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Avian Influenza

e Orthomyxovirus: easily killed virus with| ==
heat and chemicals (lipid envelop) st
* Protein projections on the surface: :
— 16 hemagglutinin subtypes (i.e. H1-H16) | =
— 9 neuraminidase subtypes (i.e. N1, N2, .
N3....N9)
— Thus named: H5N1, HIN2, H5N2, etc.
* Vary in disease production
(chickens):
— Low pathogenicity (LP): local - mild
respiratory disease and egg drop — virus
In respiratory & digestive organs/tissues;
e.g. HON2 LPAIV (H1-16) -
— High pathogenicity (HP): systemic -
deadly disease (some H5 & H7) — virus
In all organs/tissues; e.g. H5N1 HPAIV




What Avian Influenza is Globally Controlled?

4. World Organization for Animal Health ﬂﬂ
7 (Office International des Epizooties, OIE)

e 178 Member countries:

* Notifiable avian influenza —

— HPAI (Fowl Plague — since 1924)

— H5/H7 LPAI (since 2005) 7 ,
Other LPAI not notifiable (H1-4, H6, .#" L= 5
H8-16): economic diseases, ex. HIN2
Standards:

— Terrestrial Animal Health Code

— Manual of Diagnostic Tests and Vaccines & =1 -
for Terrestrial Animals L= =




35 HPAI Disease Events

1 1. 1959: Scotland, H5N1 19. 1999-2000: Italy, H7N

2.1961: S. Africa, H5N3 20. 2002

3.1963: England, H7N3 21. 2003: e 17N

4.1966: Canada, H5N9 22. 2004 H5N

5.1975: Australia, H7N7 23. 2004 na 7l

6. 1979. Germany, H 24. 2004 frica, H5N triches)
7.1979: England, H7! 25. 2006: frica, H5N2 (ostriches)
8. 1983-84: USA, H5N2 § 26. 2005: N. Korea, H7N7

9. 1983: Ireland, H5NS8 27.2007: Canada, H7N3

10. 1985: Australia, H7N7 28. 2008: England, H7N7

11. 1991: England, H5N1 | 29. 2009: Spain, H/N7Y

12. 1992: Aust 17N3 30. 2011-3: S. Africa, H5N riches)
13. 1994: Al /N3 31. 201 e Taipei '

§ 14. 1994-95: Mexico, H5N2 § 32. 2012-5: Mexi

§ 15. 1995 & 2004: Paklstan H7N3 | | 33. 2012: AL , HTN7

16. 1997: Australia, H7N4 34. 2013: Italy, H7TN7

17. 1997: Italy, H5N2 35. 2013: Australia, H7N2

§ 18. 1996-present: Eurasia/Afr./N. | *Largest eplzootlc In 50 yrs

America, H5N1 (including § Vaccine used in the control strategy
reassortant N2, N3, N5, N6, N8)




e 70 countries reported H5 Gs/GD-lineage HPAIV In poultry,

wild birds or humans since 2002
o Largest HPAIV outbreak since 1920-30
e >500 million poultry died/culled

5 additional countries with other H5 or H7 HPAIV



HPAI (1/2012-6/2015): 41 countries
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H5 GS/GD-lineage HPAI

Expansion of first, second
and third order clades into
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« Since 1996 — H5N1 hemagglutinin gradual changes —e.g.
DRIFT (like seen with human seasonal flu)

e Gene reassortment (e.g. Shift) with H5N2, H5N3, H5N5,
H5N6, H5N8 emerging in Asia



—> 2014 Spring bird migration (Group A)
—> 2014 Fall bird migration (Subgroup A1)
—> 2014 Fall bird migration (Subgroup A2) 3,

——» 2014 Fall bird migration (Subgroup A3)
——2» Maintenance and circulation of virus

Lee et al., J Virol 89:6521-6524, 2015

Recent:

H5N8 HPAI outbreaks in poultry and wild birds — S. Korea & Japan,
winter 2014

Spring 2014 virus moved to Siberia and west Alaska

Fall 2014: H5N8 appeared Europe, North America, Japan/Korea
Fall 2014: Reassortant H5N2 and H5N1 in North America

4




| Fall 2014 — Winter 2015

Winter 2014
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Fall 2014 viruses — intercontinental group:\ s

* ICAl - western Russia, Europe, Japan \\mx
* iCA2 - North America, Japan, Chinese Taipei \“\:"‘J'me.
e icA3-Japan & Korea i@ ICA3

Lee et al., J Virol 89:6521-6524, 201



EA-H5 IcA2 reassortants in North America (AM)

Eurasian H5NS clade 2.3.4.4
aka “Intercontinental” EA-H5N8 EA/AM H5N1-reassortant

EA-H5NS8 (4 genes) / AM (4 genes)
A/American green winged teal f/195750/Washington/2014(H5N1)

Eurasian HPAI

HA I . . . . -

NP

Eurasian HPAI
H52.3.4.4

EA/AM H5N2-reassortant

EA-H5NS8 (5 genes) / AM (3 genes)
A/Northern pintail /Washington/40964/2014 (H5N2) Genbank 1589662

NA

M

NS ——

Eurasian HPAI

H32.3.4.4

Courtesy of Mia Torchetti




N. American H5 HPAI outbreaks
reported to the OIE In 2014-15

1 Dec 2014: H5NZ2 in British
Columbia’s Fraser Valley - 12 cases

Dec; H5N1 BC and H5N2 Ontario
8 Dec 2014: H5N2, N. Pintail (WA)
14 Dec 2014: H5N8 in captive
reared Gyrfalcon (WA)

19 Dec 2015: H5N8, backyard flock
(OR); H5N2 in 4 additional
backyard flocks (ID, WA)

23 Jan 2015: H5NS8, turkeys (CA)

4 Mar 2015: H5N2, turkeys (MN)
20 April 2015: H5N2, 3.8m

w
chickens (1A) e S\
L_;.‘.J Continuing (wild) x
.fj estic e :

Mexico



12/8/2015 to 6/12/2015 — H5 HPAIV in wild bird,
backyard poultry and commercial poultry

40 38

36

m Wild Bird (Pacific)

m Commercial (Pacific)

m Captive Wild (Pacific)
r1Backyard (Pacific)

m Wild Bird (Central Miss)

m Commercial (Central Miss)

[1Backyard (Central Miss)
Grand Total (Central Miss)
Grand Total (Pacific)

e 309 detections (4 captive wild bird; 21 backyard; 209

commercial flocks, 75 wild birds)
o 21 states affected (AR, CA, IA, ID, IN, KS, KY, MI, MN,
MO, MT, NE, ND, NM, NV, OR, SD, UT, WA, WI, WY)
o« ~48.6 million commercial birds: Turkeys ~7.5 million,
Chickens ~41.1 million
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AlV EPIDEMIOLOGY CATEGORIES:

- * Live Poultry (legal &
Transmission Sources  illegal)

i * Wild birds (migratory vs
non-migratory [e.g. peri-
urbanj)

* Fomites (hands, clothes,
shoes, equipment, vehicles,

| ) ?Water egg flats, etc.) _
S Feed ¢Airborne (esp. high

humidity)

Contaminated
Equipment

Flies, Rodents
. (mechanical)

- Contaminated

> Clothing & Shoes
.~ (mechanical)

I

wiunn | Avian Influenza, David E

Infected Poultry Swayne, Wiley Publishing, 2008

& other birds 7‘




LPAIV EPIDEMIOLOGY

Initial Introduction from Free-
Living Aquatic Birds to Poultry /

Water

Contaminated
Equipment ~ <

/ j Air Infected Wild
Waterfowl

Non-infected

Commercial
"f’:=. Poultry
'Srn
0,
I"'r.;:;-_

-::'.1

Infected Wild Waterfowl Contaminated Clﬁthing & Shoes
(mechanical) © UGA 2007
" " ] Avian Influenza, David E
Point Source Introduction B e, 2005




AVIAN DISEASES 52:455-460, 2008

Using Mean Infectious Dose of High- and Low-Pathogenicity Avian Influenza Viruses
Originating from Wild Duck and Poultry as One Measure of Infectivity and
Adaptation to Poultry

David E. Swayne*® and Richard D. Slemons®

Table 2. The BIDs, for three LPAIVs in chickens, turkeys, domestic ducks and geese, and Japanese quail following intranasal inoculation.

BIDs, for specific experimental host species (EIDs log;q)

Domestic Domestic Japanese
Viruses WPR chicken® WL chicken® 'l'urkcyA duck® goose quailB
A /chicken/Alabama/1975 (H4NR) 3 () 5 8 6.0 3.3 4.0 2.6
| A/mallard/Ohio/338/1986 (H4N8) 4.4 8.3 4.0 31 1.7 15
A/mallard/Ohio/184/1986 (H5N1) 6.7 T4 4.2 1.9 5.6 5.4
LPAIV
Alemu/Texas/39924/1993 HS5N2 WL 42 (29)
A/rhea/North Carolina/39482/93 H7N1 WL 6.9 (29)
|A/chicken/Hong Kong/G9/97 HIN2 WL <29° 6 1
A/cinnamon teal/Bolivia/4537/2001 H7N3 W1, 6,2 (21)
Alrurkev/Vireinia/15821/2002 H7N2 W1 2.8 (34) ]
A/mallard/Maryland/791/2002 H5N2 WL >5.3" (23)
A/parrot/California/D0406032/2004 H5N2 WL 4.1 (D. Swayne unpubl. dara)
A/ruddy turnstone/New Jersey/1148676/2004 HSN7 WL =75 (23)
A/duck/Pennsylvania/454069-9/2006 H5NI1 WL e (23)
A/mute swan/Michigan/451072-2/2006 HSNI1 WL 6.3 (23)

USDA Agricultural

= Research
sl scrvice




LPAIV Ecology/Epidemiology

Domestic Ducks

« Qutdoor rearing
» Qutdoor access
* Wild bird access

to buildings
*Environmental EXp Wild
exposure A t Waterfowl

LPAlV HPAlV
(|_|1 13) Mutatlon (H5/H7)

e The vast majorlty of HPAI viruses never reenter wild bird
system



LPAIV and HPAIV EPIDEMIOLOGY
Secondary Spread
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Avian Influenza, David E
Swayne, Wiley Publishing, 2008




H5 GS/GD HPAIV EPIDEMIOLOGY

. Infected Poultry & Wild

o W kead 5 (Most HPAIV) £ =5 Waterfowl:
X « 2005

« 2010

« 2014-15

Naive N— Clothing, shoes
& equipment
(Mechanical)

Commercial
Poultry

— Backyard

Poultry




AVIAN DISEASES 52:455-460, 2008

Using Mean Infectious Dose of High- and Low-Pathogenicity Avian Influenza Viruses
Originating from Wild Duck and Poultry as One Measure of Infectivity and
Adaptation to Poultry

David E. Swayne*® and Richard D. Slemons®

Table 1. The BLDsy and BIDs for 10 field and 1 laboratory-derived HPAIVs in WL chickens following intranasal inoculation.

Virus isolace Subgrpe BLDs; {logyg EIDsg) BIDs; {logyy EIDsg)
I Alchicken/Rostock{Germany)/1934 H7N1 1.2 12 |
Alchicken/Scotland/ 1959 HS5N1 3.0 2.6
Altern/SouthAfrica/ 1961 H5N3 3.4 3.4
Alturkey/Ontario/7732/1966 H5N% 3.4 2.8
Al/chicken/Victoria/1975 H7N7 2.9 2.9
Alfturkey/Ireland/1378/1983 H5N8 4.7 47
Alturkey/England/50-92/1991 HS5N1 3.9 3.9
Alemu/Texas/39924-HP derivative/ 1993 H5N2 32 3.0 BID.~: 2-3
Alchicken/Queretaro/ 14588-19/1995 H5N2 3.0 3.0 50-
A/Hong Kong/486/1997 H5N1 2.4 2.4
Alturkey/Italy/4580/1999 H7N1 2.0 2.0
Table 3. The published BIDs, for various LPAIVs and HPAIVs following intranasal challenge in chickens.
Viruses Subtype Host breed BIDsq (EIDs, log,g)
HPAIV
A/chicken/Pennsylvania/1370/1983 H5N2 WL 3.0
A/Hong Kong/491/97 H5N1 WL 2.3
A/chicken/Korea/ES/2003 H5NI1 WL 2.5 3.1
A/chicken/Yamaguchi/7/2004 H5N1 WL 2.5
A/Whooper Swan/Mongolia/7/2005 H5N1 WL 2.8
Alchicken/Miyazaki/K11/2007 HS5N1 WL 23
USDA Agrlcultural

Research

_ Service



e
Pathobiology HPAIV: Poultry (e.g. chickens)

- Clinical Signs
- Death with no clinical signs

- Mild illness (~2-3d): ruffled feathers, listlessness, eyes
partially closed

- Severe Illness including neurologic

- Mortality

- 100% In birds that were infected
- MDT =1 (H5N1) to 4 (H5N2) Days

« Gross lesions

- Not observed in all chickens
- Variety of lesions

USDA Agricultural

Research L

S Scrvice






Pathogenesis: Chickens

. Hlstopathology and IHC

Virus & lesions in I|m|ted organs
e Lung X ‘
 Brain

e Heart

e Adrenal
 Pancreas




Results Viral titers

* REPRODUCTIVE TRACT

Bird # Reproductive tract section Virus titers (log,, EID;,/g) Mean * SD

8.25 +0.90

Ovary 7.6
Infundibulum 7.6
Magnum 7.8
Isthmus 9.3
Uterus 9.5
Vagina 7.7
Ovary 8.8
Infundibulum 7.8
Magnum 4.8
Isthmus 7.5
Uterus 9.5

Vagina 7.0




Log 10 EID50/0.1ml

Chicken - Oropharyngeal Viral Shedding

/g\ o
(o)
‘/g{/ —4-H5N2 1076
o-H5N8 1076

1DPI 2DPI 3 DPlI 4DPlI 5DPI

O Fr N W h O1 O N
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Virus Titers in H5N1 HPAIV Infected
Meat and Eggs

e Meat: H5N1 Clinical Titer
HPAIV Species Features (EID50/g)
Chicken Dead 5.6-8.0
e KNGt Sick _ 4.0-74
Posioo 0 P N et Dol Non-sick  1.9-5.7
Das et al., Av Dis 52:40-48, 2008 Duck Sick 4-6

Non-sick 2.8

e Eggs: 1983 H5N2 HPAIV
No.+/total (log10 EID50/ml)

1d 2d 3d 4d
Egg Shell 0/15 10/16(3.6) 6/6(3.4) -
Albumen 0/15  11/16(3.2) 6/6(3.9) -
Yolk 0/15 | 10/16(1.8) 6/6(3.5) -

Swavne & Suarez, Develop. Biol. 130:121-131, 2008



AlV Pathogenesis: Summary

Exp.: LP & HPAIV In Chickens

Virus Resp. | Gl Blood | Bone | Meat | Oral
Trans.
H7N2/99 ++ + - - - -
LPAIV 1-5d 54
H7N2/02 +++ ++ - - - -
LPAIV 1-7d | 2-7d
H5N2 === ++++ +++ +++ +++ -
HPAIV* 1-5d 1-5d 1-5d 1-5d 1-5d
H5N1 ND ND ND ND ++++ #
HPAIV>* 1-2d | 90%
* AIck/PA/1370/83
** Alck/Anyang/03 Swayne & Beck, Dis. Avian Dis. 49(1):81-85, 2005




Risk Mitigation

o Surveillance to support freedom In
country, geographic zone or
compartment

* Recognition of variability of risk relative
to different commodities

* Risk reduction strategies
— Vaccination
— Product treatment



Results Bertran et al., Vaccine 33:1324-1330, 2015

Viral titers
- ORAL SWABS/

« Sham birds: High levels of viral shedding

YOLK ALBUMIN

Positive/total o + . Mean + SD . Mean + SD
Positive/total i Positive/total Positive/total

(range) (range)

223+ 1.61A 1.98 +1.25°
a 0, a 0
Y2r(18%) e | 822G o

. 0/30° (0%) . 0/30° (0%) -
_ L 0/31° (0% . 0/31° (0% :

1X- and 2X-Vax birds had significantly lower number of contaminated
eggs and virus quantity in them compared to sham vaccinated birds




Vaccination to Prevent HPAIV In Meat
Challenge with A/chicken/Korea/ES/03 (H5N1) 3 wks after

vaccination
Virus isolation from Virus
meat (Logio EIDso/gm) Dose/Bird
Group Breast Thigh (Logio EIDsp)

Fowlpox-AlV-H5
vaccine ) [ ND"
Inactivated vaccine - - ND
Sham 7.3 ND 7.8

A- = negative on virus isolation, ND = not done

10 SPF WL fed the meat — 9 of 10 died

Swayne & Beck, Avian Dis. 49(1):81-85, 2005
 Inactivated Al vaccine in domestic ducks prevented
dk/VN/05 (H5N1) HPAIV in meat, blood and viscera

(Beato et al. Vaccine, epub Feb 8, 2007)



Inactivation of HPAIV by Pasteurization

1F
. — e ®  VWhole homogenized egg:
- 0.080x +5.75;R2=0.99
———8——D57=4.2min;y =- - - e
6 052153 Raw0 4 Inactivation time &
—— =2 .8min; y =-0.36x
_ 5 +5.8;R2=f).97
£ —e—oss-tamny 08z temperature dependent
Q 4- ——%—— D60=0.56min; y =- . .
o sz o Similar results for other egg
gﬂ" 2 3.57+6; R2=0.91
L W .. e eese v atecton it products
:  Based on salmonella
0] - ; : - - - -
o 10 20 3 40 Inactivation standard in eggs
Time ( min)
Standard USDA pasteurization process for Salmonella HPAIV
Temp Time D-value Process
Product ) (min) (min) lethality (D)?
Fortified egg yolk 61.1 6.2 0.23 27
62.2 3.5 0.14 25
10% sugared egg yolk 62.2 6.2 0.05" 124"
63.3 3.5 0.02” 175°
Plain egg yolk 60 6.2 0.06" 103”
61.1 3.5 0.03” 117?
10% salted egg yolk 62.2 6.2 0.06" 103"

AVIAN
INFLUENZA

.4

Swayne & Beck, Av. Pathol. 33(5):512-518, 2004

Swayne & Thomas, Avian Influenza, Wylie-Blackwell, pp. 493-506, 2008



Cooking Inactivates of HPAIV In Meat

e Cooking 70°C, last detection < 5s treatment,
calculated endpoint 5.5s

Virus Titer (Log,,EID./gram)

Temperature Curve
—e— Korea/03 - Thigh
—e— Korea/03 - Breast
—a— PA/83 - Thigh

—=— PA/83 - Breast
~~~~~~~ Virus Isolation Limits

T T T T T
-40 -20 0 20 40 60
Time (s)

Swayne, Int. J. Food Microbiol, 268-271, 2006
Thomas & Swayne, J. Food Protect. 70:674-680, 2007

80

70

- 60

r 50
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- 30

20

Thomas & Swayne, J. Food Protect, 71:1214-1222, 2008

Temperature (°C)



HPAIV

« HPAIV: Human Infections

— Human cases are associated with exposure to LPM via
alrborne virus or mucus membrane contact

— Most poultry products are consumed cooked or
pasteurized

— HPAI has not been a Food Safety issue for humans

L\

Swayne & Beck, Av. Pathol. 33(5):512-518, 2004



Relative Risk: Poultry & Product

 Variable risk with specific products (Listed
In Decreasing Risk):
* Live poultry: 1° source, high oral & fecal titers
e Other birds: less consistent
1 day old poultry: low vertical transmission risk
Hatching eggs: low vertical transmission risk
Eggs for consumption: low exposure risk
Raw Meat: low exposure risk

Treated products that could inactivate AlV
— Pasteurized eggs and egg products
— Cooked meat
— Rendered meat products (pet food)
— Tanned hides/skins
— Cleaned and disinfected feathers




]
Conclusions

- 35 HPAI epizootics since 1959, but most were limited

- 75 countries have experience 1 or more HPAI outbreaks
since 2002

- H5 Gs/GD-lineage unique — largest outbreak since 1920s;
affected 70 countries; involved wild birds, poultry &
humans; intercontinental spread; HA genetically drifted;
and re-assorted to produce different NA subtypes

- Spread of H5 Gs/GD-lineage (2005, 2010 & 2014-15) by
wild waterfowl with transmission to poultry flocks, but
farm-to-farm spread is still predominant

- All poultry sectors are susceptible to HPAI — village,

backyard, organic, free range and indoor reared
USDA Ag icu It aI
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]
Conclusions

- Different HPAIV have variable infectivity and
transmissibility for poultry depending on exposure
and virus-host adaptation

- Risk of introduction through trade in poultry and
poultry products varies with commodity

- Surveillance is key to demonstration of freedom In
country/zone/compartment

- Vaccination can be an effective mitigation tool against
avian influenza

- Pasteurization and cooking are effective at
Inactivating HPAIV in poultry products

USDA Ag icu It aI

rch

= | Ser vice
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