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ABSTRACT

Objective To characterise the self-isolating household
units (bubbles) during the COVID-19 Alert Level 4
lockdown in New Zealand.

Design, setting and participants In this cross-sectional
study, an online survey was distributed to a convenience
sample via Facebook advertising and the Medical Research
Institute of New Zealand’s social media platforms and mailing
list. Respondents were able to share a link to the survey via
their own social media platforms and by email. Results were
collected over 6 days during Alert Level 4 from respondents
living in New Zealand, aged 16 years and over.

Main outcomes measures The primary outcome

was the mean size of a self-isolating household unit or
bubble. Secondary outcomes included the mean number
of households in each bubble, the proportion of bubbles
containing essential workers and/or vulnerable people, and
the mean number of times the home was left each week.
Results 14876 surveys were included in the analysis. The
mean (SD) bubble size was 3.58 (4.63) people, with mean
(SD) number of households 1.26 (0.77). The proportion

of bubbles containing one or more essential workers, or

one or more vulnerable persons was 45.3% and 42.1%,
respectively. The mean number of times individual bubble
members left their home in the previous week was 12.9
(12.4). Bubbles that contained at least one vulnerable
individual had fewer outings over the previous week
compared with bubbles that did not contain a vulnerable
person. The bubble sizes were similar by respondent
ethnicity.

Gonclusion In this New Zealand convenience sample,
bubble sizes were small, mostly limited to one household,
and a high proportion contained essential workers and/or
vulnerable people. Understanding these characteristics from
a country which achieved a low COVID-19 infection rate may
help inform public health interventions during this and future
pandemics.

INTRODUCTION
The SARS-CoV-2 (COVID-19) pandemic has
spread around the world infecting millions
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Strengths and limitations of this study

» First known study to report characteristics of
self-isolating household units during COVID-19
lockdown.

» The study rapidly gained high level information
from approximately 1% of New Zealand households
within a 6-hour period very close to the initiation of
lockdown.

» The study used a convenience sample survey pre-
dominantly recruited via Facebook and therefore is
vulnerable to selection bias.

of people and leaving a significant death toll
in its wake. The pandemic has constituted a
Public Health Emergency of International
Concern,' with New Zealand reporting its first
case of COVID-19 on 26 February 2020.> In
response to the pandemic, the New Zealand
government created and implemented a four-
level COVID-19 Alert System® that specifies
public health and social measures to mitigate
against the disease, as illustrated in figure 1.
Restrictions placed on the public increase
throughout the levels until, in the event of
sustained and intensive transmission of the
disease with widespread outbreaks, a Level 4
‘lockdown’ is imposed to stall disease progres-
sion and assist with identifying and tracing
new cases.

Isolation, quarantine and lockdowns are
among the oldest and most effective public
health measures for controlling commu-
nicable disease outbreaks." > Lockdowns
refer to a community-wide containment
strategy that is applied to an entire commu-
nity, city or region. They are designed to
reduce personal movement and interac-
tions. Many countries have employed similar
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Range of Measures

Border restrictions are in place

No physical distancing is required
Schools and workplaces open

No restrictions on gatherings
Intensive testing and contact-tracing
Self-isolation and quarantine required

Businesses, work places, educational facilities and public venues open with physical
distancing measures and certain restrictions number of patrons

No more than 10 people at gatherings except funerals and tangihanga

Hospitality businesses must keep groups of customers separated, seated, and
served by a single person

Domestic travel is allowed

Stay at home, other than for essential personal movement, and going to
work/school.

Stay in extended bubble, which can now include close family or caregivers.

Schools (years 1 to 10) and Early Childhood Education centres can safely open, with
limited capacity

Businesses can open premises, but cannot physically interact with customers
Inter-regional travel is highly limited

Gatherings of up to 10 people are allowed but only for wedding services, funerals
and tangihanga

Stay at home, other than for essential personal movement and doing essential
work

Alert Level Risk of Assessment
The disease is contained in New Zealand
Level 1 COVID-19 is uncontrolled overseas
Prepare Isolated household transmission could be
occurring in New Zealand
The disease is contained, but there is a risk
Level 2 of community transmission
Reduce Household transmission could be occurring
Single or isolated outbreaks
High risk the disease is not maintained
Level 3 Community transmission may be happening
Restrict New clusters may emerge but can be
controlled
Ieveila . tikely the disease is not contained
ommunity transmission is occurring
Lockdown = Widespread outbreaks and new clusters

® Stay in immediate household bubble

" Travel is severely limited

= All gatherings cancelled

= All public venues and educational facilities are closed

Figure 1 New Zealand COVID-19 Alert Levels. The Alert System outlines the current level of risk from COVID-19 and the

restrictions that legally must be followed in New Zealand.

containment strategies, although the parameters and
methods of enforcement have varied considerably.’
China implemented the first lockdown in response to
COVID-19 in Wuhan on 23 January 2020,” and many
countries,® and some states in the USA® have done the
same.

The New Zealand government implemented Alert
Level 4, one of the most stringent lockdowns internation-
ally,6 at 23:59 on Wednesday, 25 March 2020. A state of
national emergency was declared and under section 70(1)
(f) of the Health Act 1956,” New Zealanders were legally
required to self-isolate at home. All educational facili-
ties, public venues and business barring essential services
were closed, travel was severely limited and all outdoor
and indoor gatherings were banned. All individuals other
than those working for essential services were instructed
to stay in isolation at home unless buying groceries,
exercising locally or seeking medical help.” While the
term ‘isolation’ refers to the separation of a person or
group of people known or believed to be infected with
a communicable disease, ‘quarantine’ is the more accu-
rate term. ‘Isolation’ and ‘self-isolation’” have been widely
used in the media and by the public. Therefore, when
we refer to isolation in this paper, it is intended to mean
quarantine.

The New Zealand government and public health authori-
ties developed a public messaging campaign that reinforced
the concept of ‘staying in one’s bubble’ (figure 2).

The term ‘bubble’ has been widely used in the media
and by the New Zealand government to describe the
household unit within which an individual self-isolates.
The bubble or household unit may span multiple house-
holds, for example, in shared custody or blended fami-
lies. The public were urged to stay within their bubble
and to avoid contact with other bubbles. Given the
novelty of this concept, this study aimed to describe New
Zealand bubbles and to explore relationships between
bubble characteristics and bubble behaviours. These
characteristics are of international interest in view of
the successful public health measures including self-
isolation, which resulted in elimination of COVID-19 in
New Zealand'’ within 8weeks of their implementation
(figure 3).

The primary objective was to determine the average size
of bubbles. Secondary objectives included determining
the mean number of households in each bubble, the
proportion of bubbles containing essential workers and/
or vulnerable people, and the mean number of times the
home was left by bubble members each week.
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Figure 2 The bubble. The term ‘bubble’ has been widely used in the media and by the New Zealand government to describe
the household unit within which an individual self-isolates. Image by Morris T. Do not pop the bubble. The Spinoff. CC-BY-SA.

METHODS

Study design

This was a cross-sectional study using an online survey
created on REDCap'' (online supplemental file 1).
The respondents answered questions relating to their
bubble and each completed survey represented a single
bubble. The questions included the number of people
and households within the bubble, whether any members
were essential workers or vulnerable people according to
Ministry of Health guidelines,' ' and the total number
of times individuals within their bubbles left their home.
They also answered questions about themselves (age,
ethnicity, whether they were an essential worker or
vulnerable, and how often they had left their home for
exercise, shopping, essential work and any other reason).
The survey initially required respondents to provide their

address to identify duplicates but following feedback this
was changed to just suburb and postcode.

A survey was included in the analysis if the participant
answered all the following compulsory questions:

1. How many people (including yourself) are in the
bubble?

2. How many households are in your bubble?

3. Do any people in your bubble work in an essential ser-
vice?

4. Are any people in your bubble vulnerable to

COVID-19%

Ethnicity was collected using the standard ethnicity
question for the New Zealand health and disability
sector."*

Respondents were also given the option of providing
information about each of the remaining members of
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Figure 3 COVID-19 Epidemic Curve in New Zealand. COVID-19 epidemic curve for the period 24 February 2020-8 June
2020, with dates for restrictions and Alert Levels in place. Surveillance data provided by Institute of Environmental Science and
Research (ESR), funded by the Ministry of Health, New Zealand. Dashboard developed by EPI-interactive.
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their bubbles: age, ethnicity, whether they were an essen-
tial worker or vulnerable, and how often they had left the
home. However, due to capacity issues with the servers
hosting our instance of REDCap, the majority of respon-
dents were unable to fill in information about their house-
hold members. Therefore, these data are not included or
reported in this study.

Setting

Online social media platforms and email were used to
share links to the online REDCap survey. A Facebook
advertisement was used to promote the survey at random
to Facebook users in New Zealand aged 16 years or older,
over a 72-hour period.

A link to the survey was also posted on the Medical
Research Institute of New Zealand (MRINZ) website,
Facebook page and Twitter account. The participant data-
base for MRINZ was also emailed with a link to the online
survey. For all approaches, participants were able to share
a link to the survey via their own social media platforms
and by email. The period of data collection was during
Alert Level 4, from 9 to 14 April 2020.

Participants
Individuals were eligible if they were a resident in New
Zealand and aged 16 years and over.

Ethics approval

Consent was implied by completion of the survey. As this
study was a minimal risk observational study and involved
members of the general public recruited other than
in their capacity as consumers of health and disability
services, it did not require approval from an ethics
committee as per Section 3 of the Standard Operating
Procedures for the Health and Disability Ethics Commit-
tees in New Zealand."”

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting or dissemination plans of our
research. However, after the feedback of participants on
concerns over privacy, we removed the question relating
to full address details.

Data management

All data were entered directly by the participant into
the REDCap database, hosted and supported by the
MRINZ. REDCap is a secure, HIPAA (US Health Insur-
ance Portability and Accountability Act 1996) compliant
web-based application.'" Data were accessible only to a
limited number of trained study investigators. For surveys
where addresses were provided, duplicates were removed
manually.

Bias
This was a convenience sample, reliant on advertising and
participants sharing the survey online.

Study size

We wished to achieve a 5% margin of error for single
responses and this required 385 complete responses.16
As this was cluster sampling (a sample of ‘bubbles’),
with unknown cluster distribution and intraclass correla-
tion, and undertaken on social media without a fully
random sampling methodology, the design effect for
cluster sampling was conservatively taken into account by
increasing the sample size by 50%, aiming to achieve 580
responses about individual bubbles. There was no upper
limit to the sample being sought.

Statistical methods

Data descriptions were by simple counts and proportions
and data descriptors: mean and SD, median and 25% and
75% quantiles as the IQR and minimum to maximum.
T-tests were also used to compare bubble size and house-
hold number per bubble. The association between
ethnicity and bubble size and household number per
bubble used analysis of variance with European ethnicity
as the reference level. The primary comparison of
interest was with Maori, the Indigenous Peoples of New
Zealand, who had markedly higher mortality rates during
the 1918 influenza pandemic.'” The association between
rate of leaving, in relation to bubble size, the bubble, and
at least one essential or at least one vulnerable person in
the bubble was by Poisson regression with an offset for
bubble size. Any survey that included an answer for the
primary outcome variable were included in the analysis.
Data were not imputed for where consequent questions
are unanswered. SAS V.9.4 was used.

RESULTS
A total of 18788 surveys were answered across New
Zealand and 14876 complete surveys were included in
the analysis (figure 4).

The number of responses varied by region and is illus-
trated in Figure 5.

Respondent characteristics

The majority of survey respondents were female and
of European descent (table 1). The mean (SD) age of
respondents was 45.4 (14.6) years. Respondents who
were essential workers and vulnerable individuals were
contained within 26.1% and 22.4% of bubbles, respec-
tively. The most common reason the respondents left
their home was for exercise; mean (SD) number of times
per week 4.27 (4.83).

Bubble characteristics

Bubbles contained a mean (SD) of 3.58 (4.63) people
and 1.26 (0.77) households (table 1). The majority of
bubbles contained only one household (80%), with
only 64 bubbles containing five or more households.
The proportion of bubbles that contained at least one
essential worker or at least one vulnerable individual
was 45.3% and 42.1%, respectively. Only 29.7% of
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Total responses
N=18 788

Excluded

Did not answer
compulsory questions

Duplicate

Non-resident in
New Zealand

Test records

Total

Included
Simple data set
N=14876

Included
Detailed data set
N =2470

Figure 4 Survey responses. Flow diagram of included and excluded survey responses with reasons.

bubbles had neither an essential worker nor vulnerable
person. Individual bubble members left their home a
mean (SD) 12.9 (12.4) times in the previous week, most
often for exercise. There was minimal difference in the
bubble size across the regions (range 3.5-3.8 excluding
the Chatham Islands which had one bubble of four

people).

Ethnicities and bubble size

Bubbles with Maori and Pacific respondents had a
larger bubble size, and the difference was significant
when comparing Maori respondents to Europeans
(table 2). Similar results were seen when comparing
the number of households per bubble by ethnicity.
Bubbles in which the respondent was Maori contained
a mean (95% CI) 0.09 (0.04 to 0.14) more households
compared with bubbles in which the respondent was
European.

Bubbles with essential workers and/or vulnerable members
Bubbles that contained at least one essential worker
had a mean (SD) 14.2 (13.2) leaving episodes in the
preceding week compared with bubbles with no essen-
tial workers which had 11.8 (11.5) leaving episodes;
relative rate 1.03 (95% CI 1.02 to 1.04), p<0.001.

Bubbles that contained at least one vulnerable indi-
vidual had an approximately 25% lower rate of leaving
(relative rate 0.75 (95% CI 0.74 to 0.75), p<0.001) in the
previous week compared with bubbles that contained
no vulnerable individuals.

DISCUSSION

In this survey, isolation bubbles were generally small,
containing three to four people, and mostly one house-
hold. About 70% of bubbles had an essential worker and/
or vulnerable person. Bubble sizes and the mean number
of households in the bubbles of Maori respondents were
slightly larger than that of European respondents. Bubble
members left the home approximately two times per day
in total. Bubbles containing a vulnerable person had
fewer leaving events than bubbles that did not contain a
vulnerable person.

In New Zealand, the Level 4 lockdown between 25
March and 28 April 2020 had a marked effect in terms of
reducing the COVID-19 infection rate towards achieving
a goal of elimination (figure 3). Itis not possible to deter-
mine from our survey the specific contribution of self-
isolation to this outcome, relative to other public health
measures including border closures, extensive testing and
contact tracing. However, it is reasonable to assume that
when part of such a multifaceted public health strategy,
selfdisolation within ‘bubbles’ with the characteristics
identified in this survey contributed to the reduction in
cases of COVID-19 in New Zealand.

It is also challenging to determine from our survey the
specific influence that the political and social environ-
ment may have had on the characteristics observed. New
Zealand is a social democracy, and there was widespread
support for the Prime Minister and Director General of
Health, who based their policies on advice received from
cross party parliamentary and technical advisory commit-
tees, and communicated to the public on a daily basis."’
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Figure 5 Regional distribution of survey responses. Regional distribution of included survey responses per 100000 population

in New Zealand.

This contrasts with the more autocratic implementation
of severe lockdown strictly enforced in China,' and the
fragmented and chaotic political and public health situa-
tion in the USA."

To our knowledge, this is the first study to provide
information on the self-isolating household units and the
composition of households during lockdown, adding to
the knowledge gap of an intervention that is currently
used worldwide. We rapidly gained high level informa-
tion from approximately 1% of New Zealand households
within a 6-hour period very close to the initiation of lock-
down, using the strength of social media and a current
patient database. It also provided an opportunity for
participants to engage and learn about the lockdown

itself, and to actively consider behaviours that might
cause public health risk to themselves and others.

The number of individuals in each bubble is of impor-
tance given how COVID-19 is transmitted. Droplet trans-
mission among individuals with close contact can be
higher in overcrowded houses and in household units
with a larger number of individuals. Having blanket
regulations about isolation may not have the desired
effect if large numbers of individuals isolate together.
The living arrangements and household composition
can vary between, as well as within, countries. Pakistan
and the Philippines have also been in lockdown with an
anticipated average household size of 6.8 and 4.2 individ-
uals, respectively,” larger than the New Zealand census
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Table 1 Continued

Range

Median (IQR)

Mean (SD)

Bubble characteristics

1to 411
1to 30
0 to 400

3(2to4)

1(1to1)

3.58 (4.63)
1.26 (0.77)

12.9 (12.4)

14876

No of people per bubble

No of households per bubble

(510 18)

10

14680

Total number of times bubble was left for all reasons

%
29.7

4422

14876

No essential worker or vulnerable person in bubble

171

2539
4198
3717

Both essential worker and vulnerable person in bubble

28.2

Essential worker but no vulnerable person in bubble

25.0

Vulnerable person but no essential worker in bubble

45.3

6738
6256

At least one essential worker in bubble

421

At least one vulnerable person in bubble

*National percentages are for census, usually resident population counts as at 30 June 2018.%

tBased on values given for sex (not gender) in 2018 census.

IPrioritised ethnicity using Level 1 codes.

§Number of times bubble left in the preceding week.

Table 2 Bubble size by respondent’s ethnicity

Mean bubble size Difference from

Ethnicity (N) (95% CI) European (95% CI)
European 3.54 (3.46 10 3.62) NA

(12589)

Maori (978) 4.06 (3.77t04.36)  0.52* (0.22 t0 0.83)
Pacific Peoples 4.06 (3.27 to 4.85)  0.52 (-0.27 to 1.31)
(137)

Asian (549) 3.72 (3.33t0 4.11)  0.18 (-0.22 to 0.58)

Middle Eastern/ 3.19 (2.19 to 4.18)
Latin American/
African (86)

Other (5)

~0.35 (~1.35 to 0.65)

3.60 (-0.52t0 7.72)  0.06 (~4.06 to 4.19)

*p<0.05.

average of 2.7 individuals®' and the reported bubble size
in our study of 3.6 members. Our sample bubble size
may be slightly larger due to the convenience sampling
methodology, temporary changes in living situations in
view of lockdown or inclusion of other households to the
bubble. Regardless, the small bubble size of three to four
individuals will have a reduced scope for transmission of
COVID-19 within the household.

Nearly half of the bubbles contained one or more
essential workers. It is surprising that the number of times
individuals left their home during the previous week was
not higher in bubbles that contained essential workers
compared with bubbles that did not. It is possible that
many essential workers who responded to this survey were
able to complete their work role from home or on an ‘on-
call’ basis. It may also be that essential workers combined
leaving their home for work and outings such as shop-
ping, which members of bubbles with no essential workers
had to leave their home for. Reassuringly, while approxi-
mately 40% of bubbles contained at least one vulnerable
person, bubbles that contained a vulnerable person had
fewer instances of members leaving their home during
the previous week.

The mean number of times bubble members left their
home in this sample was 12.9 times per week. The risk
of exposure associated with such activity is likely to vary
markedly depending on the purpose, for example, exer-
cising locally with physical distancing, which was the most
common reason for leaving home, is likely to represent
a far lower risk than shopping or ‘essential work’. While
this change in movement only reflects weeks 2 and 3
of lockdown, mobility data across New Zealand suggest
that this trend was consistent across the entire lockdown
period, with New Zealanders spending a larger propor-
tion of time in their places of residence compared with
before lockdown (online supplemental figure 1).

New Zealand’s indigenous population, Te Maori, have
historically fared poorly in pandemic respiratory illnesses
compared with NZ Europeans.” * Maori suffered
an overall death rate of about eight times that of NZ
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Europeans in the 1918 influenza pandemic'” and were
fivefold more likely to be admitted to hospital* and 2.6-
fold more likely to die* than NZ Europeans in the 2009
HINI1 pandemic. There has been concern that ongoing
inequities in New Zealand could result in increased risk
of infection for Maori, greater risk of negative COVID-19
health impacts, and worsening of the current inequi-
ties in access to high-quality healthcare for Maori nega-
tively impacting on Maori health outcomes from both
COVID-19 and non-COVID-19 conditions.”® We had
considered that as Maori are already affected by house-
hold overcrowding,” bubbles containing individuals of
Maori ethnicity might be larger and incorporate more
households, potentially increasing transmission within
bubbles despite a lockdown.

Currently, the prevalence of COVID-19 on Maori has
been lower than in European New Zealanders, which
has been attributed to the higher rate of European New
Zealanders returning with COVID-19 infection from over-
seas prior to lockdown.?® Of concern, this survey observed
that bubbles that contained individuals of Maori ethnicity
were substantially larger or contained more households
than those that contained Europeans, suggesting that
Maori may be at greater risk in the situation of a more
widespread community transmission of COVID-19.

As with all surveys of this nature, there are method-
ological limitations that need to be considered. This was
a convenience sample survey predominantly recruited
via Facebook and vulnerable to selection bias. Despite
the number of roughly equal male (46.7%) and female
(53.3%) Facebook users in New Zealand?” and gender
not being a criteria for targeted advertising of the survey,
female respondents were over-represented in this survey,
suggesting perhaps greater responsiveness to online
survey-based research. In a previous study we conducted
using Facebook for advertising, we had greater partici-
pation from female than male®; a trend seen in other
online survey responses as well.”” The number of adults
aged 70 and older was also small compared with the New
Zealand population, likely reflecting the use of social
media for the survey.

New Zealand however has a high internet penetration
rate of 93%,29 and in March 2020, Facebook had 3.48
million™ users aged >16 years in New Zealand, up to 92%
of the New Zealand population at this time. As the study
was intended for those 16 years and above, distribution
of the survey via Facebook offered the potential to reach
most of the population of interest. Facebook has previ-
ously been proven to be an effective form of sampling
in health research recruitment where it produced repre-
sentative data for a population, while having additional
benefits of supporting the inclusion of hard-to-reach
and younger populations.”’ ** This methodology of
conducting online surveys via Facebook, however, may
not be as successful in areas with low internet penetration
or low uptake of social media such as Facebook.

We initially collected full addresses from respon-
dents in order to remove duplicates if another member

of the same household answered the survey. However,
following feedback from the respondents, we changed
the survey to only collect the suburb and postcode.
Consequently, the ability to detect further duplicates was
lost, although it is unlikely to lead to major bias, as dupli-
cates were uncommon (37 duplicates (3.7%) in the first
1000 responses). In the interest of obtaining complete
responses and focusing on our primary outcome variable,
we kept the survey short. The response rate from non-
Europeans is less than we would expect given the propor-
tion within the New Zealand population.”® We did not
ask specifics about essential worker roles or vulnerabili-
ties contained within the bubbles. Approximately 40% of
bubbles contained one or more vulnerable people, poten-
tially lower than might be expected given the burden of
chronic disease in New Zealand.”* The responses may
also have been affected by social desirability bias, where
the answers reflect expected behaviour instead of actual
behaviour. The New Zealand government’s COVID-19
response was widely visible and well disseminated with
a broad presence across analogue and digital media,
thereby potentially inflating or deflating individuals’
responses (eg, underreporting the times the bubble was
left, or the number of households per bubble). We miti-
gated this by not collecting identifiable information and
the survey was completed by the responder in their own
time, without the presence of an investigator, eliminating
the possibility of coercion or fear of judgement.

The Alert Level 4 lockdown in New Zealand has
succeeded in limiting the spread of COVID-19, despite
an initial trajectory similar to other countries in Western
Europe and North America.”® As a result, the reported
confirmed cases of 433 per million in New Zealand is
substantially less than that of the UK (25851 per million)
and the USA (45815 per million)* (as of 10 December
2020). The requirement for self-isolation within bubbles
resulted in a small number of individuals and households
per bubble, in combination with reduced movement
out of the bubble, especially in bubbles that contained
vulnerable persons. While the bubbles, in conjunction
with other public health measures in New Zealand,
appear to have had the desired effect, to date, additional
knowledge of the lockdown units and their implementa-
tion may assist in identifying other levers that can be used
to shape further public health interventions if the rapid
mitigation of COVID-19 cases is not achieved.
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