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ABSTRACT
Background: Serratia marcescens is a gram-negative bacterium
from family of Enterobacteriaceae. It is a human pathogen that is
involved in nosocomial infection outbreaks that have proven difficult
to manage. PCR-based techniques are suitable given the genus.
Serratia has a higher GC content than many other members of the
Enterobacteriaceae. The ERIC PCR-based fingerprinting method was
used to study the PCR patterns of clinical Serratia marcescens isolates
and antimicrobial susceptibility profiles.
Methods: Surveillance was conducted for nosocomial cases of
interest and the nosocomial pathogens were retrieved for
identification via morphological and additional biochemical tests.
Additionally, antimicrobial susceptibility tests and ERIC Polymerase
Chain Reaction (PCR) based fingerprinting molecular method was
done on the clinical S. marcescens isolates.
Results: From the study, five different strains of the clinical Serratia
marcescens isolates were recovered and similarly five distinct
susceptibility patterns were observed from the clinical S. marcescens
isolates indicating consistency in the number of strains present in the
clinical S. marcescens isolates.
Conclusions: ERIC PCR fingerprinting base technique; a simple,
rapid and cheap method for the determination of genetic relatedness
between Serratia marcescens isolates can be applied for the thorough
evaluation of nosocomial outbreaks to detect the source of infection
and control the spreading of the infection.
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INTRODUCTION
Serratia marcescens, is a gram-negative bacillus
facultative anaerobic rod belonging to the family
Enterobacteriaceae. The bacterium may colonize the
nasopharynx and the gut and occasionally causes
invasive infections such as bloodstream infection,
pneumonia and meningitis; and non-invasive
infections including urinary sepsis and conjunctivitis
in neonates [1]. It is a well-recognized nosocomial
pathogen, a frequent agent of catheterizationassociated bacteriuria [2]. There have been often
reports of S. marcescens outbreaks in intensive care
and neonatal care units[3–6]. It is being transmitted
predominantly through patient to patient contact [6].
Outbreaks of infection caused by S. marcescens have
been reported quite frequently [3,7–9]. Hence, it is
imperative that clinicians differentiate between
individual isolates to identify potential sources of
contamination. S. marcescens was considered
originally to be an innocuous, non-pathogen
saprophytic water organism. Genotyping of this
organism has been carried out using a variety of
methodologies [10,11] but many of these approaches
are impractical in clinical settings due to various
technical demands and time constraints. A DNA
fingerprinting strategy based on the PCR
amplification of variable-length chromosomal
sequences with a variety of primers was reported.
One of these approaches, known as random-amplified
polymorphic DNA assay, is based on the use of simple
arbitrary primers in a PCR of low stringency to
amplify segments of the genome and has been used
successfully for the typing of several bacterial
species[12]. As evidenced by the numerous reports in
the literature, the popularity of PCR-based typing
methods is rapidly increasing as the method of choice
due to the speed at which results are obtained [13].
Traditional methods used for the typing of S.
marcescens are often based on phenotypic
characteristics. PCR have been used for typing S.
marcescens and it was concluded that PCR finger
printing base technique; a simple, rapid and cheap
method for the determination of genetic relatedness
between Serratia marcescens isolates, and it can be
applied for the thorough evaluation of nosocomial
outbreaks to detect the source of infection and
control the spreading of the outbreak. It has shown a
high degree of discriminatory potential and
reproducibility[3,5,13]. The aim of this study was to
use the ERIC based PCR fingerprinting technique to

Prog. Chem. Biochem. Res. 2020, 3(2), 114-120

study clinical isolates of S. marcescens from
hospitalized patients and to investigate antimicrobial
susceptibility profiles.
METHODS
Clinical S. marcescens isolates were retrieved from
surveillance over a one-year study period from June
2013 to May 2014 at a Regional Hospital in South
West district of Trinidad and Tobago. The nosocomial
pathogens of S. marcescens were isolated from
nosocomial bloodstream infections that had occurred
on the neonatal wards during the outbreak. Their
susceptibilities to Amikacin (AK), Aztreonam (ATM),
Ceftazidime (CAZ), Cefepime (FEP), Ciprofloxacin
(CIP), Gentamycin (GM), Piperacillin/Tazobactam
(TZP), Tetracycline (TE), Tobramycin (TOB),
Amoxicillin/Clavulanic acid (AMC), Amoxillin (AML),
Cefaclor (CEC) and Tigecycline (TGC) were
determined by Antimicrobial disk diffusion method,
according to the procedures suggested by the
National Committee for Clinical Laboratory
Standards.
DNA extraction technique
Total DNA isolation and agarose gel electrophoresis
were carried out under standard conditions.
Documentation of electrophoresed gels was
performed using an ultra violet trans-illumination
photo documentation system according to the
manufacturer's guidelines. Reagents and primers
were purchased from Integrated DNA Technologies,
Coralville, IA, USA.
ERIC PCR-based fingerprinting technique
Amplification of DNA was performed in a PHC-3
thermal cycler, with temperature ramping as follows:
95°C for 5 minutes to denature template; four lowstringency cycles of 94°C for 1 minute, 26°C for 1
minute, and 72°C for 2 minutes; 40 cycles of 94°C for
30s, 40°C for 30s, and 72°C for 1 minute and finally,
72°C for 10 minutes -3' primers, according to the
protocol originally described [13]. The reaction
mixture (100-,lA volumes) contained 1 U of Taq
polymerase, by polymerase chain reaction, using the
ERIC1
(5'-TGAATCCCCAGGAGCTTACAT-3')
and
ERIC2 (5'- AAGTAAGTGACTGGGGTGAGCG-3') 10 mM
Tris (pH 8.3), 50 mM KCl, 2.5mM MgCl2, 0.01%
(wt/vol) gelatin, 250 puM (each) deoxynucleoside
triphosphates, and 1 puM single primer. Negative
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controls were prepared, with no addition of template
DNA. Amplification products (10pA) were separated
by agarose gel electrophoresis in 1.6% agarose gels in
Tris-borate-EDTA buffer containing ethidium
bromide (1 pLg/ml), at 30 V for 6 h, and visualized by
ultra violet trans-illumination and image was saved in
a pen drive for further analysis.
All samples were prepared and examined on at least
three separate occasions. The PCR patterns were
identical based on similar numbers and matching
positions of all major bands. Small differences in the
intensities of faint bands were ignored. Reaction
conditions and primers used were based on previous
studies[13–15].

Ethics
Ethical approvals were granted from the members
of the Ethic Committee of the Faculty of Medical
Science and South West Regional Health Authority
Ethic governing the San Fernando Regional Hospital
in Trinidad and Tobago.
RESULTS
Table 1 shows the susceptibility patterns of the
outbreak at NICU. All strains of Serratia marcescens
were multi-resistant and showed different
antimicrobial susceptibility patterns. One hundred
(100) percent of the isolates were resistant to AML,
AMC and CEC as determined by Antimicrobial disk
diffusion method, according to the procedures
suggested by the National Committee for Clinical
Laboratory Standards. Over 90% of the isolates were
sensitive to ATM, CAZ, CIP, TZP and TE.
Potential virulence factors involved in the
pathogenicity of S. marcescens are; a nuclease,
proteases, the haemolysin and lecitinase; all of which
are made and secreted by this microorganism[2]. A
56-kDa serine protease from S. marcescens promote
keratitis by cleaving IgG, IgA, and lysozyme[16]. The
S. marcescens haemolysin proteins ShlB and ShlA,
exhibit protein sequence homologues in Haemophilus
ducreyi, Proteus mirabilis, Yersinia enterocolytica,
Yersinia pestis, Edwardsiella tarda, Xylella fastidiosa
and Photorhabdus luminescens. The family of Serratia
type pore forming toxins has a unique secretory
mechanism that has been described as type Vsecretion system. The haemolysin causes haemolysis
of human and animal erythrocytes [17] and the
release of the inflammatory mediators from
leukocytes, such as histamine and leukotrienes, which
participate in the inflammatory and immune
response by increasing the vascular permeability,
edema, and granulocyte accumulation contributing to
the virulence of Serratia marcescens[18].

Identification of bacterial isolates
Additional biochemical tests were performed based
on the morphology of the isolated bacteria to
delineate the bacteria’s identity. The following
biochemical tests were used to confirm the identity of
S. marcescens; motility test and facultative anaerobe
test. Also S. marcescens were observed to produce red
pigment (prodigiosin) and tested positive for glucose,
sucrose, maltose and mannitol. This microorganism
isolates tested negative in both the hydrogen
sulphide test and methyl red test. However, the S.
marcescens isolates puM single primer tested positive
for Voges- Proskauer, citrate and catalase tests but it
tested negative for oxidase and indole tests. S.
marcescens isolates were observed to be positive for
nitrate and lipase tests.
Data analysis
Descriptive statistics was employed to show the
incidence of S. marcescens that was calculated by
dividing the number of S. marcescens isolates from
diseased patients by the total number of forty-five
nosocomial blood isolates, and then the product was
multiply by 100. Data collected from all nosocomial
infections were entered in a Microsoft® Access 2010
data bank. Data on all infections and microbial
isolates, for statistical analysis, IBM SPSS® Statistics
(version 20) was used.
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Table 1. Antibiogram characteristics of outbreak- related isolates of Serratia marcescens in a neonatal intensive
care unit (NICU) at Trinidad and Tobago, 2013 – 2014
Strains
1
2

Age
28weeks
44 weeks

AK
R
S

FEP
S
S

GM
R
S

3

35 weeks

S

S

S

S

R

R

I

4

28 weeks

S

S

S

S

R

R

I

5

41 weeks

S

R

R

R

R

R

IV

6

3 weeks

R

S

R

R

S

R

II

7
8

8 days
35 weeks

R
R

S
R

R
S

R
R

S
R

R
S

II
V

9
10

8 days
28 weeks

R
R

R
S

S
R

R
R

R
S

S
S

V
III

Serratia marcescens Isolates
From Fig.1 above: the two ends represent the 1 kilo
base ladders. The lanes numbered one (1) to ten (10)
represent the Serratia marcescens organisms in
chronological order. Lanes 2, 3 and 4 represents
band pattern 1. Lanes 6 and 7 represents band
pattern 2. Lane 5 represents pattern 4. Lanes 1 and
10 represent band pattern 3. Lane 8 and 9 represents
band pattern 5.
From the PCR typing technique and antimicrobial
susceptibility profile testing, nosocomial patients
were placed on treatment plans and were equally
monitored to determine the outcome of their
treatments, including the infection control measures
instituted during their management.
Ladder

1 2 3 4 5 6 7 8 9 10 Ladder

Fig. 1. Showing PCR Band Patterns of
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TOB
R
S

CN
S
R

TGC
S
R

Patterns
III
I

DISCUSSION
Forty-five nosocomial blood isolates were retrieved
with Serratia marcescens (10) nosocomial pathogens
being the most frequent and representing 22.2%
(10/45). Other retrieved nosocomial pathogens
included: Klebsiella spp, methicillin resistant
coagulase negative Staphylococcus, Escherichia coli,
Streptococcus spp, Enterobacter spp, Acinetobacter
spp, Pseudomonas aeruginosa, Staphylococcus spp,
Epidermidis aerogenes and Enterococcus spp. Serratia
marcescens was commonly found in the bloodstream
of hospitalized neonatals admitted at NICU. The
ERIC1 and ERIC2 primers successfully typed all
isolates examined via PCR- based molecular typing
method. Five different patterns were observed for all
clinical isolates.
The two ends were 1 kilo base ladder and within
the ladders were ten Serratia marcescens isolates
encoded 1 – 10; that were retrieved from the
neonatal wards. The occurrence of this outbreak of
Serratia marcescens was the result of the spread of
five epidemic strains on the neonatal wards. No
potential environmental sources of infections were
identified, although it has been previously reported
[5]. However, S. marcescens survives well in moist
hospital environments. It was reported the use of
pulsed-field
gel
electrophoresis,
random
amplification of polymorphic DNA-polymerase chain
reaction and plasmid DNA typing to investigate an
outbreak of infection in a NICU[19].
In the literature appears that the pulsed-field gel
electrophoresis typing was used to analyze an
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outbreak of S. marcescens in a NICU. The authors
concluded that cross-transmission via transient
contamination of hands was the major route of
transmission for the outbreak [20]. We believe that
the S. marcescens outbreak in the NICU at a rural
hospital in Trinidad and Tobago was due to a crosscontamination involving the hands of health care
professional caring for very sick neonates. Several
research groups reported that samples from
environment and hands of health care workers were
collected and cultured to reveal or identify the source
of contamination with Serratia marcescens causing
outbreaks. It was found breaks in aseptic technique,
poor and decreased frequency of hand-washing
among doctors caring for the patients. In addition,
hand washing with a Serratia marcescenscontaminated soap pump made the hands of health
care workers more likely to be contaminated with
the bacterium[20–23]. Genotyping of the S.
marcescens isolates by pulse-field gel electrophoresis
or PCR-based methods should be performed as a gold
standard [24].
It was reported that the polymerase chain reaction
(PCR)-based procedures of randomly amplified
polymorphic DNA (RAPD) and repetitive element
(RE)-based PCR were used to amplify total DNA from
62 clinical Serratia marcescens isolates. Using the
ERIC, REP and PGRS primers, 19, 54 and 60 unique
genotypic profiles were yielded, respectively[6].
These techniques are useful for discriminating strain
differences among isolates of S. marcescens and the
quantity of differentiation depends on the primer
used. PCR-based procedures should prove useful for
routine surveillance and for examining outbreaks of
this bacterium in clinical settings[13].
In the susceptibility test results Amoxicillin (AML),
Amoxicillin/Clavulanic acid (AMC), and Cefaclor
(CEC), were found to be mostly resistant antibiotics
to deal with S. marcescens. Bollmann R et al, reported
that multi-drug resistance, even to Cephalosporin’s of

the third generation and Amikacin, was
characteristically seen for all S. marcescens
strains[25].
Nosocomial outbreaks of Serratia marcescens
infections have been attributed to contaminated
disinfectants, intravenous solutions, mechanical
ventilators, nebulizers, arterial pressure monitors,
urine-measuring containers, and other medical
equipment. In this study, although there was no
evidence about the mode of transmission of the
outbreak, it can be suspected that the bacteria were
transmitted via transient carriage on the hands of
hospital personnel, which have been previously
reported [26] or a bacterial contamination of
stethoscopes handled by a health care professional.
CONCLUSION
It was concluded that ERIC PCR fingerprinting base
technique; a simple, rapid and cheap method for the
determination of genetic relatedness between
Serratia marcescens isolates can be applied for the
thorough evaluation of nosocomial outbreaks to
detect the source of infection and control the
spreading of the outbreak.
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