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Pandemic Influenza: an Evolving
Challenge

2018 marks the 100th anniversary of one of the
largest public health crises in modern history, the
1918 influenza pandemic known colloguially as
“Spanish flu.” The intensity and speed with which
it struck were almost unimaginable — infecting
one-third of the earth’s population, which at the
time was about 500 million people. By the time it
subsided in 1920, tens of millions people are
thought to have died.

Although influenza has been with humankind for
millenia, the global spread and impact is in many
respects a function accelerated in modern times.
Urbanization, mass migration, global transport
and trade accelerate the spread of pandemics

Read the story

Global Influenza Programme

WHO: Influenza, an Unp.. @ = G I S R S

GLOBAL INFLUENZA
SURVEILLANCE &
RESPONSE SYSTEM

Unitiing the weeld in the fight against influenza

Current influenza situation

Global Influenza Programme

The Global Influenza Programme (GIP) provides
Member States with strategic guidance, technical

— Fact sheet on seasonal influenza _— o . — Bi ; i
.. . support and coordination of activities essential to Biweekly seasonal influenza updates and maps
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Growth of the Global Influenza Surveillance and

Response System (GISRS)

1952 Sirth of GISN = Virus monitoring and risk assessment

1962 = |Laboratory diagnostics

* = \accine virus selection
3 WHO CCs
1984 108 NICsfcountries [ | Ca pacity bu”ding

| | 1 H .
e Communications and networking
2004 112 NICs/83 countries -

= |ntegration of epidemiological data

Regular interactions with industry

2008 5 WHO CCs = Serves as a model international
121 NICS/BS eountries surveillance system with a strong

ethos of collaboration and

6 WHO CCs
20 1 2 136 NICs/106 countries cCOO0 pe ration

6 WHO CCs
2017 144 NICs/114 countries

WHO Collaborating Centers for Influenza: Atlanta in the mid-1950s, Melbourne in 1992, Tokyo in 1993,

and Beijing in 2011; CC in Memphis for animal influenza, 1975

Nancy J. Cox, Ph.D.
WHO Meeting of National Influenza Centres
17-19 July 2017, Geneva, Switzerland



Expansion of GISRS
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144 National Influenza Centers* = Y

6 WHO Collaborating Centers &

4 WHO Essential Regulatory Labs &l

Y
13 WHO HS5 Reference Labs o f N
i - '™ a
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4 National Influenza Centre
@ WHO Collaborating Centre for Reference and Research on Influenza
@ WHO Collaborating Centre lor the Surveillance, Epidemiclogy and Control of Influenza
WHO Collaborating Centre for Studies on the Ecology of Influenza in Animals
%  WHO Essential Regulatory Laboratory _
WHO H5 Reference Laboratory Not applicable

2,000,000 specimens/yr tested in GISRS
> 20,000 viruses/yr shared with WHO CCs
~ 10,000 viruses/yr characterized by CCs

World Health Organizati

]
¥ 9
o
-
.
'™
A
'] i
'y
-
'
o

m i 150 k=

Nancy J. Cox, Ph.D.
WHO Meeting of National Influenza Centres

17-19 July 2017, Geneva, Switzerland



An Influenza WHO Influenza
Collaborating Center Laboratory in 1976

Nancy J. Cox, Ph.D.
WHO Meeting of National Influenza Centre
17-19 July 2017, Geneva, Switzerland



An Influenza WHO Collaborating Center
Laboratory in 2017

Nancy J. Cox, Ph.D.
WHO Meeting of National Influenza Centre
17-19 July 2017, Geneva, Switzerland



Thailand Influenza Surveillance System



Distribution of Al in poultry and human cases,
2004-2007

Jan-May 04 Jun-Oct 04 Jul-Nov 05 Jun-Aug 06 Jan-Nov 07

Suspect case

Poultry outbreak Source: Bureau of Epidemiology, Thailand MoPH



Thailand Pandemic Influenza Preparedness

Influenza
surveillance

Al/PI
preparedness

& response
planning

& exercise

Pandemic
Influenza

Preparedness

Influenza
vaccination
& manufacture program

Influenza vaccine
development

Public
communication

Supamit Chunsutthiwat,
Assessment of Sustainability for PIP in Thailand_2017



National Strategic Plan for Prevention and Control of
Avian Influenza and Preparedness for Pandemic
Influenza (2005-2010)

e 2 pandemic influenza preparedness planning
as initiated in response to the outbreaks of avian

influenza in 2004. The capacities were extensively tested
in the response to pandemic H1N1 2009.

The National Strategic Plan on Avian and Pandemic
Influenza was later transformed into the current
National Strategic Plan for Prevention and Control of
Emerging Infectious Diseases - EIDs(2013-2021)

The national committee has been upgraded to
address EID as a whole and the new revision of

national plan expanded to cover EID accordingly.



History of Thai National Influenza Center (Thai NIC)

Dr.Nadrirat Sangkawibha
The first Director,Thai NIC

Department of Medical Sciences




WHO Global Influenza surveillance and Response System(GISRS)

WHO National Influenza Center, Thai NIC
has been established since 1972 at NIH, DMSc, Thailand

Regional Influenza Reference Laboratory (RIRL) for SEA Region
has been designated by WHO since 22 June 2010
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Thailand ‘s Influenza Surveillance system

Epidemiological (506)

Virological (Laboratory)

Surveillance Surveillance
Objective To monitor the epidemiology of 84 Document etiology and burden of
nationally notifiable diseases (ICD10code) | influenza and other respiratory
pathogens
Ownership | BoE , Thai MoPH 1.Thai NIH,BoE,US-CDC since 2003 -2014
since 1973 ,
( NIH sentinel: ILI/SARI)
2. BoE,U-CDC,Thai NIH since 2010-2015
(BOE sentinel: SARI/pneumonia dead)
3. Thai NIH and BoE since 2015 —
( NIH and BoE sentinel: ILI/SARI)
Patient type | outpatients and inpatients OPDIILI, SARI
( Influenza ,admitted pneumonia)
Data type/ | Epidemiological / Laboratory, some clinical & Epi
Timeliness | weekly report data/daily and weekly
Geographic | Nation wide > 35 hospitals ,geographically

representative




DMSc Laboratory network

Y Regional medical science center
(14 RMSc)
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Laboratory-based Influenza Surveillance network
partly supported by US-CDC & BOE

Phase | “Development of Influenza Surveillance Networks™
Five years : 15 Sep.2004 -14 Sep.2009

ILI : 5 sampleweek;site

Phase Il “Strengtening Thailand’s Influenza Surveillance Network to Support Influenza

Control Policy and Improve Pandemic Preparedness ”

Five years : 15 Sep.2009 -14 Sep.2014
ILI : 10 sampleweekssite

SARI : 5 sample/weeksite
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Current Influenza Virological Surveillance System by
MoPH , Thailand ( since 2016 )

Project

N 7

Bureau of Epidemiology
Department of Disease Control ,TUC

“ Surveillance of viral etiology for respiratory diseases *

Type of patient

OPD/ILI, IPD/SARI

Type of virus

Subtype of Influenza/ Al , 26 respiratory pathogens (only SARI)

Number of sites

30 hospitals ,geographically representative

Reporting

Weekly on http://www.boe.moph.go.th , www.thainihnic.org

( Sex, Age, lab results, site)




Detection & Characterization

Influenza virus

17



Testing Algorithm for Detection Influenza and Avian Influenza

Influenza A and B screening by
realtime RT-PCR

Influenza A positive
Subtying for H1lpdm2009, H3 , H5,

H7, HO

Sampled specimens are subculture
on MDCK cell line or Embryonic
chicken eggs




Strains characterization of local isolates by
Hl and gene sequencing

1. Antigenic characterization
using WHO HI reagents kit

Viruses neutralized and
hemaggiutination inhibited

or

A/Nakhon Sawan/149/15 Dec
‘A/Nakhon Sawan/150/15 Dec
A/Nakhon Sawan/151/15 Dec
A/Chiang Mai/136/16 Feb.
A/ Prachuapkhirikhan /609/15 Dec
A/Bangkok/2/15 Nov
‘A/Phetchaburi/179/16 March
A/Nonthaburi/a99/15 Oct
A/Nonthaburi/588/15 Nov

2. Genetic characterization by ==

A/Nonthaburi/606/15 Dec
A/Nonthaburi/s15/15 Oct

A/Prachuapkhirikhan/125/15 Nov
| A/Prachuapkhirikhan/131/15 Nov
L= a/prachuapkhirikhan/143/15 Nov
‘AlPrachuapkhirikhan/133/15 Nov
A/Bangkok/1/15 Nov
A/Bangkok/124/15 Oct
A/Nonthaburi/522/15 Oct
A/NAN/118/15 0
A/NAN/115/15 Oct
AfGreece/188/2015
A/Bartin/15/2015
/Hong Kong/4801/2014 e 2016 SH Vaccine
AJHong Kong/146/2013
= Gompanies. Inc. Permissi i on or cisplay. AfSouth Africa/1857/2013
AfSouth Africa/3941/2013
Af0saka/32/2013

DNA sequencing Nemtedonsriszs 2o

AlNavarra/508/2015

AHunan-Lusong/1532/2013
AfSouth Africa/4655/2013
A/Oman/39/2013

AfHong Kong/1036/2013

AfEstonia/31176/2015
Afisrael/z-1213/2014

A/Estonia/77365/2013
A/D3kar/20/2013
A/Norway/2431/2011

AfTexas/50/2012
AfFinland/190/2011
AfHawai/22/2012
‘AfNorway/1789/2011
ANictoria/361/2011
A/Madrid/RR8856/2011
A/Mahajanga/3628/2012
A/Macvatanana/974/2013
racrrigarass corcrrr ramcacc sanccarans f AfEngland/259/2011
T SiiocAcois soaxtane Aflsrael/52/2011
AfTurkey/32/2011
AfCameroon/12v-5062/2012
A/Belgium/G1147/2011
A/Yopougon/GR1336/2011
AlMilano/265/2011
AfBaden-Wurttemberg/1/2012
Afstockholm/18/2011
A/Kuwait/4554/2009
A/Rhode Island/01/2010
AIVICTORIA/E/2010
Afiohannesburg/153/2011

Ailabama)05/2010
Aperth/10/2010
NGuangdong-linping/1334/2011
Sioveni9/2012
ANetherands/001/2012
‘A/BRISBANE/299/2011
A/IOWA/15/2010 TH Al
Wlabara/03/2011
Aperth/16/2009
hictoia/210/2009
Chungbul/644/2011
oy rourgte 148 PO FYDN PR o v
risbane/10/2007
‘M Qstar/aF02/2008

A/Saudi Arabia/24/96



Represent of local isolates sent to confirm at
WHO CC in Atlanta and Melbourne (twice/year/WHO CC)

Timeframes for virus analysis from the NIC to the CC

3-8 wks P

Data easy to combine

4-10 wks

Data difficult to combine
Need algorithm eg Cambridge

3-8 wks
Data easy to combine
(and sub-select)

Source: lan Barr, WHO CC , Melbourne



*Monitoring of drug resistant strains

Oseltamivir Zanamivir Zanamivir

Host cell ‘ Oseltamivir ‘

Sla.lnc / ) Sla.!ic & )
"8 v " v
» R292K

Viral H274Y

Virion evolution N294S

Detection of Drug resistant strains

Phenotypic
(Gold standard)

Genotypic
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H Detection of Drug resistant strains by genotypic assay H

1.Pyrosequencing 2.Multiplex rRT_PCR
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Virological Data Support

* Influenza Control Policy and Improve Pandemic Preparedness
* WHO Influenza Vaccine Selection

 National and Global Health Alert system



Data support the appropriate timing
of vaccination campaign

No.specimen
F
-

i

nill ‘i.

 Influenza surveillance data from the past 10 years revealed that the high
peak of flu run from June -July and small peak run from cool season
November-February

 Vaccination campaign should starts in May each year (before flu season)

Source: National Influenza Center , Thailand MoPH
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Northern hemisphere(2018-2019)
A/Michigan/45/2015 (H1N1)pdmO09-like virus; - an ---
A/Singapore/INFIMH-16-0019/2016 (H3N2)-like virus; - a
B/Colorado/06/2017-like virus (B/Victoria/2/87 lineage); and - a
B/Phuket/3073/2013-like virus (B/Yamagata/16/88 lineage).

Percentage vaccine matching of

Thai circulating strains by Sequencing method
from Jan. -Oct. 2018

AMichigan/45/2015 (HINZ) 100

A/Switzerland/8060/2017(H3N2) 33.73 Southern hemisphere(2019)

A/Singapore/INFIMH-16-0019/2014 66.27 | - an A/Michigan/45/2015 (HIN1)pdm09-like virus;
B/Brisbane/60/2008 0 - an A/Switzerland/8060/2017 (H3N2)-like virus; and

(Victoria lineage)
-a B/Colorado/06/2017-like virus (B/Victoria/2/87 lineage)

B/Phuket/3073/2013 100 . : .
( Yamagata lineage) a B/Phuket/3073/2013-like virus (B/Yamagata/.‘lm§/88 lineage)
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Hemagglutinin Genes of Thai-Influenza A (H1IN1pdm)

ngkok/i/is March

Vaccine
Reference dataset
Local Isolates
(+/-)=gain/loss potential
glycosylation site
-2017
-2018

snehis March
ashs April

'Yasothon/zsihis Apri

Clade 6B}1

Clade 6B

Clade s

AlBangkok/zsh7 Dec
Sakon Nakho

The vast majority of HA gene sequences D
belonged to phylogenetic subclade 6B.1 T2oev [~ :
with additional amino acid substitutions in

the HA of S74R, S164T, and 1295V

A/Ayutthayalsshs March

AlMichigan/sszers Vaccine
IsraeliQ-soizois

L AsSouth Aficalsseon
AJAUStrial sz
ANorwaylssizzor Clade 8.2
A/South Africalsezazors
AlBolivialssszons

A/Dominican Republic/rzsszors
A/Belgium/Gosn s
AlSouth Africalsseszons
AlHong Kongimiszors
AlFloridalsszon
AlHong Konglssssorz
A/Bangladesh/zizorz
AlPennsylvanialiszor
AIPERTHIss32011 Clade A
AISt Petersburglzron
AMendozalznnon
AlValparaisof 7215011
A/Capetown/enzon
AJONtario/RVows 011
Asstockholm/zzan
AWisconsin/zsani
ANorwaylzsmozoi1
A/Grenoble/iman
AS. Petersburg/ i

Clade o

Clade 7

Clade >

AlCzech Republiclszzon

AADODOIGRrsizan o
A/Ghana/ARIsizon
AlChristehurchczn |0
AlBrisbane/iozon
AlAstrakhan/izon
ANVoronezh/iz

e s

' Clade s
A/Argentina/eseaon

AlFlorida/zr
AStockholm/sszon
D: Clade ¢

THAI
NIH

AINew York/s 72
A/Santo Domingolos:sNiws  [Clade 3
AISouth Carolinals o b
AlCalifornializm Old vaccine Jclade «

oons



Hemagglutinin Genes of Thai-Influenza A (H3N2)

Khon A Thammarat/e/iJa

Vaccine .
Reference dataset e
Local Isolates e

(+/-)=gain/loss potential
glycosylation site
-2017
-2018

Clade 3Q.2a1a

Clage :C.

eecelizor

G
AISIngapore/INFMOH- a7 2016
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AlPrachy
AlPhay
ACambodialBicesas

abkhirikhan

/17 Nov

l7Nov

Ay Clade 3C|2a2
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ANictor
ABrisbanels
L AfHong Kona/uslse s SH Vaccine
AlHong Konglsauns

AISouth Afticalis<ra

ong/iaseauns Clade Caa

AISragliZ 21z

etz ] Clade :C.b

lﬂvorway/rm o Clade sC.
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ATurkeylsszn
AlMahajangalsiszor:
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AlGuangdong-Jinping/issiai Clade

ooz

ASlovernt

AiNetherlands/onzniz
A/BRISBANE 0201 Clade «

IOWA 200

AAlabamalo:zii JClade »
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AINorway:sszor
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APerth iz
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Hemagglutinin Genes of Thai-Influenza virus type B

Reference dataset
Local Isolates
(+/-)=gain/loss potential glycosylation site
-2017
-2018

The majority of influenza B viruses collected
from October 2017 to September 2018
indicated that B/Yamagata lineage viruses
predominated, and all of HA genes belonged
to genetic clade 3

Clade 3

Yamagata lineage

]Clade 1

Clade2

Victoria lineage




Data Contrlbuted to Vaccine Policy Decisions
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Influenza i1solates are contributed

to WHO influenza vaccine recommendations 2015-2016 and 2018

It is recommended that trivalent vaccines for use in the 2018 influenza season
(southern hemisphere winter) contain the following:
an A/Michigan/45/2015 (HIN1)pdmQ9- like virus;
— an A/Singapore/INFIMH-16-0019/2014 (H3N2)-like virus;
— a B/Phuket/3073/2013-like virus
It is recommended that quadrivalent vaccines containing two influenza B

viruses contain the above three viruses and a B/Brisbane/60/2008-like virus.

WHO selected B/Phuket/3073/2013 , Thailand influenza local strain which isolated
from NIH sentinel surveiiiance system under BoE and US-CDC coliaboration

D
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2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
2009

WHOCC 11% 040% 01% 05% 0./0% 045% 0.51% 05% 0.3%

nt

AnoiotAa ot
cololdlit oL

Comparing o percentage pd H1/2009 oseltamivir
a

v
|

ThaiNIC  12% 1.76% 0.0% 115% 0.0% 0.77% 0.0% 0% 0%

Surveillance update antiviral resistance in 2018 by WHO CC, Melbourne , Australia

Oseltamivir Peramivir Laninamivir Zanamivir
Highl Highl Highl Highl
* No. Reduced 1enty Reduced 'ghly Reduced e’y Reduced 'ghly
Type/Subtype . reduced |. . . .. reduced | . . .. reduced . reduced
tested | inhibition . . . inhibition . . . inhibition . . . inhibiton . . .
inhibition inhibition inhibition inhibition
A(H1N1)pdmO09 851 - 2 (0.2%) - 2 (0.2%) - - - -
A(H3N2) 338 2 (0.6%) - 1(0.3%) - 1 (0.3%) - 2 (0.6%) -
A (mixed
3 _ _ _ _ _ _ _ _
subtype)
B/Victoria 69 - - - - - - - -
B/Yamagata 269 1(0.4%) - 1(0.4%) - - - - -
TOTAL 1530 | 3(0.2%) 2(0.13%) |2 (0.13%) 2 (0.13%) | 1 (0.07%) o 2 (0.13%) o

source: The Newsletter, Volume 7, Issue 3, December 2018,
WHO CC, Melbourne ,Australia




CDC Influenza Risk Assessment

« CDC Influenza Risk Assessment Tool (IRAT)

— Ten elements of the virus, population, and animal/human ecology are
evaluated to develop a score

i
Population

i

-t

9.

Ecology 4,

Genomic variation

Receptor binding

Transmission in Laboratory animals
Antivirals and Treatment Options

Existing Population Immunity
Disease Severity and Pathogenesis
Antigenic Relationship to Vaccine Candidates

Global Geographic Distribution
Infection in Animals, Human Risk of Infection
Human Infections and Transmission

https://www.cdc.gov/flu/pandemic-resources/national-strategy/risk-assessment.htm



Research and Development for Support
the Early Warning System

 To explore more sequence data sets from
unsubtypable influenza isolates and from severe

cases as to support the early detection and rapid
response to novel pathogens.

e Development of assay to monitor the antiviral

resistant genes that cover the current drugs used In
Thailand



NGS Platform and Methodolgy

~

 llluminar Miseq

e TruSeq based protocol
and NEBNext Ultra RNA
Library Prep kit

_/

Total RNA from patient /
environmental sample

I{%ﬂn Edit ©
Bil cal sequence alignment editor for Win95A8/NT2E/XP

Reverse transcription and
2™ strand cDNA synthesis

Molecular Evolutionary
m Cenetics Analysis
. . DNA Sequence Polymorphism
Library prep using

Nextera XT 4
geneious FE) g ons
- — L] Lasergene 14.1
equencing using MiSeq CLC Bioinformatics Database

-------




Genetic reassortment among Influenza viruse

PB2-T588I

A/Thailand/271/2005 A(HIN1)pdmO09 A/Pathum thani/190/2014

- In 2014 ,pdmHIN109 virus was isolated from dead case in Pathum thani province.

- From conventional sequencing on PB2 gene ,shownT588| mutation and whole genome by NGS reveal all 8 gene segments are
similar with HIN1pdmQ9 except on PB2 gene shownT588| mutation.

- The Chinese researcher team studied the mutation at PB2-T588! and found that it can enhance the virulence of A(H1IN1)pdmO09

by increasing viral replication and exacerbating PB2 inhibition of beta interferon expression using the experiment on reverse-
genetic reassortant influenza virus in animal model .

» Are there any genetic re-assortment between swine influenza and human influenza in

» The further genomic study is needed to identify the linkage of transmission , the source of
infection, the extent of the spread of virulence genes from Avian/Swine to human.

P



Challenges

= MoPH budget for support influenza lab. surveillance system
IS unstable, this system should be integrated into National
routine surveillance program as to obtain financial security

= Harmonization of multiple sources data of Influenza

surveillance programs in country by authorized focal point
unit.
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Institutional Counterparts
- Thai National Institute of Health
- Regional Medical Sciences Centers (RMSCs)
- Thai Department of Disease Control (DDC)
- Thai Bureau of Epidemiology (BOE)
- Sentinel Hospitals

Collaborating Agencies

- WHO Global Influenza Surveillance and Response System Network (WHO GISRS)
- Thailand MOPH - U.S. CDC Collaboration( TUC Thailand)



