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Emergence

Impact

IRAT

Need for Influenza Risk Assessment Tool

Continuing responsibility for pre-pandemic
preparedness

Prioritization of work on preparedness initiatives by
choosing viruses for vaccine and diagnostic

development

Maximization of return on global investments of human
& animal influenza surveillance

Expectations for an Influenza Risk Assessment Tool

Possible example of application into decision making process

High Risk Viruses- Highest Priority

Increasing Priority
Increasing Priority
Lowest Priority

High Ag

leld Safety Production Phase |
Reassortants, Studies Scale-Up Clinical
Lab Studies

Vaccine Development

Increasing Risk

Expectations for an Influenza Risk Assessment Tool

What it can’t do

* Predict the next pandemic virus
* Remove the need for subject matter expertise

* Make exact risk estimates (in the sense of
traditional microbial risk estimates)




Approach

Expectations for an Influenza Risk Assessment Tool

Multi-Attribute Decision Analysis

* Framework that allows consistent, transparent

S < Simple, additive method
application

* Meets most every requirement identified in the IRAT

Provides documentation to support decisions and to expectations

easily communicate to policy makers

Relies on subject matter expert input
Rapidly incorporates new data/information
Capable of handling uncertainty from incomplete

Accommodate multiple criteria/factors as well as el

incomplete data sets - identify key gaps in

knowledge/information base Easily modified

Development of the Framework for IRAT
3 Major Objectives

+ ldentify/reach consensus regarding what Risk Elements
(2) IRAT or Attributes are essential to assess a virus in the context
_ ) of answering the emergence and impact questions
IRAT (Multi-attribute
Develop definitions for these Elements including scoring
- H ideli
decision analysis) G
Establish consensus regarding importance ranking
(weighting) of each Element in relationship to each other

®

IRAT 3

Risk elements or 2,6 a?2,3

attributes



Risk Elements included in the IRAT (4)

10 Risk Elements within 3 categories of consideration

Subject matter expert:

- Properties of the virus
- Attributes of the population SME 1~10
- Ecology & epidemiology

1~3
4~7 8~10
10
Properties of the virus [4 elements]
W
1. Genomic variation
- examine reassortment, molecular signatures
2. Receptor binding
-a 2,6 vs a 2,3 sialic acid receptor binding
avian vs mammal
3. Transmission in lab animals
- ferret/guinea pigs - droplet, direct contact
4. Antiviral/treatment susceptibility/resistance W
- oseltamivir, zanamivir, M2 blockers
W
1 0.2929
2 0.1929
Attributes of the population [3 elements] 3 0.1429
1. Existing population immunity 4 0.1096
- cross reactive antibodies; age group
differences 5 0.0846
2. Disease severity and pathogenesis )
- severity of illness in people and/or animals 6 0.0646
3. Antigenic relationship to vaccines or candidates )
- cross reactive antibodies (ferret antisera) to 7 0.0479
current vaccine strain or other previous )
prepared vaccine 8 0.0336
9 0.0211
10 0.0100
Ecologic and epidemiologic [3 elements]
1. Global distribution (animals)
- wild vs domestic (containment) W
- limited geographic area vs widespread
2. Infection in animal species W
- wild birds; domestic birds; mammals
animal - human interaction opportunities 1 0.2929
3. Human infections
- none; rare event-no HH transmission; 2 0.1929

clusters; non-sustained H-H transmission

3 0.1429




0.1096 - -
Example of scoring w/weighted Elements

0.0846 P I —

Weight RScore WXRS RScore WXRS RScore WXRS

0.0646 Human Infections  0.2929 567 166 ! 068 433
Animal Model Transmission  0.1929 3.00 [R-1:3 ! 0.39 9.00
O - 0479 Receptor Binding  0.1429 3.30 0.47 ‘ 0.29 8.30

O 0336 Population Immunity  0.1096 8.67 0.95 . 0.33 3.67
b Infection in Animals  0.0846 7.25 0.61 - 0.17 8.00

O 02 1 1 Genomic Variation  0.0646

Antigenic Relationship ~ 0.0479

10 0.0100 Global Distribution (animals) ~ 0.0336

Dz Severity  0.0211

© 00 ~N o o1 b

Antivirals/TX  0.0100

Total  1.0001

Example of scoring w/weighted Elements

orth Amer avi
HPAI H5N1 (clade 1) HIN1 V: it H3N2

Weight RScore WXRS RScore WXRS RScore

1 Dz Severity  0.2929 8.50 2.49 225 0.66 6.00

Population Immunity  0.1929 8.67 1.67 3.00 0.58 3.67

Human Infections  0.1429 5.67 0.81 233 0.33 433

Antivirals/TX  0.1096 4.50 0.49 225 0.25 2.50

Antigenic Relationship  0.0846 6.00 0.51 2.00 0.17 8.00

HPAI H5N1(C I adel) s a.Vi an H].Nl , H3N2V8.I’ i ant Receptor Binding  0.0646 3.30 0.21 pA 0.13 8.30
Genomic Variation  0.0479 4.00 0.19 3.00 0.14 8.00

3 Animal Model Transmission  0.0336 3.00 0.10 2.00 0.07 9.00
Global Distribution (animals)  0.0211 5.50 % 2.50 X 7.00

Infection in Animals  0.0100 7.25 g 2.00 B 8.00

Total  1.0001

H3N2variant 2012

H5N1 clade 1
[A/Vietnam/1203/2004]

H3N2v [A/Indiana/08/2011]
@

Risk Element Scoring Scale

Example: Human Infections (scored on a scale of 1-10)
Expert Scoring

||
HIN1
[A/duck/NewYork/1996

no known human infections
4 5 6

Emergence Risk

Moderate Risk EELSICEIAECEILL TN EL RN
Score [4-7] rare human-to-human transmission

several clusters in multiple
geographic areas




Identifying information gaps

IRAT
When A(H3N2)v virus was scored in December 2011, there
were 12 human cases.

Studies published in 2012 provided evidence
suggestive of cross-protective antibodies in much of
the human population.

Who inputs into the Tool

The virus was re-scored in 2012 incorporating these data > Selaction SEERIS ' o1 expertise
Veterinary Health
Public Health
Laboratory

Field Epidemiologists

» Recommendation by other subject matter experts;
vetted by CDC Influenza Division

RESULT: Even though there were more cases (N =321)
in 2012, the virus scored LOWER on the risk
assessment.

» Publications and agency affiliation

IRAT risk scores (Impact vs Emergence) for 3 viruses,
Rescore of A(H3N2)v (Dec 2012)

H5N1 clade 1
[A/VN/1203/2004;
u H3N2v [A/Indiana/08/11]
Dec 2011
&

/.

L
=]
H3N2v [A/Indiana/08/11]
Dec 2012

Grateful appreciation to the Subject Matter Experts:

o
H1IN1
[A/duck/NewYork/96]

CDC Influenza Division
FDA

NIH

USDA

HHS-BARDA

®)

30—35

Preliminary Data/Technical Documentation

> If SMEs responsibility for familiarity with current
CDC literature in their respective field

- score virus elements only within their core
expertise

. ) ) > If available, relevant preliminary data may be provided
CDC Food and Drug Administration(FDA) National > SME's provide justification for their scores
Institute of Health(NIH) US Department of

Agriculture USDA BARDA

(©)



Situation 2: Elements of most concern when considering the
potential impact to human populations

Importance
IRAT 29 Element Most Very Important Not relevant

10 Disease severity 3

Population immunity 8
Human infections 5

4 Antiviral/Tx options 14
Antigenic relationship 13
Receptor binding 13
Genomic variation 7
Animal trans studies 8
Global distribution 3
Infections in animals 3

daoO0NOoOOWwWOOo

If the virus were to achieve sustained human-to-human transmission, what
is the risk that a novel virus has the potential for significant impact on
3 public health? 15

3 K
i=k
1 W1=1/10(1+1/2+1/3+1/4 1/10)

110 (1 + 1/2 + 1/3 + 1/4 + 1/5 + 1/6 + ... 1/10) = 0.2929
=0.2929 0(0+1/2+1/3+1/4+1/5+1/6+... 1/10) = 0.1919
00+ 0 +1/3+1/4+1/5+1/6+... 1/10) = 0.1429

2 W2=1/10(0+1/2+1/3+1/4 1/10)

~0.1919 ' Edwards, W & Barron, FH. Organiz Behavior & Human Decision Processes 60; 1994
3 W3=1/10(0+0+1/3+1/4 1/10)

=0.1429

Situation 1: Elements of most concern when considering the
risk of virus emergence (in human populations) (7)

Importance
Element Most Very Important Notrelevant

Human infections 27 p

Anim. transm. studies 14 12
Receptor binding 13 12
Population immunity 16 3

Infections in animals 7 12
Genomic variation 4 10
Antigenic relationship 3 10
Global distribution 1 9
Disease severity 0 3
Antivirals/Treatment [} o

-h;ONGO—IOOO

MagIRRN®®N=O

N

What is the risk that a novel virus has the potential for sustained human-
to-human transmission? (novel = a virus that is not currently circulating in
humans) 1

IRAT



Risk Element Scores

Risk Element: Human infections

Point estimate mean = 1.7
(3 Risk Element Evaluated = 0

EEEEEEEEE
i 2

PointEstmate 2 17143 05714 07559 1.0000 1.0000 0000 3.0000 10000

Point estimate scores-frequency table

1 —~ 3 () Risk Element Evaluated = 0

e ) o e o

710000%  10000%

®

Scoring Standardization

2013 4 H7N9
» Standardized scale for all elements
> Averaged point estimates

Examination of variability, range of scores across risk
categories (low, moderate, high)

2-phase scoring
Weighting
Indicators of uncertainty

10 7

5.24~
6.98 7.14~7.45

Risk Element Scoring

Risk Element: Antivirals and Treatment Options

Point
— Estimate
Selected Virus Low (1-10)
AT HTNS [A/c/TN/17- [ ‘
a |3

007147-2/2017)

Justification data etc.):

Confidence Scoring Guide (for

Scoring the LPAI A(H7N9) Virus

- First cases reported March 31,2013
- IRAT scoring April 2013
Same two questions - Emergence and Impact

Issue: The element Transmission in Lab Animalsis
ranked 2"d in importance to address the Emergence
question, but

- No data available -




H7N9 scoring w/weighted Elements, April 201

H7N9 H7N9 H7N9
Situation 1: Emergence Lab Animal (1?) Lab Animal (7?) Lab Animal (10?)

Weight RScore WXRS RScore
Human Infections  0.2929 5.00 1.46
Animal Model Trans  0.1929
Receptor Binding
Population Immunitr
Infection in Animals
Genomic Variation
Antigenic Relationship
Global Distribution (animals)
Dz Severity
Antivirals/TX

Total

Situation 2: Impact
(AN Weight RScore  WXRS R Score
Dz Severity  0.2929 X 2.64
Population Immunity  0.1929
Human Infections  0.1429
Antivirals/TX  0.1096
Antigenic Relationship  0.0846
Receptor Binding  0.0646
Genomic Variation  0.0479

Animal Model Trans  0.0336

Global Distribution (animals)  0.0211

Infection in Animals  0.0100

Total  1.0000

(9) IRAT
IRAT

Factsheet

(10)IRAT  H5N1

HPAI A(H5N1) Clade
10

WXRS RScore

1.46

W XRS

2.64

1.74

0.71

0.59

0.51

0.43

0.41

0.24

0.02

(X

R Score

W XRS

W X RS

2.64

WHO

Candidate Vaccine Virus: CW

Strategic
National Stockpile: SNS
5
Surrogate SNS  CW
Ccw
cladel.1.2
5
2.3.2.1c 2.3.2.1a 2.1.3.2a 5
BARDA
clade2.3.2.1a

Adapting IRAT to compare H5N1 Viruses for
Strategic National Stockpile Selection (2014)

— Slightly different questions; targeted application

— Question 1: Considering the vaccine antigens that are in
the US Strategic National Stockpile or are currently being
generated for this purpose, what A(H5N1) viruses pose
the greatest potential risk to impact public health?

— Question 2: Considering what CVVs are available or in
development, what H5N1 viruses pose the greatest
potential risk to public health?




Risk Element Review

Assumes each element will provide a way to differentiate
the viruses and compare differences (10 Elements below)

Human Infections Population Immunity
Antigenic Relationship Receptor Binding
Global Distribution
Infection in Animals
Genomic Variation

Antiviral Treatment Options
Disease Severity

Transmission in Animal
Models

Some Element(s) not helpful in discriminating/comparing
H5N1 viruses

Approach

Assess the five remaining elements of the Influenza Risk
Assessment Tool as they apply to the H5N1 clades in
circulation since 2011

5 elements (in rank order priority):

1. Human Infections

2. Antigenic Relationship of the Viruses
3. Global Distribution

4, Infection in Animals

5. Genomic Variation

Approach

Score 4 of 5 elements with weighting for H5N1 viruses:

Element Surrogate

Weight
Human Infections 0.4567
Antigenic Relationship of the Viruses 0.2567
Global Distribution 0.1567
Infection in Animals 0.0900
Genomic Variation 0.0400

Average risk scores multiplied by weight factor
for each virus, April 2014

H5N1 Clades

2.2.1.1 [2.3.2.1a 2.3.2.1c|

Human
Infections

Global
Distribution
(animals)

Infection in
Animals

Genomic
Variation

Total|

Summary Risk Score: Average Antigenic Relatedness to
CVV (x 0.2567 surrogate weight)

H5N1 Clades

2.2.1.1(2.3.2.1a(2.3.2.1b(2.3.2.1c

Risk Scores X
Weight for4 | 3. 5 - e 1.73 | 3.63 | 2.54 | 4.01
Elements

Antigenic
Relatedness
(cvv)

Total

Summary Risk Score: Average Antigenic Relatedness
to SNS (x 0.2567 surrogate weight)

H5N1 Clades

2.2.1.1(2.3.2.1a/2.3.2.1b|2.3.2.1¢|

Risk Scores X
Weight for 4
Elements

Antigenic
Relatedness
(SNS)

Total




Summary of Scoring
Viruses with 7 highest SNS scores

Antigenic Relatedness* to | Antigenic Relatedness* to
H5N SNS CVV
[ 12 | ses | s |
2.3.2.1a 1«»
3.87

| I—
2.1.3.2a m_“
| 2342 |  as | ser

| 221 | am [ a
CVV = A/duck/Bangladesh/19097/2013-like 2.3.2.1a
* Based upon Hl testing

(11) LPAI  A(H7N9)
IRAT
2013 3 31 3 LPAL ACH7NO)
WHO WHO
CDC  IRAT
H7N9
9
.
10
5.24~6.98
7.45
1 2013 5
IRAT
2014 2
IRAT

7.14~

H7N9 scoring w/weighted Elements

Situation 1: Emergence
Weight RScore WXRS RScore WXRS R Score
Human Infections  0.2929 5.00 1.46 5.00 1.46

Animal Model Transmission  0.1929 7.00 135 7.00 135

Receptor Binding  0.1429 6.70 0.96 6.30 0.90

Population Immunity  0.1096 9.00 0.99 9.00 0.99

Infection in Animals  0.0846 6.00 0.51 0.40
Genomic Variation  0.0646 8.60 0.56 . 0.56
Antigenic Relationship  0.0479 6.00
Global Distribution (animals)  0.0336 1.00
Dz Severity  0.0211 X0
Antivirals/TX  0.0100 5.40

Total  1.0001

12)
IRAT
RN A NVATH D, M h—& b

IRAT
BARDA  WHO

IRAT

Selection of Viruses

» Recognition (prepandemic) phase of pandemic
intervals - sustained human to human transmission
obsoletes use of IRAT

> May or may not be cause of human cases (differs from
WHO criterion-TIPRA)

> Direct request by HHS-BARDA or WHO

» Must have minimal threshold of information; for
example top 3 weighted elements

» Public concern

(13) IRAT
IRAT cne

H7N9 H7N9 H7N9
April 2013 May 2013 February 2014

W X RS




3-4

CDC 2015 H5N8
30%
5% IRAT  CDC
1 2017 H7N9 5
CDC
CDC
2018 1 H5N1 H7N9
2000
BARDA
BARDA Department of Heal th
and Human Services (@)
5
BARDA
DC
(3)CDC  BARDA IRAT
BARDA 1 CDC  IRAT
@
2000
BARDA
2004 2009 2000 H5N1 BARDA
2012 H3N2
H3N2v

2007 HPAI A(H5N1)
2016 Green
2013 H7N9 Cross CDC



BARDA CDC  IRAT

H5N1
H7N9
D. H5N1 IRAT
1997 HPAI A(H5N1)
H5N1 H7N9 IRAT
2009 IRAT
HIN1pdm
2012 12
A H3N2 v 309 2013
LPAI
A H7N9
2017
5 2014
A(H5N2) CDC
A(H5N3) A(H5N6) A(HSN8)
A H5
H
clade2.3.4.4 A(H5N1L) WHO 2009
A(H5NG) 2014 Pandemic preparedness plan
10 16
1997 H5N1 2016
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2009 HIN1pdm
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BARDA
IRAT
IRAT ~ BARDA
IRAT
IRAT
WHO
TIPRA
WHO
TIPRA
WHO  TIPRA
IRAT CbC
IRAT
2
IRAT

IRAT

BARDA

IRAT
IRAT
IRAT
IRAT BARDA  WHO
TIPRA

1 CDC IRAT

1. Influenza Risk Assessment Tool IRAT

2. Monitoring Novel Influenza A viruses

3. Candidate Vaccine Virus development for
novel influenza viruses

4. Overview of the Strategic National
Stockpile

5. Medical Countermeasures for deployment in
an influenza pandemic

6. Distribution of pandemic influenza
vaccines

7. Monitoring of pandemic influenza vaccine

adverse event









