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Summary of the National Advisory Committee
on Immunization (NACI) Statement—
Recommendations on Fractional Influenza
Vaccine Dosing in the Event of a Shortage:
Pandemic preparedness

Angela Sinilaite’, Pamela Doyon-Plourde’, Kelsey Young', Robyn Harrison??
on behalf of the National Advisory Committee on Immunization (NACI)*

This work is licensed under a Creative
Commons Attribution 4.0 International

Abstra Ct License.

Background: At the commencement of a pandemic, it is important to consider the impact

of respiratory infections on the health system and the possibility of vaccine shortages due to

increased demand. In the event of an influenza vaccine shortage, a strategy for administration Affiliations

of fractional influenza vaccine doses might be considered. This article reviews the available 1 NACI Secretariat, Public Health
evidence for efficacy, effectiveness, immunogenicity and safety of fractional influenza Agency of Canada

vaccine dosing, and summarizes the National Advisory Committee on Immunization (NACI) 2 NACI Influenza Working Group
recommendations on fractional dosing strategies by public health programs in Canada. Chair at the time of the NACI

Statement writing

Methods: Two rapid literature reviews were undertaken to evaluate the efficacy, effectiveness, * University of Alberta, Alberta

immunogenicity and safety of fractional influenza vaccine dosing via the intramuscular or Health Services, Edmonton, AB

intradermal route. The NACI evidence-based process was used to assess the quality of eligible

studies, summarize and analyze the findings, and apply an ethics, equity, feasibility and

acceptability lens to develop recommendations. *Correspondence:
phac.naci-ccni.aspc@canada.ca

Results: There was limited evidence for the effectiveness of fractional influenza vaccine dosing.

Fractional dosing studies were primarily conducted in healthy individuals, mainly young children

and infants, with no underlying chronic conditions. There was fair evidence for immunogenicity

and safety. Feasibility issues were identified with intradermal use in particular.

Conclusion: NACI recommended that, in the event of a significant population-level shortage of
influenza vaccine, a full-dose influenza vaccine should continue to be used, and existing vaccine
supply should be prioritized for those considered to be at high risk or capable of transmitting
to those at high risk of influenza-related complications or hospitalizations. NAC| recommended
against the use of fractional doses of influenza vaccine in any population.

Suggested citation: Sinilaite A, Doyon-Plourde P, Young K, Harrison R on behalf of the National Advisory
Committee on Immunization (NACI). Summary of the National Advisory Committee on Immunization (NACI)
Statement—Recommendations on Fractional Influenza Vaccine Dosing in the Event of a Shortage: Pandemic
preparedness. Can Commun Dis Rep 2023;49(4):90-8. https://doi.org/10.14745/ccdr.v49i04a01

Keywords: National Advisory Committee on Immunization, NACI, vaccination, influenza vaccine, intradermal,
fractional dose

Introduction

Influenza vaccination in Canada is provided annually through vary across the country, all programs cover individuals who are
provincial and territorial seasonal influenza vaccine programs. at high risk of severe outcomes due to influenza and individuals
Although provincial and territorial influenza vaccine programs that are capable of transmitting influenza to those at high risk
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(e.g. household members, healthcare workers). Due to the

rapid timelines required for vaccine production each year, any
significant impact to the manufacturing process may cause delays
in influenza vaccine delivery or decrease the overall number

of doses produced, potentially resulting in vaccine shortages
for a season. A significant and unexpected increase in demand
for the influenza vaccine could also lead to insufficient supply,
as the number of doses available is based on orders made
primarily in the spring months in advance of the next influenza
season. This could be particularly relevant at pandemic times,
as it was for the 2020-2021 influenza season when increased
demand for seasonal influenza vaccine was observed in the
southern hemisphere as a result of the coronavirus disease 2019
(COVID-19) pandemic. A strategy for the administration of
fractional influenza vaccine doses (i.e. less than a full-dose) might
be considered in these situations, as the use of fractional doses
would provide vaccine programs the ability to vaccinate a larger
number of people with the amount of vaccine that is available
when supply is limited. The objective of this advisory committee
supplemental statement is to review the available evidence for
efficacy, effectiveness, immunogenicity, and safety of fractional
influenza vaccine dosing, and to provide guidance on potential
fractional dosing strategies in the event of a significant influenza
vaccine shortage in Canada.

In Canada, influenza vaccines are currently authorized for
intramuscular (IM) administration only, apart from the live-
attenuated influenza vaccine (LAIV), which is administered
intranasally. Intradermal (ID) administration is not covered
within influenza vaccine product monographs and would
therefore be considered off-label. For the purposes of these
recommendations, the National Advisory Committee on
Immunization (NACI) considered two different fractional dosing
strategies: 1) fractional IM administration of influenza vaccine;
and 2) fractional ID administration of influenza vaccine.

Methods

To inform NACI's recommendations, two rapid literature reviews
were undertaken by the Methods and Applications Group for
Indirect Comparisons (MAGIC) through the Drug Safety and
Effectiveness Network (DSEN) on the topic of fractional influenza
vaccine dosing. The rapid review methods were specified a priori
in a written protocol that included the research questions, search
strategy, inclusion and exclusion criteria, and quality assessment.
The NACI Influenza Working Group reviewed and approved the
protocol. The search strategies were developed in consultation
with an experienced librarian based on pre-defined population,
intervention, control, outcomes, study design and timeframe,
and the following research questions (1,2): What is the safety
and effectiveness of using fractional dosing strategies to deliver
IM seasonal influenza vaccines?; and What is the safety and
effectiveness of using fractional dosing strategies to deliver
seasonal influenza vaccine by ID administration?
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The reviews were completed by MAGIC, with additional data
extraction (notably immunogenicity outcomes as indirect
evidence for effectiveness for IM administration of fractional
doses) completed by the Public Health Agency of Canada
(PHAC). For both reviews, EMBASE and MEDLINE electronic
databases, Cochrane Library, Cochrane Central Register of
Controlled Trials and international clinical trial registries were
searched for IM vaccine publications in the last 20 years and ID
vaccine publications in the last 10 years. Searches were restricted
to articles published in English. Additionally, hand-searching of
the reference lists of included articles and relevant systematic
reviews was performed.

For the ID fractional dose review, the DSEN MAGIC team
conducted all data extraction and performed a meta-analysis for
effectiveness, immunogenicity, and safety outcomes. The risk of
bias for the included ID studies was assessed using the Cochrane
risk-of-bias tool for randomized trails.

For the IM fractional dose review, the DSEN MAGIC team
extracted and narratively summarized the data for effectiveness
and safety, and provided PHAC with a list of studies that
assessed immunogenicity outcomes to be used as indirect
evidence for effectiveness for IM administration of fractional
doses. PHAC technical staff then extracted the immunogenicity
data from these studies and summarized the evidence narratively.
The level of evidence (i.e. study design and methodological
quality of studies) included in the IM review were assessed
independently by two reviewers with PHAC using the design-
specific criteria outlined by Harris et al. (3).

A systematic assessment of ethics, equity, feasibility, and
acceptability of influenza vaccine fractional dosing strategies was
also conducted according to established NACI methods (4).

The body of evidence of benefits and harms was synthesized
and analyzed according to NACI evidence-based process (5)

to develop recommendations. Following thorough review

of the evidence, NACI formulated, reviewed and approved
recommendations. Full details and results are presented in the
NACI Recommendations on Fractional Influenza Vaccine Dosing
(6).

Results
Key characteristics of the studies included in the DSEN MAGIC

team reviews and additional analyses by PHAC are summarized
in Table 1.
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Table 1: Characteristics of included studies providing evidence related to the comparative efficacy, effectiveness,
and immunogenicity of fractional vs. full-dose influenza vaccine for intramuscular and intradermal administration

Study design (vaccine) Study population and setting

Outcomes

Intramuscular

Antony et al.,
2020

Scoping review including RCTs,
non-RCTs and observational
studies

Standard dose inactivated
influenza vaccine

Individuals of all ages

10 RCTs presented data relevant for the
systematic review (3 in adults and 9 in

children)

Local, systemic and/or severe AEs

Robertson et al.,
2019

RCT
2016-2017 influenza season
(7.5 mcg vs. 15 mcg dose of 1IV4)

Healthy children 6-35 months of age

® 7.5 mcg group (n=682)
® 15 mcg group (n=682)

US multi-centre study

Difference in seroconversion rate (15 mcg
group-7.5 mcg group) post-vaccination

GMT ratios (15 mcg group—7.5 mcg group)
post-vaccination

Local, systemic and/or severe AEs

RCT
2014-2015 influenza season
(7.5 mcg vs. 15 mcg dose of 1IV4-

Healthy children 6—35 months of age

e 7.5 mcg group (n=1,028)
* 15 mcg group (n=1,013)

Seroprotection 28 days (or 56 days for
unprimed individuals) post-vaccination

Seroconversion 28 days (or 56 days for

(7.5 mcg vs. 15 mcg dose of 1IV3-
Fluzone)

Jain et al., unprimed individual y nati
: primed individuals) post-vaccination
2017 Fluzone quadrivalent) . .
Mtjtll\}lceqtre study conducted in the US | Gt rise 28 days (or 56 days for unprimed
and lviexico individuals) post-vaccination
Local, systemic and/or severe AEs
RCT Healthy children 6-35 months of age Seroprotection 28 days (naive individuals
October 5, 2010 and March 2, Primed individuals: 7.5 mcg group 28 days after.2"d dose of influenza vaccine)
2012; the studies were conducted | (n=9) and 15 mcg group (n=21) post-vaccination
before the 2010-2011 and 2011- ST . _ Seroconversion 28 days (naive individuals
gg’llafisa etal, 2012 influenza seasons l;lna(;v;aslnrglc\gd;rilz.;(.::r?fl:g)group (n=55) 28 days after 2" dose of influenza vaccine)

US multi-centre study

post-vaccination

Difference in GMT (15 mcg group-7.5 mcg
group) 28 days after last vaccination

Local, systemic and/or severe AEs

Pavia-Ruz et al.,

RCT
2008-2009 influenza season

(7.5 mcg vs. 15 mcg dose of 1IV3-
Fluarix or Fluzone)

Healthy children 6—35 months of age

e Fluarix 7.5 mcg group (n=1,017)
e Fluarix 15 mcg group (n=1,013)
® Fluzone 7.5 mcg group (n=1,031)

Seroprotection 28 days (or 56 days for
unprimed children) post-vaccination

Seroconversion 28 days (or 56 days for
unprimed children) post-vaccination

2013 GMT rise post-vaccination
Multi-centre study conducted in the P )
US, Hong Kong, Mexico, Thailand and Local, systemic and/or severe AEs
Taiwan
RCT Healthy children 6-35 months of age Seroprotection 28 days post-vaccination
2008-2009 influenza season e Flulaval 7.5 mcg group (n=164) Seroconversion 28 days post-vaccination
e Flulaval 15 mcg group (n=167) -
Langley et al., (7.5 mcg vs. 15 mcg dose of 1IV3- ave N GMT ratios (Flulaval 15 mcg/Flulaval 7.5 mcg)
201% y Flulaval or Vaxigrip) * Vaxigrip 7.5 meg group (n=43) 28 days post-vaccination (adjusted for prior

Canadian multi-centre study

influenza vaccination, baseline titer—pooled
variance)

Local, systemic and/or severe AEs

Della Cioppa et al.,
2011

RCT
2008-2009 influenza season

(7.5 mcg vs. 15 mcg dose of 1IV3
or IV4)

Healthy children 6-35 months of age

e [IV3 vaccine recipients: 7.5 mcg

group (n=25), 15 mcg group (n=22)

and lIV3-Vaxigrip 15 mcg group
(n=26)

® [IV4 vaccine recipients: 7.5 mcg
group (n=25) and 15 mcg group
(n=28)

Multi-centre study conducted in Finland

and Belgium

Note: only a subset of study groups

relevant for this review are presented in

the systematic review

Seroprotection on day 50
Seroconversion on day 50

GMT rise on day 50

Local, systemic and/or severe AEs

CCDR e April 2023 ¢ Vol. 49 No. 4
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Table 1: Characteristics of included studies providing evidence related to the comparative efficacy, effectiveness,
and immunogenicity of fractional vs. full-dose influenza vaccine for intramuscular and intradermal administration

(continued)

Author,
year

Study design (vaccine)

Study population and setting

Outcomes

Intramuscular (continued)

Skowronski et al.,
2011

RCT
2008-2009 influenza season

(7.5 mcg vs. 15 mcg dose of 1IV3-
Vaxigrip)

Healthy children 6-23 months of age

® 7.5 mcg group (n=124)
® 15 mcg group (n=128)

Canadian multi-centre study

Seroprotection 27-45 days after the 2" dose
Seroconversion 27-45 days after the 2" dose
GMT rise after the 2" dose

Local, systemic and/or severe AEs

RCT
2007-2008 influenza season

Adults 65 years of age and older
without serious or unstable conditions

Seroprotection four weeks post-vaccination

Local, systemic and/or severe AEs

(n=274) and 50-64 years old (n=280)

US multi-center study

Chi et al., e 9mc (n=64)
9 mcg vs. 15 mcg dose of 1IV3- g group {n
2010 szluzor?e) 9 ® 15 mcg group (n=65)
US study
RCT Healthy adults 18-64 years of age RR of one or more medical visits for ILI
2004-2005 influenza season e 7.5 mcg group: 18-49 years old involving the upper or lower respiratory tract
B (n=284) and 50-64 years old (n=276) | Difference in seroconversion 21 days
Eggger etal, gui;?:;? vs- 15 meg dose of IV3- || 15 mcg group: 18-49 years old post-vaccination

Difference in seroprotection 21 days
post-vaccination

Local, systemic and/or severe AEs

Belshe et al.,
2007

RCT
2006-2007 influenza season

(3 meg, 6 mcg, 9 meg and 15 mcg
doses of 1IV3-Fluzone)

Healthy adults 18-49 years of age

3 mcg group (n=29)
6 mcg group (n=30)
9 mcg group (n=32)
15 mcg group (n=31)

US single-site study

Seroconversion rate 28 days post-vaccination
Seroprotection rate 28 days post-vaccination

Local, systemic and/or severe AEs

Kramer et al.,
2006

Egunsola et al.,
2020

RCT
2004-2005 influenza season

(7.5 mcg vs. 15 mcg dose of 1IV3-
Fluzone)

Rapid review and meta-analysis
including RCTs, non-RCTs and
observational studies

(ID administration of a 9 mcg vs.
IM dose of 15 mcg of HA per
influenza vaccine strain)

Healthy adults healthcare workers
18 years of age and older

® 7.5 mcg group (n=222)
® 15 mcg group (n=222)

US single-site study

Individuals of all ages

® 13,759 participants from RCTs
* 164,021 participants from
observational studies

RR of clinical diagnosis of influenza (ILI) for
individuals vaccinated with a 7.5 mcg dose
compared to 15 mcg vaccine dose

Proportion of clinical diagnosis that was
laboratory-confirmed influenza infection

Intradermal

RR of influenza infection and/or ILI from the

ID administration of a 9 mcg of HA per strain
dose of influenza vaccine compared to 15 mcg
of HA per strain IM dose

RR of seroconversion rate of ID compared to
standard dose of IM administration

RR of seroprotection rates for ID compared to
standard dose of IM administration

Risk of local AEs with ID compared to IM
administration

Risk of systemic AEs following vaccination with
ID compared to IM vaccine

Abbreviations: AE, adverse event; GMT, geometric mean titre; HA, hemagglutinin; ID, intradermal; 1IV3, trivalent inactivated influenza vaccine; 1IV4, quadrivalent inactivated influenza vaccine;
ILI, influenza-like-illness; IM, intramuscular; mcg, microgram; RCT, randomized controlled trial; RR, risk ratio; US, United States
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Vaccine efficacy and effectiveness

Fractional intramuscular dosing
(efficacy/effectiveness)

Two randomized clinical trials (RCTs) (7,8) were identified that
assessed the efficacy of fractional IM administration of a 7.5 mcg
of hemagglutin (HA) per strain dose versus a 15 mcg of HA per
strain dose of the trivalent inactivated influenza vaccine (I1V3)
against influenza-like-illness (ILI) during the 2004-2005 influenza
season in the United States (US). Both studies were deemed

to be good quality according to the criteria outlined by Harris

et al. (3). The studies did not demonstrate a difference in efficacy
between the full-dose (15 mcg) and the half-dose (7.5 mcg) of
IIV3 against ILI.

Fractional intradermal dosing (efficacy/
effectiveness)

Two studies (9,10) assessed the efficacy of fractional ID
administration of influenza vaccine against laboratory-confirmed
influenza infection or ILI in adults using IIV3. A meta-analysis of
these two RCTs studies found no significant difference in the risk
of influenza infection/ILI from the ID administration of a 9 mcg
of HA per strain dose of influenza vaccine compared to 15 mcg
of HA per strain IM dose (pooled risk ratio [RR]: 0.61, 95% ClI,
0.19-1.91).

Immunogenicity

Overall, 10 RCTs and one meta-analysis of 16 RCTs reported
immunogenicity outcomes for fractional doses of IM or ID
influenza vaccine administration. The immunogenicity outcomes
assessed by these studies included geometric mean-fold rise

in hemagglutination inhibition (HI) titres (i.e. ratio of post

to pre-vaccination geometric mean titre), seroprotection

rate (i.e. proportion of participants with Hl titres of at least

40 post-vaccination) and seroconversion rate (i.e. proportion of
participants with at least a four-fold increase in Hl titres
post-vaccination, HI titre increase from less than 10
pre-vaccination to at least 40 post-vaccination, or both).

Fractional intramuscular dosing
(immunogenicity)

Ten articles (8,11-19) were identified that assessed
immunogenicity outcomes for fractional doses of influenza
vaccines administered IM. All ten studies were RCTs deemed to
be of good quality according to the Harris et al. criteria (3). Of
these studies, two (8,11) were conducted in adults within the age
range of 18 and 64 years and one (13) was conducted in adults of
65 years of age and older. The other seven studies (13-19) were
all conducted in children within the age range of 6 to 35 months.

ADVISORY COMMITTEE STATEMENT @

One study (8) in adults reported that the study groups

that received a fractional dose of 7.5 mcg of HA per strain

had statistically lower proportions of seroconversion and
seroprotection post-vaccination than those who received the
full-dose. Four studies (15-17,19) that statistically assessed the
difference in immunogenicity between a full-dose and a half
dose of influenza vaccine in children 6 to 35 months of age
reported mixed results. Additional studies (one in adults and two
in children) (13,17,19) that assessed varying fractional doses of
influenza vaccine (3 mcg, 6 mcg, 7.5 mcg and 9 mcg of HA per
strain) found that as the dose of influenza vaccine decreased,
the immunogenic response also decreased. However, lower
doses continued to meet criteria set for non-inferiority despite
the reduced response compared to full-dose (according to
current US Food and Drug Administration or previous European
Medicines Agency criteria).

Fractional intradermal dosing
(immunogenicity)

A meta-analysis (2) included 16 RCTs studies that assessed
immunogenicity outcomes for fractional doses of influenza
vaccine administered ID. The meta-analysis demonstrated

no significant difference in the seroconversion rates for the
study groups that had received fractionated doses (3 mcg,

6 mcg, 7.5 mcg or 9 mcg of HA per strain) by ID administration
compared to 15 mcg of HA per strain dose given IM for all
influenza strains. A meta-analysis was also performed for
seroprotection rates compared to a full-dose of 15 mcg of HA
strain per IM dose and found no significant difference for groups
that received ID administration at doses of 3 mcg, 7.5 mcg

or 9 mcg of HA per strain. Similarly, there was no significant
difference in seroconversion or seroprotection rates between
older adults that had received the fractional 9 mcg of HA per
strain ID dose compared to those that received the full 15 mcg
of HA per strain IM dose. However, seroprotection rates were
significantly lower for those that had received a dose of 6 mcg of
HA per strain for influenza A(H1N1) compared to a full IM dose.

Safety

Safety of the intramuscular route of
administration

The rapid review identified seven studies (13-19) that assessed
safety outcomes (local, systemic and severe (local, systemic and
severe adverse events [AEs)) of fractional IM influenza vaccine

in infants or toddlers in the range of 6 to 36 months of age.
Three studies were identified in the rapid review that assessed
safety of fractional IM influenza vaccination in adults: two of the
studies (8,11) involved adults between the ages of 18-64 years
(18-49 years and 18-65 years) and one study (12) included adults
older than 65 years of age.

CCDR e April 2023 @ Vol. 49 No. 4 Page 94
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Safety of intradermal route of administration
Twenty-three studies (9,10,12,20-39) were identified that
assessed the safety of ID administration of influenza vaccine
and were able to be included in a meta-analysis performed by
the DSEN MAGIC team. The studies identified included various
fractional doses (3 mcg, 6 mcg, 9 mcg of HA per strain), as well
as a full non-fractional dose (i.e. 15 mcg of HA per strain) of
ID-administered influenza vaccine. Overall, there was fair
evidence that fractional doses of influenza vaccine administered
via the IM and ID routes do not result in a significant difference
with regard to severe systemic AEs post-influenza vaccination.
No significant increases in pain have been reported with ID
influenza vaccine administration compared to IM administration;
however, the risk of local AEs, such as ecchymosis, erythema,
pruritus and swelling occurring post-vaccination at the injection
site, is significantly higher with ID administration of influenza
vaccine compared to IM administration.

Feasibility

Several feasibility issues were identified when considering
fractional dosing of current influenza immunizations or
administration of ID doses of influenza vaccines. Administering
a fractional IM or ID dose would require administering a lower
volume of vaccine to achieve the desired lower dose, which

is only possible when influenza immunizations have been
packaged as multi-dose vials and not as pre-filled syringes. The
ID administration of vaccine requires a different gauge needle
than IM administration, multi-dose vials (which are not always
available midway in the season if supplies run low), and training
and skill in ID administration that not all vaccinators will have.
Significant training would also be required to ensure vaccinators
are equipped in advance to provide ID influenza vaccinations
and feel comfortable doing so. The number of vaccinators who
are authorized and able to provide ID vaccination also vary by
jurisdiction.

The volume of vaccine to be administered is high even if using a
fractional dose and would therefore require two ID injections if
regular needles and syringes were used rather than just one. The
majority of studies of administration of influenza vaccine by the
ID route used micro-needle injectors for administration, which
are not yet authorized or widely available in Canadian settings.
Furthermore, the use of fractional doses is not covered within
influenza vaccine product monographs and would therefore
require a novel communication and consent plan for any off-label
dosing if it were adopted. Finally, implementation of such an

ID immunization program would require structured monitoring
for any potential modification to a seasonal influenza vaccine
program running low on vaccine and advanced planning would
have to factor this in a priori as multi-dose vials are not always
available midway in the season.
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National Advisory Committee on
Immunization recommendations for
public health program decision-making

1. NACI recommends that, in the event of a significant
population-level shortage of influenza vaccine, a full-dose
influenza vaccine should continue to be used, and existing
vaccine supply should be prioritized for those considered to be
at high risk or capable of transmitting to those at high risk of
influenza-related complications or hospitalizations. (Strong NACI
Recommendation)

e NACI concluded that there is fair evidence to recommend
the use of a full-dose influenza vaccine (15 mcg or 60 mcg
HA per strain, dependent on vaccine product) compared to
a fractional dose for individuals at high risk or those capable
of transmitting to those at high risk of influenza-related
complications or hospitalizations. (Grade B Evidence)

2. NACI recommends against the use of fractional doses of
influenza vaccine in any population. (Discretionary NACI
Recommendation)

e NACI concluded that there is insufficient overall evidence
at this time to recommend the use of fractional IM influenza
vaccine doses. (Grade | Evidence)

e NACI concluded that there is fair evidence that fractional
ID influenza vaccine doses provide a sufficient immune
response, but this route of administration is not feasible at
this time. (Grade B Evidence)

The detailed findings of the two rapid literature reviews,
rationale and relevant considerations for these recommendations
can be found in the NACI Statement, Recommendations on
Fractional Influenza Vaccine Dosing (6).

Conclusion

In the event of a significant population-level shortage of the
currently available influenza vaccine products, NACI recommends
that full-dose influenza vaccine should continue to be used

and existing vaccine supply should be prioritized for those
considered to be at high risk or capable of transmitting to those
at high risk of influenza-related complications or hospitalizations.
NACI recommends against the use of fractional doses of
influenza vaccines in any population.
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Abstract

Background: Influenza vaccination is recommended annually; however, some studies have
raised questions regarding whether repeated influenza vaccine administration may have
unintended negative consequences for seasonal protection.

Methods: The National Advisory Committee on Immunization (NACI) Influenza Working Group
undertook an overview of systematic reviews on the effects of repeated influenza vaccination on
vaccine effectiveness, efficacy, and immunogenicity. A systematic assessment of programmatic
factors was conducted according to established NACI methods. The NACI evidence-based
process was used to critically appraise the available evidence and to review recommendations.

Results: The evidence base consisted of four eligible systematic reviews/meta-analyses.
Repeated vaccination, including the current season, was consistently more effective than no
vaccination in the current season. The evidence showed no significant difference or predictable
trend in vaccine efficacy or effectiveness between vaccinations in two consecutive seasons
compared to vaccination in the current season only.

Conclusion: Overall, NACI concluded that there is evidence to recommend annual influenza
vaccination, irrespective of whether an individual received the seasonal influenza vaccine

in previous seasons. It is neither currently feasible nor warranted to modify existing annual
influenza vaccination programs to account for potential negative or positive interference. NACI
continues to strongly recommend that seasonal influenza vaccine should be offered annually
to everyone six months of age and older who does not have contraindications to the vaccine,
irrespective of previous seasons’ influenza vaccination status.

Suggested citation: Sinilaite A, Young K, Papenburg J, on behalf of the National Advisory Committee on
Immunization (NACI). Summary of the National Advisory Committee on Immunization (NACI) Statement—
Recommendation on Repeated Seasonal Influenza Vaccination. Can Commun Dis Rep 2023;49(4):99-102.
https://doi.org/10.14745/ccdr.v49i04a02

Keywords: National Advisory Committee on Immunization, Canada, NACI, influenza, influenza vaccine, guidance,

vaccine effectiveness, repeated vaccination

Introduction

The influenza vaccine is a critical tool to protect against

burden on the Canadian healthcare system. Influenza vaccination
is repeated annually due to waning immunity and the tendency
of influenza viruses to mutate frequently, requiring changes in
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the vaccine formulation. To reduce the morbidity and mortality
associated with influenza, National Advisory Committee on
Immunization (NACI) recommends annual influenza vaccination
for everyone six months of age and older who does not have
contraindications to the vaccine (1).
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A study published in the 1970s (2) raised questions about

a potential negative impact of prior influenza vaccination

on current season influenza vaccine effectiveness (VE) and
conflicting results on whether repeated annual seasonal influenza
vaccination could have unintended negative consequences for
seasonal protection have also been reported (3-8). The degree
to which repeated vaccination and other factors (e.g. vaccine
strain match to circulating strains, initial exposure to influenza
virus and egg-adaptive mutations) affect VE is still not fully
understood and varies season to season. Furthermore, the
complex interplay of factors affecting an individual's immune
response to influenza vaccination makes it extremely difficult to
make predictions far enough in advance of the next influenza
season to help inform vaccine policy or administration practice
changes.

NACI was asked to assess the effects of repeated influenza
vaccination on VE, efficacy and immunogenicity with the
purpose of evaluating the overall impact of this phenomenon
and to provide an evidence base for population-level and
individual-level vaccination decisions regarding annual influenza
vaccination.

Methods

The NACI Influenza Working Group undertook an overview

of existing systematic reviews according to a written protocol
specified a priori that included review questions, search strategy,
inclusion and exclusion criteria and quality assessment. The
following research question and accompanying population,
intervention, comparison(s) and outcome(s) (PICO) (Table 1) was
developed to guide the evidence review: What are the effects
of repeated seasonal influenza vaccination on VE, efficacy and
immunogenicity?

Table 1: Population, intervention, comparator(s),
outcome(s) criteria guiding NACI's evidence review

Population Adults and children

Seasonal influenza vaccination in prior season(s) and

Intervention
current season

Seasonal influenza vaccination in prior season(s) only

Comparison | OR in current season only OR unvaccinated in any
season included in the study
Outcome Vaccine efficacy or immunogenicity in the current

season

Study design | Systematic review or meta-analysis

Abbreviation: NACI, National Advisory Committee on Immunization
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To support this work, a systematic assessment of ethics, equity,
feasibility, and acceptability of influenza vaccine guidance was
also conducted according to established NACI methods (9).
The NACI evidence-based process (10) was used to assess the
available evidence and develop a new recommendation. Full
details and results are presented in the NACI Recommendation
on Repeated Seasonal Influenza Vaccination (11).

Results

The NACI's evidence base encompassed an overview of four
systematic reviews (SRs)/meta-analyses (MAs) (12-15) on the
effects of repeated influenza vaccination on vaccine efficacy

or effectiveness, analyzing findings from a total of 24 unique
primary studies. None of the SRs/MAs included primary studies
that assessed immunogenicity. Based on the available evidence,
NACI issued a new recommendation on repeated seasonal
influenza vaccination.

Recommendation

NACI continues to recommend that seasonal influenza vaccine
should be offered annually to everyone six months of age and
older who does not have contraindications to the vaccine,
irrespective of previous seasons’ influenza vaccination status.
(Strong NACI Recommendation)

e NACI concludes that there is fair evidence to recommend
annual influenza vaccination, irrespective of whether
an individual received the seasonal influenza vaccine in
previous seasons. (Grade B Evidence)

Summary of evidence

e Repeated vaccination across seasons, including the current
season, was consistently more effective than no vaccination
in the current season.

* In general, the evidence shows no significant difference

or predictable trend in vaccine efficacy or effectiveness

between vaccinations in two consecutive seasons compared

to vaccination in the current season only.

o Of all the seasons investigated across many studies, only
two influenza seasons indicated that VE of vaccination
over consecutive seasons was statistically significantly
lower than vaccination in the current season only. These
notable seasons were influenza A(H3N2) in 2010-2011
(14) and influenza A(H3N2) in 2014-2015 (15). These
findings were not statistically significant in all SRs/MAs
that assessed VE in these two seasons; however, a trend
towards lower VE for repeated vaccination was consistent
for the 2014-2015 season across all studies (12,14).

e Evidence on the effects of repeated vaccination over three
or more consecutive seasons was limited and is insufficient
to draw firm conclusions at this time.
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e  Given the complex interplay between immune imprinting
(such as previous exposures through vaccination and
natural infection), circulating virus types and individual
characteristics, it is not currently feasible nor warranted
to modify existing annual influenza vaccination programs
to account for potential negative or positive interference
effects related to repeated influenza vaccination across
seasons.

A complete review of evidence and full NACI recommendations
are published in the new NACI Recommendation on Repeated
Seasonal Influenza Vaccination (11). This guidance aligns with
NACI's overarching recommendation for influenza vaccination
and standard vaccine administration practices as detailed in the
Canadian Immunization Guide and Annual NACI Statement on
Seasonal Influenza Vaccine (1).

Conclusion

The body of evidence exploring whether repeated seasonal
influenza vaccination can enhance or attenuate influenza
vaccine immunogenicity and effectiveness continues to grow.
Notably, a recent SR and MA commissioned by the World
Health Organization (WHO) Strategic Advisory Group of Experts
on Immunization (SAGE) Working Group on Influenza (16)
examined the available evidence for the potential reduction in
VE associated with repeated influenza vaccination. According
to the WHO SAGE review, although vaccination in the previous
year appears to attenuate VE, vaccination in two consecutive
years affords better protection than not being vaccinated.
Overall, the WHO SAGE review findings were in alignment with
the conclusions of the recent NACI assessment: the effects

of vaccination in the previous year were not consistent across
seasons and further evaluation and investigation of whether

VE is reduced by repeated vaccination would be needed prior
to considering an alternative influenza vaccination regimen.
New and emerging research priorities identified during NACl's
recommendation development process, include the following:

e  Effects of long-term repeated influenza vaccination on VE

e  Effects of repeated influenza vaccination on VE stratified by
age group and vaccine type

e  Effects of repeated influenza vaccination on severe influenza-
related outcomes, such as hospitalization and death

e  Effects of repeated influenza vaccination that accounts for
previous influenza exposure through vaccination and/or
natural infection

e Immunological mechanisms underlying the effects of
repeated influenza vaccination on VE

NACI will continue to monitor the evolving evidence and will
update this guidance as needed.
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Abstract

Background: Direct comparisons of paediatric hospitalizations for acute coronavirus
disease 2019 (COVID-19) and multisystem inflammatory syndrome in children (MIS-C) can

inform health system planning. We describe the absolute and relative hospital burden of acute Affiliations

paediatric COVID-19 and MIS-C in Canada. *See full list of affiliations in the
Appendix

Methods: This national prospective study was conducted via the Canadian Paediatric

Surveillance Program from March 2020-May 2021. Children younger than 18 years old and

hospitalized for acute COVID-19 or MIS-C were included in the analysis. Outcomes included *Correspondence:

supplemental oxygen (low-flow oxygen or high-flow nasal cannula), ventilation (non-invasive fatima.kakkar@umontreal.ca

or conventional mechanical), vasopressors, paediatric intensive care unit (PICU) admission, or
death. Adjusted risk differences (aRD) and 95% confidence intervals (Cl) were calculated to
identify factors associated with each diagnosis.

Results: Overall, we identified 330 children hospitalized for acute COVID-19 (including

five deaths) and 208 hospitalized for MIS-C (including zero deaths); PICU admission was
required for 49.5% of MIS-C hospitalizations versus 18.2% of acute COVID-19 hospitalizations
(aRD 20.3; 95% Cl, 9.9-30.8). Resource use differed by age, with children younger than one
year hospitalized more often for acute COVID-19 (aRD 43.4% versus MIS-C; 95% Cl, 37.7-49.1)
and more children 5-11 years hospitalized for MIS-C (aRD 38.9% vs. acute COVID-19; 95% Cl,
31.0-46.9).

Conclusion: While there were more hospitalizations and deaths from acute paediatric
COVID-19, MIS-C cases were more severe, requiring more intensive care and vasopressor
support. Our findings suggest that both acute COVID-19 and MIS-C should be considered
when assessing the overall burden of severe acute respiratory syndrome coronavirus 2 in
hospitalized children.
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Introduction

Along with hospitalization for acute coronavirus disease 2019
(COVID-19), multisystem inflammatory syndrome in children
(MIS-C) has emerged as a serious yet infrequent complication
of paediatric severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection. Though MIS-C was first described in
the United Kingdom in April 2020, to date, few studies have
directly compared characteristics and outcomes associated with
these two diagnoses (1-4). Case series describing MIS-C indicate
higher proportions of severe disease relative to acute COVID-19,
despite much lower incidence of MIS-C in the community,
estimated at 316 cases per million SARS-CoV-2 infections
among those younger than 21 years of age (5-7). Differences

in the associated use of hospital resources (e.g. ventilation

or hemodynamic support requiring intensive care) between
these two disease entities are not well known and may have
implications for future paediatric pandemic planning. We aimed
to describe the absolute and relative hospital burden of acute
paediatric COVID-19 infection and MIS-C during the first fifteen
months of the pandemic in Canada, prior to the emergence of
the Omicron variant and the approval of SARS-CoV-2 vaccines
for use in children.

Methods

We conducted a national prospective study via the Canadian
Paediatric Surveillance Program (CPSP) from March 2020-

May 2021, during which time ancestral SARS-CoV-2 lineages and
later the Alpha (B.1.1.7) variant of concern were dominant. The
CPSP is a public health surveillance network that includes more
than 2,800 paediatricians and paediatric subspecialists across
Canada, who were surveyed weekly and asked to voluntarily
report any incident cases to this study. In addition to the survey
report, study co-investigators from 13 university health centres
across Canada actively reported all cases from their institutions.
Cases of children younger than 18 years of age and hospitalized
with acute SARS-CoV-2 infection or paediatric inflammatory
multisystem syndrome (PIMS) were eligible to be reported. While
cases were reported based on a surveillance definition of PIMS,
we applied a post-hoc case definition of MIS-C according to the
World Health Organization (8). By definition, all patients with
MIS-C had a documented linkage to SARS-CoV-2 (i.e. positive

polymerase chain reaction, rapid antigen or serology test, or a
close contact with microbiologically confirmed SARS-CoV-2). For
all SARS-CoV-2 hospitalizations, the reporting physician indicated
whether the hospitalization was due to acute COVID-19 or if
incidental infection was identified upon routine screening; this
was confirmed by dual case adjudication by the study team

to ensure consistency. We therefore compared two mutually
exclusive groups for this analysis: children hospitalized for

acute COVID-19 versus children hospitalized for MIS-C. Further
details regarding the study design are described elsewhere, and
surveillance definitions are available (9-11).

Baseline characteristics and severity outcomes were ascertained
for both case definitions using a standardized case report form.
Severity outcomes included requirements for supplemental
oxygen (either low-flow oxygen or high-flow nasal cannula),
ventilation (either non-invasive, conventional mechanical or
high-frequency oscillatory ventilation), vasopressors, paediatric
intensive care unit (PICU) admissions or death. Characteristics
were summarized using medians, interquartile ranges (IQR),
frequencies and percentages. Frequencies between one and four
were reported as “fewer than five” while some larger frequencies
were presented as ranges to prevent back calculation, in
accordance with CPSP privacy policy. Adjusted risk differences
(aRD) were calculated to identify factors associated with each
diagnosis, adjusting for age, sex, presence of one or more
comorbid conditions, and the timing of hospitalization (classified
in five three-month periods from March 2020-May 2021).
Differences in continuous variables (i.e. age and PICU length

of stay) were assessed using Wilcoxon rank-sum tests. The
temporal lag (in weeks) between all Canadian SARS-CoV-2 case
counts (ascertained from the Public Health Agency of Canada)
(12) and hospitalizations reported to CPSP were assessed using
Spearman'’s rank correlation coefficient. The p-values <0.05 were
considered statistically significant. Analyses were conducted in
Stata v17.0 (13).
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Results

Overall, 330 children hospitalized for acute COVID-19 and 208
hospitalized for MIS-C were reported during the surveillance
period (Figure 1, Table 1). The median age among acute
COVID-19 patients (1.9 years; IQR 0.1-13.3) was significantly
younger than those with MIS-C (8.1 years; IQR 4.2-11.6;
p<0.001). More children younger than one year of age were
hospitalized for acute COVID-19 than with MIS-C (aRD 43.4%;
95% Cl, 37.7-49.1), while more children aged 5-11 years were
hospitalized for MIS-C than acute COVID-19 (aRD 38.9%; 95% ClI,
31.0-46.9). Chronic comorbid conditions were more common
amongst acute COVID-19 patients (43.0% vs. 15.9% with MIS-C;
aRD 38.0%; 95% Cl, 31.0-45.1).

Figure 1: Flowchart of hospitalizations reported to the
Canadian Paediatric Surveillance Program COVID-19
study

1,240 hospitalizations reported
to CPSP COVID-19 study

Excluded:
® 192 (15.4%) duplicates
* 17 (1.4%) incomplete reports

Y
1,031 unique
hospitalizations reported

|
v y

544 eligible SARS-CoV-2 487 eligible PIMS
hospitalizations hospitalizations

Excluded:

® 214/544 (39.3%) SARS-CoV-2
hospitalizations admitted with

ol incidental infection only le—]

e 279/487 (57.3%) eligible PIMS
hospitalizations did not meet
post-hoc definition of MIS-C

Y A

330 COVID-19 208 MIS-C
hospitalizations hospitalizations

Abbreviations: COVID-19, coronavirus disease 2019; CPSP, Canadian Paediatric Surveillance
Program; MIS-C, multisystem inflammatory syndrome in children; PIMS, paediatric inflammatory
multisystem syndrome; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2

The PICU admission was required for 49.5% of MIS-C
hospitalizations versus 18.2% of acute COVID-19 hospitalizations
(aRD 20.3; 95% Cl 9.9-30.8), though the proportion of children
younger than five years of age admitted to PICU was similar
(19.7% vs. 15.4%; Table 2). The median length of PICU stay

was one day greater for acute COVID-19 (four days; IQR 2-7)
than MIS-C (three days; IQR 2-4; p=0.04). Vasopressor use

was more common for MIS-C than acute COVID-19 at all ages
(35.6% vs. 2.4%; aRD 23.1%,; 95% Cl, 15.8-30.4). The proportion
of all patients requiring supplemental oxygen and mechanical
ventilation were similar (24.6% and 10.9% for acute COVID-19
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vs. 30.3% and 9.6% for MIS-C, respectively). Five deaths due to
acute COVID-19 were reported versus zero due to MIS-C.

Acute paediatric COVID-19 hospitalization trends lagged
behind all Canadian SARS-CoV-2 infection waves by one
week (Spearman’s p=0.89), versus a lag of six weeks for MIS-C
hospitalizations (Spearman’s p=0.82; Figure 2).

Figure 2: Time series of acute COVID-19
hospitalizations?, multisystem inflammatory syndrome
in children hospitalizations® and SARS-CoV-2 infection®
across Canada from January 2020 to May 2021¢
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@ Younger than 18 years

b All ages or younger than 20 years

< Data for COVID-19 and MIS-C hospitalizations represent the three-week moving average of
cases included in this study. SARS-CoV-2 infections were ascertained from the Public Health
Agency of Canada, available at https://health-infobase.canada.ca/covid-19/epidemiological-
summary-covid-19-cases.html, and reflect the date of illness onset

Discussion

Understanding the severity and associated in-hospital resource
use required to manage acute paediatric COVID-19 and MIS-C is
necessary to anticipate acute health system needs, and to make
informed decisions regarding preventative measures including
SARS-CoV-2 vaccination. Based on national surveillance data
from March 2020 to May 2021, acute COVID-19 was found to
have resulted in more paediatric hospitalizations and deaths and
longer PICU stays, while MIS-C resulted in more PICU admissions
and more frequent need for hemodynamic support. In this study,
half of hospitalized MIS-C patients required intensive care,
consistent with prior studies from the United Kingdom (44%) and
the United States (64%) during the first year of the pandemic
(14,15). While PICU admissions among MIS-C patients were
often initiated due to shock, these patients were likely stabilized
rapidly with immune modulation and vasopressor support. This
may explain the shorter PICU stays relative to patients with
acute COVID-19, who typically require PICU admission due to


https://health-infobase.canada.ca/covid-19/epidemiological-summary-covid-19-cases.html
https://health-infobase.canada.ca/covid-19/epidemiological-summary-covid-19-cases.html
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Table 1: Characteristics of children hospitalized for acute COVID-19 and multisystem inflammatory syndrome in

children
Dlagn05|s
aRD?, % 95% CI p-value
COVID-19 MIS-C

Characteristic

Total hospitalizations, N®

Age (years), median (IQR) 1.9 (0.1-13.3) 8.1 (4.2-11.6) - - <0.001
Age (years), n (%)

Younger than 1 140 (42.4) 9 (4.3) 43.4 37.7-49.1 <0.001
1-4 68 (20.6) 52 (25.0) -2.9 -10.4-4.6 0.45
5-11 30 (9.1) 98 (47.1) -38.9 -46.9—-31.0 <0.001
12-17 92 (27.9) 49 (23.6) -1.6 -9.6-6.4 0.69
Sex, n (%)

Female 145 (43.9) 76 (36.5) 6.2 -4.9-17.3 0.27
Male 185 (56.1) 132 (63.5) -6.2 -17.3-4.9 0.27
Comorbid conditions, n (%)¢

None/unknown 188 (57.0) 175 (84.1) -38.0 -45.1--31.0 <0.001
1 or more 142 (43.0) 33(15.9) 38.0 31.0-45.1 <0.001
Population group, n (%)

White 5(22.7) 63 (30.3) -12.4 -22.8--2.0 0.02
South Asian 40 (12.1) 25 (12.0) 1.4 -6.0-8.7 0.71
Arab/West Asian 9(11.8) 16 (7.7) 4.4 -2.3-11.1 0.20
Black 9(11.8) 29 (13.9) -2.2 -9.5-5.1 0.56
Indigenous 28 (8.5) 9 (4.3) 4.8 -0.6-10.3 0.08
East/Southeast Asian 18 (5.5) 12 (5.8) 3.0 -2.2-8.1 0.26
Latin American 5(1.5) 18(8.7) -7.5 -13.3——1.7 0.01
Unknown 92 (27.9) 49 (23.6) - - -

Abbreviations: aRD, adjusted risk difference; Cl, confidence interval; COVID-19, coronavirus disease 2019; IQR, interquartile range; MIS-C, multisystem inflammatory syndrome in children; -, not
applicable

2 All comparisons adjusted for age category, sex, comorbid conditions, and timing of hospitalization. Positive risk differences indicate a characteristic was more common for acute COVID-19 while
negative risk differences indicate a characteristic was more common for MIS-C

® Overall, 544 hospitalized children with severe acute respiratory syndrome coronavirus 2 infection were reported to the Canadian Paediatric Surveillance Program, among whom 330 children
were admitted due to acute COVID-19; 493 hospitalized children were reported with suspected paediatric inflammatory multisystem syndrome, among whom 208 children met the World Health
Organization definition of MIS-C

< Continuous age was missing for four patients with acute COVID-19, though categorical age could still be determined

4 Comorbidities were reported as any of the following conditions: congenital heart disease, diabetes, gastrointestinal/liver disease, genetic/metabolic conditions, hematologic disorders,
immunodeficiencies, malignancies, neurologic or neurodevelopmental conditions, obesity, pulmonary disease (i.e. asthma or other chronic lung disease), renal disease, rheumatologic/autoimmune
disorders, tracheostomy, transplants or other conditions
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Table 2: Outcomes of acute COVID-19 and multisystem inflammatory syndrome in children hospitalizations, overall
and by age category

Diagnosis

Outcome? , 95% ClI p-value
COVID-19

All hospitalizations

Supplemental oxygen 81/330 (24.6) 63/208 (30.3) -5.6 -15.2-3.9 0.25
Ventilation 36/330 (10.9) 20/208 (9.6) 1.7 -4.9-8.2 0.62
Vasopressors 8/330 (2.4) 74/208 (35.6) -23.1 -30.4—-15.8 <0.001
PICU admission 60/330 (18.2) 103/208 (49.5) -20.3 -30.8--9.9 <0.001
PICU length of stay (days) 4 (2-7 days) (2-4 days) - - 0.04
ECMO 0/330 (0.0) 0/208 (0.0) - - -
Death 5/330 (1.5) 0/208 (0.0) - - -

Age younger than 5 years
Supplemental oxygen 36/208 (17.3) 10/61 (16.4) -0.1 -13.0-12.6 0.98
Fewer than 5/61

Ventilation 18-21/208 (8.7-10.1)° (fewer than 8.2) 12.8 7.0-18.5 <0.001
Vasopressors 5-7/208 (2.4-3.4)° 8/61(13.1) -4.7 -12.1-2.6 0.21
PICU admission 32/208 (15.4) 12/61(19.7) 2.5 -8.8-13.8 0.66
PICU length of stay (days) 4 (2-6 days) 3 (1-3 days) - - 0.02

Age 5-11 years
Supplemental oxygen 8/30 (26.7) 37/98 (37.8) -12.9 -35.0-9.3 0.25
Fewer than 5/30

Ventilation (fewer than 16.7) 7-10/98 (7.1-10.2) -9.8 -18.5--1.1 0.03
Vasopressors 0/30 (0.0) 42/98 (42.9) - - -
PICU admission 7/30 (23.3) 61/98 (62.2) -34.5 -57.7--11.3 0.004
PICU length of stay (days) 2 (1-9 days) 3 (2-4 days) - - 0.68
Supplemental oxygen 37/92 (40.2) 16/49 (32.7) -9.2 -27.2-8.9 0.32
Ventilation 11-14/92 (12.0-15.2)¢ 6-9/49 (12.2-18.4) -6.9 -25.1-11.3 0.46

Fewer than 5/92

Vasopressors (fewer than 5.4) 24/49 (49.0) -43.5 -63.3—-23.8 <0.001
PICU admission 21/92 (22.8) 30/49 (61.2) -38.1 -57.2—-19.0 <0.001
PICU length of stay (days) 6 (3-8 days) 4 (2-5 days) - - 0.1

Abbreviations: aRD, adjusted risk difference; Cl, confidence interval; COVID-19, coronavirus disease 2019; ECMO, extracorporeal membrane oxygenation; MIS-C, multisystem inflammatory syndrome
in children; PICU, paediatric intensive care unit; -, not applicable

* Descriptive statistics are presented as frequency and proportions, or medians and interquartile ranges

b All comparisons adjusted for sex, comorbid conditions, and timing of hospitalization. Comparisons for all hospitalizations also adjust for age category. Positive risk differences indicate an outcome
was more common for acute COVID-19 while negative risk differences indicate an outcome was more common for MIS-C

< Frequencies and percentages are reported using ranges to prevent back calculation of frequencies fewer than five

respiratory distress and/or exacerbation of chronic comorbid Despite comparable absolute rates of overall in-hospital resource
conditions (e.g. neurologic or respiratory disease). The higher use, there were important age differences in disease severity and
vasopressor and intensive care requirements for MIS-C, with the ensuing strategies used to support these patients. Infants
similar rates of respiratory support requirements, are consistent (i.e. younger than one year old) rarely required hospitalization for
with multiple United States studies (2,16). A small number of MIS-C, presenting with lower rates of shock, coagulopathy and
acute COVID-19-related deaths were reported versus no myocarditis relative to older children (11,18). Conversely, infants

MIS-C-related deaths, in part due to complications from chronic were the most commonly hospitalized age group for acute
comorbid conditions among children with severe COVID-19 (17).  COVID-19, in part due to the routine practice of admitting febrile
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infants for investigations and empiric treatment (19). Meanwhile,
the requirement for hemodynamic support among children five
years of age and older with MIS-C (43-49%) likely led to the high
proportion of PICU admission among this age group relative to
acute COVID-19, in keeping with other published literature (3).

While our study period ended prior to dominance of the Delta
and Omicron lineages, these and future SARS-CoV-2 lineages
may affect the relative in-hospital burden of acute COVID-19
infection and MIS-C. Studies from Denmark and Israel have
found the incidence of MIS-C during Omicron waves fell to one
tenth that of prior waves, after accounting for vaccination status
(20,21). Declines in the proportion of MIS-C patients admitted
to PICU have also been observed (e.g. 61% during pre-Delta
waves to 52% during the Delta wave in the United States (22);
49% during Delta waves to 21% during Omicron waves in Israel
(21)), though this may also reflect increased physician knowledge
of MIS-C and refinement of supportive and treatment strategies.
Uptake of paediatric and adolescent SARS-CoV-2 vaccines may
also alter the relative in-hospital burden of disease, having shown
effectiveness against both severe COVID-19 and MIS-C (23,24).

Limitations

There are several limitations to this study. First, the voluntary
nature of CPSP reporting means that not all paediatric
hospitalizations in Canada were identified. The number of
hospitalizations reported in this study may therefore differ from
provincial reports, which use administrative data. Moreover, the
limited availability of molecular and serologic testing during

the early pandemic likely resulted in some cases failing to meet
the case definition of MIS-C. Data were also collected prior

to emergence of the Delta and Omicron variants, and before
implementation of paediatric and adolescent SARS-CoV-2
vaccine programs. The PICU admission criteria may have differed
by age, centre and diagnosis. Nevertheless, this study provided
a unique opportunity to compare children hospitalized for acute
COVID-19 infection and MIS-C using data ascertained with the
same surveillance methods, timeframe and patient population,
with physician case review to ensure all reported cases met the
case definitions.

Conclusion

Our findings suggest that both acute COVID-19 and MIS-C

need to be considered when assessing the overall burden of
SARS-CoV-2 in hospitalized children, and have implications for
future pandemic planning with respect to hospital resource use.
Given the high proportion of children requiring PICU support
for MIS-C, in tandem with the limited number of specialized
hospital beds, it is clear these resources need to be anticipated
for future pandemic waves. Moreover, given the low overall rates
of vaccination among children younger than 12 years of age (25),
awareness of disease severity from both acute COVID-19 and
MIS-C may inform parents and policymakers in their decision-
making regarding paediatric vaccines.
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Background: Children attending childcare are vulnerable to severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) infection, and mitigation measures such as masking, distancing,

enhanced hygiene are not feasible for this population. Describing outbreak growth during the Affiliations
coronavirus disease 2019 (COVID-19) pandemic in childcare centres may provide insight into
how to best mitigate the risks of COVID-19 and other infectious diseases in these settings.
This article describes the childcare outbreaks and associated cases in Alberta at different time
periods throughout the pandemic.

" Alberta Health, Edmonton, AB

2 Public Health Agency of Canada,
Edmonton, AB

Methods: Our observational analysis used data on outbreaks and associated cases tracked *Correspondence:
through the Alberta Health Services Communicable Disease Outbreak Management janis.geary@gov.ab.ca
database. We included all COVID-19 outbreaks opened in childcare facilities (March 2020 to

December 31, 2021). We compared the characteristics of outbreaks and cases during each

wave of the pandemic.

Results: There were a total of 841 childcare outbreaks, including 4,613 cases (70.2% in children
and 29.8% adults). Many characteristics of outbreaks and cases varied across pandemic waves,
including attack rates (12.1%-28.7% in adults and 5.8%-16.3% in children), percent of cases in
children (56.4%-77.3%), and percent of outbreaks with a child index case

(34.0%-70.1%). The overall average cases/outbreak was 5.5 (range: 1-68), and case examples
of large outbreaks showed that delaying testing and attending daycare while symptomatic
seemed to drive higher transmission.

Conclusion: Waves had different outbreak and case characteristics, for both adults and children.
Transmission may happen more readily among adults and among children than between those
two groups. Measures shown to be effective to reduce transmission in other settings can be
implemented here, such as vaccination, strictly enforcing the exclusion of those symptomatic,
and facilitating rapid testing.

Suggested citation: Geary J, Rudko SP, Scott A. Description of COVID-19 outbreaks in childcare facilities in
Alberta, March 2020 to December 31, 2021. Can Commun Dis Rep 2023;49(4):113-26.
https://doi.org/10.14745/ccdr.v49i04a04

Keywords: COVID-19, childcare, outbreaks, Alberta, surveillance

Introduction

The Province of Alberta experienced five transmission waves of as hospitalization (1,2), with a high percentage having

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) asymptomatic infection (3). Since then, much work has gone
infection, the causative agent of coronavirus disease 2019 into understanding the infection in children (4-8), with studies
(COVID-19), between March 2020 and March 2022. Early in noting that children are indeed at risk of infection, severe illness
the pandemic, children were reported to be less susceptible and long-term consequences (9), and are able to transmit the
than adults to both infection and to severe outcomes such infection to others. Several studies have examined transmission
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and outbreaks in the childcare setting (10-16), some noting low
transmission (10,12,17,18) or a higher attack rate or proportion
of cases in adults (13,14). However, most of these studies
examined transmission during the earlier phases of the pandemic
in 2020 before more transmissible variants of concern (VOC)
were circulating, and none compared outbreak characteristics

in the same jurisdiction across different time points during the
pandemic.

Setting

The Province of Alberta has a population of 4.48 million (19).
Statistics Canada estimated that 41% of Albertan children
under the age of six years were enrolled in childcare between
November 2020 and January 2021, and 54% between 2019 and
2020 (20). Childcare includes daycares, home-based care (“day
homes"), preschools and out-of-school care. In these settings,
children are in close contact with caregivers and other children
in distinct cohort groups that typically have limited contact with
other cohorts in the facility. Additionally, when public health
restrictions do not otherwise limit cohort size, it is typical for
facilities to group children and caregivers from multiple cohorts
together, especially at drop-off and pick-up times, increasing
the total number of individuals that interact. The staff-to-child
ratios in childcare facilities range from 1:3 for infants, to 1:15 for
children six years and older (21). Day homes are smaller groups
and are limited to six children (not including the day home
provider’s children), with not more than three children under
three years of age (21).

Children attending childcare are vulnerable to acquiring SARS-
CoV-2, largely because public health measures such as masking
and distancing are not feasible for this group. Within this setting,
the children eat meals in close proximity to multiple people
every day and have poor hygienic practices (22). Additionally,
for most of our analysis period, only a small proportion of their
close contacts in the daycare setting was vaccine-eligible and
young children continue to have low vaccination coverage. Even
though all children six months and older have been eligible since
August 2022, as of December 19, 2022, only 38.9% of children
5-11 years and 3.5% of children 6 months—4 years had two doses
of a COVID-19 vaccine (23) and, due to current approvals for
strain-specific boosters, it is likely children will continue to lag
behind adults for some time.

From the beginning of the SARS-CoV-2 pandemic until
December 31, 2021, childcare settings and those who attended
them were often prioritized for public health measures,

including increased tracking of outbreaks and contact tracing
and availability of vaccines and polymerase chain reaction (PCR)
testing. We detail these measures, along with others relevant

to households, and the timelines they were implemented in

the Appendix. These details may provide important context

to understand the outbreaks, such as who was eligible for PCR
testing at any given time. Documenting policy changes will assist
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future outbreak epidemiologists in understanding why we found
the transmission patterns we did.

Objective

Outbreaks of infectious illnesses in childcare facilities are not
solely a phenomenon of the SARS-CoV-2 virus, as outbreaks

of gastrointestinal and influenza-like illnesses have also been
detected in these settings (22). The COVID-19 pandemic and the
near-universal contact tracing brought about by the emergency
provide interesting insights into the contextual factors that

can exacerbate or mitigate the spread of infectious disease

in childcare settings. Our objective is to provide aggregate
surveillance data on outbreaks in childcare in Alberta in each
pandemic wave through a descriptive statistical analysis of
outbreaks and linked cases, and detailed case examples.

Our summary description of all COVID-19 outbreaks tracked
throughout the pandemic in Alberta is useful to public health
practitioners interested in understanding the characteristics of
such outbreaks in these settings and fills a gap in the literature
on childcare outbreaks that will enable academic researchers to
design more targeted analyses.

Methods

Our surveillance period begins with the first identified

case of COVID-19 linked to a childcare facility in Alberta in
May 2020 and ends with the end of childcare outbreak tracking
on December 31, 2021. During this time period, Alberta
experienced five transmission waves, which we differentiated
based on the dominant variants and the active case counts.

Databases

We collected data on cases linked to outbreaks in childcare
facilities using Alberta Health's COVID-19 dataset that integrates
data elements from several systems to provide a comprehensive
COVID-19 cases and outbreak dataset. The Provincial
Surveillance information system is a laboratory surveillance
system that receives results for all notifiable diseases from
laboratory surveillance conducted by Alberta Precision Labs
(24,25). The communicable disease reporting system and the
Communicable Disease Outbreak Management system contain
information on COVID-19 cases and the data integration and
measurement reporting system contains up-to-date information
on people admitted and discharged from hospitals in Alberta
(including for cases of multisystem inflammatory syndrome in
children [MIS-C]). Reporting requirements changed throughout
the pandemic and a detailed description of these requirements
can be found in the Appendix. Vaccination data for cases was
accessed from the Immunization and Adverse Reaction to
Immunization database.

Defining case and outbreak characteristics
We included only laboratory-confirmed COVID-19 cases.
Throughout the pandemic, all cases were tested voluntarily,
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although the eligibility for PCR testing changed over time (see
Supplemental material). The definition of an outbreak in a
childcare setting also changed over time (see Supplemental
material). All childcare outbreaks were handled by specialized
outbreak contact tracing teams who worked with facility
managers to identify cases, risks and plan mitigation strategies.
Cases that attended a facility being tracked as an outbreak
were linked via an outbreak investigation number. Throughout
the pandemic, when an outbreak was identified in the childcare
setting, exposed persons at the facility were notified, either
required or recommended to quarantine, and encouraged to get
PCR testing.

We identified probable outbreak index cases by their symptom
onset date (SOD); cases with the same onset date were both
counted as probable index cases (as such, there are more index
cases than outbreaks). If a facility had two children with the same
SOD it was categorized as “child index” and if it had two adults
with the same SOD it was categorized as “adult index”. There
were 39 outbreaks where both an adult and child had the same
SOD, and these have been excluded when comparing outbreaks
by index case age group. We defined each case's infectious
period as 48 hours prior to symptom onset, or 48 hours prior to
a positive test result if the case was asymptomatic at the time of
testing (26).

We report vaccination status of cases 12 years of age and older,
as vaccines for children five years of age and older were not
available until November 24, 2021. We considered a vaccine
dose as valid if it was received 14 days or more before the SOD.
We used vaccination data and the SOD to determine if the case
was vaccinated at the time of their SOD, and we also reported if
they were vaccinated by March 2022.

When reporting on severe outcomes, we included individuals
who had a positive COVID-19 test at the time of hospitalization
and children who were hospitalized at a later point for

MIS-C. The MIS-C cases were reported by clinicians to the
communicable disease team who provided weekly reports to
public health surveillance partners.

Outbreaks were included in waves based on the date the
outbreak was opened, and cases were included in waves based
on the date the case was reported. Due to low numbers of cases
linked to childcare outbreaks in wave 1, we combined waves 1
and 2 in our reporting.

Statistics and descriptive analyses

We summarized the characteristics of cases linked to childcare
outbreaks that were open over the course of the pandemic from
March 2020 to December 31, 2021. We used R to analyze the
data and conduct descriptive analysis, as well as Excel and Stata
to conduct descriptive analysis and add summary variables.
Contact tracers recorded information on the total populations
of children and adults at risk in a facility, and attack rates were
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calculated as the number of lab-confirmed cases of COVID-19
out of the at-risk population. However, not all outbreaks that
had the attack rate calculations performed by the investigators
were precise, as there were 4/808 outbreaks (0.5%) reported as
greater than 100%. These are likely errors. We did not identify a
standard policy for how population at risk was defined.

Outbreak case examples

We selected two outbreaks from each time period to examine
outbreaks in these settings in more detail: from each time, we
selected one of the largest outbreaks and one outbreak that
had “average” characteristics (based on the number of cases,
attack rate, duration and having an index case carrying the most
common variant identified in that wave).

After extracting the cases linked to each of our identified
outbreak, we manually searched the Communicable Disease
Outbreak Management system for cases in the same household
as each outbreak case. Household contacts were not included
in attack rate calculations; they were included to demonstrate
the context in which they arose and to describe the impact
they had in the community. We used individual contact tracing
notes and outbreak reports to describe the example outbreaks,
although