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Summary of the National Advisory Committee
on Immunization (NACI) Statement—Updated
guidance on Imvamune in the context of a

routine immunization program

Nicole Forbes', Josh Montroy', Marina | Salvadori'?, Kristin Klein® on behalf of the National

Advisory Committee on Immunization (NACI)*

Abstract

Background: Mpox is a viral illness related to smallpox. It can cause flu-like symptoms and a
rash, and in severe cases, can lead to hospitalization or death. The Imvamune® vaccine offers
protection against mpox. Consistent with global trends, mpox cases in Canada have been
reported primarily among men who have sex with men (MSM), with sexual contact as the
predominantly reported mode of transmission. While the incidence of mpox in Canada has
significantly declined since the fall of 2022, mpox remains an important public health concern

This work is licensed under a Creative
Commons Attribution 4.0 International
License.
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with the potential for future resurgence.

Methods: The National Advisory Committee on Immunization (NACI) reviewed available
. .. : . . . . c 3 Department of Medicine,

evidence on the clinical benefits and risks of Imvamune. This evidence included studies e

. . . ; . University of Alberta, Edmonton,
assessing the vaccine effectiveness estimates from real-world evidence, as well as pre- and AB
post-market licensure safety data. NACI has also considered additional factors including
ethics, equity, feasibility and acceptability. Guidance on the use of Imvamune in the context of
international travel was developed in collaboration with the Canadian Committee to Advise on
Tropical Medicine and Travel (CATMAT).

*Correspondence:
naci-ccni@phac-aspc.gc.ca

Results: NACI concluded that available evidence supported the vaccine’s effectiveness and
safety in preventing mpox infection.

Conclusion: Building on previous interim guidance from NACI recommending the use of
Imvamune for pre-exposure vaccination in the context of ongoing mpox outbreaks, NACI
now recommends that Imvamune be used in the context of a focused routine immunization
program. Individuals at high risk of mpox, including MSM who meet high-risk criteria such as
having more than one sexual partner, should receive two doses of Imvamune administered by
subcutaneous injection at least 28 days apart.

Suggested citation: Forbes N, Montroy J, Salvadori MI, Klein K on behalf of the National Advisory Committee
on Immunization (NACI). Summary of the National Advisory Committee on Immunization (NACI) Statement—

Updated guidance on Imvamune in the context of a routine immunization program. Can Commun Dis Rep
2025;51(1):1-6. https://doi.org/10.14745/ccdr.v51i01a01
Keywords: National Advisory Committee on Immunization, mpox, Canada, Imvamune, vaccine guidance

Introduction

Mpox (previously known as monkeypox) is a viral disease that is
typically mild and self-limited, but can lead to severe disease in
some populations such as young children, pregnant women and
pregnant people and immunocompromised individuals. While

outbreaks primarily occur in Central and West Africa, where the
monkeypox virus (MPXV) is endemic, a global outbreak occurred
in 2022 among previously non-endemic countries, including
Canada. Among countries previously non-endemic for the
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disease prior to 2022, mpox has been primarily transmitted via
sexual encounters (83.2%) and among men who have sex with
men (MSM) (85.3%). Since 2022, the majority of cases in Canada
were among males (96.4%) aged 18-44 years (79.4%), with a
median age of 34 years. Non-sexual exposure settings included
household contacts, large events/parties, tattoo parlours and the
workplace (1,2). Among cases with known HIV status, 52.1% were
living with HIV. Approximately 4.1% of cases reported to the
World Health Organization (WHO) were in healthcare workers,
most of whom were exposed in community settings (i.e.,
exposures not related to work) (1). Thirty-five mpox cases were
reported among cisgender and transgender women and non-
binary individuals assigned female sex at birth in the context of

a multi-national case series (136 confirmed mpox cases among
15 countries; cases reported between May 11, 2022, and
October 4, 2022) (3). Data on mpox cases among sex workers
remains limited.

Monkeypox virus clades currently circulating in Europe, the
United States (US) and Canada belong to clade Il, specifically
subclade llb, which is associated with milder illness than

clade | (4). Historically, clade | infections were not known to be
associated with transmission through sexual contact; however, in
March 2023, a cluster of sexually transmitted clade | mpox cases
was confirmed in the Democratic Republic of the Congo (DRC).
The index case was a man from the DRC who reported having
multiple sexual encounters in both Europe and the DRC, which
led to an additional five PCR-positive MPXV cases (5). This
finding shows that mpox transmission through sexual contact
extends beyond clade Ilb and highlights the need for more
routine screening in mpox-endemic and non-endemic regions.

In response to the outbreaks in Canada, the National

Advisory Committee on Immunization (NACI) released

interim guidance on the use of Imvamune® in the context of
ongoing mpox outbreaks. NACI guidance was first limited

to post-exposure vaccination (June 2022) (6), which was

later updated to include interim guidance for pre-exposure
vaccination for high-risk groups, primarily MSM with certain risk
factors (September 2022) (7). Though the 2022 mpox outbreak
has subsided, mpox remains a public health concern, both in
Canada and internationally. In response to stakeholder feedback,
NACI reconvened to discuss expanded use of Imvamune in the
context of a targeted routine program (e.g., outside the context
of an ongoing mpox outbreak). Updated guidance was released
in May 2024 and is summarized below.

Methods

For this interim guidance, NACI reviewed key questions as
proposed by the NACI mpox Working Group (WG), including
on the burden of disease to be prevented and the population(s)
with greatest disease burden, vaccine safety, vaccine efficacy/
effectiveness, vaccine supply and other aspects of the overall

ADVISORY COMMITTEE STATEMENT @

immunization strategy. Knowledge synthesis was performed by
the NACI Secretariat and supervised by the NACI mpox WG.
Following critical appraisal of individual studies, summary tables
with risk of bias assessments informed by Cochrane ROB 2.0
and ROBINS-I, as appropriate, were prepared. The NACI
Secretariat provided the NACI mpox WG an assessment of the
body of evidence using an Evidence to Decision framework, and
proposed recommendations for WG input.

NACI considered feedback obtained during 2022 deliberations
from stakeholder groups representing the communities and
groups considered at high risk of mpox exposure. Input was also
provided by the Public Health Ethics Consultative Group during a
2022 consultation, the Canadian Immunization Committee (CIC;
August 2023) and the Public Health Agency of Canada. Guidance
on the use of Imvamune in the context of international travel

was developed in collaboration with the Canadian Committee

to Advise on Tropical Medicine and Travel (CATMAT). The
description of relevant considerations, rationale for specific
decisions and knowledge gaps are described. NACI reviewed
the available evidence and approved updated guidance on
March 26, 2024.

Further information on NACI's evidence-based methods is
available online.

Results

Effectiveness against mpox infection

Available evidence on the effectiveness of pre-exposure
vaccination with Imvamune against mpox was limited to real-
world vaccine effectiveness (VE) observational studies. To date,
10 studies have reported estimates of the effect of a single

dose of Imvamune against mpox infection (8-17), four of which
also evaluated the effect of a 2-dose series (13-16). One-dose
VE against mpox infection ranged from 36% (95% confidence
intervals [Cl]: 22%-47%) to 86% (95% Cl: 59%-95%), while
2-dose VE ranged from 66% (95% ClI: 47%-78%) to 89% (95% Cl:
44%-98%). All individual studies evaluated are summarized in the
Appendix, Figure A1). Of note, evidence should be interpreted
with caution, as studies were assessed to be at a serious

risk of bias (largely due to concerns regarding confounding

and the measurement of outcomes) or at a moderate risk of

bias (Figure A1).

Effectiveness against moderate/severe mpox
infection

Two studies provided an estimate of effect of Imvamune against
moderate to severe mpox infection. Only Brousseau et al.
provided an estimate of VE at 82% (95% Cl: —50%-98%) for
adjusted 1-dose VE. During the study period, 12 individuals

had moderate to severe mpox disease, of which three were
hospitalized. Only one of these 12 individuals received
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Imvamune (8). A US-based study estimated odds of
hospitalization due to mpox among those vaccinated versus
those who were unvaccinated. Compared to unvaccinated
individuals, the odds of hospitalization among those with mpox
who received one or two doses of Jynneos® were 0.27 (95% Cl:
0.08-0.65) and 0.20 (95% Cl: 0.01-0.90), respectively. Among
individuals with both mpox and HIV infections, the odds of
hospitalization were 0.28 (95% Cl: 0.05-0.91) for those who
met the definition of having received one dose of Jynneos,
compared to those who were unvaccinated (17). Of note,
evidence should be interpreted with caution, as studies were
assessed to be at a serious risk of bias (largely due to concerns
regarding confounding and the measurement of outcomes) or at
a moderate risk of bias (Appendix, Figure A2).

Vaccine safety

Both pre- and post-licensure safety data support the safety of
Imvamune. According to Imvamune clinical trial data where
approximately 13,700 doses were given to 7,414 participants, the
most common adverse events reported by adults were injection-
site reactions, such as pain, redness and swelling, and systemic
reactions, including fatigue, headache and myalgia. Most were
mild to moderate in intensity and resolved without intervention
within seven days post-vaccination, and no unexpected adverse
events were identified. Additionally, there were no confirmed
cases of cardiac events such as myocarditis and/or pericarditis
following vaccination. The safety profile of Imvamune was
similar in both immunocompetent and immunocompromised
individuals (18).

NACI recommendations on Imvamune in the
context of a focused routine immunization
program

Recommendation 1: NAC| recommends that individuals at
high risk of mpox should receive two doses of Imvamune
administered at least 28 days (four weeks) apart. (Strong NACI
recommendation)

At this time, individuals considered at high risk of mpox in
Canada include:

e Men who have sex with men (MSM)* who meet one or more
of the following criteria:
o Have more than one partner; or
o Are in a relationship where at least one of the partners
has other sexual partners; or
o Have had a confirmed sexually transmitted infection in
the last year; or
o Have engaged in sexual contact in sex-on-premises
venues
e Sexual partners of individuals who meet the criteria above
e Sex workers regardless of gender, sex assigned at birth or
sexual orientation
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e Staff or volunteers in sex-on-premises venues where workers
may have contact with fomites potentially contaminated with
mpox

* Those who engage in sex tourism regardless of gender, sex
assigned at birth or sexual orientation

e Individuals who anticipate experiencing any of the above
scenarios

*For the purposes of this NACI guidance, MSM is defined as:
Man or Two-Spirit identifying individual who has sex with another
person who identifies as a man, including but not limited to
individuals who self-identify as transgender, cisgender, Two-
Spirit, gender-queer, intersex and non-binary.

Recommendation 2: NACI continues to recommend the use
of Imvamune as a post-exposure vaccination (also known and
referred to as post-exposure prophylaxis) to individuals who
have had high risk exposure(s) to a probable or confirmed case
of mpox, or within a setting where transmission is happening,
if they have not received both doses of pre-exposure
vaccination. (Strong NACI recommendation)

Additional guidance:

e  Off-label use in pediatric populations is recommended for
those meeting the criteria for post-exposure vaccination and
may be offered at their clinician’s discretion.

e Doses should be administered via subcutaneous injection.
Dose sparing strategies involving intradermal administration
are not recommended in the context of routine
immunization.

e At this time, Imvamune is not routinely recommended for
healthcare workers, including those serving populations
at high risk of mpox, with the exception of post-exposure
vaccination.

e Imvamune vaccination can be given concurrently (i.e., same
day), or at any time before or after other live or non-live
vaccines.

Conclusion

Due to evolving mpox epidemiology in Canada and emerging
evidence on VE of Imvamune, NACI developed national
guidance on pre-exposure vaccination in the context of a focused
routine immunization program. This included identification of
priority populations for pre-exposure vaccination and guidance
on a recommended vaccine schedule (summarized below in
Appendix, Table A1). Note this guidance should be considered
interim guidance and will be re-evaluated as additional evidence
emerges.
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Appendix

Figure A1: Vaccine effectiveness (and 95% confidence interval) against mpox infection**

Study name Study design n, cases® n, controls® VE and 95% ClI Risk of bias
A B CDETF GH

1 dose studies

Brousseau et al. (Canada) Case-control 231 301 65% (1 to 87) Oo— 000000 0O
Navarro et al. (Canada) Cohort study 3,204 3,204 59% (31 to 76) —_—t0— 000900900900 @O
Bertran et al. (UK) Case-coverage 362 N/A 78% (54 to 89) —-— [ XOJSICIOION X ]
Fontan-Vela et al. (Spain) Cohort study 5,660 5,660 79% (33 to 100) —_—ta— 000000 00O
Sagy et al. (Israel) Cohort study 1,037 1,017 86% (59 to 95) —a| 000000 00O
Deputy et al. (USA) Case-control 2,193 8,319 36% (22 to 48) —a— 00000 ©00
Dalton et al. (USA) Case-control 309 608 75% (61 to 84) —a X IS JeX NOX )
Rosenberg et al. (USA) Case-control 252 255 68% (25 to 87) —_—l— QO0O000 (]
Ramchandani et al. (USA) Cohort study 685 2,393 81% (64 to 90) — 000000 0O
2 dose studies

Deputy et al. (USA) Case-control 2,193 8,319 66% (47 to 78) T—a— Coo0000 OO0
Dalton et al. (USA) Case-control 309 608 86% (74 to 92) —a- [eX I X JoX K°oX )
Rosenberg et al. (USA) Case-control 252 255 89% (44 to 98) B E—— QO0O000 ()
Ramchandani et al. (USA) Cohort study 1,152 2,393 83% (28 to 96) B EE— 000000 0O

0.00 50.00 100.00

Abbreviations: Cl, confidence interval; N/A, not applicable; UK, United Kingdom; USA, United States; VE, vaccine effectiveness

2 Studies are stratified by the number of doses administered to participants. A pooled meta-analysis was not performed due to the significant heterogeneity observed across studies. The forest plot
depicts estimated vaccine effectiveness (VE) and 95% confidence intervals (Cl) of individual studies. Risk of bias legend: A) bias due to confounding; B) bias In selection of participants into the study;
C) bias in classification of interventions; D) bias due to deviation from intended interventions; E) bias due to missing data; F) bias in measurement of outcomes; G) bias due to selection of reported
result; H) overall risk of bias. Green represented a low risk of bias, yellow a moderate risk of bias, red a serious risk of bias and white represents no information

b Cohort studies are shown as n, vaccinated and n, unvaccinated

Figure A2: Vaccine effectiveness (and 95% confidence interval) against moderate to severe mpox infection*b-<<
Risk of bias
A B CDETF GH

000000 00

Study design No. mod/severe No. vaccinated VE and

Study name
cases (%) (%) 95% Cl

1 dose studies

Brousseau et al. (Canada)® Case-control 12 (5.2%) 1(8.3%) 82% (50 to 98)

Schildhauer et al. (US)¢  Cohort study 250 (5.4%) 4(1.6%) OIS ICIOION X ]
2 dose studies
Schildhauer et al. (US)<¢ Cohort study 250 (5.4%) 1(0.4%) ®eCeecO e

-100.00 -50.00 0.00 50.00 100.00

Abbreviations: Cl, confidence interval; mod, moderate; USA, United States; VE, vaccine effectiveness

2 The forest plot depicts estimates vaccine effectiveness (VE) and 95% confidence intervals (Cl) of individual studies. Risk of bias legend: A) bias due to confounding; B) bias in selection of participants
into the study; C) bias in classification of interventions; D) bias due to deviation from intended interventions; E) bias due to missing data; F) bias in measurement of outcomes; G) bias due to selection of
reported result; H) overall risk of bias. Green represented a low risk of bias, yellow a moderate risk of bias, red a serious risk of bias and white represents no information

b Define by mpox disease-related hospitalization, having had a complication or having received tecovirimat treatment

< Define as being hospitalized (inpatient hospitalization) for mpox disease

¢ No VE provided

Table A1: Immunization schedule for Invamune® in the context of a focused interim routine immunization program

Dose .. ..
Pre-exposure vaccination®® Post-exposure vaccination®®

Dose 1 0.5mL, administered via subcutaneous injection (SC) | 0.5mL, SC, within 4 days since exposure, can be considered up to 14 days

Dose 2 0.5mL, SC, administered >28 days after dose 1
Abbreviations: MPXV, monkeypox virus; SC, subcutaneous injection
2 Individuals recommended for Imvamune® pre-exposure vaccination should receive a 2-dose schedule regardless of previous vaccination with a live replicating first or second generation smallpox

vaccine, immunocompromised status or age
b Pre-exposure or post-exposure vaccination is not indicated for individuals with a history of, or current infection with, MPXV

0.5mL, SC, administered >28 days after dose 1 if MPXV infection did not develop

CCDR e January 2025 © Vol. 51 No. 1 Page 6



@ SYSTEMATIC REVIEW

s there sufficient evidence to inform personal
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workers caring for patients with viral hemorrhagic
fevers?
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Abstract
Background: Ugandan health authorities declared an outbreak of Ebola disease (EBOD),
caused by the Sudan virus, in September 2022. A rapid review was conducted to update the i
Affiliation

Public Health Agency of Canada’s guidelines for infection prevention and control measures for

EBOD in healthcare settings to prepare for potential introduction of cases. 1 Centre for Communicable

Disease and Infection Control,
Objective: Summarize the available evidence on personal protective equipment (PPE) use Public Health Agency of Canada,

by healthcare workers (HCWs) to prevent exposure to and transmission of viral hemorrhagic Ottawa, ON

fevers (VHFs), including Ebola virus.

Methods: Electronic databases were searched to identify peer-reviewed evidence published *Correspondence:

from July 2014-October 2022. Peer-reviewed primary studies and literature reviews, in English steven.ettles@phac-aspc.gc.ca

or French, reporting on PPE for VHFs and filoviruses in the healthcare context were eligible
for inclusion. Literature review processes were conducted by two reviewers using DistillerSR®
systematic review software and the Public Health Agency of Canada’s Infection Prevention and
Control Critical Appraisal Toolkit. An environmental scan of grey literature was also conducted
to inform the rapid review.

Results: The database search yielded 417 citations and 29 studies were considered eligible for
critical appraisal. In total, 20 studies were included in the narrative synthesis of evidence. The
evidence base was limited regarding comparative effectiveness of types of PPE for preventing
exposure to and transmission of VHFs to HCWs. Four studies reported on exposure to and
transmission of a VHF. Sixteen studies provided data on other relevant topics, such as simulated
contamination and lab-based tests of PPE integrity.

Conclusion: There is limited evidence with which to draw conclusions on the comparative
effectiveness of PPE to prevent exposure to and transmission of VHFs to HCWs. Additional
research is required to determine the optimal PPE to protect HCWSs from exposure to and
transmission of VHFs.

Suggested citation: Graham A, Ettles S, McGrath M, Ogunremi T, Selkirk J, Bruce N. Is there sufficient evidence
to inform personal protective equipment choices for healthcare workers caring for patients with viral hemorrhagic
fevers? Can Commun Dis Rep 2025;51(1):7-15. https://doi.org/10.14745/ccdr.v51i01a02

Keywords: personal protective equipment, PPE, healthcare worker, transmission, contamination, exposure, viral
hemorrhagic fever, filovirus, Ebola
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Introduction

Viral hemorrhagic fevers (VHFs) are a group of diseases caused
by enveloped, single-stranded RNA viruses belonging to six taxa,
namely Filoviruses (i.e., Ebola and Marburg virus), Arenaviruses,
Flaviviruses, Hantaviruses, Nairoviruses and Phenuiviruses (1).
Ebola disease (EBOD) was first described in 1976 in two
simultaneous outbreaks in two different countries, South Sudan
and the Democratic Republic of Congo, and comprises six
species, four of which are pathogenic to humans (2,3). Prior to
2014, a total of 2,387 cases had been recorded in localized rural
African outbreaks, with an overall crude mortality of 67% (1,2).
In 2014, an outbreak that occurred in West Africa, which lasted
for two years, showed intense urban transmission and resulted
in over 28,000 cases, with multiple countries including Italy, Mali,
Nigeria, Senegal, Spain, the United Kingdom and the United
States reporting imported cases (4,5).

Human-to-human transmission of Ebola virus (EBOV) occurs

by direct contact (i.e., through non-intact skin or mucous
membranes) with the blood or other body fluids (e.g., stool,
emesis, urine, saliva, semen and sweat) of an infected individual
and/or by indirect contact with environmental surfaces and
fomites contaminated with infected blood or other body

fluids (1,2,4). The risk of transmission increases with the amount
of infectious material to which the individual is exposed (5).
Investigations conducted to date have not identified human-to-
human transmission of EBOV in the absence of direct contact
with an infected case (3,4).

The use of effective personal protective equipment (PPE) for
healthcare workers (HCWs) providing care to patients with
suspected or confirmed VHF is essential to prevent HCW
infection and nosocomial transmission. Close contact with
confirmed or suspected cases without adequate infection
prevention and control (IPC) precautions in place can result

in HCW infection and mortality. In Sierra Leone, Guinea and
Liberia alone, 513 deaths out of a total of 881 infected HCWs
have been reported as of 2015 (4). Currently, there is little
consensus on the safest PPE ensembles to protect HCWs from
exposure to EBOV, with frequent jurisdictional inconsistency in
PPE recommendations. Despite the gap in global consensus,
Canadian IPC recommendations are developed with a
precautionary approach, designed to prioritize the health and
safety of HCWs.

In September 2022, the Ugandan health authorities declared
another outbreak of EBOD, caused by Sudan EBOV

species, which led to 142 confirmed cases, 22 probable
cases, 55 confirmed deaths and 87 recovered patients (2,6).
No cases were reported in Canada. Given this evolving
epidemiological situation, a rapid review of the literature was
conducted to inform the update of the Public Health Agency
of Canada'’s (PHAC) guidelines for IPC measures for EBOD

in healthcare settings. This review summarizes the available
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evidence on PPE use by HCWs to prevent exposure to and
transmission of VHFs, including EBOV.

Methods

Literature search and eligibility criteria

Electronic search strategies were developed by the authors in
consultation with a Health Canada Library librarian. Embase,
MEDLINE, Global Health and Scopus databases were searched in
October 2022. Studies published in either English or French from
July 2014 to October 2022 were considered in this review.

Our research aimed to answer the following question: What
literature exists related to PPE use by healthcare staff to prevent
transmission of and exposure to viral haemorrhagic fevers?
Search terms utilized covered a wide variety of healthcare
settings, professions and PPE items. Search terms and
population, exposure, intervention, control and outcomes (PICO)
criteria for the literature search can be found in Table 1.

Study selection and data extraction

Duplicate studies were identified and removed. A screening
tool was developed in Excel® for initial screening to verify

that parameters for inclusion were met. Additional title and
abstract screening to assess study design/format and relevance
to use of PPE was conducted by two independent reviewers

in DistillerSR®. Due to the breadth of results, the scope of
studies eligible for inclusion was narrowed to include only those
directly relevant to the use of PPE in relation to the outcomes of
interest, based on the informed opinion of the reviewer. News
articles, editorials, commentaries, opinion pieces, guidelines,
policy statements, cost analyses and articles with legal/ethical
foci were excluded. Additionally, research focusing on protocol
development, as well as heat exhaustion and comfort during PPE
use, were also excluded.

As the review was primarily meant to inform national IPC
guidance, studies were restricted to those conducted in
G20 countries with the addition of New Zealand at full-text
review to ensure applicability to the Canadian context.

A full-text screening tool (DistillerSR) was developed to exclude
studies based on the exclusions noted above, and to retrieve
relevant details on study design, methodology and qualitative
and quantitative results regarding relevant PPE. Full-text
screening was conducted by two independent reviewers.
Conflicts were resolved via consensus-building discussion
between reviewers, with a third reviewer providing input if
consensus could not be reached.

Included articles were critically appraised using PHAC's Infection
Prevention and Control Guidelines Critical Appraisal Toolkit (7).
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Table 1: Population, exposure, intervention, control and outcomes search criteria for systematic review

Populations

Personnel: Dietician, food services, emergency medical technician (EMT), licensed practical nurse (LPN), medical
radiation technologist, medical laboratory technologist (MLT), midwife, nurse practitioner (NP), paramedic, physician,
physician assistant, registered nurse (RN), registered nurse assistant (RNA), registered practical nurse (RPN), respiratory
therapist (RT), environmental services, cleaning staff, phlebotomist, porters, transportation workers

Type of care: Acute care, hospital care, emergency care, critical care, intensive care, ambulatory care, out-patient care,
community care, home care, respite care, palliative care, long-term care, complex continuing care, rehabilitation care,

pre-hospital care, convalescent care, mental healthcare

Exposures
virus disease (SVD)

Viral haemorrhagic fever, filoviruses, Ebola, Lassa, Marburg, Crimean-Congo virus, Ebola virus disease (EVD), Sudan

Interventions

hood

Personal protective equipment (PPE), gowns, gloves, respirators, N95, powered air purifying respirators (PAPR), face
protection, masks, visors, eye protection, goggles, glasses, aprons, Tyvek, coverall, boots, boot covers, shoe covers,

Comparison Not relevant at this time

Qutcomes Exposure (event)

Transmission (event), spread

Contamination, self-contamination

Abbreviations: EMT, emergency medical technician; EVD, Ebola virus disease; LPN, licensed practical nurse; MLT, medical laboratory technologist; NP, nurse practitioner; PAPR, powered air purifying
respirators; PICO, population, exposure, intervention, comparison and outcomes; PPE, personal protective equipment; RN, registered nurse; RNA, registered nurse assistant; RPN, registered practical

nurse; RT, respiratory therapist; SVD, Sudan virus disease

This suite of tools is used to grade evidence in a systematic
manner across several domains, including assessments of the
study population and sampling methods, internal and external
validity, ethics and control of confounding and bias. A summary
result was assigned to the study based on strength of design,
overall quality of the study and directness of evidence.

Evidence synthesis

A narrative synthesis of the evidence was created to identify
common study foci, areas of consensus and variation and gaps in
the evidence base.

Results

Overview of included studies

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) results can be found in Figure 1. Twenty
studies were included in the analysis: eight laboratory studies,
two randomized controlled trials, three non-randomized
controlled trials, one cross-sectional study, four case reports and
two literature reviews. A summary of the included evidence can
be found as supplemental material in the Appendix.

Contamination by fluorescence

Three studies (8-10) assessed contamination using fluorescent
surrogate viruses, simulating enveloped and non-enveloped
viruses. In each study, participants donned a complete ensemble
of PPE commonly used for high-consequence infectious

diseases (HCID). In two studies conducted by Casanova et al.,
researchers primarily sought to measure detectable
contamination of PPE and of individuals, indicated by fluorescent
markings (8,9). In both studies, there was no detection of

the enveloped surrogate virus after doffing PPE, but several
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Figure 1: PRISMA flow-chart of literature review process
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for Systematic reviews and Meta-Analyses

instances of contamination by non-enveloped virus, particularly
on participants’ inner gloves. Detection of contamination, on the
inner gloves but not on the hands, suggested that hand hygiene
steps in doffing processes were protective against
self-contamination with enveloped and non-enveloped viruses.



The study by Mumma et al. (10), conducted failure modes and
effects analysis and fault tree analysis to identify and quantify the
risk of errors in a doffing protocol. While participants completed
simulated patient care activities and doffed Ebola-level PPE,
risks of failure modes were identified and quantified. The

extent to which errors contributed to self-contamination were
delineated. Three groups of failure modes were found to have
higher risk indices, characterized by their frequency and severity.
These included hand hygiene-related errors, compromised

PPE (especially at hands and wrists) and mishandling of

PPE (especially the powered air purifying respirator [PAPR]

hood and face shield). A subsequent study conducted by
Mumma et al. (11) used similar methodology to identify
potential errors in a PPE doffing process and their frequency.
Corroborating the results of the previous study, hand hygiene
and PAPR hood removal were associated with greater risk of
error. Removal of the outermost garment and of boot covers also
showed above-average risk of error in the PPE doffing process.

Comparing personal protective equipment
ensembles

Chughtai et al. (12) tested ten established PPE protocols for
EBOD. The rate of self-contamination among participants was
lower for PPE protocols using gowns compared to protocols
using coveralls. Powered air purifying respirators were observed
to be more protective compared to N95 respirators, potentially
due to lower risk of self-contamination with fewer items of PPE
and the incorporation of assisted doffing.

A study by Suen et al. (13), which compared the efficacy of three
PPE ensembles, reported some differences in contamination
across the ensembles. Standard Ebola PPE (PPE1), which
included neck-to-ankle coveralls, a water-resistant gown, double
nitrile gloves and a hood, was compared to another Ebola PPE
set (PPE2), which included front-zip coveralls, a plastic apron and
double gloves. Both PPE1 and PPE2 used boots, a face shield
and an N95 respirator, and were compared against a reference
PPE ensemble used for routine practices and aerosol-generating
procedures (PPE3). The study found less frequent contamination
of participants’ clothing in small patches during removal of

PPE1 (median of 5.00 small patches of contamination), compared
to PPE2 and PPE3 (median 7.00 patches). Additionally, less
contamination overall for Ebola-specific PPE ensembles (PPET,
PPE2) was found compared to the reference PPE (PPE3).

Hall et al. (14) compared a basic PPE ensemble (surgical mask,
standard length apron, one pair short gloves, own footwear)
against established PPE protocols in use across HCID units in the
United Kingdom. Across protocols, 1,584 contamination events
were recorded after the completion of a simulation exercise, and
twelve contamination events post-doffing. Identified breaches
were related to protocol failure or complications in the doffing
processes. In a follow-up study, Poller et al. (15) replicated the
testing using a new PPE ensemble for HCIDs developed by
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an expert working group. While frequency of post-simulation
contamination events was comparable to those observed by

Hall et al., no residual contamination was observed post-doffing
with the new PPE ensemble. Notable features of the ensemble
included use of a FFP3 respirator, anti-infection transfer hood,
full face visor, rear-fastening reinforced and fluid-resistant surgical
gown, wide and extra-long medium thickness plastic apron, three
layers of gloves and surgical wellington boots.

A randomized controlled trial (16) utilized a single Ebola PPE
ensemble but compared two different training packages to
assess fluorescent contamination in each group after undergoing
simulated contamination. Both groups received basic IPC

and PPE training. The intervention arm received considerably
more teamwork-focused training, including strategies, defined
roles and responsibilities and a demonstration of the doffing
process. Upon examination, self-contamination was observed

to be significantly lower in the intervention group compared to
controls.

Assessing personal protective equipment
integrity

Gao et al. (17) tested thirteen brands of nitrile (n=8) and

latex (n=5) gloves, examining tensile strength and ultimate
elongation without (control) and with one to six applications of
alcohol-based hand rub (ABHR). Overall, ethanol based ABHR
had little to no effect on elongation of most gloves but resulted
in decreased tensile strength for some nitrile gloves after up to
six applications. Despite this, all but two relatively thin nitrile
gloves continued to meet National Fire Protection Association
standards for tension strength and elongation.

Nikiforuk et al. (18) measured environmental persistence of EBOV
and viral RNA on various PPE materials. Ebola virus remained
viable on all materials from 24-72 hours post-inoculation, except
for on gloves (less than an hour) and goggles (less than 24 hours).
Ebola virus penetration through PPE materials was measured
using dry and phosphate-buffered saline-saturated samples of a
hood, coveralls and respirator. Saturated samples were found to
provide less protection compared to dry material. Similar results
were observed when dry and saturated samples of a surgical
mask and two respirators were tested. Overall, saturated PPE
materials provided less protection compared to dry samples,
with penetration of EBOV in seven of 21 saturated samples
compared to one of 21 dry samples of the same materials.

Jaques et al. (19) conducted Elbow Lean Tests, using various
levels of pressure, on isolation gowns and coveralls to measure
resistance of the continuous and discontinuous regions of
garments to penetration of simulated bodily fluids. Overall,
higher pressure led to higher failure rates across all types of
garments for both continuous and discontinuous regions. In
discontinuous regions, coveralls that had high failure rates in
seam regions and zippers were not protective, but heat-sealed
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seams performed better. Only one garment model, a gown,
demonstrated nearly 100% barrier protection for the whole
garment, with one failure out of 42 tests.

Case reports

Four case reports were included, describing IPC measures
taken for the care of patients under investigation, or confirmed
to have EBOD or other VHFs (20-23). Reporting of specific

PPE items and/or ensembles used in patient care was limited
and few details were provided on the effectiveness of PPE in
preventing exposure and transmission. Despite their limitations,
these studies could not be reasonably excluded based on the
established inclusion criteria and were therefore included in the
analysis.

Literature reviews

Two literature reviews were included in the analysis.

Hersi et al. (24) assessed the benefits and harms of Ebola-specific
PPE compared to potentially less robust PPE in the context of
HCWs caring for patients with filoviruses. Despite comprehensive
methodology, insufficient evidence was available to draw
conclusions on the effectiveness and potential harms of robust

PPE compared to the alternative.

Table 2: Quality appraisal results of included studies

Study (reference) Study design Strength of design? Overall quality of study

Licina et al. (25) evaluated the effect of PAPRs for respiratory
protection against highly virulent infectious diseases, including
EBOD, compared to other devices such as N95/FFP2 respirators,
on HCW infection rates and contamination. Equivalent rates of
infection were demonstrated in cohorts using PAPRs compared
to other appropriate respiratory protection. The review did
identify some low-quality evidence pointing to the advantages
of PAPRs, compared to alternative respiratory protection, for
wearer protection from cross-contamination and in doffing
simulation studies.

Quality appraisals

Twenty-nine studies underwent quality appraisal using PHAC's
Critical Appraisal Toolkit (7). Nine studies were rejected for
further inclusion at this stage due to a lack of relevance to

our research question. Of the 20 included studies, 2 studies
were appraised as being of high quality (17,18), 14 as being of
medium quality and 4 as being low quality. For all studies, the
directness of evidence was determined to be extrapolation, as
results were related to a different research question, or were
investigated under artificial conditions. Full quality appraisal
results can be found in Table 2.

Andonian et al., 2019 (16) Strong Extrapolation Medium
Bell et al., 2022 (26) RCT Strong Extrapolation Low

Barratt et al., 2015 (20) Case report Weak Extrapolation Medium
Casanova et al., 2018 (8) Laboratory study Strong Extrapolation Medium
Casanova et al., 2016 (9) NRCT Strong Extrapolation Low

Chughtai et al., 2018 (12) Laboratory study Strong Extrapolation Medium
Cummings et al., 2016 (21) Case report Weak Extrapolation Low

Drew et al., 2016 (27) NRCT Strong Extrapolation Medium
Gao et al., 2016 (17) Laboratory study Strong Extrapolation High

Hall et al., 2018 (14) NRCT Strong Extrapolation Low

Haverkort et al., 2016 (22) Case report Weak Extrapolation Medium
Hersi et al., 2015 (24) Literature review Not applicable® Extrapolation Medium
Jaques et al., 2016 (19) Laboratory study Strong Extrapolation Medium
Lehmann et al., 2017 (23) Case report Weak Extrapolation Medium
Licina et al., 2020 (25) Literature review Not applicable® Extrapolation Medium
Mumma et al., 2019 (11) Cross-sectional study Weak Extrapolation Medium
Mumma et al., 2018 (10) Laboratory study Strong Extrapolation Medium
Nikiforuk et al., 2017 (18) Laboratory study Strong Extrapolation High

Poller et al., 2018 (15) Laboratory study Strong Extrapolation Medium
Suen et al., 2018 (13) Laboratory study Strong Extrapolation Medium

Abbreviations: NRCT, non-randomized controlled trial; RCT, randomized controlled trial
2 Strength of study design is determined based on rankings assigned in the Public Health Agency of Canada’s Critical Appraisal Toolkit
b Literature reviews without meta-analyses are not assessed on study design. Quality of review methods used is captured under “overall quality of study”
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Discussion

The review identified 20 relevant studies addressing PPE use

in the context of VHFs, such as EBOD, in high-income country
contexts. A quality appraisal of evidence was completed with
most studies (19) ranking low-to-medium quality; unfortunately,
the lower quality of many studies limited our ability to
extrapolate to real world scenarios. We concluded that there was
insufficient evidence to draw conclusions on the comparative
effectiveness of PPE to prevent exposure to and transmission
of VHFs, including EBOV, to HCWs. Given this gap in evidence
on PPE effectiveness, the determination of PPE ensembles for
EBOD should consider a precautionary approach.

Nine studies with varying methodologies involved detecting
contamination by fluorescent markers. Two studies showed that
use of HCID PPE resulted in no self-contamination, suggesting
the ensembles were effective. Further, studies comparing EBOD/
HCID-specific PPE ensembles against basic or routine practice
PPE consistently showed that more robust PPE ensembles are
significantly more protective against contamination (13-15).
However, comparing efficacy of enhanced PPE combinations
proves difficult due to heterogeneity of the ensembles
compared between studies, methods used to simulate and
record contamination, differences in reporting of contamination
and variations in training and experience among participants.
Due to the varied scope and methodology of the independent
studies that met the inclusion criteria, a meta-analysis that
would quantitatively summarize overall findings of the results
was not possible. As such, it is difficult to draw conclusions on
the protective effects of individual items or combinations of
PPE. Most ensembles varied significantly with respect to body
protection, gloving, head coverage and footwear. Other aspects
of protocols (when reported) also varied, including hand hygiene
and doffing assistance.

Three medium-to high-quality (17-19) laboratory studies using
differing methodologies assessed the integrity of PPE items,
examining degradation of PPE materials and penetration

of EBOV, surrogate virus or simulated bodily fluids through
samples. Personal protective equipment tested included

gloves (17,18), gowns and coveralls (18,19) and surgical masks
and respirators (18). These studies found that the PPE studied
was generally resistant to ABHR degradation and that moisture-
saturated PPE materials tended to provide less protection than
dry materials, indicating the importance of avoiding body fluid
contamination and excessive sweating while donned. Further
work should be done to elucidate the comparative performance
of other models of PPE to determine which provide the greatest
protection in the event of moisture saturation and activity-
induced pressure.

Despite a well-designed and comprehensive review
methodology, Hersi et al. (24) were not able to reach a
conclusion on the effectiveness of various forms of PPE for

SYSTEMATIC REVIEW @

HCWs providing care to patients with VHFs, owing to similar
issues with the body of evidence, such as low study quality and
heterogeneity among PPE components and reporting. This result
aligns with our findings.

When examining the role of PAPRs (25), investigators were
unable to find differences in protection compared to other forms
of respiratory protection. This result is inconsistent with the work
by Chughtai et al. (12), which showed that PAPRs were observed
to be more protective compared to N95 respirators. Though
there were a number of limitations in the work by Chughtai et al.,
further work is needed to determine the true safety of PAPR use,
and its role in self-contamination, when caring for patients with
VHFs.

Another issue that was noted was PPE reporting across studies
was often inconsistent, with a number of studies citing PPE
ensembles only as “high consequence” or “Ebola-specific” PPE,
making it difficult to determine individual components and their
comparability to PPE used in other studies. Additionally, steps
for donning and doffing often were not reported, posing another
barrier to compare results.

Strengths and limitations

One strength of this review was that it utilized a standardized
screening and data extraction form within a reference
management software, which helped to reduce bias and ensure
data integrity via consistent collection and reporting. Results
were also critically appraised to assess domains of bias, with
some studies being excluded when methodology was deemed
to be too poor. Another strength of this review was that search
criteria excluded countries outside of the G20 and New Zealand,
to ensure compatibility of findings with Canadian healthcare
settings when drafting IPC practice recommendations. Further,
the addition of multiple focus criteria during the screening
process facilitated selection of studies that were more
comparable and more relevant to the research question, thereby
enhancing our analysis.

One weakness of this study is the limited number of studies
included and the overall heterogeneity among the methodology
and outcomes. Most studies were also limited by small sample
sizes (fewer than 20 participants). Given these issues and the
inability to conduct further statistical analysis, it was difficult to
draw firm conclusions from the available data, impacting our
ability to reach evidence-based conclusions.

Conclusion and future directions

To our knowledge, this is the first literature review conducted in
Canada to address the research question: What literature exists
related to PPE use by healthcare staff to prevent transmission

of and exposure to viral haemorrhagic fevers in high-income
contexts? This summary provides important insight into the state
of knowledge of this topic as well as identifying areas needing
further exploration.
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Overall, there was limited evidence to draw conclusions on the
comparative effectiveness of PPE to prevent exposure to and
transmission of VHFs to HCWs. The current body of evidence
would benefit from a more robust comparison of different

PPE components and models, using standardized methods for
data collection and reporting to ensure comparability amongst
studies. There is a notable gap in strong study designs (such
as randomized controlled trials and studies that involve large
numbers of participants), which would produce more robust

results and allow for statistical analysis and modelling. If feasible,

conducting more studies during outbreaks of VHFs, or during

actual care of EBOD patients, would provide greater insight into
outcomes encountered in the real world compared to simulation

studies.
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Abstract License.

Background: The Public Health Agency of Canada oversees the Human Pathogens and Toxins
Act and Human Pathogens and Toxins Regulations, and monitors human pathogen and toxin
incidents in licensed facilities to minimize exposure impact at the individual and population level. Affiliation

' Regulatory, Operations and
Emergency Management Branch,
Public Health Agency of Canada,
Methods: Confirmed exposure incident reports in 2023 were analyzed using R 4.2.2, Ottawa, ON

Microsoft Excel and SAS.

Objective: To provide an overview of confirmed laboratory exposure incidents in Canada in 2023.

Results: In 2023, 207 incident reports were received, including 63 confirmed exposure incidents *Correspondence:
that affected 85 individuals. The academic sector accounted for 50.8% (n=32) of the reported antoinette.davis@phac-aspc.gc.ca
confirmed exposure incidents. Microbiology (n=33; 52.4%) was the predominant activity being

performed, with the most common occurrence types being sharps-related (n=22; 27.2%) and

procedure-related (n=16; 19.8%). Human interaction (n=36; 57.1%) and standard operating

procedures (n=24; 38.1%) were the most frequent root causes cited, with corrective actions

often directly addressing these causes. Most of the 85 affected individuals were technicians/

technologists (n=55; 64.7%) and had a median of 11 years of laboratory experience. Sixty-seven

human pathogens and toxins (HPTs) were implicated in the confirmed exposure incidents,

with bacteria (n=36; 53.7%) being the most common biological agent type. The median time

between the incident and the reporting date was six days.

Conclusion: The number of confirmed exposure incidents increased in 2023 compared to
2022. Microbiology was most often the activity being performed at the time of exposure, and
occurrence-types, root causes and HPTs implicated in 2023 mirrored those cited in 2022.

Suggested citation: Nafees A, Gauthier A, Davis AN, Tran EF, Abalos C, Girincuti CM, Bonti-Ankomah S.
Surveillance of laboratory exposures to human pathogens and toxins, Canada, 2023. Can Commun Dis Rep
2025;51(1):16-25. https://doi.org/10.14745/ccdr.v51i01a03

Keywords: Centre for Biosecurity, human pathogens and toxins, laboratory-acquired infections, laboratory
exposures, laboratory incidents, Laboratory Incident Notification Canada, surveillance

Introduction
In the field of biosafety, the management of human pathogens the Human Pathogens and Toxins Regulations (HPTR) (8), which
and toxins (HPTs) is a matter of importance due to the potential are administered and enforced by the Public Health Agency of
for laboratory-acquired infections (LAls) (1-6). Recognizing Canada’s (PHAC's) Centre for Biosecurity. Since the enactment
this risk, a rigorous approach to biosafety in facilities where of the HPTA in 2009 and the HPTR in 2015, the HPTA/HPTR have
controlled activities are conducted is necessary, including set the standards for working with HPTs in various sectors such as
regulated safety practices and incident surveillance. hospitals, academic institutions and public or private institutions
in Canada. There are four risk groups that classify HPTs based
The backbone of Canada’s regulatory framework in laboratory on their potential to harm individual and community health.
safety is the Human Pathogens and Toxins Act (HPTA) (7) and For instance, risk group 1 (RG1) HPTs, like non-pathogenic
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Escherichia coli, are not expected to cause disease in humans,
while risk group 4 (RG4) HPTs, such as the Ebola virus, are known
for their potential to cause life-threatening diseases that spread
rapidly through the community (9). Also included amongst these
regulated HPTs are a class of risk group 3 (RG3) and RG4 HPTs
known as security sensitive biological agents (SSBAs) that are
specified due to their potential for use as biological weapons and
for bioterrorism (9).

The Centre for Biosecurity established the Laboratory Incident
Notification Canada (LINC) surveillance system in late 2015

to oversee HPT incident reporting, identification, monitoring
and analysis and ensure appropriate follow-up and support

to licensed facilities with the goal of reducing the risk of
recurrence (10) and minimizing the impact of exposures on

the health and wellbeing of facility personnel and the general
population. Compared to incident surveillance systems in other
developed countries, LINC remains the most comprehensive in
terms of its scope. For instance, both the Federal Select Agent
Program (11) in the United States and the Security Sensitive
Biological Agents Standards (12) in Australia were established
to provide regulatory oversight for only SSBAs, with the former
producing an annual report on its inspections, compliance
actions, transfer of biological select agents and toxins as well as
the theft, loss or release of biological select agents and toxins in
order to improve understanding of their mandate (13). Operating
under the HPTA and HPTR, LINC's scope includes a much
broader range of HPTs and is not limited to SSBAs (14).

Under the HPTA, any facility working with risk group 2 (RG2)
pathogens and above must obtain a pathogen and toxin licence
to conduct controlled activities with HPTs (7,15). The licence
requires facilities to adhere to the outlined safety protocols

and reporting standards. Licensed facilities are mandated

to report various types of incidents to LINC without delay,
including exposure incidents, which involve potential or actual
contact with pathogens, and non-exposure incidents, such

as a missing, lost or stolen biological agent, the inadvertent
possession, production or release of an HPT and SSBAs not
received at the facility within their expected arrival time. Other
incidents that must be reported without delay include changes
to biocontainment and other biosafety-related occurrences that
may not directly involve pathogen exposure but have significant
implications for laboratory safety. The reporting of incidents
involving agents in their natural environment is voluntary.
Pathogens in their natural environment refer to those present

in uncultured or unprocessed samples collected directly from
humans or animals. Such biological materials may include blood,
serum, saliva, milk or urine.

The year 2023 marked the eighth year of the LINC surveillance
system. The program's duration has allowed for the meaningful
analysis of incident data from more than 361 confirmed
exposure reports (16), which provided insight into laboratory
safety measures, highlighted areas of progress and ongoing
challenges (10,14,17-21) and illuminated exposure incident

Page 17 CCDR e January 2025 © Vol. 51 No. 1

trends such as the most common biological agent types (bacteria
and virus) and leading root causes (standard operating
procedures [SOPs] and human interaction).

This report summarizes exposure incidents in Canada that were
reported to LINC in 2023 with the goal of enhancing awareness
of the risks associated with handling HPTs, informing biosafety

measures in facilities and comparing the incident data to those
from previous years.

Methods

Data sources

Laboratory Incident Notification Canada is the Government

of Canada'’s primary mechanism for collecting and monitoring
incidents involving HPTs in licensed facilities across Canada under
the HPTA and the HPTR. This system, which is accessible through
an online Biosecurity Portal, facilitates the reporting of exposure,
non-exposure and other types of incidents by licensed facilities.
Once reported, these incidents are viewed and processed

by LINC in the Integrated Suite of Tools for Operational
Processes (iSTOP) of the Microsoft Customer Relationship
Management system.

When a licensed facility reports an exposure incident, they are
required to submit one or more follow-up reports in addition to
their initial exposure report in order to provide further details
and the most updated information regarding the incident.

Incidents reported between January 1, 2023, and December 31,
2023, were extracted from iSTOP on February 6, 2024, and
analyzed. The analysis included incidents without a specified
occurrence date, provided they were reported within this
timeframe. Utilizing only the most recent follow-up reports
ensured that the analysis was based on the latest and most
accurate information pertaining to each incident. In cases
where follow-up reports were not yet submitted to LINC, initial
exposure report data were used. The extraction process involved
examination for outliers and the removal of any duplicate
entries to maintain the integrity of the data. The total number
of active licences was extracted from the Customer Relationship
Management on February 18, 2024, and additional filters were
applied in iSTOP to obtain the number of active licences per
sector. Some licences did not have a specified sector.

Report variables

The following variables were used to describe the confirmed
exposure reports: the main activity being performed at the

time of the exposure incident; sector affected; individuals,
pathogens and toxins involved; root causes and corrective
actions; occurrence types; and time delay in reporting. The
definitions for the main activities are provided in Appendix
Table A1. Sector variables include nine categories: academic;
hospital; public health; veterinary/animal health; private industry/
business; other government; environmental health; not specified;



and “do-it-yourself biology,” where "“do-it-yourself biology”
refers to any individual not working in an institutionalized facility
who is conducting their own experiments. Information about
affected individuals, such as their role, years of experience and
highest level of education, was also collected. Data on other
characteristics, such as their age, gender and socioeconomic
status, were not collected.

Data analysis

This report focuses on the confirmed exposure incidents
reported to LINC in 2023. The classification of incidents into
confirmed or ruled-out categories was based on a review of
follow-up reports. Data were run in R 4.2.2 software for data
wrangling, cleaning and generating descriptive statistics.
Microsoft Excel and SAS 9.4 were used for data validation and
to generate figures and tables. This dual approach allowed for
cross-validation and ensured the quality of data for analysis. This
year's analysis also re-examined data from 2016-2022 to account
for any updates to previously submitted reports.

The exposure incident rate per 1,000 active licences was
calculated by comparing the total number of reported exposure
incidents against the total number of active licences during

the surveillance period, multiplied by 1,000, to provide a
standardized measure to assess trends over time and across
different regulatory sectors.

Baseline establishment

An annual and monthly average of exposure incidents from
2016-2022 was calculated along with 95% confidence intervals
using Microsoft Excel. To establish an annual baseline incidence,
data from 2016-2022 were pooled and the total number of
confirmed exposure incidents from 2016-2022 was summed and
divided by the total number of active licences from 2016-2022
and multiplied by 1,000 to obtain the annual baseline incidence
of exposures per 1,000 active licences.

Results

Figure 1 depicts the 207 laboratory incident reports submitted
to LINC from January 1, 2023, to December 31, 2023. Out of
these, 93 (44.9%) were exposure reports, 87 (42.0%) were non-
exposure reports and 27 (13.0%) were other reports. Thirty
exposure reports and 30 non-exposure reports were ruled

out, leaving 63 confirmed exposure incidents with 85 affected
individuals in 2023. Amongst the confirmed exposure incidents,
there was one suspected LAl and three confirmed LAls.

There was a total of 1,057 active licences (Figure 2) in 2023,
including 981 licences for RG2 HPTs, 70 licences for RG3
pathogens, two licences for RG4 pathogens and four licences
for SSBAs. The number of confirmed exposure incidents per
1,000 active licences (the exposure incident rate) was 60. From
2016-2022, there was an average of 53.0 (95% ClI: 38.7-7.3)
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exposure incidents per year and a yearly baseline incidence of
54.6 exposure incidents per 1,000 active licences.

Figure 1: Incidents reported to Laboratory Incident

Notification Canada, 2023
1 suspected LAl
3 confirmed LAls

63 exposure incidents
— confirmed
(85 affected individuals)

93 exposure
incidents

30 exposure incidents
ruled out

57 non-exposure
incidents confirmed

207 laboratory
incidents reported
to LINC

87 non-exposure
incidents
27 other incidents

Abbreviations: LAI, laboratory-acquired infection; LINC, Laboratory Incidence Notification Canada

30 non-exposure
incidents ruled out

Figure 2: Confirmed exposure incidents, suspected and
confirmed laboratory-acquired infections, active licences
and exposure incident rate, 2016-2023
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Abbreviation: LA, laboratory-acquired infection

From 2016-2022, there was an average of 4.4 (95% ClI: 3.8-5.0)
exposure incidents per month. The number of confirmed
exposure incidents remained relatively stable in 2023, with

five confirmed exposure reports each month for seven of the

12 months (Figure 3). The lowest number of exposure reports
occurred in June (n=2; 3.2%) and the highest occurred in
October (n=9; 14.3%). In comparison, the baseline incidence per
month per 1,000 active licences and the median from 2016-2022
peaked in May and September.

Exposure incidents by main activity and sector
Microbiology and in vivo animal research were the most
common main activities being performed at the time of the
confirmed exposure incident (n=33; 52.4% and n=13; 20.6%,
respectively) (data not shown). Other activities (n=6; 9.5%), cell
culture (n=5; 7.9%), maintenance (n=3; 4.8%), microscopy (n=2;
3.2%) and education or training (n=1; 1.6%) were also mentioned
as main activities being performed at the time of exposure.
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Figure 3: Seasonality analysis using median confirmed
exposure incidents per month and baseline incidence,
2016-2023
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The largest number of confirmed exposure incidents were
reported by the academic (n=32; 50.8%) and hospital (n=20;
31.7%) sectors, as shown on Figure 4. Only four confirmed
exposures were reported from the private sector (6.3%). The
active licences are distributed among multiple sectors, including
academic, hospital, private and public health. Most licences in
2023 were held by private facilities (n=533; 50.7%), academic
facilities (n=216; 20.5%) and hospitals (n=177; 16.8%).

Figure 4: Active licences, confirmed exposure incidents

and affected individuals by sector, 2023
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Affected individuals

An average of 1.57 persons were affected per confirmed
exposure incident in 2023, with 85 individuals affected in total.
Of these 85 individuals, 43 were affected through confirmed
exposure incidents in hospital sector (50.6%), while 32 were
affected through confirmed exposure incidents in the academic
sector (37.6%), as shown in Figure 4. The veterinary/animal
health and environmental health sectors each had one confirmed
exposure (1.6%) with one affected individual (1.2%) in each.

The largest number of individuals affected in a single confirmed
exposure incident (inhalation of Brucella melitensis caused by

an inadvertent possession of the pathogen) was 11 in a hospital
laboratory. The majority of individuals affected in confirmed
exposure incidents in 2023 were technicians/technologists (n=55;
64.7%) with a median number of 11 years of experience

working in a laboratory setting (Figure 5). Among the affected
individuals, 20 were students (23.5%) with a median of 2.5 years
of experience and seven were researchers (8.2%) with a median
of six years of experience. In 2023, only one supervisor/manager
was involved in a confirmed exposure incident (1.2%). That
individual had 18 years of laboratory experience.

Figure 5: Affected individuals in confirmed exposure
incidents reported by number of years of laboratory
experience and main role, 2023 (N=85)
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Implicated human pathogens and toxins
Sixty-seven HPTs were implicated in confirmed exposure
incidents in 2023 (Table 1). Exposures were predominantly
with non-SSBAs (n=57; 85.1%). Among the RG2 HPTs (n=48;
71.6%), the most common agent types were bacteria (n=30;
44.8%) and viruses (n=14; 20.9%). Other HPT agent types, such
as fungus, parasite, prion and cell line, were each implicated

in one exposure incident. For exposure incidents involving

RG3 HPTs (n=15; 22.4%), the most common agent types were
bacteria (n=6; 9.0%), fungus (n=5; 7.5%) and virus (n=3; 4.5%).
The RG2 HPTs most frequently implicated in exposure incidents
were Neisseria meningitidis (n=8; 16.7%) and Staphylococcus
aureus (n=7; 14.6%), while among the RG3 agents,

B. melitensis (n=3; 20%) as well as Histoplasma capsulatum




and Mycobacterium tuberculosis (n=2; 13.3% each) were most
common. Only one exposure incident implicating SARS-CoV-2
was reported in 2023. Enterohemorrhagic E. coli and Salmonella
enterica were implicated in two of the three confirmed LAls,
while the HPT implicated in the third confirmed LAl was
unknown. Shiga toxin-producing E. coli (STEC) was implicated in
the suspected LAI. There were no exposures to RG4 pathogens
in 2023.

Table 1: Human pathogens and toxins implicated in
reported exposure incidents by risk group level and
biological agent security sensitive status, 2023 (N=67)

Biological
agent type
by risk
group

Non-SSBA

%

RG2 (0] (0] (0] 71.6
Bacteria 30 4481 O 0 0 0| 30 44.8
Fungus 1 1.5 0 0 0 0 1 1.5
Parasite 1 1.5 0 0 0 0 1 1.5
Prion 1 1.5 0 0 0 0 1 1.5
Toxin 0 0| O 0 0 0 0 0
Virus 14 209 O 0 0 0| 14 20.9
Cell line 1 15| 0 0 0 0 1 1.5
Bacteria 2 30| 4 6.0 0 0 6 9.0
Fungus 4 6.0 1 1.5 0 0 5 7.5
Parasite 0 0| O 0 0 0 0 0
Prion 1 1.5 0 0 0 0 1 1.5
Toxin 0 0| O 0 0 0 0 0
Virus 2 3.0 1 1.5 0 0 3 4.5
Cell line 0 0| O 0 0 0 0 0

Unknown

agents

Total 57

100
Abbreviations: RG2, risk group 2; RG3, risk group 3; SSBA, security sensitive biological agents

Occurrence types

More than one occurrence type could be selected for each of the
63 confirmed exposure incidents. Eighty-one occurrence types
were identified in 2023 (Figure 6). The most frequently cited
occurrence type was sharps-related (n=22; 27.2%). There were
also 16 (19.8%) procedure-related occurrences, 13 (16.0%) spill-
related occurrences and 11 (13.6%) occurrences categorized as
“other.” The “other” occurrence type included exposures due
to work performed on an open bench and accidental ingestion.
There were three (3.7%) unknown occurrence types. Definitions
of the occurrence types are provided in Appendix Table A2.
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Figure 6: Occurrence types involved in confirmed
exposure incidents, 2023 (N=81)
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Abbreviations: animal, animal-related; equipment, equipment-related; loss, loss of containment-
related; PPE, personal protective equipment-related; procedure, procedure-related; sharps,
sharps-related

Root causes and corrective actions

Many of the confirmed exposure incidents were associated with
more than one root cause (Table 2), with a total of 131 root
causes identified and an average of 2.08 per exposure incident.
Human interaction was the root cause identified in 36 (57.1%)
confirmed exposure incidents, while SOPs were identified as the
root cause in 24 (38.1%) confirmed exposure incidents.

Corrective actions were compared with the root causes of each
confirmed exposure incident (Table 2). The corrective actions
that addressed the same root cause were related to SOPs (n=20;
83.3%), communication (n=12; 80.0%) and training (n=15;
78.9%). Only 50.0% of confirmed exposure incidents with an
equipment-related root cause were addressed by corrective
actions in this same area of concern (n=8).

Reporting delay to Public Health Agency of
Canada

The reporting delay refers to the number of days between the
date of the confirmed exposure incident’s occurrence and the
date on which it was first reported to PHAC via LINC. In 2023,
the median reporting delay was six days, as was the median
reporting delay in 2021 and 2022 (Figure 7). The 25" percentile
for reporting delay was two days, consistent with the previous
five years, while the 75% percentile was 16.25 days, more than
double what it was in 2022 due to retrospective data entry of
previously unreported exposure incident reports from 2016-2023
that were discovered during an on-site inspection.
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Table 2: Root causes and corrective actions reported in follow-up reports of confirmed exposure incidents, 2023

(N=131)
Root cause Examples of areas of concern
S B B

A violation (cutting a corner, not follow correct procedure, deviating

Human interaction from standard operating procedure) 36 57.1 22 61.1
An error (a mistake, lapse of concentration or slip of any kind)
Documents were followed as written but not correct for activity/task

Standard operating Procedures that should have been in place were not in place 24 38.1 20 83.3

procedure (SOP)
Documents were not followed correctly
Training was not in place but should have been in place

Training Training was not appropriate for task/activity 19 30.2 15 78.9
Staff were not qualified or proficient in performing task
Supervision needed improvement

Managiment and Lack of auditing of standards, policies and procedures 17 27.0 11 64.7

oversight
Risk assessment needed improvement
Equipment quality control needed improvement

Equipment Equipment failed 16 25.4 8 50.0
Equipment was not appropriate for purpose
Communication did not occur but should have

Communication 15 23.8 12 80.0
Communication was unclear, ambiguous, etc.

Other Not applicable 4 6.3 0 0

* Percentage of exposure incidents that were associated with this root cause

> Number of exposures that were associated with this root cause, with the corrective action addressing the same area of concern
< Percentage of exposures that were associated with this root cause, with the corrective action addressing the same area of concern

Figure 7: Time between the date of the confirmed
exposure incident and the date it was reported to
Laboratory Incident Notification Canada, 2016-2023
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2016 2017 2018 2019 2020 2021 2022 2023
25" percentile 4.5 3 2 2 2 2 2 2
Median 16 7 6 5 5 6 6 6
75% percentile  43.5 18.5 22 1 135 16 8 16.25
Median time between incident date and reporting date
Discussion

In 2023, an increase in confirmed exposure incidents was
observed in comparison with the preceding three years. While
there are likely multiple contributing factors to this increase,
one of the most significant may be the COVID-19 pandemic.
The pandemic, which occurred between 2020 and 2022,
significantly altered normal work practices in many fields by
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limiting the number of workers and changing the volume and
type of laboratory activity conducted (22). The number of
confirmed exposure reports in 2023 was similar to the pre-
pandemic period. As seen in previous years (10,14,17-21)

the academic and hospital sectors contributed the largest
proportion of confirmed exposure incidents. The most common
activities being performed during a confirmed exposure event
were microbiology and in vivo animal research, and confirmed
exposures due to sharps-, procedure- and spill-related
occurrences were most often cited, with human interaction
and SOPs as the most common root causes. Technicians/
technologists made up the majority of affected individuals,
while non-SSBAs were implicated most frequently in confirmed
exposure incidents. Compared to 2021 and 2022, there was no
change in the median reporting delay.

Corrective actions undertaken following a
confirmed exposure incident

Understanding the underlying causes of incidents and
developing strategies to prevent recurrence, especially

for system-level failures rather than individual errors, is

important (23,24). Part of the exposure incident follow-up
process includes the reporting of corrective actions taken

by regulated facilities. Corrective actions fall into the same
categories as root causes, allowing for an assessment of incidents



based on the appropriateness of the applied corrective actions.
In 2023, the root cause that was most frequently addressed
through corrective actions following a confirmed exposure
incident was SOP. Well-designed systems have just as much

of an impact on safety as do individual-level capabilities and
errors (23). This understanding drives SOP changes, which
generally involve modifications to workflow or communication
protocols. The higher rate of corrective action may reflect the
tangible nature of these procedural improvements, which can
be directly implemented and monitored (23). Training-related
solutions were also frequently observed in 2023, aligning with
literature that emphasizes the important role of continuous
education in mitigating errors and enhancing safety (24).
Training addresses immediate knowledge gaps and enhances
skillsets (23). Efforts to improve communication through
corrective actions, with 80.0% of related incidents addressed

in 2023, emphasize the importance of effective communication
channels in laboratory settings, which are foundational for error
prevention and risk mitigation once an incident has already
occurred (25).

Corrective actions were not reported for some root causes, like
“other,” which included unpredictable animal behaviour. This
may indicate areas where solutions are more challenging to
identify or implement. Corrective actions addressing equipment
or "other” issues may require more resource-intensive solutions
or reflect a lower perceived risk (25).

Non-security sensitive biological agents,
risk group 2 and bacteria remain the most
reported human pathogen and toxin types

Since the establishment of the LINC program and incident
reporting, a large proportion of pathogens implicated in
confirmed exposure incidents have consistently been RG2 non-
SSBAs and, most commonly, bacterial agents (10,14,17-21). This
trend continued in 2023, with non-SSBAs implicated in 85.1%

of confirmed exposure incidents and RG2 HPTs accounting for
71.6% of HPTs identified. Almost 45% of agent types involved in
exposure incidents were bacteria, which reflects the findings by
Blacksell et al. (2024), where the predominant cause of exposure
incidents that resulted in LAls was a bacterial pathogen (1). The
consistently high percentage of RG2 HPTs involved in confirmed
exposure incidents reported to LINC is likely because the
majority of active licences (92.8% in 2023) are held by facilities
carrying out controlled activities with RG2 HPTs. Similarly, in
2023, the majority of facilities were licensed to work with non-
SSBAs, with only 0.4% of active licences granted for SSBAs, thus
explaining the higher proportion of non-SSBAs implicated in
confirmed exposure incidents compared to SSBAs.
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Sharps and procedure-related occurrences and
support for licence holders

The leading occurrence-types cited in confirmed exposure
incidents in 2023 were sharps (27.2%) and procedures (19.8%).
This is consistent with annual report data from previous

years (10,14,17-21). These occurrence types, sharps in particular,
frequently occur in laboratories and have often resulted in
exposure incidents (3,10). For example, a study using data of
clinical laboratory workers from private and government health
sectors in Al-Madinah, Saudi Arabia also found that sharps-
related injuries were commonly experienced among the workers
and were associated with a lack of biosafety training (26). As
such, preventing needlestick and sharps-related injuries within
laboratories remains crucial due to their potential to transmit
pathogens (27).

To raise awareness of common causes of exposure incidents,
mitigate the recurrence and encourage a culture of laboratory
biosafety, LINC developed several new resources to support
licence holders. These resources, which can be found online in
the PHAC Training Portal, facilitate the dissemination of biosafety
best practices and clarify reporting procedures using a variety of
easily accessible formats, including videos, an e-learning course,
webinars, downloadable and fillable forms and a podcast.

Strengths and limitations

A strength of this report is that it involved a comprehensive
dataset, encompassing over eight years of data. The
standardized reporting forms used as part of the incident
reporting process ensured uniform data collection and ensured
data reliability for trend analysis and identification of biosafety
challenges.

This report has several limitations. Currently, individual-level data
of all laboratory workers, such as their age, sex, experience and
education background, income and other sociodemographic
measures, are not collected. Such data could permit detailed
analyses involving inferential statistics and hypothesis-based
studies focused on potential variables associated with laboratory
exposure incidents. Other limitations include the small sample
size and the possibility of underreporting of laboratory exposure
incidents, the extent of which remains unknown. It should also
be noted that licensed facilities self-identify their sector when
creating a user profile in the Biosecurity Portal as part of the
licensing process, and they can only select one sector, though
overlap with another sector may exist in actuality. For instance, a
hospital may select the academic sector as their sector because
they are affiliated with a university. This should be kept in mind
when interpreting the results. Finally, a lack of comparable
national incident reporting surveillance systems outside of
Canada made it challenging to compare the findings and trends
of this report with those of other countries.
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Conclusion

In 2023, the number of confirmed exposure incidents rose and
resembled levels seen prior to the COVID-19 pandemic. The
most common occurrence-types, main activity being performed,
root causes and HPTs implicated in confirmed exposure incidents
in 2023 mirrored those cited in 2022. The natural baseline that
was calculated will serve as an additional reference point for
assessment in future years. Findings from this report can be

used to inform biosafety practices and procedures in facilities to
reduce the incidence of exposure to HPTs.
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Appendices

Table A1: Definitions of main activity

Animal care Activities such as attending to the daily care of animals and providing animals with treatment

Post-mortem surgical examinations for purposes such as determining cause of death or to evaluate disease or

Autopsy or necropsy injury for research or educational purposes

The process of growing cells under controlled conditions. It can also involve the removal of cells from an animal or

Cell culture
plant
Education or training Education or training of students and/or personnel on laboratory techniques and procedures
In vivo animal research Experimentation with live, non-human animals
Maintenance The upkeep, repair and/or routine and general cleaning of equipment and facilities
Microbiology Activities involving the manipulation, isolation or analysis of microorganisms in their viable or infectious state

Activities involving the manipulation of genetic material from microorganisms or other infectious material for

Molecular investigations .
9 further analysis

Serology Diagnostic examination and/or scientific study of immunological reactions and properties of blood serum

Hematology Scientific study of the physiology of blood

Table A2: Definitions of occurrence types

Spill Any unintended release of an agent from its container

Includes malfunction or misuse of containment devices or equipment and other type of failures that results in the

Loss of containment . . ) .
agent being spilled outside of, or released from, containment

Sharps-related Includes needle stick, cut with scalpel, blade or other sharps injury (i.e., broken glass)

Includes animal bites or scratches, as well as other exposure incidents resulting from animal behavior (i.e., animal

Animal-related movement resulting in a needle stick)

Insect-related Includes insect bites
PPE-related Includes either inadequate PPE for the activity or failure of the PPE in some way
Equipment-related Includes failure of equipment, incorrect equipment for the activity or misuse of equipment

Includes instances when written procedures were not followed, were incorrect for the activity or were inadequate

Procedure-related
or absent

Abbreviation: PPE, personal protective equipment
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Burden of disease of respiratory syncytial virus in
older adults and adults considered at high risk of

severe infection

Elissa M Abrams™23*, Pamela Doyon-Plourde’, Phaedra Davis'#, Liza Lee', Abbas Rahal’,

Nicholas Brousseau®, Winnie Siu'#, April Killikelly'

Abstract

Background: Availability of new vaccines for adults has increased interest in understanding
Canada'’s respiratory syncytial virus (RSV) burden in older adults and adults considered at high
risk of severe infection.

Objective: To characterize the burden of RSV disease in Canada by joint analysis of the
published literature and hospitalization data from a healthcare administrative database.

Methods: Electronic databases of published literature were searched to identify studies and
systematic reviews reporting data on outpatient visits, hospitalizations, intensive care unit (ICU)
admissions and deaths associated with RSV infection in adults. For the hospitalization data
analysis, hospital discharge records were extracted from the Canadian Institute of Health
Information Discharge Abstract Database for all patients admitted to an acute care facility for
RSV infection defined by ICD-10 codes from 2010 to 2020 and 2021 to 2023.

Results: Overall, 26 studies, including seven systematic reviews, were identified and
summarized. Evidence suggests that medically attended RSV respiratory tract infections (RTI)
are frequently causing 4.7%—7.8% of symptomatic RTI in adults 60 years of age and older.
Incidence of RSV RTl increases with age and presence of underlying medical conditions. This
trend was consistently observed across all RSV clinical outcomes of interest. Patients who
reside in long-term care or other chronic care facilities have a higher likelihood of severe
clinical outcomes compared to patients with other living situations upon hospital admission.
Approximately 10% of older adults hospitalized with RSV infection require ICU admission.
Although data are limited, the case fatality ratio (CFR) among those admitted to hospital varies
between 5% and 10%. Some evidence suggests that RSV burden may be close to the influenza
burden in older adults. In general, the results from the Canadian hospitalization data support
the rapid review findings. Rates of hospitalization, ICU admission and death associated with
RSV all increased with age, with 16% of hospitalizations resulting in ICU admission and with an
in-hospital CFR of 9%.

Conclusion: In adults, the burden of severe RSV outcomes in general increases with age and
presence of comorbidities.
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Introduction

Respiratory syncytial virus (RSV) is commonly recognized as a
significant respiratory pathogen mostly affecting young children
under 24 months of age and older adults. Although the burden
of disease in the older adult demographic can be substantial,
with older adults experiencing more severe disease compared
to younger populations, this is not as well described as it is in
children and for other pathogens such as influenza. It has been
estimated that globally, RSV is associated with approximately
336,000 hospitalizations and 14,000 in-hospital deaths each
year in adults 65 years and older (1). Additionally, evidence
suggests that younger adults living with underlying medical
conditions, such as immunocompromising conditions and
chronic cardiopulmonary disease, are at high risk of severe RSV
infection and complications (2,3). Nonetheless, RSV remains
generally underrecognized as a cause of severe respiratory tract
infection (RTI) in adults.

The RSV vaccine landscape has evolved dramatically in the

past year. While previously there were no vaccine products
available for adults, there are currently three RSV vaccines being
considered in Canada. As of February 2024, The GSK RSVPreF3
vaccine (Arexvy) and the Pfizer RSVpreF vaccine (Abrysvo) are
approved by Health Canada for adults 60 years of age and older
and the Moderna mRNA-1345 RSV vaccine is under review.

As vaccination will be available to older adults for the first

time, there is a need for a more nuanced understanding of the
burden of RSV disease to inform risk and age-based vaccine
recommendations especially in a Canadian context although
comments on policy were out of scope for this document.
Therefore, this rapid review aimed to evaluate RSV burden

of disease in adults from high-income countries (Canada,

United States, European countries, Australia). Additionally,
hospitalization data from the Canadian Institute for Health
Information (CIHI) Discharge Abstract Database (DAD) were
analyzed to further describe RSV burden in Canada. This report
compiles evidence derived from the literature and the Canadian
discharge database in order to present a comprehensive picture
of the RSV burden of disease to inform immunization guidance
development in adults.

Methods

Rapid review

Search strategies: The search strategy was developed by a
research librarian from Health Canada and the Public Health
Agency of Canada. OVID Embase, MEDLINE, Global Health

and ProQuest Public Health databases were searched from

1995 to November 2022, and again on September 1, 2023,

to identify recent studies evaluating RSV burden of disease in
adults (Appendix, Supplemental material S1-S6). Canadian
respiratory virus surveillance experts were also contacted for any
additional data. After removal of duplicates, references were
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uploaded in DistillerSR online software (Evidence Partners Inc.,
Ottawa, Ontario).

Study selection: Two reviewers screened titles and abstracts

for study eligibility. Full texts of selected studies were then
evaluated. A third independent reviewer assessed citations
marked for exclusion, with disagreements resolved through
discussion. Reference lists of included studies were also screened
for relevant articles on RSV burden in high-income countries.

Eligibility criteria: Inclusion was limited to studies reporting
data on RSV infection in adults, with a focus on adults 50 years
of age and older and individuals 18 years of age and older

with underlying medical conditions. The evaluation of RSV
burden of disease focused on clinical outcomes of interest
including medically attended RSV RTI, hospitalizations, intensive
care unit (ICU) admissions, and death associated with RSV
infection (Supplemental material S7). Observational studies,
randomized controlled trials (RCTs) and systematic reviews (SRs)
were included. Exclusion criteria were populations of other ages,
and studies that did not report on outcomes of interest. The
focus was on high-income countries, although studies from low-
and middle-income countries were included.

Data extraction and data synthesis: One reviewer extracted
data from each article, verified by a second reviewer.
Disagreements were resolved through discussion. Data extracted
included study design, study period, population characteristics,
outcome definitions, sample size, number of events and effect
measures. When reported in included studies, results comparing
RSV and influenza burden of disease were extracted. Results
were synthesized narratively based on the study population and
outcomes. Subgroups of interest included long-term care (LTC)
residents, adults with immunocompromising conditions and
adults with chronic medical conditions.

Canadian hospitalization data

Data sources: Hospital discharge records were extracted from
the CIHI DAD which contains data from acute care facilities from
all provinces and territories, except Québec, representing 78% of
the Canadian population (4). Population demographic data (i.e.,
age group) were obtained from the Statistics Canada website (5).

Respiratory syncytial virus hospitalizations were identified using
the International Classification of Disease, Tenth Revision (ICD-10)
codes J12.1, J20.5, J21.0 or B97.4. Respiratory syncytial virus
hospitalizations were classified as one of the aforementioned
ICD-10 codes recorded as anywhere from diagnosis 1 through
25. Hospitalizations were further stratified to determine the
hospitalizations due to RSV, which was defined as one of the
aforementioned ICD-10 codes recorded as diagnosis 1.

Results were presented in two groups: hospitalizations due to
RSV and hospitalizations associated with RSV. Hospitalizations
due to RSV provides data on direct burden of RSV in the



hospitalized population as it includes only patients where RSV
was coded as the most responsible diagnosis or condition

for the patient’s stay in a facility (RSV-related ICD-10 code as
diagnosis 1). Hospitalizations associated with RSV provide a
general sense of the prevalence of RSV in the hospitalized
population as it includes both patients where RSV was identified
as the condition considered the most responsible for the stay in
a facility and where it was diagnosed or present in the patient
during their stay in the facility (RSV-related ICD-10 code found
anywhere from diagnosis 1 through 25).

Analytic cohort

All patients admitted to an acute care facility with RSV between
September 2010 to August 2020 and September 2021 to
August 2023 (12 respiratory virus seasons spanning September
through August of the following year) were included in the
analysis. Due to public health measures enacted for the
COVID-19 pandemic, there was almost no RSV activity in the
2020-2021 season (6); therefore, this season was excluded from
the analysis as it did not reflect normal seasonal activity.

Data on ICU admissions and in-hospital deaths were also
extracted. Diagnosis codes were not available specifically for ICU
admissions and deaths; therefore, their classifications (associated
with or due to RSV) were based on whether the initial
hospitalization was associated with or due to RSV.

Risk factors of interest were also determined by diagnosis
information based on ICD-10 classification codes and were
chosen based on prior known associations with severe

RSV outcomes. Diagnosis codes were considered mutually
exclusive (i.e., one individual hospitalized for RSV with multiple
risk factors of interest were counted in each individual risk factor
category). All diagnoses and conditions that are present on a
patient’s record from diagnosis 1 through 25 were included in
determining their risk factors. Risk factors of interest for the
Canadian hospitalization data analysis included RTI, chronic
obstructive pulmonary disease (COPD), immunocompromising
conditions, cardiovascular disease, diabetes and chronic kidney
disease. The list of ICD-10 codes used to define a risk factor is
found in Supplemental material S8.

Data synthesis: The number of hospitalizations, ICU admissions
and in-hospital death analyses were both aggregated and
stratified by season and age groups where appropriate.
Hospitalizations were also presented as rates aggregated by
season and stratified by age groups (50-59 years, 60-69 years,
70-79 years and >80 years). Moreover, ICU admission rates

and case fatality ratios (CFR) were presented by age group
aggregated across the study period. The population of all
provinces and territories, except Québec, by age groups was
used to calculate rates per 100,000 population. The 18-49 years
age group was included in the analysis for risk factors of interest.
Data on risk factors were aggregated across age groups and
seasons. Descriptive data analyses were performed in SAS 9.4

EPIDEMIOLOGIC STUDY @

and figures were produced using Microsoft Excel. The results
from the analysis of Canadian hospitalization data were
compared with the evidence from the rapid review. Results from
both sources are presented and summarized by outcome of
interest, except for medically attended RSV RTI for which data
was only available from the rapid review.

Results

After deduplication, 1,313 references were screened for study
eligibility in the rapid review (Figure 1). Overall, 26 articles,
including 7 SRs, were incorporated into the narrative synthesis of
RSV burden of disease in adults (Supplemental material S9).

Figure 1: Study selection PRISMA flow diagram

[ Identification of studies via databases and registers ]
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Abbreviation: PRISMA, Preferred Reporting Items for Systematic reviews and Meta-Analyses

Between September 2010 to August 2020 and September 2021
to August 2023, there were a total of 19,436 recorded
hospitalizations associated with RSV among adults 50 years of
age and older, of which 6,314 were due to RSV (Table 1).

Medically attended respiratory syncytial virus
respiratory tract infection

Rapid review: Seven SRs and six observational studies
describing the incidence of medically attended RSV RTI in older
adults as well as adults with underlying medical conditions were
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Table 1: Total hospitalizations, intensive care unit admissions and in-hospital deaths associated with and due to
respiratory syncytial virus, adults aged 50 years of age and older, seasons 2010-2011 to 2019-2020 and 2021-2022
to 2022-2023*F

Hospitalizations

Rate of hospitalizations
per 100,000 population

Associated Due to Associated Due to Associated Due to Associated Due to
with RSV« RSVH with RSV¢ RSVH with RSV« RSV¢ with RSV< RSV¢
238 51 28

ICU admissions In-hospital deaths

2010-2011 90 3 1 13 11
2011-2012 179 53 2 1 41 4 19 1
2012-2013 591 211 6 2 113 30 49 13
2013-2014 663 251 7 3 149 38 59 20
2014-2015 1,342 402 14 4 247 42 120 20
2015-2016 921 317 9 3 177 43 77 23
2016-2017 2,225 695 22 7 393 85 190 49
2017-2018 2,338 706 22 7 374 69 205 45
2018-2019 2,891 928 27 9 482 90 232 52
2019-2020 2,213 753 20 7 333 70 193 48
2021-2022 1,330 469 12 4 188 40 118 34
2022-2023 4,505 1,439 39 13 636 118 378 81
Total 19,436 6,314 - - 3,184 642 1,668 397
Average/season 1,620 526 16 5 265 54 139 33

Abbreviations: ICU, intensive care unit; RSV, respiratory syncytial virus; -, not applicable
2 Canada, excluding Québec
b Canadian Discharge Abstract Database

¢ Hospitalizations associated with RSV were identified using ICD-10 codes J12.1, J20.5, J21.0 or B97.4, found anywhere from diagnosis 1 through 25
9 Hospitalizations due to RSV were identified using ICD-10 codes J12.1, J20.5, J21.0 or B97.4, recorded as diagnosis 1

identified; some included Canadian data (n=3), but none were
restricted to Canada (Supplemental material S9). Some specific
findings are specified here; full details of all studies are included
in Supplemental material S9. In adults 60 years of age and older,
a SR of developed countries, including Canada, found that RSV
caused between 4.7% and 7.8% of symptomatic respiratory
infections (7). Overall, the incidence of medically attended

RSV RTl increased with age (8,9). For instance, a SR and meta-
analysis (MA) found that rates of medically attended RSV RTI
among adults from the United States (US) increased from 934
per 100,000 population in adults 18-49 years of age to 1,519
per 100,000 population in adults 65 years of age and older (10).
Factors associated with severe RSV infection in adults 65 years
of age and older included age and the presence of underlying
medical conditions (i.e., cardiorespiratory disease, diabetes and
immunocompromising conditions). In a prospective US cohort
study of adults 60 years of age and older, incidence was almost
two times higher among adults with chronic cardiopulmonary
disease compared to those without (incidence rate ratio [IRR]
of 1.89; 95% confidence interval [CI]: 1.44-2.48) (11). Although
evidence was limited, studies suggest that RSV incidence is
high in younger adults (i.e., 18-59 years) with certain medical
conditions and is somewhat similar to adults 65 years of age
and older. A cross-sectional study from the US of the annual
incidence of medically attended RSV found that incidence

was highest in adults 85 years of age and older, followed by
adults 65 years of age and older, and then followed closely

by adults 18-59 years of age considered at high risk of
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severe RSV including those with cardiorespiratory disease or
immunocompromising conditions (3).

Hospitalization associated with respiratory
syncytial virus infection

Rapid review: Six SRs and 15 observational studies,

including four Canadian studies, described the incidence

of hospitalization associated with RSV infection. In general,
studies found that the incidence increased consistently with
age. For instance, a prospective Canadian population-based
surveillance study found the following average seasonal

RSV hospitalization incidence rates per 100,000 population
between 2012 and 2015:13.9 (95% ClI: 9.9-17.9) in adults
aged 50-59 years, 43.7 (95% Cl: 34.2-51.2) in adults aged
60-69 years, 88.6 (95% Cl: 71.0-106.1) in adults aged 70—

79 years and 282.5 (95% Cl: 238.2-326.8) in adults 80 years of
age and older (2). A SR found that depending on age and risk
factors, adults 18 years of age and older with chronic medical
conditions have higher rates of hospitalization associated
with RSV compared to those without the condition (10). The
authors reported rates ranging from 1.2-1.3 times higher for
adults with obesity to 27.6 times higher for those 20-39 years
of age with congestive heart failure (CHF) (10). Similarly, a
retrospective cohort study from Ontario found that among
adults 18 years of age and older who had a hospitalization
associated with RSV between September 2010 and August 2017,
35.4% had CHF, 44.7% had COPD, 32.2% had asthma and




38.4% had immunocompromising conditions; in addition,
hospitalizations associated with RSV increased from 2010-2011
to 2018-2019 (12). Another Canadian study found that of
adults 50 years of age and older who had a hospitalization
associated with RSV over the 2012-2015 seasons, almost

all (98.1%) had at least one comorbidity with the most frequent
being vascular (71.3%), cardiac (55.5%), pulmonary (48.2%),
renal (48.2%) and endocrine (33.2%) conditions; 26.8% were
immunocompromised (2).

Canadian hospitalization data: Rates of hospitalizations
associated with RSV among older adults in Canada were
generally increasing between seasons 2011-2012 and 2017-
2018 across all age groups until RSV activity was interrupted
by the COVID-19 pandemic between seasons 2019-2020 to
2021-2022 (Figure 2). Overall, the average rate of hospitalization
associated with RSV among adults 50 years of age and older
was 16 per 100,000 population and the average rate of
hospitalization associated with RSV per 100,000 population
by age groups were the following: 4 in adults 50-59 years
old, 10 in adults 60-69 years old, 22 in 70-79 years and 63 in
adults 80 years of age and older. The rates of hospitalizations
due to RSV among older adults in Canada followed the same
trend; however, rates were much lower (Figure 3). Rates of
hospitalization associated with and due to RSV increased with
age (6,13).

Figure 2: Rate of hospitalizations associated with
respiratory syncytial virus, by age group (years),
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Figure 3: Rate of hospitalizations due to respiratory
syncytial virus, by age group (years), seasons 2010-2011
to 2019-2020 and 2021-2022 to 2022-20232b-<d
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2 Canada, excluding Québec
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¢ The shaded area represents the 2020-2021 season where RSV hospitalizations were low due
to public health measures enacted during the COVID-19 pandemic. The 2020-2021 season was
excluded from other analyses

4 Hospitalizations due to RSV were identified using ICD-10 codes J12.1, J20.5, J21.0 or B97.4,
recorded as diagnosis 1

Table 2: Number and percent hospitalizations
associated with respiratory syncytial virus with a risk
factor of interest, adults aged 18 years of age and
older, seasons 2010-2011 to 2019-2020 and 2021-2022
to 2022-20232

Risk factor of interest h Ngml{:er ?f . | Percentage (%)*
ospitalizations

Chronic obstructive

. 6,360 30.0
seasons 2010-2011 to 2019-2020 and 2021-2022 to pulmonary disease
2022-20232b.cd Diabetes 6,276 29.6
$s5 @ Cardiovascular disease 4,965 23.4
© 2 140 R
8= Immunosuppressive
g conditions 3,564 168
€3 10 - - -
28 Respiratory tract infection 3,344 15.8
C o 8
gi o Chronic kidney disease 1,336 6.3
8 g a0 Total number of
E £ » hospitalizations associated 21,258 -
&%

\

2010-2011
2011-2012
2012-2013
2013-2014
2014-2015
2015-2016
2016-2017
2017-2018
2018-2019
2019-2020
2020-2021

2021-2022
2022-2023

Season of admission

——50-59 years ——e—60-69 years —e—70-79 years ——em= 80+ years ——e=Overall (50+ years)

Abbreviation: RSV, respiratory syncytial virus

 Canada, excluding Québec

b Canadian Discharge Abstract Database

¢ The shaded area represents the 2020-2021 season where RSV hospitalizations were low due
to public health measures enacted during the COVID-19 pandemic. The 2020-2021 season was
excluded from other analyses

9 Hospitalizations associated with RSV were identified using ICD-10 codes J12.1, J20.5, J21.0 or
B97.4, found anywhere from diagnosis 1 through 25

A total of 21,258 hospitalizations associated with RSV among
adults 18 years of age and older were reported across the

12 seasons (Table 2). Of these hospitalizations, 76.4% were
reported to have at least one risk factor of interest, 34.6% were
reported to have at least two of these risk factors and 9.1% were
reported to have at least three of these risk factors. Among these
21,258 hospitalizations, 30.0% reported having COPD, 29.6%

with RSVe

Total number of risk factors of interest

At least 1 16,250 76.4
2 or more 7,345 34.6
3 or more 1,928 9.1
4 or more 297 1.4

Abbreviations: RSV, respiratory syncytial virus; -, not applicable

2 Canada, excluding Québec

b Canadian Discharge Abstract Database

¢ Number of hospitalizations by risk factor will not equal 21,258 hospitalizations as one patient
may have multiple risk factors and the occurrence of each risk factor was considered mutually
exclusive

4 Percentage of hospitalizations will exceed 100% as one patient may have multiple risk factors
and the occurrence of each risk factor was considered mutually exclusive

¢ Hospitalizations associated with RSV were identified using ICD-10 codes J12.1, J20.5, J21.0 or
B97.4, found anywhere from diagnosis 1 through 25

had diabetes, 23.4% had cardiovascular disease, 16.8% had an
immunocompromising condition, 15.8% had a respiratory tract
infection and 6.3% had chronic kidney disease.
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Intensive care unit admission associated with
respiratory syncytial virus infection

Rapid review: Two SRs and nine observational studies,
including three Canadian studies, reported data on ICU
admission associated with RSV infection. Full results are

listed in Supplemental material S9. A few specific studies are
highlighted below. A Canadian prospective population-based
surveillance study found that among adults 50 years of age

and older hospitalized with RSV, 13.7% required ICU admission
and 6.4% required mechanical ventilation (similar to influenza)
between 2012 and 2015 (2). As with other clinical outcomes, risk
increased with age and the presence of comorbidities although
data was more limited by specific age groups (7,14). A SR from
developed countries (North America, Europe, Western Pacific)
found a higher proportion of adults 18 years of age and older
considered at risk of complications of infection was admitted to
the ICU (26.7% vs. 5.0%), required oxygen use (23.8%-50.0%
vs. 13.6%-14.8%), and was discharged to care (4.2%-17.3%

vs. <1%) compared to adults 60 years of age and older (7). A
Canadian prospective cohort study found that among adults

50 years of age and older with a history of COPD hospitalized
with RSV during the winter seasons of 2011 to 2015, 17.9%
required ICU admission, 9.0% were mechanically ventilated,
and 23.6% needed non-invasive ventilation (15). A surveillance
study from the US found that patients who resided in LTC or
other chronic care facilities had a 4.43 (95% Cl: 2.23-8.82) times
higher likelihood of severe clinical outcomes (i.e., ICU admission,
receiving mechanical ventilation and/or death) compared to
patients with other living situations at admission (16).

Canadian hospitalization data: Across 12 seasons, among the
19,436 hospitalizations associated with RSV, 3,184 (16%) required
ICU admission and among the 6,314 hospitalizations due to

RSV, 642 (10%) required ICU admission. The average rate of ICU
admissions associated with RSV among adults 50 years of age

and older across the 12 seasons were 2.6 per 100,000 population
and increased with age (1.1 in adults 50-59 years, 2.4 in

60-69 years, 4.3 in 70-79 years, and 6.0 in adults 80 years of

age and older) (Table 3). Rates of ICU admissions due to RSV in
Canadian older adults followed the same trend; however, rates
were much lower.

Regardless of the type of RSV hospitalization (associated with
or due to), the number and rate of ICU admissions increased
with age but the proportion of hospitalizations requiring ICU
admissions decreased with age.

Death associated with respiratory syncytial
virus infection

Rapid review: Five SRs and eleven observational studies,
including four Canadian studies, reported data on death
associated with RSV infection. Full results are listed in
Supplemental material S9. A few specific studies are highlighted
below. Although evidence is more limited than for other clinical
outcomes, in general the CFR among adults admitted to hospital
is approximately 5%—-10% which increases with age and the
presence of one or more comorbidities. A SR of developed
countries found an overall RSV-related CFR of 8.2% (95% Cl:
5.5-11.9%) among adults 60 years of age and older and

9.9% (95% Cl: 6.7%-14.4%) among adults 18 years of age and
older considered at higher risk (7). Another systematic review
and meta-analysis found that the in-hospital case fatality rate
was higher in adults 65 years of age and older than adults 50—
64 years of age (1). Similarly, two studies from Ontario found that
among patients hospitalized with RSV, 30-day all-cause mortality
rates increased with age (12,17). A US prospective cohort study
found that the CFR was higher in adults admitted from LTC
facilities (38%) than in those admitted from the community (3%,
p<0.001) (18).

Table 3: Number and rate of intensive care unit (ICU) admissions associated with and due to respiratory syncytial
virus (RSV), percentage of RSV hospitalizations resulting in an ICU admission, by age groups (years), seasons
2010-2011 to 2019-2020 and 2021-2022 to 2022-2023F

Among hospitalizations associated with RSV© Among hospitalizations due to RSV

A%;eg::)up Nlimber Rate per h .%I.Of . Nl::mber Rate per h .%I.Of .
acmissions | 100,000 population* | "ELR N ET® | 7 Do | 100,000 population® | "IRIE TS
50-59 504 1.1 26 101 0.2 17
60-69 896 2.4 23 155 0.4 14
70-79 969 4.3 19 174 0.8 12
80+ 815 6.0 9 212 1.5 7
Totalf 3,184 2.6 16 642 0.5 10

Abbreviations: ICU, intensive care unit; RSV, respiratory syncytial virus
2 Canada, excluding Québec
b Canadian Discharge Abstract Database

¢ Hospitalizations associated with RSV were identified using ICD-10 codes J12.1, J20.5, J21.0 or B97.4 found anywhere from diagnosis 1 through 25

9 Hospitalizations due to RSV were identified using ICD-10 codes J12.1, J20.5, J21.0 or B97.4 recorded as diagnosis 1

¢ Aggregated rate by age group was calculated by averaging the number of ICU by age group, by season and dividing by the average population of that age group across the study period
Total column values were calculated by aggregating ICU across all seasons in the study period. The average population of each season during the study was used to calculate rates
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Canadian hospitalization data: Across 12 seasons, 1,668
in-hospital deaths among RSV associated hospitalizations were
reported in adults 50 years of age and older, corresponding to
an in-hospital CFR of 9% (Table 4). Among these in-hospital
deaths, 397 were among those hospitalized due to RSV,
corresponding to an in-hospital CFR of 6%. The average rate of
in-hospital deaths associated with RSV in adults 50 years of age
and older across the 12 seasons was 1.4 per 100,000 population
and increased with age (the rates of in-hospital deaths in
hospitalizations associated with RSV per 100,000 population by
age groups were the following: 0.2 in adults 50-59 years old,
0.6 in 60-69 years, 1.7 in 70-79 years, and 6.7 in adults 80 years
of age and older). The rates of in-hospital deaths among older
adults hospitalized due to RSV in Canada followed the same
trend; however, rates were much lower.

Regardless of the type of RSV death (in hospitalizations
associated with or due to RSV), both the number and rates of
death and CFR increased with age.

Discussion

The rapid review offers insight into the burden of RSV disease

in older adults and adults with underlying medical conditions,
with a focus on high-income countries such as Canada, the US
and European countries. This review is also supported with
hospitalization data to further describe RSV burden of disease in
Canada.

Evidence from the rapid review suggests that medically attended
RSV infections in high-income countries are frequent in older
adults and those with underlying medical conditions. The
incidence of RSV RTl increases with age as well as the presence
of comorbidities, including cardiorespiratory disease, diabetes
and immunocompromising conditions. While the incidence of
hospitalization varies between studies, risk of hospitalization

EPIDEMIOLOGIC STUDY @

associated with RSV increases consistently with age. Depending
on age and risk factors, adults 18 years of age and older

with underlying medical conditions are more likely to have a
hospitalization associated with RSV infection than those without.
Patients who reside in LTC or other chronic care facilities have

a higher likelihood of severe clinical outcomes compared to
patients with other living situations upon hospital admission.
Moreover, ICU admission associated with RSV increases with
age and presence of comorbidities, with approximately 10% of
older hospitalized older adults requiring ICU admission. There
were more limited data on deaths associated with RSV. The CFR
among those admitted to hospital varied between studies but is
approximately 5%-10% and increases with age.

Canadian administrative hospitalization data generally support
the findings of the rapid review. Over 12 respiratory seasons
between August 2010 and September 2023, it was found that
RSV-associated hospitalization rates increased with age and
that finding was consistent for each season. The average rates
of hospitalization associated with RSV in adults 50 years of

age and older was estimated at 16 per 100,000 population.
Overall, 16% of hospitalizations associated with RSV resulted in
an ICU admission corresponding to an average rate of 2.6 per
100,000 population for adults 50 years of age and older. Rate of
hospitalization associated with RSV resulting in ICU admissions
increased with age; however, the proportion of hospitalizations
requiring ICU admission decreased with age. The average CFR
among adults 50 years of age and older was 9% and in-hospital
death among hospitalizations associated with RSV increased with
age. Hospitalizations, ICU admissions and deaths due to RSV
followed the same trend; however, calculated values were lower
than those associated with RSV.

Although there is general alignment between the rapid review
and Canadian hospitalization data analysis, with increasing risk
with age and specific conditions, some differences can be noted.
Findings from the Canadian hospitalization data were usually

Table 4: Number and rate of in-hospital deaths associated with and due to respiratory syncytial virus, case fatality
rate, by age groups (years), seasons 2010-2011 to 2019-2020 and 2021-2022 to 2022-2023%

Age group

Among hospitalizations associated with RSV¢

Among hospitalizations due to RSV

(years) Number of Rate per CFR (%) Number of Rate per CFR (%)
. . . 0, . . . (]
in-hospital deaths | 100,000 population® in-hospital deaths | 100,000 population®
50-59 110 0.2 6 18 0.0 3
60-69 244 0.6 6 44 0.1 4
70-79 390 1.7 8 72 0.3 5
80+ 924 6.7 11 263 1.9 8
Totalf 1,668 1.4 9 397 0.3 6
Abbreviations: CFR, case fatality rate; RSV, respiratory syncytial virus
2 Canada, excluding Québec
b Canadian Discharge Abstract Database
¢ Hospitalizations associated with RSV were identified using ICD-10 codes J12.1, J20.5, J21.0 or B97.4 found anywhere from diagnosis 1 through 25
9 Hospitalizations due to RSV were identified using ICD-10 codes J12.1, J20.5, J21.0 or B97.4 recorded as diagnosis 1
¢ Aggregated rate by age group was calculated by averaging the number of deaths by age group, by season and dividing by the average population of that age group across the study period
fTotal column values were calculated by aggregating deaths across all seasons in the study period. The average population of each season during the study was used to calculate rates
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lower than what is reported in the literature. Discrepancies can
be explained by differences in methodology used between
studies. Individual study characteristics such as study population,
case definitions, study period, and data source can lead to
discrepancies between the observed incidence rates. Few studies
reported data on Canadian adults and heterogeneity between
study results limits the generalizability of the findings. Another
limitation of the rapid review is the inclusion of RSV infection not
limited to laboratory confirmed infection potentially leading to
an overestimation of RSV incidence.

Currently, Canada has limited enhanced national RSV surveillance
data and leveraging administrative health data from CIHI DAD
helped address those evidence gaps to supplement the evidence
on RSV burden of disease in adults to inform the development
of immunization recommendation. However, known limitations
of healthcare administrative data are expected to lead to
underestimation of RSV incidence especially due to limits in

viral identification and undertesting in patients (19). Of note,
rates from CIHI DAD were higher in the more recent period,
which could be partly due to more frequent testing. Other
limitations of the Canadian hospitalization data include the
exclusion of Québec data, a large Canadian province, differing
coding practices between hospitals and changes in testing

and admission practices during the study period, especially in
respiratory season following the COVID-19 pandemic.

The descriptive analyses provided information on general trends
of severe outcomes of RSV RTI in older adults (19). Although

the rapid review and healthcare administrative data analysis
methodologies each have their drawbacks, the combination of
these analyses provides an interdisciplinary view of the burden
of RSV in older adults to support vaccine program decision-
making. Enhanced national surveillance programs for RSV are

in development where timely data variables of interest can be
collected specifically for surveillance activities and to support
policy and decision-making. These analyses may be revisited as
additional data becomes available from the literature or from the
Canadian surveillance landscape.
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The prevalence of HIV pre-exposure

prophylaxis (HIV-PrEP) use and HIV-PrEP-to-need
ratio in nine Canadian provinces, 2018-2021
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Abstract

Background: Measuring trends in HIV pre-exposure prophylaxis (HIV-PrEP) uptake is important
to inform planning for prevention programs and policies. The HIV-PrEP-to-need ratio (PnR) is a

construct used by public health organizations to explore disparities in the provision of HIV-PrEP
across geographic areas and demographic categories (e.g., age, sex).

Methods: This is a retrospective database review study using administrative pharmacy data,
containing limited demographic information, from nine Canadian provinces. Annual estimates
of persons taking HIV-PrEP and PnR were generated using data from the company IQVIA and
the BC Centre for Excellence on HIV/AIDS. Data on new HIV diagnoses were obtained from
the National HIV Surveillance System. The PnR was defined as the number of HIV-PrEP users
divided by the number of new HIV diagnoses annually and is interpreted as the number of
HIV-negative people using HIV-PrEP each year for every person newly diagnosed with HIV.

Results: In 2021, an estimated 23,644 individuals were prescribed HIV-PrEP, corresponding to

an HIV-PrEP prevalence of 66.9 per 100,000 persons. This represents a 1.8-fold increase since
2018. The overall PnR was 16.8, meaning that for every person newly diagnosed with HIV, 17 HIV-
negative individuals were taking HIV-PrEP. There were disparities between provinces (PnR range:
1.5/100,000-37.7/100,000) and between males and females (PnR 22.6 and 1.2, respectively).
Females, individuals aged 0-19 years, and those in Manitoba, Saskatchewan and Prince Edward
Island, had lower levels of HIV-PrEP use relative to epidemic need.

Conclusion: In Canada, the use of HIV-PrEP increased from 2018 to 2021 and uptake varied by
age, sex and province. HIV-PrEP-to-need ratio is a useful measure to assess uptake of HIV-PrEP
as a prevention strategy and could be used to explore disparities in provision across provinces
and available demographic categories. However, PnR could be improved with more information
on key populations and other attributes, such as race/ethnicity, socioeconomic status and
residence of city/rural area.

Suggested citation: Popovic N, Yang Q, Campeau L, Elliott J, Williams A, Lima VD, Sereda P, Cox J.

The prevalence of HIV pre-exposure prophylaxis (HIV-PrEP) use and HIV-PrEP-to-need ratio in nine Canadian
provinces, 2018-2021. Can Commun Dis Rep 2025;51(1):35-42. https://doi.org/10.14745/ccdr.v51i01a05
Keywords: HIV, pre-exposure prophylaxis (PrEP), epidemiology, prevention, HIV-PrEP use, HIV-PrEP-to-need
ratio (PnR)
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Introduction

HIV pre-exposure prophylaxis (HIV-PrEP) is highly effective approved the drug combination tenofovir disoproxil fumarate/
and has the potential to make a significant contribution to emtricitabine (TDF/FTC) for use as HIV-PrEP, and in July 2017,
reducing Canada'’s HIV incidence (1). In 2016, Health Canada lower-cost generic versions became available in Canada (1,2).
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The Government of Canada has endorsed global health sector
strategies on HIV, viral hepatitis and sexually transmitted
infections for the period of 2022-2030. This includes ensuring
continued engagement of people living with HIV in treatment
and care services and leveraging innovations, such as new
treatment regimens and new prevention approaches (3-6).
Canadian National Surveillance data shows that new HIV
diagnoses have been decreasing for several years (7) and
mathematical modelling suggests that HIV incidence is
decreasing overall in Canada (8). The estimated annual number
of new HIV infections in Canada has decreased from about 4,000
per year in the mid-1980s to around 2,000-2,500 in the 2000s,
following the introduction of antiretroviral therapy (ART), with

a further decrease to 1,520 in 2020 (8). Although HIV incidence
appears to be declining nationally, this overall trend does not
account for the heterogeneity in HIV infections across Canada, as
incidence appears to be increasing within some jurisdictions.

Previous studies showed that when adherence is maintained,
daily HIV-PrEP use reduced HIV transmission by 36% to 99%

in people who inject drugs (PWID), heterosexual individuals,
and gay, bisexual, and other men who have sex with

men (gbMSM) (9-12). Murchu et al. (13) conducted a systematic
review and meta-analysis of randomized controlled trials of the
effectiveness and safety of oral HIV-PrEP to prevent HIV. They
found that HIV-PrEP is effective in gbMSM (RR 0.25; 95% Cl:
0.1-0.61) and PWID (RR 0.51; 95% Cl: 0.29-0.92), but not in
heterosexuals (RR 0.77; 95% CI 0.46-1.29).

Reducing new HIV infections by 2030 will require multi-pronged
strategies to support combination prevention, including condom
promotion and educational programs (14), testing and the use of
both post-exposure prophylaxis (PEP) and HIV-PrEP in high-risk
populations.

HIV-PrEP-to-need ratio (PnR) is defined as the ratio of HIV-PrEP
users per new HIV diagnoses. A higher level of PnR indicates
more HIV-PrEP users relative to estimated need (15).

Tan et al. (2021) (16) found that PnRs were highest in those
30-39 years of age, males, Toronto and the Central East and
West regions of Ontario. Siegler et al. (2020) (15) found that
Medicaid expansion and HIV-PrEP drug assistance programs in
the United States were associated with higher HIV-PrEP use in
states that adopted those policies, after controlling for potential
confounders. Thus, to reduce HIV-PrEP disparities, public health
strategies must be developed to reach those most in need,
especially historically disadvantaged communities (17). These
studies suggested that PnR is useful for future assessments of
HIV prevention strategy uptake.

This study updated a previous analysis of HIV-PrEP uptake in
Canadian provinces (2), and estimated HIV-PrEP-use prevalence
and PnR for nine Canadian provinces from 2018-2021, by sex,
age group and province. This information could be used to
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identify groups and populations with lower HIV-PrEP uptake, or
higher HIV-PrEP need, thus informing policymakers and program
planners.

Methods

Prevalence of HIV-PrEP users

Annual estimates of persons using HIV-PrEP in Canada were
generated for 2018-2021 from a prescription database held
by the company IQVIA. A validated algorithm (18) was used to
distinguish users of TDF/FTC for HIV-PrEP from those using
TDF/FTC for HIV or hepatitis B treatment or post-exposure
prophylaxis (Figure 1). The algorithm was adapted from

the validated United States Centers for Disease Control
algorithm (18,19) and modified to fit the Canadian context (2).

Figure 1: Algorithm to assign HIV-PrEP treatment
indication

HIV-PrEP Algorithm

Persons aged >2 months and had filled at
least one prescription for TDF/FTC

Exclude persons with indicators for HIV infection:
Persons who had antiretrovirals other than
TDF/FTC within £3 months

Exclude persons with indicators
for hepatitis B infection:
Persons who were prescribed TDF alone

Persons prescribed TDF/FTC
for HIV-PrEP or HIV-PEP

Exclude persons prescribed TDF/FTC
for <30 days (i.e. possible HIV-PEP)

Persons prescribed TDF/FTC for HIV-PrEP

Abbreviations: HIV-PrEP, pre-exposure prophylaxis; PEP, post-exposure prophylaxis; TDF/FTC,
tenofovir disoproxil fumarate/emtricitabine

Briefly, in a given year, persons older than two months of age
who had one or more TDF/FTC prescriptions were included.
Since TDF/FTC is also used to treat HIV or hepatitis B infections
and as HIV PEP, several exclusion criteria were applied:

1) persons who were prescribed antiretrovirals other than TDF/
FTC within £3 months (persons on HIV treatment); 2) persons
who were prescribed with TDF alone (for hepatitis B treatment);
and 3) persons who were prescribed TDF/FTC for less than

or equal to 30 days (PEP users). In any given year, persons
prescribed TDF/FTC who were not excluded with our algorithm
were considered HIV-PrEP users.
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All ages were taken into account when IQVIA extracted the data
and estimated the number of projected patients by indication;
however, the results for patients younger than 15 years of age
were omitted due to small counts. Prevalence of HIV-PrEP users
was defined as the number of HIV-PrEP users in a calendar year,
divided by the total population in that year. It is expressed as
HIV-PrEP users per 100,000 population.

Data sources

Data on new HIV diagnoses were obtained from the National
HIV Surveillance System (7). These data include only people
diagnosed with HIV for the first time in Canada and do not
include individuals who were previously diagnosed with HIV in
another country and then emigrated to Canada.

Data on antiretroviral drug prescriptions dispensed in eight
provinces (Manitoba [MB], Ontario [ON], New Brunswick

[NB], Newfoundland and Labrador [NL], Nova Scotia [NS],
Prince Edward Island [PE], Québec [QC] and Saskatchewan
[SK]) between January 1, 2018, and December 31, 2021,

were extracted by IQVIA from the company’s geographical
prescription monitor dataset. Data from Alberta (AB) are not
included in IQVIA's dataset, since coverage within this province
does not meet the threshold for reporting projected patient
counts. The HIV-PrEP use number in British Columbia (BC) was
provided by the BC Centre for Excellence in HIV/AIDS (BC-
CfE) (20). These nine provinces represented 88.1% of the
Canadian population in 2021. Population size estimates were
obtained from Statistics Canada (21).

The IQVIA database includes Canadian aggregate dispensed
prescription data projected from a sample of approximately
6,000 pharmacies in eight provinces, representing close to 60%
of all retail pharmacies in Canada. Patient counts were then
projected from this sample of pharmacies to extrapolate for the
entire province.

In January 2018, BC implemented an HIV-PrEP program as part
of a comprehensive Treatment as Prevention strategy, within
which BC residents are eligible to receive publicly funded
HIV-PrEP via the BC-CfE HIV-PrEP program. The BC-CfE HIV-PrEP
program database is a centralized clinical registry, which

stores data from various sources relating to demographic and
behavioural information, clinical outcomes (laboratory results)
and antiretroviral medication dispensation data (20).

HIV-PrEP-to-need ratio (PnR)

HIV-PrEP-to-need ratio was defined as the ratio of the number of
HIV-PrEP users to the number of people newly diagnosed with
HIV in the same year (15,16,19). New HIV diagnoses were used
as an epidemiological proxy for HIV incidence from 2018-2021.
HIV-PrEP-to-need ratio was used to describe HIV-PrEP coverage
overall and per province and demographic subgroups (sex and
age group) relative to new HIV diagnoses in the same year. The
PnR attempts to assess and compare how well-targeted HIV-PrEP
coverage is to the groups and populations that can benefit from
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it the most and can be understood as the number of people
using HIV-PrEP each year for every person newly diagnosed with
HIV. A PnR of 2.0 means that for every person newly diagnosed
with HIV in a year, two HIV-negative people were using HIV-PrEP.

Analyses

The two outcomes (HIV-PrEP uptake and PnR) were calculated
for nine Canadian provinces from 2018-2021 and stratified by
sex, age group and province over this time period. Chi-square
tests were performed among sex, age groups and provinces.
Cochran-Armitage trend tests were conducted to determine
whether HIV-PrEP prevalence and PnR changed significantly
over time. Analyses were performed using SAS Enterprise
Guide 7.1 (SAS Institute).

Results

Overall trends

In 2021, a total of 23,644 individuals were estimated to be on
TDF/FTC for HIV-PrEP in nine Canadian provinces (BC, MB, ON,
NL, NB, NS, PE, QC and SK), resulting in an estimated HIV-PrEP
prevalence of 69.9 per 100,000 persons. The estimated number
of HIV-PrEP users increased over the four-year period (Table 1),
showing a 1.8-times increase from 13,222 in 2018 to 23,644 in
2021 (p trend<0.001). The PnR was 16.8 in 2021, meaning that
for every person newly diagnosed with HIV, 17 HIV-negative
individuals were using HIV-PrEP (Table 1). From 2018-2021,
annual HIV-PrEP use prevalence increased while reported

HIV incidence declined, leading to a 2.3-times increase in

PnR (p trend<0.001) (Table 1, Figure 2).

Table 1: HIV-PrEP users and HIV-PrEP-to-need ratio by
year in nine Canadian provinces, for both sexes

HIV-PrEP use New HIV diagnoses

Rate of new

Year Count (I:I;?I\(l)az)leonocg) Count | HIV diagnoses

! (n/100,000)
2018 13,222 40.3 1,839 5.6 7.2
2019 19,689 59.1 1,646 491 12.0
2020 20,771 62.0 1,351 40| 154
2021 23,644 69.9 1,406 42| 16.8

Abbreviations: HIV-PrEP, pre-exposure prophylaxis; PnR, HIV-PrEP-to-need ratio

Trends by sex

HIV-PrEP use was much greater among males than females, with
almost all (98.0%) HIV-PrEP users being males during the four-
year period (p chi-square<0.001). In 2021, the PnR for males was
22.6, meaning that for every male newly diagnosed with HIV,

23 HIV-negative males were using HIV-PrEP. Among males, the
number of HIV-PrEP users was 1.8 times higher in 2021 than in
2018 (p trend<0.001), HIV-PrEP use prevalence was 1.7 times
higher in 2021 than in 2018 (p trend<0.001) and PnR was

2.3 times higher in 2021 than in 2018 (p trend<0.001) (Figure 2,
Table 2).



Figure 2: HIV-PrEP-to-need ratio by sex in nine
Canadian provinces, 2018-2021
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Table 2: HIV-PrEP users and HIV-PrEP-to-need by year in
nine Canadian provinces, males only

HIV-PrEP use New HIV diagnoses

Year Rate of new
Count (i;(:\éaoleg\gg) Count | HIV diagnoses
! (n/100,000)

2018 12,947 79.6| 1,335 8.2 9.7
2019 19,234 1164 1,178 7.1 16.3
2020 20,351 122.5 962 5.8 21.2
2021 23,195 138.1 1,028 6.1 22.6

Abbreviations: HIV-PrEP, pre-exposure prophylaxis; PnR, HIV-PrEP-to-need ratio

In 2021, the PnR for females was 1.2. Among females, the
number of HIV-PrEP users was 1.6 times higher in 2021 than in
2018 (p trend<0.001), HIV-PrEP use prevalence was 1.5 times
higher in 2021 than in 2018 (p trend<0.001) and PnR was

2.4 times higher in 2021 than in 2018 (p trend<0.001) (Table 3,
Figure 2).

Table 3: HIV-PrEP users and HIV-PrEP-to-need by year in
nine Canadian provinces, females only

HIV-PrEP use New HIV diagnoses

Rate of new

Year Count Prevalence Count HIV
(n/100,000) diagnoses
(n/100,000)
2018 275 1.7 504 3.0 0.5
2019 455 2.7 468 2.8 1.0
2020 420 2.5 389 2.3 1.1
2021 449 2.6 378 2.2 1.2

Abbreviations: HIV-PrEP, pre-exposure prophylaxis; PnR, HIV-PrEP-to-need ratio

Trends by age

In 2021, HIV-PrEP use and PnR were highest among people aged
30-39 years (HIV-PrEP users: 8,337; HIV-PrEP use prevalence:
179.1/100,000; PnR: 19.3) and were lowest among individuals
aged 0-19 years and 70+ years (p chi-square<0.001) (Table 4).
Between 2018-2021, the annual prevalence of HIV-PrEP use
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increased among all age groups (p trend<0.01) and the PnR
increased in all age groups (p trend<0.01), except those aged
60-69 years (p trend=0.11) (Figure 3 and Figure 4).

Table 4: HIV-PrEP users and HIV-PrEP-to-need ratio by
age group, nine Canadian provinces, 2021

HIV-PrEP use New HIV diagnoses

Rate of

o0 000 reemosss

(n/100,000)
0-19 301 4.3 27 0.4 111
20-29 5,216 115.2 352 7.8| 14.8
30-39 8,337 179.1 431 9.3| 19.3
40-49 4,957 116.0 263 6.2 18.8
50-59 3,250 71.5 195 431 16.7
60-69 1,356 31.1 114 26| 11.9
70+ 227 5.1 24 05| 95

Abbreviations: HIV-PrEP, pre-exposure prophylaxis; PnR, HIV-PrEP-to-need ratio

Figure 3: Annual HIV-PrEP use prevalence (per
100,000 persons) by age group, nine Canadian
provinces, males and females, 2018-2021
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Figure 4: HIV-PrEP-need ratio by age group, males and
females, nine Canadian provinces, 2018-2021
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Geographical trends

Provincial HIV-PrEP use prevalence in 2021 ranged widely from
15.9-107.6 per 100,000 persons (average: 69.9/100,000) (p chi-
square<0.001). The provincial PnR also ranged widely from
1.5-37.7 (average: 16.8) (p chi-square<0.001) (Table 5). HIV-PrEP
use prevalence in 2021 was the highest in BC, ON, QC and

SK; however, given the higher rates of new HIV diagnoses,

the PnR was lowest in MB and SK (Table 5). From 2018-2021,
patterns of HIV-PrEP use varied. Trend test was significant in

all provinces (p trend<0.01) except for NL (p trend=0.13) and
MB (p trend=0.05), and decreasing in SK, NS and NL between
2020-2021 (Figure 5).

Figure 5: HIV-PrEP-to-need ratio by province, 2018-2021

Province
z
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HIV-PrEP-to-need ratio (PnR)
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Abbreviations: BC, British Columbia; HIV-PrEP, pre-exposure prophylaxis; MB, Manitoba; NB,
New Brunswick; NL, Newfoundland and Labrador; NS, Nova Scotia; ON, Ontario; PE, Prince
Edward Island; QC, Québec; SK, Saskatchewan

Discussion

An estimated 23,644 individuals were prescribed TDF/FTC for
HIV-PrEP across nine Canadian provinces in 2021, corresponding
to an estimated HIV-PrEP prevalence of 66.9 per 100,000 persons,
representing a 1.8-fold increase since 2018. HIV-PrEP uptake
varied by age, sex and province. The overall PnR in Canada was
17, however, females, individuals aged 0-19 years, and those

in MB, SK and PE had lower levels of HIV-PrEP use relative to
epidemic need.

HIV-PrEP use is much higher among males, likely, in part, due
to the high uptake of HIV-PrEP among gbMSM. For example,
among the 511 individuals accessing HIV-PrEP in AB at sexually
transmitted infection, sexual and reproductive health clinics and
private family practitioner offices, 98.4% were men and 89.8%
were gbMSM (22). In addition, challenges encountered by
clinicians in identifying women who have HIV-PrEP indications
may contribute to lower uptake among females (18).

Considering health care in Canada is distributed provincially,
coverage of HIV-PrEP remains complex, with different policies
between provinces. Several provinces (e.g., BC, SK, AB, MB
and PE) offer HIV-PrEP at no cost for those who meet eligibility
guidelines and have applicable residence and citizenship
status. However, implementation of these programs occurred
at different times, and increases in HIV-PrEP uptake and PnR
may vary according to increased accessibility to HIV-PrEP. For
example, BC has the highest HIV-PrEP prevalence and PnR, and
this may be because the HIV-PrEP program is free of charge
and has been operating since 2018 (23,24). Other provinces
provide HIV-PrEP coverage through multiple programs, which
sometimes include eligibility criteria and co-payments. This could

Table 5: HIV-PrEP users and HIV-PrEP to need ratio by province, 2021

HIV-PrEP use New HIV diagnoses

Province

Count Prevalence Count Rate of new HIV
(n/100,000) diagnoses (n/100,000)
2.9

British Columbia 5,650 107.6 150 37.7
Manitoba 221 15.9 145 10.5 1.5
New Brunswick 216 27.2 8 1.0 27.0
Newfoundland and Labrador 118 22.6 4 0.8 29.5
Nova Scotia 423 42.3 16 1.6 264
Ontario 11,045 74.1 485 3.3 22.8
Prince Edward Island 36 21.7 4 24 9.0
Québec 5,307 61.5 354 4.1 15.0
Saskatchewan 628 53.2 240 20.3 2.6

Abbreviations: HIV-PrEP, pre-exposure prophylaxis; PnR, HIV-PrEP-to-need ratio
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potentially be contributing to low HIV-PrEP prevalence and PnR,
since individuals need to pay for part or all of the entire cost of
treatment if they do not have private insurance (25). These policy
differences between provinces, which are difficult to measure,
may account for differences in HIV-PrEP uptake and resulting
PnR. This could include the organization and delivery of HIV-PrEP
programs, the number of HIV-PrEP providers and access to
linguistically and culturally appropriate care (26). In addition

to these policy differences, further work is needed to examine
province-specific challenges in HIV-PrEP uptake.

Limitations

There are several limitations in our study. The results do

not reflect the complete national picture of HIV-PrEP use in
Canada, although these nine provinces represented 88.1%

of the Canadian population in 2021 (21). The addition of
information from AB and three territories would provide a
more representative overview of HIV-PrEP uptake in Canada.
IQVIA data only included prescriptions that were acquired
from a community pharmacy. Dispensations from hospital
pharmacies, medications provided at no cost and medications
purchased online were not included. The dispensation data
from IQVIA covered approximately 60% of all retail pharmacies
in Canada. Patient counts from participating pharmacies

were projected to the whole population of each province

by IQVIA and the algorithm used to project dispensations

is proprietary. Dispensation data do not include information
on medical indication; therefore, an algorithm was used to
assign a treatment indication to each dispensation. Although
the algorithm for classifying TDF/FTC users as HIV-PrEP users
has been validated using data from the United States, it is
possible that some dispensations may have been misclassified,
and the algorithm may not perform the same in the Canadian
context. Not all dispensed prescription drugs are consumed,
as some people may have filled a prescription but may not
have consumed the medication. These limitations could result
in an under- or over-estimate of HIV-PrEP use. This study could
not control potential confounders or consider effect modifiers
because the database only included limited demographic
information. The COVID-19 pandemic has reduced demand for
and access to services and has an impact on HIV-PrEP uptake and
new HIV diagnoses.

The calculation of PnR was based on new HIV diagnoses, which
does not necessarily represent all incident HIV cases. For the
PnR, the numerator (humber of HIV-PrEP users) could influence
the denominator (new HIV diagnoses). Change in overall HIV
incidence has been found to be correlated with an increase in
PnR (27). However, modelling data showed that this impact is
likely limited (28). Compared to a baseline scale-up scenario of
10% HIV-PrEP coverage, a scale-up scenario of 30% HIV-PrEP
coverage reduces HIV incidence over a ten-year period by an
estimated 25% (28). Modest provision of HIV-PrEP has little
substantial impact on new HIV diagnoses. However, if HIV-PrEP
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is brought to a greater scale, the PnR calculation may need
further refinement, such as inclusion of HIV incidence, rather than
diagnoses (19).

To determine the need for HIV-PrEP use in a particular group of
individuals, the World Health Organization uses a ‘substantial
risk’ threshold at the group level. Groups with an HIV incidence
greater than 3 per 100 person-years are considered at risk

and should be recommended for HIV-PrEP (29). Unfortunately,
the additional sociodemographic variables are not available
through the IQVIA administrative pharmaceutical dataset used
to estimate HIV-PrEP update and, therefore, could not estimate
PnR by key populations disproportionately impacted by HIV in
Canada.

Conclusion

In Canada, the use of HIV-PrEP increased from 2018-2021,
however, uptake varied by age, sex and geography. The PnR
attempts to provide an opportunity for comparisons regarding
whether HIV-PrEP coverage reflects the need for prevention (20).
HIV-PrEP-to-need ratio may be a useful measure to report on
the use of HIV-PrEP as a prevention strategy and can be used to
explore disparities in provision across jurisdictions and available
demographic categories. As well, this type of measure could

be used to help inform program planning and policies for other
similar diseases (e.g., Doxy-HIV-PrEP for bacterial sexually
transmitted diseases).
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Background: Antimicrobial resistance (AMR) is associated with significant human and financial
costs, particularly among vulnerable populations like older adults living in long-term care

homes (LTCHs). Urinary tract infection (UTI) is the leading indication for antibiotic use in this Affiliations
population, with some estimates suggesting that up to 70% of these prescriptions may be
avoidable. See Appendix C

Objective: The purpose of this study is to develop and test novel behavioural science-informed

antimicrobial stewardship (AMS) quality improvement strategies in Canadian LTCHs, which aim *Correspondence:

to decrease unnecessary testing and treatment for residents who lack the minimum clinical tyler.good@phac-aspc.gc.ca
signs and symptoms of UTI.

Intervention: The quality improvement strategy is a two-pronged approach that includes

1) targeted education for essential care providers (family and friends of LTCH residents)
about UTI and benefits of AMS, which strives to outline a positive role for this group in UTI
management, and 2) monthly feedback to LTCH staff on their facility’s urine culture ordering
rates.

Outcomes: The protocol was piloted in a single LTCH; a process evaluation of the pilot
implementation served to refine the research protocol, which is being implemented in eight
LTCHs across Canada using an eight-month stepped wedge randomized cluster design.

Conclusion: This protocol represents a behavioural science-informed intervention to improve

AMS across LTCHs. If successful, this model of care could be scalable across Canadian LTCHs,
offering an inclusive approach that aims to empower clinicians, non-regulated healthcare staff,
residents and their family and friends to improve health outcomes as antibiotic stewards.
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Introduction

The World Health Organization has identified antimicrobial
resistance (AMR) as one of the top ten threats to global public
health (1), with serious human and financial costs (2). Some
Canadian estimates indicate that up to 50% of antibiotic
prescriptions in outpatient settings (3), and nearly 25% in
hospital settings (4), are avoidable. Residents of long-term

care homes (LTCHs) are increasingly frail and particularly
vulnerable to high rates of antibiotic use and antimicrobial-
resistant infections (5,6), risk of adverse outcomes linked to
avoidable antibiotic use (7) and relatively less developed
antimicrobial stewardship (AMS) programs compared to other
sectors (8). The leading indication for antibiotic use in LTCHs

is urinary tract infections (UTI) (9), as it makes up over half of
antibiotics prescribed in this sector (10), with up to 70.5% of
these prescriptions considered clinically unnecessary (9). At

the core of this challenge is the occurrence of asymptomatic
bacteriuria, which is remarkably prevalent, being present in up
to 50% of LTCH residents (5,11). Asymptomatic bacteriuria is the
expected presence of bacteria in an appropriately collected urine
specimen, in absence of clinical symptoms of UTI. Positive urine
cultures that identify asymptomatic bacteriuria are frequently
attributed to UTI for many non-specific presentations, which
underscores the importance of limiting urine culture collection
to situations where minimum clinical symptoms are present. An
upstream focus on the judicious use of urine cultures is known to
result in significant reductions in antibiotic use of asymptomatic
bacteriuria (12,13) and may significantly improve AMS in LTCHs.

Evidence suggests that AMS interventions in LTCH can reduce
antibiotic prescribing, especially for the treatment of UTI (14-16),
including a recent meta-analysis showing a 14% overall reduction
in antimicrobial use (8). Upstream interventions targeting urine
culture, known as diagnostic stewardship interventions, may be
most effective at reducing unnecessary antibiotic prescriptions
for UTI (10,12,13,17-20). Importantly, a recent systematic

review found AMS interventions did not increase risk of hospital
admission or death, indicating that these programs did not lead
to under-treatment of infection (21).

Behavioural science offers a useful lens for addressing
antimicrobial resistance (22). Behavioural science frameworks
have been used to understand the drivers and barriers
affecting stewardship behaviours (23), as foundation for AMS
interventions (24-28). In the current work, findings from an
initial literature review (29) were synthesized with stakeholder
interview results into a series of mapping exercises that narrowed
from a systems, to behaviour, to cognitive map. In this way,

we formalized our understanding of how prescribing decisions
are influenced by the context of the individual resident, their
caregivers, the clinical environment, the healthcare system and
the surrounding culture. We then used a barrier prioritization
exercise with a working group of experts to identify barriers
for our quality improvement (Ql) strategies to address. This
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resulted in development of a two-pronged QI strategy for
reducing diagnostic testing and antibiotic treatment of UTI
when not clinically indicated. The first strategy consists of
targeted education for essential care providers (ECPs; someone
who provides important care for a resident and who is not on
the medical team, e.g., family member or friend) to address
ECP expectations for testing and treatment of UTI when not
warranted. The second Ql strategy consists of facility-level,
monthly feedback about urine culture usage and reminders

of guidelines, which will be given to LTCH staff to address the
barrier of perceived risk of negative outcomes when choosing
non-testing/treatment. Both QI strategies do not require
explicit changes to work processes of LTCH staff, an important
and advantageous consideration at a time when the Canadian
healthcare sector faces human resource challenges.

The effectiveness of the Ql strategies will be evaluated by
assessing expected reductions in urine culture orders and
antibiotic prescriptions for UTI. Whenever possible, we will also
examine the proportion of urine cultures aligned with guidelines
before and after intervention. A mixed-methods approach will
evaluate the success of the study, with qualitative data helping
contextualize quantitative findings.

The purpose of this study is to test novel behavioural AMS
interventions in support of optimizing testing and treatment

of UTl in LTCHs. The primary quantitative research questions
are as follows: 1) What is the baseline usage of urine cultures
in participating LTCHs?; and 2) Does implementation of the
proposed Ql strategies reduce the rates of a) urine cultures,

b) antibiotic prescriptions for UTI and c) overall antibiotic
prescriptions? Exploratory research questions will examine the
baseline proportion of urine cultures aligned with guidelines and
what risk factors are associated with collection of urine cultures
when not aligned with guidelines. Qualitative data will also be
collected to nuance quantitative findings.

Methods

Study overview

The study will be conducted in two stages. In the Pilot Stage,
the protocol was implemented in a single LTCH for process
evaluation (see Appendix A: Protocol refinements). The

Trial Stage involves implementation in eight other LTCHs
across Canada, with the main objective being an outcomes
evaluation. The Trial Stage is designed as a stepped-wedge
cluster randomized quality improvement study (Table 1) using
a mixed-method approach. Quantitative data will evaluate

the effectiveness of the protocol at reducing both testing and
treatment for UTI, and qualitative data will contextualize the
findings. Long-term care homes will be randomized to different
starting times for the crossover from the control to intervention
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Table 1: Overview of the stepped-wedge design

LTCH | Cluster _|_Month1 | Month 2 | Month3 | Month4 | MonthS | Month 6 | Month7 | Month8 |
1 | I | |

a c c T |
b 1 c c T | | | | |
c 2 c c c T | | | |
d 2 c c C T | | | |
e 2 C C C T | | | |
3 c c C c T | | |
g 4 c c c c c T | |
h 4 c c c c c T | |

Abbreviations: C, Control Phase (usual care is given); |, Intervention Phase (implementation of intervention); LTCH, long-term care home; T, Transition Phase (initiation of intervention)

phases, with staff and residents blinded to their allocation
sequence. Here, we present the final protocol, including
changes informed by Pilot Stage findings. For a complete list of
refinements made to the protocol following the Pilot Stage, refer
to Appendix A: Protocol refinements.

Sample characteristics

A purposive sampling strategy was used to recruit

large (approximately 200 residents) LTCHs across Canada.

To be eligible, LTCHs had to provide long-term (permanent
placement) residential care with 24-hour monitoring and

medical assistance. Sample size calculations using Hemming and
Taljaard’s approach (30) indicated that eight LTCHs across four
clusters, observed for a total of eight months, would be sufficient
to detect a clinically meaningful 20% reduction in rate of urine
culture ordering (6.5 to 5.2 urine cultures per 1,000 resident
days) at greater than 80% power and 5% significance level. The
effect size is in line with previous studies that observed greater
than 25% reduction in urine culture ordering (31,32) and is more
conservative than 25% reduction used in sample size calculations
for a similarly designed trial (33).

Two limitations of this trial are its smaller sample size and

the purposive sampling technique, which will not provide a
representative sample of LTCHs across Canada. However, this

is the first pilot study of a novel intervention, so the smaller
more homogenous sample will provide initial evidence on the
effectiveness of the strategies, which will allow for improvement
of the processes and materials.

Pilot Stage

The Pilot Stage took place in a single LTCH from May to
August 2023, starting with retrospective data collection (for
the period February 2022 to January 2023), continuing with a
transition phase where the QI strategies were brought online
and concluding with a one-month intervention phase. The main
output from the Pilot Stage was a process evaluation to gather
exploratory and evaluative insights to validate study materials,
check assumptions, identify gaps in the interventions and
evaluate in-field processes. A series of semi-structured interviews
with LTCH staff (n=3), a focus group with ECPs (n=2), voluntary
online surveys (n=10) and direct observation of the materials
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deployed in the home informed the process evaluation. In
addition to these targeted sources of information input from the
frontline workers of the Local Implementation Team was valuable
to ground and validate our analytical interpretations in a deeper
understanding of the local context of the home (34-36).

Fewer ECPs participated in the focus group than anticipated
and this was likely at least partially due to the necessary timing
of the pilot during the summer months, especially as the regular
touchpoint of the resident family and friends council was on
hiatus. However, even these few responses provided a valuable
level of nuance regarding ECPs’ perceptions of the educational
materials and of UTI treatment best practices that helped

to identify areas for consideration and improvement for the
stepped-wedge trial.

Retrospective data collection

Facility and demographic data will be collected along with
proposed outcomes metrics for a retrospective one-year period
to provide historical insight, contextualize these data with home
demographics and serve as true baseline for comparison with
intervention phase data. Participating LTCHs will be provided
detailed data dictionaries and template data entry forms to
ensure consistency.

Control Phase

The Control Phase will last between two and five months,
depending on cluster number (Table 1). During the Control
Phase, usual care will be given to the LTCH residents, and
minimum and additional data elements (such as the number of
urine cultures ordered and catheter use) will be collected on

a monthly basis, as necessary, to answer both the primary and
exploratory research questions. The complete list of variables is
provided in Appendix B: Outcome metrics.

Transition Phase

During the one-month Transition Phase, the research team will
liaise with each LTCH to coordinate education and delivery of the
interventions. The goals of the Transition Phase are to 1) provide
level-setting foundational AMS knowledge and practices to help
standardize the intervention across participating LTCHs and

2) coordinate the implementation of the intervention. To further



ensure alignment, the research team will offer to connect the
medical leadership of each LTCH with a physician member of the
study working group for an optional peer-to-peer conversation
about the guidelines and their experience with implementation
within their practice.

During this phase the research team will deliver brief education
sessions for LTCH staff (nurses, physicians, non-regulated
healthcare staff, pharmacists) about the overprescribing of
antibiotics, a reminder of when it is and is not appropriate to test
for and treat UTI in older adults (37,38) and practices that can
contribute to this problem. These sessions will be delivered in-
person or by webinar at the discretion of the LTCHs. A recording
will be made available for new staff and those unable to attend
the synchronous sessions.

Intervention Phase

The Intervention Phase will consist of two primary strategies:

1) ECP education and 2) monthly feedback letters to LTCH staff
about facility urine culture ordering.

Essential care providers education: Although educational
components are common in AMS interventions within

LTCHs (14,18,38-46), they typically target physicians and/

or nurses. Fewer studies have provided education for

ECPs (11), despite ECPs' influence on testing and treatment
decisions (16,47-49). We designed these educational resources
to increase understanding of AMS and the harms of unnecessary
antimicrobial use among ECPs, and to outline a positive
advocacy role for ECPs in UTI management.

Drawing on lessons learned from the Pilot Stage, taking a multi-
modal approach to ECP education will help reach a broader
audience among this diverse target population. Brief education
sessions will be delivered in-person by a LTCH staff trained by
the research team and asynchronously by leveraging digital
communications and in-home communications (e.g., UTI best
practice posters in common areas). In-person and live virtual
sessions will be offered monthly, with exact frequency to reflect
each LTCH’s unique needs, and delivered within regularly
occurring events (e.g., monthly LTCH town halls). Educational
materials will also be distributed to ECPs through videos,
posters, newsletters and physical handouts made available at
the LTCH. We hypothesize that this intervention will reduce urine
culture ordering and antibiotic prescribing by increasing ECPs’
knowledge about AMS and, therefore, decreasing caregiver
expectations for these tests and treatments when not clinically
indicated.

Feedback letter: This strategy consists of monthly feedback
given to LTCH staff (i.e., nurses, non-regulated healthcare staff,
pharmacists, physicians) that shows the rate of urine cultures
ordered by their facility in the past month relative to their
previous data (retrospective, Control, Transition and previous
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Intervention Phase when relevant). Audit and feedback on
antibiotic prescription use have been embraced for use with
physicians (50). Feedback to nurses and non-regulated healthcare
staff, however, has not been used as an intervention strategy

in LTCHs, yet these professionals play particularly important
roles in LTCHs. They collaborate with physicians in making these
decisions typically by assessing the resident and communicating
their observations to the physician and, in some cases,

collecting a urine sample before the physician has assessed the
resident (49,51-53). Comparing recent with past performance
acts as a self-comparison, which can motivate recipients by
establishing personal norms (54) and has been effective in other
contexts (55). Feedback will also indicate the proportion of urine
cultures aligned with best practice guidelines (for LTCHs able

to collect signs and symptoms data), which is a more specific
measure of stewardship than overall ordering rate alone (56). We
hypothesize that the feedback strategy will increase institutional
awareness and reduce perceived risk of negative outcomes of
urine culture avoidance, ultimately leading to a decrease in urine
cultures and antibiotic prescriptions.

Feedback will be provided to all LTCH staff (nurses, non-
regulated healthcare staff, pharmacists, physicians) starting
after the first month of the Intervention Phase, for a total of two
to five cycles of feedback depending on the cluster number.
The LTCH implementation team will work with the research
team to identify appropriate medium(s) for this feedback (e.g.,
central communications location on the floor, email, bulletin
boards, regular staff meetings). The feedback letter will also
include reminders regarding urine culture ordering decision
guidelines (37,38) and links to additional resources.

Study measures

De-identified quantitative data will be collected monthly during
the Control, Transition and Intervention Phases. Minimum

data elements needed to answer the primary research

questions include number of urine cultures ordered, antibiotic
prescriptions for UTI, total antibiotic prescriptions and total

days of residence. Additional data elements are necessary to
answer the exploratory research questions and include signs and
symptoms prompting urine culture orders, resident demographic
characteristics, chronic conditions and functional status.

To contextualize the quantitative findings with the perspectives
of the end users (LTCH staff and ECPs), we will additionally

1) conduct semi-structured interviews with 3-6 staff members
from each LTCH after the Intervention Phase; 2) hold 2-3 focus
groups with 4—-6 ECPs each, within two months of the end of the
intervention phase; and 3) collect qualitative data on perceptions
and experience with the study through voluntary online
questionnaires available to all LTCH staff and ECPs throughout
the study. As with the Pilot Stage, qualitative data collection and
validation will be supported by Local Implementation Teams.
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Data analysis

A series of descriptive (continuous variables) and frequency
analyses (categorical variables) will be conducted to get a global
sense of the sample responses.

Analysis will be done at the level of the LTCH as an intention-
to-treat analysis. To evaluate research question 1, rate of urine
culture (per 1,000 resident days) will be calculated for the
retrospective data period. To evaluate research question 2a, a
generalized linear mixed-effects model will be used to assess
whether or not the intervention has an effect on the rate of
urine culture (per 1,000 resident days). The model will include
categorical, fixed effects for phase (control/intervention) and for
each month to account for secular trends, as well as a random
effects for LTCH. Data from the Transition Phase will be excluded
from these analyses as we do not consider these data to be
clearly Control or Intervention Phase data. To evaluate research
questions 2b and 2c, a similar model will be used with the
outcome measures rate of antibiotic prescriptions for UTI and
total antibiotic prescriptions per 1,000 resident days. Exploratory
analyses will use a similar model to evaluate the potential

effect of the intervention on rate of urine cultures not aligned
with guidelines. Alignment with guidelines will be estimated

by comparing the signs and symptoms prompting each urine
culture to meet the modified Loeb minimum criteria for UTI for a
catheterized or non-catheterized resident (37,38).

Thematic analysis will be guided by ethnographic methods and
Normalization Process Theory. Taking an iterative approach that
draws on Grounded Theory (35), open-ended codes will be
applied alongside selected evaluative codes developed from a
Normalization Process Theory perspective (57,58). Ethnographic
data reduction techniques will be applied to surface focused
insights to support the overarching research questions for the
study (34,36,59).

Refinements to intervention based on Pilot
Stage

A series of key observations drawn from the suite of qualitative
methods employed were noted during the Pilot Stage: most
staff who participated in interviews and ECPs who participated

in the questionnaire and/or focus group viewed UTI guidelines
as only relevant to residents without dementia, despite the
guidelines’ validation in LTCHs with residents with and without
dementia (37,38). To address this challenge, two adjustments
were made to the protocol: 1) the addition of an optional peer-
to-peer conversation between the medical leadership of the
LTCH and a physician member of the study's expert working
group and 2) the revision of educational materials to highlight
validation of guidelines in LTCHs and share experience in
management of residents with dementia, including those that are
non-communicative. For a full accounting of revisions in response
to preliminary findings, see Appendix A.
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Findings from the questionnaire, focus group and observations
by staff interviewees and the Local Implementation Team
indicated that the educational component of the intervention
was generally appreciated by the ECPs, seeing it as relevant

to their role as caregiver. However, it was observed across our
qualitative data that ECPs constituted a heterogenous group and
scheduling was, at times, challenging. Therefore, we increased
our flexibility to offer multimodal delivery of educational
materials (i.e., poster, handout, in-person session, video).

Regarding the feedback letter, members of the Local
Implementation Team and all interviewed staff (n=3) expressed
uncertainty about the intended use and action. Some concerns
regarding the peer-comparison were also raised, highlighting
the challenge of inter-home comparisons. To address these
challenges, the following changes to the protocol were made:

1) inclusion of an estimate of proportion of urine cultures aligned
with guidelines to provide a more actionable metric, 2) shift from
peer-comparison to self-comparison to emphasize continual self-
improvement and 3) highlighting links to additional supports and
resources.

Conclusion

This study will rigorously evaluate the impact of a behavioural
science-informed intervention to improve AMS across LTCHs. If
successful, this model of care could be scalable across Canadian
LTCHs, offering an inclusive approach that aims to empower
clinicians, non-regulated healthcare staff, residents and their
family and friends to improve health outcomes as antibiotic
stewards.
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Appendix A: Protocol refinements
The following table summarizes changes made to the protocol following the Pilot Stage. The protocol described in the paper reflects

these changes.

Change made Description

1 Addition of an A goal of our Transition Phase is level-setting (getting everyone on the same page) about foundational
optional peer-to-peer AMS knowledge and practices. To facilitate this, we meet with the implementation team at each LTCH
conversation between and review current practices and alignment with guidelines. To strengthen this, the protocol now
physician member of the | includes an optional peer-to-peer conversation between a physician member of the working group and
study expert working the medical leadership at each LTCH (i.e., Medical Director, Physician Chief). The intention is for these
group and medical conversations to cover the evidence supporting the guidelines and the experiences the working group
leadership at each home | member had in implementing them in their practice.
at the beginning of the
Transition Phase

2 Explicit inclusion of The protocol now calls for clinical pharmacists employed by the home and non-regulated healthcare
clinical pharmacists and staff (sometimes referred to as personal support workers or nursing assistants) to attend the
personal support workers | introductory education session provided during the Transition Phase, along with nursing staff and

physicians. Previously these groups were not explicitly named in our protocol, despite being likely
to interact with study materials present in staff areas (e.g., a monthly feedback report at the nursing
station). This change appropriately includes them as important members of the clinical team that a
portion of the responsibility for AMS.

3 Increased flexibility The duration of the introductory education session was reduced to 5-10 minutes and the protocol
in delivery of staff calls for it to be presented in-person, by webinar or via recorded video at the discretion of the
introductory education LTCH. This increased flexibility is intended to allow for the adaption to the unique circumstances and
session procedures of staff training at each LTCH. The session is now provided to nurses, physicians, clinical

pharmacists and non-regulated healthcare staff (personal support workers, nursing assistants, etc.), as
per change 2.

4 Narrowing of prospective | The protocol now includes collection of signs and symptoms prompting all urine culture orders during

data collection the Control, Transition and Intervention Phases. This allows an estimation of the proportion of cultures
that are aligned with guidelines. A measure of alignment with guidelines will allow for a more precise
measure of AMS compared to rate of urine culture alone. Alignment with guidelines will be used as an
exploratory evaluation of the success of the trial (pre-post comparison) as well as a component of the
feedback report. To balance the additional workload to LTCHs collecting this data, the protocol also
limits the previously required monthly facility-level demographic data from all residents of the LTCH
to only those who received a urine culture. The previous monthly facility-level demographics provided
little additional value to the cross-sectional demographic data collected with the retrospective data. If
some LTCHs are unable to provide signs and symptoms data, we will 1) report this finding, which will
highlight an important knowledge gap, 2) remain adequately powered to evaluate the study using rate
of urine culture order and 3) antibiotic prescription for UTI as previously planned.

5 Updates to feedback The protocol now calls for the feedback letter to provide a self-comparison of LTCH urine culture
letter content order rate over time, as well as an estimate of the proportion of urine culture orders that were aligned

with guidelines. Previously, the protocol called for a peer-comparison of urine culture order rate
between the LTCHs included in the Trial Stage, as well as comparison with historical data. The change
avoids limitations of inter-home comparisons and allows for a focus on self-comparison in the spirit of
continual improvement.

6 Increased opportunity for | The protocol calls for a minimum of three, but opportunity for six semi-structured interviews at each
qualitative engagement | LTCH. This is a change from the previous protocol which required three interviews, with no opportunity
with staff for more.

The protocol also includes a voluntary online questionnaire available to LTCH staff. This mirrors the
questionnaire provided to ECPs, asking about LTCH staff's experience with our study and suggestions
for improvements.

Together, these changes provide opportunity to supplement qualitative findings from a previously
small number of interviews, only if there is interest and capacity at each LTCH. The online questionnaire
provides a mechanism for all LTCH staff to share feedback, if they choose to do so.

Abbreviations: AMS, antimicrobial stewardship; ECP, essential care provider; LTCH, long-term care home; UTI, urinary tract infection
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Appendix B: Outcome metrics

The intervention study will be collecting data on the following key outcomes:

1. Outcomes related to urine culture orders

a. Baseline prevalence of urine cultures for diagnosis of urinary tract infections (UTls)

b. Effect of intervention on decreasing rate of urine culture orders

c. Effect of intervention on decreasing rate of urine culture orders aligned with guidelines

2. Outcomes related to antibiotic use
a. Baseline usage of antibiotics

® 00T

Effect of intervention on reducing incidence of antibiotic prescriptions written for suspected UTls
Effect of intervention on reducing duration of written urinary antibiotic prescriptions

Effect of intervention on reducing incidence of total antibiotic prescriptions

Effect of intervention on duration of total antibiotic prescriptions

3. Outcomes related to essential care provider (ECP) education
a. Long-term care home (LTCH) staff perceptions on whether ECP education reduced pressure from ECPs to collect urine

cultures for testing when not clinically indicated

b. LTCH staff perceptions on whether ECP education reduced pressure from ECPs for antibiotic treatment of UTIs when

not clinically indicated

4. Outcomes related to feedback letter

a. LTCH staff perceptions on whether the feedback letter reduced their perceived risk of negative outcomes when not

ordering diagnostic testing or treatment for UTIs when not clinically indicated

In addition to the above, we will also be collecting data on additional outcomes to test some exploratory research questions (e.g.,

result of urine culture; antibiotic dosage, duration and route of administration; catheter use; ethnicity; sex; age; chronic conditions).
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" Data, Surveillance and Foresight Branch, Public Health Agency of
Canada, Ottawa, ON

2 Impact & Innovation Unit, Privy Council Office, Ottawa, ON

% Infectious Diseases and Vaccination Programs Branch, Public Health
Agency of Canada, Ottawa, ON

* Department of Family Medicine, Cumming School of Medicine,
University of Calgary, Calgary, AB

® Department of Laboratory Medicine & Pathobiology, University of
Toronto, Toronto, ON

¢ Department of Family and Community Medicine, University of Toronto,
Toronto, ON
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7 City of Toronto Senior Services and Long-Term Care Division, Toronto,
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