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abstract
aim: As New Zealand transitions towards endemic SARS-CoV-2, understanding patient factors predicting severity, as 
well as hospital resourcing requirements will be essential for future planning.
methods: We retrospectively enrolled patients hospitalised with COVID-19 from 26 February to 5 October 2020 as part 
of the COVID-19 HospitalisEd Patient SeverIty Observational Study NZ (COHESION). Data on demographics, clinical course 
and outcomes were collected and analysed as a descriptive case series.
results: Eighty-four patients were identified across eight district health boards. Forty-one (49%) were male. The 
median age was 58 years [IQR: 41.7–70.3 years]. By ethnicity, hospitalisations included 38 NZ European (45%), 19 Pas-
ifika (23%), 13 Māori (15%), 12 Asian (14%) and 2 Other (2%). Pre-existing co-morbidities included hypertension (26/82, 
32%), obesity (16/66, 24%) and diabetes (18/81, 22%). The median length of stay was four days [IQR: 2–15 days]. Twelve 
patients (12/83, 14%) were admitted to an intensive care unit or high dependency unit (ICU/HDU). Ten (10/83, 12%) 
patients died in hospital of whom seven (70%) were not admitted to ICU/HDU; the median age at death was 83 years. 
conclusion: Despite initially low case numbers in New Zealand during 2020, hospitalisation with COVID-19 was asso-
ciated with a high mortality and hospital resource requirements. 

On 28 February 2020, Aotearoa New Zealand 
recorded its first case of severe acute respi-
ratory syndrome coronavirus 2 (SARS-

CoV-2) infection, causing coronavirus disease 
2019 (COVID-19) in a traveller returned from the 
Middle East. A rapid and sustained public health 
response ensued, including contact tracing, coun-
trywide lockdown and government-managed 
quarantine of international travellers.1,2 New Zea-
land successfully eliminated community COVID-
19 transmission by May 2020, diverging from 
most other OECD countries and resulting in both 
low case numbers and fatalities.1 Further com-
munity outbreaks occurred August to September 
2020 and in February 2021, again with success-
ful elimination. However, in August 2021, the 
increased transmissibility of the COVID-19 Delta 

variant resulted in total case notifications rising 
across the Auckland region, despite high vacci-
nation rates.3 With relaxation of public health 
measures, including travel restrictions, it is likely 
SARS-CoV-2 will eventually become endemic 
across New Zealand. Understanding patient char-
acteristics, outcomes and resourcing during the 
early waves may help plan for future outbreaks 
and this transition to endemic disease.

Whilst knowledge regarding patient risk fac-
tors, clinical progression and treatments for 
COVID-19 in hospitalised patients has progressed 
rapidly from international large-scale studies,4 
there is a paucity of local data. Healthcare in 
New Zealand is predominately public-funded and 
is currently delivered by twenty district health 
boards (DHBs). Sixteen percent of the population 
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live rurally5 and 10% are served by rural hospi-
tals6 which may have limited staffing and resourc-
ing. New Zealand has a diverse ethnic make-up 
with its population identifying as NZ European 
(70.2%), Māori (Indigenous peoples) (16.5%), Asian 
(15.1%), Pasifika (8.1%) and Middle Eastern, Latin 
American and African (MELAA) (1.5%).5 Global 
data have indicated disproportionate mortality 
amongst ethnic minority groups with COVID-197, 

8 and it is recognised that Māori and Pasifika are 
more likely to contract, and be hospitalised, with 
infectious diseases9 including COVID-19.10 

To characterise local factors associated with 
adverse outcomes in hospitalised COVID-19 patients 
in New Zealand, the multi-centre COVID-19 Hos-
pitalisEd Patient SeverIty Observational Study NZ 
(COHESION) study was established in April 2020. 
Additional study outcomes included an analysis 
of key hospital resources usage such as oxygen, 
length of stay (LOS) and requirement for intensive 
or high dependency care. The majority of data to 
date were collected from patients admitted to hos-
pital during the early community waves, although 
further data collection and analyses are planned. 
Here, we present a descriptive review of patients 
hospitalised with COVID-19 in New Zealand 
from 26 February to 5 October 2020, encompass-
ing from the first reported case in New Zealand 
until the end of the second wave of community 
transmission. 

Methods
We conducted a multi-centre retrospective cohort 

study. Eleven DHBs across New Zealand were 
enrolled including Auckland, Bay of Plenty, Can-
terbury, Capital and Coast, Counties Manukau, 
Hutt Valley, Lakes, MidCentral, Southern, Waikato 
and Waitematā. Patients of any age admitted to 
participating DHBs with a primary clinical diag-
nosis of COVID-19, based on contemporaneous 
Ministry of Health definitions,11 were identified 
by site investigators and included for analysis. 
We enrolled both confirmed COVID-19 cases, i.e., 
those with symptomatology and positive SARS-
CoV-2 polymerase chain reaction (PCR) testing and 
probable cases. Probable cases were defined as 
a symptomatic close contact of a confirmed case 
(epi-link), or a case that met the clinical criteria, 
in whom other aetiologies explaining the clinical 
presentation had been excluded, and where labo-
ratory testing was either suggestive of SARS-CoV-2 
or inconclusive. Patients with COVID-19 hospital-

ised for less than six hours or admitted primarily 
for an unrelated diagnosis were excluded. 

Data were extracted from individual patient 
records by investigators. Patients identifying 
as more than one ethnic group were analysed 
as a single ethnicity, prioritised in the order of 
Māori, Pasifika, Asian then NZ European/Other.3 

A returned traveller was defined as having trav-
elled internationally within the 14 days preceding 
symptom onset. Presenting symptoms related to 
self-reported symptomatology during or prior to 
hospital admission. Blood and biochemical results 
were obtained from the first laboratory tests taken 
during admission. LOS was calculated from the 
date of admission to the date of hospital discharge 
or death and included time spent in inpatient reha-
bilitation facilities. Inpatient mortality was defined 
as death during hospital admission. The presence 
or absence of some patient characteristics were 
variably documented in the clinical notes. There-
fore, data are reported as the number of patients 
with a characteristic, over the denominator of 
patients for whom this information was available.  

De-identified data were collected by investi-
gators and uploaded to a secure online database. 
Descriptive analyses were performed using pooled 
data. We performed bivariate logistic regression of 
a composite “severe outcome”, defined as admis-
sion to intensive/high dependency care (ICU/HDU) 
or inpatient death, against patient age, ethnicity 
and selected co-morbidities. Statistical analysis 
was performed in Stata 16.0 (StataCorp, College 
Station, TX, United States). Ethical approval for this 
study was obtained from the New Zealand Health 
and Disability Ethics Committee (reference: 20/
NTB/72/AM02) and local approvals were obtained 
at each participating site. 

Results
Eighty-four patients were identified from the 

26 February to 5 October 2020 with data submit-
ted from eight of the eleven participating district 
health boards (DHBs). The majority were hospi-
talised in three Auckland DHBs, Auckland, Coun-
ties-Manukau and Waitemata (n=56, 67%) (Figure 
1). Nine patients (11%) were healthcare workers 
and four (5%) were pregnant. Seventeen patients 
(20%) were returned travellers. A positive SARS-
CoV-2 test was collected from 66/76 (87%) patients 
during admission. The remainder had either a 
positive community test prior to admission or ful-
filled the ‘probable’ case criteria. 
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Demographics and Co-morbidities
Forty-one patients (49%) were men, and the 

median age was 58 years [n=83, interquartile 
range [IQR] 41.7–70.3 years]. The most common 
age decile was 50–59 years (19/83, 23%) (Table 
1). Sixteen patients (19%) were under 40 years. 
The only child in the cohort (≤18 years old) was a 
2-month-old infant. By ethnicity, 38 (45%) patients 
identified as NZ European; 19 (23%) Pasifika; 13 
(15%) as Māori; 12 (14%) as Asian and 2 (2%) as 
Other (Table 2). Māori were the youngest group 
admitted, with a median age of 45 years [IQR: 
42–58 years]. NZ European/Other were the old-
est, median age 63 years [IQR: 51–78 years]. For-
ty-eight (57%) patients had at least one reported 
pre-existing co-morbidity. Metabolic co-morbidi-
ties included chronic cardiac disease (12/82, 15%), 
hypertension (26/82, 32%), diabetes (18/81, 22%) 
and obesity (16/66, 24%) (Table 1). Twenty-five 
(32%) of 79 patients were ex-smokers and 2 (3%) 
were current smokers. 

A record of a composite severe outcome was 
available in 83/84 patients, with 19/83 (23%) dying 
or admitted to ICU/HDU. When correlated against 
a severe outcome of death or ICU/HDU admis-
sion, none of age, ethnicity or co-morbidities 
were shown to confer a worse outcome (Table 1). 
Māori had the highest proportion admitted to ICU/
HDU (38%) (Table 2). Those identified as NZ Euro-
pean/Other had the highest in-hospital mortality 
(21%) but were also the oldest (mean=64 years 

[IQR: 51–80 years]) with the lowest rate of ICU/
HDU admission (8%). When adjusted for age, the 
adjusted odds ratio (aOR) of a composite severe 
outcome for Māori was 3.7 (95% Confidence Inter-
val (CI): 0.93–14.7, p=0.06) when compared to 
Non-Māori/Non-Pasifika. For Pasifika the aOR was 
0.58 (95% CI: 0.14–2.29, p=0.44). 

Clinical features
Patients reported a median of seven days of 

symptoms [IQR: 4–10 days] prior to presentation. 
The most common were cough (66/83, 80%) and 
shortness of breath (58/84, 69%). Systemic symp-
toms including fever (56/84, 67%), myalgia (28/66, 
42%) and fatigue (48/75, 64%) were frequently 
described. Gastrointestinal symptoms including 
abdominal pain (9/73, 12%), nausea or vomiting 
(12/72, 17%) and diarrhoea (12/71, 17%) were also 
reported. On admission, 23/71 (32%) had a tem-
perature ≥38°C. The median heart rate (90 beats 
per minute [IQR: 78–101bpm]), respiratory rate 
(20 respirations per minute [IQR: 18–25resps/
min]) and oxygen saturations (96% [IQR: 94–98%]) 
on arrival were generally within normal ranges 
(Table 3). Oxygen saturations ≤92% were recorded 
in 10/81 (12%) patients on admission. 

Median measurements of blood count param-
eters at admission, including liver function tests 
and electrolytes, were predominately in normal 
ranges although median lactate dehydrogenase 
(LDH) (360U/L [IQR: 313–471U/L]), C-reactive pro-

Figure 1: Proportion of patients admitted with COVID-19, by District Health Board, 2020.
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Table 1: Risk factors for COVID-19 related severe outcomes, NZ hospitals, 2020.

Variable
Total Num-
ber (%)

Non-severe 
Outcome

Severe 
Outcome

OR [95% CI] P value

Age 0.09

<40 years 16/83 (19%) 13 3 REF

40–49 years 14/83 (17%) 11 3 1.2 [0.20–7.1]

50–59 years 19/83 (23%) 16 3 0.81 [0.14–4.7]

60–69 years 13/83 (16%) 10 2 0.97 [0.12–6.2]

70–79 years 10/83 (12%) 7 3 1.9 [0.29–11.8]

>80 years 11/83 (13%) 6 5 3.6 [0.64–20.3]

Ethnicity

Non-Māori/Non-Pasifika 52/84 (62%) 40 11 REF N/A

Māori 13/84 (15%) 8 5 2.3 [0.61–8.4] 0.21

Pasifika 19/84 (23%) 16 3 0.7 [0.17–2.8] 0.59

Co-morbidities / risk factors

Recent travel 17/84 (20%) 15/63 1/19 0.18 [0.00–1.35] 0.12

Healthcare worker 9/84 (11%) 6/64 3/19 1.8 [0.26–9.6] 0.67

Chronic cardiac disease 12/82 (15%) 7/62 5/19 2.8 [0.60–12.0] 0.22

Hypertension 26/82 (32%) 20/62 6/19 0.97 [0.26–3.2] 1.00

Chronic pulmonary disease 6/82 (7%) 5/62 1/19 0.64 [0.01–6.25] 1.00

Asthma 9/82 (11%) 4/62 5/19 5.0 [0.95–29.0] 0.06

Chronic neurologic disease 6/81 (7%) 3/61 3/16 3.6 [0.43–29.2] 0.28

Diabetes 18/81 (22%) 14/61 4/19 0.9 [0.19–3.4] 1.00

Smoking status (current/ex) 27/79 (34%) 17/61 9/17 2.9 [0.83–10.2] 0.10

Obesity 16/66 (24%) 11/48 5/17 1.4 [0.31–5.5] 0.82

Abbreviations: OR = odds ratio; CI = confidence interval.
Footnote: A severe outcome was defined as a composite measure of either in-hospital death or admitted to an intensive care or 
high dependency unit.
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Table 2: Hospitalisations and outcomes by ethnicity.

Number of 
admissions

Age  
[IQR]

Length of stay 
[IQR]

ICU/HDU 
admission

In-hospital 
mortality 

All groups 84 (100%)
58 [42–70] 
years

4 [2–15] days 12/83 (14%) 10/83 (12%)

Māori 13 (15%)
45 [42–58] 
years

11 [5–22] days  5/13 (38%)  1/13 (8%)

Pasifika 19 (23%)
55 [40–70] 
years

4 [3–10] days  2/19 (11%)  1/19 (5%)

Asian 12 (14%)
51 [35–61] 
years

4 [1–8] days  2/12 (17%)  0/12 (0%)

NZ European/Other 40 (48%)
64 [51–80] 
years 

3 [1–12] days  3/39 (8%)  8/39 (21%)

Abbreviations: IQR = interquartile range; ICU/HDU admission = admission to intensive care unit or high dependency unit.
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Table 3: Selected clinical characteristics of patients admitted with COVID-19 in New Zealand 2020.

Characteristic (n) Median [IQR]

Examination findings 

Heart rate (n=76) 90 beats/min [78–101]

Respiratory rate (n=76) 20 breaths/min [18–25]

Systolic blood pressure (n=77) 130 mmHg 
[115–147]

Diastolic blood pressure (n=75) 78 mmHg 
[70–85]

Oxygen saturation on admission (n=81) 96% [94–98]

Weight (n=42) 82kg [70–98]

Investigation  n/N (%)

Positive COVID-19 test during admission 66/76 (87%)

Infiltrates on CXR or CT chest 46/76 (61%)

2–3 quadrants with infiltrates 27/76 (36%)

4 quadrants with infiltrates 10/76 (13.2%)

Cavitation 1/46 (2%)

Laboratory parameters (n) Median [IQR]

White blood cell count (n=74) 6.8×10^9/L [5.3–9.0]

Neutrophil count (n=74) 4.6×10^9/L [3.3–6.2]

Lymphocyte count (n=74) 1.3×10^9/L [1.0–1.7]

Sodium (n=76) 136 mmol/L [134–139]

Potassium (n=73) 4.0 mmol/L [3.7–4.3]

Creatinine (n=74) 78 μmol/L [64–95]

Albumin (n=54) 33 g/L [30–37]

C-reactive protein (n=64) 42 μg/mL [12–97]

D-dimer (n=26) 670 mg/L [300–950]

Troponin (n=28) 6 ng/L [4–12]

Ferritin (n=19) 925 μmol/L [304–1394]

Lactate dehydrogenase (n=21) 360 U/L [268–483]

Procalcitonin (n=7) 0.12ng/mL [0.10–0.12]

Abbreviations: IQR – interquartile range; CXR – chest x-ray; CT – computed tomography scan; min – minute; n/N – number of 
patients with a characteristic, over the denominator of patients for whom this information was available.
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Table 4: Selected documented complications amongst patients admitted with COVID-19, 2020. 

Complication n/N (%) Complication n/N (%)

Any complication 46/83 (55%) Thrombosis (pulmonary embolus) 1/82 (1%)

Shock 9/83 (11%) Bleeding 3/83 (4%)

Acute renal injury 9/81 (11%) Anaemia 7/81 (9%)

Cardiac arrhythmia 6/80 (8%) Liver dysfunction 5/80 (6%)

Myocarditis/pericarditis 1/80 (1%) Pancreatitis 3/80 (4%)

Bacteraemia 6/82 (7%) Delirium 4/83 (5%)

Abbreviations: n/N – number of patients with a characteristic, over the denominator of patients for whom this information was 
available.

Figure 2: Length of stay of patients hospitalised with COVID-19 February to October, 2020.
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tein (41mg/L [IQR: 8–96mg/L]), D-dimer (670ng/
mL [IQR: 300–950ng/mL]) and ferritin (925ug/L 
[IQR: 304–1394ug/L]) were noted as being elevated 
(Table 3). Admission chest x-rays showed infiltrates 
in 46/76 (61%) patients. 

More than half of patients (46/83, 55%) hospital-
ised with COVID-19 experienced a complication of 
their illness (Table 4). A cardiac arrhythmia was 
documented in 6/80 patients (8%); 6/82 patients 
(7%) developed bacteraemia, 3/83 patients (4%) had 
bleeding complications, and 1/83 (1%) had a pulmo-
nary embolus. Regarding therapeutics, 18/82 (22%) 
patients received oral or intravenous (IV) cortico-
steroids during admission, 48/82 (59%) received 
an antibiotic and 2/83 (2%) an antiviral (1 enteca-
vir, 1 unknown). During hospital admission, 42/82 
patients (51%) required oxygen with 18/82 (22%) 
requiring high-flow (≥5L/min). The median dura-
tion of oxygen usage was five days [IQR: 2–9 days].

Outcomes 
The median length of hospital stay (LOS) was 

four days [IQR: 2–15 days]. The mean LOS was 
nine days [standard deviation=11 days]. Nineteen 
patients (19/82, 23%) were admitted for more than 
14 days (Figure 2). Twelve patients (12/83, 14%) 
were admitted to ICU/HDU. Six (7%) required inva-
sive ventilation for a median duration of 15 days 
[IQR: 13–15 days]. No patients required extracor-
poreal support. Two (2%) underwent haemodial-
ysis. The median duration of ICU/HDU admission 
was 10 days [IQR: 2–15 days]. 

In-hospital death occurred in 10 patients (10/83, 
12%). The median age at death was 82.9 years 
[IQR: 72.8–94.4 years] and the median admission 
length prior to death was 14 days [IQR: 7–21 days]. 
Seven (70%) of these deaths occurred in patients 
not admitted to ICU/HDU. 

Discussion
Here we present early data from the COHESION 

study: a retrospective, multi-centre study review-
ing the demographics and outcomes of patients 
hospitalised with COVID-19 in New Zealand from 
the early waves of the pandemic. Despite a com-
paratively low population prevalence of COVID-
19, hospitalised patients still required significant 
healthcare resourcing with high rates of oxygen 
use, prolonged admissions and multiple inpatient 
complications. In-hospital mortality was consider-
able. Deceased patients were elderly and most died 
without admission to ICU/HDU; however, severe 
outcomes occurred across the age spectrum.

During the time period studied, 1866 COVID-19 
cases (38 per 100,000 population) and around 120 
hospitalisations were reported in New Zealand.10 
Therefore, our study captured 70% of those admit-
ted with COVID-19 and can be considered a good 
representation of hospitalisations nationally. Sim-
ilar to international findings, many hospitalised 
patients were elderly;4, 12 however, the median age 
of our cohort was younger than comparable stud-
ies.12 This may reflect many of New Zealand’s early 
COVID-19 cases occurring as imported infections in 
returned travellers who tended to be younger, pre-
dominately European and of high socioeconomic 
status.1, 13 Co-morbidities were common among 
those hospitalised. Although we did not collect data 
on the effect of COVID-19 on control of co-morbid-
ities such as diabetes, our study emphasises the 
complex healthcare needs of COVID-19 patients 
that extend beyond direct effects of the virus.

Patients hospitalised with COVID-19 in New 
Zealand experienced a high prevalence of com-
plications, notably acute kidney injury, delirium 
and cardiac arrhythmia. There was a discrepancy 
between the prescription of antibacterial medi-
cation and the prevalence of bacteraemia. While 
bacteraemia is present in only a minority of bac-
terial infections that require treatment, current 
literature suggests that super-added bacterial 
infection with COVID-19 is probably less common 
than in other viral pandemics.14 Due to the impor-
tance of antimicrobial stewardship in combatting 
bacterial antimicrobial resistance, ongoing work 
to identify which patients with COVID-19 also 
have bacterial superinfection is critical. 

The proportion of patients who died in our 
study was approximately half that reported in the 
United Kingdom (26%),4 but comparable to a large 
multi-centre study in the USA (14% with a further 
3% discharged to hospice).15 Of note, both these 
and our study were conducted prior to vaccina-
tion and the widespread usage of dexamethasone, 
remdesivir and tocilizumab, repurposed agents 
which have been shown to improve outcomes in 
hospitalised patients with COVID-19. Only small 
numbers in our cohort received anti-viral agents, 
immune modulators or corticosteroids, in keep-
ing with international practice at the time. It is 
notable that only a minority of patients who died 
during hospital admission received ICU/HDU 
treatment suggesting either that they died rapidly, 
or would not have benefited from more invasive 
interventions offered by ICU/HDU such as ventila-
tion, inotrope support or renal replacement ther-
apy. The older age of this cohort, and duration of 
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hospital stay prior to death appears to suggest the 
latter. An important implication of this finding is 
that planning and resources are needed to provide 
palliative care for patients dying of COVID-19.

Despite low case numbers in the early waves of 
the pandemic, COVID-19 hospitalisations absorbed 
substantial healthcare resources with healthcare 
workers being a high proportion of those hospi-
talised. There was significant variability between 
individual patient’s lengths of hospital stay, with 
prolonged admissions in a substantial minority. 
This is comparable to the international litera-
ture16 and highlights the importance of structures 
to support holistic care for those with long hospi-
tal stays. The proportion of patients admitted to 
ICU/HDU (14%) was similar to that reported from 
the UK (17%),4 with many requiring invasive ven-
tilation and resource-intensive proning. The ICU 
bed capacity of New Zealand is 4.6/100,000 people, 
lower than comparable healthcare systems,17 with 
further addition of bed capacity likely limited by 
the availability of trained nursing staff.18 If a sim-
ilar proportion of hospitalised cases require ICU 
admission in future waves of the pandemic, there 
is a risk the ICU capacity of New Zealand would be 
exceeded. Strategies to mitigate this could include 
increasing ICU staffing and bed capacity, and opti-
mising community and ward-based care. 

This analysis has not identified any risk fac-
tors for death or ICU/HDU admission among those 
admitted to hospital but are compatible with 
international studies identifying age as the most 
important risk factor.4 The small sample size of 
our study means it is underpowered to detect all 
but the largest risk factors. Although we did not 
identify Māori or Pasifika ethnicity as being asso-
ciated with an increased risk of death or ICU/HDU 
admission in our analysis, this remains an import-
ant association to monitor. We used a prioritised 
ethnic system, assigning a single ethnicity for the 
purpose of analysis. It is therefore possible that 
the impact on certain groups, particularly Pas-
ifika, may have been underestimated. Previous 
work by Steyn et al over a time period similar 
to our study, identified Māori and Pasifika with 
COVID-19 were at 2.5–3 times the risk of hospi-
talisation when compared to NZ European/Other 
ethnic groups.10 The authors also noted a younger 

age at admission and longer lengths of hospital 
stay in Māori and Pasifika, which is consistent 
with our findings. 

Our study does have limitations that influence 
interpretation. As a retrospective study, complete 
data could not be obtained for all patients. Data 
collection was concentrated in tertiary urban cen-
tres and caution should be used when generalis-
ing to smaller or rural hospitals. The study was 
not adequately powered to assess risk factors for 
severe outcomes, however the absence of statisti-
cally significant risk associated with ethnicity, age 
or co-morbidities does not preclude an important 
relationship. Data collection is ongoing and we 
hope this will be addressed in future analyses. 
Finally, since the study end date, there has been 
considerable progression of knowledge regard-
ing transmission, treatment and progression of 
COVID-19, as well as emergent viral strains and 
the development of effective vaccines. Whilst 
these factors will inevitably alter the demograph-
ics and outcomes of those affected, we have iden-
tified signals for ongoing research. Further data 
collection for COHESION will be able to utilise our 
findings to develop a comparison of the demo-
graphics and clinical progression of those affected 
in early and later outbreaks. 

Conclusion
This observational study describes the demo-

graphics, clinical course and outcomes of patients 
hospitalised with COVID-19 in New Zealand during 
2020. There was a high proportion of patients who 
died, particularly while receiving ward-based care, 
as well as substantial utilisation of ward beds, ICU/
HDU beds and oxygen. Our study highlights the 
high prevalence of co-morbidities that increase 
complexity of care, and diversity of age and eth-
nicity. This emphasises not only the need for care 
which is person- and- whānau-centred and cul-
turally safe during hospitalisation, but also in the 
community. Whilst further work is required to 
identify local patient risk factors for progression 
to severe COVID-19, our preliminary data iden-
tify areas of priority for healthcare resourcing to 
optimise resilience of the New Zealand healthcare 
system in preparation for endemic COVID-19.
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