
162

Introduction

The bacilli Gram-negative opportunistic pathogen Ser-
ratia marcescens leads to infection with different diseases 
considered high morbidity at levels of different ages like 
neonatal and adult infection in an intensive care unit (1–3). 
Pathogenicity of these bacteria has a pathogenicity island 
that includes very important genes encoded for different 
toxins that cause the destruction of host cells like ShlA, 
PhlA, FlhD, PigP, and Fimbria for adhesion, lipopoly-
saccharide (LPS) as well as other important genes that 
increase from spreading of pathogenicity of these bacteria 
and the able causative agent for many diseases may rich to 
bloodstream perhaps lead to death because the understan-
ding of mechanisms these infection and pathogenicity line 
need many studies and scientific evidences to explained 
(4–6).  

   Hemolysis virulence factor ShlA may be considered 
a major virulence factor in S. marcescens pathogenicity 
using a murine lung infection model and cause hemolytic 
and cytotoxic effects on erythrocytes, with the aid of an 
outer membrane protein ShlB (7,8). ShlA is involved in 
the release of inflammatory mediators, increases the abi-
lity of bacteria in high UTI infection, helps in the invasion 
of the epithelial cell by these bacteria and spreading of a 
bacteria cell to other host cells (9,10).

   Serratia marcescens have virulence factors that 
make it as capable as an opportunistic pathogen with cli-
nical importance under not clear controlling pathogenesis 
pathways and poorly understood (11,12). Therefore, this 
research aimed to study the analysis of a major virulence 
gene sequencing of Serratia marcescens isolated from 
sputum and burn infection of patients in central Iraqi hos-
pitals in Baghdad including important gene ShlA that en-
codes of toxin cause pore-forming toxin, PhlA gene that 
encode for toxin act as phospholipase with hemolytic and 
cytolytic activities, FlhD gene that encode for toxin lead to 
flagellar transcriptional regulator.

Materials and Methods

Collection of specimens 
The specimens collected include 220 specimens, 100 

of which were sputum and 120 burn infection specimens 
from patients in some hospitals in Baghdad, Iraq, between 
April and June 2021. 

Laboratory diagnosis 
All two hundred twenty that were mentioned above 

arrived at the laboratory and were cultured on blood and 
MacConkey agar. Then were incubated for 18-24 h at 37 
oC. The isolates of Serratia marcescens were identified by 
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conventional morphological and biochemical tests (13) 
and certified by the VITEK- 2 Compact system (Biom-
erieux/ France) for use in the analysis of virulence gene 
sequencing. 

Extraction bacterial genome 
Extraction bacterial genome of all isolates was car-

ried out. The specific primers as shown in Table 1 below 
amplify all target virulence genes. After the amplification 
step, gel electrophoresis by using ethidium bromide was 
done of all amplicon against DNA ladder marker (1500 
bp) from Promega USA, then visualized by UV light as 
shown in Figures 1, 2 and 3 in the results.

Analysis of sequencing virulence genes  
Analysis sequencing of virulence genes from Serratia 

marcescens carried out after sending product of PCR of 
genes (PhlA, ShlA, FlhD) to macrogen (Korea) to detect se-
quences of these genes by machine ABI3730XL, automat-
ed sequencer DNA. The results of sequencing these genes 
were received by Email and certified in NCBI (BLAST). 
Then explain the analysis of sequencing virulence genes 
and show variation of Serratia marcescens isolates by Ge-
neious version-9. Then document new variations in NCBI.

Results

Laboratory diagnosis 
Laboratory diagnosis of these bacteria was done by 

conventional methods including morphological, and bio-
chemical tests. Then the results of laboratory diagnosis 
were certified by the VITEK- 2 compact system to show 
40 bacterial isolates of Serratia marcescens from total 
samples (220) in percentage (18.18%) in some hospitals in 
Baghdad as mentioned in Table 2.

Virulence genes in Serratia marcescens 
Virulence genes (PhlA, ShlA, FlhD) in this pathogen 

were carried out. Firstly, extraction of DNA genes above 
from all isolates of these bacteria. Then gel electrophore-
sis process was done by using ethidium bromide stain in 
a concentration of agarose gel (1.5% ). All the isolates 
of Serratia marcescens exhibited found FlhD virulence 
gene and some isolates contained another virulence gene 
mentioned above against the DNA ladder marker (1500 
bp) explained in Figures 1, 2 and 3.

Analysis of virulence genes sequencing 
Analysis of virulence genes sequencing from Serratia 

marcescens achieved to all Virulence genes (PhlA, ShlA, 
FlhD) by basic local alignment search tool (BLAST) and 
Geneious version-9. The results of analysis sequencing ex-
hibited different percentages in genetic identity distance as 
explained in Tables 3, 4, and 5 which refer to these bac-
teria new variation in Pathogenicity Island. These results 
explained the ability of these bacteria to produce different 
levels of virulence factors that lead to an increase in patho-

Name of Gene Type of Primer Sequences (5ʹ to 3ʹ) Annealing Temperature Reference

PhlA
Forward primer GGGGACAACAATCTCAGGA

55.4 °C (14)Reverse primer ACGCCAACAACATACTGCTTG

ShlA
Forward primer AGCGTGATCCTCAACGAAGT

55.4 °C (14)
Reverse primer TGCGATTATCCAGAGTGCTG

FlhD
Forward primer TGTCGGGATGGGGAATATGG

57 °C  (15)
Reverse primer CGATAGCTCTTGCAGTAAATGG

Table 1. Primers of virulence genes in Serratia marcescens.

samples No. of samples No. of isolates Percentage
Sputum 100 19 19 %

burn infection 120 21 17.5 %

Table 2. Serratia marcescens in sputum an burn infection.

Figure 1. Gel electrophoresis of Ph1A virulence gene (207 bp) in 
Serratia marcescens. agarose gel 1.5%, 50 V, 1 hour, DNA ladder 
(M) 1500 bp.

Figure 2. Gel electrophoresis of Sh1A virulence gene (217 bp) in 
Serratia marcescens. agarose gel 1.5%, 50 V, 1 hour, DNA ladder 
(M) 1500 bp. 
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refer to found different genetic distance between sequence 
virulence factors from Iraqi isolates Serratia marcescens 
and those previously documented in NCBI. The accession 
numbers of virulence sequence genes from Iraqi Serratia 
marcescens were (Ph1A virulence gene LC647828.1 
& LC647829.1), (Sh1A virulence gene LC647830.1 
& LC647831.1), (F1hD virulence gene LC647826.1, 
LC647827.1). Results details of virulence sequence 
genes from Iraqi Serratia marcescens are explained in the 
supplementary Figures 4, 5 and 6.

Discussion

Pathogenicity of Serratia marcescens increased through 
the ability of these pathogenic bacteria to have virulence 
genes that encode virulence factors like different toxins 
and hydrolytic enzymes that are capable of these bacteria 
to invade host defense, host cell destruction, proliferation 
of bacteria as well as inhibition of host defense border that 
often lead to death (16–18). Serratia marcescens isolated 
from Iraqi central hospitals like hospitals in the City of 
Medicine as well as other major hospitals exhibited the 
ability to produce virulence factors at different levels ac-
cording to virulence genes in the content of its genome.   

All isolates of S.marcescens in this study contained the 
virulence gene FlhD, but some isolates of these bacteria 
contained other virulence genes (PhlA, ShlA) in different 

genicity.

Global registration of Iraqi sequences virulence genes
Global registration of Iraqi sequences of virulence 

genes (PhlA, ShlA, FlhD) from Serratia marcescens was 
documented in NCBI to certainly find variation in se-
quences of these virulence genes in these pathogenic bac-
teria isolated from hospitals in Baghdad-Iraq. These results 

Figure 3. Gel electrophoresis of FlhD virulence gene (307 bp) in 
Serratia marcescens. agarose gel 1.5%, 50 V, 1 hour, DNA ladder 
(M) 1500 bp.  

LC647828          LC647829 MH460878 CP041129 CP060276 CP060483 CP050013
LC647828 97.87 97.14 97.14 97.14 97.14 99.29
LC647829 97.87 99.37 99.37 99.37 99.37 97.16
MH460878 97.14 99.37 100 100 100 97.86
CP041129 97.14 99.37 100 100 100 97.86
CP060276 97.14 99.37 100 100 100 97.86
CP060483 97.14 99.37 100 100 100 97.86
CP050013 99.29 97.16 97.86 97.86 97.86 97.86  

Table 3. Percentage of genetic identity distance in sequencing PhlA virulence gene.

LC647830          LC647831 CP053572 CP053927 CP047688 CP047391 CP047691
LC647830 100 98.79 98.18 98.18 98.18 98.18
LC647831 100 98.79 98.18 98.18 98.18 98.18
CP053572 98.79 98.79 96.97 96.97 96.97 96.97
CP053927 98.18 98.18 96.97 98.79 98.79 98.79
CP047688 98.18 98.18 96.97 98.79 100 100
CP047391 98.18 98.18 96.97 98.79 100 100
CP047691 98.18 98.18 96.97 98.79 100 100  

Table 4. Percentage of genetic identity distance in sequencing ShlA virulence gene.

LC647826          LC647827 CP059038 CP059036 AP013063 CP026702 CP018923
LC647826 97.08 97.08 97.08 97.81 97.81 97.81
LC647827 97.08 100 100 99.27 99.27 99.27
CP059038 97.08 100 100 99.27 99.27 99.27
CP059036 97.08 100 100 99.27 99.27 99.27
AP013063 97.81 99.27 99.27 99.27 100 100
CP026702 97.81 99.27 99.27 99.27 100 100
CP018923 97.81 99.27 99.27 99.27 100 100

Footnote: LC647826, LC647827, LC647828, LC647829, LC647830, and LC647831 refer to Iraqi sequences of virulence 
genes from Serratia marcescens that registered in NCBI (Figures 4, 5 and 6). 

Table 5. Percentage of genetic identity distance in sequencing FlhD virulence gene.
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percentages. These results explained the ability of these 
pathogens to produce different levels of virulence and 
variable pathogenicity. Virulence gene FlhD encodes for 
the flagellar transcriptional regulator that plays a role in 
the biogenesis process of flagella (regulator controlling), 
formation of biofilm, septation of bacterial cells and gene 
expression of virulence factors during swarming motility 
of these bacteria in host cell infection (6,19,20).   

The genome of S.marcescens has virulence genes ShlA 
that encode for pore-forming toxin and hemolytic acti-
vity. This virulence factor is hemolysin/cytolysin consi-
dered one type of toxins that cause pore forming in host 
cells causing binding with specific targets in the host cell 
membrane leading to unstable permeability of materials 
through the membrane (21,22). This pore-forming by the 
Sh1A virulence factor causes an increase in permeability 
and destruction of the infected host cell. These pathogenic 
bacteria produce two types of Sh1A virulence factors cal-
led Sh1A and Sh1B that are associated with cooperation in 
the destruction of the membrane of host cells (21,23,24).    

Also, these bacteria have PhlA virulence gene that 
encodes for phospholipase with hemolytic and cytolytic 
activities in nearly the same action manner as the Sh1A 
virulence factor. Phospholipases different roles lead to 
increased pathogenicity of these bacteria including two 
extracellular PLAs, PhlA and PlaA that increase the ability 
of Serratia marcescens in hemolytic and cytolytic activity 
(25,26). All virulence genes (PhlA, ShlA, FlhD) and his 
product mentioned above are considered major virulence 
factors and key to the pathogenicity of Serratia marces-
cens (27,28). 

Regulation of gene expression of these major virulence 
factors is very necessary to increase pathogenicity through 
the quorum sensing mechanism but explaining the mecha-
nism of pathogenesis needs more scientific studies to be 
understood in complete form (29-31). These intercellular 
communication systems stimulate the production of viru-
lence factors in S. marcescens, also motility as well as the 
production of biofilm that protects bacteria from mecha-
nisms of defense of the human body (32-34). 

Analysis sequencing of these major virulence genes 
in S. marcescens isolated from Iraqi hospitals shown in 
Tables 3, 4 and 5 explain the total identity of sequencing 
these virulence genes (PhlA, ShlA, FlhD) among local 
Iraqi bacteria. Also, the results of sequencing analysis 
showed misidentify or dissimilarity in different levels 
between Iraqi S. marcescens and global strains recorded 
in NCBI because of environmental and recurrent mutation 
of bacteria that control of spreading infection and develo-
ping high levels of pathogenicity in different countries in 
the world population. These results are scientific evidence 
to find a new variation of these virulence genes in Iraqi 
S. marcescens. Therefore, these new variation sequencing 
registered in the global database in NCBI under accession 
numbers including (Ph1A virulence gene LC647828.1 
& LC647829.1), (Sh1A virulence gene LC647830.1 & 
LC647831.1) & (F1hD virulence gene LC647826.1, 
LC647827.1) according to details in the supplementary 
Figures 4, 5 and 6.   

Analysis sequencing of virulence genes (PhlA, ShlA, 
FlhD) in Iraqi isolates Serratia marcescens showed top 
similarity sequences of each virulence gene between local 
isolates. Also, there is dissimilarity in sequences of viru-
lence genes between Iraqi and global Serratia marcescens. 

This study found new variations in sequences of these 
virulence genes and registered in NCBI (Ph1A virulence 
gene LC647828.1 & LC647829.1), (Sh1A virulence gene 
LC647830.1 & LC647831.1) & (F1hD virulence gene 
LC647826.1, LC647827.1). The genome of Iraqi Serratia 
marcescens isolates contained these virulence genes in dif-
ferent levels that explain different levels of pathogenicity 
in these bacteria in comparison with global bacteria.
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