score is shown in Table 3, where no differences were
found between groups of MRSA carriers.

Univariate logistic (domains) and linear (EQ-VAS)
regression is shown in Table 5. Self-care was not ana-
lysed since only one person reported problems in self-
care. Persistent MRSA carriage was not associated
with any EQ-5D domain or VAS score. The presence
of MRSA in home samples was significantly associated
with a lower score for mobility problems. Male gender
and more hours working at the farm was significantly
associated with a higher VAS score (4·88 points higher,
95% CI 1·69–8·08, P= 0·01; 1·01 points per 10 h, 95%
CI 0·19–1·83, P= 0·03, respectively). Higher age and
wearing a facemask both had a non-significant trend
with problems in all domains (except for mood/anxiety),
including a lower VAS score. Additional multivariate
analysis also did not reveal associations.

DISCUSSION

Infections, antimicrobial use and healthcare contact

SA is a known pathogen for skin infections [1], these
infections subsequently may result in prolonged

Table 3. SF-36 questionnaire, EQ-VAS and healthcare contact, in relation to different MRSA carriage types

Dimension

MRSA carriage, mean score (S.D.)

Persistent Intermittent Non-MRSA P value*

Physical functioning 93 (11) 95 (9) 95 (11) 0·74
Role functioning, physical 93 (20) 92 (22) 90 (26) 0·87
Bodily pain 91 (15) 87 (17) 85 (17) 0·42
General health perception 79 (14) 77 (16) 79 (15) 0·70
Vitality 77 (15) 72 (14) 75 (10) 0·15
Social functioning 92 (12) 91 (18) 91 (13) 0·91
Role functioning, emotional 97 (10) 94 (21) 93 (25) 0·62
Mental health 84 (12) 85 (9) 81 (8) 0·21
Physical summary scale 54 (6) 53 (6) 54 (7) 0·84
Mental summary scale 55 (6) 55 (6) 54 (5) 0·50
Health change last year 47 (12) 51 (8) 50 (0) 0·07
EQ-VAS current health status 85 (11) 86 (9) 83 (9) 0·45
Admitted to hospital last year, n/total (%) 2/44 (5) 1/53 (2) 3/22 (14) 0·13†
Outpatient clinic last year, n/total (%) 9/44 (20) 8/53 (15) 5/22 (23) 0·68‡

SF-36, Short Form 36; EQ-VAS, EuroQol visual analogue scale; MRSA, methicillin-resistant Staphylococcus aureus; S.D.
standard deviation.
Persistent, samples from all sampling moments positive; Non-carrier, all samples negative; Intermittent, the remaining
persons.
* One-way ANOVA.
†Fisher’s exact test.
‡ χ2 test.
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carriage since the infection provides a persisting
source. In the case of LA-MRSA, the repeated and ex-
tremely high exposure rates in the stables may result in
prolonged carriage as well. In 11% (95% CI 7–16) of
the sampling moments in this study skin infections
were present (10% of MRSA-positive and 11% of
MRSA-negative sampling moments). The incidence
of bacterial skin infections in the general Dutch popu-
lation is estimated to be 3·2% per year [42]. This is
lower than the numbers reported from our study
population, which consisted of livestock farmers who
have an unusually high exposure to SA and high
MRSA and MSSA carriage rates, compared to the
general population [19]. Moreover, due to the nature
of working in the stables, pig farmers are expected
to have more skin abrasions than the average person.

Therefore it is likely that the study population is asso-
ciated with a higher chance of skin infections [3].
Wardyn et al. reported an incidence rate of 6·6 skin infec-
tions per 1000 person-months (equal to 6·6 × 12 = 7·9%
per year) in a combined group of persons with livestock
contact and community-based controls in the USA
[18]. A study in Dutch livestock veterinarians found a
prevalence of skin infections of 25% in persistent SA
carriers, compared to 0% in non-carriers [24]. These
numbers are more comparable to the results from
our study.

Regarding serious infections, osteomyelitis was
acquired on two sampling moments (2/198 = 1%,
95% CI 0·3–3·6), one with and one without previous
MRSA carriage. During routine care, no cultures
were performed to find the causative organism.

Fig. 1. Persons with problems on EQ-5D domains. EQ-5D, EuroQol 5 dimensions; Persistent: samples from all sampling
moments positive; Non-carrier: all samples negative; Intermittent: the remaining persons; MRSA, methicillin-resistant
Staphylococcus aureus. Prevalence of problems per dimensions were shown, with 95% Wilson confidence interval bars. No
significant differences between different groups were found with Fisher’s exact tests.

Table 4. Univariate regression on summary scales of SF-36 questionnaire

Mental summary scale Physical summary scale

Determinant Estimate 95% CI Type 3 P* Estimate 95% CI Type 3 P*

Persistent MRSA 0·78 −1·40 to 2·97 0·48 0·52 −1·46 to 2·50 0·61
MRSA in home samples 1·27 −2·18 to 4·72 0·48 2·51 −2·02 to7·03 0·36

SF-36, Short Form 36; CI, confidence interval; MRSA, methicillin-resistant Staphylococcus aureus.
Persistent, samples from all sampling moments positive.
Univariate results from linear regression, adjusted for correlated observations from the same farm. Estimates (beta) with 95%
CI are shown, reflecting the magnitude of change of summary scale (mental or physical) with change of the determinant value.
* Type 3 P values are calculated using likelihood-ratio tests.
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Serious infections with LA-MRSA have been reported
before in 0·8–14% of serious MRSA infections [17–23].

Development of infections, antimicrobial use and
healthcare contact (admittance to hospital and visiting
an outpatient clinic) were not associated with MRSA
carriage in the current study in univariate andmultivari-
ate analysis. In the literature, several studies show that
LA-MRSA has a low amount of virulence genes com-
pared tootherMRSAstrains [19, 25–29].Themost likely
explanation for the absence of an association of infec-
tions with MRSA carriage is the limited effect of SA
carriage in general among healthy individuals.

As our population consisted of working persons, it
is likely that the ‘healthy worker effect’ limits the im-
pact of MRSA carriage seen in this study; persons
who work are generally more healthy, since persons
who do not work (possibly due to physical or mental
problems) are excluded. In our study population and
in the literature, working in the stables is strongly
related to MRSA carriage [13, 31], and we did not
find an association between infections and MRSA.
To determine whether LA-MRSA truly has a lower
pathogenicity, or that these results represent the healthy
worker effect, a control group is needed with persons
who work in the stables, but are MRSA negative, or
who areMRSA positive, but do not work in the stables.
For pig farms, the distinction between working
MRSA-positive pig farmers and not-working
MRSA-negative household members is so clear-cut
that this does not result in a suitable control group
[13, 31]. Otherwise, power limitations – despite inci-
dences comparable to the literature – might also be pos-
sible explanations. Larger studies with longer follow-up
periods might be needed to further clarify this.

Short Form 36

Dimension scores were not significantly different be-
tween different MRSA carriage groups, and univari-
ate and multivariate linear regression on physical
and mental summary scales did not show significant
associations with persistent MRSA. Only the expected
confounder of rising age was associated with a lower
physical summary scale. The absence of an effect
may be due to a true negligible effect on QoL of
LA-MRSA, or to a low power.

EuroQol 5D

No participant scored severe problems on the
health-related QoL domains, and no significantT

ab
le

5.
U
ni
va
ri
at
e
re
gr
es
si
on

E
Q
-5
D

qu
es
ti
on

na
ir
e*

M
ob

ili
ty

D
ai
ly

ac
ti
vi
ti
es

M
oo

d/
an

xi
et
y

P
ai
n

E
Q
-V
A
S

D
et
er
m
in
an

t
P
R

95
%

C
I

χ2
P

P
R

95
%

C
I

χ2
P

P
R

95
%

C
I

χ2
P

P
R

95
%

C
I

χ2
P

E
st
im

at
e

95
%

C
I

T
yp

e
3
P
†

P
er
si
st
en
t
M
R
SA

0·
58

0·
13
–
2·
67

0·
48

2·
03

0·
75
–
5·
49

0·
16

0·
67

0·
12
–
3·
70

0·
65

0·
91

0·
51
–
1·
63

0·
75

−0
·1
1

−3
·9
6–

3·
72

0·
95

M
R
SA

in
ho

m
e
sa
m
pl
es

0·
17

0·
05
–
0·
57

0·
00

1·
01

0·
22
–
4·
58

0·
99

0·
70

0·
30
–
1·
67

0·
42

0·
70

0·
30
–
1·
67

0·
42

−0
·8
0

−6
·2
0–

4·
59

0·
77

E
Q
-5
D
,
E
ur
oQ

ol
5
di
m
en
si
on

s;
E
Q
-V
A
S,

E
ur
oQ

ol
vi
su
al

an
al
og

ue
sc
al
e;

C
I,
co
nfi

de
nc
e
in
te
rv
al
;
M
R
SA

,
m
et
hi
ci
lli
n-
re
si
st
an

t
S
ta
ph
yl
oc
oc
cu
s
au
re
us
;
P
R
,
pr
ev
al
en
ce

ra
ti
o.

U
ni
va
ri
at
e
re
su
lt
s
fr
om

lo
gi
st
ic

re
gr
es
si
on

,
ad

ju
st
ed

fo
r
co
rr
el
at
ed

ob
se
rv
at
io
ns

fr
om

th
e
sa
m
e
fa
rm

.
T
he

E
Q
-V
A
S
sc
or
e
is
an

al
ys
ed

lin
ea
rl
y,

es
ti
m
at
es

ar
e
sh
ow

n.
P
er
si
st
en
t:
sa
m
pl
es

fr
om

al
l
sa
m
pl
in
g
m
om

en
ts

po
si
ti
ve
.

*
Se
lf
-c
ar
e
w
as

no
t
an

al
ys
ed
,
si
nc
e
on

ly
on

e
pe
rs
on

re
po

rt
ed

pr
ob

le
m
s
in

se
lf
-c
ar
e.

†
T
yp

e
3
P

va
lu
es

ar
e
ca
lc
ul
at
ed

us
in
g
lik

el
ih
oo

d-
ra
ti
o
te
st
s.

1780 B. A. G. L. van Cleef and others

https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0950268815003192
Downloaded from https://www.cambridge.org/core. Universiteitsbibliotheek Utrecht, on 25 Jun 2020 at 11:28:01, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0950268815003192
https://www.cambridge.org/core


associations could be found between EQ-5D domains
or EQ-VAS scores and (persistent) MRSA carriage.
Again, the relatively healthy working population, a
true low impact of LA-MRSA on QoL or a low dis-
tinctive power might be possible explanations for
these findings.

The presence of MRSA in home samples was asso-
ciated with fewer mobility problems, which may best
be explained by the healthy worker effect, i.e. persons
with MRSA more often work in the stables, and more
often contaminate their home environment than per-
sons without MRSA. These MRSA-positive persons
are in general healthier than the non-working popula-
tion, and therefore have fewer mobility problems. The
same explanation can be given for the association be-
tween male gender and more hours working at the
farm and a higher VAS score (higher = better).

Study limitations

The most important study limitation is that differenti-
ation between healthy worker effect and the extent of
pathogenicity of LA-MRSA is not clearly possible in
this study group, as mentioned above. A highly homo-
geneous study group and very prevalent expected con-
founders lead to exclusion of a large part of the study
population: 83/281 (30%) persons did not work with
sows and 200/398 (50%) sets of consecutive sampling
moments were MSSA positive, leading to exclusion
from analysis. This has likely contributed to a reduced
discriminative power and difficulties in finding a cor-
rect control group. A sensitivity analysis, which placed
persons with only one MRSA-positive sample in the
non-carrier group, and persons with only one
MRSA-negative sample in the persistent carrier
group, did not result in different conclusions. Larger
and more diverse study populations (e.g. different
types of livestock farmers, veterinarians, people not
carrying LA-MRSA or MRSA) would be preferred.

Furthermore, the culture method is limited in
detecting MSSA and MRSA in one sample as differ-
ent entities [13]. Therefore the MRSA samples may
have had undetected MSSA. We excluded persistent
MSSA carriers from our analysis, but due to this limi-
tation the number of persistent MSSA carriers with
MRSA might have been underestimated, leading to
an incomplete exclusion and bias. Since MSSA can
lead to infections, and the presence of MSSA is
shown to be negatively associated with the presence
of MRSA [13, 31], this bias is expected to result in
an underestimation of the pathogenicity of MRSA.

However, since MSSA carriage numbers are compar-
able to the literature we do not expect this bias to be of
significant relevance.

Last, the samples from this study were largely based
on self-sampling techniques, which might not have
been sufficient. However, a pilot study that compared
self-sampling and sampling by a trained person
showed excellent agreement [43].

CONCLUSIONS

This study investigated health and health-related QoL
in pig farmers carrying LA-MRSA. MRSA carriage
was not associated with infections, antimicrobial use,
healthcare contact, or health-related QoL problems,
most probably due to the ‘healthy worker effect’.
Despite high carriage rates the impact of LA-MRSA
carriage in this population of relatively healthy pig
farmers on health and health-related QoL appears
limited, more research is needed for confirmation.
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