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At the time of this investigation in late 1976 the methods available for identifi-
cation and quantitation of labile toxin (LT) of E. coli from traveller's diarrhea
were (1) YI adrenal tumour cell culture assay (Donta et ai, 1974; Sack et aI., 1975),
(2) Chinese hamster ovary (CHO) cell culture assay (Guerrant et aI., 1974),

(3) Eighteen- hour ligated rabbit ileal loop assay (Sack et aI., 1971) and (4)
Vascular permeability factor as;ay (Evans et aI., 1973). The cell-culture as.says

were expensive and quite demanding in technical skill and care. The animal assay,
over and above their expense and complexity, suffered from lower limits of confi-

dence. Thus an inexpensive in vitro immunologic assay was very much wanted.

Immunologic cross-reactions between E. coli LT and choleragen were do-
cumented by both in vitro immuno-chemical methods (Gyles, 1974) and in animal
models, like chronic jejunal Thiry-Vella loops in dogs (Sack eta I., 1976) and
lighted ileal loops in rabbits (Smith et aI., 1973; Gyles et aI., 1974). A high dilu-
tion of anti-choleragen was found to neutralize E. coli LT.

On the basis of this knowledge we devolped a passive hemagglutination inhibi-
tion test (PHAI) for identification and quantitation of LT produced by E. coli
,in vitro. This paper describes this test examining its specificity and sensitivity to
idenify the LT -producing 'E. coli strains and the posibility of its application.

MATERIALS AND METHODS

The main materials of the test were (I) three-times phosphate-buffer-saline

(PBS) washed sheep RBCs (SRBC) as inert antigen-carrier particles (2) Dr. Finkel-
stein 0572 batch of purified Iypholized choleragen (Finkelstein and LoSpaliuto.
1970; Finkelstein et aI., 1971) as the antigen to sensitize SRBC and (3) a highly
diluted (--. 1/2000) anti-choleragen as the standerdised minimum hemaggljtina-
ting dose in the PHAI system. The anti-choleragen was raised in rabit by injecting
locally purified choleragen that produced a single band on polyacrylamide gel

electrophoresis. When checked for its content of contamin~ting anti-somatic
antibodies by vibriocidal assay the antisera was found to possess a titer of only 1/8.

SRBCs were sensitized with 0572 batch of choluagen in a concentration of

100 microgram/ml in PBS (pH 7.2-7.4) with the help of chromium chloride(1.25
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mM) by a modification (Ahmed et aI., mam'script in preparation) of Vyas and
Shulman's (1970) method for coating hepatitis associated antigen (HAA)on huaman
RBCs.

Toxins tested for presence or absence of LT were prepared by shake-culturing
E. coli strains at 35°C for 20 hours in casaminoacid-yeast extract-glucose (0'2 %)
broth in slanting screw capped test tubes to get maximum surface to volume ratio.
Cell-free supernates were precipitated once with ammonium sulphate (56g./100ml),
deposits resuspended in 0.05M Tris-HCI buffer-saline, pH 7.3. The toxins were
finally adjusted to a volume that were ten times concentrated than the respEctive
crude supernates and were stored frozen below-20°C till tests were performed
(not more than 3 weeks).

For the PHAI test the 10X concentrated toxins were serially dilutEd in two~
fold decrements using Cook-engineering microtitration equipment (first well con-
taining 5X concentrated toxin). The minimum agglutinating dose of anti-choleragen,
standardized for the test system, was added in each well and incubated at 37°C
in a water bath for 45 minutes. 0.5% suspension of choleragen-sensitized SRBCs
were added in each well (each reagent added in a volume of 25 microliters), re-
incubated for one hour, plates kept at room temperature for two hours and readings
taken by observing inhibition of agglutination by the pattern of cell deposition.
Plates could be left on the table and read next morning with no significant diffe-
rence in the results.

Eight strains of E. coli, collected and screened for LT by rabbit iJealloop test
in 1974, were 1ested by this me1hod twice observing the usual double-blind pre-
cautions (5 LT positives and 3 LT negatives by ileal loop tests).

Thirty two strains of E. coli were collected during work from patients suffering
from moderate to severe diarrhoea yielding almost pure growth of E. coli from urban
(in Dacca) and rural (at Matlab) hospitals of the Cholera ResEarch Laboratory.
These strains were tested for LT by this method as well as CHO cell culture assay.

RESULTS

By the criterion of qualitative detection for the presence of LT in eight strains
of E. coli collected in 1974, the results of both the runs of the PHAI tests fully ma-
tched with those of earlier rabbi1 ileal loop tests.

Using the 32 recent strains of E. coli and by the same criterion of qualitative
detection the correlation between the results of the PHAI test and CHQ cell culture
assay is shown in thetableI.
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TABLE I

Performance Comparison of PHAI Assay and CHO Assay.

When compared to the CHO cell culture assay this in vitro immunologic test
showed a specificity of 87.5%and a sensitivity of 62.5%. Results of CHO cell assay,
done earlier and independently, were taken not on the usual basis of counting
percentages of cells showing toxin-induced morphologic changes, but by assessing
only frank positives on general microscopic observations and the border-line or
doubtful results were, registered as negatives. So, doubtful readings of the
three samples with PHAI assay were taken as negatives.

The lowest level of detection of choleragen batch 0572 (used as a reference)
by this method was found to be approximately 0.3 micro-gram/ml. This value
with CHO cell assay, as done in CRL, was approximately 0.03 micro-gram/ml.

DISCUSSION

The PHAI test for the detection of heat labile entero-toxin, is expected to be
inherently less sensitive than the CHO cell culture assay because the mechanism
of action of toxin in the bio-assay is a sort of biochemical trigger effect byactiva-
tion of adenyl ate cyclase. However, its specificity in terms of the simple and in-
expensive nature seems to be satisfactory.

The PHAI test, instead of producing well-defined button of deposited SRBCs
in the wells having agglutiation-inhibition, shows broader and fuzzier deposits
with E. coli toxins and the end points of titrations are sometimes gradual. In
cor.trast, the inhibition pattern with choleragen is fully objective and the end points
of titrations are invariably sharp. This aberration from the usual inhibition pattern
is most likely due to the partial antigenic identity between E. coli LT and choleragen.
Within the limitations just discussed the PHAI test can be used as a di'agnostic
tool for the identification of labile toxin produr.ing E. coli.

With the availability of a purified labile toxin that can be used as a reference,
this test may be adopted as an assay for quantitation of LT produced bV entero-
toxigenic E. coli.
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It is expected that the PHAI test will be specially applicable to de"eloping
countries like Bangladesh; because other sophisticated tests like rabbit ileal loop
assay, CHO cell culture assay etc, are much more expensive and demanding in
technical skill and care.
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