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Clostridium difficile–associated disease (CDAD) is en-
demic in Canadian hospitals. In 1995 its nationwide
incidence was estimated at 3.6 per 10 000 patient-

days.1 Since the end of 2002, an epidemic of CDAD caused by
a hypervirulent strain of C. difficile has spread into many hos-
pitals in the province of Quebec, especially in the Montréal

area.2–8 In January 2005, 30 hospitals in Quebec had a rate of
nosocomial CDAD higher than 15 per 10 000 patient-days.6 In
Sherbrooke, a city 140 km southeast of Montréal, the inci-
dence among people aged 65 years or more increased 10-fold
between 1991 and 2003, reaching a rate of 866.5 per 100 000
inhabitants, mostly through nosocomial transmission.4 The
predominant strain in Quebec is a hyperproducer of toxins A
and B,9 inducing severe diarrhea that may facilitate its trans-
mission by incontinent patients. Other factors that have po-
tentially contributed to the emergence of this strain are the in-
creasing size of the population of elderly inpatients with
numerous comorbidities, chronic underinvestment in hospi-
tal infrastructures, suboptimal response to metronidazole
therapy, with frequent recurrences, and resistance to fluoro-
quinolones, which became potent inducers of CDAD.4,10–12

The same toxinotype III ribotype 027 hypervirulent strain has
now been found in the United States, the United Kingdom
and the Netherlands.13–16

A high short-term mortality was noted among CDAD pa-
tients in Sherbrooke, where 13.8% died within 30 days after
diagnosis in 2003, compared with 4.7% in 1991/92 (these fig-
ures included both community-acquired and nosocomial
cases).4 The proportion of deaths attributable to CDAD re-
mains unknown, as does the excess mortality that might
occur beyond the initial month after diagnosis. We thus con-
ducted this study to measure mortality attributable to no-
socomial CDAD, as well as the impact of CDAD on length of
hospital stay, during 2003 and 2004 at the Centre hospitalier
universitaire de Sherbrooke (CHUS), a 683-bed tertiary care
hospital.

Methods

A full description of the methods is available at www.cmaj.ca
/cgi/content/full/173/9/1037. 

In brief, we nested the current analysis within a cohort
study of CHUS inpatients (aiming to identify risk factors for
nosocomial CDAD), in which we reviewed the medical
records of all adult patients admitted to hospital at least once
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Mortality attributable to nosocomial Clostridium 
difficile–associated disease during an epidemic caused 
by a hypervirulent strain in Quebec

Background: Since 2002 an epidemic of Clostridium
difficile–associated disease (CDAD) caused by a hyperviru-
lent toxinotype III ribotype 027 strain has spread to many
hospitals in Quebec. The strain has also been found in the
United States, the United Kingdom and the Netherlands.
The effects of this epidemic on mortality and duration of
hospital stay remain unknown. We measured these effects
among patients admitted to a hospital in Quebec during
2003 and 2004.

Methods: We compared mortality and total length of hospital
stay among inpatients in whom nosocomial CDAD developed
and among control subjects without CDAD matched for sex,
age, Charlson Comorbidity Index score and length of hospital
stay up to the diagnosis of CDAD in the corresponding case.

Results: Thirty days after diagnosis 23.0% (37/161) of the pa-
tients with CDAD had died, compared with 7.0% (46/656) of
the matched control subjects (p < 0.001). Twelve months after
diagnosis, mortality was 37.3% (60/161) among patients with
CDAD and 20.6% (135/656) among the control subjects (p <
0.001), for a cumulative attributable mortality of 16.7% (95%
confidence interval 8.6%–25.2%). Each case of nosocomial
CDAD led, on average, to 10.7 additional days in hospital.

Interpretation: This study documented a high attributable
mortality among elderly patients with CDAD mostly caused
by a hypervirulent strain, which represents a dramatic change
in the severity of this infection.

ABSTRACT
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in internal medicine, family medicine or gastroenterology
wards between January 2003 and June 2004 and a random
sample of 50% of patients admitted to hospital in the general
surgery ward, as described in detail elsewhere.12 The whole
cohort comprised 5619 patients with 7421 episodes of care.

We included as case subjects only patients whose CDAD was
diagnosed within an episode of care (a) during the first hospital
admission, if the diagnosis was made more than 72 hours after
admission, or (b) in the interval between the first and second
hospital admissions or (c) during the first 3 days after the sec-
ond hospital admission. We excluded patients whose CDAD
was diagnosed less than 72 hours after their first hospital ad-
mission. Of 293 incident cases of CDAD in the whole cohort,
185 fulfilled this definition.

We wanted the control subjects to be as similar as possible
to the case subjects for the presence of factors predictive of
death and duration of hospital stay. For each case subject, we
randomly selected up to 5 matched control subjects among
all patients who did not acquire CDAD, were of the same sex
and the same age (± 2 years), had an identical Charlson Co-
morbidity Index score and had remained in hospital at least
as long as the corresponding case subject did until his or her
CDAD was diagnosed (if the CDAD developed during the first
hospital admission). For cases of CDAD that developed after
the first admission, we selected similarly matched control
subjects among patients whose duration of first hospital ad-
mission had been similar (± 3 days) to that of the case sub-
ject. We excluded 24 case subjects because they had no suit-
able control subjects (e.g., 12 were 85 years or older, and 11
had a comorbidity score of 5 or more), which left 161 cases.
We were able to find 656 control subjects.

We compared the 30-day and 12-month rates of death and
the total length of hospital stay between the group of inpa-
tients in whom nosocomial CDAD developed and the group
of matched control subjects without CDAD.

Results

As shown in Table 1, there were trivial differences in the sex
distribution and the Charlson Comorbidity Index scores be-
tween the case and control subjects, owing to the fact that it
was easier to find the maximal number of control subjects
among women and among patients with a low comorbidity
score. The mean age of the case and control subjects was 77.5
and 77.4 years respectively and the mean comorbidity score
3.8 and 3.5. The distribution of specific medical conditions
did not differ statistically significantly between the case and
control subjects.

Mortality among patients with CDAD and their matched
control subjects differed considerably. At 30 days, 23.0% of
the case subjects had died, compared with 7.0% of the con-
trol subjects (p < 0.001, χ2 test) (see Table 3 of the longer ver-
sion of this article, available at www.cmaj.ca/cgi/content
/full/173/9/1037). The differential mortality increased there-
after, with 36.0% of the case subjects and 14.6% of the con-
trol subjects having died at 6 months (p < 0.001, χ2 test)
(Fig. 1). The survival curves then converged to some extent,
and at 12 months 37.3% of the case subjects and 20.6% of the
control subjects had died, for a cumulative 1-year attributable
mortality of 16.7% (95% confidence interval 8.6%–25.2%).
The duration of hospital stays during an episode of care in the
case and control groups also differed (see Table 3 of the
longer version of this article, available at www.cmaj.ca
/cgi/content/full/173/9/1037). The occurrence of CDAD in-
creased the duration of the first admission by 6.7 days on av-
erage; it also had an impact on the need for a second, third
and fourth hospital admission. Overall, patients with CDAD
spent 10.7 days longer in hospital than the control subjects;
9.9% needed admission to an intensive care unit for CDAD-
related care (where they spent 6.9 days on average), and 2.5%
needed an emergency colectomy.

A total of 630 cases of nosocomial CDAD occurred among
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Table 1: Characteristics of inpatients in whom nosocomial
Clostridium difficile-associated disease (CDAD) developed and
of matched control subjects without CDAD

Group; no. (%)
of patients

Characteristic

Case
subjects
n = 161

Control
subjects
n = 656 p value

Sex

Female 92 (57.1) 398 (60.7)

Male 69 (42.9) 258 (39.3)
0.47

Age, yr

18–64 16   (9.9)   64   (9.8)

65–74 62 (38.5) 257 (39.2)

≥ 75 83 (51.6) 335 (51.1)

0.99

Charlson score

0 11   (6.8) 55   (8.4)

1–3 69 (42.9) 305 (46.5)

4–6 59 (36.6) 225 (34.3)

≥ 7 22 (13.7)   71 (10.8)

0.60

Had surgery during episode
of care 34 (21.1) 130 (19.8) 0.80

Comorbidity

Ischemic heart disease 73 (45.3) 338 (51.5) 0.19

Congestive heart failure 23 (14.3) 134 (20.4) 0.10

Chronic renal failure 35 (21.7) 131 (20.0) 0.70

Chronic lung disease 60 (37.3) 209 (31.9) 0.22

Diabetes mellitus 40 (24.8) 186 (28.4) 0.43

Peripheral vascular
disease 66 (41.0) 221 (33.7) 0.10

Cerebrovascular disease 46 (28.6) 155 (23.6) 0.23

Dementia 28 (17.4)   85 (13.0) 0.29

Nonmetastatic solid
tumour 27 (16.8) 113 (17.2) 0.18

Metastatic solid tumour   7   (4.3)   21   (3.2) 0.63

Leukemia or lymphoma   4   (2.5)   16   (2.4) 1.00

Connective tissue disease   7   (4.3)   46   (7.0) 0.98

Severe hepatic disease   3   (1.9)   15   (2.3) 1.00



all CHUS patients during 2003 and 2004. Extrapolating to
this group the mean excess duration of hospital stay, we cal-
culated that the epidemic generated 6716 days of hospital care
and that, on average, 9 hospital beds were used each day to
provide care to CDAD patients.

We calculated the mortality at 30 days and at 12 months
among the case and control subjects after stratifying for age
and Charlson Comorbidity Index score (Table 2). There was no
excess mortality attributable to nosocomial CDAD among pa-
tients aged less than 65 years or among those without comor-
bidities (Charlson score = 0). The attributable mortality was
substantial both among patients aged 65–74 years and among
those aged 75 years or more as well as in all 3 categories of co-
morbidity scores for patients with at least one comorbidity.

Interpretation

The most important finding of our study was the high excess
mortality among hospital patients with CDAD compared with
matched control subjects, who should otherwise have experi-
enced approximately the same mortality. This attributable
mortality appeared in the first month following diagnosis. For
many elderly patients, CDAD and its common relapses11 lead
to a cascade of interrelated complications that are ultimately
fatal. Some outcomes occur because of a direct complication
of CDAD (septic shock, perforation), whereas for others the
pathway to death is more complex: for example, a myocardial
infarction triggered by hypovolemia, a pulmonary embolism
following prolonged immobilization, or a second nosocomial
infection. Our approach provided an estimate of the overall ex-
cess mortality attributable to CDAD among elderly patients
with several comorbidities, avoiding the biases inherent in re-
lying on a reviewer’s judgment to determine whether a given
death was caused directly or indirectly by CDAD.7 The survival
curves in Fig. 1 suggest that, for deaths that occurred more
than 30 days after diagnosis, CDAD merely precipitated an
event that would have occurred in any case a few months later
owing to the patient’s comorbidities. However, about one-
sixth of the inpatients with CDAD died when they would have
otherwise been expected to survive at least 1 year. This repre-
sents a major change in the epidemiology and pathogenicity of
C. difficile, which until recently was considered a nuisance
pathogen with no measurable impact on mortality.17

Our study had limitations. We were unable to find 5 con-
trol subjects for each case subject, which resulted in minor
differences between the case and control subjects in sex dis-
tribution and comorbidity scores. However, within the whole
cohort, mortality did not differ between men and women,
and differences in comorbidity scores between case and con-
trol subjects were probably too modest to bias our measure of
attributable mortality. Another limitation was that we nested
our current analysis within a larger cohort study examining
risk factors for CDAD among patients admitted to hospital at
least once in internal medicine, family medicine, gastroen-
terology or general surgery wards. In our hospital, patients
admitted to these wards are older than those admitted by
other medical or surgical subspecialty services (mean 65.8 v.
58.4 years). As a consequence, the mean age of the 161 case

subjects in the current study was 77.4 years, compared with
72.3 years for all 630 cases of nosocomial CDAD diagnosed at
the CHUS during 2003 and 2004. Many cases of nosocomial
CDAD and of CDAD-attributable deaths occurred in very old,
debilitated patients for whom the attending physician and the
family jointly decided not to provide aggressive care. We
might have calculated a somewhat lower attributable mortal-
ity had we conducted the study within a cohort of all adult,
nonpsychiatric, nonobstetric admissions, thus including pa-
tients less than 65 years of age with fewer comorbidities for
whom intensive care (or a colectomy) would be contem-
plated. However, the 30-day all-cause mortality of 23.0%
among the cases of nosocomial CDAD in the current analysis
was identical to that among all nosocomial CDAD cases re-
ported by the Quebec provincial surveillance system.7

We measured the attributable mortality during an epi-
demic of CDAD caused by a hypervirulent toxinotype III ribo-
type 027 strain, which produced levels of toxins A and B
16–23 times higher than those of contemporary toxinotype 0
strains and represented two-thirds of our isolates of hospital-
acquired C. difficile.9 Thus, our results cannot be extrapo-
lated to centres outside Quebec, where the strain might be ab-
sent or uncommon. However, the same strain has been found
in several US states and more recently in the United Kingdom
and the Netherlands.14–16 In England, Wales and Northern
Ireland, the number of cases of CDAD reported doubled be-
tween 2001 and 2004;13 in 2004, the nationwide incidence of
CDAD among people aged 75 years or more was 678 per
100 000,13,14 and the rates of nosocomial CDAD were similar
to those reported in Quebec.18 Although improved reporting
might explain some of this rising incidence, preliminary evi-
dence suggests that the ribotype 027 strain has spread to at
least 15 hospitals in the United Kingdom.19

Because the risk of CDAD is influenced by the duration of
hospital stay (which reflects exposure),12 a longer hospital
stay could be the cause rather than the consequence of CDAD.
To avoid such a bias, we selected as case subjects only pa-

CMAJ • October 25, 2005 • 173(9)     |      1039

Research

Fig. 1: Kaplan–Meier plot showing probability of death since 
diagnosis among inpatients in whom nosocomial Clostridium
difficile–associated disease (CDAD) developed and among
matched control subjects without CDAD. No. of days = time
since diagnosis of CDAD (cases) or time since reaching the
same interval after admission (controls).
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tients who had probably been exposed to C. difficile during
their first hospital admission within an episode of care, and
as control subjects only patients without CDAD who had been
in hospital at least as long as their matched case subject had
been until the day CDAD was diagnosed. Previous studies of
the effect of CDAD on costs and durations of hospital stay did
not distinguish between the time that case subjects spent in
hospital before and after the diagnosis of CDAD.17,20,21

Despite the limitations of our study, our results can be
used to estimate the approximate total excess mortality
caused by the C. difficile epidemic in Quebec (population
7.5 million). A review of an administrative database of the
Quebec ministry of health5 revealed that 7731 cases of no-
socomial CDAD were documented during the fiscal year
2003/04. Data for 2004/05 are not yet known, but preliminary
results from a provincial surveillance system suggest that the
incidence was similar.7 Based on a conservative estimate of
14 000 cases of nosocomial CDAD for these 2 years and the
95% confidence intervals around our measures of attributable
mortality, and assuming that throughout Quebec 75% of the
cases of nosocomial CDAD occur among patients aged 65
year or more, we calculated that, for the whole of Quebec, be-
tween 1000 and 3000 patients might have died so far as a re-
sult of this epidemic.

A lingering question that remains unanswered is why this
strain of C. difficile spread so extensively within and between
hospitals in Quebec, while dissemination of the same hyper-
virulent, and presumably highly infectious, strain seems to
have been more limited in the rest of Canada and the United
States.15,22,23 There is no evidence that Quebec differs from
other jurisdictions in North America with regard to the size of
its population of elderly inpatients or to the use of antibiotics.
In 2003 and 2004, respectively, 686 and 663 prescriptions of
antibiotics per 1000 inhabitants were delivered in retail phar-
macies of Quebec, compared with 763 and 737 in the rest of
Canada.24 Assuming a mean duration of 10 days per prescrip-

tion, use of antibiotics in Quebec corresponded to 18.5 de-
fined daily doses per 1000 inhabitants-days, a figure similar
to that in British Columbia25 and to the median in 26 Euro-
pean countries.26 The lack of investment in our hospitals in-
frastructure over several decades, with shared bathrooms be-
ing the rule rather than the exception, may have facilitated the
transmission of this spore-forming pathogen, which can sur-
vive on environmental surfaces for months. Providing mod-
ern medical care within hospitals built a century ago is no
longer acceptable.
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Table 2: Mortality at 30 days and 1 year among inpatients in whom nosocomial Clostridium difficile-associated disease (CDAD)
developed and in matched control subjects without CDAD, by age and Charlson Comorbidity Index score

Mortality at 30 d Mortality at 1 yr

Variable
No. (%) of

case subjects
No. (%) of

control subjects
Attributable

mortality (95% CI), %
No. (%) of

case subjects
No. (%) of

control subjects
Attributable

mortality (95% CI), %

Age, yr

18–64   1/16   (6.3)   2/64     (3.1)    3.2 (–7.4 to 29.3)   1/16  (6.3)   7/64   (10.9)  –4.7 (–22.0 to 17.1)
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≥ 75 24/83 (28.9) 31/335   (9.3)  19.7   (9.8 to 31.2) 36/83 (43.4) 87/335 (26.0)  17.4   (5.6 to 29.6)

Charlson
Comorbidity
Index score

0   0/11  (0)   1/55     (1.8)  –1.8 (–30.4 to 11.0)     0/11  (0)   1/55     (1.8)  –1.8 (–30.4 to 11.0)

1–3 16/69 (23.2) 16/305   (5.2)  17.9   (8.4 to 30.1) 20/69 (29.0) 48/305 (15.7)  13.3   (2.2 to 26.2)

4–6 15/59 (25.4) 23/225 (10.2)  15.2   (4.0 to 28.9) 28/59 (47.5) 59/225 (26.2)  21.2   (6.8 to 35.6)

≥ 7   6/22 (27.3)   6/71     (8.5)  18.8   (0.4 to 42.5) 12/22 (54.5) 27/71   (38.0)  16.5  (–8.6 to 39.7)

Note: CI = confidence interval.
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Editor's take

• A new strain of Clostridium difficile produces toxins at levels
much higher than those produced by previous strains. This
new hypervirulent strain has been identified in recent out-
breaks of C. difficile-associated disease (CDAD) in Quebec
and in other provinces and countries. Does this strain cause
more serious illness?

• In this study, 1 year after diagnosis, 37% of 161 patients with
CDAD had died, compared with 21% of 656 control subjects
matched for age and disease severity, for a difference of
16.7% (95% confidence interval 8.6%–25.2%). 

• Patients with CDAD had longer lengths of stay in hospital
and were more likely to undergo emergency colectomy.

Implications for practice: Patients with CDAD should be man-
aged aggressively. Prevention and strict isolation of affected pa-
tients are even more important with the new strain.
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