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ABSTRACT 

The main focus of the present study was to generate information about the 

prevalence of antimicrobial resistance and various major virulence factors trends in 

local isolates of Pakistan. Isolation and characterization of Shigella was done by 

biochemical , serology and molecular methods. In vitro, resistances of 95 Shigella 

isolates against commonly used antimicrobial agents were studied by disc diffusion 

method. Presence/absence of 15 most commonly related genes and prevalence of 

integrons 1, 2 and 3 were screened by polymerase chain reaction. Among Shigella 

species, Sh. flexneri was found to be the most prevalent and significantly more 

resistant. Collectively, high resistance was found against ampicillin (96.84%), 

tetracycline (93.68%), streptomycin (77.89%) and chloramphenicol (72.63%). 

Significant emerging resistance was detected against modern frontline drugs; 

ciprofloxacin (12.63%), cefradine (17.89%), cefixime (28.42%), ceftriaxone 

(20.00%), and cefoperazone (22.10%). Class 2 integrons (42.10%) were most 

common. Prevalence rates for blaTEM , blactx-M ,  gyrA,  gyrB , aadA1, stra &b,  tetA, 

tetB, catA and catP were 78.94%, 12.63%, 20.00%, 21.05%, 67.36%, 42.10%, 

12.63%, 53.68%, 33.68%and 25.26% respectively. 

Pathogenicity of shigellae was checked by detection of virulence genes responsible 

for adhesion, colonization and penetration (ial and IpaH genes); and exotoxin (stx) 

and enterotoxins (SHET-1A, SHET-1B and SHET-2) production. The prevalence of 

ial and IpaH genes were 50.52 %( 48 isolates) and 100 %( 95 isolates) respectively 

while stx was found in 12.63 %( 12 isolates) of Shigella. Among enterotoxins SHET-2 

was detected in 46.31 %( 44 isolates) whereas both SHET-1A & SHET-1B were 

present in 21.05 %( 20 isolates) each.  

The present study suggests that Sh. flexneri and Sh. dysenteriae have significantly 

increased prevalence of virulence genes and Sh. flexneri is found to be the most 

resistant species. Aztreonam and ciprofloxacin are the most effective drugs followed 

by cefradine, ceftriaxzone, cefoperazone and amikacin. These can be used as the 

drugs of choice for antimicrobial therapy. 
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INTRODUCTION AND REVIEW OF LITERATURE 

 

Diarrhoeal disease is the most common cause of morbidity and mortality. It is the 

fourth common killer in the world and second as a cause of productive life lost due to 

premature mortality and morbidity (Talukder et al. 2006b). Diarrhea is defined as two or 

more loose bowel movements in 24 hours/day while persistent diarrhea is defined as an 

episode of diarrhea lasting for more than 14 days or more (von Seidlein et al. 2006). 

 

1.1 Dysentery 

One or more loose bowels with visible blood in one day is defined as dysentery 

(Von Seidlein et al. 2006). It is characterized by blood, pus and mucus in stools due to 

colorectal inflammation (Khalil et al. 1998) and is a major cause of morbidity and 

mortality in children under five years of age especially in the developing countries 

(Thong et al. 2005). 

 

Types of Dysentery 

A). Amoebic Dysentery 

B). Bacillary Dysentery 

 

A). Amoebic Dysentery 

It is caused by a parasite called Entamoeba hystolitica. It is more common in the 

tropical countries. There usually runs a chronic course with abdominal pain accompanied 

with two or more loose stools a day. Diarrhea alternating with constipation is common. 

There may be tenderness along the line of colon more marked over the caecum and pelvic 

colon. In severe cases, the bowel symptoms may be more marked with blood and mucus 

in the stools simulating the picture of bacillary dysentery or ulcerative colitis. It usually 

occurs in aged, puerperium and infections of the ulcers (Edwards & Bouchier 1991). 

 

B). Bacillary Dysentery 

It is bacterial in origin and is caused by Shigella, an enteropathogen of humans. 

These are facultative anaerobe, gram negative, cytochrome oxidase negative, citrate 

negative, lysine decarboxylase negative, non lactose fermenting and non motile rods. 
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Bacillary dysentery was differentiated from amoebic dysentery in 1887 by 

Japanese scientist Shiga (Shiga 1898) who gave a detailed description of Bacillus 

dysenteriae as a casual organism for dysentery. 

Phylogenetic analysis shows that Shigella is evolved from E.coli through 

principal driving forces like gene geneses, horizontal gene transfer and gene loss 

resulting in a life style of Shigella spp. markedly different from the closely related 

bacteria. In 1940 Shigella were put into a different genus from E.coli because of their 

medical significance (Sethabutr et al. 2000, Peng et al. 2009). 

 

1.2 Epidemiology 

The annual number of Shigella episodes in the world is 164.7 million;  163.2 

million  are in developing countries, including 1.1 million mortality (Sharma et al. 2010). 

According to World Health Organization (WHO)  99% cases of shigellosis occur in the 

developing countries (Zafar et al. 2005). In USA, during 1999, and Netherlands, during 

1996-2000, the annual incidence of shigellosis was 3.7 and 3.2 respectively in all ages 

per100, 000 whereas its incidence in Asia is found to be  9.0-12.6 shigellosis episodes per 

100 children, 100 times higher in developing countries than in an industrialized countries 

(Bercion et al. 2008).  

High risk population for Shigella infection includes kids under five years of age, 

senior citizens, toddlers in daycare centers, patients in custodial institutions, homosexual 

men, war and famine engulfed people (Thong et al. 2005). Shigellosis is considered one 

of the major causes of morbidity, growth retardation and malabsorption in children 

(Sharma et al. 2010). A multi centre prospective study done in six Asian countries 

between 2000 to 2004 showed that   most of the cases (13.2/1000/year) occurred in 

children below five  years of age (Von Seidlein et al. 2006), 69% of all episodes and 61% 

of all deaths in shigellosis involves children under 5 years of age (Dutta et al. 2002). Its 

occurrence is also found to be more in people above 40 years (von Seidlein et al. 2006). 

Recently a prospective, population based multi centre study in Asia showed that 

shigellosis is more ubiquitous than previously thought. The overall incidence of treated 

shigellosis was found to be 2.1 episodes/1000cases in adults and 13.2 episodes/1000 
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cases in children under five years of age (Peng et al. 2009). The cases among travelers 

from industrialized countries is found to be 58000 (Kotloff et al. 1999).   

Shigellosis is responsible for a large number of diarrhea cases in Asia than 

inferred previously from culture results and clinical diagnosis (Von Seidlein et al. 2006). 

The actual burden of shigellosis in developing countries is underestimated because of the 

passive surveillance surge, it’s high fastidious in nature, due to unsuitable environmental 

conditions including unavoidable temperature fluctuations, improper storage media 

encountered during transport (Bercion et al. 2008). 

 

1.3 Aetiology and Clinical Features 

Improper personal hygiene and sanitation resulting in the contamination of food 

and drinking water are the major causes of spread of Shigella infection (Faruque et al. 

2002) . Acute inflammatory colitis is accompanied in advanced cases with intestinal 

cramps, bloody diarrhea and neuralgic symptoms like lethargy, confusion, severe 

headache and convulsions leading to severe hypoglycemia, seizures, toxic mega colon 

and hemolytic uremic syndrome (HUS) in maltreated cases (Sansonetti and Egile 1998) . 

 

1.4 Pathogenesis 

Shigellae have the ability to enter the cell by a process of macropinocytosis in 

which the cell extensions rise above the apical surface at the site of bacterial interaction 

and spread to the neighboring cells with the help of various virulence factors ( Sansonetti 

and Egile 1998, Nhieu G 1999). Afterwards, bacteria lysate the phagosomal membrane 

and multiply in the cytosol. During multiplication, they move intracellular by 

polymerizing actin at one pole of the bacterial body (Sansonetti P 1998). With the help of 

which bacterium induces protrusions that invade neighboring cells. Then they lyse both 

the protrusion and recipient cell membranes and initiate the intercellular cycle helping to 

spread within the cell monolayer without an extracellular step (Sansonetti 1998, 

Sansonetti and Egile 1998, Nhieu G 1999). Bloody diarrhea results due to the rupture of 

the intestinal epithelium followed by invasion and destruction of the intestinal mucosa 

and proliferation of the organisms at a faster pace than that which occurs in the patients 

with a milder form of the disease (Vu et al. 2004). 
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Characterization of the bacterial surface components and the manner in which 

they express themselves are important in understanding the mechanism of dysentery 

pathogenesis. The surface structure of bacteria and target host cells play a major role in 

the attachment and penetration of the host cell membrane; in Shigella it is the role of 

invasion plasmid associated surface ligands constituting the major immunogens which 

the host recognize (Venkatesan et al. 1991).  

  

1.5 Complications 

Shigellosis is a self limiting infection; however during recovery, intestinal ulcers 

heal with scar tissue formation. Usually it recovers without complications but in 3 to 50% 

of cases depending upon the virulence of the strain, nutritional and immune status of the 

host shigellosis may be followed by neurological complications or kidney failure. Serious 

complications mostly occurs in malnourished infants, toddlers, older adults and 

immunocompromised patients (Thong et al. 2005). 

 

1.6 Diagnosis 

To reduce the morbidity and mortality rates in shigellosis early detection and 

timely management is recommended (Bercion et al. 2008). 

 

1.6.1 Conventional Methods 

Shigella spp. is isolated by inoculating selective agar media i.e. xylose lysine 

deoxycholate (XLD) and MacConkey agar. For biochemical identification Kligler iron 

and triple sugar iron agar are used. Additional biochemical screening tests for Shigella 

spp. are motility-indole-urea-agar, Koser citrate agar, phenylalanine agar and 

fermentation of sugars (Khalil et al. 1998). 

These conventional diagnostic methods for shigellae from stool samples are time 

consuming, laborious, less sensitive and specific because of the presence of low copy 

number of the organisms, competition from other commensal organisms and 

inappropriate sample collection (Dutta et al. 2001, Vu et al. 2004). Thus the problems for 

shigellosis diagnosis needs to be solved are: false negative results of shigellosis from 

stool samples by conventional methods and knowledge of the common drug resistance 

patterns (Phantouamath et al. 2005). 
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1.6.2 Molecular Methods 

Active surveillance surge, the use of more rapid  and specific molecular 

diagnostic tools  (Dutta et al. 2001, Vu et al. 2004, Von Seidlein et al. 2006) are helpful 

to  overcome  the discrepancies in the detection of causative agents in all the diarrhoeal 

cases (Von Seidlein et al. 2006). 

PCR has proved to be a remarkable and an efficient method of detection of 

microorganisms (Yang et al. 2007).  It is found that the detection rate of Shigella is three 

times higher by molecular methods than by conventional methods from stool samples 

(Phantouamath et al. 2005). In an Asian study one third of the culture negative cases are 

positive for Shigella by molecular diagnosis (Von Seidlein et al. 2006). Other studies also 

suggest that PCR assays are  positive for a large proportion of patients who are culture 

negative (Vu et al. 2004). The sensitivity of the assay is more for children with dysentery. 

The reason might be that the children have less effective immune response to infection 

and are thus less likely to control bacterial invasion and proliferation (Vu et al. 2004). 

Direct PCR assay of sample in which no DNA extraction step is done is more 

rapid and less laborious. But samples like blood and faeces have numerous PCR 

inhibitors like hemin, immunoglobulin G, bile salts, anticoagulants, and complex 

polysaccharides. These interfere with the amplification process of required DNA. 

Purification of DNA template is therefore necessary for obtaining good results by PCR 

(Yang et al. 2007).  

 

1.7 Probes for Shigella Detection 

The plasmid borne invasion associated locus (ial) and invasion plasmid antigen H 

(ipaH) genes have been targeted and proved to be more sensitive than other standard 

methods or DNA probes when applied to stool samples. This increased the detection of 

Shigella by 36-45% among patients with acute dysentery. The sensitivity was even higher 

in patients who had received antibiotic treatment or have cultured several days after the 

illness. ipaH gene could still be detected even after 07 days of ciprofloxacin therapy 

despite of being culture negative. 

ipaH,  ial and IS630 sequences are used for molecular detection of shigellae by 

PCR (Houng et al. 1997, Thong et al. 2005). In China, samples of two outbreaks of 
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dysentery were screened for shigellosis by using the molecular tools targeting the ipaH 

and ial genes. The ipaH proved to be more specific for its detection. All 54 isolates were 

ipaH positive and 48 as ial positive (Miao et al. 2008). In Brazil, 17 out of 18 isolates 

were found to be positive for Shigella through ipaH amplification (Silva et al. 2008). 

As ial is a plasmid based gene and is more prone to loss or deletion so it may give 

false positive results but ipaH gene is present on plasmid as well as on chromosomes. So 

it is more stable gene to detect and considered to be a more sensitive tool for the Shigella 

molecular detection (Thong et al. 2005). 

   

1.8 Serology 

 Genus Shigella is divided into four groups and 47 serotypes. These are A: 

(Sh.dysenteriae with 12 serotypes), B: (Sh. flexneri with 15 serotypes), C: (Sh. boydii 

with 18 serotypes) and D: (Sh. sonnie have two antigenic types, Phase I and Phase II). 

This classification is based on the O polysaccharide antigen present in the outer part of 

the cell wall (Zafar et al. 2005) .Structural difference of O antigen is the bases of 

grouping of Shigella into genera and sub genera. Serotyping exploits this structural 

difference in O antigen (Ahmed et al. 2006).  In addition to this, the plasmid profiles of 

smaller size can be used as markers to identify known serotypes or emergence of any new 

and unknown serotype in future. For this purpose plasmid bands of less than 20kb are 

used (Dutta et al. 2002). Pulse field gel electrophoresis (PFGE) has been shown to be a 

good technique. During a study in an outbreak in China PFGE was run to subtype the 

isolates and it was successful in locating the source (Miao et al. 2008). 

The study of sero-grouping and serotyping is important because each group 

exhibits its own unique epidemiological and pathological features. Sh. boydii serotypes 

are prevalent in Indian sub continent and Sh. flexneri and Sh. sonnie are prevalent in 

developing and developed countries (Peng et al. 2009). According to WHO bulletin Sh. 

flexeneri is the main serogroup in developing countries i.e. 60%, followed by Sh. sonnie 

15%, Sh. dysenteriae and Sh. boydii with a frequency of 6% whereas Sh. sonnie is the 

most prevalent serogroup in industrialized countries (77%) followed by Sh. flexneri 16%, 

Sh. boydii 2% and Sh. dysenteriae 1% (Zafar et al. 2005). In Pakistan, Bangladesh, 

China, Indonesia and Vietnam Sh.flexneri is the most common serogroup with great 
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heterogeneity in distribution from site to site and even year to year while in Thailand Sh. 

sonnie is most frequently detected (Von Seidlein et al. 2006). A prospective study carried 

out by Bercion et al. 2008 in Central Africa showed that Sh. flexneri (51%) is most 

common followed by Sh. dysenteriae (30%). Same distribution is found in various 

developing countries (Ahmed et al. 2006). The frequency of Shigella in Brazil comparing 

with other enteropathogens was  5.1% revealing that 72% were Sh. flexneri , 12% S. 

sonnie, 12% Sh. boydii and 4% Sh. dysenteriae strains (Silva et al. 2008). The most 

prevalent serotype in Egypt among Sh. flexneri was 2a followed by Sh. flexneri 1b and 

1c. From 1995-1998 no isolate of Sh. flexneri serotype 1c was found but from 1999 

onwards there is an increase in its isolation frequency. A similar trend is observed in 

Bangladesh. This serotype is found to be more common in children under 5 years of age 

whereas Sh. flexneri serotype 6 is more common in kids of kindergarten/early school age 

(Ahmed et al. 2006). 

Sh. flexneri and Sh. dysenteriae were commonly found in the areas of poor 

sanitation while Sh. sonnie prevalence was related to contaminated food and drink in 

developed countries (Silva et al. 2008).  

 Seasonal variation has also been observed and reported for Shigella infection and 

serotype prevalence for example Sh. flexneri serotype 6 is almost exclusively obtained 

from the warm season. The severity of clinical signs and symptoms also depends upon 

the infecting serogroup/serotype of Shigella. Sh. dysenteriae serotype I can cause fatal 

epidemics in Africa (Peng et al. 2009). Higher rate of rectal prolapse is observed in Sh. 

flexneri serotype 1b and 1c (Ahmed et al. 2006). 

Due to the genetic diversity immunity to Shigella is serotype specific (Talukder et 

al. 2006b). Vaccine configurations targeting serotype 2a and 3a of Sh. flexneri are not 

effective against serotype 6 isolates (Ahmed et al. 2006). So the vaccine against 

shigellosis should contain the representation of all serotypes (Talukder et al. 2006b). 

Thus serological analysis of Shigella, in addition to characterize the isolates for 

epidemiological and diagnostic purposes, is also used to plan strategies to develop 

vaccine for disease prevention (Zafar et al. 2005). The complete knowledge of dominant 

serotypes in an area is very important and is only possible by continuous surveillance as 

the dominant serotypes changed overtime. WHO has targeted shigellosis as an important 
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candidate for vaccine production emphasizing the importance to monitor the trends of its 

different serotype prevalence in the community (Talukder et al. 2006b). 

 

1.9 Importance of Antibiotic Therapy in Shigellosis 

Antimicrobial therapy has a leading role for the dramatic rise in the average life 

expectancy of the people (Peirano et al. 2005). Antibiotic treatment is recommended from 

moderate to severe shigellosis (Kuo et al. 2008) aimed at resolving the symptoms of 

diarrhea, reducing  its duration and transmission to close contacts by shortening the 

duration of shedding of bacteria in the stools of patients suffering from shigellosis 

(Ahmed et al. 2006). 

 

1.9.1 Antibiotic Resistance 

Empirical treatment is adopted in poor countries where stool culture is not carried 

out easily and where it may take long time to provide information about the etiology and 

susceptibility patterns. Empirically choosing antibiotics in a particular country requires 

periodic evaluation of the most common enteric pathogens and their antibiotic resistance 

patterns (Bercion et al. 2008).Antimicrobial resistance is a crucial problem in developing 

countries like Pakistan where diarrhoeal diseases are very common. The acute diarrhoeal 

diseases against which antimicrobial therapy is effective include shigellosis, 

campylobacteriosis and cholera. 

Most of the strains serve as reservoirs of drug resistance genes (Sharma et al. 

2010). It is thought that the presence of resistant bacteria in the food and water might 

have impact on the emergence and spread of antimicrobial resistant agents in human 

pathogenic bacteria. A study suggested that the retail foods and especially the meat and 

meat products, may be an important source of community-wide dissemination of 

antimicrobial resistant E.coli and extra intestinal pathogenic E.coli. The presence of 

antimicrobial resistant genes in the normal enteric flora serve as reservoirs for their 

transfer and dissemination among other pathogenic bacteria (Sunde and Norstrom 2006) . 

 

1.9.2 What Is Antibiotic Resistance? 

Antibiotic resistance is an ability of the microorganisms to withstand the dose of 

antimicrobials that was effective in the past, due to the repeated exposure or prolonged 
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use of a particular drug. It occurs by the process of natural selection or due to bacterial 

adaptability (Ahmed et al. 2006). 

   Misuse of antimicrobial therapy developed resistance against the commonly 

used drugs trimethoprim sulphamethoxazole, ampicillin and chloramphenicol. 

Quinolones and fluoroquinolones, are still effective in the treatment although resistance 

has started emerging against these drugs as well (Ahmed et al. 2006). Antibiotic 

resistance demands repeated reevaluation of treatment recommendation. Based on the 

study on antibiotic resistance in Shigella in eight Asian countries, it was reported that 

there was an increasing trend in multidrug resistance strains (MDR) in Asia. The main 

cause might be due to the overuse of antibiotics among humans and animals (Kuo et al. 

2008).  

 

1.9.3 Mechanisms of Antibiotic Resistance 

Resistance of drugs originated either by mutations in chromosomal gene or 

acquisition of exogenous material carrying the resistance genes. Mutations in the 

chromosome may cause phenotypic variants which enhance the likelihood of acquisition 

of resistance. In case of Shigella a multidrug resistance locus on chromosome in Sh. 

flexneri 2a strain shares homology with resistance region of Shigella R plasmid, NR1 

(Hens et al. 2005). 

 Exogenous material carrying the resistance genes plays a significant role in 

antimicrobial resistance. Transferable drug resistance was discovered in the late fifties 

and since then many types of plasmids and transposons are discovered (Sunde and 

Norstrom 2006) . Shigella was among the first organisms shown to harbour transferable 

antibiotic resistance patterns (Hens et al. 2005). It has a tendency to acquire drug 

resistance frequently by mobile genetic elements, including the R plasmids, transposons, 

integrons and genomic islands on the bacterial genome (Pan et al. 2006).  

Antibiotic resistance is transferred to the organisms by any of the following 

mechanisms: 

 Intrinsic mechanism 

It is either due to the inaccessibility of the targets by the drug e.g. aminoglycoside 

resistance in strict anaerobes, multidrug efflux systems or drug inactivation by the 

bacteria. 
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 Mutational resistance 

Mutation in the genome results in the target site modification or reduced 

permeability or uptake of the drug by organism. It can also result in the metabolic bypass 

or derepression of multidrug efflux systems. 

 

 Extrachromosomal or acquired resistance 

It is disseminated by plasmids or transposons resulting in drug inactivation, drug 

efflux, target site modification or metabolic bypass (Toomey et al. 2009). 

Acquired resistance due to antibiotics is disseminated through conjugation, 

transduction or transformation (Toomey et al. 2009). Horizontal gene transfer is a process 

in which an organism receives genetic material from an organism without being an 

ancestor of it. Vertical transmission is a process where the organism receives genetic 

material from its ancestor e.g. its parent or species from which it is evolved. Foreign 

DNA acquisition by bacteria through horizontal gene transfer is a major source of  

emergence of a new pathogenic bacterial strain (Hinnebusch et al. 2002). Among the 

horizontal gene transfer mechanisms, conjugation is thought to play the most significant 

role in the spread of resistance genes (Toomey et al. 2009).  

Various modes involved in the drug resistance are: 

 Drug inactivation or modification e.g. inactivation of pencillin with β-lactamases. 

 Alteration of target sites e.g. alteration in pencillin binding sites. 

 Alteration of metabolic pathway e.g. some sulphonamide resistant organisms 

instead of using PABA (para- aminobenzoicacid), inhibited by sulphonamides, for 

the synthesis of nucleic acid and folic acid start utilizing preformed folic acid. 

 Reduced drug accumulation by decreasing the drug permeability and/or 

increasing the active efflux of the drugs across the cell surface. 

Selection for one resistance gene may also lead to the co selection of the other 

even if it has not been exposed to the antimicrobial agent because different resistant 

elements are  clustered within limited areas on plasmids or chromosomes, when one is 

selected the other gene is co selected without the direct force (Sunde and Norstrom 

2006). 
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1.10 Drug Resistance Genes 

1.10.1 On Plasmids 

Acquisition of drug resistant genes gives an additional support to combat against 

drugs in Shigella. Its mechanism is unknown. But it might be due to insertion of plasmid 

segments carrying the drug resistance genes in the chromosome or it might occur by the 

insertion of composite transposons or integrons carrying drug resistance genes in the 

chromosome from plasmids or other organism (Hens et al. 2005). The most recent 

acquisition of genes is reflected in the emergence of multidrug resistance strains. APAI, 

designated the antibiotic resistance locus, confers resistance against streptomycin, 

tetracycline, ampicillin and chloramphenicol (Peng et al. 2009). 

It has been observed that combinations of three genetic elements, conjugative R 

plasmids, Tn7 and 8.7kb non transferable R-plasmids, cover resistance to antibiotics 

generally used for treatment of shigellosis (Seol et al. 2006). R plasmids carry resistant 

genes for various antibiotics. These are usually conjugative plasmids and play a major 

role in the horizontal gene transfer within Shigella spp. and to and from other genera 

(Iversen et al. 2003). The known Korean endemic strains of Sh. sonnie disappeared in the 

late 1980’s and a new clone got introduced to Korea between the late 1980s and 

early1990s with a genetically stable 8.4kb plasmid (Seol et al. 2006). 

It has been reported that resistance for ampicillin, tetracycline and 

chloramphenicol resides on 120kb plasmid, streptomycin on 2.5 kb plasmid and 

trimethoprim on conjugative R plasmid of 145kb. Drug resistance genes on plasmids may 

also be present on the chromosomes viz methicillin resistance is encoded both on plasmid 

and chromosome (Hens et al. 2005).  

 

1.10.2 Prevalence of Antimicrobial Resistance and Related Genes 

Frequency of antimicrobial resistance among Shigella spp. has increased globally 

showing great geographical variation (Phantouamath et al. 2005, Zafar et al. 2005) and is 

creating problems in the medical community. Shigella isolates resistant to first line drugs 

are present throughout the world (Sabir and Zafar 2005). Multi drug resistant (MDR) 

strains of Shigella occur in Europe, Africa, Asia and South America (Peirano et al. 2005). 
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India and China, in Asia, reported increased prevalence of  multi drug resistant strains 

(Haukka and Siitonen 2008).  

In Pakistan, scant information is available regarding the distribution of resistant 

strains of Shigella. Local data of antimicrobial susceptibility of routinely used 

antimicrobial drugs like ampicillin, tetracycline, chloramphenicol, co-trimoxazole and 

nalidixic acid from different areas of Pakistan (Zafar et al. 2005) show the highest 

resistance to co-trimoxazole (87.75%) followed by ampicillin(55.5%), nalidixic acid 

(39%) and chloramphenicol (11.25%). Shigella strains show resistance to all low cost 

antimicrobial drugs i.e. ampicillin, trimethoprim sulphamethoxazole, sulphonamides and 

tetracyclines but quinolones such as norfloxacin and ciprofloxacin are one of the few 

groups that are effective against shigellosis (Peirano et al. 2005). According to WHO 

recommendations ciprofloxacin is the drug of  choice in patients with bloody diarrhea 

irrespective of the age (Talukder et al. 2006b). These broad spectrum antibiotics are 

found to be safe in the treatment of shigellosis and they show excellent effectiveness 

against most enteric pathogens (Pazhani et al. 2008). 

Drug resistance against third generation cephalosporin and fluoroquinolones is 

now becoming a rapidly emerging problem especially in children (Bercion et al. 2008). 

Their resistance has been reported in Pakistan (Sabir and Zafar 2005) and other  Asian 

countries (Pazhani et al. 2008).  At present 50% of Shigella strains are resistant to 

nalidixic acid in Bangladesh and 29% in India. But no Shigella strain was resistant to 

nalidixic acid in Central Africa (Bercion et al. 2008). In India, 30% of the strains were 

found to be resistant to fluoroquinolones because of their extensive and indiscriminate 

use (Pazhani et al. 2008). This has an increasing trend since 2002 (Pazhani et al. 2005). 

Fluoroquinolones resistant strains isolated from India were found to be susceptible to 

azithromycin and ceftriaxone (Pazhani et al. 2008). The steady state accumulation of 

ciprofloxacin and norfloxacin is two to four folds lower in resistant strains than in 

susceptible strains suggesting that the lower accumulation of drugs could account for the 

resistance to that antibiotic. In most of the resistant strains efflux pump was considered to 

be one of the factors responsible for the development of resistance (Pazhani et al. 2008).  

Kim et al. 2008 identified mutations in gyrA and parC genes in isolates resistant 

to fluoroquinolones indicating that chromosome mediated fluoroquinolones resistance 
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resulted from the combination of target site mutations and enhanced expression of genes 

encoding efflux pump. Pazhani et al. 2008 reported that fluoroquinolones resistance is 

spreading across different serotypes of Shigella carrying mostly the mutations in the gyrA 

gene. MDR strains of enteric pathogens such as Sh. flexneri and the correlation between 

the serotype and antibiotic resistance has been documented (Ahmed et al. 2006).  

In India, tetB (90%) in Sh .dysenteriae and Sh. flexneri strains was more common 

than tetA (10%) while tetA (76%) in Sh. sonnie was more prevalent. Ampicillin resistance 

gene blaOXA-1 is found to be predominant in many parts of the world (Pazhani et al. 2008). 

In Egypt, trimethoprim sulphamethoxazole (STX) resistance is found to be transferred as 

a part of integron 1 in enteric gram negative bacteria. So the resistance against it 

inadvertently confers the resistance against a wide range of other antimicrobial drugs 

such as ampicillin and MDR Sh. flexneri are reported in Egypt and India regardless of 

their serotypes (Ahmed et al. 2006).  

Different antibiotic patterns are observed globally and in different areas of the 

same country (Pazhani et al. 2008).  Higher prevalence of resistance is noted of 

ampicillin (AP), trimethoprim sulphamethoxazole (STX), chloramphenicol (C) and 

tetracycline (TE). In Israel, 55% of serotype 2a are resistant to AP/TE/C/STX and 23.2% 

are resistant to AP/C/TE in contrast to 11 and 6% respectively in Egypt. In a Chilean 

study <1% Sh. flexneri were found resistant to AP/TE/STX (Ahmed et al. 2006). 

A large number of studies have shown correlation between the virulence 

determinants and antimicrobial resistance. In an environment where there is an excessive 

use of antibiotics, there is colonization of antimicrobial resistant pathogens causing 

severe infections resulting in serious consequences representing the increased virulence 

of the strains (Ahmed et al. 2006). Rarely susceptibility reappears once the resistant 

strains are endemic and this creates a major health problem in a community. To 

overcome this problem a proper surveillance is required to have a complete knowledge of 

the active therapeutic agents for an effective treatment of the cause (Talukder et al. 

2006b). The knowledge on the epidemiology and molecular mechanisms of antimicrobial 

resistance is important to implement intervention strategies (Peirano et al. 2005). 
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1.11 Integrons      

1.11.1 Mobile Genetic Elements 

Mobile genetic elements (MGE) facilitate the transfer of DNA within or between 

genomes and play a significant role in evolution including gene arrangement, gene 

dissemination and altered expression patterns. Direct interaction between distinct genetic 

entities results in convergent evolution for the same target sites between distinct 

recombinases. In bacteria, the MGE include the transposons, insertion sequences, gene 

cassettes, bacteriophages and others which have a tremendous impact on xenobiotic 

degradation, pathogenicity, multiple antibiotic resistance and ecological niche 

differentiation (Tetu and Holmes 2008). These are considered  an important antibiotic 

resistant determinants in Shigella as well (Pan et al. 2006).  

Integrons are gene capture and expression system (Gu et al. 2008) that harbours 

antibiotic resistance genes and may provide the adaptability to the bacteria to sustain the 

antibiotic pressure (Pan et al. 2006). They are found as sedentary chromosomes or are 

incorporated in the transposons (Frumerie et al. 2010). They were discovered in the last 

15 years (Sunde and Norstrom 2006).  Integrons and their associated gene cassettes help 

us to select the antimicrobial drugs for the treatment of shigellosis carefully to prevent 

further accumulation of antimicrobial resistant genes in the microbes (Gu et al. 2008).  

Integrons are in abundance in the contaminated sites and environment that has 

long been exposed to anthropogenic pollutants. Before late 1990’s, the most 

characterized integrons were hospital derived transposons. They carry between zero and 

half a dozen representatives of repertoire of about 100 antibiotic resistant cassettes 

adjacent to intI gene (Koenig et al. 2009).  

The role of integrons in the spread of antimicrobial resistance among gram 

negative bacteria is well established and frequently reported in the Enterobacteriaceae 

family by horizontal gene transfer mechanism (Peirano et al. 2005).  

 

 1.11.2 Classification 

There are about 90 different classes of integrons and 10% of the sequenced  

bacterial genome carry these elements (Gillings et al. 2008). These are:  

 Chromosomal Integrons (CI)  
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 Mobile Resistance Integrons (MRI) 

CI’s are more widespread and they serve as a reservoir for gene cassettes for MRI 

(Gillings et al. 2008, Tetu and Holmes 2008). Factors controlling the cassette array size 

and composition appear to reflect integrons position, whether chromosomal or mobile 

resistance integrons, and cassette properties. Clinically important are four classes 

depending upon their integrases and gene cassettes (Gillings et al. 2008). Among these 

integron based antimicrobial resistance is found mostly due to class1 and 2 integrons in 

the clinical isolates (Pan et al. 2006) as these are widely distributed among the 

Enterobacteriaceae family. Most of the members of this family coexist in the intestinal 

tract and are exposed to a wide range of antibiotics thus increasing the potential for the 

dissemination of antibiotic resistance genes (Gu et al. 2008). Among these class I 

integrons are the best example of natural power of selection as these appear in a number 

of different locations, and on different plasmids and transposons, coincident with the 

widespread use of antibiotics. They are found in 40-70% gram negative isolates and are 

widely spreading to gram positive species through mobile DNA fragments like plasmids 

and transposons, coupled with the selective advantage conferred by their associated 

antibiotic resistant genes (Gillings et al. 2008).  

Integrons are presented either with simple or complex phenotypes. Simple 

phenotypes are those in which there is activation of single cassette encoded gene and 

complex phenotypes are those that involve activation of multiple genes. These could be 

additives as in the case of multidrug resistant genes or emergent as in the case of 

multicomponent enzymes and degradative pathways (Tetu and Holmes 2008). 

 

1.11.3 Components of Integrons 

The genetic elements that allow the shuffling of the gene cassettes and the smaller 

mobile genetic elements have three major components:  

 An integrase enzyme responsible for gene cassette integration (IntI), 

 A recombination site which is the target for integration (attI) and  

 A promoter located upstream of the integration site.  

The gene cassettes are incorporated by the integrative recombination of the gene 

cassette recombination site(attc) and integron recombination site (attI) with the help of an 
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enzyme integrase in proximity to a promoter and allows the expression of the gene 

carried by the cassettes (Frumerie et al. 2010). Recombination mostly targets the 

attachment site on the integrons (attI) located just upstream the integrase gene (intI) and 

attachment site (attC) found within  circular gene cassette (Koenig et al. 2009). 

  

1.11.4 Evolutionary Significance 

They are responsible for the evolution and spread of horizontal drug resistance 

genes among the enteric bacteria (Diaz-Mejia et al. 2008, Koenig et al. 2009). An 

evolutionary significance is based on gene rearrangement, gene dissemination and altered 

expression patterns (Tetu and Holmes 2008). The evolution of integrons has put the 

world into crisis in the management of bacterial infections. Chromosomal integrons are 

responsible for intragenomic, intercellular and interspecies movements over evolutionary 

time frames (Gillings et al. 2008). Their survival depend upon host replicon but these are 

generally stable in a particular phylogenetic lineages (Tetu and Holmes 2008). 

  

1.11.5 Dissemination of Drug Resistance By Integrons 

Antimicrobial resistance is more among isolates having integrons (Vinue et al. 

2008). This might be due to the presence of resistant genes in the conserved or variable 

regions of the integrons or by the inclusion of the resistant genes in the same mobile 

elements that carry the integrons. The gene cassettes of class1 and class 2 integrons are 

responsible for the dissemination of commonly used trimethoprim, streptomycin and 

ampicillin resistance genes in the Shigella spp. Class 1 integrons carry the resistance 

genes for ampicillin, streptomycin and trimethoprim. Class 2 integrons are found on Tn 7 

encoding gene cassettes for streptomycin, streptothricin and trimethoprim (Pan et al. 

2006).  

Class1 integron is able to integrate and excise gene cassettes and contains the 

sulphonamide resistant gene (sul1) in the 3’ conserved region whereas the class 2 

integron  contains genes that promote the function of Tn7 transposition instead of sul1 

gene which helps in the rapid spread of  trimethoprim and spectinomycin/streptomycin 

resistant genes among bacteria (Peirano et al. 2005). Class I integrons are  considered to 

be the most important (Diaz-Mejia et al. 2008) as they play a central role in drug 

resistance cases firstly because they can capture and express a variety of genes and 
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secondly because through plasmids and transposons they facilitate lateral transfer into a 

variety of pathogens (Gillings et al. 2008). Among enteric isolates 48% in hospitals and 

13% from patients just entering hospitals carry intI1 gene, which encodes the integrase of 

class I integrons (Diaz-Mejia et al. 2008). They are present in 40%-80% gram negative 

clinical samples and more recently have been detected in gram positive species creating a 

world wide crisis in bacterial infection treatment (Gillings et al. 2008).  

 

1.11.6 Prevalence of Major Types of Integrons 

Prevalence of class I integrons in Shigella spp is 46.2% higher in China than 

13.2% in Brazil, 14.9% in Korea and 3.8% in Japan. The percentage of integron 2 was 

found to be 65.4%, a rate little lower than other parts of the world e.g. 90.3% in Brazil, 

100% in Korea and Italy and 76.9% in Japan. This is because of the different clinically 

practiced antibiotics in different parts of the world. The most common family of 

antimicrobial resistant genes detected among Enterobacteriaceae is aadA genes (Gu et al. 

2008). 

Streptomycin resistance is highly associated with the integrons because aadA 

genes are present both on class1 and 2 integrons (Peirano et al. 2005).  Class 2 integrons 

carry the same gene cassette analogues namely dfrA1-sat1-aadA1- providing resistance to 

trimethoprim, streptothricin and streptomycin/spectinomycin respectively due to a 

defective integrase gene (Diaz-Mejia et al. 2008, Gillings et al. 2008, Gu et al. 2008, Tetu 

and Holmes 2008, Vinue et al. 2008).  

The capture of gene cassettes in integrons is important when they are mobilized 

by conjugative plasmids or transposons (Vinue et al. 2008). The prevalence of class 1 

integrons harbouring gene cassettes was 13% in Shigella isolates from Brazil. Among Sh. 

sonnie isolates class 2 integrons were more frequently detected. Tn7 having a defective 

integrase gene located near the cassette, is thought to contribute to rapid dissemination of 

trimethoprim and spectinomycin/streptomycin resistant bacteria (Peirano et al. 2005). 

 

1.12 Virulence 

The pathogenesis of bacillary dysentery involves the coordination of expression 

of a number of components controlling the invasion of epithelial cells, intracellular 

replication and intercellular spreading phenotypes characteristics of virulence of Shigella 
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and E.coli. (Hartman et al. 1990). In all virulent strains 180-220kb plasmid is proved to 

be critical determinant for the virulence (Venkatesan et al. 1991) and at least eight loci on 

Shigella chromosome are required to have the expression of virulence. Besides the gene 

acquisition in Shigella, a number of gene losses due to gene deletion or gene inactivation 

have also been reported. Compared to E.coli 726 genes are missing and about 200 pseudo 

genes are found per Shigella strain (Thong et al. 2005). 

 

1.12.1 Classification 

Virulence gene products can be classified as:  

 Virulence determinants that directly affects the ability of Shigella to survive in the 

intestinal tissues e.g. Aerobactin siderophores (iucABCD and iutA), superoxide 

dismutase (sodB) and somatic antigen expression (rfa & rfb).  

 Virulence products responsible for the disease severity e.g. shigatoxin (stx) and its 

analogue (flu)  

 Various regulatory loci that affects the plasmid gene expression e.g. ompR-envZ 

mediates response to changes in osmolarity, virR mediates response to changes in 

temperature and kcpA effects the expression if virG gene controlling the 

intracellular mobility and spread of bacteria (Hale 1991). 

In functional analysis epithelial cells and macrophages in tissue culture 

experiments, animal models of pathogenicity, biochemical analysis of protein complexes 

and immunohistochemical techniques to localize individual bacterial gene products 

within host cells are used. Key steps in the pathogenesis of Shigella involve formation of 

ipaB and ipaC complex within the bacterial cell and their translocation to the surface of 

the bacteria by the Mxi/Spa accessory proteins. This releases the complex upon contact 

with the host cells and trigger the signaling pathway that results in the intercellular and 

intracellular invasion and dissemination of bacteria (Fernandez-Prada et al. 2000). 

 

1.12.2 Chromosomal and Plasmid Virulence Genes 

An isolation of living bacteria is necessary for the characterization of its virulence 

and antimicrobial sensitivity. DNA probes like invasion associated locus (ial), invasion 

plasmid antigen H (ipaH), Insertion Sequence 630 (IS630) or Polymerase Chain Reaction 
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(PCR) assay directed against the large invasion plasmid or genes can be used to identify 

the organism ( Houng et al. 1997, Sharma et al. 2010).   

Virulence genes are present either on the plasmids or on the chromosomes and are 

encoded by 180 to 230 kb plasmids (Ahmed et al. 2006, Dutta et al. 2002, Hale 1991). 

The ial gene is present on large inv plasmid. The presence of ial gene in the region of inv 

plasmid, hot spot for spontaneous deletion, is the most likely reason for the decreased 

prevalence of this gene in the Shigella strains (Thong et al. 2005).  

Conjugal mating, transposon mutagenesis, site directed mutagenesis and 

construction of cloned gene libraries helped in the identification of various virulence 

associated loci on Shigella chromosome (Hale 1991). It expresses various chromosomal 

genes such as set gene encoding the Shigella enterotoxin 1 (ShET-1) responsible for the 

pathogenesis of Shigella (Ahmed et al. 2006). Virulence genes are usually clustered in 

the genome and regulate coordinately like set1A and set1B chromosomal based genes. 

The correlation between set1A and set1B showed the presence of these genes in tandem 

in Shigella genome and are encoding Shigella enterotoxin 1 (ShET 1). Shigella 

enterotoxin 2 (ShET 2) encoding sen gene is present on 140 kDa inv plasmid. Both the 

enterotoxins are responsible for the watery phase of the diarrhea (Thong et al. 2005). 

ShET1 and ShET2 show significant enterotoxin activity in vitro. So, their inactivation can 

be used to obtain attenuated Shigella for vaccine production by genetic engineering 

(Yavzori et al. 2002).  

Invasiveness is the key property of the virulence of Shigella. ipaH and ial are the 

invasive genes. The ial, present on large inv plasmid, helps in epithelial cell penetration 

(Thong et al. 2005). Virulence factor ipaH is present on a large 140MDa plasmid as well 

as on the chromosome which makes it stable probe for Shigella identification (Thong et 

al. 2005). ipa locus which corresponds to invasion region 2 is highly conserved in the 

Shigella invasion plasmids, and the good immune response initiated by the minor 

quantitative protein products of this locus attests to their unique association with the 

enteroinvasive pathogens (Hale 1991). A study on the ipaH mutants on cell lines 

concluded that ipaH is involved in the release of bacteria from the phagocytic vacuoles in 

the host cells (Fernandez-Prada et al. 2000).  
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The ipaH gene is unique in that there are five complete or partial copies of this 

gene present on the invasion plasmid of Sh.flexneri and multiple copies are present on the 

invasion plasmid of other Shigella spp. and entero invasive E-coli (EIEC). In addition to 

this, multiple copies of this gene are present on the chromosome of Shigella and EIEC 

but not on the non-pathogenic E.coli strains. Expression of ipaH is also independent of 

temperature regulation and vir F induction (Hartman et al. 1990).  

The virulence of IpaH proteins involves the amino terminal, leucine rich 

glycoproteins (LRG) like motifs. The only other example of LRG like motif is YopM 

protein of Y. Pestis. This similarity of Yop M and ipaH (50% identity in a 93 amino acid 

overlap) indicates that ipaH may also acts to modify the host response to Shigella 

infection. It is proposed that Shigella IpaH mediated inhibition of thrombin induced 

coagulation reactions result in the invasion and spread of these bacteria within the 

infected host (Hale 1991, Venkatesan et al. 1991).  

 

1.12.3 Environmental Regulation of Virulence Genes 

Virulence genes regulations in response to the environmental factors depend upon 

the two component systems (TCS). Some are directly regulated and some are regulated at 

the post-transcriptional steps of production or assembly of macromolecule by TCS 

induced products (Tobe 2008). Shigella delivers the proteins into the host cells through 

Type III secretion system and these proteins are utilized in infection by affecting the 

target host functions (Toyotome et al. 2001). 

 

1.12.4 Serotype Specificity of Virulence Genes 

The presence of set and sen genes in the Sh. flexneri isolates have been shown to 

be variable. All the Egyptian isolates contained the sen gene but only serotype 2a 

contains the set gene. There is an evidence to support the hypothesis that the set gene is 

serotype specific (Ahmed et al. 2006). Both set1A and 1B genes are found to be present 

in the Sh. flexneri strains while ial and ipaH are independent of the four different species 

of the Shigella. stx  gene is found in Sh. dysenteriae only and the other three spp. of 

Shigella are devoid of it (Thong et al. 2005).  
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1.12.5 Preventive Measures 

Focus on the prevention of shigellosis exerts an immediate effect by reducing the 

burden of diarrhea and the spread of pan resistant Shigella strains. The heterogeneous 

distribution of Shigella spp. and serotypes require the need of multivalent or cross 

protective vaccine. Type specific immunity in humans and controversial cross serotype 

protection demands the vaccine tailored according to the species and serotype for its 

remedy (von Seidlein et al. 2006). 

 

1.13 Aims of Study 

The study aims to identify and characterize commonly used antimicrobial drug 

resistance and prevalent genes and to study various virulence genes of local isolates of 

Shigella in Faisalabad, Pakistan. Integrons and their contribution in drug resistance is also 

identified by molecular tools from the stool samples of children varying in ages upto 10 

years irrespective of family genetic make up collected from different hospitals. 

 

1.14 Objectives 

 Identification of local Shigella strains 

 To identify the Shigella strains from the stool samples of patients suffering from 

diarrhea admitted in different hospitals of Faisalabad, Pakistan by using the biochemical 

methods and molecular tools. This molecular based epidemiological study will help to 

collect the data on Shigella which is scarce in our country. It will help the clinicians to 

know the prevalence of shigellosis and the putative threats of related outbreaks in the 

country. 

 

 Serotyping of the Shigella strains 

 Identification of the most prevalent serotypes will help in streamlining the 

management strategies of shigellosis. 

 

 Identification and characterization of virulence genes associated with local 

human isolates 

 The identification and characterization of various virulence factors and their 

parity with the severity of clinical signs will help to demonstrate the role of these factors 

in the course of disease. 
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 Identification and characterization of antibiotic resistant genes  

To investigate in vitro, effects of commonly used antibiotics on enteropathogenic 

Shigella strains by disc diffusion method. This will address the riddle that commonly 

used antibiotics for shigellosis are safe or not. By molecular methods integrons and the 

major antibiotic resistant genes are targeted in order to find out their contribution towards 

antibiotic resistance. 

 

 Statistical analysis of data and recommendations for the control of 

shigellosis. 

Chi square test and analysis of variance (ANOVA) are used for statistical analysis of 

data. The results are interpreted and recommendations for the prevention and control of 

Shigella infection formulated. This study also recommends judicious and ethical use of 

antibiotics for the treatment of shigellosis to safeguard against further development of 

drug resistance. 
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MATERIALS AND METHODS 

 
2.1 Collection of Samples 

The current study encompassed Faisalabad region, major part of the central 

Punjab with a population of more than 10 million. Stool samples (2500 samples) were 

collected from different hospitals in Faisalabad and suburbs. Collection was done in 

glycerol saline buffer (appendix 1.1) and samples were placed at 4 °C and transferred to 

NIBGE microbiology laboratory on the same day in the evening.  

  

2.2 Isolation and Purification of Bacterial Isolates 

1. Selenite enrichment broth (Appendix 1.2) in autoclaved test tubes.  

2. Each sample was inoculated in the test tubes containing 3ml autoclaved selenite 

broth. 

3. Incubation was done for 24 hours at 37 °C in shaker at the speed of 80rpm. 

4. A loopful from each test tube was streaked on MacConkey agar plates (Appendix 

1.3) and XLD agar (Appendix 1.4) and incubated for 24 hours at 37 °C. 

5. Translucent and colourless colonies on these media were selected for further 

studies (Mac CONKEY 1905, Ewing 1986). 

 

2.3 Biochemical Identification of Shigella 

1. Triple sugar iron (TSI) medium was prepared as described in Appendix 1.5.  

2. Three ml of TSI was dispensed into each test tube. 

3. The tubes were plugged with cotton swabs and autoclaved at 121 °C for 15 

minutes.  

4.  The medium was allowed to solidify in a slanting position keeping the slant and 

butt portion almost equal in length.  

5. A single, well-isolated colourless, translucent colony from MacConkey/XLD agar 

plate was selected for inoculation on TSI agar slants in each case.  

6. The colony was touched with a heat sterilized straight wire and transferred to TSI 

slants by stab and streak method.  

7. The tubes were incubated at 37 °C for 18 to 24 hours.  
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8. Isolates showing typical yellow butt (acidic) and red slant (alkaline) without gas 

and H2S production were subjected to molecular confirmation for Shigella.  

 

2.4 Biochemical Characterization of Shigella 

API20E strips (Biomerieux, France) were used for biochemical identification of 

Shigella. Each test strip contains 20 mini test compartments. These compartments carry 

different dehydrated materials. Shigella was biochemically confirmed by using these 

strips. 

 

2.4.1 Materials used 

1. API 20E test strip  

2. Bacterial culture on agar plate 

3. Sterile Pasteur pipettes 

4. Autoclaved distilled water 

5. Glass loop 

6. Sterile paraffin oil 

7. 10% FeCl3 

8. Indole reagent 

 

2.4.2 Procedure 

1. A pure culture of bacteria was suspended in 5ml autoclaved distil water with 

sterile glass loop and mixed to equate McFarland turbidity standard # 3. 

2. Bacterial suspension was added to the level of the neck of each compartment 

using sterile pasteur pipettes avoiding any bubble; however, compartments 

containing CIT (citrate utilization), VP (acetoin production) and GEL (gelatinase) 

were filled up to the top with bacterial suspension. 

3. Compartments harboring LDC (lysine decarboxylase), ODC (ornithine 

decarboxylase), ADH (arginine dihydrolase), H2S (H2S production) and URE 

(urea hydrolysis) were filled up to the top with sterile paraffin oil. 

4. The test strips were placed in incubator at 37°C for 18-24 hours. 

5. After incubation, one drop of indole reagent was added to the compartment 

marked as IND (indole production), one drop of Barrit’s A & B to VP and read 
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within 10 min., and simultaneously 1 drop of 10% FeCl3 was added to 

compartment containing TDA (deaminase). 

6. Reaction colour was observed in each of the compartment and marked as positive 

and negative according to their specific reaction colour. 

7. Results were obtained after comparison with codebook provided by manufacturer 

(Table 2.1).  

  

2.5 Serological Characterization of Isolates 

 

2.5.1 Methodology 

1. After biochemical identification with TSI agar and API20E strips (Biomerieux, 

France), a single colony from the TSI slant surface was picked up using a sterile 

straight wire and streaked on nutrient agar plate. After 24 hours incubation, each 

isolate was tested with Shigella polyvalent antisera (Pro-lab Diagnostics, Canada; 

product codes PL6900, PL6901, PL6902 and PL6903). 

2. Two separate drops of saline were placed on a clean glass slide.  

3. Using a sterile loop, emulsify the same colony of the suspected culture with both 

drops of saline to obtain a smooth suspension. 

4. To one suspension, as a control for auto-agglutination, add one drop or a loop-full 

of saline and mix. 

5. To the other suspension add one drop or a loop-full of undiluted antiserum and 

mix. 

6. Rock the slide gently back and forth for upto one minute and observe for 

agglutination under normal lighting conditions. A low power objective can be 

used to facilitate reading fine agglutination reactions. 

7. A distinct agglutination (granular clumping) within 60 seconds, without 

agglutination in the saline control (auto-agglutination) was regarded as a positive 

control.  

 

2.6 Total DNA Extraction 

After identification by the biochemical tests, the isolates were confirmed by 

polymerase chain reaction (PCR). For PCR, DNA from the bacterial cells was extracted  
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Table 2.1: Reading Table for API 20E Strips 

 

Tests 
Active 

Ingredients 

Qty 

(mg/cup) 
Reactions/Enzymes 

Results 

Negative Positive 

ONPG 
2-nitrophenyl-βD-

galactopyranoside 
0.223 

β-galactosidase (Ortho 

Nitrophenyl-βD-

Galacto Pyranosidase) 

colorless yellow (1) 

ADH L-arginine 1.9 Argininie DiHydrolase yellow red/orange (2) 

LDC L-lysine 1.9 Lysine Decarboxylase yellow red/orange (2) 

ODC L-ornithine 1.9 
Ornithine 

Decarboxylase 
yellow red/orange (2) 

CIT trisodium citrate 0.756 CITrate utilization 
pale green/ 

yellow 

blue green/ 

blue (3) 

H2S sodium thiosulfate 0.075 H2S production 
colorless/ 

grayish 

black deposit/ 

thin line 

URE urea 0.76 UREase yellow  red/orange (2) 

TDA L-tryptophane 0.38 
Tryptophan 

DeAminase 

TDA/immediate 

yellow reddish brown 

IND L-tryptophane 0.19 INDole production 

JAMES/IMMEDIATE 

colorless/ 

pale green/ 

yellow 

pink 

VP sodium pyruvate 1.9 
acetoin production 

(Voges Proskauer) 

VP 1 + VP 2 / 10 min 

colorless pink/red (5) 

GEL 
Gelatin (bovine 

origin) 
0.6 GELatinase no diffusion 

diffusion of 

balck pigment 

GLU D-glucose 1.9 
fermentation/oxidation 

(GLUcose) (4) 

blue/blue-

green 

yellow/grayish 

yellow 

MAN D-mannitol 1.9 
fermentation/oxidation 

(MANnitol) (4) 

blue/blue-

green 
yellow 

INO inositol 1.9 
fermentation/oxidation 

(INOsitol) (4) 

blue/blue-

green 
yellow 

SOR D-sorbitol 1.9 
fermentation/oxidation 

(SORbitol) (4) 

blue/blue-

green 
yellow 

RHA L-rhaminose 1.9 
fermentation/oxidation 

(RHAminose) (4) 

blue/blue-

green 
yellow 

SAC D-sucrose 1.9 
fermentation/oxidation 

(SACcharose) (4) 

blue / blue-

green 
yellow 

MEL D-melibiose 1.9 
fermentation/oxidation 

(MELibiose) (4) 

blue/blue-

green 
yellow 

AMY amygdalin 0.57 
fermentation/oxidation 

(Amygdalin) (4) 

blue/blue-

green 
yellow 

ARA L-arabinose 1.9 
fermentation/oxidation 

(ARAbinose) (4) 

blue/blue-

green 
yellow 
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by the conventional phenol-chloroform method, followed by RNase treatment for 

the removal of contaminating RNA (Sambrook 1989). 

 

2.6.1 Methodology 

1. The autoclaved TSB tubes (Appendix 1.7) containing 3 ml broth were inoculated 

and incubated at 37 °C for 24-48 hrs. 

2. From each TSB tube, 1.5 ml of growth was taken into an eppendorf tube and 

centrifuged at 10,000 rpm for 5 minutes. 

3. Supernatant was discarded and the remaining 1.5 ml of the growth was added into 

the tube and centrifuged at 10,000 rpm for 5 minutes to get the cell pellet. 

4. Supernatant was discarded and the cell pellet was dissolved in 200 µl of TE buffer       

(Appendix 2.1). This suspension can be kept at 4 ºC for one week. 

5. The eppendorf tube was centrifuged at 10,000 rpm for 5 minutes, supernatant was 

removed and 700µl of 10% SDS was added (Appendix 2.2) to each pellet. The 

mixture was homogenized completely by repeated pipetting. 

6. The tubes were kept in water bath at 65 ºC for two hours (after one hour mixed by 

inversion). 

7. The mixture was brought to room temperature and 700 µl of phenol: chloroform: 

isoamyl alcohol (25:25:1) was added (Appendix 2.4), followed by vigorous 

shaking (about 100 times) and centrifugation at 12,000 rpm for 4 minutes. 

8. The aqueous phase (upper) was transferred to another eppendorf tube taking care 

that the central protein part (if any) was avoided. 

9. Step 7 was repeated twice. 

10. The aqueous phase (upper) was transferred to another eppendorf tube taking care 

that the central protein part (if any) was avoided. 

11. Hundred µl of 3M sodium acetate, pH 4.8 (Appendix 2.5) was added and mixed 

followed by addition of 700 µl of ice-chilled isopropanol (Appendix 2.7). It was 

mixed gently by inversion and kept at –20 ºC over night or –70 ºC for 20 minutes. 

12. The mixture was centrifuged at 12,000 rpm for 4 minutes and supernatant was 

removed. 
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13. The pellet was suspended in 100µl of 70% ethanol (Appendix 2.8) and step 12 

was repeated. 

14. The pellet was dried and resuspended in appropriate amount of TE buffer or 

distilled water. 

15. Twenty five µl of RNAase A (Appendix 2.6) was added and mixture was kept at 

37 ºC for 30 minutes. 

16. The integrity of DNA was checked by 1% agarose gel electrophoresis and stored 

at 4 ºC. 

 

2.6.2 DNA Estimation (Spectrophotometer) 

The quantitative estimation of the isolated DNA was done spectrophotometrically 

(Lambda 5UV/Vis, Perkin Elmer, USA; Bio projects Gmbh, Germany) at 260nm. The 

concentration was calculated according to the formula: (If the absorbance is 1.0, the DNA 

concentration is 50µg/ml) (Brown 2006). 

A260 / A 280 provided an estimate of the purity of the DNA sample. Pure isolations 

have a value of 1.6 to 1.8. Impure DNA samples were re-extracted by phenol-chloroform 

method. 

 

2.6.3 DNA Integrity (Agarose Gel Electrophoresis) 

The integrity and purity of DNA samples were checked by 1% (w/v) agarose gel 

electrophoresis. 

 

Methodology 

1. Agarose gel (1 %) was prepared by dissolving 0.3 g of agarose in 30 ml (0.5 X 

TBE buffer) (Appendix 4.1). 

2. The gel was allowed to cool to approximately 50 ºC and poured into a comb-

placed gel tray. After the solidification of gel, the comb was carefully removed.  

3. Ten µl of DNA sample was mixed with 5 µl of tracking dye bromophenol blue 

(Appendix 4.3) and loaded in a well.  

4. Electrophoresis was done at a voltage of 120 V for 10 minutes and followed by 60 

minutes at 100 V.  
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5. The gel was stained in 0.5 µg/ml of ethidium bromide (Appendix 4.4) and 

photographed by using Eagle Eye (Strategene, USA).  

6. A sharp band without tailing indicated the purity of DNA sample.  

7. These DNA samples were then diluted and used as template in polymerase chain 

reaction (PCR). 

 

2.7 Confirmation of Shigella by Molecular Method 

For PCR, DNA from bacterial cultures was extracted as template.  

2.7.1 uidA Gene  

PCR was performed for the confirmation of Shigella isolates with following 

primers by targeting conserved region (uidA gene encoding ß-glucuronidase) of Shigella 

genome giving amplification product of 486bp. 

uid-F (5'ATCACCGTGGTGACGCATGTCGC3') 

uid-R (5'CACCACGATGCCATGTTCATCTGC3')   

 

 PCR conditions for UidA gene 

10 X PCR buffer (500mM KCl, 100mM Tris HCl; pH 8.3)  (Appendix 5.1)  

25 mM MgCl2        (Appendix 5.2)  

dNTPs mix (2 mM)      (Appendix 5.3) 

Taq polymerase (5 U/µl)      (Appendix 5.4) 

Primer sets (50 pmol)       (Appendix 5.5) 

T buffer (10 mM Tris HCl, pH: 8.3)     (Appendix 5.6) 

Each 100 µl reaction mixture contains 1x PCR buffer (50 mM KCl, 10mM Tris 

HCl; pH 8.3), 2.5 mM MgCl2, 0.2 mM each dNTP’s (dATP, dCTP, dGTP, dTTP), 50 

pmol of each primer, 5 U of recombinant Taq polymerase (Fermentas) and 0.1μg/μl of 

DNA template. 

 

 Reaction mixture for 100ul 

10X PCR buffer   10.0 µl  

25 mM MgCl2    6.0 µl  

dNTPs mix     4.0 µl  
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Primer EC-F     4.0 µl  

Primer EC-R     4.0 µl  

Taq polymerase    0.8 µl  

T buffer    51.2 µl  

Diluted template DNA (1:10)  20.0 µl  

 

Thermal cycler conditions 

The PCR was performed under the following thermal cycler  (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: denaturation for 5 min at 94 C; 30 cycles of 

amplification at 94C for1 min, 50 C for1 min and 72 C for1 min; and finally extension 

at 72 C for 7 min. 

The PCR products were visualized by running on 2% (w/v) agarose gel 

electrophoresis and photographed by using Eagle Eye (Strategene, USA). 

 

2.7.2 IS630 Sequence 

IS630 sequence was also targeted for the confirmation of Shigella spp. PCR was 

performed with the primers already reported by targeting the Shigella specific sequence 

of IS630 giving an amplification product of 561bp 

IS-F (5'GTACAGAACTGCTGGCAAT3') 

IS-R (5'CAACATGATTCATCCATGG3')   

 

PCR conditions for IS630 

10 X PCR buffer (500mM KCl, 100mM Tris HCl; pH 8.3)  (Appendix 5.1)  

25 mM MgCl2        (Appendix 5.2)  

dNTPs mix (2 mM)      (Appendix 5.3) 

Taq polymerase (5 U/µl)      (Appendix 5.4) 

Primer sets (50 pmol)       (Appendix 5.5) 

T buffer (10 mM Tris HCl, pH: 8.3)     (Appendix 5.6) 

 

Each 100 µl reaction mixture contains 1x PCR buffer (50 mM KCl, 10mM Tris 

HCl; pH 8.3), 1.0 mM MgCl2, 0.1 mM each dNTP’s (dATP, dCTP, dGTP, dTTP), 50 
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pmol of each primer, 1 U of recombinant Taq polymerase (Fermentas) and 0.1μg/μl of 

DNA template. 

Reaction mixture for 100ul 

10X PCR buffer   10.0 µl  

25 mM MgCl2    4.0 µl  

dNTPs mix     5.0 µl  

Primer EC-F     4.0 µl  

Primer EC-R     4.0 µl  

Taq polymerase    0.8 µl  

 T buffer    52.2 µl  

Diluted template DNA (1:10)  20.0 µl  

 

Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: denaturation for 3 min at 95 C; 30 cycles of 

amplification at 95C for 30sec., 55 C for 30sec. and 72 C for1 min; and finally 

extension at 72 C for 7 min. 

The PCR products were visualized by running on 2% (w/v) agarose gel 

electrophoresis and photographed by using Eagle Eye (Strategene, USA). 

 

2.8 Antibiotic Sensitivity Testing 

Antibiotic sensitivity was determined using standard disc diffusion method 

according to the recommendations of National Committee for Clinical Laboratory 

Standards (NCCLS, 1990). The discs used included Ampicillin (10μg), Aztreonam 

(30μg), Cefixime (5μg), Cefoperazone (75μg), Ceftriaxone (30μg), Cephradine (30μg) 

from β-lactam group; Amikacin (30μg), Gentamicin (120μg), and Streptomycin (10 μg) 

from aminoglycosides; Nalidixic acid (30 μg), and Ciprofloxacin (5 μg) from quinolones; 

Chloramphenicol (30 μg), Trimethoprim - sulfomethoxazole (25 μg) and Tetracycline 

(30μg) groups. 
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2.8.1  Methodology 

1. Each Shigella isolate was inoculated on MacConkey agar plates followed by 

incubation at 37 C over night. 

2. Three ml of TSB was inoculated with 2-3 colonies of over night culture and kept 

at 37C for 4-6 hours till the turbidity matched the 0.5 McFarland turbidity 

standards. 

3. A sterile swab was dipped in the inoculum and rotated firmly several times 

against the upper inside wall of the tube to drain excess fluid. 

4. The entire antibiotic sulphonamide sensitivity agar (40g/liter) (Appendix 1.6) 

surface was streaked turning the plate 60  between streaking to obtain even 

inoculation. 

5. The lid was left apart for 3-5 minutes, but no more than 15 minutes, to allow for 

any surface moisture to be absorbed before applying the drug impregnated discs. 

6. Sensitivity discs were applied with aseptic precautions. The discs were deposited 

in such a way that the centers were at least 24 mm apart. Care was also taken so 

that no disc was deposited less than 10 mm from the edge of the Petri dish, and 

their centers were at least 30 mm apart. 

7. Agar plates were incubated in inverted position at 37 C for 16 to 18 hours. 

8. Incubation zones were measured and their diameter was recorded. 

9. Results were interpreted (Table 2.2) by following the guidelines provided by the 

National Committee for Clinical Laboratory Standards (1990). 

 

2.9 Identification of Drug Resistance Genes 

PCR was performed for the identification of antibiotic resistance genes by 

targeting specific genes. Following drug resistance genes were identified through PCR by 

using sets of primers given in the Table 2.3. 

blaTEM  lactamase gene (Ampicillin), sul I and sul II genes (sulphonamide), 

mutated gyr A ,gyr B, par C &par E genes (ciprofloxacin), tet A and tet B genes 

(tetracycline),stra&b, aad A1 and aac(3)-1 genes (aminoglycosides),blt, blaOXA, blaCTX 

and blaSHV genes (cephalosporins) and cat p  and catA gene (chloramphenicol). 
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Table 2.2: Drug Sensitivity Testing (Zone Diameter Interpretive Chart) 

 

 

Drugs 
Disc pot. 

(μg) 

TR 

(mm) 

R 

(mm) 

S 

(mm) 

Ampicillin 10 ≤13 14-16 ≥17 

Chloramphenicol 30 ≤12 13-17 ≥18 

Ciprofloxacin 5 ≤15 16-20 ≥21 

Nalidixic acid 30 ≤13 14-18 ≥19 

Streptomycin 10 ≤11 12-14 ≥15 

Tetracycline 30 ≤14 15-18 ≥19 

Trimethoprim/  

Sulfamethoxazole 

1.25 

23.75 
≤10 11-15 ≥16 

Amikacin 30 14 15-16 17 

Gentamicin 120 12 13-14 15 

Cephradine 30 14 15-22 23 

Cefixime 5 15 16-18 19 

Ceftriazone 30 13 14-20 21 

Cefoperazone 75 15 16-20 21 

Aztreonam 30 15 16-21 22 
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Table 2.3: Primer Sequences of Shigella Identification Markers and Antimicrobial 

Resistance Genes 

 

GENE PRIMER SEQUENCE(5’-3’) SIZE (BP) REFERENCE 

uidA 
ATCACCGTGGTGACGCATGTCGC 

CACCACGATGCCATGTTCATCTGC 
486 Heininger et al.1999 

IS630 
GTACAGAACTGCTGGCAAT 

CAACATGATTCATCCATGG 
561 Houng etal.1997 

blaTEM 
ATGAGTATTCAACTTTCCGTGT 

TTACCAATGCTTAATCAGTGACG 
876 Chu et al. 2001 

gyrA 
TACCGTCATAGTTATCCACGA  

GTACTTTACGCCATGAACGT 
342 Molbak et al.1999 

gyrB 
CAAACTGGCGGACTGTCAGG 

CAAACTGGCGGACTGTCAGG 
345 Chau TT et al.2007 

parC 
CTATGCGATGTCAGAGCTGG 

TAACAGCAGCTCGGCGTATT 
270 Chau TT et al.2007 

parE 
TCTCTTCCGATGAAGTGCTG 

ATACGGTATAGCGGCGGTAG 
240 Chau TT et al.2007 

catP 
CCTGCCACTCATCGCAGT  

CACCGTTGATATATCCC 
623 Guerra et al.2001 

catA 
CGCCTGATGAATGCTCATCCG  

CCTGCCACTCATCGCAGTAC 
457 Molbak et al.1999 

tetA 
GTAATTCTGAGCACTGTCGC  

CTGCCTGGACAACATTGCTT 
956 Guardabassi et al.2000 

tetB 
CTCAGTATTCCAAGCCTTTG  

CTAAGCACTTGTCTCCTGTT 
416 Guardabassi et al.2000 

blt 
CCCCTATTTGTTTATTTTTC  

GACAGTTACCAATGCTTAA 
962 Yan et al.2000 

 blaOXA 
ATGAAAAACACAATACATATCAACTTCGC  

GTGTGTTTAGAATGGTGATCGCATT 
820 Peirano et al.2005 

bla ctx-M 
ATGTGCAG[Y]ACCAGTAARGTKATGGC  

TGGGTRAARTARGTSACCAGAA[Y]CAGCGG 
593 Zong et al.2008 

blashv 
CGCCGGGTTATTCTTATTTGTCGC 

TCTTTCCGATGCCGCCGCCAGTCA 
1015 Zong et al.2008 

aadA1 
TGATTTGCTGGTTACGGTGAC  

CGCTATGTTCTCTTGCTTTTG 
284 Van et al.2008 

aac(3)-1 
ACCTACTCCCAACATCAGCC  

ATATAGATCTCACTACGCGC 
157 Van et al.2008 

stra & b 
ATGGTGGACCCTAAAACTCT 

CGTCTAGGATCGAGACAAAG 
891 Tamang etal.2007 

sul1 
CTTCGATGAGAGCCGGCGGC 

GCAAGGCGGAAACCCGCGCC 
437 Sundstrom et al.1988  

sul ll 
TCAACATAACCTCGGACAGT 

GATGAAGTCAGCTCCACCT 
707 Chu et al. 2001 

intl1 
ATCATCGTCGTAGAGACGTCGG 

GTCAAGGTTCTGGACCAGTTGC 
892 Rosser et al.1999 

intl2 
GCAAATGAAGTGCAACGC  

ACACGCTTGCTAACGATG 
467 Rosser et al.1999 

intl3 
GCAGGGTGTGGACAGATACG  

ACAGACCGAGAAGGCTTATG 
760 Senda et al.1996 
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2.9.1 Ampicillin Resistance Related   lactamase Genes  

 

a) blaTEM lactamase Gene 

 

PCR conditions: 

10 X PCR buffer (500mM KCl, 100mM Tris HCl; pH 8.3) 

25 mM MgCl2     

dNTPs mix (2 mM) 

Taq polymerase (5 U/µl) 

Primer sets (37.5 pmol) 

T buffer (10 mM Tris HCl, pH: 8.3) 

2.5 mM MgCl2, 0.2 mM of each dNTP (dATP, dCTP, dGTP, dTTP), 37.5 pmol of 

each primer, 5 U of recombinant Taq polymerase (Fermentas) and 0.1μg/μl of DNA 

template. 

 

Reaction mixture for 100ul 

10X PCR buffer   10.0 µl 

25 mM MgCl2    6.0 µl  

dNTPs mix     4.0 µl  

Primer A1/Am1   4.0 µl 

Primer A2/Am2    4.0 µl 

Taq polymerase    1.0 µl  

 T buffer    51.0 µl  

Diluted template DNA (1:10)  20.0 µl  

 

Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler); 

Eppendorf, Hamburg, Germany) conditions: denaturation for 5 min at 94 C; 30 cycles of 

amplification at 94C for1 min, 51 C for1 min and 72 C for1 min; and finally extension 

at 72 C for 7 min. 
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2.9.2 Sulphonamide Resistance Genes 

 

a)  sul 1 Gene  

 

PCR conditions 

10 X PCR buffer (500mM KCl, 100mM Tris HCl; pH 8.3)  

25 mM MgCl2     

dNTPs mix (2 mM) 

Taq polymerase (5 U/µl) 

Primer sets (50 pmol) 

T buffer  (10 mM Tris HCl, pH: 8.3) 

2.5 mM MgCl2, 50µm of each dNTP (dATP, dCTP, dGTP, dTTP), 0.3 µm of 

each primer, 1.5 U of recombinant Taq polymerase (Fermentas) and 20 ng of DNA 

template. 

 

Reaction mixture conditions for 100l 

10X PCR buffer   10.0 µl  

25 mM MgCl2   6.0 µl  

dNTPs mix     4.0 µl  

Primer EC-F     4.0 µl  

Primer EC-R     4.0 µl  

Taq polymerase    0.8 µl  

T buffer    51.2 µl  

Diluted template DNA (1:10) 20.0 µl  

 

Thermal cycler conditions 

The PCR was performed under the following thermal cycler  (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: denaturation for 5 min at 94 C; 30 cycles of 

amplification at 94 C for1 min, 50 C for1 min and 72 C for 1 min; and finally 

extension at 72 C for 7 min. 
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b)  sulII Gene 

 

PCR conditions 

10 X PCR buffer (500mM KCl, 100mM Tris HCl; pH 8.3)  

25 mM MgCl2     

dNTPs mix (2 mM) 

Taq polymerase (5 U/µl) 

Primer sets (50 pmol) 

T buffer (10 mM Tris HCl, pH: 8.3) 

1.5mM Mg Cl2, 16µm each dNTP, 0.7µm each primer, 5U of Taq DNA 

Polymerase, 20ng of DNA template and volume makeup by double distal water. 

 

Reaction mixture conditions for 100l 

10X PCR buffer   10.0 µl  

25 mM MgCl2    6.0 µl  

dNTPs mix     4.0 µl  

Primer EC-F     4.0 µl  

Primer EC-R     4.0 µl  

Taq polymerase    0.8 µl  

T buffer    51.2 µl  

Diluted template DNA (1:10)  20.0 µl  

 

Thermal cycler conditions 

The PCR was performed under the following thermal cycler  (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: denaturation for 5 min at 94 C; 30 cycles of 

amplification at 94C for1 min, 50 C for1 min and 72 C for1 min; and finally extension 

at 72 C for 7 min. 

 



Chapter 2  Materials and Methods 

 38 

2.9.3 Ciprofloxacin Resistance Genes 

 

a)  Mutated gyr A Gene 

 

PCR conditions 

10 X PCR buffer (500mM KCl, 100mM Tris HCl; pH 8.3)  

25 mM MgCl2     

dNTPs mix (2 mM) 

Taq polymerase (5 U/µl) 

Primer sets (58 pmol) 

T buffer  (10 mM Tris HCl, pH: 8.3 

2.5mM MgCl2, 50µm each dNTP, 0.3 µm of each primer, 1.5 U of Taq 

polymerase, 20ng of template DNA and volume makeup by double distal water. 

 

Reaction mixture for 100ul    

10X PCR buffer   10.0 µl  

25 mM MgCl2    7.0 µl  

dNTPs mix     4.0 µl  

Primer Cip 1     4.0 µl  

Primer Cip 2     4.0 µl  

Taq polymerase    0.8 µl  

T buffer    50.2 µl  

Diluted template DNA (1:10)  20.0 µl  

 

Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: denaturation for 5 min at 94 C; 30 cycles of 

amplification at 94C for1 min, 60 C for1 min and 72 C for1 min; and finally extension 

at 72 C for 7 min. 

 

 

 

 

 



Chapter 2  Materials and Methods 

 39 

b) Mutated gyr B, parC, parE Genes 

PCR conditions 

10 X PCR buffer (500mM KCl, 100mM Tris HCl; pH 8.3)  

25 mM MgCl2     

dNTPs mix (2 mM) 

Taq polymerase (5 U/µl) 

Primer sets (58 pmol) 

T buffer  (10 mM Tris HCl, pH: 8.3 

2.5mM MgCl2,  50µm each dNTP, 0.3 µm of each primer, 1.5 U of Taq 

polymerase, 20ng of template DNA and volume makeup by double distal water. 

 

Reaction mixture for 100ul    

10X PCR buffer   10.0 µl  

25 mM MgCl2    7.0 µl  

dNTPs mix     4.0 µl  

Primer F     4.0 µl  

Primer R     4.0 µl  

Taq polymerase    0.8 µl  

 T buffer    50.2 µl  

Diluted template DNA (1:10)  20.0 µl  

 

Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: denaturation for 5 min at 94 C; 30 cycles of 

amplification at 92C for1 min, 62 C for1 min and 74 C for2 min; and finally extension 

at 74 C for 1 min. 

 

2.9.4 Tetracycline Resistance Genes 

 

a) tet A Gene 

 

PCR conditions 

10 X PCR buffer (500mM KCl, 100mM Tris HCl; pH 8.3)  
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25 mM MgCl2     

dNTPs mix (2 mM) 

Taq polymerase (5 U/µl) 

Primer sets (50 pmol) 

T buffer  (10 mM Tris HCl, pH: 8.3) 

2.5mM MgCl2, 50µm each dNTP, 0.3 µm of each primer, 1.5 U of Taq 

polymerase, 20ng of template DNA and volume makeup by double distal water. 

 

Reaction mixture for 100ul 

10X PCR buffer   10.0 µl  

25 mM MgCl2    6.0 µl  

dNTPs mix     4.0 µl  

Primer tet A-F/tet B-F   4.0 µl  

Primer tet A-R/tet B-R   4.0 µl  

Taq polymerase    1.2 µl  

 T buffer    50.8 µl  

Diluted template DNA (1:10)  20.0 µl 

 

Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: denaturation for 5 min at 94 C; 30 cycles of 

amplification at 94C for 30 sec., 53 C for30 sec. and 72 C for1.5 min; and finally 

extension at 72 C for 7 min. 

 

b)  tet B Gene 

 

PCR conditions 

10 X PCR buffer (500mM KCl, 100mM Tris HCl; pH 8.3)  

25 mM MgCl2     

dNTPs mix (2 mM) 

Taq polymerase (5 U/µl) 

Primer sets (50 pmol) 
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T buffer (10 mM Tris HCl, pH: 8.3) 

2.5mM MgCl2, 50µm each dNTP, 0.3 µm of each primer, 1.5 U of Taq polymerase, 20ng 

of template DNA and volume makeup by double distal water. 

 

Reaction mixture for 100ul 

10X PCR buffer   10.0 µl  

25 mM MgCl2    6.0 µl  

dNTPs mix     4.0 µl  

Primer tet A-F/tet B-F   4.0 µl  

Primer tet A-R/tet B-R   4.0 µl  

Taq polymerase    1.2 µl  

 T buffer    50.8 µl  

Diluted template DNA (1:10)  20.0 µl 

 

Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: denaturation for 5 min at 94 C; 30 cycles of 

amplification at 94C for 1 min., 51 C for1 min. and 72 C for1 min; and finally 

extension at 72 C for 7 min. 

 

2.9.5 Aminoglycoside Resistance Genes 

 

a) aadA1 and aac(3)-1 Genes 

 

PCR conditions 

10X PCR buffer (500mM KCl, 100mM Tris HCl; pH 8.3 without MgCl2) 

25 mM MgCl2  

2mMdNTPs  

30 pmolPrimer aadA-F  

30 pmolPrimer aadA-R  

Taq Polymerase (5 U/µL) 

T Buffer (10 mM Tris HCl, pH: 8.3) 
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2.5mM MgCl2, 50µm each dNTP, 0.3 µm of each primer, 1.5 U of Taq 

polymerase, 20ng of template DNA and volume makeup by double distal water.  

 

Reaction mixture for 100ul 

10X PCR buffer (without MgCl2)  10 µl 

MgCl2 (25 mM)    6 µl  

dNTPs (0.7 nmol/µL each)   3 µl 

Primer aadA-F (30 pmol/µL)   4 µl 

Primer aadA-R (30 pmol/µL)   4 µl 

Taq Polymerase (5 U/µL)   1 µl 

T Buffer (10 mM Tris HCl, pH: 8.3)  68 µl 

Template DNA (5 ng/µL)   4 µl 

 

Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: denaturation for 5 min at 94 C; 30 cycles of 

amplification at 94C for 30sec., 50 C for 30sec. and 72 C for 1min; and finally 

extension at 72 C for 7 min. 

 

b)  stra and b Genes 

 

PCR conditions 

10 X PCR buffer (500mM KCl, 100mM Tris HCl; pH 8.3)  

25 mM MgCl2     

2mMdNTPs mix  

Taq polymerase (5U/µl) 

52 pmol each Primer  

T buffer  (10 mM Tris HCl, pH: 8.3) 

2.5mM MgCl2, 50µm each dNTP, 0.3 µm of each primer, 1.5U of Taq 

polymerase, 20ng of template DNA and volume makeup by double distal water. 
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Reaction mixture for 100 µL 

10X PCR buffer    10.0 µl  

25 mM MgCl2    6.0 µl  

dNTPs mix     4.0 µl  

Primer cat p-F    4.0 µl  

Primer cat p-R    4.0 µl  

Taq polymerase    0.8 µl  

T buffer    51.2 µl  

Diluted template DNA (1:10)  20.0 µl 

 

Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: denaturation for 10 min at 94 C; 30 cycles 

of amplification at 94C for1 min, 50 C for1 min and 72 C for1 min; and finally 

extension at 72 C for 10 min. 

 

2.9.6 Chloramphenicol Resistance Genes 

 

a) cat A and cat P Genes 

 

PCR conditions 

10 X PCR buffer (500mM KCl, 100mM Tris HCl; pH 8.3)  

25 mM MgCl2     

2mMdNTPs mix  

Taq polymerase (5U/µl) 

52 pmol each Primer  

T buffer  (10 mM Tris HCl, pH: 8.3) 

2.5mM MgCl2, 50µm each dNTP, 0.3 µm of each primer, 1.5U of Taq 

polymerase, 20ng of template DNA and volume makeup by double distal water. 
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Reaction mixture for 100ul 

10X PCR buffer    10.0 µl  

25 mM MgCl2    6.0 µl  

dNTPs mix     4.0 µl  

Primer cat p-F    4.0 µl  

Primer cat p-R    4.0 µl  

Taq polymerase    0.8 µl  

 T buffer    51.2 µl  

Diluted template DNA (1:10)  20.0 µl  

 

Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: denaturation for 5 min at 94 C; 30 cycles of 

amplification at 94C for1 min, 50 C for1 min and 72 C for1 min; and finally extension 

at 72 C for 7 min. 

 

2.9.7 Cephalosporins Resistance Genes 

  

a) blt Gene 

 

PCR conditions 

10 X PCR buffer (500mM KCl, 100mM Tris HCl; pH 8.3)  

25 mM MgCl2     

2mMdNTPs mix  

Taq polymerase (5U/µl) 

52 pmol each Primer  

T buffer  (10 mM Tris HCl, pH: 8.3) 

2.5mM MgCl2, 50µm each dNTP, 0.3 µm of each primer, 1.5U of Taq 

polymerase, 20ng of template DNA and volume makeup by double distal water. 

 

Reaction mixture for 100ul 

10X PCR buffer     10.0 µl  

25 mM MgCl2     6.0 µl  
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dNTPs mix      4.0 µl  

Primer cat p-F     4.0 µl  

Primer cat p-R     4.0 µl  

Taq polymerase     0.8 µl  

 T buffer     51.2 µl  

Diluted template DNA (1:10)   20.0 µl  

 

Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: denaturation for 5 min at 94 C; 30 cycles of 

amplification at 94C for1 min, 50 C for1 min and 72 C for1 min; and finally extension 

at 72 C for 7 min. 

 

b) blaCTX-M  Gene 

 

PCR conditions 

10 X PCR buffer (500mM KCl, 100mM Tris HCl; pH 8.3)  

25 mM MgCl2     

2mMdNTPs mix  

Taq polymerase (5U/µl) 

52 pmol each Primer  

T buffer  (10 mM Tris HCl, pH: 8.3) 

2.5mM MgCl2, 18µm each dNTP, 0.8 µm of each primer, 5U of Taq polymerase, 

20ng of template DNA and volume makeup by double distal water. 

 

Reaction mixture conditions for 100 µl 

10X PCR buffer     10.0 µl  

25 mM MgCl2     6.0 µl  

dNTPs mix      4.0 µl  

Primer blaCTX -F     4.0 µl  

Primer blaCTX -R     4.0 µl  

Taq polymerase     0.8 µl  
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 T buffer     51.2 µl  

Diluted template DNA (1:10)   20.0 µl  

 

Thermal cycler conditions 

94 °C for 7 minutes followed by 35 cycles of 94 °C for 50 sec.,, 50 °C for 40 sec. 

and 72 °C for 1 minute and final extension of 72 °C for 5 minutes. 

 

c) blaSHV  Gene 

 

PCR conditions 

10 X PCR buffer (500mM KCl, 100mM Tris HCl; pH 8.3)  

25 mM MgCl2     

2mMdNTPs mix  

Taq polymerase (5U/µl) 

52 pmol each Primer  

T buffer  (10 mM Tris HCl, pH: 8.3) 

10mM Tris-HCl (PH 8.3), 50mM KCl, 0.1% Triton X-100, 1.5mM MgCl2, 

0.2mM each of the four dNTP, and 1.2U Taq polymerase, 20ng of template DNA and 

volume makeup by double distal water. 

 

Thermal cycler conditions 

94 °C for 5 minutes followed by 30 cycles of 94 °C for 25 sec, 52 °C for 40 sec. 

and 72 °C for 50 sec. and final extension of 72 °C for 6 minutes .  

 

d) blaOXA  Gene 

 

PCR conditions 

10 X PCR buffer (500mM KCl, 100mM Tris HCl; pH 8.3)  

25 mM MgCl2     

2mMdNTPs mix  

Taq polymerase (5U/µl) 

52 pmol each Primer  

T buffer  (10 mM Tris HCl, pH: 8.3) 
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2.5mM MgCl2, 50µm each dNTP, 0.3 µm of each primer, 1.5U of Taq 

polymerase, 20ng of template DNA and volume makeup by double distal water. 

 

Reaction mixture for 100ul 

10X PCR buffer     10.0 µl  

25 mM MgCl2     6.0 µl  

dNTPs mix      4.0 µl  

Primer cat p-F     4.0 µl  

Primer cat p-R     4.0 µl  

Taq polymerase     0.8 µl  

 T buffer     51.2 µl  

Diluted template DNA (1:10)   20.0 µl  

 

Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: denaturation for 5 min at 94 C; 30 cycles of 

amplification at 94C for1 min, 50 C for1 min and 72 C for1 min; and finally extension 

at 72 C for 7 min. 

The PCR products were visualized by running on 2% agarose gel electrophoresis 

and photographed by using Eagle Eye (Strategene, USA). 

 

2.10 Molecular Identification of Integrons 

PCR was carried out for the identification of three classes of integrons in Shigella 

isolates. Class 1 Integrons were identified by targeting IntI1 gene while class 2 and class 

3 integrons were identified by targeting IntI2 gene and IntI3 genes respectively. The 

primers used for the identification of integrons are listed in Table 2.3. 

 

2.10.1 PCR for class 1 Integron Identification 

 

PCR conditions 

10X PCR buffer (500mM KCl, 100mM Tris HCl; pH 8.3 without MgCl2) 

MgCl2 (25 mM) 

dNTPs (0.7 nmol/µl each) 
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Primer int1-F (30 pmol/µl) 

Primer int1-R (30 pmol/µl) 

Taq Polymerase (5 U/µl) 

T Buffer (10 mM Tris HCl, pH: 8.3) 

Template DNA (5 ng/µl)    

 

PCR conditions for100I reaction mixture   

10X PCR buffer (without MgCl2)  10 µl 

 MgCl2 (25 mM)    6 µl 

dNTPs (0.7 nmol/µl each)   3 µl  

Primer int1-F (30 pmol/µl)    4 µl 

Primer int1-R (30 pmol/µl)    4 µl 

Taq Polymerase (5 U/µl)    1 µl 

T Buffer (10 mM Tris HCl, pH: 8.3)  68 µl 

Template DNA (5 ng/µl)   4 µl 

 

Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: First initial cycle at 96 C for 2mins., 56 C 

for 1min. and 70C for 3mins.; then 25 cycles of amplification at 96 C for 15 sec., 55 C 

for 30 sec, and 72 C for 3 min; and finally extension at 72 C for 7 min. 

2.10.2 PCR for class 2 Integron Identification 

 

PCR conditions 

10X PCR buffer (500mM KCl, 100mM Tris HCl; pH 8.3 without MgCl2 

MgCl2 (25 mM)  

dNTPs (0.7 nmol/µl each) 

Primer int2-F (30 pmol/µl) 

Primer int2-R (30 pmol/µl) 

Taq Polymerase (5 U/µl) 

T Buffer (10 mM Tris HCl, pH: 8.3) 

Template DNA (5 ng/µl)    
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PCR conditions for 100I reaction mixture      

10X PCR buffer (without MgCl2)  10 µl 

 MgCl2 (25 mM)      6 µl 

 dNTPs (0.7 nmol/µl each)     3 µl  

 Primer int2-F (30 pmol/µl)    4 µl 

 Primer int2-R (30 pmol/µl)    4 µl 

Taq Polymerase (5 U/µl)     1 µl 

T Buffer (10 mM Tris HCl, pH: 8.3)  68 µl 

Template DNA (5 ng/µl)     4 µl 

 

Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: First initial cycle at 96 C for 30sec.., 56 C 

for 1min. and 70C for 3mins.; then 25 cycles of amplification at 96 C for 15 sec., 55 C 

for 30 sec, and 72 C for 3 min; and finally extension at 72 C for 7 min. 

 

2.10.3 PCR for class 3 Integron Identification 

 

PCR conditions 

10X PCR buffer (500mM KCl, 100mM Tris HCl; pH 8.3 without MgCl2) 

MgCl2 (25 mM) 

dNTPs (0.7 nmol/µl each) 

Primer int3-F (35 pmol/µl) 

Primer int3-R (35 pmol/µl) 

Taq Polymerase (5 U/µl) 

T Buffer (10 mM Tris HCl, pH: 8.3) 

Template DNA (5 ng/µl)   

 

PCR conditions for 100I reaction mixture  

10X PCR buffer (without MgCl2)  10 µl 

MgCl2 (25 mM)      6 µl 

dNTPs (0.7 nmol/µl each)               3 µl  
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Primer int3-F (35 pmol/µl)     4 µl 

Primer int3-R (35 pmol/µl)     4 µl 

Taq Polymerase (5 U/µl)     1 µl 

T Buffer (10 mM Tris HCl, pH: 8.3)  68 µl 

Template DNA (5 ng/µl)     4 µl 

 

Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: denaturation for 2 min at 94 C; 30 cycles of 

amplification at 94C for 1 min, 50 C for 1min and 72 C for 1min and 30sec., and 

finally extension at 72 C for 7 min. 

 

2.10.4 Multiplex PCR for class 1 and class 2 Integrons 

For confirmation of the isolates carrying both class 1 and class 2 integrons, a 

multiplex PCR targeting both intI1 and intI2 genes simultaneously was also performed 

under the following conditions. 

 

PCR conditions for 100I reaction mixture  

10X PCR buffer (500mM KCl,  10 µl 

100mM Tris HCl; pH 8.3 without MgCl2)   

MgCl2 (25 mM)    6 µl 

dNTPs (0.7 nmol/µl each)   12 µl  

Primer int1-F (30 pmol/µl)   4 µl 

Primer int1-R (30 pmol/µl)   4 µl 

Primer int2-F (30 pmol/µl)   4 µl 

Primer int2-R (30 pmol/µl)   4 µl  

Taq Polymerase (5 U/µl)   2 µl 

T Buffer (10 mM Tris HCl, pH: 8.3)  50 µl 

Template DNA (8 ng/µl)   4 µl 
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Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: First initial cycle at 96 C for 1min., 56 C 

for 1min. and 70 C for 3mins.; then 25 cycles of amplification at 96 C for 15 sec., 55 

C for 30 sec, and 72 C for 3 min; and finally extension at 72 C for 7 min. 

The PCR products were visualized by running on 2% agarose gel electrophoresis 

and photographed by using Eagle Eye (Strategene, USA). 

 

2.10.5 Confirmation of Integrons 

Amplified products were further confirmed by doing restriction digestion of each. 

The sequences of the genes were searched by using primer base sequences from NCBI 

nucleotide database. The gene sequences taken from NCBI database were cut by 

restriction enzymes which were selected by using the link 

http://www.justbio.com/tools.php. 

 

2.10.6 Purification and Extraction of PCR Product From TAE Gel 

PCR amplified products were purified after extraction from gel and restricted to 

confirm the gene sequences.  

 

Methodology 

1. The PCR amplification products were electrophoresed on 2% (w/v) agarose gel in 

1x TAE buffer (Appendix 4.2). Electrophoresis conditions were same as 

described previously. 

2. Extraction of DNA fragment from agarose gel was carried out by using a 

commercial DNA extraction kit (Appendix 3). 

3. The DNA band was carefully excised from the gel with a sharp, sterilized blade. 

4. An approximate volume of sliced gel by weight was determined (1g is 

approximately equal to 1 ml). 
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5. The sliced gel was placed in a micro centrifuge tube and three volumes of binding 

solution (Appendix 3.2) were added to one volume of gel. It was incubated for 

five minutes at 55 °C to dissolve agarose. 

6. Five µl of silica powder suspension (Appendix 3.1) was added to the tube 

followed by incubation at 55°C for 10 minutes. During incubation the mixture 

was vortexed every two minutes to keep silica powder in suspension. Finally the 

tube was spun for 10 seconds at 10,000 rpm and supernatant was removed. 

7. Five hundred µl of ice cold wash buffer (Appendix 3.3) was added to the pellet, 

followed by vortexing and spinning for 5 seconds at 10,000 rpm. The supernatant 

was poured off. This step was repeated thrice by resuspending the pellet 

completely each time. After the last wash the tube was spun again and supernatant 

was completely removed. 

8. The pellet was suspended in 20 µl of TE buffer (Appendix 2.1) and incubated at 

55 °C for 5 minutes followed by spinning at 10,000 rpm for 5 seconds the 

supernatant was transferred to another tube carefully avoiding the pellet.  

9. Twenty µl of TE buffer (Appendix 2.1) was added to the pellet and resuspended. 

It was followed by spinning the tube at 10,000 rpm for 5 seconds, removal of 

supernatant and its transfer to the first aliquot. The pooled aliquot was spun at 

10,000 rpm for 30 seconds and supernatant was transferred to a new tube. 

10. Ten µl of the supernatant was loaded on to a 2% (w/v) agarose gel in TBE, 

electrophoresed at 100 V, stained and observed.   

 

2.10.7 Restriction Analysis 

The specific purified PCR product of each gene was further digested with specific 

restriction enzymes for each gene. The restriction enzymes, buffers, specific recognition 

sites and resulting fragment sizes are given in Table 2.4. 

 

Methodology 

For the restriction digestion of the desired PCR product, components were added 

in the following order (Fermentas): 

T Buffer      16.0 µl 

10X recommended buffer for restriction enzyme 2.0 µl 
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Table 2.4: Restriction Analysis of Integrons 

 

Genes Restriction enzymes Fragment size (bp) 

Intl 1 
Nsb1 

Eco521 

662, 231 

606, 287 

Intl 2 Eco521 387, 80 
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Substrate DNA     1.0 µl 

Restriction enzyme     0.5-1.0 µl  

The mixture was tapped gently and spun down briefly. The incubation at the 

optimum temperature (37 °C) for 1-16 hours. Restriction conditions for each gene were 

similar.  

 

2.10.8 Visualization of the Restriction Products 

1. Agarose gel (2.5%) was prepared by dissolving 2.5 g agarose in 100 ml of 0.5X 

TBE buffer by heating.  

2. The gel was allowed to cool to approximately 50 ºC and poured into a comb-

placed gel tray.  

3. After the solidification of gel, the comb was carefully removed.  

4. Ten µl of restricted DNA sample was mixed with 5 µl of tracking dye and loaded 

in a well. Electrophoresis was done at a voltage of 100 V for 1 hour 

approximately.  

5. A 100bp DNA ladder was used as molecular marker (# SM0323 Gene Ruler) 

mixed with an equal amount of 6X loading dye solution # R0611, Fermentas) 

(Appendix 6). 

6. The gel was stained in 0.5 µg/ml of ethidium bromide and photographed by using 

Eagle Eye (Strategene, USA) to visualize sharp bands of restricted DNA. 

 

2.11 Sequencing of gyrA and gyrB Genes 

Two representative samples each of amplified gyrA and gyrB genes were 

sequenced. These samples represent two groups, one sensitive to quinolones by disc 

diffusion method and other resistant to quinolones by disc diffusion method. 

 

2.11.1 Sequencing Reaction 

1. ABI Prism 310 Cycle sequencer was used for DNA sequencing of clones. 

Following protocol was employed: 

2. Big Dye Ready Reaction Mix was placed in an ice bucket (Storage: -20 0C). 

3. The reagent was thawed on ice. Once thawed, the tube was flicked to mix all the 

contents and then placed back on ice. 
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4. Following reagents were mixed together into a 0.2 ml PCR tube using barrier tips: 

Plasmid (1µg/µl): 2.0µl; Big dye mix: 4.0µl; Primers (1.2 nmol): 0.75µl each; dd 

sterile deionized water: 2.5 µl (Total: 10.0 µl)    

5. The reagents were mixed well by flicking/ finger tapping the tube.  

6. Conditions for PCR reaction was adjusted as: 

Hot start at 96 oC, denaturation at 96 oC for10 seconds, annealing at 50 oC or 5 

seconds, extension at 60 oC for 4 minutes. These steps constituted 24 cycles. 

Finally held at 4 oC for 10 minutes. 

7. The amplification products in each tube were precipitated and purified using salt   

precipitation method.  

 

2.11.2 Salt Precipitation Method 

1. Following components were added to each sequencing tube: dd sterile deionized 

water; Glycogen: 1.0 µl; 3M Sodium acetate: 2.0µl. and mixed well. 

2. A volume of 250µl of absolute ethanol was added, mixed and left at room 

temperature for 15 minutes. 

3. The mixture was centrifuged at 14000 rpm for 10-15 minutes. 

4. The supernatant was completely aspirated without disturbing the pellet.  

5. The tube was left opened at room temperature until the DNA pellet was 

completely dried 

 

2.11.3 Sample Loading Preparation 

1. After making sure those samples were completely dried (sequencing doesn’t work 

if any trace of liquid is present in the sample) 20.0 µl of TSR (Template 

Suppression Reagent) was added to sample and mixed thoroughly on a vortex 

mixer. 

2. After mixing, the samples were denatured for two minutes at 95 oC. 

3. The samples were chilled on ice and vortexed to mix. 

4. Samples were spun at 13,000 rpm for 30 sec to collect volume at the bottom of 

the tube. 

5. The entire volume of sample was transferred to sample tube by making sure that 

no air bubbles were being introduced. 
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6. The sample tube was capped with rubber gasket and its even sealing was ensured. 

7. The sample was placed in ice until it was loaded into ABI prism 310 Instrument.  

 

2.12 PCR Conditions for the Amplification of Virulence Genes of Shigella 

Six important virulence genes were identified in the confirmed Shigella isolates 

on extracted DNA template of bacterial culture. These were ipaH (invasion plasmid 

associated H) gene (AF386526, AE005674), ial (invasion associated locus) (AL391753), 

sen (AY206437), stx (X07903), set1A (ShET 1A) (CP001383, AE014073) and set1B 

(ShET 1B) (CP001383, AE014073). Primer sequences are listed in Table 2.5. Several 

virulence factors have been associated with Shigella spp.; the most important is the 

ability to colonize and invade the intestinal cells. IpaH (60kDa protein) is related to the 

invasion associated processes. It is present in multiple copies on both the plasmids and 

chromosomes of Shigella.This phenomenon is also mediated by ial gene. It is carried on a 

plasmid of 120-140MDa near a region of the plasmid which is a hot spot for deletion. sen 

is encoded by the gene present on a plasmid of 140 MDa which is associated with 

invasion process of the bacteria.  stx is an exotoxin which is not excreted by bacteria but 

is released only during cell lysis. SHET-1 A and SHET-1B is a chromosomal gene 

responsible for the watery phase of the diarrhea.  

 

2.12.1 PCR for ipaH Identification 

PCR conditions: 

10X buffer         

25mM MgCl2 

dNTP mix (2mM each) 

Taq Polymerase (5U/l.) 

Primer set  

dddH2O 

4 mM MgCl2, 130 M each dNTP’s (dATP, dCTP, dGTP, dTTP), 0.5M each of 

each primer, 1U of recombinant Taq polymerase (Fermentas) and 2l of DNA template. 

 

Reaction mixture for 100ul 

10X PCR buffer   18l 



Chapter 2  Materials and Methods 

 57 

 

 

Table 2.5 Primers for virulence genes 

 

Gene  
Oligonucleotide sequence(5’to 3’) Location within 

gene 
Size (bp) Reference 

set1A 
TCACGCTACCATCAAAGA 

TATCCCCC TTG GTGGTA 

460-470 

751-768 
309 Vargas et al. 1999 

set1B 
GTGAACCTGCTGCCGATATC 

ATTTGTGGATAAAAATGACG 

70-89 

197-216 
147 Vargas et al. 1999 

sen 
ATGTGCCTGCTATTATTTAT 

CATAATAATAAGCGGTCAGC 

380-399 

1158-1178 
799 Vargas et al. 1999 

ipaH 
TGGAAAAACTCAGTGCCTCT 

CCAGTCCGTAAATTCATTCT 

1063-1083 

1466-1485 
423 Vargas et al. 1999 

ial 
CTGGATGGTATGGTGAGG 

GGAGGCCAACAATTATTTCC 

5340-5357 

5640-5659 
320 Vargas et al. 1999 

stx 
CAGTTAATGTGGTTGCGAAG 

CTGCTAATAGTTCTGCGCATC 

50-69 

924-944 
895 Vargas et al. 1999 
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MgCl2     16l 

dNTPs     6.4l 

F-Primer    4l (0.5M/25ul.) 

R-Primer    4l (0.5M/25ul.) 

Taq Polymerase   1.6l (1U) 

ddd-H2O    46l 

DNA template    4l 

 

Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: denaturation for 5 min at 95 C; 30 cycles of 

amplification at 95C for 50 sec., 55 C for 1:30 sec. and 72 C for 2 mins; and finally 

extension at 72 C for 7 mins. 

 

2.12.2 PCR for ial Identification 

 

PCR conditions 

10X buffer         

25mM MgCl2 

dNTP mix (2mM each) 

Taq Polymerase (5U/l.) 

Primer set  

dddH2O 

4 mM MgCl2, 130 M each dNTP’s (dATP, dCTP, dGTP, dTTP), 0.5M each of 

each primer, 1U of recombinant Taq polymerase (Fermentas) and 2l of DNA template. 

 

Reaction mixture for 100ul 

10X PCR buffer  18l 

MgCl2    16l 

dNTPs    6.4l 

F-Primer   4l (0.5M/25l) 
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R-Primer   4l (0.5M/25l) 

Taq Polymerase  1.6l (1U) 

ddd-H2O   46l 

DNA template   4l 

 

Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: denaturation for 5 min at 95 C; 30 cycles of 

amplification at 95C for 50 sec., 55 C for 1:30 sec. and 72 C for 2 mins; and finally 

extension at 72 C for 7 mins. 

 

2.12.3 PCR for set1A Identification 

 

PCR conditions 

10X buffer         

25mM MgCl2 

dNTP mix (2mM each) 

Taq Polymerase (5U/l.) 

Primer set  

dddH2O 

4 mM MgCl2, 130 M each dNTP’s (dATP, dCTP, dGTP, dTTP), 0.5M each of 

each primer, 1U of recombinant Taq polymerase (Fermentas) and 2l of DNA template. 

 

Reaction mixture for 100ul 

10X PCR buffer  18l 

MgCl2    16l 

dNTPs    6.4l 

F-Primer   4l (0.5M/25l) 

R-Primer   4l (0.5M/25l) 

Taq Polymerase  1.6l (1U) 

ddd-H2O   46l 
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DNA template   4l 

Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: denaturation for 5 min at 95 C; 30 cycles of 

amplification at 95C for 50 sec., 55 C for 1:30 sec. and 72 C for 2 mins; and finally 

extension at 72 C for 7 mins. 

 

2.12.4 PCR for set1B Identification 

 

PCR conditions 

10X buffer         

25mM MgCl2 

dNTP mix (2mM each) 

Taq Polymerase (5U/l.) 

Primer set  

dddH2O 

Each 100 µl reaction mixture contains 1x PCR buffer (50 mM KCl, 10mM Tris 

HCl; pH 8.3), 4 mM MgCl2, 130 M each dNTP’s (dATP, dCTP, dGTP, dTTP), 0.5M 

each of each primer, 1U of recombinant Taq polymerase (Fermentas) and 2l of DNA 

template. 

 

Reaction mixture for 100ul 

10X PCR buffer  18l 

MgCl2    16l 

dNTPs    6.4l 

F-Primer   4l (0.5M/25l) 

R-Primer   4l (0.5M/25l) 

Taq Polymerase  1.6l (1U) 

ddd-H2O   46l 

DNA template   4l 
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Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: denaturation for 5 min at 95 C; 30 cycles of 

amplification at 95C for 50 sec., 55 C for 1:30 sec. and 72 C for 2 mins; and finally 

extension at 72 C for 7 mins. 

 

2.12.5 PCR for stx Identification 

 

PCR conditions 

10X buffer         

25mM MgCl2 

dNTP mix (2mM each) 

Taq Polymerase (5U/l.) 

Primer set  

dddH2O 

Each 100 µl reaction mixture contains 1x PCR buffer (50 mM KCl, 10mM Tris 

HCl; pH 8.3), 4 mM MgCl2, 130 M each dNTP’s (dATP, dCTP, dGTP, dTTP), 0.5M 

each of each primer, 1U of recombinant Taq polymerase (Fermentas) and 2l of DNA 

template. 

 

Reaction mixture for 100ul 

10X PCR buffer   18l 

MgCl2     16l 

dNTPs     6.4l 

F-Primer    4l (0.5M/25l) 

R-Primer    4l (0.5M/25l) 

Taq Polymerase   1.6l (1U) 

ddd-H2O    46l 

DNA template    4l 
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Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: denaturation for 5 min at 95 C; 30 cycles of 

amplification at 95C for 50 sec., 55 C for 1:30 sec. and 72 C for 2 mins; and finally 

extension at 72 C for 7 mins. 

 

2.12.6 PCR for sen Identification 

 

PCR conditions 

10X buffer         

25mM MgCl2 

dNTP mix (2mM each) 

Taq Polymerase (5U/l.) 

Primer set  

dddH2O 

Each 100 µl reaction mixture contains 1x PCR buffer (50 mM KCl, 10mM Tris 

HCl; pH 8.3), 4 mM MgCl2, 130 M each dNTP’s (dATP, dCTP, dGTP, dTTP), 0.5M 

each of each primer, 1U of recombinant Taq polymerase (Fermentas) and 2l of DNA 

template. 

 

Reaction mixture for 100ul 

10X PCR buffer   18l 

MgCl2     16l 

dNTPs     6.4l 

F-Primer    4l (0.5M/25l) 

R-Primer    4l (0.5M/25l) 

Taq Polymerase   1.6l (1U) 

ddd-H2O    46l 

DNA template    4l 
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Thermal cycler conditions 

The PCR was performed under the following thermal cycler (MasterCycler; 

Eppendorf, Hamburg, Germany) conditions: denaturation for 5 min at 95 C; 30 cycles of 

amplification at 95C for 50 sec., 55 C for 1:30 sec. and 72 C for 2 mins; and finally 

extension at 72 C for 7 mins. 

The PCR products were visualized by running on 2% (w/v) agarose gel 

electrophoresis and photographed by using Eagle Eye (Strategene, USA). 

 

2.12.7 Confirmation of the Virulence Factors 

Identified virulence genes were further confirmed by doing restriction digestion of 

each virulence gene. The sequences of the genes were searched by using primer base 

sequences from NCBI nucleotide database; ipaH, ial, set1A, set1B, stx, sen. The gene 

sequences taken from NCBI database were cut by restriction enzymes (Table 2.6) which 

were selected by using the link http://www.justbio.com/tools.php. 

 

2.12.8 Purification and Extraction of PCR Product from TAE Gel 

PCR amplified products were purified after extraction from gel and restricted to 

confirm the gene sequences.  

 

Methodology 

1. The PCR amplification products were electrophoresed on 2% (w/v) agarose gel in 

1x TAE buffer (Appendix 4.2). Electrophoresis conditions were same as 

described previously. 

2. Extraction of DNA fragment from agarose gel was carried out by using a 

commercial DNA extraction kit (Appendix 3). 

3. The DNA band was carefully excised from the gel with a sharp, sterilized blade. 

4. An approximate volume of sliced gel by weight was determined (1g is 

approximately equal to 1 ml). 

5. The sliced gel was placed in a micro centrifuge tube and three volumes of binding 

solution (Appendix 3.2) were added to one volume of gel. It was incubated for 

five minutes at 55 °C to dissolve agarose. 
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6. Five µl of silica powder suspension (Appendix 3.1) was added to the tube 

followed by incubation at 55°C for 10 minutes. During incubation the mixture 

was vortexed every two minutes to keep silica powder in suspension. Finally the 

tube was spun for 10 seconds at 10,000 rpm and supernatant was removed. 

7. Five hundred µl of ice cold wash buffer (Appendix3.3) was added to the pellet, 

followed by vortexing and spinning for 5 seconds at 10,000 rpm. The supernatant 

was poured off. This step was repeated thrice by resuspending the pellet 

completely each time. After the last wash the tube was spun again and supernatant 

was completely removed. 

8. The pellet was suspended in 20 µl of TE buffer (Appendix 2.1) and incubated at 

55 °C for 5 minutes followed by spinning at 10,000 rpm for 5 seconds the 

supernatant was transferred to another tube carefully avoiding the pellet.  

9. Twenty µl of TE buffer (Appendix 2.1) was added to the pellet and resuspended. 

It was followed by spinning the tube at 10,000 rpm for 5 seconds, removal of 

supernatant and its transfer to the first aliquot. The pooled aliquot was spun at 

10,000 rpm for 30 seconds and supernatant was transferred to a new tube. 

10. Ten µl of the supernatant was loaded on to a 2% (w/v) agarose gel in TBE,    

electrophoresed at 100 V, stained and observed.   

 

2.12.9 Restriction Analysis 

The specific purified PCR product of each virulence gene was further digested 

with specific restriction enzymes for each gene. The restriction enzymes, buffers, specific 

recognition sites and resulting fragment sizes are given in Table 2.6. 

 

2.12.10 Methodology 

For the restriction digestion of the desired PCR product, components were added 

in the following order (Fermentas): 

T Buffer      16.0 µl 

10X recommended buffer for restriction enzyme 2.0 µl 

Substrate DNA     1.0 µl 

Restriction enzyme     0.5-1.0 µl  
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     Table 2.6: Restriction Analysis of Virulence Genes Confirmation 

 

Genes Restriction enzymes Fragment size (bp) 

sen AspH1 100, 700 

set1A Bam H1 115, 194 

set1B Kpn1 97, 50 

ial Asn1 233, 87 

stx Nsp1 309, 586 

ipaH Kpn21 106, 316 
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The mixture was tapped gently and spun down briefly. The incubation at the 

optimum temperature (37 °C) for 1-16 hours. Restriction conditions for each gene were 

similar.  

 

2.12.11 Visualization of the Restriction Products 

1. Agarose gel (2.5%) was prepared by dissolving 2.5 g agarose in 100 ml of 0.5X 

TBE   buffer by heating.  

2. The gel was allowed to cool to approximately 50 ºC and poured into a comb-

placed gel tray.  

3. After the solidification of gel, the comb was carefully removed.  

4. Ten µl of restricted DNA sample was mixed with 5 µl of tracking dye and loaded 

in a well. Electrophoresis was done at a voltage of 100 V for 1 hour 

approximately.  

5. A 100bp DNA ladder was used as molecular marker (# SM0323 Gene Ruler 

mixed with an equal amount of 6X loading dye solution # R0611, Fermentas) 

(Appendix 6). 

6. The gel was stained in 0.5 µg/ml of ethidium bromide and photographed by using 

Eagle Eye (Strategene, USA) to visualize sharp bands of restricted DNA. 

 

2.13 Statistical Analysis 

Chi Square test and two way Analysis of Variance (ANOVA) was used to 

compare the activity of different antimicrobial drugs used against four Shigella spp. and 

comparison among these species for resistance against different drugs separately. One 

way Analysis of Variance (ANOVA) was used to compare the prevalence of different 

antimicrobial drugs resistant and virulence genes present in four Shigella spp. and 

comparison among these species for those genes separately. Difference was considered 

statistically significant if the P ≤ 0.05. 

 

2.14 Storage of Shigella Isolates 

All Shigella isolates were stored on TSA (Tryptic soya agar) slants for short term 

& microbank (prolab diagnostics, Canada) is used for long term storage purpose. 
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2.14.1 Short Term Storage 

1. TSA (2%) (Appendix 1.8) storage media is made. 

2. It is dispensed in 3 to 4ml. In small test tubes & then sterilized at 121 C for 

15mins. 

3. While still hot the tubes should be placed in slanted position to provide a short 

slant & a deep butt. 

4. A young colonial growth of 18-24 hours of Shigella strains is obtained on 

MacConkey agar plates. 

5. A single colony of the isolate is picked with sterilized inoculating needle. It is 

stabbed into the butt of the medium & then streaked on the slant. It is then placed 

at 37 C overnight. 

6. Sufficient sterilized mineral oil (sterilized at 170 C for 1 hour) should be added 

to cover the slant to 1cm above the top of the agar. 

7. Cultures should be stored at room temperature (about 22 C) in dark. 

8. Strains maintained in pure culture in this manner can be stored for several years. 

 

2.14.2 Long Term Storage 

1. Using a permanent marker, code the vial, one organism per vial to be inoculated.  

2. Under aseptic conditions open the cap of cryovial. 

3. Inoculate the cryopreservative fluid with young colonial growth (18-24 hours) 

picked from a pure culture grown on MacConkey agar plates to approximately a 

3-4 McFarland standard. 

4. Close the vial tightly & invert it 4-5 times to emulsify organism. 

5. At this point microorganisms will be bound to the porous beads. The excessive 

cryopreservative should be well aspirated leaving the inoculated beads as free of 

liquid as possible. Close the vial finger tight. 

6. Store the inoculated cryovial at -70 C for best long term results. 
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RESULTS 

The results presented on the studies entitled “Molecular characterization of 

virulence genes and drug resistance of local human isolates of Shigella species” are 

reported thereafter: 

 

3.1 Isolation of Shigella from Stool Samples 

Out of 2500 stool samples, 95 samples were confirmed as cases of shigellosis 

after identification of Shigella through biochemical and molecular methods. In 84.2% of 

the confirmed cases the age of the patients ranged between 1-5 years and 69.5% belonged 

to lower socioeconomic status (salaries upto five thousand per month). The most 

common signs and symptoms were diarrhea (100%), pyrexia (85.3%), vomiting (92.6%) 

and blood in stools (63.2%). Dehydration was present in 58.9% cases. Tenesmus and 

colicky abdominal pain were observed in 48.4% and 41.1% cases respectively (Appendix 

7). 

 

3.2 Identification of Shigella 

 

3.2.1 Morphological And Biochemical Identification 

Ninety five isolates produced convex, colourless colonies of 2 – 3 mm diameter 

on MacConkey agar and translucent colonies of 1- 2 mm of the same colour as the culture 

medium on XLD agar (Figure 3.1&3.2). All the isolates, producing yellow (acidic) butt 

and red (alkaline) slant without gas and H2S, were selected as Shigella and proceeded for 

further analysis on TSI slants (Figure 3.3).  

 

3.2.2 Identification of Shigella by API20E Strips 

All these 95 isolates showed positive results on API 20E strips. Figure 3.4 shows 

typical biochemical characteristics of Shigella isolates (Table 3.1). 

 

3.2.3 Confirmation of Shigella Isolates By PCR 

Ninety five identified Shigella isolates gave amplification of uid A (ß-

glucuronidase) (Figure 3.5) and IS630 genes (Figure 3.6) amplicon products.  
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Figure3.1: Convex, colourless colonies of of Shigella (2–3 mm) 

on MacConkey agar 
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Figure3.2: Translucent colonies of of Shigella (1-2 mm of the 

same colour as the culture medium) on XLD agar 
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Figure3.3: Typical growth characteristics of Shigella on TSI agar slants 

Butt: Yellow (acidic) butt without gas and H2S production. 

 Slant: Red (alkaline) slant. 
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Table 3.1: Biochemical Properties of SHIGELLA spp .by API20E Strips 

 

 

 

 

 

 

 

 

Table 3.1: Biochemical Properties of SHIGELLA spp .by API20E Strips 

 

Biochemical Tests Reaction Tested Result 

ONPG beta-galactosidase - or + 

ADH arginine dihydrolase + 

LDC lysine decarboxylase - 

ODC ornithine decarboxylase - 

CIT citrate utilization - 

H2S H2S production - 

URE urea hydrolysis - 

TDA deaminase - 

IND indole production - or + 

VP acetoin production - 

GEL gelatinase - 

GLU fermentation/oxidation + 

MAN fermentation/oxidation - or + 

INO fermentation/oxidation - 

SOR fermentation/oxidation - 

RHA fermentation/oxidation - 

SAC fermentation/oxidation - 

MEL fermentation/oxidation - 

AMY fermentation/oxidation - 

ARA fermentation/oxidation - or + 

Figure3.4:  Biochemical identification of Shigella by API20E strips 
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Figure 3.5: PCR based confirmation of Shigella isolates by uid A gene amplification 

 

Lane 1: Generuler SM 0323 (Fermentas) showing bands of 3000, 2000, 1500, 1200, 

1031, 900, 800, 700, 600, 500, 400, 300, 200 and 100 bp. 

Lane 2-6: Shigella isolates showing amplification product (486bp) representing uid A 

gene. 

Lane 7:      Negative Control 

       486bp 

    1        2        3        4        5        6        7                
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Figure 3.6: PCR based confirmation of Shigella isolates by IS-630 gene amplification 

 

Lane 1-4:  Shigella isolates showing amplification product (561bp) representing IS-630 

gene. 

Lane 5:      Negative Control 

Lane 6:     Generuler SM 0323 (Fermentas) showing bands of 3000, 2000, 1500, 1200,    

1031, 900, 800, 700, 600, 500, 400, 300, 200 and 100 bp. 

   561bp 

  1               2              3              4              5               6       
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3.3 Serogrouping of Shigella 

Serogrouping of PCR confirmed Shigella isolates with polyvalent antisera (Pro-

lab Diagnostics, Canada, product codes PL6900, PL6901, PL6902, PL6903) by slide 

agglutination method showed that 47 isolates were Sh. flexneri, 28 Sh. dysenteriae, 12 Sh. 

sonnie and 8 Sh. boydii. 

 

3.4 Drug Sensitivity by Disc diffusion Method 

The drug sensitivity of Shigella isolates were tested by disc diffusion method (Figure3.7) 

and twelve different drug resistance patterns were observed in the local Shigella isolates 

(Table 3.2) . 

 

3.4.1 Pencillins 

The resistance to ampicillin was observed in 92 (96.8%) isolates (Table 3.3). All 

isolates of Sh. flexneri, Sh. dysentriae, and Sh. boydii were found resistant. However, 03 

(25.0%) isolates of Sh. sonnie (Table 3.4) were susceptible.  

 

3.4.2 Quinolone Group 

Shigella isolates showed (Table 3.3) high resistance against nalidixic acid (66.3%) 

while most of the isolates were sensitive to ciprofloxacin (87.4%). Thirty nine (82.9%) 

isolates of Sh. flexneri were resistant to nalidixic acid and 06 (12.76%) to ciprofloxacin. 

Thirteen (46.4%) of Sh. dysenteriae isolates were resistant to nalidixic acid and 2(7.1%) 

to ciprofloxacin. Eight (66.7%) Sh. sonnie isolates were resistant to nalidixic acid and 02 

(16.7%) to ciprofloxacin. Three (37.5%) isolates of Sh. boydii were resistant to nalidixic 

acid and 02 (25.0%) to ciprofloxacin (Table 3.4). 

 

3.4.3 Phenolic Derivatives 

Chloramphenicol sensitivity checked by disc diffusion method, among the 

phenolic derivatives, 72.6% isolates were found to be resistant against it (Table 3.3). 

Thirtyfive (74.4%) Sh. flexneri and 20 (71.4%) Sh. dysenteriae isolates showed resistance 

against chloramphenicol. Among Sh. sonnie isolates 08 (66.7%) were resistant. 

Chloramphenicol resistance was observed in 06 (75.0%) Sh. boydii isolates (Table 3.4). 
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3.4.4 Tetracyclines 

Eighty nine (93.7%) were highly resistant to tetracyclines (Table 3.3). All isolates 

of Sh. flexneri and Sh. dysenteriae were resistant to tetracyclines. Eight (66.7%) out of 12 

isolates of Sh. sonnie showed resistance to tetracyclines. Out of 08 Sh. boydii 06 (75.0%) 

were resistant to tetracyclines (Table 3.4). 

 

3.4.5 Aminoglycosides 

The resistance to gentamicin, streptomycin and amikacin was 16 (16.8%), 74 

(77.9%), 23 (24.2%) respectively (Table 3.3). Six (12.8%), 43 (91.5%) and 12 (25.5%) 

Sh. flexneri isolates showed resistance to gentamicin, streptomycin and amikacin. Among 

Sh. dysenteriae, 03(10.7%) isolates were resistant to gentamicin, whereas 22 (78.6%) 

showed resistance to streptomycin and 05 (17.9%) to amikacin. Four (33.3%) of Sh. 

sonnie isolates showed resistance to gentamicin, 01 (8.3%) was resistant to streptomycin 

and 02 (16.7%) to amikacin. Three (37.5%) belonging to Sh. boydii was resistant to 

gentamicin, 08 (100%) to streptomycin and 04 (50.0%) to amikacin (Table 3.4). 

 

3.4.6 Cephalosporins 

The drugs belonging to the cephalosporin group were effective against Shigella. 

Table 3.3 shows maximum resistance against cefixime (28.4%) followed by cefoperazone 

(22.1%), ceftriaxzone (20.0%) and cefradine (17.9%). Sh. flexneri isolates resistant to 

cephradine, cefixime, ceftriaxone and cefoperazone were 12 (25.5%), 16 (34.0%), 13 

(27.7%) and 16 (34.0%) respectively. Resistance to these drugs was found in 4 (14.3%), 

8 (28.6%), 4 (14.3%) and 4 (14.3%) Sh. dysenteriae isolates respectively. Respective 

figures for Sh. sonnie against cephradine, cefixime and cefoperazone were 1 (8.3%), 1 

(8.3%) and 2 (16.7%) isolates respectively. Two (25.0%), 2 (25.0%) and 1 (12.5%) 

isolates of Sh. boydii were resistant to cefixime, ceftriaxzone and cefoperazone 

respectively (Table 3.4). 

 

3.4.7 Sulphonamides 

The resistance to sulphonamides (trimethoprim sulphmethoxazole) was observed 

in 92 (96.8%) Shigella isolates (Table 3.3). All isolates of Sh. flexneri, Sh. dysentriae, 
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and Sh. boydii were found resistant. However, 03 (25.0%) isolates of Sh. sonnie were 

susceptible (Table 3.4).  

 

3.4.8 Monobactam (β- lactamase inhibitor) 

Aztreonam, belonging to monobactams (β- lactamase inhibitors), was very 

effective against these isolates with the resistance prevalence of only 12.6% (Table 3.3). 

Eight (17.0%) isolates belonging to Sh. flexneri were resistant to aztreonam, 2 (7.1%) Sh. 

dysenteriae and 1(12.5%) Sh. boydii isolates were resistant whereas 11 (91.7%) Sh. 

sonnie isolate were sensitive (Table 3.4).  

Comparative sensitivity of all the drugs for shigellosis treatment (Graph 3.1) 

showed that aztreonam and ciprofloxacin were the most effective, followed by cefradine 

and gentamicin (P<0.05). Comparison of four species of Shigella with each other for 

antimicrobial sensitivity, Sh. flexneri was found to be the most resistant species 

(Appendix 8, Graph 3.2).  

Sensitivity of Shigella spp. to all the drugs belonging to different antimicrobial 

groups showed highly significant results checked by Chi Square test in case of Sh. 

flexneri and Sh. dysenteriae as compared to Sh. sonnie and Sh. boydii (Appendix 8).  

 

3.5 Molecular detection of drug resistance by PCR 

The most reported genes responsible for drug resistance belonging to the selected 

antimicrobial groups in Shigella isolates were targeted for their presence (Table 3.3). 

 

3.5.1 Prevalence of Antimicrobial Resistance Genes In Shigella 

 

3.5.1a Ampicillin Resistance Related Genes (blaTEM)  

Among 95 isolates 92 (96.8%) were ampicillin resistant isolates by disc diffusion 

method, 75 (78.9%) were positive for blaTEM gene, with amplification product of 876bp 

(Figure 3.8).     
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Figure 3.7:  Drug sensitivity of Shigella by disc diffusion method. Give the names of 

sensitivity discs 
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Table 3.2: Common Drug Resistance Patterns: 

Sh. 

flexneri 

TE NA   S    CFM   AM TMP  

TE NA   S  C   CRO  AM TMP  

TE NA CIP CN S AK C CE CFM   AM TMP ATM 

TE    S  C    CES AM TMP  

TE NA   S  C   CRO  AM TMP  

TE NA    AK C    CES AM TMP ATM 

TE NA   S  C     AM TMP  

TE NA   S    CFM   AM TMP  

TE NA   S   CE  CRO  AM TMP  

TE    S  C    CES AM TMP  

TE NA   S  C CE  CRO  AM TMP  

TE NA   S  C  CFM   AM TMP  

Sh. 

dysenteriae 

TE    S  C     AM TMP  

TE NA   S  C  CFM   AM TMP  

TE     AK     CES AM TMP  

TE    S  C     AM TMP  

TE NA   S  C  CFM   AM TMP  

TE           AM TMP  

TE NA   S  C CE  CRO  AM TMP  

Sh.sonnie 

TE NA   S  C  CFM   AM TMP  

 NA CIP CN  AK C CE   CES  TMP ATM 

TE   CN       CES AM   

TE    S  C     AM TMP  

Sh.boydii 

TE NA   S    CFM   AM TMP  

TE    S  C     AM TMP  

  CIP CN S AK C  CFM CRO CES AM TMP  

 

Footnote:      TE; Tetracyclines, CN; Gentamicin, C; Chloramphenicol, CRO; Ceftriaxone, 

NA;NalidixicAcid, S; Sulphonamide, CE; Cephradine, CES;Cefoperazone+Salbactam, CIP; Ciproxin, AK; 

Amikacin, CFM; Cefixime, AM; Ampicillin, TMP;Trimethoprim Sulphamethoxazole, ATM; Aztreonam.                                        

   

 

                         

                                  .     
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Table 3.3: Prevalence of Antimicrobial Resistance by Disc Diffusion Method and 

presence of Drug Resistance Genes 

 

Group Detection Drugs 

Resistance by 

Disc Diffusion 

n(%) 

Related 

Genes 

Positive 

n(%) 

Pencillins (β- 

lactamase 

inhibitor) 

Ampicillin 92 (96.8%) blaTEM 75 (78.9%) 

Cephalosporins 

Cefradine 

Cefixime 

Ceftriaxone 

Cefoperazone 

17 (17.9%) 

27 (28.4%) 

19 (20.0%) 

21(22.1%) 

blt 

blaOXA 

bla ctx-M 

blaSHV 

0 

0 

12 (12.6%) 

0 

Monobactam (β- 

lactamase 

inhibitor) 

Aztreonam 12 (12.6%)   

Quinolones 

Nalidixic acid 

Ciprofloxacin 

63 (66.3%) 

12 (12.6%) 

 

gyrA 

gyrB 

parE 

parC 

 

19 (20.0%) 

20 (21.1%) 

0 

0 

Aminoglycosides 

Gentamicin 

Streptomycin 

 

Amikacin 

16 (16.8%) 

74 (77.9%) 

 

23 (24.2%) 

Aac(3)-1 

aadA1 

stra&b 

 

0 

64 (67.4%) 

40 (42.1%) 

Sulphonamide  

Trimethoprim 

sulphamethoxazole 92 (96.8%) 

sul1 

sul ll 

28 (29.5%) 

48 (50.5%) 

Tetracyclines Tetracycline 89 (93.7%) 

tetA 

tetB 

12 (12.6%) 

51 (53.7%) 

Phenolic 

Derivatives 
Chloramphenicol 69 (72.6%) 

catA 

catP 

32 (33.7%) 

24 (25.2%) 
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Graph 3.1: Antimicrobial Resistance Testing By Disc Diffusion Method. 
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Table 3.4: Breakdown for Drug Resistance by Disc Diffusion Method 

 

Drugs 
S. flexneri 

47 (49.47%) 

S. dysenteriae 

28 (29.47%) 

S. sonnie 

12 (12.63%) 

S. boydii 

8 (8.42%) 

Ampicillin 47 (100%) 28 (100%) 9 (75%) 8 (100%) 

Cefradine 12 (25.5%) 4 (14.3%) 1 (8.3%) 0 

Cefixime 16 (34.0%) 8 (28.6%) 1 (8.3%) 2 (25.0%) 

Ceftriaxzone 13 (27.7%) 4 (14.3%) 0 2 (25.0%) 

Cefoperazone 16 (34.0%) 4 (14.3%) 2(16. 7%) 1 (12.5%) 

Aztreonam 8(17.0%) 2(7.1%) 1(8.3%) 1(12.5%) 

Nalidixic Acid 39 (82.9%) 13 (46.4%) 8 (66.7%) 3 (37.5%) 

Ciprofloxacin 6 (12.8%) 2(7.1%) 2 (16.7%) 2 (25.0%) 

Streptomycin 43 (91.5%) 22 (78.6%) 1 (8.3%) 8 (100%) 

Gentamicin 6 (12.8%) 3(10.7%) 4 (33.3%) 3 (37.5%) 

Amikacin 12 (25.5%) 5 (17.9%) 2 (16.7%) 4 (50.0%) 

Trimethoprim 

Sulphamethoxaz-

-ole 

47 (100%) 28 (100%) 9 (75.0%) 8 (100%) 

Tetracycline 47 (100%) 28 (100%) 8 (66.7%) 6 (75.0%) 

Chloramphenicol 35 (74.4%)     20 (71.4%) 8 (66.7%) 6 (75.0%) 
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Graph 3.2: Relative Occurrence of Tested Antimicrobial Resistance in Shigella 

spp. 
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Figure 3.8: PCR based amplification of drug resistance genes  

 

Lane 1: PCR based confirmation of aminoglycosides resistance gene (284bp aadA1 

gene). 

Lane 2: PCR based confirmation of aminoglycosides resistance gene (891bp stra&b 

gene). 

Lane 3: PCR based confirmation of pencillin resistance gene (876bp blaTEM gene). 

Lane 4: PCR based confirmation of tetracyclin resistance gene (956bp tetA gene). 

Lane 5: PCR based confirmation of tetracyclin resistance gene (416bp tetB gene). 

Lane 6: PCR based confirmation of chloramphenicol resistance gene (623bp catP gene). 

Lane 7: Generuler SM 0323 (Fermentas) showing bands of 3000, 2000, 1500, 1200, 

1031, 900, 800, 700, 600, 500, 400, 300, 200 and 100 bp. 

Lane 8: PCR based confirmation of chloramphenicol resistance gene (457bp catA gene). 

Lane 9: PCR based confirmation of ciprofloxacin resistance gene (342bp gyrA gene). 

Lane 10: PCR based confirmation of ciprofloxacin resistance genes (345bp gyrB gene). 

 

 

 

 

 

 

  1       2       3       4       5       6       7       8       9       10       

10  

   284bp 

   416bp 

   876bp 
  956bp 

   623bp 

   457bp 

342bp 

345bp 
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3.5.1b Ciprofloxacin Resistance Related Genes (mutated gyrA, gyrB, parC and parE 

genes) 

In 19 (20.0%) isolates mutated gyrA gene, with amplification product 342bp, 20 

(21.0%) isolates mutated gyrB gene, with amplification product 345bp, were amplified  

(Figure 3.8).  In 04 (4.2%) isolates both genes were amplified.   No amplification in any 

isolate was observed for parC and parE genes. 

 

3.5.1c Chloramphenicol Resistance Related Genes (catA & catP) 

 Chloramphenicol resistance encoded by cat A and cat P genes; cat A , with 

amplification product 457bp, was detected in 32 (33.7%)   isolates and cat P, gene with 

amplification product 623 bp, was present in 24 (25.3%)  isolates (Figure 3.8).   

 

3.5.1d Tetracycline Resistance Related Genes (tet A and tet B) 

Two tetracycline resistance related genes, tet A and tet B, were targeted. Twelve 

(12.6%) isolates were positive for tet A gene, with amplification product 956, and 51 

(53.7%) for, amplification product of 416 bp, tet B gene (Figure 3.8).    

 

3.5.1e Aminoglycoside Resistance Related Genes (Aac(3)-1, aadA1, stra& b) 

Expected amplification product size 157bp Aac (3)-1 gene was not detected in any 

isolate; amplicon product of 284bp for aadA1 and 891bp for stra&b genes were 

amplified in 64 (67.4%) and 40 (42.1%) isolates respectively (Figure 3.8).   

 

3.5.1f Cephalosporin Resistance Related Genes (blt ,blaSHV ,bla ctx-M and blaOXA)  

In present isolates, blt, blaSHV, bla ctx-M-15 and blaOXA genes were targeted to check 

cephalosporin resistance; bla ctx-M gene, with amplicon size 593bp, was detected in 12 

(12.6%) isolates (Figure 3.9) while blaSHV, blt and blaOXA genes were absent in all the 

isolates.       

 

3.5.1g Sulphonamide Resistance Related Genes (sul I & sul II) 

In 28 (29.5%) isolates sul I gene produced an amplification of 437bp and in 48 

(50.5%) isolates sul II gene amplification of 707bp was obtained (Figure 3.10 and 3.11).      
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Figure 3.9: PCR based amplification of cephalosporin resistance gene (blaCTX gene) 

 

Lane 1, 2&5: PCR based confirmation of cephalosporin resistance gene (blaCTX gene). 

Lane 3,4,6&7: No amplification of cephalosporin resistance gene (blaCTX gene) seen. 

Lane 8:             Negative control. 

Lane 9: Generuler SM 0323 (Fermentas) showing bands of 3000, 2000, 1500, 1200, 

1031, 900, 800, 700, 600, 500, 400, 300, 200 and 100 bp. 

  

   593bp 

  1         2         3         4         5         6          7         8         9                   
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Figure3.10: PCR based amplification of sulphonamide resistance gene(sul1 gene) 

 

Lane 1, 3, 4: PCR based confirmation of sulphonamide resistance gene (sul1gene). 

Lane 5: Negative control. 

Lane 2: Generuler SM 0323 (Fermentas) showing bands of 3000, 2000, 1500, 1200, 

1031, 900, 800, 700, 600, 500, 400, 300, 200 and 100 bp. 

   437bp 

    1                   2                  3                4                  5 
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Figure3.11: PCR based amplification of sulphonamide resistance gene (sulI1 

gene) 

 

Lane 1: Generuler SM 0323 (Fermentas) showing bands of 3000, 2000, 1500, 1200, 

1031, 900, 800, 700, 600, 500, 400, 300, 200 and 100 bp. 

Lane 2 & 5-8: PCR based confirmation of sulphonamide resistance gene (sulII gene). 

Lane 3&4: No amplification of sulphonamide resistance gene (sulII gene) seen.  

  707bp 

    1          2            3            4            5            6             7             8           



Chapter 3  Results 

 89 

 

3.5.2 Species wise Detection of Drug Resistance Related Genes 

 

3.5.2a Ampicillin Resistance Related Gene (blaTEM) 

 For 75 (78.9%) isolates positive for blaTEM gene, as shown in Table 3.5, 38 

(80.9%) were Sh.flexneri, 21 (75.0%)  Sh. dysenteriae, 10 (83.3%) Sh. sonnie and 06 

(75.0%) Sh. boydii.  

  

3.5.2b Quinolone Resistance Related Genes (mutated gyr A, gyr B, parC &par E 

genes) 

Among 19 (20.0%) isolates in which mutated gyr A gene was amplified, 11 

(23.4%) were Sh. flexneri and 08 (28.6%) were Sh. dysenteriae. Eight (17.0%) Sh. 

flexneri, 08 (28.6%) Sh. dysenteriae, 02 (25.0%) Sh. boydii and 02 (16.7%) Sh. sonnie 

showed amplification for mutated gyr B gene. Three (6.4%) Sh. flexneri isolates and 01 

(3.6%) Sh. dysenteriae showed presence of both mutated gyr A and gyr B genes. None of 

the isolates showed amplified parC & parE genes (Table 3.5).   

 

3.5.2c Phenolic Derivatives Resistance Related Genes (cat A& cat P genes) 

The cat A gene was detected in 32 (33.7%) isolates: 13 (27.7%) Sh. flexneri, 12 

(42.9%) Sh. dysenteriae, 04 (33.3%) Sh. sonnie and 03 (37.5%) Sh.boydii. The cat p gene 

was present in 24 (25.3%) isolates, 05 (10.6%) were Sh. flexneri, 09 (32.1%) Sh. 

dysenteriae, 07 (58.3%) Sh. sonnie and 03 (37.5%) Sh. boydii (Table 3.5).  

  

3.5.2d Tetracycline Resistance Related Genes (tet A and tet B)  

Twelve (12.6%) isolates were positive for tet A gene; 04 (8.5%, 14.3%, 33.3%) 

each belonging to Sh. flexneri, Sh. dysenteriae and Sh. sonnie. Fifty one (53.7%) isolates 

showed presence of tet B gene including 20 (42.6%) Sh. flexneri, 23 (82.1%) Sh. 

dysenteriae, 04 (33.3%) Sh. sonnie and 04 (50%) Sh. boydii (Table 3.5).   

  

3.5.2e Aminoglycoside Resistance Genes (Aac (3)-1, aadA1, stra& b) 

The Aac (3)-1gene was not detected in any isolate. The aadA1gene was amplified 

in 64 (67.4%) isolates: 30 (63.8%) Sh. flexneri, 20 (71.4%) Sh. dysenteriae, 10 (83.3%) 

Sh. sonnie and 04 (50%) Sh.boydii. The stra&b gene was amplified in 40 (42.1%) 



Chapter 3  Results 

 90 

isolates:  19 (40.4%) Sh. flexneri, 12 (42.9%) Sh. dysenteriae, 04 (33.3%) Sh. sonnie and 

05 (62.5%) Sh. boydii (Table 3.5).     

 

3.5.2f Cephalosporin Resistance Related Genes (bla ctx-M, blaSHV, blt and blaOXA)  

The bla ctx-M gene was present in 08 (17.0%) isolates of Sh. flexneri and 03 

(25.0%) isolates of Sh. sonnie and 01 (12.5%) Sh. boydii while blt, blaSHV and blaOXA 

were absent in all isolates (Table 3.5).    

 

3.5.2g Sulphonamide Resistance Related Genes (sul I & sul II genes) 

Twenty eight (29.5%) isolates, 20 (42.6%)  Sh. flexneri and 08 (28.6s%) Sh. 

dysenteriae, were positive for sul I gene whereas in 48 (50.5%) isolates [28 (59.6%) Sh. 

flexneri, 13 (46.4%) Sh. dysenteriae, 04 (33.3%) Sh. sonnie and 03 (37.5%) Sh. boydii] 

sul II gene was detected (Table 3.5).     

 

3.6 Genotypic and Phenotypic Drug Resistance 

Among 95 isolates, blaTEM gene was identified in 75 (78.9%). All blaTEM gene 

harbouring isolates also showed resistance by disc diffusion (Table 3.3).  

Mutated gyr A gene which is related to quinolones resistance was identified in 19 

(20.0%) isolates and mutated gyr B gene was also amplified in 20 (21.1%) isolates (Table 

3.3). Two out of 04 isolates, amplifying both the genes, were resistant by disc diffusion 

method. Eight (8.4%) isolates amplifying only gyr B were also resistant by disc diffusion 

method. Fifteen (15.8%) isolates amplifying only mutated gyr A gene and 08 (8.4%) only 

mutated gyr B gene were sensitive by disc diffusion method.  

Phenolic derivatives resistance related catA gene was present in 32 (33.7%) 

isolates (Table 3.3). Eight (8.4%) isolates showed sensitivity to chloramphenicol by disc 

diffusion method. Eight (8.4%) isolates harboured both cat A and catP genes and also 

showed resistance by disc diffusion method. Sixteen (16.8%) isolates, resistant by disc 

diffusion method, amplified only catA gene. Thirty seven (53.6%) out of 69 resistant 

isolates did not show amplification for catA gene. The cat p gene was identified in 24 

(25.3%) isolates (Table 3.3), twenty (21.1%) of these isolates were resistant by disc 

diffusion method also. Out of 48 isolates showing amplification of either catA or cat P 
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Table 3.5: Breakdown for Drug Resistance Genes. 
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Sh. flexneri 38 11 08 0 0 05 13 04 20 30 19 0 08 0 0 0 20 28 

Sh. 

dysenteriae 
21 08 08 0 0 09 12 04 23 20 12 0 0 0 0 0 08 13 

Sh. sonnie 10 0 02 0 0 07 04 04 04 10 04 0 03 0 0 0 0 04 

Sh. boydii 06 0 02 0 0 03 03 0 04 04 05 0 01 0 0 0 0 03 
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gene, 12 (25.0%) were sensitive and 36 (75.0%) were resistant to chloramphenicol by disc 

diffusion method.   

Tetracyclines resistance related tet B gene was detected in 51 (53.7%) isolates (Table 3.3). 

Forty seven out of these 51 isolates showed resistance by disc diffusion method. Among these 47 

isolates 08 showed amplification of both tet A and tet B genes. Total isolates amplifying tetA 

gene were 12 (12.6%). However, the remaining 40 (44.9%) out of 89 (93.7%) phenotypically 

resistant tetracycline isolates were negative for tet A and tet B genes (Table 3.3). 

Among aminoglycoside resistance related genes, Aac (3)-1, aadA1 and stra&b targeted 

for their presence, none of the isolate showed amplification for Aac (3)-1gene but aadA1 gene 

was present in 64 (67.4%) isolates (Table 3.3). Ten (10.5%) isolates, amplifying this gene, were 

sensitive to aminoglycosides by disc diffusion method. The stra&b was present in 40 (42.1%) 

isolates (Table 3.3). All these isolates were phenotypically resistant. Twenty isolates (21.1%), all 

resistant to aminoglycoside group by disc diffusion method, amplified both the genes.  

Among genes targeted for cephalosporin resistance only blactx-M gene was identified in 12 

(12.6%) isolates (Table 3.3). Eight (8.4%) of the isolates also showed resistance by disc diffusion 

method.  

For sulphonamides, 92 (96.8%) isolates were resistant by disc diffusion method (Table 

3.3). In 28 (29.5%) isolates sul1gene (Table 3.3) was amplified. All these isolates showed 

resistance to sulphonamide by disc diffusion method. Forty eight (50.5%) isolates, all resistant to 

sulphonamides by disc diffusion method, showed amplification for sul1Igene (Table 3.3). 

Twelve (12.6%) isolates gave amplification for both sul1 and sul1I genes.  

One way ANOVA comparison of antimicrobial resistance genes, prevalent in Shigella 

species, gave non significant results (P<0.05). However, comparison between the four species of 

Shigella for antimicrobial resistance genes gave significant results (P<0.05) and showed 

increased prevalence of genes in Sh. flexneri chased by Sh. dysenteriae (Appendix 8, Graph 3.3-

3.4).  
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Graph 3.3: Prevalence of Antimicrobial Resistance Genes in Shigella 
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Graph 3.4: Relative Occurrence of Targeted Antimicrobial Resistance Genes in Shigella spp. 
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3.7 Integrons 

Three genes Intl 1, Intl 2 and Intl 3 representing Class 1, 2, and 3 integrons were checked 

for their presence in all 95 isolates (Table 3.6).  

 

3.7.1 Intl 1 

Amplification product 467bp of the Intl 1 gene was identified in 30 (31.6%) Shigella 

isolates (Figure 3.12). Twelve (25.5%) isolates were Sh. flexneri, 12 (42.9%) Sh. dysenteriae and 

04 (33.3%) Sh. sonnie and 02 (25%) Sh. boydii. 

 

3.7.2 Intl 2 

The Intl 2 gene, with amplification product 892bp, was identified in 40 (42.1%) isolates 

(Figure 3.12). Sixteen (34.0%) of these isolates were Sh. flexneri, 15 (53.6%) Sh. dysenteriae, 05 

(41.7%)  Sh. sonnie and 04 (50%) Sh. boydii. 

 

3.7.3 Intl 3 

No Shigella isolate showed presence of Intl 3 gene. 

 

3.7.4 Simultaneous Presence of Both Intl 1 & Intl 2 

Simultaneously presence of both the integrons in 10 (10.5%) isolates were observed. Four 

were Sh. flexneri, 05 Sh. dysenteriae and 01 Sh. sonnie 

 

3.8 Restriction Analysis of Intl 1, Intl 2 and Intl 3 Genes 

For confirmation, PCR products of Intl 1 and Intl 2 genes were restricted by various 

restriction endonucleases (Table 2.5). 

 

3.8.1 Restriction Digestion of Intl 1 Gene 

The 892 bp PCR product of Intl 1 gene was restricted into the desired 662 and 231 bp 

fragments by using Nsb1endonuclease restriction enzyme and expected fragments of 606 and 

287bp by using Eco521 endonuclease restriction enzyme (Figure 3.13).  

 

3.8.2 Restriction Digestion of Intl 2 Gene 

The 467 bp PCR product of Intl 2 gene was restricted into the desired 387 and 80 bp 

fragments by using Eco521 endonuclease restriction enzyme (Figure 3.13). 
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  Table 3.6: Breakdown for Integrons. 

 

STRAINS intl 1 intl2 intl3 intl1+intl2 

Sh. flexneri 12 16 0 04 

Sh. dysenteriae 12 15 0 05 

Sh. sonnie 04 05 0 01 

Sh. boydii 02 04 0 0 

 

 

 

 

 

 

 

 
 

      Figure 3.12: PCR based confirmation of Class I and II integrons 

 

Lane 1&7: Generuler SM 0243(Fermentas) showing bands of 1031, 900, 800, 700, 600, 500, 

400, 300, 200, 100, 80 bp. 

Lane 1&2: Amplification of Intl 1 gene product (829bp) in Shigella isolates. 

Lane 3&4: Amplification of Intl 2 gene product (467bp) in Shigella isolates. 

Lane 5:       Multiplex PCR showing amplification of both Intl 1 and Intl 2genes. 

 

 

 

   467bp 

   892bp 

  1              2              3              4              5              6              7        
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                 Figure 3.13: Restriction analysis of  Intl 1 and Intl 2genes 

 

Lane 1: Generuler SM 0373(Fermentas) showing bands of 1031, 900, 800, 700, 600, 500, 400, 

300, 250, 200, 150, 100, 50 bp. 

Lane 2: Intl 1 amplicon restriction fragments of 662 and 231 bp with NSb1 restriction enzyme. 

Lane 3: Intl 1 amplicon restriction fragments of 606 and 287 bp with Eco521 restriction enzyme 

and undigested 892bp Intl 1 amplicon. 

Lane 4: 892 bp amplification product of Intl 1 amplicon. 

Lane 5: Generuler SM 0373(Fermentas) showing bands of 1031, 900, 800, 700, 600, 500, 400, 

300, 250, 200, 150, 100, 50 bp. 

Lane 6: 467 bp amplification product of Intl 2 amplicon. 

Lane 7: Intl 2 amplicon restriction fragments of 387 and 80 bp with Eco521 restriction enzyme. 

1            2            3            4             5            6            7    

 

1            2          3           4 
  662&231bp 

   606&287bp 

 387&80bp 
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 3.9 Sequencing of gyrA and gyrB Genes  

Sequencing of the representative samples of amplified gyrA and gyrB genes, one group 

sensitive and the other resistant to quinolones by disc diffusion method, was done. No reported 

mutation was detected in the amino acid sequences of these genes (Figure 3.14).  

 

3.10 Virulence Factors 

Pathogenicity of shigellae was checked by detection of the selected virulence genes 

(Table 3.7) responsible for adhesion, colonization and penetration (ial and ipaH genes); and 

exotoxin (stx) and enterotoxins (ShET-1A, ShET-1B and ShET-2). 

 

3.10.1 Adhesion and Penetration 

 

3.10.1a Invasion Associated Locus (ial gene) 

It was identified in 48 isolates (50.5%). Thirty one (65.9%) isolates were Sh. flexneri, 12 

(42.9%) were Sh. dysenteriae, 04 (33.3%) were Sh. sonnie and 01 (12.5%) was Sh. boydii 

(Figure 3.15). 

 

3.10.1b Invasion Plasmid Antigen H (ipaH) 

All the 95 isolates (100%) showed amplification for the ipaH gene. Forty seven were Sh. 

flexneri, 28 Sh. dysenteriae, 12 Sh. sonnie and 08 Sh. boydii (Figure 3.16). 

 

3.10.2 Toxins  

 

3.10.2.1 Exotoxin 

 

3.10.2.1a Shiga Toxin (stx) 

It was present only in 12 (12.6%) isolates (Figure 3.17) and all of these were Sh. 

dysenteriae.  

 

3.10.2.1b Enterotoxins 

 Shigella Enterotoxin 1A (ShET-1 A) 

It was present in a total of 20 (21.1%) isolates (Figure 3.15); and all were Sh. flexneri. 
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Figure 3.14: (a) Nucleotide Alignment of gyrA gene Sequence 
 

S1A      GTACTTTACGCCATGAACGTACTAGGCAATGACTGGAACAAAGCCTATAAAAAATCTGCC 60 

S2A      GTACTTTACGCCATGAACGTACTAGGCAATGACTGGAACAAAGCCTATAAAAAATCTGCC 60 

Wild     GTACTTTACGCCATGAACGTACTAGGCAATGACTGGAACAAAGCCTATAAAAAATCTGCC 60 

         ************************************************************ 

 

S1A      CGTGTCGTTGGTGACGTAATCGGTAAATACCATCCCCATGGTGACTCGGCGGTTTATGAC 120 

S2A      CGTGTCGTTGGTGACGTAATCGGTAAATACCATCCCCATGGTGACTCGGCGGTTTATGAC 120 

Wild     CGTGTCGTTGGTGACGTAATCGGTAAATACCATCCCCATGGTGACTTGGCGGTTTATGAC 120 

         ********************************************** ************* 

 

S1A      ACGATCGTCCGTATGGCGCAGCCATTCTCGCTGCGTTACATGCTGGTAGACGGTCAGGGT 180 

S2A      ACGATCGTCCGTATGGCGCAGCCATTCTCGCTGCGTTACATGCTGGTAGACGGTCAGGGT 180 

Wild     ACGATCGTCCGTATGGCGCAGCCATTCTCGCTGCGTTACATGCTGGTAGACGGTCAGGGT 180 

         ************************************************************ 

 

S1A      AACTTCGGTTCCATCGACGGCGACTCTGCGGCGGCAATGCGTTATACGGAAATCCGTCTG 240 

S2A      AACTTCGGTTCCATCGACGGCGACTCTGCGGCGGCAATGCGTTATACGGAAATCCGTCTG 240 

Wild     AACTTCGGTTCCATCGACGGCGACTCTGCGGCGGCAATGCGTTATACGGAAATCCGTCTG 240 

         ************************************************************ 

 

S1A      GCGAAAATTGCCCATGAACTGATGGCCGATCTCGAAAAAGAGACGGTCGATTTCGTGGAT 300 

S2A      GCGAAAATTGCCCATGAACTGATGGCCGATCTCGAAAAAGAGACGGTCGATTTCGTGGAT 300 

Wild     GCGAAAATTGCCCATGAACTGATGGCCGATCTCGAAAAAGAGACGGTCGATTTCGTTGAT 300 

         ******************************************************** *** 

 

S1A      AACTATGACGGTA 313 

S2A      AACTATGACGGTA 313 

Wild     AACTATGACGGCA 313 

         *********** * 

 

Protein Alignment  
 

S1A      VLYAMNVLGNDWNKAYKKSARVVGDVIGKYHPHGDSAVYDTIVRMAQPFSLRYMLVDGQG 60 

S2A      VLYAMNVLGNDWNKAYKKSARVVGDVIGKYHPHGDSAVYDTIVRMAQPFSLRYMLVDGQG 60 

Wild     VLYAMNVLGNDWNKAYKKSARVVGDVIGKYHPHGDLAVYDTIVRMAQPFSLRYMLVDGQG 60 

         *********************************** ************************ 

 

S1A      NFGSIDGDSAAAMRYTEIRLAKIAHELMADLEKETVDFVDNYDG 104 

S2A      NFGSIDGDSAAAMRYTEIRLAKIAHELMADLEKETVDFVDNYDG 104 

Wild     NFGSIDGDSAAAMRYTEIRLAKIAHELMADLEKETVDFVDNYDG 104 

         ******************************************** 
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(b)     Nucleotide Alignment of gyrB Gene Sequence 

 
S1B      AAACTGGCCGGCTGTCAGGAACGCGATCCGGCGCTTTCCGAACTGTACCTGGTGGAAGGG 60 

S2B      AAACTGGCGGACTGTCAGGAACGCGATCCGGCGCTTTCCGAACTGTACCTGGTGGAAGGG 60 

Wild     AAACTGGCAGACTGCCAGGAACGCGATCCGGCGCTTTCCGAACTGTACCTGGTGGAAGGG 60 

  ******** * *** ********************************************* 

 

S1B      GACTCCGCGGGCGGCTCTGCGAAGCAGGGGCGTAACCGCAAGAACCAGGCGATTCTGCCG 120 

S2B      GACTCCGCGGGCGGCTCTGCGAAGCAGGGGCGTAACCGCAAGAACCAGGCGATTCTGCCG 120 

Wild     GACTCCGCGGGCGGCTCTGCGAAGCAGGGGCGTAACCGCAAGAACCAGGCGATTCTGCCG 120 

  ************************************************************ 

 

S1B      CTGAAGGGTAAAATCCTCAACGTTGAGAAAGCGCGCTTCGATAAGATGCTCTCTTCTCAG 180 

S2B      CTGAAGGGTAAAATCCTCAACGTTGAGAAAGCGCGCTTCGATAAGATGCTCTCTTCTCAG 180 

Wild     CTGAAGGGTAAAATCCTTAACGTCGAGAAAGCGCGCTTCGATAAGATGCTCTCTTCTCAG 180 

***************** ***** ************************************ 

 

S1B      GAAGTGGCGACGCTTATCACCGCGCTTGGCTGTGGTATCGGTCGTGACGAGTACAACCCG 240 

S2B      GAAGTGGCGACGCTTATCACCGCGCTTGGCTGTGGTATCGGTCGTGACGAGTACAACCCG 240 

Wild     GAAGTGGCGACGCTTATCACCGCGCTTGGCTGTGGTATCGGTCGTGACGAGTACAACCCG 240 

  ************************************************************ 

 

S1B      GACAAACTGCGTTATCACAGCATCATCATCATGACCGATGCGGACGTCGACGGCTCGCAC 300 

S2B      GACAAACTGCGTTATCACAGCATCATCATCATGACCGATGCGGACGTCGACGGCTCGCAC 300 

Wild     GACAAACTGCGTTATCACAGCATCATCATCATGACCGATGCGGACGTCGACGGCTCGCAC 300 

  ************************************************************ 

 

S1B      ATTCGTACGCTGCTGTTGACCTTCTTCTATCGTCAGATGCCGGAAA-- 346 

S2B      ATTCGTACGCTGCTGTTGACCTTCTTCTATCGTCAGATGCCGGAACCT 348 

Wild     ATTCGTACGCTGCTGTTGACCTTCTTCTATCGTCAGATGCCGGAA--- 345 

  *********************************************  

 

Protein Alignment 
 

S1B      KLADCQERDPALSELYLVEGDSAGGSAKQGRNRKNQAILPLKGKILNVEKARFDKMLSSQ 60 

S2B      KLAGCQERDPALSELYLVEGDSAGGSAKQGRNRKNQAILPLKGKILNVEKARFDKMLSSQ 60 

Wild     KLADCQERDPALSELYLVEGDSAGGSAKQGRNRKNQAILPLKGKILNVEKARFDKMLSSQ 60 

  ***.******************************************************** 

 

S1B      EVATLITALGCGIGRDEYNPDKLRYHSIIIMTDADVDGSHIRTLLLTFFYRQMPEP 116 

S2B      EVATLITALGCGIGRDEYNPDKLRYHSIIIMTDADVDGSHIRTLLLTFFYRQMPE- 115 

Wild     EVATLITALGCGIGRDEYNPDKLRYHSIIIMTDADVDGSHIRTLLLTFFYRQMPE- 115 

  ******************************************************* 
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Table 3.7: Prevalence of Virulence Genes 

 

Virulence 

genes 
Sh.flexneri(47) Sh.dysenteriae(28) Sh.sonnei(12) Sh.boydii(08) Total(95) 

ipaH All (100%) All (100%) All (100%) All (100%) 95 

Ial 31(65.9%) 12(42.9%) 04(33.3%) 01(12.5% 48(50.5%) 

set1A 20(42.6%) 0 0 0 20(21.1%) 

set1B 20(42.6%) 0 0 0 20(21.1%) 

Stx 0 12(42.9%) 0 0 12(12.6%) 

Sen 22(46.8%) 16(57.1%) 04(33.3%) 02(25.0%) 44(46.3%) 

 

 

 

 

 

 

              

 

Figure 3.15: PCR amplification of set1A, set1B and ial genes 

 

 Lane 1-2: Amplification product (309bp) of set1A gene. 

 Lane3&4: No amplification seen 

 Lane5: Amplification product (147bp) of set1B gene. 

 Lane 6: No amplification seen. 

 Lane7: Amplification product (320bp) of ial gene. 

            Lane 8: Generuler SM 0243(Fermentas) showing bands of 1031, 900, 800, 700, 600, 500, 

400, 300, 200, 100, 80 bp. 

  1         2         3         4          5          6         7         8 

  309bp 320bp 

147bp 
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    Figure 3.16: PCR amplification of ipaH gene 

 

Lane 1-3: Amplification product (423bp) of ipaH gene. 

Lane 4: Negative control. 

Lane 5:    Generuler SM 0323 (Fermentas) showing bands of 3000, 2000, 1500, 1200, 1031, 900, 

800, 700, 600, 500, 400, 300, 200 and 100 bp. 

                                423bp 

       1                 2                 3                  4                 5 
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 Figure 3.17: PCR amplification of stx gene 

 

    Lane 1&3: Amplification product (895bp) of stx gene. 

 Lane 2: Generuler SM 0323 (Fermentas) showing bands of 3000, 2000, 1500, 1200, 

1031, 900, 800, 700, 600, 500, 400, 300, 200 and 100 bp. 

 Lane 4: No amplification of stx gene seen. 

 

 

 

 

 

 

 

    1            2           3           4 

799bp 
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 Shigella Enterotoxin 1B (ShET-1B) 

It was also present in 20 (21.1%) isolates (Figure 3.15): all were Sh. flexneri. 

 

 Shigella Enterotoxin 2 (ShET-2) 

It was present in 44 (46.3%) isolates (Figure 3.18). Twenty two (46.8%) Sh. flexneri, 16 

(57.1%) Sh. dysenteriae, 04 (33.3%) Sh. sonnie and 2 (25.0%) boydii showed the presence of this 

gene. 

One way ANOVA comparison of the targeted virulence genes showed non significant 

results (P<0.05). However, the comparison among four Shigella spp. for virulence genes 

prevalence gave significant differences (P<0.05). Sh. flexneri harbours most of the virulence 

genes followed by Sh. dysenteriae, Sh. sonnie and Sh. boydii in descending order. (Appendix 8, 

Graph 3.5-3.6).  

 

3.11 Restriction Analysis of Amplification Products Representing Virulence Factors 

  For confirmation, amplification products were restricted by various restriction 

endonucleases (Table 2.6). 

 

3.11.1 Restriction digestion of ial 

The 320 bp PCR product of ial gene was restricted into the reported 233 and 87 bp 

fragments by using Asn1 endonuclease restriction enzyme (Figure 3.19). 

 

3.11.2 Restriction Digestion of ipaH 

The 423 bp PCR product of ipaH gene was restricted into the reported 106 and 316 bp 

fragments by using Kpn21 endonuclease restriction enzyme (Figure 3.19).  

 

3.11.3 Restriction Digestion of ShET- 1A 

The 309 bp PCR product of set1A gene was restricted into the reported 115 and 194 bp 

fragments by using BamH1 endonuclease restriction enzyme (Figure 3.19).  

 

3.11.4 Restriction Digestion of ShET-1B 

The 147bp PCR product of set1B gene was restricted into the reported 103 and 44 bp 

fragments by using Kpn21 endonuclease restriction enzyme (Figure 3.20).  
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            Figure 3.18: PCR amplification of sen gene 

 

 Lane 1-4: Amplification product (799bp) of sen gene. 

            Lane 5: Generuler SM 0323 (Fermentas) showing bands of 3000, 2000, 1500,         

   1200, 1031, 900, 800, 700, 600, 500, 400, 300, 200 and 100 bp. 

  799bp 

             1           2           3           4           5   
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Figure 3.19: Restriction analysis of set1A ,ial& ipaH genes 

 

 

Lane 1: set1A gene amplicon restriction with BamH1 (115&194bp fragments). 

Lane 2: ial gene amplicon restriction with Asn1 (233&87bp fragments). 

Lane 3: ipaH gene amplicon restriction with Kpn21 (106&316bp fragments). 

Lane 4: Generuler SM 0323 (Fermentas) showing bands of 3000, 2000, 1500, 1200, 1031, 900, 

800, 700, 600, 500, 400, 300, 200 and 100 bp. 

 

 

 

 

 

       1            2            3           4 

        115&194bp 

233&87bp  

  106&316bp 
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3.11.5 Restriction Digestion of ShET-2 

By using AspH1 endonuclease restriction enzyme the 799 bp PCR product of ShET-2 

gene was restricted into the reported 100 and 700 bp fragments (Figure 3.20).  

 

3.11.6 Restriction Digestion of stx 

By using Nsp1 endonuclease restriction enzyme the 895 bp PCR product of stx gene was 

restricted into the reported 309 and 586 bp fragments (Figure 3.20). 
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Figure 3.20: Restriction analysis of set1B,stx& sen genes 

 

 

Lane 1: Generuler SM 0323 (Fermentas) showing bands of 3000, 2000, 1500, 1200, 1031, 900, 

800, 700, 600, 500, 400, 300, 200 and 100 bp. 

Lane 2: set1Bgene amplicon restriction with Kpn1 (97&50bp fragments). 

Lane 3: stx gene amplicon restriction with Nsp1 (309&585bp fragments). 

Lane 4: sen gene amplicon restriction with AspH1 (100&700bp fragments). 

  1                 2          3           4 

    100&700bp  

          309&589bp       

 

    97&50bp 
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                         Graph 3.5: Prevalence of Targeted Virulence Genes in Shigella  
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Graph 3.6: Breakdown of Targeted Virulence Genes in Shigella spp. 
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DISCUSSION 

  

Shigellosis remains globally a major public health problem even after more than 

100 years of discovery of Shigella ravaged by poverty, poor sanitation, lack of personal 

hygiene and use of contaminated water supplies in the under developed world (Wilson et 

al. 2006; Schroeder 2008). A total of about 69% of all episodes and 61% of all deaths 

attributable to shigellosis involved children under five years of age (Kotloff et al. 1999). 

Among Shigella species, Sh. sonnie is the most prevalent in developed countries while Sh. 

flexneri is dominant in developing countries (Niyogi and Pazhani 2003). 

 Selection of empiric antibiotics has become difficult due to the increasing 

antimicrobial resistance. Multidrug resistance is an emerging major problem in clinical 

management of diarrhea/dysentery in third world countries whereas diarrhoeal diseases 

are the major causes of childhood morbidity and mortality (Niyogi and Pazhani 2003). 

Sparse studies have been conducted to find out the prevalence and drug resistance 

patterns of local Shigella. However, most of these studies were conducted in Karachi and 

its suburbs based on microbiological surveys without addressing molecular aspect (Zafar 

et al. 2005).  

The present study was carried out with major focus on molecular aspects of drug 

resistance and virulence of local Shigella isolates.  

 

4.1 Epidemiology 

From 2500 stool samples of patients admitted in different hospitals of Faisalabad, 

95 (3.80%) were identified as Shigella. In Pakistan, this is in accordance with the 

findings of a local study conducted by Zafar et al. in 2005 and in India, by Niyogi & 

Pazhani 2003. Most of the cases of shigellosis were detected in children belonging to low 

socioeconomic status. All the cases presented with the history of diarrhoea with 

purulent/blood exudates. Ninety percent cases complaint of abdominal cramps and 

seventy percent children presented with vomiting also in accordance with the previous 

studies (Urvashi et al. 2011). 

All the identified Shigella isolates gave amplification for molecular markers uid A, 

ipaH and IS630 genes amplicons which was in accordance to the earlier reported studies 
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(Houng et al. 1997; Vargas et al. 1999; Thong et al. 2005; Na-Ubol et al. 2006). The 

traditional identification methods are not only time consuming and laborious but also 

require an experienced and trained laboratory technician to isolate and to identify 

accurately the bacterial colonies. 

 

Sh. flexneri and  Sh. dysenteriae cause serious disease and antimicrobial treatment 

is required where as  infection with Sh. sonnie and Sh. boydii is generally self limiting 

(Vargas et al. 1999). Therefore, the knowledge about the prevalence of these species 

plays vital role in the management of shigellosis. The present study revealed that the 

most common species prevalent in Faisalabad region were Sh. flexneri, followed by Sh. 

dysenteriae, Sh. sonnie and Sh. boydii which is in accordance with the species prevalence 

in Nepal (Wilson et al. 2006) and reports from countries where diarrhoeal diseases are 

endemic (Pazhani et al. 2005; Zafar et al. 2005; Ahmed et al. 2006; Bercion et al. 2008).  

 

4.2 Antimicrobial Resistance 

Antimicrobial therapy is the cornerstone in the treatment of shigellosis especially 

in Sh. dysenteriae infection which results in significant mortality (10.00%) in children 

and adults (Wilson et al. 2006). 

 

4.2.1 By Disc Diffusion Method 

 

4.2.1a Pencillins, Tetracyclines & Sulphonamides 

The present study revealed complete resistance towards first line drugs; ampicillin, 

tetracyclines and trimethoprim sulphamethoxazole (96.84%, 93.68% and 96.84% 

respectively). These findings are in accordance with earlier reports from Pakistan and 

other parts of the world (Zafar et al. 2005; Ahmed et al. 2006). 

  

4.2.1b Floroquinolones 

The drugs belonging to flouroquinolone group were considered efficacious in the 

treatment of shigellosis but now resistance has emerged due to its indiscriminate use as 

indicated in reports from different countries (Pazhani et al. 2005; Talukder et al. 2006a; 

Talukder et al. 2006b). In the present study greater resistance against nalidixic acid 
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(66.31%) than ciprofloxacin (12.63%) was observed. This might be due to nalidixic acid 

being inexpensive and frequently prescribed drug in this community for diarrhea.  

 

4.2.1c Aminoglycosides 

Gentamicin, streptomycin and amikacin (aminoglycosides) showed 16.84%, 

77.89% and 24.20% resistance respectively in the local isolates. Gentamicin and 

amikacin were significantly more sensitive than streptomycin for Sh.flexneri, 

Sh.dysenteriae and Sh.boydii. When compared with other drugs, ceftriaxone and 

cefradine belonging to cephalosporins, aztreonam from monobactams and ciprofloxacin 

from fluoroquinolones were more effective than amikacin. Gentamicin was more 

efficacious than amikacin and streptomycin for the treatment of Sh. flexneri, Sh. 

dysenteriae and Sh. boydii infections.  Similar to report from central Nigeria (Egah et al. 

2003),  gentamicin (16.84% resistant isolates) and amikacin (24.20% resistant isolates) 

are considered as the drugs of choice among the aminoglycoside group.  

 

4.2.1d Phenolic Derivatives 

Chloramphenicol has traditionally been used widely against clinical infections 

though now its use has been restricted due to side effects and availability of better options. 

Local Shigella isolates showed increased resistance to this drug also. Among the 

identified local isolates, 72.63% were resistant to chloramphenicol. The present finding is 

in consistence with that of  (Bercion et al. 2008).  

 

4.2.1e Cephalosporins 

In cephalosporins, resistance level of 17.89% against cephradine, 28.42% against 

cefixime, 20.00% against ceftriaxzone and 22.10% against cefoperazone were observed 

in the present study. This is contrary to the previous studies in Pakistan (Zafar et al. 2005) 

but in line with earlier reports from India and Southern Veitnam (Vinh et al. 2009; Gupta 

et al. 2010). This might be due to the indiscriminate use of these drugs by the medical 

practitioners. Similarly in South Carolina, USA, CDC recently investigated three 

diarrhoeal cases caused by Sh. flexneri2a resistant to cefotaxime, ceftriaxzone, aztreonam, 

ciprofloxacin and nalidixic acid in addition to the first line drugs resistance. This is  an 
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alarming situation as cefotaxime, ceftriaxzone, aztreonam, ciprofloxacin and nalidixic 

acid are used presently as front line drugs (Jue et al. 2011).  

Statistical analysis showed that Sh. flexneri was more sensitive to cefradine than 

ceftriaxone, cefoperazone and cefixime. Sh. flexneri was found more susceptible to 

ciprofloxacin and gentamicin than aztreonam. It was less susceptible to chloramphenicol, 

nalidixic acid, streptomycin, sulphonamides, tetracyclines and ampicillin as compared to 

cephalosporin group.  

Out twelve different drug resistance patterns observed in the local Shigella 

isolates the two most prevalent patterns, TE, NA, S, C, CFM, AM, TMP and TE, S, C, 

AM, TMP, were observed more in Sh. dysentery strains as compared  to other serotypes 

(Table 3.2) which is the most virulent and second commonest serotype in the studied 

locality. This is an alarming sign for the clinicians of Pakistan from the management 

point as this serotype is notorious for the major complications of shigellosis in children 

and adults. Most of the Shigella isolates were detected from stool samples of children 

under 15 years of age as reported earlier (Urvashi et al. 2011).  

In the isolates of present study, Sh. dysenteriae was more sensitive to aztreonam 

and ciprofloxacin than gentamicin, cefoperazone, cefradine, ceftriaxone, amikacin & 

cefixime. Among cephalosporins Sh. dysenteriae was more sensitive to cefradine and 

cefoperazone as compared to ceftriaxone and cefixime.  

 Local Sh. sonnie isolates were sensitive to ceftriaxone, cefixime, streptomycin, 

cefradine, aztreonam and ciprofloxacin in descending order.  

Sh. boydii was more sensitive to cefradine followed by aztreonam, cefoperazone, 

ciprofloxacin, ceftriaxone and cefixime. In all the four species high resistance for 

trimethoprim sulphamethoxazole, ampicillin and tetracyclines were observed. 

When statistical comparison was made among the species for cephalosporins 

efficacy, it was found that all the four species of Shigella were sensitive to cefradine, 

cefixime, ceftriaxone and cefoperazone. Sh. flexneri and Sh. boydii isolates were more 

sensitive to cefradine. However, Sh. dysenteriae was more sensitive to cefoperazone and 

Sh. sonnie showed increased sensitivity to ceftriaxone. 
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4.2.1f Monobactam 

Aztreonam, belonging to monobactam (β- lactamase inhibitor) was found quite 

effective against Shigella isolates with the resistance prevalence of only 12.6%. Like 

cephalosporins, monobactams are also the drugs of choice for the treatment of shigellosis 

in the local isolates but their indiscriminate use should be avoided in order to prevent the 

evolution of resistance.  

In this study, sensitivity of local Sh. flexneri  isolates to aztreonam was more than 

cephalosporins,  phenolic derivatives, nalidixic acid, amikacin and streptomycin from 

aminoglycosides, sulphonamides, pencillins and tetracyclines and less than ciprofloxacin 

and gentamicin.  

For Sh. dysenteriae, aztreonam was most effective antimicrobial drug followed by 

ciprofloxacin, gentamicin, cefoperazone, cefradine, and ceftriaxone in the descending 

order. Nalidixic acid, phenolic derivatives, streptomycin, tetracyclines, ampicillin and 

sulphonamides were less effective.  

Sh. sonnie was more sensitive to ceftriaxone. Cefixime and streptomycin ranked 

second in effectivness. Aztreonam was more effective than ciprofloxacin, amikacin and 

cefoperazone but less effective than ceftriaxone, cefixime, streptomycin and cefradine for 

Sh. sonnie.  

Sh. boydii was more sensitive to cefradine. Aztreonam and cefoperazone were 

equally effective after cefradine while ciprofloxacin from floroquinolones was third in 

effectiveness for Sh. boydii.  Statistical comparison of isolates showed that Sh. flexneri, 

Sh. dysenteriae and Sh. boydii were more sensitive to aztreonam than Sh. sonnie. 

Two ways ANOVA analysis showed that Sh. flexneri was the most resistant 

species to most of the antimicrobial drugs followed by Sh. dysenteriae. Comparison 

between Sh. sonnie and Sh. boydii gave non significant results.   

As a whole, Shigella species were more resistant to penicillins, sulphonamides 

and tetracyclins. Aztreonam and ciprofloxacin were equally effective followed by 

gentamicin, cefradine, ceftriaxone, amikacin and cefoperazone.  

The knowledge of the most common genes responsible for antimicrobial 

resistance will be helpful in understanding the evolutionary changes the Shigella species 

has undergone to prevent the emergence of new type of multi-resistant strains and for the 
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selection of an appropriate antimicrobial therapy for the proper treatment of Shigella 

infection in patients (Sung Yong Seol 2006),.  

 

4.2.2 Drug Resistance Genes 

The present study, for the first time in Pakistan, targeted various genes commonly 

responsible for resistance to antimicrobials in Shigella. Among the low cost 

antimicrobials, blaTEM was checked for pencillins, gyrA, gyrB, parE and parC genes for 

the quinolones resistance, catA and catP for chloramphenicol (phenolic group), tetA and 

tetB for tetracyclines, aadA1 and stra & b genes for aminoglycosides, blaCTX-M, blt, 

blaOXA and blaSHV  for cephalosporins, sul1 and sul2 for sulphonamides .  

 

4.2.2a Pencillins 

In Pakistan the prevalence of blaTEM (78.9%) was found to be higher as compared 

to other parts of the world (Peirano et al. 2005).  

These findings indicate significant rates of ampicillin resistance in local isolates 

which appears to be due to this gene responsible for the production of β-lactamases.  

 

4.2.2b Quinolones 

The prevalence of gyrA and gyrB genes in the present isolates, without any 

mutation in their sequences, was 20.0% and 21.1% respectively. Sequencing results, 

devoid of any mutations in these genes, depict other mechanisms seem to be responsible 

for the quinolones resistance. Mechanisms viz altered mar gene, nfxB gene or soxRS gene 

might be involved in resistance (Bearden and and  Danziger 2001). 

 

4.2.2c Phenolic Group 

In the present study two genes, catA and catP, targeted for chloramphenicol 

resistance were present with the prevalence rate of 33.7% and 25.3% respectively which 

is in accordance with an earlier report from India showing high catA prevalence among 

the isolates (Pazhani et al. 2008). The present research explains the high level of 

chloramphenicol resistance due to the enzyme activity. 
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4.2.2d Tetracyclines 

For the tetracyclines resistance, tetA and tetB genes were targeted. In accordance 

with other studies in the world (Peirano et al. 2005) tetB (53.7%) was more common 

among  the present isolates as compared with tetA (12.6%). In epidemics and endemic 

cases from India, majority of the resistant strains harboured genes for tetracyclines 

(95.0%), tetB being the most common (Pazhani et al. 2008). The present results suggest 

that tetB is mainly responsible for the tetracyclines resistance. 

 

4.2.2e Aminoglycosides 

In case of aminoglycosides, 67.4% of the present isolates were positive for aadA1 

gene and 42.10% for stra&B gene. This prevalence rate is lower as compared to the 

studies reported earlier (Jin YH 2010) but an increased prevalence of aadA1 gene than 

stra&B gene were in line with other studies (Peirano et al. 2005).  

 

4.2.2f Cephalosporins 

The current study could only detect blaCTX-M,, with a prevalence rate of 12.6%, 

among the four targeted genes for the cephalosporin groups. The other three targeted 

genes, blt, blaOXA and blaSHV were not found in any of the local isolates. In China  blaCTX-

M14  gene was detected in 03 out of  37 ESBL producing Shigella isolates (Xiong et al. 

2007).  

 

4.2.2g Sulphonamides 

Local isolates, in the present study, showed  higher prevalence of sul2 gene 

(50.5%) as compared to sul1 gene (29.5%); contrary to study conducted in Korea (Seol et 

al. 2006) but is in accordance with a Brazilian report (Peirano et al. 2005). This is 

probably caused by the frequent use of trimethoprim sulphamethoxazole in this region 

during past period. 

Statistical analysis showed non significant differences in the prevalence of 

selected antimicrobial resistance genes. Comparison of the four species of Shigella 

showed that most of the antimicrobial resistance genes were present in Sh. flexneri, the 

commonest species detected in Pakistan, followed by Sh. dysenteriae.  
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4.3 Integrons 

The most common resistance mechanisms that Enterobacteriacae use to acquire 

antimicrobial resistance genes is through mobile genetic elements, including R-plasmids, 

integrons, genomic islands and transposons on the bacterial genome (Pan et al. 2006; 

Seol et al. 2006). These are found in 40.0% to 70.0% of gram negative clinical isolates 

(Gillings et al. 2008). In Shigella the resistance to some antimicrobials is attributed to 

class1 and 2 integrons that contain resistance gene cassettes (Pan et al. 2006). 

In the present study, prevalence of class 1 and 2 integrons was 31.6% and 42.1% 

respectively. Class 2 integrons dominated the class 1 integrons in the locally identified 

clinical isolates which is in accordance with many previous reports (A. Gassama-Sow 

2006; Gu et al. 2008; Jin YH 2010). Both the integrons, class1 and 2, were 

simultaneously present in 10.5% of the currently identified local isolates which is 

consistent with  Korean report (Jin YH 2010) indicating 10.6% presence and less than a 

recently published report (44.2%) from Uzbekistan (Ruslan S Madiyarov 2010).  

 

4.4 Virulence Genes 

Increased antimicrobial resistance in the gastrointestinal pathogens may lead to 

severe infections resulting in an increasing burden of the disease, thus developing an 

association between the antimicrobial resistance and virulence factors (Ahmed et al. 

2006). A number of virulence associated loci have been identified on the plasmids and 

chromosome of Shigella (Hale 1991). The genes on the plasmids responsible for 

invasiveness are not fully operational without the activity of the various chromosomal 

sequences (Talukder et al. 2006b). 

In the present study, various virulence factors involved in the pathogenesis of 

Shigella were investigated. These can help in determining whether the pathogenesis of a 

particular strain is attributable to its chromosome or the plasmid or if the strain is still 

invasive or otherwise (Thong et al. 2005) Numerous studies have been carried out in 

different parts of the world for the detection of virulence factors and their prevalence but 

similar study on this particular aspect is lacking in Pakistan. 
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4.4.1 ipaH 

Gene ipaH encodes a 60 kDa protein and its multiple copies are found on 

chromosome and plasmids (Vargas et al. 1999). The prevalence of, one of the invasion 

plasmid antigen genes, ipaH was detected in all the 95 Shigella isolates irrespective of all 

the four species. This is in line with the previous studies (Vargas et al. 1999; Thong et al. 

2005). 

 

4.4.2 ial 

Another virulence factor gene associated with invasion of the bacteria into the cell 

is ial (invasion associated locus), present on a 120 to 140 kDa plasmid (Vargas et al. 

1999). The ial gene was detected in 50.5% of present study isolates. This is in accordance 

with a Malaysian study (Thong et al. 2005). It was present in 65.9% of Sh. flexneri, 

42.9% of Sh. dysenteriae, 33.3% of Sh. sonnie isolates and 12.5% of Sh. boydii. As this 

gene is plasmid encoded, it is more prone to deletions thus justifying its decreased 

prevalence.  

 

4.4.3 stx 

The stx gene codes for shiga toxin. In spite of its clear toxigenicity, its role in 

shigellosis is unclear. It has been reported that stx gene is harboured only by Sh. 

dysenteriae (Vargas et al. 1999). In the current local study only 42.9% Sh. dysenteriae 

were found stx positive, contrary to the  study from Spain where 100% Sh. dysenteriae 

isolates were stx positive (Vargas et al. 1999) . 

 

4.4.4 ShET-1 & ShET-2 

Enterotoxin ShET-1, encoded in the set1 chromosomal gene, has one A and 

several B subunits. Enterotoxin ShET-2, located on a 140 kDa plasmid, is responsible for 

the invasion of the bacteria and is encoded by the sen gene (Vargas et al. 1999). Both the 

set1A and set1B was amplified in only Sh. flexneri specie with an equal prevalence i.e. 20 

(42.6%) isolates in complete correlation while sen gene was amplified in 44 (46.3%) 

Shigella isolates. This observation is  in accordance with earlier reports (Vargas et al. 

1999; Thong et al. 2005). The sen gene was detected in 46.80% of Sh. flexneri, 57.1% of 

Sh. dysenteriae, 33.3% of Sh. sonnie and 25.0% of Sh. boydii isolates. Clinically the 
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patients whose stools showed amplification of these virulence genes, presented with 

watery, foul smelling diarrhea with signs of dehydration. 

Statistical analysis of the virulence genes showed non significant differences of 

prevalence in the local isolates. When species were compared, Sh. flexneri followed by 

Sh. dysenteriae were having significant presence of virulence genes as compared with the 

other two species (P<0.05). Sh. sonnie gave significant results than Sh. boydii. 

 

Conclusions 

Multiple drug resistance in shigellosis appears to be a major emerging problem in 

Pakistan. The simultaneous presence of both class 1 and 2 integrons in 10 (10.5%) of 

local Shigella isolates, rarely reported globally and never before in Pakistan, indicates the 

gravity of the situation. Sh. flexneri was found to be the most prevalent and resistant 

species. Resistance to modern first line drugs, ciprofloxacin and ceftriaxone, found in the 

identified local isolates is unique and alarming as no previous study emerging from Asia 

has shown such high resistance of Shigella species to these drugs. Resistance against 

nalidixic acid and ciprofloxacin in the present local isolates, devoid of any mutations in 

gyrA and gyrB genes, explains the involvement of other mechanisms viz active efflux 

system, plasmid born resistance genes. The antimicrobial resistant genes harboured by 

the present isolates to the commonly used antimicrobials are encoded not only within the 

gene cassettes of class 1 and 2 integrons but also by integrons independent genes. Sh. 

flexneri and Sh. dysenteriae spp. showed greater prevalence of virulence genes 

responsible for the adhesion, penetration, invasion (ipaH and ial genes) and toxicity (stx, 

ShET-1A, ShET-1B and ShET-2) of the bacteria, thus indicating an increased 

pathogenicity of both the species.  

 

Recommendations 

In Pakistan, there is a great need for establishing a national surveillance 

programme for the documentation of anti microbial resistance rates and trends. PCR, 

molecular assay technique, is a valuable tool in providing epidemiological information 

about the occurrence and transmission of antimicrobial resistant genes through bacterial 

population explaining their geographical and temporal spread. Sequencing of antibiotic 

resistance and virulence genes is worth in the exploration of new 
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developments/completing gaps in the basic knowledge of our understanding of these 

genes which in turn is helpful in understanding the resistant mechanisms in patients in 

order to control the spread of antibiotic resistance and virulence of micro-organisms  The 

present research data is being made available to the physicians and paediatricians to 

ensure the appropriate use of antimicrobials. Steps should be taken at government level to 

restrict and monitor the indiscriminate use of drugs by making policies and training the 

health care workers in the selection of appropriate agents. Adequate access to safe water 

and sanitation services, coupled with good hygiene practices i.e. hand washing before 

taking food and clean environment can help reduce the morbidity, thus lessening the 

mortality rates by diarrhea/dysentery.  

The sequencing of all the virulence and antibiotic resistance genes in Shigella 

species should be carried out in future as this will help in the characterization of these 

genes which is necessary to guide public health interventions for the control of shigellosis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4                                                                                                             Discussion 

 122 

 

A. Gassama-Sow, M.H.D., C.S. Boye, B. Garin, J.M. Sire, A.l. Sow and A. Aïdara-

Kane (2006) Class 2 integron-associated antibiotic resistance in Shigella sonnei 

isolates in Dakar, Senegal. International Journal of Antimicrobial Agents 27, 267-270. 

Ahmed, S.F., Riddle, M.S., Wierzba, T.F., Messih, I.A., Monteville, M.R., Sanders, J.W. 

and Klena, J.D. (2006) Epidemiology and genetic characterization of Shigella flexneri 

strains isolated from three paediatric populations in Egypt (2000-2004). Epidemiol 

Infect 134, 1237-1248. 

Bearden, D.T. and and  Danziger, L.H. (2001) Mechanism of Action of and Resistance 

to Quinolones. Pharmacotherapy 21. 

Bercion, R., Njuimo, S.P., Boudjeka, P.M. and Manirakiza, A. (2008) Distribution and 

antibiotic susceptibility of Shigella isolates in Bangui, Central African Republic. Trop 

Med Int Health 13, 468-471. 

Egah, D.Z., Banwat, E.B., Audu, E.S., Allanana, J.A., Danung, M.L., Damen, J.G. and 

Badung, B.P. (2003) Multiple drug resistant strains of Shigella isolated in Jos, central 

Nigeria. Niger Postgrad Med J 10, 154-156. 

Gillings, M., Boucher, Y., Labbate, M., Holmes, A., Krishnan, S., Holley, M. and 

Stokes, H.W. (2008) The evolution of class 1 integrons and the rise of antibiotic 

resistance. J Bacteriol 190, 5095-5100. 

Gu, B., Pan, S., Wang, T., Zhao, W., Mei, Y., Huang, P. and Tong, M. (2008) Novel 

cassette arrays of integrons in clinical strains of Enterobacteriaceae in China. Int J 

Antimicrob Agents 32, 529-533. 

Gupta, S., Mishra, B., Muralidharan, S. and Srinivasa, H. (2010) Ceftriaxone resistant 

Shigella flexneri, an emerging problem. Indian J Med Sci 64, 553-556. 

Hale, T.L. (1991) Genetic basis of virulence in Shigella species. Microbiol Rev 55, 206-

224. 

Houng, H.S., Sethabutr, O. and Echeverria, P. (1997) A simple polymerase chain 

reaction technique to detect and differentiate Shigella and enteroinvasive Escherichia 

coli in human feces. Diagn Microbiol Infect Dis 28, 19-25. 

Jin YH, O.Y., Jung JH, Kim SJ, Kim JA, Han KY, Kim MY, Park SG, Lee YK (2010) 

Antimicrobial resistance patterns and characterization of integrons of Shigella sonnei 

isolates in Seoul, 1999-2008. JMicrobiology 48, 236-242. 

Jue, S., Hardee, R., Overman, M., Mays, E., Bowen, A., Whichard, J., Greene, K. and 

Pecic, G. (2011) Emergence of Shigella flexneri 2a Resistant to Ceftriaxone and 

Ciprofloxacin—South Carolina, October 2010: From the Centers for Disease Control 

and Prevention , Morbidity and Mortality Weekly Report. 

Kotloff, K.L., Winickoff, J.P., Ivanoff, B., Clemens, J.D., Swerdlow, D.L., Sansonetti, 

P.J., Adak, G.K. and Levine, M.M. (1999) Global burden of Shigella infections: 

implications for vaccine development and implementation of control strategies. Bull 

World Health Organ 77, 651-666. 

Na-Ubol, M., Samosornsuk, S., Von Seidlein, L., Tapchaisri, P., Ali, M., Clemens, J.D. 

and Chaicumpa, W. (2006) Molecular characteristics of Shigella spp. isolated from 

patients with diarrhoea in a new industrialized area of Thailand. Epidemiol Infect 134, 

997-1003. 

Niyogi, S.K. and Pazhani, G.P. (2003) Multiresistant Shigella species isolated from 

childhood diarrhea cases in Kolkata, India. Jpn J Infect Dis 56, 33-34. 



Chapter 4                                                                                                             Discussion 

 123 

Pan, J.C., Ye, R., Meng, D.M., Zhang, W., Wang, H.Q. and Liu, K.Z. (2006) Molecular 

characteristics of class 1 and class 2 integrons and their relationships to antibiotic 

resistance in clinical isolates of Shigella sonnei and Shigella flexneri. J Antimicrob 

Chemother 58, 288-296. 

Pazhani, G.P., Niyogi, S.K., Singh, A.K., Sen, B., Taneja, N., Kundu, M., Yamasaki, S. 

and Ramamurthy, T. (2008) Molecular characterization of multidrug-resistant Shigella 

species isolated from epidemic and endemic cases of shigellosis in India. J Med 

Microbiol 57, 856-863. 

Pazhani, G.P., Ramamurthy, T., Mitra, U., Bhattacharya, S.K. and Niyogi, S.K. (2005) 

Species diversity and antimicrobial resistance of Shigella spp. isolated between 2001 

and 2004 from hospitalized children with diarrhoea in Kolkata (Calcutta), India. 

Epidemiol Infect 133, 1089-1095. 

Peirano, G., Agerso, Y., Aarestrup, F.M. and dos Prazeres Rodrigues, D. (2005) 

Occurrence of integrons and resistance genes among sulphonamide-resistant Shigella 

spp. from Brazil. J Antimicrob Chemother 55, 301-305. 

Ruslan S Madiyarov , A.M.B., Gulnara A Ibadova , Gulnara K Abdukhalilova , Aybek 

V Khodiev , Ladaporn Bodhidatta , Orntipa Sethabutr  and Carl J Mason (2010) 

Antimicrobial resistance patterns and prevalence of class 1 and 2 integrons in Shigella 

flexneri and Shigella sonnei isolated in Uzbekistan. Gut Pathogens 2. 

Schroeder, G.N.a.H.H. (2008) Molecular pathogenesis of Shigella spp.: Controlling 

Host Cell Signaling, Invasion, and Death by Type III Secretion. Clinical Microbiology 

Reviews 21, 134-156. 

Seol, S.Y., Kim, Y.T., Jeong, Y.S., Oh, J.Y., Kang, H.Y., Moon, D.C., Kim, J., Lee, Y.C., 

Cho, D.T. and Lee, J.C. (2006) Molecular characterization of antimicrobial resistance 

in Shigella sonnei isolates in Korea. J Med Microbiol 55, 871-877. 

Sung Yong Seol, Y.T.K., Young Sook Jeong, Jae Young Oh, Hee Young Kang, Dong 

Chan Moon, Jungmin Kim, Yoo Chul Lee, Dong Taek Cho and Je Chul Lee (2006) 

Molecular characterization of antimicrobial resistance in Shigella sonnei isolates in 

Korea. J Med Microbiol 55, 871-877. 

Talukder, K.A., Islam, Z., Dutta, D.K., Islam, M.A., Khajanchi, B.K., Azmi, I.J., Iqbal, 

M.S., Hossain, M.A., Faruque, A.S., Nair, G.B. and Sack, D.A. (2006a) Antibiotic 

resistance and genetic diversity of Shigella sonnei isolated from patients with diarrhoea 

between 1999 and 2003 in Bangladesh. J Med Microbiol 55, 1257-1263. 

Talukder, K.A., Khajanchi, B.K., Islam, M.A., Dutta, D.K., Islam, Z., Khan, S.I., Nair, 

G.B. and Sack, D.A. (2006b) The emerging strains of Shigella dysenteriae type 2 in 

Bangladesh are clonal. Epidemiol Infect 134, 1249-1256. 

Thong, K.L., Hoe, S.L., Puthucheary, S.D. and Yasin, R.M. (2005) Detection of 

virulence genes in Malaysian Shigella species by multiplex PCR assay. BMC Infect Dis 

5, 8. 

Urvashi, Sonal, S. and and Renu, D. (2011) Antimicrobial resistance pattern of 

Shigella species over five years at a tertiary care teaching hospital in North India. J 

Health Popul Nutr 29, 292-295. 

Vargas, M., Gascon, J., Jimenez De Anta, M.T. and Vila, J. (1999) Prevalence of 

Shigella enterotoxins 1 and 2 among Shigella strains isolated from patients with 

traveler's diarrhea. J Clin Microbiol 37, 3608-3611. 



Chapter 4                                                                                                             Discussion 

 124 

Vinh, H., Baker, S., Campbell, J., Hoang, N., V, M., Loan, H., T., Chinh, M., T., Cuc 

Anh, V., T., Song Diep, T., Phuong, L., T., Schultsz, C. and Farrar, J. (2009) Rapid 

emergence of third generation cephalosporin resistant Shigella spp. in Southern 

Vietnam. J Med Microbiol 58, 281-283. 

Wilson, G., Easow, J.M., Mukhopadhyay, C. and Shivananda, P.G. (2006) Isolation & 

antimicrobial susceptibility of Shigella from patients with acute gastroenteritis in 

Western Nepal. Indian J Med Res 123, 145-150. 

Xiong, Z., Li, T., Xu, Y. and Li, J. (2007) Detection of CTX-M-14 extended-spectrum 

beta-lactamase in Shigella sonnei isolates from China. J Infect 55, e125-128. 

Zafar, A., Sabir, N. and Bhutta, Z.A. (2005) Frequency of isolation of shigella 

serogroups/serotypes and their antimicrobial susceptibility pattern in children from 

slum areas in Karachi. J Pak Med Assoc 55, 184-188. 

 

 



Chapter 5  References 

 122 

REFERENCES 

Ahmed S. F., Riddle M. S., Wierzba T. F., Messih I. A., Monteville M. R., Sanders J. W. 

and Klena J. D. (2006) Epidemiology and genetic characterization of Shigella 

flexneri strains isolated from three paediatric populations in Egypt (2000-2004), 

Epidemiol Infect, 134: 1237-1248. 

Alam M., Akhtar Y. N., Ali S. S., Ahmed M., Atiq M., Ansari A., Chaudhry F. A., Bashir 

H., Bangash M. A., Awais A., Safdar A., Hasnain S. F. and Zafar A. (2003) 

Seasonal variation in bacterial pathogens isolated from stool samples in Karachi, 

Pakistan, J Pak Med Assoc, 53: 125-129. 

Bearden D. T. and and  Danziger L. H. (2001) Mechanism Action  and Resistance to 

Quinolones, Pharmacotherapy, 21: 224S-232S. 

Bercion R., Njuimo S. P., Boudjeka P. M. and Manirakiza A. (2008) Distribution and 

antibiotic susceptibility of Shigella isolates in Bangui, Central African Republic, 

Trop Med Int Health, 13: 468-471. 

Brown, T. A. (2006). Gene Cloning and DNA analysis: an introduction, Fifth edn. 

Blackwell Publishers 

Carlson, S. A., Bolton, L. F., Briggs, C. E., Hurd, H. S., Sharma, V. K., Fedorka-Cray, P. 

J. and Jones, B.D. (1999). Detection of multiresistant Salmonella typhimurium 

DT104 using multiplex and fluorogenic PCR, Mol Cell Probes, 13: 213-222.  

Chau, T. T., Campbell, J. I., Galindo, C. M., Van Minh, H. N., Diep, T. S., Nga, T. T., 

Albert, M. J., Phetsouvanh, R., Newton, P. N., Basnyat, B., Arjyal, A., La, T. T., 

Rang, N. N., Phuong le, T., Van Be, B. P., von Seidlein, L., Dougan, G., Clemens, 

J. D., Vinh, H., Hien, T. T., Chinh, N. T., Acosta, C. J., Farrar, J., Dolecek, C. 

(2007) Antimicrobial drug resistance of Salmonella enterica serovar typhi in asia 

and molecular mechanism of reduced susceptibility to the fluoroquinolones, 

Antimicrob Agents Chemother, 51: 4315-4323. 

Chu, C., Chiu, C. H., Wu, W. Y., Chu, C. H., Liu, T. P. & Ou, J. T. (2001) Large drug 

resistance virulence plasmids of clinical isolates of Salmonella enterica serovar 

Choleraesuis, Antimicrob Agents Chemother, 45: 2299-2303. 

Diaz-Mejia J. J., Amabile-Cuevas C. F., Rosas I. and Souza V. (2008) An analysis of the 

evolutionary relationships of integron integrases, with emphasis on the prevalence 

of class 1 integrons in Escherichia coli isolates from clinical and environmental 

origins, Microbiology, 154: 94-102. 

Dutta S., Chatterjee A., Dutta P., Rajendran K., Roy S., Pramanik K. C. and Bhattacharya 

S. K. (2001) Sensitivity and performance characteristics of a direct PCR with 

stool samples in comparison to conventional techniques for diagnosis of Shigella 



Chapter 5  References 

 123 

and enteroinvasive Escherichia coli infection in children with acute diarrhoea in 

Calcutta, India, J Med Microbiol, 50: 667-674. 

Dutta S., Rajendran K., Roy S., Chatterjee A., Dutta P., Nair G. B., Bhattacharya S. K. 

and Yoshida S. I. (2002) Shifting serotypes, plasmid profile analysis and 

antimicrobial resistance pattern of Shigellae strains isolated from Kolkata, India 

during 1995-2000, Epidemiol Infect, 129: 235-243. 

Edwards, C. & Bouchier, I. (1991) Davidson's Principles & Practice of Medicine, 16th 

Ed., Churchill Livingstone Publishers, Edinburgh. 

Egah D. Z., Banwat E. B., Audu E. S., Allanana J. A., Danung M. L., Damen J. G. and 

Badung B. P. (2003) Multiple drug resistant strains of Shigella isolated in Jos, 

central Nigeria, Niger Postgrad Med J, 10: 154-156. 

Philip, R.E. and William, H.E. (1986) Edwards and Ewing's Identification of 

Enterobacteriaceae, Fourth edit, Elsevier Science Publishers, NY. 

Faruque S. M., Khan R., Kamruzzaman M., Yamasaki S., Ahmad Q. S., Azim T., Nair G. 

B., Takeda Y. and Sack D. A. (2002) Isolation of Shigella dysenteriae type 1 and 

S. flexneri strains from surface waters in Bangladesh: comparative molecular 

analysis of environmental Shigella isolates versus clinical strains, Appl Environ 

Microbiol, 68: 3908-3913. 

Fernandez-Prada C. M., Hoover D. L., Tall B. D., Hartman A. B., Kopelowitz J. and 

Venkatesan M. M. (2000) Shigella flexneri IpaH(7.8) facilitates escape of virulent 

bacteria from the endocytic vacuoles of mouse and human macrophages, Infect 

Immun, 68: 3608-3619. 

Frumerie C., Ducos-Galand M., Gopaul D. N. and Mazel D. (2010) The relaxed 

requirements of the integron cleavage site allow predictable changes in integron 

target specificity, Nucleic Acids Res, 38: 559-569. 

Gassama-Sow, A., Diallo, M. H., Boye, C.S., Garin, B., Sire, J.M., Sow, A.l. and Aïdara-

Kane, A. (2006) Class 2 integron-associated antibiotic resistance in Shigella 

sonnei isolates in Dakar, Senegal, Int  J Antimicrob Agents, 27: 267-270. 

Gillings M., Boucher Y., Labbate M., Holmes A., Krishnan S., Holley M. and Stokes H. 

W. (2008) The evolution of class 1 integrons and the rise of antibiotic resistance, 

J Bacteriol, 190: 5095-5100. 

Gu B., Pan S., Wang T., Zhao W., Mei Y., Huang P. and Tong M. (2008) Novel cassette 

arrays of integrons in clinical strains of Enterobacteriaceae in China, Int J 

Antimicrob Agents, 32: 529-533. 



Chapter 5  References 

 124 

Guardabassi, L., Dijkshoorn, L., Collard, J. M., Olsen, J. E. & Dalsgaard, A. (2000) 

Distribution and in-vitro transfer of tetracycline resistance determinants in clinical 

and aquatic Acinetobacter strains, J Med Microbiol, 49, 929-936. 

Guerra, B., Soto, S. M., Arguelles, J. M. & Mendoza, M. C. (2001). Multidrug resistance 

is mediated by large plasmids carrying a class 1 integron in the emergent 

Salmonella enterica serotype [4,5,12:i:-], Antimicrob Agents Chemother, 45, 

1305-1308. 

Gupta S., Mishra B., Muralidharan S. and Srinivasa H. (2010) Ceftriaxone resistant 

Shigella flexneri, an emerging problem, Indian J Med Sci, 64: 553-556. 

Hale T. L. (1991) Genetic basis of virulence in Shigella species, Microbiol Rev, 55: 206-

224. 

Hartman A. B., Venkatesan M., Oaks E. V. and Buysse J. M. (1990) Sequence and 

molecular characterization of a multicopy invasion plasmid antigen gene, ipaH, of 

Shigella flexneri, J Bacteriol, 172: 1905-1915. 

Haukka K. and Siitonen A. (2008) Emerging resistance to newer antimicrobial agents 

among Shigella isolated from Finnish foreign travellers, Epidemiol Infect, 136: 

476-482. 

Heininger, A., Binder, M., Schmidt, S., Unertl, K., Botzenhart, K. & Doring, G. (1999) 

PCR and blood culture for detection of Escherichia coli bacteremia in rats, J Clin 

Microbiol, 37: 2479-2482. 

Hens D. K., Niyogi S. K. and Kumar R. (2005) Epidemic strain Shigella dysenteriae Type 

1 Dt66 encodes several drug resistances by chromosome, Arch Med Res, 36: 399-

403. 

Hinnebusch B. J., Rosso M. L., Schwan T. G. and Carniel E. (2002) High frequency 

conjugative transfer of antibiotic resistance genes to Yersinia pestis in the flea 

midgut, Mol Microbiol, 46: 349-354. 

Houng H. S., Sethabutr O. and Echeverria P. (1997) A simple polymerase chain reaction 

technique to detect and differentiate Shigella and enteroinvasive Escherichia coli 

in human feces, Diagn Microbiol Infect Dis, 28: 19-25. 

Iversen J., Sandvang D., Srijan A., Cam P. D. and Dalsgaard A. (2003) Characterization 

of antimicrobial resistance, plasmids, and gene cassettes in Shigella spp. from 

patients in vietnam, Microb Drug Resist, 9 Suppl 1: S17-24. 

Jin, Y.H., Oh. Y.H., Jung, J.H., Kim, S.J., Kim, J.A., Han, K.Y., Kim, M.Y., Park, S.G. 

and Lee, Y.K. (2010) Antimicrobial resistance patterns and characterization of 



Chapter 5  References 

 125 

integrons of Shigella sonnei isolates in Seoul, 1999-2008, J. Microbiol, 48: 236-

242. 

Jue, S., Hardee, R., Overman, M., Mays, E., Bowen, A., Whichard, J., Greene, K. and 

Pecic, G. (2011) Emergence of Shigella flexneri 2a Resistant to Ceftriaxone and 

Ciprofloxacin—South Carolina, October 2010, From the Centers for Disease 

Control and Prevention, Morbidity and Mortality Weekly Report (2011). 

Khalil, K., Khan, S. R., Mazhar, K., Kaijser, B. and Lindblom, G. B. (1998) Occurrence 

and susceptibility to antibiotics of Shigella species in stools of hospitalized 

children with bloody diarrhea in Pakistan, Am J Trop Med Hyg, 58: 800-803. 

Kim, J.Y., Kim, S.H., Jeon, S.M., Park, M.S., Rhie, H.G. and Lee, B.K. (2008) 

Resistance to fluoroquinolones by the combination of target site mutations and 

enhanced expression of genes for efflux pumps in Shigella flexneri and Shigella 

sonnei strains isolated in Korea, Clin Microbiol Infect, 14: 760-765. 

Koenig, J.E., Sharp, C., Dlutek, M., Curtis, B., Joss, M., Boucher, Y. and Doolittle, W.F. 

(2009) Integron gene cassettes and degradation of compounds associated with 

industrial waste: the case of the Sydney tar ponds, PLoS One, 4: e5276. 

Kotloff, K.L., Winickoff, J.P., Ivanoff, B., Clemens, J.D., Swerdlow, D.L., Sansonetti, P. 

J., Adak, G.K. and Levine, M.M. (1999) Global burden of Shigella infections: 

implications for vaccine development and implementation of control strategies, 

Bull World Health Organ, 77: 651-666. 

Kuo, C.Y., Su, L.H., Perera, J., Carlos, C., Tan, B.H., Kumarasinghe, G., So, T., Van, P. 

H., Chongthaleong, A., Song, J.H. and Chiu, C.H. (2008) Antimicrobial 

susceptibility of Shigella isolates in eight Asian countries, 2001-2004, J Microbiol 

Immunol Infect, 41: 107-111. 

Mac Conkey, A. (1905) Lactose Fermenting bacteria in faeces, J.Hyg, 8: 333-379. 

Miao, Y. F., Huang, W., Huang, J. P., Li, Z. J., Jin, D., Cui, Z. G., Zhao, A. L., Liang, N. 

and Bai, Y. (2008) Molecular typing of isolates from two dysentery outbreaks in 

Chengdu, through pulsed field gel electrophoresis technology, Zhonghua Liu Xing 

Bing Xue Za Zhi, 29: 282-285. 

Molbak, K., Baggesen, D. L., Aarestrup, F. M., Ebbesen, J. M., Engberg, J., Frydendahl, 

K., Gerner-Smidt, P., Petersen, A.M. and Wegener, H.C. (1999) An outbreak of 

multidrug-resistant, quinolone-resistant Salmonella enterica serotype 

typhimurium DT104, N Engl J Med, 341: 1420-1425. 

Na-Ubol, M., Samosornsuk, S., Von Seidlein, L., Tapchaisri, P., Ali, M., Clemens, J. D. 

and Chaicumpa, W. (2006) Molecular characteristics of Shigella spp. isolated 



Chapter 5  References 

 126 

from patients with diarrhoea in a new industrialized area of Thailand, Epidemiol 

Infect, 134: 997-1003. 

Nhieu, G.T. and Sansonetti, P.J. (1999) Mechanism of Shigella entry into epithelial cells, 

Curr Opin  Microbiol., 2: 51-55. 

Niyogi, S.K. and Pazhani, G.P. (2003) Multiresistant Shigella species isolated from 

childhood diarrhea cases in Kolkata, India, Jpn J Infect Dis, 56: 33-34. 

Pan, J.C., Ye, R., Meng, D.M., Zhang, W., Wang, H.Q. and Liu, K.Z. (2006) Molecular 

characteristics of class 1 and class 2 integrons and their relationships to antibiotic 

resistance in clinical isolates of Shigella sonnei and Shigella flexneri, J 

Antimicrob Chemother, 58: 288-296. 

Pazhani, G.P., Ramamurthy, T., Mitra, U., Bhattacharya, S.K. and Niyogi, S.K. (2005) 

Species diversity and antimicrobial resistance of Shigella spp. isolated between 

2001 and 2004 from hospitalized children with diarrhoea in Kolkata (Calcutta), 

India, Epidemiol Infect, 133: 1089-1095. 

Pazhani, G.P., Niyogi, S.K., Singh, A.K., Sen, B., Taneja, N., Kundu, M., Yamasaki, S. 

and Ramamurthy, T. (2008) Molecular characterization of multidrug-resistant 

Shigella species isolated from epidemic and endemic cases of shigellosis in India, 

J Med Microbiol, 57: 856-863. 

Peirano, G., Agerso, Y., Aarestrup, F.M. and Dos Prazeres, R.D. (2005) Occurrence of 

integrons and resistance genes among sulphonamide-resistant Shigella spp. from 

Brazil, J Antimicrob Chemother, 55: 301-305. 

Peng, J., Yang, J. and Jin, Q. (2009) The molecular evolutionary history of Shigella spp. 

and enteroinvasive Escherichia coli, Infect Genet Evol, 9: 147-152. 

Phantouamath, B., Sithivong, N., Insisiengmay, S., Ichinose, Y., Higa, N., Song, T. and 

Iwanaga, M. (2005) Pathogenicity of Shigella in healthy carriers: a study in 

Vientiane, Lao People's Democratic Republic, Jpn J Infect Dis, 58: 232-234. 

Rosser, S.J. & Young, H.K. (1999) Identification and characterization of class 1 integrons 

in bacteria from an aquatic environment, J Antimicrob Chemother, 44, 11-18. 

Madiyarov, R.S., Bektemirov, A.M., Ibadova, G.A., Abdukhalilova, G.K., Khodiev, 

A.V., Bodhidatta, L., Sethabutr, O. and Mason, C.J. (2010) Antimicrobial 

resistance patterns and prevalence of class 1 and 2 integrons in Shigella flexneri 

and Shigella sonnei isolated in Uzbekistan, Gut Pathog, 2: 18. 

Sabir, N. and Zafar, A. (2005) Cephalosporin resistant Shigella flexneri from a clinical 

isolate--a rare finding, J Pak Med Assoc, 55: 560-561. 



Chapter 5  References 

 127 

Sambrook, J., Fritsch, E.F. and Maniatis, T. (1989) Molecular Cloning: A laboratory 

manual, Second edn. Cold Spring Harbor Laboratory Press, USA. 

Sansonetti P. (1998) Molecular and cellular mechanisms of invasion of intestinal barrier 

by enteric pathogens. The paradigm of Shigella, Folia Microbiol, 43: 239-246. 

Sansonetti P. J. and Egile C. (1998) Molecular basis of epithelial cell invasion by 

Shigella flexneri, Antonie Van Leeuwenhoek, 74: 191-197. 

Schroeder G.N. and Hilbi. H. (2008) Molecular pathogenesis of Shigella spp.: 

Controlling Host Cell Signaling, Invasion, and Death by Type III Secretion, Clin 

Microbiol Rev, 21: 134-156. 

Senda, K., Arakawa, Y., Ichiyama, S., Nakashima, K., Ito, H., Ohsuka, S., Shimokata, K., 

Kato, N. and Ohta, M. (1996) PCR detection of metallo-beta-lactamase gene 

(blaIMP) in gram-negative rods resistant to broad-spectrum beta-lactams, J Clin 

Microbiol, 34: 2909-2913. 

Seol, S.Y., Kim, Y.T., Jeong, Y.S., Oh, J.Y., Kang, H.Y., Moon, D.C., Kim, J., Lee, Y. 

C., Cho, D.T. and Lee, J.C. (2006) Molecular characterization of antimicrobial 

resistance in Shigella sonnei isolates in Korea, J Med Microbiol, 55: 871-877. 

Sethabutr, O., Venkatesan, M., Yam, S., Pang, L.W., Smoak, B.L., Sang, W.K., 

Echeverria, P., Taylor, D.N. and Isenbarger, D.W. (2000) Detection of PCR 

products of the ipaH gene from Shigella and enteroinvasive Escherichia coli by 

enzyme linked immunosorbent assay, Diagn Microbiol Infect Dis, 37: 11-16. 

Sharma, A., Singh, S.K. and Bajpai, D. (2010) Phenotypic and genotypic characterization 

of Shigella spp. with reference to its virulence genes and antibiogram analysis 

from river Narmada, Microbiol Res, 165: 33-42. 

Shiga, K. (1898) Ueber den Erreger der Dysenterie in Japan, Zentralbl Bakteriol 

Mikrobiol Hyg (Vorlaufige Mitteilung), 23: 599-600. 

Silva, T., Nogueira, P.A., Magalhaes, G.F., Grava, A.F., Silva, L.H. and Orlandi, P.P. 

(2008) Characterization of Shigella spp. by antimicrobial resistance and PCR 

detection of ipa genes in an infantile population from Porto Velho (Western 

Amazon region), Brazil, Mem Inst Oswaldo Cruz, 103: 731-733. 

Sunde, M. and Norstrom, M. (2006) The prevalence of, associations between and 

conjugal transfer of antibiotic resistance genes in Escherichia coli isolated from 

Norwegian meat and meat products, J Antimicrob Chemother, 58: 741-747. 

Sundstrom, L., Radstrom, P., Swedberg, G. & Skold, O. (1988) Site-specific 

recombination promotes linkage between trimethoprim- and sulfonamide 



Chapter 5  References 

 128 

resistance genes. Sequence characterization of dhfrV and sulI and a 

recombination active locus of Tn21, Mol Gen Genet, 213: 191-201. 

Talukder, K.A., Islam, Z., Dutta, D.K., Islam, M.A., Khajanchi, B.K., Azmi, I.J., Iqbal, 

M.S., Hossain, M.A., Faruque, A.S., Nair, G.B. and Sack, D.A. (2006a) Antibiotic 

resistance and genetic diversity of Shigella sonnei isolated from patients with 

diarrhoea between 1999 and 2003 in Bangladesh, J Med Microbiol, 55: 1257-

1263. 

Talukder, K.A., Khajanchi, B.K., Islam, M.A., Dutta, D.K., Islam, Z., Khan, S.I., Nair, G. 

B. and Sack, D.A. (2006b) The emerging strains of Shigella dysenteriae type 2 in 

Bangladesh are clonal, Epidemiol Infect, 134: 1249-1256. 

Tamang, M.D., Oh, J.Y., Seol, S.Y., Kang, H.Y., Lee, J.C., Lee, Y.C., Cho, D.T., Kim, J. 

(2007) Emergence of multidrug-resistant Salmonella enterica serovar Typhi 

associated with a class 1 integron carrying the dfrA7 gene cassette in Nepal. Int J 

Antimicrob Agents, 30: 330-335. 

Tetu, S.G. and Holmes, A.J. (2008) A family of insertion sequences that impacts 

integrons by specific targeting of gene cassette recombination sites, the IS1111-

attC Group, J Bacteriol, 190: 4959-4970. 

Thong, K.L., Hoe, S.L., Puthucheary, S.D. and Yasin, R.M. (2005) Detection of virulence 

genes in Malaysian Shigella species by multiplex PCR assay, BMC Infect Dis, 5: 

8. 

Tobe, T. (2008) The roles of two-component systems in virulence of pathogenic 

Escherichia coli and Shigella spp, Adv Exp Med Biol, 631: 189-199. 

Toomey, N., Monaghan, A., Fanning, S. and Bolton, D. (2009) Transfer of antibiotic 

resistance marker genes between lactic acid bacteria in model rumen and plant 

environments, Appl Environ Microbiol, 75: 3146-3152. 

Toyotome, T., Suzuki, T., Kuwae, A., Nonaka, T., Fukuda, H., Imajoh-Ohmi, S., 

Toyofuku, T., Hori, M. and Sasakawa, C. (2001) Shigella protein IpaH(9.8) is 

secreted from bacteria within mammalian cells and transported to the nucleus, J 

Biol Chem, 276: 32071-32079. 

Urvashi, Sonal, S. and Renu, D. (2011) Antimicrobial resistance pattern of Shigella 

species over five years of tertiary care teaching hospital in North India, J Health 

Popul Nutri, 29(3):292-295. 

Van, T.T., Chin, J., Chapman, T., Tran, L.T. & Coloe, P.J. (2008). Safety of raw meat 

and shellfish in Vietnam: an analysis of Escherichia coli isolations for antibiotic 

resistance and virulence genes, Int J Food Microbiol, 124: 217-223. 



Chapter 5  References 

 129 

Vargas, M., Gascon, J., Jimenez De Anta, M. T. & Vila, J. (1999) Prevalence of Shigella 

enterotoxins 1 and 2 among Shigella strains isolated from patients with traveler's 

diarrhea, J Clin Microbiol, 37: 3608-3611. 

Venkatesan, M.M., Buysse, J.M. and Hartman, A.B. (1991) Sequence variation in two 

ipaH genes of Shigella flexneri 5 and homology to the LRG-like family of 

proteins, Mol Microbiol, 5: 2435-2445. 

Vinh, H., Baker, S., Campbell, J., Hoang, N.V.M., Loan, H.T., Chinh, M.T., Cuc Anh V. 

T., Song Diep, T., Phuong, L.T., Schultsz, C. and Farrar, J. (2009) Rapid 

emergence of third generation cephalosporin resistant Shigella spp. in Southern 

Vietnam, J Med Microbiol, 58: 281-283. 

Vinue, L., Saenz, Y., Somalo, S., Escudero, E., Moreno, M.A., Ruiz-Larrea, F. and 

Torres, C. (2008) Prevalence and diversity of integrons and associated resistance 

genes in faecal Escherichia coli isolates of healthy humans in Spain, J Antimicrob 

Chemother, 62: 934-937. 

Von Seidlein, L., Kim, D.R., Ali, M., Lee, H., Wang, X., Thiem, V.D., Canh do, G., 

Chaicumpa, W., Agtini, M.D., Hossain, A., Bhutta, Z.A., Mason, C., Sethabutr, 

O., Talukder, K., Nair, G.B., Deen, J.L., Kotloff, K. and Clemens J. (2006) A 

multicentre study of Shigella diarrhoea in six Asian countries: disease burden, 

clinical manifestations, and microbiology, PLoS Med, 3: e353. 

Vu, D.T., Sethabutr, O., Von Seidlein, L., Tran, V.T., Do, G.C., Bui, T.C., Le, H.T., Lee, 

H., Houng, H.S., Hale, T.L., Clemens, J.D., Mason, C. and Dang, D. T. (2004) 

Detection of Shigella by a PCR assay targeting the ipaH gene suggests increased 

prevalence of shigellosis in Nha Trang, Vietnam, J Clin Microbiol, 42: 2031-

2035. 

Wilson, G., Easow, J.M., Mukhopadhyay, C. and Shivananda, P.G. (2006) Isolation & 

antimicrobial susceptibility of Shigella from patients with acute gastroenteritis in 

Western Nepal, Indian J Med Res, 123: 145-150. 

Xiong, Z., Li, T., Xu, Y. and Li, J. (2007) Detection of CTX-M-14 extended-spectrum 

beta-lactamase in Shigella sonnei isolates from China, J Infect, 55: e125-128. 

Yan, J.J., Ko, W.C., Tsai, S.H., Wu, H.M., Jin, Y.T. & Wu, J.J. (2000) Dissemination of 

CTX-M-3 and CMY-2 beta-lactamases among clinical isolates of Escherichia coli 

in southern Taiwan, J Clin Microbiol, 38: 4320-4325. 

Yang, Y.G., Song, M.K., Park, S.J. and Kim, S.W. (2007) Direct detection of Shigella 

flexneri and Salmonella typhimurium in human feces by real-time PCR, J 

Microbiol Biotechnol, 17: 1616-1621. 



Chapter 5  References 

 130 

Yavzori, M., Cohen, D. and Orr, N. (2002) Prevalence of the genes for Shigella 

enterotoxins 1 and 2 among clinical isolates of Shigella in Israel, Epidemiol 

Infect, 128: 533-535. 

Zafar, A., Sabir, N. and Bhutta, Z.A. (2005) Frequency of isolation of Shigella 

serogroups/serotypes and their antimicrobial susceptibility pattern in children 

from slum areas in Karachi, J Pak Med Assoc, 55: 184-188. 

Zong, Z., Partridge S.R., Thomas, L. and Iredell, J.R. (2008) Dominance of blaCTX-M 

within an Australian Extended-Spectrum beta-Lactamase Gene Pool, Antimicrob 

Agents  Chemother, 52: 4198-4202. 

 



Chapter 6   Appendices      Appendices 

 i 

APPENDICES 

Appendix 1: 

 

Appendix 1.1: Glycerol  Saline  Buffer 

 

Composition:     (g/l) 

Dipotassium phosphate   3.1 

Monopotassium phosphate   1.0 

Phenol red     0.003 

Sodium chloride    4.2 

 

Preparation: 

Suspend 8.3gm.in 700ml. distilled water. Add 300ml. of glycerol. Mix well and 

dispense in screw capped bottles or suitable containers. Sterilize by autoclaving at 15lbs 

pressure (121°C) for 15minutes. 

 

Appendix 1.2: Selenite Enrichment Broth (MERCK Cat No. 1.07717) 

 

Composition:     (g/l) 

Peptone from meat    5 

Lactose     4  

Sodium selenite    4 

Di-potassium hydrogenophosphate  3.5 

Potassium dihydrogenophosphate  6.5 

 

Preparation: 

Suspend 23gm.in 1litre of demineralized water at room temperature, if necessary 

warm shortly(max. 60°C); filter-sterilize if a storage is planned; dispense into suitable 

containers. Do not autoclave. 
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Appendix 1.3: MacConkey Agar Medium (Merck Cat No.1.05465) 

 

Composition:     (g/l) 

Peptone from casein   17.0 

Peptone from meat   3.0 

NaCl     5.0 

Lactose    10.0 

Bile salt mixture   1.5 

Neutral red    0.03 

Crystal violet    0.001 

Agar-agar    13.5 

 

Preparation: 

Suspend 30gm. in 1litre of demineralized water by heating in a boiling water bath or 

current of steam. Autoclaved at 121°C fo 15 minutes and then poured to plates. 

pH:7.1±0.2 at 25°C. The plates were clear and red brown. 

 

Mode of Action: 

Bile salts and crystal violet largely inhibit the growth of the Gram-positive microbial 

flora. Lactose and the pH indicator neutral red are used to detect lactose degradation. 

 

Appearance of Shigella colonies: 

Colonies appear as convex, colourless about 2-3mm in diameter. 

 

Appendix 1.4: XLD Agar (Xylose Lysine Deoxycholate Agar, MERCK Cat No.5287) 

 

Composition:    (g/l) 

Yeast Extract   3.0 

Sodium chloride  5.0 

D(+)Xylose   3.5 

Lactose   7.5 

Sodium thiosulphate  6.8 

Ammonium Iron (III) citrate 0.8 
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Phenol Red   0.08 

Agar-agar   13.5 

 

Preparation: 

Dissolve 55g in 1litre quickly and completely. Pour in plates and allow to solidify. Do 

not autoclave.PH:7.4±0.2. 

 

Mode of Action: 

Degradation of xylose, lactose and sucrose to acid causes phenol red to change its 

colour to yellow. Production of hydrogen sulfide is indicated by thiosulphate and an iron 

(III) salt which react to form a precipitate of black iron sulfide in the colonies. The 

bacteria, which decarboxylate lysine to cadaverine, can be recognized by the appearance 

of a purple coloration around the colonies due to an increase in the PH value. 

These reactions can proceed simultaneously or successively, this may cause the 

PH indicator to exhibit various shades of colour or it may change its colour from yellow 

to red on prolonged incubation. The culture medium is weakly inhibitory. 

 

Appearance of Shigella colonies: 

Colonies are the same colour as the culture medium and translucent. 

 

Appendix 1.5: Triple Sugar Iron Agar (TSI, MERCK Cat No.1.03915) 

 

Composition:     (g/l) 

Peptone from casein   15.0 

Peptone from soy meal  5.0 

Meat extract    3.0 

Yeast extract    3.0 

Sodium chloride   5.0 

Lactose    10.0 

Sucrose    10.0 

D (+) glucose    1.0 

Ammonium iron citrate  0.5 

Sodium thiosulphate   0.5 
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Phenol red    0.024 

Agar-agar    12.0 

 

Preparation: 

Twelve grams were suspended in 1 litre of demineralized water by heating in a 

boiling water bath or in a current of steam. Then it is autoclaved at 121°C for 15minutes. 

Allowed to solidify to give agar slants. pH 7.4±0.2 at 25°C. The prepared medium was 

clear and red orange. 

 

Mode of Action: 

Degradation of sugar and accompanying acid production are detected by the 

pH indicator phenol red, which changes its colour from red-orange to yellow, on 

alkalinization it turns deep red. Thiosulfate is reduced to hydrogen sulfide by 

several species of bacteria, the hydrogen sulfide reacts with an iron salt to give 

black iron sulfide. 

 

TSI reaction for Shigella: 

Butt:  Colour changes to yellow due to acid production and no gas is produced.  

Slant surface: It shows alkaline (red) slant. No H2S production. 

 

Appendix 1.6: Antibiotic Sulfonamide Sensitivity Agar: (MERCK Cat No.5392) 

 

Composition       (g/l) 

Peptones    20.0 

D(+) glucose    2.0 

Sodium chloride   3.0 

Disodium hydrogen phosphate 2.0 

Sodium acetate   1.0 

Adenine    0.01 

Guanine    0.01 

Uracil     0.01 

Xanthine    0.01 
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Agar-agar    12.0 

Preparation: 

Suspend 40gm. in 1 litre of demineralized water by heating in a boiling water bath or 

in a current of steam. Autoclaved at 121°C for 15minutes. Allowed to solidify in plates. 

pH 7.4±0.1 at 25°C. The prepared medium was clear and colourless. 

 

Mode of Action: 

The composition of the culture medium provides favorable growth conditions. 

Buffering of the medium prevents pH changes from interfering with diffusion. The zones 

of inhibition are clearly defined. The activities of the antibiotics or sulfonamides are not 

inhibited or antagonized by any of the constituents of the medium. 

 

Appendix 1.7: Tryptic Soy (CASO) Broth (MERCK Cat No.1.00800) 

 

Composition:     (g/l) 

Peptone from casein   17.0 

Peptone from soy meal  13.0 

D (+) glucose    2.5 

Sodium chloride   5.0 

Di potassium hydrogen phosphate 2.5 

 

Preparation: 

Suspend 30gm. in 1 litre of demineralized water by heating in a boiling water bath or 

in a current of steam. Autoclaved at 121°C for 15minutes. PH 7.3±0.2 at 25°C. 

 

Appendix 1.8: Tryptic Soya Agar(MERCK Cat No.1054585000) 

 

Composition:    (g/l) 

Casein peptone (pancreatic)  15.0 

Soya peptone (papainic)   5.0 

Sodium chloride    5.0 

Agar      15.0 

Final PH 7.3+/-0.2 at 37°C 
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Store prepared media below 8°C, protected from direct light. Store dehydrated powder, in 

a dry place, in tightly sealed containers at 2-25°C. 

 

Preparation:  

Suspend 40gm. of dehydrated media in one litre of purified filtered water. Sterilize 

at121°C for 15minutes. Cool to 45-50°C. Mix gently and suspend into sterile Petri dishes 

or sterile culture tubes.  

 

Appendix 2: Reagents for DNA Extraction 

 

Appendix 2.1: TE Buffer (10 mM Tris-Cl, pH 8.3, 0.1 mM EDTA)  

Trisma base    12.1 g 

 0.5M EDTA    2.0 ml 

 Distilled water              up to 100 ml  

Dissolved 12.1 g of Trisma base and 2.0 ml of 0.5M EDTA in 70 ml of distilled 

water and adjusted the pH to 8.3 by adding HCl drop wise. Then added distilled water to 

make the volume up to 100 ml.  Diluted this solution 100 times, autoclaved and stored at 

room temperature. 

 

Appendix 2.2:  Sodium Dodecyl Sulfate (SDS) 10% w/v 

 SDS     10 g 

 Distilled water              100 ml 

Dissolved the 10 g of SDS in 100 ml of distilled water. 

 

Appendix 2.3: SS Phenol (Salt-saturated phenol) 

2M Tris-Cl    200 ml           

Phenol                1  lb 

Cresol (Sigma)   25 ml 

2-Mercaptoethanol (Sigma)             1 ml 

8-Hydroxyquinolone   0.50 g  

Distilled water    130 ml  
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To a one pound bottle of phenol, added 100 ml 2M Tris-Cl, pH 8.3 and 130 ml 

water. Warmed to 37 °C to melt phenol. Removed the upper aqueous phase, with a 

pipette, and discarded. Added the 100 ml 2M Tris-Cl, pH 8.3, 25 ml m-cresol, 1ml 2-

mercaptoethanol and 0.5 g 8-hydroxyquinoline. Organic (Phenol) and aqueous phase 

separated spontaneously. 

 

Appendix 2.4: Phenol: chloroform: isoamyl alcohol (25:25:1) 

Dissolved 25 parts of phenol, 25 parts of chloroform and 1 part of isoamyl alcohol 

to prepare phenol: chloroform: alcohol. 

 

Appendix 2.5:  Sodium Acetate 3M 

Sodium acetate.3H2O           40.8 g  

Distilled water                     100 ml 

Dissolved 40.8 g Sodium acetate.3H2O in 100 ml of distilled water, adjust the pH 

to 4.8. Autoclaved it and stored at room temperature. 

 

Appendix 2.6:  RNase A 10mg/ml (DNase free) 

Dissolved RNase A (pancreatic RNase) at 10 mg/ml in 10mM Tris HCl pH 8.3. 

Incubated in a boiling water bath at 100 °C for 10 to 15 min. Cooled slowly to room 

temperature. Aliquoted and stored at –20 °C. 

 

Appendix 2.7: Isopropanol 

Stored at -20 °C for DNA extraction. 

 

Appendix 2.8: Ethanol (70 %) 

Ethanol (100%)  70 ml 

Distilled water   30 ml 

Dissolved 70 ml to ethanol into 30 ml of distilled water. Stored at 4 °C. 

 



Chapter 6   Appendices      Appendices 

 viii 

Appendix 3.0: Components of DNA Extraction Kit (#K0513, Fermentas) 

Appendix 3.1: Silica Powder Suspension 

It was a suspension of very small silica particles in water with a high DNA 

binding capacity. 

 

Appendix 3.2: Binding Solution 

Sodium iodide solution (6M) 

 

Appendix 3.3: Concentrated Washing Solution 

Concentrated solution of Tris, NaCl and EDTA. Working wash buffer was made by 

adding 5.0 ml of 95% ethanol were added to it. Stored at -20°C. 

 

Appendix 3.4: TBE Conversion Buffer 

It was a combination of concentrated salts which had been used for removing DNA 

fragments from TBE agarose gel. Added ½ volume of this buffer to 4.5 volumes of 

binding solution relative to the amount of agarose gel. 

 

Appendix 4: Reagents for Agarose Gel Electrophoresis 

Appendix 4.1: TBE (Tris borate EDTA Buffer)5X/L 

Tris base (sigma)  54.0 g 

Boric acid   27.5 g  

0.5 M EDTA (pH 8.0)  20 ml                                                                                                                               

Distilled water   up to 1 Liter 

Dissolved all reagents in distilled water and make a final volume of 1 liter 

Autoclaved and stored at room temperature. 

 

Appendix 4.2: TAE (Tris acetate EDTA buffer) 5X (for 1L) 

Tris base (sigma)  242.0 g 

Glacial acetic acid  57.1ml  

0.5 M EDTA (pH 8.0)  100 ml                                                                                                                               

Distilled water   up to 1 Liter 

Dissolved all reagents in distilled water and make a final volume of 1 liter 

Autoclaved and stored at room temperature. 
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 Appendix 4.3: Bromophenol  Blue (Tracking dye 10% (w/v) 

Dissolved 1 g bromophenol blue in water to final volume of 10 ml. Stored at room 

temperature in a foil wrapped bottle to prevent exposure to light. 

 

Appendix 4.4: Ethidium  Bromide 10mg/ml 

Dissolved 0.3 g of ethidium bromide in distilled water to make the volume 30 ml.  

Stored the solution at room temperature in a foil-wrapped bottle to prevent exposure. 

 

Appendix 5: Reagents for Polymerase Chain Reaction 

Appendix 5.1: 10 X PCR Buffer (Fermentas) 

(500mM KCl, 100mM Tris HCl; pH 8.3) 

  

Appendix 5.2: MgCl2 (Fermentas) 

Its concentration was 25 mM. Stored at -20°C. To get 1.5 mM MgCl2 in PCR, 

added 6 µL of 25mM MgCl2 for 100 µL reaction mixture. 

 

Appendix 5.3: dNTPs Set (#RO181 4 X 25µmol Fermentas) 

Mixed well each dNTP solution prior to use; 10 µl each of the four dNTPs 

(100mM) were mixed with 460 µl of T buffer to get 500 µl total volume of dNTP 

mixture (2mM). Distributed in aliquots. Stored at -20°C. To get 0.2mM dNTP in PCR, 

added 8-10μl of 2mM dNTP Mix for 100μl of PCR reaction mixture. 

 

Appendix 5.4: Taq polymerase (#EP 0402 Fermentas)  

Its concentration was 5 U/µL. Storage at -20 °C. 

 

Appendix 5.5:  Primers 

Primers were reconstituted from lyophilized form by the addition of 200 µl of 

autoclaved T-buffer (10 mM Tris HCl, pH: 8.3).  Further dilutions were made 

accordingly to get the working primers. 

 

Appendix 5.6: T Buffer   

10 mM Tris HCl, pH: 8.3. Distributed in 1ml aliquots and kept at -20 °C. 
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Appendix 6: GeneRulerTM, Fermentas 

 

 

100bp DNA ladder (# SM0323)  

 
50bp DNA ladder (# SM0373) 
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Appendix 7: Patients Clinical Manifestations: 
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Sh. sonnie 3yrs. M P + + - + - - + 

Sh. sonnie 5yrs. F MC + + - - - - + 

Sh. sonnie 6 months M MC + + - + - - + 

Sh. sonnie 3yrs. M P + + - + - - + 

Sh. sonnie 5yrs. F MC + + - - - - + 

Sh. sonnie 6 months M MC + + - + - - + 

Sh. sonnie 3yrs. M P + + - + - - + 

Sh. sonnie 5yrs. F MC + + - - - - + 

Sh. sonnie 6 months M MC + + - + - - + 

Sh. sonnie 3yrs. M P + + - + - - + 

Sh. sonnie 5yrs. F MC + + - - - - + 

Sh. sonnie 6 months M MC + + - + - - + 

Sh. boydii 4yrs. M P + + - + - - + 

Sh. boydii 3yrs. F P + + - + - - + 

Sh. boydii 4yrs. M P + + - + - - + 

Sh. boydii 3yrs. F P + + - + - - + 

Sh. boydii 4yrs. M P + + - + - - + 

Sh. boydii 3yrs. F P + + - + - - + 

Sh. boydii 4yrs. M P + + - + - - + 

Sh. boydii 3yrs. F P + + - + - - + 

Sh. flexneri 1yr. M MC + - + + + + + 

Sh. flexneri 7yrs. M P + - + + - - + 

Sh. flexneri 5yrs. M R + - - + - + + 

Sh. flexneri 2yrs. F P + - + + + + + 

Sh. flexneri 8yrs. M P - + + + + - + 

Sh. flexneri 3yrs. F P + - - + - + + 
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Sh. flexneri 4months F MC + - - + + + + 

Sh. flexneri 8months M P + + - + + + + 

Sh. flexneri 1yr. M P + - + + + - + 

Sh. flexneri 2yrs. M P - - + + - + + 

Sh. flexneri 6yrs. F P + - + + + + + 

Sh. flexneri 8months F MC + + - + + + + 

Sh. flexneri 1yr. M MC + - + + + + + 

Sh. flexneri 7yrs. M P + - + + - - + 

Sh. flexneri 5yrs. M R + - - + - + + 

Sh. flexneri 2yrs. F P + - + + + + + 

Sh. flexneri 8yrs. M P - + + + + - + 

Sh. flexneri 3yrs. F P + - - + - + + 

Sh. flexneri 4months F MC + - - + + + + 

Sh. flexneri 8months M P + + - + + + + 

Sh. flexneri 1yr. M P + - + + + - + 

Sh. flexneri 2yrs. M P - - + + - + + 

Sh. flexneri 6yrs. F P + - + + + + + 

Sh. flexneri 8months F MC + + - + + + + 

Sh. flexneri 1yr. M MC + - + + + + + 

Sh. flexneri 7yrs. M P + - + + - - + 

Sh. flexneri 5yrs. M R + - - + - + + 

Sh. flexneri 2yrs. F P + - + + + + + 

Sh. flexneri 8yrs. M P - + + + + - + 

Sh. flexneri 3yrs. F P + - - + - + + 

Sh. flexneri 4months F MC + - - + + + + 

Sh. flexneri 8months M P + + - + + + + 

Sh. flexneri 1yr. M P + - + + + - + 

Sh. flexneri 2yrs. M P - - + + - + + 

Sh. flexneri 6yrs. F P + - + + + + + 

Sh. flexneri 8months F MC + + - + + + + 

Sh. flexneri 1yr. M MC + - + + + + + 

Sh. flexneri 7yrs. M P + - + + - - + 

Sh. flexneri 5yrs. M R + - - + - + + 

Sh. flexneri 2yrs. F P + - + + + + + 

Sh. flexneri 8yrs. M P - + + + + - + 

Sh. flexneri 3yrs. F P + - - + - + + 

Sh. flexneri 4months F MC + - - + + + + 

Sh. flexneri 8months M P + + - + + + + 

Sh. flexneri 1yr. M P + - + + + - + 

Sh. flexneri 2yrs. M P - - + + - + + 

Sh. flexneri 6yrs. F P + - + + + + + 

Sh. dysentery 2yrs. M P - - + + + + + 

Sh. dysentery 7months M P + - - + + + + 

Sh. dysentery 2yrs. M P + - + + + + + 

Sh. dysentery 5yrs. M MC + + + + + + + 
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Sh. dysentery 4yrs. F P + - + + + + + 

Sh. dysentery 9months M P + - + + + + + 

Sh. dysentery 6months M P + + - + + + + 

Sh. dysentery 2yrs. M P - - + + + + + 

Sh. dysentery 7months M P + - - + + + + 

Sh. dysentery 2yrs. M P + - + + + + + 

Sh. dysentery 5yrs. M MC + + + + + + + 

Sh. dysentery 4yrs. F P + - + + + + + 

Sh. dysentery 9months M P + - + + + + + 

Sh. dysentery 6months M P + + - + + + + 

Sh. dysentery 2yrs. M P - - + + + + + 

Sh. dysentery 7months M P + - - + + + + 

Sh. dysentery 2yrs. M P + - + + + + + 

Sh. dysentery 5yrs. M MC + + + + + + + 

Sh. dysentery 4yrs. F P + - + + + + + 

Sh. dysentery 9months M P + - + + + + + 

Sh. dysentery 6months M P + + - + + + + 

Sh. dysentery 5yrs. M MC + + + + + + + 

Sh. dysentery 4yrs. F P + - + + + + + 

Sh. dysentery 9months M P + - + + + + + 

Sh. dysentery 6months M P + + - + + + + 

Sh. dysentery 4yrs. F P + - + + + + + 

Sh. dysentery 7months M P + - - + + + + 

Sh. dysentery 5yrs. M MC + + + + + + + 
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Appendix 8: Statistical Analysis 

     Chi-Square Tests for Antimicrobial Resistance In Four spp. of Shigella 

 

Table 6.1: Chi-Square test for Sh. flexneri 

 

Statistical tests Value Df 
Asymptomatic. Significance 

(2-sided) 

Pearson Chi-Square 263.350a 13 .000 

Likelihood Ratio 323.067 13 .000 

Linear-by-Linear 

Association 
19.213 1 .000 

N of Valid Cases 504   

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 17.64. 

 

 

Table 6.2: Chi-Square test for Sh. dysenteriae 

 

Statistical tests 
Value df 

Asymptomatic. Significance 

(2-sided) 

Pearson Chi-Square 176.907a 13 .000 

Likelihood Ratio 224.632 13 .000 

Linear-by-Linear 

Association 
16.445 1 .000 

N of Valid Cases 294   

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 8.57. 

 

 

Table 6.3: Chi-Square test for Sh. sonnie 

 

 
Value df 

Asymptomatic. Significance 

(2-sided) 

Pearson Chi-Square 23.130a 13 .040 

Likelihood Ratio 26.857 13 .013 

Linear-by-Linear 

Association 
.499 1 .480 

N of Valid Cases 126   

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 4.14. 
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Table 6.4 Chi-Square test for Sh. boydii 

 

 

Value df 

Asymptomatic. 

Significance 

(2-sided) 

Pearson Chi-Square 36.000a 13 .001 

Likelihood Ratio 49.907 13 .000 

Linear-by-Linear 

Association 

5.108 1 .024 

N of Valid Cases 84   

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 3.00. 

 

 

Table 6.5: Statistical Comparison of Four Shigella spp. for Prevalence Antimicrobial 

Drugs Resistance  

  

Drugs Sh. flexneri Sh. dysenteriae Sh. sonnie Sh. boydii 

Ampicillin 47.00a 27.67a 8.330ab 7.667a 

Cefradine 11.00g 3.670fg 1.000fgh 0.0000g 

Cefixime 15.67e 7.330e 0.6667gh 1.667def 

Ceftriaxone 12.33f 4.000f 0.0000h 1.667def 

Cefoperazone 15.67e 3.670fg 2.333e 0.666fg 

Monobactam 7.667h 1.670h 1.000fgh 0.666fg 

Nalidixic acid 38.33c 12.67d 7.000c 2.333de 

Ciprofloxacin 5.667i 2.000h 1.667efg 1.333ef 

Chloramphenicol 34.67d 19.67c 8.000abc 5.333b 

Gentamicin 5.330i 2.670gh 3.667d 2.667cd 

Streptomycin 42.00b 21.33b 0.666gh 7.667a 

Amikacin 11.33fg 4.670f 2.000ef 3.667c 

Trimethoprim 

Sulphamethoxazole 

46.67a 27.67a 8.667a 8.000a 

Tetracycline 46.33a 27.00a 7.333bc 5.667b 

 

Means followed by different letters differ significantly at 5% level of significance 

according to Duncan’s Multiple Range Test. 
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Table 6.5: Comparison of Different Antimicrobial Drugs 

 

Ampicillin         22.67a          

Cefradine      3.917i      

Cefixime         6.333f         

Ceftriaxone         4.500h       

Cefoperazone        5.583g        

Monobactam        2.750j          

 Nalidixic Acid     15.08e          

 Ciprofloxacin     2.667j        

 Chloramphenicol     16.92d              

 Gentamicin      3.583i      

 Streptomycin      17.92c            

 Amikacin      5.417g        

 Trimethoprim Sulphamethoxazole  22.75a              

 Tetracycline      21.58b             

 

Means followed by different letters differ significantly at 5% level of significance 

according to Duncan’s Multiple Range Test. 
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Table 6.7: Comparison of Antimicrobial Resistance Genes 

Degrees of    Sum of           Mean 

   Freedom      Squares         Square          F-value    Prob. 

--------------------------------------------------------------------------- 

Between      11       1151.729         104.703       1.560       0.1533NS  

Within         36       2416.250         67.118 

 

Table 6.8: Comparison of Four Shigella spp. For Antimicrobial Resistance Genes 

Prevalence 

Sh. flexneri  17.00a 

Sh. dysenteriae 11.50b 

Sh. sonnie  4.33c 

Sh. boydii  2.58c 

Means followed by different letters differ significantly at 5% level of significance 

according to Duncan’s Multiple Range Test. 

 

Table 6.9: Comparison of Virulence Genes 

         Degrees of    Sum of           Mean 

          Freedom      Squares         Square          F-value    Prob. 

--------------------------------------------------------------------------- 

Between       5       1172.208         234.442      1.705       0.1844NS 

Within       18        2474.750         137.486 

--------------------------------------------------------------------------- 

 

Table 6.10: Comparison of Four Shigella spp. For Virulence Genes Prevalence 

Sh. flexneri  23.75a 

Sh. dysenteriae 11.33b 

Sh. sonnie  3.33bc 

Sh. boydii  1.83c 

 

Means followed by different letters differ significantly at 5% level of significance 

according to Duncan’s Multiple Range Test. 
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