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Cel: Orthomyxoviridae
Influenza virus

— hostitelé: ptaci, prase, €lovék, kan, pes a dalSi obratlovci

— tropizmus: epitel respiracniho traktu (savci), epitel intestinalniho a respiracniho traktu (ptaci)
— bunécné receptory: kyselina N-acetylneuraminova (kys. sialova)

— velikost 80-120 nm, obaleny, segmentovany (-)ssRNA linearni genom (13,5 kb)

— jediny (-)ssRNA virus replikujici se v jadre

— 8 segmentu (velikost segmentu 890 az 2340 nt) kddujicich 11 proteind

- u viru chfipky C pouze 7 segmentu
— kazdy RNA segment tvori ribonukleoprotein (RNP komplex)
— Taxonomie: Influenzavirus A (Clovék, prase, ptaci, kan, netopyr, pes), B (Clovék, morsti savci), C (Clovék, prase),
D (prase, dobytek)

— soucasti virionu jsou i bunecné proteiny tubulin a cyklophilin A
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Influenza virus (transkripce a replikace)
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Strategie replikace u influenza viru

Replikace probiha v jadre

1.

2.

virus se spoji hemaglutininem (HAL) k receptoru kys. sialové host. buriky a spusti endocytozu

acidifikace uvnitf endozému (zména konformace M2-pumpovani H+, strmé sniZeni pH) zpUsobi fuzi obalu viru s membranou
endozomu — RNP komplex putuje k jadru

transkripce genomickych segmentl virovou RNA polymerazou produkuje mRNA

soucasneé replikace antigenomic (+)ssRNA jako templat pro syntézu novych (-)ssRNA

Obalové proteiny (HA, NA, M2) jsou translatovany na ER a transportovany do GK, kde probihaji postranslaéni modifikace
(M2 plni opac¢nou roli nez pfi vstupu do bunky-pumpuje H+ ven, aby nedoslo ke konformacnim zménam HA komplexu

zbylé proteiny jsou syntetizovany na volnych ribozomech v cytoplazmeé

sestaveni viru a pu€eni na plazmatické membrané (RNP komplex se akumuluje pod CM, stejné jako transmembranové
proteiny HA, NA, M2, M1 protein se vaze na CM, 'packaging signal’ umozni integraci osmi RNA segmentt do noveého virionu
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po vypuceni viru pfes CM je virus spojen s receptory pres HA, dokud neuraminidaza neodstépi receptor a virus o“pu ti
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Organizace genomu viru chripky

Genome
segment mRNA Protein(s) encoded

A, PB2 polymerase, basic 2

— PB1-N40 —

- PB1 yolymerase, basic 1
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II’I%I-I-’Zi An PB1-N40

PB1-F2 PB1-frame 2

A, PA polymerase, acidic

A, HA hemagglutinin

P—y NP nucleoprotein

J‘— A NA neuraminidase

L'_____I_ Ay M2 membrane protein 2

| et NSI non-structural protein |
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_::",\Il NEP nuclear export protein
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Carter and Saunders, 2013

w=

QDI e

[ ——



Strategie replikace viru chripky (shrnuti)

. - ~
NEP NP PA/PB1/PB2

Carter and Saunders, 2013
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Infekce vyvolané orthomyxoviry

Chripka A (lidé a zvifata), B (lidé, sporadicka onemocnéni s leh¢im pribéhem), C-nezafazen, D-
Pandemie Cloveka:

AH1IN1(1918) — Spanélska, zemrelo az 40 mil. lidi

AH2N2 1957/58 ('asijska’ chfipka,) >1 mil. lidi

AH3N2 1968/70 ('hongkongska' chfipka,) >1 mil. lidi

AH1N1 1977 (‘ruska’ chfipka)

vSechny pandemické kmeny mély vioZzeny do svého genomu charakteristické useky genomu ptacich chfipkovych vir(i; vznikly tedy reasortaci ptacich a sav€ich
kmenu pfi koinfekci vnimavého hostitele (obvykle prasete jako tzv. 'mixing vessel’).

Epidemiologie: sezénni charakter, epidemie (vice jak 2000 nemocnych na 100 000 obyvatel), v CR podlehne chfipce
2000-3000 osob rocné

5-15% akutnich infekci hor. cest dychacich, avSak az 80% komplikaci

Patogenita: urCovana povrchovymi antigeny:

Hemaglutininy H (18 subtypl) — vazba na povrch vnimavych bunék hor. cest dychacich (H1, H2 a H3 u lidi)
Neuraminidaza N (11 subtypu) - umoznuje vniknuti viru do cytoplazmy a po syntéze novych viriont také opusténi
hostitelské bunky

Antigenni drift — drobna zména ve struktufe nékterych povrchovych antigenu, kombinace H a N zUstava shodna (sezonni
charakter)

Antigenni shift — uplna zména antigenu H nebo N nebo obou — nepromofrena populace-pandemie, interval asi 20 let
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Infekce vyvolané orthomyxoviry

Prenos: kapénkové (vysoce nakazlivé onemocnéni)

Inkubacéni doba: od vniknuti do organizmu k prvnim pfiznaku trva 24 az 48 hodin (nakazeny Clovék je zdrojem infekce jesté
pred vznikem prvnich pfiznaku)

Klinicky obraz: nahly zacatek - vysoka horecka (i pfes 40°C, zimnice, bolest hlavy, svall a kloubl), bolestivy suchy ka$el,
nechutenstvi, u malych déti zvraceni, prijem, nékdy febrilni kfeCe

Komplikace: primarni virova pneumonie (pfi srde€nim onemocnéni), bakterialni superinfekce pneumokoky nebo hemofily
(zanéty stfedousi u déti nebo obliCejovych dutin u dospélych, bakterialni pneumonie), myokarditida

Rizika: osoby starSi 65 let (s chronickym onemocnénim), gravidni zeny, imunokompromitovani lidé

Prevence:

(1) Vakcinace — inaktivovana trivakcina (2 subtypy chfipky A a 1 subtyp chfipky B), kazdoro¢né, sloZeni se méni na zakladé
cirkulujicich kmenu, obvykle 1 davka

(2) Hygiena — myti rukou, vyména kapesnik, izolace pacienta

=
I

(P)
o
e



Infekce vyvolané orthomyxoviry

Diagnostika: izolace viru na TK nebo kufecich embryich (vytér z nasofaryngu), ur€eni kmenu (HIT), sérologie (KFR, HIT), RT-PCR
Lécba: symptomaticka (paracetamol, antitusika)

Antivirotika (IéCba/profylaxe): 1é€ba nejpozdéji do dvou dnu od pocatku onemocnéni

(1) Blokatory proteinového kanalku M chfipkoveého viru A- zastava replikace viru

(2) Inhibitory neuraminidazy — znemozZznuiji virdm opustit hostitelskou buriku (zanamivir-Relenza/inhalator/dospéli; Oseltamivir-
Tamiflu/tobolky/déti)

Narodni protipandemicky plan — organizacni opatfreni, jak postupovat v pfipadé vzniku chfipkové pandemie (pandemicka vakcina,
zasoba antivirotik a jejich distribuce)
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Hostitelé chripky ve vztahu k hemaglutininu

Understanding the naming of flu viruses
H1

H3
H4, H9
iy H5-H7 4 j
\‘ HO o Virus
H3 . Strain subtype
H10 H7* ! e Virus type number
HS5-H7 l

1 |

H9, H10
Ha \H1 -H11, H13 A / Sydney / 05 / 97 (H3N2)
y | |
H1-H16) | o\l oo g olated
o H7
w78 ./ A/swine/South Dakota/152B/2009 (H1N2)

H13
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Cirkulace chfipky u obratlovcu
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I Cirkulace chfipky u obratlovcu
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Role of migratory birds in spread of H5N1

‘ H5N1 outbreaks in 2005 and major flyways of migratory birds
Situation on 30 August 2005
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Dlouhodobé epidemickeé a
pandemicke riziko predstavuje
uzky kontakt lidi s drubezi,
prasaty a dalSimi obratlovci

Vv jihovychodni Asii (spoleCné
pribytky, kontakt mezi ptaky a
prasaty).
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High pathogenic and low pathogenic bird influenza

Bird Flu

Highly pathogenic viruses result in high Low pathogenicity viruses also cause
death rates (up to 100% mortality within outbreaks in poultry but are not
48 hours) in some poultry species generally associated with severe clinical
disease
?i;',‘:: —
) | -—
| S .}
N
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Response of immune system to H5N1 infection

Viral infection

_ | Asymptomatic infection

5 i (heart and/or muscle)

! Mild to severe infection ‘
| (lung and/or brain)

[ Severe infection
*[ (systemic spread)

Immune response

\
I e >~

Low cytokine levels and £ A

Fogi e 5
high viral recognition L

I[ Some increased cytokine
i production

High levels of cytokines,
| chemokines and acute

phase proteins (cytokine
| storm)




Rozdil v klinické manifestaci u HIN1 a H5N1

HSN1

= Nose
L
: ¥/~ Mouth

Trachea

Lungs 3 .f;i

X ke

VBN
Easily spread Spreads slowly
Rarely fatal Often fatal
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Evolution of HIN1 (2009)

Generation of new influenza virus strains
by genetic recombination (antigenic shift)

Swine N.A. Avian Human (H3N2) Eurasian
influenza influenza _ influenza _ .Avian/Swine influenza_

4
Influenza

virus
Influenza A
(H1N1)

Cellular and Molecular Immunology, 7th ed., 2012 Elsevier
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Evolution of H7N9 (2013

Genetic Evolution of H7N9 Virus in China, 2013

Multiple Reassortment Events

Domestic Ducks HING virys

Wild Birds HINS virus

H7N9 Virus

Setting: Habitats shared by wild and domestic birds
ancl/or lve bird/pouitry markets

Domestic Poultry Multiple HSN2 viruses

The eight genes of the HINS vieus are closely related to avian influenza viruses found In domestic ducks, wild birds and domestic poultry in
As. The vinus lkedy emerged from “reassortment,” a process in which two or mase influenza viruses co-infect a single host and exchange gones
This can result in the creation of a new influenza virus. Experts think multiple reassortment events led to the creation of the HTNS virus. These
events may have ocourred In habitats shared by wild and domestic birds andfor in live bed/poultry markets, where diffesont spocies of birds are
bought and sold for food. As the above diagram shows, the HINS vius Moely cbtained its HA (hemagglutining gene from domestic ducks, its NA
(neuraminidase) gene from wild bieds, and its st remaining genes from multiple related HIN2 infuenza viruses in domestic poultry

Centers for Disease

Control and Prevention
Nazional Cenmet for immunization
2o Respiratory Diseases
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Precautions (safety measures): H7N9, hospital, China
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Influenza pandemics (history)

- T
1918 “Spanish influenza” * 1957 “Asian influenza” 41968 “Hong Kong inﬂuenza”b Next pandemic influenza

H1N1 influenza virus
8]

,/'
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Vi
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27 QS
Bird-to-hum?lf\

transmission of HIN1 virus

All 8 genetic segments
thought to have originated
from avian influenza virus

H2N2 influenza virus
HZN2 HIN1
avian virus human virus

3 new genetic segments from
avian influenza virus introduced
{HA, NA, PB1);
contained 5 RNA segments
from 1918

H3N2 influenza virus

HZN2

H3 avian virus human virus

2 new genetic segments from
avian influenza virus introduced

(HA, PBI);
contained 5 RNA segments
from 1918

Avian virus
or

Avian virus

H3N2
human virus

‘v

All 8 genes new or further
derivative of 1918 virus
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Vyskyt HON2, H7N7, H5N6

The Netherlands
HP H7N7, 2008, (1/89)

A

United Kingdom n N
LP H7N7, 1996, (0/1) Iy
LP H7N3, 2006, (0/1) i

LP H7N2, 2007, (0/4) s

Mexico
HP H7N3, 2012, (V2) 1

HP~ﬁ2013_(0/3)p§ 75

HINZ, m15;(Qﬂ) ™

H1ON7, 2004, (0/2} 1

Bangladesh

HINZ, 2011, (0/1) 155

China

HO9N2, Shantou, Shaogan 1998, (0/5)

HONZ2 Guanzhol, 1999 (0/1) iy

HON2J Hong Kong, 1999 (0/2) e

HEN2, Hong Kong, 2003 (0/1) w«

HIN2, Hong Keng. 2007 (OV1) st

H3N2, Shenzen, Hong Kong 2008-8 (0/2)
H7N9, x provinces (*), 2013-15 (204/568) =
H10N8, Jiangxi, 2013-4 (2/3) p«t

HON2, Hong Kong. 2013 (01) 1

HIN2, 2014 (071 )

H , Guangdong, Yunnan, 2014-5 (2/3) m
“Talwan
HEN1, 2013 (V1)

Australig
H10N7, 2010 (Q/7) =
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Source of infection

How Infected Backyard Poultry Could Spread Bird Flu to People

Humap lnfectians with Bi

lDirect Contact ..

rd Flu Viruses Rare BisPr
e t——— 2 Contaminated Surfaces Y
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Pre

ventive measures: 'culling’



Chripka H1N1: porovnani pandemickych kmenu

1918: spanélska chripka 2009: mexicka (praseci) chripka

1918: 50 mil. obéti

2009: 18 tis. obéti (pres 70 zemi)

Zdroj H1N1 (1918): formalinem fixovana plicni tkan, obét’ chfipky (Aljassky permafrost) - reverzni genetika
Spolecné: mladi zdravi lidé ('cytokine storm’)

Rozdil: H1N1 (2009) — gastrointestinalni diskomfort a zvraceni u 40% pfipadu

Geneticky rozdil/zmény v AMK: hemaglutinin, neuraminidaza a polymeraza (PB1, PB2 proteiny)

vyrazné prispéli k vyznamneé virulenci Spanelské chripky

HA (1918) se efektivnéji vaze na alfa2-6-glykan receptor kys. sialové nez jiné pandemické kmeny-

vazebna kapacita HA k receptoru kys. sialove je kliCové z hlediska patogenity

=
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efektivni kooperace mezi povrchovymi HA a NA

PB1 (1918) - vyssi transkripCni aktivita



Molecular determinants of H5N1 pathogenesis in vivo

SELECTED MOLECULAR DETERMINANTS & HOGENESIS IN VIVO

Complementary changes within RNP proteins PB2 protein
Viral of host component  Less virulent mvivo — More virulerk invwo | Viral of host component  Less viulent invwio  Mar virulent invivo Vird of host component  Lessvindentinvivo  Moce virukent in vivo ] HA protein
Poinl mulations M : Point mutation @
Vinal componnt
l (Ll elal, 2011) (Halla et al, 2001; oy ;‘m -
| | sninya et ai, 2004; | | vago mol
| Halla ol al, 2007; soquence
Fornex ot al, 2008) | (Horimolo and
| | | | Kawaoka, 1994)
Poinl mulations
| | ouanzstal, 20m || Point mutation l | | HA tusion poplide
{LI et al, 2005; Steel 1 Virad of host component  Less vinulert inwvo  More virukent in vivo pockel
| |a2000) | POZ ligand domain Q| ued ot 2000:
| (Jackson ot al, 2008) Krom o al, 2011)
I | [ Point mutaion | |
(Yamada et al, 2010) |
|| mportina isotorm Point mutation || Point mutation
biding specifiily (Jiao ol al, 2008)
| (Gabriel el al, 2011) | ( 2 (Manz ot al, 2010)
Point mulation I 6IF4GI binding domain I
| | | @nouotal, 20m) (So0 ot al, 2002
| Zhou ol al, 2010) |
l HA glycosylation
CPSF30 binding tsuoka el al, 2000;
PBI-F2 P8 pyomut o Mmud.‘;mb)
& PYONEL Viral or host componenl Less virulet invwo Mora wralent in ivo (Sposock ot al, 2011)
Viral or host component Less vitulentmvivo  More wirulon in ivo PonLmoRNons -
Lengh R, Xu et al, 2012) d
(Zamarin el al, 2006)
Poinl mulation
gm;" a0 | | Point mutatons ‘
N Recoplor binding
(Hulso-Pos! ol al, 2007) 0 Vial o host component  Less virulent Invivo  More virulent In vivo profronce
‘ Point mutations (Mainos ot al, 2011;
(Fan ot al, 2009) Horfst ot al, 2012)
NP protein

Vieal o host comporent Less irient I vivo Mot viulerk Inwo

Point mulation
(Kim et al, 2010)
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HPAI klinické projevy

H5N1-infected duckling
Ha Nam Province, Vietnam, January 2004

T Tumpey, CDC




I H5N1 outbreaks

"H5N1 Outbreaks
in 2004

, OF.KORE
CHIMNA o =

Countries with outbreaks INDONESIA ﬁ_':‘ﬁ_ el .
Level 1 Administrative units P RR o gcsaben o~ - ¥
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This map represents the districts or provinces that experienced outbreaks of HSNL type of Avian Influenza
O} between January and December 2004, The original data have been collected and aggregated at the most
detailed administrative level and for the units avalable for each country.

Data source: OIE, FAD
and Government sources
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RUSSIAN FEDERATION H5N1 Outbreaks o .- o
e : between january and august 2005 L = '
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Level 1 Administrative units SRRl N
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This map represents the disiricts or provinces that experienced outbresks of HSMNL bype of Avian Influenza Data sowrce: O, FAD
gnce lanuary 2005 (map updated to 31 August 2005), The origing data have besn collectsd and and GoVErnmEnt Sorces

agoregated at the most detailed adrrinist aive leve and for the units avalable for each country.
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HPAI, January 2006

Avian Influenza Outhreaks
1-15 January 2008

Hussian Federation
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g . Sudan _
N A | Ethiopia .~
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This map represents the provinces  that  expericnced  outbreaks  of
HAMN1 type of Avian [nfleenza from | through 15 Janoary 2006,
The original  data have  been  collected  amd aggregated st
the most detsiled administrative level and for the unis available for
cach country. Source: Al outbreaks: FAO, OIE and Official government sources 5
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HPAI v Dunajskeé delte, rijen 2005
Chl#a ‘

S —d,

Periprs

Veche
Ismail ‘ oy
C. Pardina ~ p. & e C.A. Rosetti

PIaY : @ AEgatita B shcorea

= C. lacaob - i

catalchioi . 20002 | Y Letea & oo

. 4 Lo ’
Salceni . 45 . .l Mila 230 ¢ maprntl

Tred lezere

Patlageanca : Y4 R oY T =
“S ' { . “BratuljSuliny
r— Malive e g
y — 6 . =
I, iy Gy it ) 8 oo
Tulcea = & C. Litcoy iy, gy N 5
Nufarul = ), S,
L. taac K N

ot Victoria . MMunudis l.slﬁllna ' Ljunlr *". A % Llﬂiﬂua A |
= s £ |9 Caraorman ke

‘)

Valea Nucarilor

Ag I M la;l 1 é?
urighio -
Miball w Sarinasuf 2 'D ,‘, S ~ <:$
Kogalniceanu "'" . ' a’l‘, G
) | BY
Dunavat de Jos & ’ ‘ - 7~ OI’ co
, ) S
2h,

SI. Sheorg!

=

QDI e

—_ =



H5N1, leden az cerven 2007

Areas reporting confirmed occurrence of H5N1 avian influenza in poultry and wild birds between January and June 2007

Fay
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Russian Federation

Democr;}jﬁ?-!—Eygg
| Republig 5

S5 Thailand A ﬁ%f:}
laysia

' - Areas reporting occurence in poultry
) Areas reporting occurence only in wild birds

2,200 Kilometers

ok \‘ll World Health The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatscever ~ Data SC'_UTCGE: World Organisation for Animal Health (OIE)
M‘:l ﬂ,\; Ordaanization on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities, and natlor?al gov_ernments .

Wiy Urg or concerning the delimitation of its frontiers or boundaries. Dotted lines on maps represent approximate horcer lines for which Map Production: Public Health Mapping and GIS

®WHO 2007. All rights reserved  there may not yet be full agreement. Communicable Diseases (CDS) World Health Organization
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Prvni pfipad HPAI H5N1 v Cesku:

labut’ v Hluboké n.VIt., 27. brezen 2006
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Summary of the H5N1 spread chronology (as of 31 January 2006)

— Since 1996: HPAI H5N1 virus circulates in SE. Asia

— Since late 2003: circulation greatly activated in that area
— April-May 2005: Qinghal + Xinjiang provinces, N.China
— July 2005: Novosibirsk region, Asian Russia

— July to August 2005: Kazakhstan, Tibet, Mongolia

— August 2005: Altai, Kurgan, Omsk, Tyumen regions, Asian Russia, and
Chelyabinsk region in southern Ural (at the limits of Europe)

— October 2005: Turkey, Romania, Croatia, European Russia, Crimea

_ November 2005: Kuwait

=
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— January 2006: Cyprus, Irag, Saudi Arabia




HPAI risk for humans:

live poultry markets

T. Uyeki (CDC)




Origin of pandemic influenza
(Nicholson et al. 2003)
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Worldwide circulation of H5N

*z Incidence of ASNI Virus
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Cirkulace H5N1

. . . . . . . . Status as of 18 January 2008
Areas reporting confirmed occurrence of H5SN1 avian influenza in poultry and wild birds since 2003 Latest available update
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Animal model for experimental infection of
Influenza viruses

THE USE OF DIFFERENT INOCULATION ROUTES TO INVESTIGATE H5N1 VIRUS PATHOGENESIS

GENERAL PROPERTIES OF NON-TRADITIONAL INOCULATION ROUTES

+ Onset of morbidity'mortality typically delayed compared with
inranasal incculation

+ HSN1 viral pathogenesis highly strain-specific

* Lethality documented following all inoculation routes shown

FERRET
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H5N1 in

experimental model

H5N1 PATHOGENESIS IN MAMMALS
LOW VIRULENT H5N1

| lowtke
| High titer

Mild to moderate letharay |

Lethality rare

HIGH VIRULENT H5N1

Madest inflammation
in lungs and moderate
cytokine induction

Mild to moderate lymphopenia
(transient)

GJ. symptoms Infrequent, |
mild to moderate weight
loss

SM lv;ﬂammalicn in
Tungs and high induction of
proinflimmatory cytokines

.

Lethality frequent

Moderate to severe lethargy

Severe lymphopenia

<

G symptoms include [
diarrhea and frequent

moderate to severe

weight loss
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Molecular determinants of H5N1
pathogenesis in VIivo

SELECTED MOLECULAR DETERMINAN OF H5N1 PATHOGENESIS IN VIVO

Complementary changes within RNP proteins PB2 protein
Viral of host component L ess vinalent invivo Hore virulert invwo ‘ Viral of host component  Less vinlent in via Marg virulent invivo
I Poinl mulalions s v Polnt mutation f
(Ll et al, 2011) {Halta et al, 2001;
| | Sninya et ai, 2004; |
| Halla el al, 2007; HA protein
| Viral of host componnt
| HA cloavage molif
Poinl mulations sequence
[ (Manz et al, 2011) || Point mutation I (Horimolo and
{LI et al, 2005, Steel &1 Kawaoka, 1994)
' al 2009) ]
[ NS1 protein | HA fusion poplido
| = | Vira of host component  Less vinulert inwvo  More virukent in vivo pocko!
[ Fointimiaikon PDZ ligand domain (Reed ol al, 2009;
(Yamada et al, 2010) | ] otal, 2008 | | kromn ot ai; 2011)
I Importin-a tsolorm
biding specificily |
| (Gabriel et al, 2011) |
] Point mutation | Point mutation I o aon
| @nhou ot al, 2011) (Jiao el al, 2008)
(Manz et al, 2010)
[ I 0lF4GI binding domain |
Lo prugme |
FEL-FZpsotein Viral of host componenl  Less virulsed invea  More wiralantin ivo
Viral o host component  Less virubest m vivo More virulent inavo Point mutations
Longh. 3 | Xu el al, 2012) GFEEI0 binding e
(Zamarin el al, 2006) (Spesock ot al, 2011)
Poinl mulation
(Conenello et al, 2007 | e
and 2011)
(Hulse-Pos! el al, 2007)
Vied of host component  Less virukent in vivo More virulent in vivo
NP protein Point mutations
Viral or host component  Less virubent invivo  More virulent inwo (Fan ot al, 2009)

Poinl mulalion
(Kim et al, 2010)
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High pathogenic and low pathogenic bird
Influenza

Bird Flu

Highly pathogenic viruses result in high Low pathogenicity viruses also cause
death rates (up to 100% mortality within outbreaks in poultry but are not
48 hours) in some poultry species generally associated with severe clinical
disease
“& -
\

INSTITUT FUR VIROLOGIE DAAD ... UNIVERSITAT LEIPZIG
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Response of immune system to H5N1 infection

Viral infection

_ | Asymptomatic infection

5 i (heart and/or muscle)

! Mild to severe infection ‘
| (lung and/or brain)

[ Severe infection
*[ (systemic spread)

Immune response

\
I e >~

Low cytokine levels and £ A

Fogi e 5
high viral recognition L

I[ Some increased cytokine
i production

High levels of cytokines,
| chemokines and acute

phase proteins (cytokine
| storm)




Easily spread
Rarely fatal

HS5N1

Nose
Mouth

Trachea

Spreads slowly
Often fatal
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Evolution of HIN1 (2009)

Generation of new influenza virus strains
by genetic recombination (antigenic shift)

Swine N.A. Avian Human (H3N2) Eurasian
influenza influenza _ influenza _ .Avian/Swine influenza_

4
Influenza

virus
Influenza A
(H1N1)

Cellular and Molecular Immunology, 7th ed., 2012 Elsevier
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Evolution of H7N9 (2013

Genetic Evolution of H7N9 Virus in China, 2013

Multiple Reassortment Events

Domestic Ducks HING virys

Wild Birds HINS virus

H7N9 Virus

Setting: Habitats shared by wild and domestic birds
ancl/or e bird/pouitry markets

Domestic Poultry Multiple HON2 viruses

The eight genes of the HINS vieus are closely related to avian infiuenza viruses found in domestic ducks, wild birds and domestic poultry in
As. The vinus lkely emerged from “reassortment,” a process in which two or mase influenza viruses co-infect a single host and exchange gones
This can result in the creation of a new influenza virus. Experts think multiple reassortment events led to the creation of the H7NS virus. These
events may have ocourred In habitats shared by wild and domestic birds andfor in live bed/poultry markets, where diffesont spocies of birds are
bought and sold for food. As the above diagram shows, the HINS vius Moely cbtained its HA (hemagglutining gene from domestic ducks, its NA
(neuraminidase) gene from wild bieds, and its st remaining genes from multiple related HIN2 infuenza viruses in domestic poultry

Centers for Disease

Control and Prevention
Nazional Cenmet for immunization
s Respiratory Diseases
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Geographic localization of H7N9, H5N1, H10N8, H5N6

Geographic Distribution of A(H7N9), A(H5N1), A(H10N8), and A(H5N6) in China (2003-2014)

Total A(H7NS) Cases by
Province

4 g4
o "'a-?
Jiangxi, Xinjiang Uygur 8
Anhui 18

Fujian 23

Hunan 24

Individual Avian Influenza
Cases in China (years)
® H10NS, 2013- 2014

© HSN1, 2003-2014

© HSN6, 2014

LR

novel-infectious-diseases.blogspot.com
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Influenza pandemics

| |
1918 “Spanish influenza” * 1957 “Asian influenza” 41968 “Hong Kong inﬂuenza”b Next pandemic influenza

H1N1 influenza virus
8]
i

5 i

“
e

i
.

L[\

I\
Bird-to-humift

transmission of HIN1 virus

Hemagglutinin * Neuraminidase

All 8 genetic segments
thought to have originated
from avian influenza virus

H2N2 influenza virus
HZN2 HIN1
avian virus human virus

3 new genetic segments from
avian influenza virus introduced

(HA, NA, PB1);
contained 5 RNA segments
from 1918

H3N2 influenza virus

HZN2

H3 avian virus human virus

2 new genetic segments from
avian influenza virus introduced

(HA, PB1);
contained 5 RNA segments
from 1918

Avian virus
or

Avian virus

H3N2
human virus

‘v

All 8 genes new or further
derivative of 1918 virus
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Vyskyt HON2, H7N7, H5N6

The Netherlands
HP H7N7, 2008, (1/89)

A

United Kingdom n N
LP H7N7, 1996, (0/1) Iy
LP H7N3, 2006, (0/1) i

LP H7N2, 2007, (0/4) s

Mexico
HP H7N3, 2012, (V2) 1

HP~ﬁ2013_(0/3)p§ 75

HINZ, m15;(Qﬂ) ™

H1ON7, 2004, (0/2} 1

Bangladesh

HINZ, 2011, (0/1) 155

China

HO9N2, Shantou, Shaogan 1998, (0/5)

HONZ2 Guanzhol, 1999 (0/1) iy

HON2J Hong Kong, 1999 (0/2) e

HEN2, Hong Kong, 2003 (0/1) w«

HIN2, Hong Keng. 2007 (OV1) st

H3N2, Shenzen, Hong Kong 2008-8 (0/2)
H7N9, x provinces (*), 2013-15 (204/568) =
H10N8, Jiangxi, 2013-4 (2/3) p«t

HON2, Hong Kong. 2013 (01) 1

HIN2, 2014 (071 )

H , Guangdong, Yunnan, 2014-5 (2/3) m
“Talwan
HEN1, 2013 (V1)

Australig
H10N7, 2010 (Q/7) =
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Main symptoms and complications of flue

Neurological
Fever
Headache
Confusion

Respiratory

Dry cough

Sore throat
Nasal congestion

Gastrointestinal
Nausea

Vomiting
Diarrhoea

Musculoskeletal
Myalgia
Fatigue

Up to 75% have no symptoms™

SYMPTOMS

COMPLICATIONS

Neurological

Febrile convulsions™
Reyes syndrome™
Meningitis/encephalitis
Transverse myelitis
Guillain-Barré syndrome

Cardiac

Pericarditis

Myocarditis

Exacerbation of cardiovascular disease

Respiratory

Otitis media*

Croup*

Sinusitis/bronchitis/pharyngitis
Pneumonia (viral, or secondary bacterial)
Exacerbation of chronic lung disease

Pregnancy

Increased maternal complications
Increased infant perinatal mortality
Increased risk of prematurity
Smaller neonatal size

Lower birth weight

Musculoskeletal

Myositis
Rhabdomyolysis

*More common in children
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a Antibody-mediated immunity

Influenza virus

NA-specific
antibody

2-specific s==
antibody Q C
s ;V 4 ‘

Plasma
membrane

Sialic-acid receptor

Epithelial cell Infected epithelial cell
b Cell-mediated immunity
Infected cell | CD8" T cell

peptide

Perforin

Nature Reviews | Immunology
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Source of infection

How Infected Backyard Poultry Could Spread Bird Flu to People

Humap

ans with Bird Flu Viruses Rare By,
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Laboratory diagnostics

_—
=)



Distribuce chfipkovych virt v Evropé

Influenza in Europe &
Week 18 (28 April —o4 May 2014) eﬁ_gg

Influenza intensity in week 18
based on sentinel reports of influenza-like illness and/or
acute respi y infections in Europ countries

SE ‘ Fl
Subtype A(H3) Type B

45% 3 % ;gyhhlgh

Viruses circulating in 2013-2014

Only subtyped viruses are included

no report

Subtype A(H1)pdmog

52%

Bubble size is indicative of country population

80% Influenza trend

based on the percentage of sentinel

specimens found positive, by week
l6o% P p y

lao% 2013-2014

|20%

40 41 42 43 44 45 46 47 48 49 50 51 52 1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20

week number

Influenza in Europe &

Data from EU and EEA countries for the 2014-15 season e

Week 16 (13-19 April 2015)

Influenza intensity in week 16
based on sentinel reports of influenza-like illness and/or
acute respiratory infections

Influenza viruses circulating in
20142015

Only sentinel specimens are
included

Subtype A(H1)

o,
A unsubtyped13 /o

Type B

60 0, very high
/O 29 A) high ‘ .
medium IE
low BE
no report

Subtype A(H3)

52%

Bubble size is indicative of country population

80% Influenza trend

based on the percentage of sentinel
Go% specimens found positive, by week
0%

| 40% 2014—2015

| 20%

6 7 8 910 1 12 13 14 15 16 17 18 19 20

2 30405

week number

42 43 44 45 46 47 48 49 50 51 52
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