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Pandemic preparedness in New Zealand

Ministry of Health published influenza
pandemic plan in 2017

Plan intended to “be adopted and applied
to any pandemic event”

Experiences with COVID-19 - need to be
better prepared for wider range of agents
and scenarios

Plan assumed influenza could not be
eliminated

Needs to be recognised and planned for

MANATU
HAUORA

MINISTRY OF HEALTH

COovID-19

Your health

Sear

NZ health system Our work Health statistics

Home > Your health > Healthy living > Emergency management > Pandemic planning and response > Influenza pandemic plan

Emergency management

Managing stress in an emergency Inﬂuenza pandemic plan

Feeding your baby during an
emergency

Coping after a traumatic event

Pandemic planning and
response

The New Zealand Influenza Pandemic Plan sets outs the
all-of-government strategy and framework for action. It
can be adopted and applied to any pandemic event.




Agent and pandemic typologies

HPAI HIV (untreated)
Ebola

« Agent typology
* Included many zoonotic pathogens MERS
« Characteristics of pathogen and disease
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Agent and pandemic typologies

 Pandemic scenario typology
* Included zoonotic diseases
* Determines strategy
* Determines control measures

Pandemic Type Examples (*PHEIC)

A. Pandemic IDs transmitted between people with short to medium incubation periods

1. ID with well-established pandemic potential Pandemic influenza 1918, 1957, 2009*

2. Poorly characterised emerging ID with SARS 2002, MERS-CoV 2012, COVID-19 2020*,
pandemic potential Ebola 2014*, Mpox 2022*

3. Synthetic or weaponised ID with pandemic Synthetic bioterrorist agent [e.g. gain-of-function
potential influenza viruses), or stored agent that could be

weaponised (e.g. smallpox)

4. Well characterised ID with re-introduction Diphtheria 1998, Polio 2014*,
potential Measles [post-elimination)

B. Pandemic IDs transmitted between people with predominantly asymptomatic
transmission, with long incubation periods

5. ID with high asymptomatic transmission, long HIV/AIDS 1981
latency and pandemic potential

6. Increase in serious antimicrobial resistance Drug resistant tuberculosis (MDR / XDR / TDR],
Candida auris

C. Pandemic IDs predominantly transmitted from animals, vectors, food, and water

7. Exotic vector-borne and zoonotic ID with Arboviral diseases e.g., Zika 2016*, Dengue,
moderate to high introduction potential Chikungunya

Source: Adapted from Baker’s 2016 “Pandemics: Would a typology improve our ability to prepare and respond?™



Typology for zoonotic pathogens causing
pandemics/PHEICs?

nanre

Maintenance/reservoir hosts — sustained transmission REVIEWS
R0>1 Origins of major human infectious diseases
« A. Maintained in animals (R,,>1) spillover to humans G e SR b S banent
(Ron<1) Tanamission
- B. Maintained in animals and humans (Ry,, Ry,>1) ?H?
-

C. Maintained in humans (R,,>1) occasional
spillover/spillback to animals (Ry,<1)

Emergence A->B->C

All stages could cause pandemic (and panzootic?)

Emergence could involve multiple chains/pathways
and intermediate hosts

Te Niwha




Nature 447, 279-283
(2007)
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Vol 44717 May 2007 |doi:10.1038/nature05775 namre

REVIEWS

Origins of major human infectious diseases

Nathan D. Wolfe', Claire Panosian Dunavan® & Jared Diamond®

Transmission

Stage to humans

Stage &:
exclusive Only from
human agent humans

Stage 4: 3 From animals
long outbreak or (many cycles)
humans

Stage 3: From animals
limited or (few cycles)

outbreak humans
Stage 2: —

primary Only from animals
infection

Stage 1:
agent only Mone
in animals

Rabies Ebola Dengue HIV-1 M

SARS-CoV-27
Stage 5 with spillover/
Spillback to animals?


https://www.nature.com/

PNAS @ PERSPECTIVE a® OPEN ACCESS ')

Check for
updates

Pandemic origins and a One Health approach to preparedness

and prevention: Solutions based on SARS-CoV-2 and other
RNA viruses

Gerald T. Keusch"“‘, John H. Amuasi®“9, Danielle E. Anderson®({®, Peter Daszak'®, Isabella Eckerle®", Hume Field" @,
Marion Koopmans!, Sai Kit LamX®, Carlos G. Das Neves"™, Malik Peiris"(, Stanley Perlman®
Supaporn WacharapluesadeeP(®, Su Yadana'®, and Linda Saif%’

HCoV-NL63 HCoV-229E HCoV-0C43 TGEV PHEV PEDV - Hu- PDCoV MERS-CoV SADS-CoV SARS-CoV-2 Hu-CCov  "X"

\\l'?/ % .

~1218-1518 ~1718-1818 ~1898 1946 1962 ~1970, 1984,1989 ~2003 2004 ~2009,2014 2014-2015 ~2012 2016,2019 ~2019
2010, 2013

{}*

Reservoir host (above): J — i~ Intermediate host (below): h. s\ ﬂ ”L

Bat Rodent Bird Camel cCalf Dog Civet Sparrow Pig Leopard cat

Timeline of the emergence of coronaviruses in people and livestock over the last millennium




Counterfactuals for SARS-CoV-2

« What would have happened and how would we prepare for alternative
scenarios?

« Scenario A. SARS-CoV-2 caused major multispecies panzootic with
repeated spillover to humans (airborne, food, water, contact)

« Scenario B. SARS-CoV-2 featured sustained transmission in both humans
and animals

« Scenario C. What actually happened (?) (initial spillover then almost
exclusively human-human with some spillback to animals)

H Te Niwha




SARS-CoV-2 Spillback/reverse zoonotic transmission
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COMMUNICATIONS

M) Check for updates

ARTICLE

Transmission of SARS-CoV-2 from humans to
animals and potential host adaptation

Cedric C. S. Tan® 2*, Su Datt Lam>#, Damien Richard">, Christopher J. Owen® 1 Dorothea Berchtold’,
Christine Orengo® 4, Meera Surendran Nair®”, Suresh V. Kuchipudi® 7, Vivek Kapur”8, Lucy van Dorp® % &
Francois Balloux® '?

OPEN

nature microbiology

3

Article https://doi.org/101038/s41564-022-01268-9

Divergent SARS-CoV-2 variant emerges
in white-tailed deer with deer-to-human
transmission Pickering et al 2023




SARS-ANI VIS
A Global Open Access Dataset of Reported SARS-CoV-2 Events in Animals

3477 Infections/Exposures 769 Outbreaks 1.4% Case Fatality Rate

’ Infection/Exposure definitions

W Te Niwha
https://vis.csh.ac.at/sars-ani/
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Identifying and mitigating spillover
risks — a global effort

* Geoghegan, J et al Virological factors that increase the transmissibility of emerging human viruses. Proc. Natl Acad.
Sci. USA 113 (15) 4170-4175 (2016)

e Sanchez, C. A. et al. A strategy to assess spillover risk of bat SARS-related coronaviruses in Southeast Asia. Nat.
Commun. 13, 4380 (2022).

* Ruiz-Aravena, M. et al. Ecology, evolution and spillover of coronaviruses from bats. Nat. Rev. Microbiol. 20, 299-314
(2022).

* Wilkinson, D. A., Marshall, J. C., French, N. P. & Hayman, D. T. S. Habitat fragmentation, biodiversity loss and the risk
of novel infectious disease emergence. J. R. Soc. Interface (2018).

e Grange, Z. L. et al. Ranking the risk of animal-to-human spillover for newly discovered viruses. Proc. Natl Acad. Sci.
USA 118, €2002324118 (2021).

e Carlson, C. J. et al. Climate change increases cross-species viral transmission risk. Nature 607, 555-562 (2022).

e Keusch, G. T. et al. Pandemic origins and a One Health approach to preparedness and prevention: Solutions based on

| Te Niwha 12




NZ’s contribution to global effort

@ Te Niwha

nature communications

Article https://doi.org/10.1038/541467-023-42627-2

Using drivers and transmission pathways to
identify SARS-like coronavirus spillover risk
hotspots

Received: 31 May 2023 Renata L. Muylaert®'| , David A. Wilkinson®, Tigga Kingston®?,
Paolo D’Odorico ®4, Maria Cristina Rulli®>, Nikolas Galli®®, Reju Sam John®,
Phillip Alviola’ & David T. S. Hayman ®'

Accepted: 17 October 2023
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Muylaert et al 2023

« Characterised drivers associated
with risk of spillover of zoonotic
SARS-like coronaviruses

» Landscape change
» Host distribution
« Human exposure

* Inform surveillance and
mitigation activities

« Examined access to healthcare
within defined clusters and
scenarios

Te Niwha

- Risk +

Closer Farthar
Travel time 1o
Healthcare

Fig. 4 | Bivariate map showing the risk scores from hotspot data and access to
healthcare. A. Black lines divide the limits for the 19 clusters identified by the
multivariate spatial cluster analysis; Scenario 4 is represented in the map.
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Preparation for future pandemics and
PHEICs

Develop and maintain core capabilities * Therapeutics
« Surveillance (human and « Contact tracing
animal) « Primary healthcare and hospitals

Maori communities
Pacific Peoples

Communication
Leadership and decision making

 Diagnostics « Borders and quarantine

« Modelling * Legal framework

« Genomics  One Health considerations
* Vaccines  Bioterrorism

Il Te Niwha 15

|




Preparation for future pandemics and
PHEICs

« Reactive preparedness (capacity to stand up an effective pandemic response very rapidly
If need be)

« Assessment of the controllability and impact of an emerging pandemic to determine an
appropriate response
* Proactive preparedness (having resources already in day-to-day operation that prevent
the spread of infectious diseases).
« Surveillance — humans and animals
« Maximise controllability and minimise impact
« Housing, ventilation, immunisation
 Humans and animals!
« Primary care and hospital resources

) - Borders and biosecurity

\%F Te Niwha 16




Characteristics directly relevant to preparedness and

Features of Aotearoa New Zealand

development and implementation of a pandemic
plan include:

Te Tiriti 0 Waitangi obligations

History of racism and colonisation with negative
Impact on health equity

Regional links with other Pacific nations and
obligations to Pacific Realm nations

Our relative isolation as an island nation

Population relatively compliant to reasonable,
proportionate and clearly justified public health
measures

Te Niwha

Interaction Institute for Social Change | Artist: Angus Maguire



Surveillance

« Early warning systems

« Surveillance in the early stages of a pandemic
« Wastewater surveillance

« Surveillance of vector-borne diseases

» Surveillance of domestic animals and wildlife

« Surveillance-informed severity assessment
« Morbidity/mortality Impact
« Disease seriousness
 Virus transmission

« Behavioural surveillance data and insights

Te Niwha

o lﬂ!x \‘

Source Christal Varley, Stuff

Source ESR
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One Health 17 (2023) 100617

Contents lists available at ScienceDirect
B TN
One Health
#Eﬁr ¥y
ELSEVIER journal homepage: www.elsevier.com/locate/onehlt

Developing One Health surveillance systems

One Health High-Level Expert Panel (OHHLEP), David T.S. Hayman *, Wiku B. Adisasmito ",
Salama Almubhairi ©, Casey Barton Behravesh “', Pépé Bilivogui ©, Salome A. Bukachi’,
Natalia Casas ®, Natalia Cediel Becerra ", Dominique F. Charron’, Abhishek Chaudhary’,
Janice R. Ciacci Zanella“, Andrew A. Cunningham ', Osman Dar ™", Nitish Debnath *7,
Baptiste Dungu °, Elmoubasher Farag ', George F. Gao °, Margaret Khaitsa ',

Catherine Machalaba ", John S. Mackenzie ", Wanda Markotter ™ , Thomas C. Mettenleiter
Serge Morand *“*, Vyacheslav Smolenskiy *", Lei Zhou °, Marion Koopmans *°

Key figures
Sykdomspulsen One Health - A real time

. . . . Daily automated updates of Sykdomspulsen:
surveillance system in an infrastructure coping

Intake fromm more than 15 data sources

with half a million analysis a day

2,000,000,000 rows of data and results (1TB)

800 database tables
» Clemence Koren, David Swanson, Gry Marysol Grgneng, Gunnar Rg, Petter Hopp, Malin Jonsson,

g by Wi https://aca.pensoft.net/article/68891/

Over 1 million analyses 19

Over 370 reports produced before breakfast



Modelling

« Compartmental SIR

« Branching process models

* Network models

« Assessment of impact
 Effectiveness of control measures
 Situational awareness

* Informing policy measures

« Strategy development

* Interpreting epidemiological and
clinical data streams

” Te Niwha

Reports  What is modelling? SIICC  Contact Twitter O

. .
Covid-19 Modelling Aotearoa
A transdisciplinary group of academic researchers and scientists who worked to help Aotearoa New Zealand face the Covid-19 pandemic

against
COVIDA9

20



A Stages B

4 : Prevalence in reservoir
Reservoir dynamics —

enzootic or epizootic

* Reservoir species (1 or more)

(W § * Host population dynamics

All

| zoonoses  Density dependence of transmission
‘ ! \ * Transmission mechanism /
\ * Environmental influences ﬂ

* Agricultural practices

Modelling

Spillover transmission
across species

West Nile virus, Brucella abortus

Single host for COVID models

Modelling requires understanding of
populations and interactions/transmission
within and between hosts

Monkeypox, Leishmania infantum

Pandemic influenza, Yersinia pestis

Reservoir-human contact rate

Spillover force
of infection

Direct * Transmission mechanism

+ Reservoir population abundance
Directand - Spatial overlap
veclor . Human risk behaviors
* Vector community M
Vector * Vector abundance

« Biting rates & preferences

(Bazl N\_ Food- * Harvest rate (agriculture or hunting)
" ~ borne . Human consumption rate
."a R + Species preference ;

* "‘ =
' ' Probability of infection

* Human immune defenses
All * Dose
zoonoses . Pathogen genotype (degree of

& human outbreaks | adaptation to humans)
(R,>1) , Direct = Duration and proximity of contact
' ? J ' \ Vector  « Vector competence /

Stuttering transmission
among humans \

Multi-species models common in
veterinary literature

 FMDv
« Mycobacterium bovis
 Livestock and wildlife

v
Sustained transmission

4
/

General frameworks and models less
common for zoonoses

\ Food-  +Butchering
~borne . Food-safety practices o
~_* Cooking practices

Whole population models unfeasible?

I Te Niwha Lloyd-Smith, J. O. et al. Epidemic dynamics at the human- ,;
| animal interface. Science 326, 1362-1367 (2009).
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Genomics — played important role in COVID response

Old methodology New methodology

w5 1 4] ‘ ! I
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I |
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Dec '22 Feb '23 Apr 23 Jun '23 Aug 23 Oct '23
B BA2 BA.2.75 M BA.2.86 lMBA4/BA5 lBQ.1.1 lCH.1.1 IBEG5 BHK3
@ Recombinant XBB XBC

Clinical cases
Wastewater

Operates differently during
different phases
« Early phase — WAIFW
 Later phases — population level
movements

Informed therapy (monoclonals)
— and vaccination
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One Health genomics challenges

« Sampling most important populations Omicron BA.1 Omicron BA.2
. . @ ™M : Cases Cases
« Multiple host species Community L, (associated S\ associated
« Farm animals, pets, livestock Restof World | wedding | stgﬁndsp/ash
. % cluster event

« Taonga species
« eNA approaches

« Modelling
* Ancestral state reconstruction

« Infer within and between species
transmission

« ldentify reservoir hosts
« Superspreading events?

Other community cases
which haven't spread widely

I Te Niwha 23
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ARTICLE M) Check for updates
https://doi.org/10.1038/541467-022-30698-6 OPEN

Transmission of SARS-CoV-2 from humans to
animals and potential host adaptation

Cedric C. S. Tan® “2* Su Datt Lam>*, Damien Richard"®, Christopher J. Owen® ', Dorothea Berchtald’,
Christine Orengo® “, Meera Surendran Nair®7, Suresh V. Kuchipudi® 7, Vivek Kapur’-8, Lucy van Dorp® ¥ &

Francois Balloux® "?

Multiple emergence and onward transmission in
animals
From Tan et al 2022 Nat Comms

Host

j ® Canis lupus familiaris
N ® Felis catus
@  Mesocritus auratus
WA ® Neovison vison (mink)
® Odocoileus virginianus (deer)

. @ Panthera spp.
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Example of outbreak
analytics workflow
incorporating
surveillance, diagnostics,
modelling, genomics and
contact tracing

Source: Outbreak analytics: a
developing data science for informing
the response to emerging pathogens,
Volume: 374, Issue: 1776, DOI:
(10.1098/rsth.2018.0276)

I Te Niwha
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Vaccines

« Equitable access

« Community-led initiatives

« Case for local production?
e Reduces the dependence on international supply
e More likely to be included in a multinational, distributed manufacturing model

e |f pandemic persists beyond 2-3 years, would have the potential to develop vaccines
tailored to the New Zealand population (e.g. considering subpopulations with
higher prevalence of adverse reactions to globally-available vaccines).

e Enhance our ability to develop and deliver vaccines for domestic animals and
wildlife. This could be useful for zoonotic diseases (e.g. H5SN1 vaccination of poultry).

Te Niwha 26



Communication — misinformation and
disinformation

ANTI-MASK |
MEETING

TONIGHT (Saturday) JAN. 25
DREAMLAND RINK

To Protest Againat the Unhealthy Mask Ordinance
Extracts will be read from State Board of Healddh
Bulletin shewng compuisery mask weanng o be a fadue

Eugene E. Schmits and other interesting speakers.

Source New York times

Te Niwha



SARS and misinformation

2 & WU!{.!JD Nt‘-’Wb THRRE TIMES SATLUINY MAY 33 30

Fearful Chinese
slaughter pets

Dvw At [ oncomt wiwd
;! e B bq.n'ux ity
M: Liwdes Ut W0
‘M!B:‘r&"w : m oo
5 - K o 13154 g e el s
:n:-b—” T—m “" -p“-,kg N o U 2 A e
e R M:N»h oy s w2 Mavke N
ot A Ao = ~ - u-‘a.muwlu
W G - - r&- m-—‘ - B
ML WA 1 ven e ks IQM&\'
M-.{Jm -\: # ouly b B e :

i
Hi
;
:

i

{ 5:{12
i

. 'm
eefi
i
b

|
£
i
:

| 4
| S

P
el o
’m&'«ou m Tevw 4 gty A ONea
Fd O e b 4 - whav el
i ey R T
ey e s e i W T PATLS be e &

Te Niwha




One Health — existential pandemic
threats

Photo: Owen Humphreys/PA Images via Getty Images

Te Niwha
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The next pandemic — influenza A
(HPAI)?

« WHO: “In 2023, Europe has been experiencing a large epidemic of
A(H5N1) viruses in birds, with outbreaks reported in domestic birds,
wild birds, and mammals across 24 countries. Outbreaks in wild and
domestic birds continue to be reported through May 2023.”

7%, World Health
o Organization

Health Topics v

Home / Disease Outbreak News / Item / Avian Influenza A(H5N1) - United Kingdom of Great Britain and Northern Ireland

Avian Influenza A(H5N1) -
United Kingdom of Great Britain
and Northern Ireland

30 May 2023



Bird flu: 50 million birds die in record
US outbreak

How should we prepare?

Strategy? Control measures?
Surveillance, humans, wildlife, livestock

Vaccination?

MoH, MPI, DOC, MFaT — All of Government response Risk to humans from H5N1 bird flu
.. . remains low but we must prepare - WHO
Mobilise veterinary workforce e e albla

Health and safety of workers

7

\ Y4
M

Taonga and endangered species?

Culling of livestock

%) )
VY

Impact on farming and food production

H5N1 has spread among poultry and wild birds for 25 years,
Director-General Tedros Adhanom Ghebreyesus told reporters in
a virtual briefing, but the recent reports of infections in mink,
otters and sealions "need to be monitored closely".

Te Niwha




Highly impacted populations

Transmission

 Health workers, border workers, frontline...

 Domestic animal workers(vets, vet nurses, extension workers,
farmers)

« Wildlife (DoC staff, wildlife vets, community groups)
Welfare and economic impacts

e Farming community, rural communities
* Trade
* Food consumers

I Te Niwha
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Pandemic response

Im paCt assessment, Major strategic choices for managing an emerging infectious disease with pandemic
and public health emer of international concern potential
strategy development 4 e .
Elimination Eradication
an d CO ntrOI measures High disease burden and feasibility justify International cooperation allows
—» interventions to reduce transmission to - -’ interventions to reduce
° I I zero for a defined geographical area and transmission to zero permanently
H Ig h Iy dyn amic time period [eg, measles and poliomyelitis) at the global level (eg, smallpox)
« Goal _and princip les e e o
remain consistent pandemic High disease burden justifies interventions Interventions to minimise disease
. . response to reduce impact, but elimination not burden (eg, tuberculosis and
S_trategy may Sh |ft as strategy sufficiently feasible and desirable HIV/AIDS)
circumstances change
Control measures may NGO St stAnN control Mitigation
. _’ Low disease burden, or lack of feasible Interventions to avoid
change_ raplc_l ly as interventions, resources, or political will overwhelming the health-care
ep|dem |0|og ical to act system (eg, pandemic influenza)
situation changes, new
mte_rventhﬂS become Figure 13. Pandemic response strategic choices. Source: Baker 2023 [81].
available etc.

Te Niwha 33




Preparing for pandemic zoonoses

* “The approach requires the active collaboration between fields of
expertise that do not typically collaborate. Expertise in human,
animal, and ecosystems health is required, but equally important
IS the input from social scientists, experts in land-use and
agricultural systems, virologists, epidemiologists, climate change
experts, anthropologists, economists and agronomists, and
decision makers from civil society.”

 Need for simulation exercises.

"!" Te Niwha
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