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Elements for Pandemic Influenza Risk

Assessment Algorithm Tools

1. Genomic Variation

For the purposes of the risk assessment tool,
genomic variation is defined as increased
genetic diversity of animal influenza viruses or
presence of known molecular markers of

virulence. Criteria to consider would include:

genetic reassortment, the nature of the genes
involved or presence of molecular signatures of

1importance for human infections and disease

Low Risk

Contains these three factors:

1. Very closely related in all gene segments to
known host adapted animal viruses of low risk
2. No reassortment or reassortment with
closely related viruses

3. Absence of known molecular signatures of

importance for human infections and disease

Moderate Risk

Contains one of the below factors:

1. Divergence in any gene segments as
compared to known host adapted animal
viruses of low risk

2. Reassortment between different lineages
and/or subtypes

3. Molecular signatures of importance for

human infections and disease High Risk

High Risk

Contains two or more of the below factors:

1. High divergence in any gene segments to
known host adapted animal viruses of low risk
2. Reassortment between different lineages
and/or subtypes

3. Molecular signatures of importance for
human infections and disease

Notes: Antiviral resistance is not captured in

this element

2. Receptor Binding

For the purposes of the risk assessment tool,

receptor binding preference as a risk element
for pandemic emergence is defined as a virus

binding to glycans with sialic acid in a2,6



linkage to galactose.

Low Risk

Aquatic bird-like receptor binding specificity;
i.e. glycans with a2,3 galactose-linked sialic
acid and lack of binding to a2,6

galactose-linked sialic acids

Moderate Risk

Dual receptor binding specificity; i.e. glycans

with a2,3 galactose and a2,6 galactose linked

sialic acids

High Risk
Human-like receptor specificity; i.e. binding
primarily to a2,6 galactose-linked sialic acid

receptors

3. Transmission in Animal Models

For the purposes of the risk assessment tool,
risk of human-to-human transmission is
defined as transmission of animal influenza
viruses in one or more accepted animal
model(s) by direct contact and/or through
respiratory droplets in the absence of direct

contact

Low Risk
No evidence of transmission in accepted

animal models of human transmissibility

Moderate Risk

Consistent transmission to contact animals
co-housed with other animals inoculated by the
intranasal route in addition to lack of

transmission by respiratory droplet

High Risk
Consistent transmission in animal models by

respiratory droplet

Notes: Criteria considered for this Element:
Spatial — geographic
Temporal — slow, rapid spread
Management
Movement controls and other
biosecurity features
Live poultry markets and other
commingling events

Vaccination

Assumptions same as in Infections in Animals
element:

1. Greater risk within species transmission

2. Increased risk of a virus with pandemic
potential the greater the within species
transmission

3. Increased risk of a virus with pandemic
potential the more transmission there is
between species

4. Increased risk of a virus of pandemic
potential with increased animal species contact
with humans

5. Increased risk of a virus of pandemic

potential associated with reverse

transmission from humans to animals

Research Issues:
1. Standardization of protocols for ‘Natural’
exposure in a lab setting because many
field variables impact infection and

transmission

4. Global Distribution

Global distribution of animal influenza viruses:
The element of global distribution of animal
influenza viruses is defined as spatial and
temporal distribution of animal influenza
viruses, and the impact of animal production
and/or management systems on spread among

animal population and potential exposure to



humans.

Low Risk

Distribution of the virus is local and contained
as defined by:

1. In outbreak settings, epidemiological links
are made between the positive index location
and additional positive locations,

or

2. Virus is found in only one management
system or compartment [ex1- commercial
sector 1 poultry; ex2 - wild birds onlyl,

or

3. Spread is contained [ex: among domestic
poultry the detection of H5 or H7 often results
in culling of infected/exposed birds and/or

vaccination]

Moderate Risk

Distribution of the virus is regional and within
well-defined geographic boundaries or
territories as defined by:

1. Distribution of the virus may be explained
by movement of animals due to commerce or
migratory patterns,

or

2. The virus can be found in more than one
clearly defined animal subpopulation
compartment [ex: wild birds and domestic
poultry],

or

3. Spread is at a slow or low rate [ex: infected

animals moving during fair season]

High Risk

Distribution is widespread without clearly
defined geographic or territorial boundaries
lex: live poultry markets and households] as

defined by:

1. Distribution in multiple regions or new

areas without obvious explanation for

such movement,

or

2. Virus 1s considered ubiquitous in domestic
animal populations and population density and
management factors do not effectively contain
the virus [ex: SIV],

or

3. Spread can be rapid [ex: infected animals
large numbers of birds being moved in
preparation for the holidays such as Lunar
New Year; swine in the U.S. moving from

Southeast for grow out in the midwest]

Notes:
Evaluation criteria:
Species infected
Wild birds
Domestic poultry
Mammals - species of mammals
Sustained natural transmission of animal
influenza viruses
Within an individual species
Between avian species
Between avian and mammalian species
Between mammalian species
Potential extent of exposure between infected
animal species and humans
Potential for reverse transmission from

humans to animals

Assumptions - Increased risk of pandemic
potential:

1. Increased risk of a virus with pandemic
potential the greater the within species
transmission

2. Increased risk of a virus with pandemic
potential the more transmission there is
between species

3. Increased risk of a virus of pandemic



potential with increased animal species contact
with humans
4. Increased risk of a virus of pandemic
potential associated with reverse

transmission from humans to animals

Research Questions:

1. Studies being conducted include:
experimentally infecting swine with
currently circulating swine viruses and
human origin swine viruses to examine
their characteristics

2. Need high biocontainment experiments

looking for natural reassortments of animal

and human influenza viruses

Side comment:

1. Need to create a list of definitions for the
tool

2. Define: “animal” to include birds and all
non-human mammals

3. Define: “novel” human influenza virus

5. Infections in Animals

The element of animal species is defined as the
ability of the virus to naturally infect animal
species, the number and diversity of those
species, and the ability to maintain sustained
natural transmission in those populations, and
the potential extent of exposure between

humans and those animal species

Low Risk

Sustained transmission in wild species
(increased risk associated with species whose
behavior patterns bring them into frequent

contact with humans; ex: mallards/ducks)

Moderate Risk

eLimited outbreaks or sporadic disease in

poultry or mammals

eInfected mammals, but without potential for
mass exposure of humans [ex: feral
mammals, dogs, cats]

esustained transmission in a limited number
of host species (increased risk associated

with infection in multiple species)

High Risk

eEndemicity established in an animal species

eEndemicity established in species with close
contact to many humans (ex: infected
animals at agricultural events [eg. Fairs,
live markets, swap meets, etcl, zoos and
other animal collections, households)

eSustained transmission in multiple number
of host species (increased risk associated
with infection of multiple mammalian

species)

6. Antivirals and Treatment Options

For the purposes of the risk assessment tool,
antiviral susceptibility refers to the predicted
or demonstrated efficacy of available antiviral

agents against animal influenza viruses

Low Risk
No evidence of clinically relevant resistance to
any of the antiviral drugs approved for human

use (neuraminidase inhibitors and M2

blockers)

Moderate Risk
Sensitive to all neuraminidase inhibitors but

resistant to M2 blockers

High Risk
Resistance to one or more neuraminidase

inhibitor antiviral drugs



7. Human Infections

The element of human infection is defined as
the occurrence of human infections with
animal influenza viruses, the frequency of
these human infections and the extent of

human-to-human transmission of these viruses

Low Risk

No known human cases/infection with animal
influenza viruses,

And subtypes with no known history of human

pandemics

Moderate Risk

Isolated human cases; sporadic cases, with
epidemiologic links to other human cases or
animal sources, or

Subtypes with a history of human pandemic,

And rare human-to-human transmission

High Risk

Several simultaneous clusters of human
infections with animal viruses in multiple
geographic locations,

and,

Large numbers of separate clusters, multiple
cases in each cluster with or without
epidemiologic link,

Or,confirmed, multiple generations,

human-to-human transmission (non-sustained)

Notes:
Criteria:

*  Frequency of human cases of infection
with an influenza strain not currently
circulating in humans (novel virus)

* Human to human transmission of an
influenza strain not currently
circulating in humans (novel virus)

*  Influenza subtype has caused an

influenza pandemic in the past

Geographic distribution of cases in

humans -Focal vs. local vs. widespread

Assumptions:
1. Risk associated with subtypes that are
known to have caused pandemics in past
2. Reported clinical human infections with an
influenza strain not currently circulating in
humans (novel virus) are rare and
identification of human infection depends

on the sensitivity of surveillance

8. Disease severity

For the purposes of this risk assessment tool is
defined as the spectrum of illness with
infection by a novel influenza A virus in
humans, or in experimentallyinfected animal

models as a surrogate for human disease

Low Risk

e No known evidence of human disease

e No disease in experimental animal models
(ferrets, primates) e.g. no weight loss in ferrets

inoculated by intranasal route with 1076 pfu

Moderate Risk
® Uncomplicated human illness (e.g.
influenza-like illness) or other mild signs
and symptoms (e.g. conjunctivitis)

documented with infection.

Mild, non-fatal disease, or infrequent
severe disease demonstrated in
experimental animal models (ferrets,
primates) e.g. Up to 10% weight loss and
<20% mortality in ferrets inoculated by

intranasal route with 1076 pfu.

HA cleavage site of avian influenza



subtypes containing multiple basic amino
acids or HA cleavage site containing
multiple amino acid insertion or an IVPI of

>1.2.

High Risk

e Severe (lower respiratory tract disease) or
fatal human illness documented with

infection e.g. early indications of a case fatality
rate of >2%.

e Severe or fatal disease demonstrated in
experimental animal models (ferrets, primates)
e.g. >10% weight loss and >20% mortality in
ferrets inoculated by intranasal route with

1076 pfu.

Notes:

Background:

This element deals only with the risk of an
emerging virus resulting in severe human
disease. However, prior to the emergence of a
pandemic virus, information on disease
severity in humans will be limited. Animal
models may provide early an indication of
disease severity. While there are a variety of
experimental animal models to assess severity
for human disease, the ferret and non-human
primate models are recognized to better
represent human disease. However, the study
of naive animals may overestimate disease
severity in human populations with some level

of pre-existing immunity.

Caveats:

1. Disease severity here is considered for the
general population and may not reflect
severity in certain sub-populations including
pregnant women, indigenous populations or
those who are obese or who have underlying

medical conditions

2. There is a need for standardized SOPs for

experimental animal models

3. Histopathology changes and/or virus
isolation in extrapulmonary sites in animal
models would be an indicator of increased risk

4. Naturally occurring outbreaks of severe
disease in mammals would be an indicator of
increased risk of severity

5. Assessing the extent of human infection
with novel animal influenza viruses through
serological studies will provide information on

the overall risk of severe disease

Research Questions:

1. Investigate other animal models of disease

severity (e.g. pigs)

2. Enhanced investigational responses in
animal-to-human and human-to-animal

influenza virus outbreaks

9. Population Immunity

Population immunity in humans for the
purposes of this risk assessment tool is defined
as the detection of pre-existing cross-reactive
serum antibodies acquired through prior

infection and/or vaccination in all age groups

Low Risk
Evidence of cross-reactive antibodies in at least
30% of the population in all age groups except

for children < 17 years of age

Moderate Risk

Evidence of cross-reactive antibodies in at least

30% of the population among persons >50

years of age

High Risk
Minimal evidence (<10%) of cross-reactive

antibodies for all age groups



Notes:

Background:

Immunity is complex and mediated by both
humoral and cell-mediated immune responses,
but may provide some level of cross-protection
while vaccines are being developed. Currently,
other immune responses, including
anti-neuraminidase antibodies and
cell-mediated responses are more difficult to
assess, however standardized assays exist for
measurement of neutralizing antibodies (HI
and virus neutralization) and are a reasonable
way to assess the level of protection existing in
the human population. An HI titer of 40 or
more in traditional HI assays is associated
with a 50% or more reduction in infection or
disease in susceptible populations. No such
immune correlate of protection exists for

neutralizing antibody titers.

Criteria:

Serum cross-reactive antibodies to the virus
under study as measured by the HI or virus
neutralization assay. For the HI, this would be
titers of 40 or more which have been associated
with protection against seasonal viruses. For
the VN assay, this would be titers that
correlate with an HI titer of 40 or more. Assays
should be conducted using standardized
methodologies and with appropriate internal

standards for quality assurance.

Caveats:

® While an HI titer of 40 or more is a useful
measure for population studies, it is
possible that any detectable antibody may
ameliorate disease

® Need to consider differences in global
demographics

® [Evaluation of human serum panels based

on vaccination with and without adjuvants

should be performed

Research Questions:

® FEpidemiologic studies to confirm that HI
titer data are correlated with protection
against infection for novel viruses

® Studies to define the level of protective
immunity from measures other than HI
antibody

® The ability to distinguish protection from
natural infection versus that conferred
from immunization is important to better
assess population immunity ‘

® Seroprevalence studies to confirm what
proportion of immunity in the population
will confer herd immunity

® Determination of neuraminidase antibody
levels that are associated with protective
immunity using standardized assays

® Investigation of the relationship of disease
severity and pre-existing titer. Can

severity be predicted?

10. Antigenic Variation

Antigenic variation for the purposes of this
risk assessment tool is defined as antigenic
relatedness measured by the
hemagglutination-inhibition (HI) or virus
neutralization (VN) tests with post-infection
ferret antiserum to emerging virus and

seasonal vaccine and reference viruses

Low Risk

® viruses that show a high degree of
antigenic relatedness to seasonal vaccine
or reference viruses

® 4-fold difference OR LESS in
homologous/heterologous titer in a 1-way
HI or VN test

-10 -



Moderate Risk

@® viruses that show some degree of antigenic
relatedness to seasonal vaccine or
reference viruses

® 8 TO 16-fold difference in
homologous/heterologous titer in 1-way HI
or VN test

High Risk

® viruses that show no antigenic relatedness
with seasonal vaccine or reference viruses

® ->16-fold difference in
homologous/heterologous titer in 1-way HI
or VN test

Notes:

Background:

Antigenic variation of influenza A viruses is a
primary mechanism for perpetuation of the
virus and presents a significant challenge in
the development of vaccines. The most effective
immunity is neutralizing antibodies targeting
the hemagglutinin protein, which is also the
most variable. A major concern for considering
influenza viruses with pandemic potential is
whether they are antigenically related to a
candidate vaccine virus. A primary method
for evaluating the antigenic variation among
potentially pandemic viruses is to test them in
virus neutralization or
hemagglutination-inhibition (HI) tests with
use of a set of ferret antisera raised against
seasonal vaccine viruses and reference viruses
along with ferret antisera raised against the
newly emerged potential pandemic viruses as
they become available. The basis for this
measurement is a vast experience in the
bi-annual vaccine strain selection process. It is
also likely to be one of the earliest indicators of

antigenic variation and the emergence of a

novel virus.

Criteria:

The earliest method for evaluating the
antigenic variation among potentially
pandemic viruses is to test them in VN or HI
tests with use of a set of ferret antisera raised
against vaccine candidate viruses and

reference viruses

Caveats:

® Antigenic relatedness to pre-pandemic
vaccine viruses should be evaluated for
risk management purposes.

® There is some overlap in this Element
with respect to the Element on Population
Immunity but this element would provide
early information on antigenic relatedness

® The data may only support a dichotomous
outcome of low and high risk. Low risk
would be defined as <8-fold difference and
a high risk would be defined as a >16-fold
difference in a 1-way HI or virus
neutralization test.

® Additional information on antigenic
relatedness will be achieved when ferret
antisera raised against the newly emerged

viruses are available for 2-way testing.
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