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There is a strong association between serum antibody responses to toxin A and protection against Clostrid-
ium difficile diarrhea. A parenteral C. difficile toxoid vaccine induced very-high-level responses to anti-toxin A
immunoglobulin G (IgG) in the sera of healthy volunteers. After vaccination, the concentrations of anti-toxin
A IgG in the sera of all 30 recipients exceeded the concentrations that were associated with protection in
previous clinical studies. Furthermore, the median concentration of serum anti-toxin A IgG in the test group
was 50-fold higher than the previous threshold. These findings support the feasibility of using a vaccine to
protect high-risk individuals against C. difficile-associated diarrhea and colitis.

Clostridium difficile is the most commonly known cause of
nosocomial infectious diarrhea in industrialized countries (2,
9). Rates of C. difficile infection in high-risk hospital patients
receiving antibiotics are as high as 31% (11, 15, 19). The
clinical presentation of C. difficile colitis ranges from mild
diarrhea to fulminant pseudomembranous colitis (2, 9). How-
ever, approximately half of the patients who are colonized by
toxin-producing strains of C. difficile are asymptomatic carriers
(11, 15).

Two recent clinical studies demonstrated that high concen-
trations of anti-toxin A immunoglobulin G (IgG) antibody in
serum were associated with protection against C. difficile-asso-
ciated diarrhea and colitis (11, 12). In the first study, infected
patients with serum anti-toxin A IgG concentrations of greater
than 3 enzyme-linked immunosorbent assay (ELISA) units
(EU) were 48-fold more likely to become asymptomatic carri-
ers than patients with lower concentrations of anti-toxin A
antibody (11). In the second study, patients who developed
high concentrations of serum anti-toxin A IgG during initial
episodes of C. difficile-associated diarrhea were 48-fold less
likely to suffer a recurrence than those who did not show an
anti-toxin A antibody response (12). These findings provide
further evidence that active or passive immunization against C.
difficile toxins may be effective in preventing C. difficile-associ-
ated diarrhea and colitis (1, 3, 5, 10, 13, 17, 20).

Kotloff et al. reported recently their experience using a par-
enteral C. difficile vaccine containing toxoids A and B admin-
istered to healthy adult volunteers (7). To our knowledge, this
is the only candidate C. difficile vaccine that has been tested in
human studies. The vaccine was produced from a culture fil-
trate of C. difficile strain ATCC 43255 as previously described
(7). Briefly, toxins A and B were partially purified by ammo-
nium sulfate precipitation and application to an S300

Sephacryl size exclusion column, followed by inactivation with
formaldehyde. The total protein concentration of the vaccine
was 0.52 mg per ml, of which toxins A and B comprised about
44% at a 1.5:1 toxin A-to-toxin B ratio. Both toxoid A and
toxoid B were included in the C. difficile vaccine based on
preclinical observations which indicated that both toxin A and
toxin B may be involved in the pathogenesis of C. difficile-
associated diarrhea and in generating protective immunity.
Kink and Williams, for example, found that treatment with a
mixture of anti-recombinant toxin A (anti-rToxA) and anti-
rTox B is required for complete therapeutic (postchallenge)
protection against clindamycin-induced C. difficile-associated
diarrhea in the hamster challenge model, although anti-rTox A
alone is sufficient to prevent C. difficile-associated diarrhea if it
is administered prior to challenge (6). Although both of the
clinical studies described earlier indicated that high levels of
serum anti-toxin A IgG but not serum anti-toxin B IgG are
associated with protection, it would be premature to conclude
that immune responses to toxin B are immaterial in disease
expression and/or immunity (11, 12, 16). This point is high-
lighted by numerous recent reports of diarrhea and
pseudomembranous colitis associated with toxin A-negative,
toxin B-positive strains of C. difficile (4, 8, 14, 18). As reported
previously, the candidate vaccine was well tolerated and in-
duced a variety of immune responses to both toxins (7). The
aim of this collaborative study was to determine whether the
concentrations in serum of anti-toxin A IgG that were achieved
during vaccination were similar in magnitude to the concen-
trations that were associated with protection in clinical studies
of patients with C. difficile infection (11, 12).

Healthy adults received four intramuscular inoculations of
the C. difficile toxoid vaccine on days 1, 8, 30, and 60. The
vaccine was administered at a dose of 6.25, 25, or 100 �g, either
as soluble toxoids or as toxoids adsorbed to alum (number of
subjects in each group, 5). Serum samples collected on days 1
(prevaccination), 8, 15, and 90 were tested for anti-toxin A IgG
antibody concentrations by using highly purified C. difficile
toxin A as the capture antigen. Results were expressed as
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ELISA units by reference to a serum standard obtained from
patients with high concentrations of serum anti-toxin A IgG
antibody as previously described (11, 12).

Prior to vaccination (day 1) (Fig. 1 and Table 1), the median
concentration of serum anti-toxin A IgG antibody for the 30
healthy adults was low (1.3 EU) and similar to that for control
patients not infected by C. difficile (1.0 EU). On day 15, after
two inoculations of toxoid, the median concentration of serum
anti-toxin A IgG increased to 4.2 EU. This antibody concen-
tration is similar to the median concentration in symptom-free
carriers of C. difficile (2.2 EU) or to that in patients who
experienced a single episode of C. difficile diarrhea and who
did not suffer a recurrence (3.9 EU). On day 90, 30 days after
the fourth and final toxoid inoculation, the median concentra-
tion of serum anti-toxin A IgG antibody in the vaccine recip-
ients was markedly higher, 151 EU.

Table 1 provides the medians and ranges of serum anti-toxin
A IgG concentrations as well as the percentage of subjects
within each group who achieved serum anti-toxin A IgG con-
centrations of greater than 3 EU during vaccination. Prior to
vaccination (day 1), only 4 out of 30 subjects (13%) had serum
anti-toxin A IgG concentrations of greater than 3 EU. This
agrees closely with our previous report that 10% of control,
noninfected patients have protective concentrations of serum
anti-toxin A IgG (11). On day 8, prior to the second inocula-
tion of toxoid, the number of subjects with serum anti-toxin A
IgG antibody concentrations exceeding 3 EU increased to nine
(30%). On day 15, prior to the third inoculation, this number
increased to 17 subjects (57%). At the highest dose of toxoid
vaccine tested (100 �g), 8 of 10 subjects (80%) achieved serum
IgG anti-toxin A antibody concentrations of greater than 3 EU
by day 15. On day 90, 1 month after completing the vaccination
regimen, all 30 subjects had serum anti-toxin A IgG antibody
concentrations of greater than 3 EU (median, 151 EU; range,
3.6 to 1,688 EU).

The C. difficile toxoid vaccine also induced high levels of
serum-neutralizing activity against toxin A, as evaluated with
the tissue culture cytotoxicity assay (7). We therefore mea-
sured toxin A-neutralizing activity in sera obtained from
asymptomatic carriers of C. difficile as well as in control sera
and in sera from patients with C. difficile-associated diarrhea.
Only 1 of 18 C. difficile carriers (5.6%) had detectable toxin
A-neutralizing activity (at a low reciprocal titer of 5). Ten of
149 control serum samples (6.7%) had detectable toxin A-neu-
tralizing activity (median reciprocal titer of 10, range of 5 to
40). None of 25 subjects with C. difficile-associated diarrhea
had detectable toxin A-neutralizing activity. These differences
were not statistically significant (P � 0.21, Fisher’s exact test).
The toxin A-neutralizing activities detected in patient sera
were far lower than those measured previously in the sera of
subjects who had received the C. difficile toxoid vaccine (me-
dian peak toxin A-neutralizing reciprocal titer of 267, range of
10 to 6,827) (7). The finding that toxin A-neutralizing activity
was not significantly increased in the sera of individuals pro-
tected against C. difficile-associated diarrhea may mean that
the neutralization of cytotoxicity as determined with an in vitro
tissue culture assay does not correlate closely with the neutral-
ization of the enterotoxic effects of toxin A in vivo. Another

FIG. 1. Serum anti-toxin A IgG concentrations following natural
infection with C. difficile (left panel) or following vaccination with C.
difficile toxoid (right panel). Results, expressed as ELISA units, are
shown for control patients not infected with C. difficile (Control; n �
187), symptom-free carriers of C. difficile (CD carrier; n � 19), patients
with recurrent C. difficile-associated diarrhea (Recurrent CDAD; n �
9), patients with a single episode of C. difficile-associated diarrhea
(Single CDAD; n � 7), and healthy volunteers at various time points
during vaccination with C. difficile toxoid (n � 30). The median values
are depicted as bold horizontal lines, the boxes indicate the 25th and
75th percentiles, and the I bars indicate the 10th and 90th percentiles.

TABLE 1. Serum anti-toxin A IgG concentrations during vaccination with C. difficile toxoid

Treatment group
and toxoid concn

(�g/ml)a

Serum anti-toxin A concn (median EU [range]) on treatment dayb

1 8 15 90

Soluble toxoids
6.25 1.3 (0.4–16) (20) 1.5 (0.3–29) (20) 2.3 (0.5–31) (40) 40 (5.1–424) (100)

25 1.7 (0.2–2.9) (0) 1.7 (0.3–5.4) (40) 19 (0.7–138) (60) 144 (3.6–349) (100)
100 0.9 (0.7–5.3) (20) 3.3 (0.9–37) (60) 80 (1.2–360) (80) 148 (13–257) (100)

Toxoids with alum
6.25 0.9 (0.8–1.3) (0) 1.0 (0.7–1.6) (0) 2.1 (0.8–21) (20) 165 (86–288) (100)

25 2.1 (0.4–2.8) (0) 1.6 (0.5–13) (20) 4.3 (2.0–200) (60) 309 (120–1688) (100)
100 1.4 (0.2–10) (40) 2.7 (0.1–5.8) (40) 29 (2.4–165) (80) 288 (26–327) (100)

All groups 1.3 (0.2–16) (13) 1.6 (0.1–37) (30) 4.2 (0.5–360) (57) 151 (3.6–1688) (100)

a Each group consisted of five subjects. All groups combined consisted of 30 subjects.
b The percentage of subjects within each group achieving a serum anti-toxin A IgG level greater than 3 EU is also shown in the second set of parentheses.
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possible explanation is that anti-toxin A antibody responses act
as a surrogate marker but are not the effectors of a protective
immune response.

In this study, a C. difficile toxoid vaccine induced strong
serum anti-toxin A IgG antibody responses in human volun-
teers. After four doses of vaccine, the concentration of serum
anti-toxin A IgG antibody in each of 30 subjects exceeded 3
EU, a level that was associated with protection in previous
clinical studies. Moreover, the concentrations in the majority
far surpassed this level (by a factor of 50). These anti-toxin A
antibody responses greatly exceed those observed in patients
with C. difficile-associated diarrhea or in asymptomatic carriers
of C. difficile (11, 12). The fact that every subject, regardless of
the dose received or the formulation of toxoid vaccine used,
mounted a substantial antibody response to toxin A indicates
that the C. difficile toxoid vaccine is highly immunogenic. In-
deed, the uniformly vigorous serum anti-toxin A antibody re-
sponses measured in this study suggest that the parenteral
toxoid vaccine may be more effective than natural infection in
inducing immunity to C. difficile toxin A.

The parenteral C. difficile toxoid vaccine clearly induces vig-
orous serum anti-toxin A antibody responses in healthy adults.
However, whether these vaccine-induced immune responses
can confer protective immunity against C. difficile-associated
diarrhea and colitis remains to be proven (21). We have initi-
ated clinical trials to determine whether the C. difficile toxoid
vaccine induces similarly rapid and robust anti-toxin A anti-
body responses in elderly individuals and in patients with re-
current C. difficile-associated diarrhea who, as we have shown,
fail to mount an appropriate, protective immune response to
toxin A during natural challenge with C. difficile (12, 20).
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