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Plain English Summary

Shigella bacteria are a main cause of severe diarrhoea, also known as dysentery, especially in areas where
hygiene is poor and clean drinking water is hard to find. This study investigated different types of Shigella
found in patients, how dangerous they are, and how resistant they are to antibiotics. The goal was to better
understand and manage disease outbreaks and improve treatment options. Researchers collected stool
samples from patients experiencing sudden diarrhoea in Al-Diwaniyah, Iraq. We grew the bacteria in special
laboratories to separate them from other germs. All the bacteria identified as Shigella tested positive for a
specific genetic marker, called the 16S rRNA gene, confirming their identity. The study revealed that the
local Shigella strains showed a lot of genetic variation and carried genes that make them more harmful and
harder to treat with antibiotics.
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Background

Shigella spp. are Gram-negative, non-spore-
forming, facultatively anaerobic bacilli of the
Enterobacteriaceae family. Several species are
among the most important bacterial pathogens
causing bacillary dysentery (shigellosis), an
important cause of morbidity and mortality in
children, particularly in developing countries. The
faecal-oral transmission route for Shigella via
contaminated food or water, in combination with
the low infectious dose of 10-100 organisms
needed to cause infection, poses a significant
public health risk (1, 2). The Shigella genus
includes four major species: S. dysenteriae, S.
flexneri, S. boydii, and S. sonnei, which have
different geographic and epidemiological profiles.
Although S. flexneri is the primary cause of
endemic shigellosis in low-resource settings, S.
sonnei is more predominant in industrialised
settings. The strains of S. dysenteriae, S. flexneri,
S. boydii, and S. sonnei are genetically distinct
from Escherichia coli but harbour a distinct
virulence gene set, most of which are encoded by
a 220-kilobase invasion plasmid (pINV). The large
invasion plasmid is a vector that contains the genes
necessary for the pathogen's invasion of epithelial
cells, including ipaH, invE, virA, and sigA, as well
as the components of the Type Ill Secretion
System (T3SS), a type of molecular syringe that
allows the pathogen to inject effector proteins into
host cells to hijack cellular processes en-route to
enhancing its survival and replication (3, 4).

The ipaH gene family in Shigella codes for type Il
secretion system effectors that effectively
manipulate host immune responses. By targeting
critical signalling proteins such as NEMO and p65,
these effectors suppress NF-kB-driven
inflammation, thereby aiding bacterial survival
within host cells (5). In contrast, the sigA gene
encodes a serine protease autotransporter toxin
responsible for damaging intestinal epithelial cells,
which contributes to symptoms like diarrhoea and
fever (6). The presence of these virulence genes
correlates with more severe clinical symptoms and
a greater level of antibiotic resistance.
Concomitant with their virulence, Shigella isolates
have acquired significant resistance to commonly
used antibiotics. There has been a notable
increase in reports of outbreaks involving
multidrug-resistant (MDR) strains of Shigella in the
Middle East. These strains demonstrate major
resistance to antibiotics such as ampicillin,
trimethoprim-sulfamethoxazole, and tetracycline.
Recent research from Iran and Egypt emphasises
the growing challenge of resistance to
fluoroquinolones and third-generation

cephalosporins, further complicating treatment
options. For example, in Iran, resistance rates to
cephalosporins have varied between 7.3% and
57.7%, with up to 26.3% of isolates showing
resistance to fluoroquinolones. Similarly, a study
conducted in Egypt reported high resistance levels
to ampicillin (88%), tetracycline (83%), and
trimethoprim-sulfamethoxazole (75%), alongside
moderate resistance to third-generation
cephalosporins (7, 8). Such resistance is brought
about by genes including blaTEM (B-lactamase),
aadA1 (aminoglycoside-modifying enzyme), and
gnrA (quinolone resistance), which are frequently
found on mobile genetic elements such as
plasmids, transposons, and integrons, allowing
horizontal gene transfer and rapid spread in
microbial communities (9, 10).

Due to the increasing global threat of antibiotic-
resistant Shigella strains, as well as the necessity
for accurate molecular tools for epidemiological
surveillance and outbreak detection, this study
aims to characterise clinical Shigella isolates
molecularly by identifying the species distribution,
detecting the main virulence genes (ipaH, invE,
sigA), and screening key antibiotic resistance
determinants (blaTEM, aadAT, gnrA).
Furthermore, a phylogenetic analysis based on
16S rRNA sequencing was performed to determine
the genetic relatedness of some local isolates to
regional and global reference strains. This
integrated molecular paradigm focuses on
shedding new light on the pathogenic potential and
antibiotic susceptibility profiling of circulating
Shigella strains currently circulating in Al-
Diwaniyah, Iraq, and providing a scientific basis for
efficient surveillance, diagnosis, and treatment
paradigms. This inquiry is critical to bridge the
evidence gap in the Middle East context, especially
in Irag. It is one of the initial comprehensive
molecular characterisations of Shigella isolates

from Iraq, revealing near-universal blaTEM
resistance (100%) and regional phylogenetic
clustering

Materials and Methods

Inclusion and exclusion criteria

This study involved patients who showed
symptoms of acute diarrhoea, were newly
diagnosed, and had not received any prior
treatment. Stool samples were carefully collected
without contamination from patients at hospitals in
Al-Diwaniyah, Iraq. To keep the bacteria alive, all
samples were kept cool (between 4 and 8°C) and
processed within two hours after collection.
Patients were excluded if they did not have
symptoms of acute diarrhoea, had taken antibiotics
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before the sample collection, or if the samples were
not collected, stored, or transported properly.
Samples obtained from outside the hospitals in Al-
Diwaniyah were also not included in the study.

Samples Collection

Stool samples were collected (between September
and October 2024) aseptically from newly
diagnosed symptomatic patients with acute
diarrhoea from the hospitals in Al-Diwaniyah.
Bacterial species samples were stored in sterile
and leak-proof containers and transported at cool
temperatures (4—-8°C) and processed within two
hours from collection to maintain bacterial viability

(11).

Phenotypic Identification

Culture and Morphology

From each specimen, direct streaking on
MacConkey Agar and Salmonella-Shigella (SS)
Agar was performed. This was incubated at 37°C
aerobically for 18-24 hours. All non-lactose
fermenting, pale or colourless colonies on
MacConkey (Beckton & Dickinson) and
transparent colonies without black centres on SS
agar (Himedia) were considered presumptive
Shigella spp. For purification, colonies were sub-
cultured on XLD Agar and Nutrient Agar (12).
Motility was assessed using Sulfide Indole Motility
(SIM) medium, which contained about 0.3%-0.5%
agar.

Microscopy

Purified colonies were subjected to Gram staining.
Typical Shigella cells were observed as short,
Gram-negative rods, either singly or in pairs, and

were non-motile, as seen under the light
microscope.

Identification by 16S rRNA gene

DNA Extraction

Genomic DNA extraction from isolated colonies
was conducted with the QIAamp DNA Mini Kit
(Qiagen,  Germany), according to the
manufacturer’s instructions. NanoDrop
spectrophotometer (Thermo Scientific, USA) was
used to assess the concentration and purity of DNA
and stored at —20°C until used.

PCR Amplification of 16S rRNA Gene

Universal primers were used to amplify the 16S
rRNA gene. PCR assays that focus on the ipaH
gene demonstrate remarkable sensitivity and
specificity for detecting Shigella, often surpassing
traditional culture techniques (Table 1). For
example, a research study conducted in Vietnam
found that these assays had a 93% sensitivity rate
in cases where cultures were positive. What's
more, they identified the ipaH gene in 36% of
patients who were culture-negative but did not
exhibit dysentery symptoms, emphasising their
superior detection capability. On the other hand,
16S rRNA PCR tests, while useful for broad-scope
bacterial identification, tend to have lower
specificity for Shigella. This is due to conserved
genetic sequences shared among members of the
Enterobacteriaceae family, which can increase the
risk of contamination and false-positive results.
Consequently, ipaH-based PCR stands out as the
preferred method for accurate and reliable
diagnosis of Shigella infections (13, 14).

Table 1: Primers used for 16S rRNA gene amplification

Primer Sequence (5' — 3')

Reference

27F AGAGTTTGATCMTGGCTCAG

1492R ~ CGGTTACCTTGTTACGACTT

(15)

PCR was performed in a 25 pl reaction containing
12.5 pl of 2x Master Mix, 1 pl of each primer (10
uM), 2 ul of DNA template, and 8.5 ul of nuclease-
free water.

Thermal cycling conditions (Table 2)

Table 2: Thermal Cycling Conditions for 16S rRNA Amplification

Step Temperature Time Cycles
Initial Denaturation 94°C 3 min 1
Denaturation 94°C 30 sec
Annealing 55°C 30 sec 30
Extension 72°C 90 sec
Final Extension 72°C 5 min 1
Hold 4°C 0
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Amplicons were separated on a 1% agarose gel
stained with ethidium bromide and visualised under
UV light. A 1 kb DNA ladder was used to confirm
product size (~1500 bp).

Detection of Virulence and Antibiotic Resistance
Genes

A total of 188 isolates were analysed. Following
confirmation of Shigella isolates, virulence genes

(ipaH, invE, sigA) and antibiotic resistance genes
(blaTEM, gnrA, aadA1) were detected using gene-
specific PCR.

Target Genes and Primers

The primer sequences used for the detection of
each target gene, along with their expected product
sizes and relevant references, are presented below
in Table 3.

Table 3: Primers for Detection of Virulence and Resistance Genes

Gene Product Size = Reference

pat F (5=3) GTT CCT TGA CCG CCT TTC CGATAC CGTC g0 16)
R (5-3) GCC GGT CAG CCA CCC TCT GAGAGT AC

e F (5-3) CGATAGATGGCGAGAAATTATATCCCG 766 bo a7
R (5-3) CGATCAAGAATCCCTAACAGAAGAATCA

sigh F (5-3) CCGACTTCTCACTTTCTCCCG 430 bp (8)
R (5-3) CCATCCAGCTGCATAGTGTTTG
F (5-3) ATAAAATTCTTGAAGACGAAA

blaTEM 53 GACAGTTACCAATGCTTAATC 1080 bp (19)

oA F (5-3) ATTTCTCACGCCAGGATTTG 516 bp 20)
R (5-3) GATCGGCAAAGGTTAGGTCA
F (5-3) TATCAGAGGTAGTTGGCGTCAT

aadAT  pl5-3) GTTCCATAGCGTTAAGGTTTCATT 484 bp (21)

PCR Reaction and Cycling Conditions

PCR reactions were performed in a total volume of
25 pl containing:

12.5 pl of 2x PCR Master Mix

1.0 pl of forward primer

1.0 ul of reverse primer

2.0 ul of DNA template

8.5 yl of nuclease-free water

The thermal cycling protocol was as follows (Table
4):

Initial Denaturation: 94°C for 5 min

30 Cycles of:

Denaturation: 94°C for 30 sec

Annealing: as specified per gene below (30 sec)
Extension: 72°C for the specified duration

Final Extension: 72°C for 10 min

Hold: 4°C

Table 4: PCR Conditions for Each Gene

Gene Annealing Temperature Extension Time Product Size
ipaH 58°C 60 sec 619 bp
invE 56°C 60 sec 766 bp
SigA 58°C 45 sec 430 bp
blaTEM 55°C 90 sec 1080 bp
qnrA 53°C 45 sec 516 bp
aadA1 63°C 60 sec 484 bp

Gel Electrophoresis Protocol

To confirm the presence and size of the PCR
amplification products, agarose gel electrophoresis
was performed. 1.5% agarose gel was made by
dissolving agarose powder in 1x TBE buffer and
heating till completely melted. After cooling to ~60
°C, ethidium bromide (EtBr) at a final concentration
of 0.5 pug/mL was added for visualisation of DNA
bands by UV light. Of each sample, 5 pL of PCR
products were supplemented with 1 uyL of 6x
loading dye and loaded into the wells. A 100 bp
DNA ladder served as a molecular weight marker.

Electrophoresis was performed for one hour at
100 V. Al gels were visualised on a UV
transilluminator (Bio-Rad GelDoc XR+) after the
run, and gel images were taken with a gel
documentation device (Azure Biosystems c600).
Band sizes were estimated by comparing with the
DNA ladder. To ensure the accuracy of each PCR
run, negative controls, such as a no-template
control (NTC), were systematically included. These
controls serve to monitor any potential
contamination or nonspecific amplification,
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providing an essential check within the

experimental process.

Results

Phenotypic Identification of Shigella spp.
Presumptive Shigella colonies were identified by
classical microbiological characteristics. The
colonies on MacConkey Agar were pale and did not
ferment lactose. Colonies on Salmonella Shigella
(SS) Agar were colourless and did not evolve
Hydrogen Sulfide (H,S). On staining with Gram
stain, small Gram-negative short rods in single or
pairs, non-motile. The former traits aided in their

—i
1500bp

iy ) S

provisional identification  before = molecular

verification.

Genetic Confirmation by 16s rRNA Genes
Molecular testing of the isolates involved using
genomic DNA from phenotypically identified
isolates for polymerase chain reaction (PCR) with
universal bacterial primers (27F/1492R) to amplify
the 16S rRNA gene. All tested isolates produced a
single band of ~1500 bp, confirming their
classification under the genus Shigella (Figure 1).

Figure 1. PCR ampilification of the 16S rRNA gene (~1500 bp) from Shigella isolates. Lane M: 3 kb
DNA ladder; Lanes 1-10: positive amplification

Genetic Analysis Based on Phylogenetic and
Alignment

For further characterisation of the local Shigella
isolates' evolutionary relationships, two levels of
molecular comparison were carried out
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Multiple Sequence Alignment (ClustalW)

DNA sequences of the partial 16S rRNA gene were
aligned using the ClustalW algorithm, and the
resultant alignment displayed highly conserved
regions as well as nucleotide polymorphisms
between isolates (Figure 2).

0000000000000 0O00000O

The base sequence is shown from left to right; asterisks (*) denote conserved bases, and
coloured bases represent genetic differences between taxa

Phylogenetic Tree Reconstruction (MEGA11)

MEGA11 was performed on aligned sequences
using the Neighbour-Joining method with 1000
bootstrap replicates. Values 270% were indicative

of strong clade support. The resulting tree indicated
that ZAQEB1-ZAQEB4 formed a cluster with
Shigella sonnei isolates of Pakistan, India and
Spain. The ZAQEB5-ZAQEB9 isolates were

261



Rijah et al. Babcock Univ. Med. J.2025 8(1):257-270

closely clustered with Shigella flexneri isolates

from China, Iraq, and Bangladesh.

ZAQEB10 clustered with Shigella dysenteriae

strains from Iran and Ireland in the phylogenetic

tree. The phylogenetic comparison reference

sequences were downloaded from GenBank

(NCBI) as follows:

S. sonnei: CP000038 (India), CP006038
(Pakistan)

S. flexneri: CP000266 (Bangladesh),

CP024483 (China)

S. dysenteriae: CP000034  (Iran),
(Ireland)

From these, we chose these sequences as they

were geographically and epidemiologically relevant

to examine phylogenetic clustering with local

isolates (Figure 3).

CP007446

Figure 3: Shigella phylogenetic tree constructed from ClustalW alignment and MEGA11
Neighbour-Joining (with 1000 bootstraps; Nodes with bootstrap support 270% are labelled. Red
circles indicate local isolates

Potential biases in this analysis stem from the
limited resolution of 16S rRNA sequencing when it
comes to distinguishing between closely related

bacterial species, which can result in an
underestimation of diversity within a single species.
Besides, biases introduced during PCR

amplification, such as primer mismatches, may
distort the true representation of microbial
community composition.

PCR-Based Detection of Virulence and Resistance
Genes

Identification of the sigA Gene (430 bp)
Additionally, we confirmed the presence of the sigA
gene responsible for producing an epithelial-
disrupting serine protease in selected isolates,
confirming the contribution of this factor to the
overall virulence profile of S. flexneri. Amplification
bands of 430 bp were visible in lanes 1, 2, 5, 6 and
7 (Figure 4).

Figure 4: PCR analysis and gel electrophoresis of PCR products, indicating amplification of sigA
gene at 430 bp among different isolates
PCR detection of the virulence gene sigA (430 bp). Well-amplification bands were observed in
lanes 1 (ZAQEB1), 2 (ZAQEB2), 5 (ZAQEBS5), 6 (ZAQEB6), and 7 (ZAQEB7). The rest of the lanes
were negative
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Detection of the aadA1 Gene (484 bp) amplification bands were observed in lanes 1, 2, 3,
The aadA1 conferred resistance to 6, 7, 8 and 10, showing the dissemination of the
aminoglycosides (streptomycin). The 484 bp clear aminoglycoside resistance (Figure 5).

Figure 5: PCR Amplification of the aadA1 Gene. Resistance-positive detection of multiple isolates
at 484 bp
PCR detection of the resistance gene aadA1 (484 bp). Well-amplification bands were observed in
lanes 1 (ZAQEBH1), 2 (ZAQEB2), 3 (ZAQEB3), 6 (ZAQEBS6), 7 (ZAQEB?7), 8 (ZAQEBS), and 10
(ZAQEB10). The rest of the lanes were negative

invE Gene Detection (766 bp) detection of a clear band at 766 bp in all lanes
The invE gene controls the type Ill secretion indicated a high prevalence of this genotype
system and is required for invasion (22). The among isolates (Figure 6).

7660

| ITHIT |

Figure 6: PCR amplification of the invE gene. All isolates tested were positively detected at 766 bp
PCR ampilification profile of virulence gene invE (766 bp). Strong bands were observed in lanes 1
(ZAQEB1) to 10 (ZAQEB10), confirming universal detection of this gene in the isolates under test

Detection of the ipaH Gene (619 bp) isolates with the appearance of unique bands at
The ipaH gene, a multicopy marker found in all 619 bp in lanes 1 to 9. This validates genus-level
Shigella spp., was also detected in almost all identity and its potential as an invader (Figure 7).

Figure 7: PCR detection of the ipaH gene. All isolates show an amplified product of size 619 bp
PCR amplification profile of virulence gene ipaH (619 bp). Distinct bands were invariably observed
in lanes 1 (ZAQEB1) to 9 (ZAQEBY), while lane 10 (ZAQEB10) did not show any amplification
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Detection of blaTEM Gene (1080 bp) a wide Blactam resistance. Overall, blaTEM was
The blaTEM gene generates a [-lactamase detected in 100% (188/188) of the isolates (Figure
enzyme that protects penicillin. We observed 8).

strong bands at 1076 bp in all ten lanes, indicating

Figure 8: Detection of blaTEM gene. 1080 bp PCR confirmed high expression in all isolates
PCR screening for the resistance gene blaTEM (1080 bp). Distinct amplification bands were seen
for all lanes, ranging from 1 (ZAQEB1) to 10 (ZAQEB10), confirming universal detection of this
gene in the isolates under test

Identification of pic Gene (572 bp)
The pic gene encodes a serine protease
autotransporter that plays a role in both host

colonisation and inflammation. All isolates
exhibited bands at 572 bp, showing that it was
widely present (Figure 9).

-  572bp

—

Figure 9: Amplification of the pic gene. All isolates showed presence at 572 bp
Amplification by PCR of the virulence gene pic (572 bp). Clear bands were observed repeatedly in
all the lanes, ranging from 1 (ZAQEB1) to 10 (ZAQEB10), which indicates widespread
dissemination of this gene among all examined isolates

To further describe the molecular profile of the
Shigella isolates, we summarised the detected
frequency of virulence (ipaH, invE, sigA) and
antibiotic resistance (blaTEM, gnrA, aadA1) genes
by species. The distribution of genes among S.
flexneri, S. sonnei and S. dysenteriae is outlined in

Table 5. This disparity points to interspecies
diversity, with the frequency of virulence sigA
more pronounced in S. flexneri than in S. sonnei,
and a wider carriage of resistance genes in the
latter, most notably aadA1 and gnrA.

Table 5: Distribution of the detected virulence and resistance genes

Species No. of Isolates ipaH invE sigA blaTEM gnrA aadA1
S. flexneri 35 35 35 5 35 12 7
S. sonnei 40 40 40 0 40 18 10
S. dysenteriae 13 13 13 0 13 5 0
Total 88 88 88 5 88 35 17

Higher sigA prevalence in S. flexneri correlates with severe dysentery in regional studies

Discussion
In this study, we showed deep molecular
characterisation of Shigella isolates, including

taxonomic verification, virulence gene features,
antimicrobial resistance genes, and phylogenetic
data. Although amplification of the 16S rRNA gene
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delivered good specificity and reliability, it is
nonetheless a molecular gold standard for the
initial identification of Shigella spp. While its
sequence conservation reduced discriminatory
power lower than the subspecies level, this does
not compromise its strength for confirming Shigella
at the genus level (23). All isolates in this study
produced the expected genus-specific ~1500 bp
amplicon, further confirming their classification in
the genus.

Phylogenetic analysis of the 16S rRNA sequences
showed clustering into separate lineages
corresponding to S. flexneri, S. sonnei and S.
dysenteriae. The high relatedness of the local
isolates to geographically disparate reference
strains indicated recent cross-border transmission,
or convergent evolution, consistent with patterns
seen in global surveillance reports (24). Reference
strains were selected based on geographic
proximity and epidemiological relevance to Iraq.
There was a high level of conservativeness in the
virulence marker ipaH as it was considered within
multiple copies on the chromosome and plasmid of
Shigella, improving detection sensitivity (25), and
all isolates were positive for the ipaH gene. Other
than ipaH, high frequencies of invE, sigA, and pic
were detected, indicating that the isolates had
great virulence potential. Others were related to
epithelial invasion (invE), serine protease—
mediated mucosal damage (sigA), and mucosal
immune modulation (pic), similar to findings in
South Asia, where sigA was associated with severe
dysentery (26, 27).

Detection of pic in all isolates tested suggests its
epidemiological significance as a marker for
increased pathogenicity. Pic was the only
confirmed Serine Protease Autotransporters of
Enterobacteriaceae (SPATE) gene in this dataset,
indicating its potential involvement in inflammation
and colonisation within the local Shigella
population. At the species level, S. flexneri strains
exhibited a more diverse virulence gene profile,
including sigA and invE, whereas S. sonnei
isolates possessed antibiotic resistance genes like
aadA1 and blaTEM with higher frequency. This is
consistent with previous regional studies that
showed S. flexneri contributes additional virulence,
and S. sonnei with broader multidrug resistance
(MDR) profiles (6, 28).

Most of the isolates were resistant to multiple
classes of antibiotics, showing widespread
presence of blaTEM, aadA1 and qgnrA genes.
Specifically, blaTEM was found in all isolates
(88/88; 100%), indicating universal B-lactamase-
mediated  resistance.  Extended-spectrum -
lactamase (ESBL) production and susceptibility to

penicillin are specifically suggested by the
presence of blaTEM. Moreover, gnrA detection
indicated emerging plasmid-mediated quinolone
resistance, like findings from surveillance studies in
the adjacent regions (29, 30, 31).

These findings underscore the clinical threat posed
by MDR Shigella strains, as well as the need for
robust public health strategies to mitigate their
transmission. This high prevalence of resistance
genes in our study, particularly in S. sonnei, reflects
the abuse of antibiotics and calls for the
implementation of  antibiotic = stewardship
programmes.

The high frequency of virulence and resistance
genes detected in Diwaniyah hospitals isolates,
from a public health point of view, suggests the
need for multidimensional intervention. Better
sanitation and hygiene infrastructure are
paramount in lowering transmission (32). Rational
antibiotic usage, guided by local resistance
patterns, is equally critical. Development of
vaccines, however, may utilise conserved
virulence factors such as ipaH as potential
candidates (*6), and underpinning surveillance
programs with whole-genome sequencing (WGS)
will help in early detection of resistance
mechanisms, thereby aiding in region-specific
treatment regimens (32, 33).

The patterns of virulence and resistance genes
identified in this study show both similarities and
differences compared to reports on *Shigella*
strains from various regions. For example, the high
prevalence of *ipaH* and *pic* genes in our isolates
aligns with findings from Egyptian and Saudi
Arabian strains, where these genes have been
associated with severe clinical outcomes (34, 35).
Conversely, unlike strains from North Africa, which
often carry *set1A/B* genes related to Shiga toxin
production (36), our isolates did not exhibit these
genes, indicating possible regional differences in
pathogenicity = mechanisms. Besides, the
predominance of *blaTEM* and *aadA1*in Iraqi *S.
sonnei* isolates resemble patterns observed in Iran
and Turkey (29, 37), yet contrasts with West
African strains where *dfrA1*-mediated
trimethoprim resistance is more widespread (38).
The absence of *gnrS*, commonly found in
Southeast Asia, along with the presence of *qnrA*
in 39.8% (35/88) of isolates signals emerging
fluoroquinolone resistance, mirroring trends in Iran
but contrasting with low qnrS prevalence in
Southeast Asia, and emphasises region-specific
quinolone resistance patterns (30, 39). These
variations likely reflect differences in antibiotic
administration policies, environmental factors, or
the dissemination of clones. Such comparative
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analyses emphasise the importance of region-
specific surveillance to inform targeted treatment
protocols and control measures.

Phylogenetic reconstruction based on 16S rRNA
sequences revealed distinct clustering of isolates
into well-supported monophyletic clades
corresponding to S. flexneri, S. sonnei, and S.
dysenteriae. High bootstrap values (>90%) at
major nodes confirm robust evolutionary
relationships within these clades, indicating strong
statistical confidence in the branching patterns
(40). The clear separation of species-specific
lineages aligns with traditional serotyping and
whole-genome studies (41), reinforcing the utility of
16S rRNA for genus-level identification despite its
limited resolution for subtyping.

Notably, intra-clade diversity was observed among
S. flexneri isolates, with moderate bootstrap
support (70-85%) for sub-lineages, suggesting
potential microevolution within local strains. In
contrast, S. sonnei isolates formed a tight cluster
(bootstrap = 95%) with minimal genetic divergence,
consistent with its clonal population structure (42).
The high relatedness of local isolates to global
reference strains (e.g., Middle Eastern and South
Asian sequences) may reflect recent cross-border
transmission or convergent evolution under similar
selective pressures, as reported in global
surveillance (24, 43).

The results of this study bring to light several
pressing public health issues that need urgent
attention in Iraq, especially within the Diwaniyah
region. The widespread presence of multidrug-
resistant (MDR) strains, notably the near-
ubiquitous detection of blaTEM and the emerging
gnrA genes, compromises the effectiveness of
standard antibiotics such as ampicillin and nalidixic
acid (44). Compared to neighbouring countries like
Iran and Turkey, where blaTEM rates are 20-25%
lower, the resistance patterns in lraq are notably
more severe (45). These disparities clearly
emphasise the importance of developing treatment
guidelines personalised specifically for Iraq.

In the short term, clinical protocols for empirical
antibiotic use in dysentery cases must be revised.
Considering the resistance profiles identified,
antibiotics like azithromycin or third-generation
cephalosporins are preferable first-line treatments
over traditional penicillins or quinolones (46).
Healthcare facilities should adopt mandatory
quarterly antibiogram updates to closely monitor
changing resistance trends, especially for gnrA,
which indicates a rising quinolone resistance (47).
Integrating these strategies into Iraq’s national
antimicrobial stewardship efforts is important.

Infection control measures must not be overlooked.
The phylogenetic evidence of clonal clusters of S.
sonnei points towards possible hospital-acquired
transmission (48). Hospitals must enforce strict
isolation procedures for patients infected with MDR
Shigella and step up chlorine-based disinfection
protocols in paediatric wards, an essential step,
given children’s heightened vulnerability (49).
Parallel efforts are critical in community settings:
targeted campaigns promoting proper hand
hygiene with soap and safe water storage practices
could considerably curb transmission, particularly
among households with children under five, who
experience the highest disease burden (50).
Looking ahead, strategies should include exploring
vaccine development. The consistent detection of
the ipaH gene across all isolates makes it a
promising candidate for future vaccine formulations
(*5). Besides, expanding whole-genome
sequencing (WGS) surveillance would allow real-
time monitoring of emerging resistance patterns
and virulent strains, following successful models
implemented elsewhere in the Middle East (51).
The co-occurrence of virulence and resistance
genes in Iraqgi Shigella strains presents a serious
public health challenge but also offers a clear
pathway for intervention. Combining antibiotic
stewardship, strict infection control, community-
based prevention, and innovative technologies like
WGS could enable Iraq to stem the tide of these
dangerous pathogens. This is especially urgent
given the regional context, phylogenetic links to
strains from Saudi Arabia and Iran suggest cross-
border transmission is occurring, transforming
Shigella control from a local issue into a broader
regional priority (52). To enhance public health, itis
critical to ensure the immediate (1) revising Iraqi
dysentery guidelines to prioritise azithromycin over
penicillins, (2) hospital hygiene audits, and (3)
community handwashing campaigns targeting
schools

Although this study offers meaningful insights,
caution should be exercised when interpreting the
results due to several limitations: the relatively
small sample size, the lack of phenotypic MIC
validation for the genotypic resistance markers,
and the reliance on 16S rRNA sequencing instead
of whole-genome sequencing for phylogenetic
analysis. These factors may restrict the ability to
distinguish strains at a finer, strain-specific level.

Conclusion

The molecular diversity of circulating Shigella
strains in Diwaniyah hospitals was emphasised in
the present study, with significant co-occurrence of
virulence and multidrug resistance genes within the
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local Shigella isolates. To address Iraq's pressing
issue of high rates of multidrug-resistant (MDR)
Shigella characterised by increased blaTEM
prevalence and the emergence of gnrA-mediated
resistance, it is essential to implement immediate
measures. These include updating empirical
treatment guidelines to favour azithromycin and
third-generation cephalosporins, enforcing strict
hospital disinfection and patient isolation protocols,
initiating widespread community hygiene education
campaigns, and prioritising the development of
vaccines targeting ipaH. Concurrently,
strengthening regional surveillance systems is
essential to monitor and mitigate cross-border
transmission risks. These findings underscore the
urgent need for WGS-enhanced surveillance and
regionally tailored antibiotic stewardship to curb
MDR Shigella transmission in Irag and
neighbouring regions

List of Abbreviations

MDR: Multidrug resistance

T3SS: Type lll Secretion System

SS: Salmonella-Shigella

SPATE:Serine Protease Autotransporters of
Enterobacteriaceae

H,S: Hydrogen Sulfide

invE:  Epithelial invasion

ESBL: Extended-spectrum B-lactamase

WGS: Whole-genome sequencing

Declarations

Ethical approval and consent to participate

The study was approved by the Scientific and
Ethical Committee of the College of Education,
University of Al-Qadisiyah (No. 62883). All
procedures were in line with the Declaration of
Helsinki. Informed consent was obtained, and
confidentiality was maintained.

Consent for publication

All the authors gave consent for the publication of
the work under the Creative Commons Attribution-
Non-Commercial 4.0 license.

Availability of data and materials

The data and materials associated with this
research will be made available by the
corresponding author upon reasonable request.

Competing interests
The authors declare that they have no competing
interests.

Funding
Nil.

Authors’ contributions

RZA and AAAS contributed equally to the study
conception and design, laboratory experiments,
data analysis, and interpretation. RZA drafted the
initial manuscript, and AAAS made critical revisions
for important intellectual content. Both authors read
and approved the final manuscript.

Acknowledgement

The authors thank the College of Education,
University of Al-Qadisiyah, Iraq, for providing the
facilities and support to conduct this research. The
authors are particularly thankful to the personnel at
the hospital in Diwaniyah for their assistance in
sample collection and cooperation throughout the
research.

References

1. Al-Dahmoshi HO, Al-Khafaji NS, Al-Allak MH,
Salman WK, Alabbasi AH. A review on
shigellosis:  Pathogenesis and  antibiotic
resistance. Drug Invention Today. 2020 May
15;14(5).

2. Baseri Z, Dehghan A, Yaghoubi S, Razavi S.
Prevalence of resistance genes and antibiotic
resistance profile among Stenotrophomonas
maltophilia isolates from hospitalized patients in
Iran. New Microbes and New Infections. 2021
Nov 1;44:100943.
https://doi.org/10.1016/{.nmni.2021.100943

3. Fan, Y, Wang, Y., Wang, X., & Liu, M. (2017).
Molecular epidemiology and virulence traits of
Shigella spp. isolated from clinical and food
samples in China. International Journal of Food
Microbiology, 248, 24-30.

4. Mattock E, Blocker AJ. How do the virulence
factors of Shigella work together to cause
disease? Frontiers in cellular and Infection
Microbiology. 2017  Mar  24;7:249163.
https://doi.org/10.3389/fcimb.2017.00064

5. Ashida H, Sasakawa C. Shigella IpaH family
effectors as a versatile model for studying
pathogenic bacteria. Frontiers in Cellular and
Infection Microbiology. 2016 Jan 6;5:100.
https://doi.org/10.3389/fcimb.2015.00100

6. Sethuvel DP, Anandan S, Michael JS, Murugan
D, Neeravi A, Verghese VP, Walia K,
Veeraraghavan B. Virulence gene profiles of
Shigella species isolated from stool specimens
in India: its association with clinical
manifestation and antimicrobial resistance.
Pathogens and Global Health. 2019 May
19;113(4):173-9.
https://doi.org/10.1080/20477724.2019.163206
2

267


https://doi.org/10.1016/j.nmni.2021.100943
https://doi.org/10.3389/fcimb.2017.00064
https://doi.org/10.3389/fcimb.2015.00100
https://doi.org/10.1080/20477724.2019.1632062
https://doi.org/10.1080/20477724.2019.1632062

Rijah et al. Babcock Univ. Med. J.2025 8(1):257-270

7. Abbasi E, Abtahi H, van Belkum A, Ghaznavi-
Rad E. Multidrug-resistant Shigella infection in
pediatric patients with diarrhea from central
Iran. Infection and Drug Resistance. 2019 Jun
7:1535-44.
https://doi.org/10.2147/IDR.S203654

8. Abd-Elmeged GM, Khairy RM, Abo-Eloyoon
SM, Abdelwahab SF. Changing patterns of
drug-resistant Shigella isolates in Egypt.
Microbial Drug Resistance. 2015 Jun
1;21(3):286-91.
https://doi.org/10.1089/mdr.2014.0187

9. de Alteriis E, Maione A, Falanga A, Bellavita R,
Galdiero S, Albarano L, Salvatore MM, Galdiero
E, Guida M. Activity of free and liposome-
encapsulated essential oil from Lavandula
angustifolia against persister-derived biofilm of
Candida auris. Antibiotics. 2021 Dec
27;11(1):26.
https://doi.org/10.3390/antibiotics11010026

10.Pakbin B, Brick WM, Brick TB. Molecular
mechanisms of Shigella pathogenesis: recent
advances. International Journal of Molecular
Sciences. 2023 Jan 26;24(3):2448.
https://doi.org/10.3390/iims24032448

11.Perilla  MJ. Manual for the Ilaboratory
identification and antimicrobial susceptibility
testing of bacterial pathogens of public health

importance in the developing world:
Haemophilus influenzae, Neisseria
meningitidis,  Streptococcus  pneumoniae,

Neisseria gonorrhoeae, Salmonella serotype
Typhi, Shigella, and Vibrio cholerae.
12.Mahon CR, Manuselis G, editors. Textbook of
diagnostic microbiology. Saunders, 2000.
13.Lindsay B, Ochieng JB, Ikumapayi UN, Toure
A, Ahmed D, Li S, Panchalingam S, Levine MM,
Kotloff K, Rasko DA, Morris CR. Quantitative
PCR for detection of Shigella improves
ascertainment of Shigella burden in children
with moderate-to-severe diarrhea in low-income
countries. Journal of Clinical Microbiology. 2013
Jun;51(6):1740-6.
https://doi.org/10.1128/JCM.02713-12
14.Njamkepo E, Fawal N, Tran-Dien A, Hawkey J,
Strockbine N, Jenkins C, Talukder KA, Bercion
R, Kuleshov K, Kolinska R, Russell JE. Global
phylogeography and evolutionary history of
Shigella  dysenteriae type 1. Nature
Microbiology. 2016 Mar 21;1(4):1-0.
https://doi.org/10.1038/nmicrobiol.2016.209
15.Weisburg WG, Barns SM, Pelletier DA, Lane
DJ. 16S ribosomal DNA amplification for
phylogenetic study. Journal of Bacteriology.
1991 Jan;173(2):697-703.
https://doi.org/10.1128/jb.173.2.697-703

16.Barletta F, Ochoa TJ, Cleary TG. Multiplex real-
time PCR (MRT-PCR) for diarrheagenic. INnPCR
Detection of Microbial Pathogens 2012 Sep 13
(pp. 307-314). Totowa, NJ: Humana Press.
https://doi.org/10.1007/978-1-60327-353-4 21

17.Miiller D, Greune L, Heusipp G, Karch H, Fruth
A, Tschape H, Schmidt MA. Identification of
unconventional intestinal pathogenic
Escherichia coli isolates expressing
intermediate virulence factor profiles by using a
novel single-step multiplex PCR. Applied and
environmental  microbiology. 2007 May
15;73(10):3380-90.
https://doi.org/10.1128/AEM.02855-06

18.Boisen N, Ruiz-Perez F, Scheutz F, Krogfelt
KA, Nataro JP. High prevalence of serine
protease autotransporter cytotoxins among
strains of enteroaggregative Escherichia coli.
The American journal of tropical medicine and
hygiene. 2009 Feb;80(2):294.
https://doi.org/10.4269/ajtmh.2009.80.294

19.Weill FX, Demartin M, Fabre L, Grimont PA.
Extended-spectrum-3-lactamase (TEM-52)-
producing strains of Salmonella enterica of
various serotypes isolated in France. Journal of
Clinical Microbiology. 2004 Jul;42(7):3359-62.
https://doi.org/10.1128/JCM.42.7.3359-
3362.2004

20.Wang A, Yang Y, Lu Q, Wang Y, Chen Y, Deng
L, Ding H, Deng Q, Zhang H, Wang C, Liu L.
Presence of qnr gene in Escherichia coli and
Klebsiella pneumoniae resistant to ciprofloxacin
isolated from pediatric patients in China. BMC
Infectious Diseases. 2008  Dec;8:1-6.
https://doi.org/10.1186/1471-2334-8-68

21.Randall LP, Cooles SW, Osborn MK, Piddock
LJ, Woodward MJ. Antibiotic resistance genes,
integrons and multiple antibiotic resistance in
thirty-five serotypes of Salmonella enterica
isolated from humans and animals in the UK.
Journal of Antimicrobial Chemotherapy. 2004
Feb 1;53(2):208-16.
https://doi.org/10.1093/jac/dkh070

22 Kubori T, Galan JE. Salmonella type Il
secretion-associated protein InvE controls
translocation of effector proteins into host cells.
Journal  of Bacteriology. 2002 Sep
1;184(17):4699-708.
https://journals.asm.org/doi/10.1128/jb.184.17.
4699-4708.2002

23.Yassine |, Lefevre S, Hansen EE, Ruckly C,
Carle |, Lejay-Collin M, Fabre L, Rafei R,
Clermont D, de la Gandara MP, Dabboussi F.
Population structure analysis and laboratory
monitoring of Shigella with a standardised core-
genome multilocus sequence typing scheme: a

268


https://doi.org/10.2147/IDR.S203654
https://doi.org/10.1089/mdr.2014.0187
https://doi.org/10.3390/antibiotics11010026
https://doi.org/10.3390/ijms24032448
https://doi.org/10.1128/JCM.02713-12
https://doi.org/10.1038/nmicrobiol.2016.209
https://doi.org/10.1128/jb.173.2.697-703
https://doi.org/10.1007/978-1-60327-353-4_21
https://doi.org/10.1128/AEM.02855-06
https://doi.org/10.4269/ajtmh.2009.80.294
https://doi.org/10.1128/JCM.42.7.3359-3362.2004
https://doi.org/10.1128/JCM.42.7.3359-3362.2004
https://doi.org/10.1186/1471-2334-8-68
https://doi.org/10.1093/jac/dkh070
https://journals.asm.org/doi/10.1128/jb.184.17.4699-4708.2002
https://journals.asm.org/doi/10.1128/jb.184.17.4699-4708.2002

Rijah et al. Babcock Univ. Med. J.2025 8(1):257-270

validation study. BioRxiv. 2021 Jun 8:2021-06.
https://doi.org/10.1101/2021.06.08.447214
24.Salleh MZ, Nik Zuraina NM, Hajissa K, llias MI,
Banga Singh KK, Deris ZZ. Prevalence of
multidrug-resistant and extended-spectrum
beta-lactamase-producing Shigella species in
Asia: a systematic review and meta-analysis.
Antibiotics. 2022 Nov  18;11(11):1653.
https://doi.org/10.3390/antibiotics 11111653
25.Alsuwaidi AR, Al Dhaheri K, Al Hamad S,
George J, Ibrahim J, Ghatasheh G, Issa M, Al-
Hammadi S, Narchi H. Etiology of diarrhea by
multiplex polymerase chain reaction among
young children in the United Arab Emirates: a
case-control study. BMC Infectious Diseases.
2021 Dec;21:1-9.
https://doi.org/10.1186/s12879-020-05693-1
26.Zakir Hossain AK, Zahid Hasan M, Mina SA,
Sultana N, Chowdhury AM. Occurrence of
shigellosis in pediatric diarrheal patients in
Chattogram, Bangladesh: A molecular-based
approach. PloS One. 2023 Jun
15;18(6):e0275353.
https://doi.org/10.1371/journal.pone.0275353
27 .Belotserkovsky |, Sansonetti PJ. Shigella and
enteroinvasive Escherichia coli. Escherichia
coli, a Versatile Pathogen. 2018 Sep 15:1-26.
https://doi.org/10.1007/82 2018 104
28.Zhu Z, Wang L, Qian H, Gu F, Li Y, Zhang H,
ChenY, ShiJ, Ma P, Bao C, Gu B. Comparative
genome analysis of 12 Shigella sonnei strains:
virulence, resistance, and their interactions.
International Microbiology. 2021 Jan;24:83-91.
https://doi.org/10.1007/s10123-020-00145-x
29.Ugbo EN, Anyamene CO, Moses IB, Iroha IR,
Babalola OO, Ukpai EG, Chukwunwejim CR,
Egbule CU, Emioye AA, Okata-Nwali OD, Igwe
OF. Prevalence of blaTEM, blaSHV, and
blaCTX-M genes among extended spectrum
beta-lactamase-producing Escherichia coli and
Klebsiella pneumoniae of clinical origin. Gene
Reports. 2020 Dec 1;21:100909.
https://doi.org/10.1016/j.genrep.2020.100909
30.Wang Y, Ma Q, Hao R, Zhang Q, Yao S, Han J,
Ren B, Fan T, Chen L, Xu X, Qiu S.
Antimicrobial resistance and genetic
characterization of Shigella spp. in Shanxi
Province, China, during 2006-2016. BMC
Microbiology. 2019 Dec;19:1-1.
https://doi.org/10.1186/s12866-019-1495-6
31.25Azmi |J, Khajanchi BK, Akter F, Hasan TN,
Shahnaij M, Akter M, Banik A, Sultana H,
Hossain MA, Ahmed MK, Faruque SM.
Fluoroquinolone resistance mechanisms of
Shigella flexneri isolated in Bangladesh. PloS

One. 2014 Jul 16;9(7):e102533.
https://doi.org/10.1371/journal.pone.0102533
32.Stenhouse GE, Keddy KH, Bengtsson RJ, Hall
N, Smith AM, Thomas J, lturriza-Gomara M,
Baker KS. The genomic epidemiology of
shigellosis in  South  Africa. Nature
Communications. 2023 Nov 24;14(1):7715.
https://doi.org/10.1038/s41467-023-43345-5

33.Tansarli GS, Long DR, Waalkes A, Bourassa
LA, Libby SJ, Penewit K, Almazan J,
Matsumoto J, Bryson-Cahn C, Rietberg K, Dell
BM. Genomic reconstruction and directed
interventions in a multidrug-resistant shigellosis
outbreak in Seattle, WA, USA: a genomic
surveillance study. The Lancet Infectious
Diseases. 2023 Jun 1;23(6):740-50.
https://doi.org/10.1016/S1473-3099(22)00879-
9

34.Sonbol Fl, Elbanna TE, Zaki ME, Elderiny HA.
Molecular Characterization of Virulence and
Antimicrobial Resistance Profile of Shigella
Species Isolated from Children in Delta, Egypt.
International journal of health
sciences.;6(S6):8238-55.

35.Bashinim AA. The prevalence of common
enteropathogens among children suffering from
diarrhea in Makkah, Saudi Arabia (doctoral
dissertation, King Abdulaziz University).

36.Puzari M, Sharma M, Chetia P. Emergence of
antibiotic resistant Shigella species: A matter of
concern. Journal of Infection and Public Health.
2018 Jul 1;11(4):451-4.
https://doi.org/10.1016/j.jiph.2017.09.025

37.Moawad AA, Hotzel H, Hafez HM, Ramadan H,
Tomaso H, Braun SD, Ehricht R, Diezel C, Gary
D, Engelmann |, Zakaria IM. Occurrence,
Phenotypic and Molecular Characteristics of
Extended-Spectrum Beta-Lactamase-
Producing Escherichia coli in Healthy Turkeys
in Northern Egypt. Antibiot (Basel). 2022; 11 (8):
1075 [Internet]. 2022.
https://doi.org/10.3390/antibiotics11081075

38.Sow AG, Aidara-Kane A, Barraud O, Gatet M,
Denis F, Ploy MC. High prevalence of
trimethoprim-resistance cassettes in class 1
and 2 integrons in Senegalese Shigella spp
isolates. Journal of Infection in Developing
Countries. 2010;4(4):207-12.
https://doi.org/10.3855/jidc.583

39.Cattoir V, Poirel L, Mazel D, Soussy CJ,
Nordmann P. Vibrio splendidus as the source of
plasmid-mediated QnrS-like quinolone
resistance determinants. Antimicrobial agents
and chemotherapy. 2007 Jul;51(7):2650-1.
https://doi.org/10.1128/AAC.00070-07

269


https://doi.org/10.1101/2021.06.08.447214
https://doi.org/10.3390/antibiotics11111653
https://doi.org/10.1186/s12879-020-05693-1
https://doi.org/10.1371/journal.pone.0275353
https://doi.org/10.1007/82_2018_104
https://doi.org/10.1007/s10123-020-00145-x
https://doi.org/10.1016/j.genrep.2020.100909
https://doi.org/10.1186/s12866-019-1495-6
https://doi.org/10.1371/journal.pone.0102533
https://doi.org/10.1038/s41467-023-43345-5
https://doi.org/10.1016/S1473-3099(22)00879-9
https://doi.org/10.1016/S1473-3099(22)00879-9
https://doi.org/10.1016/j.jiph.2017.09.025
https://doi.org/10.3390/antibiotics11081075
https://doi.org/10.3855/jidc.583
https://doi.org/10.1128/AAC.00070-07

Rijah et al. Babcock Univ. Med. J.2025 8(1):257-270

40.Felsenstein  J.  Confidence limits on
phylogenies: an approach using the bootstrap.
evolution. 1985 Jul 1;39(4):783-91.
https://doi.org/10.1111/j.1558-
5646.1985.tb00420.x

41.Kosakovsky Pond SL, Poon AF, Velazquez R,
Weaver S, Hepler NL, Murrell B, Shank SD,
Magalis BR, Bouvier D, Nekrutenko A, Wisotsky
S. HyPhy 2.5—a customizable platform for

evolutionary  hypothesis  testing using
phylogenies. Molecular biology and evolution.
2020 Jan;37(1):295-9.

https://doi.org/10.1093/molbev/msz197

42.Lan R, Reeves PR. Escherichia coli in disguise:
molecular origins of Shigella. Microbes and
infection. 2002 Sep 1;4(11):1125-32.
https://doi.org/10.1016/S1286-4579(02)01637-
4

43.Pettengill JB, Luo Y, Davis S, Chen Y,
Gonzalez-Escalona N, Ottesen A, Rand H,
Allard MW, Strain E. An evaluation of alternative
methods for constructing phylogenies from
whole genome sequence data: a case study
with Salmonella. PeerJ. 2014 Oct 14;2:€620.
https://doi.org/10.7717/peerj.620

44 Al-Khafaji NS, Almjalawi BS, Ewadh RM, Al-
Dahmoshi HO, Abed SY, Nasrolahi A, Nwobodo
DC, Kanaan MH, Abdullah SS, Saki M.
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. 2024
Aug 14;29(1):419.
https://doi.org/10.1186/s40001-024-02007-y

45.Kahsay AG, Muthupandian S. A review on Sero
diversity and antimicrobial resistance patterns
of Shigella species in Africa, Asia and South
America, 2001-2014. BMC research notes.
2016 Dec;9:1-6.
https://doi.org/10.1186/s13104-016-2236-7

46.Klontz KC, Singh N. Treatment of drug-resistant
Shigella infections. Expert review of anti-
infective therapy. 2015 Jan 2;13(1):69-80.
https://doi.org/10.1586/14787210.2015.983902

47 .WHO. Iraqg: National action plan of antimicrobial
resistance in Iraq. 2022. WHO Geneva.
https://www.who.int/publications/m/item/iraq-
national-action-plan-of-antimicrobial-
resistance-in-iraq

48.Ahmed D, Al-Ajeeli KS, Hasan AS. Multiple and
extended drug resistance of Shigella species
isolated from patients with gastroenteritis in
Baghdad, Irag. Biochemical & Cellular
Archives. 2021 Oct 1;21(2).

49.White S, Heath T, Khalid Ibrahim W, lhsan D,
Blanchet K, Curtis V, Dreibelbis R. How is
hygiene behaviour affected by conflict and
displacement? A qualitative case study in
Northern Iraq. PloS One. 2022 Mar
3;17(3):e0264434.
https://doi.org/10.1371/journal.pone.0264434

50.Webb C, Cabada MM. A review on prevention
interventions to decrease diarrheal diseases in
children. Current Tropical Medicine Reports.
2018 Mar;5:31-40.
https://doi.org/10.1007/s40475-018-0134-x

51.NIHR Global Health Research Unit on Genomic
Surveillance of AMR.  Whole-genome
sequencing as part of national and international
surveillance programmes for antimicrobial
resistance: a roadmap. BMJ Global Health.
2020 Nov;5(11):e002244.
https://doi.org/10.1136/bmjgh-2019-002244

52.Baker KS, Dallman TJ, Behar A, Weill FX,
Gouali M, Sobel J, Fookes M, Valinsky L, Gal-
Mor O, Connor TR, Nissan I. Travel-and
community-based transmission of multidrug-
resistant Shigella sonnei lineage among
international Orthodox Jewish communities.
Emerging Infectious Diseases. 2016
Sep;22(9):1545.
https://doi.org/10.3201/eid2209.1511953

270


https://doi.org/10.1111/j.1558-5646.1985.tb00420.x
https://doi.org/10.1111/j.1558-5646.1985.tb00420.x
https://doi.org/10.1093/molbev/msz197
https://doi.org/10.1016/S1286-4579(02)01637-4
https://doi.org/10.1016/S1286-4579(02)01637-4
https://doi.org/10.7717/peerj.620
https://doi.org/10.1186/s40001-024-02007-y
https://doi.org/10.1186/s13104-016-2236-7
https://doi.org/10.1586/14787210.2015.983902
https://www.who.int/publications/m/item/iraq-national-action-plan-of-antimicrobial-resistance-in-iraq
https://www.who.int/publications/m/item/iraq-national-action-plan-of-antimicrobial-resistance-in-iraq
https://www.who.int/publications/m/item/iraq-national-action-plan-of-antimicrobial-resistance-in-iraq
https://doi.org/10.1371/journal.pone.0264434
https://doi.org/10.1007/s40475-018-0134-x
https://doi.org/10.1136/bmjgh-2019-002244
https://doi.org/10.3201/eid2209.1511953

