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infections in Canadian pediatric hospitals: an observational study

Nicole Le Saux MD, Julie Bettinger PhD, Hennady P. Shulha PhD, Manish Sadarangani BM BCh,
Doug Coyle PhD, Timothy F. Booth PhD, Taj Jadavji MD, Scott A. Halperin MD;

For members of Immunization Monitoring Program Active

Background: Canadian immunization programs for rotavirus started in 2011. We sought to determine their effect on the burden of
community-acquired admissions and hospital-acquired rotavirus at pediatric hospitals.

Methods: The Canadian Immunization Monitoring Program Active (IMPACT) network conducted active surveillance for rotavirus-
positive hospital admissions between 2005 and 2020 at 12 pediatric hospitals. We used yearly rates of community-acquired rotavirus
per 10000 admissions and hospital-acquired rotavirus infections per 1000 patient-days to determine changes in the pre- and post-
vaccine program periods.

Results: During the 15-year study period, 5691 rotavirus hospital admissions and hospital-acquired infections were detected, includ-
ing 4323 (76%) community-acquired infections and 1368 (24%) hospital-acquired infections. The average community-acquired rate in
the pre-vaccine period was 60.3 (95% confidence interval [Cl] 53.7—68.3) per 10000 admissions, with a decline to 11.0 (95% CI 7.5—
15.1) per 10000 admissions in the post-vaccine period, resulting in an average reduction of 81.7% (95% CI 74.4%—87.8%). The rate
of hospital-acquired rotavirus declined from 0.35 (95% CI 0.29-0.41) per 1000 patient-days in the pre-vaccine period to 0.05 (95% ClI
0.03-0.07) per 1000 patient-days in the post-vaccine period, resulting in an 85.3% (95% CI 77.7%—-91.9%) average decline. Herd
protection was present among children aged 2—16 years.

Interpretation: Although start dates of rotavirus vaccine programs across provinces varied, there was around an 80% average
decrease in both community-acquired and hospital-acquired rotavirus infections at pediatric hospitals in Canada in the 1- to 9-year inter-
val after implementation of rotavirus vaccine programs. Herd protection is an important aspect of rotavirus vaccines for other children
who are not vaccine eligible, and rotavirus vaccines continue to provide important benefits both for children and health care systems.

otavirus is a major cause of pediatric gastroenteritis
worldwide with severe manifestations in 1%-2% of
infected infants.! Before the availability of the rota-
virus vaccine, it was estimated that there were between 4500
and 10000 hospital admissions for rotavirus annually in Can-
ada and an economic analysis concluded that immunization
would be cost-effective.>’ T'wo live attenuated vaccines,
(monovalent Rotarix [i.e., Rot-1] from GlaxoSmithKline Bio-
logicals, given at 2 and 4 mo of age, and pentavalent RotaTeq
[i.e., Rot-5] from Merck, given at 2, 4 and 6 mo of age) are
approved for infants in Canada. Provincial and territorial
publicly funded rotavirus vaccine programs started in 2011.
The Canadian national immunization coverage report in
2021 reported 85.6% coverage for 2 doses of rotavirus vac-
cine, while provinces have reported 72%-84.2% coverage.*®
Rotavirus vaccine programs were introduced in United
States, Australia and the United Kingdom in 2006, 2007 and
2013, respectively, resulting in decreases in rates of hospital
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admission of 75%-80%.”"* A Canadian study using adminis-
trative discharge data from 7 provinces determined that, for
children younger than 3 years, hospital admissions for rotavirus
gastroenteritis had decreased 53 %—75% within 2 years of start-
ing a program.'* The aim of this study was to determine the
impact of publicly funded rotavirus immunization programs on
both admissions for community-acquired rotavirus infections
and hospital-acquired rotavirus at tertiary care pediatric hos-
pitals in Canada. We also sought to determine vaccine failures
and estimates of herd protection in the post-vaccine period.
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Setting

Active surveillance for hospital admissions for community-
acquired rotavirus infections and hospital-acquired
rotavirus infections was conducted by 12 pediatric hospitals
from 2005 to 2020 through the Canadian Immunization
Monitoring Program, Active (IMPACT) surveillance
network, which covers 50% of pediatric hospital
admissions in Canada and 90% of tertiary pediatric care
beds.” The Rot-1 vaccine (Rotarix) was used primarily
until mid-2018, after which Rot-5 (Rotateq) was used
through 2020. The month and year of initiation of publicly
funded immunization programs in Canada, including
provinces and territories without IMPACT sites, is shown
in Table 1. The IMPACT program collects total hospital
admissions and hospital inpatient days (excluding newborn
nursery and mental health admissions) yearly.

Study participants

We included children aged 0-16 years who had laboratory-
confirmed rotavirus infections who were admitted to an
IMPACT hospital between Jan. 1, 2005, and Dec. 31,
2020. Since some sites restrict admission to patients
16 years or younger, we excluded older participants for all
sites to avoid underrepresentation of patients aged 17 years
or older.
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Study design

Trained nurse monitors prospectively identified and listed any
patients with gastroenteritis from admission and scanned
microbiology reports for rotavirus on a regular basis. To
ensure completeness of case ascertainment, audits of discharge
codes from the International Classification of Diseases and Related
Health Problems, 10th Revision were conducted annually to
identify any missed cases using codes A08 (viral and other
intestinal infections), A09 (diarrhea and gastroenteritis of
infectious origin), K52.9 (noninfectious gastroenteritis), R11
(nausea and vomiting) and R15 (fecal incontinence). If found,
these cases were screened for rotavirus positivity. We
included patients if they had acute gastrointestinal symptoms
(diarrhea with or without vomiting). We excluded patients
with rotavirus-positive specimens detected less than 72 hours
after admission who were admitted for unrelated reasons (e.g.,
trauma), as they were not admitted for gastroenteritis.

All centres used the same strategies and definitions for
finding patients from 2005 onward. The case report form was
also the same, except for the clinical variables that were modi-
fied as of 2008. Rotavirus from stool specimens was detected
using either enzyme-linked immunoassay or molecular diag-
nostics (i.e., polymerase chain reaction).

We defined patients with laboratory confirmation of
rotavirus less than 72 hours after hospital admission as
having community-acquired infections. We defined
rotavirus infections identified from patients 72 hours or

Table 1: Dates of introduction for publicly funded rotavirus immunization programs in Canada by province with and without
IMPACT sites

Province or territory Date Designated year 0
With IMPACT sites

Ontario (2 sites: Hospital for Sick Children, Toronto, and Children’s August 2011 201
Hospital of Eastern Ontario, Ottawa)

Québec (3 sites: CHU Sainte-Justine, Montréal; Montréal Children’s November 2011 2012
Hospital, Montréal; and CHU Laval-Centre mere-enfant Soleil,

Québec)

British Columbia (1 site: BC Children’s Hospital) January 2012 2012
Saskatchewan (1 site: Jim Pattison Children’s Hospital, Saskatoon) November 2012 2013
Manitoba (1 site: The Children’s Hospital of Winnipeg, Winnipeg) April 2014 2014
Alberta (2 sites: Stollery Children’s Hospital, Edmonton, and Alberta June 2015 2015
Children’s Hospital, Calgary)

Newfoundland (1 site: Eastern Health Janeway Child Health and September 2015 2015
Rehabilitation Centre, St. John’s)

Nova Scotia (1 site: IWK Health Centre, Halifax) November 2019 2020
Without IMPACT sites

Prince Edward Island December 2010 NA
New Brunswick May 2018 NA
Northwest Territories Fall 2013 NA
Nunavut December 2017 NA
Yukon October 2012 NA
Note: CHU = centre hospitalier universitaire; IMPACT = Immunization Monitoring Program, Active; NA = not applicable.
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more after admission or from those readmitted with
rotavirus within 48 hours after the initial discharge as being
hospital-acquired infections.

Data were abstracted from medical charts after patient dis-
charge using a structured case report form. Data included demo-
graphics, pre-existing comorbid or immune-compromising
conditions, clinical features (e.g., presence of dehydration,
electrolyte abnormalities, seizures), length of stay, number
and type of rotavirus vaccine received and outcome.
Prematurity was defined as a child born at 36 weeks’ gestation
or less who was still in the first year of life. The determination
of dehydration was based on admission notes. If not recorded
in the hospital chart, data were reported as not available.

We defined a vaccine failure as when a child with rotavirus
gastroenteritis had received 2 doses of Rot-1 or 3 doses of
Rot-5 vaccine at least 2 weeks before admission.

Statistical analysis

We reported the overall, age-specific and site-specific rates of
community-acquired rotavirus admission per 10000 hospital
admissions. We calculated the rates of hospital-acquired
rotavirus infections per 1000 inpatient days. We stratified
patients by age group (0-11 mo, 12-23 mo, 24-59 mo, 5-9 yr
and 10-16 yr).

For each province, we designated the year rotavirus vac-
cine programs were introduced as year 0, with the years
before vaccine programs being designated —15 to -1 and
years following introduction designated as +1 to +9. We
conducted all calculations with the year of vaccination pro-
gram start as year 0, including sites where the program
started in November or later where the next calendar year
was designated as year 0, as this would allow time for pro-
gram roll-out. We excluded patients with rotavirus in year 0
cases in the pre- and post-vaccine periods calculations. To
calculate rate reduction, we determined the average rates for
the pre- and post-vaccine eras. Each year contributed 1 data
point. We used the change between these 2 rates to deter-
mine the percentage for the rate reduction. We estimated
confidence intervals (Cls) for the average rates and percent-
age changes between rates using a nonparametric bootstrap
with 100000 replications.

Analysis for indirect effect of the vaccine included only
individuals within age groups who were previously or
currently ineligible for vaccine based on age.!® We calculated
average rates of rotavirus hospital admissions for community-
acquired rotavirus infections and hospital-acquired rotavirus
infections in these eligible cohorts separately for the pre- and
post-vaccine periods.

We calculated proportions of patients with clinical features
and ICU admissions, and average lengths of stay for each of
the pre- and post-vaccine eras among patients with
community-acquired rotavirus only, since patients with
hospital-acquired infections may have confounding symptoms
related to pre-existing conditions or treatments.

We conducted analyses in R (version 4.1.1; The R Project
for Statistical Computing) and data cleaning in SAS (ver-
sion 9.4, SAS Institute).
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Ethics approval
We obtained research or hospital ethics board approval at all
sites.

A total of 5691 rotavirus hospital admissions and hospital-
acquired infections were identified at the 12 sites from Jan. I,
2005, to Dec. 31, 2020, of which 4323 (75.9%) were
community-acquired infections and 1368 (24.0%) were
hospital-acquired infections. Overall, the median age for
community-acquired infections was 1.5 (interquartile range
[IQR] 0.8-2.9) years and 0.8 (IQR 0.3-2.0) years for hospital-
acquired infections. Of the 5691 infections, 2148 (37.7%)
were among children aged 0-11 months, 1523 (26.7%) were
among those aged 12-23 months, 1305 (22.9%) were among
those aged 24-59 months, 479 (8.4%), were among those
aged 5-9 years and 236 (4.1%) were among children aged
10-16 years. Of the entire cohort of 5691 children, 2621
(46.0%) had underlying comorbidities (Appendix 1, available
at www.cmajopen.ca/content/11/6/E1156/suppl/DC1) and
among this group, 790 (13.9%) were immunosuppressed.

Comparisons of pre- and post-vaccine periods

The rates between periods were based on a comparison of the
mean of the 15 pre-implementation rates and the mean of the
9 post-implementation rates. The overall average rate of
community-acquired rotavirus admissions decreased from
60.3 (95% CI 53.7-68.3) per 10000 admissions in the pre-
vaccine period to 11.0 (95% CI 7.5-15.1) per 10000 admis-
sions in the post-vaccine period, resulting in a rate reduction
of 81.7% (95% CI 74.4%-87.8%). The prevalence of hospital-
acquired rotavirus per 1000 patient-days decreased by 85.3%
(95% CI77.7%-91.9%) from 0.35 (95% CI 0.29-0.41) in the
pre-vaccine period to 0.05 (95% CI 0.03-0.07) per 1000
patient-days in the post-vaccine period. Given the large
observed decrease in rates, an analysis based on actual counts
that also accounted for interprovincial differences and auto-
correlation in rates may have resulted in Cls that are different
from the ones presented here, but the magnitude would be
similar. The average rates by province in the pre- and post-
vaccine periods are illustrated in Figure 1.

The demographics of patients with community- and
hospital-acquired rotavirus by pre- and post-vaccine period
are seen in Table 2. The overall proportion of community-
acquired patients aged 24 months or older in the pre-vaccine
period was 35%, compared with 56% in the post-vaccine
period. Among 3331 patients with community-acquired infec-
tions in the pre-vaccine period, 2277 (68.4%, 95% CI 66.8%—
69.0%) were generally healthy, versus 372 (53.4%, 95% CI
52.9%-60.4%) of 656 in the post-vaccine period. Among
1109 patients with hospital-acquired infections, in the pre-
vaccine period, 190 (17.1%, 95% CI 15.0%-19.5%) were
healthy, compared with 9 (5.5%, 95% CI 3.0%-10.2%) of
162 in the post-vaccine period. Comparison of clinical fea-
tures in patients with community-acquired disease in pre- and
post-vaccine periods is seen in Table 3.
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Figure 1: (A) Average yearly rate of community-acquired rotavirus admissions per 10000 hospital admissions and (B) average yearly rate of
hospital-acquired rotavirus infections per 1000 patient-days by province from 2005 to 2020, in the pre- and post-vaccine periods, excluding year

of program implementation (year 0).

Table 2: Ages of patients with community-acquired rotavirus infections admitted to hospital or hospital-acquired rotavirus
infection in the pre-vaccine versus post-vaccine time periods*
No. (%) of patients in pre-vaccine program periodt No. (%) of patients in post-vaccine program periodt
Community- Hospital- Community- Hospital-
acquired acquired Total acquired acquired Total
Age n = 3331 n=1109 n = 4440 n =656 n=162 n=23818
Age, yr, mean 2.3 2.0 2.2 3.4 2.8 3.0
Age, yr, median (IQR) 1.5 (0.8-2.7) 0.8 (0.3-1.8) 1.3 (0.6-2.5) 2.4 (1.1-4.9) 1.0 (0.2-3.4) 1.8 (0.8-3.8)
Age group
0-11 mo 1118 (33.5) 648 (58.4) 1766 (39.8) 161 (24.6) 79 (48.8) 240 (29.3)
12-23 mo 1027 (30.8) 209 (18.8) 1236 (27.8) 129 (19.7) 26 (16.0) 155 (19)
24-59 mo 833 (25.0) 133 (12.0) 966 (21.8) 207 (31.6) 27 (16.7) 234 (28.6)
5-9 yr 243 (7.3) 56 (5.0) 299 (6.7) 126 (19.2) 15 (9.2) 141 (172)
10-16 yr 110 (3.3) 63 (5.7) 173 (3.9) 33 (5.0) 15 (9.2) 48 (5.9)
Note: IQR = interquartile range.
*Excludes 433 patients from year of vaccine introduction (year 0) at all sites.
tUnless indicated otherwise.

The yearly average rates in the pre- and post-vaccine per-
iods by age is illustrated in Figure 2. Among vaccine-ineligible
children, the average admission rates for community-acquired
infections decreased 74%-91%, and the rate of hospital-
acquired infections decreased 61%-95% (Table 4).

In the post-vaccine period, 61 (7.4%) of 818 patients met
the definition of vaccine failure; of these, 53 (86.9%) were
community-acquired infections and 8 (13.1%) were hospital-
acquired infections. The mean age for patients with vaccine
failures was 1.9 (standard deviation [SD] 1.5) years and the
median was 1.7 IQR 0.9-2.4) years. Of these 61 patients, 27
(44.2%) had underlying comorbidities, of which 9 (33.3%)
had immunocompromising conditions.

During the entire surveillance period, a total of 40 (0.7%)
deaths, including 13 (32.5%) community-acquired infections
and 27 (67.5%) hospital-acquired infections, were reported
during a hospital admission. During the pre-vaccine period,
the average mortality rate was 0.25 per 10000 admissions and
was 0.18 per 10000 admissions during the post-vaccine period.
Of these 40 deaths, 39 (97.5%) had underlying diseases or pre-
maturity (one was unknown) with 26 (65.0%) occurring in the
pre-vaccine period (-1 to —15 yr), 4 (10%) occurring the year
of program start (yr 0) and 10 (25%) occurring in the post-
vaccine program period (+1 to +9 yr). Of the 10 deaths in the
post-vaccine period, 6 were community-acquired infections
(3 patients aged 0-23 mo, 3 patients aged 24-59 mo) and
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Table 3: Comparison of clinical presentations and hospital admission for patients with community-acquired rotavirus infections
(2008-2020) in the pre-vaccine and post-vaccine periods, excluding those from year of vaccine implementation (year 0)
No. (%) of patients
Pre-vaccine period Post-vaccine period
Characteristic n=1972 n =656
Clinical presentations
Diarrhea, vomiting and fever 1466 (74) 408 (62)
Dehydration 1594 (81) 509 (78)
Electrolyte abnormalities 920 (47) 282 (43)
Shockt 37 (2) 20 (3)
Seizures 145 (7) 54 (8)
IV hydration 1906 (97) 624 (95)
Hospital admission
ICU admission 75 (3.8) 38 (5.7)
Days in ICU, median (IQR) 2(1-4) 1(1-3)
Length of hospital stay, d, median (IQR) 2 (2-4) 3 (2-5)
Note: ICU = intensive care unit, IQR = interquartile range, IV = intravenous.
*Unless otherwise indicated.
tShock criteria included low blood pressure and tachycardia.
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Figure 2: (A) Average yearly rate of community-acquired rotavirus admissions per 10000 hospital admissions and (B) average yearly rate of
hospital-acquired rotavirus infections per 1000 patient-days by age group from 2005 to 2020, in the pre- and post-vaccine periods, excluding

year of program implementation (year 0).

4 were hospital-acquired infections (all patients aged 0-11 mo);
7 had had no rotavirus vaccines, 2 had received 1 dose and 1
had received the complete series. It is unknown if rotavirus
infection contributed to the deaths.

This 15-year, real-world, active surveillance for rotavirus
infections in 12 Canadian pediatric hospitals demonstrates a
substantial and sustained decrease of 81.7% for community-
acquired rotavirus admissions and 85.3% for hospital-
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acquired rotavirus infections among children up to 16 years of
age since rotavirus vaccines were introduced into provincial
vaccine programs in 2011. Children aged 2-16 years who
were not eligible to receive the vaccine showed a 74%-91%
decrease in admission rates for community-acquired rotavirus
and a 61%-95% decrease in hospital-acquired infections. The
vaccine failure rate in this cohort was 7.4%.

Data from low-mortality countries have shown a vaccine effi-
cacy of 90% against admissions for severe disease among chil-
dren younger than 3 years, especially in the first years of pro-
grams, but did not include Canadian data.""'® Administrative
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Table 4: Average rates of hospital admission for community-acquired rotavirus infection and hospital-acquired rotavirus infection
among age groups that were not eligible for the vaccine in the pre- and post-vaccine periods
Rate
Average decrease in

Variable Pre-vaccine period Post-vaccine period rate, %
Average admission rate for community-acquired
infections per 10000 hospital admissions
Age group

24-59 mo 15.4 14 91

5-9 yr 6.1 1.6 74

10-16 yr 2.3 0.5 76
Average rate of hospital-acquired infections per
1000 patient-days
Age group

24-59 mo 0.054 0.003 95

5-9 yr 0.022 0.003 85

10-16 yr 0.012 0.005 61

and hospital data from both Ontario and Quebec 1.5-5 years
after implementation of vaccine programs also showed
declines of 53%-90% in hospital admissions for rotavirus
among children aged 2-5 years,'*1%2° supporting a comparable
long-term reduction rate of just over 80% for hospital admis-
sions. These data are comparable to reports from Finland,
England, Austria, the US, New Zealand and Australia docu-
menting decreases of 75%-92% in rotavirus admissions,
mainly in the first 5-6 years of program implementation.?!-
Data from 10-15 years after the availability of the rotavirus
vaccine in the US continued to show an 80% drop in admis-
sions despite estimates of rotavirus vaccine coverage of
73.2%.*728 Similar to other reports, we saw an increase in the
proportion of children older than 2 years admitted to hospital
for community-acquired disease in the post-vaccine period,
compared with the pre-vaccine period.'>?’ In New York, in
the 9-year post-vaccine period 15% of hospital admissions
were among children older than 5 years, compared with only
3.7% in the pre-vaccine period.’® Given high vaccine rates in
Canada, and as more cohorts receive the vaccine, it is
expected that these age differences will disappear if there is
continued high vaccine uptake and no substantial genotype
shifts that may jeopardize efficacy.’!

Hospital-acquired rotavirus infections often affect the most
vulnerable children in hospital and has substantal cost impli-
cations for pediatric hospitals through increased length of
stay.’? A previous IMPACT study had shown that 19%-27%
of rotavirus infections in hospitals were acquired in hospital.**
This study and others highlight substantial declines in
hospital-acquired rates very rapidly after program implemen-
tation, especially among children aged 0-11-months, suggest-
ing that community-acquired rotavirus admissions are likely a
major source of transmission to admitted patients.**

Herd immunity refers to a reduction in disease among
unvaccinated, susceptible people due to decrease in disease

among vaccinated people, which is influenced by exposure to
other infected children or previous immunity.!*¥” We saw
substantial reductions in hospital admissions for community-
acquired rotavirus and hospital-acquired rotavirus among
non-vaccine-eligible age groups, similar to studies 3—4 years
after the introduction of rotavirus vaccines, which noted
substantial indirect protection of 82%-90% among young
children’®®3? In Australia and the US, including a study
7 years after the rotavirus programs started, rotavirus admis-
sions decreased in all age groups, including adults, support-
ing substantial herd protection, likely due to decreased
transmission from infants who have been vaccinated.*** A
study in Finland, however, reported rotavirus disease in non-
vaccine-eligible cohorts 4-6 years after rotavirus vaccine
programs, especially outside epidemic seasons, despite high
vaccine rates.*

Knowledge gaps include whether children vaccinated in
infancy will develop more or less severe disease later in life
compared with cohorts with wild-type infections. As vaccin-
ated cohorts increase in size over time, dynamics of rotavirus
disease transmission are unknown. It is also not known
whether rotavirus genotypes will shift over time, with poten-
tial vaccine breakthrough, and whether new types of vaccines
will be needed to prevent this hitherto common childhood
disease. Genotype analysis is currently ongoing.

Limitations

Limitations include under-representation from provinces and
areas that do not have IMPACT surveillance programs and
from community hospitals with a change in admission pat-
terns over time. Rates of rotavirus infection vary as case mix
and size of Canadian pediatric hospitals are different by
region, but the sites in this study did not change over time. It
is also possible that some patients did not have samples sent
for laboratory analysis, thereby underestimating the total
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number of infections. Rotavirus infections from children
admitted from other hospitals could have been acquired in
hospital rather than in the community, thereby under-
estimating hospital-acquired infections or overestimating
community-acquired infections.

Conclusion

The publicly funded rotavirus immunization programs in
Canada have contributed to decreases in community- and
hospital-acquired rotavirus infections in pediatric hospitals of
more than 80%, including similar reductions in disease
among admitted children in pediatric hospitals as well as herd
protection in children aged 0-16 years, over 9 years since pro-
gram implementation. As such, the rotavirus vaccine provides
substantial health benefits for children in reducing morbidity
and are likely cost saving for children’s hospitals.
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