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Cel: Orthomyxoviridae
Influenza virus

[hostitelé: ptaci, prase, ¢loveék, kun, pes a dalSi obratlovci

[Itropizmus: epitel respiracniho traktu (savci), epitel intestinalniho a respiracniho traktu (ptaci)
Ibunécné receptory: kyselina N-acetylneuraminova (kys. sialova)

[Ivelikost 80-120 nm, obaleny, segmentovany (-)ssRNA linearni genom (13,5 kb)
Ojediny (-)ssRNA virus replikujici se v jadre

118 segmentu (velikost segmentu 890 az 2340 nt) kédujicich 11 proteinu

- u viru chfipky C pouze 7 segmentu
‘1kazdy RNA segment tvofi ribonukleoprotein (RNP komplex)
[1Taxonomie: Influenzavirus A (Clovék, prase, ptaci, kun, netopyr, pes), B (Elovék, morsti savci), C (Clovék, prase),
D (prase, dobytek)

Isoucasti virionu jsou i bunécné 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 (HA1) 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
endozému — RNP komplex putuje k jadru

transkripce genomickych segmentl virovou RNA polymerazou produkuje mRNA

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

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

zbylé proteiny jsou syntetizovany na volnych ribozomech v cytoplazmé

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 segmentu do nového virionu
po vypuceni viru pfes CM je virus spojen s receptory pres HA, dokud neuraminidaza neodstépi receptor a virus oI‘LI)Uﬁtil\liufku
SCI



‘Organizace genomu viru chripky
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}—'\n

— PBI-N4) ——m>

A,

i

PB1-F2

A,

A,

A,

A,

Carter and Saunders, 2013

Protein(s) encoded

PB2

PB1
PB1-N40
PB1-F2

PA

HA

NA

Ml

M2

NSI
NEP

polymerase, basic 2

polymerase, basic |

PB1-frame 2

polymerase, acidic

hemagglutinin

nucleoprotein

neuraminidase

membrane protein |

membrane protein 2

non-structural protein |

nuclear export protein

W=
QR e

— =



Strategie replikace viru chripky (shrnuti)
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Infekce vyvolané orthomyxoviry

Chfipka A (lidé a zvifata), B (lidé, sporadicka onemocnéni s leh¢im prubéhem), C-nezafazen, D-
Pandemie Clovéka:

AH1N1(1918) — Spanélska, zemrelo az 40 mil. lidi

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

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

AH1N1 1977 (‘ruska’ chfipka)

vSechny pandemické kmeny mély vioZzeny do svého genomu charakteristické Useky genomu ptacich chfipkovych virQ; vznikly tedy reasortaci ptacich a savcich
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 rocne

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

Patogenita: ur€ovana 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 antigenti, kombinace H a N zlstava shodna (sezénni
charakter)

Antigenni shift — uplna zména antigenu H nebo N nebo obou — nepromorena populace-pandemie, interval asi 20 let

MUNI
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Infekce vyvolané orthomyxoviry

Prenos: kapénkoveé (vysoce nakazlivé onemocnéni)

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

Klinicky obraz: nahly zacatek - vysoka horecka (i pres 40°C, zimnice, bolest hlavy, svalu a kloubU), bolestivy suchy kasel,
nechutenstvi, u malych déti zvraceni, prajem, nékdy febrilni kifeCe

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 kapesnikd, izolace pacienta
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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): IéEba nejpozdéji do dvou dnu od pocatku onemocnéni

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

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

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

caplive animals humans
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Cirkulace chripky u obratlovcu
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Role of migratory birds in spread of HSN1

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

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

Bird Flu

LPAI

H9, H7

HoMN2
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

DAAD ... UNIVERSITAT LEIPZIG
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Response of immune system to HS5N1 infection

Viral infection Immune response
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Rozdil v klinické manifestaci u H1IN1 a H5N1

H1N1

— Nose
b Mouth

Lungs 68 Trachea

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 IAvian;'Swine influenza

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

Genetic Evolution of H7N9 Virus in China, 2013

Multiple Reassortrment Events
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Precautions (safety measures): H7N9, hospital, China
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Influenza pandemics (history)

1918 “Spanish influenza” s 1957 “Asian influenza” 429’53 “Hong Kong inﬁuenza"# MNext pandemic influenza

H1M1 influenza virus
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H2N2 influenza virus
HZM2 HIML
avian wirus human virus
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H3M2 influenza virus

HZM2
human virus
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Vyskyt HON2, H7N7, H5N6

China
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Source of infection

Hnw Infected Backyard Pouliry uld pread Bird Flu to People
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Chripka H1N1: porovnani pandemickych kmenu

1918: spaneélska 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/lzmény v AMK: hemaglutinin, neuraminidaza a polymeraza (PB1, PB2 proteiny)

vyrazné prispéli kK vyznamneé virulenci Spanelskeé chripky

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

vazebna kapacita HA k receptoru kys. sialové je klicove 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

Conplementary changes within RNP proleing PB2 protein NA protein
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HPAI klinické projevy

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

T Tumpey, CDC




B H5N1 outbreaks

"H5N1 Outbreaks
in 2004

e
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Countries with outbreaks
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Level 1 Administrative units
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This map represents the districts or provinces that experienced outbreaks of HSNL type of Avian Influenza
D betveen January and December 2004, The ariginal 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

KAZAKHSTAN

B 51 Outbresks
Counfries with outbreaks
Level 1 Administrative units

k™
&

H5N1 Outbreaks
between january and august 2005

' '-.n“IET NAM
THATLAND 3(; ';.‘i%' '
" CHMBODIA

e

This map represents the districts or provinces that experienced outbresks of HSMN1 bype of Avian Influenza
ance January 2005 (map updated to 21 August 2005), The origing data have been collected and
agoregated at the most detailed adrrinist aive levd and for the units avalable for each country,

Data source: OIE, FAD
and Govermiment SoLroes
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HPAI, January 2006

Avian Influenza Outhreaks
1-15 January 2008
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This map represents the provinces  that  expericnced  outbreaks  of
HANT type of Avian  Influenza from 1 through 15 Janvary 2006,
The original  dsta have  been  collected  amd aggregated st

the most detailed asdmimstrative level and for the units available for
each country. Source: Al outbreaks: FAO, OIE and Official governmeni sources
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HPAI v Dunajske delte, rijen 2005
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H5N1, leden az cerven 2007

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

[1Since 1996: HPAI H5N1 virus circulates in SE. Asia
1Since late 2003: circulation greatly activated in that area
April-May 2005: Qinghai + Xinjiang provinces, N.China
1July 2005: Novosibirsk region, Asian Russia

“1July to August 2005: Kazakhstan, Tibet, Mongolia

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

10ctober 2005: Turkey, Romania, Croatia, European Russia, Crimea
L]
INovember 2005: Kuwait
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1January 2006: Cyprus, Iraq, Saudi Arabia




HPAI risk for humans:

T. Uyeki (CDC)



Origin of pandemic influenza
(Nicholson et al. 2003)

=

Q Respiratory epithelial cell
Pig as a

Human virus MNon-human virus

Migratory waber birds

L ee
}
L X

E /" Domestic pig

Reassortant virus

=
(i —
— =



Worldwide circulation of H5N1
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Cirkulace H5N1

Status as of 18 January 2008
Latest available update

Areas reporting confirmed occurrence of H5SN1 avian influenza in poultry and wild birds since 2003
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Animal model for experimental infection of
influenza viruses

THE USE OF DIFFERENT INOCULATION ROUTES TO INVESTIGATE H5N1 VIRUS PATHOGENESIS

GEMERAL PROPERTIES OF NOM-TRADITIONAL INOCULATION ROUTES | MOUSE

+ Onset of morbidity'mortality typlcally delayed comparad with
imtranasal inoculation

+ HEN viral pathogenesis highly strain-specific

* Lethality dooumented following all inoculation rowtes shown

FERRET
Oheuilar

Intranasal —
Intra-tracheal -
Aerogol ——

=
X —

— =



H5N1 in experimental model

H5N1 PATHOGEMESIS IN MAMMALS

LOW VIRULENT H5N1 |

D —— - Mild 1o moderate hopenia
|| Lowter Madasl inflammation [trlansicnll e
in lungs and moderate

| Hightiter cytokine Induction
A

Meurological
signs rare

Gl symploms Infrequent,
mild to moderate weight
loss

HIGH VIRULENT H5N1

Severa inflammation in
Tungs and high Induction af
prainflammatory cytokines

Severe lymphopenia

Gl symptoms include
dlarrhea and frequent
muoderate to severe

Moderate to
weight loss

severe nasal
discharge and
dyspnea

Moderate to severe lethargy
Lethality frequent
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Molecular determinants of H5N1
pathogenesis in vivo

IN VIVO

s within ANP proteing PB2 protein |

Wiral o Nost component  Less vinslent nvivo —— Mora virulenk inwo | iral of host component  Less vimlent Inwio  Mare winulant invive | |
Poinl mulaions Point mutalion 1
(LI el al, 2011) | {Halta af al, 2001; |
Sty ol 2004 Vir o Dost component  Less vnAQiInvivo.  hoce Wrukert I 1vo B 1A protein
| Fornek of al, 2008) I Stalk length Viral of hodt compomat Moto irulent in v
(Matsucka ol al, 2009) | HA cloavago molif |
Foinl mulalions : - l soquence
{Manz sl al, 2017) | | Point mutalion el
(LI el al, 2005; Steal &l | | kawaoka, 1904)
| 2 i
NS1 protein HIA fusion poplido
| I Vira o host component Less virulent in vwvo More veulent n vivo pockel
Pohtamuma:h?zm PDZ ligand domain (Reod ol al, 2009;
framara et al, 2010) l (Jackson et al, 2008) Kromn ol al, 2011)
Impartin-g isokerm
biding specificily
{Gabrigl e1al, 2011) |
Point mutation
Point mulalion I pome ey
|| neu ot a, 201y (Jiao el al, 2008) o, 200y
I elF4GI binding domain
PB1 protein Cuei . 200
“iral or host component  Less virukent in vivo dare viruland inive 9
Viral or hostcomponend.  Less virubabmvive | Mare wirulankin vive Pl " HA ghycosylation
Lengh : | CPSF30 binding silo (Malsuoka ef al, 2009;
Xu el al, 2012) Wang o al, 2010)
(Zamarin al al, 2006) (Sposock ol al, 2011) g
Poinl mulalion
oo AL F00T ! | Point mutatons
{Hulse-Pos! ol al, 2007)
Recoplar binding
Less virulent invivo More virulent in vivo preforence
ot al, 2011;
‘wal or host component  Less wirnbent invive  More virulent in wio FITV o 0. 2082
Painl mulatian ' Sl
{KIm el &, 2010)
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High pathogenic and low pathogenic bird
influenza

Bird Flu

LPAI
H9, H7
HO9NZ2
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
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Response of immune system to HS5N1 infection

Viral infection Immune response
) (A ic infecti aTeern| & R
B | Asymptomatic infection eytokine levels an ¥
i i %}_, | theart and/or muscle) high viral recegnition I::_ A:,-
. ] R
d 4 4
(Ft)
- L - .
s, S =y ‘ﬁl _..!Mildtuseverﬂin_fectinn Some increased cytokine
3 | {lung and/or brain) production
H5M1 '
influenza
virus

High levels of cytokines, -

| Severe i.nfe-l:ticln | chemokines and acute
i (systemic spread) phase proteins (cytokine
storm)

MNature Reviews | Immunology
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Easily spread
Rarely fatal

HSN1

Nose
Mouth

Lungs L 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 IAvian;'Swine influenza

Cellular and Molecular Immunalogy, 7th ed., 2012 Elsevier

=

QD I e

— =



Evolution of H7N9 (2013

Genetic Evolution of H7N9 Virus in China, 2013

Multiple Reassortrnent Events

Domestlc Ducks HPME wirys

’,.

Wiild Birds

1 O iy

H7 M Virus

Sattimge Habitats shared by wild and domaestic birds
anddor Hwe birds potry markets

Domastic Poulbtry bultple HSN2 vinases

The ekght genes of the HTND virus ane closely relabed bo svian nfiuenza winses foond Indomestic ducks, wild binds and domsestic poatiey in
Ak, Thee wines Beely emenged from reassortment,” 3 process inowhkch bao oo ancee influenes vinases co-infiect a single haat and exchamge genes.
This can result b the creadion of a noewy nfisenea vinis. Experts think muttipee reassscertenend events bed bo the creation of the H7 RS vines Thewe
eyends mary have ooowmed in habitats shared by wild and domestic birds anadfor in live beedipoubing srarkets. wivere diffesen species of birds ane
scrughit ared sobd foe Sood. As thee sbosee diageam shows, the HTHE vines bely obiained s HA (hemagglutinin) gene from domestic ducks, iks N&
{reurarmdnbdae) gene froen wild beds, and it s remaining genes fiom multiple related HEM2 rfuenca winses in domestic pouling

Canters for Dicestce

Cantrol and Prevention
Mazkonal Cevner for mmunization
aied] Rapiranesy CHUSaS
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Geographic localization of H7/N9, H5N1, H10N8, H5NG

(ot

Total A(HTMY) Cases by :

Province N P2heiang)
Guizhou, Hebei 1
Jilin 2

Guangxi 3
Henan 4
Beijing, Shandong 5
Jiangxi, Xinjiang Uygur &
Anhui 18
Fujian 23
Hunan 24
Shanghai 42
Jiangsu 57
Guangdong 111
Zhejiang 142

A4
&+ | 3cases of H1OMS
A

e .i?ai

Individual Avian Influenza
Cases in China (years)

@ Hi10Ma, 2013- 2014

© H5N1, 2003-2014

@ HsMs, 2014
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Influenza pandemics

—

1918 “Spanish influenza” s 1957 “Asian influenza” 429’53 “Hong Kong inﬁuem"h MNext pandemic influenza

H1M1 influenza virus

I

Bird-to-human

transmission of HIM ] virus

All B genetic segments
thought to have originated
fram avian influenza virus

H2N2 influenza virus
HZM2 HIML
avian wirus human virus

3 new genetic segments fram
avian influenza virus introduced

(HA, NA, PB1):
contained 5 RMA segments
fram 1918

H3M2 influenza virus

H2N2

H3 awian wirus human virus

2 new genetic segments from
avian influenza virus introduced

(HA, PB1):
contained 5 RMNA segments
from 1918

Avian wirus

or HIN2

Axian virus human virus

"/

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

China

HAMZ, Shantou, Shaogan 1998, (V5] =

HEM? . Guanzhols, 1509 (('1) pn

HaM2 Hang Kong, 1999 (0F2)

HIM2, Hong Kong, 2003 (001 ro

HIME2, Hang Keng, 2007 (001 a

HSM2, Shenzen, Hong Kong 2008-2 (0/2) =1
H7MS, x provinces (*), 2013-15 [204/568) mm

“The Netherlands H10ME, Jiangyi, 2013-4 (23] pa
e \| HP H7H7, 2003, (1/85) HEM2, Hong Kong. 2013 (0i) s
‘} : Tn Hamz, B 2014 (001 )iger
2 H , Guangdang, Yunnan, 2014-5 (2/3) e

United Kingdom |
LP H7N7T, 1996, (01} @

LP HTM3, 2006, (0M1)
LP HTNZ, 2007, (0/4) s

300y

= b = ' Eﬂlﬂ m & -
g ik HTONT, 2004, (002 | |Bangladesn W | Taiwan
[iF H7ND, 2012, (V2) - HaNz, 2015 (01) e HIMz, 2011, (01) s - JHer, 2013 (01)
Australig
i H10NT, 2010 (07) mm
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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

Ofitis 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 necnatal size

Lower birth weight

Musculoskeletal

Myositis
Rhabdomyolysis

*More common in children
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membrane
Sialic-acid receptor NA protein

Epithelial cell Infected epithelial cell

Infected cell CD8 T cell

NP
peptide

Perforin

O\,ﬁ""/

TMF

Mature Reviews | Immunclogy
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Source of infection

Hnw Infected Backyard Pouliry uld pread Bird Flu to People

=
X —

— =



Laboratory diagnostics




Distribuce chfipkovych virt v Evropé

Influenza in Europe &
Week 18 (28 April —o4 May 2014) ﬁ««rv-cw

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

Viruses circulating in 2013-2014

Only subtyped viruses are included
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Bo% Influenza trend

based on the percentage of sentinel

60% specimens found positive, by week
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Influenza in Europe &
Data from EU and EEA countries for the 2014-15 season eﬁ,gg.cu

Week 16 (13—-19 April 2015)

Influenza intensity in week 16
based on sentinel reports of influenza-like illness and/or
acute respiratory infections
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Influenza viruses circulating in
2014-2015

Only sentinel specimens are
included
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80% Influenza trend

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