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ARTICLE INFO ABSTRACT

Aim: Serratia marcescens is pathogen associated with nosocomial outbreaks among 
immunocompromised individuals. Molecular typing methods are useful tools for 
determining genetic relationships among bacterial isolates. The present study reports 
the analysis of the clonal relationships among S. marcescens isolates from an outbreak 
occurred in the neonatal unit (NU) at a referral public hospital of Belém, Pará, Brazilian 
Amazon, using PFGE and rep-PCR. 

Material and Methods: Thirty isolates were obtained from referral hospital in the 
Brazilian Amazon. The molecular typing of isolates was performed using pulsed field gel 
electrophoresis (PFGE) and semiautomated rep-PCR in the DiversiLab System®. 

Results: Results revealed that by PFGE there was the formation of three main clusters 
containing three, 13 and nine isolates. The DiversiLab rep-PCR analysis identified an 
agreement of 80.64% (25 of the 31 strains) compared to PFGE. 

Conclusions: The semiautomated rep-PCR was similarly efficient as the PFGE for S. 
marcescens, demonstrating to be as efficient tool for outbreaks investigation. 
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Introduction
Serratia marcescens is microorganism often associated with 

nosocomial outbreaks and opportunistic infections including, 
bloodstream infections, urinary tract infections, central nervous 
system infection and pneumonias [1]. Episodes of colonization and 
outbreaks caused by this emergent pathogen are more likely to occur 
in Neonatal Intensive Care Units (NICU), with overall mortality and  

 
mobidity rates up to 58% [2-4].  The investigation of S. marcescens 
spread within nosocomial settings can be achieved by several 
molecular typing methods that assesses the genetic relatedness of 
isolates. Strain typing is relevant to determine if epidemiologically 
related isolates are also genetically related, establishing clonality 
of pathogens, and allowing the identification of infection sources 
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[5,6]. The Pulsed Field Gel Electrophoresis (PFGE) is considered 
the reference fingerprinting approach for molecular epidemiology 
and identification of clonally-related strains of several bacterial 
pathogens [5-7]. Despite its high genetic discriminatory power, 
characteristics such as requirement of specialized equipment, 
challenging standardization, time and technically demanding 
nature could hinder its application in the occurrence of an outbreak, 
where investigation must be rapid and reliable [8,9]. 

Semiautomated system for strain typing based on the rep-PCR 
– the DiversiLab Microbial Typing System is based on amplification 
of regions between non-coding repetitive sequences in bacterial 
genomes [10]. The rep-PCR on the DiversiLab System provides rapid 
bacterial typing, simple standardization, reduced time execution 
and better comparison between results, being a satisfactory 
alternative to PFGE for evaluation of nosocomial outbreaks as 
demonstrated on previous studies involving healthcare-associated 
pathogens like Acinetobacter baumannii, Pseudomonas aeruginosa 
and Enterococcus faecium [9,11,12]. Outbreak investigations based 
on rep-PCR in different settings and populations are essential to 
confirm it as a molecular approach that may be used alone, also 
there is a limited number of reports analyzing its performance in 
comparison to PFGE and its discriminatory power. The present 
study reports the analysis of the clonal relationships among S. 
marcescens isolates from an outbreak occurred in the Neonatal Unit 
(NU) at a referral public hospital of Belém, Pará, Brazilian Amazon, 
using PFGE and rep-PCR.

Materials and Methods

Study Setting and Samples 

A total of 30 S. marcescens isolates were obtained during an 
outbreak occurred between February and June 2006 in the NU of 
a referral hospital in Belém, Pará, Brazil. The unit is comprised of 
an Internal Nursery (IN), a Neonatal Intensive Care Unit (NICU) 
and an External Nursery (EN). The IN is divided into five wards: 
Special Care (SC), Intermediate Care (IC), Semi-Intensive (SI), other 
disorders and the transition room. The isolates were recovered from 
blood and swab rectal of neonates, hands of healthcare workers 
and environment. One isolate from other unit epidemiologically 
unrelated to the outbreak was included as a control. 

Bacterial Isolates Identification 

Isolates recovered from blood were cultured in the automated 
system BACTEC 9,120 (Becton Dickinson) and the others were plated 
onto sheep blood agar (Difco), Cled agar (Difco) and Mac-Conckey 
agar (Difco) and incubated at 37°C for 24h. Bacterial identification 
was performed using a Vitek® 2 microbial identification system 
(bioMérieux, Marcy l’Etoile, France). 

Molecular Typing by PFGE

PFGE typing was performed out according to the Gautom et 
al. [13], with modifications. The DNA was digested on agarose 

miniblocks using the restriction enzyme XbaI at 37°C for 16 to 18 
hours, and the fragments were separated by electrophoresis with 
a CHEF-DR II System (Bio-Rad Laboratories) for 24 hours at 160 
V with the pulse initial of 5s and final 60s in Tris-borate-EDTA 
running buffer 0,5X. The DNA banding profiles were analyzed using 
the BioNumerics 6.5 software (Applied Maths, Belgium), with the 
similarity calculated based on the Dice coefficient (3% of tolerance).

Molecular Typing by Semi-Automated rep-PCR

Genomic DNA was extracted from a 10-μl loopful of a S. 
marcescens colony using the UltraClean Microbial DNA isolation 
kit (MoBio Laboratories, Carlsbad, CA), according to the 
manufacturer’s instructions. The extracted DNA was quantified on 
NanoDrop®2100c spectrophotometer (Thermo Scientific, USA) 
and adjusted concentration between 25ng/µl and 50ng/µl for each 
isolate were used for molecular essays. DNA was amplified using 
the DiversiLab Serratia kit (bioMérieux, France), following the 
manufacturers’ recommendations, together with template DNA. 
Thermal cycling conditions were initial denaturation at 94°C for 
120 s, 35 cycles of denaturation at 94°C for 30 s, annealing at 65°C 
for 30 s, extension at 70°C for 90 s, and extension at 70°C for 180 
s. The rep-PCR products were obtained after electrophoresis on 
the Agilent 2100 Bioanalyzer (Agilent Technologies, GER) using 
a microfluidics LabChip and analyzed on the Diversilab System® 
platform.

Results

Figure 1: PFGE generated dendrogram for the 31 S. 
marcescens isolates.
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PFGE results revealed the presence of three main clusters (I, II 
and III) containing three, 13 and nine isolates respectively (Figure 
1). For semiautomated rep-PCR on the Diversilab System® a sim-
ilarity index of 85%, that provided the best rep-PCR agreement in 
comparison with PFGE, was applied [14]. The semiautomated rep-
PCR on the Diversilab demonstrated an agreement of 80.64% (25 of 
the 31 strains) compared to PFGE. Three isolates assigned to PFGE 
I cluster were separated, two of these were included in the rep-PCR 
clusters IIa and IIIb, and one defined as a unique profile (ID 8). 
Three other strains, unique patterns by PFGE, grouped into clusters 
IIa (strains ID 58 and ID11) and IIIb (strain ID50). The cluster II 
were divided into two subgroups, IIa and IIb (80.5% similar). The 
cluster III revealed a higher diversification with two subgroups 
(IIIa and IIIb) with similarity above 93% similar (Figure 2).

Figure 2: DiversiLab generated dendrogram representing 
the rep-PCR fingerprint patterns for the 31 S. marcescens 
isolates. A similarity indice of 85% was used for 
interpretation.

Discussion
Although, considered the “gold standard” for epidemiologic 

studies because of its high discriminatory power, PFGE is time-
consuming. The Semiautomated rep-PCR in the DiversiLab System® 
has been proved to be a rapid and reliable method for molecular 
analysis of suspected nosocomial outbreaks caused by different 
microorganisms [9,15-18]. In the present study, the Semiautomated 
rep-PCR in the DiversiLab provided results similar to those obtained 
by the PFGE typing method, and also demonstrated a higher genetic 

diversity.  Strains belonging to subgroup III, which, when analyzed 
by the rep-PCR, was divided into IIIa and IIIb with similarity around 
93%. This occurrence can be explained due to the fact that: 

a)	 The DiversiLab System® do not only consider the 
presence or absence of bands when differentiate isolates, but 
also bands intensity, which can decrease the percentage of 
similarity between strains that have the fingerprint

b)	 Approach of each method, since the PFGE is based on 
genomic restriction, while the rep-PCR is based on amplification 
of repeated palindromic sequences

c)	 The software for PFGE analysis – Bionumerics – allows the 
selection of  the fingerprint bands to be analyzed, leading to a 
subjective evaluation, while DiversiLab System® has automatic 
marking bands, which do not allow manually interference in 
the assembly of the dendrogram. 

The shared clonality relationship among the strains of a 
neonate (ID 12) and a health care professional (ID 60) suggests 
that these professionals can act as a vehicle for transmission of 
bacteria between ICUs and patients [19]. Sometimes, the usual 
measures of hand washing and patient care are not sufficient for 
prevention outbreaks, therefore, it is necessary to investigate 
health professionals, parents and others people that may be 
colonized and who come into contact with the neonates and, if 
necessary, also be included in treatment in order to make possible 
the complete eradication of the outbreak [20]. Catão [21] had been 
detected high level of transmission of Staphylococcus aureus from 
a team of nursing for children, newborn, indicating a high risk to 
the health of these patients. In addition, transmission can occur 
by direct contact from person to person, or by cross infection 
through indirect contact, which reinforces the importance of using 
investigative methods molecular typing methods, to identify and 
eradicate infection sources and transmission routes.

According to Ligozzi [5], differences in discriminatory power 
between PFGE and the semiautomated rep-PCR are depend on the 
bacterial species. Some reports have shown that rep-PCR has a less 
discriminatory power than PFGE for S. aureus and Enterococci, for 
other hand, other studies suggest concordance in both methods 
for Acinetobacter and Escherichia coli [15,22-26]. The first study 
that assessed the reliability of the semiautomated rep-PCR in the 
DiversiLab System® in comparison with PFGE for S. marcescens, 
suggested in their results an apparent increase in the genetic 
variability when evaluating DiversiLab system results, indicating 
that not all of the samples of a PFGE cluster showed the same level 
of similarity. According to our data, a relevant concordance between 
both methods was observed, with the rep-PCR also demonstrating 
an increase in genetic variability, confirming previously reported 
data [5].

The semiautomated DiversiLab rep-PCR system constitute a 
compelling tool for strain typing of S. marcescens during outbreak 
investigations. Due to the speed of obtaining results and their 
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correlation with the reference standard for epidemiological 
investigation, the PFGE, this approache can assist in the rapid 
introduction of infection control measures. This study suggests that 
use of the DiversiLab in cases of outbreaks is reliable. Furthermore, 
the performance time is reduced to few hours when compared 
to the reference technique, which it takes about three days to 
obtain the results. The costs of both are comparable, however, the 
establishment costs of the DiversiLab system® are higher, but if the 
system is inserted in a laboratory that already performs molecular 
essays and has access to a thermocycler, the costs can be reduced 
[14].

Conclusion 
The semiautomated rep-PCR was similarly efficient as the PFGE 

for S. marcescens genotyping, also presenting the potential for use 
with a wide range of pathogenic microorganisms. Further studies 
are recommended in order to confirm its effectiveness and extract 
its full potential for assists in rapid epidemiological investigation 
of outbreaks.
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