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Where will the next
pandemic influenza
virus arise from?
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Note: Influenza viruses-
Have a segmented genome (8 seg., 13Kb)
Coding for approx. 12 proteins e ©8°
No proof-reading during replication

— 1 error each new virion made NA

2 major surface glycoproteins
Haemagglutnin (HA), Neuraminidase (NA)



H17/H18 in bats!
(Tong S. 2012, 2013)

Central host are Water fowl eg. ducks, 16 Influenza A HA subtypes; most infections occur in GI
tract and do not affect birds health, 2 subtypes in bats



Poultry Densities
(20 billion chickens)

Swine Densities (1 billion)
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Live swine trade routes

UN Commodity Trade Statistics Database

Slide courtesy of Martha Nelson,
Fogarty Institute, NIH, USA


http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiHteXdr8zOAhWDpZQKHaIRBaoQjRwIBw&url=http://www.giantbomb.com/articles/3d-realmss-george-broussard-announces-that-pigs-fl/1100-2512/&bvm=bv.129759880,d.dGo&psig=AFQjCNELlxSqAqt64J7-NbIBTNzHbu1ogQ&ust=1471658058282578

H5Nx HPAI

H7N9 LPAI

http://empres-i.fao.org/eipws3g/#h=0 Generated by: Ahmed Al-Nagshbandi, Animal Production and Health Division-Animal Health Service, FAO



http://empres-i.fao.org/eipws3g/#h=0



















CHINAD ADAILY tom< o1 EURFE
mm @Iﬁ@@

china / gociety
Business

Top News politics gociety
Photos S Beijingd Rpg\ona\
HSNO infection @ - dividual case

China's human

i,}fi\\'\nua';,

Upda\ed: ‘2[\14—65{\9 47720
pediurm gmall

Tuesday and

o Large
Planning

& print Emait
an HENG Virus infectio n that was o repofie ed on
oo, alNa ational Healh and Fa amily

\r\dw\dua\ cas

& comments
ua) - A huma

mr\tax,t with e

w of fman infection is lov

resul fedint
close

(‘omm\ssmr\ 5p0
ople? who had @

Spea\«mg ata p onferer\ce Sond Shuxin said ped
f'\;mptomd and he ealth ex experts s fo und tha at the risk

pall ent have =

nal al hygiene nabits and not contact itor dead

perso
ases.

naintain good
infectious dises

chould
rol respil atony |

Song gaid pe eople S
and con nir

10 prewn
5NG infection-

pouliry
The case is
Mi Daan, a Ch

and he United Siates as

isolated 10 Wi
prevention oﬁ\c,\ al, C\T\ng T p

Nanchongd City in SOL\t\’\west

The HENG patient was a
Prowinee H

Aina's i

'S t\rst purmnan H5
b Chinese Centerfor Disease
well as Taiwan.

May 9 2014

H5N6



5 | Society

Chin
Top News
p\qgtos

China's ho?

i'ﬂnnua'; |
| 509 18
U\ldated: 2114-02 09

&

& comments

BE\J\NG, way 9
\’esu\te.d inthe d
Gomm\ss\or\ 51

5peaK\ﬂg ata

patient have €
Sgng Sa\d pi
pQ\__\“‘_\"{rf i pﬁ
The case i

isolated 10

The HENE
Arina's S

L’] . qurnal of
= Lucromowoey| VIFOIOQY

HOMEl CURRENT ISSUE | ARCHIVE |ALERTS| ABOUT ASM | CONTACT U5 | TECH SUPPORT

'.] Check for updates

Genesis and Spread of Newly Emerged Highly
Pathogenic H7N9 Avian Viruses in Mainland China

Lei ‘l"arlga, Wenfei Zhua, Xiyan IJa, Minmei Chen[, Jie Wud, Pengbo YuE,
Shunxiang Qif, Yiweil Huangg, Weixian Shih,Jie Donga. Xiang Zhaoa.

Weijuan Huanga. Zi Ija, Xiaoxu Zengi, Hong Boa, Tao Cheni, Wenbing Chena,
Jia Liu", Ye ﬂlangl, Zhenli Uang:. Wei Shi", Yuelong shu™" and Dayan '-"o‘arlgil

Stacey Schultz—Cherry, Editor

Author Affiliations

ABSTRACT

The novel low-pathogenic avian influenza A H7N9 viruses (LPAlI H7N9 viruses)

have been a threat to public health since their emergence in 2013 because of the
high rates of mortality and morbidity that they cause. Recently, highly pathogenic
variants of these avian influenza A H7N9 viruses (HPAI H7N9 viruses) have

emerged and caused human infections and outbreaks among poultry in mainland
China. However, it is still unclear how the HPAI H7N9 virus was generated and how i
it evolved and spread in China. Here, we show that the ancestor virus of the HPAI 4
H7M9 viruses originated in the Yangtze River Delta region and spread southward
to the Pearl River Delta region, possibly through live poultry trade. After
introduction into the Pearl River Delta region, the origin LPAI H7N9 virus acquired
four amino acid insertions in the hemagglutinin (HA) protein cleavage site and
mutated into the HPAI H7NS virus in late May 2016. Afterward, the HPAI H7N9
viruses further reassorted with LPAI H7N9 or HIN2 viruses locally and generated
multiple different genotypes. As of 14 July 2017, the HPAI H7NS viruses had
spread from Guangdong Province to at least 12 other provinces. The rapid
geographical expansion and genetic evolution of the HPAI H7ND viruses pose a

n.

May 2016

HPAI H7N9
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Genesis and Spread of Newly Emerged Highly
Pathogenic H7N9 Avian Viruses in Mainland China
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Shunxiang Qif, Yiweil Huangg, Weixian Shih,Jie Donga. Xiang Zhaoa.
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ABSTRACT

The novel low-pathogenic avian influenza A H7N9 viruses (LPAlI H7N9 viruses)

have been a threat to public health since their emergence in 2013 because of the
high rates of mortality and morbidity that they cause. Recently, highly pathogenic
variants of these avian influenza A H7N9 viruses (HPAI H7N9 viruses) have

emerged and caused human infections and outbreaks among poultry in mainland
China. However, it is still unclear how the HPAI H7N9 virus was generated and how i
it evolved and spread in China. Here, we show that the ancestor virus of the HPAI 4
H7M9 viruses originated in the Yangtze River Delta region and spread southward
to the Pearl River Delta region, possibly through live poultry trade. After
introduction into the Pearl River Delta region, the origin LPAI H7N9 virus acquired
four amino acid insertions in the hemagglutinin (HA) protein cleavage site and
mutated into the HPAI H7NS virus in late May 2016. Afterward, the HPAI H7N9
viruses further reassorted with LPAI H7N9 or HIN2 viruses locally and generated
multiple different genotypes. As of 14 July 2017, the HPAI H7NS viruses had
spread from Guangdong Province to at least 12 other provinces. The rapid
geographical expansion and genetic evolution of the HPAI H7ND viruses pose a

n.

Dec 2017

H7N4



Outcomes from H5N1 human cases

— Since 2003; 860 cases detected, 454 deaths; HFR 53%
— Butin 2017; 4 cases with 2 deaths; 2018 (up to March) O cases

Outcomes from H7N9 (Chinese) human cases

— Since 2013 a total of 1565 cases with 620 deaths (HFR 39%)
— 5t wave 2016-7 766 cases (incl. HPAI); 6" wave 2017-8 only 3 cases reported, ?deaths

Outcomes from other isolated human avian influenza infections
— H6N1, single case, hospitalized, recovered, no evidence of person-person transmission
— HI1O0NS, 3 cases, 2 deaths, no evidence of transmission
— HON2, several cases, few hospitalized, recovered, no evidence of person-person transmission
— H5NB6, 17 cases (1in 2017) —all in China, 11 deaths, no evidence of person-person transmission

Outcomes from other isolated human swine (variant) influenza infections
— In US 468 cases since 2005, small number of hospitalizations and 1 death
— Other isolated human cases in several countries eg. Switzerland 2017; mild disease



Avian source Swine source

Uyeki T et al. Lancet 2017

tHigh mortality in reported cases: about 40% for LPAI H7N9, about 50% for HPAI H5N1, and about 70% for HPAI H5NG.



Reporting
State
Arkansas
Colorado
Delaware
Hawaii
lllinois
Indiana
lowa
Kansas
Maine
Maryland
Michigan
Minnesota
Missouri
Nebraska
New Jersey
North Dakota
Ohio
Pennsylvania
South Dakota
Texas
Utah
West Virginia
Wisconsin

Total

H3N2v

154

51
23

131
17

22
434**(93%)

HIN1v

2
21 (5%)

HIN2v

1
13 (2%)

Total
Detected

468

US Swine density 2016

lowa )
Indiana

Ohio

**The majority of H3N2v human cases occurred
in 2012 with 309 lab confirmed cases (71% H3N2v
cases); with 16 hospitalizations and 1 death
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Apart from incidental HIN1pdm infections, Australian swine thought to be influenza free
2 outbreaks detected in July/August 2012 in pigs in Western Australia and Queensland

Gene Segment

Virus Source

subtype PB2 | PB1 | PA | HA | NP | NA | MP | NS
H1N2* WA pigs
H3N2* WA pigs
H1N2* Qld pigs
H1N2 Qld pigs
H1N1pdm QIld pigs

B H1n1pdm (post 2000 [Human Hint (~1983-96) [ Human H3N2 (~1970-2003)

Virus isolation and sequencing work performed with CSIRO, AAHL, Geelong



+** Infect donors intranasally
*¢* 24 hr’s post infection, naive ferret is placed in the same cage
* Transmission from donor to recipient ferret measured (RT-PCR + TCID,)

¢ Actually a combination between contact/aerosol transmission

24 hr

Work performed by Chantal Baas
*Hurt et al, 2010 J Virol 84(18): 9427-9438
* Laurie et al, 2010 J Infect Dis 202(7):1011-1020



A(H1) viruses

A(H3) viruses

Conclusion: Both the
Australian HIN2v and
the H3N2v were
capable of close contact
transmission in ferrets
and probably ?humans




1918: “Spanish Flu”
40 to 50 million deaths
A(H1N1)

CFR 2-3%

Original source: ?

1957: “Asian Flu”
1 to 4 million deaths
A(H2N2)

CFR <0.2%

Original source: ?

1968: “Hong Kong Flu”  2009: “Swine Flu”
1 to 4 million deaths <0.1 million deaths

A(H3N2) A(HINT)swi

1977

CFR <0.2% Re-emergence CFR <0.005%
of A(HIN1)

Original source: ? Original source: swine?



USA Triple Reassortant
H3N2

Adapted from Smith et al. 2009 H1N1 pd




e |RAT (Influenza Risk Assessment Tool) for pandemic preparedness

Developed by US CDC (began 18-19 October 2011)
CANNOT predict a future pandemic

Intended to prioritize and maximize investments in pandemic preparedness
by helping to determine which novel (new) influenza viruses to develop
vaccines

Identify key gaps in information and knowledge which can be the basis to
prompt additional studies

Document in a transparent manner the data and scientific process used to
inform management decisions associated with pandemic preparedness

Provide a flexible means to easily and regularly update the risk assessment
of novel influenza viruses as new information becomes available

Be an effective communications tool for policy makers/influenza community

Be a measure (by using 10 scientific criteria) of the ability of an influenza
virus to “emerge” as a pandemic capable virus (i.e., become capable of
efficient human-to-human spread) or “impact” the human population if it
did emerge



Properties of the Virus

1. Genomic variation is a measure of the extent of genetic diversity or presence of known molecular signatures
important for human infections and disease.

2. Receptor binding refers to the host preference (e.g., animal or human) of an influenza virus as well as the types of
tissues and cells the virus is best suited to infecting (e.g., nose tissue and cells vs. deep lung tissue and cells

3. Transmission in lab animals is a measure of the ability of an influenza virus to transmit efficiently in animals in
laboratory studies (transmit through the air via small infectious droplets /direct contact with an infected host)

4. Antiviral treatment susceptibility/resistance is a measure of how well an influenza virus responds to treatment
with influenza antiviral drugs, such as oseltamivir, zanamivir and M2 blockers.
Attributes of the Population

5. Existing population immunity does the human population has any existing immune protection against the novel
influenza virus being evaluated. Susceptibility/severity may depend on age, geographic area, or genetic factors

6. Disease severity and pathogenesis measures the severity of illness caused by a particular influenza virus in people
and/or animals.

7. Antigenic relationship to vaccine candidates is a measure of how similar a novel influenza virus is when compared
to a current or previously manufactured influenza vaccine strain.

Ecology and Epidemiology

8. Global distribution (animals) measures of how widespread an influenza virus is in animals. For example, is the
virus found in animals in a limited area or is it found in animals from many different areas?

9. Infection in animal species refers to what kinds of animals are impacted by the influenza virus and the likelihood
of human contact with these animals. For example, are influenza infections occurring in wild birds or domestic birds?

10. Human Infections are human infections with a novel influenza virus are occurring. If so, how? Eg Has human-to-
human transmission or clusters of disease occurred? or how frequently/easily does transmission occur after
direct/prolonged contact between humans/ infected animals?



58y female farmer from Jiangsu province, developed cough on 25/12/2017, local clinic 27/12/2017,
County level hospital 30/12/2017, ICU city hospital 1/1/2018 (severe pneumonia), Discharged 22/1/2018

Full genome analysis based on the throat swab of the patient
BLAST result of cach segment showed that all segments sharing high identity with
avian influenza viruses (Table 1). It contained PKGR |G at the cleavage site of HA,
indicating low pathogenic to poultry. Phylogenetic analysis of HA gene indicated it
was distinct from the A(H7N9) virus which caused outbreaks since 2013 in China
(figure 1). Internal genes are not from H9N2 virus (Table 1).
Key molecular makers:
v Mutations that reduced sensitivity to Neuraminidase inhibitors were NOT
found 1n this virus.
v Mutations that reduced sensitivity to amantadine and rimatadine were NOT
found in this virus.
v" It contained the 186G, 226Q and 228G (H3 numbering) in HA1, indicating
avian-type receptor specificity.
v The sequence of patient sample carried 627K in PB2, reported as mammalian

adaption. Sequence from chicken and duck samples showed E in 627 position
of PB2.



Influenza subject matter experts evaluate novel influenza viruses based on each of these 10 criteria “low
risk” scored 1-10; 1-3; “moderate risk” scored 4-7; “high risk” scored 8-10 then elements multiplied by
set weightings for BOTH “Emergence” and “Impact” then graphed.

Average risk point scores and ranked weighting applied to risk scoring of influenza A(H7N9) virus isolate
A/Shanghai/1/2013 for emergence and impact questions, May 2013~

Emergence question Impact question
Average point Average point
scores scores
Element Weight May 2013 Element Weight May 2013
Human infections 0.2929 5.0 Disease severity 0.2929 | 8.5
Transmission (laboratory 0.1929 7.0 Population immunity 0.1929 9.0
animals)
Receptor binding 0.1429 6.3 Human infections 0.1429 | 5.0
Population immunity 0.1096 9.0 Antivirals/treatment options 0.1096 5.8
Infections in animals 0.0846 4.7 Antigenic relationship 0.0846 3.7
Genomic variation 0.0646 8.6 Receptor binding 0.0646 6.3
Antigenic relationship 0.0479 3.7 Genomic variation 0.0479 8.6
Global distribution (animals) 0.0336 4.7 Transmission(laboratory animals) 0.0336 7.0
Disease severity 0.0211 8.5 Global distribution (animals) 0.0211 4.7
Antivirals/treatment options 0.001 5.8 Infections in animals 0.001 4.7

Weighted IRAT aggregate score 6.2 C— Weighted IRAT aggregate score 7.0 €



https://www.cdc.gov/flu/pandemic-resources/monitoring/irat-virus-summaries.htm



H5Nx

Table 4. Status of influenza A(HS5) candidate vaccine virus development

H7N9

Table 5. Status of influenza A(H7N9) candidate vaccine virus development

Candidate vaccine virus

Type

IDCDC-RG33A (A/Anhui/1/2013)
NIBRG-268 (A/Anhui/1/2013)
NIIDRG-10.1 (A/Anhui/1/2013)
SJ005 (A/Anhui/1/2013)

NIBRG-267 (A/Shanghai/2/2013)
CBER-RG4A (A/Shanghai/2/2013)
IDCDC-RG32A (A/Shanghai/2/2013)
IDCDC-RG32A.3 (A/Shanghai/2/2013)
IDCDC-RG56B (A/Hong Kong/125/2017-like)
CNIC-GD003 (A/Guangdong/17SF003/2016-like)
IDCDC-RGS56N (A/Guangdong/17SF003/2016-like)
NIBRG-375 (A/Guangdong/17SF003/2016-like)
CBER-RG7C (A/Guangdong/1 7SF003/2016-like)
CNIC-HN02650 (A/Hunan/02650/2016-like)

Reverse genetics
Reverse genetics
Reverse genetics
Reverse genetics
Reverse genetics
Reverse genetics
Reverse genetics
Reverse genetics
Reverse genetics
Reverse genetics
Reverse genetics
Reverse genetics
Reverse genetics
Reverse genetics

Institution® Available
CDC Yes
NIBSC Yes
NIID Yes
SICRH Yes
NIBSC Yes
FDA Yes
CDC Yes
CDC Yes
CDC Yes
CCDC Yes
CcDC Yes
NIBSC Yes
FDA Yes
CCDC Yes

H7Nx

Table 6. Status of influenza A(H7) candidate vaccine virus development (excluding A(H7N9))

Candidate vaccine viruses Clade Institution* Available
A/Viet Nan/1203/2004 (CDC-RG: SJTRG-161052) 1 CDC and SJICRH Yes
A/Viet Nany/1194/2004 (NIBRG-14) 1 NIBSC Yes
A/Cambodia/R0405050/2007 (NIBRG-88) 1.1 NIBSC Yes
A/Cambodia/X0810301/2013 (IDCDC-RG34B) 1 CDC Yes
A/duck/Hunan/795/2002 (SJIRG-166614) 211 SICRH/HKU Yes
A/Indonesia/5/2005 (CDC-RG2) 2,132 CDC Yes
A/Indonesia/NIHRD11771/2011 (NIIDRG-9) 2.132a NIID Yes
A/bar-headed goose/Qinghai/1A/2005 (STRG-163222) 22 SICRH/HKU Yes
Alchicken/India/NTV33487/2006 (IBCDC-RGT) 22 CDC/NIV Yes
A/whooper swan/Mongolia/244/2005 (STRG-163243) 22 SICRH Yes
A/Egypt/2321-NAMRU3/2007 (IDCDC-RGL1) 221 CDC Yes
A/turkey/Turkey/1/2005 (NIBRG-23) 221 NIBSC Yes
A/Egypt/N03072/2010 (IDCDC-RG29) 221 CDC Yes
A/Egypt/3300-NAMRU3/2008 (IDCDC-RG13) 22.1.1 CDC Yes
A/Egypt/N04915/2014 (NIBRG-306) 2212 NIBSC Yes
A/common magpie/Hong Kong/5052/2007 (SJRG-166615) 232 SICRH/HKU Yes
A/Hubei/1/2010 (IDCDC-RG30) 2321a CDC Yes
A/duck/Bangladesh/19097/2013 (SJ007) 2321a SJCRH Yes
A/barn swallow/Hong Kong/D10-1161/2010 (SJ003) 2.32.1b SJICRH/HKU Yes
A/duck/Viet NanyNCVD-1584/2012 (NIBRG-301) 232.1c NIBSC Yes
Alchicken/Hong Kong/AP156/2008 (SJ002) 234 SJICRH/HKU Yes
A/Anhui/1/2005 (IBCDC-RG6) 234 CDC Yes
A/duck/Laos/3295/2006 (CBER-RG1) 234 FDA Yes
A/Japanese white eye/Hong Kong/1038/2006 (SJRG-164281) 234 SICRH/HKU Yes
A/chicken/Bangladesh/11rs1984-30/2011 (IDCDC-RG36) 2342 CDhC Yes
A/Guizhow/1/2013 (IDCDC-RG33) 2342 CDC/CCDC Yes
A/Sichuan/26221/2014 (IDCDC-RG42A) (H5N6) 2344 CDC/CCDC Yes
A/Hubei/29578/2016 (H5NG) 2344 CCDC Yes
Algyrfalcon/Washington/41088-6/2014 (IDCDC-RG43A) (HSN8) 2344 CDC Yes
A/duck/Hyogo/1/2016 (NIID-001) (H5NG) 2.344 NIID Yes
A/goose/Guiyang/337/2006 (STRG-165396) 4 SICRH/HKU Yes
A/chicken/Viet Nam/NCVD-016/2008 (IDCDC-RG12) 7.1 CDC Yes
AJchicken/Viet Nam/NCDV-03/2008 (IDCDC-RG25A) 7.1 CDC Yes
Candidate vaccine viruses in preparation Clade Institution Availability
A/chicken/Guiyang/1153/2016 232.1c SJCRH/HKU Pending
A/chicken/Ghana/20/2015-like 232.1e CDC Pending
A/chicken/Viet Nam/NCVD-15A59/2015 (H5NG6) 2344 SICRH Pending
A/Fujian-Sanyuan/21099/2017-like (H5NG) 2344 CCDC Pending
Alenvironment/Hubei/950/2013 7.2 CDC/CCDC Pending

* Institutions developing and/or distributing the candidate vaccine viruses:
CDC - Centers for Disease Control and Prevention. United States of America

NIV - National Institute of Virology. India
CCDC - Chinese Center for Disease Control and Prevention
FDA - Foed and Drug Administration, United States of America

HKU - University of Hong Kong. Hong Kong Special Administrative Region. China.

NIBSC - National Institute for Biological Standards and Control. a centre of the Medicines and Healthcare

products Regulatory Agency (MHRA), United Kingdom
NIID - National Institute of Infectious Diseases. Japan

SICRH - St Jude Children’s Research Hospital. United States of America

Candidate vaccine virus Subtype Type Institution™ Available
A/mallard/Netherlands/12/2000 (NIBRG-63) H7N1  Reverse genetics NIBSC Yes
Alturkey/Ttaly/3889/99 H7N1 Wild type NIBSC Yes
A/turkey/Virginia/4529/2002 (IBCDC-5) H7N2  Reverse genetics CDC Yes
A/New York/107/2003 (NIBRG-109) H7N2  Reverse genetics NIBSC Yes
A/Canada/rv444/2004 (STJRG-161984) H7N3  Reverse genetics SICRH Yes
A/mallard/Netherlands/12/2000 (NIBRG-60) H7N3  Reverse genetics NIBSC Yes
A/mallard/Netherlands/12/2000 (IBCDC-1) H7N7 Conventional CDC Yes
H9

Table 7. Status of influenza A(H9N2) candidate vaccine virus development

Candidate vaccine viruses Type Clade Institution®  Awailable
A/Hong Kong/1073/99 Wild type Gl NIBSC Yes
A/chicken/Hong Kong/G9/97 (NIBRG-91) Reverse genetics  Y280/G9 NIBSC Yes
AJchicken/Hong Kong/G9/97 (IBCDC-2) Conventional Y280/G9 CDC Yes
A/Hong Kong/33982/2009 (IDCDC-RG26) Reverse genetics Gl CDC Yes
A/Bangladesh/994/2011 (IDCDC-RG31) Reverse genetics Gl cDC Yes
A/Hong Kong/308/2014 (SJ008) Reverse genetics ~ Y280/G9 SICRH Yes

http://www.who.int/influenza/vaccines/virus/201802_zoonotic

_vaccinevirusupdate.pdf?ua=1



Swine HIN1 human pandemic in 2009

BMJ. 2010 May 21;340:c2424. doi: 10.1136/bmj.c2424.
Transmission of pandemic A/H1N1 2009 influenza on passenger aircraft: retrospective cohort study.
Baker MG, Thornley CN, Mills C, Roberts S, Perera S, Peters J, Kelso A, Barr I, Wilson N.



The source and subtype of the next pandemic influenza virus is unknown

At this point in time:
— HS5NXx viruses are still prevalent in wild birds, less so in poultry, even less so in humans
— H7N9 viruses in man and poultry in China are vastly reduced in 2017-8 vs 2016-7
— Swine viruses (eg HIN1v, HIN2v, H3N2v) cases persist in USA (+ elsewhere) but reduced

— Avian influenza viruses are still quite prevalent

— Avian surveillance (especially poultry) is heavily focused on HPAI viruses

— Influenza surveillance in swine is very limited (USA/Europe)

— Extensive reassorting of viruses occurs at all interfaces b/w av/av, sw/sw, av/sw, sw/human
— A small number of amino acid changes (HA/NA/PB2) can change transmission efficiency

Evaluation tools, animal models and NGS give us insights into novel viruses
— CDC IRAT and WHO TIPRA “rank” potential pandemic viruses by “emergence” & “severity”
— WHO has a bank of seed viruses prepared that can be rapidly used for vaccine production
— WHO has developed a series of processes for use in a pandemic eg PISA, PIRM etc.

Need to remain flexible

— May get another 2009 pandemic (mild) or a more severe pandemic (1968, moderate)
— Source wont matter once the pandemic occurs but can try to reduce current potential sources
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