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Te Pūnaha Matatini

• A national research centre in 
complex systems and networks 
established in 2015. 

• Broad expertise in natural sciences, 
maths, and data science, working 
with domain experts in social, 
economic, and ecological systems

• We have previously worked on disease e.g. 

– M. bovis (using NAIT data)

– Seasonal flu (using genomics and cellphone data)

– Havelock North gastroenteritis (using banking data)  



Science communication
• Initially we developed a plan 

to support Siouxsie Wiles in 
her COVID communication

• Despite being the most 
prominent science 
communicator in NZ, the 
Ministry of Health was not 
briefing her

• Toby Manhire from the 
Spinoff was sending her 
Ministry press-releases  



COVID-19 modelling

• In early March, we built a model for our own purposes and for some 
simple science communication

• But we soon realized there was no New Zealand specific pandemic 
model available

• We decided to redirect funding from our travel budget to support a 
modelling effort



A disease simulation

RULES
• Everyone starts seated 
• A volunteer is chosen to be the 

index case
• The index case stands up and 

‘infects’ two others by pointing
• These two also stand up, having 

been ‘infected’
• Each of these two then infect two 

more, and so on, until everyone is 
standing up



The reproduction number 𝑅0

• In the simulation, the number of people each person 
went on to infect was two

• This number, called 𝑅0 or the reproduction number
of the virus, depends on the disease

Disease 𝑅0
Measles 12 to 18

SARS-CoV-2 2.5

SARS-CoV-1 2.4

Seasonal flu 1.2 to 1.4



A simple model (SIR)

SusceptibleSusceptible InfectiousInfectious RecoveredRecovered

In this model 𝑅0 depends on: 

• the number of days people are infectious for (𝑇) 

• the number of close contacts who are exposed each 
day (𝑐)  



A simple model
At the start of day 𝑡, there are 𝐼𝑡 infected people

𝐼𝑡 Each day ൗ𝐼𝑡 𝑇 people recover

There are 𝑐𝐼𝑡
possible new 
infections

Each day 𝐼𝑡 grows by

𝑐𝐼𝑡 − ൗ𝐼𝑡 𝑇 = 𝑅0 − 1 ൗ𝐼𝑡 𝑇

i.e. the 
reproduction 
number is:

𝑅0 = 𝑐𝑇



Some simple maths

Each day ∆𝑡 :  𝐼𝑡+1 → 𝐼𝑡 + 𝑅0 − 1 𝐼𝑡 Τ∆𝑡
𝑇

DIFFERENTIAL EQUATION ALERT: 

If 𝑅0 > 1 the number of infected people will grow 

If 𝑅0 < 1 the number of infected people will decrease 

𝑑𝐼

𝑑𝑡
=
𝐼𝑡+1 − 𝐼𝑡

∆𝑡
= 𝑅0 − 1 ൗ𝐼 𝑇 𝐼 = 𝐼0𝑒

𝑅0−1 ൗ𝑡 𝑇

Exponential growth!



Exponential growth!



It’s not quite that simple …
But after a while, not every contact will be susceptible, 
as some will recover 

The number of 
susceptible
contacts 
exposed/day is 
only 𝑐 ×

ൗ𝑆𝑡 𝑁
The reproduction number on day 𝑡 is: 

𝑅𝑡 = 𝑐 × ൗ𝑆𝑡 𝑁 × 𝑇 = 𝑅0 × ൗ𝑆𝑡 𝑁

Recovered people 
are immune



The reproduction number in this model is:

𝑅𝑡 = 𝑐 ൗ𝑆𝑡 𝑁𝑇 = 𝑅0 ൗ𝑆𝑡 𝑁

It’s not quite that simple …

When everyone is susceptible, 𝑆𝑡 = 𝑁, so 𝑅𝑡= 𝑅0

But as people recover, the fraction of people who are 

susceptible ൗ𝑆𝑡 𝑁 decreases so 𝑅𝑡 decreases 



Example: computer simulation
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Once 𝑅𝑡 < 1 the number of infected people starts to 
decrease and the epidemic will eventually fizzle out. 

How can we reduce 𝑅𝑡?

Controlling the epidemic

Reduce 

exposures

𝑅𝑡 = 𝑐 × ൗ𝑆𝑡 𝑁 × 𝑇

Vaccinate

Test, trace 

and isolate 

infected 

people



COVID-19: the plan
2009 pandemic 

influenza

SARS-CoV SARS-CoV-2

𝑅0~1.7 𝑅0~2.4 𝑅0~2.5

Incubation 

period ~2 days

Incubation 

period ~2-7
days

Incubation 

period ~4-12
days

Most infectious 

2 days after 

symptoms 

Most infectious 

5-7 days after 

symptoms 

Infectious 

1-2 days before

symptoms 

Most have mild 

illness

Very few have 

mild illness

Up to 30-40% 

asymptomatic 

but infectious

0.02% patients 

require ICU

40% patients 

require ICU

Est. 2% patients 

require ICU

• The plan was developed in 2017 for 

a pandemic influenza, but there was 

a significant challenge in adapting it 

for COVID-19.

• Transmission by mild/asymptomatic 

carriers was, and is, a key difficulty.

Petersen, Eskild, et al. "Comparing SARS-CoV-2 with SARS-CoV

and influenza pandemics." The Lancet infectious diseases (2020).



COVID-19: the plan
• It became clear in March that it would 

likely be very difficult to ‘flatten the 

curve’ sufficiently

• Instead, a strong, early lockdown was 

used to keep our testing and tracing in 

the game 

• With this, the test, trace, and isolate

strategy was effective



The March-April outbreak

James A, Plank MJ, Hendy SC, Binny RN, Lustig A, Steyn N (2020). Model-

free estimation of COVID-19 transmission dynamics from a complete outbreak. 

medRxiv preprint, doi: 10.1101/2020.07.21.20159335

Cases detected (to May 22): 1499 

https://doi.org/10.1101/2020.07.21.20159335


The March-April outbreak
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Our Alert Level 4 lockdown worked



Most people who get COVID-19 don’t infect anyone!

Superspreading

COVID-19 infections are mostly passed on via 
superspreading events

At these events one 
person can infect many 
other people



A second disease simulation
RULES

• The index case stands up and 

draws a card

• If they draw a heart, they ‘infect’ 

eight others by pointing

• These eight also stand up, having 

been ‘infected’

• If they don’t draw a heart, they 

don’t infect anyone

Superspreader!

The reproduction number 𝑅0 is still two on average but 
the simulation can play out quite differently by chance



Example: April 26 Cabinet paper

By April the Government wanted to know 

what would happen if they relaxed Alert 

Levels: we would send them our results 

every week



Exiting lockdown: 𝑃(𝑒𝑙𝑖𝑚)

R. N. Binny et al  “Probability of elimination for COVID-19 in Aotearoa New 

Zealand”, medRxiv https://doi.org/10.1101/2020.08.10.20172361 (2020).

https://doi.org/10.1101/2020.08.10.20172361


We run 1000s of simulations to find 
the most likely outcome. This worked 
well in March and April, when we had 
100s of transmission chains ...

Our disease simulations



In July, the Department of Prime Minister and Cabinet 
asked us to adapt our model for re-incursion scenarios 

The Auckland August cluster

Phone call and email just after 6pm on August 11:

this request has now become more urgent

● Symptomatic individual detected in South

Auckland

● Likely symptomatic for 5 days

● No known connections to the border

Question

● How many infected individuals might there be?



The answer depends on how many links in the 
chain there were from the border

The Auckland August cluster



The answer depends on how many links in the 
chain there were from the border

The Auckland August cluster

?

?

?



The Auckland August cluster

● If connected to the border: expected number 
of infected individuals was 0 to 22

● If no apparent connection to the border: 
expected number of infected individuals was 13 
to 51

How could we tell?

The answer depends on how many links in the 
chain there were from the border



● 31 December
○ WHO notified of new virus

● 12 January
○ Publication of SARS-CoV-2 

genome
○ Development of diagnostic qPCR 

assay
● 23 January

○ First sequencing protocol, 
amplicon enrichment designed 
by ARTIC network

Twitter

Real-time genomics



https://www.nature.com/articles/s41467-020-20235-8

Real-time genomics

Genome sequencing of the 
virus can tell us how many links 
there are in the chain, if we 
have the sequence for the 
index case

Bluff wedding cluster

https://www.nature.com/articles/s41467-020-20235-8


The Auckland August cluster

● The first cases were sequenced within 12 hours

● Lineage B.1.1.1, which had not been seen in NZ since March

● Not linked to any known case in managed quarantine

The case could not be linked to the border: we were dealing with 
a cluster as large as 50 people



The Defence Force cluster
● On November 12, a young woman in central Auckland tested 

positive for COVID-19

● She had no known links to the border

● The genomics linked her virus to a Defence Force worker at an 
Auckland MIQ facility: no lockdown

● Modelling + genomics saved the economy $130 million



Vaccinations

How many people 𝑉 do we need to vaccinate to 
stop the epidemic?

1 > 𝑅𝑡 = 𝑐 ൗ𝑆 𝑁𝑇 = 𝑅0 ൗ𝑆 𝑁

𝑉 + 𝑆 = 𝑁

⇒ ൗ𝑆 𝑁 < ൗ1 𝑅0

⇒ ൗ𝑉 𝑁 > 1 − ൗ1 𝑅0

Assuming vaccine is 100% 
effective

• For wild-type COVID-19, 
𝑅0=2.5 so Τ𝑉 𝑁 > 60%

• For B.1.1.7 variant, 𝑅0~3.75 
so Τ𝑉 𝑁 > 75%



• Please get vaccinated when you are offered 
the chance!

Vaccinations



Mike Plank Rachelle Binney

Audrey Lustig Nick Steyn

Alex James

(Top, left to right) Emily Harvey, Oliver 

Maclaren, Ilze Zeidins, Andrew Sporle

(Bottom, left to right) Shaun Hendy, Kate 

Hannah, Siouxsie Wiles, Dion O’Neale

Plus Melissa McLeod, 

Tahu Kukutai, Matt Parry, 

Joep de Ligt, Jemma 

Geoghegan

Thanks to …



Glossary

• Index case: the first case to be infected in a cluster
• Reproduction number, 𝑹𝟎: the average number of secondary cases infected 

by single case at the start of an epidemic
• Reproduction number, 𝑹𝒕: the reproduction number 𝑡 days into an epidemic
• 𝑻 : the average number of days a person is infectious
• 𝒄 : the number of contacts per day that are exposed
• 𝑵 : the number of people in a population
• 𝑺𝒕 : the number of susceptible people on day 𝑡 in a population
• 𝑰𝒕: the number of infected people on day 𝑡 in a population
• 𝑽 : the number of vaccinated people in a population  
• ∆𝒕 : 1 day
• Superspreading event:  an event where many more people than 𝑹𝟎 become 

infected


