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Objectives: In the current early phase of the coronavirus disease 2019 (COVID-19) outbreak, Bali needs to prepare to face the escala-
tion of cases, with a particular focus on the readiness of healthcare services. We simulated the future trajectory of the epidemic under
current conditions, projected the impact of policy interventions, and analyzed the implications for healthcare capacity.

Methods: Our study was based on the first month of publicly accessible data on new confirmed daily cases. A susceptible, exposed,
infected, recovered (SEIR) model for COVID-19 was employed to compare the current dynamics of the disease with those predicted
under various scenarios.

Results: The fitted model for the cumulative number of confirmed cases in Bali indicated an effective reproduction number of 1.4. In-
terventions have decreased the possible maximum number of cases from 71 125 on day 86 to 22 340 on day 119, and have prolonged
the doubling time from about 9 days to 21 days. This corresponds to an approximately 30% reduction in transmissions from cases of
mild infections. There will be 2780 available hospital beds, and at the peak (on day 132), the number of severe cases is estimated to be
roughly 6105. Of these cases, 1831 will need intensive care unit (ICU) beds, whereas the number of currently available ICU beds is
roughly 446.

Conclusions: The healthcare system in Bali is in danger of collapse; thus, serious efforts are needed to improve COVID-19 interven-
tions and to prepare the healthcare system in Bali to the greatest extent possible.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) has become a pandemic
and poses a major threat to public health in Indonesia. Bali is a
province in Indonesia with a high risk of transmission due to
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international and domestic travel from areas affected by COV-
ID-19. As of April 11, 2020, there were 75 cases of COVID-19 in
Bali, predominantly among Indonesian migrant workers (main-
ly cruise ship workers) (60%), as well as locally imported cases
from affected areas on other islands in Indonesia (20%) and
cases in foreigners who traveled to Bali on vacation (10%) [1].
Although only 10% of the current cases involved local trans-
mission, the experiences of other settings demonstrate that
Bali must prepare to face an escalation of cases, with a particu-
lar focus on the readiness of healthcare services, bearing in
mind that 15-20% of cases will require hospital care and 5% of
them will need intensive care, including ventilation [2]. Italy
furnishes a vivid recent example of this issue, as a two-fold in-
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crease in cases within a short period of time resulted in insuffi-
cient space in the hospitals to accommodate the patients [3].

Mathematical models of pandemic influenza have been
used by policy-makers in many countries to inform estimates
of disease severity and transmission characteristics, as well as
to project the potential incidence trajectory of infected and
fatal cases and the likely impact of control measures [4]. The
same information is needed to determine the impact of non-
medical interventions on the COVID-19 epidemic in Bali, and
will facilitate better preparations and interventions.

The aims of this study were to simulate the development of
the COVID-19 epidemic in Bali with no interventions, to proj-
ect the impact of the policy interventions that have been car-
ried out so far on the trajectory of the COVID-19 epidemic in
Bali based on the developments within 1 month since the first
case was announced publicly, to describe the preparedness of
health services in terms of the number of regular hospital
beds and intensive care unit (ICU) beds available in Bali, and fi-
nally to make recommendations for policy-makers based on
the results of this modeling.

METHODS

Our study was based on the first month of publicly accessi-
ble data on new confirmed daily cases reported for the prov-
ince of Bali from March 11, 2020 to April 10, 2020. An updated
daily report can be seen at https://pendataan.baliprov.go.id.
Based on the released data, we estimated the mean value of
the effective reproduction number (R.) after the application of
preventive measures in Bali. Furthermore, we compared the
current dynamics of the disease with those expected in vari-
ous scenarios, and assessed the effectiveness of the preventive
measures in place. Lastly, we examined projections of hospital

Parameter Frequency
Population of Bali (n) 4300 000
Incubation period (d) 5
Duration of mild infections (d) 6

% of symptomatic infections that are severe 15.0
% of symptomatic infections that are critical 5.0
Initial infection 1
Total hospital beds per 1000 people 1.62
Average % occupancy of hospital beds 60.0
Total ICU beds per 1000 people 0.1
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bed availability at the peak of the epidemic curve.

We utilized a susceptible, exposed, infected, recovered (SEIR)
model adapted to the complexity of COVID-19 spread using R
version 3.6.3 (https://cran.r-project.org/src/base/R-3/). The
SEIR COVID-19 scripts and code, which were originally devel-
oped by Hill and Phillips [5]. This code is an SEIR model for CO-
VID-19 infection, including different clinical trajectories of in-
fection, interventions to reduce transmission, and compari-
sons regarding healthcare capacity. The parameters used are
presented in Table 1.

Some important indicators analyzed in this study are explained
as follows. The basic reproduction number (Ro) is a mathemati-
cal term defined as the expected number of secondary infections
arising from a single infectious individual in a susceptible pop-
ulation. In contrast, the effective R. is defined as the expected
number of secondary infections arising from a single infectious
individual in a susceptible population, after the introduction
of preventive measures or interventions in a community [10].

Ethics Statement

The forecasting methods used freely available data from the
public platform source with no primary data collection to hu-
man and animal subjects. Therefore, no institutional review
board approval is needed.

RESULTS

The first simulation was conducted to assess the current sit-
uation with an Ro of 2.0, which is quite similar to the current
figures in Indonesia, resulting in a doubling time of 9.3 days.
Figure 1 indicates that, on the day when the simulation was
performed (April 12, 2020), it was estimated that there were
3846 mild infections and that 4286 people were exposed with-

Source
BPS projection in 2019 [6]
Linton et al. 2020 [7]
Woelfel et al. 2020 [8]
Wu et al. 2020 [2]
Wu et al. 2020 [2]
Bali Province COVID-19 [1]
The number of hospital beds in Bali is 6948: hospital database system [9]
Hospital database system [9]
The number of ICU beds in Bali is 446 [9]

COVID-19, coronavirus disease 2019; BPS, Statistics of Bali Province; ICU, intensive care unit.
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Figure 1. Simulation of the natural course of a coronavirus
disease 2019 epidemic in Bali without any interventions. Ry,
basic reproduction number; r, epidemic growth rate; T, dou-
bling time.
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Figure 3. Simulation of the change in the time course and
peak of coronavirus disease 2019 cases after applying inter-
ventions or preventive measures in Bali. Ro, basic reproduc-
tion number; r, epidemic growth rate; T,, doubling time.
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Figure 2. Fitted values for the log-linear trend model of coro-
navirus disease 2019 (COVID-19) confirmed cases in Bali. (A)
Confirmed cases. (B) Log confirmed cases.

out symptoms.

The fitted model for the cumulative number of confirmed
cases in Bali indicated an R. of 1.4 (Figure 2). This was used to
estimate the effectiveness of the current preventive measures
in Bali.

We then simulated the spread of the disease using an R, of
2.0 as the baseline and an Re of 1.4 for the situation in Bali after
intervention.

Figure 3 indicates that the interventions implemented in
Bali have decreased the possible maximum number of cases
from 71 125 on day 86 to 22 340 cases on day 119, and pro-
longed the doubling time from about 9 days to 21 days. The
model calculation resulted in an estimation that this situation
approximately corresponds to a 30% reduction in transmis-
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Figure 4. Simulation of predicted severe coronavirus disease
2019 cases versus the capacity of the healthcare system in
Bali. Ro, basic reproduction number; r, epidemic growth rate;
T2, doubling time.

sion from cases of mild infections.

Finally, we simulated the capacity of the healthcare system to
care for patients with severe infections requiring hospitaliza-
tion. As shown in Figure 4, there will be 2780 available hospital
beds, and at the peak (on day 132), the number of severe cases
is estimated to be roughly 6105. In addition, 1831 patients will
need ICU beds, whereas the number of currenly available ICU
beds in Bali is about 446 (assuming all ICU beds are emptied).

DISCUSSION

Our model illustrates the impact of non-pharmaceutical in-
terventions on the trajectory of the COVID-19 outbreak in Bali,
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Indonesia. Since the first case in Indonesia was announced in
March 2, 2020, the provincial government of Bali has made an
appeal to improve clean and healthy living behaviors by pro-
moting social and physical distancing, implementing study
and work from home policies, promoting masks for all, and
implementing screening and quarantine policies, particularly
for migrant workers returning to Bali. The details of preventive
policies and measures that have been implemented in Bali are
shown as below [1].

« Formation of the COVID-19 Task Force before the first case
was announced
Announcement of an emergency response and current
implementation of an emergency alert
Starting on March 11, 2020, when case #25 in Indonesia
was identified as a patient who was treated and died at
Sanglah Hospital, the provincial government increased the
intensity of the interventions
Augmentation of clean and healthy living behaviors and
social distancing, which then became physical distancing
Disinfection of various public facilities (although this re-
mains sporadic and unfocused)
Closure of elementary, middle, and high school as well as
institutions of higher education since March 16, 2020
An appeal to work from home for offices and government
agencies that was carried out more intensively at the end
of March 2020
An appeal to delay or cancel domestic and international
travel
Tightening of entrance of Bali since the end of March, in-
cluding screening of Indonesian migrant workers with
rapid antibody tests and quarantine
Prohibition of the Ogoh-ogoh festival (annual parade on
the night before Balinese Nyepi, a day of silence in Bali
where all people are obliged to stay home), and adding
another day of prohibition of going out after Nyepi
A joint decision issued by the Indonesia Hinduism Society
and Traditional Village Council on the implementation of
Hindu ceremonies (Panca Yadnya) during the COVID-19
outbreak

« Promotion of a face mask campaign for all people

- Governor’s instructions for strengthening social restric-
tions and physical distancing

- Designation of referral hospitals and a COVID-19 special
hospital

« Improvements in the screening and quarantine flow in-
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volving district/city governments

« Formation of a Mutual Assistance Task Force at the village

level

The current policies and preventive measures implemented
by the government of Bali and other related sectors have re-
sulted in a 30% reduction in the risk of transmission from cases
of mild infections. These interventions have had an impact on
the decline of the R. of COVID-19 in Bali to 1.4, translating to a
longer doubling time. However, assuming this outbreak is oc-
curring via community spread [11], the modeling results imply
that numerous COVID-19 cases will occur in Bali. Predictions of
the outbreak trajectory and forecasting of demand for health
facilities, particularly ICUs, have also been conducted in Italy,
where they were proven to be correct in the following days
[12]. Thus, without increasing the intensity of interventions at
a larger scale, the capacity of health services will not be suffi-
cient to handle the thousands of COVID-19 cases that will re-
quire treatment at hospitals and especially in ICUs. On the
peak day, the number of severe cases is estimated to be ap-
proximately 6105, of which 1831 will need ICU beds. With the
current bed and ICU availability, the healthcare system is in
danger of collapse. Serious efforts are needed to improve CO-
VID-19 preventive interventions and to prepare the healthcare
system in Bali as much as possible.

Based on the model we developed, our suggestions include
any containment measures that could reduce susceptibility,
exposure, or risk of infection and any measures to prepare
healthcare facilities. First, to reduce the proportion of the sus-
ceptible population, we suggest that the government of Bali
should tighten the implementation of social restrictions and
examine the possibility of implementing large-scale social re-
strictions, known as PSBB in Indonesia. PSBB could be imple-
mented at the district and provincial levels with approval from
Ministry of Health of Indonesia. The key components of PSBB
are the closure of schools and working facilities (including fac-
tories), restriction of public activities (including religious cere-
monies), restriction of public transportation, and other restric-
tions (including defense and security activities). An additional
component of PSBB is the ability of local government to de-
ploy law enforcement [13].

Second, to reduce exposure, preventive measures for reduc-
ing contact duration with asymptomatic but exposed individ-
uals are needed [14]. This includes increasing the capacity of
reverse-transcription polymerase chain reaction tests, at least
for screening exposed populations [15], such as those catego-
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rized as people under monitoring (known as ODP in Indone-
sia) and asymptomatic close contacts, as well as travelers and
Indonesian migrant workers. The government of Bali is cur-
rently screening migrant workers using a rapid antibody test,
and additional consideration should be given to false nega-
tives, the exact timing of testing, and improving quarantine
procedures involving district governments in Bali. It is also
paramount to tighten air and sea entrances, because there is a
high risk of imported transmission from other red zone areas
on other Indonesian islands, where screening and quarantine
procedures also need to be applied.

The risk of infection can also be reduced by intensifying
health promotion measures even at the village-level, promot-
ing the importance of washing hands, wearing masks, and
maintaining physical distance. Furthermore, transmission in
healthcare facilities can be reduced by providing adequate
personal protective equipment for health workers from prima-
ry care to secondary and tertiary referral hospitals. A report
from Italy revealed that 8.4% of hospitalized COVID-19 pa-
tients were healthcare workers at hospitals [3]. As the epidem-
ic is growing, more patients will require hospitalization, mean-
ing that an inability to increase the capacity of healthcare fa-
cilities could lead to the possibility of hospitals becoming the
epicenter of COVID-19 transmission.

However, the collapse of the healthcare system can be an-
ticipated by improving healthcare system capacity and financ-
ing to be more flexible, with appropriate consideration of ex-
ceptional emergencies such as the preparation of more hospi-
tal beds, even in field or temporary hospitals. Furthermore,
solid partnerships between the private and public sector
should be formalized, as only 2 private hospitals in Bali are
currently prepared to provide care for COVID-19 patients. The
provincial government should categorize current COVID-19
referral hospitals according to the level of supporting technol-
ogy and health personnel capacity, and should play a role in
designing referral flow and procedures. In addition, mapping
the availability of health workers with special qualifications
needed for COVID-19 services and mobilizing them effectively
for COVID-19 case management in Bali are paramount in pre-
paring the healthcare system for the increase in severe and
critical cases. These improvements in hospitals’ capacity will
require planning and financing for the recruitment of qualified
human resources [16,17].

Lastly, within the current testing capacity in Bali, Indonesia,
we acknowledge that there may be a delay before symptom
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appearance due to the incubation period, thereby resulting
in a delayed confirmation of cases. Incorporating delays stem-
ming from the natural history of the infection and reporting
processes in the model might provide different figures, with
different consequences in terms of preparing the health system
and strategies to improve public health measures to contain
the epidemic [18]. As more data become available for Bali, it
will be possible to refine these estimates; however, for now,
these modeling results have helped us to understand the ef-
fectiveness of current interventions and the likely trajectory of
the epidemic in response to interventions during the upcom-
ing months, thereby enabling better containment strategies.
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