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 A bout of twenty isolates of Shigella species were isolated and identified 

from 200 stool speciments of patients suffering from diarrhea where S. 

flexneri was 3 (15%), S. Sonnei 4(20%), S. dysenteriae 13(65%) and S. 

boydiii 0(0%). The genomic DNA of these isolates was extracted using 

genomic DNA kit and the concentration and the purity of DNA were 

measured. The antibiotic susceptibility tests, showed that there were 

significant difference (P≤0.05) among the species of Shigella and the 

extended-spectrum B-lactamase (ESBL) genes. It was found that 76.6 % 

and 44% of the isolates were susceptible to ciprofloxacin and 

ceftriaxone, respectively. All of the isolates were resistant to ampicillin, 

45% to nalidixic acid, 55% to ceftriaxone, 15% to ciprofloxacin, 60% to 

chloramphenicol and cefixime, 65% to ceftazidime and 40% to 

gentamicin. The antibiotics resistance and ESBL genes in Shigella spp. 

isolates revealed a harmony relationship between them. The resistance 

rate to most antibiotics was observed in the isolates of blaCTX-M gene, 

the isolates of blaCTX-M gene were resistance to all antibiotics, the 

isolates of blaTEM, blaSHV and blaAMPC genes were resistance to 

ciprofloxacin (66.66%) and the isolates of blaSHV genes were resistance 

to chloramphenicol (25%) and ceftriaxone (27.27%). This study 

indicated  that Shigella spp. are one of the main causes of diarrhea and 

their resistance to antibiotics was due to the presence of ESBL genes. 

 

 

 

   

 

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

International License. 

 

 

1. Introduction 

Shigella is an intestinal bacterium that is very contagious and can be quite harmful. [11] found that healthy 

people can become unwell after ingesting 10-100 Shigella dysentery. Fever, bloody, purulent stools, and 

stomach cramps can all be brought on by Shigella's endotoxin, exotoxin, enterotoxin, and temperature 

regulation genes. Some patients may develop life-threatening symptoms include hemolytic uremic 

syndrome, hypoglycemia, hyponatremia, intestinal perforation, convulsions, encephalopathy, and even 

death. In contrast, other patients may just endure short-term illness. Dysentery affects 165 million people 

annually worldwide, with over 162 million of those people living in developing countries, according to the 

WHO in 1999. For 1.1 million persons, mostly children under the age of 5, dysentery was the cause of death 

[24]. Shigella spp. are Gram-negative, rod-shaped, nonspore-forming bacteria that are facultative anaerobes 
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and nonflagellated. They cause acute diarrhea that can progress to bloody mucoid diarrhea, which is 

generally referred to as bacillary dysentery (or shigellosis) [16]. Due to Shigella's increasing drug resistance 

[9], morbidity linked to socioeconomic factors, public health issues, lifestyle choices, and epidemic Shigella 

serotypes, Shigella was designated as a life-threatening bacteria by the WHO in 1996. Bacterial dysentery 

must be controlled by eradicating the infection source, blocking the transmission vector, and promptly 

protecting the vulnerable populations. Shigella has grown increasingly resistant to medications recently, 

which makes treatment less effective. Shigella patients that have a long illness course are a major source of 

infection for others, which presents significant challenges for clinical treatment and disease control [39]. 

According to serological features, Shigella genus is classified into four species: S. dysenteriae, S. flexneri, 

S. boydii, andS. 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 

[18]. Shigellosis is more prevalent in children who lack access to safe drinking water, have poor hygiene 

and sanitation, and have insufficient nutrition. Diarrhea symptoms range from mild watery diarrhea to 

severe dysentery with bloody stools, abdominal pain, and high fever [22]. The antibiotic resistance is a 

major concern to the world, as it renders antibiotic treatments ineffective and increases the risk of 

therapeutic failure [29], [18]. In various regions of the world today, around half of the Shigella serotypes 

are resistant to different drugs. Some bacteria develop enzymes called extended spectrum beta-lactamases 

(ESBLs), which can hydrolyze extended spectrum cephalosporin. It follows that they are effective against -

lactam antibiotics such ceftazidime, cefotaxime, ceftriaxone, and oxyimino-monobactam [13]. Shigella 

isolates demonstrated a high rate of β -lactamase synthesis, reaching to 75.6% in Iraq [3]. Shigella isolates 

have been found to contain a variety of β- lactamases from the Ambler class A family, including the TEM, 

SHV, and CTX-M enzymes. In 1995, France reported the first isolate of S. flexneri that produced an ESBL 

and had a plasmid containing the blaSHV-2 gene [12]. Several publications from Argentina, Canada, Japan, 

South Korea, China, and other Asian countries have found Shigella spp. carrying various forms of ESBL 

genes [32]. Hence, the present work was undertaken to focus on the role of ESBL genes in antibiotics 

resisitance of Shigella spp. isolates. 

 

2. Materials and Methods 

 

2.1 Collection of Samples 

200 stool samples altogether, including both males and females, were taken from patients of various ages 

(adults, adolescents, and toddlers). From November 2020 to May 2021, patients with diarrhea who were 

admitted to regular hospitals, the Feminine and Children Teaching Hospital, and Al-Diwaniyah Teaching 

Hospital had their stools collected. 

 

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° (Jawetz et al., 2019). 

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 [20], in addition to the polymerase chain 

reaction (PCR) technique [35]. 

 

2.3 DNA Extraction 

Bacterial genomic DNA was extracted from XDR Shigella isolates using (Presto™ Mini gDNA Bacteria 
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Kit) and done according to company instructions (Favorgen, Taiwan). 

 

2.4 Composition of PCR Reaction Mixture 

The reaction mixture composition 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). 

 

2.5 PCR Primers and Conditions 

The Macrogen (South Korea) manufactured of PCR primers used in this work are shown in Table 1. 

 

Table 1: PCR primers of extended-spectrum β-lactamase genes with their nucleotide sequence and product 

size 

Primer Sequence (5'-3') Product Size Genbank 

bla-CTXM 
F TTGTTAGGAAGTGTGCCGCT 

652bp MW657993.1 
R TATCCCCCACAACCCAGGAA 

bla-TEM 
F AGATCAGTTGGGTGCACGAG 

508bp HQ203209.1 
R TTGTTGCCGGGAAGCTAGAG 

bla-SHV 
F CCACTATCGCCAGCAGGATC 

364bp HQ203196.1  
R GACTCGATCGTCCACCATCC 

bla-AMPC 
F AAACGACACTCTGCGCCTTA 

422p 
UYIS0100001

1.1 R GGATTTCACCTCATCCGGCA 

Abbreviations: F, Forward primer; R, Reverse primer. 

 

Amplification of bla-CTXM, bla-TEM, bla-SHV and bla-AMPC genes was conducted in a thermocycler 

with the following settings: 4 min pre-denaturation at 95°C; 32 cycles with denaturation for 30 seconds at 

95°C, annealing for 30 seconds at 58°C, extending for 40 seconds at 72°C; and a final extension of 5 min. 

 

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 ul of products (bands) and 1 ul of loading dye were added. The size of amplified gene 

fragments was determined using a 100–1500 bp DNA ladder (Promega, USA). According to [19], the gel 

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

 

2.7 Antibiotics Susceptibility 

According to clinical laboratory recommendations, the phenotypic identification of ESBLs was done using 

the disk diffusion test. The antibiotics included ampicillin (10µg) ceftriaxone (30µg) erythromycin (15µg) 

chloramphenicol (30µg) ceftazidime (30µg) ciprofloxacin (5µg) gentamicin (30µg) cefixime (5µg) 

nalidixic acid (30µg). Shigella spp. was determined to be resistant or sensitive based on the zone of 

inhibition according to the criteria of [8]. 

 

2.8 Statistical analysis 

The statistical analysis was done using Chi-square method and SPSS, 2010 VERSION Statistics Software 
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(Daniel, 2009). 

 

3. Results and Discussion 

 

3.1 Isolation and Identification 

Twenty isolates of Shigella spp. were isolated and identified from 200 speciments of patients suffering from 

diarrhea where S. flexneri was 3 (15%), S. Sonnei 4(20%), S. dysenteriae 13(65%) and S. boydiii 0(0%). 

The colonies of non-lactose fermenters that are transparent and pale were developed on MacConkey agar. 

When it came to isolating enteric pathogens, Salmonella-Shigella agar performed worse than Hekton enteric 

and xylose-lysine-desoxycholate agar, and required more work to do so [28]. Samples must be plated on 

MacConkey with one of the following agars: xylose-lysine-deoxycholate, Hektoen enteric, or deoxycholate 

citrate in order to best detect Shigella in feces. Shigella does not create H2S, hence its colonies on Hektoen 

agar were bluish-green rather than the salmon-colored Salmonella colonies' black centers. Shigella is not a 

lactose or xylose fermenter and exhibits a high level of biochemical inertness [10]. Shigella most commonly 

does not create gas, with the exception of some S. flexneri strains, which are outliers and may ferment 

lactose [23]. Kligler iron or triple sugar iron agar were used to further describe the appropriate colonies. 

Shigella lysine decarboxylase tests usually come out negative. The biochemical properties of Groups A, B, 

and C are comparable, although S. sonnei has ornithine decarboxylase activity and beta-galactosidase 

activity, according to [17]. 

 

3.2 Antibiotics susceptibility 

The results of the current study, upon examination by the antimicrobial susceptibility test, showed that there 

is a significant difference (P≤0.05) among species and ESBL genes (Table 2). In this study, some Shigella 

isolates were resistant to ampicillin, and nalidxic acid (up to 60%), cefixicin (59.5%), ceftazidime (55%), 

and ceftriaxone (55%). 76.6 % of Shigella spp. isolates were susceptible to ciprofloxacin and 44 % were 

susceptible to ceftriaxone, when the isolates were examined toward the antibiotics susceptibility, it was 

found that 100 % of the isolates were resistant to ampicillin, 45% to nalidixic acid, 55% to ceftriaxone, 15% 

to ciprofloxacin, 60% to chloramphenicol and cefixime, 65% to ceftazidime and 40% to gentamicin. 

 

Table (2): Antibiotics susceptibility test (number and percentage) 

Antibiotic  
Sensitive isolates  Intermediate isolates Resistance isolates 

No. % No. % No. % 

Ampicillin 0 0 0 0 20 100 

Ceftriaxone 6 30 3 15 11 55 

Erythromycin 0 0 2 10 18 90 

Chloramphenicol 4 20 4 20 12 60 

Ceftazidime 3 15 4 20 13 65 

Ciprofloxacin 12 60 5 25 3 15 

Gentamicin 3 15 9 45 8 40 

Cefixime 5 25 3 15 12 60 

Nalidixic acid 2 10 9 45 9 45 
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X2 61.72* 

P-value 0 

* Significant difference at P≤0.05 

 

The susceptibility of Shigella to antibiotics varies according to the dosage and formulation. Shigellosis is a 

disease that mostly affects children in areas of developing countries where it is endemic. However, many 

specialists feel that individuals with effective stool cultures for bacteria should be treated to minimize 

transmission by shortening the duration of clinical symptoms and decreasing faecal output [25]. Although 

Shigella species-related infectious diarrhea is frequently self-limiting, as a result, empiric antibiotic therapy 

is frequently used in children with assumed Shigella species infection while stool culture and susceptibility 

testing results are awaited. Many patients will notice an improvement in their symptoms even before the 

results are available [2]. Nalidixic acid-resistant bacteria displayed decreased susceptibility to 

fluoroquinolones but not complete resistance [34]. In a drug susceptibility test, S. dysenteriae showed 

resistance to quinolone antibacterial drugs. Streptomycin and spectinomycin are two aminoglycoside 

antibiotics that bind to ribosomal subunits and limit protein synthesis at intracellular sites [31]. In a previous 

study, it was found that a increased rate of ampicillin, trimethoprim-sulphamethoxazole, and tetracycline 

resistance existed [15]. Ampicillin and trimethoprim-sulphamethoxazole (92.9%) were found to have the 

highest resistance rate. Tetracycline (78.6%) and nalidixic acid (21.4%) were next in line. Interestingly, 

Shigella spp. also exhibited resistance to third-generation cephalosporins, with (48.2%) and (58.9%) of 

isolates being intolerant to ceftriaxone and cefotaxime, respectively. Despite third-generation cephalosporin 

resistance being seen in all serogroups, S. sonnei strains were incredibly resistant to these drugs, with 

(88.9%) of their isolates being cefotaxime resistant and (72.2%) being ceftriaxone resistant. Cefotaxime 

resistance and the Shigella species were found to be significantly correlated (p 0.05). S. flexneri strains 

were primarily resistant to quinolones and chloramphenicol, but overall analysis revealed that S. sonnei had 

higher antibiotic resistance than other species. To ciprofloxacin, all Shigella isolates were susceptible [14]. 

Another study found that the quinolones were 90% resistant to the antibiotics tested (Halimeh et al., 2020). 

According to antibiotic susceptibility statistics, ciprofloxacin resistance increased from 57.1% to 100% over 

five years, while ampicillin resistance ranged between 35.70% and 81.250%. Additionally, nalidixic acid 

and cotrimoxazole were completely resistant to pressure [26]. Antibiotic resistance in members of the 

enterobacteriaceae family may be variable due to plasmid-mediated resistance determinants' transfer. In 

their analysis, 43.7% of isolates were resistant to furazolidone, and 33.3% were resistant to gentamicin [33]. 

According to antibiotic susceptibility statistics, ciprofloxacin resistance increased from 57.1 to 100%, while 

ampicillin resistance ranged from 35.7% to 81.25%. Between the years of 2014 and 2016, nalidixic acid and 

cotrimoxazole displayed 100% resistance [5]. Overall, 17.02 percent of Shigella strains tested were resistant 

to at least one of the three third-generation cephalosporins studied; ceftriaxone, cefotaxime, or cefotaxime 

S. sonnei strains were 20 percent resistant to cefotaxime or ceftriaxone, whilst S. flexneri strains were 11.76 

% resistant. Shigella spp. resistance to cephalosporins was reported to be between 2% and 5.2% in 

Southeast Asian research [7]. 

 

3.3 Distribution of extended spectrum B-lactamase genes 

The results of the current study, upon examination by PCR method of ESBL genes, showed defferent PCR 

product of Stx1,Stx2, ShET-1 and ShET-2 genes of Shigella spp. as shown in Figures (1,2,3 and 4). 
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Figure (1): Agarose gel electrophoresis of PCR product of bla-CTXM gene in Shigella spp. isolates where 

marker ladder (1500-100bp) and Lane (1-20) showed some positive bla-CTXM gene at 652bp PCR product 

size. 

 

 
Figure (2): Agarose gel electrophoresis of PCR product of bla-TEM gene in Shigella spp. isolates where 

marker ladder (1500-100bp), and Lane (1-20) showed some positive bla-TEM gene at 508bp PCR product 

size. 

 

 
Figure (3): Agarose gel electrophoresis of PCR product of bla-SHV gene in Shigella spp. isolates where 

marker ladder (1500-100bp), and Lane (1-20) showed some positive bla-SHV gene at 364bp PCR product 

size. 

 

 
Figure (4): Agarose gel electrophoresis of PCR product of  bla-AMPC gene in Shigella spp. isolates where 

marker ladder (1500-100bp), and Lane (1-20) showed some positive bla-AMPC gene at 422bp PCR product 

364bP 
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size. 

 

The resistance genes and frequencies noticed revealed the susceptibility against the antibiotic test, which 

varies according to each genetic serotype of lactamase genes. The p-value of S. flexneri was 0.392 while 

that of S. sonnei was 0.046 and S. dysenteriae was 0.208. Table 3 showed different p values of ESBL genes 

of Shigella isolates, according to the developed strain and mutations that occurred over the period. 

 

Table (3): Distribution of extended spectrum B-lactamase genes. 

Shigella species  No. Resistance genes (frequency and %) X2 p-

value blaCTX-M blaTEM blaSHV blaAMPC 

S. flexneri 3 3(100) 2(66.66) 1(33.33) 2(66.66) 3* 0.392 

S. Sonnei 4 4(100) 2(50) 0(0) 2(50) 8** 0.046 

S. dysenteriae 13 9(69.23) 7(53.84) 4(30.76) 5(38.46) 4.54* 0.208 

X2  2.69* 0.212* 1.67* 0.834*  

P-value   0.260 0.899 0.433 0.659  

* No significant difference at P≤0.05 

** Significant difference at P≤0.05 

 

The narrow spectrum blaOXA 1 and blaTEM 1B genes were also common in the isolates, which had a 

significant prevalence of blaCTXM 15 genes that encode ESBL [1]. The blaTEM beta-lactamase resistance 

gene was found in all of the ceftriaxone-resistant isolates (29), as well as in blaCTX-M-15 in 37%, 

blaCMY-2 in 45.6%, and blaOXA in 52%. The first case of decreased susceptibility to azithromycin (DSA) 

was reported in 2001 (1, 2.5%), and by 2011–15, the rate had risen to 35.1% (40). S. flexneri (40), S. boydii 

(4) and S. sonnei (1) were the isolates with DSA, and 19 out of the 40 isolates of S. flexneri had plasmid-

mediated azithromycin resistance by the mphA gene [36]. By using PCR amplification and DNA sequence 

analysis, 66 strains of the 95 clinical S. sonnei isolates were found to possess the ESBL-producing 

resistance genes. Sixty six S. sonnei isolates were found; of them, 36 (48.0%) strains carried the blaTEM-1 

gene, and 28 (37.7%) strains belonged to the blaCTX-M-1 group, which included three genotype species: 

blaCTX-M-55 (n = 22), blaCTX-M-3 (n = 3), and blaCTX-M-15 (n = 3). There were 11 (14.7%) strains 

harboring the blaCTX-M-9 group, encompassing blaCTX-M-14 (n = 9) and blaCTX-M-65 (n = 2). These S. 

sonnei strains did not amplify the blaCTX-M-2 or blaSHV viruses [30]. These enzymes typically result in 

improper therapy, which raises the risk of infection and mortality while increasing costs and length of 

hospital stays. Bacterial isolates with these genes are typically resistant to different antimicrobial medicines 

and can be treated, leaving limited therapeutic options [38]. 

 

The connection between antibiotic resistance and the molecular detection of the antibiotic resistance genes 

blaCTX-M, blaTEM, blaSHV, and blaAMPC in Shigella spp. isolates in the current study showed that there 

was agreement between the results of antibiotic resistance and the successful molecular detection of these 

genes. The increased resistance rate to most antibiotics was observed in the isolates of blaCTX-M gene, the 

isolates that have blaCTX-M gene was resistance to all antibiotics (100%), the isolates that have blaTEM, 

blaSHV and blaAMPC genes were resistance to ciprofloxacin (66.66 %), the isolates that have blaSHV 

genes was resistance to chloramphenicol (25%) and ceftriaxone (27.27%) as shown in Table (4). 

 

Table (4): Pattern of blaCTX-M, blaTEM, blaSHV and blaAMPC of antibiotics of Shigella spp. isolates 
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Antibiotic No. of 

Resist. 

isolate 

blaCTX-M blaTEM blaSHV blaAMPC 

No. % No. % No. % No. % 

Ampicillin 20 20 100 10 50 7 35 9 45 

Ceftriaxone 11 11 100 5 45.45 3 27.27 3 27.27 

Erythromycin 18 18 100 11 61.11 6 33.33 7 38.88 

Chloramphenicol 12 12 100 6 50 3 25 4 33.33 

Ceftazidime 13 13 100 6 46.15 4 30.76 5 38.46 

Ciprofloxacin 3 3 100 2 66.66 2 66.66 2 66.66 

Gentamicin 8 8 100 5 62.5 3 37.5 4 50 

Cefixime 12 12 100 6 50 4 33.33 5 41.66 

Nalidixic acid 9 9 100 5 55.55 4 44.44 5 55.55 

X2  0* 1.66* 2.63* 3.2* 

P value  1 0.990 0.955 0.921 

* No significant difference at P≤0.05 

 

According to [27], 59 (78.7%) of the ESBL-producing isolates were discovered to be multidrug-resistant 

(MDR), i.e., they displayed partial or complete resistance to at least three separate classes of antimicrobial 

drugs, including -lactams, aminoglycosides, and fluoroquinolones. In this study, all eight isolates that were 

resistant to ceftriaxone were also susceptible to imipenem, cefaperazonesulbactam, and 

piperacillintazobactam. In May 2007, the first S. sonnei strain to produce ESBLs and be ceftriaxone-

resistant was found in the feces of a toddler from Ho Chi Minh City who had acute diarrhea [37]. The rise 

of Shigella strains that produce ESBL is caused by the prescription of cefixime and ceftriaxone as empirical 

medicines. When treating MDR strains, azithromycin and piperacillin tazobactam can be used. Shigella has 

high rates of antibiotic resistance, which physicians should be aware of. To understand the shifting 

susceptibility pattern as well as cyclical variations of the serogroup in various parts of the country, 

continuous monitoring of multi drug resistance strains and serotyping is crucial [21]. S. sonnei's blaTEM-1 

and blaCTX-M-55 genotypes of ESBLs have grown regionally prominent in Jiangsu Province as a result of 

the rising prevalence of S. sonnei together with the rising rate of cefotaxime resistance. It is imperative that 

local health departments and disease prevention organizations undertake surveillance of cefotaxime-

resistant S. sonnei and bla genes and swiftly, accurately, and urgently curtail antibiotic usage [30]. Shigella 

infections in humans can be treated with antibiotics to ensure bacterial eradication, clinical recovery, and 

the avoidance of sequelae. Shigellosis and MDR can both be effectively treated with ciprofloxacin. The 

overuse and improper administration of this medicine to treat diarrhea and urinary tract infections may be 

linked to Shigella [6]. S. sonnei strains were more resistant than S. flexneri strains when serotype resistance 

rates were evaluated. Six different antibiotics were used in this study, and 91.6% of the isolates had 

multiple resistances. S. sonnei (6) and S. flexneri (2) were resistant to third-generation cephalosporins, 

ceftriaxone, and cefotaxime in eight multidrug-resistant Shigella strains [4]. 

 

4. Conclusions 
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Shigella spp. are one of the main causes of diarrhea and is characterized by resistance to antibiotics due to 

the wrong and excessive use of them. The ESBL genes and their intergenerational transmission are closely 

related to antibiotic resistance, which will lead to a global health crisis in the future. 
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