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Background: During the last decade, the prevalence of foodborne diseases due to contaminated food as well as the outbreaks of diseases
due to Shiga toxin-producing Escherichia coli (STEC) strains has increased.

Objectives: The aim of this study was to evaluate the prevalence and antibiotic resistance pattern of STEC strains in lettuce samples. Since
lettuce is used as a raw vegetable in salads, the rates of infections caused by this vegetable are high.

Materials and Methods: A total of 100 samples collected from Tehran, Iran, were transported to the laboratory, homogenized by a
stomacher in E. coli broth containing cefixime, and cultured on MacConkey agar medium. Their DNA was extracted by boiling method and
polymerase chain reaction (PCR) was performed, using five primers targeting the stx1, stx2, fliCh7, rbf0157, and eaeA genes. Susceptibility
testing against ampicillin, imipenem, cephalosporin, tetracycline, aminoglycosides, chloramphenicol and quinolones was performed
using disk diffusion method.

Results: Eight samples were positive for presence of STEC strains, three contained stx1, five contained stx2, and one sample was positive for
presence of both rbf0157 and fliCh7. They were susceptible to all the antibiotics except for ampicillin and tetracycline.

Conclusions: This study indicated the contamination of lettuce by STEC strains and its possible role as the source of infection. Resistance
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to both tetracycline and ampicillin may be considered as an emergency alarm for a multidrug resistance of STEC strains.

1. Background

During the past decade, the patterns of diseases generat-
ed by Shiga toxin-producing Escherichia coli (STEC) strains
have changed from a clinical novelty to a global public
health problem. This group of E. coli strains can cause a
spectrum of human diseases, ranging from symptom-free
carriage to severe bloody diarrhea and even life-threaten-
ing disorders, such as hemolytic-uremic syndrome (HUS)
and hemorrhagic colitis (HC) (1-4). The infections caused
by the STEC strains have been reported from over 30 coun-
trieswhere E. coli 0157:H7 strain has been the most common
serogroup. Furthermore, the prevalence of foodborne dis-
eases due to consumption of contaminated foods and/or
water has increased worldwide (5, 6).

Among the contaminated foods, fresh fruits and veg-
etables have been increasingly recognized as a source of
foodborne outbreaks in many regions of the world (6-8).
Although, the outbreaks of the diseases attributable to
STEC strains have been associated with consumption of
raw vegetables; the epidemiological investigations im-
plicated lettuce as the most likely source of the outbreak
(9-11). As examples, large STEC-related outbreaks due to
consumption of lettuce were observed in Sweden and
Spain, where association was found between outbreaks

caused by E. coli 0157:H7 strain and the consumption of
lettuce (10, 11).

Among the reservoirs of these pathogenic E. coli strains,
cattle may be considered as a principal source, because
the studies on the prevalence of E. coli 0157:H7 in cattle
feces have shown a wide variety of positive cases in dif-
ferent countries (12-14). The way by which these groups
of pathogens can spread over the farm lands may be the
ubiquitous employment of bovine manure in the agri-
culture (15). Fresh vegetables can be contaminated by
these strains through bovine manure, irrigation with
contaminated or waste water, and further contact with
infected animals and/or humans (16, 17). We have previ-
ously shown the importance of STEC in diarrheal diseases
of both Iranian children and adults (18).

2. Objectives

The main purpose of this study was to detect the pres-
ence of STEC in lettuce samples collected from Tehran,
Iran and to evaluate the antibiotic resistance patterns
of the isolates. The extensive use of lettuce as a raw veg-
etable in homemade meals and restaurants served as a
prime motivator for inspection of the prevalence and the
genotype distribution of STEC in the lettuce samples.
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3. Materials and Methods

3.1. Sample Collection and Bacterial Culture

One hundred lettuce samples were collected weekly
from various farm lands in Tehran between June and
September 2011. Every sample was packed in a separate
stomacher bag (Interscience, France) and transported
(in ice) to the laboratory, where they were immediately
processed by a stomacher instrument (Bag Mixer400
VW, Interscience, France). Enrichment and processing
of the samples were carried out according to previously
described protocols (7). Briefly, 25 g of each sample was
homogenized by the stomacher in its bag containing 225
mL E. coli broth (EC) medium (Merck, Germany), supple-
mented with 0.05 mg|L cefixime (Daana Pharmaceutical
co., Iran). This antibiotic enhances the enrichment of
STEC strains.

After overnight incubation at 37°C, a portion of the
mixture was spread over a MacConkey agar plate (Merck,
Germany) and was further incubated at 37°C overnight. A
sweep from the semi-confluent area of the plate was used
for DNA extraction for polymerase chain reaction (PCR)
detection of STEC. The STEC-positive samples were sub-
jected to further isolation processes of STEC, further PCR
and antibiotic susceptibility tests.

3.2. DNA Extraction and Polymerase Chain Reac-
tion Assay

Prior to detection of the strains by PCR, the DNA was ex-
tracted from the bacteria on the culture plates according
to the previously described protocol with some modifi-
cation (18). Briefly, one heterogenic loopful of the grown
bacteria from the first area of the MacConkey agar plate
was taken and homogenized in 25 plL distilled water in a
1.5-mL microtube. The resulting suspension was placed in
a boiling water bath at 100°C for 10 minutes and centri-
fuged at15000 rpm for five minutes in a microcentrifuge
(Peqlab, Germany). The supernatant containing bacterial
DNA was transferred to a new tube and processed for PCR
detection of the stx1, stx2 and eaeA genes.

The information related to the oligonucleotide prim-
ers (Faza Biotech, Iran) are shown in Table 1. The PCR
was performed in a reaction volume containing 5 uL of
the extracted DNA, 2.5 uL PCR buffer (10x), 0.5 uL deoxy-
nucleoside 5-triphosphate, 0.5 uL of each primer, 0.25 pL

Taq DNA polymerase 500 U (5 U[uL), and 1.5 uL MgCl, (20
mM) (CinnaGen Co., Iran), adjusted to a total volume of
25 uL with sterile deionized water. The reaction was car-
ried out by an amplification thermal cycler (Peqlab, Ger-
many). The procedure consisted of initial denaturation
at 96°C for minutes, followed by 32 cycles of template
denaturation at 94°C for 20 seconds. The annealing and
extension conditions were variable for each gene (Table
2). The final cycle was followed by incubation of the reac-
tion mixture at 72°C for six minutes.

The PCR products were analyzed by electrophoresis on
1.5% agarose gel. The results were compared with those of
ATCC standard strains of E. coli ATCC 43890 (stx1), E. coli
ATCC 43889 (stx2)and E. coli ATCC 43887 (eaeA). E. coli ATCC
11775 was included as a negative control in all the assays.

3.3.Isolation and Identification of Escherichia coli

After reculturing the PCR-positive samples, the single
lactose positive colonies grown on the fourth area of
the MacConkey agar plates, suspected to be E. coli, were
subjected to another culture on MacConkey agar plates.
The pure cultures were further processed for DNA prepa-
ration and screening by PCR; so, they were isolated as
the final colonies containing stx1, stx2 and/or eaeA. All
the PCR-positive strains were subjected to biochemical
tests including triple sugar iron agar (TSI), sulfide indole
motility (SIM), citrate agar, and methyl red and Voges-
Proskauer (MRVP) to confirm the identification of E. coli
strains. Finally, the possible presence of 0157:H7 in the iso-
lated strains was investigated through PCR for the pres-
ence of rbf0157 and fliCh7 genes.

3.4. Antibiotic Susceptibility Test

In addition to assessment of genotype diversity, a phe-
notypic analysis was implemented. For this purpose,
the isolated strains were tested against seven groups of
antibiotics (HiMedia Laboratories Co., India) including
amino-penicillin (ampicillin), carbapenem (imipenem),
the first through fourth generations of cephalosporins
(cephalothin, ceftazidime, ceftriaxone, and cefepime),
tetracycline, aminosides/aminoglycosides (gentamicin,
amikacin, kanamycin, streptomycin), phenicol (chloram-
phenicol), and quinolones (ciprofloxacin, norfloxacin),
using the standard disk diffusion method (24). The con-
tents of the antibiotic disks are shown in Table 3.

Table 1. The Sequences of the Oligonucleotide Primers Used in This Study ¢

Target Gene Forward Sequence (5'to 3') Reverse Sequence (3'to 5') PCR Product Size,bp  Reference
stx1 GAAGAGTCCGTGGGATTACG AATAATTATCGACGTAGCGA 130 (19)
stx2 ACCGTTTTTCAGATTTTGACACATA TGACAGACTTTGACGAGGACACAT 294 (20)
eaeA GTGGCGAATACTGGCGAGACT TAAATCCACGCCCAGTCGCAAAAA 890 (21)
rbf0o157 AAGATTGCGCTGAAGCCTITTIG GACAGGTGCTACGGTTAC 497 (22)
fliChz GCGCTGTCGAGTTCTATCGAGC CCTTACCGCTATTTCAGTGGCAAC 645 (21)

a Abbreviation: PCR, polymerase chain reaction.
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Table 2. Temperatures and Primer Extension Times for the
Target Genes

Target Gene Temperature, °C  Extension Time, s
stx1 54 10
stx2 59 18
eaeA 54 54
fliCh7 68 22
rbfo157 61 30

Table 3. Contents of the Antibiotic Disks Per Microgram @

Figure 1. Polymerase Chain Reaction Assay for Detection of the stx1 Genes
in the Isolated Strains

300 bp
130 bp stx1

100 bp

1 2 3 4

AntibioticDisk  Antibiotic Content 1 (ng Per Each Disk)
AM 10
IMP 10
CF 30
CAZ 30
CRO 30
FEP 30
TET 30
GM 10
AN 30
K 30
ST 10
C 30
CcpP 5
NOR 10

2 Abbreviations: AM, Ampicillin; AN, Amikacin; C, Chloramphenicol;
CAZ, Ceftazidime; CF, Cephalothin; CP, Ciprofloxacin; CRO, Ceftriaxone;
FEP, Cefepime; GM, Gentamicin; IMP, Imipenem; K, Kanamycin; NOR,
Norfloxacin; ST, Streptomycin; TET, Tetracyclin.

4.Results

4.1. Polymerase Chain Reaction Assay

Among the 100 lettuce samples investigated, 8 (8%) were
positive for presence of the stx1 and stx2 genes and were
defined as STEC. Of the eight STEC strains, three speci-
mens contained stx1 and five contained stx2, of which,
one sample was positive for the presence of both rbf0157
and fliCh7. All the positive samples were isolated from
the samples collected from the southern farm lands in
the warmer (the second) half of summer. The PCR screen-
ing analyses for detection of the eaeA gene were negative
for these STEC strains. The agarose gel images of the PCR
products for stx1, stx2, rbf0157 and fliCh7 are shown in Fig-
ures1,2,3and 4.
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1, Standard; 2 and 3, positive samples for the stx1 gene (130 bp ); 4, DNA
ladder (100 bp).

Figure 2. . Polymerase Chain Reaction Assay for Detection of the stx2
Genes in the Isolated Strains

400 bp

294 bp stx2

200 bp

1 2 3 4

1, standard; 2 and 3, positive samples for the stx2 (294 bp) gene; 4, DNA
leader (100 bp).

Figure 3. Polymerase Chain Reaction Assay for Detection of the fliCh7,
eaeA and rbf0157 Genes in the Isolated Strains

890bp(eaeA)

1000bp
645bp(fich7)

500bp

497bp
(rbfo157)

1 2 3 4

1, positive sample for the fliCh7 gene (654 bp); 2, positive sample for the
rbf0157 gene (497 bp); 3, positive sample for the eaeA gene (890 bp); 4, DNA
ladder (100 bp).
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Figure 4. Polymerase Chain Reaction Assay for the Positive Samples
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2, stx1 (130 bp); 3, stx2 (294 bp); 4, rbf0157 (497 bp); 5, fliCh7 (645 bp); 1 and
6, DNA ladder (100 bp).

4.2. Antibiotic Susceptibility Test

The two independent susceptibility tests implemented
revealed that the isolates were susceptible to all the anti-
biotics except for tetracycline and ampicillin. Results of
the antibiotic susceptibility test are shown in Table 4.

5. Discussion

As the highest prevalence of E. coli bacteria can be ob-
served in summer, all the samples were collected during
this season. Assessment of the 100 lettuce samples pur-
chased from the farm lands in Tehran indicated that 8%
of the samples were contaminated with STEC strains. This
was the first study providing an evidence for contamina-
tion of lettuce samples by STEC strains in Tehran, the capi-
tal of Iran. The samples were put in E. coli broth medium

supplemented with cefixime and then incubated at 37°C
for 24 hours for proliferation of the pertinent bacteria.
This enrichment is critical as the bacteria are stressed
under sampling and transformation conditions. Besides,
the use of cefixime and the favored environment of the
broth allow the growth of particular types of bacteria.
Isolation of the strains of interest was made by PCR as a
fast, convenient, and highly precise method. Moreover,
it was a proper choice because several types of bacteria
were present in these samples.

Detection of both stx1 and stx2 genes along with one
0157:H7 strain confirmed the effectiveness of the PCR
analysis protocol used in this study. The advantage of this
PCR screening method was its remarkable potential for
detection of STEC strains in a complex mixture before any
purification and obtaining of the isolated colonies. The
applied colony screening enabled a reliable assessment
of antibiotic resistance and sensitivity because all the im-
purities and interactions caused by unwanted strains can
be excluded by this procedure. Several investigators have
assessed the epidemiology of STEC strains in both devel-
oped and developing countries (20, 21, 23-30). The results
obtained in those studies have revealed that overall, con-
sumption of some raw vegetables and food such as ham-
burger and apple juice could be the plausible sources of
STEC strains. In most of the cases, however, the consump-
tion of raw vegetables such as lettuce has been indicated
as the principal source of STEC strains (24, 25).

We have previously studied the frequency of STEC strains
in parsley and leek samples collected from Tehran, where
we found that 25% of the samples contained STEC strains,
of which 1% was 0157:H7 (31). The isolation rate of STEC in
the lettuce samples in the present study was lower than
that of the parsley and leek. This low isolation rate may
be ascribed to the presence of a higher number of other
microbial species or E. coli strains in the lettuce samples
in addition to STEC strains.

It may also be due to the sampling mode, as higher rates
of STEC could be obtained if more than one geographi-
cal area was used for sampling. Indeed, the relatively low
rates of STEC strains in these samples could be ascribed

Table 4. Results of Antibiotic Susceptibility Test

No. Antibiotic Strain TET CF FEP CAZ K C AM ST IMP CRO GM AN Ccp NOR
1 stx1™ 1R 24S 168 29S 24§ 27S 6R 16S 18S 27S 18S 20S 23S 20S
2 stxit 2R 23S 17§ 30S 228 26S 7R 17S 23S 29S 20S 21S 258 218
3 stx2™ 14R 20S 36S 34S 24S 278 9R 16S 20S 23S 20S 18S 24S 18S
4 stx2™ nR 18S 34S 30S 22§ 255 6R 16S 21S 24S 17S 20S 24S 20S
5 stx2t 12R 19§ 35S 28S 24S 26S B8R 17S 20S 23S 18S 21S 258 228§
6 stx2™ R 20S 32S 328 20S 24S B8R 16S 18S 24S 185 22§ 22§ 18 S
7 stx2™ B3R 20S 36S 34S 24S 275 9R 17§ 22§ 275 20S 17S 23S 198
8 O157:H7 2R 24S 36S 30S 24S 2558 7R 158 21S 26S 21S 21S 24S 20S

2 Abbreviations: AM, Ampicillin; AN: Amikacin; C, Chloramphenicol; CAZ, Ceftazidime; CF, Cephalothin; CP, Ciprofloxacin; CRO, Ceftriaxone; FEP,
Cefepime; GM, Gentamicin; IMP, Imipenem; K, Kanamycin; NOR, Norfloxacin; ST, Streptomycin; TET, Tetracyclin.
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to the official health protection policies enforced in this
area, regarding the prohibitive legislations and monitor-
ing on the utilization of municipal or industrial waste
waters as well as urging the use of chemical fertilizers
instead of natural fertilizers. In addition, our positive
samples were originated from the farm lands where a
wider use of bovine manure was applied for soil nourish-
ment and use of sewages was also applied for watering
in some cases. The isolation of one 0157:H7 E. coli strain in
the present study (1% of all the samples) suggested that
this strain survived well in the unfavorable natural condi-
tions of the lettuce samples along with a mixture of other
microbial species. Similar studies, conducted in Ireland
and Norway, have shown no positive results on detection
of 0157:H7 strain in local lettuce samples (15-17).

Using a PCR primer conceived for the eae gene detec-
tion (21), no positive result was obtained in this study. The
presence of various eae genes among STEC strains encod-
ing the intimin types and subtypes have been demon-
strated earlier (26, 27). Hence, the negative result of this
work upon analysis for this strain while testing only one
pair of primers may also be related to the variability of
the eae genes among E. coli strains. STEC strains isolated
in this investigation were all resistant to tetracycline and
ampicillin, a finding in accordance with earlier studies
performed in Iran (28, 29). For example, Fazeli and Salehi
reported that 85.6% of their isolates showed resistance to
tetracycline (28).

Jafari et al. also noted a high rate of resistance to amoxi-
cillin and tetracycline among STEC strains with an ob-
served 5% multi-resistance to more than six antibiotics
(29).In other areas such as Romania and India, resistance
to ampicillin and both ampicillin and tetracycline has
also been reported (30, 32). The presence of multi-resis-
tance among the STEC strains isolated from lettuce may
be important from the standpoint of transferring the
resistant genes to the human microflora, because multi-
drug resistance may easily be transferred via the mobile
genetic elements of E. coli strains (33). As a conclusion, the
results of this investigation indicated the possible role of
lettuce samples in transmission of STEC strains. It also
suggested the presence and/or increase of antibiotic re-
sistance genes among STEC strains isolated in Iran.
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