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Antibodies against Clostridium difficile toxin A were purified by affinity
chromatography from antiserum prepared against crude C. difficile toxin prepara-
tions. The affinity-purified antibody preparation was free of detectable amounts of
antibodies to other C. difficile antigens, as demonstrated by crossed immunoelec-
trophoresis, and specifically neutralized the cytotoxicity of toxin A. An indirect
enzyme-linked immunosorbent assay (ELISA) was subsequently developed using
the antibody preparation for the specific detection of toxin A. The ELISA, which
could detect 1 ng (5 ng/ml) of toxin A, was used to quantitate the toxin in the
culture supernatant fluids of strains of C. difficile. The ELISA values for toxin A
closely correlated with the toxin A and B cytotoxic titers of the supernatant fluids.
In addition, toxin A was detected by ELISA in human fecal specimens from
persons with antibiotic-associated colitis, demonstrating that this toxin is pro-

duced during C. difficile colitis.

Clostridium difficile, which has been implicat-
ed as the major causative agent of antibiotic-
associated colitis (AAC) in humans and experi-
mental animals (3-11, 15, 19, 23, 25, 27),
produces at least two toxins (2, 31, 32; N. S.
Taylor, G. M. Thorne, and J. G. Bartlett, Clin.
Res. 28:285, 1980). Both of these toxins are
lethal in experimental animals (20, 31) and are
cytotoxic in tissue culture assays, although one
of the toxins, toxin B, is much more active than
the other, toxin A, against all types of tissue
culture cells tested to date (13). In addition to
their apparent differences in cytotoxic activity,
these toxins differ in other biological activities.
For example, toxin A elicits a hemorrhagic fluid
response in the rabbit intestinal loop assay,
whereas toxin B is consistently negative (24, 32).
Toxin A also causes a much greater fluid accu-
mulation in the suckling mouse assay than toxin
B, even though toxin B is more lethal in the
assay (24).

Although toxin A and toxin B can be quanti-
tated by their activity against tissue culture
cells, the greater activity of toxin B interferes
with the detection of toxin A by this assay; the
two toxins have to be separated before the assay
to determine the cytotoxic titer of toxin A (31).
The different activities of these toxins in the
rabbit intestinal loop and suckling mouse assays
indicate that these assays might be useful in
detecting toxin A; however, these assays are
tedious and not very sensitive. The present
report describes an enzyme-linked immunosor-
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bent assay (ELISA) that is specific for toxin A
and does not require the initial separation of
toxins A and B. We examined culture superna-
tant fluids of C. difficile strains by the ELISA for
the presence of toxin A, and our results demon-
strated that the concentration of toxin A (by
ELISA) closely correlated with the cytotoxic
titers of toxins A and B in the supernatant fluids.
In addition, the presence of toxin A in fecal
specimens from persons with AAC was demon-
strated by the ELISA.

MATERIALS AND METHODS

Determination of protein. Protein was estimated by
the method of Lowry et al. (22) with bovine albumin
(Sigma Chemical Co., St. Louis, Mo.) as the standard,
and by the Bio-Rad protein assay kit (Bio-Rad Labora-
tories, Richmond, Calif.) with bovine gamma globulin
as the standard.

Preparation of toxin A-Sepharose. A preparation of
toxin A (ca. 1.5 mg of protein in 10 ml of 0.1 M
NaHCO,-0.5 M NaCl buffer, pH 8) which was purified
to homogeneity by sequential ion-exchange chroma-
tography and precipitation in acetate buffer as previ-
ously described (31) was added to 10 ml of Sepharose
4B (Pharmacia Fine Chemicals, Uppsala, Sweden)
which had been activated with 3 g of CNBr (12). The
suspension was gently mixed overnight at 4°C, and the
uncoupled material was removed by washing the gel
with 1 bed volume of NaHCO;-NaCl buffer. More than
99% of the protein was bound by the activated Sepha-
rose. The remaining active groups on the Sepharose
gel were blocked by adding 1 bed volume of 1 M
ethanolamine (pH 8) and mixing the gel for 4 h at room
temperature. The gel, designated toxin A-Sepharose,
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was washed four times with alternating volumes (2 bed
volumes per wash) of 0.1 M sodium acetate-0.5 M
NaCl buffer (pH 4) and NaHCOs-NaCl buffer (pH 8)
and stored at 4°C in the NaHCO;-NaCl buffer.

Purification of toxin A antibodies. Goat antiserum (1
ml) against crude C. difficile toxin preparations (14)
was dialyzed against 1 liter of NaHCO;-NaCl buffer
overnight at 4°C. The dialyzed material was applied to
a column (1 by 12 cm) of toxin A-Sepharose, and the
column was washed with the NaHCO;-NaCl buffer
until there was no measurable absorbance at 280 nm.
Antibodies bound to the gel were eluted by applying 2
ml of 3.5 M KSCN (pH 6.8) (28) to the column and
washing with NaHCO;-NaCl buffer. About 2 bed
volumes of eluate were collected and concentrated to 1
ml with a Minicon-B15 concentrator (Amicon Corp.,
Lexington, Mass.). The eluate, designated toxin A
antibody preparation, was washed twice (4 ml per
wash) on a Minicon-B15 concentrator with physiologi-
cal saline (pH 7.4).

Crossed IEP. Crossed immunoelectrophoresis
(IEP), which was used to demonstrate the monospeci-
ficity of the toxin A antibody preparation, was per-
formed on glass slides (5 by 5 cm) with the LKB 2117
Multiphor apparatus and IEP kit, using the general
methodology presented in the quantitative IEP manual
of Axelsen et al. (1). Wells (1 mm in diameter) were cut
in gels composed of 1.2% (wt/vol) low electroendos-
motic agarose (Sigma Chemical Co.) in 0.025 M Tris—
Tricine buffer (pH 8.6). For the first dimension, sam-
ples (4 ul) were placed in the wells and subjected to
electrophoresis at 9 to 10 V/cm for 45 min at 10°C. In
the second dimension, the upper part of each gel (11.6
cm?) was composed of a 1.2% agarose gel (3.4 ml)
containing 50 pl of antiserum or toxin A antibody
preparation. Electrophoresis was performed at 2 V/cm
for 18 h at 4°C. Gels were pressed, washed, stained,
and destained as previously described (1).

In addition, samples (4 pl containing 20 pg of
protein) of homogenous toxin A preparations (31) were
subjected to electrophoresis under the conditions de-
scribed above for the first dimension. The first-dimen-
sion gels were sliced into 3-mm sections, and each
section was homogenized in 1 ml of 0.05 M Tris-
hydrochloride buffer (pH 7.5). The supernatant fluids
were examined for cytotoxicity as described below,
and the first-dimension migration pattern of toxin A
was compared with the crossed IEP pattern obtained
with the toxin A antibody preparation.

The class of the antibody against toxin A was
determined by crossed IEP. Samples of the toxin A
antibody preparation were subjected to electrophore-
sis in the first dimension as described above and then
in the second-dimension agarose containing rabbit
anti-goat serum or rabbit anti-goat immunoglobulin G
(IgG) (Cappel Laboratories, Inc., Cochranville, Pa.).

Cytotoxicity and neutralization assays. Microtiter
plates containing Chinese hamster ovary cells (CHO-
K1 cells) were prepared as previously described (14).
Samples (20 pl) of toxin A and B preparations (31)
were added to the wells, and the minimum amount of
toxin necessary to cause 100% rounding (1 TCD, o) of
the cells was determined as previously described (14).

Neutralization titers were determined by incubating
equal volumes of twofold serial dilutions of C. difficile
antiserum (14) or toxin A antibody preparation (in 0.05
M Tris-hydrochloride buffer, pH 7.5) with 20 TCD; 00
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of toxin for 1 h at room temperature and then adding
samples (20 pl) of the incubation mixtures to wells
such that each well received 1 TCD,o of toxin. The
neutralization titer was expressed as the reciprocal of
the dilution which completely inhibited the rounding of
the cells.

ELISA for toxin A. Rabbit antiserum against a crude
C. difficile toxin preparation (14) was diluted 1/1,000 in
carbonate buffer (pH 9.6), and 0.3 ml of the diluted
antiserum was added to each well of microtiter plates
(Immulon type 2; Dynatech Industries, Alexandria,
Va.). The wells on the outer perimeter gave inconsis-
tent results and elevated background readings; there-
fore, these wells were avoided in the assay. The plates
were incubated overnight at 37°C and emptied, and
each well was washed once with 0.3 ml of phosphate-
buffered saline-0.05% (vol/vol) Tween 20 (PBS-T).
Test samples of antigen (0.2 ml) were then added to the
wells, and the plates were incubated for 1 h at 37°C.
After incubation, the wells were washed four times
with PBS-T (the third wash was incubated in the wells
for 2 min at room temperature), and 0.2 ml of a 1/500
dilution (in PBS-T containing 0.1% [vol/vol] neutral
rabbit serum) of toxin A antibody was added to each
well. After incubation for 1 h at 37°C, the wells were
washed as described above, and 0.2 ml of a 1/500
dilution (in PBS-T containing 0.1% neutral rabbit
serum) of rabbit anti-goat IgG-alkaline phosphatase
conjugate (Sigma Chemical Co.) was added. The
plates were incubated for 1 h at 37°C and washed as
described above, and 0.2 ml of a 1 mg/ml solution (in
diethanolamine buffer, pH 9.8) of p-nitrophenyl phos-
phate (Sigma Phosphatase 104 substrate) was added to
each well. The plates were incubated for 30 min at
room temperature, and the reaction was terminated by
the addition of 20 ul of S N NaOH to each well. The
contents of each well were added to 0.8-ml volumes of
deionized water, and the absorbance at 405 nm was
measured. Controls included (i) coating the wells with
neutral rabbit serum (Pel-Freez Biologicals, Rogers,
Ark.) in place of rabbit antiserum, (ii) adding PBS-T in
place of the test sample of antigen, and (iii) adding
PBS-T in place of the toxin A antibody preparation.

Production of toxin A by strains of C. difficile. All of
the strains examined for toxin A production were
obtained from the Virginia Polytechnic Institute and
State University anaerobe collection (Blacksburg) and
were identified by L. V. Holdeman and W. E. C.
Moore.

Dialysis tubes were prepared which were similar to
the dialysis flasks developed by Sterne and Wentzel
(30) for the production of botulinum toxin. Dialysis
tubing (1 cm in width) containing ca. 2 ml of saline was
suspended in ca. 30 ml of brain heart infusion. The
tubes were inoculated with actively growing cultures
of C. difficile by adding 0.1 ml of 1/10 dilutions (in
Virginia Polytechnic Institute salts dilution blanks
[17]) of the cultures to the saline. After incubation for 3
days at 37°C, the cells were removed by centrifugation
(9,000 x g for 15 min), and the culture supernatant
fluids were passed through 0.45-um membranes. The
culture supernatant fluids were examined for toxin A
by ELISA and for cytotoxicity by tissue culture assay.
The cytotoxic titer of the supernatant fluids, repre-
senting the toxin B activity, was determined as previ-
ously described (31). Because toxin B cytotoxicity
masks the cytotoxicity of toxin A in culture superna-
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FIG. 1. Analysis of affinity-purified toxin A anti-
body preparation by crossed IEP. The well in each
plate initially contained 22 pg of C. difficile strain
10463 culture supernatant fluid (31). (A) The upper
portion of the gel contained 50 ul of goat antiserum
against crude C. difficile toxin preparation (14). At
least 20 immunoprecipitin arcs are visible. (B) The
upper portion of the gel contained 50 pl of toxin A
antibody preparation purified from goat antiserum by
affinity chromatography on toxin A-Sepharose. Only
one immunoprecipitin arc is visible.

tant fluids, toxin A was separated from toxin B.
Samples (0.25 ml) of the supernatant fluids were
applied to columns (total bed volume of each column,
ca. 2.5 ml) of DEAE-Sepharose CL-6B (Pharmacia
Fine Chemicals, Piscataway, N.J.), and toxin A was
eluted with 0.05 M Tris-hydrochloride buffer (pH 7.5)
containing 0.25 M NaCl. The results of preliminary
studies performed with toxin A and B preparations of
known cytotoxicities demonstrated that this procedure
effectively separated toxins A and B with less than
10% loss of toxin A cytotoxicity. In addition, the
results of neutralization studies demonstrated that the
cytotoxicity eluted with 0.25 M NaCl was neutralized
by antiserum against partially purified preparations of
toxin A, but not by antiserum against partially purified
preparations of toxin B (21).
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Detection of toxin A in fecal specimens. Before we
attempted to detect toxin A in fecal specimens from
persons with AAC, we wanted to demonstrate that the
ELISA detected the toxin in feces. Toxin A (ca. 10 pug
in 1 ml of PBS-T) was added to a fecal specimen (ca.
0.2 g) which was noncytotoxic. One milliliter of PBS-T
was then added to the specimen, the specimen was
mixed, and the insoluble material was removed by
centrifugation (15,000 X g for 30 min). The superna-
tant fluid was passed through a 0.45-pm membrane
and examined for the presence of toxin A by ELISA.

Frozen human fecal specimens from patients were
obtained from the Medical College of Virginia (Rich-
mond) and from the University of Minnesota (C. Wells
and D. Blazevic, Minneapolis). Watery fecal speci-
mens were mixed with an equal volume of PBS-T. For
solid stools, 0.2 g of the specimen was mixed with 1 ml
of PBS-T. The supernatant fluid of each specimen was
obtained as described above and examined for cyto-
toxicity which was neutralized by C. difficile antise-
rum and for toxin A by ELISA. Controls for ELISA
consisted of specimens incubated in wells coated with
neutral rabbit serum in place of rabbit C. difficile
antiserum.

RESULTS

Preparation of toxin A antibodies by affinity
chromatography. Toxin A antibodies were spe-
cifically removed from goat antiserum raised
against a crude C. difficile toxin preparation by
passing the antiserum through a column of toxin
A-Sepharose. The bound antibodies were then
eluted from the gel with 3.5 M KSCN, and the
eluate was concentrated to the original antise-
rum sample volume. The resulting antibody
preparation was monospecific, based on the
following findings: (i) the preparation gave a
single immunoprecipitin arc against a crude tox-
in preparation when analyzed by crossed IEP
(Fig. 1); (ii) the single immunoprecipitin arc
obtained with the preparation (Fig. 1B) comi-
grated with the cytotoxicity in homogeneous
preparations of toxin A; and (iii) the antibodies
in the preparation specifically neutralized the
cytotoxicity of toxin A (Table 1). The prepara-
tion gave a single immunoprecipitin arc with
anti-goat serum identical to the arc obtained
with anti-goat IgG, indicating that the antibody
against toxin A was IgG.

ELISA for toxin A. An indirect ELISA proce-
dure which was specific for toxin A was devel-
oped by coating wells of microtiter plates with
rabbit antiserum against a crude C. difficile toxin
preparation and using the toxin A antibody
preparation as the detecting antibody. Bound
toxin A antibodies were determined by sequen-
tially adding rabbit anti-goat IgG-alkaline phos-
phatase conjugate and substrate.

Toxin A gave a dose-dependent response in
the ELISA (Fig. 2). The ELISA detected
amounts of toxin A as low as 1 ng (5 ng/ml),
making the assay more sensitive than the tissue
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TABLE 1. Neutralization titers of C. difficile crude
antiserum (goat) and toxin A antibody preparatnon
against C.dlifficile toxins A and B?

Neutra.lization
Sample Tite

toxin A toxin B
C. difficile crude antiserum (goat) 2560 ) 8,000
toxin A antibody preparation 640 (20°

e difficile goat antiserum was raised against a
crude C. difficile toxin preparation as previously
described (14). The toxin A antibody was purified
from the goat antiserum by affinity chromatography
on toxin A-Sepharose.

briters are expressed as the reciprocal of the
highest dilution of antiserum or antibody preparation
necessary to completely inhibit rounding of the cells
(1 TCDyqq)- The toxin A preparation was homo-
geneous and the toxin B preparation was free of
detectable amounts of toxin A (31).

“Below the detection limits of the neutralization
assay.

culture assay, which had a lower detection limit
for toxin A of 500 ng/ml. Attempts to increase
the sensitivity of the ELISA by coating the wells
at 4°C and room temperature and by using lower
dilutions of the toxin A antibody and conjugate
preparations resulted in an increase in the back-
ground. Also, the use of peroxidase-labeled con-
jugate instead of alkaline phosphatase-labeled
conjugate did not increase the sensitivity. The
ELISA was consistently negative when tested
with preparations of toxin B (amounts of up to 1
ng were tested) which were free of detectable
amounts of toxin A (31).

Correlation of toxin A concentration with cyto-
toxic titers in culture supernatant fluids of C.
difficile strains. To examine the correlation of
ELISA values with the cytotoxic titers of toxin
A in culture supernatant fluids of C. difficile
strains, we separated toxin A from toxin B by
ion-exchange chromatography on DEAE-Sepha-
rose CL-6B. After this fractionation step, the
titers of toxin A were determined and compared
with the toxin A values determined by ELISA.
The results (Fig. 3A) indicate that the ELISA
values closely correlate with the cytotoxic titers
of toxin A. These findings were supported by the
observation that 10-fold dilutions of a homoge-
neous preparation of toxin A containing concen-
trations of the toxin ranging from 0.1 to 1,000 p.g/
ml had cytotoxic titers identical to those in Fig.
3A. For example, a concentration of 10 pg/ml
had a titer of 10?

Previous studies in our laboratory have indi-
cated that the titer of toxin B in culture superna-
tant fluids of strains of C. difficile is consistently
about 1,000-fold greater than the titer of toxin A.
Based on this observation and the findings that
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the ELISA values for toxin A closely correlate
with toxin A cytotoxic titers, it should be possi-
ble to estimate the cytotoxic titer of toxin B if
the concentration of toxin A is known. To
examine this possibility, the cytotoxic titers of
toxin B in supernatant fluids were determined,
and these titers were compared with the toxin A
cytotoxic titers and ELISA values. Of 32 strains
with detectable amounts of toxin A cytotoxicity,
28 (88%) had toxin B titers which were 1,000-
fold greater than the titer of toxin A. Three of
the strains had toxin B titers 10,000-fold greater
than the titer of toxin A, and one strain had a
100-fold difference in the cytotoxic titers of
toxins A and B. Based on this fairly consistent
1,000-fold difference in the titers of toxins A and
B, one would expect toxin B cytotoxic titers to
show a close correlation with the ELISA value
for toxin A, and this is indeed the case (Fig. 3B).

Five strains of C. difficile with toxin B titers of
10? did not produce detectable levels of toxin A
cytotoxicity (which would be expected, based
on the above observations). Analysis by ELISA
indicated that these strains were positive for
toxin A and that the amounts of toxin A pro-
duced by these strains, ranging from 0.1 to 0.5
pg/ml, were at or below the lower detection
limits of the tissue culture assay.

Ten strains of C. difficile were examined
which were negative by tissue culture assay and
by ELISA, indicating that these strains did not
produce detectable amounts of either toxin
when grown under the described conditions.
These strains may produce low amounts of these
toxins, however, when grown under different
conditions (N. M. Sullivan, unpublished obser-
vations).
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FIG. 2. Quantitation of toxin A by ELISA. The
wells of a microtiter plate were initially coated with a
1/1,000 dilution of rabbit antiserum against a crude C.
difficile toxin preparation (14), and dilutions of 1/500
(O), 1/1,000 (O), and 1/2,000 (A) of the affinity-purified
toxin A antibody preparation were tested.
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FIG. 3. Correlation of cytotoxic titers of toxins A
(A) and B (B) with ELISA values of toxin A in culture
supernatant fluids of strains of C. difficile. Cytotoxic
titers are expressed as the reciprocal of the highest
dilution necessary to completely round the cells. The
titers of toxin B were determined directly from the
supernatant fluids. The titers of toxin A were deter-
mined after the separation of toxin B from toxin A by
ion-exchange chromatography. r, Correlation coeffi-
cient; N, number of strains tested.

Detection of toxin A in human fecal specimens
by ELISA. Studies were initially performed to
demonstrate that the ELISA specifically detect-
ed toxin A in fecal specimens. Toxin A was
mixed with a negative specimen, and extracts of
the specimen were examined by ELISA for the
presence of the toxin. Tenfold dilutions of the
extracts elicited a dose-dependent response sim-
ilar to the responses obtained with homogeneous
preparations of toxin A (Fig. 2), indicating that
the ELISA detected toxin A in feces.

Control (noncytotoxic) fecal specimens and
specimens from persons suspected of having C.
difficile colitis were then analyzed by tissue
culture assay and by ELISA. Specimens which
had cytotoxic titers of 10° or greater (due to
toxin B) were consistently positive for toxin A
by ELISA (Table 2). The specimens which had
titers of 10° gave the highest ELISA reading,
followed by specimens with titers of 10°, 10°,
and 10, indicating that the toxin was quantita-
tively detected. There were no false-positives
with the control specimens.
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DISCUSSION

At the present time, no procedures are avail-
able which directly detect C. difficile toxin A in
the presence of toxin B. Although investigators
have described counterimmunoelectrophoresis
and ELISA procedures for the detection of C.
difficile, these procedures are not specific for the
toxins produced by this bacterium (26, 29, 34—
36). Our report describes a specific and sensitive
ELISA which uses affinity-purified toxin A anti-
bodies for the detection of toxin A. The ELISA
can be used to determine the concentration of
toxin A in culture supernatant fluids of strains of
C. difficile or to detect toxin A in fecal speci-
mens from persons suspected of having C. diffi-
cile colitis.

We previously have described a procedure for
the preparation of affinity-purified antibodies
against toxin A (D. M. Lyerly, S. E. H. West,
and T.D. Wilkins, Program Abstr. Intersci.
Conf. Antimicrob. Agents Chemother. 21st,
Chicago, Ill., abstr. no. 717, 1981). This proce-
dure involves the sequential adsorption of C.
difficile antiserum with a nontoxigenic strain of
C. difficile, boiled cell washes from a toxigenic
strain of C. difficile coupled to Sepharose, and a
partially purified preparation of toxin A coupled
to Sepharose. The antibodies bound to the par-
tially purified toxin A-Sepharose are eluted with
KSCN. Although this approach resulted in anti-

TABLE 2. Detection of toxin A in human fecal
samples by ELISA

number of cytotoxic numper of
specimens tite _specimens
tested? positive by ELISA
31 0 0
9 10! 1
2

6 10 2

7 103 7

4 10* 4

1 10° 1

2 106 2

a . . .

Watery fecal specimens were mixed with an equal
volume of PBS-T. For solid stools, 0.2 g of the fecal
specimens was mixed with 1 ml of PBS-T. The super-
natant fluid of each specimen was obtained by centri-
fugation, passed through a 0.45-um membrane, and
examined by tissue culture assay and ELISA.

bCytotoxic titers are expressed as the reciprocal
of the highest dilution of specimen which completely
rounded the cells. All of the specimens which were
cytotoxic were neutralized by C. difficile antiserum.
The cytotoxicity observed in these specimens is due
to toxin B.

. A specimen was considered positive for toxin A
if the absorbance value at 405 nm was at least 50%
higher than the value of the aegative control.
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bodies which were specific for toxin A, the
procedure was less efficient than the one-step
affinity purification scheme described in this
paper.

Our results demonstrate that the ELISA can
be used to determine the concentration of toxin
A in samples and indicate that this assay may be
useful in examining the production of toxin A
(e.g., the presence of intracellular toxin and the
kinetics of the release of the toxin into the
supernatant fluid) by strains of C. difficile. At
the present time, all of the toxigenic strains of C.
difficile which we have examined by tissue cul-
ture assay and by ELISA produce both toxin A
and toxin B. We have not found any strains
which produce only one of the toxins. Based on
this observation and the close correlations ob-
served between toxin A and B cytotoxic titers
and the ELISA values, it should be possible to
estimate the cytotoxic titer of either toxin A or
toxin B in culture supernatant fluids if the con-
centration of toxin A is known. For example,
from the data presented in Fig. 3, if the concen-
tration of toxin A is 10 pg/ml, as determined by
ELISA, the toxin A and toxin B titers would be
ca. 10? and 10°, respectively. However, more
strains of C. difficile need to be examined to
determine whether these observations are con-
sistent.

The results of previous studies have indicated
that toxin A and toxin B are both involved in the
pathogenesis of C. difficile colitis. For example,
Libby et al. (20) have reported that the tissue
damage caused by these toxins is similar to the
damage observed in hamsters with AAC and
that vaccination against both toxins is necessary
to protect hamsters against lethal AAC. In addi-
tion, other studies in our laboratory have indi-
cated that strains of C. difficile which are not
detectably cytotoxic when grown in vitro do not
produce lethal AAC in germfree rats and mice
(M. Ehrich, R. Van Tassell, T. Wilkins, and E.
Balish, unpublished data). The production of
toxin B during the disease has been indirectly
demonstrated by the results of studies which
have shown that cytotoxicity in fecal specimens
from persons with C. difficile colitis is neutral-
ized by C. difficile antiserum (16). However,
because toxin B cytotoxicity masks the cytotox-
icity of toxin A, these studies did not demon-
strate the presence of toxin A. The presence of
toxin A has been confirmed by ELISA in our
study, demonstrating that toxin A is also pro-
duced during the disease.

The cytotoxicity test that we use for toxin B is
more sensitive than the toxin A ELISA test in
detecting the presence of C. difficile toxins. In
practice this difference many not be important
for the following reasons. (i) Fecal specimens
often contain other toxic material that makes the
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cytotoxicity test useless for specimen dilutions
of 1:10 to 1:100. This observation is supported
by findings in our laboratory (unpublished data)
and in the laboratories of other investigators (3,
5) who have noted cytotoxicity at these dilutions
in fecal specimens from healthy persons and
from persons with diarrhea and that the cytotox-
icity is not neutralized by antisera. (ii) The
methodology varies greatly among laboratories,
with the result that low titers of cytotoxicity
often are not reproducible. In addition, labora-
tories use different cell lines, and it has been
reported that different cell lines vary in their
sensitivity to C. difficile toxins (13). Therefore,
the cytotoxicity observed at low dilutions may
not be apparent, depending on the cell line used.
(iii) The confirmed cases of pseudomembranous
colitis that we have examined had cytotoxic
titers of 10° or greater and were positive in the
ELISA. We therefore believe that the ELISA
test will prove useful for the clinical detection of
C. difficile-induced colitis in patients.

Methods for increasing the sensitivity of the
toxin A ELISA are currently being tested in our
laboratory. We are attempting to directly label
the affinity-purified antibody with various en-
zymes and to use the labeled conjugate in direct
ELISA procedures. In addition, investigators in
our laboratory have recently succeeded in devel-
oping hybridoma cell lines for the production of
monoclonal antibodies to toxin A (D. K. Mac-
Donald, J. M. Libby, and T. D. Wilkins, unpub-
lished data). These monoclonal antibody prepa-
rations will be tested singly and in conjunction
with each other in the indirect and direct ELISA
procedures.

Although our results to date indicate that
toxigenic strains of C. difficile produce both
toxins A and B, the ELISA may be useful in
detecting any strains, after chemical mutageni-
zation, which produce only toxin B or which
produce immunologically reactive but biologi-
cally inactive toxin A. Such strains would be
useful in further evaluating the roles of toxin A
in the disease. In addition, the availability of
immunologically reactive but biologically inac-
tive toxin A would permit the initiation of stud-
ies on the structure and function of toxin A that
use approaches similar to those used for study-
ing diphtheria toxin (18, 33).
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