
www.eurosurveillance.org

Vol. 19  |  Weekly issue 29  |  25 July 2014

E u r o p e ’ s  j o u r n a l  o n  i n f e c t i o u s  d i s e a s e  e p i d e m i o l o g y,  p r e v e n t i o n  a n d  c o n t r o l

Rapid communications

Case of Legionnaires’ disease in a neonate following a home birth  
in a heated birthing pool, England, June 2014	 2
by N Phin, T Cresswell, F Parry-Ford, on behalf of the Incident Control Team

Research articles

Characterisation of a new group of Francisella tularensis subsp. holarctica in 
Switzerland with altered antimicrobial susceptibilities, 1996 to 2013	 5
by FC Origgi, J Frey, P Pilo

Surveillance and outbreak reports

Surveillance for outbreaks of gastroenteritis in elderly long-term care facilities in France, 
November 2010 to May 2012	 15
by AS Barret, N Jourdan-da Silva, K Ambert-Balay, G Delmas, A Bone, JM Thiolet, V Vaillant

Review articles

Systematic literature analysis and review of targeted preventive measures to limit 
healthcare-associated infections by meticillin-resistant Staphylococcus aureus	 23
by R Köck, K Becker, B Cookson, JE van Gemert-Pijnen, S Harbarth, J Kluytmans, M Mielke, G Peters, RL 
Skov, MJ Struelens, E Tacconelli, W Witte, AW Friedrich



2 www.eurosurveillance.org

Rapid communications

Case of Legionnaires’ disease in a neonate following 
a home birth in a heated birthing pool, England, June 
2014

N Phin1, T Cresswell1, F Parry-Ford (frances.parryford@phe.gov.uk)1, on behalf of the Incident Control Team2

1.	 Public Health England, London, United Kingdom
2.	 The members of the team are listed at the end of the articl

Citation style for this article: 
Phin N, Cresswell T, Parry-Ford F, on behalf of the Incident Control Team. Case of Legionnaires’ disease in a neonate following a home birth in a heated birthing 
pool, England, June 2014. Euro Surveill. 2014;19(29):pii=20857. Available online: http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=20857 

Article submitted on 08 July 2014 / published on 25 July 2014

Public Health England was notified of Legionnaires’ 
disease in a neonate following a home birth in a heated 
birthing pool filled from the domestic hot water supply 
two weeks earlier. We describe the incident, sampling 
results, and public health actions. It is recommended 
that heated birthing pools should not be used for 
home births. Neonates developing pneumonia within 
14 days of labour or birth in any birthing pool should 
be tested for Legionnaires’ disease. 

In early June 2014, Public Health England (PHE) were 
notified that Legionella pneumophila was identified 
in bronchoalveolar lavage specimens from a neo-
nate requiring extracorporeal membrane oxygenation 
(ECMO). The neonate was born at home in a heated 
birthing pool which had been filled approximately two 
weeks before birth. The baby became unwell on Day 3 
and was admitted to hospital on Day 5, requiring imme-
diate respiratory support followed by ECMO on Day 6, 
at which time the bronchoalveolar lavage sample was 
taken. The result was later confirmed as L. pneumoph-
ila serogroup1 ST 48.

Background
Legionnaires’ disease is a severe pneumonia usually 
caused by inhaling water droplets containing Legionella 
bacteria. It is very rare in children. During 2012, only 
0.5% of all reported European cases of Legionnaires’ 
disease were in persons under the age 19 years [1]. 
However, several instances of infection among neo-
nates are documented, usually in association with 
hospital water systems or respiratory equipment [2-4]. 
We are aware of three published instances of neonatal 
Legionnaires’ disease associated with birthing pools 
[5-7]. Two cases were related to birthing pools in hos-
pitals in 1999 and 2002 [5,6]. The third case occurred 
following a home birth in a domestic spa pool in 1999, 
and was fatal [7].

In the United Kingdom (UK), there are companies who 
hire birthing pools for domestic use. The majority of 
these are filled at the time of onset of labour and then 

emptied. However, some products incorporate a heat-
ing and recirculation system, and may be filled and 
operated for up to two weeks before to birth.

Public health actions

Initial public health response
A multi-agency incident control team was convened 
to investigate the incident and institute control meas-
ures. The supplier who had hired out the pool was 
contacted and voluntarily recalled all heated pools 
that were currently out for hire. A national alert was 
sent out to National Health Service (NHS) staff by NHS 
England, advising that this type of pool should not be 
used in the home setting and raising awareness with 
neonatologists and microbiologists. PHE issued an 
internal briefing and initially identified 10 other sup-
pliers in England. The local regulating authorities in 
which these suppliers were based were contacted and 
advised that local suppliers should recall heated pools 
that were in use.

Environmental investigations
The birthing pool used by the case had been drained 
but not returned to the supplier and so it was possi-
ble to obtain swabs and some water samples. Samples 
were also taken from the domestic water system in 
the house where the neonate was born and from other 
birthing pools which had been returned to the supplier 
and cleaned ready for hiring out.

Using polymerase chain reaction (PCR), three swabs 
from the birthing pool used by the case were found 
to be positive for Legionella spp and L. pneumophila. 
Further analysis was undertaken at the Respiratory and 
Vaccine Preventable Bacteria Reference Unit at PHE 
Colindale, and L. pneumophila serogroup 1 ST48 was 
confirmed.

Samples from the domestic hot water system and from 
other birthing pools held by the supplier were negative 
for L. pneumophila in both PCR and culture. The results 
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of the environmental and clinical samples support the 
hypothesis that the baby acquired the infection from 
the water in the heated birthing pool.

Further public health response
Six companies were finally identified in England that 
together hired out around 60 birthing pools incorporat-
ing a heater and recirculation pump. Three other com-
panies acted as agents or intermediaries, and two had 
ceased trading. The heated birthing pools were either 
adapted spa pools or custom-made from spa pool com-
ponents. The recommended disinfection and main-
tenance routines differed between the suppliers and 
there was no specific advice in relation to Legionella 
control provided to customers by suppliers.

A risk assessment was undertaken by national experts 
in Legionnaires’ disease and the control of Legionella 
in water systems as follows:

•	 Neonates can be at particular risk of very severe ill-
ness if they develop lung infections.

•	 Due to the potential for microbial growth it is not 
considered good practice to recirculate heated 
water for prolonged periods of time, i.e. more 
than a week [8], even with filtration and chemical 
disinfection.

•	 The temperature at which the water in the birth-
ing pool is maintained is within the optimal range 
for the growth of Legionella and other pathogenic 
organisms.

•	 Chemical regimes to disinfect water that require 
manual biocide dosing are dependent on good user 
compliance, making this approach at risk control 
unsuitable for use in the domestic setting.

•	 The skin and mucous membranes of neonates can 
be particularly sensitive to chemical exposure. It is 
not clear whether the recommended dosing levels 
would achieve effective control of Legionella while 
at the same time avoiding exposure risks to the 
neonate.

•	 The information available to those hiring the pools 
recommends use of the filled pools by family mem-
bers before use at the time of labour. This will 
increase the overall organic and bacterial load and 
reduce effectiveness of the chemical regime.

•	 The birthing pools from the suppliers which have 
been reviewed to date contain pipework and con-
sequently may harbour biofilm. This could be dif-
ficult to remove during cleaning and could be the 
source of Legionella during any subsequent use.

•	 Legionella may be present in up to 10–20% of house-
hold water supplies, which constitutes a potential 
contamination source when the birthing pools are 
filled from a domestic source.

•	 Although aspiration of fluid by babies at birth is 
an uncommon event, the likelihood of acquir-
ing Legionnaires’ disease, should this happen, is 
increased.

Discussion and conclusions
It is likely that a combination of recirculation of heated 
water and a disinfection regime that was inadequate 
resulted in growth of Legionella in the birthing pool 
over the two week period. During birth, the baby was 
probably exposed to Legionella, possibly via aspiration 
of water. Although there is previous evidence of trans-
mission of Legionella to neonates via birthing pools at 
home [7], this is the first reported case within Europe 
and the first for 10 years. No national or international 
standard or guidance for the safe use of heated birth-
ing pools in the home appears to have been developed, 
and birthing pools are not specifically covered in wider 
guidance on the safe operation of spa pools [8].

Until the manufacturers and suppliers are able to pro-
vide evidence of a system that is safe to use, PHE rec-
ommends that heated birthing pools (incorporating 
a recirculation pump and heater), filled in advance of 
labour, should not be used for labour or birth in the 
home setting. This recommendation does not apply to 
hospital birthing pools or to pools in the home that are 
filled immediately prior to birth.

As with adults, prompt identification and treatment 
with antibiotics effective against Legionella reduces 
morbidity and mortality [9]. However, the relative rarity 
of Legionnaires’ disease among children and neonates 
may result in reduced suspicion amongst clinicians, 
and a delay in recognition and treatment. We recom-
mend that all neonates who develop a severe respira-
tory infection in the 14 days following labour or birth in 
any birthing pool are screened for Legionella. 

Note added in proof: 
On 17 July 2014, results were obtained from samples from 
another five heated birthing pools, taken by local authorities 
following the PHE advice. Three pools tested positive by PCR 
for Legionella species. In two of them (and in the index pool), 
other organisms including Stenotrophomonas maltophilia, 
Pseudomonas aeruginosa, Elizabethkingia meningoseptica, 
Enterobacter sp. and Cupriavidus sp. were cultured and iden-
tified by MALDI-TOF mass spectrometry.

This reinforces serious concerns about the safety of heated 
birthing pools (incorporating a recirculation pump and heat-
er), filled in advance of labour and used in the home setting. 
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Molecular analysis of Francisella tularensis subsp. 
holarctica isolates from humans and animals revealed 
the presence of two subgroups belonging to the phylo-
genetic groups B.FTNF002-00 and B.13 in Switzerland. 
This finding suggests a broader spread of this group 
in Europe than previously reported. Until recently, 
only strains belonging to the Western European clus-
ter (group B.FTNF002-00) had been isolated from 
tularaemia cases in Switzerland. The endemic strains 
belonging to group B.FTNF002-00 are sensitive to 
erythromycin, in contrast to the strains of the newly 
detected group B.13 that are resistant to this antibi-
otic. All the strains tested were susceptible to cipro-
floxacin, streptomycin, gentamicin, nalidixic acid and 
chloramphenicol but showed reduced susceptibility 
to tetracycline when tested in a growth medium sup-
plemented with divalent cations. The data show a pre-
viously undetected spread of group B.13 westwards 
in Europe, associated with changes in the antibiotic 
resistance profile relevant to treatment of tularaemia. 

Introduction
Francisella tularensis is a Gram-negative bacterium 
causing the zoonotic disease tularaemia. The two clini-
cally relevant subspecies are F. tularensis subsp. tula-
rensis and F. tularensis subsp. holarctica. Of the two, 
only the latter subspecies is present in Europe. Human 
infections mainly occur through inhalation, ingestion, 
or by direct contact with infected animal species and 
contaminated animal tissues, water and aerosols [1]. 
In general, it is difficult to trace the source of infec-
tion [2]. Analyses of molecular genetic markers of the 
strains circulating in the environment provide valuable 
information on the dynamics of infection in people and 
in animals, and improve the knowledge of the biology 
of this bacterium. Genetic and phenotypic data are also 
necessary to determine the most suitable antimicrobial 
substances to use to treat humans and animals [3-8].

With the recent growing interest in F. tularensis biol-
ogy, several tools have been developed to investigate 
the molecular epidemiology of this genetically mono-
morphic bacterium following a hierarchical scheme 
[9-13]. Genomes of different strains are screened for 
canonical single nucleotide polymorphism (canSNP) 
signatures. With the advent of novel technologies, an 
increasing number of strains are sequenced, leading to 
the discovery of new canSNP markers and signatures 
specific to new subgroups. The growing information 
involves adjustments in the phylogenetic nomencla-
ture of F. tularensis and allows better resolution within 
the subgroups [11,12,14]. Throughout this manu-
script, we will follow the nomenclature based on the 
canSNPs (for nomenclature clarity, refer to schema in 
Figure 1). In Europe, strains belonging to groups B.13 
and B.FTNF002-00 are those predominantly isolated 
[12]. The group B.13 extends geographically from 
Scandinavia to the eastern European rim, with co-cir-
culation of several of its subgroups in some countries. 
In Western Europe, a specific group, B.FTNF002-00, 
is circulating in France, Germany, Italy, Spain and 
Switzerland [11-19]. Recently, it was observed that 
Germany represents a geographical diaphragm virtu-
ally separating group B.13 from group B.FTNF002-00 
[18].

Interestingly, strains belonging to group B.FTNF002-00 
are described as sensitive to erythromycin, whereas 
strains belonging to other groups show variability in 
this marker [3-5,7,18]. Historically, strains of F. tula-
rensis subsp. holarctica have been separated in two 
biovars: biovar I, strains sensitive to erythromycin, 
and biovar II, strains resistant to erythromycin [20]. 
Although this marker is principally used for epide-
miological purposes, there may be significant clinical 
implications in areas with co-circulation of different 
groups. A paradigmatic example of this is the recent 
recommendation of treating pregnant women infected 
with F. tularensis with azithromycin in geographical 
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areas where strains sensitive to erythromycin are cir-
culating [21].

This study describes the first isolation of erythromy-
cin-resistant strains of F. tularensis subsp. holarctica 
belonging to group B.13 in Switzerland. We discuss 
how these findings impact on the phylogeography of  
F. tularensis subsp. holarctica in Europe and on anti-
biotic treatment of affected individuals living in areas 
with co-circulating groups [12].

Methods

Bacterial strains, DNA templates, identification 
and typing
All manipulations with live cultures were performed in a 
BSL3 containment laboratory. F. tularensis strains were 
cultivated on chocolate agars with IsoVitaleX (Becton 
Dickinson, Allschwil, Switzerland) for three days at 37 
°C with 5% CO2. Lysates from cultures were prepared, 
filter-sterilised [22] and tested by real-time PCR for 
the presence of the fopA gene to confirm the species  

F. tularensis [22,23]. The subspecies was subsequently 
determined by amplification of the region of difference 
(RD)1 [24]. Strains were further characterised by PCR 
for the presence of deletions in two different markers, 
RD23 and Ft-M24, specific to the group B.FTNF002-00 
[16,17,24] and by multilocus variable-number tandem 
repeat (VNTR) analysis (MLVA) with six VNTRs mark-
ers (Ft-M3, Ft-M6, Ft-M20, Ft-M21, Ft-M22 and Ft-M24) 
[17,25]. The MLVA results were further confirmed by 
analysis of the following canSNP markers B.11, B.12 
B.20, B.21, B.22, B.23 and B.33 to B.38 [11,12].

Minimal inhibitory concentrations of 
antimicrobial agents
The minimal inhibitory concentration (MIC) values of 
antibiotic drugs relevant to clinical use such as gen-
tamicin (0.12–16 mg/L), streptomycin (1–16 mg/L), 
ciprofloxacin (0.06–4 mg/L), tetracycline (0.25–16 
mg/L), nalidixic acid (2–64 mg/L), chloramphenicol 
(2–32 mg/L) and erythromycin (0.5–32 mg/L), were 
determined in two different broth media: (i) modi-
fied Cation-Adjusted Mueller Hinton Broth (mCAMHB): 

Figure 1
Schematic of Francisella tularensis subsp. holarctica nomenclature based on canonical single nucleotide polymorphisms
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Cation-Adjusted Mueller Hinton Broth (Becton 
Dickinson, Heidelberg, Germany) supplemented with 
2% PolyViteX Enrichment (BioMérieux, Marcy l’Etoile, 
France), and (ii) modified Mueller Hinton II (mMHII) 
broth: mCAMHB with 0.1% glucose, 63 mM CaCl2, 
53 mM MgCl2 and 34 mM ferric pyrophosphate using 
custom 96-well Sensititre susceptibility plates (Trek 
Diagnostics Systems, East-Grinstead, England and 
MCS Diagnostics BV, JL Swalmen, the Netherlands), 
according to the Clinical and Laboratory Standards 
Institute (CLSI) guidelines [26] and the informational 
supplement [27]. Antibiotics of the class of the beta-
lactams were not tested because of the known natural 
resistance of F. tularensis strains to these antimicro-
bial substances [6,28]. The 96-well plates were incu-
bated at 37 °C in 5% CO2 atmosphere for 48 hours. The 
MIC values were defined as the lowest concentration 
exhibiting no visible growth. MICs were read after 24 
and 48 hours incubation. For quality assurance, the 
reference strains of Escherichia coli ATCC 25922 and 
Staphylococcus aureus ATCC 29213 were also tested by 
broth microdilution in mMHII broth and in mCAMHB.

Genetic characterisation of erythromycin 
resistance
The genetic characterisation of erythromycin resist-
ance was carried out by PCR amplification and further 
sequencing of the genes encoding for the 23S rRNA 
(rrl), the L4 (rplD) and L22 (rplV ) ribosomal proteins 
as previously described by Gestin and colleagues [29]. 
The sequences obtained were edited, aligned and com-
pared in Sequencher (GeneCodes, Ann Arbor, United 
States) with the corresponding genes of the completely 
sequenced strains FTNF002-00 (group B.FTNF002-00, 
isolated in France [16]), F92 (group B.FTNF002-00, iso-
lated in Germany [30]), FSC200 (group B.13, isolated in 
Sweden [31]) and LVS (group B.13, isolated in Russia) 
(NCBI/GenBank accession numbers: CP000803, 
CP003932, CP003862 and AM233362, respectively).

Results
Sixty-one strains were isolated between 1996 and 2013 
from human and animal cases of tularaemia from a rep-
resentative area of the Swiss territory (Table 1, Figure 2). 
Thirteen strains isolated before 2009 (JF3820, JF3821, 
JF3822, JF3824, JF3825, JF3826, JF3828, JF3829, JF3859, 
JF4092, JF4128, JF4212 and JF4242) had previously 
been characterised as F. tularensis subsp. holarctica 
belonging to group B.FTNF002-00 [17]. All other strains 
(n=48) were identified here as F. tularensis subsp. 
holarctica, and 43 of them were determined as group 
B.FTNF002-00 (Table 1) [17], while five strains JF4830, 
JF5340, JF5370, JF5405 and JF5468 did not harbour the 
deletions specific to the group B.FTNF002-00 in the 
RD23 and Ft-M24 markers. MLVA confirmed the cluster-
ing of the 56 strains (isolated between 1996 and 2013) 
belonging to group B.FTNF002-00 (data not shown). 
The highest variability among the markers used for 
MLVA was observed within markers Ft-M3 and Ft-M6 as 
previously reported for the group B.FTNF002-00 (Table 

1) [15,17,18]. Concerning the strains not belonging to 
group B.FTNF002-00, the three strains, JF5340, JF5370 
and JF5405 isolated from two human patients and one 
hare between 2012 and 2013, shared the same VNTR 
profile, while strains JF4830, isolated in 2010 from a 
patient returning from a vacation in eastern Europe 
(possibly corresponding to an imported case), and 
JF5468, isolated from a hare in 2013, revealed a distinct 
VNTR profile, with one variation in the Ft-M3 marker 
(Table 1). The four strains, JF5340, JF5370, JF5405 and 
JF5468 were isolated from a large geographical area of 
Switzerland extending from the central west to the east 
sides of the country (Figure 2).

CanSNP analyses were performed on a panel of 24 rep-
resentative strains (shaded in grey in Table 1). All strains 
belonging to group B.FTNF002-00 and harbouring the 
specific deletions within markers RD23 and Ft-M24 
showed the canSNP profile characteristic of the group 
B.FTNF002-00 (Table 1) [11,32]. All other strains (JF4830, 
JF5340, JF5370, JF5405 and JF5468) had a canSNP 
profile not corresponding to group B.FTNF002-00  
(Table 1) [11]. In order to further characterise the strains 
not belonging to group B.FTNF002-00, the canSNP 
markers B.21, B.22 and B.23 were sequenced. They 
showed the SNP profile corresponding to group B.13 
according to the genotypes described by Svensson et 
al. (Table 1) [11,32]. Moreover, a higher resolution of the 
genetic characterisation of the strains in group B.13 
was obtained through analysis of the canSNP markers 
B.33 to B.38 [12]. Two subgroups were observed: the 
B.33/34 (JF5468 and JF5340) and the B.34/35 (JF4830, 
JF5370 and JF5405) according to the nomenclature 
described by Gyuranecz et al. [12] (Table 1 and Figure 
1).

Antibiotic susceptibility profiles were determined for 
the panel of 24 representative strains (Table 2) by broth 
microdilution method using two broth media, mCAMHB 
and mMHII, for seven antibiotic drugs and read after 48 
hours. The F. tularensis strains did not show any vis-
ible growth at the concentrations tested for nalidixic 
acid, chloramphenicol and ciprofloxacin in either broth 
medium, tested (Table 2). The MIC values for chloram-
phenicol and ciprofloxacin were below the breakpoint 
values provided in the CLSI guidelines, ≤8 μg/mL for 
chloramphenicol and ≤0.5 μg/mL for ciprofloxacin, 
while no breakpoint value is available for nalidixic acid 
[27]. MIC values for gentamicin ranged between 1 and 
4 μg/mL in mMHII, but between ≤0.12 and 0.25 μg/mL 
in mCAMHB. The breakpoint value for gentamicin given 
in the CLSI guidelines for F. tularensis is ≤4 μg/mL 
[27]. The discrepancy in the MIC values observed for 
gentamicin between cultures of F. tularensis in mMHII 
and mCAMHB was confirmed for reference strains E. 
coli ATCC 25922 and S. aureus ATCC 29213 (Table 2). 
MIC values for streptomycin ranged between 2 and 4 
μg/mL in mMHII and were all at 4 μg/mL in mCAMHB 
(Table 2). The breakpoint value provided for streptomy-
cin in the CLSI guidelines is ≤16 μg/mL when testing 
is performed in a CO2 atmosphere [27]. MIC values for 
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tetracycline ranged between 2 and 8 μg/mL in mMHII, 
but were all ≤0.25 μg/mL in mCAMHB (Table 2). For this 
reason, MIC values for tetracycline were also tested 
by Etest in order to confirm the results obtained with 
mCAMHB. With this method, MIC values for tetracy-
cline ranged between 0.19 and 0.38 μg/mL, which was 
similar to the ones measured by broth microdilution 
method with mCAMHB (Table 2). The breakpoint value 
given in the CLSI guidelines for tetracycline is ≤4 μg/
mL [27]. Moreover, a difference in MIC values for tetra-
cycline in mMHII and mCAMHB was also observed for 
reference strains E. coli ATCC 25922 and S. aureus ATCC 
29213 (Table 2). MIC values for erythromycin exhibited 
a bimodal distribution: Strains belonging to group B.13 
exhibited erythromycin resistance with MIC values 
higher than 32 μg/mL, while all the strains belonging 
to group B.FTNF002-00 were sensitive to erythromycin, 
showing MIC values ranging from 1 to 8 μg/mL (Table 
2). However, no breakpoint value for F. tularensis is 
provided for any macrolides in the CLSI guidelines [27].

Genetic characterisation of erythromycin resistance 
was performed by PCR amplification and sequencing 
of the three copies of the rrl gene and of the rplD and 
the rplV genes of the five strains showing phenotypic 
resistance to erythromycin and belonging to group 
B.13 (JF4830, JF5340, JF5370, JF5405 and JF5468). The 
sequences were compared to the corresponding genes 
of strains FTNF002-00 (group B.FTNF002-00), F92 
(group B.FTNF002-00), FSC200 (group B.13) and LVS 
(group B.13). All five strains isolated in Switzerland, 
belonging to group B.13 and showing phenotypic resist-
ance to erythromycin, had two mutations in all three 
copies of the rrl gene when compared to the available 
sequences of the strains FTNF002-00 and F92 of the 
group B.FTNF002-00. The first mutation was detected 
in domain I of the rrl gene, A453G (E. coli numbering), 
while the second mutation was observed in domain V 
of the rrl gene, A2059C (E. coli numbering). A silent 
mutation G to A at the third position of codon 181 (E. 
coli numbering) was found in the rplD gene encoding 

Figure 2
Francisella tularensis subsp. holarctica isolated in Switzerland, 1996–2013 (n=61)

Cantons where both groups B.FTNF002-00 and B.13 were circulating are coloured in red, while cantons where only the group B.FTNF002-00 
was isolated are coloured in purple. 

Map background downloaded from http://www.presentationmagazine.com/
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for the ribosomal protein L4, while no mutation was 
detected in the rplV gene encoding for the ribosomal 
protein L22. These mutations observed in Swiss strains 
belonging to group B.13 were exactly the same as those 
of the strain LVS and FSC200 belonging to group B.13.

The EMBL/GenBank accession numbers for the nucleo-
tide sequences of the rrl, the rplD and the rplV genes 
are: KF712467, KF712466 and KF712465, respectively.

Discussion
This study describes the characterisation of F. tular-
ensis strains isolated in Switzerland during the last 
17 years. Until 2012, only strains belonging to group 
B.FTNF002-00 have been isolated in Switzerland from 
humans and animals. A single exception is strain 
JF4830 that was isolated from a human patient in 
2010, who most probably acquired the infection trav-
elling in eastern Europe. The new strains JF5340 and 
JF5370 were isolated from human patients with no his-
tory of travelling abroad for several months before the 
appearance of the first tularaemia-associated symp-
toms. The only exception is a stay at Lago Maggiore in 
Italy, at the border to Switzerland, a month before the 
initial symptoms, for the patient infected with strain 
JF5340. Strains JF5405 and JF5468 were isolated from 
the carcass of two wild hares in 2013. All four strains 
(JF5340, JF5370, JF5405 and JF5468) belonged to group 
B.13 and resolved with distinct MLVA profiles (Table 1). 
Moreover, the analysis of canSNP B.33 to B.38 led to 
identification of the subgroups B.33/34 and B. 34/35 
previously described by Gyuranecz et al. [12]. Both sub-
groups were isolated in central and eastern Europe and 
from countries bordering Switzerland, such as Austria 
and Germany, but not from countries east of Romania 
[12]. Moreover, the subgroup B.33/34 is also known to 
be circulating in Sweden [12].

These findings reveal that group B.13 is currently cir-
culating in Switzerland in the same areas as strains 
of group B.FTNF002-00 (Figure 2) and are affecting 
both human patients and free-ranging animals. This 
is in contrast to neighbouring Germany, where a strict 
separation between groups was described [18]. Strains 
isolated between 1996 and 2011 from humans, hares 
and captive non-human primates all belonged to group 
B.FTNF002-00. Because of the small number of strains 
isolated between 1996 and 2008, it is difficult to draw 
conclusions about a recent introduction of strains 
belonging to group B.13 or a long-lasting co-circula-
tion of both groups following the expansion of group 
B.FTNF002-00 of F. tularensis subsp. holarctica.

Strains belonging to group B.FTNF002-00 are known to 
be sensitive to erythromycin [7,29,33]. Also the Swiss F. 
tularensis subsp. holarctica strains belonging to group 
B.FTNF002-00 are sensitive to erythromycin, while 
the new strains belonging to group B.13 are resistant 
(Table 2). Since strains resistant to erythromycin are 
actually circulating in Switzerland, macrolides are not 
recommended for the treatment of cases of tularaemia 

acquired in Switzerland and possibly also in neigh-
bouring areas unless analysis of the infecting strains 
reveals sensitivity to this antibiotic. Because of the 
toxicity of recommended antibiotics against tularae-
mia for pregnant women and foetuses, Dentan et al. 
[21] proposed to treat it, in areas where the group 
B.FTNF002-00 is endemic, with a macrolide, more 
specifically with azithromycin. However, the spread to 
western Europe of strains resistant to macrolides poses 
serious concerns and needs to be carefully considered 
by the clinicians when facing a therapeutic choice in 
this context. Several studies suggest that strains of  
F. tularensis from western Europe are sensitive to mac-
rolides [4,7,18,29,33,34].

Genetic analysis of the strains resistant to erythromy-
cin revealed two mutations in the three copies of the rrl 
gene and a silent mutation in the rlpD gene encoding 
the ribosomal protein L4, compared with the strains 
belonging to group B.FTNF002-00: FTNF002-00 and 
F92. Interestingly, the same mutations are present in 
the strains LVS and FSC200, both belonging to group 
B.13. This finding may suggest that these mutations 
are shared among subgroups belonging to B.13 and 
may have appeared in a common ancestor. However, 
this hypothesis should be validated by testing a larger 
panel of strains.

Broth microdilution testing was performed in mMHII 
broth and in mCAMHB [4,7]. Results were compatible 
for all antibiotics tested in both media except for the 
MIC values recorded for gentamicin and tetracycline 
that showed higher values in mMHII broth than in 
mCAMHB (Table 2). This discrepancy was confirmed 
by testing the reference strains, E. coli ATCC 25922 and 
S. aureus ATCC 29213, which also showed higher MIC 
values for gentamicin and tetracycline in mMHII broth 
than the quality control ranges for broth microdilution 
method in mCAMHB reported in the CSLI guidelines 
[27], confirming that MIC values for these two antibiot-
ics are higher using mMHII broth than mCAMHB (Table 
2). High MIC values of reference strains for gentamicin 
and to a lesser extent for tetracycline tested in mMHII 
broth were previously described by Baker et al. [35]. 
They explained these results to be due to the addition 
of the bivalent cations Ca2+ and Mg2+ in the medium. 
MIC values for tetracycline were within the range con-
sidered clinically effective when tested with mCAMHB 
and by Etest. Nevertheless, given the high number of 
tularaemia cases for whom tetracycline-associated 
treatment failure has been described, including doxy-
cycline [36-39], these antibiotics are not recommended 
in case of infection with F. tularensis.

MIC values for gentamicin, chloramphenicol, strepto-
mycin and ciprofloxacin were within the range indica-
tive of clinical efficacy in both media, although MIC 
values of four strains for gentamicin in mMHII were 
very close to the breakpoint value given in the CLSI 
guidelines [27]. Ciprofloxacin showed the lowest MIC 
values and prevented growth of all strains at 0.06 μg/
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mL. The finding is consistent with previous reports on 
type A and type B tularaemia [5, 40-44] and supports 
the experience that ciprofloxacin may be an attractive 
treatment option for tularaemia [37].

Conclusion
In conclusion, at least two groups of F. tularensis subsp. 
holarctica are currently co-circulating in Switzerland. 
Of these, the group B.FTNF002-00 seems to be more 
prevalent and has been identified in tularaemia cases 
since 1996, while B.13 was less commonly isolated in 
Switzerland and not before 2012. Since strains belong-
ing to the subgroups B.33/34 and B.34/35 are erythro-
mycin-resistant, this antibiotic is not recommended to 
treat cases of tularaemia acquired in Switzerland with-
out prior typing of the strains. These concerns should 
also apply in countries where the group B.FTNF002-00 
seems to be prevalent given that the exact limits of 
the co-circulation areas are not known. The muta-
tions resulting in erythromycin resistance in group 
B.13 strains are exactly the same as those present in 
the strain LVS belonging to the same group. Further 
investigations are warranted in order to understand if 
they are shared by all strains of the group B.13. In view 
of the in vitro results and of previous clinical obser-
vations, tetracyclines should not be a first choice of 
treatment for tularaemia, while ciprofloxacin appears 
suitable for tularaemia treatment. Moreover, because 
of the fastidious growth requirements of F. tularen-
sis, supplements always need to be added to growth 
media to test antibiotic susceptibility [7,35]. Recently, 
Georgi et al. published the validation of a protocol 
for a broth microdilution method (medium not sup-
plemented with divalent cations) for F. tularensis [4]. 
The use of a medium without supplemented divalent 
cations, mCAMH, has been compared with the previ-
ously described methods using mMHII broth (medium 
supplemented with divalent cations). Considering the 
discrepancy in the MIC values measured for gentamicin 
and tetracycline depending on the broth used, it is 
considered more appropriate the use of mCAMHB for 
antimicrobial testing of F. tularensis strains because it 
achieves results, at least relatively to some antimicro-
bial substances, that are less ambiguous than those 
achieved with the mMHII broth.

Acknowledgements
The valuable advices on antimicrobial susceptibility assay 
from Vincent Perreten, Institute of Veterinary Bacteriology, 
Vetsuisse Fakultät, Universität Bern, are appreciated. The 
sending of human strains by diagnostic laboratories is ac-
knowledged. Lisa Harwood is sincerely thanked for edit-
ing the manuscript. This study was supported by the Swiss 
Federal Office for the Environment, Section Biotechnology 
(12.0003.KP / L121-0964), by the Swiss Expert Committee for 
Biosafety (grant number 04.1240.PZ / L064-7521) and by the 
Swiss Federal Office of Public Health. The views and opin-
ions expressed in this article are those of the authors and do 
not reflect those of the Swiss Federal Authorities supporting 
this study.

Conflict of interest
None declared.

Authors’ contributions
FCO: performed the experiments, analysed the data, drafted 
and revised the manuscript. JF: analysed the data and criti-
cally revised the manuscript. PP: designed the study, per-
formed the experiments, analysed the data, drafted and 
revised the manuscript. 

References
1.	 Johansson A, Tomaso H, Padeshki P, Sjöstedt A, Silman 

N, Pilo P. Francisella tularensis: Tularemia. In: Elschner M, 
Cutler SJ, Weidmann M, Butaye P, editors. BSL3 and BSL4 
Agents: Epidemiology, Microbiology, and Practical Guidelines. 
Weinheim: Wiley-Blackwell; 2012. 
http://dx.doi.org/10.1002/9783527645114.ch6 
http://dx.doi.org/10.1002/9783527645114.ch20

2.	 Martin C, Gallardo MT, Mateos L, Vián E, García MJ, Ramos J, 
et al. Outbreak of tularaemia in Castilla y León, Spain. Euro 
Surveill. 2007;12(45): pii=3302.

3.	 Kreizinger Z, Makrai L, Helyes G, Magyar T, Erdelyi K, 
Gyuranecz M. Antimicrobial susceptibility of Francisella 
tularensis subsp. holarctica strains from Hungary, Central 
Europe. J Antimicrob Chemother. 2013;68(2):370-3. 
http://dx.doi.org/10.1093/jac/dks399

4.	 Georgi E, Schacht E, Scholz HC, Splettstoesser WD. 
Standardized broth microdilution antimicrobial susceptibility 
testing of Francisella tularensis subsp. holarctica strains from 
Europe and rare Francisella species. J Antimicrob Chemother. 
2012;67(10):2429-33. 
http://dx.doi.org/10.1093/jac/dks238

5.	 Tomaso H, Al Dahouk S, Hofer E, Splettstoesser WD, Treu TM, 
Dierich MP, et al. Antimicrobial susceptibilities of Austrian 
Francisella tularensis holarctica biovar II strains. Int J 
Antimicrob Agents. 2005;26(4):279-84. 
http://dx.doi.org/10.1016/j.ijantimicag.2005.07.003

6.	 Antunes NT, Frase H, Toth M, Vakulenko SB. The Class 
A -Lactamase FTU-1 is Native to Francisella tularensis. 
Antimicrob Agents Chemother. 2012;56(2):666-71. 
http://dx.doi.org/10.1128/AAC.05305-11

7.	 García del Blanco N, Gutíerrez Martín CB, de la Puente Redondo 
VA, Rodríguez Ferri EF. In vitro susceptibility of field isolates of 
Francisella tularensis subsp. holarctica recovered in Spain to 
several antimicrobial agents. Res Vet Sci. 2004;76(3):195-8. 
http://dx.doi.org/10.1016/j.rvsc.2003.12.002

8.	 Sutera V, Levert M, Burmeister WP, Schneider D, Maurin M. 
Evolution toward high-level fluoroquinolone resistance in 
Francisella species. J Antimicrob Chemother. 2014;69(1):101-10. 
http://dx.doi.org/10.1093/jac/dkt321

9.	 Johansson A, Farlow J, Larsson P, Dukerich M, Chambers E, 
Byström M, et al. Worldwide genetic relationships among 
Francisella tularensis isolates determined by multiple-
locus variable-number tandem repeat analysis. J Bacteriol. 
2004;186(17):5808-18. 
http://dx.doi.org/10.1128/JB.186.17.5808-5818.2004

10.	 Larsson P, Svensson K, Karlsson L, Guala D, Granberg M, 
Forsman M, et al. Canonical insertion-deletion markers for 
rapid DNA typing of Francisella tularensis. Emerg Infect Dis. 
2007;13(11):1725-32. 
http://dx.doi.org/10.3201/eid1311.070603

11.	 Svensson K, Granberg M, Karlsson L, Neubauerova 
V, Forsman M, Johansson A. A real-time PCR array for 
hierarchical identification of Francisella isolates. PLoS One. 
2009;4(12):e8360. 
http://dx.doi.org/10.1371/journal.pone.0008360

12.	 Gyuranecz M, Birdsell DN, Splettstoesser W, Seibold E, 
Beckstrom-Sternberg SM, Makrai L, et al. Phylogeography of 
Francisella tularensis subsp. holarctica, Europe. Emerg Infect 
Dis. 2012;18(2):290-3. 
http://dx.doi.org/10.3201/eid1802.111305

13.	 Vogler AJ, Birdsell D, Price LB, Bowers JR, Beckstrom-Sternberg 
SM, Auerbach RK, et al. Phylogeography of Francisella 
tularensis: global expansion of a highly fit clone. J Bacteriol. 
2009;191(8):2474-84. 
http://dx.doi.org/10.1128/JB.01786-08

14.	 Chanturia G, Birdsell DN, Kekelidze M, Zhgenti E, Babuadze G, 
Tsertsvadze N, et al. Phylogeography of Francisella tularensis 
subspecies holarctica from the country of Georgia. BMC 



14 www.eurosurveillance.org

Microbiol. 2011;11:139. 
http://dx.doi.org/10.1186/1471-2180-11-139

15.	 Vogler AJ, Birdsell DN, Lee J, Vaissaire J, Doujet CL, Lapalus M, 
et al. Phylogeography of Francisella tularensis ssp. holarctica 
in France. Lett Appl Microbiol. 2011;52(2):177-80. 
http://dx.doi.org/10.1111/j.1472-765X.2010.02977.x

16.	 Dempsey MP, Dobson M, Zhang C, Zhang M, Lion C, Gutiérrez-
Martín CB, et al. Genomic deletion marking an emerging 
subclone of Francisella tularensis subsp. holarctica in 
France and the Iberian Peninsula. Appl Environ Microbiol. 
2007;73(22):7465-70. 
http://dx.doi.org/10.1128/AEM.00646-07

17.	 Pilo P, Johansson A, Frey J. Identification of Francisella 
tularensis cluster in central and western Europe. Emerg Infect 
Dis. 2009;15(12):2049-51. 
http://dx.doi.org/10.3201/eid1512.080805

18.	 Müller W, Hotzel H, Otto P, Karger A, Bettin B, Bocklisch H, 
et al. German Francisella tularensis isolates from European 
brown hares (Lepus europaeus) reveal genetic and phenotypic 
diversity. BMC Microbiol. 2013;13:61. 
http://dx.doi.org/10.1186/1471-2180-13-61

19.	 Gehringer H, Schacht E, Maylaender N, Zeman E, Kaysser 
P, Oehme R, et al. Presence of an emerging subclone of 
Francisella tularensis holarctica in Ixodes ricinus ticks from 
south-western Germany. Ticks Tick Borne Dis. 2013;4(1-2):93-
100. 
http://dx.doi.org/10.1016/j.ttbdis.2012.09.001

20.	 Kudelina RI, Olsufiev NG. Sensitivity to macrolide antibiotics 
and lincomycin in Francisella tularensis holarctica. J Hyg 
Epidemiol Microbiol Immunol. 1980;24(1):84-91.

21.	 Dentan C, Pavese P, Pelloux I, Boisset S, Brion JP, Stahl JP, et 
al. Treatment of tularemia in pregnant woman, France. Emerg 
Infect Dis. 2013;19(6):996-8. 
http://dx.doi.org/10.3201/eid1906.130138

22.	 Maho A, Rossano A, Hächler H, Holzer A, Schelling E, Zinsstag 
J, et al. Antibiotic susceptibility and molecular diversity 
of Bacillus anthracis strains in Chad: detection of a new 
phylogenetic subgroup. J Clin Microbiol. 2006;44(9):3422-5. 
http://dx.doi.org/10.1128/JCM.01269-06

23.	 Wicki R, Sauter P, Mettler C, Natsch A, Enzler T, Pusterla N, 
et al. Swiss Army Survey in Switzerland to determine the 
prevalence of Francisella tularensis, members of the Ehrlichia 
phagocytophila genogroup, Borrelia burgdorferi sensu lato, 
and tick-borne encephalitis virus in ticks. Eur J Clin Microbiol 
Infect Dis. 2000;19(6):427-32. 
http://dx.doi.org/10.1007/s100960000283

24.	Broekhuijsen M, Larsson P, Johansson A, Bystrom M, Eriksson 
U, Larsson E, et al. Genome-wide DNA microarray analysis of 
Francisella tularensis strains demonstrates extensive genetic 
conservation within the species but identifies regions that are 
unique to the highly virulent F. tularensis subsp. tularensis. J 
Clin Microbiol. 2003;41(7):2924-31. 
http://dx.doi.org/10.1128/JCM.41.7.2924-2931.2003

25.	 Byström M, Böcher S, Magnusson A, Prag J, Johansson A. 
Tularemia in Denmark: identification of a Francisella tularensis 
subsp. holarctica strain by real-time PCR and high-resolution 
typing by multiple-locus variable-number tandem repeat 
analysis. J Clin Microbiol. 2005;43(10):5355-8. 
http://dx.doi.org/10.1128/JCM.43.10.5355-5358.2005

26.	 Clinical and Laboratory Standards Institute (CLSI). Approved 
standard M07-A8. In: Methods for dilution antimicrobial 
susceptibility tests for bacteria that grow aerobically. 8th ed. 
Wayne: CLSI; 2009;29(2).

27.	 Clinical and Laboratory Standards Institute (CLSI). Approved 
guideline M45-A2. In: Methods for antimicrobial dilution and 
disk susceptibility testing of infrequently isolated or fastidious 
bacteria. 2nd ed. Wayne: Clinical and Laboratory Standards 
Institute; 2010;30(18).

28.	Bina XR, Wang C, Miller MA, Bina JE. The Bla2 beta-lactamase 
from the live-vaccine strain of Francisella tularensis encodes 
a functional protein that is only active against penicillin-class 
beta-lactam antibiotics. Arch Microbiol. 2006;186(3):219-28. 
http://dx.doi.org/10.1007/s00203-006-0140-6

29.	 Gestin B, Valade E, Thibault F, Schneider D, Maurin M. 
Phenotypic and genetic characterization of macrolide 
resistance in Francisella tularensis subsp. holarctica biovar I. J 
Antimicrob Chemother. 2010;65(11):2359-67. 
http://dx.doi.org/10.1093/jac/dkq315

30.	 Splettstoesser WD, Mätz-Rensing K, Seibold E, Tomaso H, 
Al Dahouk S, Grunow R, et al. Re-emergence of Francisella 
tularensis in Germany: fatal tularaemia in a colony of semi-
free-living marmosets (Callithrix jacchus). Epidemiol Infect 
2007; 135(8):1256-65. 
http://dx.doi.org/10.1017/S0950268807008035

31.	 Svensson K, Back E, Eliasson H, Berglund L, Granberg M, 
Karlsson L, et al. Landscape epidemiology of tularemia 

outbreaks in Sweden. Emerg Infect Dis. 2009;15(12):1937-47. 
http://dx.doi.org/10.3201/eid1512.090487

32.	 Karlsson E, Svensson K, Lindgren P, Byström M, Sjodin A, 
Forsman M, et al. The phylogeographic pattern of Francisella 
tularensis in Sweden indicates a Scandinavian origin of 
Eurosiberian tularaemia. Environ Microbiol. 2013;15(2):634-45. 
http://dx.doi.org/10.1111/1462-2920.12052

33.	 Abril C, Nimmervoll H, Pilo P, Brodard I, Korczak B, Seiler M, et 
al. Rapid diagnosis and quantification of Francisella tularensis 
in organs of naturally infected common squirrel monkeys 
(Saimiri sciureus). Vet Microbiol. 2007;127(1-2):203-8. 
http://dx.doi.org/10.1016/j.vetmic.2007.08.006

34.	Valade E, Vaissaire J, Mérens A, Hernandez E, Gros C, Le Doujet 
C, et al. Susceptibility of 71 French isolates of Francisella 
tularensis subsp. holarctica to eight antibiotics and accuracy 
of the Etest method. J Antimicrob Chemother. 2008;62(1):208-
10. 
http://dx.doi.org/10.1093/jac/dkn146

35.	 Baker CN, Hollis DG, Thornsberry C. Antimicrobial 
susceptibility testing of Francisella tularensis with a modified 
Mueller-Hinton broth. J Clin Microbiol. 1985;22(2):212-5.

36.	 Enderlin G, Morales L, Jacobs RF, Cross JT. Streptomycin and 
alternative agents for the treatment of tularemia: review of the 
literature. Clin Infect Dis. 1994;19(1):42-7. 
http://dx.doi.org/10.1093/clinids/19.1.42

37.	 Tärnvik A, Chu MC. New approaches to diagnosis and therapy 
of tularemia. Ann N Y Acad Sci. 2007;1105:378-404. 
http://dx.doi.org/10.1196/annals.1409.017

38.	Penn RL, Kinasewitz GT. Factors associated with a poor 
outcome in tularemia. Arch Intern Med. 1987;147(2):265-8. 
http://dx.doi.org/10.1001/archinte.1987.00370020083041 
http://dx.doi.org/10.1001/archinte.147.2.265

39.	 Pérez-Castrillón JL, Bachiller-Luque P, Martín-Luquero 
M, Mena-Martín FJ, Herreros V. Tularemia epidemic in 
northwestern Spain: clinical description and therapeutic 
response. Clin Infect Dis. 2001;33(4):573-6. 
http://dx.doi.org/10.1086/322601

40.	 Johansson A, Berglund L, Gothefors L, Sjöstedt A, Tärnvik A. 
Ciprofloxacin for treatment of tularemia in children. Pediatr 
Infect Dis J. 2000;19(5):449-53. 
http://dx.doi.org/10.1097/00006454-200005000-00011

41.	 Scheel O, Hoel T, Sandvik T, Berdal BP. Susceptibility pattern of 
Scandinavian Francisella tularensis isolates with regard to oral 
and parenteral antimicrobial agents. APMIS. 1993;101(1):33-6. 
http://dx.doi.org/10.1111/j.1699-0463.1993.tb00077.x

42.	 Ikäheimo I, Syrjälä H, Karhukorpi J, Schildt R, Koskela M. 
In vitro antibiotic susceptibility of Francisella tularensis 
isolated from humans and animals. J Antimicrob Chemother. 
2000;46(2):287-90. 
http://dx.doi.org/10.1093/jac/46.2.287

43.	 García Del Blanco N, Gutiérrez CB, De La Puente V, Rodríguez 
Ferri EF. Biochemical characterisation of Francisella tularensis 
strains isolated in Spain. Vet Rec. 2004;154(2):55-6. 
http://dx.doi.org/10.1136/vr.154.2.55

44.	Johansson A, Urich SK, Chu MC, Sjöstedt A, Tärnvik A. In 
vitro susceptibility to quinolones of Francisella tularensis 
subspecies tularensis. Scand J Infect Dis. 2002;34(5):327-30. 
http://dx.doi.org/10.1080/00365540110080773



15www.eurosurveillance.org

Surveillance and outbreak reports

Surveillance for outbreaks of gastroenteritis in elderly 
long-term care facilities in France, November 2010 to 
May 2012 

A S Barret (as.barret@invs.sante.fr)1, N Jourdan-da Silva1, K Ambert-Balay2, G Delmas1, A Bone1,3, J M Thiolet1, V Vaillant1

1.	 Institut de Veille Sanitaire, Saint-Maurice, France
2.	 Centre national de référence des virus entériques, Dijon, France
3.	 European Programme for Intervention Epidemiology Training (EPIET), European Centre for Disease Prevention and Control 

(ECDC), Stockholm, Sweden

Citation style for this article: 
Barret AS, Jourdan-da Silva N, Ambert-Balay K, Delmas G, Bone A, Thiolet JM, Vaillant V. Surveillance for outbreaks of gastroenteritis in elderly long-term 
care facilities in France, November 2010 to May 2012 . Euro Surveill. 2014;19(29):pii=20859. Available online: http://www.eurosurveillance.org/ViewArticle.
aspx?ArticleId=20859 

Article submitted on 18 March 2013 / published on 25 July 2014

This article describes outbreaks of gastroenteritis in 
elderly long-term care facilities (LTCF) in France from 
November 2010 to May 2012 reported through the sur-
veillance system for gastroenteritis outbreaks in LTCF. 
A total of 1,072 outbreaks were reported, causing 
26,551 episodes of illness and 60 deaths. The median 
attack rate (AR) among residents was 32%. Norovirus 
and person-to-person transmission were the most fre-
quently reported aetiology and mode of transmission. 
Control measures were implemented in 1,054 (98%) 
outbreaks and for 928 outbreaks, the timing of such 
measures could be inferred. Of these, 799 (86%) had 
put control measures into effect within three days of 
the occurrence of the first case. Outbreaks of gas-
troenteritis in LTCF cause substantial morbidity and 
mortality among elderly people in France. LTCF are 
encouraged to develop infection prevention and con-
trol plans and to notify any gastroenteritis outbreak to 
health authorities to ensure rapid control. 

Introduction
Outbreaks of gastroenteritis are frequent in elderly 
long-term care facilities (LTCF). Because of the 
increased susceptibility and vulnerability of the resi-
dents, they can be associated with significant morbid-
ity and mortality [1–3]. Their detection and control can 
be challenging. Prompt identification, thorough epi-
demiological and microbiological investigations, and 
rapid implementation of control measures are key ele-
ments to control outbreaks and limit the impact on the 
residents and the healthcare service.

In France, elderly LTCF were identified as the most fre-
quent setting for gastroenteritis outbreaks between 
2006 and 2009 [4]. In 2010, a specific surveillance sys-
tem for gastrointestinal outbreaks in elderly LTCF was 
implemented in mainland France as part of a national 
plan to reduce the risk of infection in healthcare set-
tings [5]. The objectives of the surveillance system 
were to promote the early notification of outbreaks, to 

facilitate the implementation of control measures and 
to describe the epidemiology of outbreaks in elderly 
LTCF. This system was implemented in addition to the 
surveillance systems already in operation for the sur-
veillance of acute gastroenteritis in France [6], which 
include: (i) the surveillance of acute diarrhoeal disease 
in the general population by the sentinel network of 
general practitioners since 1990 [7]; (ii) the syndro-
mic surveillance system based on emergency depart-
ments morbidity data (OSCOUR) since 2004 [8]; (iii) the 
notification of gastroenteritis outbreaks in healthcare 
settings since 2001; (iv) the mandatory notification of 
foodborne gastroenteritis outbreaks since 1987; and 
(v) the confirmation and characterisation of enteric 
viruses at the National Reference Centre (NRC) of 
enteric viruses.

The surveillance system for gastrointestinal outbreaks 
in elderly LTCF was deployed by the regional health 
agencies in coordination with their partners in the pre-
vention of healthcare-associated infections. In some 
regions (North, East), a pilot study or a pre-existing 
enhanced surveillance system had already been imple-
mented prior to 2010.

This article describes the gastroenteritis outbreaks that 
occurred in elderly LTCF in France between November 
2010 and May 2012.

Methods

Surveillance system for gastroenteritis 
outbreaks in elderly long-term care facilities
The surveillance system for gastroenteritis outbreaks 
in elderly LTCF has been operating since November 
2010. It is based on voluntary notification of any gas-
troenteritis outbreak occurring in LTCF. Acute gastro-
enteritis is defined as the sudden onset of diarrhoea 
(i.e. at least two stools more than usual, soft or watery) 
within 24 hours or the sudden onset of at least two 
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episodes of vomiting within 24 hours, in the absence 
of a non-infectious aetiology (e.g. use of laxatives or 
chronic conditions). An outbreak is defined as at least 
five cases of gastroenteritis within four days among 
elderly LTCF residents or staff. The coordinator of 
elderly LTCF informs the health authorities and trans-
mits a standardised notification form by email or fax. 
Health authorities can advise on the outbreak man-
agement, assist in further microbiological and epide-
miological investigations and check that appropriate 
control measures have been implemented. Stool sam-
ples are sent to local or hospital laboratories and/or 
directly to the NRC for enteric viruses. Noroviruses are 
detected by real-time reverse transcription-polymerase 
chain reaction (RT-PCR), as previously described [9,10]. 
Rotaviruses, astroviruses, adenoviruses and sapovi-
ruses are detected by RT-PCR as previously described 
[11].

Surveillance data are then entered by the health 
authorities in a web-based entry application hosted at 
the French Institute for Public Health Surveillance. This 
system enables real-time surveillance and exchange of 
information.

Data collection and study period
According to the national recommendations, a notifica-
tion form should be sent to the health authorities as 
soon as an outbreak of gastroenteritis is recognised in 
a facility. The notification form collects the following 
information:
•	 Characteristics of the facility: address, type of 

facility, number of residents, number of staff mem-
bers, number of units, mean level of dependence 
in the facility assessed by the French ‘autonomie, 
gérontologie, groupe isoressources’ (AGGIR) grid. 
This grid is used to classify each resident in six 
levels of dependence, which are then weighted 
and scored to calculate the mean level of depend-
ence in the facility (for example, the mean level of 
dependence would be 1,000 if all residents had 
completely lost their autonomy and needed a con-
tinuous support in all their activities); the mean 
level of dependence in elderly LTCF in France was 
575 in 2007 [12,13];

•	 Aggregated data on outbreaks: date of notifica-
tion, number of cases among residents, number of 
cases among staff members, number of deaths and 
transfers to acute care facilities among residents, 
date of symptom onset in first and last case, num-
ber of affected units, whether the majority of cases 
(≥50% cases) present with diarrhoea, whether the 
majority of cases (≥50% cases) present with vom-
iting, presence of at least one case with fever 
≥38.5°C, presence of at least one case with bloody 
diarrhoea, estimated mean duration of symptoms 
(in days or hours), laboratory testing performed, 
suspected or confirmed aetiological agent;

•	 Outbreak management and control measures: 
help needed for the implementation of control 
measures, implementation of an epidemiological 

investigation (agency in charge of the investigation, 
type of investigation: descriptive study, review of 
cases’ food consumption, analytical study), sus-
pected mode of transmission, implemented control 
measures (predefined list: reinforcement of hand 
hygiene, contact precautions, cleaning or disin-
fection, etc.), problems in the management of the 
outbreak (predefined list: understaffing, organisa-
tional problems, financial problems, shortage of 
materials, other),

Gastroenteritis outbreaks that were notified between 
01 November 2010 and 31 May 2012 were included in 
the study. Winter season was defined as the period 
from 1 November to 31 May.

Descriptive analysis
Data analysis was conducted using Microsoft Excel 
2003 and Stata Version 11. The outbreak notification 
rate was calculated overall and by region (number 
of outbreaks reported in the study period divided by 
the number of elderly LTCF registered in the national 
administration files [12]). Characteristics of outbreaks 
and facilities were described as well as investigation 
and management of outbreaks.

The proportion of affected units was calculated in facil-
ities with at least two units, as the number of affected 
units divided by the total number of units in the facility 
reported on the notification form.

The duration of the outbreak was calculated by the dif-
ference between the date of symptom onset of the first 
and last cases. The notification delay was calculated 
by the difference between the date of symptom onset 
of the first case and the date of notification to health 
authorities. The delay in the implementation of control 
measures was calculated by the difference between 
the date of symptom onset of the first case and the 
date of implementation of control measures.

We compared the attack rate (AR) and duration of out-
breaks by different characteristics. For categorical vari-
ables, rates were compared using Kruskall–Wallis test. 
For quantitative variables, we computed the Spearman 
correlation coefficient r. For trend analysis, we used 
the chi-squared test for trend and the nonparametric 
Cuzick’s test for trend.

Results

Number of outbreaks and characteristics of the 
reporting facilities
Of 10,205 elderly LTCF recorded in mainland France in 
2007, 1,040 (10%) facilities reported at least one gas-
troenteritis outbreak between 1 November 2010 and 
31 May 2012, yielding a total of 1,072 gastroenteritis 
outbreaks in these facilities. Over the study period, 
1,013 facilities reported one outbreak, 22 facilities 
reported two outbreaks and five facilities reported 
three outbreaks.
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The median number of residents in the facilities was 78 
(N=999 outbreaks; range: 12–545). The median num-
ber of staff members was 45 (N=794 outbreaks; range: 
6–434). The median number of staff member per resi-
dent was 0.62 (N=793 outbreaks; range: 0.08–2.5). The 
median level of dependence among residents was 700 
(N=219 outbreaks; range: 3–937). The median num-
ber of units in facilities was three (N=715 outbreaks; 
range: 1–12).

Outbreak reporting by place and time
During the 2010/11 winter season, 442 facilities 
reported 473 outbreaks, giving an outbreak notifica-
tion rate of 4.6 outbreaks per 100 facilities. During 
the 2011/12 winter season, 544 facilities reported 560 
outbreaks, giving an outbreak notification rate of 5.5 
outbreaks per 100 facilities. Over the 19 months study 
period, there was a great variation in the outbreak 
notification rate between regions, ranging from 2.7 

outbreaks per 100 facilities in Picardie (in the Northern 
region) to 30.1 outbreaks per 100 facilities in Alsace 
(in the Eastern region) (Figure 1). As observed by the 
sentinel network for acute diarrhoeal disease in the 
general population, the distribution of gastroenteritis 
outbreaks in elderly LTCF by month followed a seasonal 
pattern with a peak during winter months (Figure 2).
by month, France, November 2010–May 2012 (n=1,072 
outbreaks)

Characteristics of outbreaks
The 1,072 outbreaks caused a total of 26,551 episodes 
of illness among residents, 5,548 episodes of illness 
among staff members, 227 transfers to acute care facil-
ities and 60 deaths. Table 1 shows the characteristics 
of outbreaks. Of 1,025 outbreaks with available infor-
mation, there were 899 outbreaks (88%) with at least 
one staff member ill.

Figure 1
Outbreak notification rate from elderly long-term care facilities, by region, France, November 2010–May 2012 (n=1,072 
outbreaks)
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The outbreak notification rates were calculated over the 19 month study period so as to include two winter seasons.
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Mode of transmission
Of 429 outbreaks (40%) for which a suspected mode 
of transmission was specified, person-to-person 
accounted for 408 (95%) outbreaks, foodborne for 
10 (2%) outbreaks, foodborne and person-to-person 
for six (1%) outbreaks and waterborne for one (<1%) 
outbreak.

Causative organisms
Laboratory testing was performed in 603 (56%) out-
breaks and of these outbreaks, a pathogen was iden-
tified in 298 (49%). Norovirus and rotavirus were the 
most frequent organisms (Table 2). Norovirus and/
or rotavirus were identified in 287 (96%) outbreaks. 
Mixed pathogens were reported in 16 (5%) outbreaks. 
Of 774 outbreaks without confirmed aetiology (either 
no laboratory testing or negative laboratory test 
results), a hypothesis on the causative organism based 
on clinical or epidemiological information was reported 
in 182 (24%) outbreaks. Of the latter 182, a viral aetiol-
ogy was suspected in 179 outbreaks (98%).

Investigation and management of the outbreak
The median delay in notifying the outbreak to health 
authorities was five days (N=1,062 outbreaks; range: 
0–94 days). An epidemiological investigation was con-
ducted in 169 (15.8%) of the total 1,072 outbreaks. It 
was a descriptive study in 126 outbreaks, a descriptive 

analysis of cases’ food consumption in 22 outbreaks 
and an analytical study in 12 outbreaks.

Control measures were implemented in 1,054 (98%) 
outbreaks. Of 928 outbreaks with available informa-
tion, the median delay between the first case and 
implementation of control measures was one day 
(minimum: 0; maximum: 34). In 799 (86%) outbreaks, 
control measures were implemented within three days 
after the first case occurred. Considering the total 
1,072 outbreaks, control measures put into effect 
included reinforcement of hand hygiene in 1,015 (95%) 
outbreaks, contact precautions in 934 (87%), cleaning 
or disinfection of the environment in 927 (86%), restric-
tion of patient movements in 904 (84%), stopping or 
limitation of group activities in 617 (58%) outbreaks, 
measures on food preparation/preservation/distribu-
tion in 468 (44%) outbreaks. For the 899 outbreaks 
comprising at least one ill member of staff, exclusion 
of symptomatic staff was implemented in 578 (64%).

For 197 (18%) outbreaks, problems in the management 
of the outbreak were reported: understaffing in 107 
(54%) outbreaks, organisational problems in 88 (45%) 
outbreaks, shortage of materials (e.g. gloves, single-
use clothing, etc.) in 23 (12%) outbreaks, financial 
problems in 11 (6%) outbreaks.

Figure 2
Number of gastroenteritis outbreaks reported in elderly long-term care facilities and incidence rate of acute diarrhoeal 
disease in the general populationa by month, France, November 2010–May 2012 (n=1,072 outbreaks)

LTCF: long-term care facilities.
a 	 Source of data on incidence of acute diarrhoeal disease: Réseau sentinelles, Institut national de la santé et de la recherche médicale 

(INSERM), Université Pierre et Marie Curie (UPMC) (http://www.sentiweb.fr).

0

200

400

600

800

1,000

1,200

1,400

1,600

1,800

0

50

100

150

200

250
No

v

De
c

Ja
n

Fe
b

M
ar Ap

r

M
ay Ju

n Ju
l

Au
g

Se
p

O
ct

No
v

De
c

Ja
n

Fe
b

M
ar Ap

r

M
ay

Incidence rate of acute diarrhoeal disease in the 
population (per 100,000 inhabitants)

Nu
m

be
r o

f o
ut

br
ea

ks

Month of notification

Number of gastroenteritis outbreaks reported in elderly LTCF

Incidence rate of acute diarrhoeal disease in the general populationa

2010 2011 2012



19www.eurosurveillance.org

In 143 outbreaks (16% of 886 outbreaks with available 
information), facilities requested some advice from 
health authorities for the outbreak management and 
control.

Factors associated with outbreaks 
characteristics
Laboratory testing was significantly associated with 
the size of the facility and with the AR among residents. 
The proportion of outbreaks with laboratory testing 
increased together with the size of the facility (Table 
3, chi-squared test for trend p-value=0.01). The AR 
among residents was greater in outbreaks with labora-
tory testing than without laboratory testing (AR=35% 
vs. 29%, p=0.0001). On the other hand, the AR among 
residents decreased as the size of the facility (charac-
terised by the number of residents) increased (nonpar-
ametric test for trend p-value<0.001).

The AR among residents and staff members were sig-
nificantly different according to the aetiological agents 
identified in outbreaks, with highest AR observed 
in outbreaks due to norovirus or mixed pathogens 
(including norovirus). Longer duration of outbreaks 
was observed in outbreaks due to rotavirus or to 
mixed pathogens (including norovirus). The AR among 
residents and staff was lower and the duration of out-
breaks was shorter when control measures were imple-
mented within three days of date of symptom onset of 
the first case (Table 4). The case fatality rate (CFR) did 
not vary significantly according to these parameters.

There was no significant difference in the AR among 
residents according to the suspected mode of trans-
mission (p=0.61), type of setting (p=0.35), mean level 

of dependence in the facility (r=-0.01; p=0.79) or num-
ber of staff per residents (r=0.04; p=0.16). The CFR did 
not vary significantly according to these parameters.

Discussion
This study shows that outbreaks of gastroenteritis in 
elderly LTCF cause substantial morbidity and mortality 
in France. The most frequent cause of gastroenteritis 
outbreaks in elderly LTCF is enteric viruses (and par-
ticularly norovirus) with spread from person to person, 
resulting in high AR among residents and staff mem-
bers. These findings have been described in other 
countries [3,14–19].

Table 1
Characteristics of gastroenteritis outbreaks reported in elderly long-term care facilities, France, November 2010–May 2012

Characteristics 
(N=number of outbreaks with available information) n (%) Mean Median Range

Majority of cases (≥50%) presenting with diarrhoea (N=981) 934 (95) NA NA NA
Majority of cases (≥50%) presenting with vomiting (N=953) 635 (67) NA NA NA
Majority of cases (≥50%) presenting with diarrhoea and vomiting (N=946) 588 (62) NA NA NA
Fever ≥38.5°C (N=882) 205 (23) NA NA NA
Bloody diarrhoea (N=876) 17 (2) NA NA NA
Number of illnesses (residents and staff) (N=1,025) NA 30.1 26 5–140
Attack rate among residents (%) (N=998) NA 32.5 30.6 1.3–100
Attack rate among staff members (%) (N=786) NA 12.4 9.0 0–100
Case fatality rate (%) (N=965) NA 0.3 0 0–17a

Mean duration of symptoms (N=800) NA 2.2 days 2 days 3 hours–9 days
Duration of outbreak (days) (N=980) NA 10.1 9 0b–57
Proportion of affected units in facilities with at least 2 units (%) (N=526) NA 82.2 100 1–100

NA: not applicable

a 	 For three outbreaks the case fatality rate was 17%. In these outbreaks six cases of illness including one death were reported among 
residents.

b 	 Duration of outbreak: 0 day if the last case occurred the same day than the first case.

Table 2
List of confirmed aetiological agents in outbreaks reported 
in elderly long-term care facilities, France, November 
2010–May 2012 (n=298 outbreaks)

Aetiological agents

Number of 
outbreaks with 

confirmed 
aetiology (%)

Norovirus 218 (73)
Rotavirus 58 (19)
Norovirus and rotavirus 11 (4)
Clostridium difficile 4 (1)
Salmonella 2 (<1)
Norovirus and C. difficile 2 (<1)
Norovirus and Salmonella 1 (<1)
C. difficile and Campylobacter species 1 (<1)
Norovirus and rotavirus and C. difficile 1 (<1)
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Some of the results are subject to bias inherent to the 
voluntary and passive nature of the surveillance sys-
tem. We observed a great variation in the outbreak 
notification rate between regions. Since the outbreak 
notification rate is not influenced by the disparity in 
the number of facilities in different regions, this varia-
tion probably reflects differences in investigation poli-
cies and reporting to health authorities. Indeed higher 
rates were observed in regions, which implemented 
specific studies or enhanced surveillance systems for 
outbreaks in elderly LTCF [20,21]. The true burden of 
outbreaks in elderly LTCF is probably greatly underesti-
mated, especially in regions, which had a low outbreak 
notification rate. It is also possible that large or more 
severe outbreaks were more frequently reported than 
others. However, if under-reporting is constant over 
time, trends can be monitored. In our study, the impact 
of the under-reporting bias seems to be stable over the 
entire study period since we observed the same sea-
sonal pattern in the surveillance system for gastroen-
teritis outbreaks in elderly LTCF and in the surveillance 
of the incidence rate of acute diarrhoeal disease in the 

general population from the sentinel network from 
November 2010 to April 2012. The surveillance system 
for outbreaks in elderly LTCF could be an additional 
system (complementary to the existing one) to detect 
the beginning of seasonal gastroenteritis every year.

In France, outbreaks suspected to be linked to food (in 
any setting) are mandatory notifiable through a spe-
cific surveillance system for point source foodborne 
outbreaks. Data collected on foodborne outbreaks in 
LTCF through the mandatory system were not included 
in this study. Since outbreaks are not necessarily noti-
fied in both systems, we may have underestimated the 
frequency of foodborne outbreaks in elderly LTCF.

In approximately half of the outbreaks, laboratory test-
ing had been performed to confirm the aetiological 
agent. The frequency of laboratory testing was associ-
ated with the size of the LTCF and with the AR among 
residents, with a greater proportion of laboratory test-
ing in larger facilities and in outbreaks with a greater 
AR. It is important to continue to perform microbiologi-
cal testing using standardised reference techniques 
on a substantial proportion of outbreaks in order to 
document the circulating strains/viruses and charac-
terise them. However the microbiological investigation 
should not influence the outbreak management since 
the delay in getting the results can be long (and these 
sometimes become available when the outbreak is 
over). The outbreak control measures should be imple-
mented as soon as possible based on the first clinical 
information and the suspected aetiological agent.

In half of outbreaks with laboratory testing, the aetio-
logical agent was not reported, possibly because labo-
ratory results were negative or because results were 
not updated in the database following reception of 
laboratory results.

Norovirus outbreaks in LTCF can be challenging to 
control because of the infectivity of the virus, the 

Table 3
Characteristics of outbreaks in relation with the size of the 
elderly long-term care facility, France, November 2010–
May 2012

Size of the facility 
(number of residents)

Number of 
outbreaks with 

laboratory testing 
(%)

Mean AR among 
residents (%) 

(p25–p75)

0–49 66 (54) 40.1 (25.5–55.5)
50–74 175 (58) 33.6 (18.5–46.5)
75–100 194 (59) 32.5 (19.1–44.9)
100–149 82 (63) 27.8 (14.5–37.3)
≥150 46 (74) 19.1 (7.9–24.8)

AR: attack rate; p25–p75: 25th–75th percentile.

Table 4
Comparison of attack rate and duration of outbreaks in elderly long-term care facilities according to aetiological agent and 
delay in implementing control measures, France, November 2010–May 2012

Characteristics
Median AR among 

residents (%)
(p25–p75)

P-value 
(Kruskal–Wallis)

Median AR among 
staff (%)

(p25–p75)

P-value
(Kruskal–Wallis)

Median duration 
of outbreaks in 

days
(p25–p75)

P-value
(Kruskal–Wallis)

Pathogens
Norovirus 38.2 (24.1–50.0)

0.004

11.6 (5.9–24.1)

0.0001

10 (6–13)

0.006
Rotavirus 28.2 (16.4–37.9) 3.8 (2.1–9.8) 13 (8–17)
Clostridium difficile 32.5 (18.8–44.2) 6.7 (2.7–7.5) 10 (8.5–15.5)
Salmonella 18.6 (5.7–31.5) 12.2 (0–24.1) 4.5 (3–6)
Mixed pathogens 34.3 (23.5–51.7) 18.1 (1.4–26.0) 13 (9.5–18.5)
Delay in implementing control measures after first case
Within 3 days 30.3 (17.0–45.3)

0.002
8.6 (3.6–16.7)

0.002
8 (5–12)

0.0001
After 3 days 35.0 (24.4–46.3)? 13.3 (5.9–20.6) 12 (8–17)

AR: attack rate; p25-p75: 25th–75th percentile.
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environmental persistence and the possible long-term 
shedding by cases [22,23]. In our analysis, control 
measures had been implemented in a large proportion 
of outbreaks (98%), suggesting that recommendations 
on managing gastrointestinal outbreaks in LTCF are 
well known and applied. However reported outbreaks 
are probably better managed and this proportion may 
not reflect the true knowledge and practices of LTCF 
when an outbreak occurs.

The efficacy of each specific control measure was not 
specifically studied but implementation of control 
measures tends to be associated with a lower AR and 
shorter duration of the outbreak when implemented 
within three days after the first case occurred This was 
also observed in a study of norovirus outbreaks in the 
Netherlands [24]. Of note, in our study, some control 
measures were less frequently implemented than oth-
ers (e.g. exclusion of symptomatic staff members, limi-
tation of group activities) although they can contribute 
to prevent transmission in outbreaks with person-to-
person transmission [14]. Given the high proportion of 
outbreaks with at least one staff member ill (88%) and 
their possible role in the transmission of infection to 
the residents, requiring that ,staff members temporar-
ily stop from working while symptomatic is a relevant 
measure in outbreak management. The observation 
that this measure was implemented in only 64% of 
the outbreaks with at least one ill staff member raises 
concern. This may be due to difficulties encountered 
because of the resulting disorganisation of staff and 
services. It shows the need for contingency plans 
addressing these problems and identifying solutions 
for staff replacement.

The surveillance system for outbreaks of gastroen-
teritis in elderly LTCF provides valuable information 
to document the epidemiology of these outbreaks, to 
follow the evolution of associated morbidity and mor-
tality and to assess the impact of national policies in 
order to guide public health actions. Data can also be 
used to estimate the implementation and effectiveness 
of recommended infection control measures.

Elderly LTCF are encouraged to continue to develop 
infection prevention and control plans and to notify 
any gastroenteritis outbreak to health authorities to 
ensure that they are rapidly controlled. Information on 
surveillance and notification should be largely distrib-
uted in order to increase participation in the system 
and improve the geographical representativeness of 
the surveillance data. 
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Meticillin-resistant Staphylococcus aureus (MRSA) is 
a major cause of healthcare-associated infections in 
Europe. Many examples have demonstrated that the 
spread of MRSA within healthcare settings can be 
reduced by targeted infection control measures. The 
aim of this systematic literature analysis and review 
was to summarise the evidence for the use of bacte-
rial cultures for active surveillance the benefit of rapid 
screening tests, as well as the use of decolonisation 
therapies and different types of isolation measures. 
We included 83 studies published between 2000 and 
2012. Although the studies reported good evidence 
supporting the role of active surveillance followed by 
decolonisation therapy, the effectiveness of single-
room isolation was mostly shown in non-controlled 
studies, which should inspire further research regard-
ing this issue. Overall, this review highlighted that 
when planning the implementation of preventive 
interventions, there is a need to consider the preva-
lence of MRSA, the incidence of infections, the com-
peting effect of standard control measures (e.g. hand 
hygiene) and the likelihood of transmission in the 
respective settings of implementation. 

Background
Meticillin-resistant Staphylococcus aureus (MRSA) 
is a major cause of healthcare-associated infections 
in Europe. In 2008, the European Centre for Disease 
Prevention and Control (ECDC) estimated that a total 
number of 171,200 nosocomial MRSA infections are 

acquired annually in the Member States of the European 
Union (EU), and in Iceland and Norway, resulting in 
5,400 attributable excess deaths, more than 1 million 
excess days of hospitalisation and EUR 380 million 
excess in-hospital costs [1]. The burden of MRSA infec-
tions was also shown in an analysis of data on health-
care-associated infections collected prospectively from 
European intensive care units (ICU) between 2005 and 
2008, where 1.7% of all patients developed S. aureus 
pneumonia or bloodstream infections. A mean of 35% 
of these infections were caused by MRSA. Moreover, 
the hazard ratio for mortality was 5.6-times higher 
(95% confidence interval (CI): 3.4–9.4) for patients 
with MRSA bloodstream infection than for patients 
without S. aureus bacteraemia [2].

Among the proposed methods to prevent MRSA, many 
(e.g. hand hygiene and transmission-based precau-
tions) have been used for general infection control, 
and their effectiveness has been reviewed extensively 
[3,4]. However, there is an ongoing discussion about 
the evidence for the effectiveness of several more spe-
cific prevention methods which, nevertheless, have 
been included in standards for the prevention and 
control of MRSA in a majority of European countries 
[5]. Therefore, the scope of this review was to analyse 
systematically recent literature (published after 2000) 
with respect to the following questions related to MRSA 
prevention and control:
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1.	 Does screening of patients before or on admission 
reduce the incidence of MRSA infection or transmis-
sion? How do PCR-based rapid tests for the direct 
detection of MRSA from screening specimens influ-
ence the incidence of MRSA colonisation or infec-
tion compared with culture-based methods?

2.	Does the decolonisation of nasal MRSA or S. aureus 
carriage using mupirocin nasal ointment, alone or 
in combination with other agents, reduce colonisa-
tion or the development of infections?

3.	Does isolation in single rooms of patients colonised 
or infected with MRSA prevent the spread of MRSA 
better than the use of transmission-based pre-
cautions (hand hygiene, gloves, aprons) alone? 
What is the effect of pre-emptive isolation of risk 
patients for MRSA carriage (until screening results 
are available)?

Methods
A systematic literature analysis and review was per-
formed following the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines [6]. To identify relevant publications, 

PubMed, EMBASE and Scopus were searched for arti-
cles published between 1 January 2000 and 31 October 
2012 in English language. The search terms were: 
MRSA AND (prevention OR control OR prophylaxis OR 
preventive measures OR preventive therapy OR preven-
tive treatment OR precaution OR screening OR active 
surveillance OR decolonization OR mupirocin OR sur-
veillance culture* OR chromogenic OR PCR OR poly-
merase chain reaction OR rapid test OR isolation OR 
hygiene OR efficien* OR effective*) AND (healthcare OR 
hospital OR nursing home OR long-term care facilit*); 
the search terms were adapted for search in EMBASE: 
“MRSA AND decolonization”, “MRSA AND isolation”, 
“MRSA AND screening”.

Titles and abstracts were screened independently by 
two reviewers (RK and AWF). Studies with outcomes 
measuring the incidence of MRSA colonisation or infec-
tion were included. Exclusion criteria were: Studies that 
did not report on the effects of the preventive meas-
ures on infection or transmission; studies performed in 
settings other than hospitals, long-term care facilities 
and nursing homes; case series, outbreak reports and 

Figure
Flow diagram for the selection of studies on preventive measures against to limit healthcare-associated infections by 
meticillin-resistant Staphylococcus aureus, published 2000–2012 (n=9,340)

9,340 records identified through database searching and screened

1 51 full -text articles assessed for eligibility

83 or iginal articles included

A ssignment to one of the study 
questions

Screening IsolationD ecolonisation

82 articles excluded (outbreak 
reports, case series, reviews,

studies with outcome parameters 
not meeting inclusion crit eria)

9,189 records excluded

14 articles added after search of 
literature lists
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reviews (the literature lists of the reviews were manu-
ally screened for additional relevant publications).

Data were extracted by AWF and RK independently 
using a standardised form. The study designs were 
assigned according to a modified study design scheme 
published by the Centre for Reviews and Dissemination 
at the University of York, United Kingdom, in the NHS 
economic evaluation database handbook from 2007. 
Formal assessment of the quality of studies was 
not performed. Due to the different study outcomes 
included, formal meta-analysis was considered inap-
propriate. Heterogeneity in methodology and outcome 
measures also prevented quantitative assessment of 
publication bias.

Results
The literature search identified 9,340 articles, 151 of 
which were retrieved as full texts after review of titles 
and abstracts. Of these, 69 articles fulfilled the criteria 
for inclusion and a further 14 articles were added after 
search through the literature lists of excluded review 
articles (Figure). Overall, 83 articles were included in 
the review [7-89].

Screening
We identified 41 studies that investigated the ques-
tion whether screening for MRSA carriers before or on 
admission had an impact on MRSA acquisition or infec-
tion rates (Table 1) [7-47].

Culture-based screening
Twenty-five studies used culture-based screening 
approaches, including two randomised controlled tri-
als (RCTs) and 23 comparative studies mostly using 
a before-and-after design [9,10,12,15,19-21,27,28,30-
38,40,42-47]. Of these 25 studies, seven used unspeci-
fied culture-based techniques [12,21,27,28,37,40,46], 
eight used MRSA chromogenic media (at least par-
tially) [19,31-34,38,45,47] and the others used mannitol 
salt, oxacillin salt or blood agars. An estimate for the 
turnaround times (TAT) of screening results was only 
reported in eight of the 25 studies (1 d–5.2 d) [10,12,19-
21,33,34,38]. Overall, 19 of the 23 comparative studies 
included reported trends of decreasing rates of MRSA 
infection or colonisation [10,12,15,19,21,27,28,30-
32,35-38,40,42,43,45,46], two reported ambiguous 
results [44,47], and two reported no reduction of MRSA 
infections or transmission [33,34]. The two RCTs found 
no reduction of MRSA infections or transmission [9,20].

PCR-based screening
Sixteen studies used PCR-based screening techniques 
in their intervention phases, including one RCT, two 
prospective cohort studies and 13 comparative stud-
ies [7,8,11,13,14,16-18,22-26,29,39,41]. The TAT of the 
PCR screening result was reported in 11 of 16 studies 
(0.67 d–1.5 d) [7,11,13,14,16-18,23,25,26,29]. Overall, 
seven of 16 studies documented positive effects on the 
occurrence of MRSA infections or transmissions after 
implementation of screening [8,11,14,18,24,26,29]. 

One study reported ambiguous results [16]. Among the 
studies reporting a decrease of infection or transmis-
sion, five compared the intervention group (PCR-based 
screening) to a control group without active surveil-
lance, with non-compulsory active surveillance or 
with screening of limited risk groups [8,11,24,26,29], 
and two compared with a control group where routine 
culture-based screening was performed [14,18]. Among 
the eight studies which could not document decreasing 
trends in MRSA infections or transmission following 
the implementation of screening, three compared PCR-
based screening with culture-based screening [7,13,23], 
four compared the intervention to control periods with-
out any active surveillance of MRSA [17,22,39,41], and 
one compared the intervention with a baseline period 
where PCR-based screening of selected risk patients 
was performed [25].

Screening (PCR-based and culture-based) vs no 
screening stratified by outcome measure
In eight of nine studies (89%) using this outcome param-
eter, MRSA bacteraemia rates decreased after imple-
mentation of screening [8,11,21,26,28,31,32,38,47]. 
Incidence of MRSA acquisition or transmission 
decreased in three of eight studies (38%) assessing 
this outcome parameter [8,9,17,32-34,43,44]. Three of 
five studies (60%) using wound infection and surgical-
site infections (SSI) as an outcome parameter showed 
decreasing SSI rates after implementation of screening 
[8,17,24,37,39]. A decrease of MRSA was observed in 
20 of 23 studies (87%) using all or unspecified MRSA 
infections or cases of colonisation/infection as their 
outcome parameters [8-10,12,15-17,19,20,22,25-27, 
29,30,35,36,40-42,45-47]; among these studies, one 
found a decrease only in medical ICUs [16].

PCR-based vs culture-based screening
Five investigations compared PCR-based to culture-
based screening [7,13,14,18,23]. All five documented 
that the TAT was reduced when compared to culture-
based approaches (Table 1). However, three studies 
found no difference in MRSA acquisition or infection 
rates [7,13,23]. In contrast, one before-and-after study 
found a reduction in the incidence of MRSA transmis-
sion after introduction of the PCR-based test which 
almost reached statistical significance, and one cohort 
study reported a reduction in MRSA acquisition rates 
[14,18].

Decolonisation
A total of 11 RCTs, 23 comparative studies and one pro-
spective cohort study evaluated the effectiveness of 
mupirocin-based nasal decontamination regimens for 
the prevention of S. aureus infections (Table 2) [48-82]. 
Of all 11 RCTs, six demonstrated significantly decreas-
ing infection trends after implementation of decoloni-
sation [48,51,52,72,73,75]; for one of these, this was 
only observed when selective digestive decontamina-
tion was added to nasal decolonisation [52], and for 
one RCT, the effect was only analysed for Gram-positive 
infections (which were mostly MRSA) [75]. Stratified by 
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types on infections prevented, the RCTs showed that 
decolonisation decreased deep S. aureus SSI [48], 
overall S. aureus infections [48,51,73], overall infection 
rates [52], Gram-positive pneumonia [75] and S. aureus 
exit-site infections [72].

Among the 24 non-randomised studies identified, 
19 reported evidence that the use of mupirocin was 
effective in reducing infection. Of the seven studies 
performed in ICUs, six (86%) demonstrated an effect; 
specifically, a decrease in pneumonia and hospital-
acquired S. aureus infection [59], in the overall infec-
tion rates in ICUs [50,70], in MRSA SSI and bloodstream 
infections (BSI) in ICUs [55], and in the overall number 
of MRSA infections in ICUs [80,81]. Non-controlled 
studies implementing decolonisation in non-ICU set-
tings led to a decrease in overall and peristomal MRSA 
infections [57,76], in the incidence of S.aureus/MRSA 
SSI in surgical units [55,58,64,65,71,77,79], in overall 
S. aureus/MRSA infections in gastrointestinal surgery 
and orthopaedics [49,82], and in the total rate of SSI or 
wound infections [53,60,67].

Stratified by different implementation settings, four of 
five studies documented success among patients under-
going cardiothoracic surgery [53,65,66,71,77], four of 
six in orthopaedic departments [49,60,61,63,64,79], 
and six of seven in other or mixed surgical departments 
[54,55,58,67,73,75,82]. Moreover, seven of eight studies 
performed in ICU settings [50,52,55,59,68,70,80,81], 
two of two performed in haemodialysis units [51,72], 
two of five performed in different non-surgical depart-
ments [56,57,69,76,78], and one of three studies per-
formed hospital-wide or in both medical and surgical 
departments [48,62,74], demonstrated successful 
effects of mupirocin-treatment.

Stratified by different causative organisms, eight stud-
ies showed that mupirocin-treatment led to a decrease 
in the overall incidence of infections due to all organ-
isms [49,53,60,64,65,67,70,77]. In the same studies, 
this effect was partially non-significant for S. aureus/
MRSA infections in particular [53,60,67,70]. Four stud-
ies reported a decrease in infections caused by methi-
cillin-sensitive S. aureus (MSSA) [48,51,55,65]. Twelve 
investigations revealed a reduction in MRSA infections 
[49,50,55,57,58,64,76,77,79-82], six showed decreas-
ing trends for S. aureus (MRSA and/or MSSA) infec-
tions [50,59,71-73,82] and one reported reduction of 
pneumonia caused by Gram-positive bacteria (mostly 
MRSA) [75].

Many of the studies identified in this review used 
mupirocin-only regimens [51,55,59,60,63,67,70-
73,75,78,82]. Others combined nasal mupirocin with 
other topical agents to support decolonisation, includ-
ing chlorhexidine [48,50,53,56-58,61,62,64-68,74,81], 
triclosan [49,76,79], extra-nasal use of mupirocin 
[69,77,80], selective digestive decontamination [52], 
povidone-iodine [49], and systemic antibiotics [54].

Isolation
Focusing on the physical isolation of patients in sepa-
rate single or cohort rooms, we identified one cohort 
study and seven comparative studies reporting on the 
effectiveness of this measure (Table 3) [16,83-89]. Five 
studies were performed in ICU settings [16,83-85,88], 
one in a vascular surgery ward, one in a diabetic food 
unit, and one hospital-wide [86,87,89]. In two of these 
studies, nurse cohorting was performed in addition 
to single-room isolation [83,86]. Overall, one cohort 
and three comparative studies reported on benefi-
cial effects of single-room isolation (not performed 
pre-emptively) on MRSA colonisation or infection 
[85,86,88] and on acquisition rates [84]. Two compara-
tive studies did not find a reduction of transmission 
[83] or MRSA prevalence [87].

Three studies assessed the role of pre-emptive iso-
lation measures pending the results of screening 
[16,86,89]. In one before-and-after study, pre-emptive 
isolation precautions led to a reduction of the MRSA 
acquisition rate (0.21% vs 0.07%; p=0.04) [89]. In a 
retrospective comparative study placing all admit-
ted patients in pre-emptive isolation, the number of 
nosocomial MRSA isolates was reduced (p=0.005). 
However, simultaneous introduction of a cohort isola-
tion facility with dedicated staff makes the effects of 
this measure indistinguishable from the effects of pre-
emptive isolation [86]. The third was a study that eval-
uated the effects of simultaneous implementation of 
pre-emptive isolation and a rapid screening test on the 
incidence of MRSA infections in two ICUs [16] resulting 
in a significant reduction of ICU-acquired infections in 
a medical but not in a surgical ICU.

Discussion
Improving the rational use of antibiotics and the imple-
mentation of hand hygiene are clearly cornerstones 
of MRSA prevention and control [90-92]. Moreover, 
benchmarking and public reporting systems have 
recently been demonstrated to successfully support 
infection control measures [93]. However, the effec-
tiveness of screening, decolonisation and isolation for 
MRSA prevention when implemented routinely in set-
tings with endemic MRSA, remains controversial. For 
example, it is debated to what extent microbiological, 
strain-specific factors have contributed to the decreas-
ing MRSA trends [94,95]. Therefore, the present review 
aimed to focus on three important measures and to 
summarise the current evidence for their impact on 
MRSA prevention.

Screening
The strategy of screening is based on the finding that 
microbiological cultures performed for clinical reasons 
fail to detect previously unknown MRSA carriers at 
admission in 69 to 85% of patients [96,97]. Technically, 
screening can be performed by culture-based methods 
(screening swab streaked onto non-selective or chro-
mogenic media) or PCR-based tests.
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Screening vs no screening
Of 36 cohort and comparative studies investigating the 
effectiveness of compulsory screening compared with 
no or non-compulsory screening, 27 reported decreas-
ing trends in the rates of MRSA infection or acquisition; 
this is in accordance with a meta-analysis describing 
a decrease in MRSA bloodstream infections (relative 
risk (RR): 0.54; 95% CI: 0.41–0.71) and surgical site 
infections (RR: 0.69; 95% CI: 0.46–1.01) [98]. On the 
other hand, two RCTs found that MRSA acquisition or 
infection in the intervention groups did not differ sig-
nificantly from the control groups [9,20]. However, in 
both studies, the median time for reporting a positive 
screening result was very long (3 days and 5.2±1.4 
days), which led to delayed implementation of con-
tact precautions. In addition, compliance with trans-
mission-based precautions was not as required [20] 
and the prevalence of MRSA infection was low in one 
of the studies [9]. Comparing successful and unsuc-
cessful interventions, we did not find clear differences 
between the studies regarding the specimens used for 
screening (nasal swab only vs other swabs in addition) 
or the patient population included (all patients admit-
ted vs high-risk patients only).

There was a tendency that studies including ‘inci-
dence of MRSA acquisition’ as an outcome parameter, 
reported a success less frequently (three of eight stud-
ies) compared with studies focusing on MRSA infec-
tion rates using the outcome parameters ‘occurrence 
of bacteraemia’ (eight of nine studies) or ‘SSI’ (three of 
five studies). The reason for this effect is not known, 
but it could highlight that screening does not necessar-
ily affect the rate of cross-transmission on the ward, 
unless it is linked to additional preventive measures; 
decolonisation, for instance, was not performed in two 
of the the studies measuring incidence of acquisition 
[33,34], while in two others, single-room isolation was 
omitted or only performed if available [9,17].
                                                
In conclusion, we found evidence that screening can 
help decrease MRSA infection rates in hospitals. This 
is also supported by macro-epidemiological data and 
mathematical models showing that without screen-
ing, other infection control measures might fail to 
effectively reduce MRSA spread [99-102]. However, 
the included RCTs did not confirm the findings of non-
controlled studies. This makes it impossible to firmly 
recommend the implementation of screening in all set-
tings. However, the evidence provided can support the 
introduction of a programme for active surveillance of 
MRSA in settings that have hyperendemic MRSA cross-
infections in spite of a high level of compliance with 
standard precautions. Clearly, the implementation of 
screening needs to be linked to other targeted infec-
tion control measures (e.g. hand hygiene) to achieve 
optimal impact.

Culture-based screening vs PCR-based screening
Screening for MRSA colonisation of patients at admis-
sion using culture-based approaches requires 24 to 
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72 hours until the results are available on the wards 
[103,104]. During this time MRSA can spread among 
inpatients. Therefore, various PCR-based methods 
have been developed to reduce the TAT [105,106]. 
Reduction of TAT was indeed confirmed by all studies 
on PCR-based tests identified in this review. But these 
studies mostly did not find a significant reduction of 
MRSA infection or acquisition rates. These results are 
in accordance with data from a meta-analysis showing 
that, compared with cultures, the use of rapid tests 
was not associated with a significant decrease in MRSA 
acquisition rates (risk ratio 0.87; 95% CI: 0.61–1.24) 
[98]. On the other hand, we found two studies report-
ing on a significant reduction of MRSA acquisition and 
a trend towards declining transmission [14,18]. They 
demonstrate that implementation of PCR-based sur-
veillance can be beneficial at least in facilities where 
culture results have a very long TAT (>3 days) [14,18].

We conclude that in settings where MRSA screening 
based on cultures, followed by the implementation of 
additional precautions, is already implemented, the 
current evidence does not suggest replacing or supple-
menting culture-based surveillance with rapid tests. 
However, besides accelerating the implementation of 
additional precautions, the high negative predictive 
value of MRSA rapid tests may also be useful when dis-
continuing contact precautions (including single-room 
isolation) in settings where they are implemented pre-
emptively for suspected MRSA carriers [103]. However, 
the reliability of a negative nasal rapid test has not 
been evaluated in situations where pre-emptive iso-
lation is performed for high-risk patients, who are 
often carrying MRSA at extranasal sites (e.g. wounds). 
Furthermore, using rapid tests in low prevalence set-
tings may increase the number of false-positive tests 
(positive predictive values: 31–78%) [103,107-110].

Decolonisation
The effectiveness of mupirocin nasal ointment to 
eradicate MRSA has been estimated to be 94% one 
week after treatment and 65% after a 14-day follow-
up period [111,112]. Effectiveness of MRSA decolonisa-
tion therapy is obviously limited when extranasal sites 
are colonised [113]. Since nasal carriage of S. aureus 
is a major risk factor for subsequent nosocomial infec-
tion, there is a theoretical rationale that eradicating S. 
aureus from the nares can reduce the development of 
infection. It is, however, controversial to what extent 
studies assessing the effectiveness of decolonisa-
tion among patients carrying MSSA also hold les-
sons for MRSA [114]. In this review, we have identified 
only four studies in which mupirocin-treatment was 
not restricted to MRSA carriers and where effects on 
MRSA and MSSA infections were reported separately. 
All four documented a decrease in MRSA, but found 
insignificant results for MSSA [64,77,79,82]. However, 
this does not mean that mupirocin-based decolonisa-
tion is ineffective against MSSA in general, since two 
randomised trials have reported a reduction of MSSA 
infections [48,51]. The reasons for this discrepancy are 
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unknown, and the question whether results obtained 
for MSSA can be transferred to MRSA is unresolved. 
Despite potential local differences in mupirocin sus-
ceptibility and the occurrence of clonal lineages [114], a 
plausible biological explanation why results on MSSA 
decolonisation treatment should not be applied for 
MRSA, is currently lacking. Therefore, we have explic-
itly included studies dealing with S. aureus decoloni-
sation. However, future studies will have to assess in 
detail the differences between the preventive effec-
tiveness of MSSA and MRSA decolonisation.

Regarding the setting of implementation, we found 
that 14 of 18 studies carried out mostly in surgical 
settings have found a reduction in infection rates, 
whereas six of 10 studies which did not report effec-
tiveness, were performed mostly in non-surgical set-
tings [56,62,68,69,74,78]. However, preventive effects 
have been documented for non-surgical patients, e.g. 
in haemodialysis units, ICUs or in gastroenterology [50
,51,55,57,59,68,70,72,76,81].

Overall, we conclude that, taking into account local 
rates of healthcare-associated infections and infection 
control conditions, mupirocin-based decolonisation 
therapy should be considered for selected S. aureus 
carriers who are at high risk of developing nosocomial 
S. aureus infections. The best evidence is available 
for patients undergoing cardiothoracic or orthopaedic 
surgery. Of note, the preventive use of mupirocin for 
decolonisation is constrained by the development of 
resistance, found in 1% of all subjects when mupirocin 
was used for short-term prophylaxis. Increasing low-
level mupirocin resistance (8–256 µg/mL) has recently 
been reported in parallel to increased mupirocin con-
sumption [112,115,116].

Isolation
There are multiple approaches to organise isolation 
measures: Patients can be transferred to special isola-
tion wards, housed in nursing cohorts with designated 
staff, isolated in single or cohort rooms on general 
wards without designated personnel, or housed in the 
same room as patients not affected by MRSA while 
applying barrier precautions (e.g. gloves and gowns) 
when caring for the MRSA patient. In this review, we 
focussed on single room or cohort room isolation 
because this measure is sometimes debated as it can 
be associated with disadvantages for the isolated 
patient [117]. Moreover, in settings with a high preva-
lence of MRSA, isolation of patients may be hindered 
due to insufficient side room capacity and financial 
constraints, if isolation results in bed-blocking.

Overall, we found four studies showing that single 
room isolation led to a reduction in nosocomial MRSA 
acquisition and in the incidence of MRSA infection [84-
86,88]. In contrast, in a prospective interrupted-time-
series study it was found that, MRSA acquisition was 
not different in phases during which MRSA-colonised 
or infected patients were moved to single or cohort 

isolation, compared with phases during which they 
were not moved [83]. However, limitations of this study 
are delayed notification of screening results, a high 
number of missed screenings (80–87% of patients 
at admission and 71–75% at discharge) and low com-
pliance with hand hygiene (21% compliance) [83]. 
Moreover, a retrospective comparative study showed 
that discontinuing single-room isolation and applying 
transmission-based precautions (e.g. masks, gowns, 
gloves) for MRSA patients did not lead to an increase 
in the prevalence of MRSA. However, that study did not 
measure the occurrence of transmission on the wards 
and the incidence of MRSA infections [87].

We conclude that the limited evidence from non-con-
trolled studies which is available to support the use of 
single-room isolation for MRSA (outside of outbreaks) 
should inspire further research in this field to facilitate 
the development of evidence-based guidance in future, 
also for the prevention and control of other multidrug-
resistant organisms. However, the majority of studies 
identified and observations made during outbreaks 
support the use of single-rooms [3]. Therefore, where 
facilities (isolation wards, single rooms, cohort rooms) 
for the isolation of MRSA patients are available, their 
use should be recommended.

In all investigations identified, it is difficult to estimate 
to what extent the observed preventive effects were 
attributable to pre-emptive isolation or to other meas-
ures implemented in parallel [16,86,89]. Consequently, 
there is a need to assess the evidence for the use of 
pre-emptive isolation measures in hospitals. This 
is of major importance, because authors evaluating 
PCR-based screening tests often suggested that rapid 
tests could accelerate the start of isolation precautions 
[16,103,118]. However, these advantages cannot be 
assessed adequately as long as the additional value of 
pre-emptive isolation is unclear.

Conclusion
We have documented that the evidence for the effec-
tiveness of three major MRSA prevention and control 
measures does not allow for clear guidance offering 
‘one-size-fits-all’ solutions, because the effective-
ness of these interventions seems highly depending 
on the prevalence of MRSA, compliance with general 
infection control measures (e.g. hand hygiene), the 
incidence and type of infections and the transmis-
sion rates within the respective setting of implemen-
tation. This is documented by the ambiguous study 
results presented here. In addition, models on the 
effectiveness of MRSA prevention strategies in differ-
ent settings have shown that even measures which are 
performed highly effectively in outbreaks or low-prev-
alence areas, failed to control MRSA when applied for 
long-term control or in high-prevalence settings [119]. 
These difficulties have led to the development of mod-
els describing the effects and costs associated with 
universal vs selective MRSA screening in different set-
tings, which may facilitate the implementation of local 
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standards [104,120]. Moreover, some authors have 
recently described the effectiveness of several preven-
tive bundles comprising the measures reviewed here in 
combination with other interventions. For example, it 
was shown that universal nasal screening, contact pre-
cautions for patients colonised or infected with MRSA, 
hand hygiene, and changes in the institutional culture 
of responsibility reduced MRSA infections by 62% [99]. 
Others have identified that structural factors such as 
engaging front-line staff, building multidisciplinary 
teams, providing monitoring and feedback, and acquir-
ing management support were key measures for the 
success of MRSA prevention [121]. The evaluation of 
such bundles with respect to their effects, feasibility 
and applicability in different healthcare systems (e.g. 
different countries), clinical departments and patient 
collectives could in the future guide preventive efforts. 
Compared to assessing the effects of single preventive 
measures separately (as done in this review), the main 
advantage of assessing the effects of bundles is that 
they are planned specifically for targeted healthcare 
sectors, and the assessment can take into account the 
financial and other structural conditions in the respec-
tive settings.

In this review, we did not restrict the eligibility crite-
ria to controlled studies such as RCTs, although quasi-
experimental study designs are prone to be associated 
with various biases (e.g. selection bias or size of study 
population). This was done because only very few con-
trolled investigations have been published. In addi-
tion, among the 14 RCTs included, most of which were 
performed for assessing the effectiveness of decoloni-
sation therapy, a majority did either include patients 
affected by MSSA or did not stratify their outcomes for 
MSSA and MRSA infections. This makes the results, 
even of these formally ‘high-quality’ studies, disput-
able. Against this background, we decided not to per-
form a formal grading of the quality of the included 
studies, but rather to present the study results holisti-
cally and leave their use in various settings and coun-
tries open for interpretation.

The controversy about different implementation path-
ways for screening, isolation and decolonisation 
should not obscure the fact that the beneficial effects 
of MRSA control measures in general [120] support the 
recommendations made in many European national 
MRSA policies from low prevalence countries (e.g. the 
Nordic countries and the Netherlands) and high preva-
lence countries (e.g. France, Germany, and the United 
Kingdom), where a combination of these measures are 
the standard of care and a reduction in MRSA infections 
has recently been achieved by coordinated efforts even 
in high prevalence settings [5,122]. 
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