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Influenza virus —factors -
pandemic potential

C.,

Influenza A,B,C virus

1.

Infl A — zoonotic, migrating waterfowl as a
reservoir — low impact of infection, LPAI
RNA virus with segmented genome

Birds — theoretically 160 subtypes, idetified
about 130

A

Obr. 1: Znazornéni viru chfipky a jeho genetické informace
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| .Virus chfipky — reassorment — tvorba novych subtypi kombinaci genetickych segmentt 7;20

1.  Pokud dojde k situaci, Ze jedna burika je infikovana dvéma rliznymi subtypy viry chfipky, mazZe se Obr. 3: Pfiklad reassorment viru ptadi a lidské ch¥ipky
\vl’ytyofit virus, ktery je zcela novy a presto velmi dobfe adaptovany na nového hostitele. Tomuto jevu (pfevzato z https://ziva.avcr.cz/files/ziva/pdf/chripka-
fikame reassortment. infekcni-evergreen.pdf

2. Novost spociva v nové ziskanych segmentech a adaptace je disledkem pritomnosti segment typicky _ )
pro virus béZné cirkulujici v populaci ¢lovéka, nebo v populaci ptakd, v soucasné situaci napfiklad v Lidsky virus  Virus 1: lidsky Virus 2: ptadi
populaci rackd. 3- »

3.  Virus ptaci chfipky muze v pripadech, Ze je clovék vystaven vysoké virové davce pfimo infikovat ,h{ # m"e Y & "’-('
clovéka i jiné savce. VétSinou viak nedochazi k takové adaptaci viru, aby se virus ddle prenasel v lidské "'.I R r’ “.I o !’“ 3 }"'
populaci. Velmi dlouho se predpokladalo, Ze dllezitym mezihostitelem pro vytvoreni viru pochazejiciho o&~%’ﬁ. o f“‘"‘",% "J‘-... Ao
z ptadi fise, ktery by byl pIné adaptovan na Clovéka, je tfeba prasete jako mezihostitele. Prasata jsou 13 i3 .
béziné infikovana viry lidské chfipky, sou¢asné maiji své praseci viry chfipky a stejné tak je mozné je
infikovat i nékterymi viry ptaci chfipky. ﬁmym =

4. Reassorment je proces, ktery neni ndhodny, ale presné mechanismy, které umozni kombinaci i
nékterych segmentl a jinych naopak neumozni, nezname. U nékterych subtypl zname velmi mnoho Replikaaé“ xi‘l{ .3-4-(
kombinaci, nékteré jsou naopak dlouhodobé stabilni. genonyl 1 g}: :i Ai:'

5.  Prikladem vysoce promiskuitniho segmentu, tedy segmentu, ktery je nalézan v mnoha kombinaci s o %
subtypl ptaci chtipky je pravé segment kddujici H5. E"WW“&:\\_ MXReplikace

Vysoce (HPAI ) nizce patogenni (LPAI) viry ptaci chripky g A genomy

V tomto pfipadé se tyka pouze terminu veterinarniho. Obr. 4 b~ R '

Zname pouze 2 subtypy ptaci chfipky, které se kromé Avian Influenza Viruses R -~ =

nizko patogenni formy (tedy typického ptaéiho viru) Low Pathgenicity Highly Pathogenic e =

vyskytuji i v takzvané vysoce patogenni formé. Jedna se o :*L1 P~AH '1) 5 (: g & *L )7 Z

subtypy H5 a H7. Vysoce patogenni tvorba se vytvori : o ,3-,.8 .“L‘.{o

T p , , Localized Pvevdli Y ~

pouze tehdy, je-li infikovana nizce patogennim subtypem Respiratory, °'f e !n bt

H5/H drlbez. V pfipadé onemocnéni ptakud (véetné Gl tract ,:j_*’vn . ,&:::E’ 0’}\ .&.

drlibeze) nizce patogennim subtypem viru chtipky, je R e X :‘.',' T ‘\_':, r 113 % "‘t '”

virus lokalizovan pouze v respiracnim a urogenitalnim ; ;2 ;"& e j;';‘ Virus 1 2}., 3 VH’US 2

traktu. V pfipadé vysoce patogenni formy H je virus S vt . '«I"(\‘

rozSifren do vSech tkani, v€etné podkozi nebo nervové e e 5

tkané. Proto neni manipulace s ptaky uhynulymi na

vysoce patogenni chfipky bezpecna.



H5N1/Nx — vlastnosti ovliviujici pandemicky ¢i panzoonoticky potencial

Vlastnosti viru

Segmentovany genom - reassortment + adaptacni mutace na savce + mutace vedouci ke zménam v klinickém
prabéhu u dribeze (pozdéjsi uhyn o 2 aZ 3 dny)

1.

4,

5.

inaparentnich i velmi vaznych

Ochota H5 k reassortmentu s bézné cirkulujicimi viry LPAI cirkulujici u rdznych druh( bez zdvaznéjsich dopadl =
hromadné uhyby volné Zijicich ptak( nejriznéjsich druht drive adaptovanych na ptaci chfipku véetné dravcu a
mrchozZravych ptakul —

* ohrozeni nékterych vzacnych druh( ptakd, véetné dravcl dopad na ekosystém

* Vysoka virova davka v prostredi v pripadé hromadnych Uhynd — moznost dalSiho Sifeni — napf. psi, kocky, lidé

Velké spektrum infikovanych savcli bez ohledu na genotyp — masozZravi a mrchoZzravi savci
* Ohrozeni nékterych druh jiz tak vzacnych savc(, predevsim morskych (lachtani, kytovci)
e Zavainé neurologické projevy u nékterych druh savcl prfipominajici vzteklinu (lisky, kocky, psi bez priznakt —
teoretické ohrozeni majitele)

MozZnost Sifeni ve chovech drlibeZe i pres prFijata pfisna opatieni (Moravskoslezsky kraj), véetné
pozdniho rozpoznani infekce v chovu
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Celorocni cirkulace — globalni rozsireni

Mirné zvysené riziko pro clovéka — aktudlné vétsSinou zaznamenano jen malo pripadd, a to i témér



Diverzita H5N1 jako A
duUsledek reassortmentu
HPAI x LPAI

1997 — prvni detekce — husa Guandong

Phylodynamics of Influenza virus H5Nx across the Globe
Updated by Fundacio Oswaldo Cruz (FIOCRUZ) and enabled by data from @HED

Showing 1 178 of 1 178 genomes collected between Jan 2016 and Aug 2024, last updated 2024-09-06

October 2022-April 2023

Phylogeny & | ZOOMTO SELECTED | RESETLAYOUT

Clade A

B 2132 O 2344
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O 23440

Evropa genotypy 06/2023-09/ 2024: AB BB DA DB DG DI

Subtype |Genotype Reference virus PB2 |PB1 |[PA |HA |[NP |NA [MP |NS [N.viruses
AB H5N1 A/duck/Saratov/29-02/2021-like 600

BB HS5N1A/Herring_gull/France/22P015977/2022-like 226

CH HS5N1 A/Eurasian_Wigeon /Netherlands/3/2022-like 116

cc H5N1 A/chicken/Germany-NI/AI04794/2022-like 33

AF HSN1 Afchicken/Italy/1Z5LT122448_21VIR9218-1/2021-like [ 16

c H5N1 A/Eurasian_Wigeon /Netherlands/1/2020-like 5

cB HS5N1 A/Mallard/Netherlands/19/2022-like 2

CA HS5SN1 A/Mallard/Netherlands/18/2022-like 1

CF HS5N1 A/mallard /italy/22VIRS762-1/2022-like 1

H5N1 co H5N1 Afswan/Italy/22VIR10875-2/2022-like 1
G H5N1 A/flamingo fitaly/22VIR11494-1/2022-like 1

cl H5N1 A/Great_Cormorant/Netherlands/1/2022-like 1

CK HSN1 A/chicken/Poland /HO5-N/2023-like 1

M H5N1 A/Corvus_monedula/Belgium/11918_0006/2022-like 1

CN H5N1 Afgreat_egret/France/22P021741/2022-like 1

co H5N1 A/Peregrine_falcon/Netherlands/4/2023 1

cP HSN1 A/Peregrine_falcon/Netherlands/4/2024 1

CE HSN1 Aflaying_hen/Spain/3135-17_22VIR10586-1/2022-like 1

CR H5N1 A/pheasant/England/251536/2022 1
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@ Temporal dynamics of the virus genotypes: January 2021 - April 202
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Vyvoj H5N1 od roku 2020

Virus H5N1, ktery aktudlné cirkuluje v USA (klada 2.3.4.4.b, genotyp B3.13) je dUsledkem reassortmentu 6

H5N8
2344b

Eurasian P/

\2 ff—/

é Panzootic H5N1
2344b

virQ ptaci chripky:

Z:.FZU

H5N1, H11N9x2, H3N8x2 and HE6N2 https://doi.org/10.1080/22221751.2024.2380421
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22nd, Mar, 2024



istribution of reported HPAI virus detections, 10 Sep — 2 Dec 2022

HPAI detection
® A(H5N1), domestic birds (887) ®  A(H5N4), dome(2): birds (1) @  A(Not typed), domestic birds (1) >
QQ‘-'—*““"" | % A(H5N1), wild birds (656) %  A(H5NS), wild birds (3) %  A(Not typed), wild birds (1)
—
S ®  A(HS5N2), domestic birds (2) ®  A(H5NXx), domestic birds (2)
%  A(H5N2), wild birds (1) %  A(H5Nx), wild birds (2)
Author: EFSA
Data sources: ADIS, WOAH

Date upcated: 02/12/2022
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HPAI detection
® A(HS5N1), domestic birds (819) @  A(H5NS), domestic birds (1) ®  A(Not typed), domestic birds (2) [~ ~—
~—‘?:_ %  A(HSN1), wild birds (1,250) ®  A(HS5Nx), domestic birds (16) %  A(Nol typed), wild birds (5) .E'

®  A(H5N2), domestic birds (9) % A(HSNx), wild birds (29)

Report: December 3 2022 — March 1, 2023 ‘=i

O

. * Serological positivity
* Mortality events

Figure 3. Avian influenza outbreaks and main migratory routes of wild birds. Region of the
Americas, March 2007 to October 2021 and November 2021 to December 2023.

November 2021 to December 2023

Tuesday, October 31, 2023

EID Journal: Mass Mortality of Sea Lions Caused
by HPAI A(H5N1) Virus (Peru)
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@ Marine
Semiaquatic
@ Terrestrial
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Figure 1 Geographic Figure 2 Characteristics
location of mammal of mammal species
species... affected...

ici se spektrum savcu

Figure 3 Characteristics
of mammal species

Plaza PI, Gamarra-Toledo V, Eugui JR, Lambertucci SA. Recent Changes in Patterns of

Mammal Infection with Highly Pathogenic Avian Influenza A(H5N1) Virus Worldwide.
Emerg Infect Dis. 2024 Mar;30(3):444-452. doi: 10.3201/eid3003.231098. PMID:

38407173; PMCID: PMC10902543.

* PB2 E627K, D701N



Adaptacni mutace

Obrana proti virim ptaci chripky

BTN3AS3 butyrophilin subfamily 3 member A3
ANP32A a ANP32B -

slouzi k modifikaci a remodelaci chromatinu

Ilg%?ktory pro aktivitu virové polymerazy, subjednotky

urcuji permisivitu hostitele:

jedinecna inzerce 33 aminokyselin v ptacim ANP32A
avANP32A), ktera se nenachazi v lidskem ANP32A
huANP32A), urcuje, ze virus je ptaci.

E627K

Ve vsechpandemickych virech od roku 1918 do roku 2009

v PB2 podjednotce umoznuje efektivni mnozeni viru v
lidskych bunkach.

PB2: M631L, R340K, E249G
NEP:Y41Ca E/5G

C.,

Avian cells

PB2 -627

Strong interaction

(W
E

High polymerase
activity

Human cells

- PB2 -627E

A ANP32ANG
Weak interaction

Low polymerase
activity

Human adaptation

(PB2 LO2TE -eaietroaesun st S

Interaction-independent

functional compensation

A

' PB2 -627K

* . 1



https://x.com/hashtag/E75G?src=hashtag_click

C.,

Butyrofiliny

* membranové proteiny patfici do skupiny imunoglobulin(
* Geny pro butyrofilin (Btn) tvori podskupinu nejméné 10 genU ¢lovéka, mysi, kravy, kozy a dalSich druht

* Exprese
* béhem laktace v sekre¢nim epitelu mlécné Zlazy.
* v kosternim svalstvu a strevech a erytroidnich bunkach.

* Siroce exprimovany v mnoha tkénich, coZ naznacuje, Ze strukturalni domény protein Btn mohou mit jak univerzalni, tak
tkanoveé specifické funkce.

* Mezi typy patfi:
 BTN1A1 - Reguluje sekreci kapének mlécného tuku

* BTN2A2 - Podili se na metabolismu lipid(, mastnych kyselin a sterol
 BTN3A1 - Predstavuje fosfoantigeny gama delta T bunkam



Adaptacni mutace ¢

* PB2 spojené s adaptaci viru ( Evropa: E627K, D701N nebo K526R, USA: E627K , M631L,
R340K, E249G) — ovlivnéni dvou zasadnich kofaktord BTN3A3 (butyrofylin — membranovy
protein podobny imunoglobulinum, inatni imunitni rezistence, epitel dychacich cest) a
ANP32A/B — jaderny protein podilejici se na remodelaci chromatinu

 HA S133A, S154N, T156A,

* NP-Y52N, Y41Ca E75G

* zvySeni polymerdzové aktivity a replikace u savcU

e zvysSena virulence;

» zvySend/udélend odolnost vici antivirotikiim;

e zvysena in vitro vazba na receptory lidského typu alfa2,6-SA;
* snizena antivirova odpoveéd u fretek;



Mixing vessel?

Influenza A virus receptors htt dol org/10. 1101 2024 05.03. 592326
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C) distribuci viru ptaci chripky. D) silnou jadernou a
intracytoplazmatickou imunoreaktivitu intaktnich a
odloupnutych epitelidlnich bunék v alveolech mlécné Zlazy. doi:

10.3201/eid3007.240508
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/drojem nakazy cloveka nejsou
jen kravy, ale i drubez (kocky,

MYySsi

Full genome analysis of the ongoing influenza A/H5N1 cattle outbreak in North America

@

Showing 1355 of 1355 genomes sampled between Jan 2024 and Aug 2024.

Phylogeny
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United States: H5N1 Detections in Domestic Cats, Nov 2022 to Present

13

Detections in Domestic cat %

Detections in Livestock
Since March 2024

Reported affected states
Reported affected counties [



G‘m H5N1 — detekce viru v USA

H5N1 je detekovana RNA viru Chﬁpky typu H5N1-infected dairy herds as confirmed by USDA

A v odpadnich vodach nékterych statd, cumulative national tally: 491
posledni data uvadi tabulka 1, .

Virus je rovnéz detekovan u volné Zijicich -
ptakd, tedy v USA se opakuje situace z
Evropy, kdy doslo k vymizeni sezénnosti. 100

2024 U.S. Highly Pathogenic Avian Influenza in Livestock @

H5NT1 Livestock Detections and H5 Influenza Wastewater Data Chooss e perod _Chooss species ———
o0z time perio 1003e species click for International Exports

i : Total Outoreak Cattie Situational Update . .
Herd detections from 7 Mar to 30 Aug 2024; Wastewater data from 16 May to 4 Sep 2024 € @FluRadar_ P [C00ms ) [Gae 7] Situational Update
In the Total Outbreak, in Cattle, there were: .
491 Confirmed Cases in 15 States In the Last 30 Days, in Cattle, there were:
188 New Confirmed Cases in 3 States
. - Legend
Number of Confirmed Cases in Cattle by State, 0 M 251050 Legend
Total Outbreak 1010 W 51t075 Number of New Confirmed Cases in Cattle by State, 0 W 0
W1t025 W75+ Last 30 Days 1103
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Currently, there have been 2 total of 277 confirmed case(s) during the Total Outhreak. lg% - A
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astewater! ites Influenza A(H5N1) Detections in Livestock
H5 Marker has been detected at 29 wastewater sites in 9 states. 198 herds confirmed (196 dairy herds, 1 alpaca herd, 1 goat herd) in 14 states. AK H L
@ H5 detected at the site H5 not detected at the site Reported affected states M Reported affected counties* ®
: HI
1 *Some herd detection counties are reported to WOAH with altered location for privacy: CA (Sacramento), CO (Broomfield), WY (Albany), SD (Hughes), OK (Oklahoma), and NC (Wake)
PR

Data Sources (as of Sep 9, 2024): WastewaterSCAN: These data were collected as part of a partnership between Stanford University, Emory University, and Verily funded
philanthropically through a gift to Stanford University. Citation: Boehm, A.B., Wolfe, M.K., Wigginton, K.R. et al. Human viral nucleic acids concentrations in wastewater solids from
Central and Coastal California USA. Sci Data 10, 396 (2023) | World Organisation for Animal Health (WOAH) | Minnesota Board of Animal Health -




Z;ZU Lidské pripady ptaci chripky H5 v USA - aktualizace k 29. rijnu 2024

5 serologicky pozitivnich pfipadl, metodou reverzniho mapovani se snazi CDC urcit, zda protilatky byly vytvoreny v disledku mirné
infekce H5N1 2.3.4.4b.

Michigan — 7% seropozitivita u osob v ohniscich u dojnych krav

experimentalné prokazan prenos vzdusnou cestou u mysi a fretek, (Gu, C., Maemura, T., Guan, L. et al. A human isolate of bovine
H5N1 is transmissible and lethal in animal models. Nature (2024). https://doi.org/10.1038/s41586-024-08254-7).

Epizoocii u driibeZe je postizeno 48 stat(, 15 stath Celi epizootickému vyskytu u krav (vyskyt prokdzan u celkem 492 stad), aktualné
virus cirkuluje ve 188 stadech krav pouze v Kalifornii, Utahu a Idaho.

Nové byl detekovan jeden pripad onemocnéni H5N1 v Kanadé, v Britské Kolumbii, jedna se o clade 2.3.4.4b H5 a genotyp B.3.13.
https://www.canada.ca/en/public-health - téZky stav, 15lety zdravy chlapec

V ramci Siteni viru v Severni Americe se objevuji nové genotypy, které vznikaji reasortmentem s nizce patogennimi viry ptaci chripky.

State Cattle Poultry Unknown State Total

California 21 0 0 21

Colorado 1 9 ] 10

Michigan z 0 0 2 * CDCinaddle hodnoti riziko nakazy ptaci chripkou pro
Missouri 0 0 1 1 béZnou populaci USA jako velmi nizké.

Texas 1 0 0 1

Washington 0 11 0 11 https://www.cdph.ca.gov/Programs/OPA/Pages/NR24-035.aspx

https://gis.cdc.gov/grasp/fluview/Novel Influenza.html

Source Total 25 20 1 46


https://www.canada.ca/en/public-health
https://www.cdph.ca.gov/Programs/OPA/Pages/NR24-035.aspx
https://gis.cdc.gov/grasp/fluview/Novel_Influenza.html

JV Asie: 2.3.2.1.c
1/2003 - 07/2024 260, CFR 55%.

Kambodza 10 ( 1 x reassortment) 17

Od 2003 - 72 pripadu, 43 umrti (smrtnost 59,7 %).

Australie 1
Cina 1
Vietham 1

USA —2.3.4.4B (B.3.13)
46 pripady, 1 bez. epid souvislosti

Kanada — 1 tézké onemocnéni (DI)
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Humanni infekce

H5N1 influenza: monthly reported cases
Monthly reported human cases of H5M1, a type of highly-pathogenic avian influenza. Only a small fraction of potential cases are
tested by labs to confirm whether they have influenza and to identify their strain.

| Chart
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16

Luhl

Jul1, 2024



Avian influenza overview June-September 2024 Sperimentale dells Vansis
.

w‘%c 8 JOURNAL

Istitute Zooprafilatiico [ SESEE

Table 4: Human cases due to avian influenza viruses reported globally, including virus
subtypes reported in 2024

New cases
reported

21 June-20
September
2024

Number of
reports with Total cases Countries reporting

disease onset or (deaths) human cases
detection in 2024

A(H5N1)

A(H5N2)

A(H5N6)

A(HON2)

A(H10N3)

A(H10N5)

Six cases of
A(H5N1) and five
cases of A(H5) in
the USA"; five
cases in
Cambodia
(including one
death).

One fatal case in
China.

One case in
China;
one case in
Ghana.

27 909 (464) A total of 24 countries

since 2003. reported cases.

EU/EEA: Spain, with virus

fragment detections in two

poultry workers (considered

to be contamination and not

productive infections).

1 1 (1) first Mexico (1).
reported in
2024.

3 93 (38) China (92), Laos (1).
since 2014.

107 140 (2) No EU/EEA country.
since 1598.

China (124), Egypt (4),

Bangladesh (3), Cambodia

(2), India (2), Ghana (1),

Oman (1), Pakistan (1),

Senegal (1), Vietnam (1).

1 3(0) China (3)
since 2021.

- 1 (1) first China (1)
reported in

2024,
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,,ZSZU Influenza virus - doporuceni ECDC k intenzivnéjsi surveillanci

Doporuceni ECDC v ramci prevence prenosu ptaci chripky na clovéka:

 Neomezovat virologickou surveillance pouze na respiracni sezonu.

* Subtypovat vSechny SARI vzorky pozitivni na chfipku typu A, a v pripadé onemocnéni encefalitidou Ci
meningoencefalitidou je treba zvazit i vysSetreni na chripku A. Vsechny tyto vzorky je tfeba zasilat do NRL.

* Informovat |ékafe o symptomech typickych pro infekci H5SN1 (respiracni onemocnéni, kojnuktivitidy, encefalitidy a
meningoencefalitidy) a v pripadé pozitivni epidemické anamnézy zajistit vysetreni na chripku A

* V ohniscich ptaci chripky zvysit epidemicky dohled nad osobami vystavenymi riziku nakazy

e Zvaiit serologické vysSetreni infekci exponovanych osob

* Na zakladé aktualné dostupnych informaci WHO/ECDC hodnoti soucasné riziko pro obecnou populaci, které tento
virus predstavuje, jako nizké.

* V soucasnosti detekuje SVS ohniska H5N1 u drlibeze ani ohniska v populacich volné Zijicich ptaku. Presto je vhodné
subtypovat vsechny vzorky pozitivni na chripku typu A a v pripadé onemocnéni encefalitidou ¢i meningoencefalitidou
je treba zvazit i vysetreni na chripku A. VSechny tyto vzorky je treba zasilat do NRL.

* Inaktivovana vakcina pro dospélé: Seqirus A/Astrakhan/3212/2020 (H5N8)-like strain (CBER-RG8A) (clade 2.3.4.4b)
EMA)

ECDC zdro;j:
https://www.ecdc.europa.eu/sites/default/files/documents/Enhanced%20test%200f%20severe%20avian%20influenza%20virus%20infections.pdf



https://www.ecdc.europa.eu/sites/default/files/documents/Enhanced%20test%20of%20severe%20avian%20influenza%20virus%20infections.pdf
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e Subtypovat vSechny SARI vzorky pozitivni na chfipku typu A, a v pripadé onemocnéni encefalitidou ¢i meningoencefalitidou je
tfeba zvazit i vySetreni na chripku A. VSechny tyto vzorky je tfeba zasilat do NRL.

* Informovat |ékafe o symptomech typickych pro infekci H5SN1 (respiracni onemocnéni, kojnuktivitidy, encefalitidy a
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* V ohniscich ptaci chripky zvysit epidemicky dohled nad osobami vystavenymi riziku nakazy

e Zvaiit serologické vysSetreni infekci exponovanych osob

* Na zakladé aktualné dostupnych informaci WHO/ECDC hodnoti soucasné riziko pro obecnou populaci, které tento virus
predstavuje, jako nizké.

* V soucasnosti detekuje SVS ohniska H5N1 u drlibezZe ani ohniska v populacich volné Zijicich ptaku. Presto je vhodné subtypovat
vsechny vzorky pozitivni na chripku typu A a v pripadé onemocnéni encefalitidou ¢i meningoencefalitidou je treba zvazit i
vysetreni na chripku A. VSechny tyto vzorky je treba zasilat do NRL.

Inaktivovana vakcina pro dospélé: Seqirus A/Astrakhan/3212/2020 (H5N8)-like strain (CBER-RG8A) (clade 2.3.4.4b) EMA)

ECDC zdroj:

It+tinece/ /iananar acrA~ AtircnmnAa Attt /civac/lAafAaiil+/7€ilac/AAarmiimnanntc/ECnbhAancadd/ 90+Ac+0/IdINAE0/ INecArviarand/ dDN-av/iAn0/IdNinfliian=20/ YN /sivii1c0/


https://www.ecdc.europa.eu/sites/default/files/documents/Enhanced%20test%20of%20severe%20avian%20influenza%20virus%20infections.pdf

MpoXx -

Outbreak clade Il - subclade llb mpox vice nez 100,000 pripadl ve 122 zemich (115 nova infekce)

MPXV Ib aktudlni situace k 29. fijnu 2024
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Evoluce Orthopoxviru, VARV a MPXV ﬁ‘w

* Na zakladé soucasnych sekvenacnich VARV DNA a DNA novych druhu
orthopoxvirl — zmeény v molekularni evoluci

e Orthopoxviry Staréeho a Noveho sveta se oddélily priblizné pred 40 000
lety;

* Moderni druhy orthopoxvirt vznikly pred 1700 az 6000 lety, s vyjimkou
VARV, ktery se objevil priblizné v roce 300 naseho letopoctu.

* K oddéleni genetickych variant nékterych druht doslo pozdéji -
 MPXV clade Il (WA) vznikl priblizné pred 600 lety a
* subtyp VARV minor alastrim se objevil pfiblizné pred 300 lety.
* MPXV llb 2016
* MPXV IB-2024



MPOX - clade Il —souhrn

1958 u makaka (Macaca fascicularis) v Dansku /SZU
Od 1970 — souvislost s eradikaci varioly a ukoncenim ockovani v 2 oblastech

Kongo bazén - clade | (80. —90. léta ohniska Kongo, Sudan, az 10% CFR) a v

Zapadni Africe (Nigérie) clade Il — méné pripadl, mirnéjsi symptomy

2003 - tajemna choroba USA souvisejici s prodejem , pets” — psoun prériovy, zdroj krysa obrovska—
detektivka MPOX clade Il

2017-18 Nigérie + 16 ZA zemi, epidemie, predevsim déti — Izrael, Velka Britanie,
2019 Singapur
2021 Velka Britanie

2022 - epidemie USA, Evropa (pas Portugalsko, Spanélsko, Némecko, Dansko, pfima evoluéni

navaznost na 2018 kmeny z Nigérie, pravdépodobné skryté Sifeni, detekce i v CR, majoritni postizenou

skupinou MsM, HIV pozitivni
Vi 2022 Outbreak Endemic Pre 2022 Non-Endemic Pre 2022
2022 Multi Country, n=81000+
[1970-2017 DRC, n=1000+ per year
984 CAR, n=6 2005 SSD, n=19
E 970 LBR, n=4 2003 USA, n=47
=
979 CMR, n=2 12017 LBF2019 GBR, n=1
71 G, n=i) 009 c00. 02
: 987 GAB, n=5
jom CAR, n=4 |
1;0 70 1989 2001 2009
1978 NGA, n=1
1989 CMR, n=4
1971 NGA, n=2
2003 COD, n=11
2010 CAR, n=2
1970 SLE, n=1 TR




Endemické obl
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Genomic epidemiology of mpox viruses across clades

@ Built with nextstrain/mpox. Maintained by Nextstrain team. Data updated 2024-11-02. Enabled by data from GenBank. szU

Showing 543 of 543 genomes.
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MPXV

Referenéni kmen: Monkeypox virus UK/MPXV-UK_P2/2020

Genom: centralni konzervovana oblast: "housekeeping" geny (transcripce, replikace, assembly)

Geny v terminalnich oblastech se lisi dle prislusnosti k rodu, druhu a ovliviuji virulenci, patogenitu, hostitelské
spektrumu.

Pojmenovani genu: Hindlll RE digesce vaccinia viru — podle velikosti od A az P, dale jsou ¢islovany a podle sméru
transkripce znaceny R doprava, nebo L, doleva

E9L -fragment E, 9. pozice, transkripce doleva.

Mutacni rychlost? 10 az 10°® na nukleotid/rok (o 1 az 3 rady pomaleji nez virus spalnicek),.

Fundamentals of Molecular Virology, 2nd Edition; N. H.
Acheson, Wiley ISBN: 978-0-470-90059-8
Monkeypox reference strain: Nextstrain, Richard Neher.

Left terminal region Central conserved region Right terminal region
> < > £

C NM K F E oF | G L H D A B
[ITH ITH]

ITR= Inverted terminal repeats


https://www.wiley.com/en-us/Fundamentals+of+Molecular+Virology%2C+2nd+Edition-p-9780470900598
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Priciny plasticity genomu Poxviridae
- nejen APOBEC3 C=T (A)

e cytidin deaminaza innatni obrana (retroviry, HIV,
herpetické viry)



Orthopox

C..
* Cytoplazmaticka lokalizace — na rozdil od jinych DNA virQ
nepotreuji inkorporaci do bunécného jadra (vyjma African swine
fever viru) — kompartmenty: viral factories (VFs).

* Prichyceni na bunku - glycosaminoglycany (GAGs) =
* endocytosu nebo
apoptotic mimicry

* X Old World arenaviry (Lassa — haemporhagic fever), koronaviry, influenza A
virus, herpes simplex virus 1


https://viralzone.expasy.org/by_protein/956
https://viralzone.expasy.org/by_protein/5996

Fosfatidylserin APOPTOTIC MIMICRY qézv

* Fosfatidylserin (zkratka Ptd-L-Ser nebo PS) je fosfolipid (konkrétné
glycerolfosfolipid), ktery je slozkou bunécnych membran

VVVVVV

* vyskytuje se témer vyhradné ve vnitrnim listu membrany,

* Diky fosfatidylserinu muze napf, rada signalnich proteinl rozeznavat
vnitrni stranu membrany (napfr. proteinkinaza C).

* Kdyz se fosfatidylserin objevi na vnéjsim listu membrany, znaci to
probihajici programovanou bunécnou smrt (apoptozu) a signalizuje to
napr. makrofagum, aby danou bunku pozreli.



https://cs.wikipedia.org/wiki/Fosfolipid
https://cs.wikipedia.org/wiki/Glycerolfosfolipid
https://cs.wikipedia.org/wiki/Bun%C4%9B%C4%8Dn%C3%A1_membr%C3%A1na
https://cs.wikipedia.org/wiki/Elektrick%C3%BD_n%C3%A1boj
https://cs.wikipedia.org/wiki/B%C3%ADlkovina
https://cs.wikipedia.org/wiki/Proteinkin%C3%A1za_C
https://cs.wikipedia.org/wiki/Programovan%C3%A1_bun%C4%9B%C4%8Dn%C3%A1_smrt
https://cs.wikipedia.org/wiki/Apopt%C3%B3za
https://cs.wikipedia.org/wiki/Makrof%C3%A1g
https://viralzone.expasy.org/by_protein/5996

Orthopoxviry — imunomodulacni NSP ﬁu

BR-203: virulence protein

role in avoiding apoptosis of infected lymphocytes

BR-209: interleukin-1B binding protein

prevents IL-1B from binding to the IL-1 receptor - affects the inflammatory response upon infection
COP-C3L: complement control protein

inhibits early steps of the host complement cascade - The ortholog present in variola virus has been
called the smallpox inhibitor of complement enzymes (SPICE)

COP-A44L: hydroxysteriod dehydrogenase

influences virulence by increasing steroid production, leading to suppression of the immune system
COP-B7R: virulence, ER-resident protein - ???

COP-C10L: IL-1B antagonist

structurally resemble IL-1 receptor antagonist, a protein whose function is to inhibit IL-1

COP-E3L: IFN-resistance protein

The monkeypox virus only codes the short E3L protein (the C-terminal domain that binds double-
stranded RNA) due to mutations in the gene (49). Thus it is unclear what activity the protein encoded by
monkeypox has.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2567051/#R49
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MPOX clade Il/llb

Prenos sexualni cestou 82.5 - 96 %

Primy kontakt 5-17 %
Kapénkami

Symptomy:
Jakakoli vyrazka
Horecka

Systémovy vysev
Vysev na genitaliich

lymfadenopatie (maxilarni, cervikalni, inguinalni)

HIV pozitivita

90.3%
58.2%
56.0%
50.6%

52.7%

h-...hmh-..h..‘h-.

31



Klasicka klinicka manifestace
(clade 1/1a/1b)

* pripomina variola vera

* prubéh je mirnéjsi s nékolika odchylkami

* inkubace 7-21 dni

* prodromalni obtize — bolest hlavy, svalu, horecka

* lymfadenopatie (maxilarni, cervikalni, inguinalni)

e exantém na dlanich a ploskach
* obvykly je vysev exantému centrifugalné

* morfy obvykle v jednom vyvojovém stadiu makula-papula-vezikula-pustula-
krusta (na rozdil od VZV)

* komplikace — bronchopenumonie, postizeni GIT, encefalitida, keratitida
e smrtnost 1 % u WA clade, az 11 % u CB clade



Prevence a lécba

* pulvodni ockovani proti variole az 90 % imunnich 25 — 75 let
po vakcinaci

* Vaccinia virus, vzdy 2 davky, 85 % protekce

* Dryvax FDA 1931 (produkce na kuzi telat) ukonéena vyroba

« ACAM2000 — odvozen od klonu Dryvax, pfiprava na bunécéné
kulture

* JYNNEOS/Ivamex modifikovany Zivy virus Ankara-Bavarian
Nordic (MVA-BN), ktery se nereplikuje

* LC16 -3 generace

e Antivirotika

» Cidofovir/Brincidofovir
* Tecovirimat

* vakcinia IG (VIG)

Antiviral drugs

Coll to coll transmission

Sources: CDC Smallpox Prevention and Treatment

Cidofovir @

Class: Viral DNA polymerase inhibitor

Status: Under testing, emergency use possible
Target: Viral DNA polymerase " *%.¢

Administration: Injection

Notes: Repurposed drug approved against herpes viruses. It inhibits viral replication
by selectively inhibiting viral DNA polymerases. It also incorporates into viral DNA,
inhibiting viral DNA synthesis during replication.

Brincidofovir (Tembexa) ©

Class: Viral DNA polymerase inhibitor

Status: Approved (FDA 2021)

Target: Viral DNA polymerase " *%.*

Administration: Oral

Notes: Is a prodrug of cidifovir. The compound conjugated to a lipid is designed to
facilitates entry into cells, allowing higher intracellular and lower plasma
concentrations.

Tecovirimat (ST-256) ©

Class: viral phospholipase inhibitor
Status: Approved (FDA 2018)
Administration: Oral

Target: Envelope phospholipase F13 7.7

Notes: Prevents the second envelopment of the mature virion in the Golgi, preventing
cell-to-cell transmission of the virus.

Hammarlund, E., Lewis, M., Hansen, S. et al. Duration of antiviral immunity after smallpox vaccination. Nat Med 9, 1131-1137 (2003). https://doi.org/10.1038/nm917

Lum FM, Torres-Ruesta A, Tay MZ, Lin RTP, Lye DC, Rénia L, Ng LFP. Monkeypox: disease epidemiology, host immunity and clinical interventions. Nat Rev Immunol. 2022 Oct;22(10):597-613. doi: 10.1038/s41577-022-00775-

4. Epub 2022 Sep 5. PMID: 36064780; PMCID: PMC9443635.



Rezervoar

Krysa obrovska

africké veverky rodu Funisciurus,

nebo plSi rodu Graphiurus (perzistujici infekce)

Pro virus citlivych zvirat je pravdépodobné mnohem vice:
Primati: mangabej - Cercocebus atys

psoun prériovy - Cynomys ludovicianus,

vacici opossum (Didelphis marsupialis), ¢incila (Chinchilla
lanigera), kopytnici, rejsci, jezci (Atelerix spp.)

sz0




Conasceka? MPXV

* Endemicky virus mimo dosavadni typicky region?
e Rozsireni hostitelského spektra?

* Rozsireni klady | (Congo basin clade) mimo Kongo? — pfiklad Sudan

. diverzifikace la/lb

* Evoluce doprovazena ztratou genu ci jejich usekt a rekombinacemi u klad lla a llb (West African clade)?
e Tedy evoluce k vyssi klinické zavaznosti?

* Povinne ockovani? x Mystery ailments, asymptomatic individuals: Spotlight on monkeypox in chimps

by Shreya Dasgupta on 5 June 2020 f ’ in @ E l]

Nelze zapominat na:

« Sifeni viru v zoonotickém rezervoaru v Africe

» Zoonotické atypické symptomatologie
(asymptomatické Ci pouze respiracni projevy
u Simpanz()

e Neuroafinitu viru

« Sitfeni vzdugnou cestou
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