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Risk factors leading to COVID-19 cases in a
Sydney restaurant
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n 13 January 2020, the first case of

COVID-19 appeared in Australia’

and as of 14 January 2021, 28,658
cases had been identified in Australia and
more than 92 million cases worldwide.
The causative agent of COVID-19 is a novel
betacoronavirus, severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2).
Transmission of SARS-CoV-2 has been
reported in a number of settings, including
restaurants. Indoor dining has been identified
as a higher risk environment for SARS-CoV-2
transmission.? However, few studies provide
evidence defining the risk factors associated
with transmission in restaurant environments.
The published studies of restaurant outbreaks
linking between three and 10 cases have
focused on airflow modelling to explain
person-to-person transmission.>> However,
for these studies, little is known about the
potential misclassification of exposure due to
other sources of transmission.

On 28 July 2020, South Eastern Sydney Local
Health District, Public Health Unit (PHU) was
notified of the first of what would become 20
SARS-CoV-2 positive cases epidemiologically
linked to a restaurant in Sydney. All 20 cases
were patrons present at the restaurant on

25 July 2020, the day of COVID-19 onset for
an infectious staff member. A further five
staff members also became cases and had
multiple days of exposure to the infectious
staff member.

Upon notification of a positive case of
SARS-CoV-2, the PHU, under the NSW Public

Abstract

Objective: To explore the factors associated with the transmission of SARS-CoV-2 to patrons of

a restaurant.

Methods: A retrospective cohort design was undertaken, with spatial examination and
genomic sequencing of cases. The cohort included all patrons who attended the restaurant
on Saturday 25 July 2020. A case was identified as a person who tested positive to a validated
specific Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) nucleic acid test.
Associations were tested using chi-squared analysis of case versus non-case behaviours.

Results: Twenty cases were epidemiologically linked to exposure at the restaurant on 25 July
2020. All cases dined indoors. All cases able to be genomic sequenced were found to have the

same unique mutational profile. Factors tested for an association to the outcome included
attentiveness by staff, drink consumption, bathroom use and payment by credit card. No

significant results were found.

Conclusion: Indoor dining was identified as a key factor in SARS-CoV-2 transmission, and

outdoor dining as a way to limit transmission.

Implications for public health: This investigation provides empirical evidence to support

public health policies regarding indoor dining.
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Health Act 2010, initiates public health control
measures. Where an outbreak is identified,
these public health measures will include an
outbreak investigation. For this outbreak, the
investigation involved genomic sequencing
of the virus infecting all cases, on-site
inspections and semi-structured interviews
of key restaurant staff, including the index
case. The purpose of these interviews was

to discover staff movements on 25 July
along with factors that could provide insight
into possible transmission risks. The index
case was questioned on usual and specific
behaviours undertaken on 25 July. The on-
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site inspection involved confirming spatial
layouts, patron locations and examining
adherence to procedures designed to
reduce potential disease transmission along
with identifying source points of potential
transmission. The genomic testing was

to provide confirmatory evidence of the
transmission between cases.

The staff member had onset of symptoms

on 25 July but had also worked during their
infectious period on 23 and 24 July. All inside
patrons and staff from the three infectious
days were quarantined as close contacts,
however, cases arose only among patrons and
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staff who attended the restaurant on 25 July.

Potential transmission routes that emerged
from these initial investigations centred on
person-to-person transmission by droplets
including patron seating location, actions
that exposed patrons to the index case staff
member (assistance in signing in, ordering)
and transmission by fomites, e.g. drink
consumption (the index case prepared

and served several types of drinks), use of
the same bathroom as the case, paying by
credit card that was handled by the case
and use of salt and pepper shakers. All food
was served to share therefore determining
exposure to specific foods was not considered
informative. These themes formed the basis
of the second phase of the investigation

- a quantitative survey of all patrons who
attended the restaurant on 25 July 2020
along with a spatial examination of patron
seating location and index case movements.
This second phase is reported below.

Methods

At the time of the outbreak, restaurants in
New South Wales (NSW) were required by law
to collect patrons’ contact details for contact
tracing purposes, with patrons providing
these details to the restaurant (signing in).
Using this data provided by the restaurant,
208 patrons were identified as having

visited the restaurant on 25 July 2020. All

208 patrons were invited to take part in the
investigation.

Staff who worked on 25 July were not invited
to take part in the investigation as they had
multiple days of exposure to the infectious
staff member and differing interactive
behaviours to the index case from the dining
public.

On 30 October 2020, an invitation was made
via telephone interview by trained contact
tracers for all 208 patrons to participate

in the investigation. To ensure maximum
participation, at least six attempts to contact
each patron were made over multiple days
and times. On the third attempt, patrons
were provided with call back details, before a
further three attempts were made. For those
successfully contacted, participation required
the completion of a questionnaire that
examined the location of the patron in the
restaurant, actions of staff, and behaviours of
the patron.

The venue contained indoor and outdoor
dining as well as an indoor bar area. Patrons
were asked whether they dined indoors,
outdoors or had a drink at the bar only.
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Further questions involved understanding
if the patrons were greeted by a member of
staff on arrival to the restaurant, whether a
staff member assisted the patron in signing
in, whether a staff member explained the
menu to them and if the patrons ordered
the meal. The gender of the staff member
for each of these actions was sought to help
identify potential exposure to the index
case. Patrons'behaviours included the
consumption of cocktails, spirits, beer, wine,
coffee, soft drink, sparkling water and/or
tap water, use of the bathroom, use of salt
and pepper shakers and providing payment
for their meal. Finally, basic demographic
information (age, identifying gender and
smoking status) was sought.

In the analysis, we combined certain
responses to examine the strength of
association between aggregated exposures
and risk of SARS-CoV-2 infection. These
included if a staff member (of the same
gender as the index case) both greeted and
helped the patron with their sign in, if a staff
member (of the same gender as the index
case) both stood next to the patron to explain
the menu and took the order from the patron,
and if the patron drank any alcohol.

Responses were entered into REDCap and
analysed in SAS Enterprise Guide 7.0. The
analysis involved descriptive and inferential
statistics. Descriptive statistics included attack
rates that were calculated based on the
number of cases divided by the total number
of patrons identified. Inferential statistics
involved chi-squared tests with an outcome
variable of positive SARS-CoV-2 infection

and predictor variables being the risk factors
identified in the questionnaire or time of

day at the restaurant. Fisher’s exact test was
used to determine significance where cell
counts were six or under. Given the low case
numbers, adjusted regression analysis was
not feasible.

A spatial examination was undertaken to
determine if seat proximity to the index

case could be considered a risk factor in this
environment. This involved interviewing

the index case and the 20 subsequent cases
regarding their movements on 25 July and
reviewing restaurant records such as seating
allocations. The examination was undertaken
separately for lunch and dinner sittings.

Genome sequencing was performed and
analysed as previously described;® whole
genome amplification was attempted on all
available specimens. The resulting phylogeny
of the outbreak sequences was rooted to the
reference stain; GISIAD EPI ISL 413856.
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Results

Of the 208 patrons who attended the
restaurant on 25 July, 179 (19 cases and 160
non-cases) participated in the investigation.
Nine patrons declined and 20 were unable to
be contacted. The median age of participants
was 37 years with no difference in median
age between case (37 years) and non-case
(37 years) groups. Participants were more
likely to identify as female (60%) with similar
proportionality of females in the case (58%)
and non-case (60%) groups. The majority of
patrons dined indoors (n=163, attack rate
12%) and a small number dined outdoors,
none of whom became cases (n=14, attack
rate 0%). Only two patrons smoked while in
attendance at the restaurant. Figure 1 displays
the epidemiological curve of symptom onset
for the 19 cases; for asymptomatic cases, the
date of the first positive test was used.

Cases tended to arise in groups that ate at or
near the bar, or along the path the infectious
staff member walked from the bar to the
entrance. Even among larger dining groups,
no more than two cases arose from a seating.

Chi-squared analysis of reported risk factors
did not identify any statistically significant risk
factors (Table 1).

The restaurant operated with two-hour
dining bookings spaced across the day to
involve a total of six sittings for the day. The
index case worked across all six sittings (three
lunch, three dinner). Ninety-seven patrons
sat for lunch and 111 sat for dinner sessions.
The index case appeared to become more
infectious throughout the day, although

not significantly, with seven cases identified
through the lunch period (attack rate 7%)
and 13 cases during the dinner period (attack
rate 12%; p=0.27), see Figures 2 and 3.The
restaurant was vacated between the lunch
and dinner sessions for a complete clean and
re-set. The index case was reported to be
predominantly located behind the bar area
and between the bar and guest entrance
(marked in red, Figures 2 and 3).

Figures 2 and 3 show cases predominantly
seated where the index case would walk
between the bar and guest entrance to greet
new patrons.

Complete SARS-CoV-2 genomes were
sequenced from eight of the 20 cases within
the outbreak as well as the index case (Case
1), see Figure 4. Using the pangolin typing
systems, all nine sequences were classified
as lineage D.2, which was the predominant
locally acquired lineage at the time of the
outbreak.” The same mutational profile was
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uncovered in each genome when compared
to the originally reported Wuhan strain
(NCBI Accession: MN908947.3). Mutations

at positions (non-synonymous changes
shown in brackets) C241T, A1163T (ORF1ab
I300F), C3037T, T7540C, C14408T, G15535T
(ORF1ab K590N), G16647T (ORF1ab R5461L),
C18555T (ORF1ab T60971), C22480T, G22992A
(Spike S477N), G23401A, A23403G (Spike
D614G), G28881A (Nucleocapsid R203K),
G28882A, G28883C (Nucleocapsid G204R).
Only one genome, Case 5, contained an
additional single nucleotide polymorphism
at position G8861A (ORF1ab V2866M).
Genomes generated were uploaded to the
Global Initiative on Sharing All Influenza
Data (GISAID) database with the accession
numbers; EPI_ISL_513355, EPI_ISL_513377,
EPI_ISL_513376, EPI_ISL_513375, EPI_
ISL_544956, EPI_ISL_545023, EPI_ISL_526121,
EPI_ISL_513374, EPI_ISL_490038 (first
sequenced case of SARS-Cov-2 lineage D.2 in
NSW).

Discussion

Australia is in a unique situation in that it is
one of only a few countries with high testing
rates to confirm the low background rate of
SARS-CoV-2 infection within the community.
Having little to no community transmission
of SARS-CoV-2 infection provides confidence
that SARS-CoV-2 transmission occurred
within the restaurant environment and was
not circumstantial to patrons being newly
infected within the community and meeting
in this one location by chance.

We found that only those who dined indoors
became infected with the SARS-CoV-2 virus.
Further, the attack rate varied throughout
the day, with a higher attack rate as the day
progressed.

We believe that indoor transmission is a

key finding. The index case greeted, seated
and prepared drinks behind the bar for all
patrons, regardless of whether the patron
was seated indoors or outdoors, indicating
that the indoor environment posed a greater
risk. The staff member did, however, take
orders and serve drinks to indoor patrons
only. Nonetheless, the lack of cases among
outdoor patrons supports the strategies of
moving dining and other activities to outdoor
or well-ventilated places to reduce the risk of
SARS-CoV-2 transmission.

The second finding is seeing the increase in
attack rate as the day progressed. Patrons had
a consistent duration of exposure throughout
the day (two hours), but the attack rate was
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Figure 1: Epidemiological curve of outbreak cases.
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Table 1: Relative risk of SARS-CoV-2 infection from potential risk factors.
Risk factors

Identifying as female

Greeted by a member of staff on arrival”
Dined indoors

Helped to sign in by a member of staff"

Member of staff stood next to patron to explain the menu”
Ordered their meal from the wait staff*

Drank a cocktail

Drank a spirit

Drank a beer

Drank a wine

Drank a coffee

Drank a soft drink

Drank sparkling water

Drank tap water

Went to the bathroom”

Handled the salt and pepper grinders

Paid by card

Were greeted and helped to sign in by staff"

Staff member” stood next to and took the order from the patron
Drank Alcohol

Notes:

*of the same gender as the index case
#unable to be calculated due to zero cases dining outdoors

RR a P value
0.9 0.4-2.2 0.85
18 0.7-4.6 0.25
i i 0.19
14 0.4-4.7 0.47
0.4 0.06-3.2 0.69
0.8 0.2-33 1
0.9 0.4-2.3 0.89
2.9 1.1-7.7 0.06
2.1 0.8-5.3 0.16
0.6 0.2-1.3 0.18
1.6 0.5-4.9 0.43
1 0.2-7.0 1
0.6 0.2-1.6 0.29
1.9 0.7-5.0 0.19
0.6 0.2-2.0 0.47
0.8 0.1-5.9 1
1 0.4-24 0.9
0.8 0.1-5.2 1
0.8 0.1-5.5 1
1.2 0.3-4.8 1

higher for those who dined in the evening
compared to the afternoon, to a rate similar
to that reported in many households.®

One possible explanation is that the index
case became more infectious as the day
progressed. Alternate explanations are the
possibility of declining hand hygiene by the
index case or environmental contamination
built up during the day, increasing the risk of
fomite exposure for those who dined in the
evening. This would be consistent with the
greater dispersed pattern of cases through
the restaurant during the evening but would
be counter to the reported cleaning protocols
in place and current evidence that fomites are
an unusual source of infection.’

We found that for 16 of the 20 cases, the
incubation period was four days or less

© 2021 The Authors

(Figure 1), this being less than the reported
average incubation period of five days in

the literature.’ We are confident that this
incubation period is accurate, given the low
background rate of SARS-CoV-2 infection
within the community at the time. This may
add further weight to our hypothesis of
environmental contamination built up during
the day and therefore patrons receiving a
large amount of virus that may have possibly
reduced their incubation period.

The investigation examined a number of
hypothesised routes of transmission, but

it was unable to significantly associate any
route to confirmed infection. This result, while
disappointing, is not surprising given the lack
of power in the investigation. Post hoc power
calculations showed the investigation was
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underpowered, with the power to detect a
real association ranging from 3% to 54%, with
a median of 6%. Being able to clearly attribute
20 cases to a single exposure on the basis of
traditional and molecular epidemiology is a
valuable opportunity to develop evidence
around SARS-CoV-2 transmission.

The consumption of spirits was close to a
significant association with infection, and
this could be seen as a plausible mechanism
of transmission as the index case had
responsibility for making and delivering

Figure 2: Lunchtime sittings identifying case locations.

Risk factors leading to COVID-19 cases in a restaurant

spirits. This weak association also had the
highest power to detect an effect (54%).
However, it is possible this could also be due
to chance, given the number of associations
tested in this analysis.

All virus genomes sequenced from this
transmission event carried the same
mutational profile, with only one patron
gaining an additional single nucleotide
polymorphism, strongly supporting
transmission events within the restaurant. The
SARS-CoV-2 lineage detected in this outbreak
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- D.2 - was the only lineage circulating in
the Australian community during this time
period. However, community transmission
during this outbreak was low with only 86
COVID-19 cases reported in NSW in the
epidemiological week ending on 25 July
2020."" Interestingly, this genome contained
the D614G mutation that has been suggested
to increase the transmissibility of SARS-
CoV-2."2 In addition, the outbreak lineage
contains the spike protein mutations S477N,
which is within the receptor-binding domain
and may reduce the neutralising antibody
response.'3 The combination of traditional
and genomic epidemiology provides
additional evidence when investigating
outbreaks of SARS-CoV-2.

An interesting point is the timing of the
infectiousness of the index case. The index
case acquired the infection from a customer
who dined at the restaurant on 22 July.
According to current evidence, a person can
be infectious 48 or even 72 hours prior to the
onset of symptoms.' Following standard
Australian public health guidelines in place at
the time, all patrons of the restaurant during
the index case infectious period (48 hours
prior to onset, i.e. from 23 July) were followed
up and placed in home quarantine for two
weeks after their dining date. However,
despite being potentially infectious and
working at the restaurant on the 23 and 24
July, no transmission of SARS-CoV-2 infection
occurred until the day of symptom onset

(25 July), in contrast to some studies that
highlight peak infectivity prior to symptom
onset, and confirming infectivity during
symptom onset.'+1”

Limitations

This paper has a number of limitations.
While we are confident that transmission of
SARS-CoV-2 infection occurred on 25 July, it
is possible that some cases could have been
infected by the household member with
whom they were dining at the restaurant.
However, as these cases had similar onset
dates, the more credible explanation is
infection on 25 July with slightly differing
incubation periods.

The investigation relied on the recall of the
index case and patrons regarding movements
through the restaurant environment and
other behaviours and as such may have been
subject to recall bias. Objective measurement
of these factors through the examination

of CCTV footage was not possible as such
footage was unavailable.
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In order to maintain confidentiality, we could
not identify the index case to patrons. We
were therefore required to analyse our data
by the gender of the index case. Other staff
of the same gender were working on 25 July
and this may have led to some of the data
being subject to exposure misclassification.
However, the work pattern of the index

case was different to those staff of the

same gender. Using this, we developed our
questionnaire to minimise any potential
exposure misclassification.

The assessment of mask use to limit
transmission could not be undertaken as
mask use was not mandated by the NSW
Government at this time. Further, the
assessment of airflow on infection was
beyond the scope of this investigation,
however, given the pattern of case
distribution around the restaurant (Figures 2
and 3), we believe the index case movements
around the restaurant to be a greater factor
in SARS-CoV-2 spread than the restaurant
ventilation.

Conclusion and implications for
public health

Outdoor dining is a way to reduce the
potential transmission of SARS-CoV-2 in the
restaurant environment. Very little has been
reported on the transmission of SARS-CoV-2
within this environment and this investigation
provides empirical evidence to support
current public health policies for reducing the
risk of the public’s exposure to SARS-CoV-2,
while at the same time limiting the economic
and social impact of the pandemic.
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Figure 4: Maximum likelihood phylogeny of the nine SARS-CoV-2 genomes in this outbreak. A reference sequence

of the first sequenced case of SARS-CoV-2 lineage D.2 in NSW is also indluded (NSW629 EPI ISL 490038).
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