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Summary
Background Indonesia had the second-highest number of COVID-19 cases and deaths in South-East Asia. We aimed
to determine the factors associated with this mortality and the effect of the recommended COVID-19 treatment
regimen during the first 10 months of the epidemic.

Methods This was a retrospective cohort study using secondary data frommedical records. In total, 689 adult COVID-19
inpatients hospitalized between March and December 2020 were enrolled. Clinical characteristics, laboratory
parameters, and treatments were analyzed by survival outcome. Kaplan–Meier statistics were used to estimate survival.

Findings Of the 689 patients enrolled, 103 (14.9%) died. Disease severity was highly associated with mortality (hazard
ratio [HR]: 7.69, p < 0.001). Other clinical factors associated with mortality were older age and comorbidities. Based on
laboratory parameters, higher procalcitonin and C-reactive protein contents and a neutrophil-to-lymphocyte ratio
>3.53 were also linked to mortality. Favipiravir was associated with lower mortality, with adjusted HRs of 0.24
(0.11–0.54) and 0.40 (0.17–0.98) among the mild/moderate and severe cases, respectively. Among patients with
severe disease, steroids showed some beneficial effects in the early days of hospitalization.

Interpretation Older age and comorbidities were associated with disease severity and, consequently, higher mortality.
Higher mortality after the second week of hospitalization may be related to secondary bacterial infection. Favipiravir
showed significant benefit for COVID-19 survival, while steroids showed benefit only in the early days of admission
among patients with severe disease.
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Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
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Introduction
COVID-19 caused by Severe Acute Respiratory Syn-
drome Coronavirus 2 (SARS-CoV-2) has become a
global pandemic. Up to October 2022, more than 600
million confirmed cases of COVID-19 had been re-
ported worldwide.1 Since the beginning of this outbreak,
Indonesia has reported 6,467,189 confirmed cases of
COVID-19, with a case fatality rate of 2.45% (158,398
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deaths up to October 2022). Indonesia had the second
highest number of COVID-19 cases and deaths in
South-East Asia and ranks 20th worldwide for disease
incidence.1

SARS-CoV-2 has caused respiratory illnesses ranging
from asymptomatic to severe pneumonia. Symptomatic
cases occurred in 69%–72% of the infected patients, with
nesia.
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Research in context

Evidence before this study
Before this study, we searched PubMed for articles that
assessed factors associated with mortality in COVID-19
inpatients, using search terms (“COVID-19” OR “coronavirus”)
AND (“mortality” OR “death”), from March until April 2022.
We found the mortality studies were mainly from China,
America, and Europe that associated mortality with older age,
male, and pre-existing comorbidities besides the severity of
the disease itself. Indonesia had the second-highest total
number of cases and deaths in South-East Asia. However,
there were still limited studies and inadequate reliable data
about COVID-19 mortality in Indonesia. Previously published
studies in Indonesia reported a CFR of around 9.4%–18%,
associated with older age, male, pre-existing comorbidity,
immediate ICU admission, and intubation. Laboratory
parameters such as NLR, D-dimer, and lymphocyte count were
also associated with a greater risk of overall mortality.

Added value of this study
This study is a retrospective cohort study of hospitalized
COVID-19 patients in a top referral hospital in Bandung of
West Java, the largest province in Indonesia, during the first
ten months of the epidemic. Our report is the most
comprehensive mortality study in our region that analyzed
the clinical characteristics, laboratory parameters, and
treatments associated with survival outcomes. The case
fatality rate of 14.9% was similar to previous studies in

Indonesia. Clinical factors such as older age and comorbidities
were associated with severe presentation and higher
mortality. Severe cases can be identified based on clinical
findings and several laboratory markers like the Leukocyte
count, NLCR, CRP and PCT. Our analysis of treatment
modalities remarkably confirmed that Favipiravir provided
significant benefit among the mild/moderate cases, while
steroids were associated with poorer survival in this group.
Among the severe group, remdesivir did not significantly
reduce mortality, while steroids and the use of mechanical
ventilation only prevented death in the early days of
hospitalization. We observed a high mortality rate after the
second week of admission, which might be related to
secondary bacterial infection. This study only reflects the
situation in the first ten months of the COVID-19 pandemic;
therefore, the generalizability may be limited.

Implications of all the available evidence
This study confirmed the higher mortality risk of covid-19
patients with older age and the presence of comorbidities. We
recommend providing more attention to preventive means
and early treatment modalities like the use of the vaccine,
monoclonal antibodies and novel drugs for the elderly and
those with comorbidities. Additional study is greatly needed
to understand various clinical and management factors which
affect poor outcomes and hospital-acquired infections among
severe cases.
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a mortality rate of 1.83%.2 Our current knowledge of
COVID-19 mortality is derived from clinical epidemio-
logical studies undertaken in the early stages of the
pandemic in China3,4 as well as in Western countries.5 In
these studies, COVID-19 mortality has been associated
with older age, being male, and pre-existing comorbid-
ities such as hypertension, diabetes mellitus (DM), car-
diovascular disease, chronic kidney disease (CKD),
chronic pulmonary disease, and cancer, especially he-
matologic malignancy, in addition to the severity of the
disease itself.3,4,6,7 Several laboratory markers have also
been associated with death, such as lymphopenia,
leukocytosis, elevated C-reactive protein (CRP), D-dimer,
procalcitonin, and troponin I.4,8 The use of mechanical
ventilation and intensive care unit (ICU) admission were
also associated with higher mortality.4,9

Challenges in COVID-19 management differ be-
tween developed and developing countries. Because
population, comorbidities, age distribution, and access
to health services are unique to each developed country,
guidelines and policies should be tailored to meet local
needs.10 Despite the immensity of the problem, limited
data are available regarding the characteristics and
mortality of hospitalized patients with COVID-19 in
Indonesia. In the first published cohort study in Jakarta,
of 4052 patients with confirmed COVID-19, 381 (9.4%)
died.11 In another cohort study of hospitalized patients
in Jakarta, the overall mortality was 12% (497 out of
4265), and the identified risk factors were older age,
being male, pre-existing comorbidities, immediate ICU
admission, and intubation.10

We analyzed the clinical characteristics, laboratory
parameters, and treatment data relating to the first wave
of COVID-19 in Hasan Sadikin Hospital, a major referral
hospital in West Java Province. We sought to determine
the clinical characteristics and treatment factors associ-
ated with mortality during the first 10 months of the
pandemic (from March to December 2020).

Methods
Study design and participants
This retrospective cohort study was based on medical
records of adult (≥18 years old) inpatients from Hasan
Sadikin Hospital who were diagnosed with COVID-19
according to World Health Organization (WHO) in-
terim guidance between March 1, 2020, and December
31, 2020. Patients were diagnosed using real-time po-
lymerase chain reaction detection of SARS-CoV-2 in
nasopharyngeal swabs. The criteria for discharge were
improvement in clinical condition and/or two throat-
swab samples testing negative for SARS-CoV-2 RNA at
least 24 h apart.
www.thelancet.com Vol 11 April, 2023

www.thelancet.com/digital-health


Articles
According to the national health protocol for the care
of patients with mild/moderate and severe COVID-19,
patients with mild disease were hospitalized if they
either had comorbidities or were more than 59 years old
and did not have a place for self-isolation. Choosing and
evaluating therapeutic regimens for COVID-19 patients
remains challenging because of the varied symptoms
and severity. Supportive treatment was provided ac-
cording to clinical symptoms. For the period March to
August 2020, no antivirals or steroids were given. In
August 2020, antivirals such as favipiravir (loading dose:
1600 mg two times daily on the first day and then
600 mg twice daily for 5 days) and remdesivir (loading
dose: 200 mg on day 1, followed by 100 mg once daily
for a total of 10 days), and low-dose corticosteroids
(6 mg/day for 10 days) were introduced and became the
standard treatment. Since then, remdesivir and steroids
have been given to patients with severe disease or in
critical condition, while favipiravir has been given to
patients with mild/moderate disease.

Data extraction and outcome
Data were extracted from the clinical records of
laboratory-confirmed COVID-19 patients admitted to
Hasan Sadikin Hospital. The information extracted
included age, sex, date of admission, date of onset of
symptoms, reported signs and symptoms, clinical con-
dition (heart rate, respiratory rate, oxygen saturation,
temperature), the presence of comorbidities as reported
by the patients (chronic heart disease, hypertension,
DM, CKD, and others), laboratory results, treatments
given (oxygen treatment, antibiotics, antivirals, antico-
agulants, and steroids), final outcome, and date of the
final outcome. The primary outcome was survival status
(discharged alive/died) and time to outcome from the
date of hospitalization (in days). Data that did not have
an outcome were excluded.

Definitions
The presence of comorbidities was determined based on
clinical examination, including history taking. Hyper-
tension was defined as blood pressure ≥140/
90 mmHg.12 DM was defined as fasting plasma glucose
≥126 mg/dL, or HbA1c ≥ 6.5%, or 2-h plasma glucose
≥200 mg/dL during an oral glucose tolerance test, or
random plasma glucose ≥200 mg/dL in a patient with
classic symptoms.13 Patients with CKD included those
with a glomerular filtration rate of less than 60 mL/min/
1.73 m2 for at least 3 months.14 Patients with chronic
heart disease included those with a history of several
types of heart conditions, such as coronary artery dis-
ease, cardiomyopathy, and rheumatic heart diseases,
among others. Fever was defined as an axillary tem-
perature of at least 37.8 ◦C. Severe COVID-19 was
defined according to WHO guidelines, as follows: oxy-
gen saturation below 90% at room air, or respiratory rate
>30 breaths/min, or signs of severe respiratory distress
www.thelancet.com Vol 11 April, 2023
(use of accessory muscles, inability to complete full
sentences), or a ratio of the partial pressure of oxygen to
the fraction of inspired oxygen (PaO2: FiO2) <300, and/
or lung infiltrates >50% within 24–48 h.15 Patients with
mild disease were defined as those with signs and
symptoms of COVID-19 but without shortness of
breath, dyspnea, or abnormal chest imaging, while pa-
tients with moderate disease were defined as those with
lower respiratory tract disease (clinical assessment/
abnormal chest imaging) with oxygen saturation ≥90%
at room air.15 Anemia was defined according to WHO
guidelines, namely, hemoglobin levels below 13 g/dL
for men and below 12 g/dL for women.16 The
neutrophil-to-lymphocyte count ratio (NLCR) cut-off was
defined as >3.5 according to a previous study showing
that the normal range of NLCR in healthy adults was
0.78–3.53 and the optimal cut-off value for identifying
patients with severe COVID was 3.3.17

Statistical analysis
Descriptive analysis was undertaken for age, sex, clinical
characteristics, laboratory parameters, and treatments
based on survival outcome. The normality of the data
was tested using the Kolmogorov–Smirnov or the
Shapiro–Wilk test. For comparison of the variables of the
two groups, normally distributed numeric variables were
tested by the Student’s t-test while non-normally
distributed variables were tested by the Mann–Whitney
U test. Categorical variables were tested using the chi-
square statistic.

Univariate and multivariate Cox regression analysis
with computed hazard ratio (HR) and 95% CIs with
survival day as a time scale was used to estimate the
effect of age, sex, and comorbidity on survival. Variables
chosen for multivariable analysis were based on the
univariate analysis and clinical relevance. All statistical
tests were two-sided, and p-values less than 0.05 were
considered significant. In sensitivity analysis, we exa-
mined the effect of age, sex, and comorbidity in all
cases, including the probable cases. All analyses were
performed with STATA software version 14.1 (Stata-
Corp, College Station, TX, USA). Kaplan–Meier statis-
tics were used to estimate survival probabilities and the
log-rank test was employed to assess the significance of
differences in survival among the groups.

To determine the effect of a drug regimen during
hospitalization, we used Kaplan–Meier statistics and
Cox regression analysis for sex, age, comorbidity, and
each drug provided in the model. These analyses were
conducted separately in the severe COVID-19 group and
the mild/moderate group because of the different pro-
tocols provided for each category.

Ethical considerations
This was a retrospective cohort study using secondary
data extracted from the medical records of patients. The
study was approved by the Ethics Committee of Dr.
3
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Hasan Sadikin General Hospital, ethics number
LB.02.01/X.6.5/100/2020, 6 May 2020, and was con-
ducted in accordance with the Declaration of Helsinki.
Written informed consent was waived by the Ethics
Committee because of the secondary use of medical
data. All data were kept anonymous.

Role of funding source
None.

Results
From March 2020 until December 2020, we admitted
1852 patients with suspected and confirmed COVID-19
to Hasan Sadikin Hospital. A total of 689 patients with
confirmed COVID-19 were included in this study
(Fig. 1). Of the patients, 586 (84.4%) were discharged
when they were well or showed improvement, while 103
(14.9%) died. The demographic and baseline character-
istics of the patients are presented in Table 1.

The records of the patients spanned from the
beginning of the pandemic in March up to December
2020. The highest mortality was recorded between
March and May 2020, with a death rate of 27.6% (24/
87), but decreased in the next period. The greatest
number of patients (547/689) were admitted between
September and December 2020, with a 14.1% mortality
rate (Fig. 2a).

Our cohort had a median age of 50 years (IQR
36–62). The median age of those who died was signifi-
cantly higher (60 years; IQR 53–70) than that of those
who survived (48 years; IQR 35–59). Mortality increased
with age, ranging from 3.8% to 2.5% among patients
aged 18 to 29 and 30–39 years, respectively, to 36.6%
among those aged 70 years and older (Fig. 2b).

Three hundred and fifty-eight (51.9%) patients
admitted were male and 396 (57.5%) had at least one
comorbidity (Table 1). The most commonly reported
comorbidities were hypertension (187, 27.1%), DM
Fig. 1: Flow diagram of data
(121, 17.5%), and coronary heart disease (71, 10.3%). All
comorbidities were associated with higher mortality, the
main one being CKD, followed by DM (Fig. 2c).

The median time from illness onset to admission was
6 days (IQR 3–8). Patients who died had a shorter me-
dian duration of illness. Among the symptoms, cough
(70.3%) was the most common presenting symptom,
followed by fever (68%) and dyspnea (53.1%). These
three symptoms were related to mortality. Mortality was
significant among patients who presented with a respi-
ratory rate >24 breaths/min, a pulse rate ≥100 beats/
min, oxygen saturation <90%, and a temperature
≥37.5 ◦C. Severe COVID-19 was also associated with
higher mortality (42.4% vs. 7.2%).

Baseline laboratory findings for the confirmed
COVID-19 patients are presented in Table 2. There was
no difference in hemoglobin, hematocrit, or proportion
of anemia between those who died and those who sur-
vived. The platelet count was slightly lower among the
patients who died (242 vs. 267 × 109 per L). The
lymphocyte percentage and absolute count were signif-
icantly lower in non-survivors (10.5%, IQR 7.0%–16.3%)
than in survivors (19%, IQR 12%–29%). The leucocyte
count and NLCR were higher in non-survivors than in
non-survivors (7.7 vs. 3.8, respectively). Inflammatory
markers such as CRP (12.3 mg/dL vs. 2.8 mg/dL) and
procalcitonin (0.38 ng/mL vs. 0.05 ng/mL) were also
higher in non-survivors. Compared with survivors
(3.1 g/L), the coagulation marker D-dimer was higher
among non-survivors, whereas albumin was lower
(2.3 g/L). Based on these laboratory parameters, mor-
tality was associated with a leucocyte count >10 × 109 per
L (21.8%), NLCR >3.53 (22.4%), higher CRP (26.2%),
hypoalbuminemia (17.4%), D-dimer >1000 mcg/L
(18.5%), and procalcitonin ≥0.5 (34.3%). Higher mor-
tality was inversely correlated with lymphocyte count.

Multivariate analysis showed that older age was
related to a fatal outcome, increasing from an adjusted
and patient outcomes.

www.thelancet.com Vol 11 April, 2023
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Variable Total (n = 6 89) Died (n = 1 03) Discharged alive (n = 5 86) p-value

Age categories, years (%)

18–39 199 (100) 6 (3.0) 193 (97.0) <0.001*

40–49 136 (100) 15 (11.0) 121 (89.0)

50–59 157 (100) 30 (19.1) 127 (80.9)

60–69 126 (100) 26 (20.6) 100 (79.4)

≥70 71 (100) 26 (36.6) 45 (63.4)

Sex (%)*

Male 358 (100) 62 (17.3) 296 (82.7) 0.070

Female 331 (100) 41 (12.4) 290 (87.6)

Comorbidities (%)+

Any 396 (100) 77 (19.4) 319 (80.6) <0.001*

Coronary heart disease 71 (100) 17 (23.9) 54 (76.1) <0.001*

Hypertension 187 (100) 42 (22.5) 145 (77.5) <0.001*

Diabetes mellitus 121 (100) 33 (27.3) 88 (72.7) <0.001*

Chronic kidney disease 42 (100) 12 (28.6) 30 (71.4) <0.001*

No comorbidities 293 (100) 26 (8.9) 267 (91.1)

Signs and symptoms on presentation (%)

Cough

Yes 484 (100) 85 (17.6) 399 (82.4) 0.003*

No 204 (100) 18 (8.8) 186 (91.2)

Fever

Yes 469 (100) 81 (17.3) 388 (82.7) 0.013*

No 219 (100) 22 (10.0) 197 (90.0)

Dyspnea

Yes 366 (100) 91 (24.9) 275 (75.1) <0.001*

No 322 (100) 12 (3.7) 310 (96.3)

Headache

Yes 86 (100) 10 (11.6) 76 (88.4) 0.353

No 602 (100) 93 (15.4) 509 (84.6)

Nausea or vomiting

Yes 78 (100) 9 (11.5) 69 (88.5) 0.367

No 610 (100) 94 (15.4) 516 (84.6)

Diarrhea

Yes 34 (100) 6 (17.6) 28 (82.4) 0.654

No 654 (100) 97 (14.8) 557 (85.2)

Time from illness onset to hospital admission, (IQR), days* 6 (3–8) 5 (3–7) 6 (4–9) 0.009*

≤7 392 (100) 77 (19.6) 315 (80.4) 0.047*

8–14 140 (100) 16 (11.4) 124 (88.6)

>14 45 (100) 5 (11.1) 40 (88.9)

Respiratory rate, median (IQR), breaths/min 22 (20–26) 28 (24–32) 22 (20–24) <0.001*

>24 216 (100) 73 (33.8) 143 (66.2) <0.001*

≤24 472 (100) 30 (6.4) 442 (93.6)

Pulse, median (IQR), beats/min 92 (84–104) 102 (92–112) 92 (84–100) <0.001*

≥100 190 (100) 52 (27.4) 138 (72.6) <0.001*

<100 498 (100) 51 (10.2) 447 (89.8)

Oxygen saturation, median (IQR), % 96 (94–98) 92 (80–96) 97 (95–98) <0.001*

<90 106 (100) 46 (43.4) 60 (56.6) <0.001*

≥90 575 (100) 55 (9.6) 520 (90.4)

Temperature, median (range) 36.8 (36.5–37.2) 37.0 (36.5–37.8) 36.8 (36.5–37.0) 0.010*

≥37.5 139 (100) 35 (25.2) 104 (74.8) <0.001*

<37.5 550 (100) 68 (12.4) 482 (87.6)

Disease severity (%)

Mild/moderate 538 (100) 39 (7.2) 499 (92.8) <0.001*

Severe 151 (100) 64 (42.4) 87 (57.6)

COVID-19, coronavirus disease 2019; IQR, Interquartile Range; *, statistically significant (p-value <0.05); + comorbidity categories are not mutually exclusive.

Table 1: Demographic and clinical characteristics of COVID-19 patients.
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Fig. 2: a) Proportion of deaths during different periods of management. b) Proportion of mortality by age group. c) Proportion of deaths among
patients with and without comorbidity.
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HR of 2.66 (1.02–6.97) for the 40–49 age group to an
HR of 8.96 (3.60–22.32) for those aged ≥70 years.
Having any comorbidity was also associated with
higher mortality, with a HR of 2.23 (CI: 1.43–3.49) and
an adjusted HR of 1.56 (CI: 0.97–2.51). The time of
illness onset to hospital admission was significantly
lower in patients with a fatal outcome (Table 3). All of
these factors showed similar effects when analyzed
with respect to disease severity. Increasing age and the
presence of comorbidity increased disease severity.
More than 7 days after illness onset was also related to
severe illness (Table 4). As shown in the Kaplan–Meier
survival curve in Fig. 3a, the survival probability of
severely ill patients was 65.4% on day 7, declined to
54.4% on day 14, and was further reduced to 35.6% on
day 28. This was significantly lower than that recorded
in the mild/moderate group, in which the survival
probability until day 28 was 99.4% (Fig. 3a). Kaplan–
Meier curve analysis also showed a significantly lower
survival rate in older patients (Fig. 3b) and patients
with comorbidity (Fig. 4a–d). The results of sensitivity
analyses including the probable cases were consistent
with those of the primary analyses (see Supplementary
Tables S1 and S2).
The use of specific therapies and their association
with mortality is shown in Table 5. Overall, the use of
remdesivir and corticosteroids was associated with
higher mortality when all disease severity levels are
considered. This was due to the protocol, where
these treatments were mostly given to severely ill
patients. Intubation/mechanical ventilation was also
associated with mortality (30.5% vs. 13.5%) for similar
reasons. Meanwhile, only favipiravir was shown to be
significantly related to lower mortality (5.8 vs. 21.0).
Antibiotics, mainly levofloxacin, ceftriaxone, and azi-
thromycin, were given to almost half of the patients
(Table 5).

Because of the different protocols implemented for
patients with severe disease versus those with mild/
moderate illness, we stratified the subjects into these
two case groups. Among the mild/moderate cases, Cox
regression analysis (Table 6) showed that the use of
steroids was associated with higher mortality, with
an adjusted HR of 2.81 (1.09–7.25), while favipiravir
was associated with lower mortality, with an adjusted
HR of 0.24 (0.11–0.54). These associations were later
confirmed via analysis of the respective Kaplan–Meier
curves (Fig. 5a and c, respectively). Remdesivir was
www.thelancet.com Vol 11 April, 2023
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Variable Total (n = 689) Died (n = 103) Discharged alive (n = 586) p-value

Hemoglobin, g/dL (n = 668) 13.8 (12.5–15.0) 13.9 (12.7–15.3) 13.7 (12.5–14.9) 0.203

Anemia

Yes 432 (100) 69 (16.0) 363 (84.0) 0.257

No 236 (100) 30 (12.7) 206 (87.3)

Hematocrit, % (n = 667) 40.0 (36.4–43.2) 40.1 (36.3–44.1) 40.0 (36.4–43.2) 0.509

WBC count, × 109 per L (n = 667) 7.9 (5.9–10.8) 9.4 (6.6–14.0) 7.7 (5.8–10.4) 0.001*

<4 34 (100) 4 (11.8) 30 (88.2) 0.004*

4–10 431 (100) 53 (11.8) 378 (88.2)

>10 202 (100) 46 (21.8) 156 (78.2)

Neutrophil, % (n = 659) 74.0 (63.0–82.0) 83.0 (76.0–87.0) 72.0 (61.0–81.0) <0.001*

Lymphocyte, % (n = 659) 18.0 (11.0–27.0) 10.5 (7.0–16.3) 19.0 (12.0–29.0) <0.001*

Absolute lymphocyte count (n = 659) 1360 (948–1890) 996 (690–1424) 1440 (1010–1931) <0.001*

Neutrophil lymphocyte count ratio (n = 659) 4.2 (2.3–7.4) 7.7 (4.7–12.8) 3.8 (2.2–6.5) <0.001*

>3.53 384 (100) 86 (22.4) 298 (77.6) <0.001*

≤3.53 275 (100) 12 (4.4) 263 (95.5)

Platelet count, × 109 per L (n = 6 63) 265 (208–326) 242 (170–324) 267 (216–327) 0.028*

C-reactive protein, mg/L (n = 506) 3.5 (0.6–9.8) 12.3 (6.9–18.2) 2.8 (0.5–8.8) <0.001*

≥100 122 (100) 32 (26.2) 90 (73.8) <0.001*

<100 384 (100) 23 (6.0) 361 (94.0)

Albumin, g/L (n = 436) 2.9 (2.4–3.7) 2.3 (2.2–2.6) 3.1 (2.5–3.7) <0.001*

<3.5 303 (100) 53 (17.4) 251 (82.8) <0.001*

≥3.5 133 (100) 1 (1.9) 131 (98.5)

D-dimer, mcg/L (n = 492) 0.8 (0.4–2.0) 1.9 (1.0–4.8) 0.8 (0.4–1.8) <0.001*

>1000 211 (100) 39 (18.5) 172 (81.5) <0.001*

>500–1000 126 (100) 7 (5.6) 119 (94.4)

≤500 156 (100) 3 (1.9) 153 (98.1)

Procalcitonin, ng/mL (n = 4 66) 0.05 (0.01–0.20) 0.38 (0.16–1.21) 0.05 (0.01–0.15) <0.001*

≥0.5 67 (100) 23 (34.3) 44 (65.7) <0.001*

<0.5 399 (100) 27 (6.8) 372 (93.2)

COVID-19, coronavirus disease 2019; WBC, white blood cell count; *, statistically significant (p-value <0.05).

Table 2: Laboratory findings in COVID-19 patients.
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correlated with higher mortality, especially in the
second week of hospital admission (Fig. 5e). Although
not significant in the multivariate analysis, the
Clinical characteristics Univariate

HR

Sex (male) 1.32 (0.89–1.9

Age category (years)

18–39 1 (ref)

40–49 3.67 (1.42–9.4

50–59 5.99 (2.49–14.

60–69 6.95 (2.86–16.

≥70 12.88 (5.30–31

Comorbidity present (any) 2.23 (1.43–3.49

Time from illness onset to hospital admission, days*

≤7 1 (ref)

8–14 0.53 (0.31–0.9

>14 0.56 (0.23–1.3

COVID-19, coronavirus disease 2019; HR, hazard ratio; *, statistically significant (p-valu

Table 3: Cox regression analysis evaluating pre-existing conditions associate

www.thelancet.com Vol 11 April, 2023
Kaplan–Meier curve showed that the use of antibiotics
was also related to increased mortality in this group
(Fig. 5g).
Multivariate

p-value Adjusted HR p-value

7) 0.159 1.21 (0.81–1.82) 0.356

1 (ref)

5) 0.007* 2.66 (1.02–6.97) 0.046*

39) <0.001* 3.96 (1.61–9.76) 0.003*

90) <0.001* 4.83 (1.95–11.97) 0.001*

.30) <0.001* 8.96 (3.60–22.32) <0.001*

) <0.001* 1.56 (0.97–2.51) 0.067

1 (ref)

0) 0.019* 0.54 (0.32–0.93) 0.026*

9) 0.212 0.52 (0.21–1.29) 0.158

e <0.05).

d with mortality.
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Clinical characteristics Univariate Multivariate

HR p-value Adjusted HR p-value

Sex (male) 1.23 (0.89–1.70) 0.209 1.14 (0.82–1.59) 0.440

Age category (years)

18–39 1 (ref) 1 (ref)

40–49 2.96 (1.53–5.74) 0.001* 2.43 (1.25–4.74) 0.009*

50–59 3.20 (1.70–6.02) <0.001* 2.33 (1.21–4.48) 0.011*

60–69 4.82 (2.58–9.01) <0.001* 3.65 (1.91–6.96) <0.001*

≥70 8.10 (4.27–15.35) <0.001* 5.70 (2.91–11.14) <0.001*

Comorbidity present (any) 1.87 (1.31–2.66) <0.001* 1.44 (0.98–2.10) 0.064

Time from illness onset to hospital admission, days*

≤7 1 (ref) 1 (ref)

8–14 0.61 (0.40–0.93) 0.022* 0.61 (0.40–0.93) 0.022*

>14 0.64 (0.31–1.32) 0.228 0.59 (0.29–1.21) 0.147

COVID-19, coronavirus disease 2019; HR, hazard ratio; *, statistically significant (p-value <0.05).

Table 4: Cox regression analysis evaluating pre-existing conditions associated with disease severity.
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Among patients with severe COVID-19, antibiotics
and favipiravir were significantly associated with lower
mortality, with adjusted HRs of 0.29 (0.13–0.65) and
0.40 (0.17–0.98), respectively (Table 7). This association
was also shown in the Kaplan–Meier curve (Fig. 5d) for
the use of favipiravir. The Kaplan–Meier curve for the
use of antibiotics could not be interpreted because the
sample size was too small (Fig. 5h). Among patients
with severe disease, we found that remdesivir was
related to lower mortality in the first 10 days of admis-
sion, but not overall (Fig. 5f). A similar pattern was
observed among the patients who were given steroids
(Fig. 5b) and mechanical support (Fig. 5i). In these two
groups, mortality was lower in the first 15 days but
increased markedly after day 20, likely due to secondary
bacterial infection.

Discussion
Here, we report a case fatality rate (CFR) of 14.9% in a
cohort of patients admitted to our hospital in the first 10
months of the COVID-19 pandemic. Higher mortality
Fig. 3: a) Disease severity as risk factor for mortality. HR = hazard
was observed in the first 3 months of the pandemic and
was associated with older age, comorbidities, and severe
illness. Other studies reported higher or similar CFRs
among hospitalized COVID patients in the early phase
of the pandemic.3–5 Studies involving community-level
hospitals, such as the one in Jakarta, Indonesia, re-
ported lower mortality rates (9.4%11 and 12%10), as did
one study from China (3.7%).3 The higher mortality
rates reported in this study likely occurred because more
severely ill patients were admitted to our hospital, which
is a provincial, top referral hospital with a greater
number of ICU beds.

Numerous reports have confirmed the high associa-
tion of severe COVID-19 with mortality,3,4 and our ob-
servations are consistent with these findings. The
parameters and factors that were associated with
severity and mortality in our study are also in line with
previous reports.3,4,6,8

Older age was related to higher mortality inde-
pendently of comorbidities, with an overall CFR of
26.4% among patients >60 years of age. This value
ratio. b) Age as risk factor for mortality. HR = hazard ratio.

www.thelancet.com Vol 11 April, 2023
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Fig. 4: Comorbidities as risk factors for mortality. Kaplan-Meier curve of mortality related to a) hypertension b) diabetes mellitus (DM),
c) coronary heart disease (CHD) and d) chronic kidney disease (CKD). HR = hazard ratio.

Articles
was slightly higher than that reported in a previous
study in Jakarta, which recorded a CFR of 23% among
a similar age group,18 but lower compared to a study
from Iran19 which reported a CFR of 41.6%. In addi-
tion to having more comorbidities, age-related
immune senescence was also a factor in the
high mortality rate seen in elder patients. This con-
dition affects the general immune system and is
characterized by significant dysregulation of the
adaptive immune response.3,20,21

Chronic kidney disease was associated with the
highest mortality in our COVID-19 patients. Studies
have shown that the ACE2 receptor is overexpressed in
tubular cells in COVID-19 patients with kidney dis-
ease, which renders CKD patients more susceptible to
COVID-19 infection.22 The proposed hypothesis is that
elevated expression of the ACE2 receptor coupled with
dysregulation of immune function increases the risk
of mortality in COVID-19 patients with CKD.21 Pa-
tients with CKD often are also older, may have DM,
may be malnourished, or may be on routine hemodi-
alysis. All these factors contribute to an impaired in-
flammatory response, resulting in inadequate control
of viral replication and prolonged proinflammatory
responses.3,21
www.thelancet.com Vol 11 April, 2023
The presence of DM was also associated with high
mortality in our study. We found that patients with
DM had a 62.7% survival probability, which was lower
than in other studies. Zhou et al.4 reported a 79%
survival rate with an HR of 2.85 (95% CI: 1.35–6.05)
while Wu et al.23 found that DM was associated with a
survival rate of 75% (HR of 1.58 [95% CI, 0.80 to 3.13])
among COVID-19 patients. The association of DM
with the severity of COVID-19 and mortality has been
reported in other studies, while poor glycemic control
was proposed to have value as a predictor of worse
outcomes.4,23,24 Increased risk and severity of SARS-
CoV-2 infection in diabetes are hypothesized to be
related to the increased expression of ACE2, the re-
ceptor for SARS-CoV-2, which facilitates viral entry
into host cells, impairs T-cell function, and increases
interleukin (IL)-6 content.23,24 The overwhelming
metabolic dysregulation in DM predisposes to in-
fections in general, which further complicates the
response to COVID-19.24

Aside from pre-existing conditions, we analyzed in-
flammatory markers and clinical conditions associated
with mortality. Univariate analysis of laboratory markers
showed that high NLCR, CRP, and procalcitonin were
associated with higher mortality, with HRs of 5.36, 4.76,
9
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Variable Total (n = 6 89) Died (n = 103) Discharged alive (n = 586) p-value

Antibiotics (%)*

Yes 345 (100) 58 (16.8) 287 (83.2) 0.170

No 344 (100) 45 (13.1) 299 (86.9)

Antiviral treatment, n = 464 (%)

Yes 333 (100) 31 (9.3) 302 (90.7) 0.487

No 131 (100) 15 (11.5) 116 (88.5)

Remdesivir (%)*

Yes 92 (100) 22 (23.9) 70 (76.1) 0.010*

No 597 (100) 81 (13.6) 516 (86.4)

Favipiravir (%)*

Yes 274 (100) 16 (5.8) 258 (94.2) <0.001*

No 415 (100) 87 (21.0) 328 (79.0)

Corticosteroids (%)*

Yes 188 (100) 41 (21.8) 147 (78.1) 0.002*

No 501 (100) 62 (12.4) 439 (87.6)

Anticoagulants, n = 466 (%)*

Yes 286 (100) 43 (15.0) 243 (85.0) 0.958

No 403 (100) 60 (14.9) 343 (85.1)

High-flow nasal cannula, n = 463 (%)

Yes 35 (100) 7 (20.0) 28 (80.0) 0.045*

No 428 (100) 40 (9.3) 388 (90.7)

Invasive mechanical ventilation, n = 463 (%)

Yes 59 (100) 18 (30.5) 41 (69.5) <0.001*

No 630 (100) 85 (13.5) 545 (86.5)

*, Statistically significant (p-value <0.05).

Table 5: Frequency and association of treatments provided.

Articles

10
and 6.87, respectively. In agreement with our study, a
previous meta-analysis also demonstrated that higher
serum CRP was related to severe infection, with an
optimal cut-off of 33.55 mg/L and with 89.5% sensitivity
and specificity. Increased CRP may result from a robust
inflammatory response to SARS-CoV-2 or bacterial co-
infection, both of which are associated with severe
COVID disease.25

The increase in procalcitonin levels among pa-
tients with severe or fatal disease has also been
previously reported. One study demonstrated that
Variable Univariate

HR

Sex (male) 1.07 (0.57–2.02)

Age (>60 years) 3.94 (2.10–7.39)

Comorbidity present (any) 2.91 (1.38–6.13)

Drugs

Steroids 1.98 (1.04–3.78)

Antibiotics 2.03 (1.04–3.95)

Anticoagulants 0.93 (0.49–1.77)

Favipiravir 0.29 (0.14–0.60)

Remdesivir 2.32 (1.06–5.04)

COVID-19, coronavirus disease 2019; HR, hazard ratio; *, statistically significant (p-valu

Table 6: Cox regression analysis evaluating the association of drugs with mo
increased procalcitonin values are related to nearly 5-
fold higher risk of severe COVID infection (odds
ratio [OR], 4.76; 95% CI, 2.74–8.29).26 In a cohort of
inpatients with COVID-19 in Wuhan, China, the
mean serum procalcitonin levels were over four to
eight times higher in patients with severe and critical
disease compared to patients with more moderate
disease.27 The high procalcitonin value was associated
with bacterial co-infection, which increasingly
occurred with longer hospitalization time and the use
of ventilators.26,27
Multivariate

p-value Adjusted HR p-value

0.826 1.00 (0.52–1.92) 1.000

<0.001* 3.17 (1.63–6.17) 0.001*

0.005* 2.41 (1.12–5.18) 0.024*

0.038* 2.81 (1.09–7.25) 0.033*

0.037* 1.23 (0.59–2.59) 0.579

0.834 0.60 (0.23–1.55) 0.291

0.001* 0.24 (0.11–0.54) 0.001*

0.034* 0.89 (0.31–2.53) 0.827

e <0.05).

rtality among patients with mild and moderate disease.
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Fig. 5: Relationship between treatment provided and patient survival. Kaplan-Meier curve shows the survival difference of the mild/moderate
patients receiving a) steroid, c) favipiravir, e) remdesivir and g) antibiotics. Similar comparison shows the survival difference of the severe
patients receiving b) steroid, d) favipiravir, f) remdesivir and h) antibiotics and i) ventilator. HR = hazard ratio.

Articles
We evaluated the association of drugs with mortality
by separating the analysis into severe and mild/mod-
erate groups. Oral favipiravir, remdesivir, and dexa-
methasone were introduced in June/July 2020. After
adjustment for other factors, we first found that dexa-
methasone was not beneficial in mild and moderate
cases but showed some beneficial effects in the first 3
weeks of admission in patients with severe illness. Our
observation confirms the benefit of using steroids only
for the severely ill.28

The use of remdesivir in our study was not related to
decreased mortality. Other studies report conflicting
www.thelancet.com Vol 11 April, 2023
results. Some studies support the association of rem-
desivir with reduced 30-day mortality in patients with
moderate COVID-19 and that they hasten clinical re-
covery.29,30 In contrast, other studies have shown that the
benefits of remdesivir are still not apparent in patients
with severe disease.29 Meanwhile, we found that favipir-
avir was associated with decreased mortality in patients
with mild/moderate disease. These findings are in line
with a previous trial in Japan showing that favipiravir
shortened the time to clinical improvement by approxi-
mately 3 days in COVID-19 patients with moderate
disease.31
11
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Fig. 5: Continued.
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The use of antibiotics has been proposed for the
treatment of COVID-19 patients; however, they were
deemed unnecessary for mild/moderate or uncompli-
cated COVID-19 illness.32 Our study confirmed that the
use of antibiotics in mild/moderate cases did not reduce
the fatality rate. On the other hand, a secondary bacterial
infection often occurred in COVID-19 patients with se-
vere illness and undergoing mechanical ventilation, and
substantial evidence supports the provision of antibi-
otics in this situation. However, we could not determine
Variable Univariate

HR

Sex (male) 1.17 (0.70–1.95)

Age (≥60 years) 0.94 (0.58–1.54)

Comorbidity present (any) 1.00 (0.57–1.74)

Drugs

Steroids 0.36 (0.21–0.59)

Antibiotics 0.19 (0.12–0.33)

Anticoagulants 0.21 (0.12–0.36)

Favipiravir 0.29 (0.13–0.63)

Remdesivir 0.45 (0.25–0.82)

COVID-19, coronavirus disease 2019; HR, hazard ratio; *, statistically significant (p-valu

Table 7: Cox regression analysis evaluating the association of drugs with mo
the effect of antibiotics among this group of patients
because the number of subjects who did not take anti-
biotics was too small.

Similar to a previous report,4 mortality increased
among patients with severe illness after 2 weeks, even
after receiving a treatment regimen for severe COVID-19
(remdesivir and corticosteroids). The use of ventilators is
also a significant risk factor for death. The high mortality
observed may be associated with acquired secondary
infection in patients hospitalized for more than 2 weeks
Multivariate

p-value Adjusted HR p-value

0.550 0.86 (0.51–1.48) 0.592

0.810 1.06 (0.63–1.78) 0.818

0.994 0.94 (0.52–1.69) 0.827

<0.001* 1.62 (0.62–4.28) 0.328

<0.001* 0.29 (0.13–0.65) 0.003*

<0.001* 0.43 (0.17–1.12) 0.080

0.002* 0.40 (0.17–0.98) 0.044*

0.009* 0.76 (0.33–1.77) 0.523

e <0.05).

rtality among patients with severe disease.
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and requiring mechanical ventilation, as also reported by
other studies.4,9 The incidence of secondary lung infec-
tion reported in the literature is approximately 15%–

20%,33–35 with higher incidence observed in patients with
severe COVID-19 admitted to the ICU and requiring
mechanical ventilation (∼30%).33,35

Our study had several limitations. First, our data
were incomplete for some baseline variables and labo-
ratory data, especially markers such as procalcitonin and
CRP, which were not routinely screened. Comorbidities
were self-reported, potentially resulting in under-
reporting. Additionally, details regarding the incidence
of secondary infections were not analyzed, and the
treatments received were not randomized; accordingly,
the findings of this study may not reflect the association
of treatments with mortality in the general population.
Our study was not designed to analyze drug effects and
was thus inferior to regimented clinical trials. Our
protocol indicates the use of remdesivir in moderate and
severe cases, steroids in severe cases, and favipiravir in
mild and moderate cases. These selections affect the
evaluation of the drugs. However, our analysis showed
that remdesivir and steroids were beneficial in the
earlier stages of COVID-19.

In conclusion, the risk factors associated with mor-
tality in COVID-19 patients in a referral hospital in
Bandung were older age and the presence of comor-
bidities, mainly CKD, DM, hypertension, and coronary
heart disease. All these factors contributed to severe
COVID-19 and, subsequently, to higher mortality. Am-
ong the administered drugs, favipiravir showed signifi-
cant benefit for COVID-19 survival, while steroids
showed benefit only in the earlier days of hospital
admission among patients with severe disease. Because
these findings are from the early stage of the COVID-19
pandemic, the results should be interpreted with cau-
tion. Mortality was high in the first few days of admis-
sion and after the second week of admission. The latter
may be due to secondary bacterial infection, although
more research is necessary to elucidate the causes of
mortality.
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