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Original Article

Objectives: Prospective studies on vaccination status and mortality related to coronavirus disease 2019 (COVID-19) in low-resource 

settings are still limited. We assessed the association between vaccination status (full, partial, or none) and in-hospital mortality among 

COVID-19 patients at most hospitals in Jakarta, Indonesia during the Delta predomination wave.

Methods: We conducted a retrospective cohort study among hospitalized COVID-19 patients who met the study criteria (>18 years 

old and admitted for inpatient treatment because of laboratory-confirmed severe acute respiratory syndrome coronavirus 2 infection). 

We linked individual-level data in the hospital admission database with vaccination records. Several socio-demographic and clinical 

characteristics were also analyzed. A Cox proportional hazards regression model was used to explore the association between vacci-

nation status and in-hospital mortality in this patient group.

Results: In total, 40 827 patients were included in this study. Of these, 70% were unvaccinated (n=28 543) and 19.3% (n=7882) died 

during hospitalization. The mean age of the patients was 49 years (range, 35-59), 53.2% were female, 22.0% had hypertension, and 

14.2% were treated in the intensive care unit, and the median hospital length of stay across the group was 9 days. Our study showed 

that the risk of in-hospital mortality among fully and partially vaccinated patients was lower than among unvaccinated adults (adjust-

ed hazard ratio [aHR], 0.43; 95% confidence interval [CI], 0.40 to 0.47 and aHR, 0.70; 95% CI, 0.64 to 0.77, respectively).

Conclusions: Vaccinated patients had fewer severe outcomes among hospitalized adults during the Delta wave in Jakarta. These fea-

tures should be carefully considered by healthcare professionals in treating adults within this patient group.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection causes coronavirus disease 2019 (COVID-19), which 
has caused approximately 759 million cases and 6.8 million 
fatalities worldwide as of March 2023 [1]. In Indonesia, since 
the initial detection of COVID-19 in early March 2020, there 
have been over 6.7 million reported cases and 160 956 fatali-
ties nationwide [2]. During the COVID-19 pandemic, various 
variants of SARS-CoV-2 (i.e., Alpha, Beta, Delta, and Omicron) 
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emerged. Prior to the emergence of the Omicron variant, the 
Delta variant of SARS-CoV-2 was predominant in many coun-
tries, including Indonesia, leading to an increase in emergency 
visits, intensive care unit (ICU) occupancy, and a significant rise 
in infection rates and deaths [3]. Despite the World Health Or-
ganization’s recommended health measures for COVID-19, the 
health systems of many countries have been severely impact-
ed by the pandemic [4]. Therefore, alternative strategies, such 
as the development of a COVID-19 vaccine with suitable effec-
tiveness, were needed to alleviate the COVID-19-related bur-
den in most countries.

In 2021, several COVID-19 vaccines of varying effectiveness 
were developed by a number of countries. Some countries 
had the privilege of selecting a specific type of vaccine, such 
as mRNA vaccines (Moderna, Pfizer), recombinant vaccines 
(AstraZeneca), and subunit vaccines (Novavax) [5], but most 
developing countries had only Sinovac-CoronaVac, an inacti-
vated vaccine that was developed earlier [6]. Evidence indi-
cates that the efficacy of the Sinovac-CoronaVac vaccine against 
symptomatic (63.8%) and severe (75.3%) COVID-19 conditions 
caused by the Delta variant is lower among the fully vaccinat-
ed population [7], compared to Moderna, Pfizer, AstraZeneca, 
and Novavax, which have efficacies of 98.3%, 98.5%, 91.0%, 
and 82.0% respectively. Despite these varying levels of vaccine 
effectiveness, studies have shown that COVID-19 vaccines re-
duce mortality in hospitalized patients with moderate to se-
vere diseases [8], decrease the hospital length of stay, increase 
home discharges [9], and reduce COVID-19-related mortality 
among treated patients [10]. Therefore, understanding the ef-
fectiveness of vaccines across different pathogen variants is 
crucial.

Among the variants and subvariants of COVID-19, the Delta 
variant presented unique challenges to overcome [11]. Although 
information about the relationship between the COVID-19 
vaccine and mortality is available from various countries [8], 
research evaluating the impact of the COVID-19 vaccine on in-
hospital mortality during the Delta-dominant period in devel-
oping countries is still limited. This is particularly true for stud-
ies that use a cohort study approach in population settings. 
Therefore, this study aims to assess the effect of vaccination 
status on in-hospital mortality among a large number of COV-
ID-19 patients in Jakarta, Indonesia, during the wave of Delta 
variant predominance.

METHODS

Study Participants
We conducted a retrospective cohort study by reviewing 

138 out of 140 COVID-19 referral hospitals’ admission records 
between June 1, 2021 and September 30, 2021 when the Del-
ta (B.1.617.2) variant was prevalent in Jakarta. The inclusion 
criteria for the study were patients aged 18 years and older who 
were admitted for inpatient treatment due to a laboratory-
confirmed diagnosis of SARS-CoV-2 infection. Patients with 
significant missing information, such as discharge status, type 
of care, and vaccination history, were excluded. We evaluated 
the hospital records using an electronic application called Pcare, 
which is integrated with each hospital’s health information 
system in Jakarta. The Pcare application was developed by the 
Social Health Insurance Administration Body, which is respon-
sible for registering health facilities and recording their servic-
es related to the COVID-19 vaccination program [12]. Jakarta 
was the epicenter of the SARS-CoV-2 infection in Indonesia, 
recording the highest number of COVID-19 cases during the 
period of this study [13].

Measurements
The study outcome was in-hospital mortality, which was de-

fined as patients with COVID-19 who died in the hospital dur-
ing inpatient treatment [14]. The study exposure was vaccina-
tion status, which was defined based on whether an individual 
had received 1 or more doses of a COVID-19 vaccine [15]. We 
classified patients as fully vaccinated if they received the sec-
ond dose of any COVID-19 vaccine at least 14 days after the 
first dose, allowing for complete antibody production [16]. Pa-
tients were considered partially vaccinated if they received the 
first dose of a COVID-19 vaccine at least 7 days prior to hospi-
tal admission. Conversely, patients were deemed unvaccinated 
if they had not received any COVID-19 vaccines before hospi-
talization [17]. In this study, we used the date of hospital ad-
mission rather than the SARS-CoV-2 test date, as the latter in-
formation was not available in the Pcare records.

The Pcare application contains unique, individual data on 
demographic variables such as age, sex, education, and occu-
pation, as well as clinical characteristics. These include comor-
bidities, treatment, length of stay, outcome (whether deceased 
or discharged), hospitalization history (including dates of ad-
mission and discharge), diagnoses, and hospitalization out-
comes such as ICU admission and invasive mechanical ventila-
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tion (IMV) [18]. Medical comorbidities for each patient were 
identified and classified according to the International Classifi-
cation of Diseases 10th revision (ICD-10) clinical diagnosis codes 
[19]. Vaccination history was extracted from national electron-
ic COVID-19 vaccine registry. We used a deterministic linkage 
approach to link the COVID-19 vaccine registry with Pcare data 
using a unique ID. Duplications and completeness of the re-
cords (e.g., identifier, date of hospitalization, discharge status, 
vaccination history) were checked. 

Statistical Analysis
Depending on the data distribution, continuous data were 

presented as either the median and standard deviation (SD) or 
the interquartile range (IQR), while categorical variables were 
represented in terms of frequencies and proportions (%). The 
Shapiro-Wilk normality test was employed to test for normal 
distribution [20]. To compare the demographic and clinical 
characteristics between fully vaccinated and unvaccinated pa-
tients, the chi-square test was used for categorical variables, 
while the Kruskal-Wallis test or Wilcoxon rank-sum tests were 
used for continuous variables [21].

We utilized the Cox-proportional hazard model to evaluate 
the relationship between vaccination status and in-hospital 
mortality [22]. First, the Cox-proportional hazard model was 
employed to individually assess the association of each covari-
ate (age, sex, occupation, number of comorbidities, asthma, 
chronic kidney disease [CKD], chronic obstructive pulmonary 
disease [COPD], coronary artery disease [CAD], diabetes, hy-
pertension, human immunodeficiency virus [HIV], heart fail-
ure, ICU treatment, and IMV) with in-hospital mortality. Subse-
quently, we examined the association between in-hospital 
mortality and vaccination status, adjusting for all the aforemen-
tioned covariates (age, sex, occupation, number of comorbidi-
ties, asthma, CKD, COPD, CAD, diabetes, hypertension, HIV, heart 
failure, ICU treatment, and IMV) [23]. A Kaplan-Meier failure 
function plot was created to illustrate the progression of in-
hospital mortality among fully vaccinated, partially vaccinat-
ed, and unvaccinated hospitalized patients over a 5-week pe-
riod following admission [24]. All study analyses were performed 
using Stata version 16 (StataCorp., College Station, TX, USA). 

Ethics Statement 
This study was approved by the Health Research Ethics Com-

mittee, National Institute of Health Research and Development, 
Ministry of Health, Indonesia (LB. 02.01/2/KE.103/2021) and 

performed in accordance with the principles of the Declara-
tion of Helsinki. The informed consent was waived because of 
the retrospective nature of this study.

RESULTS

Patient Characteristics
The Pcare application recorded a total of 52 300 patients, but 

only 40 827 patients were included in the analysis. The primary 
reasons for analytical exclusion were predominantly missing 
information on discharge status (6.7%) and failure to link the 
vaccination registry with the Pcare application (1.8%) (Figure 1). 
The average age of the patients was 49 years (range, 35-59), 
with 53.2% being female and 94.6% not being healthcare work-
ers (Table 1). While 61.6% of patients reported no comorbidi-
ties, 22.0% had hypertension, of which 14.2% were treated in 
the ICU. The median hospital stay for the group was 9 days, and 

Figure 1. Flowchart of the study participants. COVID-19, 
coronavirus disease 2019.

Hospital admission records 
(Jun 1 to Sep 30, 2021) 

(n=52 300)

Records of patients aged 
≥18 y (n=48 370)

Records with complete
information (n=44 035)

Records of confirmed COVID-19 
patients included in the analysis 

(n=40 827)

Patients were 
unvaccinated
(n=28 543, 

69.9%) 

Patients were 
vaccinated 

with ≥1 dose
(n=12 284, 

30.1%)

Patients aged <18 y excluded (n=3930, 7.5%) 

Duplicate records excluded (n=57, 0.1%) 
Records unable to link with vaccination registry due to  
   missing/inconsistent/incomplete IDs (n=866, 1.8%)
Records with missing vaccination history (n=59, 0.1%)
Records with missing discharge status (n=3338, 6.9%)
Records with missing type of care (n=15, 0.0%)

Records of suspect COVID-19 patients were excluded
(n=3208, 7.3%)
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Table 1. Patients’ characteristics by vaccination status and in-hospital mortality during the Delta outbreak in Jakarta

Characteristics Vaccination status
In-hospital mortality

No (n=32 945) Yes (n=7882) 

Age (y) Unvaccinated 50.0±15.2 46.0±15.4 58.0±13.3

Partially vaccinated 46.0±13.7

Fully vaccinated 51.0±17.8

Overall 49.0±15.7

Sex, female1 Unvaccinated 15 750 (55.2) 18 023 (54.7) 3695 (46.9)

Partially vaccinated 1790 (47.1)

Fully vaccinated 4178 (49.3)

Total 21 718 (53.2)

Occupation1

Non-HCWs Unvaccinated 28 248 (99.0) 30 737 (93.3) 7865 (99.8)

Partially vaccinated 3708 (97.5)

Fully vaccinated 6646 (78.4)

Total 38 602 (94.6)

HCWs Unvaccinated 295 (1.0) 2208 (6.7) 17 (0.2)

Partially vaccinated 94 (2.5)

Fully vaccinated 1836 (21.6)

Total 2225 (5.4)

No. of comorbidities1

None Unvaccinated 17 356 (60.8) 21 600 (65.6) 3564 (45.2)

Partially vaccinated 2555 (67.2)

Fully vaccinated 5253 (61.9)

Total 25 164 (61.6)

One Unvaccinated 8384 (29.4) 8657 (26.3) 3080 (39.1)

Partially vaccinated 980 (25.8)

Fully vaccinated 2373 (28.0)

Total 11 737 (28.8)

Two or more Unvaccinated 2803 (9.8) 2688 (8.2) 1238 (15.7)

Partially vaccinated 267 (7.0)

Fully vaccinated 856 (10.1)

Total 3926 (9.6)

Comorbidities1

Asthma Unvaccinated 295 (1.0) 394 (1.2) 49 (0.6)

Partially vaccinated 41 (1.1)

Fully vaccinated 107 (1.3)

Total 443 (1.1)

CKD Unvaccinated 858 (3.0) 446 (1.4) 585 (7.4)

Partially vaccinated 48 (1.3)

Fully vaccinated 125 (1.5)

Total 1031 (2.5)

COPD Unvaccinated 52 (0.2) 57 (0.2) 14 (0.2)

Partially vaccinated 1 (0.0)

Fully vaccinated 18 (0.2)

Total 71 (0.2)

(Continued to the next page)
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Characteristics Vaccination status
In-hospital mortality

No (n=32 945) Yes (n=7882) 

CAD Unvaccinated 958 (3.4) 962 (2.9) 404 (5.1)

Partially vaccinated 88 (2.3)

Fully vaccinated 320 (3.8)

Total 1366 (3.4)

Diabetes Unvaccinated 5570 (19.5) 5055 (15.3) 2475 (31.4)

Partially vaccinated 561 (14.8)

Fully vaccinated 1399 (16.5)

Total 7530 (18.4)

Hypertension Unvaccinated 6081 (19.5) 6998 (21.3) 1983 (25.2)

Partially vaccinated 760 (20.0)

Fully vaccinated 2140 (25.2)

Total 8981 (22.0)

HIV Unvaccinated 86 (0.3) 78 (0.2) 28 (0.4)

Partially vaccinated 9 (0.2)

Fully vaccinated 11 (0.1)

Total 106 (0.3)

Heart failure Unvaccinated 343 (1.2) 253 (0.8) 161 (2.0)

Partially vaccinated 22 (0.6)

Fully vaccinated 49 (0.6)

Total 414 (1.1)

Hospitalization outcome

ICU1 Unvaccinated 4768 (16.7) 2075 (6.3) 3727 (47.3)

Partially vaccinated 388 (10.2)

Fully vaccinated 646 (7.6)

Total 5802 (14.2)

IMV1 Unvaccinated 1252 (4.4) 114 (0.4) 1348 (17.1)

Partially vaccinated 82 (2.2)

Fully vaccinated 128 (1.5)

Total 1462 (3.6)

Length of stay (day) Unvaccinated 9.0±5.4 9.0±4.9 6.0±5.9

Partially vaccinated 9.0±4.8

Fully vaccinated 9.0±4.4

Overall 9.0±5.2

In-hospital mortality1 Unvaccinated 6705 (23.5) - -

Partially vaccinated 477 (12.6)

Fully vaccinated 700 (8.3)

Total 7882 (19.3)

Days since last vaccination dose Unvaccinated N/A 97.0±36.7 84.0±25.2

Partially vaccinated 95.0±36.1

Fully vaccinated 95.0±36.1

Overall 80.0±46.2

Values are presented as median±standard deviation or number (%); Percentages presented for the vaccination status number refer to the number of each 
group; Percentages presented for demographic characteristics, comorbidities, and hospitalization outcomes are row percentages.
HCW, healthcare worker; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CAD, coronary artery disease; HIV, human immunodefi-
ciency virus; ICU, intensive care unit; IMV, invasive mechanical ventilation; N/A, not available.
1The number for unvaccinated group =28 543 patients, partially vaccinated group =3802 patients, and fully vaccinated group =8482 patients, and the total num-
ber of participants was 40 827.

Table 1. Continued from the previous page
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19.8% of patients died during their hospital treatment (Table 1).
In-hospital mortality was more common in unvaccinated 

patients (23.5%) than in partially (12.6%) and fully vaccinated 
patients (8.3%). When considering vaccination status, the ma-
jority of hospitalized adults who were fully vaccinated belonged 
to the oldest age groups (>50 years; IQR 33-65) (Table 1). Only 
10.1% of fully vaccinated patients had two or more comorbidi-
ties, with hypertension and diabetes being the most common. 
Within the fully vaccinated group, patients with hypertension 
were the most prevalent (25.2%) compared to other comor-
bidities, while the majority of patients with diabetes were un-
vaccinated (19.5%). Among unvaccinated patients, 16.7% 
were treated in the ICU and 4.4% required IMV, which was 
higher compared to fully vaccinated patients at 7.6% and 
1.5%, respectively. The median length of hospital stay across 
all vaccination statuses was similar (9 days) (Table 1).

In this study, during COVID-19 hospitalization, the majority 
of surviving patients (56.5%) were in the younger age group 
(18-49 years), while those who did not survive were predomi-
nantly aged over 60 years (44.9%) (data not shown). Among 
the survivors, there was a predominance of female patients 
(54.7%) without any comorbidities (65.6%). The proportion 
of patients with hypertension was similar between survivors 
(21.3%) and non-survivors (25.2%), but the percentage of pa-
tients with diabetes was lower among survivors (15.3%) com-
pared to non-survivors (31.4%). Patients who were treated in 
the ICU and received IMV were more common among non-sur-
vivors (17.1%) than among survivors (0.4%) (Table 1).

Vaccination status and in-hospital mortality
Our study showed that patients who were either partially 

vaccinated (adjusted hazard ratio [aHR], 0.70; 95% confidence 
interval [CI], 0.64 to 0.77) or fully vaccinated (aHR, 0.43; 95% CI, 
0.40 to 0.47) had a higher level of protection against in-hospi-
tal mortality than those who were unvaccinated (Figure 2). 
The overall incidence of in-hospital mortality was 0.021 per 
1000 person-days. The mortality rate for the fully vaccinated 
group was lower (0.008 per 1000 person-days) than that of the 
unvaccinated group (0.024 per 1000 person-days). The mortal-
ity rate for the partially vaccinated patients was 0.013 per 1000 
person-days. This rate was slightly higher than that of the fully 
vaccinated group, but it was still lower than the rate for the 
unvaccinated group (Figure 3). In-hospital mortality was found 
to be associated with all covariates (age, sex, occupation, and 
treatment received by the patients), with the exception of the 
number of comorbidities (Supplemental Materials 1 and 2).

DISCUSSION

Our study investigated the association between vaccination 
status and in-hospital mortality among COVID-19 patients in 
Jakarta, Indonesia. Broadly speaking, our findings indicated 
that fully vaccinated adults experienced a significant reduction 
in in-hospital mortality compared to those who were only par-
tially vaccinated or unvaccinated. As anticipated, our results 
align with previous studies conducted in similar contexts [10, 
25,26].

Even before COVID-19 vaccine development, many posited 
that vaccination could play a crucial role in reducing both the 

Figure 2. Vaccination status and in-hospital mortality among 
patients with coronavirus disease 2019 admitted during the 
Delta outbreak in Jakarta (adjusted for age, sex, occupation, 
comorbidities, and treatment). HR, hazard ratio; CI, confi-
dence interval; aHR, adjusted hazard ratio. 
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mortality rate and severity of the disease [27]. As expected, 
our study is in agreement with previous studies [10,25,26]. The 
primary explanation for this likely stems from theoretical as-
pects. For instance, Sinovac-CoronaVac is an inactivated vac-
cine that stimulates the production of neutralizing antibodies 
(NAb) against SARS-CoV-2 [17]. Despite Sinovac-CoronaVac’s 
comparatively lower vaccine effectiveness, it mimics a natural 
infection in a milder form, yet it is potent enough to generate 
a sufficient and enduring immune response [6]. Furthermore, 
the presence of NAb in human cells prior to infection thwarts 
further viral invasion, thereby mitigating the effects of the in-
fection, including its severity and associated mortality [28].

Achieving adequate protection from a vaccination theoreti-
cally necessitates an appropriate number of vaccine doses. Ev-
idence has demonstrated that a minimum of 2 doses of a vac-
cine is crucial to induce an immune response against the patho-
gen, whereas a single dose only results in partial immunity [29]. 
Furthermore, antibody levels elicited by COVID-19 vaccines 
may decrease over time, leading to the recommendation that 
individuals receive a subsequent dose of the vaccine [29]. There-
fore, our immune system is better equipped to respond more 
rapidly and comprehensively to the same pathogen infection 
in the future.

Regardless of the severity and mortality rates of diseases, 
vaccines play a crucial role in controlling the spread of patho-
gens within society [30]. For instance, the European Centre for 
Disease Prevention and Control has reported that a decrease 
in incidence over time is indicative of successful vaccine per-
formance in reducing disease transmission [31]. Similarly, a 
study demonstrated that a vaccine could reduce an individu-
al’s susceptibility to SARS-CoV-2 infection by 89.4%. Further-
more, the rate of community transmission and viral load kinet-
ics among household contacts exposed to the Delta variant 
was lower in the fully vaccinated group than in the unvacci-
nated group during the secondary attack rate [32].

Consistent with prior research, our study determined that 
various socio-demographic and clinical characteristics have an 
impact on in-hospital mortality [33]. This is likely due to the 
less effective control of SARS-CoV-2 by the immune systems 
of certain patient groups, specifically those of older age and 
male patients, as a result of depleted cellular immune function 
[34,35]. Furthermore, the initial global distribution of the COV-
ID-19 vaccine was primarily focused on certain professions, 
such as healthcare workers, due to a shortage of vaccines. As 
a result, it is anticipated that professions not prioritized for 

vaccination may face a higher risk of COVID-19-related mortal-
ity [36]. 

Although our study did not find a correlation between COPD, 
HIV, and in-hospital mortality, a systematic review and meta-
analysis highlighted that certain significant comorbidities in 
adults, such as diabetes, hypertension, CKD, and immunosup-
pression, were linked to an elevated risk of severe illness from 
COVID-19 [37]. Our findings may be inconsistent with previous 
studies due to potential underreporting of patients’ comorbid-
ity statuses, which could have led to a biased estimation of the 
risk association among various comorbidities in this study.

Although there is evidence suggesting a diminished efficacy 
against Delta-associated infections compared to other vari-
ants, research indicates that the available COVID-19 vaccines 
still provide protection against severe outcomes [7,28,38]. In 
this study, we found that vaccinated individuals were less like-
ly to experience critical outcomes. Consequently, vaccination 
proves beneficial in preventing more severe illnesses, resulting 
in a lower rate of hospitalization, ICU admission, and IMV ne-
cessity among fully or partially vaccinated adults compared to 
those who are unvaccinated.

Strengths and Limitation 
Our study contributes to a better understanding of the vac-

cination status and in-hospital mortality among adults in Ja-
karta, Indonesia. This study, which utilized a large representa-
tive sample size and covered most hospitals in Jakarta, employed 
a superior study design approach. However, it also had several 
limitations. First, we did not have access to information on oth-
er clinical conditions of the patients, such as body mass index, 
oxygen saturation, and symptoms. As a result, the risk estima-
tion for in-hospital mortality must be interpreted with caution. 
Second, the data may underreport comorbidities due to po-
tential variations among hospitals in identifying underlying 
medical conditions. Third, several important factors, such as 
patients’ history of a previous infection, were unavailable with-
in the Pcare application. Despite these limitations, our study is 
sufficiently robust to describe the association between vacci-
nation status and in-hospital mortality within the described 
population composition.

In conclusion, our findings indicate that vaccinated adults 
had a lower risk of in-hospital mortality compared to their un-
vaccinated counterparts. Additionally, our findings indicated 
that certain socio-demographic characteristics, specifically 
age and sex, were associated with in-hospital mortality. Con-
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sequently, healthcare professionals should consider these spe-
cific characteristics as a crucial component in the treatment of 
adults within this patient group.
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