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Emerging Infectious Diseases (EIDs)

Increasing frequency to describe the appearance of

1. An unrecognised infection

2. A previously recognised infection - to a new ecological
niche/geographical zone = significant change in pathogenicity

o Infectious diseases are continuously emerging

o Majority of human emerging infectious diseases are ZOONOSES

o Those that are not zoonoses have zoonotic origins

o Globalisation and human invasiveness = emergence opportunities 1

(Howard and Fletcher, Emeging Microbes and Infections, 2012; van Doorn, Medicine (Abingdon), 2014)



e Severity of Emerging Infectious Diseases

West Nile virus HIV 2002-2003
>15,000 deaths in >30 million deaths SARS coronavirus

the United States 774 deaths

E;)la virurs< Hendra virus ‘ 2012-2013 I
>1,553 deaths Fgur cLeatPi MERS coronavirus

| 54 deaths

Nipah virus
>250 deaths

“1

’ ‘Spanish flu’ ‘Hong Kbng flu’ ‘ ‘Ruésian flu’ ‘Avian flu’ ] ‘Swine flu’

m——

| HIN1 influenza H3N2 influenza H1IN1 influenza H5N1 influenza | H1N1 influenza
| ~50 million deaths | ~700,000 deaths | - >371deaths | >15,000 deaths

1957-1958 1999-2002 | [*Avianfiu’
‘Asian flu’ H2N2 influenza HAN2 and H7N7 influenza H7N9 influenza
~100,000 deaths One death 44 deaths

Nature Reviews | Imnmunology

(Bean et a/. Nature Reviews Immunology, 2013)



List of Blueprint Priority Diseases 2018

o Crimean-Congo haemorrhagic fever (CCHF)

o Ebola virus disease and Marburg virus disease

o Lassa fever

o Middle East respiratory syndrome coronavirus (MERS-CoV)
and Severe Acute Respiratory Syndrome (SARS)

o Nipah and henipaviral diseases

o Rift Valley fever (RVF)

o Zika

o Disease X

World Health

Orgamzatlon




Why most of them are viral diseases?

Where do they come from and how they evolve to infect
human?
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e Many of the viruses are UNKNOWN

PREDICT-1 2009-2014: ~1000 viruses
~ (800+ novel) in 28 viral families

og

ﬁ USAIP | PRED'CT http://www.healthmap.org/predict/

(Dr Peter Daszak’s talk on “The beginning of an end to the Pandemic Era”, Uppsala Health Summit, 2017)



Emergence of Zoonoses

Stage

Stage 5:
exclusive
human agent

Stage 4:
long outbreak

Stage 3:

limited
outbreak

Stage 2:
primary
infection

Stage 1:
agent only
in animals

Rabies

Transmission
to humans

Only from
humans

From animals
or (many cycles)
humans

From animals
or (few cycles)
humans

Only from animals

(Wolfe, Dunavan and Diamond. Nature, 2007)



e Multiple Species Barrier to become Zoonotic

<> 4 Spillover host
/ . (severe infection and

high mortality)

-
Transmission host
. (moderate to severe /
iy symptoms) %

\
\

Natural host
(asymptomatic)

Nature Reviews | Immunology

(Bean et a/. Nature Reviews Immunology, 2013)



a Animals as Reservoir for EIDs

What favours viruses to jump from animals to human




e List of Blueprint Priority Diseases 2018

o Crimean-Congo haemorrhagic fever (CCHF) -

C) o Ebola virus disease and Marburg virus diseosé \ »? £

o Lassa fever ?S o

o Middle East respiratory syndrome coronavirus (MERS-CoV)
and Severe Acute Respiratory Syndrome (SARS) “ T

o Nipah and henipaviral diseases e am

o Rift Valley fever (RVF) 3%

o Zika })‘;{

o Disease X

World Health

Orgamzatlon
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O

e Bats: a Good Reservoir of Deadly Viruses

> 1200 species
The only flying mammail

Unique biological features

- high metabolic and heart rate

- Immune tolerance ( “STING” pathway)

- long-life span

Anthropogenic activities T interactions between bats,

human and livestock

\ )
|
‘ Asymptomatic carrier
! +
Disseminator of highly pathogenic viruses

(Wynne and Wang, PLOS Pathogen, 2013; Xie et a/. Cell Host & Microbe, 2018)
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A serious international epidemic
could be caused by a pathogen
currently unknown to cause

human disease




e How are we going to tackle EIDs?

EPT programme - Advanced technologies - Challenges




® Emerging Pandemic Threats (EPT) Programme

=  Strengthen
<> surveillance = Characterise specific
= Characterise disease practise
spillover = Develop risk
= Strengthen + optimise mitigation strategies

models for predicting
emerging diseases

Predict Prevent

¢

Identify Respond

=  Strengthen Pre-service workforce

laboratories capacity training
= |mprove laboratory = Develop outbreak
assessment tools response algorithms

(USAID, 2017; OIE, 2017; WHO, 2017; FDA, 2017)



Advanced Technologies

;i
L
o Event-based surveillance ik HealthMap

o Web-based real-time surveillance (@)

o Early warning and Alert response Networks

\'-“* I'/

o Infectious diseases modelling f” |
// N The Global Epid j Mobilit

'}A b Y

o Mobile detection/sequencing devices

(Christaki, Virulence, 2015)



e Advanced Technologies- Surveillance

n u 63 alerts for 1 Disease¥ All Locations¥ in the past 1 week v B E n E

#8. HealthMap

Letter | Published: 21 February 2008

Global trends in emerging infectious

diseases
ﬂHeOIThMOp About Mobile Projects Disease Daily & f W

Kate E. Jones, Nikkita G. Patel, Marc A. Levy, Adam Storeygard, Deborah Balk, John L. Gittleman &
Peter Daszak B4

Nature 451, 990-993 (21 February 2008) = Download Citation &

Using Google Trends and ambient temperature to predict seasonal influenza )

outbreaks

Yuzhou Zhang”, Hilary Bambrick”, Kerrie Mengersen”, Shilu Tong™““, Wenbiao Hu™"

# School of Public Health and Social Work, Institute of Health and Biomedical Innovation, Queensland University of Technology, Brisbane, Queensland, Australia
b Science and Engineering Faculty, Mathematical and Statistical Science, Queensland University of Technology, Brisbane, Queensland, Australia

© School of Public Health and Institute of Environment and Human Health, Anhui Medical University, Hefei, Anhui, China

< Shanghai Children’s Medical Centre, Shanghai Jiao-Tong University, Shanghai, China




e Advanced Technologies- Machine Learning

REPORT

Predicting reservoir hosts and arthropod
vectors from evolutionary signatures in RNA
virus genomes

Heartland virus
Lone Star virus
Simon A. Babayan'2, Richard J. Orton3, Daniel G. Streicker’3* Oropouche virus
Sandfly fever Naples virus
Severe fever with thrombocytopenia syndrome virus
Uukuniemi virus
Human enteric coronavirus strain 4408 [l

Train with > Predict virus MERS Coronavirus
Develop 500 ssRNA of unknown \
algorithms viral host and
sequences vector

Reservoir support (BPS)
00 02 04 06 08
- D

o Implement preventive measures
—> vaccinating animal sources

- prevent contacts between species e

2
Mayaro virus

Middelburg virus [ ]

@) MOQ prevent viruses from Slaglsigeligle oo




e Advanced Technologies- Mobile Devices

(MinlON by Nanopore)

‘ mic } (MIC personal g-PCR cycler)

(Microfluidic platform by EPFL)



e Challenges

1. Geographical surveillance gap

C) - lack of equipment and diagnostic capability

(Halliday et al. Philos Trans R Soc Lond B Biol Sci, 2012; Morens and Fauci, PLOS Pathogens, 2013; Christaki, Virulence, 2015;
Ribeiro, Koopmans and Haringhuizen, Science, 2018)




e Challenges

1. Geographical surveillance gap

C) - lack of equipment and diagnostic capability
- shortage of trained personnel

2. Under-reporting of zoonoses

3. Availability of real time surveillance data
- excessive ownership over genetic resources

- sharing relevant data before publication?

- simplified sharing agreements

4. |International collaborations

- political interest/ national trade priorities

(Halliday et al. Philos Trans R Soc Lond B Biol Sci, 2012; Morens and Fauci, PLOS Pathogens, 2013; Christaki, Virulence, 2015;
Ribeiro, Koopmans and Haringhuizen, Science, 2018)




Are we ready for the next pandemic?




e Are we ready for the Next Pandemic?

Better understanding on emerging infectious diseases

o WHO list blueprint priority diseases - narrow down the
range

o Able to recognise/predict potential animal reservoir

8 WE ARE NOT READY FOR

o Advanced technologies for detection and diagnostic ‘,

o THE NEXT PANDEMIC

o Stockpiles of drugs and vaccines

o Insufficient trainings in “hot spots” of emerging infectious
diseases

o Global collaborations




* Thank you!
Any Questions?

[E PRMDEMIC

U.S. Department
Health and Human Services
Centers for Disease

Control and Prevention
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