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Multiple-Locus Variable Number Tandem 
Repeat Analysis Typing of Vancomycin-
Resistant Enterococcus faecium in Serbia 

To the Editor—Multidrug-resistant Enterococcus faecium has 
become one of the most important nosocomial pathogens 
causing increasing numbers of nosocomial infections world
wide. In Serbia, after the first report of vancomycin-resistant 
Enterococci (VRE) in 2002/ reports on the epidemiology of 
this bacterium have been scarce.2 Although pulsed-field gel 
electrophoresis (PFGE) was long considered the gold standard 
for typing methods, it has now been replaced by multilocus 
sequence typing (MLST). Molecular epidemiological studies 
using MLST identified host-specific genogroups, including 3 
hospital-associated E. faecium lineages designated lineages 17, 
18, and 78.3 In order to obtain more insight into the molecular 
epidemiology of VRE in Serbia, we used the relatively fast 
and cheap multiple-locus variable number tandem repeat 
analysis (MLVA) typing method4 to determine the genetic 
relatedness of a total of 32 VRE isolates isolated between 2007 
and 2010 in the following hospitals: Clinical Center of Serbia 
(23), University Children's Clinic (2), and a gynecology clinic 
(1), all located in Belgrade, and 3 general hospitals located 
in Valjevo (8), Zajecar (2), and Cuprija (1; Table 1). In ad
dition, we included 5 VRE isolates, each representative of the 
5 major clones (based on PFGE, comprising 97 strains) of 
the 194 VRE isolated from hospitalized patients at 4 health 
institutions in Belgrade between 2002 and 2006 (data not 
shown). 

The identification and antimicrobial susceptibility was per
formed by a Vitek system using IDGP and AST 586 card. All 
VRE were resistant to ampicillin, ciprofloxacin, streptomycin 
high doses, and imipenem and sensitive to linezolid. In total, 
86.5% (32/37) of the strains were resistant to teicoplanin. 
Overall resistance to tetracycline was 70.3% (26/37), and 
overall resistance to gentamicin high doses was 75.7% (28/ 
37). 

MLVA typing of 37 VRE revealed 11 different MLVA types 
(MTs), including 4 not previously detected MTs (MT-340 to 
MT-343; Table 1). The most predominant MTs included MT-
159 (8/37 [21.6%]), MT-1 and MT-231 (5/37 [13.5%] for 
both), MT-268 and MT-340 (4/37 [10.8%] for both), and 
MT-296 and MT-342 (3/37 [8.1%] for both). Unique new 

types were confined to patients residing at the Clinical Center 
of Serbia in Belgrade, while the other new types originated 
from inpatients in Belgrade and Valjevo. Except for MT-334, 
all MTs found outside Belgrade (MT-1 [3], MT-159 [2], MT-
231 [2], MT-296 [1], MT-340 [1], MT-342 [1]) were found 
in Belgrade as well, indicating widespread distribution of sev
eral types. 

The most prevalent MT in this study, MT-159, is one of 
the most common types causing hospital outbreaks and in
vasive infections in Europe today.5"8 However, MT-159 was 
not identified among die 5 representative isolates of major 
clones of the 194 VRE, suggesting that MT-159 has spread 
recently and quickly, covering the territory of at least 2 met
ropolitan areas in Serbia. Only 2/8 members of that type were 
sensitive to high dozes of gentamicin, while resistance to all 
other antibiotics was uniform, suggesting possible clonal 
spread of that MT. Similar findings could be observed with 
MT-231, with 4/5 members sensitive to tetracycline and re
sistant to all other antibiotics tested except linezolid. 

In contrast, the second-most predominant type, MT-1, 
identified among 2/5 representative isolates of major clones 
from Belgrade (representing 45/194 isolates) and in 2 other 
metropolitan areas of Serbia (3 strains), was the most wide
spread type in terms of time and space. Furthermore, that 
type was previously also identified among 2 VRE strains iso
lated at another hospital in Belgrade in 2005.2 Some other 
studies that followed population changes of enterococci over 
long periods identified MT-1 from the beginning of the in
vestigation and documented its span over 10 and 11 years, 
respectively.7,9 

MLST analysis was performed on 12 isolates, including 1 
representative of each MT that comprised more than 2 iso
lates,10 those with unique new MT, and the 5 representatives 
of major clones from Belgrade and revealed in total 9 different 
sequence types (STs). 

MT-1 is composed of multiple STs, thus making a poly
clonal population.9 Indeed, 2 members of the MT-1 type from 
our study have been ascribed different sequence types, ST-
17 and ST-554. Werner speculated that if isolates of ST-17 
represent a rather ancient clonal type prone to recombination 
and thus divergent PFGE patterns for a long time, then ST-
203 and ST-18 could constitute rather recent hospital-adapted 
clones. ST-203 from our study, ascribed to newly appearing 
MT-159, and newly introduced MLVA type MT-341 belonging 
to ST-18 support this hypothesis. Werner's speculation was 
based on German experience with molecular epidemiology 
of enterococci starting in the 1990s. It seems that evolution 
of VRE in Serbia could have a similar pattern. Hospital origin 
of at least 5 STs from our study (ST-17, ST-18, ST-252, ST-
426, and ST-427), belonging to the Bayesian analysis of pop
ulation structure subgroup 3-3, could be confirmed, accord
ing to Willems' findings.3 

MLST proved its superiority over MLVA when 2 separate 
sequence types (ST-17 and ST-554), marked as 2 different 
pulsotypes by PFGE in 2 strains that could be distinguished, 
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TABLE 1. Epidemiological and Molecular Typing Data on Vancomycin-Resistant Enterococcus faecium Recovered from 4 Metropolitan 
Areas in Serbia 
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NOTE. All vancomycin-resistant Enterococci were resistant to ampicillin, ciprofloxacin, streptomycin high doses, and imipenem and sensitive 
to linezolid. Children, Children's Hospital in Belgrade; Gynecology, Gynecology Clinic in Belgrade; CITD, Clinic for Infectious and Tropical 
Diseases of Clinical Center of Serbia; Hematology, Hematology Clinic of Clinical Center of Serbia; ICU B, Intensive Care Unit B of Clinical 
Center of Serbia; TBC, Clinic for Pulmonary Diseases of Clinical Center of Serbia; Valjevo, Zajecar, Cuprija: general hospitals covering 
metropolitan areas; CSF, cerebrospinal fluid; CVC, central venous catheter; MLVA, multiple-locus variable number tandem repeat analysis; 
gm, gentamicin; tet, tetracycline; tec, teicoplanin. 
* Strains from the previous study. 

were both assigned as MT-1. But this study also documented 
the opposite: 2 different MTs (MT-296 and MT-340) could 
be distinguished belonging to the same ST-552, and another 
pair, MT-268 and MT-342, shared the same ST-427. In con
clusion, together with other typing techniques, MLVA was a 
useful tool that helped us to gain insight into the life and 
evolution of hospital-associated E. faecium in our country. 
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Clostridium difficile 027 Emerging Outbreak 
in Marseille, France 

To the Editor—Toxigenic Clostridium difficile cause pseudo
membranous colitis that maybe fatal.1 Typically, symptomatic 
C. difficile infections are hospital associated and preferentially 
involve elderly patients (greater than 65 years of age) recently 
treated with antibiotics.1,2 The clinical manifestations range 
from moderate diarrhea to serious manifestations. In 2003, 
an especially virulent clone, the ribotype 027, was described 
in North America and was associated with an increased risk 
of death.2 Different outbreaks have been described in the past 
few years in northern Europe,3 particularly in Scotland, Ger
many, Austria, the Netherlands, Belgium, and northern 
France.3"6 In France, a large outbreak was described in the 
Nord-Pas de Calais region during 2006-2007 with a mortality 
rate close to 30%; since then, small clusters have been re
ported in Picardie, Rhone-Alpes, Lorraine, and Ille et Vilaine6 

but not in the south of France. Cases reported from southern 
Europe, such as from Italy or Spain, remain sporadic to 
date.5'7'8 

Marseille is a large city with approximately 850,000 in
habitants, and 112,000 patients are hospitalized in public hos
pitals in Marseille each year. We developed the point-of-care 
laboratory, which allows the use of both molecular and im
munodetection tests to facilitate decision-making regarding 
the management of infectious diseases and patient care.9 The 
Xpert C. difficile Epi polymerase chain reaction (PCR) assay 
was used from April 2012 in the 2 point-of-care laboratories 
located in the Timone hospital and the North hospital.9 The 
Xpert C. difficile Epi PCR assay is a multiplex real-time PCR 
that detects the toxin B gene {tcdB), the binary toxin gene 
(cdt), and the tcdC gene deletion at nt l 17, identifying the 027 
ribotype.10 

From March 18, 2012, to July 5,2013, we tested 2,205 stool 
samples for C. difficile toxin gene and detected 92 positive 
samples (4.2%) at the point-of-care laboratory. Of these, 10 
were positive for C. difficile 027; these were, to the best of 
our knowledge, the first cases due to this strain in Marseille. 
The index case was community acquired and was diagnosed 
in March 2013; this was followed by a rapid increase in the 
number of cases within a few weeks. Among these cases, 4 
patients had been hospitalized for at least 48 hours, and 5 
other patients had been hospitalized in the 3 preceding 
months. Among the 10 patients, 6 were or had been hospi
talized in the same long-term care facility (Fig. 1). Finally, 2 
patients were within the same family, and the delay between 
the onset of symptoms (3 weeks) might suggest that the first 
patient transmitted the infection to her father (Fig. 1). Pa
tients were isolated after the diagnosis, and to date, no sec
ondary cases have been described in our hospital. 

The patients were mainly female (70%) and older (mean 
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