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The usefulness of two commercial immunoassays for the detection of diarrheal enterotoxin of Bacillus cereus
is unclear because the identity of the enterotoxin(s) has not been proven and the kits detect different proteins.
We found that the Bacillus cereus Enterotoxin-Reversed Passive Latex Agglutination kit (Oxoid) detects the L2
component from hemolysin BL, and the Bacillus Diarrhoeal Enterotoxin Visual Immunoassay (Tecra) detects
two apparently nontoxic proteins.

Bacillus cereus causes diarrheal and emetic food-poisoning
syndromes, each caused by distinct toxins. Two commercial
immunoassays are available for the detection of the diarrheal
enterotoxin of B. cereus: the Bacillus Diarrhoeal Enterotoxin
(BDE) Visual Immunoassay from Tecra and the Bacillus cereus
Enterotoxin-Reversed Passive Latex Agglutination (BCET-
RPLA; TD950) kit from Oxoid. Both kits are in general use
(8-10, 13, 16, 18, 19, 24, 25, 29). However, the value of these
kits is questionable because the diarrheal enterotoxin has been
identified only provisionally and equivocally. Further, these
kits detect different antigens (11). No data that characterize
the respective antigens or demonstrate that they have diarrheal
activity have been supplied by either kit manufacturer.
Two, apparently distinct, toxins have been purified and

characterized as enterotoxins. One is hemolysin BL (HBL), a
tripartite hemolytic, cytotoxic, dermonecrotic, vascular perme-
ability factor (1-4) that is apparently identical to the tripartite
enterotoxins described by Thompson et al. (26) and Bitsaev
and Ezepchuk (7). We have recently confirmed that HBL
causes fluid accumulation in the rabbit ileal loop test and is
thus an enterotoxin (5). The components of HBL are desig-
nated B, L1, and L2. The individual components do not possess
any of the known HBL activities, each of which requires all
three components for maximal activity.
The other reported B. cereus enterotoxin, consisting of a

single protein, was described by Shinagawa et al. (20-23). It
possessed vascular permeability, rabbit ileal loop, mouse ileal
loop, and cytotoxic activities and activities that are lethal to
mice.

It was claimed recently (6) that the B. cereus enterotoxin is
composed of only one of the three antigens described as
enterotoxin components by Thompson et al. (26). However,
there was no toxic activity (diarrhea in monkeys) in partially
purified preparations of that antigen, indicating that it is likely
not an enterotoxin.
Our aims in this study were to (i) identify the antigens

detected by both kits, (ii) determine if these antigens are
components of HBL, and (iii) determine if these proteins have
enterotoxic activity.
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The methods used in this study for protein purification,
protein determination, electrophoresis, protein blotting, N-
terminal sequence analysis, spectrophotometric hemolysis as-
say, and rabbit vascular permeability assay have been described
previously (4). The purified HBL components used here were
the same as those described previously (4) and appeared
homogeneous on electrophoresis gels stained with silver. Re-
combinant component B of HBL (expressed in Escherichia
coli) was prepared and quantitated as described previously
(17). The commercial immunoassays were performed per the
instructions of the respective manufacturers.

Preparations of the three purified HBL components were
assayed with the BCET-RPLA kit (Oxoid). The lowest con-
centration of each component producing a positive response
was 625 ng/ml for B, 2,500 ng/ml for L1, and 0.6 ng/ml for L2.
A negative response occurred in preparations containing
15,000 ng of recombinant component B per ml. These obser-
vations indicate that the BCET-RPLA kit is specific for the L2
component of HBL at the sensitivity claimed by the manufac-
turer (1 ng/ml in the test wells). The reactivity with purified
component B was apparently due to low-level contamination
with L2.
We also tested the hemolytic activity of the positive entero-

toxin control provided with the BCET-RPLA kit. The entero-
toxin control was not lytic alone or when combined with B or
B plus L2. However, it did cause lysis when combined with B
and L1, which identifies it as the L2 component of HBL.
Granum et al. identified the same protein as the target of the
BCET-RPLA kit but did not recognize it as a component of
HBL (14, 15).
The BDE kit (Tecra) is a double-sandwich enzyme immu-

noassay. To identify the antigens detected by this kit, we used
the detecting antibody-enzyme conjugate to probe Western
blots (immunoblots) of culture supernatant from B. cereus
F837/76, a highly enterotoxigenic isolate (28). Blots were
probed overnight at 37°C with the BDE conjugate supple-
mented with 0.05% Tween 20.
Bands were visible on the Western blot at positions corre-

sponding to ca. 40, 41, 56, 100, 108, and 114 kDa (data not
shown). The darkest bands were at 40 and 41 kDa. Proteins
corresponding to the two smaller sizes coeluted from an
anion-exchange column used to purify HBL (see reference 4,
Fig. 2, lanes 18 and 20), and the fractions containing them were
strongly positive in the BDE assay. They were further purified
on a Mono-Q column (Pharmacia, Piscataway, N.J.), which
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FIG. 1. Identification of proteins detected by BDE visual immuno-
assay (Tecra). (Left) Sodium dodecyl sulfate-polyacryalamide gel;
(right) Western blot probed with detecting antibody-enzyme conjugate
from BDE visual immunoassay. Lanes: S, molecular weight standards;
1, supernatant (5 ,u) from a 5-h culture of B. cereus F837/76; 2,
partially purified protein preparation strongly positive in the BDE
visual immunoassay; 3, pooled HBL components, B, L1, and L2
(bottom to top). Each band in lanes 2 and 3 contains ca. 0.2 ,ug of
protein. A low protein load was used for the culture supernatant to
identify only the major antigens detected by the BDE antibodies.

separated them completely from contaminating proteins and
partially from one another. Fractions in which the 40-kDa
protein was purified to apparent homogeneity were obtained,
but the 41-kDa protein was not completely separated from the
40-kDa protein. The detection limit of the BDE assay was 5
ng/ml for the pure 40-kDa preparation and ca. 2 ng/ml for the
40- and 41-kDa protein mixture. The N-terminal sequence of
the 40-kDa protein was A*Q*N*V*1*A*P*N*T*L*S.
The Western blot shown in Fig. 1 confirmed that (i) both of the
purified proteins reacted with the BDE antibodies, (ii) they are
the major antigens detected, and (iii) HBL components are not
detected by the BDE antibodies.
No dermal reactions occurred in the vascular permeability

assay with duplicate injections of either 10 ,ug of the pure
40-kDa protein or a combination of 2.5 ,ug (each) of the 40-
and 41-kDa proteins (Fig. 1, lane 2). In contrast, injection of
0.04 jig per component of HBL caused edema and bluing; 0.16
,ug per component also caused dermonecrosis (4). Dermo-
necrotic and vascular permeability activities are strongly cor-
related with B. cereus-induced diarrhea (7, 12, 26-27).
The above observations indicate that the Oxoid BCET-

RPLA kit detects the L2 component of HBL and the Tecra
BDE visual immunoassay detects two apparently nontoxic
proteins. The relevance of detecting the L2 component alone is
not yet clear, because it is still not known whether all of the
HBL components are coregulated.
We cannot rule out the possibility that the BDE-reactive

proteins participate in human diarrhea or that detection of the
L2 component alone is useful in detecting the enterotoxin.
However, our observations clearly demonstrate a need for
rigorous validation of these kits before they can legitimately
assume general usage. Until then, prudence should be exer-
cised when drawing conclusions based on data from these kits.
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