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Background: As healthcare workers (HCWs) are at high risk for infection with severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2), they have priority for receipt of the coronavirus disease 2019
(COVID-19) vaccine. The inactivated SARS-CoV-2 vaccine has been used in Indonesia to induce an an-
tibody response against SARS-CoV-2 infection in HCWSs. However, information regarding the kinetics of
antibodies induced by this vaccine remains scarce.
Objective: To investigate the magnitude and durability of antibodies against the spike (S) protein (anti-S)
in fully-vaccinated HCWs using an electrochemiluminescence immunoassay.
Results: Seroconversion of anti-S antibodies was observed among 159 (99.4%) of 160 HCWs without prior
SARS-CoV-2 infection 14 days after full-dose vaccination. The level of anti-S antibodies decreased signifi-
cantly by day 42 post-vaccination compared with day 14 post-vaccination, but persisted for up to 98 days
post-vaccination. In contrast, vaccinated HCWs with prior SARS-CoV-2 infection had significantly higher,
stable levels of anti-S antibodies compared with vaccinated HCWs without prior SARS-CoV-2 infection.
Conclusion: The remarkable decline and lower level of anti-S antibodies among HCWs without prior
SARS-CoV-2 infection may indicate the need for an additional booster dose of SARS-CoV-2 vaccine for
protection against COVID-19. This study of antibody responses induced by the inactivated SARS-CoV-2
vaccine among HCWs may contribute to future policy decisions regarding vaccination.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction since the first vaccine was approved and deployed in Indonesia

(Ophinni et al., 2020).

Healthcare workers (HCWSs) are at risk for severe acute res-
piratory syndrome coronavirus-2 (SARS-CoV-2) infection due to
increased occupational exposure to SARS-CoV-2 (Nguyen et al.,
2020). As well as being beneficial for the HCWs themselves, pro-
tecting HCWs from SARS-CoV-2 infection is important to pre-
vent disease transmission in healthcare and community settings
(Anonymous, 2020). In addition, protecting HCWs from coronavirus
disease 2019 (COVID-19) is crucial for the preservation and pro-
tection of national healthcare systems (Anonymous, 2020). There-
fore, HCWs have had priority for receipt of the COVID-19 vaccine
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CoronaVac, an inactivated SARS-CoV-2 and aluminium hydrox-
ide adjuvanted vaccine (Sinovac Life Sciences, Beijing, China), was
used in the initial COVID-19 vaccination programme in Indone-
sia. The vaccine elicited receptor-binding domain (RBD)-specific
immunoglobulin G and neutralizing antibodies 14 days after the
second dose, either on days O and 14 or on days O and 28
(Zhang et al., 2021). Antibody levels remained elevated 28 days
after the last dose of vaccine (Zhang et al., 2021). However, the
magnitude and durability of the humoral immune response beyond
this time point have not been fully elucidated to date. A better un-
derstanding of the kinetics of antibodies to SARS-CoV-2 following
vaccination with the inactivated SARS-CoV-2 vaccine is important
to develop strategies to maximize the coverage and impact of the
vaccine among HCWs.
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Figure 1. Serial measurement of the anti-S antibody response after vaccination with the inactivated severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) vaccine
(CoronaVac). Titres of antibodies against the receptor-binding domain of the spike (S) protein (anti-S) among 160 healthcare workers (HCWs) without prior SARS-CoV-2
infection and 12 HCWs with prior SARS-CoV-2 infection were measured 14, 42, 70 and 98 days post-vaccination. The black dotted line represents the positivity cut-off value
of the Elecsys anti-SARS-CoV-2 S quantitative electrochemiluminescence immunoassay. Statistical analysis was performed using the Mann-Whitney test and the Friedman

test: *P<0.05, **P<0.01, ***P<0.0001.

This retrospective cohort study at Siloam Teaching Hospital, In-
donesia enrolled 160 HCWs who had not been infected previously
with SARS-CoV-2, based on the results of reverse-transcriptase
polymerase chain reaction testing for total antibodies against the
SARS-CoV-2 nucleocapsid protein (Elecsys anti-SARS-CoV-2, Roche
Diagnostics, Basel, Switzerland) performed regularly by the hospi-
tal. This study also included 12 HCWs with documented molec-
ular and/or serological evidence of SARS-CoV-2 infection. All par-
ticipants had received two doses of 3 ng CoronaVac (Sinovac Life
Sciences) intramuscularly 2 weeks apart.

The concentration of total antibodies against the RBD of the
spike (S) protein (anti-S) was tested using an Elecsys anti-SARS-
CoV-2 S electrochemiluminescence immunoassay with a Cobas
e601 analyser (Roche Diagnostics), in accordance with the manu-
facturer’s instructions. The linear measurement range of the assay
was 0.4-250 U/mL. The cut-off value for a positive result proposed
by the manufacturer is >0.8 U/mL. Serum samples for both groups
were tested at four time points: 14, 42, 70 and 98 days after full-
dose vaccination.

The mean age of the 160 HCWs (58 men and 102 women) with-
out prior infection with SARS-CoV-2 was 28.1 years [standard de-
viation (SD) 5 years]. The mean age of the 12 HCWs (three men
and nine women) with prior SARS-CoV-2 infection was 30.1 years
(SD 4.9 years). The dynamic changes in anti-S antibody concen-
trations in the two groups are shown in Figure 1. Seroconversion
rates of anti-S antibodies were observed among 159 (99.4%) of
160 HCWs without prior SARS-CoV-2 infection 14 days after full-
dose vaccination. The mean anti-S antibody level 14 days after full-
dose vaccination was 73.2 U/mL (SD 68 U/mL), and this was sig-
nificantly lower compared with the anti-S antibody level among
HCWs with prior SARS-CoV-2 infection (mean 73.2 vs 219.9 U/mL;
P<0.0001). Remarkable differences in anti-S antibody concentra-
tions were also observed for different testing time points between
vaccinated HCWs with prior SARS-CoV-2 infection and those with-
out prior SARS-CoV-2 infection (P<0.0001).

Compared with the first time point, the levels of anti-S anti-
bodies among HCWs without prior SARS-CoV-2 infection were sig-
nificantly lower at the second (mean 73.2 vs 55.2 U/mL; P<0.05),
third (mean 73.2 vs 55.9 U/mL; P<0.05) and fourth (mean 73.2 vs
541 U/mL; P<0.01) time points. In contrast, the anti-S antibody
concentration among HCWs with prior SARS-CoV-2 infection re-
mained elevated at the different measurement time points. This
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result suggests that vaccination may boost the memory immune
cells that develop after infection, resulting in a greater antibody
response that is likely to be more protective and longer lasting
against SARS-CoV-2 infection (Abbasi, 2021).

The presence of antibodies against the RBD of the S protein,
a critical region for interaction with host cell receptors, is im-
portant due to its capacity to block virus entry, thus prevent-
ing infection and transmission (Jeyanathan et al., 2020). In ad-
dition, the level of antibodies against the RBD has been shown
to correlate strongly with the level of protective neutralizing an-
tibodies (Premkumar et al., 2020). Therefore, the measurement
of antibodies against the RBD can be considered as a surrogate
marker for the presence of anti-SARS-CoV-2 neutralizing antibod-
ies (Premkumar et al., 2020; Resman Rus et al., 2021).

A positive correlation between anti-S antibodies detected using
the Elecsys anti-S immunoassay and neutralizing antibodies mea-
sured by the SARS-CoV-2-specific virus neutralization test has been
shown in post-COVID-19 patients (Resman Rus et al., 2021). In ad-
dition, another study showed that a cut-off value of 133 U/mL for
the anti-S antibody level, as measured with the Elecsys anti-S as-
say, can be used to predict the presence of neutralizing antibodies
after SARS-CoV-2 infection (Resman Rus et al., 2021). Given that
the Elecsys anti-S immunoassay is a rapid high-throughput im-
munoassay (Resman Rus et al.,, 2021), it would be suitable to as-
sess natural or vaccine-induced immunity in a large-scale screen-
ing. However, further investigation will be necessary to determine
whether this cut-off value for anti-S antibodies is applicable in
predicting the protective antibody response post-vaccination. Fur-
thermore, compared with the the anti-S antibody level induced by
the SARS-CoV-2 mRNA vaccine among healthy volunteers and mea-
sured by the Elecsys anti-S immunoassay (Bradley et al., 2021), the
anti-S antibody level induced by the inactivated SARS-CoV-2 vac-
cine was lower, indicating that an additional booster dose of the
vaccine may be necessary for HCWs.

Overall, although this study found detectable levels of anti-S an-
tibodies among HCWs without prior SARS-CoV-2 infection for up
to 98 days after full-dose vaccination, the level was significantly
lower compared with HCWs with prior SARS-CoV-2 infection. It
is uncertain whether this level of anti-S antibodies will be able
to protect vaccinated HCWs against SARS-CoV-2 infection. Thus,
further advanced techniques, such as the plaque reduction neu-
tralization test, are needed to establish correlation between the
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protective anti-S antibody level induced by the inactivated SARS-
CoV-2 vaccine and overall adaptive humoral and cellular immunity.
Moreover, although molecular and serological criteria were used
to exclude previous SARS-CoV-2 exposure in this group of unin-
fected HCWs, the possibility that some of the HCWs in this group
had previous undetected infection in early 2020, before molecu-
lar testing was conducted regularly at the hospital, cannot be ex-
cluded. Antibodies against the nucleocapsid protein among unde-
tected cases of infection at the start of the pandemic may have
fallen below the detection level in the sampling baseline data;
therefore, selection bias may have affected the study findings. In
the current situation, where Indonesia is facing a significant surge
in the number of active cases each day, and HCWs have been vac-
cinated with the inactivated SARS-CoV-2 vaccine, this study pro-
vides valuable information regarding future policy decisions for
HCW vaccination programmes.
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