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Abstract
Background & Aims—Recent studies of C. difficile infection (CDI) indicate a dramatic increase
in metronidazole failure. The aims of this study were to compare current and historical rates of
metronidazole failure and identify risk factors for metronidazole failure.

Methods—89 patients with CDI in 2004–2006 were followed for 60 days. Data were compared to
a historical cohort of 63 CDI patients studied prospectively in 1998. Metronidazole failure was
defined as persistent diarrhea after 10 days of therapy or a change of therapy to vancomycin. Stool
samples were analyzed for the presence of NAP-1 strain.

Results—Metronidazole failure rates were 35% in both the 1998 and 2004–2006 cohorts. There
was no difference in the median time to resolution of diarrhea (8 vs. 5 days, p = 0.52) or the proportion
with more than 10 days of diarrhea (35% vs. 29%, p = 0.51). Risk factors for metronidazole failure
included recent cephalosporin use (OR 32, 95% CI 5–219), CDI on admission (OR 23, 95% CI 3–
156), and transfer from another hospital (OR 11, 95% CI 2–72). The frequency of NAP-1 infection
in patients with and without metronidazole failure was similar (26% vs. 21%, p = 0.67).

Conclusions—We found no difference in metronidazole failure rates in 1998 and 2004–2006.
Patients with recent cephalosporin use, CDI on admission, and transfer from another hospital were
more likely to fail metronidazole and may benefit from early aggressive therapy. Infection with the
epidemic NAP-1 strain was not associated with metronidazole failure in endemic CDI.
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Introduction
Clostridium difficile is the leading known cause of nosocomial infectious diarrhea in the
developed world and is associated with substantial morbidity and mortality 1. Since the first
description of antibiotic-associated pseudomembranous colitis in 1978, the incidence of C.
difficile infection (CDI) has increased substantially and now afflicts approximately 7 per 1,000
hospitalized patients (range 0.1–30 per 1,000) in non-epidemic settings 1. Recent outbreaks of
CDI in North America and Europe have been characterized by more severe and refractory
disease 2–5. A unique and virulent strain of C. difficile, designated North American pulsed-
field gel electrophoresis type-1 (NAP-1), has been implicated in these outbreaks 2, 3. This
epidemic NAP-1 strain is characterized by fluoroquinolone resistance, binary toxin production,
mutation of the tcdC gene, and increased in vitro toxin production 2, 3, 6.

Guidelines for CDI therapy recommend oral metronidazole as the first-line agent 7. Oral
vancomycin is reserved for patients who have severe or fulminant disease, failure of
metronidazole treatment, or other contraindications or intolerances 7. Studies published
between 1978 and 1996 reported average failure rates of 2% for both metronidazole (range 0–
6%) and vancomycin (range 0–14%) 8, 9. However, studies published between 2004 and 2007
report an average failure rate of 19% for metronidazole (range 7–38%) compared to only 4%
for vancomycin (range 3–6%) 4, 5, 8, 10–12. A randomized controlled trial showed that
metronidazole was inferior to vancomycin in severe CDI but equivalent in mild disease 12.
Despite these indications of deterioration in response to metronidazole therapy, no study has
directly compared metronidazole failure rates in the pre- and post-NAP-1 epidemic eras or
explored the role of NAP-1 in metronidazole failure in endemic nosocomial CDI. Only two
previous studies purposely examined risk factors associated with metronidazole failure in CDI
and found low albumin, intensive care unit (ICU) stay, and continued antibiotic use during
CDI treatment as independent predictors 10, 11. However, these studies were retrospective in
nature or small in size.

To address these questions, we conducted a prospective study of hospitalized patients with
CDI at our institution and compared the data to a previously studied prospective cohort in the
pre-NAP-1 epidemic era. This analysis allowed us to compare metronidazole failure rates
before and after NAP-1 became prevalent, identify risk factors associated with metronidazole
failure, and examine the role of NAP-1 in metronidazole failure.

Materials & Methods (additional methods described in the supplement)
2004–2006 CDI Cohort and Definitions

All adult patients with CDI hospitalized at Beth Israel Deaconess Medical Center, Boston,
Massachusetts between December 2004 and May 2006 were eligible for study entry. Diarrhea
was defined as a change in bowel habit with 3 or more unformed bowel movements a day for
at least 2 days. CDI was defined as diarrhea coupled with a positive stool C. difficile toxin
assay and not attributed to any other cause. Failure of metronidazole therapy was defined as
persistence of diarrhea for more than 10 days after starting metronidazole or a clinical decision
by the subject’s physician to start vancomycin prior to the 10-day endpoint.
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Data Collection
Case identification and subject data collection are described in details in the supplement 4, 5,
10–15. All patients were assessed within one day of a positive stool C. difficile toxin assay.
Baseline patient characteristics and clinical information were recorded. Resolution of CDI was
monitored on a daily basis until discharge. Patients were followed for a total of 60 days.

C. difficile Culture and NAP-1 Strain Typing
Stool samples were collected from a subset of patients enrolled between December 2004 and
December 2005 for NAP-1 strain typing. C. difficile culture and strain typing are described in
details in the supplement 2, 16, 17.

1998 CDI Cohort
In a previous investigation, hospitalized patients with CDI between January and May 1998
were studied prospectively under a protocol almost identical to that used in the current study
with the main exception that NAP-1 strain typing was not performed. Results on antibody
responses to C. difficile toxins, mortality, health care costs, and risk factors for CDI in this
historical cohort have been published 14, 15, 18, 19.

Statistical Analyses
Statistical methods are described in details in the supplement 5, 10, 12, 14, 15. Patients in the
2004–2006 cohort were analyzed for risk factors associated with metronidazole failure. The
association between metronidazole failure and potential predictors was examined using simple
logistic regression analysis, from which a multivariable logistic regression model with stepwise
selection was built. All statistical analyses were performed using the SAS software system,
version 9.1 (SAS Institute Inc., Carey, NC, U.S.A.).

Results
Baseline Patient Characteristics

We prospectively identified 276 patients with CDI between December 2004 and May 2006,
of whom 89 (32%) were enrolled. Among the 187 patients not enrolled, 34 were discharged
or died before the initial assessment, 33 were incompetent and had no available health care
proxies, and 120 declined to participate for various reasons including 49 that were critically
ill. Conversely, the enrollment rate was 100% in the historical cohort where all 63 patients with
known CDI between January and May 1998 were studied 15.

The baseline characteristics of patients in the 2004–2006 and 1998 cohorts are summarized in
Table 1. When compared to the 1998 cohort, the 2004–2006 cohort contained fewer patients
85 years or older (30% vs. 16%, p = 0.03), admitted from nursing homes and rehabilitation
centers (35% vs. 22%, p = 0.09), or with serious underlying illnesses (Horn’s index severe
40% vs. 25%, p = 0.05; fulminant 22% vs. 1%, p < 0.0001). Conversely, more patients in the
2004–2006 cohort were immunosuppressed (19% vs. 42%, p = 0.003).

Evolution in the practice of medicine is clearly reflected in the two cohorts. Over time, there
has been a significant increase in the use of fluoroquinolones (25% vs. 53%, p = 0.0007) along
with a decrease in the use of cephalosporins (67% vs. 39%, p = 0.0009), aminoglycosides (33%
vs. 4%, p < 0.0001), and clindamycin (21% vs. 10%, p = 0.07). There has also been a dramatic
increase in PPI use (25% vs. 74%, p < 0.0001) and a lesser decrease in H-2RA use (38% vs.
12%, p = 0.0002). Overall, the use of antibiotics (median 2 vs. 3, p = 0.04) and acid anti-
secretory medications (63% vs. 79%, p = 0.04) has increased.
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Compared to the 1998 cohort, more patients in the 2004–2006 cohort had prior CDI (6% vs.
17%, p = 0.05), but the proportion of patients with CDI on hospital admission or severe CDI
was similar. The management of CDI has changed significantly over time with a shift from
supportive care (5% vs. 0, p = 0.07) and metronidazole monotherapy (94% vs. 74%, p = 0.002)
to combination therapy with metronidazole and vancomycin given sequentially or concurrently
(0 vs. 21%, p < 0.0001). The duration of metronidazole treatment has also increased (median
10 vs. 14 days, p < 0.0001). Despite theses changes, there was no difference in the duration of
CDI between the two cohorts. Other clinical outcomes such as length of hospital stay and
inpatient mortality were also similar, although more patients in the 2004–2006 cohort required
ICU admissions (16% vs. 35%, p = 0.01).

Comparison of Metronidazole Failure Rates
Of the 63 patients in the 1998 cohort, metronidazole failure could not be determined in 11 – 6
died within 10 days of starting metronidazole, 1 was treated with vancomycin alone, 3 received
supportive care, and therapy was unknown in 1. Of the 89 patients in the 2004–2006 cohort,
10 could not be assessed for metronidazole failure – 2 were lost to follow-up, 2 died within 10
days after starting metronidazole, and 6 received vancomycin alone or in combination with
metronidazole initially.

Metronidazole failure rates were identical at 35% in both cohorts – 18/52 in the 1998 cohort
and 28/79 in the 2004–2006 cohort. All 18 metronidazole failures in the 1998 cohort had
persistent diarrhea after 10 days of treatment; none was switched to vancomycin. In contrast,
14 of the 28 metronidazole failures in the 2004–2006 cohort had more than 10 days of diarrhea
after treatment; the other 14 were switched to vancomycin after having received metronidazole
for a median duration of 3 days (range 1–10 days). Indications for change of therapy included
persistent diarrhea (8/14), severe abdominal pain (2/14), sepsis (2/14), rash (1/14), and nausea
(1/14).

Figure 1 illustrates the time to resolution of CDI after treatment in the 1998 and 2004–2006
cohorts. The median time to resolution of diarrhea was 8 days (range 0–34 days) in the 1998
cohort and 5 days (range 1–56 days) in the 2004–2006 cohort (p = 0.52). The proportion of
patients with more than 10 days of diarrhea was 35% (18/52) in the 1998 cohort and 29%
(23/79) in the 2004–2006 cohort (p = 0.51).

We further divided the 2004–2006 cohort into patients who were switched to vancomycin
(14/79) versus patients who remained on metronidazole (65/79), and Figure 2 illustrates the
time to resolution of CDI after treatment in these two groups. The median time to resolution
of diarrhea was 13 days (range 2–28 days) for those switched to vancomycin compared to only
4 days (range 1–56 days) for those remaining on metronidazole (p = 0.15). Similarly, the
proportion of patients with more than 10 days of diarrhea was 64% (9/14) among those switched
to vancomycin compared to 22% (14/65) among those remaining on metronidazole (p = 0.003).

Risk Factors for Metronidazole Failure
We analyzed patients in the 2004–2006 cohort for risk factors associated with metronidazole
failure, and Table 2 summarizes the results of the unadjusted univariate analysis. Recent
cephalosporin use was strongly associated, whereas increasing age, white race, admission from
another health care facility, presence of CDI on hospital admission, low albumin, high WBC,
increasing number of recently used antibiotics, macrolide use, serious underlying illness
(Horn’s index severe to fulminant), and ileus all showed trends toward being more frequent in
metronidazole failure.
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Compared to patients with persistent diarrhea after 10 days of metronidazole treatment, patients
switched to vancomycin were more likely to have severe CDI (7% vs. 71%, p = 0.004), WBC
greater than 20,000/μl (7% vs. 43%, p = 0.05), and concurrent antibiotic use during CDI
treatment (64% vs. 100%, p = 0.04). These findings suggest that the clinician’s decision to
change therapy was guided by the severity of the patient’s CDI and the requirement for
concurrent antibiotics almost certainly reflected a sicker population.

We assessed the severity of CDI by a combination of parameters, including creatinine, WBC
greater than 15,000 or 20,000/μl, colitis, CDI-related ICU admission, and severe CDI as defined
a priori, but none of these correlated with metronidazole failure. We also examined variables
that might influence the clinical response to metronidazole therapy, including prior CDI, length
of hospital stay before C. difficile diagnosis, duration of diarrhea before CDI treatment, use of
acid anti-secretory medications, tube feeding, TPN, comorbidities (Charlson score),
immunosuppression, ICU admission before or at the time of C. difficile diagnosis, and
concurrent antibiotic use during CDI treatment, but none showed any correlation with
metronidazole failure either. We further compared the incidence of NAP-1 infection between
patients with and without metronidazole failure and found no statistically significant difference
(26% vs. 21%, p = 0.67).

We compared clinical outcomes between failures and responders of metronidazole therapy and
found no difference in ICU admission or inpatient mortality. Patients who failed metronidazole
had a trend for longer hospital stays (median 11 vs. 8 days, p = 0.11), but this difference was
independently accounted for by their serious underlying illnesses (Horn’s index severe to
fulminant) rather than by metronidazole failure.

Table 3 summarizes the results of multivariate analysis on risk factors associated with
metronidazole failure in the 2004–2006 cohort. Increasing age (OR 1.1, 95% CI 1.0–1.1),
transfer from another hospital (OR 11, 95% CI 2–72), presence of CDI on hospital admission
(OR 23, 95% CI 3–156), and recent cephalosporin use (OR 32, 95% CI 5–219) were all
significant predictors, although the correlation between age and metronidazole failure was
weak. A total of 18 patients with metronidazole failure had CDI on admission, of whom 13
(72%) were admitted because of CDI. Conversely, 7 patients with metronidazole failure were
transferred from other hospitals, of whom only 2 (29%) were transferred for CDI. No
confounders of metronidazole failure were identified.

Discussion
Previous studies of CDI therapy reported equally low failure rates of 2% for both metronidazole
and vancomycin 8, 9. However, recent studies report a much higher metronidazole failure rate
of 19% compared to only 4% for vancomycin 4, 5, 8, 10–12. These data suggest a dramatic
decline in the efficacy of metronidazole therapy for CDI, possibly linked to the emergence of
more virulent strains of C. difficile including the epidemic NAP-1 strain. Our data draw both
of these broadly held opinions into question.

In our prospective study, we found the rate of metronidazole failure between 2004 and 2006
to be 35%. Somewhat unexpectedly, this rate was the same as that observed in a previously
studied cohort in 1998. While within the range of failure rates found by other analyses
conducted after 2000 (22–38%), this rate is far greater than those reported by studies before
2000 (0–16%) 4, 5, 8–12. One explanation for this higher-than-expected metronidazole failure
rate may be the poor health condition of the 1998 cohort, which contained many patients 85
years or older, admitted from nursing homes and rehabilitation centers, and with severe or
fulminant underlying illnesses. In contrast, the 2004–2006 cohort contained significantly fewer
critically ill patients. Another explanation for the relatively high failure rate is that our a

Hu et al. Page 5

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2009 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



priori definition of treatment success was rigorous, and our follow-up included careful
evaluation of the frequency and consistency of bowel movements. Thus, unlike earlier studies,
patients who merely had improvement but not complete resolution of their diarrhea were
classified as metronidazole failures.

A second unexpected finding in our study was the lack of association between NAP-1 infection
and failure of metronidazole therapy. Although a high occurrence of NAP-1 might be expected
in the background of high fluoroquinolone use, the prevalence at our institution was 23%
(12/52), much lower than that reported at other North American institutions during the peak
of CDI outbreaks (51–82%) 2, 3. In addition, NAP-1 was equally prevalent in patients with
and without metronidazole failure (26% vs. 21%, p = 0.67). This result contrasts with reports
that imply more frequent metronidazole failure in connection with NAP-1 infection in epidemic
settings 2–5. Our analysis was limited by the number of stool samples available for strain typing
(52/79), thereby reducing the power of the study to detect smaller true differences. A larger
study designed to examine the relationship between NAP-1 and various clinical outcomes of
endemic CDI is currently in progress. This non-correlation between NAP-1 and metronidazole
failure suggests that a complex interaction of bacterial, host, and environmental factors may
be responsible for poor outcomes in recent CDI outbreaks 2, 14, 15, 18.

Interestingly, half of the patients in the 2004–2006 cohort (14/28) were considered
metronidazole failures because their therapy was changed to vancomycin whereas all patients
in the 1998 cohort (18/18) remained on metronidazole. The median time to resolution of
diarrhea for those switched to vancomycin was 13 days, and a majority (9/14) had persistent
diarrhea after 10 days of treatment. These finding support the contention that the clinical
decision to change therapy was largely correct, as patients destined to suffer prolonged diarrhea
were preferentially selected. Alternatively, the implication may be that vancomycin did not
improve clinical outcome, as patients still had prolonged diarrhea despite the switch.

Unlike previous studies that identified low albumin, intensive care unit stay, and continuation
of antibiotics during CDI treatment as risk factors for metronidazole failure, we found recent
cephalosporin use (OR 32, 95% CI 5–219) to be the strongest predictor 10, 11. Although the
use of cephalosporins has decreased over time, they are well-known high-risk antibiotics in
inducing CDI and resistance has been shown in all clinical C. difficile strains 1, 8. Interestingly,
a previous study also found an association between cephalosporin use and poor metronidazole
response 4. The mechanism whereby cephalosporins are linked to an increased risk of CDI
treatment failure is unclear, but their use was thought to serve as a marker for ill patients 4.

Presence of CDI on hospital admission (OR 23, 95% CI 3–156) and transfer from another
hospital (OR 11, 95% CI 2–72) were two other strong predictors of metronidazole failure in
our study. Since a majority of patients with CDI on admission were admitted for this condition,
a reasonable inference would be that the severity of their disease was beyond the scope of
outpatient treatment. The same could not be said for patients transferred from other hospitals,
as a majority of these were transferred for reasons other than CDI. However, the need for
transfer to a tertiary care hospital indicates a sick population – 54% (7/13) of patients transferred
from other hospitals in the 2004–2006 cohort had serious underlying illnesses (Horn’s index
severe to fulminant) compared to 20% (13/66) of those admitted from home or nursing homes
and rehabilitation centers (p = 0.01).

In summary, our study found metronidazole failure rates to be stable in the pre- and post-NAP-1
epidemic eras. Recent cephalosporin use, presence of CDI on hospital admission, and transfer
from another hospital were significant risk factors for metronidazole failure. Infection with the
epidemic NAP-1 strain did not result in an increased risk of metronidazole failure in this study
of endemic CDI.
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Our study has implications for the management of CDI. By identifying patients at high risk for
metronidazole failure, we may be able to treat them with more aggressive therapy such as
earlier use of oral vancomycin. They may also be candidates for novel therapies such as C.
difficile toxin-binding agents and passive or active immunization against C. difficile toxins
20–24. Our finding that the epidemic NAP-1 strain is not associated with more frequent
metronidazole failure in endemic CDI indicates that the dramatically increased risk of therapy
failure, morbidity, and mortality in recent CDI outbreaks maybe multifactorial and not solely
caused by NAP-1 virulence.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Time to resolution of CDI after treatment for patients with available data on
metronidazole failure in the 1998 and 2004–2006 cohorts
The median time to resolution of diarrhea was 8 days (range 0–34 days) in the 1998 cohort and
5 days (range 1–56 days) in the 2004–2006 cohort (p = 0.52). The proportion of patients with
more than 10 days of diarrhea was 35% (18/52) in the 1998 cohort and 29% (23/79) in the
2004–2006 cohort (p = 0.51).
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Figure 2. Time to resolution of CDI after treatment among patients switched to vancomycin and
patients remaining on metronidazole in the 2004–2006 cohort
The median time to resolution of diarrhea was 13 days (range 2–28 days) for patients switched
to vancomycin compared to 4 days (range 1–56 days) for patients remaining on metronidazole
(p = 0.15). The proportion of patients with more than 10 days of diarrhea was 64% (9/14)
among patients switched to vancomycin compared to 22% (14/65) among patients remaining
on metronidazole (p = 0.003).
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