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Abstract

Objective: Our primary research objective was to assess the population uptake and contact tracer utilisation of the Bluetooth function of the
New Zealand Covid Tracer App (NZCTA) throughout the pandemic.

Methods: We adopted a retrospective cohort study design using all diagnosed COVID-19 community cases from December 12, 2020 to
February 16, 2022.

Results: At its height, more than 60% of the eligible population had the Bluetooth function of NZCTA activated. However, only an estimated
2.2% of the population was able to fully participate. Cases managed by the national case investigation service were 17 times (aRR 17.54, 95%Cl:
13.02-23.90) and 9 times (aRR 9.27, 95%Cl: 6.91, 12.76) more likely to generate a Bluetooth token than cases managed by local public health
units during the Delta and Omicron periods, respectively.

Conclusions: The Bluetooth functionality of the NZCTA likely had a low impact on the pandemic response in NZ despite its exceptionally high
levels of public uptake. The primary reason for the lack of impact was the low utilisation by contact tracers.

Implications for public health: The results highlight the need for greater consultation and collaboration with the public health sector during
the development and implementation of digital contact tracing tools.
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Introduction identification keys wirelessly between enabled smartphones,

ontact tracing is a key public health response measure to

control infectious diseases, including SARS-CoV-2 (which

causes COVID-19). In Aotearoa New Zealand (NZ), COVID-19
required transformational change in the contact tracing system,
including the introduction of a digital contact tracing (DCT) mobile
phone application, the New Zealand Covid Tracer App (NZCTA) (see
Supplementary Material for a full overview of the DCT developments
in N2).

In December 2020, a Bluetooth proximity detection system based on
the Apple/Google Exposure Notification Framework (ENF) was added
to NZCTA. This system used Bluetooth to exchange privacy-preserving

maintaining a log of times when each key was heard. If a user tested
positive for COVID-19, contact tracers could ask them to upload their
keys, which would then be broadcast to all devices, checked locally on
each device for matches, and notify any user that they may have been
exposed to the disease as a contact of the case.

Importantly, this approach only required users to enable it, and then it
would run passively in the background. The ENF system was used in
many other jurisdictions, and the NZCTA system was built from open-
source code from Ireland’s implementation (COVID Green). Notably,
the proximity detection system used in NZ was different from the one
used in nearby jurisdictions Singapore and Australia, which adopted a
centralised approach.
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The data lived on the device and was not automatically transferred to
public health officials. If a person tested positive, then they could be
given tokens to enter into NZCTA, which would then release that data,
which would go to a Ministry of Health server that would
automatically distribute that data to other devices without human
intervention.

There have been assessments of the effectiveness of national
Bluetooth DCT technologies in many jurisdictions, including
Switzerland,”® Australia,” Spain,” the United Kingdom,®® Norway,’
Qatar,’® USA"" and Finland'? with varying results. For example, one
evaluation in England and Wales estimated the app alone averted 1
million cases (sensitivity analysis 450,000-1,400,000), 44,000
hospitalisations and 9,600 deaths in its first year.” In contrast, over a
six-month period, Australia’s COVIDSafe app was only used by 22% of
cases, resulting in an estimated <0.1% increase in the identification of
clinically relevant close contacts not already identified by the manual
process.”

The majority of DCT evaluation studies have focused on the potential
barriers and facilitators to public adoption of these tools."*”
Modelling and empirical studies have demonstrated that the efficacy
of these tools is highly dependent on public coverage.”'® In NZ, three
evaluations of NZCTA have focused on public uptake'®=%? and
evaluations of small pilot studies.> >> However, limited research has
focused on public health sector adoption of these tools
internationally, which is a strong determinant of the potential
effectiveness of these tools. One study of the SwissCovid app
suggests compliance from health officials was high (eg > 90%).%°
However, in NZ, there was a documented reluctance from public
health officials to adopt DCT tools®® as well as other digital solutions
developed for the end-to-end contact tracing process.”’*®

Given the privacy-preserving nature of Bluetooth proximity apps, one
approach to assess their implementation, and thus their effectiveness,
has been to focus on the notification cascade. The notification
cascade is the series of steps that have to occur from case
identification to contact action. The notification cascade has been
assessed in the context of the Swiss Bluetooth proximity app,
SwissCovid.>*?%?? Key steps along the cascade include public uptake;
contact tracer uptake; case provision of data once prompted; contact
receiving a notification and contact acting on a notification (more
detail is provided in the methods and results sections). More steps
along the cascade introduce greater potential for reductions in
effectiveness, so it is important to measure these steps to ensure a
valid evaluation.

Our primary research objective was to assess the nature and extent of
the population uptake and contact tracer utilisation of Bluetooth
function of NZCTA throughout the pandemic.

Methods
Study design

This study has two main components. The first was a retrospective
cohort study design using all diagnosed COVID-19 community cases
(excluding cases isolated at the border within managed quarantine
facilities). Data used were from any diagnosed COVID-19 cases aged
15+ in NZ stored in the National Contact Tracing Solution (NCTS), a
centralised IT platform developed in 2020 to support the end-to-end
contact tracing process. Our observation period started from
December 12, 2020 (the date Bluetooth was introduced to NZCTA) to

February 16, 2022 (which marked the effective end for the
elimination/suppression phase of the NZ Covid-19 response and
transition to a mitigation response with the majority of contact
tracing switching to a self-service model after that date e.g.
completed by cases rather than public health officials).

The second component was a descriptive analysis of key notification
cascade metrics, as described below.

Data sources

Contact tracing data were sourced from Manatl Hauora (the Ministry
of Health). This research uses three main datasets. First, the National
Contact Tracing Solution (NCTS) data includes anonymised
information about all community COVID-19 cases in NZ at the
individual-level, including information on case ethnicity, age, sex and
contact tracing organisation responsible for the case. Second, NZCTA
usage data provided information on the number of devices in NZ with
the Bluetooth functionality activated. Third, the NZ COVID outbreak
report provided information on NZCTA notification counts on a daily
basis (a full data dictionary is provided in Supplementary Material).

Cohort study outcome

The primary outcome for our analysis was Bluetooth token generation
as a binary outcome. Token generation indicated that a case was
given the opportunity to provide DCT data by entering the token/
code into NZCTA, which would release the data (keys) to the central
server, but does not guarantee that the data were provided or that
contacts were found or notified.

Cohort study covariates investigated

Data from NCTS included case demographics, including age, sex and
ethnicity. For age, we classified age into four categories: 15-24; 25-44;
45-59; 60+. Ethnicity was prioritised ethnicity, meaning a case was
allocated to a single ethnic group in order of priority: Maori (NZ
Indigenous population), Pacific, Asian and European/Other.

NCTS data also indicated the contact-tracing organisation responsible
for handling the case. Initially, contact tracing was managed by 12
local Public Health Units (PHUs). Increasing case volumes associated
with the Delta outbreak led to the National Case Investigation Service
(NCIS) being established in November 2021.3° NCIS contracted a call
centre that specialises in health research to conduct contact tracing in
November 2021. NCIS call centre staff were provided with training
and a script to support contact tracing, including standard operating
procedures (SOPs) around NZCTA uploads. A key distinction is that
NCIS call centre staff were not necessarily clinically trained, and
therefore did not exercise clinical judgement in contact tracing
decisions, and were more likely to follow the scripts and SOPs
provided. In our analysis, we collapsed all PHUs into a single category,
but the majority of the cases were handled by the Auckland Regional
Public Health Service (ARPHS) due to the majority of cases appearing
in Auckland. Notification cascade metrics.

To estimate public uptake, we used the peak usage of the Bluetooth
system of NZCTA, divided by the total population aged 15+. To
estimate contact tracer uptake of Bluetooth functionality, we divided
the percentage of cases that had a Bluetooth token generated for all
PHUs (our estimate for public health official compliance) by the
percentage of cases with a token for NCIS (our estimate for complete
compliance because staff followed a script rather than clinical



judgement). In this context, we define uptake as a conscious action of
a user to take up or use something that is available. As mentioned,
NCIS staff were required to follow a script when conducting contact
tracing, which included a prompt to ask a case for their Bluetooth
data. Consequently, we assume near 100% compliance from contact
tracers from NCIS. In contrast, PHU staff were provided the
opportunity to apply their clinical judgement during this process,
which means they were not mandated to request this information
from cases.®>' There may be other issues that may have led to a case
not uploading their token (e.g. technical software issue), but these
issues were likely to impact PHU and NCIS staff equally. To estimate
the proportion of cases that uploaded their data once being provided
a token, we divided the total number of devices sending out a
notification by the total number of tokens generated across the study
period. For the likelihood of a contact receiving a notification and a
contact acting on the notification we have had to rely on international
evidence as there was no reliable way to determine these metrics
with the data available in NZ. In this case, we have used evidence
from the SwissCovid app, which indicated 58%2° and 51%°*°
(average of two papers), respectively.

Analytic phases of the pandemic

We conducted our analyses separately for three time periods: 1) Pre-
Delta: December 12, 2020 to August 16, 2021; 2) Delta wave: August
17, 2021 to January 6, 2022; 3) Omicron wave: January 7, 2022 to
February 16, 2022.

Statistical analysis

We used a modified Poisson regression to estimate the effects of each
predictor on Bluetooth token generation.> A purposeful selection of
covariates was used to develop initial multiple regression models.**~*
Full models were populated with all significant predictors (p<0.1)

from the univariate models and backwards elimination using Akaike's
Information Criterion (AIC) was used to help select the final model.>*
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We calculated adjusted relative risks (aRR) and their respective 95%
confidence intervals (Cl) for each included predictor in the
multivariable models. All analyses were performed in R (R-Project.
Www.r-project.org).

Results

Cohort study participants

Table 1 shows the characteristics of the COVID-19 cases included in
our retrospective cohort. Overall, Maori and Pacific people were over-
represented in case numbers during the pre-Delta and Delta phases,
as well as overall compared to their population distribution. Asian
cases were overrepresented during the Omicron phase, while other
ethnicity cases were underrepresented across each period and overall.
PHUs handled the most cases overall (61.4%), which was
predominat during the pre-Delta (100%) and Delta (89.7%) phases. In
the Omicron phase, NCIS took over as the responsibility for the
majority of case investigation and contact tracing (75.8%).

Uptake in relation to public health agency and participant
characteristics

Table 2 shows the results from a logistic regression model of
differences in Bluetooth token generation in the Delta and Omicron
periods by ethnicity, age, sex and contact tracing organisation.
Contact tracing organisation allocation was a major driver of the
likelihood of generating a Bluetooth token, with those cases handled
by NCIS being 17.54 (95%Cl: 13.02, 23.90) and 9.27 (95%Cl: 6.91, 12.76)
times more likely to be given a token than those cases handled by
PHUs during the Delta and Omicron periods, respectively. The impact
of contact tracing organisation allocation can also be seen in the
differences in rate ratios by ethnicity between the Delta (primarily
handled by ARPHS) and Omicron (primarily handled by NCIS) periods
(see Supplementary Table 1 for descriptive statistics of Bluetooth
token generation by PHU and NCIS by ethnicity).

Table 1: Retrospective cohort of COVID-19 cases in New Zealand from December 2020 to February 2022.

Characteristics Total Pre-Delta Delta Omicron
N (%) N (%) N (%) N (%)

Al 13803 (100) 21 (0.2) 7820 (56.7) 5962 (432)
Sex

Female 6991 (50.6) 13 (61.9) 3913 (50.0) 3065 (51.4)

Male 6804 (49.3) 8 (38.1) 3903 (49.9) 2893 (48.5)

Missing 8 (0.1) 0 (0.0) 4 (0.1) 4 (0.1)
Age

15-24 3730 (27.0) 6 (28.6) 2036 (26.0) 1688 (28.3)

25-44 6363 (46.1) 4 (19.0) 3674 (47.0) 2685 (45.0)

45-59 2598 (18.8) n (52.4) 1473 (18.8) m4 (18.7)

60+ ma2 8.1) 0 (0.0) 637 8.1) 475 (8.0)
Ethnicity

Maori 3982 (28.8) 1 (4.8) 3280 (41.9) 701 (11.8)

Pacific 4681 (33.9) 4 (19.0) 2326 (29.7) 2351 (39.4)

Asian 2019 (14.6) 14 (66.7) 475 (6.1) 1530 (25.7)

Other 2967 (21.5) 2 (9.5) 1688 (21.6) 1277 (21.4)

NA 154 (1.1) 0 (0.0) 51 0.7) 103 (1.7)
Contact tracing organisation

Public health unit 8475 (61.4) 21 (100.0) 701 (89.7) 1443 (24.2)

National case investigation service 5328 (38.6) 0 (0) 809 (10.3) 4519 (75.8)
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Table 2: Logistic regression model of Bluetooth token generation in the Delta and Omicron periods by sociodemographic characteristics and contact tracing organisation.

Characteristic Delta Omicron
Total cases Token Crude estimate Adjusted estimate® Total cases Token Crude estimate Adjusted
generated generated estimate®
N n (%) RR (95% (1) aRR (95%Cl) N n (%) RR (95% (1) aRR (95%Cl)
All 7820 260 (3.3) - - 5962 1526 (25.6) - -
Ethnicity
Maori 3280 34 (1.0 Ref Ref 701 45 (6.4) Ref Ref
Pacific 2326 41 (1.8) 1.70 (1.08-2.69) 1.61 (1.02-2.56) 2351 470 (20.0) 3.11 (2.32-4.29) 0.95 (0.70-1.33)
Asian 475 84 (17.7) 17.06 (11.57-25.73)  5.18 (3.43-7.97) 1530 569 (37.2) 5.79 (4.33-7.96) 1.73 (1.27-2.42)
Other 1688 97 (5.7) 5.54 (3.79-8.31) 2.54 (1.71-3.85) 1277 408 (31.9) 4.98 (3.70-6.86) 1.75 (1.28-2.45)
NA 51 4(-) - - 103 34 (-) - -
Age
15-24 2036 49 (2.4) Ref Ref 1688 377 (223) Ref Ref
2544 3674 137 (37) 1.55 (1.13-2.17) 1.15 (0.84-1.62) 2685 834 (31.1) 1.39 (1.23-1.57) 1.29 (1.14-147)
45-59 1473 50 (3.4) 1.41 (0.95-2.09) 1.04 (0.69-1.55) 114 262 (23.5) 1.05 (0.90-1.23) 1.00 (0.85-1.17)
60+ 637 24 (3.8) 1.57 (0.95-2.52) 0.94 (0.56-1.53) 475 53(M.2) 0.50 (0.37-0.66) 0.49 (0.36-0.64)
Sex
Male 3903 116 (3.0) Ref Ref 2893 744 (25.7) Ref Ref
Female 3913 144 (3.7) 1.24 (0.97-1.58) 1.45 (1.13-1.86) 3065 782 (25.5) 0.99 (0.90-1.10) 1.06 (0.96-1.17)
Unknown 4 0 (0.0) - - 4 2 (-) - -
Contact tracing organisation
Public health unit 701 64 (<1.0) Ref Ref 1443 47 (3.3) Ref Ref
National case investigation 809 196 (24.2) 26.54 (20.14-35.45)  17.54 (13.02-23.90) 4519 1479 (327)  10.05 (7.61-13.62)  9.27 (6.91-12.76)

service

Bolded values are statistically significant at p<0.05.
“Mutually adjusted for ethnicity, age, sex and public health unit.

During the Delta period, Pacific, Asian and cases of other ethnicities
were 1.61 (95%Cl: 1.02, 2.56), 5.18 (95%Cl: 3.43, 7.97) and 2.54 (95%
Cl: 1.71, 3.85) times more likely to be given a Bluetooth token
compared to Maori cases, adjusting for age, sex and contact tracing
organisation allocation. During the Omicron period, these
differences substantially reduced to 0.95 (95%Cl: 0.70, 1.33), 1.73
(95%Cl: 1.27, 2.42) and 1.75 (95%Cl: 1.28, 2.45) for Pacific, Asian and
Other ethnicities, respectively. Across all ethnicities, Bluetooth token
generation during Delta was low (between 1.0% for Maori and 17.7%
for Asian), compared to Omicron (between 6.4% for Maori and 37.2%
for Asian).

Once adjusted for sex, ethnicity and contact tracing organisation, there
were no statistically significant differences by age during Delta. During
Omicron, cases aged 25-44 were more likely to generate a token than
cases aged 15-24 (aRR 1.29, 95%Cl: 1.14, 1.47) while cases aged 60+
were less likely to generate a token than cases aged 15-24 (aRR 0.49,
95%Cl: 0.36, 0.64). Women were 1.45 times (95%Cl: 1.13, 1.86) more
likely to be given a Bluetooth token than men, but only during Delta.
Supplementary Table 2 and Supplementary Figure 1 show the
Bluetooth tokens generated by case sociodemographic characteristics
and contact tracing allocation throughout the pandemic.

Notification cascade metrics

At peak usage of NZCTA during December 2021, around 2.4 M devices
were participating in Bluetooth tracing. Public uptake was around
~35% pre-Delta and rose to a height of 61.7% during the Delta
outbreak (2.4 M/4 M) (see Supplementary Figure 1). Table 3 shows the
notification cascade steps with the primary actor, actions taken and
estimates for compliance derived from a combination of observed
values in New Zealand and evaluations of the SwissCovid App with

comparisons of the New Zealand and Swiss populations age 15 and
over after each step. In New Zealand, at its height, 61.7% of the
population had Bluetooth activated on their device, giving a total
accessible population of 2.5 million people (a 38.3% reduction from
the total eligible population). By far the largest impact was contact
tracer uptake, which we estimated at 4.1% (1.3% cases handled by
PHUs had Bluetooth tokens compared to 31.4% for our NCIS ‘ground
truth’). This low uptake reduced the total pool of people to 92,600
(2.2% of the eligible population), representing a 95.9% reduction from
the previous step in the cascade. From this point, the subsequent
steps were significantly impaired with a final population of 27,400
(0.7% of the eligible population) being served. If contact tracer uptake
was increased to 95% (through stronger compliance with SOPs), the
final number of people fully participating in the system would have
been 634,700 or 15.3% of the population (23 times more than the
observed estimate).

Discussion

Our study has demonstrated that the Bluetooth functionality of the
NZCTA was widely adopted by the public but not by contact tracers.
Consequently, our notification cascade estimated that <1% of the
population was eligible for full participation for cases handled by
PHUs. There were stark inequities in participation by ethnicity, with
Maori having substantially lower rates of participation than Asian,
Pacific and other ethnicities. These inequities were in large part driven
by differential uptake of the Bluetooth system by contact tracers at
PHUs compared to at NCIS.

The public uptake of the NZCTA Bluetooth functionality was one of
the largest successes of the DCT experience in NZ. A public uptake of



INFECTIOUS DISEASE PREVENTION AND CONTROL 5

Table 3: Notification cascade steps with the primary actor, actions taken and estimates for compliance derived from a combination of observed values in New Zealand

and evaluations of the SwissCovid App.

Notification
cascade steps

Primary actor

Public uptake The public
(cases and
contacts)

Contact tracer Contact

uptake tracers

Case provision The public

of data (cases only)

The public
(contacts only)

Contact receiving
a notification

Contact acting on
a notification

The public
(contacts only)

Action taken

Members of the public were required to:
1) Download an app;

2) Enable the bluetooth functionality;

3) Carry their phones with them.

When interviewing a case, contact tracers
were required to prompt the case and
provide an opportunity for the case to
upload their unique keys to notify the
server and broadcast to other devices.
Upon being prompted, a case provided
their keys to be broadcast to other
devices.

Once a match is detected via the app
between a case and contact, the contact
receives a notification about their
potential exposure to COVID-19.

Once a contact receives a notification
about their exposure to COVID-19, they
adjust their behaviour accordingly (e.g.

Estimates of compliance for each step”

Cumulative impact on effective
population uptake after step”

New Zealand
NZCTA

61.7%
(observed)

2.5%
(observed)

88%
(observed)

58%
(ballouz, 2022)**

51%
(ballouz, 2021 &
ballouz 2022)%%%

Switzerland
SwissCovid App
26%

(Daniore 2022)

949%
(Ballouz, 2022)*°

77%

(Average of menges,
2021° = 60% and
ballouz, 2022°° = 93%)
58%

(ballouz, 2022)*°

51%
(ballouz, 2021 &
ballouz 2022)%%

New Zealand

NZCTA

61.7%

(1.00%0.617 = 0.617)
population = 2,566,600

2.5%
(0.617*0.041 = 0.025)
population = 105,200

2.2%
(0.025%0.88 = 0.022)
population = 92,600

13%
(0.022*0.58 = 0.013)
population = 53,700

0.7%
(0.013*0.51 = 0.007)
population = 27,400

Switzerland
SwissCovid App”

26%

(1.00%0.26 = 0.26)
population = 1,906,295

24%
(0.26%0.94 = 0.24)
population = 1,791,918

18%
(0.24%0.77 = 0.18)
population = 1,379,777

9%
(0.18*0.58 = 0.09)
population = 800,270

5%
(0.09*0.51 = 0.03)
population = 408,138

self-isolation, test, monitoring for
symptoms etc).

?Derived from observations in this current paper or evaluations of the SwissCovid app.
PWhere the effective population uptake after step = (proportion of the population remaining from previous cascade step) * (estimate of compliance

for the current cascade step),
Using the 2018 population aged 15 and over, n=4,160,129,
dUsing the 2018 population aged 15 and over 7,331,906,

~60% at its height was substantially higher than estimates from
Switzerland (26%),” Australia (20%),3° Spain (33%)° and United
Kingdom (29%)” using similar systems. Previous work in NZ
highlighted that high levels of trust in the NZ government
contributed to individuals’ uptake of the NZCTA."”?? Public trust in
the NZ government’s COVID-19 response was reinforced by the
successful elimination strategy that led to very low numbers of
COVID-19 cases in the community until the arrival of the Delta variant
in August 2021, while the majority of the world faced overwhelmed
health systems and lockdowns.?”

The results indicate that there was a level of baseline inequity by
ethnicity in participation in the system. For example, even after
adjusting for age, sex and PHU allocation, Maori and Pacific were still
between one and five times less likely to receive a token in the
Bluetooth system than other ethnicities. This baseline inequity can be
partly (but not fully) explained by differences in digital inclusion
between M3ori and Pacific compared to other ethnicities.*®
Interestingly, Asian participation was substantially higher than all
other ethnicities. Previous work in NZ has observed greater
compliance with COVID-19 response measures (e.g. mask wearing)
among the Asian population compared to other ethnicities,***° which
is reflected in other Euro-centric countries.”’** Compliance with
COVID-19 response measures was higher in Asian countries than their
Western counterparts.***> The higher compliance has been attributed
to greater awareness of public health and social responsibilities as a
result of responses to SARS and MERS outbreaks.*

Unfortunately, the existing inequities in participation by ethnicity
were exacerbated by contact tracers’ reluctance to use the data. The
crude rates show that Maori were between one and 16 times less
likely to receive a token in the Bluetooth system compared to other
ethnicities, with the difference between the crude and adjusted rates
largely driven by contact tracing allocation. The initial case triage
system used by PHUs involved moving all cases of lower priority (e.g.
non-Maori, non-Pacific) to NCIS, which led to over-representation of
Maori and Pacific cases handled by PHUs. The ethnicity-prioritised
triaging system may have provided a higher standard of overall care
to Maori and Pacific cases through their direct interaction with
clinically trained staff at PHUs (its intended purpose). However, in the
case of the DCT data, this difference led to substantial inequities in
access to the Bluetooth DCT system. Supplementary Table 1 showed
that Maori assigned to PHUs had a token generation rate of 0.5% (20/
3688) compared to 20.1% (59/293) for Maori assigned to NCIS.

The causes of differential performance for Maori by contact-tracing
organisations cannot be directly explained within the current study.
One potential driver could have been an institutional reluctance to
utilise these tools by staff at PHUs. One NZ study in 2020 with contact
tracers and policy professionals highlighted concerns about the use of
DCT as a tool to aid contact tracing.?” At that time, there was
consensus that there should be minimal or no application of the DCT
data to identify or notify close contacts, which was an opinion shared
in other jurisdictions.” Another potential contributor for the
differential performance for Maori could be the well documented
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impacts of a health system that systemically prioritises the health of
other ethnicities over Maori.*® This discrimination includes evidence
of implicit and explicit racial bias against Maori at the individual level
from health professionals.*’*®

Our notification cascade highlights that the NZCTA likely had a
negligible impact on the epidemic curve in NZ with an estimated
<1% of population being eligible for full participation. Modelling and
empirical studies have shown that public uptake is crucial to the
efficacy of DCT tools.”'® The focus on public uptake has often de-
emphasised the other challenges of implementing DCT tools that are
brought to light by using the notification cascade framework. In
particular, there has often been an implicit assumption that DCT
technologies will be implemented as designed by health officials,
despite documented resistance to such tools in some jurisdictions.*?*
The only other documented evidence of health official compliance
comes from Switzerland, with 93.8% of cases receiving a code to
upload their data,”® substantially higher than that observed in this
current study.

Strengths and limitations

The primary strength of the current study was that it was a national
cohort of all COVID-19 cases. Data on token generation was available
at the individual level so that we could assess any potential inequities
in NZCTA uptake. It was also one of few studies that followed the
notification cascade and included metrics for contact tracer uptake,
adding to the validity of the findings.

The study also has a number of key limitations. First, we do not know
why cases were not provided a Bluetooth token to upload their data.
It is possible, although unlikely based on NZ's level of trust, that cases
using the app said they were not app users when they were
prompted by contact tracers. Qualitative research with public health
officials may enable greater understanding of the barriers to
providing cases with opportunities to upload their data. Second, we
were unable to measure key steps in the notification cascade that
would enable more robust evaluation of its effectiveness. For
example, we do not know what proportion of contacts received a
notification and importantly, what proportion of notified contacts
acted on their notification. As a result, it was not possible to measure
key surveillance parameters such as sensitivity and positive
predictive value. However, for our evaluation of the NZCTA in the NZ
context, these data limitations have had a negligible impact on our
overall results, as 97.8% of the population was excluded prior to
these steps.

Conclusions

The Bluetooth functionality of the NZCTA likely had a negligible
impact on the pandemic response in NZ despite its exceptionally high
levels of public uptake. The primary reason for the lack of impact of
Bluetooth-based DCT in the NZ context was the lack of uptake from
contact tracers, which exacerbated baseline inequities in access to the
NZCTA. Future use of DCT technologies needs strong standard
operating procedures, preferably with as few manual steps as
possible, to ensure any intervention is implemented as intended and
prevent driving health inequities.

A broader discussion is needed about the future role of Bluetooth
contact tracing. This discussion would need to review the specific
scenarios where this technology might be considered again, notably

to support the control of future epidemics and pandemics, and
should commence now as part of pandemic preparedness. It would
also need to consider the relative benefits and costs of this
technology versus alternative DCT such as QR-code contact tracing.
Any future DCT solutions will need careful system design and
consultation with the wider health sector and community to ensure
maximal participation and effectiveness. Such systems should have
quality assurance and evaluation features built into them so they can
measure critical performance attributes such as sensitivity, positive
predictive value, timeliness and equity.

Ethics approval

This study received a ‘Minimal Risk Health Research—Audit and Audit
related studies’ research determination by the University of Otago
Ethics Committee and approved under application HD22/080.
Individual consent was not required as we were using anonymised
secondary data from routinely collected information.

Implications for public health
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