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Background

New therapies are needed to manage the increasing incidence, severity, and high rate 
of recurrence of Clostridium difficile infection.

Methods

We performed a randomized, double-blind, placebo-controlled study of two neu-
tralizing, fully human monoclonal antibodies against C. difficile toxins A (CDA1) and 
B (CDB1). The antibodies were administered together as a single infusion, each at 
a dose of 10 mg per kilogram of body weight, in patients with symptomatic C. difficile 
infection who were receiving either metronidazole or vancomycin. The primary out-
come was laboratory-documented recurrence of infection during the 84 days after 
the administration of monoclonal antibodies or placebo.

Results

Among the 200 patients who were enrolled (101 in the antibody group and 99 in the 
placebo group), the rate of recurrence of C. difficile infection was lower among pa-
tients treated with monoclonal antibodies (7% vs. 25%; 95% confidence interval, 
7 to 29; P<0.001). The recurrence rates among patients with the epidemic BI/NAP1/027 
strain were 8% for the antibody group and 32% for the placebo group (P = 0.06); 
among patients with more than one previous episode of C. difficile infection, recur-
rence rates were 7% and 38%, respectively (P = 0.006). The mean duration of the ini-
tial hospitalization for inpatients did not differ significantly between the antibody 
and placebo groups (9.5 and 9.4 days, respectively). At least one serious adverse event 
was reported by 18 patients in the antibody group and by 28 patients in the placebo 
group (P = 0.09).

Conclusions

The addition of monoclonal antibodies against C. difficile toxins to antibiotic agents 
significantly reduced the recurrence of C. difficile infection. (ClinicalTrials.gov num-
ber, NCT00350298.)
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During the past decade, there has 
been a striking increase in the prevalence 
of Clostridium difficile infection and in as-

sociated mortality in the United States, Canada, 
and Europe.1-5 The widespread use of broad-spec-
trum antibiotics places patients at risk for C. difficile 
diarrhea or colitis and has changed the epidemi-
ology of C. difficile infection. This has been char-
acterized by the emergence of a hypervirulent 
strain of C. difficile (BI/NAP1/027) and an increas-
ing risk of treatment failure and recurrent infec-
tion.1,6-14

We developed one fully human monoclonal 
antibody targeted against C. difficile toxin A (CDA1) 
and a second against toxin B (CDB1). We have 
found significant efficacy for the combined anti-
bodies in an established hamster model of C. dif-
ficile infection, as well as safety in a phase 1 study 
in healthy volunteers.15 We now report a phase 
2 randomized, double-blind, placebo-controlled 
trial of the efficacy of CDA1 plus CDB1 in pre-
venting the recurrence of C. difficile infection. We 
also examined the safety of this therapy and its 
effects on the duration and severity of the initial 
episode of infection and on duration of hospital-
ization.

Me thods

Patients

From July 2006 through April 2008, patients were 
enrolled at 30 study sites in the United States and 
Canada. Eligible patients were at least 18 years of 
age and had diarrhea associated with a positive 
stool test for a C. difficile toxin in the 14 days be-
fore enrollment. The enzyme immunoassay meth-
od for stool toxin detection that was in use at each 
study site was also used for this study. Patients 
were required to be receiving either metronidazole 
or oral vancomycin for the treatment of the C. dif-
ficile infection, with the choice of antibiotic made 
by the treating physician. Diarrhea was defined as 
three or more unformed stools per day for at least 
2 consecutive days or more than six unformed 
stools in 1 day.16 Patients could have started re-
ceiving antibiotic treatment at any time before 
enrollment but must have had diarrhea on the day 
of enrollment. The protocol was approved by the 
institutional review board or ethics committee at 
each study site and by the governmental regula-
tory authorities in the United States and Canada. 
All patients provided written informed consent.

Study Design and Oversight

This study was designed and supervised by the 
sponsors, MassBiologics and Medarex. Data were 
collected by principal investigators at each study 
site, and statistical analyses were performed by 
an independent statistician who was supervised 
by the sponsors. An independent data and safety 
monitoring board was responsible for monitor-
ing the safety of the patients during the trial and 
the performance of the primary end-point analy-
sis at the time of breaking the blind. Two authors 
who are employed by the sponsors wrote the first 
draft of the manuscript. All the authors vouch for the 
accuracy and completeness of the data reported.

Randomization and Follow-Up

Enrolled patients were randomly assigned to receive 
an intravenous infusion of either CDA1–CDB1 or 
0.9% sodium chloride as placebo in a 1:1 ratio. 
Stool specimens were collected at enrollment and 
were processed for the identification of C. difficile 
by culture on selective prereduced taurocholate–
cefoxitin–cycloserine–fructose agar (TCCFA) and 
typed by restriction endonuclease analysis in a 
blinded fashion, as described previously.17,18 Cur-
rent epidemic C. difficile isolates have been identi-
fied as group BI on restriction endonuclease analy-
sis, NAP1 on pulsed-field gel electrophoresis, and 
027 on ribotyping (BI/NAP1/027) with the use of 
polymerase-chain-reaction (PCR) assay.18

On the first day of the study, during a 2-hour 
period, patients received a single intravenous in-
fusion of 10 mg each of CDA1 and CDB1 per kilo-
gram of body weight in a total volume of 200 ml 
(with 0.9% sodium chloride as the diluent) or pla-
cebo. Stool counts were recorded daily for the 84-
day study period with the use of a memory aid 
to track the number and type of stools. This 
information was reviewed by study staff, either in 
person or through telephone contact. Patients 
were contacted on a daily basis through day 14 
after infusion, weekly through day 56, and then 
monthly until day 84, with in-person visits on 
days 3±1, 10±2, 28±3, 56±7, and 84±10, which 
included blood-sample collection. The first 20 
patients who were enrolled had an additional 
visit on day 168±14 to obtain a blood sample for 
immunogenicity analysis.

Efficacy Assessments

The primary end point, which was the recurrence 
of C. difficile infection, was defined as a new episode 
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of diarrhea associated with a new positive stool 
toxin test after the resolution of the initial CDI 
diarrheal episode and after discontinuation of met-
ronidazole or vancomycin. Only the first episode 
of CDI recurrence was evaluated in the efficacy 
analyses. Secondary end points included the num-
ber of days to the resolution of the initial episode, 
severity of the initial episode, and failure of anti-
biotic treatment (as defined as a change in anti-
biotics or persistence of diarrhea at day 14 of 
antibiotic administration). Levels of serum anti-
bodies against toxins A and B were measured in 
all patients by enzyme-linked immunosorbent 
assay (ELISA) with the use of fragment 4 of the 
toxins as the target19 (for details, see the Labora-
tory Assays section in the Supplementary Appen-
dix, available with the full text of this article at 
NEJM.org).

Safety Assessments

Evaluation for safety included the measurement of 
vital signs, the taking of an interim medical his-
tory, and physical assessment if clinically indicat-
ed for adverse events at all study visits. Laboratory 
testing of hematologic and serum chemical values 
and urinalysis were performed at study visits 
through day 28±3. Solicited reports of adverse 
events were collected by study personnel during the 
infusion and the 2-hour period after infusion. Ad-
verse events were graded according to the Adult 
Toxicity Table (May 2001), as adapted by the Na-
tional Institute of Allergy and Infectious Diseases. 
The detection of human antihuman antibody in 
response to the monoclonal antibodies was de-
termined with the use of a bridging ELISA19 (see 
the Laboratory Assays section in the Supplemen-
tary Appendix).

Statistical Analysis

The target study enrollment of 200 patients was 
based on an ability to observe a reduction in re-
currence rates from 20% in the placebo group to 
6% in the antibody group with a power of 80%. 
All statistical methods were specified before study 
enrollment, and the final statistical-analysis plan 
was approved before blinding was broken. All 
analy ses were performed with JMP software, 
version 7.0 (SAS Institute), and StatXact (Cytel 
Software).

We analyzed primary and secondary efficacy 
end points (as prespecified in the statistical-analy-
sis plan) on the intention-to-treat principle and 

included all patients who underwent randomiza-
tion (see the Methods section in the Supplemen-
tary Appendix). Each subgroup (except for the 
subgroups defined according to hospitalization 
status) was prespecified in the statistical-analysis 
plan at enrollment. Analysis of additional hospi-
talizations during the study period was performed 
post hoc. Nominal variables were compared be-
tween the study groups with the use of a two-
sided Fisher’s exact test with 95% confidence in-
tervals. Continuous variables were compared with 
the use of a two-sided t-test. Kaplan–Meier plots 
were used to analyze time-to-event variables, 
which were compared by means of log-rank 
tests. A P value of less than 0.05 was considered 
to indicate statistical significance.

R esult s

Patients

Of 7396 patients who were assessed for eligibili-
ty, 484 were screened, and 200 patients from 30 
participating centers were enrolled. The mean age 
of the patients was 64 years (range, 20 to 101). Of 
these patients, 101 were randomly assigned to re-
ceive CDA1–CDB1 antibody treatment and 99 to 
receive placebo (Fig. 1 in the Supplementary Ap-
pendix). Baseline characteristics were similar be-
tween the two study groups, except for a higher 
mean number of unformed stools at screening 
and at the time of infusion in the antibody group 
than in the placebo group (Table 1). Exposure to 
antibiotics other than metronidazole or vancomy-
cin from the day of study infusion through day 
84 occurred in 40 patients (40%) in the antibody 
group and 48 patients (48%) in the placebo group 
(P = 0.26).

Efficacy

The primary efficacy end point was laboratory-
documented recurrence of C. difficile infection, 
which was observed in 32 patients: 7% in the an-
tibody group and 25% in the placebo group (95% 
confidence interval [CI], 7 to 29; P<0.001). Signifi-
cant reductions were also observed for less rigor-
ous and more inclusive definitions of recurrence 
in both the intention-to-treat and per-protocol pop-
ulations. In a comparison of recurrent diarrhea 
with or without laboratory confirmation of C. dif-
ficile infection and with or without antibiotic treat-
ment for C. difficile infection, 28% of patients in 
the antibody group had recurrent diarrhea, as com-
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pared with 50% of those in the placebo group 
(P = 0.002) (see the Methods section and Table 1 
in the Supplementary Appendix).

Kaplan–Meier analysis showed that the time to 
recurrence of C. difficile infection differed signifi-
cantly between the two study groups (P<0.001) 
(Fig. 1). The relative risk of recurrence on the basis 
of total days of follow-up for each study group was 
significantly lower in the antibody group (relative 
risk, 0.23; 95% CI, 0.08 to 0.54; P = 0.01).

The effect of CDA1–CDB1 on the severity of 
diarrhea during the initial episode was also as-
sessed as a secondary end point. Severe diarrhea 

was defined as at least five unformed stools per 
day for at least 2 consecutive days, starting with 
the stool counts recorded on day 1 through ces-
sation of diarrhea and discontinuation of antibi-
otic treatment for the initial episode. There were 
no significant differences between the antibody 
group and the placebo group in the severity of 
diarrhea during the initial episode of C. difficile in-
fection, the median or mean number of days to 
the resolution of the initial episode, or the pro-
portion of patients in whom treatment failed, 
according to the protocol definition of failure of 
antibiotic treatment.

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic
Monoclonal Antibody

(N = 101)
Placebo
(N = 99) P Value

Mean age — yr 63 64 0.62

Female sex — no. (%) 61 (60) 71 (72) 0.10

Race or ethnic group — no. (%)†

White 91 (90) 84 (85) 0.34

Black 6 (6) 6 (6)

Hispanic 4 (4) 6 (6) 0.54

Other 4 (4) 9 (9)

Inpatient — no. (%) 50 (50) 52 (53) 0.67

Treatment with metronidazole or vancomycin before  
enrollment — days

Mean 3 3 0.88

Range 1–10 1–14

Horn’s index score for severity of underlying illness‡ 2.1 2.2 0.43

Antibiotic treatment for CDI — no. (%)

Metronidazole 71 (70) 77 (78) 0.26

Vancomycin§ 30 (30) 22 (22) 0.26

CDI severity

Severe disease at enrollment — no. (%)¶ 44 (44) 36 (36) 0.32

Mean no. of unformed stools per day

At screening 8.2 6.5 0.008

At infusion 7.9 6.3 0.01

More than one previous episode of CDI — no. (%)‖ 29 (29) 32 (33) 0.64

Presence of BI/NAP1/027 strain — no. (%)** 25 (32) 19 (26) 0.38

* CDI denotes Clostridium difficile infection.
† Race or ethnic group was self-reported.
‡ Scores on the modified Horn’s index range from 1 to 3, with a higher score indicating a greater severity of illness.
§ Included in this category were seven patients in the antibody group and four patients in the placebo group who were 

also receiving metronidazole on the day of infusion.
¶ Severe disease was defined as the occurrence of at least five unformed stools per day for 2 consecutive days.
‖ Data were missing for one patient in the placebo group.
** Data were missing for 24 patients in the antibody group and 25 patients in the placebo group.
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Subgroup Analyses

For subgroups of patients that were prespecified 
in the statistical-analysis plan, CDA1–CDB1 treat-
ment was effective with either concomitant van-
comycin or metronidazole treatment, in patients 
with epidemic strain BI/NAP1/027 or nonepidem-
ic strains of C. difficile, and in patients with their 
first episode of infection or those with multiple 
previous episodes (Table 2). All recurrent episodes 
in the antibody group were in patients who had 
been hospitalized during their initial episode. The 
subgroup analysis for hospitalization status was 
performed post hoc. Inpatients were significant-
ly older and had a significantly higher score on 
Horn’s index (indicating greater severity of under-
lying illness) than did outpatients, and there 
was a trend toward more severe infection at en-
rollment among such patients (Table 2 in the Sup-
plementary Appendix). A post hoc analysis showed 
that among patients with a recurrence, 2 of the 
7 patients in the antibody group (29%) had severe 
diarrhea during the recurrent episode, as compared 
with 16 of 25 (64%) in the placebo group (P = 0.20 
by Fisher’s exact test).

Hospital Admission after First Episode

The mean length of hospitalization for the initial 
episode of C. difficile infection did not differ sig-
nificantly between the antibody group and the pla-
cebo group (9.5 and 9.4 days, respectively), nor did 
the total number of hospital days during the 84-
day study period (data not shown). However, in a 
post hoc analysis, the proportion of patients who 
were admitted to the hospital after the study in-
fusion differed significantly: 9% of the patients in 
the antibody group as compared with 20% of those 
in the placebo group (P = 0.03). An exploratory 
analysis of the admission diagnoses for these hos-
pitalizations suggests that coexisting illnesses that 
were related to C. difficile infection (e.g., diarrhea, 
dehydration, and hypotension) were responsible 
for many of these hospitalizations, accounting 
for 5 of the 9 admissions in the antibody group 
and 16 of the 20 admissions in the placebo group, 
even if they did not meet the criteria for recurrent 
infection at that admission.

Pharmacokinetics

Serum levels of antitoxin A and antitoxin B were 
measured in all patients before and after the study 

infusion (Fig. 2). For patients in the antibody group, 
the mean (±SD) half-life of the terminal portion 
of the disposition phase was 26±8.4 days for an-
titoxin A and 22±13 days for antitoxin B. For pa-
tients in the placebo group whose serum antitoxin 
antibodies represented their endogenous response 
over time, the majority of patients who had a re-
currence of infection had low or no detectable lev-
els of antibodies against either toxin.

Adverse Events

There were no significant differences in vital signs 
between the two study groups during and up to 
2 hours after infusion. Adverse events were report-
ed in 14 patients (9 in the antibody group and 5 in 
the placebo group) during infusion and in 11 pa-
tients (6 in the antibody group and 5 in the pla-
cebo group) during the 2-hour period after infu-
sion. All adverse events were mild to moderate in 
nature, with headache reported most frequently in 
both groups. There were seven deaths in the an-
tibody group and eight in the placebo group during 
the study period (P = 0.79); no deaths were attrib-
uted to a study drug (see the Results section in 
the Supplementary Appendix). At least one seri-
ous adverse event was reported by 18 patients in 
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Figure 1. Time to Recurrence of Clostridium difficile Infection (CDI).

The cumulative percentages of 32 patients with laboratory-documented re-
current CDI during the 84-day study period are shown for the two study 
groups: 7% in the antibody group and 25% in the placebo group. Five pa-
tients had a second episode of CDI recurrence: two in the antibody group 
and three in the placebo group. The P value was calculated by means of the 
log-rank test.
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the antibody group and 28 patients in the place-
bo group (P = 0.09).

The proportions of patients with the most fre-
quent grade 3 or 4 adverse events were similar in 
the two study groups, except for significantly 
fewer reports of hypotension in the antibody 
group (Table 3). Analysis of adverse events during 
the overall study period revealed several nonseri-
ous adverse events (including anorexia, anxiety, 
diarrhea, depression, and insomnia) that were 
significantly less common in the antibody group 
than in the placebo group (Table 3 in the Supple-
mentary Appendix).

To examine the immunogenicity of the mono-
clonal antibodies, human antihuman antibody ti-
ters in response to CDA1 and CDB1 were assessed 
before and after study infusion at multiple time 
points. Two patients in the antibody group had 
a positive titer before infusion; one of these pa-
tients had no detectable titer after infusion, and 
the other patient’s titer was unchanged after infu-
sion. In 20 patients (8 in the antibody group and 
12 in the placebo group) who were followed for 
6 months (last assessment, day 168 plus or minus 
14) after infusion, human antihuman antibody 
titers were not detected.

Discussion

In our study, the administration of fully human 
monoclonal antibodies favorably affected the nat-
ural history of C. difficile infection when added to 
treatment with metronidazole or vancomycin.  
A single infusion of two monoclonal antibodies 
against C. difficile toxins A and B (CDA1 and CDB1) 
resulted in a reduction of the rate of recurrent 
infection among patients treated with standard-
of-care antibiotics. Although the primary end point 
of the study was a reduction in the rate of recur-
rence, secondary end points evaluated the effect 
of monoclonal-antibody treatment on the initial 
episode of infection. The time to the resolution of 
diarrhea, number of days of hospitalization for 
the initial episode, and severity of diarrhea during 
the initial episode were similar in the two study 
groups. CDA1 and CDB1 are fully human anti-
bodies, each of which targets an exogenous anti-
gen. Immunogenicity was not detected in any pa-
tient during the study period.

Larger studies will need to be conducted to 
confirm the findings of this phase 2 study. Our 
results are consistent with those of previous stud-
ies that correlated serum levels of antitoxin an-

Table 2. Recurrence of Clostridium difficile Infection (CDI), According to Subgroup.

Variable
Monoclonal Antibody

(N = 101)
Placebo
(N = 99)

Difference in Rate
(95% CI) P Value

no. with recurrence/total no. (%) percentage points

Hospitalization status at enrollment

Inpatient 7/50 (14) 13/52 (25) 11 (−5 to 27) 0.21

Outpatient 0/51 12/47 (26) 26 (14 to 40) <0.001

Antibiotic treatment at enrollment

Vancomycin 3/30 (10) 7/22 (32) 22 (−1 to 46) 0.08

Metronidazole 4/71 (6) 18/77 (23) 17 (6 to 29) 0.003

Presence of BI/NAP1/027 strain  
at enrollment*

Yes 2/25 (8) 6/19 (32) 24 (1 to 50) 0.06

No† 4/52 (8) 11/55 (20) 12 (−1 to 26) 0.09

No. of previous CDI episodes‡

Multiple 2/29 (7) 12/32 (38) 31 (10 to 50) 0.006

Single 5/72 (7) 12/66 (18) 11 (0 to 23) 0.07

* No C. difficile bacteria were isolated in stool samples from 20 patients in the antibody group and from 21 patients in 
the placebo group; 1 sample in the antibody group and 1 in the placebo group could not be typed. Stool samples were 
not available at enrollment for 3 patients in the antibody group and 3 patients in the placebo group.

† This category includes nonspecific or unknown groups of bacteria identified on restriction endonuclease analysis and 
other commonly identified epidemic or endemic groups aside from BI/NAP1/027, such as J, K, Y, and G.

‡ Data were missing for one patient in the placebo group with recurrent CDI.
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tibodies with protection against C. difficile infec-
tion.16,20-22 The efficacy of neutralizing antibodies 
against toxins A and B administered as combined 
treatment is also consistent with data in animal 
models.23-26 Although recent evidence in a ham-
ster model of disease indicated that toxin B is es-
sential for virulence and toxin A may not be,27 the 
treatment of human disease may benefit from the 
presence of high-affinity antibodies against both 
toxins. The doses of CDA1 and CDB1 that were 
chosen for our study were based on protective 
doses in animal models15 and observed pharma-
cokinetics in humans.

All cases of recurrence in the antibody group 
were in patients who were hospitalized at the time 
of enrollment in the study. At enrollment, the in-

patients were significantly older and had a sig-
nificantly higher index of severity of underlying 
illness than did outpatients — two factors as-
sociated with an increased risk of recurrence.20 
For the seven inpatients who had a recurrence of 
C. difficile infection despite CDA1–CDB1 treatment, 
serum levels of antitoxin antibodies did not ap-
pear to be lower than those in patients in the an-
tibody group who did not have a recurrence. The 
reasons for recurrence in these patients despite 
high levels of neutralizing antitoxin antibodies are 
not clear but may be related to impairment of lo-
cal or other systemic host immune mechanisms. 
Also, serum levels of neutralizing antibodies may 
not always reflect adequate levels in the intestinal 
mucosa. Although higher doses of CDA1–CDB1 
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Figure 2. Serum Antibodies against Toxins A and B.

Shown are the responses among patients in the group that received two neutralizing fully human monoclonal anti-
bodies against Clostridium diff icile toxins A (Panel A) and B (Panel C), as compared with patients who received pla-
cebo, the majority of whom had low or no detectable endogenous antibodies against either toxin (Panels B and D). 
The x’s in each of the panels represent the linear interpolation of levels of antibodies against toxins A and B at the 
time of recurrence for each of the 32 patients with recurrent C. diff icile infection (7 in the antibody group and 25 in 
the placebo group.
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could potentially further improve the outcome, 
the large effect size of a 72% reduction in recur-
rence seen with these doses supports the use of 
the current doses in future studies.

The combined administration of CDA1 and 
CDB1 human monoclonal antibodies in addition 
to antibiotics significantly reduced the recurrence 
of C. difficile infection. Furthermore, the admin-
istration of a single intravenous dose of antibody 
may be advantageous, depending on the patient’s 
ability to take oral medications. This novel treat-
ment deserves further study as a means to reduce 
the morbidity and health care burden of C. difficile 
infection in the face of the increased incidence 
and severity of the disease worldwide.
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Table 3. Most Common Grade 3 or 4 Adverse Events.*

Adverse Event

Monoclonal  
Antibody 
(N = 101)

Placebo 
(N = 99) P Value

number (percent)

Serious†

Atrial fibrillation 0 3 (3) 0.12

Cardiorespiratory arrest 1 (1) 2 (2) 0.62

Dehydration 0 4 (4) 0.06

Diarrhea 0 3 (3) 0.12

Hypotension 0 6 (6) 0.01

Leukocytosis‡ 0 4 (4) 0.06

Pulmonary embolism 0 4 (4) 0.06

Sepsis or septic shock 1 (1) 5 (5) 0.12

Tachycardia 0 3 (3) 0.12

Not serious

Abdominal pain 3 (3) 0 0.25

Diarrhea 5 (5) 12 (12) 0.08

Leukocytosis‡ 5 (5) 6 (6) 0.76

Nausea 3 (3) 0 0.25

Pyrexia 0 3 (3) 0.12

* The results were not adjusted for multiple events per patient. Listed are all 
grade 3 or 4 adverse events that occurred in at least 3% of patients. For a list 
of grade 1 to 4 adverse events that differed significantly between the study 
groups, see Table 3 in the Supplementary Appendix.

† Colitis that was associated with Clostridium difficile infection was not included 
among serious adverse events.

‡ Leukocytosis was considered a serious adverse event if it resulted in hospital-
ization.

Appendix
The following principal investigators screened patients for enrollment in the study: Investigators — United States: A. Bacon, Christiana 
Care Health Systems, Newark, DE; I. Baird, Remington–Davis Clinical Research, Columbus, OH; R. Baxter, Kaiser Permanente Vaccine 
Study Center, Oakland, CA; M. Buitrago, Idaho Falls Infectious Disease, Idaho Falls, ID; K. Casey, Jersey Shore University Medical 
Center, Neptune, NJ; D. Chen, MultiCare Health System, Tacoma, WA; C.D. Cochran, Saint Luke’s Hospital of Kansas City, Kansas City, 
MO; H. DuPont, St. Luke’s Episcopal Hospital, Houston; R. Greenberg, University of Kentucky Medical Center, Lexington; T. Kovacs, 
UCLA CURE Digestive Disease Research Center, Los Angeles; R. Mason, LAC/USC Medical Center, Los Angeles; L. McFarland, Puget 
Sound Veterans Affairs Medical Center, Seattle; M. Meadors, All-Trials Clinical Research, Winston-Salem, NC; T. Nowak, Central Indi-
ana Gastroenterology Group, Anderson; D. Pardi, Mayo Foundation, Rochester, MN; J. Prieto, Dr. Kiran C. Patel Research Institute, 
Tampa, FL; J. Pullman, Mercury Street Medical Group, Butte, MT; J. Reyno, Rapid City Regional Hospital, Rapid City, SD; H. Sacks, 
Mount Sinai Hospital, New York; A. Silverman, Henry Ford Health System–Columbus, Novi, MI; M. Tan, Summa Health Systems, 
Akron, OH; J. White, Scott and White Memorial Hospital, Temple, TX. Canada: C. Bernstein, Health Science Centre, Winnipeg, MB; D. 
Daly, Vancouver Island Health Research Centre, Victoria, BC; A. Dhar, Windsor Regional Hospital, Windsor, ON; G. Evans, Kingston 
General Hospital, Kingston, ON; D. Grimard, Centre de Santé et Services Sociaux de Chicoutimi, Chicoutimi, QC; T. Louie, University 
of Calgary–Foothills Medical Centre, Calgary, AB; A. Poirier, Centre Hospitalier Régional de Trois Rivières, Trois-Rivières, QC. Data and 
Safety Monitoring Board — W. Blackwelder and A. Cross, University of Maryland School of Medicine, Baltimore; M. Samore, Univer-
sity of Utah School of Medicine, Salt Lake City.

References

Goorhuis A, Bakker D, Corver J, et al. 1. 
Emergence of Clostridium difficile infec-
tion due to a new hypervirulent strain, 
polymerase chain reaction ribotype 078. 
Clin Infect Dis 2008;47:1162-70.

Gravel D, Miller M, Simor A, et al. 2. 
Health care-associated Clostridium dif-
ficile infection in adults admitted to acute 
care hospitals in Canada: a Canadian 
Nosocomial Infection Surveillance Pro-

gram Study. Clin Infect Dis 2009;48:568-
76.

McDonald LC, Owings M, Jernigan 3. 
DB. Clostridium difficile infection in pa-
tients discharged from US short-stay hos-

The New England Journal of Medicine 
Downloaded from nejm.org at UMass Medical School on March 7, 2024. For personal use only. No other uses without permission. 

 Copyright © 2010 Massachusetts Medical Society. All rights reserved. 



Treatment with Antibodies against Clostridium difficile Toxins

n engl j med 362;3 nejm.org january 21, 2010 205

pitals, 1996-2003. Emerg Infect Dis 2006; 
12:409-15.

McFarland LV. Update on the chang-4. 
ing epidemiology of Clostridium difficile-
associated disease. Nat Clin Pract Gastro-
enterol Hepatol 2008;5:40-8.

Zilberberg MD, Shorr AF, Kollef MH. 5. 
Growth and geographic variation in hos-
pitalizations with resistant infections, Unit-
ed States, 2000-2005. Emerg Infect Dis 
2008;14:1756-8.

Blossom DB, McDonald LC. The chal-6. 
lenges posed by reemerging Clostridium 
difficile infection. Clin Infect Dis 2007; 
45:222-7.

Hu MY, Katchar K, Kyne L, et al. Pro-7. 
spective derivation and validation of a 
clinical prediction rule for recurrent 
Clostridium difficile infection. Gastro-
enterology 2009;136:1206-14.

Loo VG, Poirier L, Miller MA, et al.  8. 
A predominantly clonal multi-institution-
al outbreak of Clostridium difficile-associated 
diarrhea with high morbidity and mortal-
ity. N Engl J Med 2005;353:2442-9. [Erra-
tum, N Engl J Med 2006;354:2200.]

Maroo S, Lamont JT. Recurrent 9. 
Clostridium difficile. Gastroenterology 
2006;130:1311-6.

McDonald LC, Killgore GE, Thomp-10. 
son A, et al. An epidemic, toxin gene–
variant strain of Clostridium difficile. N Engl 
J Med 2005;353:2433-41.

Pepin J, Alary ME, Valiquette L, et al. 11. 
Increasing risk of relapse after treatment 
of Clostridium difficile colitis in Quebec, 
Canada. Clin Infect Dis 2005;40:1591-7.

Pépin J, Routhier S, Gagnon S, 12. 
Brazeau I. Management and outcomes of 
a first recurrence of Clostridium difficile-
associated disease in Quebec, Canada. 
Clin Infect Dis 2006;42:758-64.

Surawicz CM. Reining in recurrent 13. 
Clostridium difficile infection — who’s at 
risk? Gastroenterology 2009;136:1152-4.

Warny M, Pepin J, Fang A, et al. Toxin 14. 
production by an emerging strain of 
Clostridium difficile associated with out-
breaks of severe disease in North America 
and Europe. Lancet 2005;366:1079-84.

Babcock GJ, Broering TJ, Hernandez 15. 
HJ, et al. Human monoclonal antibodies 
directed against toxins A and B prevent 
Clostridium difficile-induced mortality in 
hamsters. Infect Immun 2006;74:6339-47.

Kyne L, Warny M, Qamar A, Kelly CP. 16. 
Asymptomatic carriage of Clostridium difficile 
and serum levels of IgG antibody against 
toxin A. N Engl J Med 2000;342:390-7.

Clabots CR, Johnson S, Bettin KM, et 17. 
al. Development of a rapid and efficient 
restriction endonuclease analysis typing 
system for Clostridium difficile and cor-
relation with other typing systems. J Clin 
Microbiol 1993;31:1870-5.

Killgore G, Thompson A, Johnson S, 18. 
et al. Comparison of seven techniques for 
typing international epidemic strains of 
Clostridium difficile: restriction endonu-
clease analysis, pulsed-field gel electropho-
resis, PCR-ribotyping, multilocus sequence 
typing, multilocus variable-number tan-
dem-repeat analysis, amplified fragment 
length polymorphism, and surface layer 
protein A gene sequence typing. J Clin Mi-
crobiol 2008;46:431-7.

Taylor CP, Tummala S, Molrine D, et al. 19. 
Open-label, dose escalation phase I study 
in healthy volunteers to evaluate the safety 
and pharmacokinetics of a human mono-
clonal antibody to Clostridium difficile 
toxin A. Vaccine 2008;26:3404-9.

Kyne L, Warny M, Qamar A, Kelly CP. 20. 
Association between antibody response 

to toxin A and protection against recur-
rent Clostridium difficile diarrhoea. Lan-
cet 2001;357:189-93.

Leung DY, Kelly CP, Boguniewicz M, 21. 
Pothoulakis C, LaMont JT, Flores A. Treat-
ment with intravenously administered 
gamma globulin of chronic relapsing 
colitis induced by Clostridium difficile 
toxin. J Pediatr 1991;118:633-7.

Salcedo J, Keates S, Pothoulakis C, et 22. 
al. Intravenous immunoglobulin therapy 
for severe Clostridium difficile colitis. Gut 
1997;41:366-70.

Fernie DS, Thomson RO, Batty I, 23. 
Walker PD. Active and passive immuniza-
tion to protect against antibiotic associ-
ated caecitis in hamsters. Dev Biol Stand 
1983;53:325-32.

Giannasca PJ, Zhang ZX, Lei WD, et 24. 
al. Serum antitoxin antibodies mediate 
systemic and mucosal protection from 
Clostridium difficile disease in hamsters. 
Infect Immun 1999;67:527-38.

Kim PH, Iaconis JP, Rolfe RD. Immuni-25. 
zation of adult hamsters against Clostridi-
um difficile-associated ileocecitis and 
transfer of protection to infant hamsters. 
Infect Immun 1987;55:2984-92.

Kink JA, Williams JA. Antibodies to 26. 
recombinant Clostridium difficile toxins 
A and B are an effective treatment and 
prevent relapse of C. difficile-associated 
disease in a hamster model of infection. 
Infect Immun 1998;66:2018-25.

Lyras D, O’Connor JR, Howarth PM, 27. 
et al. Toxin B is essential for virulence of 
Clostridium difficile. Nature 2009;458: 
1176-9.
Copyright © 2010 Massachusetts Medical Society.

receive immediate notification when  
a journal article is released early

To be notified when an article is released early  
on the Web and to receive the table of contents  

of the Journal by e-mail every Wednesday evening,  
sign up through our Web site at  

NEJM.org.

The New England Journal of Medicine 
Downloaded from nejm.org at UMass Medical School on March 7, 2024. For personal use only. No other uses without permission. 

 Copyright © 2010 Massachusetts Medical Society. All rights reserved. 


