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ABSTRACT

A mouse monoclonal antibody (MAb ICT7) that is specific for Shiga toxin was produced. The
MAb neutralises the cytotoxic effects of both purified Shiga toxin and culture extracts of
Shigella dysenteriae type 1 in HelLa cells. Using MAb ICT7 and polyclonal rabbit antiserum, a
sandwich ELISA was developed. This test detects Shiga toxin in both S. dysenteriae type 1
bacterial extracts and in stools of patients with S. dysenteriae type 1 infection. The ELISA also
detects toxin in enterohaemorrhagic Escherichia coli (EHEC) strains positive for Shiga-like
toxin I. The test could detect a minimum of 100 pg of purified Shiga toxin. Furthermore, the
ELISA did not detect toxin in non-S. dysenteriae type 1 Shigella species or Shiga-like toxin II

produced by EHEC strains.
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INTRODUCTION

Shiga toxin (ShT) produced by strains of Shigella
dysenteriae type 1 is a heat-labile protein having neuro-
toxic, cytotoxic and enterotoxic properties (1,2). Tt is a
cell-associated toxin (3,4) and is released into the culture
medium after cell death (5,6). The toxin has been detected
in stools of patients with S. dysenteriae type 1 infection
(7). These patients also develop serum neutralizing
antibody to ShT (8). It has been suggested that Shigella
species, other than S. dysenteriae type |1, also produce
relatively small amounts of a toxin similar to ShT (9,10).
However, a conclusive evidence whether this toxin is
identical to ShT is not available, since these studies were
only based on the cytotoxic effect on HeLa cells,
neutralization of these activities with polyclonal rabbit
antisera or serological responses in patients (6,9,10).
Recently an iron-dependent toxin, termed Shigella

enterotoxin (ShET1), has been detected in strains of S. -

flexneri 2a (11). The term ShT is generally used for
indicating toxin produced by S. dysenteriae type 1 only,
while Shiga-like toxin (SLT) is used for indicating rejated
toxins produced by other Shigella species or by other
bacteria, especially enterohaemorrhagic Escherichia coli
(EHEC) (6,12). The toxin SLT-I preduced by EHEC is

neutralized by antibodies against ShT. The properties of
ShT and SLT-I are very similar, and the sequences of the
genes encoding the two toxins show more than 99%
identity (13). Another toxin, Shiga-like toxin II (SLT-1I)
of EHEC, shares approximately 55% overall nucleotide
and amino acid sequence homologies with the structural
gene of SLT-I (6,13). SLT-II is not neutralized by
anti-ShT/SLT-1 antibodies. Interest has also been gene-
rated in EHEC strains which produce SLTs since they can
cause diarrhoea with severe complications, such as
hacmorrhagic colitis and the haemolytic-uraemic syn-
drome. To detect S. dysenteriae type 1 producing ShT,
and EHEC strains producing SLT-I and SLT-IL
procedures using toxin-specific polyclonal and mono-
clonal antibodies (MAb) have been developed (7,12,14).
We have produced a MAb (ICT7) to ShT. We report here
its characterisation and use in immunodiagnostic assays to
detect the toxin in strains of Shigella and EHEC as well as
in diarrhoeal stools. In addition, we have attempted to
assess whether MAb ICT7 could discriminate between the
toxin produced by S. dysenteriae type 1 and the toxins of
other Shigella species and scrotypes, as well as other
bacteria.
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MATERIALS AND METHODS

Bacterial strains and media

Strains of Shigella species studied were isolated from
patients at the Clinical Research and Service Cenire of the
International Centre for Diarrhoeal Disease Research,
Bangladesh (ICDDR,B), Dhaka. Other bacteria tested
were S. dysenteriae type 1 strain 60R, a ShT-positive
rough mutant (15) and SC-501 (provided by Dr. P,
Sansonetti} (16) - a non-toxigenic mutant of S
dysenteriae type 1. Fourteen EHEC strains positive for
SLT-1. SLT-II or both SLT-I and SLT-1l were provided
‘by Dr. Peter Echeverria of the- Armed . Forces Institute of
Medical Sciences, Bangkok, Thailand. E coli K-12
(strain DH1) (17) was used as negative control for the
expertments. Other bacteria tested were from the culture
collection of ICDDR,B. Strains were stored at -70 °C in
trypticase soy (TS) broth (Gibco Diagnostic, Madison,
WI) containing 15% glycerol. They were subcultured
either on MacConkey agar (Difco, Detroit, M) or TS
agar containing 0.6% yeast extract. Diarrhoeal stool
samples tested were obtained from patients at the Clinical
Research and Service Centre. Only single stool samples
were obtained from patients immediately after admission
to the hospital. For S. dysenterice type ! patients, this was
approximately from 2 to 4 days after the onset of iljness.

Preparation of culture extracts of bacteria

Bacterial strains were cultured on heart infusion agar
slants (Difco) overnight at 37 °C and then treated with
polymyxin B sulphate to obtain culture extracts of
bacteria (12),

Immunization of mice and production of hybridoemas
and rabbit polyclonal antibody to ShT

Purified Shiga toxin was a gift from Dr. A. Donochue-
Rolfe of the New Engliand Medical Center, Boston, MA,
USA. Monoclonal antibodies were prepared by immu-
nizing BALB/c mice with formalin-treated toxin {7) four
times (5 pg/dose) at weekly intervals, The first dose was
mixed with an equal volume of Freund’s complete
adjuvant and administered subcutaneously. The second
and third doses were mixed with equal volumes of
Freund's incomplete adjuvant and given intraperitoneally.
The last dose was given intravenously. Four days after the
last dose, spleen cells from two immunized BALB/c mice
were fused with SP2/0 myeloma cells (18). Rabbit
polyclonal serum against formalin-treated toxin was
prepared as described previously (7). Hyperimmune
rabbit antiserum was tested using purified ShT in an
EILISA (18) and an end-point titre of S5x10° was
calculated. End-point titres were defined as the reciprocal
of the dilution giving an absorbance of 0.2 above
background.

Protein determination

Quantification of purified ShT and of ShT in bacterial
extracts was carried out on the basis of protein
measurement, using the Bio-Rad assay kit (Bio-Rad,
Richmond, CA) with bovine serum albumin as the
standard.

Screening of hybridomas by ELISA and production of
ascites fluid

Supernatant fluids harvested from hybridomas were tested
by ELISA in microtitre plates coated with 100 pl each of
purified ShT 71 pg/mi V. culture extracts of strains of .
dysenteriae type’]l (25 ug/mL) or the lipopolysacchande -
(LPS) of S. dysenteriae type 1 (10 pg/mlL) (17). Culture
extracts of the non-toxigenic §. dysenieriae type 1 strain
SC-501 and E. coli K-12 were also tested. Ascites
tumours were produced in pristane primed mice by
injecting them with 5x10° cloned cells. Ascites fluids
were tested by ELISA for reactivity to ShT and other
antigens mentioned above. To determine the 1sotype of
MAbs, supernatants obtained from hybridoma serum-free
medium (Gibco) were tested by ELISA (18).

Immunoblot

Shiga toxin (5 pg), cholera toxin (5 pg), and LPS of §.
dysenteriae type | (5 ng) were separated on 13.5%
sodium dodecyl sulphate polyacrylamide gels (19) and
stained with Coomassie blue. Antigens were transferred to
nitro—cellulose membranes (20), probed with MAb ICT7
and immunoblots developed as described previousty (18).
Pre-stained molecular weight markers (Bio-Rad) of range
106 to 18.5 kDa were used.

Stool extract

Single stool samples obtained from patients immediately
after hospitalization were frozen at -20°C and tested
within 7 days of collection. Stools were cultured for
detection of Shigeliu spp. and other enteric pathogens
(21). Approximately 1 g of stools was suspended in I mL
of phosphate buffered saline (PBS) and vortexed for
about 2 minutes (12). After centrifugation at 6000Xg for
I5 minutes and filtration (0.45 pm filter, Sartorius,
Géttingen, Germany), the supernatants were tested.

Cytotoxicity assay

The cytotoxic effect of ShT and culture extracts was
studied, using the method of Gentry and Dalrymple (22).
Hela cells were seeded in microtitre plates (2x10°
cells/well) and grown for 18-20 hours at 37 °C in a 5%
CO, atmosphere to near confluency, Cells were then
treated with varying amounts of toxin (1 pg to | pg/well)
and incubated for an additional 18-20 hours. Culture
extracts of bacteria (100 pl/well) were also tested.
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Negative controls of culture extracts of non-toxigenic
mutant of S. dysenteriae type 1 (SC-501) and E. coli K-12
(DH1), as well as wells containing cells not exposed to
toxin, were included. Purified ShT and culture extracts of
S. dysenteriae type 1 strain 60R were used as positive
controls. All assays were carried out in duplicate.

After incubation, detached cells, medium and toxin
were removed. The remaining cells were fixed with a 2%
solution of formalin for one minute. The fixative was
removed, and the plates were stained with 0.13% crystal
violet in PBS (containing 50% ethanol and 2% formalin)
for 20 minutes. For quantification, the stain in the
monolayer was dissolved with absolute ethanol.
Absorbance was determined at 595 nm in a Titertek
Multiscan  spectrophotometer  (Flow Laboratories,
Oxfordshive, UK). The percentage of cell detachment
(CD) resulting from incubation of different amounts of
toxin was used for constructing a standard curve. The
amount of toxin resulting in 50% cell detachment, i.e.
50% dye uptake, was denoted as the CDy, value.

Neutralization of cytotoxicity by MAb ICT7

Neutratization of cytotoxicity was carried out after mixing
equal volumes of test samples and MAb ICT7. Serial
dilutions of culture extracts and pure ShT were incubated
at 37 °C for two hours with an equal volume of MAD
ICT7 (1:10 ditution). Then, 0.1 mL of the toxin-antibody

mixture was incubated with the HeLa cell monolayer in -

duplicate wells for 18 hours. Neutralization of
cytotoxicity was ascertained by the crystal violet assay
{22). HeLa cells treated with only toxin (at appropriate
dilutions) or only MAb ICT7 (1:20 dilution) were also
used as controls,

MAD ICT7-based sandwich ELISA

An indircct sandwich ELISA (7,12) was set up by using
the MAb ICT7 and rabbit polyclonal antibody to ShT.
Bricfly, MAb ICT7 (as ascites fluid) was diluted 1:1000
in 0.05 M carbonate buffer, pH 9.6 and 100 pL was added
to each well of a microtitre platce (Nunec, Roskilde,
Denmark). After overnight incubation at 4 °C in a moist
chamber, the plate was washed three times with
wash-diluent buffer (1% fetal bovine serum in PBS with
0.05% Tween-20). The remaining binding sites were
blocked with 0.5% skim milk in PBS (100 pL/well) for 30
minutes at room temperature. After washing, purified ShT
(2 ng to 20 pg), culture extracts of bacteria or stool
extracts (both 100 pl/well) were added to the wells. After
incubation for one hour at 37 °C in a moist chamber, the
plate was washed three times and rabbit polyclonal
antibody to ShT diluted 1:500 in buffer was added (100
uL/well) and incubated for one hour at 37 °C in a moist
chamber. The plate was washed three times and
peroxidase conjugated swine anti-rabbit immunoglobulins

(Dako, Denmark) diluted 1:500 in buffer was added (100
pL/well) and incubated for one hour at 37 °C. After
washing the plate, substrate solution [3,3",5,5-
tetramethyl-benzidine (TMB)] (1 mg/mL) was added. The
reaction was stopped afier 10 minutes by adding 50 pL. of
1 M H,SO, and absorbance was measured at 450 am.
Purified ShT (1 pg/mL) and culture extract of S
dysenteriae type | (strain 60R) were used as the positive
controls in all assays. Culture extracts from non-toxigenic
mutant of S. dysenteriae type 1 and E. coli K-12 were
used as negative controls. In addition, wells containing
PBS instead of toxin were also used as negative controls.
All assays were carried out in duplicate. A cut—off point
of 0.2 was used for determining the presence or absence
of toxin. This was based on the OD values plus 2 standard
deviations of less than 0.200, obtained with the
non-toxigenic mutant of §. dysenferiae type 1 strain
$C-501. Absorbance values plotted against the amounts
of ShT tested were used for determining the sensitivity
and detection range for the assay. Linear regression
analysis was carried out to determine the amounts of toxin
present in samples.

Inhibition ELISA

The MAb ICT7 was also tested in sandwich ELISA
inhibition studies. These studies were carried out with
purified ShT (1 to 20 pg/mL) and culture extracts of §.
dysenteriae type 1 strain 60R (7.5 to 750 pg/mL) which
were mixed with MAb ICT7 and incubated overnight at
4°C. The toxin preparation alone and the toxin-MAb
ICT7 mixture were added to a microtitre plate that had
previously been coated with 100 pL/well of MAb ICT7
diluted 1:1000 in 0.05 M carbonate buffer (pH 9.6) and
blocked with 0.5% skim milk in PBS (100 pL/welt). The
plate was developed as described for the MADb
ICT7-based ELISA.

DNA hybridization assay

Colony blot hybridization of the Shigellu strains (Table I)
and E. coli X-12 (strain DH1) was performed for SLT-I
and SLT-TI as described previously (23,24). DNA probes
werc prepared from recombinant plasmids containing the
probe DNA as inserts. Plasmids were prepared, purified
and digested with restriction endonucleases (Bethesda
Research Laboratories, Gaithersburg, MD) and the
appropriate restriction fragments were purified as
described by Moseley et al. (25). The SLT-1 probe was a
l.1-kb BamHI fragment of pIJN37-19 and the SLT-li
probe was a Smal-Pstl” 850-bp digcstion fragment of
pNN110-18 (24). DNA fragments were labelled by
random priming (26), using [JZP]-deoxycytidine
triphosphate (3000 Ci/mmol; Amersham International
PLC, Aylesbury, UK) and a random primer DNA
labelling kit (BRL). Colony biots were prepared,
processed and hybridized under siringent condiiions as
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described earlier. The EHEC strains were tested for SLT-I
and SLT-II at the Armed Forces Institute of Medijcal
Sciences, Bangkok, Thailand. '

RESULTS
Hybridoma secreting MAb ICT7

Antbody secreted by one clone obtained from the fusion

of spleen cells of the immunized mice recognized ShT in

ELISA. It also recognized culture extracts of &
dysenteriae type 1 strains. but not the non-toxigenic
mutant of $. dvsenteriae type 1 SC-501 or E. coli K-12.
‘Non-specific reaction with LPS-of S. dysenteriae type |
or cholera toxin was not observed. This MAb was
designated as ICT7 and was of 1gG1 isotype. Ascites fluid
raised against the ICT7 hybridoma recognized the toxin
up to an endpoint titre of 5x10°.

Immunoblots

On immunoblotting (Fig.), MAb ICT7 recognized a small
molecular weight polypeptide (Lane b) in the B subunit
region of the purified toxin (<12 kDa in size) and did not
recognize any band in the region of the A subunit. This
suggested that MAb ICT7 specifically recognized the B
subunit of the toxin. It did not recognize cholera toxin
(Lane c). or LPS of S. dysenteriae type 1 (Lane d).

a b _c d_. _
106—
80—
495 -
325A
18.5— ;
B~ o

Fig. Inwnunoblot of Shiga toxin (b). cholera toxin {c), and
lipopolysaccharide of S. dysenteriae type 1 (d) with MAb 1CT7 (used
at a 1:500 dilution). Pre-stained molecular weight markers (in KDa)
are also shown (a). Arrow indicates the region of migration of the A
and B subunits of Shiga toxin

Neutralization of cytotoxicity by MAb ICT7

Purified ShT and culture extracts of S. dysenteriae type 1
showed cytotoxic effects on HeLa cells. In this assay, one
CDy, value of the toxin equalled 50 pg of the purified
material and 2x10* (D5, values were present per g
protein of pure ShT. At a 1:20 dilution of the ascites fluid,
the MAb could neutralize 1000 CDs, doses of purified
ShT. The cytotoxicity of undiluted culture extracts of 9
strains of S. dysenterige type 1 was completely
neutralized by MAb ICT7. These strains were also
positive for toxin gene by colony blot hybridization with
DNA probe for SLT-1.

Three strains each of S. flexneri type 1a, 1b, 2a, and
2b, S. dysenteriae type 13, S. sonnei Form 1, and . ‘boydii’
type 1-6, 7-11 and 12-15 produced cytotoxic effects on
HeLa cells which could not be neutralized by MAb ICT7.
The strains were also negative for toxin genes by colony
blot hybridization with DNA probes for SLT-1, as well as
SLT-II. Culture extracts of both SLT-1 and SLT-II-
producing EHEC (14 strains) showed cytotoxic effect on
Hela cells and were recognized by DNA probes,
Neutralization of the cytotoxic effects of the EHEC
strains by ICT7 was not done.

Sandwich ELISA with MAb ICT7

The ELISA procedure could detect a minimum of 100 pg
of purified ShT. Pre-incubation with MAb ICT7 could
mhibit the binding of a maximum of 1 ug of purified ShT.
In crude extracts of S. dysenteriae type 1, toxin could be
detected in as little as 70-90 pg of protein. The culture
extracts of all 9 strains of §. dysenteriye type ! prepared
as described above were strongly positive in the MAb
ICT7-based ELISA (>1.5 OD at 450 nm}. This could be
related to the presence of about 0.85 pg of toxin/mL
bacterial extract. The SLT-I-producing EHEC strains (11
strains) were also strongly positive in the ELISA,
showing the presence of approximately 0.615 pg
toxin/mL bacterial extract. The non-toxigenic strain of §.
dysenieriue typc | SC-501, ather Shigella strains and
serotypes, SLT-II-producing EHEC and the E. coli K-12
strain were negative in the ELISA.

Relatively high amounts of toxin (2-20 ng/ml) were
detected in stools from patients with §. dysenteriae type
[-associated dysentery (Table). Shiga-toxin could not be
detected in stools of patients with S. flexneri or S. sonnei
infection. When stools from Vibrio cholerae Ol and V.
cholerae 0139 patients were tested in the ELISA, no
reaction was observed, showing the absence of non—
specific binding,

DISCUSSION

Our results show that MAb ICT7 is useful for the
neutralization of cytotoxicity of purified ShT and crude
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extracts of S. dysenteriae type | strains on HeLa cells.
Furthermore, the cytotoxic effect of other species and
serotypes of shigellae was not neutralized by this MAb.
These results agree with those obtained by gene probe
assay and by the MAb ICT7-based sandwich ELISA.
Using the gene probe assay. except for S. dysenteriae type
1, all other shigellae were found to be negative for SLT-I
and SLT-II. Similarly, in the sandwich ELISA, the
bacterial extracts from these strains tested negative. Thus,
there is a complete agreement between the three methods
that we have used for detecting ShT in these bacteria.
These results, thus, suggest that although these non-S.
dysenteriae type 1 strains have a cytotoxic effect on HeLa
cells, it must be due to a factor different from ShT or
SLTs. Tt supports the findings by Bartlett et al. (27) and
Johnson and Lior (28).

Table I. Detection of toxin in stools of diarrhoeal patients

Taxin in stool extract

{ng/mL)

Stool samples from patients
infected with

S. dysenteriae type 1 (15 patients) 8.1 (5.7
S. flexneri (2a, Y) (6 patients) 0

S. sonnei Form [ (2 patients)
S. boydii (1-6) {2 patients)

V. cholerag Ol (6 patients)
V. cholerae 0139 (6 patients)

o o0 o 9

* Value is mean (1 standard deviation of the mean)

The HeLa cell cytotoxicity assay has a higher sensitivity
for detection of toxin (20 pg) than the sandwich ELISA
that detects only a minimum of 100 pg. Similar results
have been obtained earlier for SLT-I (11). However, the
specificity of the cytotoxic effect on HeLa cells of the
bacterial cultures had to be confirmed by neutralization
with specific antibodies. Our results show that the ELISA
is indeed specific for detecting ShT/SLT-I and could
detect the toxin in bacterial as well as stool extracts.
Either SLT-I or SLT-I and SLT-Il-coataining EHEC
strains could also be detected by this ELISA. This is not
surprising since the immunological and biochemical
properties of the ShT and SLT-T arc virtually identical
(13,29). We show here that both S. dysenteriac type 1 and
SLT-I-producing strains produce levels of toxins that can
be easily detected in bacterial extracts.

In conclusion, we feel that TCT7 is a uscful
moncclonal antibody that can be used for immuno-
diagnostic assays for detection of toxin of bacterial strains
and in diarthoeal stools. The results presented here further
support previous findings that Shiga toxin appears in the
gut during the course of bacterial dysentery (7).

ACKNOWLEDGEMENTS

This research was supported by the U.S. Agency for International
Development (USAID) under grant no. DPE-5986-A-00-1009-00, the
Swedish Agency for Research Co-operation with Developing Countries
{SAREC) and the International Centre for Diarrhoeal Diseasc Research,

Bangladesh (ICDDR,B). ICDDR.B is supported by countries and
agencies which share its concern for the health problems of developing
countries. Current donors include: the aid agencies of the Governments
of Australia. Bangladesh. Belgium, Canada, China, Denmark,
Germany, Japan, the Netherlands, Norway, Republic of Korea, Saudi
Arabia, Sri Lanka, Sweden, Switzerland, Thailand, the United
Kingdom, and the United States; international organizations, including
the Arab Gulf Fund, the Asian Development Bank, European Union.
the United Nations Children’s Fund (UNICEF), the United Nations
Development Programme (UNDP), the United Nations Population Fund
(UNFPA)., and the World Health Organization {WHO). private
foundations, including the Aga Khan Foundation. Child Heallh
Foundation, Ford Foundation, Population Council, Rockefeller
Foundation and the Sasakawa Foundation; and private organizations,
including American Express Bank, Bayer AG, CARE, Family Health
International, Helen Keller International, the Johns Hopkins University,
Macro International, New England Medical Center, Procter Gamble,
RAND Corporation, SANDOZ, Swiss Red Cross, the University of
Alabama at Birmingham, the University of lowa, and others.

We are grateful (o Dr. Peter Echeverria of Arned Forces Research
Institute of Medical Sciences, Bangkok, Thailand, for the gift of the
clinical isolates of enterohaemorrhagic £. cofi. We thank Mr. Manzurul
Haque for secretanial assistance.

REFERENCES

1. Eiklid K, Olsncs S. Animal toxicity of Shigellu dysenterive
cytotoxin: evidence that the neurotoxic, enterotoxic and cytotoxic
activities are duc to one toxin. J fmmuncel 1983;130:380-4.

2. Keusch GT, Jaccwicz M. The pathogenesis of Shigella diarrhea.
V. Relationship of Shiga enterotoxin, neuroioxin and cytotoxin. J
Infect Dis 1975, 131:533-8.

3. Donohuc-Rolfe A, Keusch GT. Shigella dysenteriue | cytotoxin:
periplasmic protein releasable by polymyxin B and osmotic
shock. Infect fmmun 1983;39:270-4.

4. Griffin DE. Gemski P. Relcase of Shiga toxin from Shigelln
dysenterize | by polymyxin B. Infect lmmun 1983:40:425-8.

5. Dubos R, Griger JW. Preparation and propertics of Shiga toxin
and toxoid. J Exp Med 1946,84:143-56.

6. O'Brien AD, Helmes RK. Shiga and Shiga-like toxins. Microbiol
Rev 1987:51:206-20.

7. Donohue-Rolfe A, Kelley MA, Bennish M, Keusch GT.
Enzyme-linked immunosorbent assay for Shigella toxin. J Clin
Microbiol 1986:24:65-8.

8. Oaks EV, Hale TL, Formal SB. Serum immune response (o
Shigella protein antigens in Rhesus monkeys and humans infected
with Shigella spp. Infect imnwn 1986:53:57-63.

9, Keusch GT, Jacswicz M. The pathogencsis of Shigellu diarrhea.
V1. Toxin and antitoxin in Shigella flexneri and Shigella sonnei
infections in humans. J Infecr Dis 1977;135:552-6.

10. O'Bricn AD, Thompson MR, Gemski P. Doctor BP, Formal SB.
Biological properties of Shigella flexneri 22 toxin and its
serological relationship to Shigella dysenieriae toxin. Infect
himun 1977,15:796-8.

11, Noriega FR, Liao FM, Formal SB, Fasano A, Levine MM.
Prevalence of Shigelle enterotoxin | among Shigella clinical
isolates of diverse serotypes. J fnfect Dis 1995:172:1408-10.

12. Downes FP, Green JH, Greene K, Strockbine N, wells JG,
Wachsmuth 1K. Development and evaluation of enzyme-linked
immunosorbent assays for detection of Shiga-likc toxin [ and
Shiga-like toxin 1. J Clin Microbiol 1989:27:1292-7.

13. Sirockbine NA, Jackson MP, Sung LM, Holmes RK., O’Brien AD.
Cloning and sequencing of the genes for Shiga toxin from
Shigella dysenteriae type | J Bacteriol 1989:170:1116-22.



Qadri er al.

I DIARRHOEAL DIS RES Jun 1996

14.

20.

Kongmuang U, Honda T, Miwatani T. Enzyme-linked
immunosorbent  assay to detect Shiga toxin of Shigella
dysenieriae and related toxins. J Clin Microbiol 1987;25:115-8.

Donohue-Rolfe A, Keusch GT, Edson C, Thoerley-Lawson D,
Jacewicz M. Pathogenesis of Shigella diarrhea. 1X. Simplified
high yield purification of Shigella toxin and characterization of
subunit composition and function by the use of subunit-specific
monoclonal  and  polyclonal  antibodies.  J Exp  Med
1984:160:160-7.

Fontaine A, Aronde! I, Sansonetti PJ. Role of Shiga toxin in the
pathogenesis of bacillary dysentery. studied by using a Tox™
mutant  of  Shigella  dysentericze 1. Infect  fmmun
1988.56:3099-109.

Qadn ¥. Azim T, Hossain Al, [slam D, Mondoi G, Farugque SM,

Albat M) A gaonocsine] .mt.ibody 75 -"bi;fﬂa dusenterige

serotype 13 cross-reacting with Shiga toxin, FEMS Microbiol Lant
1993:107:343-8.

Carlin NIA, Lindberg AA. Monoclonal antibodies specific for
Shigella flexneri lipopolysaccharides: clones binding to type | and
type Itl: 6, 7, 8 antigens, group 6 antigens, and a core cpitope.
Infect fnunun 1986:53:103-9,

Laerumli UK. Cleavage of structural proicins during the assembly
of the head of bacteriophage T4. Nature 1970;227:680-5.

Towbin H, Stachelin T, Gordon ). Electrophoretic transfer of
proteins  from  polyacrylamide gels to nitrocellulose sheets:
procedure and some applications. Proc Natl Acad Sci USA
1982:76:4350-4.

21.

22

23.

24.

25.

26.

27.

29.

World Health Organization. Programme for Control of Diarrhoeal
Discases. /n: Manual for laboratory investigations of acute enteric
infections. Geneva: World Health Organization, 1987.

Gentry MK, Dalrymple JM. Quantitative microtiter cytotoxicity
assay for Shigeila toxin. J Clin Microbiol 1980:12:361-6.

Faruque SM, Haider K, Albert MJ, Ahmed SS. Alam AM. Nahar
S, Tzipori 5. A comparative study of specific gene probes and
standard bioassays to identify diarrheagenic Escherichia coli in
paediatric patients with diarrhoea in Bangladesh. J Med Microbiol
1993;36:3740.

Newland JW, Neitl RY. DNA probes for Shiga-like toxins ! and 11
for toxin-convening bacteriophages. J Clin  Microbiol
1988:26:1292-7.

Moseley SL. Echeveria P, Serivvatana J, Thapat C. Chaicumpa
W. Saknldaipesrs T Falkow S. Identification of enlcrotoxigenic
Escherichia toli by colony hybndisanon wsing thive enscraskin
gene probes. J Infect Dis 1982:145:863-9.

Feinberg AP, Volgelstein B. A technique for radio-labeling DNA
restriction ¢ndonuclease fragments o high specific activity. Anal
Biochem 1984;137:266-7.

Bartlett AV, Prade D, Cleary TG, Pickering LK. Production of
Shiga-toxin and other cytotoxins by serogroups of Shigetia. ]
Infect Dis 1986;154:996-1002.

Johnson WM, Lior H. Production of Shiga toxin and a cytolethal
distending toxin (CLDT) by serogroups of Shigella spp. FEMS
Microbiol Lett 1987:48:235-8.

O'Brien AD, Laveck GD. Purification and characterization of 2

Shigella dysenteriae 1-like toxin produced by Escherichia coli.
Infect tmun 1983;40:675-83.



