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Available online 2 March 2021 Methods: This retrospective cohort included all hospitalised patients with PCR-confirmed COVID-19 in 55

hospitals. We extracted demographic and clinical data, including hospital outcomes (discharge or death).

Iég’\}’;’g”g We used logistic regression to examine factors associated with mortality.

coronavirus Findings: Of 4265 patients with a definitive outcome by July 31, 3768 (88%) were discharged and 497
SARS-CoV-2 (12%) died. The median age was 46 years (IQR 32-57), 5% were children, and 31% had >1 comorbidity.
M(_’rtality Age-specific mortalities were 11% (7/61) for <5 years; 4% (1/23) for 5-9; 2% (3/133) for 10-19; 2% (8/638)
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60-69; and 34% (96/284) for >70. Risk of death was associated with higher age, male sex; pre-existing
hypertension, diabetes, or chronic kidney disease; clinical diagnosis of pneumonia; multiple (>3) symp-
toms; immediate ICU admission, or intubation. Across all ages, risk of death was higher for patients with
>1 comorbidity compared to those without; notably the risk was six-fold increased among patients <50
years (adjusted odds ratio 5.87, 95%CI 3.28-10.52; 27% vs 3% mortality).

Interpretation: Overall in-hospital mortality was lower than reported in high-income countries, probably
due to younger age distribution and fewer comorbidities. Deaths occurred across all ages, with >10%
mortality among children <5 years and adults >50 years.
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Research in context

Evidence before this study

We searched PubMed on January 27, 2021, for articles
that assessed the clinical and demographic factors of in-
hospital mortality in patients with coronavirus disease 2019
(COVID-19), using the search terms (“novel coronavirus” OR
“SARS-CoV-2” OR “COVID-19”) AND (“death” OR “mortality”
OR “deceased”). Studies from China, North America and Eu-
rope have shown COVID-19-related mortality to be associ-
ated with older age and common underlying chronic co-
morbidities including hypertension, diabetes, obesity, cardiac
disease, chronic kidney disease and liver disease. However,
most COVID-19 cases have occurred in low- and middle-
income countries (LMIC), where reliable data are scarce. In
Southeast Asia, by January 26, 2021, COVID-19 case fatality
rate had been reported at 2.3% (35/1551) in Vietnam, 2.0%
(10,386/516,166) in Philippines, 0.5% (75/14,646) in Thailand,
0.4% (700/190,434) in Malaysia, 0% (0/460) in Cambodia, and
<0.1% in Singapore (29/59,366). Indonesia has the highest
number of COVID-19 cases and deaths in the region, report-
ing 2.8% case fatality rate (28,468/1,012,350), with the highest
number of cases in the capital city of Jakarta. A preliminary
analysis of the first two months of surveillance in Jakarta
found that 381 of 4052 (9.4%) patients had died, associated
with older age, dyspnea, pneumonia, and hypertension.

Added value of this study

This retrospective hospital-based study of the complete
epidemiological surveillance data of Jakarta during the first
five months of the epidemic is one of the largest stud-
ies in LMIC and the largest in Southeast Asia to date, that
analysed the characteristics and outcomes of patients hos-
pitalised with PCR-confirmed COVID-19. Overall in-hospital
mortality was lower than reported in high-income countries,
which is likely explained by the younger hospital popula-
tion, fewer comorbidities and less severe disease. Nonethe-
less, age-specific mortalities were comparable to high-income
countries. Although the large majority (78%) of people who
died were 50 years or older, deaths occurred across all age
groups. A concerning finding was the death of 11% (7/61) of
children <5 years hospitalised with COVID-19, which con-
trasts with previous evidence that severe disease and death
among children is rare.

Implications of all available evidence

Differences in patient populations and access to quality
health services, among other factors, greatly influence COVID-
19 mortality trends in low-resource settings. This study af-
firmed the vulnerability of elderly and comorbid COVID-19
patients. Increasing burdens of non-communicable diseases
in the urban centres of developing nations will impact mor-
bidity and mortality associated with COVID-19. Further stud-
ies are needed to understand the extent and underlying
causes of death related to COVID-19 in children <5 years in
LMIC.

Background

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2), the virus that causes coronavirus disease 2019 (COVID-19),
has spread rapidly around the world since it was first reported
in Wuhan, China in December 2019 [1]. Current understand-
ing of COVID-19 mortality mostly comes from clinical epidemi-
ological studies conducted in the early phase of the pandemic
in China [2-4], and in high-income countries of North America
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[5-8] and Europe [9,10]. Severe outcomes of COVID-19 in those
settings have been consistently associated with older age and pre-
existing chronic conditions, such as hypertension, diabetes, obesity,
cardiac disease, chronic kidney disease, and liver disease [2,4-10].

However, most cases to date have occurred in low- and middle-
income countries (LMIC) [11], where differences in age distribu-
tion, comorbidities, access to quality health services, and other fac-
tors, may greatly influence trends regarding severe outcomes, but
data are limited [12-17]. Indonesia is the fourth most populous
country (population 274 million) and the LMIC that has suffered
the highest number of COVID-19 confirmed cases and deaths in
Southeast Asia, second only to India in Asia [11]. Since the first
two laboratory-confirmed SARS-CoV-2 infections were reported on
March 2, 2020, Indonesia has reported a total of 1,012,350 cases
and 24,468 deaths (2.8% confirmed case fatality rate) up to January
26, 2021 [18], of which 25% (254,580) of cases and 17% (4077) of
deaths in the capital city of Jakarta. COVID-19 cases and deaths
in Jakarta rapidly escalated during the first two months of the
outbreak (March-April 2020), and have steadily trended upward
through January 2021 [18].

Indonesia has high burdens of major infectious diseases like
malaria, tuberculosis, HIV and other tropical infections [19], as well
as non-communicable diseases, with an estimated 73% of deaths
caused predominantly by cardiovascular diseases, cancers, chronic
pulmonary diseases, diabetes, and others [20]. As in many LMIC,
substantial proportions of the population face barriers in access-
ing quality health care services due to under-resourced and fragile
health systems [12], often leaving underlying chronic comorbidities
unrecognised and/or poorly managed [21]. These factors may ag-
gravate chronic non-communicable diseases and worsen COVID-19
patient outcomes.

Studies of COVID-19-related mortality in Asia [16,22,23], and in
particular from low-resource settings have been limited. Given that
several major urban centres of Southeast Asia like Bangkok, Ph-
nom Penh, Ho Chi Minh City, and Kuala Lumpur, have thus far
been spared major COVID-19 epidemics, the explosive epidemic
in Jakarta can provide insights directly relevant to similar set-
tings in other LMIC. To this end, we analysed the complete clin-
ical epidemiological surveillance data from the Jakarta Health Of-
fice, reporting on admissions to 55 COVID-19-designated hospitals
within the city, during the first five months of the epidemic (March
through July 2020).

Methods
Study design and participants

This was a retrospective cohort study to assess demographic
and clinical factors associated with mortality of adults and children
hospitalised with COVID-19 in Jakarta, Indonesia. The study popu-
lation included all PCR-confirmed COVID-19 patients recorded by
the Jakarta Health Office who either died or were discharged alive
between March 2 and July 31, 2020. In accordance with Indone-
sia’s national COVID-19 guidelines [24], confirmatory SARS-CoV-2
PCR testing was conducted on naso- and/or oropharyngeal swab
specimens in COVID-19 reference laboratories, and patients were
discharged from hospital after two consecutive PCR-negative tests.
All included hospitals had an intensive care unit (ICU) with capa-
bility for invasive and non-invasive ventilation [25].

Data collection

Each hospital had a designated surveillance officer responsible
for extracting data from the patient medical record to complete the
official COVID-19 epidemiological investigation form for each pa-
tient. Completed forms were submitted to the Jakarta Health Office
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for verification and aggregation into a surveillance database. Data
regarding dates of onset of illness, SARS-CoV-2 PCR testing, hos-
pital admission, and outcomes (discharge or death) were recorded,
along with age, sex, symptoms, comorbidities, and some critical in-
dicators (e.g. immediate admission to intensive care unit). Comor-
bidities were recorded at admission by attending clinical staff, ei-
ther based on clinical assessments or patient reporting. Fever was
defined as axillary temperature of at least 38 °C [24]. Clinical diag-
nosis of pneumonia (indicative of moderate or severe disease [26])
was established by the treating physician, based on clinical and ra-
diological evaluation [24].

Statistical analysis

Descriptive statistics included proportions for categorical vari-
ables and medians and interquartile ranges (IQRs) for continuous
variables. We calculated time in days from symptom onset to hos-
pital admission, and length of hospital stay until death or dis-
charge. We used the Mann-Whitney U test, x> test, or Fisher’s
exact test to compare characteristics between deceased and dis-
charged patients. The retrospective nature of the study meant that
some of the data were missing, especially on obesity (53%), admis-
sion date (39%), time from onset to admission (42%), and time from
admission to outcome (44%). Missing-indicator analysis by risk fac-
tor stratification and by regression analysis did not identify bias
of missing data with respect to mortality, and we excluded those
variables from the main regression model. As data were deemed
missing at random for mortality as an outcome, we additionally
conducted multiple imputation analysis to assess sensitivity of risk
factor identification due to missing data. Due to the high propor-
tion of missing data needed to define the time to event variable,
time to death was not analysed.

We used bivariable and multivariable logistic regression models
to determine the risk of death, expressed as odds ratio with 95%
confidential intervals. All independent variables with p-value <0.10
in bivariable analysis were included in the multivariable models.
Final model selection was informed by likelihood ratio tests. We
reported two final multivariable logistic regression models. In the
first model, we assessed the effect of each type of comorbidity
(hypertension, diabetes, cardiac disease, chronic obstructive pul-
monary disease (COPD), chronic kidney disease, immunocompro-
mised status, and liver disease), and in the second model, the
number of comorbidities (0, 1 or >1), along with other demo-
graphic and clinical factors. We used interaction terms to exam-
ine potential effect modification by age and sex. We set statisti-
cal significance at 0.05, and all tests were two sided. All analyses
were done in Stata/IC 15.1 (StataCorp, College Station, TX, USA).
This study is reported as per Strengthening the Reporting of Ob-
servational Studies in Epidemiology (STROBE) guidelines [27].

Ethics

This study was approved by the Health Research Ethics Com-
mittee of the National Institute of Health Research and Develop-
ment, Ministry of Health Indonesia (LB.02.02/2/KE.554/2020). The
requirement for patient consent was waived as this was a sec-
ondary analysis of anonymised routine surveillance data [28].

Role of the funding source

The funder of the study had no role in study design, data col-
lection, data analysis, data interpretation, or writing of the report.
The corresponding author had full access to all of the data and the
final responsibility to submit for publication.

The Lancet Regional Health - Western Pacific 9 (2021) 100108

Results

Between March 2 and July 31, 2020, a total of 21 397 PCR-
confirmed COVID-19 cases were recorded by the Jakarta Health Of-
fice (Fig. 1). Of those, 4522 (21%) were admitted to hospital be-
cause of symptomatic disease and 4265 (94%) had reached a defini-
tive outcome no later than July 31, 2020, i.e. deceased or dis-
charged, and were therefore included in this analysis. There were
257 (6%) who were still hospitalised. The study flow chart and
completeness of key data are presented in Fig. 1.

Table 1 presents the characteristics of the 4265 patients in-
cluded in the analysis. The median age was 46 years (IQR 32-57,
range 0.1-99), 217 (5%) were children, and 2217 (52%) were men.
The most common presenting symptom was cough (66%, 2788),
followed by fever (53%, 2192), malaise (35%, 1460), shortness of
breath (32%, 1335), and others (Fig. 2A). The median number of
symptoms was 3 (IQR 2-5, range 1-12), 1458 (39%) patients had
more than three symptoms. We found a moderate degree of over-
lap between the three most common symptoms (Fig. 2C). 1488
(37%) patients had a clinical diagnosis of pneumonia, whereas 2777
(63%) could be classified as mild disease. Among 3214 patients
with complete records, 102 (3%) patients were directly admitted
to ICU, and among 3211 patients with complete records, 55 (2%)
were intubated for mechanical ventilation upon admission. Over-
all, 31% (1299) of patients had a record of one or more pre-existing
comorbidities, including hypertension (19%, 795), diabetes mellitus
(12%, 501), cardiac disease (10%, 392), COPD (4%, 178), chronic kid-
ney disease (3%, 108), and others (Fig. 2B). There was little overlap
between the three most common comorbidities (Fig. 2D).

Of 4265 patients with a known outcome, 497 (12%) had died,
and 3768 (88%) were discharged alive. 36 (7%) deceased patients
had been declared dead at hospital arrival. The highest numbers
of deaths were observed between March 28 and April 4, 2020
(Fig. 3A). The median time from symptom onset to admission was
6 days (IQR 3-12) overall, 5 days (IQR 3-8) for deceased patients,
and 6 days (IQR 3-12) for those discharged. The median length
of hospital stay was 24 days (IQR 13-36) overall, 6 days (IQR 2-
11) among deceased patients, and 26 days (IQR 18-38) among sur-
vivors.

Compared to discharged patients, deceased patients were older
(median 58 vs 44 years); more likely to be men (14% vs 10%);
to have presenting symptoms of cough, fever, malaise, shortness
of breath, headache, nausea/vomiting, chills, diarrhoea, abdominal
pain, and >3 symptoms (Table 1); to have pneumonia (68% vs
33%); to be directly admitted to intensive care (16% vs 2%); to re-
ceive mechanical ventilation at admission (11% vs 0.6%); and to
have a history of any comorbidity (62% vs 27%), 1 comorbidity (30%
vs 19%) or >1 comorbidities (32% vs 8%), specifically hypertension
(42% vs 16%), diabetes (29% vs 10%), cardiac disease (22% vs 8%),
chronic kidney disease (9% vs 2%), and liver disease (2% vs 0.6%)
(Table 1; Fig. 3C and 3D).

Although a large majority of deaths (78%, 383) was 50 years or
older, death occurred across all age groups. Age-specific mortalities
were 11% (7/61) for 0-4 years; 4% (1/23) for 5-9 years; 2% (3/133)
for 10-19 years; 3% (8/638) for 20-29 years; 3% (26/755) for 30—
39 years; 7% (61/819) for 40-49 years; 16% (155/941) for 50-59
years; 22% (132/611) for 60-69 years; 34% (96/284) for >70 years
(Supplementary Table 1 and Fig. 3B).

Among the seven children below 5 years who died with COVID-
19, four (57%) were boys, with an age range of 0 to 3 years;
four (57%) had a clinical diagnosis of pneumonia, four (67%) had
>3 symptoms at presentation (1 unknown), two (29%) had a
known underlying condition (i.e. cardiac disease and immunocom-
promised status), and two (29%) were directly admitted to ICU for
mechanical ventilation, and five (71%) died within a week after
admission. Further details on the clinical course, disease manage-
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N=21,397

Total confirmed cases

Asymptomatic: 14,119

Unknown: 2,756

Symptomatic &
hospitalised
N=4522

Still hospitalised

N=257

Reached outcomes
N=4265

Deceased
N=497 (12%)

Discharged
N=3,768 (88%)

Completeness of key data:

= Known age and sex
N=497 (100%)

= Known comorbidity
N=483 (97%)

= Known signs and
symptoms
N=432 (87%)

= Known date of admission
and discharge
N=302 (62%)

Completeness of key data:

= Known age and sex
N=3768 (100%)

= Known comorbidity
N=3665 (97%)

= Known signs and
symptoms
N=3458 (92%)

» Known date of admission
and discharge
N=2068 (55%)

Fig. 1. Study flowchart and completeness of key variables.

ment, underlying conditions and the exact cause of death were not
available for this analysis (Supplementary Table 2).

The mortality increased by age and number of pre-existing co-
morbidities (Supplementary Figure 1). The mortality for the age
group <50 years was 5% (110/2372) overall, 3% (59/1945) for those
without any comorbidity, 8% (25/331) for those with 1 comorbid-
ity, and 27% (26/96) for those with >1 comorbidities; for the age
group 50-59 years 16% (146/2372), 11% (56/515), 18% (42/231), and
32% (48/151), respectively; for the age group 60-69 years 22%
(132/601), 16% (47/286), 25% (46/181), and 29% (39/134), respec-
tively; and for the age group >70 years 34% (95/278), 21% (22/103),
33% (31/93), and 51% (42/82), respectively.

In bivariable logistic regression analysis (Table 2), the risk of
death was associated with older age, sex, number of pre-existing
comorbidities, hypertension, diabetes, cardiac disease, chronic kid-
ney disease, liver disease, number of presenting symptoms, pneu-
monia, immediate ICU admission and mechanical ventilation.

In the first multivariable logistic regression model (Fig. 4A), the
risk of death was increased for age groups 50-59 years (aOR 2.85,
95%ClI 2.17-3.75), 60-69 years (aOR 3.57, 95%Cl 2.66-4.79), and
>70 years (aOR 6.53, 95%Cl 4.64-9.18), compared to <50 years; for
males (aOR 1.26, 95%CI 1.02-1.56); for patients with pre-existing
hypertension (aOR 1.51, 95%CI 1.19-1.91), diabetes (aOR 1.54, 95%CI
1.18-2.00), or chronic kidney disease (aOR 2.60, 95%CI 1.64-4.13);
for patients who had pneumonia (aOR 2.27, 95%CI 1.79-2.88), >3

symptoms at presentation (aOR 1.75, 95%CI 1.38-2.22; reference <3
symptoms), immediate ICU admission (aOR 3.86, 95%CI 1.97-7.53),
or mechanical ventilation (aOR 2.73, 95%CI 1.10-6.77). We found no
associations for cardiac disease, COPD, liver disease, and immuno-
compromised status. The sensitivity analysis revealed similar find-
ings, suggesting there was no significant bias introduced by miss-
ing data in our dataset; it also suggested that the risk of death was
increased for patients who had symptom onset <7 days from ad-
mission (aOR 1.60, 95%CI 1.21-2.10) compared to those who had
>7 days symptom onset (Supplementary Table 3).

In the second multivariable model (Fig. 4B), we found that the
risk of death was increased for patients who had one comorbidity
(aOR 1.74, 95%CI 1.35-2.26), and two or more comorbidities (aOR
2.80, 95%CI 2.12-3.70), compared to those without comorbidities,
after controlling for age, sex, pneumonia, number of symptoms at
presentation, immediate ICU admission, and intubation. Sex was
not found to be an effect modifier in either model. Although num-
ber of comorbidities was associated with increased risk of death
for all age groups, we found that the effect of number of comor-
bidities on death risk was modified by age (p = 0.009). The effect
of number of comorbidities was greater for age <50 years, com-
pared to >50 years. For age <50 years, compared to patients with-
out comorbidities, the aOR was 1.73 (95%CI 1.02-2.94) for those
with one comorbidity and 5.87 (95%CI 3.28-10.52) for those with
two or more comorbidities. For age >50 years, compared to those
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Table 1
Demographics, clinical characteristics, and outcomes of COVID-19 hospitalised patients in Jakarta, Indonesia.
Total Deceased Discharged
N = 4265 N = 497 N = 3768 p value
Median age (IQR), years 46 (32-57) 58 (51-67) 44 (31-55) <0.0001
Age group, years
0-4 61 (1%) 7 (1%) 54 (1%) <0.0001
5-9 23 (0.5%) 1 (0.2%) 22 (0.6%)
10-19 133 (3%) 3 (1%) 130 (3%)
20-29 638 (15%) 16 (3%) 622 (17%)
30-39 755 (18%) 26 (5%) 729 (19%)
40-49 819 (19%) 61 (12%) 758 (20%)
50-59 941 (22%) 155 (31%) 786 (21%)
60-69 611 (14%) 132 (27%) 479 (13%)
>70 284 (7%) 96 (19%) 188 (5%)
Sex
Male 2217 (52%) 302 (61%) 1915 (51%) <0.0001
Female 2048 (48%) 195 (39%) 1853 (49%)
Presenting symptoms
Cough 2788 (66%) 372 (76%) 2416 (64%) <0.0001
Fever 2192 (53%) 303 (63%) 1889 (51%) <0.0001
Malaise 1460 (35%) 263 (57%) 1197 (33%) <0.0001
Shortness of breath 1335 (32%) 348 (71%) 987 (26%) <0.0001
Headache 1085 (26%) 141 (30%) 944 (26%) 0.032
Sore throat 1017 (24%) 123 (25%) 894 (24%) 0.507
Runny nose 1034 (24%) 88 (18%) 946 (25%) <0.0001
Nausea/vomiting 1006 (25%) 154 (34%) 852 (24%) <0.0001
Myalgia 765 (19%) 100 (22%) 665 (18%) 0.052
chills 442 (11%) 67 (15%) 375 (10%) 0.004
Diarrhoea 357 (9%) 53 (12%) 304 (8%) 0.022
Abdominal pain 449 (11%) 62 (14%) 387 (11%) 0.054
Median (IQR) number of symptoms 3 (2-5) 4 (3-6) 3(1-4) <0.0001
Number of symptoms
<3 2315 (61%) 167 (39%) 2148 (64%) <0.0001
>3 1458 (39%) 262 (61%) 1196 (36%)
Number of comorbidities
0 2849 (69%) 184 (38%) 2665 (73%) <0.0001
1 836 (20%) 144 (30%) 692 (19%)
>1 463 (11%) 155 (32%) 308 (8%)
Type of comorbidity
Hypertension 795 (19%) 201 (42%) 594 (16%) <0.0001
Diabetes 501 (12%) 142 (29%) 359 (10%) <0.0001
Cardiac disease 392 (10%) 105 (22%) 287 (8%) <0.0001
COPD 178 (4%) 28 (6%) 150 (4%) 0.083
Chronic kidney disease 108 (3%) 45 (9%) 63 (2%) <0.0001
Immunocompromised 30 (0.7%) 7 (2%) 23 (0.6%) 0.078
Liver disease 27 (0.7%) 7 (2%) 20 (0.6%) 0.032
Malignancy 20 (0.5%) 2 (0.4%) 18 (0.5%) 1.000
Obesity* 7 (0.8%) 3 (1%) 14 (0.8%) 0412
Clinical diagnosis of pneumonia 1488 (37%) 328 (68%) 1160 (33%) <0.0001
Immediate ICU admission 102 (3%) 56 (16%) 46 (2%) <0.0001
Immediate intubation 55 (2%) 39 (11%) 16 (0.6%) <0.0001
Median (IQR) time from symptom onset to admission, days® 6 (3-12) 5(3-8) 6 (3-12) <0.0001
Median (IQR) hospital length of stay, days* 24 (13-36) 6 (2-11) 26 (18-38) <0.0001
Period of admission*
March 809 (31%) 137 (44%) 672 (30%) <0.0001
April 829 (32%) 91 (29%) 738 (32%)
May 463 (18%) 40 (13%) 423 (19%)
June 386 (15%) 22 (7%) 364 (16%)
July 96 (4%) 20 (7%) 76 (3%)

*

without comorbidities, the aOR was 1.75 (95%CI 1.30-2.34) for
those with one comorbidity, and 2.51 (95%CI 1.85-3.42) for those
with two or more comorbidities (Supplementary Table 4).

Discussion

This retrospective hospital-based study described the complete
epidemiological surveillance data of the Jakarta Health Office, in-
cluding 4265 adults and children with confirmed COVID-19 admit-
ted in 55 COVID-19-designated referral hospitals, during the first
five months of the SARS-CoV-2 epidemic. This analysis represents
the largest patient series hospitalised with COVID-19 in South-

Missing substantial proportion of data, therefore these variables were excluded from further analysis.

east Asia, and one of the largest from LMIC to date. The observed
disease pattern broadly reflects that reported globally, with pa-
tients usually presenting with multiple symptoms of fever, cough,
malaise and/or shortness of breath. Nearly 40% had a clinical di-
agnosis of pneumonia at admission, indicative of moderate or se-
vere disease. Overall mortality was 12% (497/4265), and deaths oc-
curred across all ages. Although the majority (57%) of all admis-
sions were younger than 50 years, including 5% children, the large
majority (78%) of people who died were 50 years or older. Mor-
tality increased with age, from 7% in patients aged 40-49 years to
34% in patients aged >70 years. Mortality among children below
5 years was unexpectedly high at 11% (7/61), which has not been
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Table 2
Bivariable analysis of demographic and clinical factors of mortality among 4265
patients hospitalised with COVID-19 in Jakarta, Indonesia.

Crude Odds Ratio (95% CI)  p value

Age group, years

<50 1 (ref) .

50-59 4.00 (3.10-5.17) <0.0001

60-69 5.60 (4.28-7.32) <0.0001

>70 10.37 (7.61-14.13) <0.0001
Sex

Female 1 (ref) .

Male 1.50 (1.24-1.81) <0.0001
Number of symptoms

<3 1 (ref) .

>3 2.82 (2.29-3.46) <0.0001
Number of comorbidities

0 1 (ref) .

1 3.01 (2.39-3.81) <0.0001

>1 7.29 (5.71-9.30) <0.0001
Type of comorbidity

None 1(ref)

Hypertension 3.63 (2.97-4.44) <0.0001

Diabetes 3.80 (3.04-4.76) <0.0001

Cardiac disease 3.25 (2.54-4.17) <0.0001

COPD 1.44 (0.95-2.18) 0.084

Chronic kidney disease 5.82 (3.92-8.64) <0.0001

Immunocompromised 2.30 (0.98-5.38) 0.056

Liver disease 2.66 (1.12-6.31) 0.027

Malignancy 0.83 (0.19-3.60) 0.807
Clinical diagnosis of pneumonia

No 1 (ref) .

Yes 4.39 (3.58-5.39) <0.0001
Immediate ICU admission

No 1 (ref) .

Yes 11.80 (7.85-17.75) <0.0001
Immediate intubation

No 1 (ref) .

Yes 22.54 (12.45-40.81) <0.0001

reported elsewhere, although available information on any under-
lying conditions and the exact cause of death of those children
was incomplete. Elevated risk of in-hospital death was indepen-
dently associated with higher age, male sex, history of hyperten-
sion, diabetes, chronic kidney disease, pneumonia, multiple (>3)
symptoms at presentation, immediate ICU admission, and mechan-
ical ventilation. The increased risk of in-hospital death associated
with advancing age was further augmented by the presence of one
or more chronic comorbidities, which were recorded in 31% of pa-
tients.

The overall COVID-19-related mortality in Jakarta (12%) was
substantially lower than those reported in large cohorts in high-
income countries, for example, in the US (21%) [7] and the UK
(26%) [9], but those populations were substantially older, with
more comorbidities and more frequent presentation with severe
disease. By contrast, a nationwide analysis of patients hospitalised
with COVID-19 in China reported an overall mortality of just 3.1%,
but in that population, severe cases and comorbidities were rel-
atively infrequent, while the median age was similar to Jakarta
[4]. Compared with other settings, we found age-specific mortality
rates in Jakarta to be similar for patients <50 years (5% in Jakarta,
5% in the US [7], and 4% in the UK [9]), but slightly lower for pa-
tients >50 years (21% in Jakarta, 27% in the US [7], and 29% in the
UK [9]. Given that older age has been consistently associated with
severe disease and mortality in patients with COVID-19 [2,5-7,9],
the lower median age (46 years) in Jakarta compared to studies
from North America and Europe probably accounts for most of the
differences observed in overall in-hospital mortality. The younger
age at admission is likely to be mainly related to a younger age
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distribution in the general population in Jakarta, compared to Eu-
rope, the US, and China. Nonetheless, we do not dismiss distinct
behavioural factors related to risk of infection, for example adher-
ence to preventive measures, mobility, and health seeking, as also
reported in India [16].

National surveillance data in Indonesia to date reported a
COVID-19 case fatality rate in children aged 0-5 years of 1.0%
(123/11 916) [18]. This is much higher than a case fatality rate
of 0.16% in children below 5 years of age in a recent large epi-
demiological study in Southern India [16]. Several other studies in
China [29], Brazil [13, 30], Uganda [14], and South Africa [15] have
reported COVID-19-related deaths among children under 5 years
to be rare. A review of data from US, Korea and Europe early in
the epidemic estimated the overall case fatality rate among chil-
dren (0-19 years old) to be low at 0.03 per 100 000 (44/42 846)
[31]. Although children appear generally less severely affected than
older individuals [32], COVID-19 in children can also be charac-
terized by rapid progressive deterioration leading to death, espe-
cially in children with comorbidities. Notably, reports from both
high-income and LMIC have described a multisystem inflammatory
syndrome in children (MIS-C) associated with COVID-19, which
can lead to serious illness [33]; to date, to our knowledge, no
such cases have been reported in Indonesia. Contemporary back-
ground data on childhood case fatality rate due to acute respi-
ratory illness in Jakarta or Indonesia are limited to reliably esti-
mate excess mortality due to COVID-19 [34-36]. Factors that ex-
plain the high COVID-19-related mortality observed among chil-
dren in Jakarta hospitals may be various, including treatment de-
lays, limited paediatric intensive care capacity, presence of un-
derlying conditions, such as malignancy or malnutrition, among
other factors. Further investigations are planned to confirm the ex-
tent and cause of death among young children with COVID-19 in
Jakarta.

Evidence from previous studies suggests that underlying co-
morbidities, including pre-existing cardiovascular or cerebrovas-
cular diseases, hypertension, and diabetes mellitus, were associ-
ated with poorer COVID-19 outcomes [4,7-9]. Chronic comorbidi-
ties among COVID-19 patients were less frequent in Jakarta (31%
of patients) than reported in large patient series in North Amer-
ica [7,8], South America [13], and Europe [9]. This could reflect the
relatively young population admitted to Jakarta hospitals, but also
under-reporting of comorbidities by patients, or under-diagnosis
due to variable access to quality health services. Presence of one
or more comorbidities, especially pre-existing hypertension, dia-
betes, or chronic kidney disease strongly increased the risk of
death in Jakarta, by 51%, 54%, and 160%, respectively, compared
to those without such comorbidities. These findings were consis-
tent with similar studies elsewhere [4,8,9]. In contrast, we found
no association between cardiac and liver disease and mortality in
Jakarta, whereas studies in US [8], and the UK [9] did so. Obe-
sity has also been recognised as an important risk factor of mor-
tality [9,17], but we could not assess that for lack of complete
data.

In Jakarta, the median time from symptom onset to death (me-
dian 11 days) was shorter than reported in hospital-based studies
from Japan (17 days) [22], China (18.5 days) [2], and the US (12.7
days) [6]; the relatively short in-hospital trajectory towards clini-
cal deterioration and death (median 6 days) could suggest possible
delays in hospital admission and treatment. Among survivors, the
length of hospital stay was much longer (median 26 days) than re-
ported in other studies [2,6,7,9,22], which is most likely due to the
requirement of two consecutive PCR-negative test results prior to
discharge, with results delayed due to limited PCR testing capacity
in Jakarta during the early phase of the epidemic.
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This study had some limitations. The retrospective design and
reliance on routine hospital surveillance data meant that, for some
key baseline variables, data were incomplete or uniformly unavail-
able (e.g. dates of symptom onset, hospital admission and out-
come, vital signs, TB and HIV co-infection, radiology examina-
tion, routine laboratory results, and disease severity classification
at admission). Comorbidities were often self-reported or could be
under-diagnosed, potentially resulting in underreporting and hence
underestimation of effect sizes. Details on supportive care and
treatment received, particularly respiratory support and manage-
ment of secondary infections, were also not available for this anal-
ysis. Findings from hospitals reported here may not reflect the
mortality rate and risk factors associated with COVID-19-related
mortality in the general population.

In conclusion, risk factors associated with in-hospital mortal-
ity in Jakarta, Indonesia are broadly similar to those in more de-
veloped settings in North America, Europe, and Asia, dominated
by advanced age and comorbidities. Lower overall mortality in
Jakarta was likely driven by the lower median age of the hospital
population. While children represented just 5% of admissions, the
11% mortality that occurred among children below 5 years should
prompt further investigation of them as potentially highly vulnera-
ble in LMIC settings. The findings highlight the need for enhanced
context-specific public health action to reduce infection risk among
vulnerable populations and improved care and treatment for the
diseased.
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