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Multilocus variable number tandem repeat (VNTR) Igsia (MLVA) is a new typing method with several
advantages compared to other methods. DisseminatiSnigella is highly significant in developing countries.
Whilst Shigella is becoming increasingly important as an etiolagient of pediatric shigellosis in Iran, little is
known about the genetic diversity of the local issa Therefore, the aim of this study was to descthe
genetic diversity ofShigella species isolated from pediatric patients in Tehteem. A total of 53Shigella
isolates were obtained from 1070 patients withrtisa (less than 12 years of age). All isolates videatified
by routine biochemical and serological tests. Toeficmed Shigella isolates were further serogrouped (by the
slide agglutination) using slide agglutination noeth MLVA assay with the seven loci resolved Sigella
isolates into 36 different genotypes. Almost alk tlsolates were classified into five clonal complex
Furthermore, our MLVA assay could effectively digtuish the fouiShigella species. This study has provided
valuable insights into the genetic heterogeneit@odella species in Tehran, Iran. Our findings can be llpf
for further epidemiological surveillance gfigella speciesn this country in the future.
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Diarrheal diseases are one of the most Shigella includes four speciesS. dysenteriae, S
important causes of children mortality, flexneri, S. boydii, andS. sonnei. Of these species,
accounting for around two million deaths annually. shigellosis is predominantly caused ®ylexneri in
Bacillary dysentery, also known as shigellosis, developing countries especially in Asia, wher8as
causes a significant proportion of morbidity and sonnei is predominant in industrialized countries
mortality, especially in children with diarrhea in (2, 3).

developing countries (1). Shigellosis is primaily Genotyping methods provide useful informa-
disease of poor, crowded communities which do not  tion for establishing the genetic relatedness among
have adequate sanitation or clean water. The genus isolates for the purposes of epidemiological
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investigation and evolutionary studies. A variefy o
molecular typing methods have been developed for
Shigella species, including pulsed- field gel
electrophoresis (PFGE) (4-6), multilocus sequence
typing (MLST) (7), multilocus variable-number
tandem-repeat (VNTR) analysis (MLVA) (8-11),
ribotyping (12-15), plasmid profiling (4, 16) and

repetitive sequence-based PCR (Rep-PCR) (7, 17).

Although PFGE is still a golden standard for
genotyping and source tracking of food-borne
pathogens, it is laborious, expensive, often diffic
to interpret, and requires rigorous standardization
Furthermore, it needs experienced personnel in
order to achieve reliable, consistent, and
reproducible results. By contrast, MLVA is a PCR-
based genotyping method which is rapid, relatively
cheap and easy to perform. This method targets
multiple VNTR loci and relies on the detection of
different copy numbers inside each locus (18).
Dissemination ofhigella is highly significant
in developing countries. WhilstShigella is
becoming increasingly important as an etiologic
agent of pediatric shigellosis in Iran (2, 3, 18)le
is known about the genetic diversity of the local
strains. To the best of our knowledge, this is the
first study on genotype oshigella by MLVA in
Iran. Therefore, the aim of this study was to
describe the genetic diversity &higella species
isolated from pediatric patients in Tehran, Iran.

Materials and methods

Bacterial strains

In this study, from June 2008 to October
2010, a total of 5Fhigella isolates were obtained
from 1070 patients with diarrhea (less than 12 sear
of age) in Tehran, Iran. All of the isolates were
identified by routine biochemical and serological
tests. The confirme&higella isolates were further
serogrouped by the slide agglutination test (Mast
Diagnostic, Merseyside, UK). The verified isolates
were preserved at -70°C in tripticase soy broth
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(TSB) with 25% (v/v) glycerol for further analysis
(3). All ethical issues were considered. Life, tigal
dignity, integrity, right to self-determination,
privacy, and confidentiality of personal informatio
of research subjects were protected in this study.
DNA extraction

Each Shigella isolate was plated on nutrient
agar and incubated overnight at 37 °C. A single
colony was removed from the plate, suspended in
200 pl of sterile deionized water and boiled for 15
min. After centrifugation at 8,000x g for 6 mingth
supernatant was transferred into a new tube for
subsequent PCR analysis.
MLVA assay

The VNTR loci selected along with the
primers used for MLVA genotyping were those of
Gorge et al., which were seven loci; ms06, msQ7,
ms09, msll, ms21, ms23, and ms32 (20). The list
of primers used are shown in Table 1. For each loci
PCR was performed in 28 volume containing 1X
PCR buffer (50 mmol/L KCL, 10 mmol/L Tris, pH
9), 2.5 mmol/L MgCJ, 0.2 mmol/L of each primer
with 0.5 U TagDNA polymerase (CinnaGen Co.,
Iran), and 3pl of crude DNA extract. Cycling
conditions for all PCR reactions were 93 °C for 5
min, followed by 34 cycles of 93 °C for 30 s, 55 °C
for 1 min, and 72 °C for 1 min. A final extensioh o
72 °C for 6 min was also employed. The PCR
products were run on 1.5% agarose gels, stained
with ethidium bromide, and visualized under UV
transillumination.
Data analysis

The repeat units of each locus were
determined by subtracting the size of flanking
regions (offset size) from PCR amplicon size and
then dividing the difference by the repeat sizee Th
result was then rounded to the nearest integeevalu
to simplify reporting of MLVA data. Repeat units
were imported into Microsoft Excel. The minimum
spanning tree (MST) was constructed with a
categorical coefficient based on allelic profilels o
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the Shigella strains using the trial version of Ridom
MLVA compare software (Ridom® GmbH,
Germany). MST is a convenient complementary
tool to cluster multiple isolates and visualize the
relative diversity within different lineage. A
dendrogram of genetic relationships was also
generated using the unweighted pair group method
with arithmetic averages (UPGMA) method (21).
Sflexneri Sf2457T (serotype 2a) was also included
as an outgroup.

Of the 53Shigella isolates,S. sonnei (50.9%,
n= 27) was the most common, followed I3y
flexneri (35.8%, n= 19)S. boydii (9.4%, n=5), and
S dysenteriae (3.8%, n= 2). The age distribution
data revealed thashigella was isolated from 40
(75.5%) cases in the 2-5 year-old, 11 (20.7%) én th
6-12 year-old and 2 (3.8%) i one year-old age
groups. Furthermore, this difference was
statistically significant (P< 0.001), suggestingtth
the peak age of shigellosis was 2-5 years in
children. MLVA based on seven VNTR loci was
carried out to characterize thghigella isolates
(Figure 1). Overall, Shigella isolates were
discriminated into 36 different MLVA types
(genotypes). Almost all of the strains were
classified into five clonal complexes (CCs). CCs
are defined as a group of allelic profiles in which
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every profile shares at least 5 loci in common with
at least an other member of the group. MST
analysis showed that most of tBesonnei strains
fell into one CC (i.e. CC2), whereas most of e
flexneri strains were categorized into three CCs (i.e.
CC1, CC3, and CC5) (Figure 2). The UPGMA
dendrogram with detail information including
isolate code, species, and allelic profile is shamwn
Figure 3. All theShigella isolates were categorized
into two main clusters (i.e. cluster A and clusgr
Cluster A consisted of two subclusters, which
represented most of our isolates (n=47).
Interestingly, subcluster Al contains or8ysonnei
isolates, whereas subcluster A2 is relatively diger
Cluster B only includes some strains ®fboydii
andsS. flexneri.

Discussion

In developing countries, poor hygiene, lack of
clean water supply and overcrowded living
conditions facilitateShigella transmission, mainly
through direct oral-fecal contamination. Whig
flexneri is primarily endemic in developing world
Sssonnei is more commonly reported in industri-
alized countries. Based on a surveillance study in
six countries across Asi&, flexneri was the most
frequently isolatedshigella species in Bangladesh,
China, Indonesia, Pakistan, and Vietnam, wille
sonnei was the predominant species in Thailand.
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Fig. 1. Polymorphism of ms07, ms09, ms11, and ms32 lodifferentShigella species. The number of repeats can be directlyadetioy

manual reading. The numbers above the PCR amplranvide the repeat numbers of each VNTR locusekavi, DNA markers.
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Fig. 2. Minimum spanning tree (MST) f&@higella isolates. Each circle represents one strain withigue genotype (MLVA profile). Ti
size of the circles indicates the number of isslaféhe number of loci which differ between two ML\M#pes is indicated on the li
connecting the MLVA types. Clonal Complexes (CC®ravindicated by grey halos. The color of the esctorresponds t6higella
speciesS flexneri Sf2457T [serotype 2a] was also used as an outgroup

Table 1.PCR primers for specific VNTR loci and their capending tandem repeat (TR) and offset size|
reference straif®. flexneri 2457T chromosome.

VNTR locus Primer sequence (5'to 3") Tandem Offset Referenc
Repeat size,bp es
(TR) size, bp
ms06 F: AAA CGG GAG AGC CGG TTATT 39 223 20
R: TGT TGG TAC AAC GGC TCC TG
ms07(CVNO0O01) F: GTC AGT TCG CCC AGA CAC AG 39 353 20
R: CGG TGT CAG CAA ATC CAG AG
ms09 F: GTG CCATCG GGC AAA ATT AG 179 177 20
R: CCG ATA AGG GAG CAG GCT AGT
msl11 F: GAA ACA GGC CCA GGC TAC AC 96 286 20
R: CTG GCG CTG GTT ATG GGT AT
ms21 F: GCT GAT GGC GAA GGA GAA GA 141 82 20
R: GGG AGT ATG CGG TCA AAA GC
ms23 F: GCT CCG CTG ATT GACTCCTT 375 209 20
R: CGG TTG CTC GAC CAC TAACA
ms32 F: GAG ATT GCC GAAGTG TTG C 101 254 20

R: AAC TGG CGG CGT TTATCA AG

However,S. boydii is mainly restricted to the Indian sonnei which may suggest the possible succession
subcontinent, being the second most abundant of S flexneri by S. sonnei in urban areas in Iran

species isolated in Bangladesh (22). Similar to as the standard of living improved, as inferred
many previous studies from developing countries  from observations obtained from industrialized

(22-24), S. flexneri is still predominant species in countries (2, 3).
many parts of Iran (25, 26). However, in the présen MLVA is an effective molecular typing
study, almost half of the isolates belongedSo technique based on counting the number of VNTR
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Fig. 3. UPGMA analysis ofShigella isolates based on VNTR profiles. The highlightetbs represenshigella speciesS flexneri Sf2457

[serotype 2a] was also used as an outgroup.
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repeats and has advantages such as rapidity, ease, studies showed that MLVA has the potential to

and convenience of interpretation. Since VNTR loci
have various degrees of variability, they are usefu
molecular markers for phylogenetic and evolutio-
nary study of bacterial pathogens. MLVA has been
applied to investigate the clonal relationships
among isolates dE. coli andShigella species (20).

In this study, we used MLVA profiles to establish
phylogenetic relationships among 5Shigella
isolates. Moreover, our MLVA assay could
effectively distinguish the foughigella species. In
the current surveyS flexneri isolates showed
higher diversity compared t& sonnei isolates.
This is not a surprise because unliksonnei,
which has only one serotyp8, flexneri has eight
serotypes with at least 12 subserotypes (27). In
recent years, several MLVA assays have been
developed for Shigella species. In a study
conducted by Qu et al. (2012) in Beijing, China,
180 strains of. flexneri andS. sonnei were divided
into 84 MLVA subtypes based on 10 VNTR loci
(28). In a study by Koh et al. 40 strainsSfonnei
strains were isolated during the years 1997-2000,
and during 2007-2009 they were classified into
different clones based on 7 VNTR loci. They
demonstrated thatS sonnei isolates with no
epidemiological linkage were clustered together
which could be due to traveling within the country
and/or person-to-person spread of a particulainstra
over a long period of time with minor genetic
changes (8). lzumiya et al. analyz&l sonnei
strains isolated from cases associated with foreign
travel in Japan by MLVA and they showed that
these isolates could be grouped into several chiste
based on their countries of origin (11). In another
study, Chiou et al. used 26 VNTR loci for
phylogenetic analysis of 91& sonnei isolates
collected in Taiwan over 9 years (10). Wang et al.
also developed and evaluated MLVA assay based
on 36 VNTR loci for discriminating the different
serotypes ofS flexneri (27). Generally, these
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replace other genotyping methods as a standard
method for Shigella typing. However, lack of
standardization of the methodology and interpretive
criteria is problematic and hinders comparison of
data between laboratories (9).

On the other hand, it is important to note that
most of these mentioned MLVA schemes require a
high precision of DNA length measurement, for
instance, by microcapillary electrophoresis and
fluorescent markers because the selected VNTRs
have very short repeat units. Moreover, developing
countries have limited accessibility to such
equipment and their expenditures would be a major
obstacle for many laboratories (20, 29). In this
study, we exploited VNTR markers which can be
easily analyzed by eye on agarose gels. Hence, this
assay can be performed in a laboratory equipped
with simple equipment.

The present study provided valuable insights
into the genetic heterogeneity giigella species in
Tehran. We hope that our findings can be helpful
for further epidemiological surveillance Shigella
speciesin our country in the future. Finally, this
study showed that MLVA is a promising typing
technique for epidemiological studies Sfigella
species due to low cost, the speed of analysis, and
the ability to produce numerical data which can be
easily shared among laboratories.
Acknowledgement

The authors are grateful to the Molecular
Biology Research Center, of Bagiyatallah Univer-
sity of Medical Sciences, Tehran, Iran.

Conflict of interests
The authors declared no conflict of interests.

Rferences

1. Boschi-Pinto C, Velebit L, Shibuya K. Estimatirgild
mortality due to diarrhoea in developing countriBsll World
Health Organ 2008;86:710-7.

2. Farshad S, Ranjbar R, Hosseini M. Molecular ®gring of


http://ijmcmed.org/article-1-311-en.html

[ Downloaded from ijmemed.org on 2025-11-04 |

Shigella sonnei Strains Isolated From Children hWARioody

Diarrhea Using Pulsed Field Gel Electrophoresisttom Total

Genome and PCR-RFLP of IpaH and IpaBCD Genes.

Jundishapur J Microbiol 2015;8:€14004.

3. Ranjbar R, Ghazi FM, Farshad S, et al. The oeoge of
extended-spectrum beta-lactamase producing Shigeia in
Tehran, Iran. Iran J Microbiol 2013;5:108-12.

4. Pichel M, Gonzalez Fraga S, Terragno R, et labrtSreport:
analysis of clonal relationship among Shigella sdrirolates
circulating in Argentina. Epidemiol Infect 2007;1881-7.

5. Ruekit S, Wangchuk S, Dorji T, et al. Molecular
characterization and PCR-based replicon typing aftidrug
resistant Shigella sonnei isolates from an outbieakhimphu,
Bhutan. BMC Res Notes 2014;7:95.

6. Jin YH, Oh YH, Jung JH, et al. Antimicrobial isance
patterns and characterization of integrons of Skigsonnei
isolates in Seoul, 1999-2008. J Microbiol 2010;88:22.

7. Cao Y, Wei D, Kamara IL, et al. Multi-Locus Seqae
Typing (MLST) and Repetitive Extragenic Palindromic
Polymerase Chain Reaction (REP-PCR), charactarizatif
shigella spp. over two decades in Tianjin China. JnMol
Epidemiol Genet 2012;3:321-32.

8. Koh XP, Chiou CS, Ajam N, et al. Characterizatiof
Shigella sonnei in Malaysia, an increasingly premgletiologic
agent of local shigellosis cases. BMC Infect Di§202:122.

9. Chiou CS, Izumiya H, Thong KL, et al. A simplepaoach to
obtain comparable Shigella sonnei MLVA results asro
laboratories. Int J Med Microbiol 2013;303:678-84.

10. Chiou CS, Watanabe H, Wang YW, et al. Utilitf o
multilocus variable-number tandem-repeat analysis a
molecular tool for phylogenetic analysis of Shigeflonnei. J
Clin Microbiol 2009;47:1149-54.

11. Izumiya H, Tada Y, Ito K, et al. Characteriratiof Shigella
sonnei isolates from travel-associated cases imanJap Med
Microbiol 2009;58:1486-91.

12. Cabrera R, Echeita A, Herrera S, et al. Antibiesistance,
plasmid profile and ribotyping in Cuban Shigellaxsei strains.
Rev Esp Quimioter 2006;19:76-8.

13. Hinojosa-Ahumada M, Swaminathan B, Hunter SBale
Restriction fragment length polymorphisms in rRNgecons for

subtyping Shigella sonnei. J Clin Microbiol 1991 2380-4.

Ranjbar R et al.

14. Nastasi A, Pignato S, Mammina C, et al. rRNAae
restriction patterns and biotypes of Shigellar&s. Epidemiol
Infect 1993;110:23-30.

15. Lee TM, Chang LL, Chang CY, et al. Molecularlgsis of
Shigella sonnei isolated from three well-documerdatbreaks
in school children. J Med Microbiol 2000;49:355-60.

16. Farshad S, Sheikhi R, Japoni A, et al. Charaeateon of
Shigella strains in Iran by plasmid profile anadysind PCR
amplification of ipa genes. J Clin Microbiol 2008;2879-83.
17. Kosek M, Yori PP, Gilman RH, et al. Facilitatewlecular
typing of Shigella isolates using ERIC-PCR. Am d»pmMed
Hyg 2012;86:1018-25.

18. Liang SY, Watanabe H, Terajima J, et al. Modtils
variable-number tandem-repeat analysis for moledyjzing of
Shigella sonnei. J Clin Microbiol 2007;45:3574-80.

19. Tajbakhsh M, Garcia Migura L, Rahbar M, et al.
Antimicrobial-resistant  Shigella infections from air. an
overlooked problem? J Antimicrob Chemother 2012;628-33.
20. Gorge O, Lopez S, Hilaire V, et al. Selectmal validation
of a multilocus variable-number tandem-repeat aiglyanel for
typing Shigella spp. J Clin Microbiol 2008;46:1026-

21. Weniger T, Krawczyk J, Supply P, et al. MIRU-VRplus:
a web tool for polyphasic genotyping of Mycobaateri
tuberculosis  complex bacteria. Nucleic Acids Res
2010;38:W326-31.

22. von Seidlein L, Kim DR, Ali M, et al. A multicgre study of
Shigella diarrhoea in six Asian countries: disdase&len, clinical
manifestations, and microbiology. PLoS Med 200833

23. Angelini M, Stehling EG, Moretti ML, et al. Metular
epidemiology of Shigella spp strains isolated iro tdifferent
metropolitam areas of southeast Brazil. Braz J Ofiwi
2009;40:685-92.

24. Ghosh S, Pazhani GP, Chowdhury G, et al. Geneti
characteristics and changing antimicrobial reststammong
Shigella spp. isolated from hospitalized diarrhogatients in
Kolkata, India. J Med Microbiol 2011;60:1460-6.

25. Jomezadeh N, Babamoradi S, Kalantar E, es@lation and
antibiotic susceptibility of Shigella species fr@tool samples
among hospitalized children in Abadan, Iran. Gastterol
Hepatol Bed Bench 2014;7:218-23.

26. MoezArdalan K, Zali MR, Dallal MM, et al. Prdeace and

Int J Mol Cell Med Summer 2015; Vol 4 No 3 180


http://ijmcmed.org/article-1-311-en.html

[ Downloaded from ijmemed.org on 2025-11-04 |

Genotyping of Shigella spp. by MLVA

pattern of antimicrobial resistance of Shigell&@@dps among
patients with acute diarrhoea in Karaj, Tehiean. J Health
Popul Nutr 2003;21:96-102.

27. Wang YW, Watanabe H, Phung DC, et al. Multibcu
variable-number tandem repeat analysis for moledytang and
phylogenetic analysis of Shigella flexneri. BMC Mibiol
2009;9:278.

28. Qu M, Zhang X, Huang Y, et al. Multilocus véignumber

181 Int J Mol Cell Med Summer 2015; Vol 4 No 3

tandem-repeat analysis for molecular subtypes oigeBha
isolates in Beijing. Zhonghua Yu Fang Yi Xue Za Zhi
2012;46:329-33.

29. Pourcel C, Hormigos K, Onteniente L, et al. daved
multiple-locus variable-number tandem-repeat assky
Staphylococcus aureus genotyping, providing a kighl
informative technique together with strong phylogtanvalue. J

Clin Microbiol 2009;47:3121-8.


http://ijmcmed.org/article-1-311-en.html
http://www.tcpdf.org

