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ABSTRACT

Objective: Shigatoxin producing E. coli (STEC) and Enterotoxigenic E. coli (ETEC) are infectious pathogens that have
been implicated in food and waterborne diseases in human all the world. The aim of this study was to determine the
incidence and evaluate antibiotic resistance patterns of STEC and ETEC strains.

Methods: In total 125 frozen foods of animal origin and 466 rectal swabs from children with acute diarrhea were taken
to isolate and identify E. coli strains based on standard procedures. Antimicrobial susceptibility tests for E. coli strains
were performed according to the Clinical Laboratory Standards Institute. Resistance to two or more classes of antimi-
crobials in STEC and ETEC strains was recorded.

Results: A total of 87 strains of E. coli strains were detected from 466 rectal swabs from children with acute diarrhea and
40 strains of E. coli strains were detected from the 125 frozen food samples of animal origin.

Test results indicated a 5.0% and 2.5% prevalence Shiga toxin (stx) and enterotoxin (estA) genes among E. coli strains
isolated from frozen foods of animal origin. Similarly, 5.7% and 4.5% prevalence of Shiga toxin (stx) and enterotoxin
(estA) genes among E. coli strains isolated from children.

Conclusion: We conclude that E. coli stains having Shiga toxin (stx), and enterotoxin (estA) genes considered not to be
a potential source of infections for in Sanandaj; perhaps other enteric pathogens are the major cause of food-borne
diseases. J Microbiol Infect Dis 2013, 3(1): 31-35
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STEC ve ETEC suslarinin antibiyotik diren¢ paternleri: hayvansal kokenli dondurulmus
gidalar ve akut ishalli cocuklar iizerine bir calisma

OZET

Amac: Shigatoxin ureten E. coli (STEC) ve Enterotoksijenik E. coli (ETEC) tim dlinyada gida ve su kaynakli insan hastalik-
larindan sorumlu tutulan enfeksiy6z patojenlerdir. Bu ¢alismanin amaci, STEC ve ETEC suslarinin insidansini belirlemek
ve antibiyotik diren¢ paternlerini degerlendirmektir.

Yontemler: E. coli suslarini izole edilmesi ve standart prosedirler esas alinarak tanimlanmasi icin hayvansal kdkenli
toplam 125 dondurulmus gida ve akut ishali olan ¢cocuklardan 466 rektal striintl alindi. E. coli suslarinin antimikrobiyal
duyarlilik testleri Klinik Laboratuvar Standartlari Enstitlisi’'ne gore yapildi. STEC ve ETEC suslarinda iki ya da daha fazla
antimikrobiyal gruba karsi direng varligi kaydedildi.

Bulgular: Akut ishali olan cocuklardan alinan 466 rektal stirintli 6rneginden toplam 87 E. coli susu ve 125 dondurulmus
hayvansal kdkenli gida 6rneginden 40 E. coli susu tespit edildi. Test sonuclar hayvansal kékenli dondurulmus gidalar-
dan izole edilen E. coli suglarindaki Shiga toksin (stx) ve enterotoksin (estA) genlerinin prevalansini %5,0 ve %2,5 olarak
gOsterdi. Benzer sekilde, cocuklardan izole edilen E. coli suslarinda Shiga toksin (stx) ve enterotoksin (estA) genlerinin
prevalansi ise %5,7 ve %4,5 idi.

Sonug: Shiga toksin (stx), ve enterotoksin (estA) genleri bulunduran E. coli suslarinin, Sanandaj igin potansiyel bir enfek-
siyon kaynagi olmadigi sonucuna vardik; belki de gida kaynakli hastaliklarin en 6nemli nedeni diger enterik patojenlerdir.

Anahtar kelimeler: E. coli, akut ishal, cocuklar, dondurulmus gida érnedi, stx ve estA geni
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INTRODUCTION

Several strains of E. coli, such as Shiga toxin- pro-
ducing Escherichia coli (STEC), and enterotoxi-
genic Escherichia coli (ETEC), are recognized as
important human pathogens of animal origin that
are responsible for variety of diseases and consti-
tute one of the most important causes of food-borne
disease worldwide.™® The global incidence of food-
borne disease is difficult to estimate, but it has been
reported that in 2000 alone, 2.1 million people died
from diarrheal diseases.®

Except for a few countries such as Japan,
surveillance of food-borne disease in Asia is non-
existent or not systematic.” There is a necessity
to establish or strengthen the national food-borne
disease surveillance programs in these countries.
In addition, diarrheal diseases are major causes of
morbidity, with attack rates ranging from 2 to 12 or
more episodes per person per year, especially in
developing countries. Moreover, diarrheal illnesses
account for an estimated 12,600 deaths each day
in children under than 5 years of age in Asia, Africa,
and Latin America.®

On the other hand, frozen foods of animal ori-
gin constitute a vast reservoir of E. coli, and it is
not surprising that human infection can frequently
be traced to contamination of food or water with
animal manure. Food contamination with antibiotic
resistant bacteria could be a major threat to public
health as the antibiotic resistance determinants can
be transferred to other pathogenic bacteria, causing
compromise in the treatment of severe infections.
The prevalence of antimicrobial resistance among
food-borne pathogens has increased during recent
decades.®"

Therefore, this study aimed to detect Shiga tox-
in (stx) and enterotoxin (estA and elt) genes among
E. coli strains isolated from frozen foods of animal
origin and children with acute diarrhea and evalua-
tion on antibiotic resistance

METHODS

Total of 125 frozen foods of animal origin (chicken,
fish, mince, slice kebab meat, and beef burger)
were purchased from local malls and transported to
the laboratory for isolation and identification of E.
coli strains based on procedure of Institute of Stan-
dards and Industrial Research of Iran.'? Similarly,
a total of 466 rectal swabs were examined for the
presence of E. coli strains in children between the
ages of one month to five years, in this study. The
specimens were processed at the Beassat Hospital,
Sanandaj, which is a reference center for children
in Kurdistan province. The E. coli were isolated and
identified based on biochemical tests.™ It is worth to
note that this study is based on our previous study.™

Antimicrobial susceptibility testing

The antimicrobial susceptibility testing for E. coli
strains to various antimicrobial agents were deter-
mined using disk diffusion assay according to the
Clinical Laboratory Standards Institute.'

Identification of virulence genes

DNA primers used to screen for the presence of
stx1, stx2, estA and elt genes in E. coli shown in
Table 1. STEC was identified by the presence of
stx gene according to Lin procedure and ETEC by
the presence of estA and elt genes according to
Rappelli procedure.16,17 In brief, the PCR mixture
contained: 2 L of template DNA, 2 uL of 10X PCR
buffer, 1.6 ul of a 1.25 mM of dNTP mix , 1.5 L
of MgCI2 (25 mM), 0.2 uL of AmpliTag DNA poly-
merase (5 U/ pl); 1 pL of each primer (10 pmol),
15.7 L of distilled water. Amplification (GeneAmp
PCR System 2400; Perkin Elmer) was carried out
by heating for 5 min at 94°C, followed by 35 cycles
of 94°C for 60 s, 50°C (for eltB), 52°C, (for estA),
43°C (for stx) for 60 s and 72°C for 60 s, followed by
one cycle at 72°C for 7 min.

Table1. Polymerase ) i
chain reaction (PCR) Pathogen Gene  PCR primers Size of product (bp)
primers used in this 5_-TCTAT )
- gTgCATACggAgC-3
study ETEC et 5 ATACTgATTCCQCAAT-3 322
ost 5-TAAACAAQTAgAggTCTTCAAAA-3’ 147
5-CggTACAgAgCAggATTACAACA-3’
5-ACgAAATAATTTATATGT-3’
STEC S 5 TgATTGTTACAQGTCAT-3 900
ETEC (enterotoxigenic Escherichia coli); STEC (Shiga toxin- producing Echerichia coli),
Heat-labile toxin (elt); Heat-stable toxin (est); Shiga toxin (stx)
J Microbiol Infect Dis www.jmidonline.org Vol 3, No 1, March 2013



Kalantar E, et al. Antibiotic resistance patterns of STEC and ETEC strains 33

Gel electrophoresis was carried out on 1.5%
w/v agarose gel (Gibco Life Technologies, Paisley,
United Kingdom) at 120 mV for 30 min. A molecu-
lar marker (100 bp DNA ladder; Fermentas) was
run concurrently. The DNA bands were visualized
and photographed under UV light after the gel was
stained with ethidium bromide.

RESULTS

A total of 87 strains of E. coli strains were detected
from 466 rectal swabs from children with acute diar-

rhea. Similarly, 40 strains of E. coli strains were de-
tected from the 125 frozen food samples of animal
origin. The in vitro antibiotic susceptibility pattern of
E. coli strains isolated from children showed that 78
(89.7%), 77 (88.6%), 69 (79.4%), and 66 (75.9%) of
isolates were found to be resistant to tetracycline,
chloramphenicol, ampicillin and cefixime respec-
tively. Similarly, the in vitro antibiotic susceptibility
pattern of E. coli strains isolated from frozen food
samples of animal origin showed that 55% and 50%
of isolates were found to be resistant to tetracycline
and ampicillin respectively (Table 2).

Table 2. Antimicrobial resistance

of E. coli strains isolated from Antibiotic

Number of frozen food (%) Number of children (%)

frozen foods of animal origin and
children with acute diarrhea

Nalidicxic acid
Ciprofloxacin
Ceftriaxone
Nitrofurantoin
Ampicillin
Chloramphenicol
Amoxycillin
Co-trimoxazole
Cefixime
Tetracycline

Clindamicin

08 (20.0) 32 (36.8)
08 (20.0) 26 (29.9)
04 (10.0) 26 (29.9)
08 (20.0) 18 (20.7)
20 (50.0) 69 (79.4)
16 (40.0) 77(88.6)
20 (50.0) 66 (75.9)
09 (22.5) 62 (71.3)
04 (10.0) 66 (75.9)
22 (55.0) 78 (89.7)
07 (17.5) 53 (61.0)

The results of the detection of Shiga toxin (stx)
and enterotoxin (estA and elt) genes among E. coli
strains isolated from frozen foods of animal origin
and children with acute diarrhea using PCR method
are shown in Table 3. Results indicated a 5% and
2.5% prevalence Shiga toxin (stx) and enterotoxin

(estA) genes among E. coli strains isolated from
frozen foods of animal origin. Similarly, 5.7% and
4.5% prevalence of Shiga toxin (stx) and enterotox-
in (estA) genes among E. coli strains isolated from
children. Enterotoxin gene elt was not detected in
both groups.

Table 3. Prevalence of stx, estA and elt genes (PCR positives) among 146 E. coli strains isolated from frozen foods of

animal origin and children with acute diarrhea

Frozen foods strains Diarrhea strains

Gene No (%) No (%) Negative control Positive control

stx 2 (5) 5(5.7) E. coliHB101 E. coli EDL933

estA 1(2.5) 4 (4.5) E. coliHB101 E.coli ATCC 35401

elt 0.0 0.0 E. coliHB101 E.coli ATCC 35401
DISCUSSION ing or preparation. Centers for Disease Control

There are a large number of foods that have been
shown to harbor food-borne pathogens with many
of these foods requiring little or no further process-

reported that in 2001 there were 13,705 labora-
tory diagnosed cases of food-borne illnesses from
a surveillance of 10 food-borne diseases. Of these
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cases, E. coli 0157 was identified as the causative
agents in 565 cases."®

In order to determine the prevalence of Shiga
toxin (stx) and enterotoxin (estA and elt) genes
among E. coli strain, we perform several PCRs with
different primers specific for these genes. In this
study, 40 and 87 E. coli isolates recovered from fro-
zen foods of animal origin and children with acute
diarrhea and analyzed for detection of Shiga toxin
(stx) and enterotoxin (estA and elt) genes and an-
timicrobial resistance patterns. The present study
demonstrated that stx and estA gens were present
in both frozen foods of animal origin and children
with acute diarrhea (Table 3). Although a high pro-
portion food samples and children with acute diar-
rhea were positive for E. coli by biochemical tests
but few isolates were PCR positive for stx gene
(5.0% and 5.7% respectively). The finding of only
2.5% and 4.5% of estA gene in food samples and
rectal swabs from children was somewhat surpris-
ing, but appears to confirm a recent trend that has
been observed in Iran.%2

Human infections due to STEC and ETEC are
primarily associated with the consumption of fecally
contaminated foodstuffs. In our study STEC and
ETEC strains were found in the both groups, which
are in agreement with studies in other developing
countries, in which STEC and ETEC plays important
role in childhood diarrhea.?!22 The low incidence of
STEC and ETEC in our study could be attributable
to the lack of consumption of raw meat or vegeta-
bles in our area; Kurdistan province, west of Iran.

Human infections with STEC strains are usu-
ally transmitted from cattle or dairy products particu-
larly undercooked meat or unpasteurized milk and
often are linked with rural setting.?®> Resistance to
two or more classes of antimicrobials was found in
STEC strains. Due to using antimicrobial agents for
diseases prevention and growth support of animals
for more than four decades, farm animals are often
exposed to antimicrobial substances, so resistance
phenotype can give a selective advantage to bacte-
ria. As a result, humans became more possible to
be exposed to these organisms via food and direct
and indirect transmission from animals.?

Antimicrobial resistance in ETEC as a cause of
diarrhea in children was more common than other
STEC. ETEC isolated from children with acute diar-
rhea were considerably more resistance to Cipro-
floxacin and Nalidixic—acid than STEC isolated from
frozen foods of animal origin. This group of E. coli
also showed higher resistance to Ampicillin, Tetra-
cycline, and Co-trimoxazole.

A limitation of this study was that we had no
available data on the use of antibiotics in our hos-
pital to correlate antibiotic consumption with resis-
tance rate. Another limitation was that we investi-
gated only stx1, stx2, estA and elt genes because
we had limited funding.

We conclude that E. coli stains having Shiga
toxin (stx), and enterotoxin (estA) genes considered
not to be a potential source of infections for human
beings in Kurdistan province of Iran; perhaps other
enteric pathogens are the major cause of food-
borne diseases.

Finally, this data shows that perhaps antimicro-
bial treatment, usage for diseases prevention and
usage of antibiotic for growth encouragement in
farming are important in the choice of antimicrobial-
resistant phenotypes.

As it is mentioned in our previous study? the
limitation of this study was the possible presence of
entropathoges such as some diarrheagenic viruses
in the area that we did not test. Moreover, further
studies are needed to investigate the ecological,
socio-economical, and epidemiological basis of E.
coli infections as an emerging pathotype in children
in Sanandaj.

Competing interest: The authors declare that
they have no competing interests.

Acknowledgements

This work was supported partly by a grant from
Kurdistan University of Medical Sciences, Sanan-
daj, Iran.

REFERENCES

1. Beutin L, Krause G, Zimmermann S, Kaulfuss S, Gleier K.
Characterization of Shiga Toxin-Producing Escherichia coli
Strains Isolated from Human Patients in Germany over a
3-Year Period. J Clin Microbiol 2004;42:1099-1108.

2. World Health Organization Scientific Working Group: Zoonotic
non-O157 Shiga toxin-producing Escherichia coli (STEC),
23-26 June 1998, Berlin, Germany, 1-30. W.H.O./CSR/
APH/98.8. World Health Organization, Geneva, Switzerland.

3. Rani U, Ayesha M F, Viswanath P, Sandhu JS. Studies on
detection, enumeration and survival of E. coli “ready to eat”
processed cereal food product. Asian J Microbiol Biotechnol
Environ Sci 2005;7:395-400.

4. Kaper JB, Nataro JP, Mobley HL. Pathogenic Escherichia coli.
Nat Rev Microbiol 2004;2:123-140.

5. Nguyen TV, Le Van P, Le Huy C, Gia KN, Weintraub A. De-
tection and Characterization of Diarrheagenic Escherichia
coli from Young Children in Hanoi, Vietnam. J Clin Microb
2005;3:755-760.

6. World Health Organization (WHO). Food safety and food-
borne illness. WHO fact sheet No. 237. 2002; http://www.
who.int/mediacentre/factsheets/fs237/en/.

J Microbiol Infect Dis

www.jmidonline.org

Vol 3, No 1, March 2013



Kalantar E, et al. Antibiotic resistance patterns of STEC and ETEC strains 35

7. FAO/WHO: Food borne disease surveillance in Japan. 2004.
http://www.fao.org/docrep/meeting/008/ae340e/ae340e00.
htm.

8. Khorramizadeh MR, Soltan-Dallal MM, Safavifar F, et al. As-
sessment of Ail Gene Marker Amplicon for Molecular Char-
acterization of Pathogenic Yersinia enterocolitica in Food
Samples Collected in Iran. Iranian J Publ Health 2007;36;8-
15.

9. Boerlin P, Travis R, Gyles C, et al. Antimicrobial resistance
and virulence genes of Escherichia coliisolates from swine in
Ontario. Appl. Environ. Microbiol 2005;71:6753-6761.

10. Choi C, Kwon D, Chae C. Prevalence of the enteroaggrega-
tive Escherichia coli heat-stable enterotoxin gene and its re-
lationship with fimbrial and enterotoxin genes in E. coli isolat-
ed from diarrheic piglets. J Vet Diagn Invest 2001;13:26-29.

11. Aslani MM, Alikhani MY. Molecular and phenotypic charac-
terization of atypical enteropathogenic Escherichia coli se-
rotypes isolated from children with and without diarrhea. J
Microbiol Immunol Infect 2011;44:27-32.

12. Institute of Standards and Industrial Research of Iran. Meth-
od for isolation and identification of E. coli. 2946, 1995.

13. Baron J, Fingold S. Methods for identification of etiologic
agents of infectious diseases. In: Bailly’'s and Scotts Diag-
nostic Microbiology. 10th Ed. Mosby Inc: New York; 1996.

14. Kalantar E, Soheili F, Salimi H, Soltan-Dallal MM. Frequency,
antimicrobial susceptibility and plasmid profiles of Escherich-
ia coli pathotypes obtained from children with acute diarrhea.
Jundishapur J Microbiol 2011;4:23-28.

15. Clinical and Laboratory Standards Institute: Performance
standards for antimicrobial susceptibility testing; 20th infor-
mational supplement. CLSI/NCCLS M100-S20. 2010; 3 (1):
Clinical and Laboratory Standards Institute, Wayne, Pa.

16.

17.

18.

Lin Z, Kurazono H, Yamasaki S, Takeda Y. Detection of
various variant verotoxin genes in Escherichia coli by poly-
merase chain reaction. Microbiol Immunol 1993;37:543-548.

Rappelli P, Maddau G, Mannu F, Colombo MM, Fiori PL,
Cappuccinelli P. Development of a set of multiplex PCR as-
says for the simultaneous identification of enterotoxigenic,
enteropathogenic, enterohemorrhagic and enteroinvasive
Escherichia coli. New Microbiol 2001;24:77-83.

Centers for Disease Control and Prevention. Preliminary
foodnet data on the incidence of foodborne illnesses-
selected sites, United States, 2001. Morb Mortal Wkly
2002;51:325-329.

19. Aslani MM, Bouzari S. An epidemiological study on verotoxin-

20.

21.

22.

producing Escherichia coli (VTEC) infection among popula-
tion of northern region of Iran (Mazandaran and Golestan
provinces). Eur J Epidemiol 2003;18:345-349.

Alikhani MY, Mirsalehian A, Fatollahzadeh B, Pourshafie
MR, Aslani MM. Prevalence of Enteropathogenic and Shiga
Toxin-producing Escherichia coli among Children with and
without diarrhoea in Iran. J Health Popul Nutr 2007;25:88-93.
WHO - World Health Organization. Reducing Risks, Pro-
moting Healthy Life. The World Health Report. 2002; (http://
www.who.int/whr/en/).

Zamboni A, Fabbricotti SH, Fagundes-Neto U, Scaletsky
IC. Enteroaggregative Escherichia coli virulence factors are
found to be associated with infantile diarrhea in Brazil. J Clin
Microbiol 2004;42:1058-1063.

23. Aslani MM, Ahrabi SS, Alikhani YM, Jafari F, Zali RM, Mani M.

24.

Molecular detection and antimicrobial resistance of diarrhea-
genic Escherichia coli strains isolated from diarrheal cases.
Saudi Med J 2008;29:388-92.

Mainil J. Shiga/verocytotoxin and Shiga/verotoxigenic Esch-
erichia coli in animals. Vet Res 1999;30:235-257.

J Microbiol Infect Dis www.jmidonline.org Vol 3, No 1, March 2013



