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 About 200 samples of various patients who were hospitalized to the 

general hospital, the teaching hospital for women and children, and the 

Al-Diwaniyah teaching hospital between November 2020 and May 2021 

yielded a total of 20 Shigella species isolates. The isolates were 

identified using traditional methods and polymerase chain reaction 

technique, named as No.1 to No.20. The whole genomic DNA of twenty 

isolates, as No.1 to No.20 isolated from different geographic regions of 

Iraq, was extracted. The sequencing of 16S ribosomal RNA gene 

pathogenic Shigella spp. was performed, and the sites of these genes on 

the genome of the isolates were determinate. The phylogenetic tree 

analysis, using MEGA X10.2.4 software program was achieved, and the 

matching of the current study isolates with NCBI-Gen bank global 

Shigella strains, elicited that the phylogenetic tree genetic relationship 

analysis showed that the local Shigella spp. (IQ-No.1 to IQ-No.20) 

isolates were showed closed genetics related to NCBI BLAST Shigella 

spp. strain SK8 Indian isolates (MW600518.1) at total genetic change 

(0.0040-0.0010%). 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Shigella spp. are Gram-negative, rod-shaped, nonspore–forming bacteria that are facultative anaerobes and 

nonflagellated. They cause acute diarrhea that can progress to bloody mucoid diarrhea, which is generally 

referred to as bacillary dysentery (or shigellosis) [10]. The most frequent cause of diarrhea is shigella, 

which continues to be a major pathogen responsible for rising rates of morbidity and mortality from 

dysentery each year throughout the world, particularly in children under the age of five in developing 

nations [11], [12]. According to serological features, the Shigella genus is classified into four species: 

Shigella dysenteriae, Shigella flexneri, Shigella boydii, and Shigella sonnei. Each species is further 

classified into numerous serotypes based on the lipopolysaccharide layer's 'O' antigen, with S. dysenteriae 

having fifteen serotypes, S. flexneri having six serotypes and fifteen subtypes, S. boydii having eighteen 

serotypes, and S. sonnei having only one serotype [13]. 

 

Shigellosis can occur in pandemics, epidemics, or as a random disease. It is a serious public health concern 

due to its low infectious dosage of 10–100 organisms, compared to 105–108 for Salmonella and Vibrio 
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[13]. Also, it was identified as the second leading cause of death associated with diarrhoea across all age 

groups in an estimate of the global disease burden [14]. Shigellosis is more prevalent in children who lack 

access to safe drinking water, have poor hygiene and sanitation, and have insufficient nutrition. 

 

Shigella attacks the colonic epithelium, causing inflammation and ulceration of the large intestine. Diarrhea 

symptoms range from mild watery diarrhea to severe dysentery with bloody stools, abdominal pain, and 

high fever [12]. Shigella species secrete a number of virulence factors that generate considerable 

inflammation and mild enterotoxic effects in the colons, culminating in the early onset of characteristic 

watery diarrhea. As a result, a given isolate's pathogenicity is determined by the expression of several 

virulence genes involved in colonization, invasion/penetration, and toxin-mediated illness [15]. 

 

The chromosomal or large pathogenic inv plasmids contained a variety of virulence factors that produced 

shigellosis [16]. Along with virulence factors encoded on the virulence plasmid, Shigella produces toxins 

encoded on the chromosome or virulence plasmid, including Shigella enterotoxin 1 (ShET-1), Shigella 

enterotoxin 2 (ShET-2), and shiga toxin (Stx). 

 

Resistance develops over time as a result of the triple mutations on chromosomes gyrA and parC. 

Horizontally transferred components may also contribute to the shape and establishment of resistant clones 

in development. A phylogenetic tree, also known as an evolutionary tree or phylogeny, is a tree diagram 

that depicts the evolutionary histories or relationships of various biological groups or other categories based 

on physical or genetic similarities and differences [2]. It is used in a branch of biology that analyzes 

morphological data matrices and molecular sequencing data to identify how various groups of animals have 

evolved over time. The phylogenetic tree is important because it has been used to explore biodiversity, 

evolution, genetics, and ecology among groups of organisms [5]. A common ancestor is shown through a 

single phylogenetic tree that represents all life on earth [1]. Hence, the present work was undertaken to 

focus on the phylogenetic origins of Shigella Spp isolates in Iraq. 

 

2. Materials and Methods 

 

2.1 Collection of Samples 

200 stool samples were taken from individuals of all ages (adults, adolescents, and children), including both 

males and females. Stool samples were collected from patients with diarrhea who were admitted to general 

hospitals, the teaching hospitals for women and children, and Al-Diwaniyah teaching hospitals between 

November 2020 and May 2021. 

 

2.2 Isolation and Identification 

The specimens were cultivated on blood agar (Himedia), using a sterile loop and incubated at 37 C° for 24 

hr. Pure colonies were kept in glycerol-containing nutrient broth (Himedia) at 4 C° [3]. The shape, size, 

texture, and colony organization of bacteria grown on MacConkey agar, blood agar, and nutrient agar 

(Himedia) were studied. A single colony of the isolates was Gram stained and examined under a 100x oil-

emersion light microscope, the isolates were identified depending on morphological properties (for cells 

and colonies) and biochemical testes as described by [4] in addition to polymerase chain reaction technique 

[6]. 

 

2.3 DNA Extraction 

Whole genomic DNA was extracted according to the manufacturer standard for Shigella spp molecular   

identification (Favorgen, Taiwan). 
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2.4 PCR Primers and Conditions 

PCR cycling thermal program parameters were used in this reaction for detection of P. aeruginosa specific 

16S rRNA gene. The Macrogen (South Korea) manufactured of PCR primers used in this work are shown in 

(Table 1). 

 

Table 1. PCR primers and their conditions used in this study, Macrogen (South Korea). 

  Primer 

  

    Sequence (5-----------›3)        

Amplicon 

size (bp)  

 Conditions  

(D, A and  

E)  

Cycle 

No.   

   

16S  

RNA 

gene 

Shigella 

sp. 

F  CGCAGGCGGTTTGTTAAGTC 

 515   

94˚C/1 min   

57˚C/1 min  

    72˚C/2 min  35  
R  ACATTCGAGCAACACGGGG 

Abbreviations: D, Denaturation; A, Annealing; E, Extension; F, Forward primer; R, Reverse primer. 

 

2.5 PCR Reaction Mixture Preparation 

The reaction mixture of PCR was performed in 12 μl of PCR MasterMix (Bioneer, South Korea), the total 

volume of the reaction was 25 μl consisting of 2 μl from each primer, forward and reverse, 3 μl of DNA, 

and the volume completed up to 6 μl with free nucleases deionized water according to the company's 

instructions. Negative control contains all the above contents without DNA template was also used. The 

amplification reactions were performed in an automated thermocycler apparatus (Clever Scientific, UK). 

 

2.6 Agarose Gel Electrophoresis 

PCR products were run on a 1% horizontal agarose gel and stained for an hour at 75 volts with red safe dye. 

In the gel's wells, 5 l of amplification products and 1 l of loading dye were added. The size of amplified 

gene fragments was determined using a 100–1500 bp DNA ladder (Promega, USA). According to [17], the 

gel documentation system (Biometra-Germany) was used to photograph the DNA bands (2012). 

 

2.7 DNA sequence method 

DNA sequencing method was performed for study the confirmative genetic identification and genetic 

variation (substitution Mutations) analysis based on 16S ribosomal RNA gene pathogenic Shigella spp. 

isolates. The PCR products were shipped by DHL (DHL Home - Global Logistics and International 

Shipping) to the Macrogen Company in Korea in ice bags so that Applied Biosystems could perform DNA 

sequencing on them. Utilizing Molecular Evolutionary Genetics Analysis version 6.0 (Mega 6.0), multiple 

sequence alignment analysis of the partial metE and metF gene-based ClustalW alignment analysis, and the 

Maximum Composite Likelihood method by phylogenetic tree UPGMA method, the DNA sequencing 

analysis was carried out. The homology sequence identity and mutation analysis by using NCBI BLAST 

analysis. Finally, the genes were submitted into NCBI-Genbank data base for get Genbank accession 

numbers. 

 

2.8 Phylogenetic Tree 

The phylogenetic tree was designed using the neighbor method with the help of MEGA4 software program 

[7] and the neighbor-joining phylogeny tree [9]. The evolutionary distances are computed using the 

maximum composite likelihood method and the reliability of the trees were determined by 1000 data set 

bootstrap resembling [8]. 

 

3. Results and Discussion 
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3.1 Isolation and Identification 

More than 200 samples were collected from patients with clinical signs and abdominal pain, the Shigella 

isolates were identified using their colony morphology on each culture media. A total of twenty isolates of   

Shigella spp. were isolated from 200 clinical specimens. Colonies of non-lactose fermenters that are 

transparent and pale developed on MacConkey agar.  Numerology and random distribution have an impact 

on the outcomes, according to studies on cultures from which mixed isolates were derived. In comparison to 

Hekton enteric and xylose-lysine-desoxycholate agar, Salmonella-Shigella agar performed worse in 

isolating enteric pathogens and required more work to do so [18]. Samples should be plated on MacConkey 

with either xylose-lysine-deoxycholate, Hektoen enteric, or deoxycholate citrate agar in order to maximize 

the detection of Shigella in feces. Shigella does not create H2S, hence its colonies on Hektoen agar were 

bluish-green instead of having the salmon-colored centers that Salmonella does. Shigella is comparatively 

biochemically inactive and does not ferment lactose or xylose [19]. S. sonnei strains can ferment lactose in 

some rare cases. Except for some S. flexneri isolates, most isolates do not generate gas [20]. Use of Kligler 

iron or triple sugar iron agar can be used to better describe appropriate colonies. Lysine decarboxylase 

testing for Shigella are frequently negative. Biochemically, Groups A, B, and C are identical, but S. sonnei 

has ornithine decarboxylase activity and beta-galactosidase activity [21]. 

 

3.2 Molecular methods for further identification of Shigella 

DNA was extracted from 20 bacterial isolates after the initial diagnosis based on biochemical and 

morphological tests of Shigella spp. for PCR technique to detect the genes of 16S rRNA. Total DNA was 

extracted using genomic DNA kit, after this, the measurement of DNA concentration and purity, all these 

isolates DNA concentration were (20.9 – 49.5   ng/μl) and purity of the DNA were (1.48 – 1.98). Then, gel 

electrophoresis was carried out as shown in Figure (1). 

 

 
Figure (1): Agarose gel electrophoresis image showed the PCR product analysis of 16S ribosomal RNA 

detection gene in Shigella spp. isolates. Where Marker ladder (1500-100bp), Lane (1-20) showed positive 

Shigella sp. 16S ribosomal RNA gene at 515bp PCR product size. 
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Shigella spp. isolates were highly detectable in 16s Ribosomal RNA, demonstrating the presence of 

Shigella spp. isolates in the sample amplified by PCR and run in gel electrophoresis, with bands observed at 

515 base pairs of PCR product size. The 16S rRNA gene is 1550 kb in length and contains both conserved 

and variable segments due to the prevalence of interspecific polymorphisms in the 16S rRNA gene. As a 

result, the number of people infected was lower than expected based on the symptoms; it's possible that one 

of them had been infected previously and it was a mild infection that was passed on to other age groups, or 

that some people had shown resistance to the Shigella species. After PCR amplification, the samples that 

came out positive were just 20 in number out of 200, which makes up 10% of the sample population. 

 

The findings create a new phylogenetic tree that separates Salmonella from Shigella and E. coli while yet 

showing close relationships between the three bacteria. The majority of unknown bacteria may currently be 

identified to the genus level using 16S rRNA sequence analysis because the highly conserved 16S rRNA 

region is easy to amplify [22]. According to reports, there are drawbacks to employing 16S rRNA 

sequencing for bacterial identification. One of these is the inability to tell atypical E. coli from Shigella spp. 

According to reports, S. flexneri, S. sonnei, and S. boydii share 99.8, 99.9, and 99.7% of the sequences of E. 

coli, respectively [22]. Shigella, a non-serotypeable species, must be molecularly typed because it is the 

main cause of bacterial diarrhea in underdeveloped nations. This study demonstrates that the 16S rRNA 

sequence technique has numerous drawbacks, including the difficulty to tell among closely related species 

[23]. [24] did not distinguish atypical E. coli and Shigella spp. by molecular identification using 16S rRNA 

sequencing. Using the reference 16S rRNA sequences from the National Center for Biotechnology 

Information (NCBI) database, the 16S rRNA sequence similarities between different pathogenic strains of 

S. boydii (JQ073777), S. sonnei (HQ591457), S. flexneri (NR026331), S. flexneri 2a (CP012137), S. 

flexneri 5a (NZCM001474), and S. dysenteria [25]. 

 

3.3 DNA Sequence and phylogenetic tree results 

DNA sequencing method was carried out to identify genetic relationships and genetic variation (substitution 

mutations) analysis in the 16S ribosomal RNA gene of local Shigella spp.  (IQ-No.1 to IQ-No.20) NCBI-

Blast related country related Shigella spp. isolates. The phylogenetic tree genetic relationship analysis 

showed that the local Shigella spp.  (IQ-No.1 to IQ-No.20) isolates were showed closed genetics related to 

NCBI BLAST Shigella spp. strain SK8 Indian isolates (MW600518.1) at total genetic change (0.0040-

0.0010%) as shown in Figure 2 and Table (2). 

 

The homology sequence identity between local Shigella spp.  (IQ-No.1 to IQ-No.20) isolates and NCBI 

BLAST Shigella spp. strain SK8 Indian isolate showed genetic homology sequence identity ranging from 

(99.31-99.78%). The genetic variation (substitution Mutations) analysis in 16S ribosomal RNA gene 

between local Shigella spp.  (IQ-No.1 to IQ-No.20) isolates and NCBI-Blast related NCBI BLAST Shigella 

spp. strain SK8 India isolates found (1-3) substitution mutations at total genetic variation percentage ranged 

(0.22-0.69%) as shown in the table and the figure. Finally, the local Shigella spp.  (IQ-No.1-IQ-No.20) 

isolates were submitted into NCBI Genbank and identified by accession numbers (OK036604.1 into 

OK036623.1). 

 



S. S. Abdulhassan and H. F. Naji, 2022                                                                  Azerbaijan Medical Journal 

 

3780 
 

 
Figure (2): Phylogenetic tree analysis based on 16S ribosomal RNA gene partial sequence in local Shigella 

spp.  (IQ-No.1 to IQ-No.20) isolates used for genetic relationship analysis. The phylogenetic tree was 

constructed using the evolutionary history inferred and the Neighbor-Joining method (MEGA4). The local 

Shigella sp.  (IQ-No.1 to IQ-No.20) were shown genetically related to NCBI-BLAST Shigella sp. strain 

SK8 India isolates (MW600518.1) at total genetic changes (0.0040-0.0010%). 

 

A neighbor-joining phylogenetic tree was constructed using the sequences of chromosomal genes in the 

study. The isolates are classified according to their serotype and species. The network's major nodes all 

have bootstrap values greater than 50%, which aids in identifying the three primary Shigella genus clusters 

and subclusters. A comparison of Shigella's gene map was examined. The pale green rings depict BLASTN 

comparisons of the strains as the outer rings represent annotations for known genes encoding proteins with 

known functions. 

 

The PCR analysis performed to identify the most prevalent genetic characteristics in table 2 revealed strong 

similarities between those traits. Shigella is a member of the enterobacteriaceae family of bacteria that 

 MW301235.1:576-1026 Shigella sp. strain KJ67.1 16S ribosomal RNA gene partial sequence

 MW301229.1:572-1022 Shigella sp. strain KJK37 16S ribosomal RNA gene partial sequence

 MT138719.1:573-1023 Shigella sp. strain GS2 16S ribosomal RNA gene partial sequence

 MK691588.1:483-933 Shigella sp. strain PCH347 16S ribosomal RNA gene partial sequence

 MK490973.1:600-1050 Shigella sp. strain KR23 16S ribosomal RNA gene partial sequence

 Shigella dysenteriae  IQ-No.9 isolate

 Shigella sonnei IQ-No.7 isolate

 Shigella dysenteriae IQ-No.2 isolate

 Shigella flexneri  IQ-No.17 isolate

 MW600518.1:567-1024 Shigella sp. strain SK8 16S ribosomal RNA gene partial sequence

 Shigella dysenteriae  IQ-No.10 isolate

 Shigella dysenteriae IQ-No.13 isolate

 Shigella  flexneri IQ-No.3 isolate

 Shigella sonnei IQ-No.18 isolate

 Shigella dysenteriae IQ-No.1 isolate

 Shigella dysenteriae IQ-No.16 isolate

 Shigella  dysenteriae  IQ-No.6 isolate

 Shigella dysenteriae  IQ-No.8 isolate

 Shigella flexneri IQ-No.12 isolate

 Shigella sonnei IQ-No.15 isolate

 Shigella dysenteriae IQ-No.20 isolate

 Shigella dysenteriae IQ-No.5 isolate

 Shigella dysenteriae  IQ-No.11 isolate

 Shigella dysenteriae IQ-No.14 isolate

 Shigella sonnei IQ-No.19 isolate

 Shigella dysenteriae  IQ-No.4 isolate

98%

100%

98%

95%

100%

98%

100%

98%

98%

100%
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causes diarrhoea, fever, and stomach pain in those affected. S. dysenteria, S. sonnei, and the more recently 

found S. boydii are clinically relevant Shigella species. Shigellosis is more frequently associated with 

youngsters. 

 

Table (2): The NCBI-BLAST homology sequence identity (%) between local Shigella spp. (IQ-No.1 to IQ-

No.20) isolate and NCBI-BLAST submitted related Shigella spp. isolate. 

Shigella sp.  

isolate No. 

Genbank 

Accession 

number 

NCBI-BLAST Homology Sequence identity (%) 

No. 

Mutation 
Type of Mutation 

Polymorphism 

Percent (%) 
Identity (%) 

IQ-No.1 OK036604 2 A/G, G/T 0.44% 99.56% 

IQ-No.2 OK036605 1 A/T 0.22% 99.78% 

IQ-No.3 OK036606 1 C/T 0.22% 99.78% 

IQ-No.5 OK036608 2 T/A, C/G 0.44% 99.56% 

IQ-No.6 OK036609 2 A/G, C/T 0.44% 99.56% 

IQ-No.7 OK036610 1 A/T 0.22% 99.78% 

IQ-No.8 OK036611 2  A/G, G/T 0.44% 99.56% 

IQ-No.9 OK036612 1 A/T 0.22% 99.78% 

IQ-No.10 OK036613 1 C/T 0.22% 99.78% 

IQ-No.11 OK036614 3 A/T, C/G, T/C 0.69% 99.31% 

IQ-No.12 OK036615 2 T/A, C/G 0.44% 99.56% 

IQ-No.13 OK036616 1 C/T 0.22% 99.78% 

IQ-No.14 OK036617 3 A/T, C/G, T/C 0.69% 99.31% 

IQ-No.15 OK036618 2 T/A, C/G 0.44% 99.56% 

IQ-No.16 OK036619 2 A/G, G/T 0.44% 99.56% 

IQ-No.17 OK036620 1 A/T 0.22% 99.78% 

IQ-No.18 OK036621 1 C/T 0.22% 99.78% 

IQ-No.19 OK036622 2 A/T, C/G 0.69% 99.31% 

IQ-No.20 OK036623 2 T/A, C/G 0.44% 99.56% 

 

Epidemiological research has successfully traced pathogenic bacteria's origins and genetic links through 
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molecular typing [26]. 

 

Hospital acquired infections caused by bacteria that are multidrug resistant are becoming a significant issue 

for patients. To ascertain the epidemiology of nosocomial infections and assist in the development of 

logical pathogen control techniques, it is critical to comprehend pathogen relatedness. Pathogen typing is 

used to ascertain whether genetic relationships exist between isolates that are epidemiologically related. The 

methods of choice for determining the molecular relatedness of isolates for epidemiologic study are novel 

DNA-based technologies or molecular analysis. Pulsed-field gel electrophoresis (PFGE), PCR-based typing 

techniques, and multilocus sequence analysis are examples of DNA-based molecular technologies [27]. 

 

Numerous housekeeping gene segment are used in this strategy to identify microbial species based on their 

distinct allelic patterns [28]. The alleles at each locus define the sequence type (ST). This study revealed 

two different sequence classes in Shigella species using BLAST homology analysis. The disease is most 

frequently observed in children under the age of five who reside in areas of impoverished countries where 

shigellosis is endemic. Many specialists feel that individuals with positive stool cultures for Shigella species 

should be treated to reduce the length of clinical symptoms and the amount of faecal discharge produced by 

the organism, reducing the risk of transmission [29]. According to [30], several large outbreaks and severe 

sickness have been linked to S. dysenteriae. The serogroup S. flexneri appears to be the most prevalent 

infection in Indian investigations [31]. In the study of [32], Shigella sonnei was the most frequent Shigella 

serotype (62.5 per cent). There have been no outbreaks of S. sonnei of this magnitude observed in India. S. 

sonnei is more prevalent in developed countries with a more gradual development course. In Thailand, 

Vietnam, and Sri Lanka, the dominant species has transitioned from S. flexneri to S. sonnei, most likely due 

to these nations' improved socioeconomic situations. [32] has revealed that a similar scenario is also playing 

out in India's southern states. Infections with Shigella are typically caused by a lack of sanitation and access 

to safe drinking water. demonstrates that the rate of Shigella isolation decreased from 2011 to 2013, 

possibly due to enhanced public health efforts, but then increased in subsequent years. Sanitation initiatives 

may be to blame for this [33]. Antimicrobial treatment of Shigella infections accelerates clinical recovery, 

decreases the incidence of sequelae, and prevents the spread of Shigella germs back into the general 

population [34]. 

 

4. Conclusion 

This study proved that it is possible to rely on PCR of 16S rRNA gene as an accurate method for diagnosing 

Shigella spp, the frequent travel to India contributed to the transmission of the isolates to Iraq in a very 

large way. 
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