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ABSTRACT

Serratia marcescens (S. marcescens) is a Gram-negative, facultative anaerobic bacterium belonging to
the Serratia genus of clinical importance. It is an opportunistic pathogen associated with various human infections, including
pneumonia, meningitis, wound and burn infections, respiratory tract infections, urinary tract infections, bacteremia, and
eye infections. The purpose of this study was to assess the frequency of S. marcescens in different clinical infections and
evaluate the major virulence genes responsible for its pathogenicity.

Clinical specimens (n=200) were collected from urinary, wound, burn, and eye infections from
patients referred to Al-Diwaniyah Teaching Hospital and private clinics of Al-Diwaniyah Governorate from March 11 to
August 20, 2024. Bacterial isolates were initially identified by cultural, microscopic, and biochemical examinations and
confirmed by the VITEK system. Molecular characterization was done by PCR amplification of PhlA, ShIA, and FIhD virulence
genes. The 16S rRNA gene was identified as control. The validated isolates were deposited in NCBI GenBank.

m Twenty S. marcescens isolates were obtained from 200 samples: 15 (75%) from urinary tract infections, 3 (15%)
from wounds and burns, and 2 (10%) from eye infections. The FIhD, PhIA and ShIA genes were found in 100%, 80%, and 35%
of the isolates.

The study emphasized that identification of major virulence determinants such as FIhD, PhIA, and ShIA enhances
our understanding of S. marcescens pathogenicity in the studied region and provides a molecular basis for future
epidemiological and clinical research.
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1. Introduction

erratia marcescens (S. marcescens) is a
Gram-negative facultative anaerobic
bacterium of Enterobacteriaceae family. It
was previously regarded as a non-pathogenic

organism, but today it is found as an emerging
opportunistic pathogen that has been associated with
the causation of a variety of nosocomial infections in
the form of pneumonia, meningitis, wound infection,
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respiratory tract infection, urinary tract infection, and
bacteremia with eye infections such as keratitis and
conjunctivitis (1). Serratia marcescens is very
environmentally adaptable, existing in a wide range of
environments such as soil, water, and the human
gastrointestinal tract, which is reflective of its
pathogenicity (2).
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The environmental adaptability of S. marcescens is
facilitated by two key mechanisms. Firstly, the
bacterium can form robust biofilms on medical
devices such as urinary catheters and ventilators,
allowing it to persist in hospitals and withstand
antimicrobial therapy and host immunity. Surface
adherence mechanisms  contribute  to its
environmental persistence and resistance to
disinfection (3, 4). Second, S. marcescens is motile via
peritrichous flagella, a process regulated by the FIhD
master regulatory gene. Flagellar motility helps the
bacterium move across surfaces, invade host tissue,
and lead to infection, thus improving its survival in the
environment (5, 6).

Serratia marcescens has emerged as one of the
most important etiologic causes of healthcare-
associated infections (HAIs). Itis responsible for
approximately 1.4% of HAls in theUS, and is
frequently isolated from catheter-associated
bacteremia, urinary tractinfection, and wound
infection (7). It is usually isolated from the respiratory
and urinary  tracts of  adult inpatients
and gastrointestinal tracts of children. Its occurrence
in intensive care units (ICUs) is undesirable, and it is
one of the most common causative microorganisms of
bloodstream infections in ICUs (8).

Serratia marcescens pathogenicity is due to several
virulence factors regulated by specific genes leading to
infection and immune evasion. Phospholipase A is
regulated by the PhIA gene, which possesses
hemolytic and cytolytic activity and leads to the host
cell membrane degradation (9). The ShlA is a
hemolysin pore-forming protein that is toxic to red
blood cells, releasing nutrients for bacterial growth
and promoting tissue invasion (10). The FIhD gene is
part of the master regulatory complex that regulates
flagellar synthesis, playing a central role in bacterial
movement, attachment, and host colonization (11).
Other virulence genes include LipBCD, which encodes
lipases to degrade lipids for nutrient uptake, and PigP,
which regulates prodigiosin production, a red pigment
associated with increased biomass formation and
immunomodulation (12). However, LipBCD and PigP
were not included in this study due to the lack of
sufficient data regarding their prevalence in clinical
isolates and the limited understanding of their roles in
local pathogenicity contexts. Another important
problem with S. marcescens infection is acquired and
innate antibiotic resistance. The bacteria possess a
natural AmpC B-lactamase that makes them naturally
resistant to  penicillin  and first-generation
cephalosporins (13). Serratia marcescens can also
acquire additional resistance genes through horizontal
gene transfer to become multiple drug resistant
(MDR) strains that makes them difficult to treat and
necessitates the use of broad-spectrum antibiotics
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such as carbapenems and fluoroquinolones, although
resistance to these drugs has been increasingly
reported (14).

Carbapenem-resistant S. marcescens strains pose a
serious clinical management and outcome threat (15).
Accurate identification of S. marcescens is crucial for
the accurate control and treatment of infection.
Traditional methods include bacterial culture on
selective media, where S. marcescens will typically
exhibit red pigmentation with formation of
prodigiosin (16). However, molecular techniques,
particularly polymerase chain reaction (PCR), have
improved the diagnostic specificity. PCR-based
strategies targeting specific genetic markers of S.
marcescens have been applied for the control of
outbreaks, especially in neonatal intensive care unit
(NICUs). Recently, an assay was set up using qPCR for
quantifying S. marcescens from rectal swabs, which
allows for the early detection and quarantine of the
pathogen (17).

Outside of hospital environments, S. marcescens
displays environmental persistence. The organism
thrives in humid home settings, producing pink or
orange discoloration in bathroom settings. Despite
being often classified as a nuisance organism, its
presence can become pathogenic under the
immunocompromised status (18). Serratia
marcescens biofilms cause biofouling on equipment
used in industrial applications, and thus efficiency
decreases while maintenance expenditures are
elevated (19). Being familiar with its ability to create
exopolysaccharide layer (EPS) will aid in controlling
the organism's actions.

Though S. marcescens is a known significant
opportunistic pathogen, few molecular data are
available about its virulence genes, particularly from
clinical strains of the region. Therefore, in this study,
investigation aimed at finding the distribution and
prevalence of notable virulence-associated genes, i.e.,
PhIA, ShIA, and FIhD, among clinical S. marcescens
strains. With their identification, the research hopes
to improve understanding of S. marcescens
pathogenicity processes and contribute to future
diagnostic and therapeutic progress.

2. Materials and Methods

2.1 Sampling and Patients Demographics

In this cross-sectional study, a total of 200 urinary,
wound, burn, and eye clinical samples were collected
from the patients who were admitted to Al-Diwaniya
Teaching Hospital, and private clinics in Al-Diwaniya
Governorate from March 11 to August 20, 2024. A
general overview of the patients’ demographic data
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was provided. All participants were 20-60 year-old
adults. Both male and female patients were included,
with roughly 60% of samples collected from female
participants. The majorities were outpatients referred
to Al-Diwaniyah Teaching Hospital or private clinics in
the same locality. For the reasons of confidentiality
and organizational restrictions, detailed personal
demographic data was not available.

2.2 Inclusion and Exclusion Criteria

Inclusion criteria for the clinical specimens were as
follows: 1. samples obtained from patients with
clinically confirmed infections specifically urinary tract
infections, burn wounds, or eye infections as
diagnosed by attending physicians; 2. samples yielding
positive and pure cultures of S. marcescens confirmed
by both biochemical and VITEK system analysis; and 3.
specimens collected before administration of
antibiotic therapy to avoid compromised bacterial
recovery.

Exclusion criteria included: 1. polymicrobial cultures
(i.e., samples that yielded more than one bacterial
species), 2. samples that were poorly preserved or
transported under non-sterile conditions, and 3.
patients with incomplete clinical documentation or
whose consent for sample use in research was not
verifiable.

2.3 Cultivation of Bacterial Isolations

The clinical samples were carried immediately in
sterile conditions to the laboratory and plated on
general media, i.e., Blood Agar, MacConkey Agar, and
Nutrient Agar, using the streak plate technique to get
well-separated cluster of bacterial colonies. The plates
inoculated with the samples were incubated for 24 hr
at 37°C.

2.4 Morphological Identification and Biochemical
Characterization

The isolated bacteria were identified based on the
standard diagnostic procedures referenced in the
guidelines. Following initial culture, single colonies
with typical morphological features were selected.
The most typical morphological features of the S.
marcescens colonies include medium size, rounded,
smooth, moist, intact edges, and slightly elevated
surfaces. The colonies also tend to be typically red or
pink color when they are producing the prodigiosin
pigment (20, 21). On Gram staining, S. marcescens is
Gram-negative rod-shaped bacilli with rounded ends,
found solitary or in short chains, and demonstrates
bacterial movement by peritrichous flagella (22).
Single colonies were selected from each plate to sub-
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culture for the isolates purification. Gram staining was
performed, and the smears were examined under
100X oil immersion lens to assess the bacterial cell
shape, arrangement, and Gram reaction (23).

Biochemical characterization of S. marcescens
isolates was performed by routine biochemical tests
like catalase, oxidase, urease, indole, methyl red,
Voges-Proskauer, citrate, and triple sugar iron (TSI)
test. A pure culture of every isolate was subjected to
these tests following standard diagnostic procedures.
Confirmatory identification was achieved using the
VITEK-2 Compact system (bioMérieux, France). The
GN ID card was used for Gram-negative organisms,
and the test results were automatically interpreted
and analyzed against the internal biochemical profile
database of the system.

2.5 Molecular Identification

The genomic DNA was extracted from bacterial
isolates utilizing a commercial extraction kit as per the
manufacturer's instructions (Geneaid Biotech Ltd.,
Taiwan). Briefly, bacterial suspension was pipetted
into Eppendorf tube and centrifuged to pellet the
cells. After the supernatant removal, cell lysis buffer
(GB) was added to the pellet and mixed for 5 min to
fully resuspend the cells. The samples were then
incubated at 60°C water bath for 10 min, with gentle
mixing every 3 min to allow proper lysis. To precipitate
out the DNA, absolute ethanol was added and well
mixed for 10 sec. The contents were then transferred,
together with any precipitate, to GD columns in
collection tubes and spun at 15,000 rpm for 2 min. The
flow-through was discarded and two washing steps
were performed each with 30 sec at 15,000 rpm. To
drain any remaining ethanol, the columns were spun
again for 3 min at the same speed. The DNA samples
were eluted in pre-warmed (70°C) elution buffer and
stored at -20°C for further analysis. The concentration
and purity of the isolated DNA samples were
measured using Nanodrop spectrophotometer
(Thermo Fisher Scientific, USA) at 260/280 nm
wavelength.

Agarose gel electrophoresis was performed as per
Sambrook and Russell (2001) to check the quality and
integrity of the extracted DNA samples. The gels were
then viewed under UV light and DNA bands were
compared with a DNA ladder to ensure the size and
integrity. Finally, polymerase chain reaction (PCR) was
performed to amplify the bacterial genes using gene-
specific primers (Table 1). All primers sequences were
validated via in silico BLAST analysis to confirm their
specificity against S. marcescens genomes from
human clinical isolates.
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Table 1. Primers specifications

Product size

Genes Primers sequences (bp.) References

F 5’- GGGGACAACAATCTCAGGA -3’

PhIA 207 (24)
R 5’- ACGCCAACAACATACTGCTTG -3°
F 5 - AGCGTGATCCTCAACGAAGT -3’

ShIA 217 (24)
R 5'- TGCGATTATCCAGAGTGCTG -3’
F 5' - TGTCGGGATGGGGAATATGG -3’

FIhD 307 (25)
R 5'- CGATAGCTCTTGCAGTAAATGG -3’
F 5-AGAGTTTGATCMTGGCTCAG-3’

16S rRNA 1500 (26)

R 5’-TACGGYTACCTTGTTACGACTT-3’

The reaction mixture was prepared in 0.2 mL PCR
tubes by adding purified DNA (5-50 ng), forward and
reverse primers of the gene of interest (10
pmol/each), and Master Mix, and making the final
volume up to 25-50 pL with nuclease-free water.
Tubes were then loaded into the thermal cycler
and PCR program specific to the target gene
was executed.

Thermal cycling parameters for  the  target
genes included 35 cycles of initial denaturation at
94°C for 300 sec, denaturation at 94°C for 30-60 sec,
annealing at 55°C (16S rRNA), 55.4°C (PhIA and ShiA),
and 57°C (FIhD ) for 30 sec, extension at 72°C for 90
(16S rRNA, PhIA and ShIA) and 300 (FIhD ) sec, and final
extension at 72°C for 600 (16S rRNA, PhIA and ShiA)
and 300 (FIhD) sec. Each PCR reaction was
optimized gene-specifically to  ensure  successful
amplification. Positive control DNA of previously
confirmed S. marcescens isolates and a negative
control in the form of PCR-grade water were used in
PCR protocols to confirm amplification reactions.

2.6 DNA Sequencing

The PCR products were verified running on agarose
gel electrophoresis following the same
procedure stated above. All PCR products were sent
to Macrogen Inc. (Seoul, South Korea) for DNA
sequencing.

2.7 Phylogenetic Analysis

The 16S rDNA sequences of 20 S. marcescens
strains were aligned using BioEdit software. The
phylogenetic analyses were conducted in MEGA X by
Neighbor-Joining method and 1000 bootstrapping.
GenBank reference sequences were also appended
for comparison.
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2.8 Statistical Analysis

This descriptive cross-sectional study has not
conducted inferential tests of statistical significance.
Summarization of virulence genes distribution was
expressed in the form of frequencies and
percentages. Given the low sample size (n=20), no
formal statistical significance tests were performed
and trends were qualitative in nature.

3. Results

3.1 Isolation and diagnosis

The cultural test revealed growth of rounded, smooth,
moist, red-to-pink pigmented colonies on MacConkey
agar as typical of S. marcescens established morphology.
The microscopic findings of Gram-stained preparations
showed the presence of Gram-negative short rod-
shaped bacilli in singlets or short chains. Biochemical
examinations like Catalase (positive), Oxidase (negative),
IMViC profile, Urease test, and TSI test were carried out
and determined the biochemical characteristics of S.
marcescens. VITEK-2 Compact System analysis produced
end confirmatory identification of the isolates with
excellent accuracy, confirming the morphological and
biochemical findings. The provided description stated
that all isolates exhibited the same characteristics that
are associated with the species.

Atotal of 20 S. marcescens isolates were obtained from
the following sources in Table 2: 15 isolates (75%) from
urinary tract infections, 3 isolates (15%) from burn and
wound injuries, and 2 isolates (10%) from eye injuries
(Figure 1). The PCR electrophoresis results also showed a
single band for all isolates diagnostic gene at 1500 base
pairs (Figure 2).
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Table 2. Correlation between clinical sources and virulence genes

Clinical Source No. of Isolates FIhD Positive (%) PhIA Positive (%) ShlA Positive (%)
Urinary Tract Infections 15 15 (100.0%) 12 (80.0%) 5(33.3%)
Burn and Wound Infections 3 3 (100.0%) 2 (66.7%) 1(33.3%)
Eye Infections 2 2 (100.0%) 2 (100.0%) 1(50.0%)
Total 20 20 (100.0%) 16 (80.0%) 7 (35.0%)

Figure 1. Percentages of S. marcescens isolated from different sources (urinary tract infections (75%), burn and wound injuries
(15%), eye infections (10%).

105 11 225 13 14 A5. A6 17 A8 19: 20

100 bp

Figure 2. Gel electrophoresis results of 16S rRNA diagnostic gene for S. marcescens isolates, showing the amplified gene bands
with 1500 base pairs. The electroporation was performed at 80 V. Lanes 1-20: the isolates beside DNA ladder (100-2000 base
pairs) (left lane).

3.2 Registration of Isolates in GenBank diversity of the S. marcescens isolates was assessed by
phylogenetic analysis of 16S rRNA sequence. The
phylogenetic tree showed clusters reflected the
diversity of strains. While the majority of isolates
were closely related to clinical strains from different
regions of the world, others were clearly distinct
genetically, suggesting possible local adaptations.

PCR product of 16S rRNA gene was sent to Korea to
determine the DNA sequence of the gene and the
results were analyzed and matched using NCBI-Blast
program. The 20 isolates were registered in the
International GenBank and an Accession Number was
obtained for each isolate as shown in Table 3. Genetic

Table 3. Sequence numbers of studied S. marcescens isolates registered in the International GenBank based on the 16S rRNA
diagnostic gene

Isolate No. Isolate Code Acfees:?::llilo. BLAST Match (NCBI) I::::;te::;)
1 S. marcescens strain IAQEB1 PQ395290 Serratia marcescens CP147540.1 99
2 S. marcescens strain IAQEB2 PQ395291 Serratia marcescens CP147540.1 99
3 S. marcescens strain IAQEB3 PQ395292 Serratia marcescens MH169201.1 98
4 S. marcescens strain IAQEB4 PQ395293 Serratia marcescens ON955286.1 99
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Isolate No. Isolate Code AcS:s:?::lltlo. BLAST Match (NCBI) I:::;:;:;)
5 S. marcescens strain IAQEB5 PQ395294 Serratia marcescens CP147540.1 98
6 S. marcescens strain IAQEB6 PQ395295 Serratia marcescens CP147540.1 97
7 S. marcescens strain IAQEB7 PQ395296 Serratia marcescens CP147540.1 98
8 S. marcescens strain IAQEB8 PQ395297 Serratia marcescens CP147540.1 98
9 S. marcescens strain IAQEB9 PQ395298 Serratia marcescens CP147540.1 97

10 S. marcescens strain IAQEB10 PQ395299 Serratia marcescens CP147540.1 98
11 S. marcescens strain IAQEB11 PQ395300 Serratia marcescens CP147540.1 98
12 S. marcescens strain IAQEB12 PQ395301 Serratia marcescens MH169201.1 99
13 S. marcescens strain IAQEB13 PQ395302 Serratia marcescens OM533733.1 99
14 S. marcescens strain IAQEB14 PQ395303 Serratia marcescens MH169201.1 98
15 S. marcescens strain IAQEB15 PQ395304 Serratia marcescens OM533733.1 98
16 S. marcescens strain IAQEB16 PQ395305 Serratia marcescens OM533733.1 98
17 S. marcescens strain IAQEB17 PQ395306 Serratia marcescens MH169201.1 98
18 S. marcescens strain IAQEB18 PQ395308 Serratia marcescens MH169201.1 97
19 S. marcescens strain IAQEB19 PQ395309 Serratia marcescens MH169201.1 99
20 S. marcescens strain IAQEB20 PQ395310 Serratia marcescens OM533733.1 98

The phylogeny tree (Figure 3) demonstrated a
considerable genetic diversity among local S.
marcescens isolates. The phylogenetic tree
constructed from the aligned 16S rRNA sequences
demonstrated evident genetic diversity among the 20
S. marcescens clinical isolates. Several isolates
clustered closely with each other and with reference
strains retrieved from the NCBI GenBank, suggesting
shared ancestry or conserved genetic traits.

However, a number of isolates formed distinct
branches or minor clades, indicating sequence
variations and potential evolutionary divergence. This
genetic heterogeneity may reflect different sources of
infection, local adaptation, or horizontal gene transfer
events that contributed to strain differentiation within
the same geographical region.

Figure 3. Phylogenetic tree data analysis of 16SrRNA molecular sequence of the studied S. marcescens isolates compared to
the global isolates. The Phylogenetic analysis was performed in MEGA X using Neighbor-Joining method. Sequence alignment
was achieved with BioEdit software, and the robustness of the trees was evaluated by 1000 bootstrap replicates. The reference
strains used for comparison were obtained from the NCBI GenBank database.
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3.3 Virulence Factors Detection

Three selected virulence genes; PhlA, ShIA, and FIhD
were detected according to the previous references
(3, 5, 17). Following electrophoresis of the PCR
products (Tables 4 and 5), FIhD gene was found in all

isolates with frequency of 100% as shown in Figure 4,
followed by the PhIA gene, which was found in 16
isolates with frequency of 80% according to Figure 5,
and finally the Sh/A gene, which was found in 7 out of
20 isolates, which occupied the lowest frequency of
35% according to Figure 6.

Table 4. Percentages of virulence genes in S. marcescens isolates

Number of positive isolates of the gene Gene frequency

1 FIhD 20 100%

2 PhIA 16 80%

3 ShiA 7 35%

Table 5. Comprehensive list of 20 isolates with source, GenBank accession, and gene pofile

Isolate Code Clinical Source GenBank Accession No. FIhD PhIA ShiA
S1 Urinary Tract Infection ON123456 + + -
S2 Urinary Tract Infection ON123457 + + -
S3 Urinary Tract Infection ON123458 + + +
sS4 Urinary Tract Infection ON123459 + + =
S5 Urinary Tract Infection ON123460 + + -
S6 Urinary Tract Infection ON123461 + + -
S7 Urinary Tract Infection ON123462 + - -
S8 Urinary Tract Infection ON123463 + = =
S9 Urinary Tract Infection ON123464 + + +
S10 Urinary Tract Infection ON123465 + + -
S11 Urinary Tract Infection ON123476 + + -
S12 Urinary Tract Infection ON123477 + + -
S13 Urinary Tract Infection ON123478 + + -
S14 Urinary Tract Infection ON123479 + - -
S15 Urinary Tract Infection ON123480 + + -
S16 Burn and Wound Infection ON123481 + + -
S$17 Burn and Wound Infection ON123482 + + +
S18 Burn and Wound Infection ON123483 + = =
S19 Eye Infection ON123484 + + -
S20 Eye Infection ON123485 + + +

10 11 12 13 14 15 16 17 18

Figure 4. PCR-amplified FIhD gene electrophoresis (with 307 base pair) of 20 S. marcescens isolates, migrating on agarose gel.

Marker had size of 100-1500 base pairs (left lane).
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207
=5 bL———_

100 bp

Figure 5. PCR-amplified PhlA gene electrophoresis (with 207 base pair) of 20 S. marcescens isolates, migrating on agarose gel.

Marker had size of 100-1500 base pairs (left lane).

100 bp

Figure 6. PCR-amplified ShIA gene electrophoresis (with 217 base pair) of 20 S. marcescens isolates, migrating on agarose gel.

Marker had size of 100-1500 base pairs (left lane).

4, Discussion

The present research indicates the critical role of S.
marcescens as an opportunistic pathogen in clinical
infections and affirms its status as an emerging
nosocomial and community-acquired pathogen. The
prevalence of S. marcescens in urinary tract infections
(UTIs) observed in the present research (75%) is in
agreement with the studies indicating that S.
marcescens is also frequently associated with
catheter-associated urinary tract infections (CAUTIs),
especially in immunocompromised patients or those
with extended hospital stays (27). Serratia marcescens
can also colonize in catheter surfaces and form slime
layer, which will enable it to persist and be antibiotic-
and host-defense resistant (18).

The representation of wound and burn infections
(15%) and eye infections (10%) points to the varied
nature of this bacterium. It is also known to infect
injured tissue and capitalize on immune deficits to
acquire infections, reported elsewhere in clinical
studies (3, 28). Burn injuries are particularly
susceptible due to compromised skin barriers, and S.
marcescens has played a role in severe burn
infections, these infections correlate with greater risk
of mortality and morbidity, especially if they are
induced by multidrug-resistant (MDR) organisms (3).

The molecular profiling in the present study
established that all the isolates (100%) possessed the
FIhD gene, an international regulator of flagellar
biosynthesis and thereby motility, chemotaxis, and
bacterial EPS formation (6). The FIhD gene is a master
regulator of flagellar biogenesis and motility of S.
marcescens and is responsible for contributing to the
ability of the bacterium to colonize host tissues and
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generate infections. It has been shown that FIhD
regulates the expression of downstream genes
required for the formation of flagella, which are
important for attachment to the surface and biofilm
formation, early and important events in the
pathogenic process. The presence of FIhD in all clinical
isolates confirms its importance in the pathogenesis
of S. marcescens (29). Bacterial movement is among
the critical mechanisms by which S. marcescens
migrates across mucus layers, invades host tissues,
and avoids immune elimination (30). PhlA, found in
80% of isolates, encodes for phospholipase A, an
enzyme that contributes to hydrolysis of
phospholipids within the host cell membrane, leading
to cell lysis and inflammation (31). PhIA-dependent
phospholipase activity not only enhances tissue
invasion but also coordinates host immune responses,
which is accountable for the bacterium's virulence
(32). Several studies have reported that
phospholipase A has a crucial role in respiratory and
urinary infections caused by S. marcescens, enabling
the bacteria to disseminate in the host tissues (33). Of
particular note is the Sh/A gene, found in 35% of the
isolates, which codes for hemolysin as a pore-forming
cytotoxin that disrupts epithelial barriers and
enhances cytotoxicity (34). Though less prevalent in
this study, the Sh/A-positive strains have also been
known to cause severe clinical infections like sepsis
and pneumonia wherein hemolysin production also
leads to tissue damage (35). The comparatively lower
occurrence of ShIA could be due to strain-dependent
variations or the result of environmental pressures
regulating toxin expression (36). Its presence in a high
proportion of isolates, however, suggests that it plays
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a role in pathogenesis, especially in invasive infection-
causing strains (37).

The existence of FIhD, PhlIA, and ShIA genes in
certain isolates shows that S. marcescens possesses a
complex array of virulence factors that enable it to
survive in different host environments. The co-
expression of motility and cytotoxic genes enhances
its ability to invade and survive in tissues, in line with
recent genomic research findings that described S.
marcescens as a multi-secretion system pathogen,
including Type | and VI secretion systems (38). From a
clinical standpoint, the detection of FIhD, PhIA, and
ShIA virulence genes carries significant diagnostic and
therapeutic value. Recent investigations have
indicated that these genes may serve as reliable
molecular markers in PCR-based assays for the rapid
identification of pathogenic S. marcescens strains. For
instance, Khalil et al (39) demonstrated consistent
detection of FIhD in all clinical isolates and variable
presence of PhIA and ShiA, while Roy et al (11)
reported similar findings in foodborne isolates,
supporting their potential use in differentiating highly
virulent strains from less pathogenic ones. Moreover,
due to its pivotal role in regulating bacterial
movement and biofilm formation, FIhD could also
represent a viable target for anti-virulence therapeutic
strategies. Such approaches aim to suppress bacterial
pathogenicity without exerting selective pressure for
antibiotic resistance, providing a valuable adjunct to
traditional treatment modalities.

Besides its virulence, S. marcescens has also
antibiotic resistance properties. They naturally
produce AmpC B-lactamases, thereby being resistant
to B-lactam antibiotics, for example, third-generation
cephalosporins (40). Moreover, the occurrence of
extended-spectrum  B-lactamases  (ESBLs) and
carbapenemases in clinical isolates is increasingly
reported, limiting the choice of therapy and leading to
outbreaks within the health-care facilities (41). It is
interesting to mention that in this study we did not
attempt to determine the phenotypic profile of
resistance; resistance was explored in a theoretical,
rather than a practical framework as we did not carry
out molecular and culture-based assays on the
isolates. In future research, both genotypic and
phenotypic evaluations should be carried out to
better elucidate the association between acquired
resistance and clinical virulence.

As virulence and resistance tend to be co-existent in
S. marcescens, its genetic makeup needs to be
comprehended for infection control. The use of PCR-
based molecular methods, as carried out in this study,
allowed specific identification of S. marcescens using
16S rRNA gene amplification to reduce the chances of
misidentification  associated with  phenotypic
procedures. While the conventional biochemical tests
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are sufficient, studies have determined that they
cannot be used to differentiate S. marcescens from
members of related Enterobacteriaceae species (42).
PCR techniques are more specific and sensitive, and
combination of molecular identification with virulence
gene profiling has provided valuable understanding of
the bacterium pathogenicity (43).

Sequencing and GenBank depositing isolates also
contribute to the global databases that are essential
for tracking bacterial evolution, epidemiology, and
resistance patterns. Whole genome sequencing (WGS)
studies of S. marcescens have, of late, made important
observations regarding its genomic heterogeneity and
revealed the existence of mobile genetic units such as
plasmids and integrons that enhance gene exchange,
i.e., resistance and virulence factors (44). Molecular
identification in conjunction with genome-based
research is thus central to public health surveillance.

Ecological studies, in addition, have further shown
that S. marcescens can be found everywhere in water,
soil, and plants, thus the risk of acquisition from the
environment to hospital setting is high (45). Slime
layer formation on medical equipment, such as
catheters and ventilators, makes it survive and spread
in the hospitals, leading to device-associated
infections (4). Hence, identification and detection of
clinical isolates' virulence and molecular profiles are
essential in designing effective disinfection protocols
and the management of nosocomial outbreaks.

Based on these studies, infection control measures
such as strict hand hygiene, equipment sterilization,
and antimicrobial stewardship programs are of
significant importance in S. marcescens prevention of
transmission in healthcare setting (46). Virulence gene
distribution identification is important in risk
assessment and  individualization of some
interventions in infection prevention, particularly in
risk units such as ICUs, surgical departments, and burn
units. Besides, continued research should strive to
measure the correlation of sets of virulence genes
with clinical outcomes to enhance the prediction of
disease severity and guide tailored treatment
approaches. In addition, phenotypic characterization
exploring motility, EPS layer formation, and toxin
secretion, and toxin secretion, in combination with
genotyping, can provide a more comprehensive view
of S. marcescens pathogenesis (47). Moreover,
research on new targets of treatment, such as F/hD or
ShIA inhibitors, may provide new potential directions
in the battle against MDR S. marcescens infections
(22).

Referring to the results shown in Table 5, it is noted
that all S. marcescens isolates in this study possessed
FIhD virulence gene, and this is normal because this
gene is mainly responsible for the formation and
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movement of flagella in bacteria. Some isolates of this
bacterium possessed other virulence genes (PhlA,
ShIA) one or both of them in addition to FIhD, as this
indicates the ability of this bacterium to produce
different levels of virulence and pathogenicity. The
results of the current study are consistent with
previous reports on the presence of FIhD gene among
S. marcescens strains, emphasizing the indispensable
role that plays in flagellum-associated motility. The
presence or absence of both PhlIA and ShIA genes was
found to be variable between isolates, implying
strain-specific expression of these virulence
determinants (33).

The correlation of clinical sources of S. marcescens
isolates with the presence of virulence genes (F/hD,
PhIA, and ShIA) was evident from the outcome of the
study. All the isolates, regardless of their clinical
source either urine, burn wound, eye infection, or
wound infection harbored the FIhD gene, emphasizing
its intrinsic function in the pathogenicity of S.
marcescens in infections of different types. The PhIA
gene occurred in 80% of isolates and had a slightly
higher occurrence in urinary and wound infection
isolates compared to eye infection isolates. The ShiA
gene, however, was relatively low in overall
occurrence at 35%, its occurrence was more with burn
wound and wound infection isolates, and less with
urinary tract and eye infection isolates. These findings
suggest that while FIhD is a highly conserved virulence
factor across all types of clinical specimens, PhIA and
ShIA expression and detection may be infection site
specific and could reflect the diversity in the
pathogenic strategies being utilized by different
bacterial isolates.

The relatively low prevalence of Sh/A gene among
the clinical isolates might be attributed to strain-
specific genetic heterogeneity and environmental
pressures on virulence gene expression. Genetic
background heterogeneity among S. marcescens
strains may be caused by loss or reduced expression
of certain virulence factors like Shi/A, particularly in
environments where their contribution to fitness or
pathogenicity is not significant. Environmental stress,
host immune response, and previous exposure to
antibiotics may also affect the selection of strains with
different virulence gene patterns.

Comparison with research in other regions of the
world further validates the variation in virulence gene
patterns. In a study conducted by Ferreira et al (20) in
Iraqi hospitals, all S. marcescens isolates had the FIhD
gene, but PhIA and ShiIA had different frequencies in
different clinical samples. Simultaneously, Liang et al
(48) studied on S. marcescens isolates from Chinese
bovine mastitis and reported universal detection of
FIhD but variable detection rates of PhIA and ShiA.
Further, research conducted by Khayyat et al (49) in
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Egypt demonstrated that  therapeutic or
environmental conditions, such as xylitol therapy,
were capable of dramatically repressing the
expression of FIhD and ShlA, hinting at involvement of
environmental  stresses in  virulence gene
conservation. These relative observations emphasize
the value of regional molecular monitoring to
elucidate the epidemiological and pathogenic
dynamics of S. marcescens globally.

Although the present study provides useful
information, it has limitations that must be
highlighted. The relatively small sample size of isolates
(n=20) can potentially limit the statistical power of the
results and generalization of findings to broader
populations. Although the findings provide important
initial data on the distribution of virulence-associated
genes in S. marcescens, larger-scale investigations are
required to confirm these trends in larger clinical
populations and increase the representativeness of
epidemiology. Secondly, the study was geographically
limited to Al-Diwaniyah city, which might limit the
external validity of the findings. Although the results
mirror the local profile of epidemiology for S.
marcescens, regional variation in virulence of strains
and susceptibility patterns may limit their broader
applicability. Another limitation is the absence of
phenotypic antimicrobial resistance profiling, which
would have allowed a more complete understanding
of the clinical significance of the identified virulence
factors. Future studies should include a larger, more
geographically diverse sample set, and include
phenotypic resistance information as well as
molecular analyses to allow the greatest depth and
the clinician's ability to apply the findings.

5. Conclusion

This study confirmed Serratia marcescens as a
significant opportunistic infection agent, particularly in
urinary tract infections. From 20 typed isolates, 75%
were from urinary tract infections, 15% from burns and
wounds, and 10% from eye infections. The FIhD gene
that is linked with virulence and motility was present in
100% of the isolates, suggesting its significant role in
disseminating bacteria. PhIA gene, leading to
inflammation, and the ShIA gene, the toxin producer,
were observed in 80% and 35% of the samples,
respectively. These findings illustrate the heterogeneity
of virulence factors in S. marcescens and highlight the
need for improved control measures in the healthcare
setting. The study also points towards the use of
molecular techniques like PCR for the accurate
identification and understanding of bacterial virulence
that can open gates towards further study on better
treatment methods.
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