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 Abstract 

Shigellosis is still a serious public health issue in countries with middle and low 
incomes, particularly in South Asia, where it is spread by crowded cities and poor 
sanitation. Shigella species are major causes of bacillary dysentery and are 
associated with considerable morbidity and mortality, especially in children. 
Shigella species are linked to significant morbidity and mortality, particularly in 
children, and are primary causes of bacillary dysentery. Molecular epidemiology 
studies are crucial for directing treatment and control methods since the spread of 
virulence genes and the advent of MDR (multidrug-resistant) strains make clinical 
management even more difficult. Between March and August 2025, this study 
examined the molecular traits, virulence factors, and patterns of antibiotic 
resistance of Shigella species isolated from patients suffering from gastrointestinal 
tract infections in District Peshawar, Khyber Pakhtunkhwa, Pakistan. This study 
investigated the molecular characteristics, virulence determinants, and 
antimicrobial resistance patterns of Shigella species isolated from patients with 
gastrointestinal tract infections in District Peshawar, Khyber Pakhtunkhwa, 
Pakistan, between March and August 2025. Total 400 stool samples were 
collected from major tertiary hospitals, of which 120 isolates were confirmed as 
Shigella spp. through biochemical testing and serological analysis. The 
predominant species was S. sonnei (74%), followed by S. flexneri (24%) and S. 
boydii (2%). Molecular screening of virulence genes revealed that ipaH (95.4%) 
and ial (75.1%) were the most prevalent, while set1B was detected at lower 
frequency (7.8%). Notably, eight S. sonnei isolates carried the Shiga toxin (STX) 
gene, traditionally restricted to S. dysenteriae type 1, and were associated with 
severe clinical outcomes. Antimicrobial susceptibility testing showed alarming 
resistance to cotrimoxazole (90.4%) and tetracycline (79.5%), alongside moderate 
resistance to nalidixic acid (45.8%) and ampicillin (42.2%). Lower resistance 
rates were recorded for azithromycin (17.0%), ciprofloxacin (12.0%), and 
cefotaxime (6.0%), with gentamicin (3.0%) and cefixime (3.6%) remaining highly 
effective. Furthermore, PMQR genes were detected in 45.8% among Shigella 
species, with qnrA, qnrS, and qnrD being the most common, and multi-gene 
combinations frequently observed. The strong association between PMQR 
positivity and nalidixic acid resistance highlights a growing threat of 
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fluoroquinolone resistance. Overall, these findings underscore the predominance of 
S. sonnei, the heterogeneity of virulence genes, and the emergence of multidrug 
resistance, emphasizing the urgent need for rational antibiotic stewardship and 
continuous molecular surveillance to guide effective treatment strategies against 
shigellosis in Pakistan. 

 
INTRODUCTION
Consumption of contaminated food causes the 
diseases which in severe case may lead to 
hospitalisation, or life loss. Foodborne diseases 
constitute the significant worldwide health issue, 
and it is caused by the intake of contaminated 
food or water that houses microorganisms, 
toxins, chemicals, or parasites. They are also one 
of the most prevalent popular health issues with 
millions of individuals being affected annually in 
developed as well as developing nations. 
Shigellosis is an extremely contagious diarrheal 
infection brought about by bacteria of the genus 
Shigella. It remains a major international health 
issue especially in the low and middle-income 
nations that are characterised by poor sanitation, 
clean water availability and health facilities. It is 
the cause of approximately two million ailments 
and 23,000 mortalities annually (Dallal et al., 
2020) it is mostly transmitted through fecal-oral 
route with contaminated food, water or direct 
contact between a person and another. Due to its 
low infectious dose, any exposure of small 
quantity on the pathogen may result in 
symptomatic infection, hence outbreaks occur 
very often in congested and resource-limited 
environments (Mardaneh et al., 2013). Poor 
hygiene habits, a lack of accessibility to clean 
water, and insufficient food safety laws all are 
contributing to the high prevalence of foodborne 
illnesses in low- and middle-income nations. The 
elderly, those with compromised immunity, 
pregnant women, and children younger than five 
are particularly susceptible to serious 
consequences. Common causative agents include 
bacteria such as Salmonella, Shigella, Escherichia 
coli, and Listeria, as well as viruses like norovirus 
and hepatitis A, in addition to a range of 
parasites and chemical contaminants (Libby et al., 
2023). The high transmissibility of the disease is 
explained by its rapid spread, as well as by a low 
infectious dose; only 200 cells are required to be 

infected (Shane et al., 2017). More than 90% of 
Shigella infections worldwide are caused by the 
strains S. flexneri and S. sonnei, which also have the 
greatest frequency of any of the four Shigella 
species worldwide. Both Shigella boydii and Shigella 
dysenteriae are two more species. S. flexneri is the 
most frequent cause of diarrhea, particularly in 
underdeveloped nations, particularly in Asia, 
while S. sonnei is more common in developed 
nations (Kahsay & Muthupandian, 2016). Shigella 
causes some 80 million cases and 600,000 deaths 
each year worldwide, a large percentage of which 
are in children. Despite the fact that the mortality 
rate of shigellosis remains low in different 
environments and among different populations. 
Its level is still quite high, especially among 
children younger than five years. Geographic 
location, environmental factors and serotype of 
the involved Shigella all contribute to the burden 
of disease (Dabbagh et al., 2014). 
The management of shigellosis primarily focuses 
on rehydration, symptomatic relief, and targeted 
antimicrobial therapy. Since the disease often 
presents with diarrhea and fluid loss, oral or 
intravenous rehydration remains the cornerstone 
of treatment, especially in children and elderly 
patients who are at a greater risk of dehydration. 
Nutritional support is equally important to 
prevent malnutrition and aid recovery in 
vulnerable populations (Guarino et al., 2020). 
Shooraj et al., (2024) believe that the correct 
antibiotic prescribed by the doctor can be used to 
treat the infection, thus preventing many 
symptoms and the possible fatal outcome. In the 
large majority, a decent antimicrobial therapy has 
become more difficult to choose since the 
number of clinical cases of Shigella resistant to a 
range of antibiotics has increased. In the 
backdrop of increasing antimicrobial resistance, 
research on the effective vaccines and new 
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therapeutic agents has gained a priority as a 
public health concern. There are preventive 
measures such as safe water supply, sanitation, 
and high-level hygiene measures which should be 
applied to minimize disease burden and limit the 
transmission of resistant strains (Gonabadi et al., 
2024). 
Pathogenesis of Shigella is both toxinogenic and 
invasive and interspecies variation is significant. 
Invasion of cells through the T3SS is the basic 
process through which non-dysenteria species 
such as S. flexneri and S. sonnei cause the 
manifestation of diseases. The system produces 
effector proteins including IpaA-D and IcsA. The 
proteins assist bacteria entry into epithelial cells, 
escape of the bacteria out of the vacuoles, 
intracellular motility through actin, and localized 
inflammation and mucosal damage that 
eventually results in dysentery (Aslam et al., 
2024). Conversely, Shiga dysenteriae type 1 
produces Shiga toxin (Stx) is a strong exotoxin 
that results from the binding of B subunits by 
enzyme A. The B subunit targets the glycolipid 
receptors in host namely Gb3. Conversely, A 
subunit causes inactivation of the 60S ribosomal 
subunit leading to the termination of protein 
synthesis, cell death and intense mucosal damage 
(Scott et al., 2025). Once systemic, Shiga toxin 
damages endothelial cells in the kidneys and 
central nervous system, leading to microvascular 
thrombosis, hemolysis, thrombocytopenia, and 
renal failure, clinically manifesting as hemolytic-
uremic syndrome (HUS) (Travert et al., 2021). 
Additionally, Shiga toxin induces innate immune 
responses, including the unfolded protein 
response, apoptosis, complement activation, and 
cytokine release, which further amplify tissue 
injury and inflammation (Lee & Tesh, 2019). 
Shigella pathogenicity hinges on a dual 
mechanism: intracellular invasion and, in some 
species, toxin-mediated injury. Non-dysenteriae 
species such as Effector proteins (IpaB, IpaC, and 
IcsA) are injected into epithelial cells by the 
bacteria S. flexneri and S. sonnei, which use a 
T3SS to accomplish this triggering actin 
remodeling, cell-to-cell spread, and localized 
colonic inflammation (Miles et al., 2024). In 
contrast, S. dysenteriae type 1 produces the 

potent Shiga toxin (Stx), an AB5 exotoxin whose 
B subunit binds to Gb3 on host cells (especially 
renal and neural tissues), and whose A subunit 
halts protein synthesis by inactivating the 60S 
ribosomal subunit resulting in epithelial damage 
and systemic injury such as hemolytic–uremic 
syndrome (HUS) (Menge, 2020). Disease severity 
in shigellosis is shaped by a convergence of 
bacterial, host, and environmental factors. 
Bacterial determinants include toxin type, 
virulence gene profile, and antibiotic resistance 
mechanisms, which modulate pathogenic 
potential and treatment outcomes (Nasser et al., 
2022). From the host perspective, extremes of 
age, malnutrition, and immunosuppression 
significantly heighten risk and morbidity. 
Environmental factors, including inadequate 
sanitation, water contamination, crowding, and 
lack of health care services contribute to 
transmission and the negative impact of 
shigellosis on the general population, especially 
within low-income environments (Bengtsson et 
al., 2022). 
During the period between the years 2000 and 
2020, antibiotic-resistant Shigella species were 
particularly prevalent. Empirical treatment 
guidelines are no longer based on the 
prescription of antibiotics such as β-lactam 
antibiotic, doxycycline, Minocycline, sulfadiazine, 
Sulfamethoxazole, and Co-trimoxazole. This is 
because the global resistance of Shigella isolates is 
increasing at an alarming rate. Quinolones taken 
orally are currently the treatment of choice for 
practically all cases of shigellosis, whether they are 
suspected or proved. Furthermore, as a 
consequence of the inappropriate utilization of 
ciprofloxacin in the treatment of shigellosis, 
fluoroquinolone-resistant Shigella isolates are 
becoming increasingly prevalent all over the 
world. Since these strains are thought to have 
originated from a common ancestor in South 
Asia, it is hypothesized that they have spread 
beyond their initial geographic region after the 
year 2007 (Chung et al., 2021). 
The genetic basis of quinolone resistance in 
Shigella is primarily linked to chromosomal 
mutations and the acquisition of resistance genes 
through mobile genetic elements. Mutations in 
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the quinolone resistance–determining regions 
(QRDRs) of the gyrA and parC genes, which 
encode subunits of DNA gyrase and 
topoisomerase IV respectively, reduce the binding 
affinity of quinolones, thereby conferring 
resistance (Hirsch & Klostermeier, 2021). 
Moreover, plasmid-mediated resistance to 
quinolone (PMQR) including the expression of 
qnr genes, efflux pump regulators (oqxAB, qepA) 
and aminoglycoside acetyltransferase variants 
(aac(6’)-Ib-cr) also increase the resistance and 
contribute to its horizontal transmission among 
bacterial populations. These genetic determinants 
do not only cause therapeutic problems but also 
increase the speed of the dissemination of 
resistant strains of Shigella globally, which is why 
the constant monitoring and the creation of 
those alternative treatment methods are necessary 
(Urban et al., 2022). 
It is a complex interplay between the 
pathophysiological processes that makes Shigella 
a virulent bacteria and enables it to invade, 
survive and damage host gastro intestinal. The 
infection begins when Shigella enters intestinal 
epithelial cells via an M cell, and colonic 
epithelial cells via a typeT3SS is accountable of 
injecting effector proteins, including invasion 
plasmid antigens (Ipa proteins), to facilitate 
infection and cytoskeletal remodeling processes 
(Bliven and Lampel, 2017). Shigella can then 
escape the phagocytic vacuole into the cytoplasm 
where it replicates and disperses intercellularly by 
actin-based motility mediated by IcsA (VirG). 
VirA promotes vacuolar escape and IpaH 
proteins regulate host immune signaling to 
suppress inflammatory responses to ensure 
survival. Moreover, Shigella as well as certain 
strains produces Shiga toxins, they inhibit the 
production of proteins in the cells of the host 
and might result in consequences that are 
potentially fatal, such as hemolytic uremic 
syndrome (HUS). The severe inflammatory 
reaction caused by Shigella causes cells of the 
epithelium to die, ulcerate and disrupt the 
mucosal lining, causing the characteristic signs of 
dysentery, comprising bloody diarrhea, 
abdominal pain, and fever (Nasser et al., 2022). 
 

METHODOLOGY 
Study Design 
This study was employed a descriptive cross-
sectional design to examine Shigella in District 
Peshawar, KPK, Pakistan, March from to August 
2025. 
 
Sample Collection 
A clinical sample, such as Stool 120, was 
collected from a total of 400 samples sourced 
from various hospitals in the Peshawar region, 
including Khyber Teaching Hospital, Lady 
Reading Hospital, Hayatabad Medical Complex, 
Rehman Medical Institute, and Northwest 
General Hospital. Subsequently, the samples 
were processed under aseptic conditions at the 
microbiology laboratory of the Sarhad Institute of 
Allied Health Sciences, SUIT, Peshawar. 
 
Sample Size 
Following the collection of 400 samples, 
Yamane's formula (n = N/N(e)2) was used to 
determine the sample size. The study population 
(2412000 people in Peshawar city), N, the sample 
size, and e, the expected margin error in the 
computation (5%, or 0.05), are among the 
variables employed in this formula 
 
Selection criteria for shigellosis group 
 Inclusion 
1) All patients, regardless of their age, were 
enrolled in this research study. 
2) Patients presenting with signs or 
symptoms of gastrointestinal tract disease were 
included. 
 
Exclusion 
1) Patients with diseases unrelated to the 
gastrointestinal tract were excluded. 
2) Patients that were already receiving 
antibiotic treatment were excluded.  
 
Sample processing 
After collecting fecal samples from patients 
within a span of two hours, the specimens were 
immediately transferred into Cary-Blair transport 
medium to preserve bacterial viability. As soon as 
the specimens were collected, they were all 
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transported to the microbiology laboratory within 
a 24-hour period. Following their arrival, they 
were inoculated onto selective and differential 
media, which included MacConkey agar and 
Xylose Lysine Deoxycholate (XLD) agar. This was 
then followed by aerobic incubation at 37 degrees 
Celsius for 18–24 hours. Recultures were 
performed on colonies that were thought to 
contain Shigella. These colonies were commonly 
observed as pale, non-lactose fermenters on 
MacConkey agar and red colonies that lacked the 
formation of hydrogen sulfide on XLD agar. The 
goal of these recultures was to produce pure 
isolates. For the purpose of preliminary 
characterisation, these purified colonies were 
subsequently subjected to Gram staining and a 
series of biochemical tests. 
 
Biochemical identification 
The isolates were biochemically identified using 
the standard protocols outlined in Bergey's 
Manual of Systematic Bacteriolog. 
 
Gram Staining 
Gram staining was carried out to identify the 
morphological features and cell wall 
characteristics of the bacterial isolates. For this 
purpose, a thin smear of each culture was 
prepared on a sterile glass slide and fixed by 
gentle heating. The fixed smear was first treated 
with crystal violet, which served as the primary 
dye, and then with Gram’s iodine, allowing the 
formation of a stable dye–iodine complex. To 
differentiate the organisms, 95% ethanol was 
applied briefly; this step removed the primary 
stain from Gram-negative bacteria while Gram-
positive cells retained it. Safranin was then used 
as a counterstain to impart a contrasting color. 
Under the light microscope, the dyed slides were 
examined using the oil immersion objective, 
which had a magnification of 100 times. Gram-
positive bacteria were distinguished from Gram-
negative bacteria by their purple pigmentation, 
whereas Gram-negative bacteria have a pink 
appearance. The separation of the isolates was 
accomplished using this staining technique as the 
initial basis for classification. 
 

Motility Test 
Motility was tested using semi-solid motility agar 
prepared in glass tubes. Each tube contained 
medium with 0.4% agar concentration and was 
inoculated by a single stab with a sterile needle. 
After incubation at 37 °C for 24–48 hours, 
spreading the growth away from the stab line was 
interpreted as motility, while confined growth 
along the stab line indicated non-motile 
organisms. 
 
Mannitol Fermentation 
Mannitol fermentation ability was examined in 
glass tubes containing Mannitol Salt Agar 
medium. The inoculated tubes were incubated 
aerobically at 37 °C for 24–48 hours. A positive 
reaction was observed by a color change of the 
medium from red to yellow due to acid 
formation, while no color change indicated a 
negative result.  
 
Triple Sugar Iron (TSI) Agar Test 
For the TSI test, glass tubes containing TSI 
medium were inoculated by stabbing the butt and 
streaking the slant with a sterile inoculating 
needle. Tubes were incubated at 37 °C for 24 
hours. Reactions were recorded as alkaline/acid 
(K/A), acid/acid (A/A), or alkaline/alkaline 
(K/K). Gas production was identified by cracks or 
lifting of the medium, while blackening indicated 
hydrogen sulfide formation. 
 
Citrate Utilization Test 
Citrate utilization was tested in glass tubes 
containing Simmons’ citrate agar. The surface of 
each slant was lightly streaked with the test 
organism and incubated at 37 °C for up to 72 
hours. A positive reaction was indicated by 
growth with a color change from green to blue, 
while absence of growth and no color change was 
recorded as negative. 
 
Urease Test 
Urease activity was determined in Christensen’s 
urea agar prepared in glass tubes. Each tube was 
inoculated with the test isolate and incubated at 
37 °C for 24–48 hours. Hydrolysis of urea 
released ammonia, raising the pH and producing 
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a color change from light orange to pink or deep 
fuchsia. Tubes without color change were 
considered negative. 
 
Antimicrobial susceptibility Testing 
The antimicrobial susceptibility of Shigella 
isolates was assessed using the Kirby–Bauer disk 
diffusion method on Mueller–Hinton agar, in 
accordance with the guidelines of the Clinical 
and Laboratory Standards Institute (CLSI, 2024). 
Freshly grown colonies were suspended in sterile 
saline and adjusted to a 0.5 McFarland standard 
for uniform turbidity. The standardized 
suspension was then spread evenly across the agar 
surface with sterile cotton swabs. Antibiotic discs 
tested included ampicillin (10 µg), ciprofloxacin 
(5 µg), azithromycin (15 µg), nalidixic acid (30 
µg), cefotaxime (30 µg), ceftriaxone (30 µg), 
ceftazidime (30 µg), and gentamicin (10 µg). The 
inoculated plates were incubated at 37 °C for 18–
24 hours. Following incubation, the diameters of 
inhibition zones were measured and interpreted 
according to CLSI breakpoints. 
 
Polymerase chain reaction (PCR) amplification 
PCR was employed to amplify the gyrA and parC 
genes, along with selected virulence genes (ipaH, 
virA, stx1, stx2) and PMQR genes (qnrA, qnrB, 
qnrC, qnrD, qnrS). Amplification was carried out 
using an Eppendorf thermocycler. A subset of 15 
samples was sequenced at Alpha Genomics 
Laboratory, Islamabad. Sequence alignment and 
comparative analysis with public databases were  
 

performed using Vector NTI Suite 9. 
 
Data analysis 
SPSS was used to carry out data analysis and 
Microsoft Excel to create bar charts. According to 
cell frequencies, statistical associations were 
evaluated using Fisher’s exact test or the Chi - 
square test. 
 
RESULTS 
Shigella species identification 
Biochemical testing of the 120 suspected isolates 
confirmed their identity as Shigella species. The 
isolates consistently tested negative for urease 
activity and motility. They were able to ferment 
Mannitol but did not produce gas during the 
process. In Triple Sugar Iron (TSI) medium, the 
cultures developed an alkaline slant with an 
acidic butt (K/A) and showed neither gas 
production nor hydrogen sulfide (H₂S) 
formation, a reaction profile typically associated 
with Shigella species. In addition, none of the 
isolates utilized citrate in Simmons’ citrate 
medium, as the medium retained its original 
green color without turning blue. Gram staining 
further demonstrated that all isolates were Gram-
negative bacilli, appearing as pink-colored short 
rods under the microscope. The consistency of 
these results with the classical biochemical profile 
described in Bergey’s Manual of Determinative 
Bacteriology provided strong confirmation of the 
identification of the isolates as belonging to the 
genus Shigella. 
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Figure 1: Biochemical test of Shigella; Urease -ve, non-motile, Mannitol +ve without gas, K/A, citrate -
ive. 

 
  Table 1: Shows biochemical test results for Shigella isolates. 

Biochemical Test Result 
Urease Negative (-) 
Motility Non motile 
Mannitol Positive (+) without gas 
TSI (Triple sugar Iron) Alkaline slant 
Citrate Negative (-) 

 
Prevalence of Different Shigella Species 
Out of a total of 120 confirmed Shigella isolates, 
the majority were identified as S. sonnei, 
accounting for 88 isolates (74%). S. flexneri 
represented the second most common species, 
with 28 isolates (24%), while S. boydii was the  

 
least frequent, detected in only 2 isolates (2%). 
These findings highlight the predominance of S. 
sonnei in the study population, followed by S. 
flexneri, with S. boydii occurring rarely. 
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Figure 2: Proportion of S. sonnei, S. flexneri, and S. boydii in the study population. 

 
Table 2: Distribution of serogroup for tested isolated. 
Serogroup Percentage 
Shigella flexneri 24% 
Shigella sonnei 74% 
Shigella boydii 2% 
 
Virulence factors 
Screening of the 15 Shigella isolates for six major 
virulence genes (ipaH, ial, sen, set1A, set1B, and 
STX) revealed a widespread occurrence of key 
pathogenic markers among the strains. The ipaH 
gene was the most dominant, being detected in 
95.4% of isolates, while the ial gene was present 
in 75.1% of isolates. Among the enterotoxin-
associated genes, set1B was identified in 7.8% of 
the isolates, whereas set1A and sen were not 
detected in any of the strains examined. 
Interestingly, the Shiga toxin gene (STX) was 
detected in eight isolates of S. sonnei, indicating 
an unusual distribution of this gene beyond its 
typical association with Shigella dysenteriae type 1.  
The distribution of these virulence genes varied 
according to serotype, suggesting heterogeneity in 
the pathogenic potential of the isolates. 
Molecular detection of virulence genes was 
confirmed by 1.5% agarose gel electrophoresis. In 
Multiplex PCR assay 1, amplification bands 
corresponding to ipaH and ial genes were  

 
observed, whereas set1A did not amplify in any of 
the isolates (M = 100 bp DNA ladder). In 
Multiplex PCR assay 2, amplification of ial and 
stx genes was recorded, while the sen gene was 
consistently absent across all samples (M = 100 bp 
DNA ladder). The distribution of virulence genes 
among the different Shigella serotypes revealed 
marked variability. The ipaH gene showed the 
highest prevalence, being detected in 96.6% of S. 
flexneri, 95.2% of S. sonnei, and 90% of S. 
boydii isolates. The ial gene was present in 90.8% 
of S. flexneri, 67.8% of S. sonnei, and in all 
(100%) of the S. boydii isolates examined. In 
contrast, the set1B gene exhibited a more 
restricted distribution, being found in 29.4% of 
S. flexneri isolates, 1.1% of S. sonnei, and in none 
of the S. boydii isolates. These findings highlight 
the heterogeneity in virulence gene carriage 
across Shigella species, which may contribute to 
differences in their pathogenic potential as shown 
in fig 4.4 and 4.5. 

74

24

2

S. sonnei S. flexneri S. boydii
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Figure 3: Showing genes Bands for Shigella virulence genes (M = 100 bp DNA ladder). 

 
Distribution of virulence genes  
The distribution of virulence genes among the 
Shigella serotypes is shown in Figures 1 and 2. 
The ipaH gene, a key invasion-associated marker, 
was detected in almost all isolates across the three 
serotypes. Its highest prevalence was observed in 
S. flexneri (96.6%), followed closely by S. sonnei 
(95.2%), while S. boydii exhibited a slightly lower 
frequency (90%). This indicates that ipaH is a 
conserved virulence determinant in Shigella and 
plays a crucial role in pathogenicity across 
species.For the ial gene, variation among 
serotypes was more evident. It was detected in all 
S. boydii isolates (100%) and in a majority of S. 
flexneri isolates (90.8%). In contrast, its 
prevalence was lower in S. sonnei (67.8%), 
suggesting serotype-specific differences in the  
 

 
distribution of invasion-associated genes. The 
complete presence of ial in S. boydii may 
highlight its significant role in the invasive 
capability of this serotype. 
The distribution of the set1B enterotoxin gene 
among the examined Shigella serotypes showed 
considerable variation. The gene was completely 
absent in S. boydii (0%) and was detected at a very 
low frequency in S. sonnei (1.1%). In contrast, S. 
flexneri demonstrated a markedly higher 
prevalence, with set1B present in 29.4% of the 
isolates. This finding suggests that set1B is more 
commonly associated with S. flexneri strains 
compared to other Shigella species, indicating a 
possible serotype-specific role of this virulence 
determinant. 
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Figure 4: Prevalence of virulence genes (ipaH) among Shigella serotypes. 

 

 
Figure 5: Prevalence of virulence genes (ial) among Shigella serotypes. 
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Figure 6: Prevalence of virulence genes (set1B) among Shigella serotypes. 

 
STX positive samples 
A total of eight S. sonnei isolates were detected 
carrying the Shiga toxin (STX) gene, which is 
usually restricted to Shigella dysenteriae serotype 1 
and certain enterohaemorrhagic Escherichia coli 
(EHEC) strains. Clinical data retrieved from the 
CBH archive revealed that patients infected with 
these strains experienced severe symptoms, 
indicating a high degree of virulence associated 
with these isolates. 
 
Antibiotic Susceptibility Test 
The antibiotic resistance profile reveals a 
concerning pattern of multidrug resistance 
among the isolates. Extremely high levels of 
resistance were observed against cotrimoxazole 
(90.4%) and tetracycline (79.5%), indicating that 
these agents have become largely ineffective for  
 

 
treatment. Moderate resistance was noted for 
nalidixic acid (45.8%) and ampicillin (42.2%), 
suggesting limited therapeutic value. In contrast, 
lower resistance rates were recorded for 
azithromycin (17.0%), chloramphenicol (15.7%), 
and ciprofloxacin (12.0%), which may still retain 
some clinical utility, though careful monitoring is 
required. Encouragingly, the lowest resistance was 
observed against gentamicin (3.0%), cefixime 
(3.6%), and cefotaxime (6.0%), highlighting these 
antibiotics as the most effective treatment 
options. Overall, the findings suggest that while 
traditional first-line drugs have lost their efficacy, 
newer cephalosporins and aminoglycosides 
remain reliable, underscoring the importance of 
rational antibiotic use and continuous 
surveillance to prevent further resistance 
development. 
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Table 3: Antibiotic resistance profile of Shigella isolates. 
Antibiotic Resistance (%) 
Azithromycin 17.0 
Gentamicin 3.0 
Nalidixic Acid 45.8 
Cefixime 3.6 
Cotrimoxazole 90.4 
Chloramphenicol 15.7 
Tetracycline 79.5 
Cefotaxime 6.0 
Ampicillin 42.2 
Ciprofloxacin 12.0 

 

 
Figure 7: Antibiotic susceptibility profile of Shigella isolates. 

 
Characterization of PMQR determinants 
Out of the 83 Shigella isolates analyzed, 38 
(45.8%) were positive for plasmid-mediated 
quinolone resistance (PMQR) genes. All PMQR-
positive isolates exhibited resistance to nalidixic 
acid (NA), confirming the strong association 
between PMQR determinants and reduced 
susceptibility to first-generation quinolones. 
Furthermore, 10 isolates (26.3% of PMQR-
positive) also showed resistance to ciprofloxacin 
(CIP), indicating that while resistance to newer 
fluoroquinolones remains relatively low, it is 
beginning to emerge in this population. The 
distribution of individual PMQR genes revealed 
that qnrA and qnrS were the most frequently 
detected, each present in 34 isolates (41%). The 
qnrD gene was also common, being identified in 

30 isolates (36.1%), whereas qnrB was less 
frequent, detected in 15 isolates (18.1%). 
Importantly, the qnrC gene was not detected in 
any of the isolates, suggesting that it is either rare 
or absent in this geographical setting. In addition 
to single-gene carriage, several isolates harbored 
multiple PMQR genes, giving rise to distinct 
resistance patterns. The most common combined 
profiles were qnrADS, detected in 13 isolates 
(15.7%), and qnrABDS, observed in 11 isolates 
(13.3%). The presence of these multi-gene 
combinations highlights the potential for co-
selection and horizontal transfer of resistance 
determinants, which may further compromise the 
efficacy of fluoroquinolones in clinical 
management. Overall, these findings indicate that 
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nearly half of the Shigella isolates carry PMQR 
genes, with qnrA, qnrS, and qnrD being the 
predominant determinants. The strong 
correlation between PMQR positivity and 
nalidixic acid resistance, along with the emerging 
resistance to ciprofloxacin, underscores the 
clinical relevance of these genes and the need for 
continuous surveillance to guide treatment 
strategies.  
 
DISCUSSION 
Shigella species are important bacterial pathogens 
responsible for causing bacillary dysentery, a 
severe form of gastrointestinal infection. They are 
transmitted primarily through the fecal–oral 
route and are strongly associated with poor 
sanitation and contaminated food or water. 
Among the four recognized species (S. flexneri, S. 
sonnei, S. boydii, and S. dysenteriae), infections are 
most commonly reported in developing 
countries, where they remain a major public 
health concern. The pathogenicity of Shigella is 
linked to the presence of specific virulence genes 
that enable invasion of intestinal epithelial cells 
and production of toxins, leading to disease 
manifestations. The study identified 120 
confirmed Shigella isolates, with Shigella sonnei 
being the most prevalent species, accounting for 
74% (88 isolates), followed by S. flexneri at 24% 
(28 isolates), and S. boydii at 2% (2 isolates). This 
distribution aligns with global trends where S. 
sonnei is more commonly associated with 
shigellosis in developed regions, whereas S. 
flexneri predominates in developing countries 
(Nyarkoh et al., 2024). Recent studies have 
highlighted the increasing prevalence of 
multidrug-resistant (MDR) S. sonnei strainsIn 
Tunisia, a 2022 outbreak demonstrated that the 
HC10-20662 genotype of S. sonnei was 
responsible for transmission across multiple 
countries, including Tunisia and parts of Europe. 
Likewise, data from Spain and Portugal reported 
that fluoroquinolone resistance in S. sonnei had 
increased to approximately 80%, reflecting the 
global emergence of resistant clones.The present 
study investigated the prevalence of six major 
virulence genes (ipaH, ial, sen, set1A, set1B, and 

stx) among 15 Shigella isolates. A high frequency 
of invasion-related genes was observed, with ipaH 
detected in 95.4% of isolates and ial in 75.1%. In 
contrast, enterotoxin genes showed much lower 
prevalence: set1B was present in only 7.8% of 
isolates, while set1A and sen were entirely absent. 
Remarkably, the stx gene was identified in eight S. 
sonnei isolates, an unusual finding given that this 
toxin is typically associated with S. dysenteriae type 
1 and enterohemorrhagic E. coli. 
When analyzed by serotype, the distribution of 
virulence genes demonstrated considerable 
variability. The ipaH gene was detected in 96.6% 
of S. flexneri, 95.2% of S. sonnei, and 90% of S. 
boydii isolates. The ial gene was present in 90.8% 
of S. flexneri, 67.8% of S. sonnei, and in all S. boydii 
isolates. Conversely, the set1B gene was more 
restricted, occurring in 29.4% of S. flexneri, 1.1% 
of S. sonnei, and absent in S. boydii. These findings 
highlight a heterogeneous distribution of 
virulence determinants across serotypes, which 
may influence the overall pathogenic potential of 
Shigella. Comparable patterns have been reported 
in other countries. For instance, a study 
conducted in Egypt found ipaH in 100% of S. 
sonnei isolates, while ial was detected in only 
15.1%. The same study reported low frequencies 
of set1A (6.0%), set1B (1.8%), and sen (16.3%), 
with S. flexneri harboring more virulence genes 
than S. sonnei, suggesting a possible relationship 
between gene content and virulence (Sonbol et 
al., 2022). Similarly, research from Iran 
confirmed the presence of ipaH in all S. sonnei 
isolates, while ial was detected in 95.8%. Both 
set1A and set1B were reported in 10.9% of 
isolates. Importantly, that study noted 
associations between certain clinical symptoms 
and specific virulence factors, supporting the idea 
that gene distribution may directly influence 
disease outcomes (Phiri et al., 2021).This study 
presents a detailed characterization of Shigella 
isolates, emphasizing both the distribution of 
virulence genes and their antibiotic resistance 
patterns. Interestingly, eight isolates of Shigella 
sonnei were identified as carriers of the stx gene, a 
virulence factor more commonly associated with 
Shigella dysenteriae serotype 1 and with 
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enterohemorrhagic Escherichia coli (EHEC). 
Clinical records from the CBH archive indicated 
that these isolates were linked to severe clinical 
manifestations, underscoring the potential for 
increased virulence in S. sonnei strains harboring 
the STX gene. This finding aligns with reports 
from California by Zhi et al., (2021), where 
clusters of STX-producing S. sonnei have been 
identified, leading to severe outcomes such as 
bloody diarrhea, though hemolytic uremic 
syndrome was not observed in those cases.The 
present study highlights an alarming trend of 
multidrug resistance (MDR) in Shigella isolates, 
with particularly high resistance against 
cotrimoxazole (90.4%) and tetracycline (79.5%), 
rendering these once-effective first-line agents 
largely obsolete. Moderate resistance to nalidixic 
acid (45.8%) and ampicillin (42.2%) further 
limits therapeutic options, while relatively lower 
resistance rates to azithromycin (17.0%), 
chloramphenicol (15.7%), and ciprofloxacin 
(12.0%) suggest these drugs may still retain some 
clinical utility, though the emergence of 
resistance necessitates cautious use. The lowest 
resistance observed against gentamicin (3.0%), 
cefixime (3.6%), and cefotaxime (6.0%) 
underscores their current effectiveness, yet global 
evidence warns of increasing resistance trends 
even to these agents. Recent studies from Iran 
and the UK report rising resistance to third-
generation cephalosporins, ciprofloxacin, and 
azithromycin, with expanding MDR and XDR S. 
sonnei strains, mirroring the patterns observed in 
this study (Asad et al., 2025). Furthermore, the 
detection of PMQR genes in nearly half of the 
isolates—particularly qnrA, qnrS, and qnrD—
confirms their strong association with nalidixic 
acid resistance and emerging ciprofloxacin 
resistance. Similar findings have been 
documented in Iraq and Iran, where high 
frequencies of qnr determinants were linked to 
quinolone resistance and MDR phenotypes 
(Gonabadi et al., 2024). These results collectively 
indicate that while some antibiotics remain 
effective, the increasing prevalence of MDR and 
plasmid-mediated resistance determinants poses 
serious threat to clinical management, 
underscoring the urgent need for continuous 

surveillance, rational antibiotic use, and updated 
treatment guidelines.2022, with a significant 
association between resistance and male patients 
Jacqueline et al., (2025).  
 
CONCLUSION 
Shigella species remain a major cause of diarrhea 
in the Pakistani population, especially among 
children, and are increasingly associated with 
high levels of antimicrobial resistance alongside 
the presence of diverse virulence genes. In cases 
where multidrug-resistant (MDR) Shigella strains 
carry plasmid-mediated quinolone resistance 
(PMQR) determinants, the use of empirical 
antibiotic therapy may lead to adverse outcomes 
such as treatment failure, prolonged illness, 
secondary infections, and enhanced transmission 
through increased fecal shedding. To address this 
challenge, continuous surveillance, prudent 
antibiotic administration, and the formulation of 
effective therapeutic guidelines are urgently 
required. Molecular screening and genetic 
monitoring play a critical role in identifying 
resistant Shigella strains and tracking the 
evolution of their virulence. The findings of this 
study contribute to a deeper understanding of 
antimicrobial resistance trends and pathogenicity 
in Shigella, offering crucial evidence to support 
national and global public health strategies aimed 
at reducing the burden of pediatric dysentery and 
related infections.  
 
REFERENCES 
Asad, A., Nayeem, M. A. J., Mostafa, M. G., 

Begum, R., Faruque, S. N., Nusrin, S. & 
Islam, Z. (2025). Resistome phylodynamics 
of multidrug-resistant Shigella isolated 
from diarrheal patients. Microbiology 
Spectrum, 13(1), e01635-24. 

Ashkenazi, S., Levy, I., Kazaronovski, V., & 
Samra, Z. (2003). Growing antimicrobial 
resistance of Shigella isolates. Journal of 
Antimicrobial Chemotherapy, 51(2), 427- 
429. 

Aslam, A., Hashmi, M. F., & Okafor, C. N. 
(2024). Shigellosis. In StatPearls [Internet]. 
StatPearls Publishing. 



 
Volume 4, Issue 3, 2026 
                                                                                             ISSN: (e) 3007-1607 (p) 3007-1593 

https://fmhr.net                                         | Rehman et al., 2026 | Page 240 

Azargun, R., Gholizadeh, P., Sadeghi, V., 
Hosainzadegan, H., Tarhriz, V., Memar, 
M. Y., & Eyvazi, S. (2020). Molecular 
mechanisms associated with quinolone 
resistance in Enterobacteriaceae: review 
and update. Transactions of the Royal 
Society of Tropical Medicine and Hygiene, 
114(10), 770-781. 

Belay, R., Solomon, W., Shiferaw, T., & Nina, A. 
(2000). Antimicrobial susceptibility pattern 
of Shigella isolates in Awasa, Ethiopian. 
Ethiopian J Health and Dev, 14, 149-154. 

Bengtsson, R. J., Simpkin, A. J., Pulford, C. V., 
Low, R., Rasko, D. A., Rigden, D. J., ... & 
Baker, K. S. (2022). Pathogenomic analyses 
of Shigella isolates inform factors limiting 
shigellosis prevention and control across 
LMICs. Nature microbiology, 7(2), 251-
261. 

Bhattacharya, D., Bhattacharya, H., 
Thamizhmani, R., Sayi, D. S., Reesu, R., 
Anwesh, M., 

Bliven, K. A., & Lampel, K. A. (2017). Shigella: 
Virulence Factors and Pathogenicity. 

Bose, P., Chowdhury, G., Halder, G., Ghosh, D., 
Deb, A. K., Kitahara, K., & 
Mukhopadhyay, A. K. (2024). Prevalence 
and changing antimicrobial resistance 
profiles of Shigella spp. isolated from 
diarrheal patients in Kolkata during 2011– 
2019. PLOS Neglected Tropical Diseases, 
18(2), e0011964. 

Chung The, H., Bodhidatta, L., Pham, D. T., 
Mason, C. J., Ha Thanh, T., Voong Vinh, 
P., & Rabaa, M. A. (2021). Evolutionary 
histories and antimicrobial resistance in 
Shigella flexneri and Shigella sonnei in 
Southeast Asia. Communications biology, 
4(1), 353. 

Cruz, C. B. N. D., Souza, M. C. S. D., Serra, P. 
T., Santos, I., Balieiro, A., Pieri, F. A., ... & 
Orlandi, P. P. (2014). Virulence factors 
associated with pediatric shigellosis in 
Brazilian Amazon. BioMed research 
international, 2014(1), 539697. 

 
 

Dabbagh-Moghaddam, A., Tabibian, E., 
Noorifard, M., Hosseini-Shokouh, S. J., 
Dehgolan, S. R., & Tootoonchian, M. 
(2014). Epidemiologic profile of shigellosis 
among Iranian military personnel: a 
retrospective study in the Army. Annals of 
Military and Health Sciences Research, 
12(2). 

Dallal, M. M. S., Motalebi, S., Asl, H. M., Yazdi, 
M. K. S., & Forushani, A. R. (2020). 
Antimicrobial investigation on the multi-
state outbreak of salmonellosis and 
shigellosis in Iran. Medical journal of the 
Islamic Republic of Iran, 34, 49. 

Farshad, S., Ranjbar, R., & Hosseini, M. (2014). 
Molecular genotyping of Shigella sonnei 
strains isolated from children with bloody 
diarrhea using pulsed field gel 
electrophoresis on the total genome and 
PCR-RFLP of IpaH and IpaBCD genes. 
Jundishapur journal of microbiology, 8(1), 
e14004. 

Foodborne Pathogens: Virulence Factors and 
Host Susceptibility, 169-208. 

Gonabadi, N. S. A., Menbari, S., Farsiani, H., 
Sedaghat, H., & Motallebi, M. (2024). 
Antimicrobial susceptibility and virulence 
gene analysis of Shigella species causing 
dysentery in Iranian children: Implications 
for fluroquinolone resistance. Heliyon, 
10(14). 

Gonabadi, N. S. A., Menbari, S., Farsiani, H., 
Sedaghat, H., & Motallebi, M. (2024). 
Antimicrobial susceptibility and virulence 
gene analysis of Shigella species causing 
dysentery  in  Iranian  children:  
Implications  for  fluroquinolone 
resistance. Heliyon, 10(14). 

Gonabadi, N. S. A., Menbari, S., Farsiani, H., 
Sedaghat, H., & Motallebi, M. (2024). 
Antimicrobial susceptibility and virulence 
gene analysis of Shigella species causing 
dysentery in Iranian children: Implications 
for fluroquinolone resistance. Heliyon, 
10(14). 

 
 
 



 
Volume 4, Issue 3, 2026 
                                                                                             ISSN: (e) 3007-1607 (p) 3007-1593 

https://fmhr.net                                         | Rehman et al., 2026 | Page 241 

Guarino, A., Aguilar, J., Berkley, J., Broekaert, I., 
Vazquez-Frias, R., Holtz, L., ... 
&Treepongkaruna, S. (2020). Acute 
gastroenteritis in children of the world: 
what needs to be done?. Journal of 
pediatric gastroenterology and nutrition, 
70(5), 694- 701. 

Hirsch, J., & Klostermeier, D. (2021). What 
makes a type IIA topoisomerase a gyrase or 
a Topo IV?. Nucleic Acids Research, 
49(11), 6027-6042. 

investigate antibiotic resistance pattern among 
Shigella species isolated from children with 
shigellosis in Iran. Gene Reports, 23, 
101189. 

Jacqueline, C., Minetti, C., Monzon Fernandez, 
S., Silveira, L., Cuesta De La Plaza, I., 
Pista, Â., & Herrera-Leon, S. (2025). 
Genomic epidemiology of 
fluoroquinolone-resistant strains of 
Shigella sonnei and Shigella flexneri in the 
Iberian Peninsula from 2015 to 2022. The 
Journal of Infectious Diseases, 231(5), 
1176-1185. 

Jue, S., Hardee, R., Overman, M., Mays, E., 
Bowen, A., Whichard, J., ... & Taylor, E. 
(2010). Emergence of Shigella flexneri 2a 
Resistant to Ceftriaxone and 
Ciprofloxacin--South Carolina, October 
2010. MMWR: Morbidity & Mortality 
Weekly Report, 59(49). 

Kahsay, A. G., & Muthupandian, S. (2016). A 
review on Sero diversity and antimicrobial 
resistance patterns of Shigella species in 
Africa, Asia and South America, 2001– 
2014. BMC research notes, 9, 1-6. 

Khan-Mohammed, Z., Adesiyun, A. A., 
Swanston, W. H., & Chadee, D. D. 
(2005). Frequency and characteristics of 
selected enteropathogens in fecal and 
rectal specimens from childhood diarrhea 
in Trinidad: 1998-2000. Revista 
Panamericana de Salud Pública, 17, 170-
177. 

Lee, M. S., & Tesh, V. L. (2019). Roles of Shiga 
toxins in immunopathology. Toxins, 11(4), 
212. 

Libby, T. E., Delawalla, M. L., Al-Shimari, F., 
MacLennan, C. A., Vannice, K. S., & 
Pavlinac, P. B. (2023). Consequences of 
Shigella infection in young children: a 
systematic review. International Journal of 
Infectious Diseases, 129, 78-95. 

Mardaneh, J., Poor, S. A., & Afrugh, P. (2013). 
Prevalence of Shigella species and 
antimicrobial resistance patterns of 
isolated strains from infected pediatrics in 
Tehran. Int J Entric Pathog, 1(1), 28-31. 

Mason, L. C., Greig, D. R., Cowley, L. A., 
Partridge, S. R., Martinez, E., Blackwell, G. 
A., ... & Baker, K. S. (2023). The evolution 
and international spread of extensively 
drug resistant Shigella sonnei. nature 
communications, 14(1), 1983. 

Matanza, X. M., & Clements, A. (2023). 
Pathogenicity and virulence of Shigella 
sonnei: A highly drug-resistant pathogen of 
increasing prevalence. Virulence, 14(1), 
2280838. 

Memariani, H., & Memariani, M. (2019). 
Genotyping and diversity of virulence 
genes among Shigella sonnei isolated from 
children with diarrhoea. Reviews and 
Research in Medical Microbiology, 30(4), 
217-222. 

Menge, C. (2020). Molecular biology of 
Escherichia coli Shiga toxins’ effects on 
mammalian cells. Toxins, 12(5), 345. 

Miles, S. L., Holt, K. E., & Mostowy, S. (2024). 
Recent advances in modelling Shigella 
infection. Trends in Microbiology, 32(9), 
917-924. 

Al-Khafaji, N. S., Almjalawi, B. S. A., Ewadh, R. 
M. J., Al-Dahmoshi, H. O., Abed, S. Y., 
Nasrolahi, A., ... & Saki, M. (2024). 
Prevalence of plasmid-mediated quinolone 
resistance genes and biofilm formation in 
different species of quinolone-resistant 
clinical Shigella isolates: a cross-sectional 
study. European Journal of Medical 
Research, 29(1), 419. 

Mohebi, S., Nave, H. H., Javadi, K., Amanati, A., 
Kholdi, S., Hadadi, M., ... & Motamedifar, 
M. (2021). Evaluate the distribution of 
virulence genes and to 



 
Volume 4, Issue 3, 2026 
                                                                                             ISSN: (e) 3007-1607 (p) 3007-1593 

https://fmhr.net                                         | Rehman et al., 2026 | Page 242 

Moradi, F., Hadi, N., Akbari, M., Hashemizadeh, 
Z., & Jahromi, R. R. (2021). Frequency 
and antimicrobial resistance of Shigella 
species in Iran during 2000-2020. 
Jundishapur Journal of Health Sciences, 
13(2). 

Nasser, A., Mosadegh, M., Azimi, T., & Shariati, 
A. (2022). Molecular mechanisms of 
Shigella effector proteins: a common 
pathogen among diarrheic pediatric 
population. Molecular and Cellular 
Pediatrics, 9(1), 12. 

Nasser, A., Mosadegh, M., Azimi, T., & Shariati, 
A. (2022). Molecular mechanisms of 
Shigella effector proteins: a common 
pathogen among diarrheic pediatric 
population. Molecular and Cellular 
Pediatrics, 9(1), 12. 

Njunda, A. L., Assob, J. C., Nsagha, D. S., 
Kamga, H. L., Awafong, M. P., & Weledji, 
E. 

Nyarkoh, R., Odoom, A., & Donkor, E. S. 
(2024). Prevalence of Shigella species and 
antimicrobial resistance patterns in Africa: 
systematic review and meta-analysis. BMC 
Infectious Diseases, 24(1), 1217. 

Nyholm, O., Lienemann, T., Halkilahti, J., Mero, 
S., Rimhanen-Finne, R., Lehtinen, V., ... 
& Siitonen, A. (2015). Characterization of 
Shigella sonnei isolate carrying Shiga toxin 
2–producing gene. Emerging infectious 
diseases, 21(5), 891. 

P. (2012). Epidemiological, clinical features and 
susceptibility pattern of shigellosis in the 
buea health district, Cameroon. BMC 
research notes, 5(1), 54. 

Patel, D. P., &Patel, F. S. (2024). Study of 
Antimicrobial Resistance (AMR) in 
Shigella spp. in India. Recent Advances in 
Anti-Infective Drug Discovery Formerly 
Recent Patents on Anti-Infective Drug 
Discovery, 19(3), 182-196. 

 
 
 
 
 

Phiri, A. F., Abia, A. L. K., Amoako, D. G., 
Mkakosya, R., Sundsfjord, A., Essack, S. 
Y., & Simonsen, G. S. (2021). Burden, 
antibiotic resistance, and clonality of 
Shigella spp. implicated in community-
acquired acute diarrhoea in Lilongwe, 
Malawi. Tropical medicine and infectious 
disease, 6(2), 63. 

Pourakbari, B., Charati, M. G., Mahmoudi, S., 
Abdolsalehi, M. R., Sadeghi, R. H., & 
Mamishi, S. (2022). High frequency of 
antimicrobial resistance and virulence gene 
in Shigella species isolated from pediatric 
patients in an Iranian Referral Hospital. 
Acta Bio Medica: Atenei Parmensis, 93(2), 
e2022027. 

profiles of clinical isolates of Shigella from 
patients in the southern region of Iran. 
European Journal of Medical Research, 
28(1), 611. 

Scott, T. A., Baker, K. S., Trotter, C., Jenkins, C., 
Mostowy, S., Hawkey, J., ... & Baker, S. 
(2025). Shigella sonnei: epidemiology, 
evolution, pathogenesis, resistance and 
host interactions. Nature Reviews 
Microbiology, 23(5), 303-317. 

Shane, A. L., Mody, R. K., Crump, J. A., Tarr, P. 
I., Steiner, T. S., Kotloff, K., ... & 
Pickering, L. K. (2017). 2017 Infectious 
Diseases Society of America clinical 
practice guidelines for the diagnosis and 
management of infectious diarrhea. 
Clinical Infectious Diseases, 65(12), e45-
e80. 

Shoja, S., Ghasemi, S., Dastranj, M., 
Shamseddin, J., Ebrahimi, N., Alizade, H., 
& Farahani, A. (2023). Characterization of 
genotypes and antimicrobial resistance 

Shooraj, M., Taheri, M., & Karimi-Yazdi, M. 
(2024). A Review on the Antibiotic 
Resistance of Shigella Strains in Iran. 
Infectious Disorders-Drug Targets 
(Formerly Current Drug Targets-Infectious 
Disorders), 24(1), 20-29. 

 
 
 



 
Volume 4, Issue 3, 2026 
                                                                                             ISSN: (e) 3007-1607 (p) 3007-1593 

https://fmhr.net                                         | Rehman et al., 2026 | Page 243 

Sonbol, F. I., Elbanna, T. E., Zaki, M. E. S., & 
Elderiny, H. A. (2022). Molecular 
characterization of virulence and 
antimicrobial resistance profile of Shigella 
species isolated from children in Delta, 
Egypt. International Journal of Health 
Sciences, 6(S6), 8238–8255. 

Strauch, E., Lurz, R., & Beutin, L. (2001). 
Characterization of a Shiga toxin-encoding 
temperate bacteriophage of Shigella 
sonnei. Infection and immunity, 69(12), 
7588- 7595. 

Nisa, I., Qasim, M., Driessen, A., Nijland, J., 
Adnan, F., Shuja, M. N., & Rahman, H. 
(2021). Virulence profiling of Shigella 
flexneri and emergence of serotype 2b as a 
highly virulent shigellosis causing strain in 
Pakistan. Infection, Genetics and 
Evolution, 93, 104922. 

 
 
 
 
 
 
 
 

Tansarli, G. S., Long, D. R., Waalkes, A., 
Bourassa, L. A., Libby, S. J., Penewit, K., ... 
& Fang, F. C. (2023). Genomic 
reconstruction and directed interventions 
in a multidrug-resistant shigellosis 
outbreak in Seattle, WA, USA: a genomic 
surveillance study. The Lancet Infectious 
Diseases, 23(6), 740-750. 

Travert, B., Dossier, A., Jamme, M., Cointe, A., 
Delmas, Y., Malot, S., ... & Centre de 
Référence des Microangiopathies 
Thrombotiques. (2021). Shiga toxin–
associated hemolytic uremic syndrome in 
adults, France, 2009–2017. Emerging 
Infectious Diseases, 27(7), 1876. 

Urban-Chmiel, R., Marek, A., Stępień-Pyśniak, 
D., Wieczorek, K., Dec, M., Nowaczek, A., 
& Osek, J. (2022). Antibiotic resistance in 
bacteria—A review. Antibiotics, 11(8), 
1079. Vaja, M. D., Chokshi, H. A., Jansari, 
J. J., Dixit, O. S., Savaliya, S. S. 

Zhi, S., Parsons, B. D., Szelewicki, J., Yuen, Y. T., 
Fach, P., Delannoy, S.& Chui, L. (2021). 
Identification of Shiga-toxin-producing 
Shigella infections in travel and non-travel 
related cases in Alberta, Canada. Toxins, 
13(11), 755. 

 
 
 


