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“Emerging infectious diseases are diseases of infectious
origin whose incidence in humans has increased within the
recent past or threatens to increase in the near future. These
also include those infections that appear in new geographic
areas or increase abruptly. The new infectious diseases and
those which are re-emerging after a period of quiescence are
also grouped under emerging infectious diseases.”

WHO (SEARO). Combating Emerging Infectious Diseases. New Delhi, 2005.
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D Arboviruses

Catharine . Paules, MD; Robert W. Eisinger, PhD; Hilary D. Marston, MD, MPH; and Anthony S. Fauci. What Recent History Has Taught Us About
Responding to Emerging Infectious Disease Threats (2017) Annals of Internal Medicine.



Severity

Severe ‘

Symptoms

Asymptomatic

Fever & rash
Arthralgia &
myalgia

Haemorrhage

Encephalitis

Examples

Ross River virus
Barmah Forest virus
Chikungunya

Dengue fever virus
Crimean-Congo
haemorrhagic fever

Murray Valley encephalitis
virus
Japanese encephalitis virus



RNA (+) RNA (-)

alphaviruses vesiculoviruses
. . Rhabdoviridae
flaviviruses ephemerovirus
Monopartite genome
Segmented genome — .
) phleboviruses
dsRNA
Bunyaviridae - orthobunyaviruses o
orbiviruses
nairoviruses .
- seadornaviruses

thogotoviruses

Medical and veterinary \ )
veterinary Reoviridae




Frpm Gyawali N, Bradbury RS, Aaskov JG, Taylor-Robinson AW. Neglected Australian arboviruses: quam gravis? Microbes Infect. 2017 Jul - Aug;19(7-8):388-401. doi: 10.1016/j.micinf.2017.05.002. Epub 2017 May 25.



Ross River

Barmah Forest

Japanese
encephalitis

Chikungunya

Murray Valley
encephalitis

West Nile
(Kunjin
subtype)
Dengue

Zika

Polyarthritis

Polyarthritis

Encephalitis

Polyarthritis

Encephalitis

Encephalitis

Shock &
haemorrhage
syndromes
Birth defects &
G.B. syndrome

Australia, Papua New
Guinea, Pacific islands

Australia

Northern Australia,
Papua New Guinea

Papua New Guinea,
Solomon Islands,
Pacific islands
Australia, Papua New
Guinea

Australia, Papua New
Guinea

Australia, Papua New
Guinea, Solomon

Islands, Pacific islands

Pacific islands

Macropods,
Humans

Marsupials, birds

Wading birds
(Herons, Egrets),
pigs

Humans (& non-
human primates)

Wading birds
(Herons, Egrets)

Wading birds
(Herons, Egrets)

Humans (& non-
human primates)

Humans (& non-
human primates)

Ae. vigilax, Ae.
camptorhynchus, Cx.
annulirostris

Ae. vigilax, Ae.
camptorhynchus, Cx.
annulirostris

Cx. annulirostris, Cx. gelidus

Ae. aegypti, Ae. albopictus

Culex annulirostris

Culex annulirostris

Ae. aegypti

Ae. aegypti, Ae. albopictus
Aedes hensilli

Modified from Andrew F. van den Hurk and Cassie C. Jansen. In Arboviruses of Oceania . Neglected Tropical Diseases, p 193-235. — Ed. Alex Loukas. Oceania. Springer.






Family Clinical features Endemicity No. of cases

nationally in 2017"

fereiiie=en Ross River Fever, rash, Endemic

arthralgia/arthritis

- Barmah Endemic 449
Forest
- Chikungunya Not endemic 99
S EvadidieEie Dengue virus  Fever, rash, myalgia, Imported with 1,108
and haemorrhage local
(rare) transmission
Japanese Encephalitis Not endemic 1
encephalitis
Kunjin virus Encephalitis (less Endemic 6
severe)
Murray Valley Encephalitis Endemic 0

encephalitis

*National Notifiable Disease Surveillance System (http://www9.health.gov.au/cda/source/rpt_2.cfm)



260,000 cases!



Gao GF. From "A"IV to "Z"IKV: Attacks from Emerging and Re-emerging Pathogens. Cell. 2018 Mar 8;172(6):1157-1159. doi: 10.1016/j.cell.2018.02.025.



* Predicting the next emerging arbovirus is very challenging.

« Two broad approaches (e.g. weather prediction):
1. Tomorrow will be like today (persistence).

» Previous experience informs our preparations —
for the future. Q

2. Complex models/algorithms (numerical).

» More complex with high chance of error as many variables.

» Only recent accurate prediction for 5-6 days using super-
computers.

Tomorrow's Forecast

Sunny: High 87






Adaptation of CHIKV to Ae. albopictus vector

A226V
\

Adaptation of WNV in US outbreak

(I

V159A T249P

A226V substitution in E1 —
virus better adapted to Ae
albopictus vector.
Associated with Reunion Is.
outbreak.

Global spread.

T249P substitution in NS3
had greater virulence in
American crows. Positively
selected.

V159A substitution in E
important for adaptation to
Cx pipiens vector in US.






Clade 1

May et al., (2011) Phylogeography of West Nile Virus: from the Cradle of Evolution in Africa to Eurasia, Australia, and the Americas. JOURNAL OF VIROLOGY, Mar. 2011, p. 2964-2974



Symptoms

Facial paralysis

Muscle tremors/fasciculation
Hyperaesthesia

Circling

Blindness

Recumbency or inability to stand
Hind limb weakness

Multiple limb paralysis
Altered mental state
Hypermetria

Depression

Death (~10%)

NSW Department of Primary Industries factsheet

Roche et al. Descriptive overview of the 2011 epidemic of arboviral disease in horses in Australia.
Aust Vet J. 2013 Jan-Feb;91(1-2):5-13.



Miner and Diamond. Mechanisms of restriction of viral neuroinvasion at the blood-brain barrier. Curr Opin Immunol. 2016 Feb;38:18-23.



Time Extract
RNA

Human neuroblastoma cells
(SK-N-SH)




250 human inflammation genes

CXCL9 IL21 MMP9 TGFB2
CXCR1 IL22 MRC1 TGFB3
CXCR2 IL22RA2 MX1 TGFBR1
CXCR4 IL23A MX2 TLR1
CYSLTR1 IL23R MyC TLR2
CYSLTR2 IL3 MYD88 TLR3
DAXX L4 MYL2 TLR4
DDIT3 IL5 NFATC3 TLR5S
DEFA1 IL6 NFE2L2 TLR6
ELK1 IL6R NFKB1 TLR7
FASLG IL7 NLRP3 TLR8
FLT1 L8 NOD1 TLR9
FOs L9 NOD2 TNF
FXYD2 IRF1 NOS2 TNFAIP3
GNAQ IRF3 NOX1 TNFSF14
GNAS IRF5 NR3C1 TOLLIP
GNB1 IRF7 OAS2 TRADD
GNGT1 ITGB2 OASL TRAF2
GRB2 JUN OXER1 TREM2
HDAC4 KEAP1 PDGFA TSLP
HIF1A KNG1 PIK3C2G TWIST2
HLA-DRA LIMK1 PLA2G4A TYROBP
HLA-DRB1 LTA PLCB1

HMGB1 LTB PPP1R12B

HMGB2 LTB4R PRKCA

HMGN1 LTB4R2 PRKCB PTGDR2

HRAS LY96 PTGER1

HSH2D MAFF PTGER2

HSPB1 MAFG PTGER3

HSPB2 MAFK PTGER4

IF144 MAP2K1 PTGFR

IFIT1 MAP2K4 PTGIR

IFIT2 MAP2K6 PTGS1

IFIT3 MAP3K1 PTGS2

IFNA1 MAP3K5 PTK2

IFNB1 MAP3K7 RAC1

IFNG MAP3K9 RAF1

IL10 MAPK1 RAPGEF2

IL10RB MAPK14 RELA

IL11 MAPK3 RELB

IL12A MAPK8 RHOA

IL12B MAPKAPK2 RIPK1

IL13 MAPKAPKS RIPK2

IL15 MASP1 ROCK2

IL17A MASP2 RPS6KA5

IL18 MAX SHC1

IL18RAP MBL2 SMAD7

IL1A MEF2A STAT1

IL1B MEF2BNB-MEF2B STAT2

IL1R1 MEF2C STAT3

IL1RAP MEF2D TBXA2R

IL1RN MKNK1 TCF4

L2 MMP3 TGFB1

6 reference genes

CLTC
GAPDH
GUSB
HPRT1
PGK1
TUBB



Experiment 1 Experiment 2 Experiment 3



Russell et al. Dengue and climate change in Australia:
predictions for the future should incorporate knowledge
from the past. Med J Aust. 2009 Mar 2;190(5):265-8.



Yellow fever virus Chikungunya virus
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Prlmary hosts
Many species of birds

?*

Wild cycle

>

Main vector: Haemagogus sp.
Potential vectors: Aedes aegypti, Culex sp.,
Sabethes, Psorophora

domestic birds can be infected

Horses are very succeptible.
Others mamalians and
and became il

Incidental hosts

Napoledo-Pego et al., 2014

Alphavirus.

Dengue-like symptoms.

Sylvatic cycle.

Potential for urban spread.

Naive populations.

Genus
Alphavirus
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Ross River virus Pacific outbreak 1979-80

[
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Townsville
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[ Recent activity

NEW ZEALAND

KEY

Endemic areas
—-—- 1979-B0 epidemic

1000km

130° 17 180°
L L L]

30°

Harley D, Sleigh A, Ritchie S.

Ross River virus transmission, infection, and disease: a cross-disciplinary review. Clin Microbiol Rev. 2001 Oct;14(4):909-32,



Ross River

Arboviruses causing human disease - Murray Valley Encephalitis

Kunjin
Barmah Forest

Trubanaman GanGan
Kokobera

Sindbis
Edge Hill

Ngaingan Picola  Wallal Getah

Douglas Alfuy
Tinaroo

Buffal k
Akabane uffalo Cree

Kowanyama
Stratford

Tilligerry

Eubenangee

Saumarez Reef

Belmont

Wongorr
Vinegar Hill

Kununurra

Corriparta
Nugget Aino

Yacaaba

Termeil

Parker's farm
Buffalo Creek

Charleville

Marrakai

Paroo River Coastal Plains

Samford
Holmes Jungle

) Warrego
CSIRO Village

D'aguilar

Leanyer
Maprik

Kimberley Thimiri

. Facey's Paddock
Tibrogargan

Nugget Lake Clarendon

Beatrice Hill

Peaton

Wongal

Bunyip Creek

Upolu

Precarious Point

Almpiwar

Bovine Ephemeral Fever

Mapputta

Eubenangee

Berrimah

Adelaide River

Gadgets Gully
Little Sussex

Koongal

Taggert

Harrison Dam

Mitchell River



Ross River Murray Valley Kowanyama Bovine ephemeral fever  Corriparta Beatrlce Hill| |
encephalitis
Barmah Forest West Nile (Kunijin) Yacaaba Almpiwar Eubenangee |Parker’s Farml
Getah Kokobera/Stratford Bluetongue [Little Sussex
Sindbis Alfuy Trubanaman Wongorr @
Edge Hill Akabane Tzipori
Saumarez Reef Taggert
Belmont
Thimiri
Mapputta
Maprik
Leanyer

*Not an exhaustive list [No sequence (study start)] This study




Ross River Murray Valley Kowanyama Bovine ephemeral  Corriparta Upolu*
encephalitis fever |Tzipori)

Barmah Forest West Nile (Kunijin) Yacaaba Almpiwar Eubenangee

Getah Kokobera/Stratford Gan Gan Beatrice Hill Bluetongue
(Salt Ash)

Sindbis Alfuy Trubanaman Wongorr
(Murrumbidgee)

Edge Hill Akabane

Saumarez Reef Taggert|

Thimiri

Mapputta*

Maprik*

Leanyer

Parker’s Farm

Little Sussex

[*Sequenced by others in the interim] This study




Kowanyama I

Beatrice Hil

(Salt Ash)

Tru rubanaman
(Murrumbldgee)

Taggert vOTU domain

Belmont
Thimiri

| Parker’s Farml
I Little Sussex I

Ab (humans) | Mossie human feeder | | Mossie rare human feeder : Tick human feeder Neurovirulent (mice)




La Crosse virus California encephalitis virus



Table. Optimal Response to Emerging Infectious Disease
Outbreaks: Lessons Learned

Global surveillance to detect outbreaks early

Transparency and communication in response to outbreaks

Incorporation of infrastructure and capacity building domestically and
internationally in outbreak responses

Conduct of basic and clinical research associated with outbreaks in a
coordinated and collaborative manner

Involvement of the afflicted communities in policy decisions

Pursuit and perfection of adaptable platform technologies for
vaccines, diagnostics, and therapeutics

Importance of flexible funding mechanisms

Catharine |. Paules, MD; Robert W. Eisinger, PhD; Hilary D. Marston, MD, MPH; and Anthony S. Fauci. What Recent History Has Taught Us About
Responding to Emerging Infectious Disease Threats (2017) Annals of Internal Medicine.






Sentinel animals Mosquito traps

Problems Problems

 EXpensive  EXpensive

« Serological cross- « Logistical problems
reactive « Sample degradation

Can be amplifying hosts






Hall-Mendelin et al. (2010) PNAS.

30 Mar 2018
Rural Weekly - Central Queensland,
Rockhampton



187 reads matched to RRV.

FTA card (Ct~31) by TagMan.

3 years old.

Frozen and thawed several times.

[
Longreach






Naccache et al., 2014
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o

R, Ro=1 Ro>1

(0] Human case

Spillover

Epidemic spread

mrca

Modified from Mark E.J. Woolhouse, Liam Brierley, Chris McCaffery, Sam Lycett. Assessing the Epidemic Potential of RNA and DNA Viruses. Emerging Infectious Diseases Vol. 22, No. 12, 2016



Hobson-Peters et al. A new insect-specific flavivirus provides a recombinant vehicle for efficient production of safe, structurally authentic flavivirus diagnostic antigens.
Submitted Nature Communications.






General aspects of licensed vaccines and most advanced vaccine candidates against yellow fever, dengue, chikungunya and Zika viruses*

Virus Family Main difficulty Vaccines
Licensed Under development
Identification/ Manufacter1 Strategy Identification/seed Manufacter Current Strategy
seed status
Yellow fever - YFV-17DD Bio-Manguinhos Attenuation by passage XRX-001 Xcellerex2 Phase | YFV-17D inactivated
(Fiocruz) in
Flaviviridae animal, tissue and cell (Completed)
culture
YFV-17D-204 Sanofi Pasteur Pasteur  Attenuation by passage - - - -
in
Institute Chiron/Novartis animal, tissue and cell
culture
YFV-17D-213 Federal State Unitary Attenuation by passage
in
Enterprise of Chumakov animal, tissue and cell
Institute culture
Dengue Multiple serotypes CYD-TVD Sanofi Pasteur Live attenuated chimeric | TV003 NIH/NIAID/Butantan Phase lll (In Live attenuated
Flaviviridae
Institute progress)3 chimeric
TDV Inviragen/Takeda Phase lll (In Live attenuated
progress)4 chimeric
Chikungunya High virulence - - - TSI-GSD-218 USAMRIID/ Phase Il Attenuation by
SalklInstitute passages
Togaviridae for Biological Studies (Completed) in cell culture
VRCeCHKVLP059-00-VP NIAID Phase Il VLP
(In progress)5
Zika Flaviviridae GBS10 - - - GLS-5700 Inovio Phase | (In DNA
Neurotropism progress)6
ZVCS11
VRC 5288 (ZKADNAOQ85- NIAID Phase | (In DNA
00-
VP) progress)7
VRC 5283 (VRC- NIAID Phase 18/119 DNA
(In
ZKADNAQ090-00-VP) progress)

1 Word Health Organization prequalified vaccine (Monath, 2005; Barret et al., 2017).

2 Originally developed by Xcellerex. GE Healthcare acquired the intellectual property for the investigational product through its acquisition of Xcellerex in 2012. In 2016, PnuVax acquire GE’s intellectual property. See at http://www.

biopharminternational.com/ge-healthcare-sells-rights-inactivated-yellow-fever-vaccine-pnuvax.
3 Completed in December 2022 (NCT02406729).
4 Completed in December 2021 (NCT02747927).
5 Completed in December 2017 (NCT02562482).
6 In healthy adults: completed in December 2017 (NCT02809443)/in Dengue virus seropositive adults: completed in June 2018 (NCT02887482).
7 Completed in December 2018 (NCT02840487).

8 Completedin December de 2018 (NC T02996461).
9 Completed in January 2020 (NCT03110770).

10 Guillain-Barré
Syndrome.

11 _Zika Virus Congenital Syndrome.
*Silva opes TRR “Oliveira-Filh

0 Qliveira
10.1016/j.actatropica.2018.03.009. Epub 2018 Mar 15.




Phase lll trial results

Asia (Malaysia, Philippines, Thailand and Vietham)
~75% D3&4 > 50% D1 > 35% D2 (n.s.)

Latin America

~75% D3&4 > 50% D1 > 42% D2

APPROVED for Persons 9-45 years of age living in
highly dengue endemic regions of Mexico, the
Philippines, Brazil, and El Salvador. WHO SAGE
recommends vaccine use in places with high
dengue endemicity (seroprevalence 70% in the age
group targeted).

Science. 2017 Dec 22;358(6370):1514-1515.
doi: 10.1126/science.358.6370.1514.




Trans-infection

Aedes aegypti Drosophila melanogaster
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