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Abstract
Diarrhoeal disease in developing countries is caused by an increasing long list of bacteria, viral and parasitic enteropathogens. Escherichia coliis a type
of bacteria present in all animal gut, but some strains cause diarrhoeal disease. There has been considerable progress during recent years regarding the
role of toxins in diarrhoeal diseases. Enterohaemorrhagic E. coli (EHEC) is known to produce verocytotoxin (VT) which inhibits protein synthesis
and cause endothelial damage of small blood vessels leading to local intravascular coagulation and fibrin deposition in central nervous system (CNS),
gut and kidney resulting in severe illness. The aim of this study was to determine the incidence of verocytotoxin produced by E. coli 0157:H7 isolated
from diarrhoeal patients and its health implication. During the study period, 850 diarrhoeal specimens were analysed using sorbitol MacConkey agar,
latex agglutination test and antiserum-sorbitol fermentation medium. Of these specimens 26 (3.1%) were found to be infected with E. coli 0157:H7
among other enteropathogens. The E. coli 0157:H7 isolates were analysed for presence of verocytotoxin using standard VTEC-RPLA assay. VT-1
was detected from ¥/, (11.5%), VT-2 from '/, (65.4%) and VT-1 and VT-2 from %, (23.1%) of isolates. We recommend that hospital laboratories
should consider performing stool culture for verocytoxoxin producing E. coli (VTEC), especially serotype 0157:H7, either routinely or on selected

patients to avoid the severe consequences of toxins produced by this strain of E. coli.
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Introduction

Escherichia coli (E. coli) is a type of bacteria present in the gut of
all animals. There are many different strains of the bacteria, most
of which are harmless. However, some strains may cause disease
in humans and animals. The acronyms EHEC (Enterohaemorrhagic
E. coli) refers to those E. coli strains that have the same clinical,
epidemiological and pathogenic features associated with the

prototype EHEC organism E. coli 0157:H7 ! and produce

cytotoxins that are distinct from the classic E. coli heat liable (LT)
and heat stable (ST) enterotoxin. However, EHEC is often used as
a synonym of STEC (Shiga-like toxin producing E. coli) derived
from the fact that the toxins are Shiga-like, i.e., similar to those
produced by Shigella dysenteriae-1?* or as a synonym of VTEC
(verocytotoxin producing E. coli) referring to strains of E. coli
that produce distinct toxin on Vero and Hella cells in tissue culture.
The two acronyms (STEC and VTEC) have now become de facto
synomyms, although acronym STEC is strictly more accurate. To
date, two distinct VTEC toxins have been recognized. The first
discovered was named verocytotoxin-1 (VT-1) and the second,

verocytotoxin-2 (VT-2). Some investigators refer to these toxins
as Shiga-like toxin-1 (SLT-1) and Shiga-like toxin-2 (SLT-2)

respectively. Single EHEC strain may express VI-1 only, VI-2 only
or both toxins or even multiple forms of VT-2.

The major virulence factor and a defining characteristic of EHEC
is the toxin. This potent cytotoxin is the factor that leads to death
and many other symptoms in patients infected with EHEC . The
toxin family has been extensively reviewed *¢. The toxin family
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contains immunological and non-cross-reactive groups. These
toxins inhibit protein synthesis and are thought to cause
endothelial damage of small blood vessels, leading in turn to local
intra-vascular coagulation and fibrin deposition in the central
nervous system (CNS), gut and kidney *. These events variably
lead in turn to microangiopathic haemolytic anaemia, thrombotic
thrombocytopenic purpura, acute CNS dysfunction and bowel
ischemia and necrosis *>7°.VTEC belonging to serogroup 0157 is
now considered to be the major cause of haemorrhagic colitis
(HC) and haemolytic ureamic syndrome (HUS) 3. The aim of this
study was to determine the incidence of verocytotoxin producing
E. coli 0157:H7 isolated from diarrhoeal patients in Jos hospitals
and its health implications in patients infected with this organism.

Material and Methods

Sample collection: Random specimens of diarrhoeal stool were
collected from 850 patients attending Jos University Teaching
Hospital, ECWA Evangel Hospital and Plateau Specialist Hospital,
all in Nigeria. Specimens were also collected from 200 persons
who had not suffered from diarrhoeal illness in the previous three
to four weeks as control. Altogether 1050 faecal specimens were
collected.

Bacteriological procedure: All specimens collected were cultured

on MacConkey agar (MCA) plates and incubated at 37°C for 24 h
aerobically. Each colonial morphology and reaction on MCA were
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read and recorded. The individual colonies were tested
biochemically for identification of Enterobacteriaceae '*!'. Each
colonial morphology and biochemical reactions that conformed
to identification of E. coli * were tested for E. coli 0157:H7, by
subculturing a colony onto sorbitol MacConkey agar for sorbitol
fermentation 2, for latex agglutination using Oxoid Latex test
reagent DR620 ' and immobilization with antisera to H7 antigen'*.
Isolates, that did not ferment sorbitol within 24 h on sorbitol
MacConkey agar, were positive for latex agglutination test and
immobilized in a column of a semi-solid agar containing E. coli
0157:H7 flagella antiserum, were identified as E. coli 0157:H7 >4,

Detection of verocytotoxin: The types of verocytotoxin (virulent
factors) produced by each E. coli 0157:H7 isolated were determined
using Oxoid Reverse Passive Latex Agglutination (RPLA) test kit
(Oxo0id TD960), following standard procedure *°.

Results
E. coli0157:H7 was isolated from ¥/, , (3.8%) diarrhoeal patients
within the age group of 6-9 yrs and from *_, (3.6%) diarrhoeal
patients within the age group of 51-60 yrs. These two groups
were the most affected age groups (Table 1). No E. coli 0157:H7
was isolated from non-diarrhoeal patients (control group).

Out of 274 specimens collected from patients with history of
bloody diarrhoea, E. coli 0157:H7 was isolated from '/, (6.9%)
by culture on sorbitol MacConkey agar, latex agglutination test
and immobilized in antisera to H7 flagella antigen. From non-bloody
diarrhoeal patients (576), E. coli 0157:H7 was isolated from7/_
(1.2%) of the patients (Table 1).

Verocytotoxin was detected from all E. coli 0157:H7 (26) isolates.
Verocytotoxin (VT) was detected from 19 E. coli 0157:H7 isolates
from 274 bloody diarrhoea patients (Table 2). VT-1 was detected
from %/ (10.5%), VT-2 from "/ (68.4%) and VT-1 and VT-2 from
“/,4(21.1%) of cases. From 576 non-bloody diarrhoeal patients,
verocytotoxin was detected from 7 E. coli 0157:H7 isolates. The
VT-1 was detected from '/ (14.3%), VT-2 from */ (57.1%) and VT-1
and VT-2 from */,(28.6%) of cases (Table 2).

Table 1. Prevalence of E. coli 0157:H7 from diarrhoeal patients

in Jos.

Age group Diarrhoeal patients Bloody diarrhoea  Non-bloody diarrhoea
(yrs) n* (%) n* (%) n* (%)
0-5 %407 (3.4) 54 (10.6) 313 (1.3)
6-10 104 (3.8) 3150 (6.0) 54(1.9)
11-20 Y65 (3.1) '20(5.0) Y45 (2.2)
21-30 a1 (1.4) %11 (0.0) Yso (1.7)
31-40 V4 (2.3) 15 (5.5) %56 (0.0)
41-50 Vss (1.7) s (3.1) %56 (0.0)
51-60 %55 (3.6) %130 (6.7) 0/,5(0.0)
61-70 46 (2.2) Y10 (5.3) %57 (0.0)
Total */s50(3.1) "/174(6.9) T/s76(1.2)

n* = No. positive as numerator, and total No. of specimens as denominator.

Discussion

The purpose of this study was to determine the incidence of
verocytotoxin (Shiga-like toxin) producing E. coli 0157:H7 from
diarrhoeal patients and its health implication. In Nigeria, like any
other developing nation, accurate diagnoses of diseases are

sometimes very difficult as a result of poor facilities in the medical
centres. In this study, verocytotoxin was detected from 26 E. coli
serotype 0157:H7 strains isolated. VT-1 was detected from */
(11.5%), VT-2 from 7/, (65.4%) and VT-1 and VT-2 from %/, (23.1%)
of isolates. There are reports that associated E. coli 0157:H7 with
haemorrhagic colitis (HC) and haemolytic ureamic syndrome (HUS)
in both outbreak and sporadic cases "% 2, The diagnosis of
HUS and HC is clinical, but the detection of verocytotoxin

producing E. coli can confirm the diagnosis and is of particular
value in unusual case 2'. In this study, unfortunately, none of the
known diseases associated with E. coli 0157:H7 were diagnosed
in these patients, possibly due to lack of essential diagnostic

tools. However, detecting verocytotoxin from the isolates is

significant. In the study of Smith and Scotland *' on incidence of
VTEC 0157 serogroup in HC and HUS, only '/, (0.99%) of their
isolates produced VT-1,/  (67.32%) produced VT-2 and **/
(31.68%) synthesized both toxins (VT-1 and VT-2). Our results
unfortunately show similar incidence, but with no clinical diagnosis
of HUS or HC.

VT-1 and VT-2 differ in their effect on various tissues 2. However,
they both have shown ability to induce apoptosis in several
different cell types >>%°. In addition to inhibiting protein synthesis,
verocytotoxin induced cytokines such as interleukin-1 (IL-1),
interleukin-6 (IL-6) and interleukin-8 (IL-8) %. Verotoxins have also
been shown to induce expression of tumour necrosis factor
(TNF) 2?7, although the simplest mechanisms for HUS involve
direct cytotoxic action of verocytotoxin on renal endothelial
cells .

It is unclear which toxin is more virulent, but given an equal
amount of protein in cell lysate, VT-2 is more lethal for mice and
less cytotoxic than VT-1 2. It was reported that VT-1 probably
induces injury of the vascular endothelium of rabbit, but it was
cleared from the circulation within minutes, and this may explain
why VT-1 has never been found in human blood *. Epidemiological
data suggest that VT-2 is more important than VT-1 in the
development of HUS . It has also been reported that E. coli
0157:H7 strains that express VT-2 alone are more likely to be
associated with progression to HUS than are strains producing
VT-1 alone or, curiously, both VT-1 and VT-2 *°. There are other
reports that 38-61% of E. coli 0157:H7 infections result in HC
while only 8% with associated diarrhoea develop HUS 3. Even in
the best medical facilities, HUS has mortality rate of about 5% 3!
It is reasonable, therefore, to assume that patients in this study
identified with verocytotoxin were either suffering from
undiagnosed HC, HUS or a more severe illness and/or may at later
date suffer from these illnesses if not cured of these toxins.

Table 2. Prevalence of verocytotoxin (VT) from clinical isolates of E. coli 157:H7 by reverse passive

latex agglutination test (RPLA-Oxoid TD960).

Type and number of specimens Toxin detected by RPLA
E. coli 0157:H7 VT-1 VT-2 VT-1 and VT-2
Bloody diarrhoea (274) 1/274(6.9%) %/16(10.5%) B/10 (68.4%) 10 (21.1%)
Non-bloody diarrhoea (576) 576 (1.2%) 12 (14.3%) 42 (57.1%) 6/ (23.1%)
Total (850) 2/e50(3.1%) 3/,6(11.5%) 171,6(65.4%) 0/,6(23.1%)
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