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To determine whether strain-specific differences in immunoblot type, enterotoxin production, or cytotoxin
production correlated with clinical presentation of Clostridium difficile infection, we evaluated isolates obtained
from 428 prospectively studied hospitalized patients. Of 99 isolates available for immunoblot typing, 61 were

recovered from asymptomatic carriers and 38 were from patients with C. difficile-associated diarrhea. Of 17
immunoblot types, the seven types comprising the majority of isolates (82 of 99; 83%) were variably associated
with disease. Neither the presence of cytotoxin in the stool nor the production of cytotoxin or enterotoxin by
isolates in vitro was significantly different for symptomatic versus asymptomatic patients. Selected host factors
were more predictive of symptomatic disease than was the specific infecting C. difficile strain. These results
suggest that variations in the clinical severity of C. difficile infection in different patients are not solely
strain-specific phenonema related to immunoblot type or to the production of cytotoxin or enterotoxin.

In studies of adult hospitalized patients, acquisition of
Clostridium difficile results in a spectrum of illness ranging
from asymptomatic carriage to diarrhea or colitis (10, 16,
21). Following the 1974 report of Tedesco et al. (32), who
described an outbreak of C. difficile-associated pseudomem-
branous colitis, the importance of nosocomial outbreaks of
C. difficile-associated diarrhea or colitis has been recognized
(1, 5, 14, 17). Extended-care facilities have also reported
outbreaks of diarrhea caused by C. difficile (2, 34). Contin-
ued investigation has also documented the high frequency of
asymptomatic colonization in some settings (14, 21). It is not
clear why some patients develop disease while others are

simply colonized with no apparent clinical manifestations.
The pathogenic role of C. difficile is usually readily apparent
for the patients who develop the most severe form of
disease, pseudomembranous colitis. However, in many

cases, the classic features of this serious illness are absent
and it is difficult to determine the role of C. difficile,
especially in an endemic setting in which asymptomatic
colonization is common.
One possible explanation for the variety of clinical presen-

tations associated with C. difficile is that specific strains vary
in their intrinsic ability to cause disease. Although C. difficile
isolates can produce up to four virulence factors, only two
toxins have been well characterized (19, 27). Enterotoxin
(toxin A), which causes fluid accumulation in rabbit ileal
loop assays and increases vascular permeability, is thought
to play a major role in disease production, but commercially
available assays are not generally available at present (6, 12,
19). Cytotoxin (toxin B), which is highly cytotoxic in tissue
culture assays, also has a role in pathogenesis. The cytotoxin
tissue culture assay is the standard test for diagnosing C.
difficile-associated colitis or pseudomembranous colitis.
However, results may be less predictive of C. difficile-
associated diarrhea (13, 18, 19). Studies in animals have
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demonstrated that colonization with a nontoxigenic C. diffi-
cile strain may be protective prior to challenge with a
toxigenic strain (38). Several clinical studies have also sug-
gested the possibility of strain-specific differences in viru-
lence (7, 24, 26, 33, 40).

In this study, we used immunoblotting to type C. difficile
isolates collected in a prospective study from a large number
of hospitalized adults and compared the typing results with
clinical manifestations associated with each isolate. Our first
objective was to determine whether diarrhea was more

frequently observed after acquisition of specific C. difficile
immunoblot types. Another objective was to determine
whether production of toxins was associated with specific
immunoblot types. In addition, we examined cytotoxin
production (the current "gold standard" for the diagnosis of
C. difficile disease) and enterotoxin production to assess the
predictive values of each toxin for symptomatic disease. Our
last objective was to evaluate the relative importance of
these factors as they relate to the organism and compare
them with host factors that have been shown to be associ-
ated with C. difficile disease. This study was conducted in an
institution in which C. difficile is highly endemic and did not
encompass a discrete outbreak of pseudomembranous colitis
during the time of the study.

MATERIALS AND METHODS

Patient source. All consecutive consenting adult patients
admitted to one general medicine ward at Harborview Med-
ical Center, Seattle, Wash., during an 11-month period were

enrolled. These patients were studied as part of a prospec-
tive evaluation of the nosocomial acquisition and transmis-
sion of C. difficile (21). All patients had a stool specimen or

rectal swab obtained for culture within 48 h of admission to
the ward. Patients were interviewed daily until discharge,
and clinical signs and symptoms were noted. Every 3 to 5
days, a rectal swab or stool sample was obtained for C.
difficile culture. If C. difficile acquisition or diarrhea oc-
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curred, specimens were collected more frequently. Patients
were monitored and cultured until discharged from the study
ward. Throughout hospitalization, all medications and med-
ical procedures were reviewed.

Clinical status. Patients were placed into one of three
categories according to their clinical status: (i) asymptomatic
carriage of C. difficile, (ii) C. difficile-associated diarrhea, or
(iii) C. difficile colitis (either nonspecific or pseudomembra-
nous colitis). C. difficile-associated diarrhea was ascertained
by daily patient interview and was defined by three criteria:
(i) a change of normal bowel habits with three or more loose
stools a day for .2 consecutive days, (ii) diarrhea not
attributed to another apparent etiology (infectious, medici-
nal, or mechanical) that occurred at the same time as
positive cultures, and (iii) symptoms occurring shortly after
or during the time that C. difficile-positive cultures were
obtained. Colitis was defined by using standard endoscopic
criteria (9).

Microbiologic methods. Stool specimens or rectal swabs
were inoculated onto selective difficile agar plates containing
cycloserine (0.25 mg/ml) and cefoxitin (16 mg/ml) (Prepared
Media Laboratories, Tualatin, Ore.) and then incubated
anaerobically in a GasPak jar (BBL Microbiology Systems,
Cockeysville, Md.) for 48 h at 35°C before being examined
for characteristic growth (22). In addition to plate cultures,
all stool samples (1:10) and rectal swabs (in 0.5 ml of broth)
were inoculated into a broth to facilitate the detection of low
concentrations of C. difficile and to stimulate spore germi-
nation. The prereduced peptone broth (Becton Dickinson,
Rutherford, N.J.) was supplemented with cefoxitin (39 ,ug/
ml) and 0.1% sodium taurocholate (98% pure; Sigma Chem-
ical Co., St. Louis, Mo.) and then incubated at 35°C for 3
days (4). The identities of the strains were confirmed by
using a gas-liquid chromatography method previously re-
ported (13).

Cytotoxin assay. Presence of cytotoxin was measured in
vivo with fresh stool specimens (not rectal swab samples)
and in vitro with the supematants of pure broth cultures,
using the procedure described by Willey and Bartlett (37) but
substituting human tonsil fibroblastic cells. Fresh stool (as-
sayed within 24 h of collection) was diluted 1:3 in Hanks
balanced salt and antibiotic solution, centrifuged (3,000 rpm
for 10 min), and filtered (0.8-,um pore size). Serially diluted
filtered stool (1:1 to 1:1,000) was then added to cell cultures
and observed for cytopathic effect (CPE) at 24 and 48 h. The
specificity of the CPE was checked by neutralization using
Clostridium sordellii antitoxin, and a known positive C.
difficile control was used with every assay. Samples showing
CPE in only undiluted (1:3) stool were not considered
positive for cytotoxin.

Cytotoxin production by isolates was tested in vitro by
inoculating three typical colonies from a difficile plate into a
prereduced brain heart infusion broth (Difco, Detroit, Mich.)
with an anaerobic venting unit and incubated for 3 days at
35°C. Isolates were transferred at least twice in brain heart
infusion broth. Each isolate was allowed to grow for 3 days
(for maximum cytotoxin production) and spun (20,000 rpm
for 20 min), and the supernatant was assayed for cytotoxin
as described above. Isolates showing CPE at dilutions of
>102 (of 1 g of stool or 1 ml of culture supernatant) were
classified as high-cytotoxin-producing strains, and strains
producing CPE only at dilutions of 100 to 102/g of stool or ml
of culture supernatant were classified as low-cytotoxin-
producing strains. The limit of this standard cytotoxin assay
is 3 to 5 ng/ml (15). Isolates with low or negative titers were

retested at least three times to determine the validity of the
result.

Enterotoxin assay. Prior to assay, isolates were transferred
twice in brain heart infusion broth and incubated for 3 days
at 35°C. The culture supernatant was spun (20,000 rpm, 20
min) and tested for enterotoxin (toxin A) by using the
double-sandwich enzyme-linked immunosorbent assay tech-
nique described by Mahe et al. (20) and summarized as
follows. Microtiter plates (Flow Laboratories, McLean, Va.)
were coated with pork antitoxin A, washed, and incubated
with the samples to be tested. After washing, rabbit antitoxin
(purified according to Sullivan et al. [29]) was added, and the
plates were incubated and washed again. Anti-rabbit alkaline
phosphatase conjugate and substrate were then added to
reveal the enzymatic activity. The limit of detection was
approximately 0.2 ng of enterotoxin per ml. Isolates with low
titer had <200 ng of enterotoxin per ml, and high-titer
isolates produced -200 ng/ml. Isolates with low or negative
titers were retested at least three times to determine the
validity of the result.
Immunoblot typing. C. difficile isolates from 99 patients

were coded and immunoblot typed by personnel blinded to
the clinical status of the patients. Immunoblot typing was
performed by using an enzyme-linked immunoelectrotrans-
fer blotting method as previously described (25). Hyperim-
mune sera prepared by immunizing individual rabbits with a
variety of C. difficile strains were used as the antibody
source. Initial typing was performed by using individual
rabbit sera and then, for representative isolates, compared
with results obtained with pooled sera.

Statistical methods. Differences in group proportions were
assessed using x2 (or Fisher's exact test if the sample size
was small). Significant differences in mean values were
assessed by the Student t test. Two-tailed tests of signifi-
cance at the P < 0.05 level were used to determine statistical
significance. Predictive value of a positive test was calcu-
lated as the proportion of those patients with a positive test
or assay with C. difficile-associated diarrhea or colitis (36).

Risk index. A risk index was calculated from a multivariate
model quantifying relative risks of host factors and in-
hospital exposures described previously (23). The model is
given by the equation: log P = ,13 (age) + 12 (severity of
underlying disease) + P3 (cephalosporins) + 4 (penicillins)
+ P5 (gastrointestinal stimulants) + 16 (enemas). The index
was based on an additive model, and values for host factors
were as follows: 13 equaled 5.8 (for ages 41 to 60), 9.6 (for
ages 61 to 75), and 7.9 (for ages over 76); 12 equaled 5.2 (for
extreme illness); f3 equaled 2.1 (if exposure to cephalospo-
rins was for 1 week or less); N equaled 3.4 (for 8 to 14 days
of penicillin use); f5 equaled 3.1 if the patient was exposed to
stimulants; and 16 equaled 3.3 if the patient was exposed to
enemas. All other nonsignificant factors were coded zero if
not otherwise defined above. High-risk hosts were those
patients having a risk index of >15, and low-risk hosts had a
risk index of s15.

RESULTS

Study population. Of the 428 study patients, 112 had
cultures positive for C. difficile at some time during their stay
on the study ward. Eighty-three (74%) acquired C. difficile
while on the study ward, and the remainder were colonized
upon admission. The 99 strains available for typing were
isolated from 61 patients who were asymptomatic carriers
(62%), from 35 patients with diarrhea (35%), and from 3 (3%)
with colitis (2 with nonspecific colitis and 1 with
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TABLE 1. Diagnostic factors characterizing patients with in C. difficile

Diagnostic factor

Microbiologic Clinical

Patient group Stool Isolate Isolat- Fever Fecal Abdom- Nausea Leuko-
Mean cyto- ctoxn

entero- >75C leuko- iapin or
cyoss

Duration
CFU/g of inal pain vomiting cytosis Of diarrhea

stool (days)
No. % No. % No. % No. % No. % No. % No. % No. %

Asymptomatic carrier (n 61) 9.0 x 104 35 57 54 88 53 86 25 41 2 4 7 12 12 20 9 15 0
Symptomatic

C. difficile diarrhea (n = 35) 7.0 x 106 26 74 32 91 32 91 21 60 8 40b 5 14 12 34 7 20 6.7 ± 5.9
C. difficile colitis or pseudo- 8.3 x 106 2 67 3 100 3 100 1 33 2 67b 2 67b 2 67b 2 67 10 ± 13b
membranous colitis (n = 3)

a Above 15,000 leukocytes per mm3; some patients were missing clinical measurements, and percentages reflect this.
b p < 0.05 compared with asymptomatic patient data.

pseudomembranous colitis). The majority of symptomatic
patients did not have colitis (Table 1), but the diarrhea
associated with C. difficile was severe in that it was pro-
longed (mean = 7 days), and fecal leukocytes were found
significantly more often in patients with diarrhea (8 of 20, or
40%) than in asymptomatic carriers (2 of 50, or 4%; Fisher's
exact test, P < 0.01). Patients with C. difficile diarrhea and
colitis were grouped together because the primary physician
felt that endoscopic examinations were warranted only for
13 patients, and microbiologic and clinical parameters given
in Table 1 were similar for each group. Of the 38 patients
with symptomatic disease, 7 were treated with vancomycin,
2 were treated with metronidazole, 7 had the inciting antibi-
otic discontinued, and 22 had no therapeutic intervention.

Association of immunoblot type with presence of disease.
Overall, the 99 clinical isolates examined were classified into
17 distinct immunoblot groups (Table 2). Reliability of the
immunoblot typing method was tested by comparing dif-
ferent sources of rabbit sera and blinded duplicate isolate
submissions. The specific immunoblot patterns that were
obtained with pooled sera used as the antibody source were

TABLE 2. Immunoblot type frequencies by clinical status of
C. difficile-colonized patients

Strains from:

Immunoblot Asymptomatic Symptomatic Total
type carriers patients

No. % No. %

1 16 59 11 41 27
2 11 73 4 27 15
3 5 100 0 5
4 10 62 6 38 16
5 6 60 4 40 10
6 0 1 100 1
7 3 60 2 40 5
9 1 25 3 75 4
10 0 1 100 1
11 1 100 0 1
12 1 100 0 1
13 1 100 0 1
14 2 40 3 60 5
15 3 100 0 3
16 1 100 0 1
17 0 2 100 2
18 0 1 100 1

Total 61 38 99

different from those obtained with rabbit sera prepared
against a single immunizing isolate, but clinical isolates were
classified into the same immunoblot type regardless of the
source of the sera. Duplicate samples of clinical isolates
prepared by using blinded random codes gave identical
immunoblot results in all cases.
The association between clinical status of the patient and

immunoblot types is presented in Table 2. The most fre-
quently isolated immunoblot types (types 1, 2, 4, and 5) were
variably associated with disease. The most common immu-
noblot type (type 1) was associated with disease in 11
symptomatic patients but was also recovered from 16
asymptomatic carriers. Several immunoblot types were re-
covered only from symptomatic patients (types 6, 10, 17, and
18) or only from asymptomatic carriers (types 3, 11, 12, 13,
15, and 16), but the numbers of isolates in these types were
small.

Production of toxins by immunoblot type. Of the 17 dif-
ferent immunoblot types, 11 (65%) of the groups were
composed of isolates that always produced detectable cyto-
toxin in vitro, 5 types (29%) had variable cytotoxin produc-
tion (types 1, 2, 4, 5, and 14), and the single isolate of type 12
(6%) did not produce detectable cytotoxin (Fig. 1). Within
specific immunoblot types, there were no statistical differ-
ences in the amount of cytotoxin produced for isolates from
symptomatic versus asymptomatic patients (X2 = 1.6, P =
0.44, df = 2).

Enterotoxin production also varied within immunoblot
types (Fig. 2). Of the 27 isolates capable of high-titer
enterotoxin production, 13 (48%) were found in types 1 and
4. Immunoblot type 2 was composed of a significantly higher
frequency of enterotoxin-negative isolates than were other
immunoblot types. Of the 11 isolates with no detectable
enterotoxin, 8 (73%) were of type 2 (Fisher's exact test, P =
5.0 x 10-6), but enterotoxin-negative type 2 isolates were
equally frequent in asymptomatic carriers and symptomatic
patients (Fisher's exact test, P = 0.66). Each isolate with
negative enterotoxin results was retested three times, and
the results were identical.

Association of cytotoxin with presence of disease. We com-
pared both the presence of cytotoxin in fresh stool and the
ability of a patient's isolate to produce cytotoxin in vitro
with the presence or absence of disease. The frequency of
detectable stool cytotoxin was higher in patients with diar-
rhea or colitis (28 of 38, or 74%) than in asymptomatic
carriers (35 of 61, or 57%; x2 = 2.03, P = 0.15), but this
difference was not significant. The frequency of cytotoxin
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FIG. 1. Frequency of cytotoxin production by isolates from
patients with C. difficile carriage, diarrhea, or colitis by immunoblot
type. High-titer cytotoxin is defined as CPE present at dilutions of
>1:100 per ml of culture filtrate; low-titer cytotoxin had CPE at
dilutions less than or equal to 1:100.

production in vitro was higher in both groups than was
frequency of cytotoxin production in the stool but was
similar among isolates from patients with diarrhea (35 of 38,
or 92%) and asymptomatic carriers (54 of 61, or 88%;
Fisher's exact test, P = 0.42). Further analysis comparing
the amount of cytotoxin produced by an isolate in vitro
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FIG. 2. Frequency of enterotoxin production by isolates from
patients with C. difficile carriage, diarrhea, or colitis by immunoblot
type. Low-titer enterotoxin production is defined as <200 ng of
enterotoxin per ml; high titer is defined as .200 ng/ml.

TABLE 3. Cytotoxin production by C. difficile isolates from
asymptomatic carriers and symptomatic patients

Asymptomatic Symptomatic
Cytotoxin carriers patients

titera
No. % No. t

None 7 11.5 3 7.9
Low 35 57.4 18 47.4
High 19 31.1 17 44.7

Total 61 38

a Low, CPE at <102/ml of culture filtrate; high, CPE at >102/ml of culture
filtrate.

versus the presence or absence of disease (Table 3) also
failed to show any significant differences between strains
from asymptomatic carriers and symptomatic patients (X2 =
1.92, P = 0.4). For 7 (18%) of the symptomatic patients,
there was no detectable stool cytotoxin, but the isolates
were found to produce cytotoxin in vitro. Nineteen (31%) of
the carriers had no detectable stool cytotoxin but were found
to have isolates capable of cytotoxin production in vitro.
The ability of cytotoxin assays to distinguish between

patients with C. difficile diarrhea or colitis and patients with
asymptomatic carriage was thus limited. The positive pre-
dictive value for C. difficile diarrhea in stool cytotoxin
assays was 28 of 63 (44%), and that for cytotoxin production
by an isolate was 35 of 89 (39%).

Association of enterotoxin with presence of disease. The
frequency of enterotoxin production by isolates in vitro was
similar for isolates from patients with asymptomatic carriage
and those with symptomatic disease. Of the 38 isolates from
symptomatic patients, 35 (92%) produced enterotoxin in
vitro, compared with 53 (87%) of the 61 isolates from
asymptomatic carriers (Fisher's exact test, P = 0.32). In
addition, the median enterotoxin production by isolates from
symptomatic patients (77 ng/ml) was not significantly dif-
ferent from the median in isolates from carriers (139 ng/ml;
X2 = 1.6, P = 0.2).

Interaction with host factors. With use of a multivariate
model, patients were classified as high-risk hosts exposed to
several known C. difficile risk factors or low-risk hosts not
exposed to multiple risk factors. Patients with symptomatic
disease were more frequently found to be high-risk hosts.
Eighteen (47%) of patients with symptomatic disease had a
risk index of >15, and significantly fewer (n = 12, or 20%) of
the asymptomatic carriers were categorized as high-risk
hosts (X2 = 5.8, P = 0.02). Data stratified by the host risk
factor index suggested that high-risk patients made suscep-
tible by exposure to multiple risk factors may not require
isolates capable of high toxin production to cause sympto-
matic disease (Table 4). In high-risk patients, isolates capa-
ble of producing high titers of cytotoxin were slightly more
frequent in symptomatic patients (n = 6, or 33%) than in
asymptomatic carriers (n = 1, or 8%) (P = 0.12). In low-risk
patients, isolates capable of high-titer cytotoxin production
were significantly more common in symptomatic patients (n
= 11, or 55%) than in carriers (n = 12, or 24%) (P = 0.02).
Isolates capable of high enterotoxin production were cul-
tured more commonly from carriers than from symptomatic
patients regardless of host risk category (Table 4). There was
no difference in the infecting strain's immunoblot type
between high-risk and low-risk hosts.
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TABLE 4. Interactions of host risk factor index, production of
toxin by C. difficile isolates, and production of disease

Sympto- Asymp-
matic tomatic P

patients carriers value
(n = 38) (n = 61)

High-risk hostsa
Total no. of isolates 18 12
No. (%) with high-titer

production of:
Cytotoxin 6 (33) 1 (8) 0.12
Enterotoxin 3 (17) 6 (50) 0.06

Low-risk hosts'
Total no. of isolates 20 49
No. (%) with high-titer

production of:
Cytotoxin 11 (55) 12 (24) 0.02
Enterotoxin 1 (5) 17 (35) 0.01

a Multivariate host risk factor index of >15.
bMultivariate host risk factor index of s15.

DISCUSSION
Because acquisition of C. difficile may be associated with

a variety of clinical manifestations ranging from asympto-
matic carriage to life-threatening colitis, diagnostic tests that
indicate the presence of the organism (or its toxins) do not
ensure that there is a pathogenic role for C. difficile. One
possible explanation is that different strains vary in patho-
genicity. As early as 1982, a nosocomial outbreak was found
to be associated with isolates of C. difficile with a distinctive
antibiotic susceptibility pattern (2). More recent studies of
C. difficile outbreaks have suggested that there may be an

association between the isolate type, clinical manifestations,
and production of toxins by C. difficile (7, 26, 28, 35, 40).
Wren and colleagues (40), using electrophoresis of radiola-
belled isolates as first described by Tabaqchali et al. (31),
found that two of the nine types identified always produced
detectable cytotoxin and enterotoxin whereas two other
types were invariably non-toxin producers. However, the
numbers of isolates in some of their groups were small, and
five of their types varied in production of toxins (from
nondetectable to high-level production). Toma et al. (35),
using the serotyping method of Delmde et al. (8), studied 246
isolates and classified 98% of them into 15 serogroups. They
reported evidence for strain-specific cytotoxin production
and pathogenicity on the basis of their finding that six
serogroups were recovered mainly from symptomatic adults
and were almost always cytotoxigenic (range 86 to 100%),
whereas two serotypes were recovered from asymptomatic
neonates and children and were invariably cytotoxin nega-
tive. Despite these associations, one serogroup (G) that had
previously been recovered by Delmee and colleagues pre-
dominantly from neonates and children was, in the study of
Toma et al., most often isolated from symptomatic adults.
Other evidence for strain-specific pathogenicity was pro-
vided by Tabaqchali's report that an epidemic strain was

more commonly recovered from symptomatic patients (88%)
than from asymptomatic carriers (38%) (30). Confirmation
that pathogenic strains can be reliably identified might offer
the possibility for improvement of the currently unsatisfac-
tory diagnostic tests. However, before one accepts the
premise that pathogenicity of C. difficile may be primarily a

strain-specific phenomenon, it is important to consider that
previous studies may not have evaluated asymptomatic adult
carriers (7, 26, 35) or were generally conducted during

outbreaks, when a single strain might be expected to be
recovered from a disproportionate number of symptomatic
patients (24, 40).
To determine whether clinical manifestations of C. difficile

are strictly strain-specific phenomena, we examined isolates
recovered from a large number of patients at a facility in
which C. difficile is an endemic pathogen and included
asymptomatic carriers in our study population. Unfortu-
nately, we did not have the opportunity to evaluate many
patients with biopsy-documented colitis because endoscopy
was performed for only 13 of the 38 symptomatic patients.
This reflects the fact that many physicians are reluctant to
subject patients to the potential hazards of this procedure
and depend on other, noninvasive diagnostic tests. Our low
frequency of colitis may also be due to the absence of a large
outbreak during the time of the study. Thus, our data reflect
the behavior of endemic strains which may be of lower
virulence potential than strains associated with epidemic
outbreaks of diarrhea or colitis. Another factor that may
have resulted in the low frequency of detected colitis was the
early recognition and prompt treatment of 42% of patients
with C. difficile diarrhea; this may have prevented the
progression to colitis or pseudomembranous colitis.
By comparing symptomatic patients (with and without

documented colitis) with asymptomatic carriers, we sought
to determine whether these two groups could be differenti-
ated on the basis of strain identification. We did not find a
direct correlation between immunoblot typing results and a
patient's clinical status. We did find that some types were
never associated with disease and some were always asso-
ciated, but the numbers of strains within those immunoblot
types were small. Much more significant was the finding that
the most common immunoblot types were variably associ-
ated with disease. Thus, we conclude that immunoblot
typing results alone cannot generally be used as a predictor
of C. difficile disease. Our results do not preclude the
possibility that specific strains of C. difficile are nontoxigenic
and nonpathogenic or that specific strains are associated
with distinctive clinical features or with epidemics. How-
ever, among adults hospitalized in a setting with a high
prevalence of C. difficile disease, the variable pathogenic
role of the organism cannot be ascribed simply to strain
differences. In fact, asymptomatic carriers may be the
source of isolates of identical immunoblot type that are

subsequently associated with symptomatic disease in hospi-
tal contacts (21). Unfortunately, there have been few pro-
spective studies or surveys which have sought hospitalized
patients with asymptomatic carriage of C. difficile. It would
be useful to evaluate a population with a low rate of C.
difficile to determine the role of carriage in nosocomial
transmission and to examine the strains recovered in that
setting.

It was also of note that the in vitro ability of an isolate to
produce toxins was not consistent within a given immuno-
blot type. Other investigators, using different typing sys-
tems, have also reported variable toxin production by iso-
lates of the same type (25, 30, 35). It has also been shown
that even individual isolates may not be consistent in their
production of toxins. Haslam and colleagues reported that
toxin production by individual organisms may be altered by
changes in the nutrients and conditions of culture (11). Mahe
and colleagues found that not only production of toxins but
also pathogenicity in an animal model could be markedly
changed by alterations in diet (20). They showed that an

isolate that was associated with universal fatality in conven-

tionally fed gnotobiotic mice caused no deaths in mice fed a

INFECT. IMMUN.



VIRULENCE AND IMMUNOBLOT TYPES OF C. DIFFICILE 2461

specific semisynthetic diet. Toxin production was also af-
fected by the animals' diets. These important experiments
suggest possible explanations for the lack of correlation
between typing results, pathogenicity, and toxigenicity.
We also found that clinical status was not significantly

associated with the detection of cytotoxin in the stool or with
in vitro production of cytotoxin by the isolates. In general,
assays of stool detected cytotoxin less frequently than did
assays of broth cultures of isolates in vitro. We did find that
isolates from symptomatic patients produced high levels of
cytotoxin more frequently (45%) than did isolates from
asymptomatic carriers (31%), but this difference was not
significant and stool cytotoxin assays did not reflect this
phenomenon.
A positive stool cytotoxin assay is considered to be useful

for predicting antibiotic-associated colitis but appears to be
much less valuable for predicting disease in patients with C.
difficile-associated diarrhea (1, 13, 18). Isolates from asymp-
tomatic carriers and symptomatic patients had similar fre-
quencies of in vitro cytotoxin production (88 and 92%,
respectively). It has long been accepted that despite the
strong association between histologically confirmed colitis
and C. difficile, many cases of antibiotic-associated diarrhea
cannot be attributed to this organism (1). Our study, which
documents that C. difficile and its toxins are also detected
frequently in asymptomatic patients, supports the evidence
that currently available clinical diagnostic tests alone are not
sufficient for detecting C. difficile disease. Diarrhea is com-
mon among hospitalized patients; if other causes are not
excluded and currently available diagnostic tests indicate the
presence of C. difficile, a pathogenic role may be errone-
ously ascribed. Clearly, the accurate diagnosis of C. difficile-
associated disease requires the integration of clinical assess-
ment with laboratory results. It is also important to consider
that the predictive value of a test is related to the prevalence
of disease and that the value of a positive test may be very
different in a setting in which C. difficile is not an endemic
pathogen. Indeed, as discussed by Bennett and colleagues
(3), these issues should be considered when any diagnostic
test is evaluated.
We found that host factors as reflected by the multivariate

risk index appeared to be important determinants of clinical
manifestations. High-risk hosts were more likely than low-
risk hosts to be symptomatic. Isolates capable of high-titer
cytotoxin production were more commonly cultured from
low-risk hosts. These data may imply that higher titers of
cytotoxin are needed to produce disease in noncompromised
hosts. This risk index may also reflect other host differences
such as intestinal cell turnover, receptor availability, or local
immunity.

Accurate diagnosis of intestinal disease due to C. difficile
continues to be an important and difficult problem. A major
recent advance is the development of a probe that appears to
consistently differentiate enterotoxin-positive isolates from
toxin-negative strains (39). If this tool can be used to detect
only toxigenic strains in clinical specimens, it may provide a
means to differentiate potential pathogens from nonpatho-
genic, colonizing strains. Our study suggests, however, that
strain differentiation alone may not provide a diagnostic
criterion that is sufficient to assign a pathogenic role to C.
difficile and that we must continue to elucidate host factors
that are also clearly implicated as important determinants in
the pathogenesis of disease. We reiterate that our results are
not in conflict with evidence indicating that strains of C.
difficile may vary in toxigenicity and pathogenicity; rather,
we conclude that in this endemic setting, the variety of

clinical manifestations that resulted from C. difficile acqui-
sition cannot be explained simply on the basis of strain
differences. In epidemic settings, outbreaks have been
shown to be due to a specific C. difficile strain, but we did
not encounter this situation at our hospital. We would agree
with colleagues who have referred to this bacterial species as
"the difficult Clostridium" (35) and suggest that it has not
changed its ways.
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