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To characterize Shigella clinical strains, especially Shigella sonnei, we studied 80Shigella strains
recovered from 495 stool samples of patients with bloody diarrhea in three hospitals in Tehran, Iran,
over the period of 2 years from May2010 to June2012. Serological assay classified the Shigella isolates
as follows: 60(75%) Shigella sonnei isolates, 15 (18.75%) Shigella flexneri isolates,2 (2.5%) Shigella
boydii isolates, and 3 (3.75%) Shigella dysenteriae isolates. In an antibiogram test, all Shigella strains
were susceptible to ciprofloxacin, and ceftriaxone. They showed high degrees of sensitivity to nalidixic
acid, gentamicin and amikacin. Approximately 98.66% of the Shigella isolates were resistant to co-
trimoxazole. The RAPD-PCR fingerprinting was carried out using ARB11 primer. The PCR product was
run and visualized in 1% agarose gels and stained with ethidium bromide. The RAPD-PCR profiles were
grouped depending on the patterns of the amplified bands. In conclusion, these data mandate local
monitoring of drug resistance and its consideration in the empirical therapy of Shigella infections.
These results also demonstrated that RAPD-PCR analysis is more reliable than antibiotic susceptibility
pattern analysis and could be used as a routine laboratory method for the identification of Shigella
species, those causes epidemic strains in Iran.
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INTRODUCTION

Infectious diseases kill about 11 million children each are seen in under 5 children (Dipika et al,

year and 99 percent of these deaths occur in the
developing countries. Notably, of the 11 million deaths, 4
million die within the first year of their life (Dipika et al.,
2004; http://www.who.int/infectious-disease-report
accessed on 20th April 2004). Acute diarrheal diseases
rank second amongst all deaths due to infectious
diseases accounting for3.1 million deaths in under 5
years old children; 80 percent of these deaths occur in
children below 2 years of age. Shigellosis is an important
cause of diarrheal deaths. It has been reported that no
less than 140 million cases of shigellosis occur worldwide
with 600,000 deaths annually; 60 per cent of such deaths

2004).Shigellosis is an acute gastroenteritis that is one of
the most common causes of morbidity and mortality in
children with diarrhea in developing countries. The
disease is caused by microorganisms belonging to the
genus Shigella spp. which can be subdivided into four
serogroups - S.sonnei, S.boydii, S.flexneri and
S.dysenteriae. Each of them has a number of serotypes,
e.g., S.dysenteriae type 1-12,S.sonnei phase | and
II,S.boydii type 1-18, S.flexneri type 1-6. However, three
predominant strains are responsible for majority of
shigellosis cases viz., S.sonnei, S.flexneri 2a and
S.dysenteriae type 1, and among these species
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S.sonnei is encountered mostly in industrialized
countries, S.flexneri2a in developing countries and
S.dysenteriae type 1 is the only epidemic as well as
pandemic strain. S.dysenteriae type 1, which produces
severe disease, may cause life-threatening
complications, is usually multi drug resistant and can
cause large epidemics and even pandemics with high
morbidity and mortality (Kotloff et al., 1999). The disease
is highly contagious due to its low infectious dose. The
infective dose is as low as 10-100 organisms only (Dipika
et al.,, 2004; Bradbury et al., 1984). Epidemics usually
occur in areas with crowding and poor sanitary conditions
(Craun et al., 2005). Essential events in the pathogenesis
of Shigella infections include bacterial invasion of
epithelialcells, escape from the phagosome, and
induction of apoptosis in macrophages (Guichon et al.,
2001). Factors affecting the emergence or decline of
epidemic shigellosis are not clear, and shigella are
generally believed to have only a human or a primate
host. Recently, the World Health Organization has
emphasized the need to understand the disease burden
and epidemiology of Shigella infections in developing
countries (World Health Organization, 1999). The
identification of Shigella species is important because of
both their clinical and their epidemiological implications.
Serological testing is also needed for the identification of
Shigella isolates (Talukder et al., 2002). Understanding of
the antibiotic resistance patterns of shigella and
molecular characterization of plasmids and other genetic
elements are also epidemiologically useful. Comparison
of plasmid profiles is a useful method for assessing the
possible relatedness of individual clinical isolates of a
particular bacterial species for epidemiological studies
(Dutta et al., 2002). The present study was designed to
isolate Shigella strains from clinical samples of patients
with bloody diarrhea by culture methods and characterize
them by appropriate biochemical, serological, and
antibiogram tests. It was also designed to genetically
characterize the isolates by using molecular techniques,
such as random amplified polymorphic DNA- PCR
(RAPD-PCR). Furthermore, this study was carried out to
investigate the reliability of drug sensitivity patterns for
the discrimination of epidemic strains of Shigella spp.
isolated from epidemics of bacillary dysentery.

MATERIALS AND METHODS
Settings and study period

The study was conducted over a period of 2 years from
May 2010 to June 2012 in three hospitals (Imam
Khomayni, Shariati, and Sina) in Tehran, Iran. Stool
specimens from 495 patients aged 2 months to 11 years
were collected from three hospitals of the Tehran
University of Medical Sciences and transferred to a
clinical microbiology laboratory. The inclusion criteria

were as follows: the age of the patients were in the range
of 2 months to 11years, the patients had diarrhea that
had lasted 7 days, and blood was detected by stool
examination by an occult blood (OB) test.

Bacterial culture and isolation

All OB-positive samples were inoculated on xylose-lysin-
desoxycholate agar and incubated at 37°C for 24 h. Non-
lactose fermenting colonies were picked from the culture
plates and were subjected to further analysis by
biochemical tests (Motility, MR, Citrate, H2S, Indole,
Lysine decarboxylase, Ornitin decarboxylase, ONPG) for
the identification and isolation of possible Shigella
colonies. The isolates, which were confidently identified
as Shigellasonnei, were stored at 70°Cand transferred to
a clinical microbiology laboratory in buffered glycerol-
saline transport medium to Isfahan University for further
studies. Two reference strains, Shigella flexneri ATCC
12022 and Shigellasonnei ATCC 9290 were used as
control strains for comparison purposes.

Serological tests

The serotypes of all Shigella isolates were determined
with commercially variable polyclonal antisera (Mast Co.,
Merseyside, United Kingdom) against all Shigella
serotypes. The Shigella strains were subcultured on
MacConkey agar plates, and serological tests were
performed by the slide agglutination method, as
described previously (Dutta et al., 2002).

Antibiogram analysis

Antibiotic resistance/sensitivity profile was analyzed
following disk diffusion method (Hossain et al., 1998)
using commercially available antibiotic disks (Mast Co.)
The antibiotic disks used in this study were amikacin 30
Mg, amoxicillin 30pg, ampicillin 10ug, ceftriaxone 30ug,
co-trimoxazole  30pg, chloramphenicol 30 g,
ciprofloxacin 30ug, gentamycin10 pg, nalidixic acid 30ug,
tetracycline 30 yg and trimethoprim 10ug.

Genotypic characterization
Random amplified polymorphic DNA (RAPD) analysis

For RAPD, genomic DNA was extracted as described by
Sambrook (Alam et al., 2001). Briefly, genomic DNA was
prepared from bacterial cultures grown overnight in Luria
Broth at 37°C by pelleting 1.5 ml culture by centrifugation
at 8,000 rpm for10 min, resuspended the pellet in 500ul
of sterile distilled water and boiling at 100°C for 10 min. It
was then snap cooled at —20°C for 5 min, centrifuged at
5,000 rpm for10 min at 4°C. The supernatant containing
DNA template was amplified using ARB11primer (5-CAT
TCG ACC 3') (CLS, 2002). The reaction was performed
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Figure 1. The rate of patient infected to shigellosis according of age. 73.3% patient were under 5 years
and another (26.7%) had age ranging from 5 to 11 years.

in a total volume of 50l per tube containing 5pl of 10X
PCR buffer (500mM KCI,100 mMTris (pH 8.3), 25 mM
MgCl,), 3ul of template DNA, 5ul primer, 0.5ul of Taq
DNA polymerase (Bangalore Genei, India), and 5ul of 2.5
mM each dNTP (dATP, dCTP, dGTP and dTTP). A
negative control was assayed containing all components
except template DNA. After initial denaturation at 94°C
for 5 min the reaction mixture was run through 30 cycles
of denaturation at 94°C for 30sec, annealing at 40°C for 1
min and extension at 72°C for 1 min, followed by a 10
min final extension period at 72°C.Theexpected size of
the amplicons was ascertained by electrophoresis in
1.0% agarose gel with an appropriate molecular size
marker (1 Kb DNA ladder) (CLSI, 2002; Sambrook et al.,
1989).

RESULTS
Cases of shigellosis

Among 495 children with diarrhea, 148(30%) OB-positive
patients from the ages of 2 months to 11 years old were
enrolled in our study (Figure 1). Seventy percent of the
148 patients were under 5 years old. There were 89
males (60%) and 59 females (40%). Fever (91%),
vomiting (69.7%), abdominal pain (69.8%), and
convulsion (23%) were the most common presenting

symptoms. Based on the biochemical and bacteriological
properties, 80(54%) of these isolates were confirmed to
be Shigella and finally 60 isolates confirmed to be
Shigellasonnei.

Shigella serotypes

Based on our serological finding, 60 (75%) of the isolates
were identified as Shigella sonnei and all patients were
children under 11 years old (Figure 1), 15 (18.75%) were
identified as Shigella flexneri, 2(2.5%)were identified as
Shigella boydii, and 3 (3.75%) were identified as Shigella
dysenteriae.

Antibiotic susceptibility analysis

The antimicrobial activities of eleven commonly used
antibiotics against all the Shigella isolates were
determined by the Kirby-Bauer method and according to
the recommendations of the CLSI (20). The results of the
antibiotic susceptibility tests for four species of Shigella
isolates are shown in Table 1. It was shown that out of 60
isolate of shigella sonnei, 62% were resistant to
ampicillin, 96% were resistant to co-trimoxazole, 15%
were resistant to amoxicillin, 4% were resistant to
nalidixic acid, and 15% were resistant to tetracycline, 2%
were resistant to trimethoprim and 100% were
susceptible to amikacin, ceftriaxone, chloramphenicol,
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Table 1. Antimicrobial resistance patterns of shigella isolates from Iran

No. of Shigella isolates (n=80)

Antibiotic resistance pattern

S. sonnei (n=60)S. flexneri (n=15)S. dysenteriae (n=03)

Amx
Amk
Amp
Cro
Stx
Chl
Cip
Gen
Nal
T

Tr

9
0
23
0
58
0

o

6 2
0 1
8 1
0 0
60 60
2 0
0 0
2 1
4 1
4 1
4 0

Amx, amoxicillin; Amk, amikacin; Amp, ampicilin; Cro, Ceftriaxone; Stx, cO-trimoxazole; Chl,chloramphenicol;
Cip, ciprofloxacin; Gen, gentamycin; Nal. nalidixic acid; T,tetracycline; Tr, trimethoprim.
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Figure 2. RAPD-PCR profiles of 14 representative shigella sonnei species in 1% agarose gel.
Lane 6, 12 are super coiled DNA ladder (the marker). 39 patients (65%) had common pattern
band. The data related to another species not shown.

ciprofloxacin, gentamicin. Likewise, out of 15 isolate of
Shigella flexneri 43% were resistance to amoxicillin,
47.5% were resistant to ampicilin, 17.4% were resistant
to gentamycin and chloramphenicol,100% were resistant
to co-trimoxazole all isolates were susceptible to
amikacin, ceftriaxone and ciprofloxacin. Out of Shigella
dysenteriae, 14.3% were resistant to tetracyclineand
ciprofloxacin, 42.8% were resistant to amikacin and
nalidixicacid, 57% were resistant to gentamycin, 71.4%
were resistant toamoxicillin, 28.5% were resistant to
ampicillin and all isolates were susceptible to co-
trimoxazole, ceftriaxone and chloramphenicol.
Theremaining isolates were resistant to one or two
antibiotics.

Genotypic characterization

Analysis of all 60 isolates revealed that the
Shigellasonnei species produced five different RAPD
pattern with bands ranging from 5-11. One common
band of 500bp was observed in all the isolates, while a
band of 325bp was evident in 65%0f the isolates. This
finding indicated that, there are close relationship
between these isolates, as well as 15 isolates of S.
flexneri showed 3 RAPD profiles with bands ranging from
7-11 and 2 isolates of S.boydii showed 2 RAPD profiles
with bands ranging from 7 to 9 and 3 isolates of S.
dysenteriae showed single RAPD profile with 7 bands
(Figure 2).



DISCUSSION

Epidemiological studies of shigellosis are generally based
on standard culture methods of diagnosis. Shigellosis is
an important public health problem with high morbidity
and also mortality mainly among children in developing
countries situations where overcrowding and poor
personal hygiene are rampant. Bacillary dysentery
caused by members of the genus Shigella is prevalent in
many countries with temperate climates. It is a disease of
children from 6 months to 10 years of age, although it can
affect susceptible individuals of any age who are subject
to poor sanitation (Bhattacharya et al., 1987. In our study
most of the patients (73.33%) were under 5 years of age.
Similar results were reported from a survey of Shigella
infections in the United States from 1974 101980, in which
the age group with the highest rate of infection comprised
children less than 5 years of age, and also is in
agreement to results come from study that, has down by
Sh. Farshad et all in Shiraz. Iran. (Blaser et al., 2003;
Shohreh et al., 2006). This reflects the fact that in general
young children are less likely than older children to
practice good hygienic habits. Serotyping of the isolates
showed that S.sonnei was the most frequent species
(75%) isolated in the period of our study. Most cases of
dysentery, especially those due to S.sonnei infection, are
mild and do not require antibiotic therapy (1). More than
half of our patients (50.9%) showed mild clinical
symptoms. However, the severity of the clinical
symptoms is related to the bacterial species, the age of
the patients, the immunity of the patient, and the
inoculums dose. While Iran is a developing country, the
prevalence of S. sonnei in Iran is similar to that shown by
the results of some of studies that have been done in
Israel, the United States, Canada, and other developed
countries. It has been found that S. sonnei is the
predominant species in those countries and is more
common in children than in adults (Ashkenazi et al.,
2003; Faruque et al.,, 2002). However, in Taiwan and
Bangladesh the infections are mostly caused by S.
flexneri (Farugque et al., 2002; Chiou et al., 2001; Tacket
et al.,, 1984). It has been suggested that factors involved
in natural selection may have been the main reason for
these discrepancies (Pan, 1997). In case management of
shigellosis antibiotics play a central role. Use of
appropriate antibiotic hastens recovery, shortens the
duration of excretion of pathogen in stool and possibly
prevents complications. However, these should be
chosen carefully considering the sensitivity pattern of the
circulating strains (Dipika et al., 2004).

Antimicrobial resistance patterns are valuable as a
guide to empirical therapy, as a typing method, and as an
indicator of the dissemination of antimicrobial resistance
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determinants (SilviaY et al., 1998). By analyzing trends in
the resistance patterns of the various Shigella species,
we found that S. sonnei is currently significantly more
resistant than the other Shigella species (Table 1).

This finding is of special importance, because at
present S. sonneiis the predominant species in Iran.
According to our findings and other reports, the rate of
resistance to the antimicrobial agents used to treat
shigellosis in young children, namely co-trimoxazole, has
reached 96 to 100% (Ashkenazi et al., 2003; DelLappe et
al., 2003; Mermel et al., 1997; Oh et al., 2003). However,
the overall susceptibility patterns of the test strains focus
on the fact that the strains were not frequently exposed to
expanded- or broad-spectrum antibiotics. Therefore, due
to the lack of variability in susceptibility patterns, the
antimicrobial resistance pattern was not a useful
epidemiological marker in our study. Antimicrobial
resistance in enteric pathogens is of great significance in
the developing world, where the rate of diarrheal
diseases is highest. The progressive increase in
antimicrobial resistance among enteric pathogens in
developing countries is becoming a critical area of
concern. During the present investigation it was observed
that most of the isolates were resistant to amoxicillin
while variable resistance patterns were observed with
different species of Shigella with respect to different
antibiotics (Anjana et al., 2009). Furthermore the RAPD-
PCR is a DNA fingerprinting technique, which is one of
the most sensitive and efficient method for distinguishing
different strains of a species and it can be used as a
strong and useful method for diagnosis in ecological and
epidemiological studies. And this is in agree with previous
studies have done by Warner et al (Warner and Oliver,
1999). it has been reported to be an effective subtyping
method for several other species, namely Listeria,
Yersinia (Rasmussen et al., 1994), Staphylococcus
(Young et al., 1994), Streptococcus (Sepala et al., 1994)
and Aeromonas (Sharma et al., 2005). Finally in this
study it was shown that RAPD- PCR method has a
relative good discrimination power, and according to its
high discrimination power, the ability of typing and
reproducibility, low cost, rapidity and facility, is a good
method for typing of Shigella isolates in molecular
epidemiology studies.

ACKNOWLEDGMENT

This study was supported by University of llam. Iran.
Authors are thankful to the Head of the Department of
Molecular Biology Research Center, Bagiyatallah
University of Medical Sciences, Tehran, Iran.



212 Glo. Adv. Res. J. Med. Med. Sci.

REFERENCES

Alam KM, Islam N, Carlin NI, Nair GB, Sack DA (2001). Altering
trends in the dominance of Shigella flexneri serotypes and
emergenceof serologically atypical S. flexneri strains in Dhaka,
Bangladesh.J. Clin. Microbiol. 39:3757-3759.

Anjana S, Susheel KS, Divya B (2009). Phenotypic and genotypic
characterization of Shigella spp. Withreference to its virulence genes
and antibiogram analysis fromriver Narmada. Ind. J, Microbiol.
49:259-265.

Ashkenazi S, Levy |, Kazaronovski V, Samra Z (2003).
Growingantimicrobial resistance of Shigella isolates. J. Antimicrob.
Chemother. 51:427-429.

Bhattacharya SK, Datta P, Datta D, Bhattacharya MK, Sen D, Saha MR
(1987). Relative efficacy of trimethoprimsulphamethoxazoleand
nalidixic acid for acute invasivediarrhoea. Antimicrob. Agents
Chemother. 31 : 837.

Blaser MJ, Pollard RA, Feldman RA (2003). Shigella infections inthe
United States, 1974-1980. J. Infect. Dis. 147:771-775.

Bradbury WC, Pearson AD, Marko MA, Congi RV, Penner JL (1984).
Investigation of a Campylobacter jejuni outbreak by serotyping
andchromosomal restriction endonuclease analysis. J. Clin.
Microbiol. 19:342-346.

Chiou CS, Hsu WB, Wei HI, Chen JH (2001). Molecularepidemiology of
a Shigella flexnerioutbreak in a mountainous township inTaiwan,
Republic of China. J. Clin. Microbiol. 39:1048—1056.

CLSI (2002). Clinical Laboratory Standard Institute.NCCLS. 9:22:1

Craun GF, Calderon RL, Craun MF (2005). Outbreaks associated with
recreational water in the United States. Int. J. Environ. Health Res.
15:243-262.

DelLappe N, O’Halloran F, Fanning S, Corbett-Feeney G, Cheasty T,
Cormican M (2003). Antimicrobial resistance and genetic diversity of
Shigellasonnei isolates from western Ireland, an area of low
incidence of infection.J. Clin. Microbiol. 41:1919-1924.

Dipika S, Ramamurthy T, Deen J, Bhattacharya SK (2004). Shigellosis
: challenges & management issues. Ind. J. Med. Res. 120: 454-462.
Dutta S, Rajendran K, Roy S, Chatterjee A, Dutta P, Nair GB,
Bhattacharya SK, Yoshida SI (2002). Shifting serotypes, plasmid
profileanalysis and antimicrobial resistance pattern of Shigella strains
isolated fromKolkata, India during 1995-2000. Epidemiol. Infect.

129:235-243.

Faruque SM, Khan R, Kamruzzaman M, Yamasaki Sh, Ahmad QS,
Azim T, Nair GB, Takeda Y, Sack DA (2002). Isolation of
Shigelladysenteriae type 1 and S. flexneristrains from surface waters
in Bangladesh:comparative molecular analysis of environmental
Shigella isolates versusclinical strains. Appl. Environ. Microbiol.
68:3908-3913.

Guichon AD, Hersh MR, Smith A, Zychlinsky A (2001).
Structurefunctionanalysis of the Shigella virulence factor Ipa B. J.
Bacteriol. 183:1269-1276.

Hossain MA, Rahman M, Ahmed QS, Malek MA, Sack RB, Albert MJ
(1998). Increasing frequency of mecillinam-resistant Shigellaisolates
in urban Dhaka and rural Matlab, Bangladesh: a 6 year observation.
J. Antimicrob. Chemother. 42:99-102.

http://www.who.int/infectious-disease-report accessed on 20th April
2004.

Kotloff KL, Winickoff JP, Ivanoff B, Clemens JD, Swerdlow PJ,
Sansonetti DL, Adak GK, Levine MM (1999). Global burden of
Shigella infections: implications for vaccine development and
implementation of control strategies. Bull. W. H. O. 77:651-666.

Mermel LA, Josephson SL, Dempsey J, Parenteau S, Perry C, Magill N
(1997). Outbreak of Shigella sonnei in a clinical microbiology
laboratory. J. Clin. Microbiol. 35:3163-3165.

Oh JY, Yu HS, Kim SK, Seol SY, Cho DT, Lee JC (2003). Changes in
patterns of antimicrobial susceptibility and integron carriageamong
Shigella sonnei isolates from southwestern Korea during
epidemicperiods. J. Clin. Microbiol. 41:421-423.

Pan TM (1997). Bacillary dysentery in Taiwan, 1995-1996. Epidemiol.
Bull.13:151-161.

Rasmussen HN, Olsen JE, Rasmussen OF (1994). RAPDanalysis of
Yersinia enterocolitica. Lett. Appl. Microbiol. 19:359-362.

Sambrook J, Fritcsh EF, Maniatis T (1989). Molecular Cloning lIind ed.
Cold Spring Harbor Laboratory Press; 18:47—18.59.

Sepala H, Quishui HE, Oslirblad M, Huovine P (1994).Typing of group
Streptococci by Random amplified polymorphicDNA. J. Clin.
Microbiol. 2:1945-1948.

Sharma A, Dubey N, Sharan B (2005). Characterizationof Aeromonads
isolated from river Narmada, India. Int. J. Hyg. Environ. Health
208:425-433.

Shohreh F, Raheleh Sh, Aziz J, Ezzatollah B, Abdolvahab A (2006).
Characterization of Shigella Strains in Iran by Plasmid Profile
Analysisand PCR Amplification of jpa Genes. J. CLIN. MICROBIOL.
Pp. 2879-2883.

Silvia YB, Gloria RF, Martinez MB, Trabulsi LR, Moreira-Filho CA
(1998). Characterization of enteroinvasiveEscherichia coli and
Shigella strains by RAPD analysis. FEMS Microbiol. Lett. 165:159—
165

Tacket CO, Shahid N, Hug MI, Alim AR, Cohen ML (1984). Usefulness
of plasmid profiles for differentiation of Shigella isolates in
Bangladesh. J. Clin. Microbiol. 20:300-301.

Talukder KA, Islam MA, Dutta DK, Hassan F, Safa A, Nair GB, Sack
DA (2002). Phenotypic and genotypic characterization of
serologicallyatypical strains of Shigella flexneri type 4 isolated in
Dhaka, Bangladesh. J. Clin. Microbiol. 40:2490-2497.

Warner JM, Oliver JD (1999). Random amplified polymorphicDNA
analysis of clinical and environmental isolatesof Vibrio vulnificusand
other Vibrio species. Appl. Environ. Microbiol. 65:1141-1144.

World Health Organization (1999). Generic protocol to estimate the
burdenof = Shigella  diarrhoea and  dysenteric  mortality.
WHO/V&P/99.26. WorldHealth Organization, Geneva, Switzerland.

Young KA, Power EGM, Pryden MS (1994). RAPD typingof clinical
isolates of Staphylococcus haemolyticus. Lett. Appl. Microbiol.
18:86-89.



