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Abstract
Background: The clinical and molecular
epidemiology of health care–associated
Clostridium difficile infection in nonepidemic settings across Canada has evolved
since the first report of the virulent North
American pulsed-field gel electrophoresis
type 1 (NAP1) strain more than 15 years
ago. The objective of this national, multicentre study was to describe the evolving
epidemiology and molecular characteristics of health care–associated C. difficile
infection in Canada during a post-NAP1epidemic period, particularly patient outcomes associated with the NAP1 strain.
Methods: Adult inpatients with C. diffi-

cile infection were prospectively identified, using a standard definition, between
2009 and 2015 through the Canadian
Nosocomial Infection Surveillance Program (CNISP), a network of 64 acute care
hospitals. Patient demographic charac-

C

teristics, severity of infection and outcomes were reviewed. Molecular testing
was performed on isolates, and strain
types were analyzed against outcomes
and epidemiologic trends.
Results: Over a 7-year period, 20 623

adult patients admitted to hospital with
health care–associated C. difficile infection were reported to CNISP, and microbio
logical data were available for 2690 patients. From 2009 to 2015, the national
rate of health care–associated C. difficile
infection decreased from 5.9 to 4.3 per
10 000 patient-days. NAP1 remained the
dominant strain type, but infection with
this strain has significantly decreased
over time, followed by an increasing
trend of infection with NAP4 and NAP11
strains. The NAP1 strain was significantly
associated with a higher rate of death attributable to C. difficile infection com-

lostridium difficile infection is the most common infectious
cause of health care–associated diarrhea among hospitaladmitted patients in developed countries and can lead to
substantial morbidity and mortality.1,2 In 2002, an outbreak in
Quebec, Canada, demonstrated the emergence of a virulent strain
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pared with non-NAP1 strains (odds ratio
1.91, 95% confidence interval [CI] 1.29–
2.82). Isolates were universally susceptible to metronidazole; one was nonsusceptible to vancomycin. The proportion
of NAP1 strains within individual centres
predicted their rates of health care–
associated C. difficile infection; for every
10% increase in the proportion of NAP1
strains, the rate of health care–associated
C. difficile infection increased by 3.3%
(95% CI 1.7%–4.9%).
Interpretation: Rates of health care–

associated C. difficile infection have
decreased across Canada. In nonepidemic settings, NAP4 has emerged as a
common strain type, but NAP1, although
decreasing, continues to be the predominant circulating strain and remains significantly associated with higher attributable mortality.

type known as the North American pulsed-field gel electrophoresis
type 1 (NAP1; associated with ribotype 027).3 This strain type was
associated with increases in the number of C. difficile outbreaks with
higher rates of death and recurrence.4–8 However, the data suggesting that the NAP1 strain is associated with more complicated disease
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Methods
Data sources and population
Prospective surveillance for health care–associated C. difficile
infection among hospital-admitted patients in Canada has been
conducted by the CNISP since 2007. By 2015, the CNISP included a
network of 64 acute care hospitals across the 10 provinces (Appendix 1, available at www.cmaj.ca/lookup/suppl/doi:10.1503/
cmaj.180013/-/DC1).14 Of these, 13 are large acute tertiary care hospitals with more than 500 beds available within the facility,
32 hospitals are of intermediate size (201 to 500 beds) and the
remaining 19 hospitals are smaller facilities with fewer than 200 beds.
This study used data from adult-only and mixed (adult and
pediatric combined) hospitals that participated in surveillance of
health care–associated C. difficile infection from 2009 to 2015.
Pediatric stand-alone hospitals were excluded.
The rate calculation of health care–associated C. difficile
infection included only data on infection from adult-only and
mixed hospitals that provided both the number of cases and
patient-days. It was not possible to separate out the pediatric
denominator data from these mixed hospitals. This resulted in
the inclusion of 346 (2% of all cases) pediatric cases in the rate
calculation of health care–associated C. difficile infection, but
these were excluded from any further analysis.

Case definitions
Case definitions for C. difficile infection have been previously
described.15 In brief, surveillance for health care–associated
C. difficile infection is based on a positive laboratory confirmation of C. difficile infection and a compatible clinical syndrome
developing 72 hours or longer after admission, or less than
72 hours after admission if patients had been previously admitted to the admitting hospital and discharged within the previous
4 weeks. Severe outcomes were defined as admission to the
intensive care unit, colectomy or death within 30 days associated

with a positive test for C. difficile infection. All deaths were
reviewed by a physician to determine whether the death was
attributable to C. difficile infection.

Data collection
The medical records for cases of health care–associated C. difficile
infection were reviewed for clinical, demographic and outcome
data, and a standardized form was completed. Clinical and demographic data were collected throughout the year, and severe outcome information, C. difficile molecular typing and susceptibility
testing of consecutive nonduplicate isolates were undertaken for
cases occurring between Mar. 1 and Apr. 30 annually.
The data were collected by hospital staff (infection-control professionals) and then submitted through a secure online platform that
has built-in logic to prevent many common data-entry errors. Once
data were submitted, the Public Health Agency of Canada’s epidemiologist validated and cleaned the data, and followed up as needed.

Laboratory methods
Between 2009 and 2015, stool samples from eligible patients admitted to hospital were sent to the National Microbiology Laboratory
(Winnipeg, Man.) for C. difficile isolation using ethanol shock treatment. Toxigenic strains, as confirmed by polymerase chain reaction,
were further characterized using pulsed-field gel electrophoresis
and antimicrobial susceptibility testing as previously described.5

Statistical analysis
Rates of health care–associated C. difficile infection were calculated as the number of cases per 10 000 patient-days. For reporting
purposes and to ensure confidentiality, we grouped the provinces
into 3 regions: west (British Columbia, Alberta, Saskatchewan
and Manitoba), central (Ontario and Quebec) and east (Nova Scotia,
New Brunswick, Prince Edward Island, and Newfoundland and
Labrador). To assess significant trends over time for patient
characteristics, laboratory and severe outcome results, we used
the Cochran–Armitage test for categorical variables and the
Mann–Kendall test for continuous variables.
To compare characteristics of the groups of patients with
NAP1 versus all other strains (non-NAP1), we used the χ2 test for
categorical variables and the Student t test or the Wilcoxon ranksum test for continuous variables.
Logistic regression analyses were performed to determine the
independent association between the strain types and outcomes
(all-cause death or death attributable to C. difficile infection). Death
attributable to C. difficile infection is defined as death directly and
indirectly related to C. difficile infection. Covariates (i.e., sex, age,
albumin level and leukocyte count) used in the regression models
were specified a priori. Covariates were dichotomized as female
versus male sex; age group 18–64 years versus 65 years or older;
albumin level greater than 30 g/L versus 30 g/L or less; and leukocyte count greater than 15 x109/L versus 15 x109/L or less.
To assess the relation between the proportion of NAP1 strains in
individual hospitals and the reported institutional rate of health
care–associated C. difficile infection, a generalized linear model was
used with Poisson distribution and log-link function. The unit of
analysis was the individual hospital. The model included year,
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were primarily based on studies related to larger institutional and
regional outbreaks.7,9–11 Since other strains have also been found to
be associated with complicated outcomes,12,13 the association of
NAP1 with severe disease or higher rates of health care–associated
C. difficile infection in nonepidemic settings is less clear.
In Canada, national-level data on health care–associated
C. difficile infection are collected through the Canadian Nosocomial Infection Surveillance Program (CNISP), a collaborative effort
of the Public Health Agency of Canada and sentinel hospitals
across the country that participate as members of the Canadian
Hospital Epidemiology Committee, a subcommittee of the Association of Medical Microbiology and Infectious Disease Canada. The
data collected provide a measure of the burden of illness, establish benchmarks for comparison and identify potential trends of
disease. The objectives of this national, multicentre study were to
describe the evolving epidemiology and molecular characteristics
of health care–associated C. difficile infection in Canada during a
postepidemic period, and to examine the effect of NAP1 strain
type on patient outcomes and institutional rates of health care–
associated C. difficile infection over time.
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Results

hospital size (beds) and region (west, central and east) as fixed
effects and the natural log of patient days as an offset term. The
model was estimated using generalized estimating equations with
an autoregressive correlation structure to accommodate correlations in the repeated-measures on the same hospital over time.
All statistical analyses were conducted using SAS (release 9.3,
SAS Institute) software with a significance level of 0.05.

A total of 20 623 cases of health care–associated C. difficile infection was reported by adult-only and mixed participating hospitals from 2009 to 2015. The number of participating hospitals
ranged from 42 to 53 during the 7-year study period (Table 1),
excluding pediatric stand-alone hospitals.
Most cases were detected in hospitals with more than 200 beds;
53.2% of cases were from centres with 201–500 beds and 44.1% were
from hospitals with more than 500 beds. Over the 7-year surveillance
period, a downward trend was noted in national rates of health care–

Ethics approval
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Table 1: Patient characteristics, clinical results and severe outcomes of 17 202 adults diagnosed with health care–associated
Clostridium difficile infection from 2009 to 2015*
Variable

2009

2010

2011

2012

2013

2014

2015

2009–2015

42

44

46

45

45

51

53

–

2645

2746

2593

2489

Year-round surveillance
No. of hospitals
No. of patients†

1627

2307

2795

Sex, female, no. (%)

766 (48.0)

1178 (51.3)

1456 (52.3)

1275 (48.4) 1350 (49.2)

1270 (49.0) 1216 (48.9)

8511 (49.7)

17 202

Age, yr, mean ± SD

69.6 ± 16.2

70.4 ± 16.4

69.4 ± 17.1

69.7 ± 16.6

68.9 ± 17.0

68.2 ± 17.1

68.1 ± 16.8

69.2 ± 16.8

18–64

534 (32.8)

723 (31.4)

961 (34.4)

851 (34.5)

947 (34.5)

939 (36.2)

923 (37.1)

≥ 65

1092 (67.2) 1580 (68.6)

1830 (65.6)

1793 (67.8) 1796 (65.5)

Age group, yr, no. (%)
1654 (63.8) 1566 (62.9)

5878 (34.2)
11 311 (65.8)

Time to C. difficile test from the date of
admission, d, median (IQR)

13 (6–30)

13 (6–27)

12 (6–27)

12 (6–26)

12 (7–25)

12 (7–25)

10 (5–21)

12 (6–26)

Patients diagnosed with health care–
associated C. difficile infection on
readmission, no. (%)

170 (10.4)

296 (12.8)

336 (12.0)

301 (11.4)

405 (14.7)

333 (12.8)

421 (16.9)

2262 (13.1)

559

478

564

532

543

531

477

3684

Temperature, °C, mean ± SD

37.1 ± 0.8

37.1 ± 0.8

37.1 ± 0.8

37.2 ± 0.8

37.0 ± 0.7

37.2 ± 0.8

37.2 ± 0.7

37.1 ± 0.8

Leukocyte count, x109/L,
median (IQR)

13.0
(8.3–18.4)

11.3
(8.0–16.2)

11.1
(7.0–16.6)

11.2
(7.7–16.5)

10.9
(7.0–16.5)

11.3
(7.4–16.8)

12.3
(7.7–17.7)

11.5
(7.7–16.9)

Albumin, g/L, median (IQR)

26.0
27.0
27.0
26.0
25.0
(21.0–30.0) (22.0–31.0) (22.0–32.0) (22.0–31.0) (21.0–29.0)

26.0
25.0
(21.0–30.5) (21.0–31.0)

27.0
(23.1–31.0)

March and April targeted surveillance
No. of cases
Clinical results

Severe outcomes within 30 d, no. (%)
ICU admission
All-cause

4 (7.7)

27 (5.8)

35 (6.4)

30 (5.7)

46 (8.5)

30 (5.7)

41 (9.8)

251 (7.0)

Complication from C. difficile
infection

12 (2.2)

14 (3.0)

10 (1.8)

3 (0.6)

9 (1.7)

12 (2.3)

11 (2.6)

71 (2.0)

9 (1.6)

9 (2.4)

6 (1.1)

9 (1.7)

5 (0.9)

8 (1.6)

5 (1.3)

51 (1.3)

Colectomy
Patient status‡
Discharged or transferred

317 (57.1)

255 (55.1)

306 (55.0)

308 (58.7)

326 (60.4)

305 (59.6)

269 (64.8)

2086 (58.5)

Remained in hospital

157 (28.3)

148 (32.0)

167 (30.0)

149 (28.4)

149 (27.6)

144 (28.1)

88 (21.2)

1002 (281)

Death (all cause)

81 (14.6)

60 (13.0)

84 (15.1)

68 (13.0)

65 (12.0)

63 (12.3)

58 (14.0)

479 (13.4)

Death attributable to C. difficile
infection

13 (2.3)

26 (5.6)

36 (6.5)

24 (4.6)

21 (3.9)

22 (4.3)

16 (3.9)

158 (4.4)

Note: ICU = intensive care unit, IQR = interquartile range, SD = standard deviation.
*Not all subgroup values total the population size because of missing data. Percentages are calculated on the basis of available data.
†Excluding adult patients missing standardized data form received and pediatric patients.
‡Excluding unknown.
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Figure 1: National (not including the territories) and regional rates of health care–associated Clostridium difficile infection in adults per 10 000 patientdays from 2009 to 2015. West = British Columbia, Alberta, Saskatchewan and Manitoba; central = Ontario and Quebec; east = Nova Scotia, New Brunswick, Prince Edward Island, and Newfoundland and Labrador.
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patients with C. difficile infection over time, with younger adults representing an increasing proportion of reported cases (p = 0.02). The
time, in days, from admission to a positive result on C. difficile testing
was shorter in later years (p = 0.002). There were no significant trends
over time noted in temperature, leukocyte counts, albumin levels or
severe outcomes (death, admission to the intensive care unit [ICU]
or colectomy). There was a significant increase over the study period
in the proportion of patients discharged or transferred by day 30, and
a concomitant reduction of those remaining in hospital at that time
point, whereas there were no significant changes over time in the
rate of complications (death, ICU admission or colectomy).
Of the 2690 isolates that were available for molecular characterization and antimicrobial susceptibility testing, the top 3 most prevalent
C. difficile NAP types were NAP1 (37.6%), NAP4 (14.2%) and NAP11
(5.9%), accounting for 57.7% of all tested isolates nationally. A total of
18.6% were classified as either NAP2, NAP3, NAP5–10 or NAP12,
whereas the remaining 23.7% of the isolates could not be assigned to
a currently defined NAP type. Regionally, NAP1 was the most prevalent strain overall in the central (47.5%) and western (30.1%) regions,

associated C. difficile infection. The rate peaked (mostly driven by
sites in the central region) at 6.7/10 000 patient-days in 2011 and
reached a nadir of 4.3/10 000 patient-days in 2015 (Figure 1), representing a 35.8% relative decrease in the national rate. This same
trend was noted in both western and central Canada. Rates of health
care–associated C. difficile infection in eastern Canada (2.8/10 000
patient-days) have remained lower than the national average
(5.4/10 000 patient-days) across the surveillance period (p < 0.001).
Completed standardized data collection forms were received
for 17 202 adults, and 2690 of these had molecular typing and reference susceptibility testing undertaken. Adult patients without
data collection forms submitted (3075/20 623) and pediatric
patients (346/20 623) were excluded (Table 1).
Patient characteristics, laboratory findings and outcomes, by year
and in aggregate, are shown in Table 1. Men and women were
equally represented. Over the 7-year period, the mean age of adults
with health care–associated C. difficile infection was 69.2 years;
34.2% were between 18 and 64 years of age, and 65.8% were 65 years
of age or older. There was a significant reduction in the age of
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but NAP4 was the most common strain type in the eastern region
(24.1%). Over the 7-year study period, there were significant changes
in the molecular epidemiology of C. difficile both nationally and
regionally, which included increases in NAP4, NAP6 and NAP11, as
well as significant decreases in NAP2 and NAP1 (Table 2).
Overall, 44.5%, 28.4%, and 1.5% of the C. difficile isolates
tested were resistant to moxifloxacin, clindamycin and rifampin,
respectively. Resistance to moxifloxacin has decreased significantly, from 63.3% in 2009 to 34.3% in 2015 (p < 0.001), and co
incided with the decreasing prevalence of NAP1 isolates, which
were predominantly moxifloxacin-resistant (956/1011 [94.6%]).
There was no in vitro resistance observed to tigecycline and metronidazole, but there was 1 NAP1 isolate identified with a min
imum inhibitory concentration of 24 µg/mL to vancomycin.
Among participating hospitals, NAP1 strains, as a proportion of all
submitted isolates, varied year-to-year (range 0% to 100%). Patients
infected with the NAP1 strain, compared with all other strains, were
significantly older (74.0 v. 67.8 yr, p < 0.001), had higher median leukocyte counts (13.0 v. 10.8 x109/L, p < 0.001), a higher overall death
rate (15.6% v. 10.6%, p < 0.001) and a higher death rate attributable
to C. difficile infection (6.6% v. 2.9%, p < 0.001). In general, both allcause mortality and mortality attributable to C. difficile infection
increased with age in particular; mortality among patients infected
with all strains increased from 6.1% in the group aged 18–64 years to
19.7% in the group aged 85 years or older (test for trend p < 0.001).
Mortality attributable to C. difficile infection among patients infected
with all strains increased from 4.3% in the group aged 18–64 years to
9.6% in the group aged 85 years or older (test for trend p < 0.001).
Among patients aged 75–84 years, NAP1 strains resulted in higher
overall death rates than non-NAP1 strains (19.3% v. 12.3%, p = 0.01)

as well as mortality attributable to C. difficile infection (12.2% v. 1.4%,
p < 0.001). Those aged 85 years and older showed no significant
differences in all-cause death or death attributable to C. difficile
infection in the comparison of NAP1 and non-NAP1 strains (Table 3).
Table 4 presents the results from the analyses to identify
independent associations between the outcomes and each of the
strain types and covariates. The results from simple bivariable tests
of association of each factor are presented in the “unadjusted” column, and the results from the full multivariable logistic regression
analysis adjusting for all covariates are presented in the “adjusted”
column. In multivariable analysis, the NAP1 strain was significantly
associated with death attributable to C. difficile infection (adjusted
odds ratio 1.91, 95% CI 1.29–2.82). Age and leukocyte count (≥ 15 v.
< 15 x109/L) also remained significantly associated with death
attributable to C. difficile infection (age: adjusted odds ratio 2.45,
95% CI 1.44–4.16; leukocyte count: adjusted odds ratio 2.96, 95% CI
2.01–4.35). There was no significant association between NAP
strain type (NAP1 v. non-NAP1) and all-cause death (Table 4).
An association was noted between the proportion of circulating
NAP1 strains within individual centres and their associated rates of
health care–associated C. difficile infection. We noted that for every
10% increase in the proportion of NAP1 among all C. difficile strains
submitted by individual centres, the rate of health care–associated
C. difficile infection increased by 3.3% (95% CI 1.7%–4.9%).

Interpretation
Over a 7-year period, we observed a notable reduction in the national
rate of health care–associated C. difficile infection and regional
reductions in the rates in the central and western parts of the

Table 2: National (not including the territories) distribution of Clostridium difficile strain types among adults diagnosed with
health care–associated C. difficile infection from 2009 to 2015*
Year; no. (%) of patients
NAP
strain

2009
n = 379

2010
n = 352

2011
n = 384

2012
n = 388

2013
n = 412

2014
n = 385

2015
n = 390

p value†

Trend‡

NAP1

178 (47.0)

173 (49.1)

142 (37.0)

149 (38.4)

148 (35.9)

110 (28.6)

111 (28.5)

< 0.001

↓

NAP2

48 (12.7)

16 (4.5)

12 (3.1)

14 (3.6)

7 (1.7)

5 (1.3)

11 (2.8)

< 0.001

↓

NAP3

0 (0.0)

1 (0.3)

0 (0.0)

0 (0.0)

1 (0.2)

2 (0.5)

0 (0.0)

Not tested

NAP4

33 (8.7)

39 (11.1)

66 (17.2)

44 (11.3)

60 (14.6)

69 (17.9)

72 (18.5)

< 0.001

NAP5

1 (0.3)

1 (0.3)

1 (0.3)

0 (0.0)

1 (0.2)

1 (0.3)

0 (0.0)

Not tested

NAP6

14 (3.7)

10 (2.8)

17 (4.4)

22 (5.7)

17 (4.1)

18 (4.7)

26 (6.7)

0.03

NAP7

2 (0.5)

12 (3.4)

6 (1.6)

6 (1.5)

12 (2.9)

11 (2.9)

9 (2.3)

Not tested

NAP8

5 (1.3)

1 (0.3)

4 (1.0)

0 (0.0)

1 (0.2)

1 (0.3)

1 (0.3)

Not tested

NAP9

1 (0.3)

3 (0.9)

0 (0.0)

1 (0.3)

3 (0.7)

2 (0.5)

4 (1.0)

Not tested

NAP10

9 (2.4)

8 (2.3)

16 (4.2)

22 (5.7)

19 (4.6)

11 (2.9)

14 (3.6)

Not tested

NAP11

4 (1.1)

6 (1.7)

16 (4.2)

23 (5.9)

21 (5.1)

52 (13.5)

36 (9.2)

< 0.001

NAP12

5 (1.3)

7 (2.0)

14 (3.6)

13 (3.4)

10 (2.4)

13 (3.4)

9 (2.3)

Not tested

*About 20%–27% of strain types were unassigned and are not shown.
†p value from tests for significant change in trend over time from 2009 to 2015; results with small samples sizes were not tested for significance.
‡Symbols ↓ or ↑ indicate a significant change (decrease or increase).

E762

CMAJ | JUNE 25, 2018 | Volume 190 | Issue 25

↑
↑

↑

individual hospitals and the local institutional rate of health care–
associated C. difficile infection. Whereas mortality increased with age
and was generally higher in patients with NAP1 strains, the rate of
deaths attributable to C. difficile infection was found to be similar for
NAP1 and non-NAP1 strains in patients aged 85 years and older. This
may be related to the frail nature of these patients and the morbidity
of any infection, regardless of the causative strain.5 The decrease in
national rates of health care–associated C. difficile infection may be
attributable, in large part, to a variety of infection-control and
quality-improvement initiatives instituted at facilities across the

Table 3: Comparison of patients infected with NAP1 versus non-NAP1 strains, by demographic and clinical characteristics,
and severe outcomes*
Strain; no. (%) of patients†‡
Variable

All strains
n = 2690

NAP1
n = 1011

Non-NAP1§
n = 1679

p value¶

Sex, female

1351 (50.4)

502 (49.9)

849 (50.8)

0.6

Age, yr, mean ± SD

70.1 ± 17.1

74.0 ± 14.8

67.8 ± 17.9

< 0.001

18–64

870 (32.3)

241 (23.8)

629 (37.5)

< 0.001

≥ 65

1818 (67.6)

769 (76.1)

1049 (62.5)

< 0.001

2 (0.1)

1 (0.1)

1 (0.1)

Not tested

Age group, yr

Unknown
Laboratory results
Temperature, °C, mean ± SD

37.1 ± 0.8

37.1 ± 0.7

37.1 ± 0.8

0.9

Leukocyte count, x109/L, median (IQR)

11.6 (7.8–16.9)

13.0 (8.9–19.1)

10.8 (7.2–15.9)

< 0.001

Albumin, g/L, median (IQR)

26.0 (21.3–30.0)

26.0 (21.0–30.0)

26.0 (22.0–31.0)

0.6

All-cause

142 (5.4)

58 (5.8)

84 (5.1)

0.5

Complication from C. difficile infection

43 (1.6)

27 (2.7)

16 (1.0)

0.001

34 (1.3)

18 (1.8)

16 (1.0)

0.07

Discharged or transferred

1550 (59.2)

552 (55.5)

998 (61.5)

0.002

Remained in hospital

723 (27.6)

286 (28.1)

437 (26.9)

0.3

All-cause death, age, yr

327 (12.5)

155 (15.6)

172 (10.6)

< 0.001

51 (6.1)

17 (7.2)

34 (5.7)

0.4

65–74

60 (11.5)

22 (12.5)

38 (10.9)

0.6

75–84

103 (15.5)

59 (19.3)

44 (12.3)

0.01

≥ 85

113 (19.7)

57 (20.8)

56 (18.7)

0.5

113 (4.3)

66 (6.6)

47 (2.9)

< 0.001

18–64

17 (2.0)

9 (3.8)

8 (1.3)

0.04

65–74

14 (2.7)

8 (4.5)

6 (1.7)

0.08

75–84

30 (4.5)

25 (12.2)

5 (1.4)

< 0.001

≥ 85

52 (9.6)

24 (8.8)

28 (9.3)

0.8

17 (0.7)

2 (0.2)

15 (0.9)

Not tested

ICU admission

Colectomy
Outcome

18–64

Death attributable to C. difficile infection,
age, yr

Unknown

Note: ICU = intensive care unit, IQR = interquartile range; SD = standard deviation.
*All patients include cases from targeted surveillance month of March and April from each year where more detailed questions and stool samples were collected.
†Unless stated otherwise.
‡Not all subgroup values total the population size because of missing data; percentages are calculated on the basis of available data.
§Non-NAP1 (all other strains) including NAP2, NAP3, NAP5, NAP6, NAP7, NAP8, NAP9, NAP10, NAP11, NAP12 and unassigned.
¶p values are for comparisons between groups with NAP1 and non-NAP1 strains.
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country. We also note significant changes in the strains of C. difficile
circulating in Canadian hospitals over time, as reported in other institutions and regions.12,16,17 Although NAP1 remained the predominant
strain throughout the surveillance period, a substantial reduction in
the prevalence of NAP1 was noted with concomitant increases in the
proportions of other strains (predominantly NAP4), which coincides
with reports from the United States18 and the United Kingdom.19
These changes are notable as we also found strong associations
between infection with NAP1 and attributable mortality, as well as
associations between the proportion of NAP1 isolates circulating in

Research

country after major outbreaks 10–15 years ago (e.g., improved diagnostic techniques; antibiotic stewardship, particularly in regard to
fluoroquinolone use; improved hand-hygiene practices; increased
quality and frequency of environmental cleaning; increased use of
sporicidal cleaning agents; and public reporting of institutional rates
of health care–associated C. difficile infection), but our findings also
support the concept that part of the improvement in institutional
rates relates to the regression of predominance of the NAP1 strain.
The NAP1 strain, in particular, has been found to be associated
with a risk of facility-wide and regional epidemics or outbreaks after
its emergence.6,20–22 What is less clear is the impact of NAP1 on the
severity of disease in nonepidemic settings,9–11 and whether (or to
what extent) NAP1 leads to a higher baseline institutional rate of
health care–associated C. difficile infection in nonepidemic settings.
Despite the finding that recent NAP1 strains continue to produce a
large amount of toxin, studies at single centres and at a provincial
level have not demonstrated an association between the NAP1 strain
and severe disease in a nonoutbreak setting.9–11 In our large Canad
ian cohort of acute care hospitals during a nonepidemic period, we
note a strong association between the NAP1 strain type (compared
with all other strain types) and death attributable to C. difficile infection in patients 18–85 years. In concordance with a previous report,5
there was no significant difference found for the rate of death attributable to C. difficile infection between NAP1 and non-NAP1 strains for
patients aged 85 years and above, which were both high at 8.8% and
9.3%, respectively (Table 4). Hospitals frequently benchmark their
rates of health care–associated C. difficile infection to prior years at
the same institution, or to other local or regional hospitals of a similar size or where the scope of services offered is similar. Our

findings suggest that, as the proportion of NAP1 strain isolates
increases in relation to all circulating strains, both the rate of health
care–associated C. difficile infection and the number of severe cases
can be expected to increase relative to a peer hospital with a lower
proportion of NAP1 circulating isolates. We are not aware of published work that quantifies the impact of a higher circulating
proportion of NAP1 isolates on local hospital rates of health care–
associated C. difficile infection in nonepidemic settings.

Limitations
There are limitations to our study, inherent to large multicentre
surveillance activities. First, although data collection was conducted by experienced and trained infection-control professionals
using standardized definitions that incorporate clinical symptoms,
the data collection was unmonitored and there may be inconsistencies between hospitals in identifying a case of C. difficile infection or applying the definition of “health care–associated event.”
Because the diagnosis of a C. difficile infection is frequently based
on laboratory findings, there may be some variability in the microbiological laboratory testing and identification of C. difficile at the
different hospitals. Pediatric cases could not be differentiated
from adult cases in the rate calculations among mixed hospitals;
however, these comprised less than 2% of total cases of health
care–associated C. difficile infection across the years and were
excluded from further analyses.
In addition, although the hospital epidemiologist or another
qualified physician determined the cause of death in patients
with health care–associated C. difficile infection; attribution of
death is often difficult and may be subjective. Finally, the group

Table 4: Analyses of variables associated with all-cause death and death attributable to Clostridium difficile infection
All-cause death
Variable

Death attributable to C. difficile infection

OR (95% CI)*

Adjusted OR (95% CI)†

OR (95% CI)*

Adjusted OR (95% CI)†

1.00 (ref.)

1.00 (ref.)

1.00 (ref.)

1.00 (ref.)

1.07 (0.85–1.35)

1.15 (0.91–1.46)

1.25 (0.85–1.82)

1.34 (0.91–1.97)

Sex
Female
Male
Age group, yr
18–64
≥ 65

1.00 (ref.)

1.00 (ref.)

1.00 (ref.)

1.00 (ref.)

2.86 (2.09–3.90)

2.73 (1.99–3.74)

2.78 (1.65–4.68)

2.45 (1.44–4.16)

1.00 (ref.)

1.00 (ref.)

1.00 (ref.)

1.00 (ref.)

1.54 (1.22–1.95)

1.26 (0.99–1.60)

2.36 (1.51–3.47)

1.91 (1.29–2.82)

NAP strain type
Non-NAP1
NAP1
Leukocyte count, x109/L
≤ 15

1.00 (ref.)

1.00 (ref.)

1.00 (ref.)

1.00 (ref.)

> 15

2.53 (2.00–3.21)

2.43 (1.91–3.10)

3.25(2.22–4.76)

2.96 (2.01–4.35)

> 30

1.00 (ref.)

–

1.00 (ref.)

–

≤ 30

2.03 (1.31–3.14)

–

4.46 (1.77–11.26)

–

Albumin level, g/L

Note: CI = confidence interval, OR = odds ratios, ref. = reference.
*Unadjusted OR: Bivariable tests of association between each variable and outcome.
†Adjusted OR: Multivariable tests of association between each variable and the outcome, adjusting for all other variables. Albumin was excluded from the multivariable logistic
regression because of low number of cases (only 1180 patients [43.9%] had the data available).
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Conclusion
Rates of health care–associated C. difficile infection have fallen
across Canada from 2009 to 2015. Although the NAP1 strain was
associated with attributable death in nonepidemic settings, the
reduction in the proportion of NAP1 isolates has likely contributed
to the improvement in local and national institutional rates of
health care–associated C. difficile infection. Infection prevention and
control practices, antimicrobial stewardship and environmental
cleaning should continue to be strengthened at the local level,
as these areas positively affect institutional rates of health care–
associated C. difficile infection, regardless of circulating strain types.
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of participating facilities overrepresents larger teaching hospitals
and does not include Canadian territories, thus is not likely fully
representative of all hospital-admitted adult patients in Canada.

