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Abstract There is a global trend for an increase in prevalence
of nasal methicillin-resistant Staphylococcus aureus (MRSA)
colonisation in children. A decade ago, MRSA colonisation
was studied in Swiss paediatric hospitals and revealed an ex-
traordinarily low proportion (<1 %). The primary goal of this
study was to determine if the current proportion of nasal col-
onisation with MRSA in hospitalised children was still
favourable. We aimed to screen all children from the age of
0—16 years admitted to the paediatric and surgical wards at the
University Children’s Hospital Basel (UKBB) during 8§ pre-
defined surveillance weeks. After obtaining consent, a nasal
swab was taken and analysed for growth of S. aureus. Further-
more, a standardised questionnaire was completed by inter-
view with a parent. Of 535 eligible children, 340 (64 %) were
enrolled. Mean age was 6.2 years (median 4.3, IQR 1 to
11.25), 111 (33 %) children were colonised with S. aureus
but no MRSA was found.

Conclusion: The prevalence of MRSA in children admitted
to the UKBB during this surveillance period was zero.
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General MRSA screening in hospitalised children continues
to be unjustified in our area.

‘What is known:

e The prevalence of nasal methicillin-resistant Staphylococcus aureus
(MRSA) colonisation in children is increasing in many regions
worldwide.

* Surveillance for MRSA colonisation in healthcare settings varies
considerably.

What is new:
* Periodic and risk-factor-based surveillance for MRSA colonisation is
sufficient when regional prevalence is low.
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Abbreviations

MRSA  Methicillin-resistant Staphylococcus aureus
MSSA  Methicillin sensitive Staphylococcus aureus
UKBB  University Children’s Hospital Basel

Introduction

Staphylococcus aureus is a frequent pathogen, which is able to
induce a wide range of infections in humans from tame skin
infections to life-threatening invasive diseases, such as infec-
tive endocarditis and sepsis [20]. An antibiotic-resistant vari-
ant of this pathogen, known as methicillin-resistant Staphylo-
coccus aureus (MRSA), was first discovered in a study in
1960 [15]. Since then, there has been a steady increase in the
prevalence of MRSA infections worldwide [5, 9, 16, 17, 21].
This has led to substantial concern within the medical
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community, as well as a significant increase in research activ-
ity to try to develop new antibiotics to combat MRSA.

In the first years after its discovery, MRSA only occurred in
healthcare settings (healthcare-associated MRSA, hMRSA),
whereas, healthy individuals in the communities (outside
healthcare settings) were not colonised with this resistant bac-
terium. However, since the 1980s, an increasing number of
MRSA infections was identified in the outpatient sector, now
named community acquired MRSA (cMRSA) [2, 14, 19, 22].

A previous review [24] showed that there was high geo-
graphic variation in prevalence of MRSA infections, especial-
ly in Europe, and that MRSA prevalence varied almost 100-
fold, from <1 % in northern Europe to >40 % in southern and
western Europe. This study concluded that screening initia-
tives needed to be intensified at all levels in order to contain
the spread of the pathogen. Furthermore, it was emphasised
that the screening initiatives at the regional and hospital levels
would be the most effective [24].

Only very few studies have investigated the prevalence of
MRSA colonisation in children in Switzerland, and the last
formal study on this topic was performed in 2006 under the
leadership of the University Children’s Hospital Basel
(UKBB) [6]. At that time, only 1 of 562 S. aureus isolates
was MRSA; it was postulated that “it will be important to
continue to closely monitor the development of MRSA colo-
nisation in our childhood population, and repetition of this
study might be warranted in the future” [13]. Based on these
findings, MRSA screening has been restricted to patients from
foreign countries admitted to the UKBB or those who are
transferred from a different hospital.

This study was commissioned to follow up on the conclu-
sions of the earlier study, to determine whether there has been
any significant change in the prevalence of MRSA colonisa-
tion in children admitted to the UKBB, and hence to evaluate
whether the current screening methods utilised at the UKBB
are still adequate.

Methods

This cross-sectional prospective study was conducted at the
UKBB, a hospital serving the northwestern part of Switzer-
land, with some patients also residing in the bordering regions
of Germany and France.

The main aim of this study was to assess the prevalence of
S. aureus colonisation including testing for methicillin resis-
tance in children admitted to the UKBB. Secondary aims were
as follows:

1. Determination of risk factors for MRSA colonisation

2. Comparison of current data with those from the previous
surveillance study, conducted a decade ago [13]
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Recruitment was scheduled to take place in calendar
weeks 32, 33, 34, 35, 45 and 46 of 2014 and calendar
weeks 6 and 7 in 2015. These weeks were pre-defined
according to the availability of the study coordinator
(K.

During the surveillance weeks, newly admitted patients
were identified from the hospital’s electronic patient data sys-
tem on a daily basis and the following inclusion criteria were
assessed:

*  Age 0-16 years

* Admission to the UKBB as an in-patient on the general
paediatric or surgical/orthopaedic wards, regardless of
medical reason

* Agreement to take part in the study through informed
consent by patient (14 years of age and older) and/or
parent(s)

Exclusion criteria were:

* Newborns admitted to neonatal care directly after
birth

» Patients admitted directly to the intensive care unit, to the
oncology ward or to the psychiatry ward

* In-house transfer of patients from ward to ward

Parents of eligible patients were then approached and in-
formed about the study. After informed consent had been ob-
tained, a single dry nasal swab from both nostrils was taken,
put into transport medium and brought to the central microbi-
ology laboratory (Division of Clinical Microbiology, Univer-
sity Hospital Basel) by the study coordinator for culture of
S. aureus.

In addition, a standardised questionnaire was completed for
each patient by personal interview with a parent, evaluating
patient characteristics and therefore assessing possible risk
factors and possible sources of transmission. Patient charac-
teristics consisted of gender, nationality, domicile, date of ad-
mission, reason for hospitalisation, chronic underlying dis-
ease, pets, travel abroad in the 3 months prior to admission,
number of previous hospitalisations as well as number of
hospitalisations in the 3 months prior to admission, antibiotic
use in the 3 months prior to admission (including dosage,
name and duration of use, if known), previous colonisation
with MRSA in the patient or in a family member,
hospitalisation of a family member in the preceding 3 months
and employment of a family member in a medical facility.

Ethical considerations

This study was approved by the local ethics committee
(EKNZ, 2014-211) prior to the beginning of the recruitment.
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Laboratory testing

Microbiological investigations were performed using validat-
ed state-of-the-art methods.

Nasal swabs were brought to the laboratory with the use of
M40™ Transystem (Copan, Brescia, Italy). For culture of
S. aureus, the selective Staphylococci Enrichment Broth (Ax-
on Lab, Baden, Switzerland) was inoculated.

After overnight incubation at 37 °C, a subculture was per-
formed on a chromogenic chromID™ MRSA plate
(bioMérieux, Marcy 1’Etoile, France) which was incubated for
up to 48 hours. Suspect isolates were identified by use of matrix-
assisted laser desorption/ionisation—time of flight (MALDI-
TOF) mass spectrometry (MALDI Biotyper, Bruker Daltonik,
Bremen, Germany) according to the manufacturer’s instructions.
S. aureus isolates were checked for oxacillin resistance by use of
agar diffusion method with a cefoxitin disc following the guide-
lines of the European Committee on Antimicrobial Susceptibil-
ity Testing (EUCAST 2014, www.eucast.org).

Statistics

Data such as gender, age and possible risk factors were entered
into Excel (Microsoft Excel for Mac 2011, version 14.4.8) and
descriptive and statistical analyses were performed. Statistical
significance and confidence intervals were calculated by two-
sided Fisher’s exact test. Error bars in Figs. 3 and 4 denote
95 % Clopper-Pearson confidence interval. Statistical analy-
ses were performed using Stata 13.0 (StataCorp, College Sta-
tion, TX, USA).

Results
General characteristics

During the three surveillance periods, 639 patients were ad-
mitted to the hospital and 535 (84 %) of them were eligible for
participation. Finally, 340 (64 %) were enrolled (Fig. 1).
Countries of residence for the enrolled patients were Switzer-
land (N=316; 93 %), France (N=13; 4 %), Germany (N=5
(1 %)) and others (N=6; 2 %).

The mean age of enrolled children was 6.21 years with a
median age of 4.3 years (interquartile range (IQR) 1 to
11.25 years). The majority of enrolled children was male (N=
204; 60 %). Mean age of MSSA-colonised children was 7.4 years
with a median age of 7.5 years (IQR 11 months to 11 years).

The majority of study participants (N=208; 61 %) stayed in
hospital for 2-5 days, 78 (23 %) stayed for only 1 night and 54
(16 %) were hospitalised for >5 days.

Of note, MSSA colonisation was higher in patients on the
surgical/orthopaedic ward (70/154; 45 %) than in those on the
paediatric ward (41/184; 22 %; p=0.03).

Study timeline

Figure 2 shows the number of patients approached for the
study and proportions of enrolled participants in each of the
8 surveillance weeks. As can be seen, there was a fairly even
distribution of enrolment over all surveillance weeks.

Results from the questionnaire and microbiologic findings

In 111 (33 %) of 340 patients, nasal colonisation of S. aureus
was found and all isolates were methicillin sensitive (MSSA).
Of'the 111 patients with MSSA colonisation, 93 % were from
Switzerland, 4 % were from France, none from Germany and
3 % from other countries, i.e. proportionally to countries of
residence.

In infants, MSSA colonisation proportion was 29 % and
declined thereafter to again increase from 4 years of age on-
wards with a relative peak around 8 years of age (Fig. 3). For
children up to 4 months of age, the proportion of MSSA col-
onisation was fairly consistent in the range of approximately
30 to 40 % (Fig. 4); there is less consistency beyond 4 months
of age, probably due to low numbers of enrolled infants. Still,
MSSA colonisation in children <6 months of life was higher
compared to children 6-11 months of life: 20 of 56 (36 %)
versus 4 of 28 (14 %; p=0.045).

Table 1 summarises the results of the questionnaire on the
general characteristics of the patients enrolled in the study;
there were no significant or meaningful differences by MSSA
colonisation status.

Discussion

We investigated nasal colonisation with S. aureus in
hospitalised children over three surveillance periods (8 weeks
in total). While MSSA colonisation was common, no cases of
MRSA colonisation were detected in 340 enrolled patients.

This is an important finding that is consistent with results
from the previous reference study [6], where only 1 of 1363
patients tested in nine different Swiss children’s hospitals was
found to be colonised with MRSA. Hence, it can be concluded
that there is no evidence that the prevalence of MRSA has
increased during the 8.5 years which passed since the previous
study was conducted under similar circumstances.

Of further interest is the prevalence of nasal MSSA colo-
nisation, which was found to be 33 %. This proportion is
lower compared to the previous study [6], where 41 % of
children were found to be colonised with MSSA. This differ-
ence might be explained by the multicentre nature of the ear-
lier study and other variabilities such as age distribution. The
previous study showed two age prevalence peaks among chil-
dren 1-2 months of age as well as school-aged children. Other
studies [1, 4, 8, 10, 23] examining the prevalence of S. aureus
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Fig. 1 Flow chart of the study
process
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colonisation in children determined proportions ranging from
26-36 %, which is in line with our finding.

The age distribution of the patients participating in the study
was fairly uniform in the age range from 2 to 16 years, with the
highest number of participants less than 1 year old and second
highest between 1 and 2 years old. The highest colonisation
was found in 8-year-old patients, and in general, the colonisa-
tion was higher for children between 8 and 12 years as noted
above. However, since numbers of study patients in the various
age groups are limited, no firm conclusions can be drawn re-
garding a correlation between age and MSSA colonisation, but,
these findings are in accordance with the previous study in
Switzerland [6] and reports from the literature [1, 4, 10, 12].

As no patients with MRSA colonisation were found, data
analyses were performed comparing patients with and without
MSSA colonisation. The proportion of S. aureus colonisation
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IN=19) al
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was slightly higher in male patients compared to females; this
was also the case in our previous Swiss wide study [6] and in
other studies as well [1, 4, 10, 23]; we have no explanation for
this observation.

MSSA colonisation in patients on the surgical/orthopaedic
ward was higher than in patients on the paediatric ward. When
comparing at the age distribution of these children, it should
be noted that the mean age of all enrolled children on the
surgical/orthopaedic ward was 8.3 years, whereas it was
3.6 years for enrolled children on the paediatric ward. Simi-
larly, the mean age of patients with nasal MSSA colonisation
on the surgical/orthopaedic was 8.3 years versus 5.8 years on
the paediatric ward. The implication of this is that the higher
proportion of positive MSSA colonisation on the surgical/
orthopaedic ward probably is a direct result of the older age
range of patients, as MSSA colonisation was higher in older

S 6 7
22 23 32

2 2 33

8

46 a7 57 37

68 70 89 70

Fig. 2 Inclusion of eligible patients by surveillance weeks (surveillance weeks 1-4 correspond to calendar weeks 32-35 of 2014; surveillance weeks 5
and 6 to calendar weeks 45 and 46 of 2014; and surveillance weeks 7 and 8 to calendar weeks 6 and 7 of 2015)
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Fig. 3 Age distribution of study patients (with total N by age group) and proportions colonised with MSSA; error bars denote 95 % Clopper-Pearson

confidence interval

children overall. It should be noted that the screening test was
carried out on patients as they were admitted to the ward and
hence placement on the ward itself cannot be a contributing
factor to the differences in colonisation proportions. Would
MRSA colonisation be a significant problem in our region,
repeated screening tests on discharge of patients would be
interesting with regards to nosocomial acquisition of carriage.

The proportion of MSSA colonisation was slightly higher
in patients who own pets compared to those who don’t. It is
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known that pets can be colonised with S. aureus [7, 18, 25],
and hence it is plausible that pet ownership may increase the
likelihood for colonisation in children. We further analysed
these results taking age of the patients into account and found
that pet owners colonised with MSSA were older than non-pet
owners colonised with MSSA (mean age 8.5 years versus
6.5 years; IQR 5-12 years versus 0.25-11 years). This result
is in accordance with our general finding that older children
have a higher proportion of nasal carriage with S. aureus.

2

"

W MSSA(%)

N by Age (Months)

Fig.4 Age distribution of study patients younger than 1 year (with total N by age group) and proportions colonised with MSSA; error bars denote 95 %

Clopper-Pearson confidence interval
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Table 1  Patients characteristics and MSSA colonisation

Study patients MSSA colonisation Odds ratio (95 % CI%)
Positive Negative
(N=340) (N=111) (N=229)
N (%) N (%) N (%)
Sex
Male 204 (60) 71 (35) 133 (65) 1.28 (0.783-2.109)
Female 136 (40) 40 (29) 96 (71) Reference
Domicile
CH 316 (93) 104 (33) 212 (67) Reference
FR 13 (4) 4(31) 9 (69) 0.91 (0.201-3.367)
DE 5(1) 0 (0) 5 (100) -
Other 6(2) 3 (50) 3 (50) 2.04 (0.275-15.843)
Admission
From home 332 (98) 107 32) 225 (68) 0.48 (0.087-2.610)
From another hospital 8(2) 4 (50) 4 (50) Reference
Pets
Yes 129 (38) 49 (38) 80 (62) 1.47 (0.901-2.398)
No 211 (62) 62 (29) 149 (71) Reference
Stay abroad within 3 months
prior to admission
Yes 130 (38) 50 (38) 80 (62) 1.53 (0.935-2.486)
No 210 (62) 61(29) 149 (71) Reference
Previous hospitalisations
Yes 159 (47) 58 (36) 101 (64) 1.41 (0.868-2.300)
No 173 (51) 50 (29) 123 (71) Reference
Unknown 8(2) 3(38) 5(62)
Hospitalisation within 3 months
prior to admission
0 292 (86) 96 (33) 196 (67) Reference
1 38 (11) 11 (29) 27 (71) 0.83 (0.357-1.822)
>1 6(2) 2(33) 4(67) 1.02 (0.091-7.265)
Unknown 4(1) 2 (50) 2 (50) -
Antibiotics within 3 months
prior to admission
Yes 72 (21) 19 (26) 53 (74) 0.7 (0.368-1.293)
No 257 (76) 87 (34) 170 (66) Reference
Unknown 11 (3) 5(45) 6 (55) -
MRSA colonisation
Previously in patient 1(0) 0 (0) 1 (100) -
In family 1(0) 0 (0) 1 (100) -
Hospitalisation of family
member within 3 months
prior to admission
Yes 63 (19) 26 (41) 37 (59) 1.57 (0.854-2.854)
No 275 (81) 85(31) 190 (69) Reference
Unknown 2(1) 0(0) 2 (100) -
Duration (days)
0-5 3109 13 (42) 18 (58) -
6-10 11 (3) 6 (55) 5(45) -
11-20 3 (1) 1(33) 2 (67) -
>20 7(2) 1(14) 6 (86) -
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Table 1 (continued)
Study patients MSSA colonisation Odds ratio (95 % CI?)
Positive Negative
(N=340) (N=111) (N=229)
N (%) N (%) N (%)
Unknown 13 (4) 5(38) 8 -
Member of family working
in a medical institution
Yes 101 (30) 34 (34) 67 (66) 1.07 (0.629-1.796)
No 239 (70) 77 (32) 162 (68) Reference
Institution
Hospital 45 (13) 10 (22) 35(88) -
Practise 7(2) 4 (57) 3(43) -
Old people’s home 19 (6) 7 (37) 12 (63) -
Rehab 2(1) 0 (0) 2 (100) -
Other 24 (7) 10 (42) 14 (58) -
Several 4(1) 3(75) 1(25) -

# Confidence interval

Colonisation proportion was slightly higher in children who
had been hospitalised before in their life compared to those who
had never been in hospital before. However, this difference was
not statistically significant and no firm conclusions about a po-
tential risk of nosocomial acquisition of MSSA colonisation
should be drawn. Moreover, children who had been admitted
to hospital for the first time were younger than children who
were admitted at least once before. This is in line with the finding
above that colonisation proportions are higher in older children.

There was a higher proportion of MSSA colonisation in
children with a hospitalised family member in the 3 months
prior to admission. Although not statistically significant, this
data is in line with the previous study, where hospitalisation of
a family member in the 3 previous months was described as an
independent predictor for nasal colonisation with S. aureus
[6].

Use of antibiotics in the 3 months prior to admission result-
ed in a trend for lower colonisation proportion. This has been
shown before [3, 6, 12] and was not affected by age or any of
the other factors discussed above.

A further question we wanted to answer with this study was
whether the current MRSA screening methods for patients ad-
mitted to the UKBB were adequate or if an enhanced, general
screening would be necessary. The results show that although
50 % of patients who were transferred from other hospitals
were colonised with S. aureus, none of the isolates was MRSA.
Furthermore, none of the few patients with a domicile in coun-
tries other than Switzerland, France or Germany were nasal
carriers of MRSA. This implies that the current restrictive
screening methods are very appropriate. In accordance with
this, the disadvantages of screening such as costs but also psy-
chological effects have recently been emphasised again [11].

The strengths of our study were its prospective nature; the
broad case mix; and the very sensitive laboratory methods that
were employed for detection of S. aureus colonisation. A limita-
tion of our study was the small sample size. Hence, the power to
test different hypotheses by multivariate analysis was limited and
not appropriate. A further limitation was the inability to assess
risk factors for MRSA colonisation as there were no cases de-
tected. However, we were able to assess risk factors for MSSA.

In conclusion, the only two statistically significant risk fac-
tors for colonisation with MSSA were male sex and patients
who have had at least one hospital stay before their current
admission. From this information, we could infer that similar
risk factors would be present for MRSA colonisation; howev-
er, there is no evidence for this. Periodic point prevalence
surveillance of MRSA colonisation can guide hospital screen-
ing policies, and such studies are warranted in settings with
low MRSA prevalence, like in many regions of Switzerland.
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