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Magnus Johanssons flavivirusforskning
vid Orebro universitet!
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BSL-2 laboratorium for virus kultivering. %0 s
Langat virus, Kunjin virus och Zika virus

Studier av mekanismen for
inflammation orsakad av TBE och
andra flavivirus.

Genetiska studier av TBE och hur
viruset replikeras.

Att anvanda flavivirus som en
barare for nya vacciner.
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Kan vi utveckla ett nytt TBE vaccin
genom att anvanda vaxter?
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Familjen Flaviviridae

Liten virion, 50 nm

Lipidholje,

Fyra slakten
-Hepacivirus
-Pestivirus
-Pegivirus
-Flavivirus t.ex. Dengue virus, West-Nile virus and TBE virus

Positiva enkelstrangade RNA virus



Worldwide distribution of the vector-borne flaviviruses:
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Infektionscykel for flavivirus |
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West Nile Virus Transmission Cycle

In nature, West Nile virus cycles between mosquitoes (especially (dasptélﬂmdhlds Some infected birds, can develop high levels of the virus
In thelr bloodstream and mosquitoes can become infiected by biting these infected bieds. After about a week, Infected mosquitoes can pass the virus
to more birds when they bite.

with West Nile virus also bite and infect people, horses and other

e b

[ h horses and other mamimals are Yead end'
hosts. This means that they do not develop high levels of virus in their bloodstream, and cannot pass the virus on to other biting mosquitoes.
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Kalla: Reinhold et al. Insects, 2018, 9, 158

2019-11-12 10



DENV 2
DENV 3
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DENV 4

JEV
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Dendrogram based on E protein amino acid identity (%) of the most important
human pathogenic flaviviruses. DENV, dengue virus; JEV, Japanese encephalitis
virus; WNV, West Nile virus; YFV, yellow fever virus; TBEV, tick-borne encephalitis

VIirus.
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Flavivirusgenomet

From: Rewiring cellular networks by members of the Flaviviridae family

a Flavivirus
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Kalla Neufeldt et al. 2018.
Nature reviews vol 16, 125-142



Flavivirusets livscykel
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Flavivirusets livscykel
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Kalla Neufeldt et al. 2018.
Nature reviews vol 16, 125-142
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Flavivirus replikering

Aa DENV ZIKV

A\ Negative-strand RNA — “HHl  DENV NS2A
Positive-strand RNA ’ DENV NS2B-NS3
AAAR  Double-strand RNA 7} DENVNS4A
@ DENV particle [f‘ DENV NS48
-- Capsid @® DENVNSI
"% Envelope proteins DENV NS5 Kalla Neufeldt et al. 2018.

gﬁ% DENV replicase M Host factor Nature reviews vol 16, 125-142



Flavivirus strukturen 2, tﬂ
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Immature Mature

E
TM anchor

Lipid membrane | Nucleocapsid

Flaviviruses and their antigenic sturcture, FX Heinz and K Stiasny,J. of Clin Virol, 55, 2012, 289-295
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Epitoper i E proteinet

Domain-specific

e L

Domain- Subunit-
overlapping overlapping

Flaviviruses and their antigenic sturcture, FX Heinz and K Stiasny,J. of Clin Virol, 55, 2012, 289-295
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Dengue epidemiologi % W
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Sprids av Aedes myggor framst Aedes aegypti men aven A. aegypti
A. albopictus Gulafebernmyggan

3 miljarder manniskor (40% av jordens befolkning) bor i
tropiska/subtropiska riskomraden dar dessa myggor finns

Ca 400 miljoner manniskor infekteras av Dengue viruset
varje ar. A. albopictus
(Asiatisk tigermygga)

100 miljoner manniskor insjuknar arligen i Dengue

22 000 arliga dodsfall "allvarlig Denuge”

Sjukdomsbdrdan ca 1.1 milljoner DALY's (disability
adjusted life years).

Fyra olika serotyper DEN1-4 gor det mojligt att smittas av

viruset upp till 4 ganger i livet.
Kallor: Wilder-Smith et al the lancet, Dengue, vol 393 jan 29 2019
CDC , https://www.cdc.gov/dengue/transmission/index.html
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CDC: Dengue globalt
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Dencut Risk
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Kalla: https://www.cdc.gov/dengue/areaswithrisk/around-the-world.html
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ECDC.: Fall rapporterade mellan augusti-

oktober 2019

Dengue cases
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Date of production: 16/10/2019

Kalla:https://www.ecdc.europa.eu/en/dengue-monthly
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PAN American Health organisation (PAHQO)

PLISA Health Information Platform for the Americas

http://www.paho.org/data/index.php/en/mnu-
topics/indicadores-denque-en/dengue-nacional-en/252-
dengue-pais-ano-en.html
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http://www.paho.org/data/index.php/en/mnu-topics/indicadores-dengue-en/dengue-nacional-en/252-dengue-pais-ano-en.html

Aedes aegypti

Ar aktiv dagtid

Kan sticka flera manniskor under en kort tid

Har specialiserat sig pa Urbana omraden

Forflyttar sig korta strackor inom sin livscykel

Forokar sig i stilla vatten som uppkommit pga aktivitet av manniskor
Klimatforandringar och global uppvarmning leder till utbredning av riskomraden
Befolkningsokning, 0kad urbanisering, 6kad resande, avsaknad av rorledda

vattensystem, daliga myggbekampningsprogram ar drivande faktorer for att
Dengue fortsatter att Oka.

Kalla: Wilder-Smith et al the lancet, Dengue. vol 393 jan 29 2019
2019-11-12




Exempel pa bekdmpning genom kontroll av
myggor och myggbett tg

Undvik myggbett med myggmedel
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Ratt klader, behandlade med permetrin
Hela Myggfonster och luftkonditionering
Ta bort agglaggningsmojligheterna

Myggnat under natten

Information

Kontrollprogram av myndigheter genom integrerad myggbekampning
Biologisk (ex larvivorous fisk ater upp larverna, Wolbachia paverkar vektorkompetensen)
Kemiska (ex Isekticider)
miljomassiga (ex husscreening)

Ha koll pa eventuell resistens som kan uppkomma emot insekticider

2019-11-12 Kallor: https://www.cdc.gov/dengue/mosquito-control/index.html 24
Wilder-Smith et al the lancet, Dengue, vol 393 jan 29 2019



https://www.cdc.gov/dengue/mosquito-control/index.html

Dengue feber 2, UJ £

Dengue "breakbone” feber

Headache

lllamaende och krakningar

Utslag

Vark och smarta

Bone pain Nausea/vomiting

Behandling @

Sok vard och beratta om eventuell resa, Joint:pain

Vila, Paracetamol, drick mycket

Kalla:
https://www.cdc.gov/dengue/symptoms/index.html#anchor_15554268
19180

2019-11-12 o 25



Allvarlig Dengue

Dengue blodarfeber, DHF
Dengue Chock Syndrom, DSS
1 av 20 utvecklar alvarlig Dengue

Kan leda till blodningar, chock och coma,
Kan till och med ha dodlig utgang.

Storre risk om du haft Dengue tidigare

Nyfodda och gravida har okad risk.

Kalla:
2019-11-12 https://www.cdc.gov/dengue/symptoms/index.html#anchor_15554268
19180
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Allvarlig Dengue

Symptom
Spand och ond mage
Upprepande krakningar (minst 3 ganger/24 timmar)
Nas och tandkotts blodningar
Blodiga krakningar eller blod i avforingen
Trotthet, rastioshet, irritation
Behandling

Sok vard snabbt, sjukhusvard

Kalla:
2019-11-12 https://www.cdc.gov/dengue/symptoms/index.html#anchor_15554268
19180
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Allvarlig Dengue

Dengue vascular permeability syndrome (DVPS)
Feber
Trombocytopeni
Onormal hemostas
Okade nivaer av leverenzym
Hypoalbuminemi
Aktivering av komplementsystemet

Vaskular permeabilitet

Kalla: Halstead F1000Research 2019, 8:1279
2019-11-12
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Allvarlig Dengue, patogenes El tﬂ
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Dengue vascular permeability syndrome (DVPS)
Riskgrupper (visades tidigt i kliniska och epidemiologiska studier)

Vid sin andra Denuge infektion
Nyfodda med mamma med Denuge immunitet.

Myeloida malceller
ADE ("antibody dependent enhancement”) via Fc receptorn

Fler malceller (yttre faktorer ADE)
Okad virusproduktion (inre faktorer ADE)

ADE har stod aven av djurforsok
Apa, okad viremi men ingen karllackage
Mus

Kalla: Halstead F1000Research 2019, 8:1279
2019-11-12 29



Allvarlig Dengue, patogenes 2,
NS1

Lamnar malcellen som en hexamer och finns i stora mangder i
blodet

Aktiverar komplementsystemet via alternativa vagen

Paverkar leverceller sa att DENV infektion i cellerna okar

Bildar komplex med trombin

aktiverar blodplattar via TLR4 in vitro

Kan orsaka trombocytopeni via TLR 4 i moss.

Anologi, mellan LPS fran bakterier och NS1. Bada interagerar med

TLR4 pa ytan av_moncyter, makrofager och endotelceller vilket leder till
frislappning av bade cykokiner och kemokiner

Kalla: Halstead F1000Research 2019, 8:1279
2019-11-12 30
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NS1

Vaccinering av moss med DENV2 NS1 gav skydd emot DENYV virus
infektion

Vaccinering med alla fyra DENV NS1 proteinerna gav skydd emot
DENV 1-4.

Kalla: Halstead F1000Research 2019, 8:1279
2019-11-12 31



Allvarlig Dengue, patogenes
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DENV NS1 har visat sig paverka barriarfunktionen vid endotel

glycokalyx-lika lager (EGL) genom att aktivera sialinsyra och
heparansulfatproteoglykaner.

Forstort glykokalyx-endotellager har aven visat sig korrelera med
plasmalackage under allvarlig Dengue hos manniska.

& oenv ¥ JEV
& zkv F yrv

& wnv

\Sg\\'

= (ops jeupuniay)

=

Kallor: Halstead F1000Research 2019, 8:1279

Puert-Fuardo et al Cell reports 2019, 1598-1613:1279
2019-11-12
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NS1-modell

NS1 proteins
Sia & GAG degradation
Shedding of HSPG

o
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Endothelial
barrier
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Heparanase activation |

Homeostasis Hyperpermeability/Vascular leakage
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Abluminal
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Placenta

2019-11-12 Kalla: Puert-Fuardo et al Cell reports 2019, 1598-1613:1279 33



Allvarlig Dengue, patogenes E tﬂ
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Genetiska faktorer

Tex Cohort av barn som haft denuge vid ett tillfalle.
blodceller har tagits och stimulering med DENV.

Individer som senare utvecklat allvarlig Dengue korrelerades till
celler som typiskt utsondrar hogre nivaer av Interleukin 15 (IL-15)
och Monocyte chemotactic protein-1 (MCP-1).

Kalla: Halstead F1000Research 2019, 8:1279
2019-11-12 34



Allvarlig Dengue, patogenes

Antibody-enhanced infection dependent on:
« IgG titre

« Type of Fc receptor

» Fc receptor polymorphism

« 1G subtype?

« 19G glycosylation pattern?

Fc receptor-mediated phagocytosis

» More effcient pathway of entry

» Requirement for inhibitory
co-receptor?

» Altered compartmentalisation?

"™, + Altered virus-host interaction?

Vascularleakage 4———— NS1 antigenemia or pro-inflammatory response
« Disruption of endothelial glycocalyx?

Viral replication, packaging,

and egress

« Ribosome and ER annexation

« ER remodelling

« Inhibition of host mRNA translation

- Viral protein-host protein interactions
» Membrane lipid modifications?

» Modulation of ER stress?

« Modulation of metabolism?

(&2

Induction of proviral host factors and
inhibitionof antiviral host factors through:
- Viral genomic RNA-host protein interactions
+ Viral subgenomic RNA-host protein interactions /
» Viral protein-host protein interactions .
« Viral RNA-host RNA interactions?

. ™ Dengue NS1-NS5 R ;
ﬁ Denguevirus A\ \ /s Viral RNA g S sl .'(:,' :‘,‘:’; Secreted NS1 proteins Host genes

Figure: Pathogenesis of severe dengue

Schematic overview of the lifecycle of dengue virus in a mammalian cell. Upon entry, the virus uncoats to release its RNA genome and replicates in the cytoplasm. Successful
replication depends on mulitple interactions between viral RNA and proteins with host factors. Newly synthesised viruses assemble in the ER and are transported
through the trans-Golgi network to be released from infected cells via exocytosis. Indicates hypothesised mechanisms or involvement. ER=endoplasmic reticulum.

2019-11-12

Kalla: Wilder-Smith et al the lancet, Dengue, vol 393 jan 29 2019
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Flavivirus vaccin
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Yellow fever virus (YFV),
- 17D levande forsvagat virus vaccin
- 1937 pa Rockefeller
- Max Theiler, Nobelpriset 1951

- Mer an 500 miljoner doser 98 % skydd i minst 10 ar.

Problem
- Risk for YFV vaccin relaterad neuronal sjukdom
- Hdg niva av kycklingembryo protein

Japansk encefalit virus (JEV),
- Inaktiverat vaccin 76-95 % skydd

- levande forsvagat virus vaccin ex SA14-14-2, China

- Inaktiverad SA14-14-2, Valneva

- 300 miljoner doser 88-96 % skydd

- Levande vaccin Sanofi Pasteur prME JEV klonat i17D

Kalla: Heinz et al. Vaccine, 2012 4301-4306



Flavivirus vaccin

West-Nile virus (WNV)

-for hastar

Fasting-buren encefalit virus (TBEV)
- Inaktiverat virus kultiverat i primara kycklingembryoceller

- FSME-immun (Pfizer) och Encepur (Novartis)
- Grundvaccination 3 doser under forsta aret

- Pafylinad efter 3 ar darefter var 5 ar

- Viktigt att borja tidigt i livet

- Barn over ett ar kan vaccineras.
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Flavivirus vaccin
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Dengue virus (DV)
Har varit svart pga de fyra olika serotyperna.

Dengavaxia (CYD-TDV) Tetravalent vaccin baserat pa
YF17D viruset men dar de strukturella generna (prM-E)
ersatts med de strukturella generna fran de olika virus
typerna, DENV1-4, Sanofi Pasteur

5 cap—{C | [é'mr'r'i'[w [2A]28] NS3 [4A]4B] NS5 |3

Kallor: Halstead F1000Research 2019, 8:1279
Heinz et al. Vaccine, 2012 4301-4306
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Flavivirus vaccin
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3 sprutor med 6 manaders mellanrum

Ges till personer i aldern 9-45 ar och som har haft Denuge en
gang tidigare och bor i endemiska omraden.

Studier pa 40000 personer i 15 lander visade att alvarlig
dengue minskar med 93%

Okad risk for barn, 2-5 aringar.

Kalla: Halstead F1000Research 2019, 8:1279
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Flavivirus vaccin
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TAK 003, Takeda
Levande forsvagat DENV2, prM-E fran DENV1, 3 och 4.

Phase 3 klart men annu inte publicerats, lovande resultat?
https://www.takeda.com/newsroom/newsreleases/2019/taked

as-dengue-vaccine-candidate-meets-primary-endpoint-in-
pivotal-phase-3-efficacy-trial/

Kalla: Halstead F1000Research 2019, 8:1279


https://www.takeda.com/newsroom/newsreleases/2019/takedas-dengue-vaccine-candidate-meets-primary-endpoint-in-pivotal-phase-3-efficacy-trial/

Flavivirus vaccin 20 I
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Levande forsvagat tetravalent Dengue vaccin, LATV.
National Instiute of Allergy and Infectious Disesas (NIAID) och
Johns Hopkins Bloomberg School of public health

Muterat och forsvagat DENV1 ,3 och 4 och samt en chimar av
strukturella DENV 2 gener som har ett DENV 4 virus som

ryggrad

Obs utrycker tre olika NS1 gener DENV1, 3 och 4
Fas2 studier visar att en dos ger langvarigt skydd.
Mycket lovande och pa tredje arets fas 3 test i Brasilien.

Forsenat pga att Zika epidemin 2016-17

Kalla: Halstead F1000Research 2019, 8:1279
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Dengavaxia

Yes Duane J Gublar
Prof. Duane J. Gubler, Sc.D., M.S.

He is Professor and Chair, Department of Tropical Medicine,
Medical Microbiology and Pharmacology, John A. Burns School
of Medicine, University of Hawai‘i. He serves as Director, Asia-
Pacific Institute of Tropical Medicine and Infectious Diseases,
and Director of the Program on Emerging Infectious Diseases,
Duke University-National University of Singapore Graduate
Medical School in Singapore.

Dr. Gubler is a graduate of The Johns Hopkins University School
of Hygiene and Public Health and has spent his entire career working on tropical
infectious diseases with an emphasis on dengue/dengue hemorrhagic fever. He has
extensive field experience in Asia, the Pacific, tropical America and Africa, and has
published extensively in the area of dengue and other vector-borne infectious
diseases. Dr Gubler served as Director of the Division of Vector-Borne Infectious
Diseases, National Center for Infectious Diseases, Center for Disease Control and
Prevention (CDC) for 15 years, and as Chief of CDC's Dengue Branch for 9 years.

He has served on numerous WHO committees and study groups, and currently
serves as Chair, Pediatric Dengue Vaccine Initiative Board of Counselors, on the
Scientific Advisory Boards of the Novartis Institute of Tropical Diseases, the
Environmental Health Institute in Singapore, the Emerging Diseases in a Changing
European Environment (EDEN) Program and others. He is a Fellow of the Infectious
Disease Society of America, Fellow of the American Association for the
Advancement of Science (AAAS), and is past President of the American Society of
Tropical Medicine and Hygiene.

No Scott B Halstead

Scott B. Halstead MD

Professor, Consultant | Gwanak-gu, Seoul :e;
Specialties : Infectious Disease, Preventive Medicine,...More

Speaks about : Immunology And Microbiology, Infectious Disease,...More

Spoken at 1 event
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@ Biography :

Scott B Halstead, M.D. is an independent consultant and Adjunct Professor, Department of Preventive Medicine and Biometrics, Uniformed University of the Health
Sciences, Bethesda, Maryland. From 2010 he serves as Senior Advisor, Dengue Vaccine Initiative, International Vaccine Institute, Seoul, Korea. From 3002-2010 he
was Director, Supportive R&D, Pediatric Dengue Vaccine Initiative.

After obtaining an MD he did hospital training in Internal Medicine and from 1957-68 served in the U.S. Army Medical Corps at the Department of Virus and
Rickettsial Diseases, 406th Medical General Laboratory, Sagami Ono, Japan, the Department of Virus Diseases, Walter Reed Army Institute of Research, the Virology
Department, SEATO Medical Research Laboratory, Bangkok, Thailand and the Yale Arbovirus Research Unit, New Haven, Connecticut.

From 1968-1983, he was Professor and Chair, Department of Tropical Medicine and Medical Microbiology, John Burns School of Medicine, University of Hawaii at
Manoa. From 1983-1995, at the Rockefeller Foundation, he served successively as Associate, Deputy and Acting Director of the Health Sciences Division. From
1995-1999, he was Scientific Director, Infectious Diseases Program, U.S. Navy, Bethesda, Maryland and Senior Scientist, Department of Molecular Microbiology and
Immunology, School of Hygiene and Public Health, Johns Hopkins University, Baltimore, Maryland.

Dr. Halstead is a world leader in research on dengue and other arthropod-borne viral infections. He has published over 400 scientific papers and book chapters on
many areas of vaccine research and in international health development. In 1990, while with the Rockefeller Foundation, he co-founded the Children'’s Vaccine
Initiative. Dr. Halstead graduated from Yale University with a B.A.in 1951 and from Columbia University with a M.D. in 1955.



