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Appendices

Appendix 1: Methodological details

We use a standard protocol for preparing living evidence profiles (LEP) to ensure that our approach to identifying
research evidence is as systematic and transparent as possible in the time we were given to prepare the profile. The
timing, frequency and scope of future updates of this LEP will be determined in collaboration with the requestor.

At the beginning of each LEP and throughout its development, we engage a subject matter expert who helps us to
scope the question and ensure relevant context is taken into account in the summary of the evidence.

This first version of the LEP aims to identify the current state of evidence and knowledge gaps from existing
evidence syntheses related to the emergence, transmission and spectrum of the burden of disease in humans of
avian influenza as a first step towards informing prevention and mitigation interventions. As such, this version of
the LEP was focused only on identifying existing evidence syntheses and did not include a jurisdictional scan.
However, expansions in scope may be made in future versions to include single studies and/or a jutisdictional scan
to provide more detailed insights to support ongoing work towards informing prevention and mitigation
interventions.

Identifying research evidence

For this REP, we updated our original searches conducted on 18 December 2023 from the REP in ACCESSSS,
Health Systems Evidence, Health Evidence and PubMed. The updated searches were conducted on 1 May 2024
using the following combination of terms: (avian influenza) OR (H5N1 or AH5N1 or APH5N1 or H5Nx or H5N*)
(limited using the search filters for reviews and systematic reviews). This was supplemented with an additional
search conducted on 1 May 2024 in PubMed for any literature from the last five years related to bovine or ruminant
related transmission using this combination of terms: (avian influenza) OR (H5N1 or AH5N1 or A?H5N1 or H5Nx
or H5N*) AND (bovine OR cow OR cattle OR dairy OR ruminant). We also searched the USDA National
Agricultural Library on 1 May 2024 using the same set of terms with the first set searched in the title and the second
set with synonyms for bovine search in the title or abstract. Lastly, we searched MedRxiv and BioRxiv for pre-print
articles by combining (avian influenza OR H5N1 OR AH5NT1) in the advanced search with individual searches for
each of the following: “bovine” “cattle” “dairy cattle” “cow” and “ruminant”. The searches were not limited by
publication date except in PubMed, which was limited to literature published from the last five years (2019
onwards). In addition, we reviewed literature compiled from searches that were last conducted by the Public Health
Agency of Canada (PHAC) on 13 December 2023. This included reviewing results from searches run by PHAC
from 1 October 2022 up to the last search that was run on 13 December 2023. Given that we originally only
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https://pubmed.ncbi.nlm.nih.gov/?term=(avian%20influenza)%20OR%20(H5N1%20or%20AH5N1%20or%20A%3FH5N1%20or%20H5Nx%20or%20H5N*)&filter=pubt.review&filter=pubt.systematicreview&filter=datesearch.y_5&size=50&page=5
https://pubmed.ncbi.nlm.nih.gov/?term=%28avian+influenza%29+OR+%28H5N1+or+AH5N1+or+A%3FH5N1+or+H5Nx+or+H5N*%29+AND+%28bovine+OR+cow+OR+cattle+OR+dairy+OR+ruminant%29&filter=datesearch.y_5&size=50

included evidence syntheses, we re-reviewed these searches for any single studies relevant to bovine or ruminant
related transmission.

Each source for these documents is assigned to one team member who conducts hand searches (when a source
contains a smaller number of documents) or keyword searches to identify potentially relevant documents. A final
inclusion assessment is performed both by the person who did the initial screening and the lead author of the rapid
evidence profile, with disagreements resolved by consensus or with the input of a third reviewer on the team. The
team uses a dedicated virtual channel to discuss and iteratively refine inclusion/exclusion criteria throughout the
process, which provides a running list of considerations that all members can consult during the first stages of
assessment.

During this process we include evidence syntheses from published, pre-print and grey literature. We do not exclude
documents based on the language of a document. However, we are not able to extract key findings from documents
that are written in languages other than Chinese, English, French, Portuguese or Spanish. We provide any
documents that do not have content available in these languages in an appendix containing documents excluded at
the final stages of reviewing. We excluded documents that did not directly address the research questions and the
relevant organizing framework.

Assessing relevance and quality of evidence

We assess the relevance of each included evidence document as being of high, moderate or low relevance to the
question.

Two reviewers independently appraised the quality of the guidelines we identified as being highly relevant using
AGREE II. We used three domains in the tool (stakeholder involvement, rigour of development and editorial
independence) and classified guidelines as high quality if they were scored as 60% or higher across each of these
domains.

Two reviewers independently appraise the methodological quality of evidence syntheses that are deemed to be
highly relevant using the first version of the AMSTAR tool. Two reviewers independently appraise each synthesis,
and disagreements are resolved by consensus with a third reviewer if needed. AMSTAR rates overall methodological
quality on a scale of 0 to 11, where 11/11 represents a review of the highest quality. High-quality evidence syntheses
are those with scores of eight or higher out of a possible 11, medium-quality evidence syntheses are those with
scores between four and seven, and low-quality evidence syntheses are those with scores less than four. It is
important to note that the AMSTAR tool was developed to assess evidence syntheses focused on clinical
interventions, so not all criteria apply to those pertaining to health-system arrangements or implementation
strategies. Furthermore, we apply the AMSTAR criteria to evidence syntheses addressing all types of questions, not
just those addressing questions about effectiveness, and some of these evidence syntheses addressing other types of
questions are syntheses of qualitative studies. While AMSTAR does not account for some of the key attributes of
syntheses of qualitative studies, such as whether and how citizens and subject-matter experts were involved,
researchers’ competency, and how reflexivity was approached, it remains the best general quality-assessment tool of
which we’re aware. Where the denominator is not 11, an aspect of the tool was considered not relevant by the
raters. In comparing ratings, it is therefore important to keep both parts of the score (i.e., the numerator and
denominator) in mind. For example, an evidence synthesis that scores 8/8 is generally of comparable quality to
another scoring 11/11; both ratings are considered ‘high scores.” A high score signals that readers of the evidence
synthesis can have a high level of confidence in its findings. A low score, on the other hand, does not mean that the
evidence synthesis should be discarded, merely that less confidence can be placed in its findings and that it needs to
be examined closely to identify its limitations. (Lewin S, Oxman AD, Lavis [N, Fretheinz A. SUPPORT Tools for evidence-
informed health Policymaking (STP): 8. Deciding how much confidence to place in a systematic review. Health Research Policy and
Systems 2009; 7 (Suppl1):58).


https://amstar.ca/

Identifying experiences from other countries and from Canadian provinces and territories

Jurisdictional scans have not been prioritized for this LEP yet. However, for future versions of this LEP we may
work with the requestors and a subject matter expert to collectively decide on what countries (and/or states or
provinces) to examine based on the question posed.

Preparing the profile

Each included document is cited in the reference list at the end of the LEP. For all included guidelines, evidence
syntheses and single studies (when included), we prepare a small number of bullet points that provide a summary of
the key findings, which are used to summarize key messages in the text. Protocols and titles/questions have their
titles hyperlinked, given that findings are not yet available. We then draft a summary that highlights the key findings
from all highly relevant documents (alongside their date of last search and methodological quality). Upon
completion, the LEP is sent to the subject matter expert for their review.



Appendix 2: Key findings from evidence documents organized by circulating clade

virus (IAV) in bovine
species has been hindered
until the emergence of

novel influenza D vitus in

cattle, as some bovine host

factors that may have anti-
influenza properties could
have provided IAV
resilience for bovines but
more research is needed to
ascertain host-specific
factors that have
contributed to this
differential (AMSTAR
rating 1/9; literature last
searched 2019)

Most transmissions

occurred at a short to
medium proximity
regardless of subtype or
geographical location; the
reproduction number for
between-farm transmission
was found to be between
0.03-15.7 (AMSTAR rating
6/11; literature last searched
20 September 2018)

A synthesis of avian
influenza virus (H5Nx
included) revealed
differences in virus
shedding levels among
poultry, resulting from

vatious introduction and
shedding routes (large
heterogeneity in methods)
(AMSTAR rating 4/11;

mammalian health due to multiple factors
(e.o., broader geographic impact, increased
number of infected mammal species, and
potential for mammal-to-mammal
transmission), highlighting the importance of

continuous surveillance and international
collaboration (AMSTAR rating 4/9; literature
last searched 2023)

All reported cases of H5NG in humans had
prior contact with birds and were found to
have a high disease severity, with 95% of
cases resulting in hospitalization (AMSTAR
rating 4/9; literature last searched 2021)
Anseriformes (i.e., waterfowl) were
considered the most important natural hosts
and transmitters of avian influenza viruses

including H5 subtype) in China, but the

prevalence of avian influenza viruses and their

related antibodies in wild birds vary among
regions and species (AMSTAR rating 6/11;
literature last searched 20 September 2018)
Most H5N1 human infection cases from 1997
to 2019 were found in Egypt, among children
and younger adults, and those with exposure
to poultry (AMSTAR rating 2/9; literature last
searched 31 July 2019)

Backyard farms with both swine and poultry

are at risk of interspecies transmission
(domestic poultry to swine) (AMSTAR rating

3/9; literature last searched 31 July 2021)
The role of backyard farms in transmission
was found to be minimal, with a below-one
reproduction number for between backvard
farms themselves and between backvard and
commercial farms (AMSTAR rating 6/11;
literature last searched 20 September 2018)
Contextualizing species and virus type is

important in understanding parameters of the

influenza viruses
included sample
collection from live
birds at markets and
farms (cloacal and

tracheal/oropharyngeal

clinical symptoms

among poultry but

Circulating Biology Epidemiology Diagnosis Clinical Priority populations
subtype or clade presentation
General H5Nx The evolution and host The ongoing H5N1 panzootic event has Current surveillance e Hb5 subtypes e According to a
subtypes adaptation of influenza A significantly impacted biodiversity and methods for avian typically cause mild single study of

surveillance data
the risk of

have the potential

infection of avian

to mutate to cause

influence A (H5)

severe morbidity

for the general

and mortality

swabs and blood),
dead birds (swabs
and/or organ samples

and environmental
samples (feces, mud
water, feeding source

feathers and air and

surfaces likely
contaminated with

viruses such as cages
chopping boards and
machines); however,
there was limited
information on the
sensitivity of the
sample techniques to
develop an optimal

(AMSTAR rating 3/9;
literature last searched
10 June 2019)
Surveillance and
serosurveillance of the
avian influenza in wild
birds is important to
monitor its risk of

transmission to other
species (AMSTAR
rating 6/11; literature
last searched 2021)

(AMSTAR rating
6/11; literature last
searched 20
September 2018)

population in
Europe is low, but
higher for those
exposed to

infected animals
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subtype or clade
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literature last searched
2017)

avian influenza to obtain an accurate
understanding of its transmission and risks
(AMSTAR rating 5/10; literature last searched
2021)

The movement of birds, humans and fomites

all play a role in transmitting the avian
influenza during poultry production due to

cross contamination; additional research on
poultry production is needed to understand
transmission of this virus (AMSTAR rating
5/9; literature last searched 2019)

The 2021 prevalence of avian influenza
H5NS in birds was 1.6%, emphasizing a need
for surveillance of virus transmission and
migration in wildlife (AMSTAR rating 4/11;
literature last searched 2021)

Between 2000 and 2019, diverse subtypes of
avian influenza viruses were found in wild
and domestic birds at an overall 3.0%
prevalence, with H5N1 being the most
frequently observed followed by H5N2 and
H5N8 (AMSTAR rating 4/9; literature last
searched 2019)

A high environmental viral load can facilitate
indirect transmission between flocks or farms
through more likely contaminated surfaces
(c.g., trucks, boots) (large heterogeneity in
methods) (AMSTAR rating 4/11; literature
last searched 2017)

A single study found that human infections of
avian influenza A(H5) remained rare between
December 2023 and March 2024 and Europe
and North America continued to see

widespread outbreaks in domestic and wild
birds; goat kids in the U.S. found infected

with influenza A (H5N1) virus represented
the first natural infection in any ruminant
Cow-to-cow transmission of H5N1 was
reported in dairy cattle in the U.S., with cows
experiencing apparent systemic illness, an
abrupt drop in milk production, reduced feed
intake and rumination, abundant virus

Collection of
environmental samples

appear to be a

promising tool given

the ability to capture

large samples and
sequence multiple

birds within a sample
for the surveillance of

avian influenza virus in
wild waterbirds
(AMSTAR rating 5/10;
literature last searched
30 June 2019)
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Circulating
subtype or clade

Biology

Epidemiology

Diagnosis

Clinical
presentation

Priority populations

shedding, and the production of thick, creamy

rellow milk
Wild waterfowl act as a potential transmission

pathway for avian influenza to livestock on

commercial facilities, and small or isolated
natural and artificial water or food sources in
or near livestock facilities inctease the
likelihood of attracting these birds

2.3.4.4b e Given the significant A 2020 systematic review and meta-analysis e None identified o None identified e Serological
presence of influenza A found that the overall seroprevalence of evidence of
viruses in various water H5N1 infection among humans in China was subclinical and
matrices associated with 2.45% (862/35,159), with the seroptrevalence clinically mild
poultry (prevalence rates among humans from central China (7.32%) avian influenza
ranging from 4.3% to being higher than those in other regions of A(H5NT1)
76.4%0) and wild bird China (AMSTAR rating 7/11; literature last infections in
habitats (prevalence rates searched 20 October 2018) humans
ranging from 0.4% to While there has been a change in recent years demonstrated that
69.8%), there is an urgent in primary subtvpes and frequency of reports people with
need for standardized of human 1\(H)&Ny) avian influenza in the p()ultrv exposures,
protocols and increased Western Pacific Region (WPR). the overall such as poultry
research in public health risk from H5Nx viruses at the workers and
underrepresented regions to human-animal interface remains low cullers,
better understand influenza (AMSTAR rating 2/9; literature last searched experienced
virus dynamics in water 31 July 2022) relatively higher
environments (AMSTAR H5Nx viruses of clade 2.3.4.4 were likely seroprevalence of
rating 7/11; literature last among wild birds in Alaska, which led to A(HSNT)
searched 2023) outbreaks among wild and domestic birds in antibodies than
Canada and the United States (AMSTAR non-poultry-
rating 4/10; literature last searched February exposed people;
2022) very low
frequencies of
antibodies were
detected among
close contacts of
confirmed
A(HSN1) cases
(AMSTAR rating
3/11; literature
last searched 1
September 2020)
2.3.2.1c o A low but present While there has been a change in recent years | ® None identified e None identified e None identified

prevalence of influenza A
virus (including 2.3.2.1c in

in primary subtypes and frequency of reports
of human A(H5NXx) avian influenza in the
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Nigeria, 2.2.1.2 H5N1 and
H5N2 viruses in Fgypt) in

Western Pacific Region (WPR), the overall
public health risk from HxNy viruses at the
human-animal interface remains low

African pigs was identified,
along with potential

transmission to other
mammals, emphasizing the
need for better surveillance
in Africa (AMSTAR rating
7/11; literature last searched
2021)

From 2000 to 2022, 35

zoonotic diseases were

identified in Cameroon,
including H5N1 2.3.2.1c
virus among the most
reported, which emphasizes
the need to better
understand their
distribution to develop
prevention strategies
(AMSTAR rating 7/11;
literature last searched
2022)

(AMSTAR rating 2/9; literature last searched
31 July 2022)
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Appendix 3: Key findings from evidence syntheses organized by relevance

Dimension of organizing framework Declarative title and key findings Relevance | Living Quality Last year Availability Equity
rating status | (AMSTAR literature of GRADE | considerations
) searched profile
e Epidemiology (including transmission) The ongoing H5N1 panzootic event has High No 4/9 2023 No Occupation
o Route of transmission significantly impacted biodiversity and
*  Bird to non-human mammal mammalian health due to multiple factors (e.g.
=  Non-human mammal to broader geographic impact, increased number of
mammal (including infected mammal species, and potential for
development of a non-human mammal-to-mammal transmission), highlighting
mammal reservoir) the importance of continuous surveillance and
* Bird/non-human mammal to international collaboration
human (i.e., zoonotic
transmission)
e Diagnosis
o Molecular methods for rapid
detection
o Serological diagnostics (e.g., self-
testing, point-of-care diagnostics)
e C(linical presentation
o Immunological characteristics
= Innate
= Adaptive
= Antigen/antibody and cellular
immune responses
e Priority populations
o Groups at higher risk of exposure
o Working on a commercial poultry
farm (e.g., producer, processing
plant worker, poultry culler)
¢ Biology Given the significant presence of influenza A High No 7/11 2023 No None identified
o Circulating clades viruses in various water matrices associated with
= 2344b poultry (prevalence rates ranging from 4.3% to

o Genomic changes and impacts on:
* Infectivity/transmission
= Pathogenicity
* Vitrulence/disease sevetity
=  Mammalian adaptation
= Antiviral susceptibility
o Virological characteristics
= Infectivity/transmission (i.e.,
likelihood to infect a host)

76.4%) and wild bird habitats (prevalence rates
ranging from 0.4% to 69.8%), there is an urgent

need for standardized protocols and increased

research in underreptresented regions to better

understand influenza virus dynamics in water

environments

e The findings also highlighted that influenza
B detection was limited across water
environments and of the identified studies,
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Dimension of organizing framework

Declarative title and key findings

Relevance
rating

Living
status

Quality
(AMSTAR

Last year
literature
searched

Availability
of GRADE
profile

Equity

considerations

Pathogenicity (i.e., ability to
cause disease)
Vitulence/disease sevetity

Epidemiology (including transmission)
o Route of transmission

Bird to non-human mammal
Non-human mammal to
mammal (including
development of a non-human
mammal reservoir)

Bird/non-human mammal to human
(i.e., zoonotic transmission)

there was a lack of research on influenza in
pig-associated water environments

Epidemiology (including transmission)
o Route of transmission

Bird/non-human mammal to
human

o Reported cases and other
epidemiological indicators of avian
influence

Priority populations
o Groups at higher risk exposure

Working on a commercial
poultry farm

Working with non-commercial
or backyard flocks

Working with live or recently
killed poultry

Meat/milk processes plan
worker

All reported cases of H5NG6 in humans had prior
contact with birds and were found to have a hich

50/

disease severity, with 95% of cases resulting in

hospitalization

e The literature review identified 85 reported
cases of AH5NG and synthesized the case
reports

e The median ages of those infected was 50
years old, with 13 cases reported in children

e In all cases, there was known contact with
birds prior to the onset of illness, with
contact methods including visiting live bird
markets, employment as a poultry worker or
exposure to slain and cooked poultry or
domestic and backyard poultry

e Almost all cases have been reported from
China, from 15 different provinces, with the
exception of one case in Laos

e Disease severity is quite high, with 95% of
those infected requiring hospital admission
within one week of illness onset

e Symptoms often begin with a fever, upper
respiratory tract symptoms and myalgia
followed by rapid progression to the lower
respiratory tract, multiple organ failure, and
acute respiratory distress syndrome

Outcome data was only available for half the

cases and of these individuals two-thirds died

High

1/9

2021

None reported
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Dimension of organizing framework Declarative title and key findings Relevance | Living Quality Last year Availability Equity
rating status | (AMSTAR literature of GRADE | considerations
) searched profile
e Biology The evolution and host adaptation of influenza Medium No 1/9 2019 No No
o Virological characteristics A virus (IAV) in bovine species has been
o Infectivity/transmission (i.., hindered until the emergence of novel influenza
likelihood to infect a host) D virus in cattle, as some bovine host factors
that may have anti-influenza properties could
have provided IAV resilience for bovines but
morte research is needed to ascertain host-
specific factors that have contributed to this
differential pathogenic response and disease
progression in bovines
e The distribution of influenza A over the last
45 years show that it has evolved in “almost
all mammalian hosts at the human—animal
interface, except in bovine species”
e There have been natural cases of influenza in
bovines that cause influenza-like respiratory
disease (e.g., with bronchopneumonia,
epizootic cough, nasal discharge, lacrimation,
or other extrapulmonary signs such as milk
drop), but only very few have resulted in
virus isolation
® JAV strains with cattle origin were first
isolated in the early 1970s at the same time
when human IAV strains were prevalent
(H3N2) but there is limited evidence for
genetic relatedness
e Biology A low but present prevalence of influenza A Medium No 7/11 2021 No Occupation
o Circulating clades virus (including 2.3.2.1c in Nigeria, 2.2.1.2 H5N1
= 2321c and H5N2 viruses in Egypt) in African pigs was
= Other (if new subtypes identified, along with potential transmission to
identified as having emerged) other mammals, emphasizing the need for better
o Genomic changes and impacts on: | surveillance in Africa
= Infectivity/transmission
® Mammalian adaptation
e Epidemiology (including transmission)
o Route of transmission
= Bird to non-human mammal
=  Non-human mammal to
mammal (including
development of a non-human
mammal reservoir)
e Priority populations

10
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Dimension of organizing framework Declarative title and key findings Relevance | Living Quality Last year Availability Equity
rating status | (AMSTAR literature of GRADE | considerations
) searched profile
o Groups at higher risk of exposure
=  Livestock farm worker/small
herd owner
*  Meat/milk processing plant
worker
Biology From 2000 to 2022, 35 zoonotic diseases were Low No 7/11 2022 No Occupation
o Circulating clades identified in Cametroon, including H5N1 2.3.2.1¢
= 2321c virus among the most reported, which
o Genomic changes and impacts on: emphasizes the need to better understand their
*  Mammalian adaptation distribution to develop prevention strategies
o Virological characteristics
= Infectivity/transmission (i.e.,
likelihood to infect a host)
Priority populations
o Groups at higher risk of exposure
o Working on a commercial poultry
farm (e.g., producer, processing
plant worker, poultry culler)
Biology H5 subtypes typically cause mild clinical High No 3/9 2023 No No

o Virological characteristics
* Infectivity/transmission
Epidemiology
o Route of transmission
= Environmental viral load
o Reported cases and other
epidemiological indicators of avian
influenza A(H5Nx)
Susceptibility and transmission
parameters
o Infectious period

symptoms among poultry but have the potential
to mutate to cause severe morbidity and

mortality, with most transmissions occurring at a

short to medium proximity regardless of subtype

or geographical location

e Highly pathogenic avian influenza H5Nx
caused mass mortality in wild birds and
poultry.

o The infectious duration at the level of the
farm was estimated to be an average of
6.4-17.22 days.

o The reproduction number Rh for
between-farm transmission was found to
be 0.03-15.7.

o Most transmissions were found to occur
at a short to medium proximity regardless
of the subtype or geographical location.

o The role of backyard farms in
transmission was found to be minimal,
with a below-one reproduction number
for between backyard farms themselves
and between backyard and commercial
farms.

11



https://www.sciencedirect.com/science/article/pii/S2772707622001485?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2772707622001485?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2772707622001485?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2772707622001485?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2772707622001485?via%3Dihub
https://veterinaryresearch.biomedcentral.com/articles/10.1186/s13567-023-01219-0
https://veterinaryresearch.biomedcentral.com/articles/10.1186/s13567-023-01219-0
https://veterinaryresearch.biomedcentral.com/articles/10.1186/s13567-023-01219-0
https://veterinaryresearch.biomedcentral.com/articles/10.1186/s13567-023-01219-0
https://veterinaryresearch.biomedcentral.com/articles/10.1186/s13567-023-01219-0
https://veterinaryresearch.biomedcentral.com/articles/10.1186/s13567-023-01219-0

Dimension of organizing framework Declarative title and key findings Relevance | Living Quality Last year Availability Equity
rating status | (AMSTAR literature of GRADE | considerations
) searched profile
e Biology While there has been a change in recent vears in High No 2/9 31 July 2022 No No
o Circulating clades primary subtypes and frequency of reports of
= 2344b human A(HxNy) avian influenza in the Western
= 2321c Pacific Region (WPR), the overall public health
*  Other (if new subtypes risk from HxNy viruses at the human-animal
identified as having emerged) interface remains low
o Genomic changes and impacts on: | ® Between 1 October 2017 to 31 July 2022 in
* Infectivity/transmission the WPR, there was a reduction of A(H7N9)
e Epidemiology (including transmission) and A(H5N1), and an increase of A(H5NOG)
o Route of transmission and A(HIN2), with three new subtypes,
*  Bitd/non-human mammal to A(H7N4), A(H10N3) and A(H3N8), being
human reported from China during that time period.
o Reported cases and other e Infections were almost exclusively associated
epidemiological indicators of avian with human contact with infected birds.
influenza A(H5NXx)
e Biology Serological evidence of subclinical and clinically High No 3/11 1 September No None identified
o Circulating clades mild avian influenza A(H5N1) infections in 2020
= 2344b humans demonstrated that people with poultry

o Virological characteristics
* Virulence/disease severity
e Epidemiology (including transmission)
o Route of transmission

=  Bird/non-human mammal to
human (i.e., zoonotic
transmission)

* Environmental viral load (e.g.,
avian and mammalian viral
shedding)

® Human to human

o Reported cases and other
epidemiological indicators of avian
influenza A(H5NXx)

e Diagnosis
o Serological diagnostics
e C(linical presentation

o Immunological characteristics

* Antigen/antibody and cellular
immune responses

e Priority populations

o Groups at higher risk of exposure
® Working on a commercial

poultry farm

exposures, such as poultry workers and cullers

experienced relatively higher seroprevalence of

A(H5NT1) antibodies than non-poultry-exposed

people; very low frequencies of antibodies were

detected among close contacts of confirmed

A(HS5N1) cases

The mean seroprevalence was 0.2, 0.6, and
1.8% for poultry workers, poultry cullers,
and persons with both poultry and human
exposures, respectively, across studies that
utilized the WHO seropositivity criteria; the
mean seroprevalence was 0% among the
general population and close contacts of
confirmed A(H5NT1) cases.

Seroprevalence was also higher in persons
exposed to A(H5N1) clade 0 virus than in
participants exposed to other clades of
A(H5NT1) virus.

Among occupationally exposed populations,
people who worked in live poultry markets
had higher frequencies of A(H5N1) virus-
specific antibodies than poultry farmers and
veterinarians.
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Dimension of organizing framework Declarative title and key findings Relevance | Living Quality Last year Availability Equity
rating status | (AMSTAR literature of GRADE | considerations
) searched profile
® Breeding and handling birds
=  Working with live or recently
killed poultry
= Working with wild birds
and/or mammals for
healthcare, research and
conservation
=  Working or visiting live bird or
mammal markets
= Working in healthcare settings
and other contacts of cases
¢ Epidemiology (including transmission) Between 2000 and 2019, diverse subtypes of High No 4/9 2019 No None identified

o Route of transmission
* Bird to non-human mammal

o Reported cases and other
epidemiological indicators of avian
influenza A(H5Nx) (e.g.,
prevalence, case fatality rates,
geographic distribution)

avian influenza viruses were found in wild and

domestic birds in sub-Saharan Africa at an

0/

overall 3.0% prevalence, with H5N1 being the

most frequently observed followed by H5N2

and H5N8

There is a higher prevalence of avian
influenza virus in sub-Saharan Africa during
the dry season when Eurasian migratory
birds are present in low numbers; a possible
explanation for this may be due to an
increased waterfowl clustering resulting from
fewer bodies of water (this seasonality was
found to be statistically insignificant).
Indigenous African bird species and
migratory waterbirds from Eurasia keep
avian influenza viruses in circulation.

A detection of H5 avian influenza viruses in
both wild and domestic birds suggests the
possibility of transmission between the two
High pathogenicity avian influenza viruses
were more frequently found in domestic
birds, particularly in chickens and ducks.
H5NT1 high pathogenicity avian influenza
viruses were found to be widespread in West
Africa, which may be due to this region being
a major wintering destination for migratory
watetbirds.

The continued circulation of H5N1 high
pathogenicity avian influenza viruses may be
due to factors including:
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Dimension of organizing framework Declarative title and key findings Relevance | Living Quality Last year Availability Equity
rating status | (AMSTAR literature of GRADE | considerations
) searched profile
o unlawful transportation of infected
poultry (sometimes crossing national
borders)
o farming of multiple livestock species
o low adherence to biosecurity measures in
bird markets.
e H5NB8 high pathogenicity avian influenza
infection was first detected in Egypt and
Nigeria at around the same time.
e H5N2 high pathogenicity avian influenza
viruses have caused outbreaks in South
African ostrich farms.
¢ Epidemiology (including transmission) Current surveillance methods for avian influenza High No 3/9 10 June 2019 No None identified
o Reported cases and other viruses included sample collection from live
epidemiological indicators of avian birds at markets and farms (cloacal and
influenza A(H5Nx) (e.g., tracheal/oropharyngeal swabs and blood), dead
prevalence, case fatality rates, birds (swabs and/or organ samples) and
geographic distribution) environmental samples (feces, mud, water.
e Diagnosis feeding source, feathers and air and surfaces
o Molecular methods for rapid likely contaminated with viruses such as cages
detection chopping boards and defeathering machines);
however, there was limited information on the
sensitivity of the sample techniques to develop
an optimal avian influenza surveillance program
e There are limited studies that focused on the
sensitivity of environmental sample
techniques with variations according to
prevalence, subtype, species, age, density of
birds sampled, collection, sample handling
and testing methods.
e There is limited information on the optimal
avian influenza surveillance programs due to
lack of standardized protocols and methods
in the literature.
e Epidemiology (including transmission) Collection of environmental samples appear to High No 5/10 30 January No None identified
o Reported cases and other be a promising tool given the ability to capture 2019
epidemiological indicators of avian large samples and sequence multiple birds within
influenza A(H5NXx) (e.g., a sample for the sutrveillance of avian influenza
prevalence, case fatality rates, virus in wild waterbirds
geographic distribution) e Sequencing can be done either on isolates or
. directly through an environmental sample;

Diagnosis

virus isolation was most common with water
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Dimension of organizing framework Declarative title and key findings Relevance | Living Quality Last year Availability Equity
rating status | (AMSTAR literature of GRADE | considerations
) searched profile
o Molecular methods for rapid samples, allowing for identifying specific viral
detection strains.
e Environmental samples were well-suited for
sutveillance of avian influenza viruses in wild
waterbirds, as they provide information on
multiple birds or species within a sample,
allowing for large samples to be easily
collected.
e Biology A 2020 systematic review and meta-analysis High No 7/11 20 October No None identified
o Circulating clades found that the overall seroprevalence of H5N1 2018
= 234.4b infection among humans in China was 2.45%
o Virological characteristics (862/35,159), with the seroprevalence among
* Infectivity/transmission humans from central China (7.32%) being higher
o Reported cases and other than those in other regions of China.
epidemiological indicators of avian | ® Inall 56 included studies, the seroprevalence
influenza A(H5Nx) detected by haemagglutination inhibition
e Diagnosis (HI) tests and microneutralization test
o Molecular methods for rapid (MNT) was 1.30% and 4.37%, respectively.
detection e Due to its large scale of poultry production
Serological diagnostics and the location of three migratory bird fly-
aways, China is recognized as a geographical
area with suitable conditions for the
emergence of novel influenza viruses.
e Epidemiology (including transmission) Anseriformes (i.e., waterfowl) were considered High No 6/11 20 September No None identified
o Route of transmission the most important natural hosts and 2018

=  Bird to non-human mammal

= Bird/non-human mammal to
human (i.e., zoonotic
transmission)

transmitters of avian influenza viruses (including
H5 subtype) in China, but the prevalence of
avian influenza viruses and their related

antibodies in wild birds vary among regions and

e Using serological methods or reverse
transcription-polymerase chain reaction (RT-
PCR) to study avian influenza viruses and
their antibodies among wild birds appeared
to be costly but were most sensitive to
detecting infections, whereas collecting eggs
from wild birds appeared to be easier as egg
yolks contained appropriate materials for
monitoring the prevalence of avian influenza
viruses.
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considerations

Anseriformes (i.e., waterfowl) were
considered the most important natural hosts
and transmitters of avian influenza viruses.
There was evidence to raise concern about
potential transmission of H5 subtypes from
mutations in wild birds to poultry or humans.
The prevalence of H5 subtype in China was
0.6% with estimated avian influenza virus
antibodies of 12.3%.

Epidemiology (including transmission)
o Route of transmission
=  Bird/non-human mammal to
human (i.e., zoonotic
transmission)

® Human to human

o Reported cases and other
epidemiological indicators of avian
influenza A(H5Nx) (e.g.,
prevalence, case fatality rates,
geographic distribution)

Most H5N1 human infection cases from 1997 to

2019 were found in Eeypt, among children and

vounger adults, and those with exposure to

poultry

H5N1 human infections had a case fatality
risk of 52.4% among laboratory-confirmed
cases reported between 1997 to 2019.
Human infections with H5N1 and H5N6
were reported between 2014 and 2015 in
China and Egypt.

According to WHO documents and the

literature, HSN1 human infections were

reported between 1997 to 2019, with a case
fatality risk of 52.4% among laboratory-
confirmed cases.

o Most cases were reported in Egypt,
followed by Indonesia, Vietnam,
Cambodia and mainland China.

o A seasonal peak in the winter was
detected among these countries.

o Most of the cases were found among
children and younger adults, with a
higher proportion of women in Southeast
Asia and China.

o 97.4% were linked to poultry exposure,
suggesting limited human-to-human
transmission.

Other subtypes like HSNG6 were linked with

causing deaths.

One report indicated that a woman from the

same family with reported H5N1 cases was

confirmed as 2 human-to-human
transmission.

High

2/9

31 July 2019

None identified
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Dimension of organizing framework Declarative title and key findings Relevance | Living Quality Last year Availability Equity
rating status | (AMSTAR literature of GRADE | considerations
) searched profile
e Epidemiology (including transmission) Backvard farms with both swine and poultry are High No 3/9 31 July 2021 No None identified
o Route of transmission at risk of interspecies transmission (domestic
= Bird to non-human mammal poultry to swine)
e The large numbers of H5N1 viruses may be
due to migratory wild birds from the East
Africa—West Asia flyway, and may potentially
lead to interactions with swine, poultry and
wild birds in backyard farms.
e Epidemiology Contextualizing species and virus type is High No 5/10 2021 Not None identified
o Route of transmission important in understanding parameters of the available
=  Bird to non-human mammal avian influenza to obtain an accurate
o Repotted cases and other understanding of its transmission and risks
epidemiological indictors of avian e The purpose of this review was to review and
influenza assess variation of available data for the avian
o Susceptibility and transmission influenza related to reproductive number,
parameters infectious period, species type, virus type and
= Latent period pathogenicity.
= Infectious period e The most common types of the virus
researched where H5N1 and H7N3.
e The mean infectious period ranged from 6.2
to 7.7 days, with a possible latency period of
one day.
o The confidence in this estimate is low
due to challenges with measuring at a
flock level.
e Wild ducks were more likely to be exposed
to the virus than other bird species,
suggesting that wildlife may be more
affected.
e Transmission was more likely to occur within
flocks than between.
e No significant differences were identified for
pathogenicity across studies.
e The authors concluded by noting the
variability in estimates across studies,
emphasizing the importance of
contextualizing results.
¢ Epidemiology The movement of birds, humans and fomites all High No 5/9 2019 Not e  Occupation
o Route of transmission play a role in transmitting the avian influenza available
=  Bird to non-human mammal during poultry production due to cross
e Driority populations contamination; additional research on poultry

o Groups at higher risk of exposure
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® Working on a commercial
poultry farm

production is needed to understand transmission

of this virus

e The purpose of this scoping review was to
identify the routes of transmission of avian
influenza in poultry production to improve
the understanding of the roles animals and
humans play on the spread of the virus.

e Many sources included in this review
described transmission of the virus through
wildlife birds to commercial farms and
production networks.

e Transmission across may occur due to cross
contamination during transportation of
poultry and eggs.

o Poultry farm industry practices like bird
pickup networks, inefficient feed
deliveries, live movement between farms,
and uncleaned egg transports may
increase the spread of transmission.

o Fomite can participate in transmission,
particularly duting the layer production of
egg transport and bird pickup.

o Human movements in poultry
production including part-time workers,
movement of veterinarians with
products, or central farm networks are
also likely to spread the virus.

e The role of humans and fomites in trade
networks could not be identified.

Biology
o Virological characteristics
* Infectivity/transmission
= Pathogenicity
Epidemiology
o Route of transmission
=  Environmental viral load
o Susceptibility and transmission
patameters
o Virus shedding

A synthesis of avian influenza virus (H5Nx
included) revealed differences in virus shedding

levels among poultry, resulting from various

introduction and shedding routes (large

heterogeneity in methods)

e In all poultry species, high pathogenicity
avian influenza virus shedding was found to
be higher than that of low pathogenicity
avian influenza virus.

e A high environmental viral load can facilitate
indirect transmission between flocks or
farms through more likely contaminated
surfaces (e.g., trucks, boots).

High

4/11

2017

Not
available

None identified
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For the introduction routes of high
pathogenicity avian influenza viruses,
intranasal or intraconal routes resulted in no
difference in shedding compared to infection
by contact.

For the introduction routes of low

pathogenicity avian influenza viruses, acrosol,

intranasal and oropharyngeal routes resulted
in greater shedding compared to infection by
contact.

For high pathogenicity avian influenza

viruses:

o respiratory shedding was higher than
cloacal shedding

o higher shedding through the respiratory
tract was observed in ducks than in
chickens

o lower shedding through the cloaca was
observed in ducks than in chickens.

For low pathogenicity avian influenza

viruses:

o similar shedding through the respiratory
and digestive tracts was seen in ducks and
chickens

o higher shedding through the cloaca was
obsetrved in ducks than in chickens

o higher shedding through the cloaca was
observed in turkeys than in chickens.

It is more likely for low pathogenicity avian

influenza virus to spread among a turkey

flock than a chicken flock.

Within a chicken flock, there is a high chance

an infection will not be widespread when the

avian influenza virus comes from a different
order (high or low pathogenicity).

Within a turkey flock, there is a high chance

an infection will be widespread when the

avian influenza virus comes from a different
order (high or low pathogenicity).

Epidemiology
o Route of transmission
= Bird to non-human mammal

Sutrveillance and serosurveillance of the avian

influenza in wild birds is important to monitor

its risk of transmission to other species

Medium

6/11

2021

Not
available

None identified
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o Reported cases and other e The purpose of this systematic review was to
epidemiological indictors of avian estimate the prevalence of avian influenza in
influenza wild birds located in South Korea.
¢ Diagnosis e This study reported that the prevalence of
o Serological diagnostics (e.g., self- avian influenza was approximately 2%,
testing, point-of-care diagnostics) indicating that 2% of wild birds in South
Korea were carrying the virus. The
seroprevalence was 16%, suggesting 16% of
wild birds may have been exposed to it.
e This study suggests that surveillance
measures are needed to monitor transmission
across species.
e TEpidemiology The 2021 prevalence of avian influenza in birds Medium No 4/11 2021 Not None identified
o Route of transmission was 1.6%, emphasizing a need for surveillance of available
®»  Bird to non-human mammal virus transmission and migration in wildlife
o Reported cases and other e The purpose of this systematic review was to
epidemiological indictors of avian estimate the prevalence of avian influenza in
influenza birds.
e This study reported that the prevalence of
the avian influenza was 1.6%.
e This study emphasizes the need for
additional surveillance of bird habits, poultry
systems and migration routes to monitor the
transmission of the avian influenza.
e Biology H5NXx viruses of clade 2.3.4.4 were likely among Medium No 4/10 February 2022 No None identified
o Circulating clades wild birds in Alaska, which led to outbreaks
= 2344h among wild and domestic birds in Canada and

= Other (if new subtypes
identified as having emerged)
e Epidemiology (including transmission)
o Route of transmission
® Bird to non-human mammal
® Non-human mammal to
mammal
= Environmental viral load
e Diagnosis
o Serological diagnostics (e.g., self-
testing, point-of-care diagnostics)

the United States

e H13, H16, H1 and HY subtypes were
commonly identified in gull species and H3,
H4 and H5 subtypes were more commonly
found in duck species.

e Secroprevalence rates of all subtypes including

H5 were generally found to be much higher
than viral shedding, reflecting exposure
throughout the lifecycle.
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Appendix 4: Key findings from single studies organized by relevance

o Genomic changes and impacts on:

Infectivity/transmission
Pathogenicity
Virulence/disease severity

o Virological characteristics

Infectivity/transmission (i.e., likelihood to
infect a host)

Pathogenicity (i.e., ability to cause disease)
Vitrulence/disease sevetity

e Epidemiology (including transmission)
o Route of transmission

Bird to non-human mammal

Non-human mammal to mammal (including
development of a non-human mammal
reservoir)

Bird/non-human mammal to human (i.e.,
zoonotic transmission)

o Reported cases and other epidemiological indicators
of avian influenza A(H5Nx) (e.g., prevalence, case
fatality rates, geographic distribution)

e (linical presentation
o Immunological characteristics

Innate

Adaptive

Antigen/antibody and cellular immune
responses

e Priority populations
o Groups at higher risk of exposure

Working on a commercial poultry farm (e.g.,
producer, processing plant worker, poultry
culler)

Working with non-commercial or backyard
flocks

Breeding and handling birds (e.g., dealer,
breeder of exotics, falconry, racing pigeons)
Livestock farm worker/small herd owner

hotspot with goat kids in the U.S. found infected with avian
influenza A(H5N1) virus representing the first natural infection in
any ruminant species worldwide

e Human infections remained rare during this time, with no
evidence of sustained human-to-human transmission.

e The risk of infection for the general population in Europe is
low, but higher for those exposed to infected animals.

wotldwide
between
December 2023
and March 2024

Publication date:
2024

Jurisdiction studied:
Global

Methods used:
Sutrveillance data

Dimension of organizing framework Declarative title and key findings Rele\.rance Stud}.’ . l*;qulty.
rating characteristics considerations
e Biology Between December 2023 and March 2024, Europe saw fewer but High Focus of the study: e  Occupation
o Circulating clades still widespread outbreaks of highly pathogenic avian influenza To provide an
= 2344b A(H5) in domestic and wild birds, with most outbreaks otiginating overview of the
= 2321c from wild birds, while outside Europe, North America remained a Avian influenza
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Dimension of organizing framework Declarative title and key findings Rele\.rance Stud}f . ]:?qulty.
rating characteristics considerations
e Epidemiology Cow-to-cow transmission of H5N1 was reported in dairy cattle in High Focus of the study: e None
o Route of transmission the U.S., with cows experiencing apparent systemic illness, an To describe the reported
=  Non-human mammal to mammal abrupt drop in milk production, reduced feed intake and cases of H5N1
o Susceptibility and transmission parameters rumination, abundant virus shedding, and the production of thick among dairy cattle
= (Clinical illness period creamy yellow milk
o Clinical presentation e The most likely initial source of infection in the dairy farms is Publication date:
presumed to be ingestion of feed contaminated with feces March 2024
from wildbirds, but the exact source of the virus is unknown.
e Migratory birds (Anseriformes and Charadriiformes) are likely Jurisdiction: U.S.
sources in the Texas pandhandle.
e On affected farms incidence peaked four to six days after Meth, 0,dj"_case
animals were first affected and then tapered off between 10 description
and 14 days.
e Minimal cattle death was reported, though deaths of wild birds
and domestic cats were observed in affected sites.
e The route of exposure among domestic cats were likely from
the consumption of unpasteurized milk and colostrum, leading
to rapid onset of neurologic signs, blindness, and death.
e Hb5NI1 can shed virus in milk, which might potentially lead to
transmission to other mammals via unpasteurized milk.
e Continued surveillance of highly pathogenic avian influenza
viruses among domestic production animals is required to
understand the virus evolution, pathogenesis and prevent
cross-species and mammal-to-mammal transmission.
e The findings suggest cross-species and mammal-to-mammal
transmission of H5N1.
¢ Epidemiology Wild waterfowl travel up to 1251km to visit commercial livestock Medium Focus of the study: e None
e Route of transmission facilities and act as a potential transmission pathway for avian To document the reported
influenza to livestock, as a result small or isolated natural and movement
artificial water or food sources in or near livestock facilities patterns of wild
increase the likelihood of attracting these birds waterfowl

Publication date:
January 2022

Jurisdiction: U.S.
Methods:

Telemetry and
GPS tracking

22



https://wwwnc.cdc.gov/eid/article/30/7/24-0508_article
https://wwwnc.cdc.gov/eid/article/30/7/24-0508_article
https://wwwnc.cdc.gov/eid/article/30/7/24-0508_article
https://wwwnc.cdc.gov/eid/article/30/7/24-0508_article
https://wwwnc.cdc.gov/eid/article/30/7/24-0508_article
https://wwwnc.cdc.gov/eid/article/30/7/24-0508_article
https://onlinelibrary.wiley.com/doi/10.1111/tbed.14445
https://onlinelibrary.wiley.com/doi/10.1111/tbed.14445
https://onlinelibrary.wiley.com/doi/10.1111/tbed.14445
https://onlinelibrary.wiley.com/doi/10.1111/tbed.14445
https://onlinelibrary.wiley.com/doi/10.1111/tbed.14445
https://onlinelibrary.wiley.com/doi/10.1111/tbed.14445

Appendix 5: Documents excluded at the final stages of reviewing

Document type

Hyperlinked title

Evidence syntheses

Nurses' coping strategies caring for patients during severe viral pandemics: A mixed-methods systematic review

Antivirals for influenza in healthv adults: Systematic review

Comparative effectiveness of H7IN9 vaccines in healthy individuals

Efficacy of avian influenza vaccine in poultry: A meta-analysis

Prediction of highly pathogenic avian influenza vaccine efficacy in chickens by comparison of in vitro and in vivo data: A meta-

analysis and systematic review

Serological evidence of human infection with avian influenza A(H7N9) virus: A systematic review and meta-anals

Literature reviews with no
systematic searches

Potential zoonotic spillover at the human—animal interface: A mini-review

Transboundary determinants of avian zoonotic infectious diseases: Challenges for strengthening research capacity and
connecting surveillance networks

Insights from avian influenza: A review of its multifaceted nature and future pandemic preparedness

A brief introduction to avian influenza virus

A brief historv of bird flu

A comprehensive review of highly pathogenic avian influenza (HPAI) H5N1: An imminent threat at doorste

A global perspective on HIN2 avian influenza virus

A literature review of the use of environmental sampling in the surveillance of avian influenza viruses

A review of avian influenza a virus associations in synanthropic birds

A review of H5Nx avian influenza viruses

A review of knowledge discovery process in control and mitigation of avian influenza

A review on current trends in the treatment of human infection with H7N9-avian influenza A

Adenoviral vectors as vaccines for emerging avian influenza viruses

Alarming situation of emerging H5 and H7 avian influenza and effective control strategies

An outbreak of highly pathogenic avian influenza (H7N7) in Australia and the potential for novel influenza a viruses to emerge

An overview of avian influenza in the context of the Australian commercial poultry industry

Avian influenza (H5N1) virus, epidemiology and its effects on backyvard poultry in Indonesia: A review

Avian influenza A (H7N9) virus: From low pathogenic to highly pathogenic

Avian influenza A virus associations in wild, terrestrial mammals: A review of potential synanthropic vectors to poultry facilities

Avian influenza in the oreater Mekong subregion, 2003—2018

Avian influenza in wild birds and poultry: Dissemination pathwavs, monitoring methods, and virus ecology

Avian influenza overview June—September 2023

Avian influenza revisited: Concerns and constraints

Avian influenza viruses at the wild—domestic bird interface in Fgypt

Avian influenza viruses in humans: .essons from past outbreaks
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