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In March 2003, several hospitals in Quebec, Canada, noted a marked increase in the incidence of Clostridium difficile–associated diarrhea.
methods

In 2004 we conducted a prospective study at 12 Quebec hospitals to determine the incidence of nosocomial C. difficile–associated diarrhea and its complications and a case–
control study to identify risk factors for the disease. Isolates of C. difficile were typed by
pulsed-field gel electrophoresis and analyzed for binary toxin genes and partial deletions
in the toxin A and B repressor gene tcdC. Antimicrobial susceptibility was evaluated in a
subgroup of isolates.
results

A total of 1703 patients with 1719 episodes of nosocomial C. difficile–associated diarrhea
were identified. The incidence was 22.5 per 1000 admissions. The 30-day attributable
mortality rate was 6.9 percent. Case patients were more likely than matched controls
to have received fluoroquinolones (odds ratio, 3.9; 95 percent confidence interval, 2.3 to
6.6) or cephalosporins (odds ratio, 3.8; 95 percent confidence interval, 2.2 to 6.6). A predominant strain, resistant to fluoroquinolones, was found in 129 of 157 isolates (82.2
percent), and the binary toxin genes and partial deletions in the tcdC gene were present
in 132 isolates (84.1 percent).
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conclusions

A strain of C. difficile that was resistant to fluoroquinolones and had binary toxin and a
partial deletion of the tcdC gene was responsible for this outbreak of C. difficile–associated
diarrhea. Exposure to fluoroquinolones or cephalosporins was a risk factor.
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clonal outbreak of clostridium difficile –associated diarrhea

c

lostridium difficile is the leading cause of nosocomial infectious diarrhea.1 The most important risk factor for
C. difficile–associated diarrhea is prior antibiotic
use.2 Some patients remain asymptomatic after
exposure to C. difficile, whereas illness ranging from
mild diarrhea to fulminant colitis develops in others.2 Only 1 to 5 percent of affected patients have
severe disease, leading to colectomy, intensive care,
or death.3,4
The best-described C. difficile virulence factors are
toxins A and B, encoded by the genes tcdA and tcdB,
respectively.5 Together with two regulatory genes
(tcdC and tcdD) and a porin gene (tcdE), they form
the chromosomal pathogenicity locus.6,7 The expression of tcdA and tcdB is down-regulated by the
tcdC gene. Polymorphisms or partial deletions of
tcdC may lead to increased production of toxin A and
toxin B.7 In addition, a separate binary toxin has
been described in C. difficile.8 Two chromosomal
genes (cdtA and cdtB), separate from the chromosomal pathogenicity locus, encode this toxin. The cdtB
gene mediates cell-surface binding and intracellular
translocation, whereas cdtA disrupts the assembly
of the actin filament through ribosylation of adenosine diphosphate, causing cell death.9
Since March 2003, many hospitals in Montreal
and its surrounding regions in Quebec have noted
a rise in the incidence of C. difficile–associated diarrhea, with an accompanying increase in the proportion of cases having severe and fatal complications.10 We conducted a prospective study to
evaluate the incidence, morbidity, and mortality
of nosocomial C. difficile–associated diarrhea in 12
Quebec hospitals. We also performed a case–control study to identify risk factors in our patient population. We hypothesized that a common strain may
have been linked to the nearly simultaneous outbreaks in multiple institutions and that this strain
would demonstrate postulated virulence factors —
specifically, the presence of binary toxin and partial
deletions of the tcdC gene.

each hospital, including the type of health care facility, bed capacity, and age-specific admissions.
surveillance definitions

C. difficile–associated diarrhea was defined by the
presence of diarrhea and a positive assay for C. difficile toxin A, toxin B, or both; by the sudden onset of
diarrhea with no alternative explanation and a diagnosis of pseudomembranous colitis on the basis of
endoscopy; or by histologic evidence of the condition. A case was considered nosocomial if symptoms started 72 hours or more after a patient was
admitted or if C. difficile–associated diarrhea was diagnosed within one month after a previous admission. An episode was considered new if it occurred
more than eight weeks after a previous diagnosis of
C. difficile–associated diarrhea. Neonates and psychiatric inpatients were excluded.
patients’ characteristics and outcome
measures

We collected data on each patient’s age and sex, the
ward in which C. difficile–associated diarrhea was acquired, the diagnosis-related group, and whether
he or she had received antibiotics in the hospital
within six weeks before the C. difficile diagnosis. The
outcomes measured included the crude and attributable 30-day mortality rates and the rates of colectomy and disease requiring intensive care owing
to C. difficile–associated diarrhea. For each death,
two physicians judged independently whether C. difficile–associated diarrhea was an attributable cause,
a contributing cause, or unrelated to the cause of
death. It was deemed the attributable cause of death
if the physician judged that the patient would not
have died within 30 days in the absence of C. difficile–associated diarrhea. In the case of a disagreement, the two physicians reached a consensus. A
case of C. difficile–associated diarrhea was classified as severe if the patient died within 30 days after the diagnosis attributable to this condition or
if the patient required colectomy or intensive care
as a result.

methods
case–control study
participating hospitals

From January 11 to June 26, 2004, surveillance for
nosocomial C. difficile–associated diarrhea and its
associated complications was implemented at 12
hospitals. The study was performed as part of the
routine institutional management of outbreaks and
approved by the director of professional services at
each institution. Information was collected about
n engl j med 353;23

We used a computer-generated random sample of
15 percent of patients with C. difficile–associated diarrhea in the prospective study. We then selected
one control patient per patient with C. difficile–associated diarrhea from a computer-generated list of
patients who had been admitted and discharged
from the same institution during the study period.
Control patients were matched with case patients
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by age (within five years), Charlson index, date of
admission (within one month), ward, and length
of time at risk for C. difficile–associated diarrhea.
For case patients, the length of time at risk was defined as the number of days from admission to the
development of C. difficile–associated diarrhea; for
controls, it was defined as the number of days from
admission to discharge. Controls had no known
history of C. difficile–associated diarrhea. We also
collected information on potential covariates such
as the type of hospital (community or universityaffiliated) and the use or nonuse of antibiotics, enteral feeding, chemotherapy, proton-pump inhibitors, and histamine H2–blockers within six weeks
before the diagnosis of C. difficile–associated diarrhea for the case patients and within six weeks before discharge for the controls.
detection of c. difficile toxin

Routine laboratory procedures were used at each
institution to detect C. difficile toxin. Ten hospital
laboratories used cell-culture cytotoxin assays to
detect toxin B according to standard methods.11
Two hospital laboratories used enzyme immunoassays according to the manufacturer’s instructions:
one used the Triage Micro C. difficile panel (Biosite)
for the detection of glutamate dehydrogenase and
toxin A in stool samples, and the other used the ColorPAC Toxin A kit (Becton Dickinson). For the Triage Micro C. difficile panel, samples were also tested
by cell culture for toxin B if the glutamate dehydrogenase and toxin A results were discordant.
culture of c. difficile

Participating institutions were asked to submit 10
consecutive stool samples that were positive for
toxin A or B from patients with nosocomial C. difficile–associated diarrhea. Samples were treated with
alcohol, and the mixture was inoculated onto cefoxitin–cycloserine fructose agar plates (Oxoid
Basingstoke).11 After incubation at 35°C for 48
hours under anaerobic conditions, isolates were
confirmed to be C. difficile on the basis of Gram’s
staining, typical odor, chartreuse fluorescence under ultraviolet light, and the presence of C. difficile
antigen on Microscreen latex agglutination (Microgen Bioproducts). Isolates of C. difficile were frozen at ¡70°C in brain–heart infusion broth and 10
percent glycerol pending further characterization.
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field gel electrophoresis (PFGE) of C. difficile isolates
was performed according to the method described
by Fawley and Wilcox.12 Gels were stained with
ethidium bromide and photographed with the use of
Image Master software (Bio-Rad Laboratories Canada). A molecular-weight marker and a reproducible
C. difficile isolate were included in each gel migration.
The relatedness of the various isolates was determined according to the criteria of Tenover et al.13
analyses for binary toxin genes
and partial deletions of the tcd c gene

The presence of binary toxin genes (cdtA and cdtB)
and partial deletions of the tcdC gene was identified
according to the methods of Gonçalves et al. and
Cohen et al., respectively.14,15 The polymerasechain-reaction (PCR) assays for cdtA and cdtB were
performed separately, and the results were analyzed
independently. Crude DNA was extracted from isolates of C. difficile by means of the InstaGene Matrix
kit (BioRad) according to the manufacturer’s instructions. We used C. difficile Collection de l’Institut
Pasteur 107932 as a positive control for binary toxin
genes and C. difficile American Type Culture Collection (ATCC) 43255, C. spiroforme ATCC 29900, and
Staphylococcus aureus ATCC 25923 as negative controls for binary toxin genes. Amplified products underwent electrophoresis, were stained with ethidium bromide, and were photographed with the use
of a Land camera (Polaroid). DNA sequencing of
both strands of the PCR products was performed according to standard protocols, and the results were
analyzed with the use of an ABI3700XL sequencer
(Applied Biosystems).
susceptibility testing

Testing of the C. difficile isolates for susceptibility to
gatifloxacin, levofloxacin, moxifloxacin, ciprofloxacin, clindamycin, metronidazole, and vancomycin
was performed with the use of the Etest (AB Biodisk), a 1.0 McFarland inoculum, brucella agar, and
anaerobic conditions. As a means of quality control,
appropriate ATCC strains of Escherichia coli, S. aureus,
and Bacteroides fragilis were used for the tested antibiotics, according to the guidelines of the Clinical
and Laboratory Standards Institute.16
statistical analysis

Epidemiologic and molecular data were collected
and interpreted independently. A relational datapulsed-field gel electrophoresis
base was developed between patient identifiers and
To determine whether the observed epidemiologic isolate identifiers. A Yates-corrected chi-square test
features were related to a clonal outbreak, pulsed- was used for the analysis of proportions. If a cell
2444
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value was less than 5 in the two-by-two table, Fisher’s exact test was used. All P values were two-sided.
Conditional logistic regression was used in the
case–control analysis to estimate the odds ratio of
C. difficile–associated diarrhea associated with the
use of specific classes of antibiotic. All analyses
were adjusted for the concurrent use of other antimicrobial agents, as well as for all potential covariates. Analyses were performed with the use of SAS
software (version 9.1, SAS Institute).

results
description of hospitals

Of the 12 participating hospitals, 8 were in Montreal, 2 were in Sherbrooke, 1 was in Laval, and 1 was
in St. Hyacinthe. There were eight university-affiliated centers and four community hospitals. The bed
capacity ranged from 256 to 705. The number of
admissions ranged from 5188 to 23,485 per year.

Table 1. Characteristics of 1703 Patients with Clostridium difficile–Associated
Diarrhea.
Characteristic

Value

Median age — yr

76

Sex — no. (%)
Female

882 (51.8)

Male

821 (48.2)

Diagnosis-related group — no. (%)
Cardiovascular

403 (23.7)

Gastrointestinal

326 (19.1)

Respiratory

267 (15.7)

Bone and joint

162 (9.5)

Genitourinary

138 (8.1)

Neurologic

83 (4.9)

Miscellaneous

324 (19.0)

Antibiotic use during hospitalization within 6 wk before diagnosis
of C. difficile–associated diarrhea — no. (%)*
Ciprofloxacin

575 (38.0)

Other fluoroquinolones (gatifloxacin, levofloxacin, moxifloxacin) 358 (23.7)

patient population

Clindamycin

A total of 1703 patients had 1719 episodes that met
the case definition of nosocomial C. difficile–associated diarrhea. The patients’ characteristics and their
use of antibiotics in the hospital within the six weeks
before the diagnosis are shown in Table 1. The most
common classes of antibiotic administered were
cephalosporins and fluoroquinolones. Data on antibiotic use were available for only 1512 patients
(88.8 percent).

87 (5.8)

Cephalosporins
First-generation

388 (25.7)

Second-generation

200 (13.2)

Third-generation

244 (16.1)

Fourth-generation

13 (0.9)

Carbapenems

91 (6.0)

Penicillins

177 (11.7)

Penicillins combined with b-lactamase inhibitor

272 (18.0)

No antibiotics

42 (2.8)

incidence and outcome measures

The overall mean incidence of C. difficile–associated
diarrhea was 22.5 per 1000 admissions (range, 10.2
to 39.9) during the study period. The incidence increased with age (Table 2). A total of 422 patients
died within 30 days after the diagnosis of C. difficile–
associated diarrhea, for a crude mortality rate of
24.8 percent. Among these 422 patients, C. difficile–
associated diarrhea was the attributable cause of
death in 117 of the 1703 patients (6.9 percent), contributed to but was not the attributable cause of
death in another 127 (7.5 percent), and was unrelated to the cause of death in 178 (10.5 percent).
The attributable mortality rate increased with age
(Table 2). Because of C. difficile–associated diarrhea,
110 patients (6.5 percent) required intensive care
and 33 patients (1.9 percent) required colectomy.

* The category included data on 1512 patients.

case–control study

* Values are based on 1719 episodes of nosocomial C. difficile–associated diarrhea.
† Values are based on data from 1703 patients with nosocomial C. difficile–associated diarrhea.

A total of 237 case patients were matched to 237
controls from 10 of the 12 institutions. Table 3 comn engl j med 353;23

Table 2. Age-Specific Incidence and Mortality Attributed to Clostridium difficile–
Associated Diarrhea.
No. of Cases

No. of Cases/
1000 Admissions*

<40

76

3.5

2.6

41–50

85

11.2

1.2

51–60

191

20.0

3.2

61–70

272

24.4

5.1

71–80

523

38.3

6.2

81–90

458

54.5

10.2

>90

114

74.4

14.0

Age
yr

www.nejm.org
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pares the demographic and clinical variables in the
two groups. The two groups were similar with respect to age, sex, ward, and Charlson index. The
median time at risk for C. difficile–associated diarrhea was 13 days among case patients and 16 days
among controls (P=0.02). Case patients were more
likely than controls to have been exposed to antibiotics (79.3 percent vs. 59.3 percent, P<0.001)
and enteral feeding (18.6 percent vs. 11.8 percent,
P=0.04). Matched logistic-regression analysis of
case patients and controls revealed that exposure
to cephalosporins (odds ratio, 3.8; 95 percent confidence interval, 2.2 to 6.6) and exposure to fluoroquinolones (odds ratio, 3.9; 95 percent confidence
interval, 2.3 to 6.6) were significant independent
risk factors for C. difficile–associated diarrhea (Table 4). Exposure to other classes of antibiotics,
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proton-pump inhibitors, enteral feeding, histamine
H2–blockers, or chemotherapy was not significantly
associated with the development of C. difficile–associated diarrhea (Table 4). To examine the risk associated with specific types of fluoroquinolones and
cephalosporins, specific adjusted odds ratios were
calculated (Table 4). Ciprofloxacin, gatifloxacin or
moxifloxacin, and first-, second-, and third-generation cephalosporins were all independently associated with the development of C. difficile–associated
diarrhea.
c. difficile isolates

Nine hospitals submitted stool samples that yielded 157 C. difficile isolates for PFGE, binary toxin
analyses, and tcdC analyses. Sixty-seven isolates
(42.7 percent) came from one institution. Three
institutions submitted isolates outside the defined
study period.

Table 3. Characteristics of Case Patients and Control Patients.*
Characteristic

Case Patients
(N=237)

Controls
(N=237)

75

75

pulsed-field gel electrophoresis
P Value

Age — yr

0.48

Median
Interquartile range

66–82

66–82

115 (48.5)

126 (53.2)

0.3

2.6±1.9

2.6±2.0

0.66

133 (56.1)

142 (59.9)

Surgery

78 (32.9)

70 (29.5)

Geriatrics

17 (7.2)

15 (6.3)

Oncology

9 (3.8)

10 (4.2)

68 (28.7)

67 (28.3)

Male sex — no. (%)
Charlson index†
Ward

0.82

Medicine

Community hospital — no. (%)

pcr analyses for binary toxin genes
and partial deletions of the tcd c gene
0.9

Days at risk for C. difficile–associated
diarrhea
Median

0.02
13

16

Interquartile range

6–25

8–29

No. of antibiotics received

1.9±1.1

1.3±1.3

<0.001

188 (79.3)

141 (59.5)

<0.001

115 (48.5)

65 (27.4)

<0.001

19 (8.0)

6 (2.5)

0.007

128 (54.0)

75 (31.6)

<0.001

Any exposure to antibiotics — no. (%)
Cephalosporins
Clindamycin
Fluoroquinolones
Chemotherapy — no. (%)

17 (7.2)

13 (5.5)

0.45

Proton-pump inhibitors — no. (%)

112 (47.3)

111 (46.8)

0.92

Histamine H2–blockers — no. (%)

47 (19.8)

47 (19.8)

1.0

Enteral feeding — no. (%)

44 (18.6)

28 (11.8)

0.04

* Plus–minus values are means ±SD.
† Scores for the Charlson index can range from 0 to 37, with higher scores indicating more coexisting conditions.
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All 157 isolates were typeable by PFGE, and 129
(82.2 percent) had an identical PFGE pattern, or
“pulsovar,” displaying eight bands ranging from
90 to 360 kb, with the rest of the genomic DNA unresolved at more than 500 kb (Fig. 1 in the Supplementary Appendix, available with the full text of
this article at www.nejm.org). Of the 28 other isolates, 12 additional pulsovars were observed.

n engl j med 353;23

On amplification of C. difficile 16s ribosomal DNA,
all 157 isolates had the expected amplicon of 270
bp, indicating successful DNA extraction and the
absence of PCR inhibition. Of the 157 isolates, 132
(84.1 percent) produced the expected amplicon of
370 bp with the use of the cdtA primer set (data not
shown). The same 132 isolates generated the expected amplicon of 510 bp with the use of the cdtB
primer set (Fig. 2A of the Supplementary Appendix). Furthermore, all 132 isolates possessing the
binary toxin genes also had a partial deletion of the
tcdC gene (Fig. 2B of the Supplementary Appendix).
Of these, 129 (97.7 percent) belonged to the predominant pulsovar and the remaining 3 (2.3 percent) belonged to three unrelated pulsovars (Fig. 1
of the Supplementary Appendix). Sequence analysis showed that the predominant strain had an 18bp deletion in the tcdC gene. For the three unrelated
pulsovars with a partial deletion of the tcdC gene,
two strains had a 39-bp deletion and the other had
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an 18-bp deletion (Fig. 2C of the Supplementary dence of C. difficile–associated diarrhea was 6 per
1000 admissions, and 1.5 percent of affected paAppendix).
tients died as a direct or indirect result of this complication.17,18 In our study, the overall incidence
association with pulsovars, binary
toxin genes, and partial deletions
was approximately four times that described in the
of the tcd c gene
Canadian survey.17 This increase was unlikely to be
Severe C. difficile–associated diarrhea was observed due to a reporting artifact, because laboratory and
in 20 of 129 patients with the predominant pulso- surveillance methods had not changed among the
var (15.5 percent), as compared with 2 of 28 patients participating institutions. We found that the agewith other pulsovars (7.1 percent, P=0.37). How- specific incidence of C. difficile–associated diarrhea
ever, severe C. difficile–associated diarrhea was ob- increased markedly after the age of 50 years and the
served in 22 of 132 patients with isolates that had attributable mortality rate increased after the age of
both binary toxin genes and a partial deletion of the 60 years. This is consistent with a Swedish study
tcdC gene (16.7 percent), as compared with 0 of 25 that showed an age-related increase in the incipatients with isolates that had neither binary tox- dence of positive assays for C. difficile toxin.19
The PFGE results indicate that a single predomin genes nor a partial deletion of the tcdC gene
(P=0.03). The institution that submitted the ma- inant strain was circulating among the participatjority of C. difficile isolates did not differ signifi- ing Quebec institutions. This strain had the same
cantly from the other institutions in terms of its patterns on PFGE and restriction-endonuclease
attributable mortality rate (P=0.71), its colecto- analyses as an epidemic strain recently found in
my rate (P=1.0), or its patients’ need for intensive the United States and Europe.20,21 This strain may
have been imported into Quebec or may have ariscare (P=0.88).
en as a result of a mutation of a previously circulatantimicrobial susceptibility
ing strain.
We assessed the antimicrobial susceptibility of 47
isolates belonging to the predominant pulsovar and
Table 4. Multivariate Model of the Risk of Clostridium difficile–Associated
12 isolates representing the other observed PFGE
Diarrhea According to the Use of Antibiotics among Case Patients,
patterns. All isolates were susceptible to metronias Compared with Matched Controls, January 11 through June 26, 2004.*
dazole and vancomycin, with miminal 90 percent
Antibiotic
Odds Ratio
95% Confidence Interval
inhibitory concentrations of 0.5 and 1.0 µg per milliliter, respectively. All isolates of the predominant
Any cephalosporin
3.8
2.2–6.6
pulsovar were resistant to ciprofloxacin, moxifloxFirst-generation
2.4
1.2–4.6
acin, gatifloxacin, and levofloxacin (minimal inhibSecond-generation
6.0
2.1–17.5
itory concentrations of at least 32 µg per milliliter)
Third-generation
3.0
1.4–6.8
and susceptible to clindamycin. Of the remaining
Any fluoroquinolones
3.9
2.3–6.6
12 isolates with other PFGE patterns, all were resisCiprofloxacin
3.1
1.8–5.4
tant to ciprofloxacin, 4 (33.3 percent) were resistant
Gatifloxacin or moxifloxacin
3.4
1.5–7.7
to moxifloxacin and gatifloxacin, and 6 (50.0 perLevofloxacin
0.6
0.2–1.9
cent) were resistant to levofloxacin and clindamyClindamycin
1.6
0.5–4.8
cin. Among the three isolates that belonged to the
nonpredominant pulsovar and had binary toxin
Aminoglycosides
0.7
0.3–1.9
genes and a partial deletion of the tcdC gene, all
Macrolides
1.3
0.6–2.9
three were resistant to ciprofloxacin, but only one
Intravenous vancomycin
1.3
0.5–3.1
was resistant to moxifloxacin, gatifloxacin, and lePenicillins combined with
1.2
0.7–2.3
vofloxacin.
b-lactamase inhibitor

discussion
We describe a simultaneous outbreak of severe
C. difficile–associated diarrhea with high morbidity
and mortality at multiple institutions. In a 1997
survey of 18 Canadian institutions, the mean inci-

n engl j med 353;23

Penicillins

0.7

0.3–2.9

Carbapenems

1.4

0.3–6.3

* Values were adjusted for the use of all other antibiotics, age, sex, number of
days at risk for C. difficile–associated diarrhea, the Charlson index, and the use
of chemotherapy, proton-pump inhibitors, histamine H2–blockers, and enteral
feeding.
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Reports have suggested that C. difficile–associated
diarrhea is evolving into a more severe disease, but
the link between the organism’s potential virulence
factors and disease severity has not been clearly established.10,22-24 The contribution of the binary toxin to virulence is not well defined. The attributable
mortality rate of 6.9 percent in our study is higher
than the rate of 0.5 to 5.5 percent reported in other
studies and may reflect increased virulence of the
predominant strain.3,4,18,25 Our study of isolates
demonstrated that the presence of binary toxin
genes is closely associated with partial deletions in
the tcdC gene and that severe C. difficile–associated
diarrhea is significantly associated with these two
putative virulence factors. In addition, this genotype has been associated with levels of toxins A and
B that are 16 to 23 times than those found in control strains.20 The presence of these two factors
may act synergistically to result in severe C. difficile–
associated diarrhea.
Exposure to antibiotics is the chief precipitant
of C. difficile–associated diarrhea. Fluoroquinolones have been associated with an increased risk
of C. difficile–associated diarrhea, which was corroborated in our study.24,26-28 Use of the newer fluoroquinolones among our patients may have promoted the outbreak of this fluoroquinolone-resistant
strain, similar to the epidemic of a clindamycinresistant strain among patients who received clindamycin.29 Our predominant strain was susceptible
to clindamycin, and clindamycin was not an independent risk factor for C. difficile–associated diarrhea
in our study.

No. of Cases of C. difficile–Associated
Diarrhea per 1000 Admissions

25

20

22.5

15
13.6

12.4

10

5

0

January to June
2004

July to December
2004

January to June
2005

Figure 1. Incidence of Nosocomial Clostridium difficile–Associated Diarrhea
over Time among the 12 Study Hospitals.
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Transmission of this predominant strain among
hospitals could have occurred as the result of transfers of colonized or infected patients or, perhaps,
from colonized health care workers who worked
at multiple institutions. In these institutions, the
majority of rooms have multiple beds, with shared
toilets, facilitating transmission within hospitals.
It has been demonstrated that patients housed in
single rooms have a lower incidence of C. difficile–
associated diarrhea than patients accommodated in
double rooms.30
Our study has a number of limitations. The outcomes were measured 30 days after the first diagnosis of C. difficile–associated diarrhea, which would
result in underestimates of the rates of attributable
mortality, colectomy, and intensive care related to
the condition. We assessed neither the severity of illness nor the presence of coexisting conditions at
admission in our population. The severity of illness
has been shown to be an important predictor of
mortality for a variety of conditions and is also a predictor of the acquisition of C. difficile.31,32 In addition, we recorded the use of antibiotics in hospitalized patients within six weeks before the diagnosis
of C. difficile–associated diarrhea but did not track the
use of antibiotics before this period or before hospitalization. Finally, we did not have isolates available
from all patients. However, the isolates were consecutively collected at each institution, making it
unlikely that they represented a biased sample. Although isolates were overrepresented from one institution, the rate of severe C. difficile–associated
diarrhea at this institution was not significantly different from the rates at the other institutions.
Coincident with the recognition of the multiinstitutional outbreak of C. difficile–associated diarrhea in June 2004, major infection-control measures
were implemented to curb the spread of C. difficile.
The incidence of C. difficile–associated diarrhea in
the study institutions subsequently decreased to
12.4 per 1000 admissions (Fig. 1).
In summary, we have identified a predominant
strain of C. difficile associated with high rates of severe disease in a number of hospitals in Quebec.
Resistance to fluoroquinolones may have selected
for the spread of this organism, and the presence
of binary toxin genes and a partial deletion of the
tcdC regulatory gene may confer increased virulence, leading to the observed high rates of morbidity and mortality. This outbreak illustrates that
known pathogens can change their behavior and
emerge as new threats.
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