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The objective of this paper was to investigate whether retrospective pulsed-field gel electrophoresis (PFGE) of methicillin-resistant 
Staphylococcus aureus (MRSA) isolates at two-year intervals is suitable and sufficient to demonstrate changes in the clonal composi-
tion of MRSA isolates and to identify previously undetected local outbreaks. PFGE patterns of 400 MRSA isolates were collected 
between 2004 and 2008 at the University of Rostock Hospital in Germany, and were used to assess the prevalence of MRSA clones 
at different time points. Only minor changes were detected. The combined analysis of all isolates that were collected per year re-
duced the time needed to perform this laborious procedure. The retrospective identification of outbreaks may require shorter inter-
vals. Improved infection prevention and control measures prevented further outbreaks in previously affected hospital departments. In 
conclusion, PGFE at two-year intervals is sufficient to detect changes in the clonal composition of local MRSA isolates. If time for 
identification is important during outbreak investigations, more rapid methods with a similarly high discriminatory power such as 
spa typing should be used.
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Introduction

Pulsed-field gel electrophoresis (PFGE) is a reliable tool 
for comparing methicillin-resistant Staphylococcus au-
reus (MRSA) isolates to known epidemic clones. This 
technique, however, requires specialised equipment and 
a high level of technical expertise, and has the additional 
disadvantage of poor inter-laboratory comparability. As a 
result, sequence-based typing methods such as spa typ-
ing or multilocus sequence typing (MLST) are often pre-
ferred. The objective of this study was therefore to investi-
gate whether PFGE is still a useful MRSA typing method 
for the purpose of infection prevention and control in a 
hospital setting. For this reason, the prevalence of endemic 
MRSA clones at the University of Rostock Hospital in 
Germany was assessed using MRSA strains isolated be-
tween 2004 and 2008. Six MRSA clones are considered 
endemic in Rostock, i.e. the ‘Northern German’ clone (spa 
type t051; sequence type ST247; clonal complex CC8), the 
‘Southern German’ clone (t001; ST228; CC5), the ‘Han-

nover’ clone (t009; ST254; CC8), the ‘Berlin’ clone (t004, 
t038, t065; ST45; CC45), the ‘Barnim’ clone (t032, t022, 
t005; ST22; CC22), and the ‘Rhine-Hesse’ clone (t002, 
t045; ST5; CC5) as defined by the Robert Koch Institute 
(RKI, Wernigerode, Germany) (Table 1), which is the Na-
tional Reference Centre for Staphylococci in Germany. A 
further objective of this study was to assess the usefulness 
of PFGE data for retrospectively identifying local out-
breaks and modifying the infection prevention and control 
strategies of the hospital departments affected.

Materials and methods

Strain collection

Methicillin-resistant S. aureus (MRSA) isolates are rou-
tinely collected and stored for 5 years at the Institute of 
Medical Microbiology of the University of Rostock Hos-
pital. Only the first isolates that were obtained from new 
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MRSA cases in 2004, 2006, and 2008 were included in 
the study. Copy strains were excluded. Screening was per-
formed during the entire study period in accordance with 
the recommendations of the National Reference Centre for 
Infectious Diseases (Robert Koch Institute) [1].

Pulsed-field gel electrophoresis

MRSA isolates from each patient were analysed using 
pulsed-field gel electrophoresis (PFGE) as described else-
where [2, 3]. Visual inspection was performed on the basis 
of the criteria established by Tenover et al. [4]. The results 
were analysed with GelCompar II software (Applied Maths, 
Sint-Martens-Latem, Belgium; settings: Dice coefficient, 
UPGMA, 0.5% optimisation, 1.0% position tolerance).

Outbreak identification

MRSA distribution in the various hospital departments 
and outbreaks were assessed retrospectively. An outbreak 
was defined as three or more different cases of nosoco-
mial infection or colonisation by one MRSA clone per 
month. All repeated occurrences of an MRSA clone in a 
department were tracked, however, if the interval between 
occurrences did not exceed 2 months.

Statistical analysis

Non-numerical data were analysed by Fisher’s exact test. 
Numerical data were analysed by Student’s t-test with dif-
ferent variances using GraphPad Instat 3 and Microsoft® 
Excel software. Significance was accepted at p<0.05. If 
the p-value was smaller than 0.01, the differences were 
considered highly significant. If the p-value was smaller 
than 0.001, the differences were considered very highly 
significant.

Results and discussion

Strain collection and distribution of epidemic clones

MRSA strains were collected inconsistently as a result of 
organisational problems in the routine laboratory. In total, 

127 of 168 (76%) different isolates were collected and ana-
lysed in 2004, 97 of 165 (59%) in 2006, and 176 of 267 
(66%) in 2008. The clinical isolates that were assigned to 
the ‘Northern German’ epidemic clone accounted for 2% 
(n=3) in 2004, 1% (n=1) in 2006, and 1% (n=2) in 2008. 
The isolates that clustered with the ‘Southern German’ 
epidemic clone accounted for 12% (n=15) in 2004, 7% 
(n=7) in 2006, and 3% (n=6) in 2008. The isolates that 
clustered with the ‘Hannover’ epidemic clone accounted 
for 1% (n=1) in 2004, 1% (n=1) in 2006, and 0% (n=0) 
in 2008. The clinical isolates that were assigned to the 
‘Berlin’ epidemic clone accounted for 5% (n=6) in 2004, 
1% (n=1) in 2006, and 2% (n=4) in 2008. The isolates 
that clustered with the ‘Barnim’ epidemic clone accounted 
for 15% (n=19) in 2004, 13% (n=12) in 2006, and 35% 
(n=62) in 2008. The isolates that were assigned to the 
‘Rhine-Hesse’ epidemic clone accounted for 65% (n=83) 
in 2004, 76% (n=74) in 2006, and 58% (n=102) in 2008. 
One isolate that was found in 2006 could not be assigned 
to one of the six aforementioned epidemic clones and 
was identified by the National Reference Centre for Sta-
phylococci (RKI) as belonging to the ‘Vienna’ epidemic 
clone (phylogenetic classification of the ‘Vienna’ epidemic 
clone: t037, t030; ST239; CC8) (Figs 1–3).

The differences in the MRSA incidences in 2004, 
2006, and 2008 were highly significant (p<0.01). Fur-
thermore, there was a very highly significant increase 
(p<0.001) in the percentages of the ‘Barnim’ clone from 
2004 to 2006 and from 2006 to 2008, and a highly signifi-
cant decrease (p<0.01) in the percentages of the ‘Southern 
German’ clone from 2004 to 2008 and the ‘Rhine-Hesse’ 
clone from 2006 to 2008. No further significant changes 
were detected.

Identified outbreaks

Nine distinct outbreaks affecting three to six patients 
each were identified retrospectively. Of these, seven had 
already been known at the time of outbreak as a result of 
the investigations by the hospital department responsible 
for infection prevention and control. Four outbreaks oc-
curred on surgical wards, three on medical wards, one on 
a nuclear medicine ward, and one on a neurological ward.

All four outbreaks that occurred on general surgical 
and surgical intensive care wards were detected in 2004 
and were caused by the ‘Rhine-Hesse’ clone. In 2006, the 

Clones ʻNorthern 
Germanʼ

ʻSouthern 
Germanʼ

ʻHannoverʼ ʻBerlinʼ ʻBarnimʼ ʻRhine-
Hesseʼ

Corresponding spa types t051 t001 t009 t004, t038, 
t065

t005, t022, 
t032

t002, t045

Corresponding sequence types ST247 ST228 ST254 ST45 ST22 ST5

Corresponding clonal complexes CC8 CC5 CC8 CC45 CC22 CC5

Table 1. Phylogenetic classification of MRSA clones with known endemicity in Rostock (Germany) according to the National 
Reference Centre for Staphylococci Robert Koch Institute, Wernigerode (Germany)
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‘Rhine-Hesse’ clone was responsible for two outbreaks on 
general medical wards and one outbreak on a neurosurgi-
cal intensive care ward. In 2008, the ‘Rhine-Hesse’ clone 
was identified as the causative agent of two outbreaks on a 
general medical ward. The ‘Barnim’ clone was associated 
with an outbreak on a nuclear medicine ward.

In addition, several clones that did not meet the afore-
mentioned outbreak criteria were repeatedly detected dur-
ing the study period and occurred particularly in intensive 
care units, and, to a lesser degree, in general surgical and 
medical departments. Only the Barnim and ‘Rhine-Hesse’ 
clones were associated with cumulative increases in the 
number of isolates.

The cumulative increases that did not meet the criteria 
for an outbreak and two of nine outbreaks were identified 
only retrospectively. These findings show that the real-
time or near-real-time detection of outbreaks by molecular 
typing requires more rapid procedures.

Past and present methods of DNA-based MRSA typing

The literature describes a wide variety of methods for 
typing S. aureus and MRSA including a number of DNA-
based techniques. Many methods are affected by limita-
tions regarding their discriminatory power, reproducibil-
ity, stability, or immediate availability in the event of an 
outbreak [5, 6].

Plasmid profile analysis was the first molecular 
method of studying the epidemiology of MRSA. Its dis-
criminatory power is, however, limited by the influences 
of the complex three-dimensional structure of native plas-
mids on the mobility of plasmids in gel and the ability of 
bacteria to spontaneously loose or acquire plasmids [5]. 
Despite its disadvantages, plasmid profile analysis is still 
in use today [7].

More recent methods are based on the analysis of 
chromosomal DNA such as the interpretation of DNA 
restriction patterns and Southern blotting followed by 
hybridisation with DNA probes [5]. These developments 
culminated in the first successful PFGE analysis that was 
described for yeast DNA in 1984 [8]. The main disadvan-
tage of PFGE is that it is a time-consuming method and 
the results are not available for several days [9].

The retrospective typing of the MRSA-isolates at the 
University of Rostock Hospital between 2004 and 2008 
was exclusively performed by PFGE. The assignments to 
spa types or sequence types and resulting clonal complexes 
were based upon the phylogenetic classification by German 
National Reference Centre for Staphylococci (Table 1). 

Polymerase chain reaction (PCR)-based methods of 
typing MRSA include PCR-restriction fragment length 
polymorphism (PCR-RFLP), PCR ribotyping, arbitrarily 
primed-PCR (AP-PCR) also known as typing by random 
amplified polymorphic DNA (RAPD), which is performed 
with short primers (up to ten bases) that have no known 
homology to genome sequences of the target organism, 
and the repetitive palindromic extragenic elements PCR 
(rep-PCR). The discriminatory power of PCR-based ap-
proaches, however, is poorer than that of PFGE, especially 
when it comes to investigating an endemic circulation of 
clones [5, 9]. Commercially available rep-PCR-based typ-
ing systems are available as well, such as the DiversiLab 
microbial typing system (bioMérieux, Nuertingen, Ger-
many) [10]. The advantage of commercial systems is that 
they provide rapid results and are easy to use [11]. Another 
PCR-based typing method is multiple-locus variable-
number tandem-repeat (VNTR) analysis (MLVA). Repeat-
containing DNA fragments are amplified by multiplex 
PCR, and the resulting band patterns in agarose gels are 

Fig. 1. Distribution of endemic MRSA clones at the University 
of Rostock Hospital in 2004

Fig. 2. Distribution of endemic MRSA clones at the University 
of Rostock Hospital in 2006

Fig. 3. Distribution of endemic MRSA clones at the University 
of Rostock Hospital in 2008
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compared [12, 13]. High concordance between MLVA re-
sults and multilocus sequence typing (MLST) results can 
be achieved if appropriate cutoffs are used to distinguish 
between identical and different band patterns [14].

Sequence-based typing, especially MLST, correlates 
well with PFGE and facilitates supra-regional comparisons 
on the basis of numerical codes. The required sequencing 
of several genes is, however, laborious and expensive [5, 
15]. For this reason, simpler techniques have been devel-
oped such as spa typing. This is a rapid and reproducible 
method based on analysing the polymorphic X region of 
the staphylococcal protein A (spa) gene, which consists 
of a variable number of 24 base pair repeats flanked by 
well-conserved regions [7, 16]. Sequence-based spa typ-
ing shows good correlation with PFGE and possesses a 
high discriminatory power [17, 18]. Another simple typing 
technique is double-locus sequence typing (DLST), which 
uses the spa and clfB genes, and shows an 88% concord-
ance with PFGE [19].

The comparison of single-nucleotide polymorphisms 
(SNP) is also a sequence-based typing method [20] and 
provides the basis for real-time PCR or low-density array-
based methods [21]. SNP analysis of three Staphylococ-
cus enterotoxin genes (set2, set5, and set7) was reported to 
have even higher discriminatory power than MLST [22]. 
The use of sets of single-nucleotide polymorphisms in 
combination with binary markers, i.e. the presence or ab-
sence of certain pathogenicity factors, has been described 
for MRSA typing as well [23].

PFGE for the detection of changes in the clonal  
distribution of MRSA isolates and outbreaks

The long time required for results is one of the limita-
tions of PFGE [9]. However, this disadvantage plays only 
a minor role if no real-time surveillance is intended, e.g. if 
isolates are not typed immediately after isolation but are 
collected and typed retrospectively at yearly intervals. If 
entire sample series are analysed at a later time, the time 
spent handling individual isolates can be reduced. Com-
plex and expensive procedures such as sequencing are not 
required at all.

Our results suggest that if PFGE is performed at 
regular intervals, it is a suitable technique to detect local 
changes in the distribution of endemic clones in the hos-
pital setting over the course of several years. During the 
study period, the ‘Berlin’, ‘Hannover’, and ‘Northern Ger-
man’ clones were almost absent, and the ‘Rhine-Hesse’ 
clone was predominant at our hospital. In addition, we ob-
served a relative decrease in the ‘Southern German’ clone 
and a marked increase in the ‘Barnim’ clone from 2004 to 
2008. Since these changes took place gradually, typing in-
tervals of 2 years appear to be sufficient to give a general 
picture of the situation.

The latter finding is in good concordance with the 
previously described rareness of geographical spreads 

of MRSA clones over long distances or across cultural 
borders [24]. The increasing proportion of the ‘Barnim’ 
clone in Rostock reflects the epidemiological situation in 
Northern Germany. Two out of three MRSA isolates from 
the university hospital of Hannover (Northern Germany) 
could be assigned to the ‘Barnim’ clone in 2005 [25]. As 
recently described in 2011, the ‘Barnim’ clone was identi-
fied in 70% of MRSA isolates from nursing home resi-
dents in Brunswick (Northern Germany) [26]. An emer-
gence of this clone was also monitored in Magdeburg in 
the centre of Germany between 2002 and 2005 [27]. In the 
meantime, the ‘Barnim’ clone is considered to be typical 
for hospital-acquired MRSA in the north of Germany. As 
published in 2008, the predominant clones in Eastern Sax-
ony in the east of Germany comprise the ‘Rhine-Hesse’ 
clone, the ‘Southern German’ clone, the ‘Barnim’ clone, 
and the ‘Berlin’ clone, while, e.g. the ‘Hannover’ was only 
infrequently isolated [28]. Thus the clonal composition 
in Rostock reflects both the emergence of the ‘Barnim’ 
clone in the north of Germany and the stabile persistence 
of the ‘Rhine-Hesse’ clone in the east of the country. As 
published in 2009, the ‘Rhine-Hesse’ clone and the ‘Ber-
lin’ clone are common in the Western German parts of the 
Euregio Meuse-Rhin (EMR) region, while – in addition 
to these clones – a higher clonal diversity was detected on 
the Dutch side. The predominant clonal complexes in the 
EMR region are CC5, CC8, CC30, and CC45 [29]. An-
other study identified the ‘Barnim’ clone as one of the pre-
dominant clones in the Dutch–German border area [30]. 
The ‘Barnim’ clone also emerged in 2006 near the borders 
of Belgium and Germany [31]. A differing distribution can 
be found in the south. While the ‘Southern German’ clone 
and the ‘Rhine-Hesse’ clone were frequent in Austria be-
tween 1996 and 2006, the ‘Northern German’ clone, the 
‘Berlin’ clone, and the ‘Barnim’ clone were only occasion-
ally isolated [32]. A great genetic diversity of MRSA iso-
lates was observed at the university hospital Basel (Swit-
zerland) between 2000 and 2005 [33].

In addition to epidemiological monitoring and even 
more important for the hygiene management of a hospital, 
PFGE allows for the confirmation of outbreak situations. 
SmaI macro-restriction-based PFGE is particularly useful 
for this purpose, because SmaI macro-restriction provides 
a higher discriminatory power than spa typing or mul-
tilocus sequence typing [34]. Several MRSA outbreaks 
and local cumulative increases in the number of different 
MRSA isolates were confirmed or identified retrospec-
tively in different hospital departments. These findings 
allowed the infection prevention and control team to take 
appropriate measures, and provide relevant infection pre-
vention and control training for clinical staff in order to 
prevent further outbreaks. Despite these measures, MRSA 
clones were repeatedly isolated in high-risk departments 
such as intensive care units. No further outbreaks, how-
ever, occurred in previously affected departments so that 
the infection control measures that were taken after ret-
rospective PFGE analysis have apparently been effective.
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Conclusions

A time interval of 2 years is sufficient for PFGE to detect 
changes in the clonal composition of local MRSA isolates. 
If time for identification is important during outbreak 
investigations, more rapid methods with a similarly high 
discriminatory power such as spa typing should be used. 
These methods can contribute to the early identification 
of outbreaks and the immediate institution of appropriate 
infection control measures.
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