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Clostridioides difficile, a gram-positive, spore-form-
ing anaerobe, is the leading cause of healthcare-

associated (HA) diarrhea in high-income countries 
(1). Disease manifestations can range from asymp-
tomatic colonization to pseudomembranous colitis, 

toxic megacolon, and death (2). In the past 2 decades, 
C. difficile has become a major public health concern; 
the Public Health Agency of Canada and the US 
Centers for Disease Control and Prevention declared 
it an urgent health threat in 2019 (3,4). Healthcare 
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We investigated epidemiologic and molecular characteris-
tics of healthcare-associated (HA) and community-asso-
ciated (CA) Clostridioides difficile infection (CDI) among 
adult and pediatric patients in Canadian Nosocomial In-
fection Surveillance Program hospitals during 2015–2022. 
Of 30,824 reported CDI cases, 94.9% (29,250/30,824) 
were among adult (73.2% HA; 26.8% CA) and 5.1% 
(1,574/30,824) pediatric (77.6% HA; 22.4% CA) patients. 
During the study period, adult HA CDI rates decreased by 
19.9% and CA CDI rates remained stable; pediatric HA 

CDI rates decreased by 29.6% and CA CDI decreased by 
58.3%. Ribotype (RT) 106 was most common among both 
groups and replaced RT027 as the predominant strain 
type. RT027 was most associated with adult patients, HA 
acquisition, severe CDI, and severe outcomes. Moxifloxa-
cin resistance was higher in adult than pediatric cases; 
clindamycin and rifampin resistance rates were similar be-
tween groups. Continued national surveillance is integral 
to understanding the epidemiology of adult and pediatric 
CDI in Canada and informing prevention efforts.

http://www.cdc.gov/eid
https://doi.org/10.3201/eid3106.250182
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costs for treating C. difficile infection (CDI) are sub-
stantial, and recurrent episodes further complicate 
case management (5,6).

Although some countries have reported increased 
incidence of HA or community-associated (CA) CDI, 
the paucity of global data primarily focuses on CDI in 
adult rather than pediatric populations (7,8). Studies 
suggest that pediatric CDI is more likely to be com-
munity-associated and have rapid onset and shorter 
and less complicated infections, whereas illness in 
adults is characterized by more complicated and se-
vere disease, increased recurrence rates because of 
more underlying conditions, and risk for infection 
with hypervirulent strain NAP1/027/BI (9,10).

Here, we contrast findings of adult and pediatric 
HA and CA CDI identified in a multicenter study in 
Canada evaluating incidence, patient characteristics, 
outcomes, ribotype (RT) prevalence, and antimicro-
bial resistance during 2015–2022. We also evaluate as-
sociations between predominant C. difficile RTs and 
all-cause and CDI-attributable deaths.

Methods

Data Sources and Collection
Hospitals participating in the Canadian Nosocomial 
Infection Surveillance Program (CNISP) have con-
ducted prospective surveillance for HA CDI in hos-
pitalized patients in Canada since 2007 and CA CDI 
since 2015. By 2022, CNISP encompassed a network 
of 88 acute-care hospitals across 10 provinces and 1 
territory, representing 35% of all acute-care beds in 
Canada (11). We analyzed data collected during 2015–
2022 from adult, pediatric, and mixed (adult and pe-
diatric) hospitals. Stool samples, severity indicators, 
and outcomes were collected during a 2-month tar-
geted surveillance period (March–April) each year for 
adult patients and year-round for pediatric patients. 
We included adult and pediatric patients from mixed 
hospitals in age-specific CDI rate calculations if age-
specific denominators were available. Data were 
collected through the Canadian Network for Public 
Health Intelligence platform; we verified clinical and 
laboratory surveillance data to ensure accuracy, as 
previously described (12).

Case Definition
We used previously described case definitions for 
primary CDI (13). We defined HA CDI as laboratory 
confirmation of CDI accompanied by compatible clin-
ical symptoms developing >72 hours after admission, 
or <72 hours after admission if the patient had a pre-
vious hospital admission and was discharged within 

the previous 4 weeks. We defined CA CDI as onset 
of CDI symptoms <72 hours after admission with no 
history of hospitalization or healthcare exposure, in-
cluding outpatient healthcare exposures, within the 
previous 12 weeks.

A severe CDI case was an albumin level <30 g/L, 
leukocyte count >15 × 109/L, or both. Severe outcomes 
were CDI-attributable admission to an intensive care 
unit (ICU), colectomy, or death <30 days after first C. 
difficile–positive specimen, where CDI was the cause 
of or contributed to death. All deaths were reviewed 
by an infectious disease physician or medical micro-
biologist to determine whether deaths were CDI-at-
tributable, as defined in our published protocol (14).

Laboratory Methods
Hospitals sent stool samples to the National Microbi-
ology Laboratory (NML; Winnipeg, MB, Canada) for 
C. difficile isolation and molecular characterization. 
We performed C. difficile isolation by using an ethanol 
shock treatment, then selection on C. difficile Moxalac-
tam Norfloxacin agar (Oxoid, https://www.oxoid.
com) (15,16). We prepared DNA for PCR analysis and 
ribotyping by using InstaGene Matrix (Bio-Rad Labo-
ratories, https://www.bio-rad.com) (16). We per-
formed multiplex PCR targeting toxin A (tcdA), toxin 
B (tcdB), binary toxin (cdtB), negative regulator of tox-
in production (tcdC), and triose phosphate isomerase 
(tpi) housekeeping genes (17). We performed capil-
lary gel electrophoresis–based ribotyping and RT as-
signment as previously described (18,19).

We used Etest strips (bioMérieux, https://www.
biomerieux.com) to perform susceptibility testing for 
metronidazole, clindamycin, vancomycin, rifampin, 
moxifloxacin, and tigecycline, as previously described 
(16,20). We interpreted antimicrobial resistance in ac-
cordance with published guidelines (20).

Statistical Analysis
We calculated HA CDI incidence rates as number of 
cases per 10,000 patient-days and CA CDI incidence 
rates as number of cases per 1,000 patient admissions. 
We conducted a sensitivity analysis, restricting our 
analysis to hospitals participating in the entire 8-year 
surveillance period. We used the Cochran-Armitage 
test for categorical variables and the Mann-Kendall 
test for continuous variables to assess statistically 
significant trends over time for patient characteris-
tics and outcome results. To compare characteris-
tics between adult and pediatric patients, we used 
χ2 test for categorical variables and Student t-test or 
Wilcoxon rank-sum test for continuous variables. 
Denominators for individual case characteristics  

http://www.cdc.gov/eid
https://www.oxoid.com
https://www.oxoid.com
https://www.bio-rad.com
https://www.biomerieux.com
https://www.biomerieux.com
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vary because we excluded missing or unknown val-
ues from the analysis.

We used multivariable logistic regression to 
model factors associated with select CDI strains 
(RT027 and RT106) and a severe CDI outcome and 
adjusted for a priori–selected confounders of age 
group, sex, severe CDI, and CDI case type (i.e., HA 
vs. CA). We used 2-tailed statistical tests and consid-
ered p<0.05 significant. We performed all analyses in 
R version 4.3.0 (The R Project for Statistical Comput-
ing, https://www.r-project.org).

Results
The study encompassed 30,824 inpatient cases of pri-
mary CDI from CNISP during 2015–2022. Adult CDI 
accounted for 94.9% (n = 29,250) and pediatric CDI 
for 5.1% (n = 1,574) of cases. Among adult patients, 
HA CDI accounted for 73% (n = 21,405) and CA CDI 
for 27% (n = 7,845) of cases. Among pediatric patients, 
HA CDI accounted for 78% (n = 1,222) and CA CDI 
for 22% (n = 352) of cases. Hospital participation  

varied by age group and case type throughout the 
study period (Appendix 1 Table 1, https://wwwnc.
cdc.gov/EID/article/31/6/25-0182-App1.pdf).

During 2015–2022, adult HA CDI rates decreased 
by 19.9%, from 4.83 to 3.87 cases/10,000 patient-days 
(p = 0.006), whereas CA CDI rates remained stable, 
ranging from 1.39 to 1.75 cases/1,000 admissions. Pe-
diatric HA CDI rates decreased by 29.6%, from 4.52 
to 3.18 cases/10,000 patient-days (p = 0.003), and CA 
CDI rates decreased by 58.3%, from 0.84 to 0.35 cas-
es/1,000 admissions (p = 0.0133) (Figure 1).

Regionally, adult HA CDI rates decreased signifi-
cantly in the central (27.4%; p = 0.003) and western 
(20.8%; p = 0.003) regions of Canada, but rates in-
creased by 34% in the eastern region (p = 0.0478) (Fig-
ure 2). Pediatric HA CDI rates significantly decreased 
by 54.7% (p = 0.0065) in the western region, but central 
and eastern region rates fluctuated. Pediatric CA CDI 
rates decreased significantly by 65.3% (p = 0.0178) in 
the western region, but eastern region rates fluctu-
ated from 0.19 to 0.58 cases/1,000 admissions after an 

Figure 1. National adult and 
pediatric healthcare-associated 
and community-associated 
Clostridioides difficile infection 
(CDI) rates, Canada, 2015–2022. 
A) Healthcare-associated CDI; B) 
community-associated CDI.

http://www.cdc.gov/eid
https://www.r-project.org
https://wwwnc.cdc.gov/EID/article/31/6/25-0182-App1.pdf
https://wwwnc.cdc.gov/EID/article/31/6/25-0182-App1.pdf
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initial decrease from 2.22 cases/1,000 admissions in 
2015. Sensitivity analyses that restricted analysis to 
hospitals participating for the entire study period by 
region for adult and pediatric surveillance and those 
that conducted both HA and CA CDI surveillance 
yielded no statistically significant differences (data 
not shown).

Clinical Manifestations
We aggregated patient characteristics and outcomes 
by age group (adult and pediatric) and case type (Ta-
bles 1, 2). For HA CDI, fewer pediatric than adult pa-
tients were female (45% vs. 49%; p = 0.024), but differ-
ences between pediatric and adult CA CDI were not 
statistically significant for female sex (49% vs. 55%; p 
= 0.07). Adults with HA CDI were significantly old-
er than adults with CA CDI (70 [interquartile range 
(IQR) 59–81] vs. 67 [IQR 54–78] years; p<0.0001). Pe-
diatric patients with CA CDI were older than those 
with HA CDI (10 [IQR 3–13] vs. 7 [IQR 4–15] years; 
p=0.0007). For HA CDI, the median days from admis-
sion to infection were longer in adult (10  [IQR 5–21] 
days) than pediatric patients (7 [IQR 2–15] days) 
(p<0.001). Adult patients experienced significantly 
longer hospital stays for HA CDI than did pediatric 
patients (15 [IQR 9–24] vs. 9 [IQR 5–18] days for HA 
CDI, 7 [IQR 4–13] vs. 5 [IQR 2–8] days for CA CDI; 
p<0.001 for both). Regardless of acquisition type, 
metronidazole was the drug most used to treat CDI 
among pediatric patients and vancomycin was most 

common among adult patients. Fecal microbiota 
transplantation referral was uncommon among adult 
and pediatric patients.

Ribotyping Analysis
Of 30,824 cases with linked epidemiologic data, NML 
successfully characterized 4,622 (3,560 adult, 1,062 
pediatric) samples that met study criteria. Of 3,560 
adult samples analyzed, 74.7% (2,659/3,560) were 
HA CDI and 25.3% (901/3,560) were CA CDI, and we 
identified 241 unique RTs.

The most common adult RTs were RT106 (11.9% 
HA, 13.2% CA), RT027 (13.2% HA, 5.9% CA), RT014 
(9.1% HA, 8.0% CA), RT020 (6.7% HA, 8.4% CA), and 
RT002 (5.8% HA, 5.3% CA) (Figure 3). The 20 most 
common adult CDI RTs accounted for 73.9% of iso-
lates tested (Appendix 1 Figure 1). Among adult CDI 
cases, RT027 rates decreased from 21.9% in 2015 to 
3.2% in 2022 (p = 0.003). RT106 rates fluctuated over 
the study period but increased overall from 7.1% in 
2015 to 15.8% in 2022. During 2015–2022, RT106 re-
placed RT027 as the predominant strain type and had 
an overall combined prevalence of 12.2% (434/3,560).

Of 1,062 pediatric samples analyzed, 834 (78.5%) 
were HA CDI and 228 (21.5%) were CA CDI, and 
we identified 145 unique RTs. The most common 
RTs among pediatric CDI cases were RT106 (17.0% 
HA, 13.2% CA), RT020 (8.2% HA, 11.4% CA), RT014 
(7.9% HA, 9.2% CA), RT056 (4.4% HA, 4.0% CA), 
and RT002 (4.4% HA, 3.1% CA) (Figure 4). The 20 

Figure 2. Regional adult and pediatric healthcare-associated and community-associated Clostridioides difficile infection (CDI) rates, 
Canada, 2015–2022. A) Healthcare-associated CDI; B) community-associated CDI. Western region includes British Columbia, Alberta, 
Saskatchewan, and Manitoba; Central region includes Ontario and Quebec; Eastern region includes Nova Scotia, New Brunswick, 
Prince Edward Island, and Newfoundland and Labrador. Northern region is Nunavut. The Northern region has reported 0 cases of CDI 
since they started conducting surveillance in 2020. 

http://www.cdc.gov/eid
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most prevalent pediatric RTs accounted for 74.6% 
of isolates tested (Appendix 1 Figure 2). RT106 rates 
increased from 13.3% in 2015 to 16.8% in 2021 and 
decreased to 8.8% in 2022 (p = 0.02). In contrast to 
adult cases, RT027 prevalence was lower in pediatric 
cases (average 3.2%) and fluctuated throughout the 
study period.

Prevalence of livestock-associated strains RT078 
and RT126 averaged 2.8% (range 1.8%–5.8%) among 
adult CDI cases. Among pediatric CDI cases, those 
strains averaged 2.1% (range 1.1%–3.8%) (Appendix 
1 Table 2).

Clinical Outcomes
Of the 30,824 cases analyzed, 19.1% (n = 5,902) had 
outcome data available for adult (n = 4,715) and pe-
diatric (n = 1,265) patients. Overall, the 30-day all-
cause mortality rate was 10.6% (494/4,655) for adult 
patients, and 26.8% (128/477) of those deaths were 

directly or indirectly attributable to CDI. HA CDI 
comprised most adult all-cause (80.8%; 399/494) and 
CDI-attributable (76.6%; 98/128) deaths. We noted no 
major differences in adult CDI-attributable death by 
sex or older age (data not shown). In contrast, 1.4% 
(17/1,247) of pediatric CDI patients died of any cause 
at 30 days, and only 1 death was CDI-attributable and 
was HA CDI. We noted no statistically significant 
differences in all-cause death by age group (1 to <2 
years of age: 2.9% [4/139]; 2 to <12 years of age: 1.2% 
[8/676]; 12 to <18 years of age: 1.2% [5/432]; p = 0.3) 
(data not shown).

Comparing acquisition types, pediatric patients 
had significantly lower all-cause mortality rates than 
adult patients for HA CDI (1.7% vs. 12%; p<0.001) 
and CA CDI (0 vs. 7.9%; p<0.001) (Tables 1, 2). We 
observed no significant differences in ICU admission 
resulting from CDI complications between adult and 
pediatric patients for either acquisition type.

 
Table 1. Characteristics of adult and pediatric healthcare-associated Clostridioides difficile infections, Canada, 2015–2022* 
Characteristics Overall, n = 22,627 Adult cases, n = 21,405 Pediatric cases, n = 1,222 p value† 
Median age, y (IQR) 69 (56–80) 70 (59–81) 7 (3–13)  
Sex    0.024 
 F 10,994/22,625 (49) 10,445/21,404 (49) 549/1,221 (45)  
 M 11,631/22,625 (51) 10,959/21,404 (51) 672/1,221 (55)  
Median days from admission to infection (IQR) 10 (4–21) 10 (5–21) 7 (2–15) <0.001 
Median length of stay, d (IQR) 14 (7–23) 15 (9–24) 9 (5–18) <0.001 
Treatment 

   
NA 

 Metronidazole 6,377/18,907 (34) 5,818/17,947 (32) 559/960 (58) 
 

 Vancomycin 10,876/18,907 (58) 10,588/17,947 (59) 288/960 (30) 
 

 Metronidazole and vancomycin 982/18,907 (5.2) 957/17,947 (5.3) 25/960 (2.6) 
 

 Fidaxomicin 22/18,907 (0.1) 22/17,947 (0.1) 0/960 (0)  
 Other 186/18,907 (1.0) 170/17,947 (0.9) 16/960 (1.7) 

 

 No treatment 464/18,907 (2.5) 392/17,947 (2.2) 72/960 (7.5) 
 

 FMT referral 17/9,825 (0.2) 17/9,318 (0.2) 0/507 (0) >0.9 
30-day outcomes‡     
 Loop ileostomy§ 14/2,413 (0.6) 14/1,816 (0.8) 0/597 (0) 0.028 
 All-cause mortality 416/4,429 (9.4) 399/3,454 (12) 17/975 (1.7) <0.001 
 Severe outcome¶ 205/4,232 (4.8) 180/3,270 (5.5) 25/962 (2.6) <0.001 
 ICU admission for CDI complications 73/4,448 (1.6) 61/3,477 (1.8) 12/971 (1.2) 0.3 
 Colectomy 62/4,296 (1.4) 50/3,329 (1.5) 12/967 (1.2) 0.5 
 CDI-attributable death 99/405 (24) 98/388 (25) 1/17 (5.9) 0.084 
CDI recurrence#     
 Recurrence 223/2,709 (8.2) 205/2,514 (8.2) 18/195 (9.2) 0.6 
 Median days from primary infection to 
 recurrence (IQR) 

29 (21–40) 29 (21–41) 26 (22–30) 0.4 

 Recurrence length of stay, d (IQR) 10 (6–19) 10 (6–16) 30 (30–30) 0.2 
 Recurrence FMT referral 0/81  0/79  0/2  NA 
 Recurrence loop ileostomy 1/81 (1.2) 1/78 (1.3) 0/3 >0.9 
 Recurrence all-cause mortality 16/189 (8.5) 16/177 (9.0) 0/12 0.6 
 Recurrence severe outcome¶ 8/186 (4.3) 8/174 (4.6) 0/12 >0.9 
 ICU admission for recurrent CDI complications 3/198 (1.5) 3/185 (1.6) 0/13 >0.9 
 Recurrence-attributable death 5/16 (31) 5/16 (31) 0 NA 
 Recurrence colectomy 1/196 (0.5) 1/183 (0.5) 0/13 >0.9 
*Values are no. cases/no. in category (%) except as indicated. Denominators for individual case characteristic vary because missing or unknown values 
were excluded from the analysis. Bold font indicates statistical significance. CDI, C. difficile infection; FMT, fecal microbiota transplant; ICU, intensive care 
unit; IQR, interquartile range; NA, not applicable. 
†p value determined by Wilcoxon rank-sum test, Fisher exact test, or Pearson 2 test. 
‡Outcome data were collected during March–April of each calendar year for adult patients and year-round for pediatric patients. 
§Loop ileostomy added in 2018. 
¶Severe outcome was defined as CDI-attributable admission to an intensive care unit, colectomy, or death within 30 d of positive C. difficile specimen 
where CDI was the cause of death or contributed to death. 
#Adult and pediatric cases identified during March–April of each calendar year were followed prospectively for 8 weeks for recurrence. 

 

http://www.cdc.gov/eid
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Of 5,686 cases with available data, 5.4% (242/4,454) 
of adult cases and 2.8% (34/1,232) of pediatric cases 
had a severe CDI-related outcome <30 days after the 
first C. difficile–positive specimen. More adult than 
pediatric patients experienced a severe outcome for 
HA CDI (12% vs. 1.7%; p<0.001), but we noted no sta-
tistically significant difference for CA CDI (5.2% adult 
vs. 3.3% pediatric; p = 0.2) (Tables 1, 2).

Compared with patients with non-RT027 CDI, 
patients with RT027 had adjusted odds of 2.15 (95% 
CI 1.63–2.90; p<0.0001) times higher for severe CDI 
and of 1.93 (95% CI 1.31–2.90; p = 0.0005) times higher 
for CDI-related severe outcome (Table 3). In addition, 
RT027 patients had much higher odds of being adult 
than pediatric and of having HA rather than CA CDI. 
In contrast, RT106 strains were less likely to be associ-
ated with adult cases, but we found no evidence of 
association with severe CDI outcomes compared with 
non-RT106 strains.

CDI Recurrence
Rates of recurrent CDI within 8 weeks of the first pos-
itive specimen were similar in adult (7.9%) and pedi-
atric (7.2%) patients (p = 0.6). Median time from pri-
mary infection to recurrence was 29 (IQR 22–40) days, 
and we noted no major difference between adult and 
pediatric patients (data not shown). We noted no sta-
tistically significant differences in recurrence by age 
group (Tables 1, 2); however, pediatric recurrence 
was significantly higher for HA CDI (9.2%; 18/195) 
than CA CDI (2.4%; 2/84) (p = 0.04), and adult recur-
rence was similar, 8.2% (205/2,514) for HA and 7.4% 
(79/1,065) for CA (p = 0.5) (data not shown). Among 
cases with recurrent outcome data (n = 247), 9 (3.6%) 
had severe outcomes; all were adult patients.

Antimicrobial Susceptibility
We conducted antimicrobial resistance testing for iso-
lates collected during 2015–2022 (Appendix 2 Tables 

 
Table 2. Characteristics of adult and pediatric community-associated Clostridioides difficile infections, Canada, 2015–2022* 
Characteristics Overall, n = 8,197 Adult cases, n = 7,845 Pediatric cases, n = 352 p value† 

Median age, y (IQR) 66 (52–78) 67 (54–79) 10 (4–15)  
Sex     
 F 4,525/8,197 (55) 4,351/7,845 (55) 174/352 (49) 0.070 
 M 3,672/8,197 (45) 3,494/7,845 (45) 178/352 (51)  
Median length of stay, d (IQR) 7 (4, 12) 7 (4, 13) 5 (2, 8) <0.001 
Treatment 

   
NA 

 Metronidazole 2,264/7,497 (30) 2,100/7,225 (29) 164/272 (60) 
 

 Vancomycin 4,515/7,497 (60) 4,441/7,225 (61) 74/272 (27) 
 

 Metronidazole and vancomycin 448/7,497 (6.0) 436/7,225 (6.0) 12/272 (4.4) 
 

 Fidaxomicin 7/7,497 (<0.1) 7/7,225 (<0.1) 0/272  
 Other 72/7,497 (1.0) 72/7,225 (1.0) 0/272 

 

 No treatment 191/7,497 (2.5) 169/7,225 (2.3) 22/272 (8.1) 
 

 FMT referral 13/4,360 (0.3) 13/4,228 (0.3) 0/132 >0.9 
30-day outcomes‡     
 Loop ileostomy§ 8/874 (0.9) 8/730 (1.1) 0/144 0.4 
 All-cause mortality 5/1,473 (6.4) 95/1,201 (7.9) 0/272 <0.001 
 Severe outcome¶ 71/1,454 (4.9) 62/1,184 (5.2) 9/270 (3.3) 0.2 
 ICU admission for CDI complications 27/1,482 (1.8) 22/1,203 (1.8) 5/279 (1.8) >0.9 
 Colectomy 23/1,470 (1.6) 19/1,193 (1.6) 4/277 (1.4) >0.9 
 CDI-attributable death 30/89 (34) 30/89 (34) 0 NA 
CDI recurrence#     
 Recurrence 81/1,149 (7.0) 79/1,065 (7.4) 2/84 (2.4) 0.083 
 Median days from primary infection to  
 recurrence (IQR) 

29 (23–38) 29 (23–38) 36 (36–36) 0.5 

 Recurrence length of stay, d (IQR) 9 (5, 17) 9 (5, 17) NA NA 
 Recurrence FMT referral 0/35 0/34  0/1  NA 
 Recurrence loop ileostomy 0/37 0/36  0/1  NA 
 Recurrence all-cause mortality 3/67 (4.5) 3/66 (4.5) 0/1  >0.9 
 Recurrence severe outcome¶ 1/61 (1.6) 1/61 (1.6) 0 NA 

 ICU admission for recurrent CDI complications 0/69 0/69  0 NA 
 Recurrence-attributable death 1/2 (50) 1/2 (50) 0 NA 
 Recurrence colectomy 0/68 0/67  0/1  NA 
*Values are no. cases/no. in category (%) except as indicated. Denominators for individual case characteristic vary because missing or unknown values 
were excluded from the analysis. Bold font indicates statistical significance. CDI, C. difficile infection; FMT, fecal microbiota transplant; ICU, intensive care 
unit; IQR, interquartile range; NA, not applicable. 
†p value determined by Wilcoxon rank-sum test, Fisher exact test, or Pearson 2 test. 
‡Outcome data was collected during March–April of each calendar year for adult patients and year-round for pediatric patients. 
§Loop ileostomy added in 2018. 
¶Severe outcome was defined as CDI-attributable admission to an intensive care unit, colectomy, or death within 30 d of positive C. difficile specimen 
where CDI was the cause of death or contributed to death. 
#Adult and pediatric cases identified during March–April of each calendar year were followed prospectively for 8 weeks for recurrence. 
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1, 2, https://wwwnc.cdc.gov/EID/article/31/6/25-
0182-App2.xlsx). Among HA CDI during the study 
years, 18.0% of adult and 5.8% of pediatric cases were 
moxifloxacin resistant, 27.7% of adult and 24.0% of 
pediatric cases were clindamycin resistant, and 1.6% 
of adult and 1.7% of pediatric cases were rifampin re-
sistant. For CA CDI, 10.7% of adult and 7.9% of pedi-
atric cases were moxifloxacin resistant, 28.4% of adult 
and 23.7% of pediatric cases were clindamycin resis-
tant, and 1.3% of adult and no pediatric cases were ri-
fampin resistant. Overall moxifloxacin resistance was 
higher in adult (16.2%) than pediatric (6.2%) popula-
tions. Of note, from 2015 to 2022, moxifloxacin resis-
tance decreased by 27.3% for adult HA CDI and 14.2% 
for adult CA CDI. Despite variability in clindamycin 
resistance (range 8.8%–50.4%) during the study pe-
riod, overall resistance was 27.9% for adult and 23.9% 
for pediatric cases.

Among the isolates examined, RT027 accounted 
for 55.0% (316/575) of adult and 24.2% (16/66) of pe-
diatric moxifloxacin-resistant isolates. Among RT027 
samples, 78.2% (316/404) of adult and 47.1% (16/34) of 

pediatric isolates were moxifloxacin resistant. Among 
moxifloxacin-resistant RT027, all pediatric (n = 16) and 
97.5% (308/316) of adult samples had MICs >32 µg/
mL. In contrast, RT106, the most prevalent (13.1%) pe-
diatric strain type and second most prevalent (12.2%) 
adult strain type, accounted for 16.7% (11/66) of pe-
diatric and 6.6% (38/575) adult moxifloxacin-resistant 
isolates. Overall, fluoroquinolone resistance in RT106 
isolates was much lower in adult (8.8%, 38/434) and 
pediatric (6.4%, 11/172) populations.

Of note, multidrug resistance was more com-
mon among tested RT027 strains. Of 231 (206 adult, 
25 pediatric) isolates resistant to both moxifloxacin 
and clindamycin, 37.2% (n = 86; 83 adult, 3 pediatric) 
were RT027. Of 31 (29 adult, 2 pediatric) isolates re-
sistant to moxifloxacin, clindamycin, and rifampin, 
51.6% (n = 16) were RT027. In contrast, no RT106 iso-
lates exhibited resistance to moxifloxacin, clindamy-
cin, and rifampin.

One RT012 isolate from a 2018 pediatric HA CDI 
case was metronidazole resistant (MIC 48 µg/mL), 
and 2 adult cases were vancomycin intermediate  

Figure 3. Percentages of 
5 most common ribotypes 
detected among isolates in 
a characterization of adult 
healthcare-associated and 
community-associated 
Clostridioides difficile infection 
(CDI), Canada, 2015–2022. 
A) Healthcare-associated CDI 
rates; B) community-associated 
CDI rates. RT, ribotype.

http://www.cdc.gov/eid
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resistant: an RT002 HA CDI case in 2019 (MIC 6 µg/
mL) and an RT126 CA CDI case in 2021 (MIC 12 µg/
mL). Treatment and outcome data were not avail-
able for the metronidazole-resistant case. For the 2 
adult vancomycin intermediate resistant cases, both 
were treated with vancomycin and had no severe 
outcomes, indicated treatment failure, or reported re-
currence. We did not observe tigecycline resistance in 
any cases during the study period.

Discussion
We analyzed 8 years of CDI surveillance data from 
adult and pediatric inpatients from acute care hos-
pitals in Canada. Nationally, HA CDI rates declined 
by 19.9% in adult and 29.6% in pediatric inpatients 
and CA CDI rates declined by 58.3% among pediat-
ric inpatients. Epidemiologic and molecular charac-
terization of CDI in adult and pediatric populations 
revealed more severe 30-day outcomes among adult 
than pediatric patients and that RT106 was the pre-
dominant ribotype in both populations.

Decreasing national adult and pediatric HA CDI 
rates coincided with global declines in CDI, including  

in the United States (21,22). One study reported the 
annual rate of pediatric CDI-associated hospital-
ization in the United States increased from 7.24 to 
12.8/10,000 hospitalizations during 1997–2006 (23), 
and another reported a doubling in annual inci-
dence among 22 pediatric hospitals in a multicenter 
study during 2001–2006 (24). A more recent estimate 
showed the overall CDI burden in the United States 
decreased 24% from 2011 to 2017, after adjusting for 
testing method (22). The decreases in pediatric HA 
CDI rates we report during 2015–2022 are a reversal 
from trends reported by CNISP from 2007–2011 (25), 
and adult HA CDI rates continued the decline trends 
observed during 2011–2016 (19). Although the rea-
sons for declining incidence in Canada are not fully 
elucidated, enhanced infection control and antimi-
crobial stewardship measures might have contribut-
ed (26,27). Declines in RT027 and changes in testing 
methodology and criteria might have further contrib-
uted to decreased CDI rates (28).

The nondecreasing trends in adult CA CDI in-
cidence during 2015–2022 could be attributed to 
the increase in adult CA CDI during the COVID-19  

Figure 4. Percentages of 5 most 
common RTs detected among 
isolates in a characterization of 
pediatric healthcare-associated 
and community-associated 
Clostridioides difficile infection 
(CDI), Canada, 2015–2022. 
A) Healthcare-associated CDI 
rates; B) community-associated 
CDI rates. RT, ribotype.
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pandemic period (2019–2022), after our previous re-
port of declining incidence during 2015–2019 (17). In 
agreement with previous findings, our study showed 
that adult CA CDI patients were more likely to be 
younger and female compared with HA CDI patients 
(29–31). In contrast, pediatric CA CDI patients were 
more likely to be older, and we noted no differences 
in sex. Although age group–specific data on CA CDI 
incidence is sparse, population-based estimates in the 
United States increased during 2012–2017 (32). Data 
from Europe reported a 2018–2020 mean CA CDI hos-
pital incidence of 1.35 cases/1,000 patient admissions 
(33), but those data were not stratified by age group. 
The decreases in pediatric CDI rates we report coin-
cide with other reported decreases among hospital-
ized pediatric patients from 49 US pediatric tertiary 
care centers without distinction of acquisition type 
(34). A single-center study in Taiwan reported an over-
all 2013–2019 pediatric CA CDI incidence rate of 0.564 
cases/1,000 patient admissions, although that rate in-
creased substantially from the 2007–2012 period (35). 

Molecular analysis of CDI isolates in Canada re-
vealed a dynamic and heterogeneous RT population 
and that RT106 predominated in both adult and pe-
diatric patients. RT106, first identified in the United 
Kingdom in 1999 (36), is now found worldwide and 
is among the most prevalent strains in the United 

States (37). Reports of enhanced spore-producing and 
biofilm-forming capabilities of RT106 suggest adap-
tive advantages that might enable greater persistence 
in the environment and hospital settings, possibly 
leading to increased infection and recurrence rates 
(36–39). 

RT027 prevalence in Canada decreased substan-
tially among adults and remained relatively low in 
pediatrics inpatients. Parallel decreases in RT027 
prevalence have been observed in North America, 
the United Kingdom, and elsewhere (1,32,40–42). De-
spite a decrease in prevalence, multivariable analysis 
revealed that patients infected with RT027 were more 
likely to be adults with HA CDI, who also experi-
enced more severe CDI-related ICU admission, col-
ectomy, or death.

Livestock-associated C. difficile RT078 and 
RT126, notable from a One Health perspective, have 
demonstrated increased virulence, disease severity, 
and epidemic potential in several countries in Eu-
rope (43,44) but appear to be uncommon in hospital-
ized CDI patients in Canada. Overall, adult RT078 
and RT126 prevalence was 2.8% and pediatric prev-
alence was 2.1%, a small increase from previously 
reported data (13).

Antimicrobial susceptibility testing suggested 
that resistance in C. difficile is lower in Canada than 

 
Table 3. Multivariate regression modeling of epidemiologic factors in characterization of adult and pediatric healthcare-associated and 
community-associated Clostridioides difficile infections, Canada, 2015–2022* 

Characteristics 
Univariable analysis 

 
Multivariable analysis 

Odds ratio (95% CI) p value Odds ratio (95% CI) p value 
RT027 (n = 438) vs. non-RT027 (n = 4,184) strains 
 Age group      
  Adult 3.87 (2.75–5.63) <0.0001  3.42 (2.35–5.18) <0.0001 
  Pediatric Referent   Referent  
 Sex      
  F Referent   Referent  
  M 0.97 (0.79–1.17) 0.720  0.97 (0.79–1.20) 0.970 
 CDI case type      
  Community-associated Referent   Referent  
  Healthcare-associated 2.16 (1.65–2.89) <0.0001  2.18 (1.64–2.95) <0.0001 
  Severe CDI† 2.24 (1.71–2.99) <0.0001  2.15 (1.63–2.90) <0.0001 
  Severe outcome‡ 2.27 (1.56–3.24) <0.0001  1.93 (1.31–2.90) 0.0005 
RT106 (n = 606) vs. non-RT106 (n = 4,016) strains 
 Age group      
  Adult 0.72 (0.59–0.87) 0.0007  0.71 (0.58–0.88) 0.002 
  Pediatric Referent   Referent  
 Sex      
  F Referent   Referent  
  M 0.905 (0.76–1.07) 0.251  0.89 (0.74–1.07) 0.208 
 CDI case type      
  Community-associated Referent   Referent  
  Healthcare-associated 0.99 (0.81–1.21) 0.921  1.01 (0.82–1.25) 0.936 
  Severe CDI† 0.83 (0.69–1.01) 0.0621  0.87 (0.72 – 1.06) 0.168 
  Severe outcome‡ 0.76 (0.41–1.17) 0.233  0.80 (0.50 – 1.24) 0.345 
*Bold font indicates statistical significance. CDI, C. difficile infection. 
†Severe CDI defined as albumin level <30 g/L, leukocyte count >15 × 109 cells/L, or both. 
‡Severe outcome was defined as CDI-attributable admission to an intensive care unit, colectomy, or death within 30 d of first positive C. difficile specimen 
where CDI was the cause of death or contributed to death. 
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in the United States or globally (8). The percent-
age of tested isolates resistant to moxifloxacin (2%–
87%), clindamycin (15%–97%), and metronidazole 
(0.1−18.3%) were previously reported (8,45). Strati-
fied by case type, HA and CA CDI isolates revealed 
no major differences in resistance for either adult or 
pediatric populations, except for moxifloxacin. Adult 
moxifloxacin resistance was 16.5% for HA CDI and 
10.0% for CA CDI. Moxifloxacin resistance was low-
er in the pediatric population; 5.7% of HA and 7.7% 
CA CDI isolates exhibited resistance. Most striking-
ly, among RT027 isolates characterized, moxifloxa-
cin resistance decreased from 92.1% to 9.1% in adult 
and from 66.7% to 0 in pediatric populations dur-
ing 2015–2022. The exceptionally high percentage 
of tested RT027 moxifloxacin-resistant isolates re-
corded at the beginning of our study parallels rates 
observed in the United States, where 98% resistance 
was recorded (46). Similarly, our findings are consis-
tent with a previously published study from North 
America that found RT027 strains are more likely to 
be resistant to multiple drugs, including clindamy-
cin, moxifloxacin, and rifampin (47). The lower re-
sistance observed in our diverse RT population is 
consistent with the suggestion that RT heterogeneity 
is inversely correlated with antimicrobial resistance, 
as measured by cumulative resistance scores (48,49).

The first limitation of our study is that hospitals 
self-select whether to participate in both HA and 
CA CDI surveillance; participation varied over time, 
which might have influenced comparisons between 
patients and observed temporal trends. Thus, we 
conducted sensitivity analyses restricted to hospitals 
that conducted both HA and CA CDI surveillance 
and to hospitals that participated in all 8 years of the 
study period, and results of those analyses were not 
significantly different from the full analyses. Second, 
although CDI diagnostic testing methods were col-
lected throughout the study period, data complete-
ness was not consistent from year to year, limiting 
the inferences we could make regarding the effect of 
CDI diagnostic testing methods on adult and pediat-
ric rates over time. Third, for CA CDI surveillance, 
we captured data from patients admitted to a CNISP 
hospital and requiring medical intervention for CDI 
symptoms or other underlying conditions. The fea-
tures and outcomes of those patients might not be 
relevant to patients with CA CDI who do not require 
hospital care. Fourth, isolates and outcome data were 
only collected for adults during a 2-month targeted 
period and might not represent the epidemiologic 
and molecular characteristics across the full year.  
Finally, although a qualified physician determined 

the cause of death in CDI patients, attribution of 
death is difficult and could be subjective.

In conclusion, rates of adult and pediatric HA 
CDI in Canada declined during 2015–2022, coinciding 
with decreased prevalence of RT027 and increased 
prevalence of RT106. We noted major decreases 
in antimicrobial resistance to moxifloxacin in both 
adult HA and CA CDI populations, concordant with 
an overall decrease in prevalence of RT027. Despite 
declining rates, CDI continues to be a major health 
burden in Canada. To ensure continued success in 
combatting this global health threat, robust national 
surveillance and infection prevention and control 
programs are integral to clarifying CDI epidemiol-
ogy, investigation, and control.
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