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Detecting the re-emergent 
COVID-19 pandemic a� er 

elimination: modelling 
study of combined 

primary care and hospital 
surveillance

Nick Wilson, Markus Schwehm, Ayesha J Verrall, Matthew Parry, 
Michael G Baker, Martin Eichner 

One of the challenges with a new pan-
demic such as COVID-19 is how best 
to undertake surveillance. Good-qual-

ity surveillance is needed to maximise rapid 
disease control, eg, with case isolation and 
contact tracing to identify further cases and 
to quarantine contacts as shown by success-
ful control in China.1,2 This surveillance and 
control capacity is particularly critical for 
nations that decide to eliminate commu-
nity transmission entirely as New Zealand 

aimed to3 and has succeeded with (as per 
mid-July 2020 and using a defi nition from 
other modelling work on elimination for 
New Zealand).4 Most Australian States and 
Territories had also eliminated community 
transmission of COVID-19 by mid-July 2020, 
the exceptions being Victoria and New South 
Wales. Elimination status is also relevant to 
the following groupings of island jurisdic-
tions, as per WHO data on 15 July 2020:5

ABSTRACT
AIMS: We aimed to determine the e� ectiveness of surveillance using testing for SARS-CoV-2 to identify an 
outbreak arising from a single case of border control failure in a country that has eliminated community 
transmission of COVID-19: New Zealand.

METHODS: A stochastic version of the SEIR model CovidSIM v1.1 designed specifically for COVID-19 was 
utilised. It was seeded with New Zealand population data and relevant parameters sourced from the New 
Zealand and international literature. 

RESULTS: For what we regard as the most plausible scenario with an e� ective reproduction number of 2.0, 
the results suggest that 95% of outbreaks from a single imported case would be detected in the period up 
to day 36 a� er introduction. At the time point of detection, there would be a median number of five infected 
cases in the community (95% range: 1–29). To achieve this level of detection, an ongoing programme of 
5,580 tests per day (1,120 tests per million people per day) for the New Zealand population would be 
required. The vast majority of this testing (96%) would be of symptomatic cases in primary care settings 
and the rest in hospitals. 

CONCLUSIONS: This model-based analysis suggests that a surveillance system with a very high level of 
routine testing is probably required to detect an emerging or re-emerging SARS-CoV-2 outbreak within 
five weeks of a border control failure in a nation that had previously eliminated COVID-19. Nevertheless, 
there are plausible strategies to enhance testing yield and cost-e� ectiveness and potential supplementary 
surveillance systems such as the testing of town/city sewerage systems for the pandemic virus.
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1. Those jurisdictions which have 
avoided any COVID-19 cases at 
the time of writing (eg, via border 
controls), but which are still at risk 
if border controls fail. These mainly 
include island jurisdictions in the 
Pacifi c Ocean (eg, American Samoa, 
Cook Islands, Federated States of 
Micronesia, Kiribati, Marshall Islands, 
Nauru, Niue, Palau, Samoa, Solomon 
Islands, Tokelau, Tonga, Tuvalu and 
Vanuatu). 

2. Those jurisdictions which have only 
experienced sporadic cases and 
appear (as per mid-July 2020) to have 
successfully contained spread. These 
include some islands in the Pacifi c (eg, 
Fiji). 

3. Those jurisdictions which have had 
larger outbreaks of COVID-19, but 
have instituted tight controls and 
have declining numbers of new cases 
or no new cases for many weeks (eg, 
Taiwan).

A recent Australian study6 suggested 
that timely detection and management of 
community transmission of COVID-19 is 
feasible. This modelling study concluded 
that “testing for infection in primary care 
patients presenting with cough and fever is 
an effi  cient, effective and feasible strategy 
for the detection and elimination of trans-
mission chains”. For example, when testing 
9,000 people per week (per million popu-
lation), the authors estimated that no cases 
of COVID-19 would be missed in some 
circumstances. This type of surveillance 
could therefore be relevant to identifying 
emergent or re-emergent SARS-CoV-2, the 
pandemic virus causing COVID-19.

Given this background, we aimed to 
determine the effectiveness of surveillance 
using testing for the SARS-CoV-2 virus to 
identify an outbreak arising from a single 
case of border control failure in a nation 
that is free of community transmission: New 
Zealand as per mid-July 2020. 

Methods
To run pandemic spread scenarios for 

New Zealand, we used a stochastic SEIR 
type model with key compartments for: 
susceptible [S], exposed [E], infected [I] 
and recovered/removed [R]. The model is 

a stochastic version of CovidSIM, which 
was developed specifi cally for COVID-19 
by two of the authors (http://covidsim.eu; 
version 1.1). Work has been published from 
version 1.0 of the deterministic version of 
the model,7,8 but in the Appendix we provide 
updated parameters and differential equa-
tions for version 1.1. The stochastic model 
was built in Pascal and 100,000 simulations 
were run for each set of parameter values.

The parameters were based on available 
publications and best estimates used in the 
published modelling work on COVID-19. 
Key components were: a single undetected 
infected case arriving in New Zealand via 
a border control failure, 80% of infected 
COVID-19 cases being symptomatic, 39.5% 
of cases seeking a medical consultation 
in primary care settings, and 4% of symp-
tomatic cases being hospitalised (see 
Appendix Table 1 for further details). We 
assumed that the initial undetected case 
could be at any stage of infection—to cover 
both failures of managing quarantine at 
the border, but also failures around the 
management of non-quarantined workers 
such as air crew and ship crew. Scenarios 
considered different levels of transmission 
with the effective reproduction number 
(Re) of SARS-CoV-2 to be 1.5, 2.0, 2.5 and 3.0 
(Appendix Table 1). Given some evidence 
for superspreading phenomena with this 
pandemic virus,9–11 we also considered 
scenarios where just 10% of the cases 
generated 10 times the number of secondary 
cases as the other cases.

Other scenarios considered the impact 
of 75% of symptomatic people seeking a 
medical consultation (eg, as the result of 
a potential media campaign); and another 
considered a possible school outbreak (eg, 
a border control failure involving a teacher 
or student returning from overseas). The 
assumptions for the latter involved: Re = 
2.0, only 5% of symptomatic cases seek 
medical consultation, and only 0.5% being 
hospitalised. 

For the detection of COVID-19 cases, we 
assume testing of 95% of cases of symp-
tomatic cases of respiratory illness seeking 
medical attention in primary care and of 
hospitalised cases of respiratory illness. For 
parameterising the size of these two groups, 
we used offi  cial statistics and results from 
the Flutracking surveillance system used in 

ARTICLE



30 NZMJ 30 October 2020, Vol 133 No 1524
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

New Zealand (Appendix Table 1). The sensi-
tivity of the PCR diagnostic test (at 89%) was 
based on a meta-analysis (Appendix Table 1). 

Results 
For what we regard as the most plausible 

scenario with an Re of 2.0 (ie, where people 
are still practicing some modest level of 
reduced social contact and/or increased 
hygiene because of the pandemic in other 
countries), the results suggest that 50% 
of outbreaks from a single imported case 
would be detected in the period up to day 
16 and 95% in the period up to day 36 (Table 
1, Figure 1). At the time of detection (to day 
36), there was an estimated median number 
of fi ve infected cases in the community 
(95% range: 1–29). To achieve this level of 
detection, an ongoing programme of 5,580 
tests per day would be required, (1,120 per 
million people per day) for the whole New 
Zealand population. The vast majority of this 
testing (96%) would, however, be in primary 
care settings and the rest in hospitals. 

For all scenarios except for the school 
scenario, 95% of outbreaks were detected 
in less than six weeks after introduction. A 

higher value (71 days) was for the simulated 
school outbreak where medical consulta-
tions were assumed to be much less likely 
(due to symptoms in young people being 
typically milder). Increasing the extent by 
which symptomatic people seek medical 
consultations to the 75% level (up from that 
reported by Flutracking at 39.5%), would 
reduce the time to detection (eg, from 36 to 
26 days for the Re = 2.0 scenario at the 95% 
probability level, Table 1).

When allowing for superspreading 
events, introductions less frequently lead 
to outbreaks (Table 1) and these outbreaks 
have a tendency to be detected earlier 
(Figure 1).

Discussion
This analysis indicates the challenges for 

a surveillance system designed to detect the 
re-emergence of SARS-CoV-2 transmission in 
a COVID-19-free nation with border controls. 
A very high level of testing of symptomatic 
people is typically required in primary care 
settings and hospitals to detect an outbreak 
within fi ve weeks after a single border 
control failure (at least at the 95% level). 

Figure 1: Probability of COVID-19 case detection after reintroduction of the infection (the different curves represent the results of 
100,000 simulations each, using Re values from 1.5 to 3.0). Dotted lines refer to a scenario where 75% of symptomatic cases seek medical 
help. Dashed lines refer to scenarios which allow for superspreading events. The dashed-dotted line refers to an outbreak in a school (for 
further details on parameter settings, see Table 1 and text). 
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This relatively ideal testing level, at 5,580 
tests per day, is somewhat higher than the 
levels in New Zealand in early May 2020 (ie, 
the seven-day rolling average at this time 
was around 4,200 tests per day,12 although 
this included some screening of asymp-
tomatic people). It is even higher than the 
more recent 2,240 tests per day in early July 
2020 (seven-day rolling average from 3 to 9 
July). This lower level in July was even in the 
context of publicised “escapes” from border 
control facilities and it may drop further in 
the future with enhancements in quarantine 
facility security. Possibly there is a need 
for health authorities to regularly remind 
health professionals to keep offering testing 
since there is always some (albeit low) risk 
of quarantine failures, as some people may 
still excrete virus beyond the 14-day quar-
antine period.13,14 Work could also be done 
to research any barriers for getting testing 
(eg, transport issues to primary care, waiting 

times and perceptions around cost barriers). 
Research could also explore why Australia 
has achieved a higher cumulative level of 
testing (112,000 tests vs 87,500 tests per 
million by 8 July 2020 15), although some of 
this will be due to the ongoing transmission 
of disease in states such as Victoria (as per 
July 2020). 

Despite the high level of testing required 
for this type of surveillance system, there 
are potential ways that might improve the 
yield and cost-effectiveness of such testing:

• Prioritising community testing for 
those with relevant symptoms (as per 
Ministry of Health criteria updated 
in June 2020 16) in the cities where 
border control failures are most 
likely to become evident (ie, those 
operating international airports and 
where isolation/quarantine facilities 
exist: Auckland, Hamilton, Rotorua, 

Table 1: Modelled impacts by the time it takes to obtain at least one positive test result for SARS-CoV-2 infection arising from a border 
control failure where a single case enters the island nation of New Zealand (all results adjusted for lag times in reporting and obtaining 
test results, using 100,000 stochastic simulations for each parameter setting).

Scenario with variation in 
the e� ective reproduction 
number (Re)

Introduction 
leads to 
no further 
spread (%)

Day when 50% 
of outbreaks 
have been 
detected 
(median)

Day when 95% 
of outbreaks 
have been 
detected 
(median)

Mean 
day of 
outbreak 
detection

Expected 
no. of total 
tests*

Median (95% 
range) number of 
infections from 
introduction to 
detection**

Re = 1.5 45.3 15 38 16.8 93,700 4 (1–21)

Re = 2.0 (most plausible) 36.9 16 36 16.9 94,300 5 (1–29)

Re = 2.5 31.2 16 33 16.6 92,600 7 (1–38)

Re = 3.0 26.9 16 31 16.2 90,400 9 (1–49)

Re = 1.5, but 75% seek 
medical consultation***

36.1 10 26 11.4 116,000 2 (1–11)

Re = 2.0, but 75% seek 
medical consultation***

30.8 11 26 11.7 119,000 3 (1–15)

School outbreak# 44.7 40 71 40.4 225,000 44 (2–240)

Re = 1.5, but with 
superspreaders

56.8 12 33 13.8 77,000 3 (1–26)

Re = 2.0, but with 
superspreaders

50.3 16 34 15.0 84,000 4 (1–36)

*From the time of the border control failure to the mean day of outbreak detection. This is around 5,600 tests per day for primary care and hospital sectors 
combined for the first four listed scenarios. 
**Includes those in the latent phase, prodromal phase, asymptomatic infections and symptomatic infections (but not recovered or deceased cases). 
***These higher levels of consultation seeking result in a proportionate increase in the tests performed. 
#The assumed characteristics for this school outbreak involved: Re = 2.0, only 5% of symptomatic cases seeking medical consultation, and only 0.5% being 
hospitalised. The level of testing was as per the first four listed scenarios.
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Wellington and Christchurch). Simi-
larly, if cargo ship crews travelling 
from international ports are permitted 
shore leave in New Zealand in the 
future, then testing could be focused 
on these port cities.

• Pooling samples for PCR testing may 
preserve reagents and be more effi  -
cient17 and cost-effective,18 but needs 
to be balanced against potential loss of 
sensitivity and associated diagnostic 
delays.

If it became diffi  cult to maintain high 
levels of testing even in these priority 
cities, an additional safeguard might be 
routinely offering testing to all hospital 
and emergency department attendees 
with any respiratory symptom (ie, not just 
those in the Ministry guidelines16). Another 
safeguard would be enhancements to the 
contact tracing systems used in New Zealand 
so that they can effectively address any 
outbreaks that arise.

Study strengths and limitations
This is the fi rst such modelling analysis 

for a country that has achieved an elimi-
nation goal for COVID-19 with the end of all 
community transmission. Nevertheless, this 
work could have been refi ned further by a 
focus on a narrower range of acute respi-
ratory diseases (eg, excluding the category 
of hospital admissions for chronic lower 
respiratory diseases (ICD10 codes: J40–J47). 
But since hospital admissions for these often 
involve an acute aspect, eg, acute bronchitis 
on top of chronic obstructive respiratory 
disease, we took the parsimonious approach 
of considering all respiratory diseases. 

Another limitation is that we did not 
consider the relatively large seasonal fl uctu-
ations in the proportion of people consulting 
primary care for respiratory conditions (ie, 
with Flutracking data indicating a four-fold 
variation in cough/fever symptoms between 
May and October19).

This analysis also did not explore other 
surveillance options such as routine 
active surveillance of specifi c groups who 
might be considered at increased risk (eg, 
air-crew, ship-crew, port workers and 
quarantine facility workers). Similarly, not 
considered was the testing of town and 
city sewerage systems for the pandemic 
virus in wastewater, as is being explored 
in several jurisdictions internationally.20,21

Indeed, in the New Zealand setting, the 
Crown Research Institute ESR has reported 
detecting SARS-CoV-2 in wastewater22 and 
is continuing to develop this methodology. 
Such approaches could improve the speed of 
early detection in the community and allow 
for lower routine levels of testing people 
with respiratory symptoms. 

Conclusions
In conclusion, this model-based analysis 

suggests that a surveillance system with 
a very high level of routine testing is 
probably required to detect an emerging or 
re-emerging SARS-CoV-2 outbreak within 
fi ve weeks of a border control failure in 
a nation. But further work is required to 
improve on this type of analysis and to 
evaluate other potential surveillance system 
components, particularly the testing of 
wastewater in sewerage systems.
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Appendix
Mathematical description of the CovidSIM model (version 1.1) and model 
parameters 
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Appendix Table 1: Input parameters used for modelling the potential spread of the COVID-19 pandemic with the stochastic version of 
CovidSIM (v1.1) with New Zealand as a case study. 

Parameter Value/s used Further details for parameter inputs into the modelling

Population size 4,951,500 We used the estimated New Zealand population as per December 2019 (ie, 4,951,50024). 

Infections that lead 
to sickness

80% We used the same proportion (80%) of symptomatic cases as per a Chinese study,1 and as per an 
Australian modelling study.6 This value is higher than the 57% value found in an Icelandic study25

but this study did not involve long-term follow-up of the asymptomatic cases (ie, some of the 
asymptomatic cases might subsequently have developed symptoms). But it is also lower than 
that found in another Chinese study (at 94% symptomatic).26

Sick people who 
seek medical 
attention in 
primary care

39.5% (75% 
in a scenario 
analysis)

We used the result from the New Zealand Flutracking surveillance system for people with “fever 
and cough” in the weekly surveys who report seeking medical attention for these symptoms.19

This is very similar to international estimates for people with influenza who seeking medical 
attention at 40%, eg, as used in other modelling.7 In scenario analyses we raised this to 75% 
on the assumption that a media campaign could encourage attendance for relatively mild 
respiratory symptoms.

Sick people need 
hospitalisation 

4% At the time of writing on 3 May 2020, there were eight people hospitalised in New Zealand with 
COVID-19 (out of a total of 201 actively infected cases, ie, 4.0%27). Of note is that modellers in the 
UK have used 4.4% (of all infected cases),28 and for modelling in the US 3%, 5% and 12% have 
been proposed.29 The length of hospitalisation was assumed to be 10 days which is similar to 
other modelling work eg, 10.4 days for the UK.28

E� ective 
reproduction 
number (Re)

2.0 as 
the most 
plausible 
value for 
New Zealand 
(1.5, 2.5 and 
3.0 used in 
scenario 
analyses)

This estimate of 2.0 is in the lower end of the range for the basic reproduction number (R0) 
reported on 6 March by the WHO (ie, 2.0–2.530). This is because we assumed some level of 
ongoing physical distancing and enhanced hygiene practices in New Zealand relative to the 
pre-pandemic world. Of note is that an earlier review of 12 studies,31 suggested estimates that 
ranged from 1.4–6.49, with a mean of 3.28, a median of 2.79 and interquartile range of 1.16. UK 
modelling work has used an estimate of 2.4 (range: 2.0–2.6).28 Australian modelling studies have 
used R0 values in the 2.2–2.7 range.32 For the Re = 1.5 and 2.0 values we also considered scenarios 
with superspreading (as explained in the main text).

Relative 
contagiousness 
in the prodromal 
period

50% There is uncertainty around this value but we used the same estimate as in recent UK 
modelling.28 This has biological plausibility as while there is similarity in viral loads between 
asymptomatic and symptomatic COVID-19 patients,33 it would be expected that those who are 
fully symptomatic (with a cough, etc) would be more likely to transmit infection. Of note is an 
estimate from the Diamond Princess cruise ship outbreak, that 17.9% of COVID-19 infections 
were from asymptomatic individuals (95% credible interval 15.5–20.2%).34 But it is unclear how 
generalisable this finding is given the crowded cruise ship conditions and the typically elderly 
nature of the passengers.

Latency period 4 days We used an average duration of four days as per Read et al,35 with a standard deviation (SD) of 
25% (one day) (calculated using 16 stages; Erlang distribution). This is similar to the estimate in a 
Chinese study which reported a median latent period of 3.69 days.36

Prodromal period 1 day There is as-yet insu� icient data on this for COVID-19, so we used an assumed value for influenza 
(SD = 25%; 0.25 days, Erlang distribution). 

Symptomatic 
period

10 days (split 
into 2 periods 
of 5 days 
each)

The WHO-China Joint Mission report stated that “the median time from onset to clinical recovery 
for mild cases is approximately two weeks and is 3–6 weeks for patients with severe or critical 
disease”.2 But given that mild cases may have been missed in this particular assessment, we used 
a slightly shorter total time period of 10 days (SD = 25%; 2.5 days, Erlang distribution). 
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Parameter Value/s used Further details for parameter inputs into the modelling

Contagiousness 
during the two 
symptomatic 
periods

100% and 
50% 

In the first five days of symptoms, cases were considered to be fully contagious. In the second 
five-day period, this was assumed to be at 50%. The latter figure is highly uncertain, but is 
broadly consistent with one study on changing viral load.37

Provision of testing and test sensitivity assumed 

Background 
hospital 
admissions 
for respiratory 
conditions in New 
Zealand

234 
admissions 
per day 

Using 85,439 respiratory disease admissions to New Zealand public hospitals in the year 
2016/2017 (for all Chapter X ICD10 codes: J00 to J99).38

Background 
medical 
consultations 
in primary care 
for respiratory 
conditions in New 
Zealand

5,640 
consultations 
per day

Data from the New Zealand arm of the Flutracking surveillance system was used. This indicates 
that approximately 3% of respondents in the period from April to October report “fever and 
cough” in the weekly surveys.19 Of these 39.5% report seeking medical attention for their 
symptoms. However, we assumed a lower annual rate of 2% to account for the period outside of 
the influenza season (eg, Flutracking reporting is closer to 1% for weekly “fever and cough” at the 
start of May when the surveillance system begins for the year). In the New Zealand population of 
five million this would suggest 14,300 new cases developing “cough and fever” per day of whom 
5,640 would be expected to seek medical attention.

Coverage in 
patients with 
respiratory 
symptoms who 
seek medical 
attention in 
primary care

95% coverage These coverage values were further adjusted for the test sensitivity of 89% (see below). With 95% 
coverage and 89% test sensitivity, 84.55% of cases would be detected.

Coverage in 
hospitalised 
patients with 
respiratory 
symptoms 

95% coverage As above.

PCR test sensitivity 89% A meta-analysis has reported this as 89% (95%CI: 81 to 94%).39 This sensitivity is not ideal as 
while infection can be in the lungs, the sampling is from the nasopharynx, which may contain 
lower levels of virus at some stages of infection. Specificity is close to 100% for the PCR test.

Lag times (for health sector interaction and testing delays)

Delay from 
symptom onset 
until a test has 
been performed 
and the result has 
become available

5 days plus 
1 day for the 
testing delay

There is a delay between symptom onset and the performance of the test for SARS-CoV-2. For 
the first part of the delay we considered a study in Beijing, China, which reported the interval 
time from between illness onset and seeing a doctor was 4.5 days.40 Another Chinese study of 
710 patients with pneumonia41 reported that those dying had a median duration from onset of 
symptoms to radiological confirmation of pneumonia of 5 (IQR: 3–7) days.
For the testing delay we noted that the aim in New Zealand is to obtain the result of the tests in 
under 24-hours regardless of the primary care or hospital setting. But this may not always be the 
case for rural and small-town settings. In our simulations, test results were available on average 
5.94 days a� er symptom onset (SD: 1.36 days). 

Appendix Table 1: Input parameters used for modelling the potential spread of the COVID-19 pandemic with the stochastic version of 
CovidSIM (v1.1) with New Zealand as a case study (continued). 
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