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Introduction 

Shigellosis is a  major public health problem world-wide, 

especially in areas with poor sanitation and high  

population density. This extremely transmissible variant 

of bloody stool is induced by species of Shigella and has 

been particularly prevalent in children under the age of 

five year [1, 2]. Of the four Shigella species identified, S. 

flexneri is the most commonly isolated in low- and 

middle-income countries and causes the majority of 

endemic disease [3,4].The World Health Organization 

has placed Shigella spp. on its priority pathogen list  

because of the rising antimicrobial resistance (AMR) and 

the high disease burden in children [5]. Shigella  

infections are listed as causing more than 4 million cases 

and 100,000 deaths, annually around the world  [6]. 

Shigellosis can manifest clinically as mild, watery 

diarrhea or severe dysentery and is primarily determined 

by the virulence properties of the infective strain 

[7].Invasion of colonic epithelial cells and intracellular 

survival are both critical phases in the pathogenesis of S. 

flexneri. This invasive behavior is largely facilitated by a 

massive 220 kb virulence plasmid, which harbors a 

number of genes that contribute to the function of a type 

III secretion system (T3SS), allowing direct delivery of 

effector proteins into host cells [8,9]. The best-known 

virulence markers are the virF and ial genes.VirF is the 

product of the virF gene and is a positive transcriptional 

regulator of both the invasion and ial defines a hierarchy 

in the invasion of host cells by S. flexneri, gene loci. It is 

considered as the master of the regulatory cascade 

mediating the activation of factors that serve essential 

functions such as virB, ipaB and ipaC used to penetrate 

the host cell [10,11]. On the other hand, the ial gene 

(invasion-associated locus) is present on the invasion 

plasmid, and is thought to play an important role in the 

maintenance of an invasive phenotype, notably being 

involved in both intracellular multiplication and 

intercellular spread [12,13].Because of their close 

correlation with virulence, virF and ial have been 

suggested as molecular markers for both diagnostic and 
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epidemiological uses [11,14]. PCR assays for detection of 

these genes provides a quick, highly specific means to 

identify invasive Shigella, differentiating them from non-

invasive enteric bacteria and thereby facilitating more 

focused public health efforts [9,15].Monitoring virulence 

gene occurs more important With the growing threat of 

multi-drug resistant Shigella flexneri isolates and the lack 

of a licensed vaccine, Knowledge on frequency and 

distribution of invasion-associated genes in clinical 

isolates is of particular importance for understanding 

bacterial pathogenicity and is a key factor to diagnose and 

control such infections.Accordingly, the current study 

was aimed at detecting and profiling of the invasion's 

associated virulence genes (virF& ial) among clinical 

isolates of S. flexneri that recovered from pediatric 

diarrhea patient in Al- Diwaniyah city within Iraq. By 

traditional PCR methods.  

 

Materials and Methods 

Ethical Approval 

This research was authorized by the Scientific and Ethical 

Committee in the Department of Biology, College of 

Education, University of Al-Qadisiyah (Approval 

number: 35- 25/1/2025). Written institutional consent 

was not necessary for the acquisition and processing of 

clinical specimens. Nonetheless, oral informed consent 

was sought from the parents or legal guardians of all 

children before stool collection. Throughout the 

observation, patient privacy and data confidentiality were 

kept confidential. 

Sampling and Bacteriological Identification 

One hundred stool samples were collected from children 

with acute diarrhoeal disease in the city of Al- 

Diwaniyah. Specimens were collected in sterile 

containers and transported at 4°C to the microbiology 

laboratory. The samples were all analyzed within 2 h 

after collection. Isolates were inoculated on selective 

medium, MacConkey and Xylose Lysine 

Deosycholate(XLD) agar, and were aerobically incubated 

at 37°C for 24 h. Colonies with morphological features 

indicative of Shigella, such as the pale color on 

MacConkey agar and the pink colonies on XLD agar, 

were chosen for additional testing. 

Morphological and Biochemical Features 

Presumptive Shigella colonies were examined 

microscopically refer to Gram staining. Furthermore, the 

isolates were conscious using the standard biochemical 

tests in agreement with the standard diagnostic technique 

including catalase and oxidase test, TSI agar slant 

reaction, methyl red test, indole production, Voges-

Proskauer test, citrate utilization, urease activity, lactose 

fermentation, and all media and reagents used were ready 

according to manufacturer instruction and then incubated 

properly. 

Genomic DNA Extraction 

The genomic DNA of the ten Shigella flexneri isolates 

were extracted by a commercial genomic DNA 

extraction kit (Taiwan) according to the manufacturer’s 

instructions. DNA extraction quality and quantity were 

confirmed with the Nanodrop spectrophotometer 

(Thermo Fisher Scientific, USA). The DNA samples 

were stored subsequently at –20°C for later analysis. 

PCR Amplification of virF and ial Genes 

Conventional PCR was used to detect the virulence genes 

virF and ial. The primers used, product sizes, annealing 

temperatures, and references are presented in Table 1. 

Table 1. PCR primers used in the study 

Gene  Product Size 

(bp) 

Annealing Temp 

(°C) 
Reference 

virF 
F (5'-3')  

CCTCAGAATAGGAGTGT 

TGAA 331 55 (16) 

R (5'-3') TCTTAGTTACTCTGTAAACAC 

ial 
F (5'-3')  CTGGATGGTATGGTGAGG 

320 58 (17) 
R (5'-3') GGAGGCCAACAATTATTTCC 

 

PCR Reaction Mixture 

Polymerase chain reaction (PCR) was carried out in a 

final reaction volume of 25 µL. Each reaction contained 

12.5 µL of 2X PCR Master Mix  (Bioneer, Daejeon, South 

Korea), 1 µL of forward primer and 1 µL of reverse 

primer (each at a  concentration of 10 pmol/µL), 2 µL of 

genomic DNA template, and 8.5 µL of nuclease-free 

water to complete the volume. All reagents were mixed 

gently and briefly centrifuged before thermal cycling 
(Applied Biosystems Veriti™, Thermo Fisher Scientific, 

USA). 

Thermal Cycling Conditions 

Amplification of the target genes was performed in a 

thermal cycler using the following cycling parameters: an 

initial denaturation step at 95°C for 5 minutes, followed 

by 35 amplification cycles consisting of denaturation at 

95°C for 30 seconds, annealing at 55°C for virF or 58°C 

for ial for 30 seconds, and extension at 72°C for 45 

seconds. The program concluded with a final extension 

step at 72°C for 5 minutes to ensure complete product 

elongation (16, 17). 

Gel Electrophoresis 
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PCR products were resolved on a 1.5% agarose gel 

stained with Safe Stain to visualize the DNA bands. 

Electrophoresis (Scie-Plas, UK) was performed at 100 

volts for 45 minutes in 1X TAE buffer. A 100 bp DNA 

ladder was included alongside the samples to estimate 

fragment sizes. DNA bands were visualized using a UV 

transilluminator (Scie-Plas, UK) and photographed for 

documentation. 

 

Results 

Gram staining was performed in microscopical 

examination on suspected Shigella  colonies. The 

isolates were Gram-negative, non-motile, non-spore-

forming short rods. Biochemical identification was done 

according to routine practices. The catalase and oxidase 

positive isolates, were examined. They fermented the 

TSI with an alkaline slant and acid but (K/A), with no 

H₂S production and gas. Other characteristics were a 

positive test with methyl red (MR), but test-negative for 

indole production, Voges-Proskauer test, citrate 

utilization, urease activity and lactose fermentation. Ten 

isolates whose morphological and biochemical characters 

matched to S. flexneri were confirmed by biochemical 

tests as S. flexneri, as showed in table 2 

 
Table 2. Morphological and biochemical characteristics 

of Shigella flexneri isolates 

 

Test Result 

Gram stain Gram-negative short rods 

Motility Non-motile 

Spore formation Non-spore-forming 

Catalase Positive 

Oxidase Positive 

TSI reaction 
K/A (Alkaline slant / Acid 

butt) 

H₂S production Negative 

Gas production Negative 

Methyl Red (MR) Positive 

Indole Negative 

Voges-Proskauer Negative 

Citrate utilization Negative 

Urease activity Negative 

Lactose 

fermentation 
Negative 

 
Based on culture characteristics and biochemical testing, 

10 isolates (10%) were confirmed as Shigella flexneri. 

Genomic DNA was successfully extracted from all 10 

isolates and used as templates for PCR analysis to detect 

the presence of the virulence-associated invasion genes 

virF and ial.PCR results revealed that the virF gene was 

detected in 4 out of 10 isolates (40%), specifically in  

 

isolates 1, 2, 3, and 4. The ial gene was detected in 3 out 

of 10 isolates (30%), observed in isolates 3, 4, and 5. 

Notably, isolate 4 tested positive for both genes, 

suggesting a high virulence potential.The distribution of 

the two genes among the isolates is shown in Table 3 and 

Figure 1, 2. 

 

Table 3. Distribution of virF and ial genes among S. 

flexneri isolates 

 

Isolate No. virF ial 

1 + - 

2 + - 

3 + + 

4 + + 

5 - + 

6–10 - - 

 
 

 
 

 

 

Figure 1. PCR amplification of the virF gene (331 bp) in 

S. flexneri isolates. Agarose gel electrophoresis showing 

PCR results for ten clinical isolates. Clear bands at 331 

bp were observed in lanes 1–4, indicating positive 

amplification of the virF gene. Lanes 5–10 showed no 

bands. Lane M represents the 100 bp DNA ladder used as 

a molecular size marker. 
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Figure 2. PCR amplification of the ial gene (320 bp) in S. 

flexneri isolates. Agarose gel electrophoresis showing 

PCR results for ten clinical isolates. Lanes 3–5 show 

positive bands at 320 bp, indicating the presence of the ial 

gene. Lanes 1–2 and 6–10 show no amplification. Lane 

M represents the 100 bp DNA ladder used a s a molecular 

size marker. 

 

Discussion  

The molecular investigation of virulence genes in 

Shigella flexneri isolates provides valuable insights into 

the invasive capacity and pathogenic potential of 

circulating strains. In this study, the detection of the virF 

gene in 40% and ial in 30% of isolates reveals significant 

variability in the distribution of these key invasion-

associated markers among pediatric clinical strains.The 

virF gene encodes a regulatory protein that acts as the 

transcriptional activator of the invasion regulon. It 

initiates the expression of virB, ipaBCD, and other genes 

required for type III secretion system (T3SS) 

functionality and epithelial invasion. Its presence is 

generally considered a hallmark of fully virulent Shigella 

strains [18]. The finding of virF in only 4 out of 10 

isolates could have been due to the genetic instability  of 

the virulence large plasmid or loss of the gene because of 

sub-culturing and environmental stresses as reported 

elsewhere [19, 20].The ial gene is involved in the 

intracellular multiplication and cell-to-cell spread of the 

bacterium, and is thus essential for tissue invasion and 

bacterial persistence [21]. The infrequency of isolates 

containing ial in the present study agrees with earlier 

findings that this gene is lost or mutated sporadically in 

certain S. flexneri populations [22]. While false negative 

PCR could arise from primer mismatches or gene 

rearrangements, the likelihood of this was minimized in 

our study due to the careful selection of gene–specific 

primers which have been previously tested and validated. 

Thus, the lack of amplification in some isolates probably 

indeed results from true lack of the target gene, not from 

technical failure [23].The presence of both virF and ial in 

only one isolate indicates that many of the circulating 

strains are likely to be devoid of an intact repertoire of 

invasion determinants, which may be mediated through 

plasmid loss or genetic silencing. This is similar to the 

previous study in Sudan were a small number of Shigella  

isolates harbored both invasion determinants [24]. 

Concomitant presence of virulence genes among the 

isolates had been associated with high disease severity in 

the clinical symptoms and increase in duration of disease, 

underpinning the diagnostic value of screening for 

multiple targets [25].In comparison with studies from 

Bangladesh and India, where the prevalence of virF and 

ial often exceeds 70%, the lower rates observed in this 

study may be attributed to geographic variation, sample 

size, or differences in population immunity and 

environmental pressures [26,27]. The serotype 

distribution of S. flexneri also affects virulence gene 

profiles; for instance, some serotypes are known to lack 

the invasion plasmid entirely or possess incomplete 

virulence gene clusters [28].Moreover, the results 

underscore the dynamic nature of S. flexneri genetics. The 

virulence plasmid is known to be unstable and can be lost 

even in vivo under antibiotic pressure or immune stress, 

reducing the invasive phenotype but potentially 

contributing to asymptomatic carriage and under-

detection [29]. This raises public health concerns as non-

invasive but plasmid-negative strains can still participate 

in transmission and reservoirs.The diagnostic 

implications of these findings are notable. While 

conventional biochemical testing confirms species 

identity, molecular detection of virulence genes like virF 

and ial adds a critical layer of information about 

pathogenic potential. Several studies recommend 

multiplex PCR targeting these genes alongside ipaH, 

set1, and sen to increase diagnostic sensitivity and 

specificity [30,31].Furthermore, the absence of these 

genes in some strains does not imply avirulence, as other 

chromosomal and plasmid-borne factors such as icsA, 

virA, ipaH, and sat may contribute significantly to 

invasion and immune evasion [32]. Future work using 

whole genome sequencing (WGS) would allow for more 

comprehensive profiling of virulence determinants and 

antimicrobial resistance patterns. 
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In the local context of Al-Diwaniyah and similar Iraqi 

settings, limited molecular surveillance and under-

reporting of Shigella virulence markers hinder timely 

responses to outbreaks. Incorporating molecular 

diagnostics into routine microbiological workflows is 

strongly recommended to inform targeted treatment, 

particularly in pediatric populations with high morbidity 

risk.Finally, understanding the prevalence and variability 

of S. flexneri virulence genes like virF and ial can aid in 

shaping vaccination strategies. Several vaccine 

candidates currently under investigation include 

components derived from these genes or their regulated 

proteins. Hence, regional molecular data are essential to 

support the design of locally effective vaccines. 

Conclusions 

This study highlights the molecular detection of the virF 

and ial invasion-associated genes among clinical isolates 

of Shigella flexneri collected from pediatric diarrheal 

cases in Al-Diwaniyah, Iraq. The results demonstrated 

that a subset of the isolates harbored these critical 

virulence genes, with virF present in 40% and ial in 30% 

of strains. The limited co-occurrence of both genes 

suggests considerable genetic variability among 

circulating isolates, potentially influenced by plasmid 

instability or regional strain dynamics. These findings 

reinforce the utility of molecular diagnostics in 

characterizing the pathogenic potential of Shigella and 

emphasize the importance of continuous surveillance of 

virulence determinants to support public health responses 

and vaccine development strategies. 
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