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Abstract
Objective. The longevity of vaccine effectiveness and antibody titer after the Moderna mRNA COVID-19 vaccination booster 
in healthcare workers in Indonesia is not known. Materials and Methods. We performed a prospective observational study of 
healthcare workers at the Universitas Indonesia Hospital after Moderna mRNA COVID-19 booster vaccination. An Immunol-
ogy Analyzer with Chemiluminescence Immunoassay (CLIA) test was used to examine Anti SARS-CoV-2 S-RBD levels. An-
tibody levels were classified into two systems (3 categories, and 2 categories). Results. There were 31 male subjects (75.6%), 33 
subjects (80.5%) aged 25-39 years, 17 subjects (41.5%) with overweight BMI, 35 subjects (85.4%) without comorbidities, and 29 
subjects without previous history of COVID-19 infection (70.7%) who had antibody titer >1000 AU/ml. There were 27 subjects 
(65.9%) who had a booster shot ≥6 months after the second vaccination with antibody titer >1000 AU/ml. In this study, there 
was no significant correlation between antibody titer with factors such as gender, age, BMI, comorbidities, history of COVID-19 
infection and time between the 2nd vaccination and booster vaccination. Conclusion. There is no significant correlation be-
tween antibody titer with factors such as gender, age, BMI, comorbidities, history of COVID-19 infection and time between the 
2nd vaccination and booster vaccination
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Introduction

On March 11, 2020, WHO declared COVID-19 
infection a pandemic. COVID-19 is caused by 
SARS-CoV-2 and does not yet have a primary 
therapy that can directly kill the virus, making vac-
cine the main hope for stopping this pandemic (1). 
The SARS-CoV-2 vaccination has proven effective 
in inducing an immune response and progressive-
ly open the way to overcome the COVID-19 pan-
demic (2). The goal of SARS-CoV-2 vaccines is to 
produce anti-spike neutralizing antibodies (nAbs) 
that recognize the viral S protein. Theseanti-spike 
nAbs can prevent virus–human cell interaction 
and aid in the elimination of infection in its early 

stages (3). A previous study showed there are sev-
eral factors that influence antibody levels, including 
age, infection history, and virus mutation (3). The 
effectiveness of vaccines in reducing the spread of 
COVID-19 has been proven. In Indonesia, along 
with the increase in the vaccination rate, the number 
of hospitalizations, deaths due to COVID-19 and 
confirmed positive cases decreased compared to 
2020 when vaccination was not used in general (4).

Studies have already demonstrated that the third 
dose increases immunogenicity against SARS-
CoV-2, reflected in a rapid and broad immune 
response to the third mRNA vaccine BNT162b2 
dose (5). In July 2021, the third dose of vaccina-
tion was intended for all health workers. The third 
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dose or booster vaccination for health workers in 
Indonesia uses two types of vaccine, which are 
the CoronaVac vaccine and mRNA-1273 vaccine 
(Moderna vaccine). The first and second dose for 
health workers used the CoronaVac vaccine (4). 
Compared to the homologous boosting type, the 
heterologous boosting type of vaccine administra-
tion was expected to widen cellular and humoral 
immunogenicity against COVID-19 infection (6, 
7). The heterologous boosting between Coronavac 
and mRNA vaccine gives better antibody response 
than other vaccine booster options, and also 
shows great protection against the delta and omi-
cron variants (8-10). The Moderna vaccine is an 
mRNA-based vaccine that has several advantages, 
one of which is the fast and specific formation of 
immunogens. The Moderna vaccine showed effi-
cacy of 94 after two doses in a phase 3 trial (11). 
Various side effects of mRNA vaccines can occur 
locally or systemically (3). Antibodies formed after 
the administration of the vaccine serve as biomark-
ers of immunity, so that the detection of specific 
antibodies can provide information about adap-
tive immunity against SARS-CoV-2. Quantitative 
assays for detecting anti-SARS-CoV-2 antibodies 
can help determine vaccine-specific antibody re-
sponses, individual antibody titer, and longitu-
dinal monitoring of antibody responses. The test 
can also assess whether a person’s antibody levels 
are the result of an adaptive immune response in-
duced by infection, or a vaccine-induced response 
(12). A study by Ibarguengoitia et al. shows that 
the median antibody titer ranged from 379-2960 
AU/ml in the group with negative COVID-19 
history, and 590-3090 AU/ml in the group with 
positive COVID-19 history (13). The purpose of 
this study was to determine the SARS-CoV-2 an-
tibodies response after the third dose of mRNA-
based vaccination in health workers at Universitas 
Indonesia Hospital

Methods

Examination of IgG S-RBD SARS-CoV-2 
Antibodies

The investigation was carried out at the Clinical 
Pathology Laboratory of Universitas Indonesia 
Hospital using the Mindray CL-900i Immunology 
Analyzer manufactured by Mindray Bio-Medical 
Electronics Co., Ltd., Shenzhen, China (14). The 
sensitivity value of the analyzer was 0.006ng/mL, 
with a measurement range of 0.006–50 ng/mL. 
The analyzer was calibrated at the beginning of the 
study. The quality control (QC) results of the ana-
lyzer were within QC limits. If subject’s antibody 
was >1000 AU/ml, it was shown as it is, but if the 
antibody level was <1000 AU/ml, it showed as the 
exact number.

Study Design and Population

The research design was a prospective cohort 
method conducted in August 2021-January 2022 
at Universitas Indonesia Hospital, one of the 
COVID-19 center hospitals in Indonesia. The tar-
get population in this study were all health work-
ers at Universitas Indonesia Hospital receiving 
the third dose of Moderna vaccine, without any 
limitations in duration between the booster injec-
tion and laboratory testing. The research inclusion 
criteria were Universitas Indonesia Hospital health 
workers who had received the first and second 
doses with inactivated whole-virus CoronaVac 
vaccine, and the third dose with Moderna vaccine, 
and health workers who were registered as per-
manent employees and part timers at Universitas 
Indonesia Hospital. The exclusion criteria were 
Universitas Indonesia Hospital health workers 
who had a history of allergies to Moderna vaccine, 
and Universitas Indonesia Hospital health workers 
who received some other vaccine than Moderna as 
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the third dose. This study involved 49 Universitas 
Indonesia Hospital health workers who were test-
ed for IgG S-RBD SARS-CoV-2 antibodies in their 
serum and plasma using the CLIA Anti-SARS-
CoV-2 principle. A relatively small number of sub-
jects was chosen as this study acts as a preliminary 
study. Our research divided antibody titer into two 
systems. In the first we divided antibody titers into 
categories: <500; 500-1000; >1000 AU/ml based 
on the tests. 

Data Collection and Statistical Analysis

Respondents supplied their data using a form filled 
in directly by the research subject. The analytical 
study was conducted on 49 samples (Figure 1). The 

questionnaire data were entered into a Microsoft 
Excel sheet. Data were statistically analyzed using 
Microsoft Excel 2019 and SPSS 24. Nominal cat-
egorical data were displayed in percentage graphs, 
and numerical data presented along with mean 
data and standard deviations. Analysis of categori-
cal data was carried out using the chi square, or 
alternatively Fisher’s test if they did not meet the 
chi square rule. Meanwhile, analysis of numeri-
cal data was carried out using one way ANOVA 
or an unpaired T test for comparison with samples 
of less than two groups. If the data did not meet 
the normality test, the Kruskal Wallis and Mann 
Whitney tests were carried out. 

Ethics Statement

This research was approved by the Ethics 
Committee of Universitas Indonesia Hospital, ap-
proval number S-010/KETLIT/RSUI/II/2022, with 
protocol number 2021-09-099. This research also 
followed Declaration of Helsinki guidelines. 

Results

In this study, a total of 49 subjects took part (Table 
1). The majority of subjects were male, that is 36 
subjects (73.5%). There are 40 subjects (81.6%) 
who were 25-39 years old. We divided their BMI 
into four groups: underweight, normal weight, 
overweight, and obese. The subjects were domi-
nantly in the normal weight BMI group, that is 
22 of them (44.9%), and 19 subjects (38.8%) were 
overweight. There are 7 subjects (14.3%) who had 
comorbidities, which were hypertension (3 sub-
jects, 6.1%), diabetes mellitus (2 subjects, 4.1%), 
and coronary artery disease (CAD) and asthma 
with 1 subject each (2%). There are 13 subjects 
(26.5%) who had a previous history of COVID-19. 
Thirty-three subjects (67.3%) received the 3rd vac-
cine within 6 months after the 2nd vaccine.

Table 2 shows the evaluation of antibody titers 
after administration of the Moderna booster vac-
cine, using the first category, whereby we divided 
the antibody titer into three groups. There were 
31 subjects (86.1) with antibody titer >1000 AU/

Subject completed the online form  
(google form): 

49 subjects

Exclusion: 0 subjects
- All subjects in 

accordance with 
inclusion criteria

Exclusion: 0 subjects
- All subjects come 
to get their sample 

collected

Final subjects: 
49 subjects

Stage 1
- Evaluation of online form (google form) 

Stage 2
- Blood sample of subjects was taken

Figure 1. Subject recruitment process.
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ml. Thirty-three subjects (82.5) aged 25-39 years 
had antibody titer >1000 AU/ml. Seventeen sub-
jects (89.4) in the overweight BMI category had 
antibody titer >1000 AU/ml. Thirty-five subjects 
(83.4) with no comorbidities had antibody titer 
>1000 AU/ml. Twenty-nine subjects (80.6) with 
no previous history of COVID-19 infection had 
antibody titer >1000 AU/ml. In this study, 27 sub-
jects (81.8) who had the 3rd booster vaccine ≥6 
months from the second vaccine had antibody 

titer >1000 AU/ml. Four subjects (9.5) had anti-
body titer <500 AU/ml, while none of them had 
a comorbid disease. Of these 4 subjects, one had 
a history of previous COVID-19 infection. In this 
study, there was no significant correlation between 
antibody titer and gender, age, BMI, the presence 
of comorbid diseases, a previous history of infec-
tion with COVID-19, or the time between the 2nd 
and the booster vaccination.

Table 1. Demographic Characteristics

Characteristic N (%) Mean (±SD)

Gender

Female 13 (26.5) -

Male 36 (73.5) -

Age group (years old) 30.0 (±6.7)

<25 6 (12.2) -

25-39 40 (81.6) -

 ≥40 3 (6.1) -

BMI (kg/m2) 25.4 (±4.6)

Underweight <18.5 2 (4.1) -

Normal weight 18.5-24.9 22 (44.9) -

Overweight ≥ 25 19 (38.8) -

Obese ≥30 6 (12.2) -

Comorbidity

Yes 7 (14.3) -

No 42 (85.7) -

Comorbidity

Diabetes mellitus 2 (4.1) -

Hypertension 3 (6.1) -

CAD 1 (2) -

Asthma 1 (2) -

History of previous COVID-19 infection

Yes 13 (26.5) -

No 36 (73.5) -

2nd to 3rd vaccine duration (months) 5.6 (±1.6)

< 6 16 (32.7) -

≥6 33 (67.3) -

Antibody titer (AU/mL)

<500 4 (8.2) -

500-1000 4 (8.2) -

>1000 41 (83.7) -
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Discussion

In this study, we found that age was not signifi-
cantly related to antibody titer. This is in line with 
research conducted by Richards et al. (15) where 
there was no significant difference in antibody 
titer between subjects under 50 years old and 
those over 50 years old who received either Pfizer 
or Moderna vaccine. Sinto et al. (16) also found 
in their study that there was no significant cor-
relation between antibody titer and age (16). A 
study conducted by Bates et al. (17) also showed 
no significant age-related trend among partici-
pants. Different results were found in the study by 
Cucunawangsih et al. (18) where age significantly 
correlated with antibody titer. 

The study by Jalkanen et al. showed that after 
the first BNT162b2 mRNA vaccine dose, anti-S1 
IgG antibody levels and neutralization titers were 

significantly lower in the older age group (55–65 
years) compared to the younger age groups (20–
34 and 35–44 years). However, after the second 
mRNA vaccine dose, the neutralization titers were 
similar in all the age groups (20–34, 35–44, 45–54, 
and 55–65 years) (19). Our subjects’ mean age was 
29 years old, younger than the subjects in the stud-
ies by Cucunawangsih et al. and Jalkanen et al. 

Our study shows that antibody titer was not 
significantly correlated with gender. This result 
is also supported by the studies by Richards et 
al., (15), Sinto et al., (16) and Cucunawangsih et 
al. (18) who found in their studies that gender 
did not have a significant relationship with anti-
body titer. However, another study conducted by 
Ibarguengoitia et al. (13) showed a difference in 
terms of patient gender with significant correla-
tions, since females had higher antibody titers. The 
study by Jalkanen et al. (19) showed that after the 

Table 2. Antibody Titer for the First System

 Characteristics
<500 AU/ml 
N (%)

500-1000 AU/ml
N (%)

>1000 AU/ml
N (%)

P*

Gender

Female 2 (15.4) 1 (7.7) 10 (76.9)
0.54

Male 2 (5.6) 3 (8.3) 31 (86.1)

Age (years)

<25 1 (16.7) 0(0) 5 (83.3)

0.7725-39 3 (7.5) 4(10) 33 (82.5)

≥40 0 (0) 0 (0) 3 (7.3)

BMI (kg/m2)

Underweight 0 (0) 0 (0) 2 (100)

0.68
Normal weight 3 (13.6) 3 (13.6) 16 (72.6)

Overweight 1 (5.3) 1 (5.3) 17 (89.4)

Obese 0 (0) 0 (0) 6 (100)

Comorbidity

Yes 0 (0) 1 (14.3) 6 (85.7)
0.59

No 4 (9.5) 3 (7.1) 35 (83.4)

History of previous COVID-19 infection

Yes 1 (7.7) 0 (0) 12 (92.3)
0.44

No 3 (8.3) 4 (11.1) 29 (80.6)

2nd to 3rd vaccine duration (months)

<6 months 2 (12.5) 0 (0) 14 (87.5)
0.28 

≥6 months 2 (6.1) 4 (12.1) 27 (81.8 )

*Chi-square test.
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second dose of BNT162b2 mRNA vaccine, female 
vaccinees had slightly higher neutralization titers 
than males, although the anti-S1 IgG antibody 
levels remained the same. Our study differs from 
the studies by Romero-Ibarguengoitia et al. and 
Jalkanen et al., because our study was dominated 
by male subjects and gender did not have any di-
rect pathophysiology in the antibody-forming re-
sponse (20).

In this study, we found no significant differ-
ences in antibody titers between the under-weight, 
normal weight, overweight and obese groups. In 
another study by Pellini et al. (21), it was also found 
that there was no significant difference in antibody 
levels after 7 days of giving the Pfizer mRNA vac-
cine booster in the underweight, normal weight, 
overweight, and obese groups. In another study 
by Yamamoto et al. (22), the antibody titer follow-
ing the Pfizer mRNA vaccine was associated with 
BMI in the male gender group, where an increase 
in BMI in men was associated with a lower post-
vaccination antibody titer, with P<0.001 for BMI 
<18.5 kg/m2 and 27 kg/m2. In women, an increase 
in BMI was not associated with post-vaccination 
antibody titer. Another study of the Pfizer mRNA 
vaccine by Nam et al. (23) showed that the anti-
body level was inversely correlated with weight, 
body mass index, body fat amount, and the body 
weight to height ratio in the Spearman correla-
tion analysis. In multivariate analysis of catego-
rized variables, a lower serum level of antibodies 
(<81.5%) was associated with weight ≥55 kg (OR: 
9.01; 95 CI 1.44-56.40). The constant state of low-
grade inflammation, present in overweight people, 
can weaken some immune responses, including 
those launched by T cells, which can directly kill 
infected cells (24). The increased adipose tissue 
causes leptin, TNF-α, and IL-6 to be overproduced, 
while adiponectin is decreased (25). An imbal-
anced adipocytokine profile can lead to chronic 
low-grade inflammation, which can induce B-cell 
immunosenescence, and impair antibody produc-
tion post-vaccination (26).

In our study, it was found that seven subjects 
had comorbid diseases. We found no signifi-
cant correlation between antibody titer and the 

presence of comorbidities.  This is in accordance 
with a study conducted by Choi et al. (27), where 
there was no significant difference in antibody ti-
ter nAb or S-IgG levels 6 months after of the sec-
ond dose of SARS-CoV-2 mRNA vaccination in 
healthy individuals compared to individuals with 
comorbidities. Another study by Eliakim-Raz et al. 
(28) showed the same result. Their study report-
ed the evaluation of anti-spike (anti-S) IgG anti-
body titer after administration of the third dose 
of mRNA (Pfizer) vaccine in a population over 60 
years of age in Israel. They found no significant 
correlation between comorbidities and post-vac-
cination antibody titers (28). Pellini et al. (21) in 
their study found that antibody titer was not sig-
nificantly correlated with hypertension. Different 
results were found in the research by Sinto et al. 
(16), where there was a significant correlation be-
tween antibody titer and cardio-vascular disease 
and diabetes, with p-values of 0.02 and 0.038 re-
spectively. Our study showed there was no correla-
tion between comorbidity and antibody titer. Even 
though comorbidities are a risk factor for progres-
sion of COVID-19 into a severe and critical stage, 
comorbidities are not significantly correlated to 
the booster vaccination.  

Prior infection may enhance protection from 
vaccination, raising the question of hybrid im-
munity. In several studies, the results showed that 
vaccinations carried out in groups with a history 
of being infected with COVID-19 had a much 
higher antibody response than groups that had 
not been previously infected. Anichini et al. (29) 
reported that nAb levels following the second dose 
of vaccine in the group who were not infected with 
SARS-CoV-2 were lower than following the first 
dose in the group with a history of COVID-19 
infection. Their study also found that there was a 
significant correlation in IgG levels between the 
1-2 month group and the 2-3 month group. The 
IgG level in the 1-2 month group was higher than 
the 2-3 month group, while the nAb level in the 
>3 month group was the highest of all the other 
groups. This result indicates that the booster re-
sponse is more effective when the vaccine is giv-
en more than 3 months after being infected with 
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COVID-19 (29). The study by Krammer et al. (30) 
also demonstrated that a faster immune response 
was found in the single-dose mRNA group with 
a history of infection than in the group without 
a history of infection who had received the full 
dose. Krammer also reported that SARS-CoV-2 
antibodies formed more quickly in the group with 
a history of infection, where antibody titer had 
started to form within 0-4 days after vaccination, 
while in the group without a history of infection 
the average antibody titer began to form at 9-12 
days after vaccination (30). A study conducted 
by Demonbreun et al. (31) on 33 people who had 
received a booster mRNA vaccine found that an 
antibody response formed within 6-10 days after 
receiving the booster, and the concentration of IgG 
in the group with a history of infection was higher 
than in the group without a history of infection.  

In our study, we did not find a significant cor-
relation between antibody levels and a history of 
COVID-19 infection. Although our data did not 
show any significant difference, from the percent-
age we can see there was a tendency for subjects 
with a history of COVID-19 infection to have a 
higher antibody titer  than subjects without a his-
tory of COVID-19 , in line with other studies (5, 
11). The difference may not be seen as statistically 
significant due to the small number of samples.  

Zhao et al. (32) found in their research that the 
levels of antibody formation against the omicron 
variant of COVID-19 were 62, 56, and 100, respec-
tively, for recipients of the inactivated virus booster 
vaccine, recipients of the protein subunit ZF2001 
at a one-month interval, and recipients of the pro-
tein subunit ZF2001 at a four-month interval. In 
addition, antibody levels to the omicron variant 
compared to the SARS-CoV-2 prototype were 5.1 
times lower in the inactivated virus vaccine group, 
10.26 times in the ZF2001 protein subunit vaccine 
group at a one month interval, and 3.1 times in the 
ZF2001 protein subunit vaccine group at a four 
month interval. This shows that a longer interval 
to booster administration is directly proportional 
to the increase in antibody titer (32). This result is 
expected because antibody maturation time is bet-
ter in the group with a longer interval (33). 

Our study did not show any significant differ-
ence in the antibody titer between intervals less 
than six months and more than six months. Our 
study used an interval duration of 6 months be-
cause in Indonesia’s national program the admin-
istration of boosters is at an interval of 8 months 
after the first dose of vaccination in health work-
ers. However, we compared the percentages that 
showed that subjects with boosters <6 months 
were better than subjects with a ≥6 months boost-
er, with an average interval of almost 6 months. 
This contrasts with Zhao’s study and a meta-anal-
ysis by Cromer et al. that showed that the admin-
istration of a booster at a six-month interval gave 
a 4.9-fold increase in titer compared to adminis-
tration at a one-month interval, where it only in-
creased by 1.3-2.1-fold (32, 34). Our study could 
have shown different results if we had more sub-
jects and checked their antibody titers in the first, 
third, and sixth months. 

There are concerns that the efficacy of the previ-
ous two doses vaccines might decrease due to weak-
ening antibody levels and the appearance of new 
variants of SARS-CoV-2, with amino acid changes 
in the spike protein and elsewhere in the viral ge-
nome (5). A study in UK conducted by Andrews 
et al. showed evidence of a substantial increase in 
protection against symptomatic COVID-19 dis-
ease after a booster dose of BNT162b2 or mRNA-
1273 vaccine during the period when the Delta 
variant was the dominant strain in that country. 
Very high levels of protection were seen against 
hospitalization or death with a BNT162b2 boost-
er (35). According to the Ministry of Health’s 
weekly report on COVID-19 of October 2021, in 
Indonesia, the Delta Variant sequence still domi-
nated the reported variants. Sequencing results 
showed the Variant of Concern (VoC) Delta in as 
many as 98.9 cases (274/277) (36). However, we do 
not know the COVID-19 variant for sure because 
we did not perform genome sequencing at the 
time in the patients infected with COVID-19. We 
consider that 3 months should pass before giving 
the booster vaccination if the delta variant is the 
most common variant in Indonesia.
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Limitations of the Study

The main limitation of this study is the relatively 
small number of subjects and that it is limited to 
one center. Data about the time duration between 
booster injection time and the antibody laboratory 
testing would improve the results of this study. 

Conclusion

In this study, it was found that the antibody titer 
after receiving the Moderna mRNA vaccine boost-
er was sufficient within 3 months after vaccination. 
There were 41 subjects (83.7) with antibody titer 
>1000 AU/ml. S-IgG antibody levels were main-
tained for 3 months after the booster vaccination. 
In this study, antibody titers did not have a signifi-
cant correlation with the variables of gender, age, 
BMI, comorbidities, history of being infected with 
COVID-19 and time after vaccination. Further 
studies are required to better understand the fac-
tors that can affect antibody titers when using the 
Moderna vaccine. In addition, a similar study with 
more subjects and multi-centered research would 
be beneficial and may provide more significant 
correlations.

What Is Already Known on This Topic:
Vaccine is beneficial against some diseases. There are some options for 
COVID-19 vaccine with some differences in efficacy. Study of COV-
ID-19 booster vaccination is limited in Indonesia. Moderna shows rela-
tively low efficacy in comparison with other vaccines in terms of main 
dose administration (2).

What This Study Adds:
The efficacy of Moderna vaccine as a booster dose is shown. This study 
can be a guide for booster administration, mainly in Indonesia.

Authors’ Contributions: Conception and design: RH, APM, 
FA, ZD, DDW, RAP, HML, VD, GCF, AW, MHA, Y, SA, MR, 
NDI and AG; Acquisition, analysis and interpretation of data: 
RH, APM, FA, ZD, DDW, RAP, HML, VD, GCF, MR, NDI 
and AG; Drafting the article: RH, APM, FA, ZD, DDW, RAP, 
HML, VD and GCF; Revising it critically for important intel-
lectual content: RH, AW, MHA and Y; Approved final version 
of the manuscript: RH, AW, MHA and Y.

Conflict of Interest: The authors declare that they have no 
conflict of interest.

References 

1. Ophinni Y, Hasibuan AS, Widhani A, Maria S, Koesnoe S, 
Yunihastuti E, et al. COVID-19 Vaccines: Current Status 
and Implication for Use in Indonesia. Acta Med Indones. 
2020;52(4):388-412.

2. Bar-On YM, Goldberg Y, Mandel M, Bodenheimer O, 
Freedman L, Alroy-Preis S, et al. Protection against Co-
vid-19 by BNT162b2 Booster across Age Groups. N 
Engl J Med. 2021;385(26):2421-30. doi: 10.1056/NEJ-
Moa2115926.

3. Nikolaidis M, Markoulatos P, Van de Peer Y, Oliver SG, 
Amoutzias GD. The Neighborhood of the Spike Gene Is 
a Hotspot for Modular Intertypic Homologous and Non-
homologous Recombination in Coronavirus Genomes. 
Mol Biol Evol. 2022;39(1):msab292. doi: 10.1093/molbev/
msab292.

4. PAPDI’s Recommendation on the Provision of COV-
ID-19 Booster Vaccinations [in Indonesian]. [cited 2022 
Jun 20]. Available from: https://www.papdi.or.id/compo-
nent/content/article/13-home-slider/1012-rekomendasi-
papdi-tentang-pemberian-vaksinasi-booster-covid-19

5. Chu L, Vrbicky K, Montefiori D, Huang W, Nestorova 
B, Chang Y, et al. Immune response to SARS-CoV-2 af-
ter a booster of mRNA-1273: an open-label phase 2 trial. 
Nat Med. 2022;28(5):1042-9. doi:10.1038/s41591-022-
01739-w.

6. Barros-Martins J, Hammerschmidt SI, Cossmann A, 
Odak I, Stankov MV, Morillas Ramos G, et al. Immune 
responses against SARS-CoV-2 variants after heterolo-
gous and homologous ChAdOx1 nCoV-19/BNT162b2 
vaccination. Nat Med. 2021;27(9):1525-9. doi: 10.1038/
s41591-021-01449-9. Epub 2021 Jul 14. 

7. Munro APS, Janani L, Cornelius V, Aley PK, Babbage 
G, Baxter D, et al. Safety and immunogenicity of seven 
COVID-19 vaccines as a third dose (booster) following 
two doses of ChAdOx1 nCov-19 or BNT162b2 in the UK 
(COV-BOOST): a blinded, multicentre, randomised, con-
trolled, phase 2 trial. Lancet. 2021;398(10318):2258-76. 
doi: 10.1016/S0140-6736(21)02717-3. Epub 2021 Dec 2. 
Erratum in: Lancet. 2021;398(10318):2246.

8. Costa Clemens SA, Weckx L, Clemens R, Almeida 
Mendes AV, Ramos Souza A, Silveira MBV, et al. Het-
erologous versus homologous COVID-19 booster vac-
cination in previous recipients of two doses of Coro-
naVac COVID-19 vaccine in Brazil (RHH-001): a phase 
4, non-inferiority, single blind, randomised study. The 
Lancet. 2022;399(10324):521-9. doi:10.1016/S0140-
6736(22)00094-0.

9. Cheng SMS, Mok CKP, Leung YWY, Ng SS, Chan KCK, 
Ko FW, et al. Neutralizing antibodies against the SARS-
CoV-2 Omicron variant BA.1 following homologous and 
heterologous CoronaVac or BNT162b2 vaccination. Nat 
Med. 2022;28(3):486-9. doi: 10.1038/s41591-022-01704-
7. Epub 2022 Jan 20.



77

Rakhmad Hidayat et al: SARS-CoV-2 Antibody Response on Health Workers

10. Pérez-Then E, Lucas C, Monteiro VS, Miric M, Brache 
V, Cochon L, et al. Neutralizing antibodies against the 
SARS-CoV-2 Delta and Omicron variants following het-
erologous CoronaVac plus BNT162b2 booster vaccina-
tion. Nat Med. 2022;28(3):481-5. doi: 10.1038/s41591-
022-01705-6. Epub 2022 Jan 20.

11. Baden LR, el Sahly HM, Essink B, Kotloff K, Frey S, No-
vaket R, et al. Efficacy and Safety of the mRNA-1273 
SARS-CoV-2 Vaccine. N Engl J Med. 2021;384(5):403-16. 
doi:10.1056/NEJMoa2035389.

12. Bayram A, Demirbakan H, Günel Karadeniz P, Erdoğan 
M, Koçer I. Quantitation of antibodies against SARS-
CoV-2 spike protein after two doses of CoronaVac in 
healthcare workers. J Med Virol. 2021;93(9):5560-7. doi: 
10.1002/jmv.27098. Epub 2021 May 31.

13. Romero-Ibarguengoitia ME, Rivera-Salinas D, Hernán-
dez-Ruíz YG, Armendariz-Vázquez AG, González-
Cantú A, Barco-Flores IA, et al. Effect of the third dose 
of BNT162b2 vaccine on quantitative SARS-CoV-2 spike 
1-2 IgG antibody titers in healthcare personnel. PLoS One. 
2022;17(3):e0263942. doi: 10.1371/journal.pone.0263942.

14. Elecsys® Anti-SARS-CoV-2 S. [cited 2022 Jun 20]. Avail-
able from: https://diagnostics.roche.com/global/en/prod-
ucts/params/elecsys-anti-sars-cov-2-s.html

15. Richards NE, Keshavarz B, Workman LJ, Nelson MR, 
Platts-Mills TAE, Wilson JM. Comparison of SARS-
CoV-2 Antibody Response by Age Among Recipients 
of the BNT162b2 vs the mRNA-1273 Vaccine. JAMA 
Netw Open. 2021;4(9):e2124331. doi: 10.1001/jamanet-
workopen.2021.24331.

16. Sinto R, Utomo D, Suwarti, Nelwan EJ, Surendra H, Na-
tasha C, et al. Serum anti-Spike antibody titers before 
and after heterologous booster with mRNA-1273 SARS-
CoV-2 vaccine following two doses of inactivated whole-
virus CoronaVac vaccine. medRxiv. Published online 
January 1, 2021:2021.12.24.21268360. doi:10.1101/2021.
12.24.21268360.

17. Bates TA, McBride SK, Leier HC, Guzman G, Lyski ZL, 
Schoen D, et al. Vaccination before or after SARS-CoV-2 
infection leads to robust humoral response and anti-
bodies that effectively neutralize variants. Sci Immunol. 
2022;7(68):eabn8014. doi: 10.1126/sciimmunol.abn8014.

18. Cucunawangsih C, Wijaya RS, Lugito NPH, Suriapra-
nata I. Antibody response after a third dose mRNA-1273 
vaccine among vaccinated healthcare workers with two 
doses of inactivated SARS-CoV-2 vaccine. Int J Infect Dis. 
2022;118:116-8. doi: 10.1016/j.ijid.2022.02.036.

19. Jalkanen P, Kolehmainen P, Häkkinen HK, Huttunen M, 
Tähtinen PA, Lundberg R, et al. COVID-19 mRNA vac-
cine induced antibody responses against three SARS-
CoV-2 variants. Nat Commun. 2021;12(1):3991. doi: 
10.1038/s41467-021-24285-4.

20. Haynes L. The effect of aging on cognate function and 
development of immune memory. Curr Opin Immunol. 
2005;17(5):476-9. doi: 10.1016/j.coi.2005.07.003.

21. Pellini R, Venuti A, Pimpinelli F, Abril E, Blandino G, 
Campo F, et al. Initial observations on age, gender, BMI 
and hypertension in antibody responses to SARS-CoV-2 
BNT162b2 vaccine. EClinicalMedicine. 2021;36:100928. 
doi: 10.1016/j.eclinm.2021.100928. Epub 2021 Jun 4.

22. Yamamoto S, Mizoue T, Tanaka A, Oshiro Y, Inamura N, 
Konishi M, et al. Sex-associated differences between BMI 
and SARS-CoV-2 antibody titers following the BNT162b2 
vaccine. Obesity (Silver Spring). 2022;30(5):999-1003. 
doi: 10.1002/oby.23417.

23. Nam SY, Jeon SW, Lee HS, Lim HJ, Lee DW, Yoo SS. De-
mographic and Clinical Factors Associated With Anti-
SARS-CoV-2 Antibody Levels After 2 BNT162b2 mRNA 
Vaccine Doses. JAMA Netw Open. 2022;5(5):e2212996. 
doi: 10.1001/jamanetworkopen.2022.12996.

24. Vandanmagsar B, Youm YH, Ravussin A, Galgani JE, 
Stadler K, Mynatt RL, et al. The NLRP3 inflammasome 
instigates obesity-induced inflammation and insulin 
resistance. Nat Med. 2011;17(2):179-88. doi: 10.1038/
nm.2279.

25. de Heredia FP, Gómez-Martínez S, Marcos A. Obesity, 
inflammation and the immune system. Proc Nutr Soc. 
2012;71(2):332-8. doi: 10.1017/S0029665112000092.

26. Frasca D, Blomberg BB. Adipose Tissue Inflammation 
Induces B Cell Inflammation and Decreases B Cell Func-
tion in Aging. Front Immunol. 2017;8:1003. doi: 10.3389/
fimmu.2017.01003.

27. Choi JH, Kim YR, Heo ST, Oh H, Kim M, Lee HR, et al. 
Healthcare Workers in South Korea Maintain a SARS-
CoV-2 Antibody Response Six Months After Receiving a 
Second Dose of the BNT162b2 mRNA Vaccine. Front Im-
munol. 2022;13:827306. doi: 10.3389/fimmu.2022.827306.

28. Eliakim-Raz N, Leibovici-Weisman Y, Stemmer A, 
Ness A, Awwad M, Ghantous N, et al. Antibody Ti-
ters Before and After a Third Dose of the SARS-CoV-2 
BNT162b2 Vaccine in Adults Aged ≥60 Years. JAMA. 
2021;326(21):2203-4. doi: 10.1001/jama.2021.19885.

29. Anichini G, Terrosi C, Gandolfo C, Gori Savellini G, Fab-
rizi S, Miceli GB, et al. SARS-CoV-2 Antibody Response 
in Persons with Past Natural Infection. N Engl J Med. 
2021;385(1):90-92. doi: 10.1056/NEJMc2103825.

30. Krammer F, Srivastava K, Alshammary H, Amoako AA, 
Awawda MH, Beach KF, et al. Antibody Responses in 
Seropositive Persons after a Single Dose of SARS-CoV-2 
mRNA Vaccine. N Engl J Med. 2021;384(14):1372-4. doi: 
10.1056/NEJMc2101667.

31. Demonbreun AR, Sancilio A, Vaught LA, Reiser NL, 
Pesce L, McNally EM, et al. Antibody titers before and 
after booster doses of SARS-CoV-2 mRNA vaccines in 
healthy adults. medRxiv. Published online January 1, 



78

Acta Medica Academica 2022;51(2):69-78

2021:2021.11.19.21266555. doi:10.1101/2021.11.19.2126
6555.

32. Zhao X, Li D, Ruan W, Chen Z, Zhang R, Zheng A, et al. 
Effects of a Prolonged Booster Interval on Neutralization 
of Omicron Variant. N Engl J Med. 2022;386(9):894-6. 
doi: 10.1056/NEJMc2119426.

33. Cao Y, Yisimayi A, Bai Y, Huang W, Li X, Zhang Z, et al. 
Humoral immune response to circulating SARS-CoV-2 
variants elicited by inactivated and RBD-subunit vac-
cines. Cell Research. 2021;31(7):732-41. doi:10.1038/
s41422-021-00514-9.

34. Cromer D, Steain M, Reynaldi A, Schlub TE, Wheatley 
AK, Juno JA, et al. Neutralising antibody titres as predic-

tors of protection against SARS-CoV-2 variants and the 
impact of boosting: a meta-analysis. Lancet Microbe. 
2022;3(1):e52-61. doi:10.1016/S2666-5247(21)00267-6.

35. Andrews N, Stowe J, Kirsebom F, Toffa S, Sachdeva R, 
Gower C, et al. Effectiveness of COVID-19 booster vac-
cines against COVID-19-related symptoms, hospitaliza-
tion and death in England. Nat Med. 2022;28(4):831-7. 
doi: 10.1038/s41591-022-01699-1.

36. Kementerian Kesehatan Republik Indonesia. COVID-19 
WEEKLY OVERVIEW [in Indonesian]. [cited 2022 
Jun 20]. Available from: https://www.kemkes.go.id/
downloads/resources/download/laporan-mingguan-
covid/Laporan-Mingguan-Penanganan-Covid-19_18-
Okt-2021.


