
O
R

IG
IN

A
L 

 
A

R
T

IC
LE

153

Frequency and antimicrobial susceptibility of Shigella species 
isolated in Children Medical Center Hospital, Tehran, Iran, 
2001-2006

Authors

BabakPourakbari1,2

SetarehMamishi,MD2

NegarMashoori3

NastaranMahboobi3

MohammadHAshtiani4

ShahlaAfsharpaiman5

MasomehAbedini6

1PediatricsInfectious
DiseasesResearchCenter,
TehranUniversityofMedical
Sciences,Tehran,Iran.
2DepartmentofInfectious
Disease,SchoolofMedicine,
TehranUniversityofMedical
Sciences,Tehran,Iran.
3SchoolofMedicine,Tehran
UniversityofMedical
Sciences,Tehran,Iran.
4DepartmentofPathology,
SchoolofMedicine,Tehran
UniversityofMedical
Sciences,Tehran,Iran.
5DepartmentofPediatrics,
SchoolofMedicine,
SanandajUniversityof
MedicalSciences,Tehran,
Iran.
6DepartmentofPediatrics,
SchoolofMedicine,
BaghiatallahUniversityof
MedicalSciences,Tehran,
Iran.

Submittedon:05/23/2009
Approvedon:08/18/2009

Correspondence to: 

SetarehMamishi,MD
DepartmentofPediatrics
–InfectiousDisease
ChildrenMedicalCenter
Hospital
MedicalSciences/
UniversityofTehran
No.62,GharibSt.,
KeshavarzBlvd.
Tehran–Iran
Phone:980216428996
Fax:980216428996
E-mail:smamishi@sina.
tums.ac.ir

Wedeclarenoconflictof
interest.

ABSTRACT

Appropriateantimicrobial treatmentof shigellosisdependson identifying itschangingresistance
patternovertime.Weevaluated15,255stoolculturesubmittedfromJuly2001toJune2006tothe
LaboratoryofChildrenMedicalCenterHospital.Specimenculture,bacterialidentiication,anddisk
diffusionsusceptibilitytestingwereperformedaccordingtoNationalCommitteeforClinicalLabo-
ratoryStandardsguidelines.From15,255stoolsamples,682(4.5%)werepositiveforShigellaspe-
cies.ThemostcommonspeciesofShigellawereS.flexneri(48%)andS.sonnei(45%);otherresults
wereS.dysenteriae(5%)andS.boydii(2%).TherateofSensitivitytoceftriaxone(95%),ceftizoxime
(94%),andnalidixicacid(84%)wereamongourisolates.Resistancetoco-trimoxazoleandampicil-
linwas87%and86%,respectively.S.flexneriwasmoremultiresistantthanotherspecies(47.9%).
Ourisolatesareoverallmostsensitivetoceftriaxone,ceftazidime,andnalidixicacid(>84%).They
weremostresistanttoco-trimoxazoleandampicillin(>86%).Becauseresistancevariesaccordingto
speciiclocation,continuouslocalmonitoringofresistancepatternsisnecessaryfortheappropriate
selectionofempiricalantimicrobialtherapy.

Keywords: Shigella,antimicrobialsusceptibility,dysentery.
[BrazJInfectDis2010;14(2):153-157]©ElsevierEditoraLtda.

INTRODUCTION

Dysentery caused by Shigella species is called
shigellosis,whichisoneofthemostcommon
causesofdysenteryinchildren.Itisresponsible
forincreasedcasesofmorbidityandmortality
indevelopingcountries.Globalstudiessuggest
there are 164.7million episodesof shigellosis
peryear,ofwhich163.2millionwereindevel-
opingcountries,and1.5million indeveloped
countries.Theseepisodesresultin1.1million
deaths,ofwhich two-thirdsoccur in children
under5yearsofage.1

The epidemiology and antibiotic suscep-
tibility of Shigella species changes over time.
Treatment of shigellosis by appropriate anti-
microbial agentshasproven tobeeffective in
shorteningthedurationoffever,diarrheaand
toxemia,andapparentlyinreducingtheriskof
lethalcomplicationsaswell.Also,theexcretion
ofpathogeninstoolisshortenedsigniicantly,
reducing the spread of infection.2 Appropri-
ateantibiotictreatmentofshigellosisdepends
onidentifyingresistancepatterns.So,updated
knowledge of Shigella susceptibility is neces-

saryforappropriateempiricalantibiotictreat-
ment.Inthisstudy,weassessedthefrequency
ofShigella species and their antimicrobial re-
sistance at Children’sMedical Center (CMC)
HospitalbetweenJuly2001andJune2006.The
aimsof this studywere toanalyzeantimicro-
bial resistance of Shigella isolates to suggest
timelyrecommendationsforempiricalantibi-
otictherapy.

MATERIAL AND METHODS

Source of specimens

We evaluated 15,255 stool culture submitted
fromJuly2001toJune2006totheLaboratory
ofCMCHospital.OnlyoneShigellaisolateper
patient per diarrheal episode was included in
the analysis.All the included patients lived in
Tehranatthetimeofstudyandtheywerenot
hospitalized or received any antibiotic during
themonthbeforepresentationwithshigellosis.
Inadditiontobeingareferraltertiarycarecen-
tre,CMCHospitalisoneoftheeducationalhos-
pitalsofTehranUniversityofMedicalSciences.
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Microbial examination

Stool specimens were cultured on Salmonella-Shigella
(SS)AgarandEosinmethyleneblue (EMB)agarand in-
cubated at 37°C for 1 to 5 days. Biochemical testswere
doneby standardmethodsongrownbacteria to identify
Shigella species,which grouped serologically by slide ag-
glutination with speciic antisera. Antibiotic susceptibil-
ity to ceftazidime, tobramycin, ceftizoxime, ceftriaxone,
chloramphenicol, kanamycin, nalidixic acid, cephalothin,
co-trimoxazole,ampicillin,gentamicinandamikacinwas
determinedinallspecimensbydiscdiffusionmethodac-
cordingtotheNationalCommitteeforClinicalLaboratory
Standards (NCCLS).3Toverify that susceptibility test re-
sultswere accurate,we usedE. coliATCC 25922 as con-
trolstrainaccordingNCCLSguideline.3Theantimicrobial
agentsselectedforanalysiswerethosecommonlyincluded
inthetreatmentofshigellosisinIran.Resultswereinter-
pretedaccordingtoNCCLSguidelinesaseithersensitive,
intermediate, or resistant.4 In our study, we considered
both intermediateandresistantasresistant. Isolateswere
consideredmultiresistantiftheywereresistanttoampicil-

Table 1. Frequency of Shigella species isolated from 

stool cultures of patients at Children Medical Center 

Hospital, Tehran, Iran

Shigella species Frequency Percent

S. flexneri 190 47.9

S. sonnei 179 45.1

S. dysenteriae 20 5.0

S. boydii 8 2.0

Total 397 100.0

lin and co-trimoxazole.5 Antimicrobial susceptibility re-
sultswere roundeddown if< 0.5 andwerepresented as
wholenumbersif≥0.5.
Statistical analysis

The signiicance of differences in proportions of antimi-
crobialresistanceofShigellaspecieswasdeterminedbythe
chi-squaretestortheFisherExacttest(whentheexpected
valuein>20%ofthecellswas<5).P-value<0.05wascon-
sidered statistically signiicant. Statistical calculationswere
performedwithSPSSstatisticalsoftware(version13.0;SPSS
Inc.,Chicago,IL,USA).

 

RESULTS

From 15,255 stool samples, 682 (4.5%) were positive for
Shigellaspecies.Thespeciesof397outof682Shigella iso-
latesweredetermined.ThemostcommonspeciesofShigella 

wasS.flexneri(48%)andS.sonnei(45%),andotherresults
wereS.dysenteriae(5%)andS.boydii(2%)(Table1).Shigel-
laisolatesweretotallymostsensitivetoceftriaxone(95.4%),
ceftizoxime(94%),andnalidixicacid(83.5%);andmostre-
sistant toco-trimoxazole (87%)andampicillin (86%).All
resultsareshowninTable2.S.flexneriwasmostsensitiveto
Ceftriaxone (94%),Ceftizoxime(90%),andNalidixicacid
(89%);andmostresistanttoAmpicillin(96%)andCo-tri-
moxazole(90%).Comparingtheresultsofsusceptibilityby
yearoverthestudyperiod,itwasfoundincreaseofratesof
resistancetocefazolin,ceixime,tobramycin,amikacininS.
flexneriisolates(p-value<0.05).S.sonneiwasmostsensitive
toceftizoxime(98%),ceftriaxone(97%),andchlaromphen-
icol(93%);andmostresistanttoco-trimoxazole(92%)and
ampicillin (73%). These isolates comparing the results of
susceptibilitybyyearshowedincreaseofratesofresistance

Table 2. In vitro antimicrobial susceptibility of Shigella species isolated from stool cultures at Children Medical 

Center Hospital, Tehran, Iran 

Antibiotics                       Sensitive                             Resistant

 n valid percent n valid percent

Chloramphenicol 308 67% 134 30%

Nalidixic acid 543 84% 107 16%

Tobramycin 486 80% 112 20%

Gentamicin 537 82% 121 18%

Amikacin 530 82% 115 18%

Kanamicin 235 40% 358 60%

Ampicillin 94 14% 577 86%

Co-trimoxazole 83 12% 581 88%

Cephalotine 374 58% 276 42%

Ceftizoxime 586 94% 40 6%

Ceftazidime 312 73% 118 27%

Ceftriaxone 596 95% 29 5%

FrequencyandantimicrobialsusceptibilityofShigellaspecies



155BrazJInfectDis2010;14(2):153-157

tokanamycin, cefalotin, ampicillin, gentamycin, amikacin,
ceftriaxone, ceftazidime, tobramycin (p-value < 0.05). S.
dysenteriae was completely sensitive to ceftriaxone, cefti-
zoxime, cephalotine, co-trimoxazole (100%), and it was
mostresistanttokanamycin(100%),amikacin(63%),and
nalidixicacid(63%).S.boydiiwas totallysensitive togen-
tamicin,amikacin,ceftriaxone,ceftizoxime,ceftazidime,and
tobramycin (100%); andmost resistant to co-trimoxazole
(75%),cephalotine(75%),ampicillin(63%),andkanamy-
cin(60%)(Table3).InS.dysenteriaeandS.boydiiisolates
werenotseenanyvaluablesigniicanceinrateofresistance
whencomparing the resultsby theyears.Among682 iso-
lates,500isolatesweremultiresistant(74%).S.flexneriwas
moremultiresistantthanotherspecies(Table4).

 

DISCUSSION

Fromtheepidemiologicperspective,Shigella isapathogen
thatpersistsasamajorpublichealthproblemindeveloping
countries, causing treatment centervisits,hospitalizations,

Table 3. In vitro antimicrobial susceptibility of various species of Shigella isolated from stool cultures at Chil-

dren Medical Center Hospital, Tehran, Iran

Antibiotics                              S. flexneri                          S. sonnei                S. dysenteriae                   S. boydii

 n valid n Valid n valid n valid

  percent  percent  percent  percent

Chloramphenicol 37 32% 136 93% 14 82% 6 75%

Nalidixic acid 162 89% 137 80% 6 38% 6 75%

Tobramycin 138 79% 129 79% 16 80% 7 100%

Gentamicin 152 82% 139 81% 9 45% 8 100%

Amikacin 151 84% 136 81% 7 37% 8 100%

Kanamicin 64 42% 64 39% - - 2 40%

Ampicillin 7 4% 47 27% 18 95% 3 38%

Co-trimoxazole 19 10% 13 8% 18 100% 2 25%

Cephalotine 96 53% 112 66% 19 100% 2 25%

Ceftizoxime 147 90% 167 98% 4 100% 8 100%

Ceftazidime 72 64% 88 87% 16 94% 4 100%

Ceftriaxone 161 94% 158 97% 19 100% 8 100%

anddeaths,althoughitalsoremainsanintermittentcause
ofmorbidityandmortalityinhighriskgroupsinindustrial-
izedcountries.

S. sonnei is thepredominantShigella species isolated
indeveloped countries,2,6,7whereas indeveloping coun-
tries and low socio-economic conditions, S. flexneri 
predominates.1,2,6,8-10 In our study,S. flexneri (48%)was
themost common, followed by S. sonnei (45%). Other
specieswererare(S.dysenteriaeandS.boydii5%and2%,
respectively).
Our isolates are overall most sensitive to ceftriaxone,

ceftazidimeandnalidixicacid(>84%).Theyweremostre-
sistanttoco-trimoxazoleandampicillin(>86%)whichwas
compatiblewithotherstudies.1,2,5

Antibioticsusceptibilityresultsaretosomeextentdiffer-
entamongdifferentspecies.S.flexneri, themostcommon
species,wasmostsensitivetoceftriaxone,ceftizoxime,and
nalidixicacid;andS.sonneiwasmostsensitivetoceftizoxi-
me,ceftriaxone,andchloramphenicol.S.flexneriwasmore
sensitivetonalidixicacidthanS.sonnei(p-value<0.05)and
S. sonneiwasmore sensitive tocephalosporines (ceftizoxi-
me, ceftriaxone, ceftazidime, cephalotine) than S. flexneri 
(p-value<0.05).Itshowsthatforanempirictherapy,when
the suspected species is S. flexneri, nalidixic acid will be
moreeffectiveanditsresistancetrendoverthestudyperiod
hadnot valuable signiicance,while third cephalosporines
will bemore effective than nalidixic acid in treatment of
shigellosis due to S. sonnei. S. flexneri and S. sonnei were
mostresistanttoampicillinandco-trimoxazole.S.flexneri 
was more resistant to ampicillin than S. sonnei (p-value
<0.0001).Otherreportsfromallovertheworldalsoindicate

Table 4. Frequency of multiresistant* Shigella spe-

cies isolated from stool cultures at Children Medical 

Center Hospital, Tehran, Iran

Shigella species Frequency Percent

S. flexneri 158 83%

S. sonnei 106 59%

S. dysenteriae 12 60%

S. boydii 4 50%

Pourakbari,Mamishi,Mashoorietal.
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highresistancerates(58.3%to85%)forampicillin.Studies
fromGreece12andOregon13didnotreportspeciesspeciic
sensitivity,andresultsfromIsrael7haveshownsimilarhigh
resistanceratesforbothS.sonneiandS.flexneri(87%and
71%,respectively).2,12-14Thehighrateofresistanttoampi-
cillinandco-trimoxazole,whichwasreportedinthisstudy,
was similar to those reported by the Centers for Disease
ControlandPrevention,NARMSdatafrom2001andother
studies.5,11InMalaysia,theco-trimoxazoleresistancerateof
S.sonneiwasrelativelylow(37.1%).1Inonestudy,S.flexneri 
wasmuchmoreresistanttochloramphenicolcomparedwith
S.sonnei.14Thisisalsoinaccordancewiththeotherreports.
OnestudyfromOregonreportedarateof72%resistanceof
S.flexneri tochloramphenicol,whereastheresistanceofS.
sonneiwasonly1%.13Inourstudy,allShigellaspecieswere
sensitive tochloramphenicol, exceptS.flexneri,whichwas
resistanttoit(68%).Ampicillinandchloramphenicolwere
the inexpensive and broad-spectrum antimicrobial agents
commonlyusedindevelopingcountries.Increaseofresist-
ancetoampicillinorchloramphenicolisoftenrelatedwith
extensiveuseoftheseantimicrobialagents.1

This information is important because S. flexneri and
S.sonneiarethemostcommonspeciesanditshouldbetak-
enintoaccountfortreatment.Co-Trimoxazoleisacommon
drugusedasanempirictherapyintreatmentofshigellosis
andotherdiarrhealdiseasesofbacterialorigins.Theexten-
sive use of this drughas contributed to the emergence of
resistantS.sonneiandsustainedtheresistanttrait.1,15,16

Inaddition toco-Trimoxazoleandampicillin,ongoing
resistanceofShigellaspeciestotetracycline,chlorampheni-
col,andmostrecentlytofluoroquinoloneshasbeenshown.
Oral aminoglycosides and irst and second generation ce-
phalosporinsareclinicallyineffective,despitetheirinvitro
activity.5,17-21 InourstudyShigella specieswere sensitive to
aminoglycosides,exceptkanamycin.Kanamycinisamem-
berofaminoglycosides,whichresistancetoitwasreported
beforebyLeeet al.(2001)andJeonget al.(2003).22,23They
hadreportedtheemergenceofkanamycin-resistantS.son-
neiisolatesinKorea.1Althoughresistancetofluoroquinolo-
neshasbeenrarelyreported,nearlyallShigella isolatesare
susceptible to these agents. Indeed, quinolones,which are
also eficacious against other causes of bacterial gastroen-
teritis,areoftenrecommendedasempiricaltherapyinareas
withhighresistancetoShigellaspp.Theyare,however,not
approvedforchildrenbecauseofthepotentialriskofdam-
agetogrowingcartilage.2,6,24Anothersuitableantibioticfor
treatment in childrenwith severe shigellosis, especially in
thosewhoarehospitalized,isparenteralceftriaxone,which
iseffectiveandusuallyrecommended.2Inthisstudy,Shigella 

species(esp.S.dysenteriaeandS.boydii)hadhighsensitivity
toceftriaxone.
Inmilder cases in children, choosing the optimal oral

therapyismoreproblematicandshouldbebasedonlocal

epidemiologicaldata.Nalidixicacidorextendedspectrum
cephalosporins are usually adequate.2 In our study, Shig-
ella species (esp. S. dysenteriae and S. boydii) were highly
sensitive to third generation cephalosporins (ceftiaxone,
ceftizoxime, ceftazidime). Despite some studies that has
reported resistance tonalidixic acid (esp. aboutS. flexneri 
andS.dysenteriae),8,9,25 Shigellaspecieswerealsosensitiveto
nalidixicacid,andS.flexneriisolateswereevenmoresensi-
tivetoitthanotherspecies.Thisdatamakesnalidixicacid
stilloneofthemostappropriateantibioticsfortreatmentof
shigellosisduetoShigellaspecies’sensitivitytoit,itscostand
itseasyaccessibilityinIran.S.dysenteriaecausesoneofthe
most severe formsof epidemic severedysenteries.26 Itwas
mostsensitivetoceftriaxone,ceftizoxime,cephalotine,and
co-trimoxazole;andmostresistanttokanamycin,amikacin
andnalidixicacid.
Multiresistancetotheantimicrobialagentsusedintreat-

mentofshigellosishasbeenreportedinmanypartsofthe
world.1,22,23,27,28Inourstudy,S.flexneriwasmoremultiresist-
antthanotherspecies,whichisveryimportantduetoitsfre-
quency.Ceftriaxoneandciprofloxacinhavebeenshownto
behighlyeffective for shigellosis.5,29-31Ceftriaxonerequires
parenteraladministration,whereasciprofloxacinisavoided
inchildren.
TheincreasingrelativeprevalenceofShigellaspeciesand

the emergenceofnew resistant strainspose a clearpublic
healthproblem.Asresistancetoantimicrobialagentschang-
es constantly, it is important to keep these strains under
surveillanceinordertomonitorthelocalsusceptibilityand
subsequentlyformulatepoliciesfortherationaluseofanti-
microbialagents.
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