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Surveillance summary

High COVID-19 attack rate among attendees of 
wedding events in Bali, Indonesia, March 2020
Bhavi Ravindran, Freya Hogarth, Kirsten Williamson, Rose Wright, Martyn Kirk, Craig Dalton

Abstract

Background

Large gatherings are associated with the spread of coronavirus 2019 disease (COVID-19); however, 
transmission dynamics are not well understood. We investigated a cluster of COVID-19 cases in 
returning Australian residents who attended wedding events in Bali, Indonesia, during 15–21 March 
2020. Attendees participated in various social events and were in close proximity, providing multiple 
opportunities for transmission.

Methods

We conducted a retrospective cohort study of the 41 attendees, of whom 17 participated in a struc-
tured interview that included history of illness, risk exposures and event attendance. We obtained 
data for the remaining 24 participants through corroborative histories and public health unit case 
investigations.

Results

COVID-19 was identified in 56% of attendees (23/41), with illness onset between 21 March and 2 April 
2020. One secondary case was identified in a household contact of an attendee. The median age of 
cases was 31 years (range 3–64). One case was hospitalised and did not require critical care. There 
were no deaths. No cases occurred among six attendees who left prior to the actual wedding day. 
Guests attended multiple events and participated in high-risk transmission behaviours such as shak-
ing hands, kissing, dancing, sharing drinks and sharing shisha (water pipes). Attack rates ranged 
from 64% to 87% for different exposures. We could not identify a single risk exposure that accounted 
for all cases; it is therefore likely there were multiple episodes of transmission.

Conclusion

Our investigation identified a high attack rate of COVID-19 among a cohort of wedding event attend-
ees. Attendees engaged in close physical contact, shared drinks and shisha, and were in close proxim-
ity during the wedding events, which may have contributed to the high attack rate. This outbreak 
highlights the significant role social events can play in transmission of COVID-19 and underscores 
why it is important to limit gatherings and close physical contact to control the spread of the virus.

Keywords: Smoking, shisha, SARS virus, risk factors, Indonesia, coronavirus disease 2019 (COVID-19), 
Australia, public health, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), outbreak
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Introduction

Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), first identified in Wuhan, China 
in December 2019, has resulted in a pandemic 
of the associated disease, coronavirus disease 
2019 (COVID-19).1 Accumulating evidence sug-
gests that large social events such as weddings,2 
church services,3 and choir practices4 are impli-
cated in the spread of SARS-CoV-2; however, 
public health agencies are still learning about 
transmission dynamics and epidemiological 
features.

On 24 March 2020, we were notified of a con-
firmed COVID-19 case in an Australian resident 
who had recently attended a wedding in Bali, 
Indonesia. Investigations by health departments 
in other Australian states and territories identi-
fied a cluster of cases amongst attendees of the 
same wedding. Early case interviews revealed 
that attendees stayed in close proximity and 
socialised together before and after the wedding 
day, thus providing multiple opportunities for 
SARS-CoV-2 transmission.

We conducted a retrospective cohort study of 
the 41 attendees of the wedding events. The 
report examines the risk factors associated with 
transmission at the wedding events.

Methods

Study design

We conducted a retrospective cohort study of 
attendees who participated in at least one event 
that was (a) associated with the wedding and 
(b) took place during 15–21 March in Bali. All 
attendees were non-residents of Bali, Indonesia, 
and travelled only to attend the wedding events.

Semi-structured, hypothesis-generating inter-
views were conducted via telephone with a sub-
set of four attendees. A structured questionnaire 
was designed using the OzFoodNet salmonella 
and NSW Health COVID-19 case question-
naires,5,6 informed by the initial public health 
case investigation and aforementioned hypoth-

esis-generating interviews. Questions encom-
passed: demographic information; history and 
duration of illness; event attendance; potential 
risk activities; and protective behaviours, such 
as handwashing.

Respondents either were interviewed via tel-
ephone or completed an online questionnaire. 
Study data was collected and managed using 
REDCap electronic data capture tools hosted at 
Hunter New England Health.7 Information on 
attendees who were unable to be interviewed was 
obtained from initial case investigations; from 
contact tracing interviews; and from attendees 
whom we were able to contact, through cor-
roborative histories. Public health units actively 
monitored all close contacts for symptoms of 
COVID-19, and they were tested if they became 
symptomatic.

Case definition

We defined a primary case as any person who 
attended the wedding events in Bali Indonesia 
during 15–21 March 2020 and who tested 
positive to a SARS-CoV-2 real-time reverse 
transcription-polymerase chain reaction 
(RT-PCR) assay within 14 days of 21 March 2020 
(the upper limit of one incubation period for 
COVID-19).8 A secondary case was defined as 
any person who tested positive on SARS-CoV-2 
RT PCR assay after the 14 day period and who 
was a close contact of a COVID-19 case from the 
wedding events. A close contact was defined as 
face-to-face contact for greater than 15 minutes 
cumulative in the period extending from 48 
hours before onset of symptoms in a confirmed 
case; or sharing of a closed space with a con-
firmed case for a prolonged period of time in the 
period extending from 48 hours before onset of 
symptoms in a confirmed case.9

Data analysis

We conducted data analysis using Stata version 
13 (Statacorp., USA). We calculated proportions 
and attack rates (AR). We performed univari-
ate analysis to calculate relative risks (RR), risk 
difference (RD) and associated 95% confidence 
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intervals (CI) to examine associations between 
event attendance or activities and subsequent 
SARS-CoV-2 infection.

Ethical considerations

The investigation was undertaken as part of the 
public health emergency response under the 
NSW Public Health Act 2010;10 therefore, ethics 
approval was not required. Informed consent 
was obtained from all participants prior to 
interviews. Permission was granted from rel-
evant jurisdictions for use of case data collected 
by public health units. The Australian National 
University Human Research Ethics Committee 
(Protocol 2017/909) has a standing approval 
for outbreak investigations involving staff and 
students.

Results

A total of 41 people attended wedding events 
from 15 to 21 March 2020, with guest attendance 
varying for each of the seven events. Among the 

attendees, 56% (23/41) met the primary outbreak 
case definition. There was one secondary case in 
a household contact of a primary case, after that 
case had returned to Australia. None of the six 
guests who left Bali the day prior to the wedding 
day contracted COVID-19. All attendees who 
returned to Australia after 15 March 2020 were 
required to undertake 14 days of quarantine.11

The majority of attendees (78%, 32/41) were 
aged 20–39 years; 75% of cases (18/24) were in 
this age group. The median age of cases was 31 
years (range 3–64 years), which was similar to 
non-cases at 30 years (range 3–71 years). There 
was no difference in attack rates between males 
and females.

Demographic and limited exposure informa-
tion was available for 41 attendees. Seventeen 
attendees (11 cases and 6 non-cases) participated 
in the study interview (14 attendees) or online 
questionnaire (3 attendees). Varying symptom 
data were available for the 12 of the remaining 13 
cases, from public health unit case investigation 

Table 1: Symptom profile of 23 confirmed casesa of COVID-19 among attendees of the wedding 
event, Bali, 15–21 March 2020

Symptom Frequency Percent (%)

Cough 19/23 83

Chills/rigors 16/20 80

Loss of taste 10/13 77

Headache 16/23 70

Loss of smell 9/13 70

Fatigue 14/20 70

Fever 12/23 52

Arthralgia or myalgia 10/23 44

Sore throat 9/23 39

Rhinorrhoea 7/23 30

Shortness of breath 6/23 26

Diarrhoea 6/23 26

 Chest pain 4/23 17

Vomiting 0/23 0

Diagnosed with pneumonia 0/23 0

a	 No clinical symptom information was available for one of the 24 cases.
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Figure 1: Epidemic curve of COVID-19 cases by onset date at wedding events in Bali, Indonesia, 
15–21 March, 2020
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forms. Of the cases, 83% (19/23) reported cough, 
80% (16/20) chills/rigors, 77% (10/13) loss of 
taste, 70% (10/13) loss of smell, 70% (16/23) 
headache, and 52% (12/23) fatigue (Table 1).

The median time from onset of any symptom to 
the onset of loss of taste was 4.5 days (range 1–7), 
and from any symptom onset to the onset of loss 
of smell was 4 days (range 1–7). The median 
duration of illness was 10.5 days (range 3–23 
days).  One case was hospitalised but did not 
require critical care, and there were no deaths.

The estimated attack rates at the different wed-
ding events ranged from 61 to 77% (Table 2). The 
excess risk for COVID-19 among those who 
attended the wedding day was 66% (95% CI 
50–81%). All attendees participated in activities 
resulting in potential exposure, such as shak-
ing hands, kissing, dancing, sharing drinks 
and sharing shisha (smoking water pipes), with 
estimated attack rates ranging from 64 to 87% 
(Table 2). Attendees sharing shisha at least once 
over the wedding events were twice as likely to 
be cases (RR = 2; 95% CI: 0.99–4.75).

During their trip to Bali, approximately 88% 
(15/17) of attendees reported hand washing 
always before meals, 24% (4/17) used a facemask 
at least once, and none (0/17) of the attendees 
used gloves.

Discussion and conclusion

We describe transmission of SARS-CoV-2 
among a cohort of people attending wedding 
events involving multiple high-risk activities. 
Guests attended several social gatherings where 
they engaged in close physical contact, shared 
drinks and smoking utensils, and shared indoor 
and outdoor spaces for prolonged periods dur-
ing the wedding events. We postulate that these 
repeated exposures contributed to the high 
attack rate amongst attendees.  Our findings 
are consistent with other reports suggesting 
physical contact during social gatherings poses 
a risk for rapid transmission.12 Indirect contact 
(e.g. via fomite and sharing drinks) is thought to 
facilitate transmission of COVID-19.13
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Table 2: Estimated attack rates of COVID-19 among attendees at wedding events, Bali, Indonesia, 
15–21 March 2020a

Exposure activity
Exposed Unexposed

RR 95% CI
Cases Total AR% Cases Total AR%

Shared shisha 13 15 87 4 10 40 2.2  [0.99–4.75]

Kissed 10 13 77 0 3 0 – –

Shared drinks 9 13 69 1 4 25 2.8 [0.49–15.71]

Danced 9 14 64 1 3 33 1.9 [0.37–10.01]

Shook hands 8 12 67 2 4 50 1.3 [0.46–3.84]

Event attendance

Dinner A 7 9 78 7 13 54 1.4 [0.82–2.68]

Dinner B 5 7 71 9 15 60 1.3 [0.70–2.22]

Dinner C 7 9 78 7 13 54 1.4 [0.82–2.68]

Welcome party 23 41 56 0 0 – – –

Dinner D 14 22 64 0 6 0 – –

Wedding day 23 35 66 0 6 0 – –

After party 11 18 61 5 12 42 1.5 [0.68–3.15]

a	 Exposure and event attendance information were obtained from questionnaires and corroborative histories.

We hypothesise that smoking shisha, which 
is considered a possible transmission vehicle 
of infectious disease14 such as tuberculosis,15 
may have assisted SARS-CoV-2 transmission 
and therefore contributed to the high attack 
rate. To date, there is limited evidence docu-
menting the contribution of shisha use in the 
spread of COVID-19. Our results represent the 
poor understanding of risks and preventative 
measures to minimise the spread of COVID-19 
amongst the wedding attendees.

In this cohort, we observed a high attack rate of 
a relatively low-severity illness. Importantly, 11 
cases questioned specifically about loss of taste 
(77%) and smell (70%) reported these as symp-
toms. Although these symptoms are known 
predictors of mild and early SARS-CoV-2 infec-
tion,16,17 our findings support limited evidence 
that loss of taste and loss of smell develop later 
in illness.18

Based on the shape of the epidemic curve and 
the known serial interval,19 it is possible that 

multiple points of infection occurred within 
the cohort in Bali and it remains unlikely there 
was a single point-source exposure. Australia’s 
mandatory quarantine of returned travellers, 
and attendees’ compliance with these regula-
tions, minimised ongoing transmission from 
the cases in our cohort to the broader Australian 
community.

Our investigation findings are subject to some 
limitations. Firstly, we had only a moderate 
response rate for follow-up interviews, meaning 
we had insufficient power to assess the impor-
tance of some risk behaviours and subsequent 
SARS-CoV-2 infection. Secondly, initial case 
interviews were conducted by multiple public 
health units that collected differing symptom 
and exposure information. Thirdly, participant 
interviews were conducted up to 4 weeks after 
the wedding; recall bias may have affected the 
quality of the data collected. Hotel and event 
staff in Indonesia were not tested or interviewed 
to identify potential source cases for the wed-
ding cluster. We were also unable to investigate 
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whether any of the cohort were asymptomatic 
cases, due to Australia’s testing criteria at the 
time that limited testing to persons with symp-
tomatic illness. Despite these limitations, we still 
demonstrate that frequent and prolonged inter-
actions can contribute to the high attack rates of 
COVID-19 in this cohort.

Our study highlights the important role which 
social gatherings play in transmission of 
COVID-19 and underscores the importance 
of physical distancing to control the spread of 
COVID-19. The findings support Australian 
public health recommendations at this point in 
the epidemic to not shake hands or exchange 
physical greetings, and wherever possible for 
persons to stay 1.5 metres apart to reduce SARS-
CoV-2 transmission.20 We emphasise the impor-
tance of public health messaging to discourage 
sharing of smoking utensils, drinks, food and 
other vehicles that may transmit SARS-CoV-2.
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