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Abstract

Background: Strains of Shiga toxin producing Escherichia coli (STEC) have been associated with outbreaks of diarrhea,
hemorrhagic colitis, and hemolytic uremic syndrome (HUS) in humans around the world. In this study we investigated the
prevalence of STEC in hospitalized diarrhea patients (children) in Faisalabad region of Pakistan.

Methodology: We used a multiplex polymerase chain reaction to characterize local isolates of STEC from stool samples of 200
children during the summer season of 2005. The targeted genes were stx1, stx2, hly, and eae, representing Shiga toxin 1, Shiga
toxin 2, enterohemolysin and intimin respectively. Presence of stx1 and stx2 was confirmed by PCR followed by restriction
analysis with Tail and Haelll respectively. Serological examination was carried out by using polyvalent antisera followed by
monovalent antisera for 026 and O157.

Results: Multiplex PCR results showed that 22 (11%) of the patients were positive for stx genes. Among other virulence factors,
plasmid borne hly and eae genes were detected in 13 (6.5 %) and 16 (8.0 %) patients respectively. However, only 14 STEC
isolates were obtained. Among these 11(78.5%), 11(78.5%), 3(21.4%) and 6 (42.8%) were positive for stx1, stx2, hly and eae
genes respectively. Only 3 of these isolates belonged to serotype O157.

Conclusions: Our results show that the prevalence of STEC is significant in this area and has potential to become a major health

problem in the future. It was also observed that serotype O157 was not the major pathogen.
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Introduction

Shiga toxin-producing Escherichia coli (STEC)
is an emerging group of human enteric pathogens
which are capable of producing a number of
diseases ranging from self-limiting, sporadic, and
epidemic diarrhea to more complicated conditions
Isuch as hemorrhagic colitis and life-threatening
hemolytic uremic syndrome (HUS) [1,2].

The STEC are characterized by production of
Shiga toxins. Beside E coli, these toxins are also
produced by Shigella dysenteriae type | [3]. STEC
strains produce one or both of two major types of
Shiga toxins, designated stxl1 and stx2. These
toxins have a cytotoxic effect on intestinal
epithelial cells that perhaps causes the
characteristic bloody diarrhea [4].

The STEC family is very diverse and a broad
range of O:H serotypes have been found to be
associated with human diseases [5]. However,

epidemiological evidence indicates that certain
STEC subsets, for example 0157:H7, account for
a disproportionately large number of serious
infections. Escherichia coli O157:H7, the most
frequently identified STEC serotype, alone causes
an estimated 60 deaths and 73,000 illnesses
annually in the United States [6,7].

In a large PCR-based study conducted in
Belgium, of more than 10,000 stool specimens,
STEC were the third most prevalent enteric
pathogen after Campylobacter and Salmonella [8].
This large morbidity caused by STEC illustrates
the threat that these organisms present to public
health globally [9].

E. coli O157:H7 does not ferment sorbitol thus
the use of a selective medium, such as sorbitol
MacConkey (SMAC) agar is of great value [10].
But in the past decade, many other STEC
serotypes (non-0157) that ferment sorbitol have
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caused large outbreaks [11] and emerged as a
common cause of STEC diseases [12,13].

PCR can effectively overcome this diagnostic
problem as it can efficiently detect Shiga toxins 1
and 2 in both 0157 and non-O157 STEC
serotypes. Direct PCR analysis is increasingly
being used for the detection of STEC in primary
cultures of feces or foods. A positive reaction with
primers specific for stx1 or stx2 is sufficient to
confirm the presence of STEC in a stool sample
[14,15]. The use of primers capable of detecting
accessory virulence genes such as eae [present
on a pathogenicity island named the locus for
enterocyte effacement (LEE) on the chromosome
of some STEC] and hly that encodes for intimin
and EHEC enterohemolysin provides additional
clinically suitable information of significant
epidemiological value [16, 17].

Diarrhea is the most common disease in
children in Pakistan. It is very relevant to assess
the frequency of different diarrhea causing
pathogens and characterize them. No STEC study
has been done in Pakistan. This objective of this
study was to find the share of STEC in diarrheal
diseases and association of related genes with
these pathogens.

Materials and Methods
Selection of patients

Two hundred stool samples were collected
from children (less than 10 years of age) admitted
to the Children Ward, Allied Hospital Faisalabad,
Pakistan, during April to September 2005. These
children were clinically diagnosed with diarrhea
and typically suffered from acute diarrhea,
vomiting, abdominal cramps, and fever.

Sample collection

Clinical stool samples were collected in 10 ml
of transport medium (1 M Tris, 70 mM CacCl2, pH
7.2) in sterile plastic bottles and kept at 4°C. These
samples were transported to the laboratory under
refrigerated conditions.

Cultivation of bacteria from stool samples

After centrifugation of medium containing stool
samples at 4000 rpm for 5 min, 1 ml of
supernatant was poured on MacConkey agar
(Merck, Germany) and incubated at 37°C for 24
hours. Trypticase soy broth (TSB) (Merck,
Germany) containing 20% glycerol was poured

J Infect Developing Countries 2007; 1(2): 164-169.

onto these plates and kept at room temperature for
4 hours with gentle shaking. The suspended
growth was then aliquoted (1 ml) in small
Eppendorff tubes and stored at -20°C until further
use.

DNA extraction from mixed culture

One hundred pl of thawed stored culture were
inoculated into 3 mL of TSB and kept at 37°C
overnight. The DNA was extracted by conventional
phenol/chloroform method [18]. The integrity of the
DNA was checked by electrophoresis on 0.8%
agarose gel.

Primers

Four primer pairs were used simultaneously to
target genes stx1 [19], stx2 [20], eaeA [21] and
hlyA [8]. The oligonucleotide sequences along with
the targeted gene regions and amplified products
sizes are listed in Table 1.

Table 1. PCR primers and genes targeted.

E c @
= c = 3
B o ] 83 SE =
23 E Sequence (5'-3') R 25 <
(il o o EN S
3 <@ [i4
k=S
" Sb1F ATARATCGCCATICGITGACTAC  454-6330f .o Jackson et
st SR AGAACGCCCACTGAGATCATC A subunit al (19)
St2F GGCACTGTCTGAAACTGCTCC nt 603-857 Jackson et
sbx2 SHOR TCGCCAGTTATCTGACATTCTG of A 255 al (20)
subunit
eaeAF GACCCGGCACAAGCATAAGC “u and
cae eaeAR CCACCTGCAGCAACAAGAGE 27-410 384 aper 21)

hiyAF GCATCATCAAGCGTACGTTCC

hi Schmidt et
y hlyA AATGAGCCAAGCTGGTTAAGC

70-603 534 al (8)

Multiplex PCR analysis

A 100 pl PCR reaction mixture contained 10
mM Tris-HCI (pH 8.3), 50 mM KCI, 1.5 mM MgCl2,
0.01% gelatin, 100 pmol of each primer, 50 nmol
of each dNTP, 1.0 pl of Tag polymerase
(Fermentas, USA), 20 ul of template, and distilled
water to make the volume.

The thermal cycler (MasterCycler; Eppendorf,
Hamburg, Germany) conditions were as follows:
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95°C for 5 minutes for initial denaturation of the
DNA, followed by 30 cycles each of 94°C for 30
seconds (denaturation), 48°C for 1 minute (primer
annealing) and 72°C for 30 seconds (extension),
and a final extension at 72°C for 10 minutes.

The amplified products in each case were
separated by gel electrophoresis on 2% agarose
gels at 100 V for 60 minutes and photographed
using Eagle Eye (Stratagene, USA).

Isolation of STEC colonies

The multiplex PCR positive STEC samples
were streaked onto Sorbitol MacConkey agar
(SMAC) (OXOID, England). White colonies were
selected for isolation of non-sorbitol fermenting
0157:H7. In addition, five pink colonies were also
picked from each plate for sorbitol fermenting
STEC. All selected colonies were inoculated into
TSB for enrichment.

Detection of stx1 and stx2 by regular PCR

For confirmation of presence of stx genes, 100
pl of bacterial growth was suspended in 900 pl Tris
buffer (10mM at pH 8.0), boiled at 100°C for 30
minutes and centrifuged at 12000 rpm for 10
seconds. The supernatant was directly used as a
template in the PCR for stx1 and stx2 genes.

The PCR for amplification of both genes was
conducted under similar conditions. Briefly, 100 pl
of a PCR mixture contained 10 mM Tris-HCI (pH
8.3), 50 mM KClI, 1.5 mM MgCl2, 0.01% gelatin, 75
pmol of each primer, 50 nmol of each dNTP, 1 pl
of Taq polymerase (Fermentas, USA), 20 pl of
template, and distilled water to make the volume.

Samples were subjected to 35 PCR cycles
(MasterCycler; Eppendorf, Hamburg, Germany),
each consisting of 1 minute of denaturation at
95°C, 1 minute of annealing at 50°C and 1.5
minutes of elongation at 72°C followed by a final
extension at 72°C for 10 minutes.

The amplified products were separated by gel
electrophoresis on 2% agarose gels at 100 V for
60 minutes and photographed using Eagle Eye
(Stratagene, USA).

Restriction analysis

Amplified products of stx1 and stx2 (5 pl each
containing 0.5 and 1 pg DNA for complete and
partial digestion respectively) were digested with
10 U of restriction endonucleases Tail (Fermentas,
USA) and Haelll (Fermentas, USA) respectively
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for 24 hours at 37°C in a final volume of 20 yl as
recommended by the manufacturer. The digested
products in each case were separated by gel
electrophoresis on 2% agarose gels at 100 V for
60 minutes and photographed using Eagle Eye
(Stratagene, USA).

Serotyping
Serotypes of the STEC positive samples were

determined by slide agglutination  with
commercially available O polyvalent and
monovalent antisera (Statens Serum Institut,

Copenhagen, Denmark). Polyvalent Pool 1 which
includes 026, 0103, 0111, 0145, and 0157 was
used for screening. In addition, monovalent
antisera for 026 and 0157 were also used. The
procedures were carried out according to
manufacturer’'s recommendations.

Table 2. Clinical picture of STEC positive patients.

STEC Age Sex Fever Vomiting Diarrhea Clinical
isolate Mucus  Watery  Bloody Diagnosis
Ms 4 10 F -ve -ve -ve v -ve Acute
month gastroenteritis
Ms 2 M v v v -ve -ve Sepsis
19a month
Ms 2 M v v v -ve -ve Sepsis
19¢c month
Ms29 8 F v v v -ve -ve Acute
month gastroenteritis
Ms43 2 F v v -ve -ve v Acute
years gastroenteritis
Ms ] F v v -ve v -ve Acute
60a month gasiroenteritis
Ms 6 F v v -ve v -ve Acute
60c month gastroenteritis
Ms70 10 F v v -ve -ve v Acute
month gastroenteritis
Ms92 2 F v v -ve v -ve Dehydration
years
Ms 8 M v -ve -ve v -ve Acute
119 month gastroenteritis
Ms 2 M v v -ve v -ve Acute
121 years gastroenteritis
Ms 2 F v v -ve v -ve Acute
126 month gastroenteritis
Ms 10 F -ve v -ve v v Acute
168 years gastroenteritis
Ms 2 F v v -ve v v Acute
169 years gastroenteritis

v': positive; - ve: negative, NOTE : Numerals indicate patient number. Alphabets were added
when more than one isolate was obtained from a patient.

Results
Prevalence of STEC as determined by multiplex
PCR

In our study, a total of 200 samples from
patients suffering with diarrhea were examined for
stx genes along with other virulence factors.
Multiplex PCR (Figure 1) showed that in 22 (11%)
patients one or both Shiga toxin genes (stx) were
detectable. However, only 14 STEC isolates from
12 patients were obtained by cultivation on
MacConkey agar and Sorbitol MacConkey agar
which were subsequently confirmed by PCR for
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stxl and stx2 followed by restriction analysis as
described below. This was understandable
because it was not possible to check all colonies
on culture plates. Only 5 colonies were selected in
each case. Among these isolates, 11 (78.5%) each
carried either the stx1 or stx2 gene while 8 (57.1%)
harbored both stxl and stx2. Multiple isolates
from one patient were found to have different gene
profiles (Table 3). The presence of other virulence
factors in these STEC as determined by multiplex
PCR is also shown in Table 3. Only two isolates
showed the presence of all four genes.

Table 3. Distribution of various virulence gene of STEC.

STEC strains Stx1 Stx2 hly eae Serotypes
Ms 4 - + - - 026
Ms 19a + + - + 0157
Ms 19c + + + + 0157
Ms 29 - + - ND
Ms 43 - + - + ND
Ms 60a + - - - ND
Ms 60c + + - - ND
Ms 70 + + + + 0157
Ms 92 + + + ND
Ms 119 + + - - ND
Ms 121 + + - - Pool A
Ms 126 + + - - ND
Ms 168 + - - + 026
Ms 169 + - - + ND

ND: Not determined; +: positive; -: negative.

PCR for stx1 and stx2

After multiplex PCR, presence of stx1 and stx2
was confirmed by PCR. The results are shown in
Figure 1.

Confirmation of stx genes by restriction analysis

The amplification products obtained by PCR of
stx1 and stx2 were restricted with Tail
endonuclease and Haelll endonuclease
respectively. Products of 126 bp and 54 bp for stx1
(180bp), and 167bp and 88 bp for stx2 (255bp)
were obtained (Figure 2).

Serotyping

The 14 STEC isolates were screened by
Polyvalent Pool 1 (Statens Serum Institut,
Copenhagen, Denmark) that includes serotypes
026, 0103, 0111, 0145, and 0157. Six of the
isolates gave positive agglutination reaction. Each
of these isolates was further screened by
monovalent antisera for 026 and 0157. Two of
these isolates tested positive for O26 and three for
0157. One of the isolates gave no reaction with
these antisera.
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Figure 1. Regular PCR for Shiga toxin genes (stx).
Electrophoresis pattern on 2% Agarose gel. Lane 1 and 8: Molecular
weight marker (SM0323S) showing 3000, 2000, 1031, 900, 800, 700,
600, 500, 400, 300, 200 and 100 bps markers in descending order;
Lane 3, 4, and 6: Isolates Ms 92, Ms 168 and Ms 169. Amplification of
stxl gene (180 bps); Lane 2 and 5: Isolates Ms 4 and Ms 29.
Amplification product of stx2 gene (255 bps). Lane 7: Negative control
without DNA.
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Figure 2. Restriction analysis for stx1 and stx2 genes

Electrophoresis pattern on 2% Agarose gel.

Lane 4: Molecular weight marker (SM0323S) showing 3000, 2000,
1031, 900, 800, 700, 600, 500, 400, 300, 200 and 100 bps markers in
descending order. Lane 1: lIsolate Ms 92. Unrestricted amplification
product for stx1 (180 bps) Lane 2: Isolate Ms 92. Restriction of stx1
amplification product by Tail showing original product (180 bps) and
two restriction products of 126 bps and 54 bps (substrate
concentration 1.0 pg). Lane 3: Isolate Ms 92. Restriction of stx1
amplification product by Tail showing two restriction products of 126
bps and 54 bps (substrate concentration 0.5 pg). Lane 5: Isolate Ms
4: Restriction of stx2 amplification product by Hae Ill  showing two
restriction products of 167 bps and 88 bps (substrate concentration
0.5 pg). Lane 6: Isolate Ms 4: Restriction of stx2 amplification product
by Hae Il  showing original product (255 bps) and two restriction
products of 167 bps and 88 bps (substrate concentration 1.0 ug).
Lane 7: Isolate Ms 4. Unrestricted amplification product for stx2 (255
bps).

Prevalence of hly and eae in diarrhea patients
All the 200 samples were studied for virulence
genes enterohemolysin (hly) and intimin (eae). The
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hlyA and eae gene were found in 13 (6.5%) and 16
(8%) of the patients studied respectively. Among
the 14 isolates, only three (21.4%) were positive
for enterohemolysin (hly) gene. However, intimin
(eae) gene was much more frequent, being
detectable in 6 (42.8%) isolates.

Discussion

Shiga toxin producing Escherichia coli (STEC)
are important emerging pathogens associated with
different clinical manifestations such as bloody and
non-bloody diarrhea, acute gastroenteritis and
advance cases of hemolytic uremic syndrome
(HUS). STEC were first implicated in disease in
the early 1980s. The high morbidity of STEC
around the world and its presence in five
continents has focused a major public health
concern. In fact, according to some experts, stx-
positive E. coli are perhaps the most dangerous
enteric pathogens that clinical microbiologists in
developed countries are likely to encounter in
future [22]. They are not always associated with
symptoms as they have been isolated from stools
of healthy individuals [23] as well.

A lot of attention has been given to these
pathogens in developed countries and there is a
relatively clear picture regarding their prevalence.
For example, incidence of STEC has been
reported to be 1.6% in Australia. The incidence
was 2.5 times more in samples that contained
blood [24]. In continental Europe, the incidence of
STEC is low (<1/105), but in the United Kingdom
the incidence has been as high as 2.7/105 (in
1997) [25]. In contrast, from most of the
developing countries in which STEC is more
relevant, very little scientific data is available [26].
No such report is available from Pakistan.

We found that incidence of STEC was
significantly higher than that reported in developed
countries. Twenty-two (11%) patients harbored
one or both Shiga toxin genes as indicated by
multiplex PCR. However, we could isolate only 14
STEC after cultivation. It is understandable
because it was not possible to check every colony
of the pool culture.

Historically O157:H7 is a dominant STEC
serotype in many parts of the world and has been
the type most commonly associated with large
outbreaks [27]. However, now it is known that a
large number of other serotypes are involved. In
Finland, 56 non-O157 isolates collected from 1990
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to 2000 were characterized and found to be
belonging to 29 different serotypes [28]. Similarly,
continental Europe is faced with emerging non-
0O157-infections (e.g., 0111, 0103, and 026 [25].

Our results show that O157:H7 serotype which
is generally considered to be most important in
North America and Western Europe, was almost
insignificant among our isolates, being present in
only 3 (21.4%) cases.

It has been reported that stx2 is more common
as compared with stx1. Ekland et al. [28] found
that most (n = 63) of the 71 STEC strains isolated
carried the stx2 gene only; five carried the stx1
gene only; and three carried both genes. The eaeA
gene was detected in all other isolates except five
non-0157 strains. Our results were different. We
found equal incidence of stx1 and stx2 genes (11
out of 14) in our isolates, whereas 8 harbored both
stx1 and stx2. We also found that eaeA gene was
not frequently detected (6 out of 14). This may be
attributed to the fact that most of our isolates were
not O157:H7. In these 14 patients, only three
(21.4%) isolates were positive for enterohemolysin
(hly) gene.

Our study shows that the occurrence of STEC
in this region is significantly high. It is anticipated
that similar situations exist in other parts of
Pakistan as well. It is concluded that STEC
infection has the potential to become a serious
health problem. More extensive studies should be
conducted to map the features of local isolates so
that meaningful measures can be taken to control
the spread of these organisms.
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