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Structure

¢ Background to animal influenza viruses of human
concern

¢ History and mechanisms of human infections
with animal viruses

¢ Characteristics and epidemiology of human infections
with animal viruses

¢ African animal influenza viruses



Influenza Viruses have segmented RNA

RNA virus
Influenza types A, B and C
A A and B are major human pathogens

8 gene segments allow for easy
reassortment

Surface proteins (major antigens)

A Hemagglutinin (HA) (18 types)
A Site of attachment to host cells
A Antibody to HA is protective

A Neuraminadase (NA) (11 types)

A Helps release virions from cells

A Antibody to NA can help modify
disease severity




Animal influenza viruses

A Influenza A has a natural reservoir in water birds

I Anseriformes - ducks/geese/swans

I Charadriformes 1 gulls/shorebirds

I Also endemic in pigs, dogs, horses

I Cats, camels, seals, mink, whales, guinea pigs can be infected

A >100 bird species from 25 families
I Almost always low pathogenic avian influenza
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Animal influenza viruses

A HPAI first reported in 1878 in Italy

I Outbreaks continued generally after mutations of HS or H7
acquired after weeks/years circulation in chickens

I Not in wild birds

A In 1996, H5N1 HPAI killed wild birds

I Since, H5N1 evolvedin to 10 lineages
I 80 countries affected in 6 continents




Why be concerned about animal
Influenza viruses?

w Little to no underlying immunity in the population
- Spread and severity

» Wide variety of Influenza A viruses
18 HA and 11 NA = 198 combinations

» Constantlywarying andunpredictable

w Vaccines against novstirains challenging:
Poorly immunogenic
Little crossprotection
Uncertainty means difficult to prepare in advance




Understanding zoonotic transmission

A 1918

I Similarities between swine and human pandemic
Influenza noted by veterinarian Dr Koen*

A 1958
| First serologic evidence of human infection**

A 1976

I Conclusive proof i swine influenza virus found in
human***

| *Koen JAM J Vet Med, 1919 **Kluska et al Cesk Pediatr 1961 *** Smith T et al NEJM 1976
a -




Inventory of human infections

A All human infections evidenced by serologic or
virologic means

A Excluded:

I Deliberate infections of volunteers
I 1968 pandemic influenza A(H3NZ2) (avian genes)
I 2009 pandemic influenza A(H1N1) (swine genes)

A Grouped viruses by HA and NA type

I And If high or low pathogenicity if was avian virus

Widdowson et al JID 2017



Table 1. Summary of Virologically or Serologically Confirmed Reports of Zoonotic Influenza A Virus Infections in Humans, by Subtype Group

Represzentative
Year First Yoar Last Confirmed Cases, No.; Referencels) for Each
Subtype Grou Detected Detected Countries? of Occurrence Confirmed Fatalities, No. Countn
Y Y

1958 2016 Canada, China, Czechoslovakia, Italy, Netherlands, 41;6 3. 9-16]

41 With H7N4 detected in 68year old woman
with severe pneumonia, reported in China
{In Feb 2018, now 17 novel subtype groups

{detected Iin 29 countries, Taiwan, Hong
Kong SAR, In six continents

LPAI HIONS 2013 2014 China 3.2 [40]
LPAI HEN1 2013 2013 Taiwan 1;0 [41]
HPAI HENG 2014 2016 China 17:12 [42]
HPAI H7NS 2017 2017 China, Taiwan® 8. 4 [43]

Adapted and updatad from articies by Perdue and Swayne [25], Myers at al [44], and Fredd! et al [45]. Influenz: viruses that normally circulate In swine are called “vartant™ viruses and are
pasignated by the letter vieg, "HIN1v"} when they oocur in humans. Human Infactions with novei Influenza viruses, including vanant Influenza viruses, were notiflabie diseases only after
the revision of tha Intemational Health Reguistions in 2006

Abbreviations: LPAI, low-pathogenicity avien Influenza virus; HPAI, high-pathogenicity avian Influanza virus; SAR, Special Administrative Region of China.

“Inchudas Tatwan and Hong Kong SAR

Widdowson et al JID 2017



Characteristics of human zoonotic

Influenza infections

A Vary from mild (ILI syndrome) to severe pneumonia and
death

I Conjunctivitis reported especially from H7 subtypes

A Direct or indirect contact with birds or pigs often
reported or suspected: sometimes no contact
determinable

A Other animals implicated

I Seal sneezing in face of laboratorian*
I Veterinarian caring for sick cat**

A Human to human transmission to date occasional but
very limited (max three generations)

N

- *Webster R et al New Engl J Med 1981 *WHO: Monthly Risk assessment summary May 2017



Factors associated with emergence

A Host factors
I Genetics -e.g. HLA alleles
I Previous exposure and immunity to related viruses
I Comorbidities

A Environmental factors

I More intensive farming and widespread transport leads to more
chance for reassortment to occur and disseminate

A Virus factors




Importance of the mutation 2013 influenza A H7NQ 1997 influenza A HSN1

Human  Avianand Human Avian and
environmental environmental

Haemagglutinin (H3 numbering)
Ala135Thr % Increased viral replication ND ND ND ND
Asn158Asp Mammalian transmission ND ND ND ND
Asn224lys Mammalian transmission ND ND ND ND
Gly2285er Mammalian transmission ND ND ND ND
Thr318lie Mammalian transmission ND ND ND ND
Ser138Ala Ser variant associated with adaptation to pigs 9/10 All All All
Thr160Ak Increased binding to a-2,6-linked sialic acid receptor All All 3of5 6of10
Gly186Vval Increased binding to a-2,6- linked sialic acid receptor 9of10 Al ND ND
GIn226Leu Increased binding to a-2,6- linked sialic acid receptor 8of10r Sof6 ND ND
Multibasic aminoacid at HAO cleavage  Cleavage by ubiquitous proteases ND ND Al All
site

Neuraminidase (viral release from host cell surface)
Deletions in stalk region E Increased virulence All All All All

Arg292Llys Neuraminidase resistance 20f11 ND ND ND
PB2 (viral replication)

Leu8aVval Enhanced polymerase activity All All All All
Glub27Lys Improved viral replication at 33°C 70fQ ND 20f9 ND
Asp701Asn Mammalian adaptation lofQ ND ND ND
PB1 (viral replication)

HisgaTyr Enables droplet transmission in ferrets ND ND ND ND
lle368val Enables droplet transmission in ferrets S5of7 All ND ND
PB1-F2 (Induce cellular apoptosis and inhibit function of type | Interferon)

Full-length Full-length PB1-F2 needed for virulence In mice All 3of4 All All
Asnb6Ser Increased virvlence in a mice model ND ND ND ND
Matrix protein M1 (viral assembly

and budding)

Asn30Asp, Thi215Ak Increased virvlence In a mice model All All All Al
Matrix protein M2

Ser31Asn Amantadineg resistance All All ND ND
NS1 (counteracts host antiviral response)

Pro42Ser —>  Inareased virulence in mice Al Al Al Al
PDZ-binding motif Signalling of host proteins Dejeted  Deleted Aviantype Avian type

Aminoacid sequences of A/Z hejiang/DTID-ZJU01/2013(H7NG), A/Hangz how 1/2013(H7N9), AlHangzhou/2/2013(H7N9), A/Hangzhow! 272013(H7N9),

AlShangha¥ 46647/ 2013(H7NS), A/Nanjing/ 2013(H7NS), Al Fujian/1/ 2013, A/ Taiwan/S0207 6/ 2013(H7NS), Alchicken'Z hejiang/DTID-ZJUOY 2013(H7NS), Afenvironment!
Hangzhouw/34/2013(H7N3), A/ervaronment/Nanjing/ 2913/2013(H7 N9), and all 1997 influerza A HSN1 strinswere obtained from NCB! Influenza Virus Resource or from
references 11,12 29,35, and 44. Amincacid sequences of 2013 influenza A H7NS sequences of human solates from Shanghai or Anhuiwere obtained from Global Initiatave on

Ko et al Lancet 1D,

Sharing Avian Influenza Data (GISAID) database and references 12 or 35 or both. Amincacd substitutions of avian and environmental strains from Shanghai were obtained from 20 13
refecence 35. The appendix shows details of sequences deposited into GISAID database. Only strains with full-length sequence at the time of writing were included. Duplicate
strain names but different sequences were exduded from the analysis. ND=not detected. *Gin226llewas present in AfHangzhou/1/2013(H7NS)

Table 2: Key genetic mutations In Individual viral proteins of 2013 H7NS and 1997 HSN1 influenza viruses



Receptor distribution in the respiratory airways

H5N1 viruses replicate efficiently only in cells
in the lower respiratory tract, where the avian
receptor is prevalent. (Alpha 2-3)

H7N9 can replicate in both lower and upper
respiratory tract where human receptor is
prevalent (Alpha 2-6)
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Relative binding of H7N9 viruses to human receptors

H5N1 H3N2

Vietnam/1203/2004 (H5N1) o200 Hong Kong/1/1968 (H3N2)

Yang et al J Virol, 2013
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Shanghai/1/2013 H7N9 Anhui/1/2013 H7N9

Belser et al Nature, 2013
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Age Distribution of H5N1 Compared to
H7N9 cases in China

30 -
28 - H5N1 cases (n=45)
206 - wH7NO cases (n=345)
24 -

Median (IQR):

22 “H5N1: 26 years
20 IH7N9: 59 years
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Age and Gender Distribution dfi7/N9Cases in

25 China

Female (n=36) m Male (n=92)
Median (IQR):
Male: 62 years (494)
Female: 59 years (4710)
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Animal and environmental detections of H7N9

A mngang

In China 2015-2017

October 2015 - 26 July 2017
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Legend

’ New Animal/Environment
(since 12 July 2017)

@ New Human case
(since 12 July 2017)

Wave 5

(Since October 2016)

. Animal/Environment

@® Human case

Wave 4

(October 2015 - September 2016)
¢ Animal/Environment

© Human case

High pathogenicity for
poultry confirmed

Likely exposure in a
“ different province
Boultry densty (heads
«1
1-50
50 - 100 2500 - 10,000
100 - 250 10,000 - 30,000
250 - 500 » 30,000

Poultry density (Wint and Robinson, 2007)
Boundaries {GAUL 2015)

https://flutrackers.com/forum/forum/china-h7n9-outbreak-tracking/h7n9-who-wpro-ecdc-oie-fao-moa-chp-cnfpc-reports-and-
updates/779934-china-fao-h7n9-situation-update-1582-confirmed-cumulative-human-cases-including-6 10-deaths-july-26-

2017




Regional trade of poultry
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. Millman et al Emerg Infect Dis 2015



