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C o r r e s p o n d e n c e

Fecal Microbiota Transplantation for Primary Clostridium 
difficile Infection

To the Editor: Clostridium difficile infection is a 
major health problem.1 Antibiotic treatment is 
associated with a considerable rate of recurrence 
of infection and is related to the emergence of 
antibiotic-resistant bacteria. Recently, fecal micro-
biota transplantation has been shown to be ef-
fective in the treatment of recurrent C. difficile 
infection.2 We undertook a proof-of-concept trial 
(ClinicalTrials.gov number, NCT02301000) to 
evaluate the use of fecal microbiota transplanta-
tion as treatment for primary C. difficile infection.

The trial began on November 25, 2014, and 
the first patient underwent randomization on 
February 22, 2015. From February 2015 through 
November 2017, at six hospitals in Norway, we 
randomly assigned 21 adult patients with acute 
C. difficile infection (≥3 loose stools per day and 
a positive C. difficile stool test) who had not had 
previous C. difficile infection to recommended 
treatment in Norway3 (oral metronidazole at a 
dose of 400 mg three times a day for 10 days) 
or fecal microbiota transplantation (one 60-ml 
enema of anaerobically cultivated human intesti-
nal microbiota) (see the Supplementary Appen-
dix, available with the full text of this letter at 
NEJM.org).4,5 Achim Biotherapeutics, which provid-
ed the fecal microbiota suspension free of charge 
to the investigators for the purpose of the trial, 
had no role in the design, conduct, or analyses of 
the trial. The protocol, available at NEJM.org, was 
approved by the institutional review board, and 
all patients provided written informed consent.

The primary end point was clinical cure (firm 
stool consistency or ≤3 bowel movements per 
day) with no evidence of recurrence of C. difficile 
infection when the patient was evaluated at day 
70 by an assessor who was unaware of the treat-
ment assignment. Secondary end points were 

evaluations 4 and 35 days after the initiation of 
treatment and adverse events. Patients in whom 
clinical cure was achieved after initial treatment 
and who had no recurrence of infection were 
defined as having a full primary response. Pa-
tients who received additional treatment to 
achieve clinical cure, but who did not have recur-
rence of infection during the follow-up period, 
were defined as having a full secondary response. 
Full details of the trial are provided in the pro-
tocol and the statistical analysis plan, available 
at NEJM.org.

One patient was excluded because of a noro-
virus infection that was diagnosed the day after 
randomization. Of 20 eligible patients, 9 were 
randomly assigned to fecal microbiota trans-
plantation and 11 were assigned to metronidazole. 
A full primary response was observed in 5 pa-
tients (56%; 95% confidence interval [CI], 21 to 
86) in the transplantation group and in 5 in the 
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metronidazole group (45%; 95% CI, 17 to 77) 
(exact P = 1.00) (Fig. 1A).

Three of the four remaining patients in the 
transplantation group received antibiotics by day 4 
after the initiation of treatment; two of them had 
a full secondary response. In the metronidazole 
group, of the remaining six patients, none had a 
full secondary response, either because of re-
fractory or recurrent infection. Thus, the overall 
response to treatment (full primary or secondary 
response) was achieved in seven patients in the 
transplantation group (78%; 95% CI, 40 to 97), 
as compared with five in the metronidazole group 
(45%; 95% CI, 17 to 77) (P = 0.20) (Fig. 1B). No 
serious treatment-related adverse events were ob-
served in either group. Details on the treatment 
course of individual patients are provided in the 
Supplementary Appendix.

This was a small trial, but the results suggest 
that fecal microbiota transplantation may be an 
alternative to antibiotic therapy in primary C. dif-
ficile infection. A phase 3 trial to assess fecal 
microbiota transplantation as primary treatment 
for C. difficile infection is under way.
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Figure 1. Results of Fecal Microbiota Transplantation versus Antibiotic Therapy with Metronidazole for Primary 
 Clostridium difficile Infection.

Panel A shows the results at the evaluation of patients at 4, 35, and 70 days after the start of treatment. Panel B 
shows the overall response to treatment (full primary or secondary response after 70 days).
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Change in Overweight from Childhood to Early Adulthood  
and Risk of Type 2 Diabetes

To the Editor: The study by Bjerregaard et al. 
(April 5 issue)1 provides valuable insights about 
patterns of overweight from childhood to early 
adulthood and the risk of type 2 diabetes. How-
ever, the generalizability of the findings may be 
limited, given the low-risk population and the 
low rates of childhood obesity and type 2 diabe-
tes at the time of the study.

As the obesity epidemic spreads, it has become 
apparent that the incidence of type 2 diabetes 
among young people has been increasing world-
wide.2,3 In fact, one study estimated that among 
high-risk ethnic groups, the incidence of type 2 
diabetes may be surpassing that of type 1 diabe-
tes by mid-to-late adolescence.4 The timing of the 
obesity epidemic and the limited diversity of Den-
mark put the population in the study by Bjer-
regaard et al. at lower risk for type 2 diabetes at 
all ages than the risk in much of the world.2,5

The lower bound of 30 years for the age at the 
diagnosis of type 2 diabetes was appropriate for 
the population in the study. Yet, given the cur-
rent global obesity epidemic, data are lacking 
from studies using diagnostic codes instead of 
age cutoff points to delineate the association 
between weight trajectories in childhood and the 
risk of type 2 diabetes among multiethnic and 
multiracial populations.
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To the Editor: The large-scale study by Bjer-
regaard et al. has given pastry lovers like us hope 
by showing that the effects of childhood obesity 
are reversible. However, data are lacking on the 
duration of obesity, owing to time gaps between 
the ages examined in the study. A longer dura-
tion of obesity may lead to a higher incidence of 
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