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IgG antibodies against Clostridium difficile toxins A and B were followed in controls and in patients with an initial C. difficile
infection (CDI). Of the 50 CDI patients, 38 were cured and 12 developed recurrence. Compared to controls, patients had signifi-
cantly lower anti-toxin A and B IgGs at inclusion, but the subsequent levels rose slightly regardless of clinical outcome. The re-
sults imply that the general serum reactivity against toxins A and B in the population reduces the risk of CDI, which suggests
implications for vaccine strategies.

The role of serum antibodies against Clostridium difficile toxins
A and B in disease outcome is still debated (4, 9). Here, we

prospectively followed the immunological response to serum
anti-toxin A and B levels to determine whether they could predict
the risk of initial or recurrent C. difficile infection (CDI).

This study was performed within a treatment trial (13), and
patients with three consecutive serum samples available (n � 50)
were enrolled. These subjects (36 females, 14 males; median age,
61 [range 20 to 85] years) had had diarrhea for a mean (median) of
7 (5) days before diagnosis of CDI by a positive C. difficile toxin
test, and they were included within 2 days (mean/median) of the
positive test. The first serum sample was taken on the day of in-
clusion, the second between days 8 and 13, and the third between
days 35 and 40 or on the day of recurrence (days 9 to 36; median,
day 13).

Control sera were collected from healthy blood donors
(group 1: n � 59 donors; median age, 51 [range, 23 to 65]
years) and on hospital admission day from patients without a
reported CDI (group 2: n � 27 donors; median age, 63 [range,
50 to 79] years).

Levels of serum antibodies against toxins A and B were mea-
sured in doublets by enzyme-linked immunosorbent assay
(ELISA) using microtiter plates coated with TcdA or TcdB
(tgcBIOMICS, Mainz, Germany) according to the manufacturer’s
instructions and standard procedures. Secondary antibodies were
horseradish peroxidase (HRP)-conjugated polyclonal rabbit anti-
human IgG (Dako P0214) and, for control antibodies (TTC8,
anti-TcdA antibody; 2CV, anti-TcdB antibody), rabbit-anti-
mouse IgG (Dako P0260). Experimental errors were reduced by
using interplate calibration, by including sera from each patient
on the same plate, and by including sera from both patients and
control subjects on each plate.

The Wilcoxon-Mann-Whitney test was conducted to compare
serum antibody levels, and, where indicated, the Bonferroni post
hoc test was performed to compensate for multiple comparisons.
The Wilcoxon matched-pair test was used to compare serum an-
tibody levels in individual patients at different time points. The
Medical Ethics Committee of Lund University approved the
study.

Levels of IgG against toxin A in inclusion sera were significantly
lower in CDI patients than in the two control groups, and the same

applied to toxin B (Fig. 1A and B). Strikingly, compared to the
controls, the younger CDI patients had significantly lower serum
levels of the anti-toxin antibodies, whereas that was not noted for
those aged �65 years (Fig. 1C and D). There was no gender-
related difference in IgG levels in the CDI group. Levels of serum
IgG against toxins A and B were slightly higher in blood donors
(control group 1) than in patients with no history of CDI (control
group 2), although that difference was not statistically significant
(Fig. 1A and B) and may have been related to age (median, 51
versus 63 years). Of the 50 CDI patients, 38 were cured and 12
(24%) developed a recurrence. The patients in the groups with
and without recurrence had the same median age (both 61 years,
ranges of 20 to 85 and 22 to 83 years, respectively). Regardless of
outcome, both groups responded with a weak and nonsignificant
increase in anti-toxin A IgG antibodies (Fig. 2A) and a modest rise
in anti-toxin B antibodies (Fig. 2B).

Our study was somewhat limited, because the carriage rate
of C. difficile in the control subjects was not known. However,
it is reasonable to assume that that rate was low at the time of
sampling, since there was no history of recent CDI or hospital-
ization among the control subjects and the carriage rate in the
community is low (10). Carriage status in relation to disease
outcome is important in hospitalized patients. This is exempli-
fied by a prospective study in which patients who became
colonized with C. difficile showed increasing anti-toxin A IgG
levels but remained asymptomatic, whereas colonized nonre-
sponders subsequently developed CDI (6). Serum antibodies
against toxins A and B are acquired early in life, and the serum
reactivity increases not only with age (11) but also in the gen-
eral population over time (1). Thus, the apparently constant
antibody levels in our control groups may reflect natural expo-
sure to C. difficile, whereas the low levels in the CDI group may
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indicate an age-related waning of systemic immunity. The lat-
ter assumption is supported by the observation that CDI pa-
tients had slightly elevated antibody levels in follow-up sam-
ples, but despite ongoing infection, those levels were lower
than noted in samples from controls. Results reported by other
investigators have varied, ranging from no disparities to higher
serum anti-toxin A IgG levels in CDI patients than in healthy
subjects (3, 11, 12). The conflicting findings are difficult to
explain but may be related to differences in study methods or
design. For example, we did not test the neutralizing activity of
the anti-toxin IgGs, a feature that is probably clinically impor-
tant and may affect interpretation of the results (3).

Several investigations have examined the dynamic IgG re-
sponse to C. difficile toxins in relation to the risk of recurrent CDI
(5, 7, 8). These studies have indicated that, compared to nonre-

current cases, recurrent cases have the same or lower anti-toxin A
IgG titers and also lower anti-toxin B IgG titers. Kyne et al. (5)
found that serum IgG against toxin A increased sharply from day
9 to day 12 in seven patients with a single episode of CDI but
remained low in nine patients with subsequent recurrence. How-
ever, validation of a method using immunological data for recur-
rence prediction is complex (2), and our results support the gen-
eral assumption that immunological data alone, particularly IgG
response, cannot reliably predict recurrence. Indeed, other risk
factors must be considered, such as comorbidity, severity of CDI,
and age, as well as mucosal IgA secretory status and the C. difficile
strain/toxinotype (7, 8).

In conclusion, we found that low levels of IgG against toxins A
and B were associated with a risk of acquiring CDI and that the
anti-toxin A and B IgG responses during acute infection were

FIG 1 Levels of IgG against C. difficile toxins A and B in inclusion sera from CDI patients and sera from controls. Panel A shows serum levels of anti-toxin A in
the CDI patients, control group 1 (blood donors), and control group 2 (patients without a history of CDI), and panel B shows the corresponding values for
anti-toxin B. Panel C shows serum levels of anti-toxin A in CDI patients and the merged controls divided into three age groups (�50, 50 to 65, and �65 years),
and panel D shows the corresponding values for anti-toxin B. Each box represents 50% of the values, and the horizontal lines denote the medians. Error bars
include values that extend to the upper quartile value plus 1.5 times the interquartile distance and to the lower quartile value minus 1.5 times the interquartile
distance, and open circles represent values outside these ranges (outliers). Bonferroni post hoc test was applied in the analyses illustrated in panels C and D (all
groups were tested against each other, thus 15 tests in each panel).
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poor. The results also suggest that low circulating levels of C. dif-
ficile toxin A and B antibodies represent a risk factor for CDI,
particularly in younger patients. Finally, the antibody levels de-
tected by ELISA did not differ between patients who were cured
and those with recurrence.
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FIG 2 Levels of IgG against C. difficile toxins A and B in CDI patients with and without a recurrence. The y axis represents absorbance values for anti-toxin A (A)
and anti-toxin B (B), and the x axis represents the time points at which follow-up sera were obtained as the number of days after the first serum sample was
collected at inclusion. For the recurrence group, the time point of the third follow-up was the day of recurrence. For an explanation of the box plots, see the legend
to Fig. 1.
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