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Results of counterimmunoelectrophoresis (CIE) were compared with those of
isolation of Clostridium difficile and assay for cytotoxicity in HeLa cells. On the
basis of 471 stool specimens, CIE exhibited a sensitivity of 38% and a specificity
of 88% as compared with the cytotoxin assay. The predictive value of a reactive
CIE results is low (17%), whereas the predictive value of a nonreactive CIE result
is significant (96%) and therefore warrants its use as a screening test. In addition,
stool filtrates may nonspecifically precipitate with the C. difficile antitoxin in the
CIE test. Such nonspecific reactions may be identified by simultaneous electro-
phoresis against nonimmune serum.

Clostridium difficile and its toxin are central to
the pathogenesis of antibiotic-associated diar-
rheal disease (AAD) (2, 3, 17). The laboratory
diagnosis of AAD has been partially facilitated
by the development of a selective and differen-
tial culture medium for isolating C. difficile from
fecal specimens (8). In addition, demonstration
of C. difficile toxin in fecal filtrates by a cell
culture assay has been considered an important,
although not definitive, diagnostic tool in the
laboratory diagnosis ofAAD (4, 7). Because of a
lack of cell culture capabilities in many clinical
laboratories, several investigators (10, 14, 18)
have used a rapid and simple assay, counterim-
munoelectrophoresis (CIE), for the detection of
toxin in culture and fecal filtrates. A number of
reports on the evaluation of the usefulness of
CIE performed on clinical specimens have ap-
peared, but the results from various investiga-
tions have not been in agreement.
The purpose of this study is to compare CIE

with the cytotoxin assay and the bacteriological
culture method. We report here the usefulness
of CIE as a screening test for C. difficile toxin
assay in a clinical laboratory.

MATERIALS AND METHODS

Stool specimens. A total of 471 stool specimens from
456 patients with a clinical diagnosis of antibiotic-
associated diarrheal disease (AAD), based on history
of antibiotic administration and altered bowel habits,
were submitted to the Microbiology Laboratory at
North Shore University Hospital, Manhasset, N.Y.,
for the isolation of C. difficile and the performance of
CIE. Stool filtrates were prepared by the procedure

outlined by Ryan et al. (14), and CIE was performed
within 6 h of filtrate preparation. Stool filtrates, stored
at -70°C for 1 month to 1 year, were thawed only at
the time cytotoxin assay was performed.
CIE techniques. Both C. difficile culture filtrates,

which were used as a positive control, and C. difficile
antitoxin, which had been produced in goat serum,
were purchased from the Anaerobic Laboratory, Vir-
ginia Polytechnic Institute, Blacksburg. According to
the package insert, the standard C. difficile filtrate is
cytotoxic at dilutions through 10-6 with Chinese ham-
ster ovary cells. The goat antitoxin could be diluted to
103 and would neutralize the cytotoxicity to 10-6
toxin. Twenty microliters of undiluted stool filtrate or
positive culture filtrate control was applied to the
cathodal well, and the same volume of antitoxin was
applied to the anodal well of a 1% agarose-coated slide
(10 by 7 cm). With each stool filtrate, nonimmune goat
serum (Cappel Laboratories, Inc., Cochranville, Pa.)
was used in parallel with goat antitoxin serum. Elec-
trophoresis was performed at 30 mA for 30 min in
barbital buffer (pH 8.2) having an ionic strength of
0.05. The slides were examined for precipitin lines
immediately after electrophoresis and again after over-
night incubation at 4°C. Nonspecific CIE reactions
were defined as the forming of precipitin lines by stool
filtrates with both nonimmune goat serum and antitox-
in. Reactive denoted the presence of sharp, well-
demarcated, single or multiple precipitin lines only in
the presence of antitoxin. Those filtrates producing no
bands or broad, diffuse precipitin bands were regarded
as nonreactive.

Cytotoxin assay. The cytotoxicity of C. difficile toxin
was assayed with monolayer cultures of HeLa cells
(CCL-2; National Institutes of Health, Bethesda, Md.)
maintained in minimal essential medium (Microbiolog-
ical Associates, Walkersville, Md.) supplemented with
1% L-glutamine, 100 p.g of streptomycin and 100 U of
penicillin per ml, and 2% fetal calf serum in a 96-well
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microtiter plate. Stool filtrates were initially diluted to
1:4 with phosphate-buffered saline (pH 7.2) and then
were serially diluted either 2- or 10-fold with phos-
phate-buffered saline. A 0.1-ml amount of each dilu-
tion was added to each well. The microtiter plate was
incubated at 35°C in 5 to 8% CO2. The endpoint of
cytotoxicity determination was defined as the highest
dilution of the filtrate that caused 100%o rounding of
HeLa cells after 24 or 48 of incubation. Neutralization
was demonstrated by preincubation of serially diluted
stool filtrates with an equal volume of a 1:25 dilution of
Clostridium sordellii antitoxin (Bureau of Biological
Products, Bethesda, Md.) for 60 min at 35°C, followed
by cytotoxicity assay. Reading of neutralization was
made after 24 h of incubation. To store the results for
an extended period, the microtiter plate was fixed and
stained with crystal violet by the method of Gentry
and Dalrymple (6).

Culture method. Stools were inoculated heavily onto
cycloserine-cefoxitin-fructose agar (Remel, Lenexa,
Kans.) and colistin-nalidixic acid agar (BBL Microbi-
ology Systems, Cockeysville, Md.). Plates were incu-
bated anaerobically at 35°C and examined after 48 to
72 h of incubation for characteristic C. difficile colo-
nies (8). All presumptive C. difficile organisms were
confirmed by API 20A (Analytab Products, Plainview,
N.Y.) and gas-liquid chromatography (9).

RESULTS
Twenty-nine specimens (6.2%) were positive

by the cytotoxin assay, Of these, 4 had toxin
titers of between 102 and 103, 23 had titers of
between 103 and 104, and 2 had titers of greater
than 105.
The number of precipitin lines detected in

reactive specimens with C. difficile antitoxin
ranged from one to three. The culture filtrate
used as a positive control showed two major
lines, with a maximum total of five lines.
When stool filtrates were electrophoresed

against nonimmune goat serum, our results re-
vealed a high incidence (17.8%) of nonspecific
reaction by CIE among clinical specimens (Ta-
ble 1). All nonspecific specimens revealed single
precipitin lines. In the majority of cases, the
same intensity was observed with antitoxin as
with nonimmune goat serum. The nonspecific
precipitation reactions were also observed when
the same stool filtrates were examined by CIE
with nonimmune rabbit serum.
During the course of this study, it was noted

TABLE 1. Comparison of CIE, isolation, and
cytotoxin assay in stool filtrates

No. positive in:
No. of

CIE result speci- Isolation Isola- Cyto-
mens and tion toxin

cytotoxin only only

Reactive 63 10 16 1
Nonspecific 84 0 3 2
Nonreactive 324 7 27 9

that the intensity of precipitin lines of many
reactive and nonspecific stool filtrates decreased
with storage -70°C. Considering the impact of
storage on the performance of CIE, we prospec-
tively followed the changes of the precipitin
lines with a few stool specimens for a 2-month
period. Five stools, all CIE reactive, were cho-
sen for this study. Two specimens, one positive
for C. difficile isolation only and the other posi-
tive for C. difficile isolation and the cytotoxin
assay, revealed an obvious loss of precipitation
intensity over a 2-month period (Fig. 1). The
remaining three reactive specimens maintained a
similar degree of precipitation intensity through-
out the study.
Table 2 shows the correlation between CIE

and isolation in relation to the cytotoxin assay.
CIE was found to have a very low sensitivity
(38%) and an 88% specificity, based on the
cytotoxin assay. Similar values were obtained
when the results of C. difficile isolation were
compared with those of the cytotoxin assay.
Since cytotoxin was detected in only 18 (4%) of
the 408 samples that were found to be nonspecif-
ic or nonreactive by CIE, we concluded that the
most useful information obtained by CIE with
fresh stool specimens is from a negative CIE
result, based on a significant (96%) predictive
value of a nonreactive CIE compared with its
cytotoxin assay.

DISCUSSION
Several factors could contribute to the lack of

a positive correlation between CIE and the

(Days)

0 C)C

30

60

A Control B -
FIG. 1. Effect offreezing stool filtrates at -700C on

the reproducibility of CIE. Fresh stool filtrates were
divided into three portions and stored at -70°C. CIE
and cytotoxin assay were performed after 0, 30, and 60
days of storage at -70°C. CIE slides were dried and
stained with Amido Black 10B. Specimen A was
positive for C. difficile isolation but negative for cyto-
toxin assay. Specimen B was positive for both.
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TABLE 2. Comparison of the significance of CIE
and isolation in relation to cytotoxin assaya

% Predictive
% Sensi- % Speci- value

Test tivity ficity Posi- Nega-

tive tive

CIE 38 88 17 96
Isolation 59 90 27 97

For definitions, see reference 5.

cytotoxin assay. One possible factor is the lack
of standard criteria for reading and interpreting
CIE results. Since it was unknown which line(s)
corresponded to C. difficile toxin(s), the pres-
ence of any line(s) was considered as a reactive
result in our study. Reactive CIE results may be
due to the presence of C. difficile toxin(s) or cell
wall-associated antigens that are possibly com-

mon among related Clostridium spp. (13, 14).
Another possible factor is the difference in the
relative stability of C. difficile toxin(s) in stool
filtrates as detected by immunological and bio-
logical assays. There was no loss of cytotoxin
titer from stool filtrate after 4 months of storage
at -70°C (data not shown). Storage at a freezing
temperature (-70°C) appears to have a greater
impact on the reproducibility of CIE than on that
of the cytotoxin assay. It is unclear as to wheth-
er CIE results obtained from other investiga-
tions were from fresh or frozen stool filtrates. It
is also conceivable that CIE results obtained
with frozen stool filtrates would yield more true-
and false-negative results in relation to the cyto-
toxin assays as compared with results obtained
with fresh stool filtrates. A third possible factor
is the incomplete elucidation of the roles of two
C. difficile toxins, A and B. The role of C.
difficile cytotoxin (toxin B) as the only mediator
of AAD has been challenged by the discovery of
a second toxin (toxin A) which possesses entero-
genic properties but has low cytotoxic activity
(1, 11, 12, 15, 16). The low cytotoxic property of
toxin A may preclude its detection in the cell
culture assay. Since C. difficile antitoxin pro-
duced by the Virginia Polytechnic Institute was

shown to be able to neutralize the cytotoxicities
and mouse lethality assays of both toxins (16), it
is possible that the precipitin lines observed in
reactive CIE stool filtrates represent toxin A or

toxin B or both. On the basis of their experi-
ments with purified toxin A and partially puri-
fied toxin B preparations, West and Wilkins (19)
suggested that neither toxin A nor toxin B from
clinical specimens can be detected by CIE.
Their results obtained with partially purified
toxin B preparations detected by cross-immuno-
electrophoresis but not by CIE are contradic-
tory, however, and remained to be clarified.

Our results indicate that stools analyzed by
CIE may nonspecifically precipitate with C.
difficile antitoxin. It is possible that a truly
reactive type of precipitation is obscured by a
nonspecific one. On the basis of the fact that
there were only three specimens positive for C.
difficile isolation (4%) and 2 positive by the
cytotoxin assay (2%) in 84 nonspecific speci-
mens, we conclude that stools with nonspecific
CIE results can be considered to have a low
likelihood of either the presence of C. difficile or
a positive cytotoxin assay.
Ryan et al. (14) reported 100% sensitivity of

CIE results in 50 specimens as compared with
the cytotoxin assay. The difference observed
between the sensitivity level of 38% obtained in
our study and that obtained in their study may
be attributed to a different selection of clinical
specimens in our study. There was no informa-
tion regarding sigmoidoscopy, colonscopy, or
barium enema from our patient population. The
routine staining used by Ryan et al. of the
precipitin lines before examination may also
account for the higher sensitivity of CIE results.
Their level of specificity for CIE (80%) is close
to that in our findings. Furthermore, Levine et
al. (10) reported findings similar to ours (sensi-
tivity, 25%; specificity, 76%) based on 37 clini-
cal specimens.
George et al. (7) reported C. difficile recovery

and toxin detection from 89 and 83% of stools,
respectively, from patients with pseudomem-
branous colitis. The percentage of positive re-
sults was much lower in patients having AAD
but lacking evidence of pseudomembranous co-
litis (C. difficile recovery, 58%; toxin detection,
26%). This finding suggested that neither the
culture nor the cytotoxin assay could be consid-
ered as a highly specific and sensitive diagnostic
test. These authors therefore suggested that the
diagnosis ofAAD should be based on the clinical
setting, either a positive culture or a positive
toxin assay and endoscopy or barium enema. On
the basis of our findings, we suggest that CIE be
used as a screening test in conjunction with
culture in a clinical laboratory. A negative CIE
result from a fresh specimen is a good indication
of the absence of cytotoxic activity.
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