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Shiga toxin or verocytotoxin-producing Escherichia coli
(STEC or VTEC) is recognized as an important food-
borne pathogen, responsible for sporadic cases to serious
outbreaks worldwide. The morbidity and mortality asso-
ciated with several recent outbreaks due to STEC have
highlighted the threat this organism poses to public health.
Since its discovery in 1982, the organism has been the
focus of extensive research on its epidemiology, patho-
genesis, diagnosis, etc. Though the most important virulent
attribute of the STEC is verotoxin or Shiga toxin, other
virulence factors like intimin and enterohaemolysin
have also been found to contribute to the human or
animal disease. The organism may cause serious human
complications like bloody diarrhoea, haemolytic uraemic
syndrome, haemorrhagic colitis and thrombocytopaenic
perpura. Domestic animals, especially cattle and sheep,
are the main reservoirs and sources of infection. Conta-
minated meat and meat products, dairy products, vege-
tables, drinking water and swimming pools have been
recognized as main vehicles of spread of infection to
humans. Recently, air-borne dispersion (contaminated
buildings) has also been incriminated as another route
of spread of this infection to humans. There have been
many advances in rapid diagnosis of this infection using
the current molecular biology, immunological and cyto-
toxic methods. The present review describes the vari-
ous virulence attributes, vehicles and routes of spread
of infection and recent advances in diagnosis of this
infection. Besides, the research work carried out in India
on the subject is also summarized.

Historical background

Konowalchuk ef al.' and O’Brien et al.® were the first to
independently report a toxin from several E. coli strains
active on cultured vero cells (hence the name verocytotoxin)
and HeLa cells respectively. The cytopathic effect of the
cytotoxin was quite different from the non-cytopathic effect
of the classical heat-labile enterotoxin of enterotoxigenic £.
coli (ETEC). This cytotoxicity was neutralized by an immune
serum specific for the Shiga toxin from Shigella dysente-
riae (S. dysenteriae) typel, hence the name Shiga-like
toxin’. The discovery of these cytotoxins by different research
teams resulted in parallel nomenclature system, although
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they are synonyms. The proposal to use the names ‘Shiga
toxins’ for all the cytotoxins was made by Calderwood et
al.*, but did not receive unanimous approval.

The organism was initially isolated in USA in 1975 from
a patient during an illness with severe abdominal cramps
and bloody diarrhoea’. Canadian investigators®, while screen-
ing for enterotoxigenic and cytotoxic £. coli strains from
diarrhoeal patients, identified six isolates as cytotoxic E. coli
0157 :H7 from 1978 to 1982. These findings from sporadic
cases of gastroenteritis suggested that this organism might
be a human pathogen. However, the conclusive evidence was
provided in 1982 when association of £. coli 0157 : H7 was
firmly established with haemorrhagic colitis in two food-
associated outbreaks of an unusual gastroenteritiss. The
association between diarrhoea in calves and STEC was confir-
med in 1985 by Mohammad et al.”.

Introduction

E. coli, first described by Theodor Escherich in 1885, and a
member of the family Enterobacteriaceae, is present as normal
flora in the lower intestine of both humans and animals;
however, some strains can cause gastrointestinal illness
ranging from mild to cholera-like diarrhoea and may lead
to potentially fatal complications, such as haemolytic uremic
syndrome (HUS). E. coli is a genetically and phenotypi-
cally diverse species whose strains are identified on the
basis of ‘O’, ‘H” and sometimes ‘K’ antigens, which together
constitute the serotype.

Based on toxigenicity, £. coli is now classified into distinct
groups, viz. ETEC, which causes diarrhoea by producing
heat-labile and/or heat-stable enterotoxins. Vero cytotoxin-
or Shiga toxin-producing E. coli (VTEC or STEC) that causes
severe disease in humans, such as haemorrhagic colitis (HC)
and HUS by the production of Shiga toxin (Stx1, Stx2 and
their variants). Those VTEC strains that are able to induce HC
and HUS are called enterohaemorrhagic E. coli (EHEC).
Necrotoxigenic £. coli (NTEC) is able to elaborate two types
of cytotoxic necrotizing factors (CNF1 and CNF2)*’. Entero-
pathogenic E. coli (EPEC), a term more recently used as a
synonym for attaching and effacing E. coli (AEEC), is an
emerging cause of diarrhoea in humans and animals'®.

The STEC family is diverse, and strains belong to a broad
range of O: H serolypes”. More than 200 serotypes of STEC
have been identified so far and more than 160 of these have

1345



REVIEW ARTICLE

been recovered from humans with HC or HUS'. Epidemio-
logical evidence, however, indicates that 0157 : H7 accounts
for a disproportionately large number of serious infec-
tions in humans. The other important serolypes13 include
026:HI11, O111:H-, O145:H-, 045 :H2 and O4 : H-. The
morbidity and mortality associated with several recent out-
breaks of gastrointestinal disease caused by STEC have
highlighted the threat these organisms pose to public health'*.
Distribution of STEC serogroups varies with geographi-
cal location. In Canada, most HUS cases are associated with
a single E. coli serotype O157: H7, although multiple other
STEC serotypes also cause HUS. In Austria and Germany,
non-0157 is associated with 43% of STEC-positive HUS
patients. In Australia, O157 : H7 is rare and O111 strains
are the common STEC typels. In contrast, in the US more
than 80% of STEC infections are by O157 strains'.

Shiga toxins of Escherichia coli

STEC strains have been found to produce a family of related
cytotoxins known as Shiga toxins (Stxs). Stxs have been
classified into two major classes, Stx1 and Stx2 coded by
stx; and stx, genes respectively. Studies in the early 1980s
established that stx; and stx, were encoded on a variety of
bacteriophages'’. However, toxin-converting bacteriophages
have not been isolated from S. dysenteriae typel or from
STEC strains associated with piglet oedema disease''. One
study has identified an insertion sequence element adjacent
to an stx; operon inan O111: H-STEC'®. There was no dupli-
cation of target sequence at the insertion site, which raised
the possibility that the segment of DNA containing the toxin
gene was part of a transposon. However, the direct involve-
ment of such mobile elements in transmission of stx genes is
yet to be demonstrated. Involvement of bacteriophages and
transposons may help explain why many STEC strains
readily lose their szx genes after subcultivation in vitro'’.

A single STEC strain can produce Stx1 or Stx2, or both.
Stx1 is virtually identical to the Stx of S. dysentriae type 1.
stx; sequences derived from STEC strains and from three
bacteriophages (H19B, 933J and H30) have been reported
to be similar to that derived from S. dysentriae™. Variants of
Stx1 have been described which only differ by one amino
acid with no consequences on toxicity or on antigenicity.
Zhang et al”' investigated the presence of an atypical
Stx0x; variant among 212 STEC strains recovered from
humans and renamed it as stx;.. Unlike common stx; sub-
types, stxox; possesses 43 nucleotide mismatches compared
0 §tx1933.5 resulting in 12 amino acid changesm. In marked
contrast to the expression of stx,, expression of stx; in E. coli
is regulated by host-derived signals such as the availability
of iron and body temperature™.

Stx2 is considered to be the most important virulence
factor associated with human diseases. It is about 400-fold
more toxic to mice than Stx1 and has also been shown to
induce foetoplacental reabsorption, intrauterine haema-
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toma, fibrin deposition and neutrophil infiltration™. Stx2
has approximately 55% amino acid identity to Stx1 and con-
sists of at least 10 stx, gene variants, viz. $1X,, S1X5., StX34, S1X3,,
SEX 3 Sy ete.”. stx,, variant produced by the £. coli E32511
strain appears epidemiologically and clinically most important
in humans. The Stx2e toxin is produced by E. coli-type strains
E57, S1191 and 412 associated with oedema disease in
weaned piglets25 . Stx2e is 10,000 times less toxic and other
Stx2 variants are 10-100 times less toxic for HeLa cells than
for vero cells. The situation is the opposite for MDBK cells.
These findings are related to the amount of Gb3 and Gb4
receptors on the cells™. stxy, a new variant of stx, was recen-
tly described in STEC isolates from pigeonsNA

Members of the Stx family are compound toxins (the
holotoxin is approximately 70 kDa), comprising a single
catalytic 32 kDa A-subunit and a multimeric B-subunit
(7.7 kDa monomers) that is involved in the binding of the
toxin to the specific glycolipid receptors on the surface of the
target cell’®. Biochemical cross-linking analysis suggested
that the holotoxins of both Stx1 and Stx2 include five B-
subunit monomers”. The crystallographic analysis of the
Stx holotoxin demonstrated that the B-subunits form a
pentameric ring, which encircles a helix at the C-terminus
of the single A-subunit™.

Pathogenesis of STEC

Multiple virulence factors contribute to the pathogenicity
of STEC. Stxs inhibit the protein synthesis of host cells lead-
ing to cell death. Stxs play a major role in inducing vascular
injury in the intestinal epithelium. More specifically, Stxs
perturb cytokine expression patterns as a consequence of their
interaction with epithelial cells™.

The ability to adhere to intestinal epithelial cells and to
colonize the human gut is undoubtedly one of the key de-
terminants of virulence. The invasion process is dependent
upon both bacterial protein synthesis and host cell micro-
filaments. It has been known for a decade that certain
strains of STEC are capable of causing attaching and effac-
ing (AE) lesion on enterocytes. Production of AE lesion
is a multistep event initiated by adherence of bacteria to the
microvilli, transduction of a signal into enterocytes, which
is followed by aggregation of the cytoskeletal actin with
effacement of microvilli leading to intimate attachment of the
bacteria to the cell surface’”. The formation of this AE lesion
is mediated by secreted and surface-arrayed bacterial pro-
teins encoded by a pathogenecity island called the locus for
enterocyte effacement (LEE)'". LEE, which is inserted at
82 min in the E. coli chromosome, includes the eaed gene
that encodes intimin, a 939-amino acid (outer membrane)
protein which mediates intimate attachment of the bacte-
rium to the enterocyte. The LEE also encodes the receptor
for intimin®***, This receptor protein was previously refer-
red to as Hp90, but has now been renamed translocated
intimin receptor (Tir). Efficient delivery of Tir into the host
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cell is dependent upon the type-1II secretion system and other
LEE-encoded secreted proteins. Different variants of the Tir
molecule have also been described'” and the different intimins
and tir products are determinants of host tissue tropism®.
Moreover, STEC strains invariably harbour a 97 kb plasmid
encoding additional virulence traits such as STEC hemoly-
sin, which acts as a pore-forming cytolysin on eukaryotic
cells; the bifunctional catalase peroxidase KatP; a secreted
serine protease (espP) and the etpD gene cluster which pro-
bably encodes a type II secretion pathway‘%. However, not
all STEC strains from patients with HC and HUS harbour
the LEE, indicating that intimin is not essential for human
virulence. This raises the possibility that these strains produce
additional yet uncharacterized virulence factors. Recently,
Paton et al.”’ have described a gene, designated saa (STEC
autoagglutinating adhesion), which is carried on the large
plasmid of certain LEE-negative STEC strains. This gene
encodes a novel outer membrane protein, which functions as
an adhesin. However, no significant association was found
between the saa gene and STEC isolated from patients with
HUS and from healthy controls. Although other genes such
as iha, ureC and efal have been found in association with
the genomes of a subset of STEC strains often referred to as
EHEC, further studies are needed to determine their role in
pathogenesis'”. Pradel ez al.*® revealed for the first time that

Twin arginine translocation system is required for the secre-
tion of Stx and synthesis of the H7 flagellin, which are two
of the major virulence factors specific to EHEC O157: H7.

Sources and vehicles of spread of STEC

Cattle are known to be the most important reservoirs of STEC
strains across the world. Other animals known to harbour
STEC strains, with or without symptoms, include sheep,
goats, pigs‘w, buffaloes’, horses™, deer*', wild boar, antelope,
reindeer®, birds", etc. STEC can potentially enter the human
food chain most commonly through contamination with
faeces or intestinal contents after slaughter as explained in
Figure 1. The organism may also be transmitted from person
to person through the faecal-oral route’’. Recently, Varma
et al.** have demonstrated another mode of spread of STEC
in humans by investigating an outbreak of £. coli 0157 : H7
infection in humans following exposure to a contaminated
building.

Diagnosis of STEC

Currently, three main methods based on cytotoxicity, sero-
logy and gene detection in conjunction with isolation (Fig-
ure 2) are being followed for identification of STEC.
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Sources and vehicles of spread of STEC to humans.
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Cytotoxic assays

The profound cytotoxicity of Stx to vero cells remains the
‘gold standard’ for confirmation of putative Stx-producing
isolates'”. The assay involves treatment of vero monolayers
(usually in 96-well trays) with sterile extracts or filtrates of
test materials and examining cells for cytopathic effects
after 48-72 h of incubation. The specificity of cell-culture
cytotoxicity tests can be considerably improved by employ-
ment of Stxl- and Stx2-specific neutralizing antisera®.
Since vero cells have a high concentration of Gb; and Gb,
receptors in their plasma membranes, they can be used to
detect all known Stx variants. HeLa cells have also been
used, but this cell line lacks Gb, moiety and, therefore, is
less sensitive to Stx2e'”.

Serological assays

Several immunoassays have been developed to detect Stx in
culture supernatants, in bacterial extracts, or directly in faecal
samples: sandwich and other ELISA techniques with immune
sera, affinity-purified polyclonal antibodies, immobilized
monoclonal antibodies or a Gbs receptor as a capture system,
and reverse passive latex agglutination assay'’. Over the
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Screening for stx), stx,
and their variant genes
by multiplex PCR

A simple and systematic procedure for isolation and characterization of STEC.

years, a number of other immunological methods like colony
blot and passive agglutination assays have also been develo-
ped. The major advantage of these immunological methods
is ease and flexibility of use. Most of the ELISA methods
involve a sandwich technique with immobilized mono-
clonal or affinity-purified polyclonal antibodies to the toxins
as capture ligands. Reymond ez al.** described a Western
immunoblot assay for Stx1 antibodies, which was more
specific and sensitive than either ELISA or cytotoxicity neutra-
lization methods and proposed this as a more useful tool for
seroepidemiological studies. Several commercial kits are
available for STEC diagnosis.

DNA-based assays

The DNA-based assays are colony hybridization and poly-
merase chain reaction (PCR) assays. The colony hybridization
assay with polynucleotidic probes was the first one to be
used"”. Non-radioactive labels such as digoxigenin and biotin
have been used for detection of STECs without loss of sensiti-
vity or specificity*®. PCR-based techniques are used to deter-
mine if there is STEC in a sample at all, without having to
purify the organisms or isolate separate colonies. Crude lysa-
tes or DNA extracts from single colonies, mixed broth
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cultures, colony sweeps, or even direct extracts of faeces
or foods can be used as templates for PCR. stx-specific
PCR products are usually detected by ethidium bromide
staining after separation of the reaction mix by agarose
gel electrophoresis. A simple multiplex-PCR assay to detect
stx;, stx, and their variants was initially developed by Pa-
ton and Paton®. There are certain disadvantages of this
PCR-based diagnostic method. (1) The examination of faecal
samples by direct PCR can be a problem because sub-
stances inhibitory to PCR could be present in faeces or
number of target organisms present in the test sample could
be small, resulting in false negative or unclear results. (2)
False positive results can be obtained if cryptic target gene
sequences are present (free stx encoding phages or defective
stx genes in bacteria)™. Subsequently, a rapid and specific
multiplex PCR, which detected rfbO157 gene (involved in
the biosynthesis of O157 E. coli antigen) and main viru-
lence genes (stx;, stx, and eaed) of STEC in the faeces
were developed by Osek’. Direct PCR (DPCR) has also
been described as a simple and rapid approach for the detec-
tion of STEC because the untreated environmental sample is
used directly as a template in PCR, eliminating the steps
of cell recovery or DNA extraction’’. The ability of DPCR
to detect dead cells or free DNA could be advantageous in
some situations. The recent development of real-time PCR
has added newer dimension of quantitation to the conventio-
nal PCR assays™. The technique has been applied to detect
a number of pathogens, including STEC with the use of modi-
fied probes or oligonucleotides that are coupled with reporter
and quencher dyes at the 5" and 3’ ends respectively. In an
intact probe, the quencher dyes suppress the flourescence
emission of the reporter dye. The continuous measurement
of incremental fluorescence of each PCR cycle provides
an accurate estimate of the number of cells of a bacterial
pathogen present in contaminated food and faecal samples
even up to levels of 1-10 CFU/g of food or faeces™.

The optimization of the reverse transcriptase PCR desig-
ned to detect viable STEC as recently developed should
become a useful tool”. Ge et al.”® combined PCR with
ELISA to develop a sensitive and specific detection method
for STEC in foods. The principle of the method is incorpo-
ration during the PCR amplification process, of digoxigenic-
labelled dutp and a biotin-labelled primer specific for the
VT genes. The labelled PCR products, bound to streptavidin-
coated wells of a microtitre tray through the biotin, are then
detected by an ELISA technique’’.

Isolation of STEC

Isolation of STEC strains must be considered the defini-
tive diagnostic procedure. It permits additional charac-
terization of STEC like O : H serotyping, antimicrobial drug
resistance, phage typing, restriction fragment length poly-
morphism and amplification-based DNA typing.
Non-O157 STEC serogroups do not have any special
biochemical feature, which can differentiate them from
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commensal E. coli strains during isolation. Thus their isola-
tion involves the standard protocol for isolation of E. coli.
The selective media for isolation of O157:H7 and O157:
H™ STEC is Sorbitol-MacConkey agar (SMA). Most of these
strains are unable to ferment sorbitol, which distinguishes
them from majority of faecal E. coli belonging to other
serotypes. SMA plates are inoculated with faecal speci-
mens and examined after incubation for the presence of
colourless sorbitol negative colonies. Individual colonies
can be confirmed by slide or tube agglutination test using
0157 and H7 antisera. Chapman ez al.” improved the isola-
tion rate of O157 by supplementing SMA with cefixime,
to inhibit Proteus spp. and thamnose to allow its fermenta-
tion by sorbitol negative non-O157 E. coli strains. Broth
enrichment serves two purposes: inhibitors of PCR in the
samples are diluted and bacterial growth increases the number
of copies of the target sequence”.

To avoid the problem of false negative results from low
abundance specimens, Immunomagnetic separation (IMS)
techniques have been developed to assist in the isolation
of STEC (principally O157). The procedure involves
coating magnetic beads with anti-LPS antibody and mixing
them with broth cultures or suspensions of faeces or suspect
food homogenates'’. The beads and bound bacteria are
then trapped in a magnetic field, the unbound suspension is
decanted, and the beads are washed. After additional binding
and washing cycles, the beads are plated and the resultant
colonies are checked for reactivity with the appropriate O
antiserum and, more importantly, for stx production. The
principal drawback of IMS is, of course, its serogroup specifi-
city. However, it is an extremely valuable enrichment
technique, particularly under circumstances where STEC
strains of known serogroups are being deliberately targetted,
for example, when testing foods/water samples suspected
of being the source of an outbreak’. The most comprehen-
sive investigation of the efficacy of IMS for isolation of
E. coli 0157 is that of Karch et al.”’.

Indian perspective

In India, there is paucity of information on STEC. It has not
been identified as a significant etiologic agent of diarrhoea
for humans in India. However, isolation of O157 and non-
0157 serogroups of E. coli that exhibited the cytotoxic
activity in vero cells has been reported from human patients
with diarrhoea in India, but these strains have not been well
characterized, and their origin is uncertain®'. Similarly,
there are not many reports of isolation of STEC from various
animal species in India. Pal et al.®” were first to report the
isolation of STEC from non-diarrhoeic animal sources in
India. These workers collected faecal samples from 67 healthy
cattle in a semi-urban community near Calcutta (now Kol-
kata) and examined these for STEC by multiplex PCR and
culturing on SMA. STEC was isolated from the faeces of
seven (10.5%) animals. The eight strains isolated belonged
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to eight serotypes, viz. 0146: H1, 0149 : HNT, ONT : H19,
088 :HN, ONT : H2, O82: H8 and O28ac: H21. Bead en-
zyme-linked immunosorbent assay showed that three strains
produced Shiga toxin 1, one produced Shiga toxin 2 and
four produced both. Subsequently, Chattopadhyay et al.”*
isolated and characterized STEC strains from animal,
human and food products. A total of 876 samples (330
animal, 184 human, 362 food samples) were screened for the
presence of STEC by conventional as well as PCR techni-
ques. Seventeen STEC strains (12, 1 and 4 from animal,
human and food samples respectively) were isolated. The iso-
lation rate was higher in diarrhoeic animals (6.02%), fol-
lowed by diarrhoeic handler (3.12%) and raw beef (1.78%)
samples. Though the STEC strains were isolated from diffe-
rent sources of animal and human origin, they showed a uni-
form antibiogram. This suggested a zoonotic association.

Kumar et al.** investigated the occurrence of STEC in fresh
fish, shellfish and meat sold in open markets in Mangalore,
India. Two out of 60 fish samples and two out of the 48 clam
samples were positive for stx and hly4 genes by PCR. STEC
strains belonged to non- 0157 serogroups. They concluded
that the seafood could be a vehicle for transmission of STEC
even in tropical countries.

Again in Kolkata, Khan et al.®” investigated the preva-
lence of STEC in hospitalized patients with diarrhoea, as
well as in healthy cattle and raw beef samples collected from
the city’s abattoir. Multiplex PCR using primers specific
for stx; and stx, genes detected STEC in 18% of cow stool
samples, 50% of raw beef samples and 1.4% of bloody and
0.6% of watery stool samples from hospitalized patients.
Various virulence genes in the STEC isolates indicated
that stx; allele predominated. Plasmid-borne markers,
namely hlyA, KatP, espP and etpD were also identified.
However, they concluded that STEC is not an important
cause of diarrhoea in Kolkata, but its presence in cattle
and beef samples suggests that this enteropathogen may
become a major public health problem in the future.

The first systematic study on strains of STEC in India
was carried out by Khan et al. % In this study antibiotic resis-
tance, virulence gene and other molecular profiles of STEC
strains isolated from human stool samples, cow stool samples
and beef samples over a period of two years in Kolkata, were
determined. Resistance to one or more antibiotics was obser-
ved in 49.2% of the STEC strains, with some strains exhi-
biting multidrug resistance. The dominant combinations
of virulence genes present in the strains studied were stx;
and stx; (44.5% of strains) and stx; and hly4 (19% of strains).
Only 6.4% of the STEC strains harboured eae. The diver-
sity of STEC strains from various sources was assessed
by random amplification of polymorphic DNA (RAPD).
STEC strains that gave identical or nearly similar DNA
fingerprints in RAPD-PCR and possessed similar viru-
lence genotypes were further characterized by pulsed-
field gel electrophoresis (PFGE). Identical RAPD and PFGE
profiles were observed in four sets of strains, with each
set comprising two strains. There was no match in the
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RAPD and PFGE profiles between strains of STEC isolated
from cows and those isolated from humans. It appears that
the clones present in bovine sources are not transmitted to
humans in Kolkata, although these strains showed evolu-
tionary relatedness. May be for this reason, STEC has still
not become a major problem in India.

Wani et al.* reported for the first time the isolation and
characterization of STEC serogroups associated with diar-
rhoea in calves and lambs in India. Many STEC and EPEC
isolates belonged to serogroups known for certain life-
threatening diseases in humans. About 249 bovine and 60
ovine E. coli strains were recovered from faecal samples
of 391 calves and 101 lambs. Then 130 bovine and 15 ovine
strains were subjected to multiplex PCR for detection of
stxy, stx,, eaed and EHEC hly4 genes. STEC strains belong-
ing to different serogroups were detected in 9.73% of calves
and 6% of lambs studied. Majority of the STEC isolates
in this study did not belong to those serogroups which
had been identified earlier to be mainly associated with
diarrhoea and enteritis in cattle and sheep outside India.
One of the most important serogroups, 0157 known to cause
certain life-threatening infections in humans, was isolated
from both bovine and ovine faecal samples. Similarly,
Wani et al.®’ reported an outbreak of bloody diarrhoea in
1-16-week-old crossbred calves in an organized dairy
farm in Kashmir. Seven out of ten were affected. Affected
calves were diarrhoeic for 4-5 days and voided blood tinged
malodourous faeces. O116 was recovered from five calves
with diarrhoea. The virulence gene profile revealed stx,,
eaed and hlyA genes. In another study, association of
STEC O4:NM serotype with an outbreak of diarrhoea in
4-7-week-old calves was also demonstrated by Wani et
al.®®. Nine calves with diarrhoea revealed the presence of
04 :NM serotype. Six E. coli O4:NM strains carried
eaeA and EHEC hlyA genes and three possessed stx; in addi-
tion to eaed and EHEC hlyA genes. Recently, we screened
426 E. coli strains isolated from 500 chicken and 25 free-
flying pigeons. None of these strains possessed Shiga toxin
genes. However, six and seven E. coli isolates revealed the
presence of eaed and hlyA genes 1'espectively69. Likewise
136 E. coli isolates from rabbits with and without diarrhoea
did not reveal the presence of STEC. However, eaed gene
was found in three isolates while another isolate showed the
presence of hlyA gene (unpublished data).

Again, Kumar et al. 7 characterized STEC strains isolated
from seafood and beef in Mangalore by bead-ELISA, vero
cell cytotoxicity assay, PCR and colony hybridization for
the detection of stx; and stx, genes. Four strains from sea-
food, six from beef and one from a clinical case of bloody
diarrhoea were found to carry Shiga toxins. The seafood iso-
lated carried stx; and or stx, in combination or alone, while
the beef isolates produced stx; alone. stx; gene of beef
STEC was found to be stx,, subtype. Interestingly, though
all STEC strains were negative for eae gene, two STEC
strains isolated from seafood and one from a patient with
bloody diarrhoea carried STEC autoagglutinating adhesin

CURRENT SCIENCE, VOL. 87, NO. 10, 25 NOVEMBER 2004



REVIEW ARTICLE

gene, recently identified as the gene encoding a novel auto-
agglutinating adhesin.

In India, there seems to be scanty literature on antimicro-
bial resistance pattern of STEC.

Chattopadhyay et al.*® studied the antibiotic sensitivity
pattern of STEC strains from animal, human and food pro-
ducts and reported that STEC strains were uniformly sensitive
to common antibiotics except tetracycline, cephalexin, diclo-
xacillin, erythromycin and lincomycin. Similarly, Khan et
al.* also examined antimicrobial resistance pattern of 63
STEC isolates from 19 human stool samples, 40 cow stool
samples and four beef samples in Kolkata using 15 antim-
icrobials. Resistance was observed most commonly to
ampicillin (25.4%), tetracycline (23.8%) and streptomycin
(14.3%), and less frequently to cephalothin (1.1%), cotri-
moxazole (9.5%), nalidixic acid (6.4%) and neomycin
(3.2%). The authors reported that more than one-third of
these strains (35%) showed reduced susceptibility to different
antimicrobial agents, but were not completely resistant to
any of the antibiotics. About 14.3% of the isolates were
sensitive to all antimicrobials used in the study. Fourteen
strains showed multidrug resistance and there was no com-
mon resitance pattern among the strains.

Conclusion

The present review is an attempt to summarize informa-
tion available on pathogenesis, epidemiology, advances
in rapid detection and diagnosis of STEC with particular
reference to India. From current knowledge, it is clear that
pathogenesis of STEC is multifactorial and involves several
virulence attributes of the organism. Apart from various
food materials other modes of spread like drinking water,
swimming in contaminated pools and airborne dispersion
have also been recognized as sources of STEC infection.
Rapid and sensitive methods for detection of STEC are
now in force; especially there has been advance in PCR
technology, which has increased the speed and has made it
possible to quantitate the number of STEC organisms pre-
sent in a suspected sample. STEC has not been yet recognized
as major human pathogen in India. This seems to be due to
lack of investigations and under-reporting of the cases to
hospitals or laboratories.

At present, a major challenge in the area of STEC res-
earch is to design widely accepted, rapid methods for detec-
tion, elimination or reduction of the STEC load in food
materials and other sources. Immunization of ruminants
like cattle and sheep has shown promise for reducing the
shedding of STEC strains in their faecal materials’"’*. This
needs to be evaluated and advanced further before it can
be applied on a large scale in the field. Further ruminant
shedding of STEC is influenced by dietary factors and
fasting regimes imposed during transport to slaughter-
house’*. More work in this direction will answer its actual
implications on STEC shedding. Irradiation of food mate-
rials like ground beef as approved by the Food and Drug
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Administration in USA will efficiently diminish the STEC
load in food materials’™®. Similarly, development of cost-
effective candidate vaccines for human use would be helpful
for efficient management of STEC infection. Before this
can happen, there must be at least an effective treatment
strategy that will reduce the progression of infection to
HUS. An efficient reporting system based on public aware-
ness will determine the epidemiology and importance of STEC
infection in India for efficient management of the problem.
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