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Introduction 

The global impact of the SARS-CoV-2 virus, 

leading to the COVID-19 pandemic, has 

resulted in extensive fatalities and far-

reaching societal and economic challenges. 

Measures such as social distancing, ubiquitous 

mask usage, improved hand hygiene, and 

prompt isolation of infected individuals have 

contributed to curtailing viral transmission 
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The primary objective of this study is to assess the quantifiable 
neutralizing antibody (NAb) levels and the concentration of 
immunoglobulin G against the spike receptor-binding domain 
(sRBD IgG) of the SARS-CoV-2 virus post-vaccination. This 
observational research was carried out within the premises of 
Dr. Soetomo Hospital, situated in Surabaya, Indonesia, and 
targeted healthcare professionals. A cohort of 50 healthcare 
workers was selected for participation. Blood specimens were 
gathered on five separate occasions from each participant. The 
initial sample was procured before the initial dose of the 
CoronaVac inactivated vaccine was administered, while the 
subsequent samples were taken at intervals of 14, 28, 90, and 
180 days after the second dose. Quantitative evaluations of NAb 
and sRBD IgG levels were executed employing a 
chemiluminescent immunoassay using the Autobio AutoLumo 
A1000 analyser. The zenith of both NAb and sRBD IgG levels 
occurred at the 14-day mark, subsequently displaying a decline 
after 28 days post the second vaccine administration. The 
concordance between sRBD IgG and NAb levels exhibited a 
moderate correlation (kappa = 0.600). No statistically 
noteworthy disparity was detected in sRBD IgG and NAb levels 
by the 90th day of observation or before participants 
encountered instances of COVID-19 infection. The peak 
concentrations of NAb and sRBD IgG were attained at the 14-day 
milestone yet experienced a descent commencing 28 days after 
the second inactivated vaccine dose administration. 
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within communities. The availability of SARS-

CoV-2 vaccines by the close of 2020 played a 

pivotal role in significantly reducing infection 

rates [1,2]. Regulatory bodies, including the 

Food and Drug Administration (FDA), 

authorized the emergency use of mRNA-

based, recombinant, and inactivated vaccines, 

including CoronaVac, Sinopharm, and Covaxin. 

On June 1, 2021, the World Health 

Organization (WHO) granted emergency 

validation for the CoronaVac vaccine. By 

March 17, 2022, over two billion doses of 

CoronaVac had been administered across 52 

countries [3,4]. However, the question 

remained whether all individuals mounted an 

antibody response, with a 5% susceptibility to 

breakthrough infections, or if a modest 

proportion of individuals remained non-

responsive, staying at risk for infection [5]. 

Coronavirus infections typically trigger the 

production of neutralizing antibodies (NAbs). 

These NAbs, generated by B lymphocytes, can 

hinder viral infection at various stages of the 

virus replication cycle, particularly during 

viral binding and entry into host cells. NAbs 

can facilitate viral particle aggregation, reduce 

the number of virions attaching to host cells, 

impede virus internalization through 

endocytosis, degrade the virus, or thwart viral 

replication and transcription processes. The 

pivotal role of NAbs is their ability to obstruct 

infection by interfering with the virus's 

receptor-binding domain (RBD) during the 

virus-cell attachment process [6,7]. 

The plaque reduction neutralization test 

(PRNT) stands as the benchmark method for 

gauging NAb levels, yet its feasibility for large-

scale serodiagnosis and vaccine assessment is 

limited [6,8]. Establishing baseline 

measurements and post-vaccination tracking 

of anti-SARS-CoV-2 NAbs and 

immunoglobulins (Igs), specifically targeting 

and incapacitating the spike protein and/or its 

RBD, has emerged as a cornerstone for 

monitoring vaccine effectiveness and the 

persistence of humoral immune responses [9]. 

Different antibody assay platforms exhibit 

variations in the detected antibody isotypes, 

while the chief challenge in appraising 

immune protection against SARS-CoV-2 

infection lies in the absence of consensus 

regarding a precise, high-capacity testing 

approach [10]. The evaluation of 

commercially available surrogate NAbs 

becomes particularly significant, especially for 

settings with limited resources to conduct 

PRNT assays. In this context, we present 

findings on a novel commercial 

chemiluminescent immunoassay (CLIA) aimed 

at assessing the durability of IgG directed 

against the spike RBD (sRBD IgG) and 

quantifying NAb levels post-vaccination. 

Materials and methods 

Study design and setting 

This study was designed as a forward-looking 

observational cohort investigation carried out 

at Dr. Soetomo General Academic Hospital.  

Participants and variables 

All participants provided their informed 

consent through signed documents, and the 

study was granted approval by the health 

research ethics committee of RSUD Dr. 

Soetomo (Approval No. 0141/KEPK/II/2021). 

Eligible participants were healthcare workers 

aged 18 to 59 years, designated for CoronaVac 

vaccination, capable of receiving the complete 

two-dose regimen, committed to adhering to 

the study's timeline, and who formally 

consented to participation.  

Exclusion criteria encompassed individuals 

with a documented history of SARS-CoV-2 

infection prior to vaccination. The study 

enrolled a total of 50 healthcare workers who 

received both doses of the CoronaVac vaccine 

between January and March 2021.  

The vaccination protocol consisted of a duo 

of CoronaVac doses, spaced four weeks apart. 

Venous blood samples were procured prior to 

the initial vaccination (designated as day 0), 

as well as at intervals of 14, 28, 90, and 180 
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days subsequent to the second CoronaVac 

dose (with a permissible variance of ±1 day).  

Laboratory measurements 

Blood samples were extracted through 

venipuncture and stored in serum separator 

tubes containing clot activator and gel. The 

serum was subsequently partitioned into 

discrete aliquots and cryopreserved at -70 °C 

until analysis. The assessment of quantitative 

anti-SARS-CoV-2 neutralizing antibodies 

(NAb) and spike receptor-binding domain 

(sRBD) immunoglobulin G (IgG) responses 

was conducted utilizing SARS-CoV-2 NAb Q 

and anti-SARS-CoV-2 RBD tests, employing the 

Autobio AutoLumo A1000 chemiluminescent 

immunoassay platform (Autobio Diagnostics, 

China). The NAb and sRBD IgG levels in the 

Autobio assays were expressed as 

international units per milliliter (IU/mL) and 

arbitrary units per milliliter (AU/mL), 

respectively. The established cutoff values for 

positive results were >30 IU/mL for SARS-

CoV-2 NAb Q and >8 AU/mL for anti-SARS-

CoV-2 RBD. All tests were executed in 

alignment with the manufacturer's protocols.  

Statistical analysis 

Variations in SARS-CoV-2 antibody levels 

across different observation days were 

subjected to analysis utilizing the Friedman 

test, followed by the Wilcoxon signed-rank 

test. Visual representation of antibody kinetics 

was provided through diagrams. In addition, 

kappa statistics were used to verify the 

agreement between the quantitative NAb and 

sRBD IgG levels. Disparities in antibody 

responses within the subset of participants 

with and without SARS-CoV-2 infection during 

months 3 and 6 of observation, as well as 

differences according to comorbidities, were 

examined using the Mann–Whitney test. 

Results 

Participants 

Table 1 presents the demographic details of 

the participants. A cohort of 120 healthcare 

workers was initially enlisted, with 50 

individuals successfully tracked throughout 

the complete 6-month study duration. Among 

these, 31 participants were identified as 

female, and the mean age was recorded at 

35.74 ± 6.99 years. In addition, 23 participants 

had comorbidities, mainly 

hypercholesterolemia and hypertension. 

Notably, a subset of 10 participants was 

confirmed to have contracted SARS-CoV-2 

infection between months 3 and 6 of 

observation. The median duration from the 

second vaccine dose to infection onset was 

calculated at 151 days (interquartile range: 

144–164 days). 

 

TABLE 1 Characteristics of study participants in Dr. Soetomo Hospital (Surabaya, Indonesia), 

recruited from healthcare worker who received both doses of the CoronaVac vaccine between 

January and March 2021 

Variable Total (n) 

Number of participants 50 

Age, mean ± SD (year) 35.74 

Sex, n (%)  

Male 19 (38%) 

Female 31 (62%) 

Comorbidity, n (%)  

Yes 23 (46%) 

Diabetes mellitus 3 (10%) 

Hypertension 10 (33%) 
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Overweight to obesity 7 (23%) 

Hypercholesterolemia 10 (34%) 

No 27 (54%) 

COVID-19 infection after blood sampling in the 3rd month, n (%)  

Yes 10 (20%) 

No 40 (80%) 

 

Antibody measurements 

The quantitative NAb and sRBD IgG levels of 

all participants are shown in Table 2, while 

the antibody kinetics is shown in Figure 1. 

Both NAb Q and sRBD IgG levels reached their 

zenith at the 14-day mark and subsequently 

exhibited a decline by the 28-day interval 

following the second dose vaccine 

administration. The quantitative NAb and 

sRBD IgG levels changed between the days of 

observation and significantly differed before 

and after vaccination (p<0.001; Table 2). In 

addition, the differences between the days of 

observation were continuously analysed using 

the Wilcoxon signed-rank test, consistently 

yielded statistically significant outcomes 

(p<0.001; Table 3). 

Discrepancies in NAb and sRBD IgG Levels 

Pre- and Post-Vaccination within the Entire 

Cohort (n = 50) were assessed using the 

Wilcoxon signed-rank test. Results indicated 

non-significant distinctions between day 180 

and days -14, -28, -90 regarding NAb (p = 

0.102, 0.188, and 0.347, respectively). 

Similarly, no significant differences were 

observed between day 180 and days -28, -90 

for sRBD IgG (p = 0.188, 0.347). 

 

TABLE 2 NAb and sRBD IgG levels pre- and post-vaccination with CoronaVac among 50 

healthcare workers in Surabaya, Indonesia 

Antibody level 

(AU/mL) 

Median sRBD IgG level 

(minimum–maximum) 
P-value 

Median NAb Q level 

(minimum–maximum) 

P-

value 

Pre-vaccination (n = 

50) 
0.0395 (0.010–132,715) 

<0.001 

 

 

8,177 (0.010–159,792) 
<0.001 

 

 Post-vaccination 

Day 14 (n = 50) 

173,126 (10,488–

1,003.950) 

209,562 (39,527–

1,056.970) 

Day 28 (n = 50) 82,662 (3,796–640,836) 
140,591 (16,140–

766,602) 

Month 3 (n = 50) 17,558 (0.852–583.43) 48,117 (1,128–3,685.720) 

Month 6 (n = 50) 19,580 (0.307–3,509.014) 25,405 (0.010–7,757.100) 
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FIGURE 1 Kinetics of NAbs and sRBD IgG after the administration of the second dose of 

CoronaVac.  (Y axis median of Antibody result; X axis represent days of observation during 

study) 
 

The Disparities in NAb and sRBD IgG 

Levels between participants with and without 

COVID-19 after the 3rd month of observation 

was illustrated in Figures 2 and 3. There was a 

significant difference on day 180 NAb and 

sRBD IgG between the participants with and 

without COVID-19 (p = 0.00 and 0.00). 

Likewise, the significant difference on day-0 

pre-vaccinated NAb between the participants 

with and without COVID-19 (median 2,589 vs 

10,653; p = 0.037). Nevertheless, no 

discernible differences were apparent in the 

quantitative NAb levels on days 14, 28, and 90, 

as well as sRBD IgG levels on days 0, 14, 28, 

and 90, between participants with and 

without COVID-19. 

 

TABLE 3 Variations in NAb and sRBD IgG levels among participants (50 healthcare workers in 

Surabaya, Indonesia) without COVID-19 stratified by comorbidities 

SARS-CoV-2 antibody 
level (AU/mL) 

Median (minimum–maximum) 
P-value With comorbidities  

(n = 25) 
Without comorbidities  

(n = 15) 
               sRBD IgG 

Pre-vaccination (D0) 0.049 0.031 0.629 
Post-vaccination    

D14 174,365 151,552 0.960 
D28 80,452 83,275 0.596 
D90 15,280 17,742 0.250 

D180 14,660 22,620 0.042 
NAb Q 

Pre-vaccination (D0) 9,457 7,588 0.921 
Post-vaccination    

D14 175,285 251,903 0.056 
D28 115,160 168,962 0.212 
D90 46,745 51,816 0.881 

D180 21,291 28,580 0.032 
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The agreement between the sRBD IgG and 

NAb Q levels was also analysed. There was 

high agreement between the median sRBD IgG 

and NAb Q levels on days-14 (r = 0.600; p < 

0.00), -28 (r = 0.600; p < 0.00), and -180 post-

vaccination (r = 0.600; p < 0.00). 

Analysis of comorbidities 

The participants without COVID-19 were 

further classified according to the presence of 

comorbidities to determine whether 

comorbidities affect the NAb Q and sRBD IgG 

levels. The NAb Q and sRBD IgG levels were 

significantly lower in the 6th month in the 

participants with comorbidities (p < 0.05; 

Table 3). 

Discussion 

The evaluation of baseline individual anti-

SARS-CoV-2 neutralizing antibody (NAb) 

status and the subsequent monitoring of 

humoral immune responses post-vaccination 

play pivotal roles in combatting COVID-19 

[9,11-12]. A comprehensive understanding of 

seroprevalence rates and the kinetics of 

humoral immune responses is fundamental 

for devising effective vaccination strategies 

[13,14]. 

Given the gradual waning of humoral anti-

SARS-CoV-2 immunity over time, and the 

reliance on commercial immunoassays to 

gauge this response, personalized insights can 

be gleaned [9,15,16]. Evidently, the general 

trends of immune responses are akin across 

vaccine recipients, manifesting as a surge in 

SARS-CoV-2 S1 IgG production within 1-2 

weeks after the second dose, followed by a 

gradual attenuation in antibody levels [5]. Our 

findings corroborate that both spike receptor-

binding domain (sRBD) IgG and quantitative 

NAb levels initiated their descent by the 28-

day mark post the second vaccine 

administration, mirroring earlier observations 

pertaining to antibody kinetics associated 

with inactivated vaccines [17-20]. 

Analogously, a decline in vaccine-triggered 

neutralization titers within the initial 6 

months post the second vaccine dose 

administration has been documented across 

various vaccines [21-23]. This prompts 

contemplation regarding the potential 

implementation of supplementary vaccine 

boosters as SARS-CoV-2 antibody titers 

diminish. 

 
FIGURE 2 Kinetic patterns of quantitative NAbs IgG in 40 participants without COVID-19 and 10 

participants with COVID-19 between months 3 and 6 of observation. (Y axis median of Antibody 

result; X axis represent days of observation during study)  
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FIGURE 3 Kinetic patterns of a. quantitative sRBD IgG in 40 participants without COVID-19 and 

10 participants with COVID-19 between months 3 and 6 of observation. (Y axis median of 

Antibody result; X axis represent days of observation during study) 

 

Commercial serological assays targeting 

SARS-CoV-2 antibodies, although available, 

necessitate comprehensive assessment. 

Among the structural proteins of the 

coronavirus, the spike (S) and nucleocapsid 

(N) proteins hold the principal immunogenic 

roles [24]. The S protein is comprised of two 

subunits: S1, housing the receptor-binding 

domain (RBD), and S2 [25-27]. Our previous 

findings indicated that the median sRBD IgG 

level on day 28 significantly exceeded the NAb 

level [18]. However, in the current study, we 

observed a moderate level of concordance 

between sRBD IgG and quantitative NAb levels 

14 and 28 days following the second vaccine 

dose administration. Divergence in these 

observations could be attributed to the 

utilization of distinct assays for evaluating 

sRBD IgG and NAb levels. A prior investigation 

juxtaposed five commercial chemiluminescent 

immunoassays (CLIAs) for detecting anti-

SARS-CoV-2 total antibodies and IgG; while 

overall compatibility was evident, disparities 

could arise based on the target antigen and 

the vaccine type [9]. The agreement between 

assays on day 90 demonstrated less 

consistency. The measured NAb levels 

encompassed not only IgG but also IgE and 

IgM levels. Despite variations in the literature 

concerning IgM and IgG kinetics, a prevailing 

consensus suggests that IgM, IgA, and IgG 

responses are evoked 1-2 weeks following 

symptom onset in the majority of SARS-CoV-2 

cases. IgM levels dwindle rapidly around day 

20 and become undetectable by day 60 post-

onset [28-30]. In comparison, IgA levels 

exhibit a gradual decline, persisting at a lower 

level than IgG. The transition from SARS-CoV-

2 IgM to IgG is swift, transpiring within 7 to 14 
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persistence generally spanning 3-5 months 

[18,28]. Furthermore, SARS-CoV-2-specific 

IgG may endure for up to 8 months [31]. 

Further investigations have unveiled the 

potential for the detection of SARS-CoV-2-

specific IgG even a year post-infection [14,32-

33]. 

Within the confines of this study, a subset 

of 10 participants succumbed to confirmed 

COVID-19 post the third month of 

observation. The occurrences of infection in 

these individuals coincided with the 

emergence of the second wave of cases in 

Indonesia, predominantly propagated by the 

novel SARS-CoV-2 variant- the delta variant. 

Strikingly, breakthrough infections were 

observed even among individuals who had 

received complete vaccination. Notably, the 

occurrence of breakthrough infections among 

fully vaccinated healthcare workers was 

found to be correlated with neutralizing 

antibody (NAb) titers during the peri-

infection period [34]. Interestingly, our study 

yielded no significant distinctions in the 

kinetic trajectories of quantitative NAbs and 

sRBD IgG on days 14, 28, and 90 (prior to 

infection) between participants with and 

without COVID-19. This intriguing revelation 

suggests that there exists no notable 

dissimilarity in the humoral immune response 

between the two participant groups. The risk 

associated with acquiring COVID-19 is 

believed to be influenced by factors such as 

declining antibody levels, the presence of 

distinct SARS-CoV-2 variants, disparities in 

individual immune reactions, and variances in 

exposure levels [35]. Moreover, beyond 

merely reducing transmission rates, 

vaccination is anticipated to curtail disease 

severity. It has been observed that vaccinated 

individuals who encounter breakthrough 

infections, including those involving the delta 

variant, are less prone to developing 

symptomatic manifestations, exhibit 

accelerated recovery, and manifest a 

significantly diminished likelihood of 

requiring hospitalization when compared to 

their unvaccinated counterparts- findings that 

align harmoniously with our study results 

[14,36]. 

The NAb Q and sRBD IgG levels were 

significantly lower in the 6th month following 

vaccination in the participants with 

comorbidities than in those without 

comorbidities (p<0.05). It is widely observed 

that individuals bearing comorbidities often 

manifest attenuated immunological reactions 

to infections or vaccinations, consequently 

warranting potential considerations for 

increased vaccine dosages or an earlier 

introduction of supplementary booster 

vaccines [37-41]. 

This investigation was confined to a 

solitary institution, focusing exclusively on the 

humoral immune response to vaccination 

based on the vaccine’s ability to induce sRBD 

IgG and NAb production without determining 

the correlation of the results with those of the 

PRNT. While antibodies serve as a 

fundamental gauge of vaccine effectiveness, 

the role of memory B and T cells in conferring 

enduring protection introduces another 

dimension to this study's limitations. In 

addition, a larger number of participants, 

various types of vaccines, and booster effects 

need to be further evaluated. 

Conclusion 

Both sRBD IgG and NAb Q levels were 

evaluated using a chemiluminescence-based 

method (Autobio AutoLumo 1000), which 

showed moderate agreement. The kinetics of 

sRBD IgG and NAbs peaked at 14 days and 

declined to begin 28 days post-administration 

of the second dose of the inactivated vaccine, 

underscoring the potential requirement for 

booster interventions. There was no 

difference in the sRBD IgG and NAb Q levels 

on day 90 between the infected and 

uninfected participants during the 90- and 

180-day observation. Antibody levels might 

not be the only factor contributing to the 

prevention of COVID-19; hence, sustained 



P a g e  | 1138  Quantitative neutralizing antibody using …  
 

 

 

preventive measures against SARS-CoV-2 

infection remain imperative. 

Acknowledgments 

Our heartfelt appreciation extends to the 

dedicated clinical pathology research 

laboratory personnel who facilitated the 

storage and examination of the samples. 

Funding   

The authors disclosed receipt of the following 

financial support for the research, authorship, 

and/or publication of this article. The 

reagents used in this study was provided by 

the Autobio AutoLumo A1000 team (PT. 

Gracia Visi Pratama). 

Authors' Contributions 

MUF: Analysing data and write the 

manuscript. CAP: recruiting subject, informed 

consent and collect the specimen for the 

examination. JUN and HAR: Consultation for 

the testing, also revise the manuscript. BAT 

and ARY: recruiting subject, analysing data of 

the testing and revise the manuscript. 

Conflict of Interest 

All authors affirm the absence of any 

conflicting interests. 

Orcid:  

Munawaroh Fitriah: 

https://orcid.org/0000-0002-7617-9874 

Cynthia Ayu Permatasari: 

https://orcid.org/0000-0002-9375-8982  

Jusak Nugraha: 

https://orcid.org/0000-0001-6700-9921  

Betty Agustina Tambunan: 

https://orcid.org/0000-0002-3214-993X 

Hartono Kahar: 

https://orcid.org/0000-0002-1379-5004 

Aryati Aryati*: 

https://orcid.org/0000-0002-9383-6354 

 

References 

[1] F. Gianfagna, G. Veronesi, A. Baj, D. Dalla 

Gasperina, S. Siclari, F. Drago Ferrante, F. 

Maggi, L. Iacoviello, M. Ferrario, Anti-SARS-

CoV-2 antibody levels and kinetics of vaccine 

response: potential role for unresolved 

inflammation following recovery from SARS-

CoV-2 infection, Scientific Reports, 2022, 12, 

385. [Crossref], [Google Scholar], [Publisher] 

[2] N. Arafah, G. Soegiarto, L. Wulandari, The 

immune response of SARS-CoV-2 vaccine in 

population with obesity: a systematic review, 

Bali Medical Journal, 2023, 12, 1522-1527. 

[Crossref], [Google Scholar], [Publisher] 

[3] L. Jin, Z. Li, X. Zhang, J. Li, F. Zhu, 

CoronaVac: A review of efficacy, safety, and 

immunogenicity of the inactivated vaccine 

against SARS-CoV-2, Human Vaccines & 

Immunotherapeutics, 2022, 18, 2096970. 

[Crossref], [Google Scholar], [Publisher] 

[4] Food and Drug Administration Philippines, 

Emergency Use Authorization, 2022. 

[Publisher] 

[5] M.K. Tu, S.H. Chiang, R.A. Bender, D.T.W. 

Wong, C.M. Strom, The kinetics of COVID-19 

vaccine response in a community-vaccinated 

population, The Journal of Immunology, 2022, 

208, 819-826. [Crossref], [Google Scholar], 

[Publisher] 

[6] A.E. Muruato, C.R. Fontes-Garfias, P. Ren, 

M.A. Garcia-Blanco, V.D. Menachery, X. Xie, P.Y. 

Shi, A high-throughput neutralizing antibody 

assay for COVID-19 diagnosis and vaccine 

evaluation, Nature Communications, 2020, 11, 

4059. [Crossref], [Google Scholar], [Publisher] 

[7] Y. Lu, J. Wang, Q. Li, H. Hu, J. Lu, Z. Chen, 

Advances in neutralization assays for SARS‐

CoV‐2, Scandinavian Journal of Immunology, 

2021, 94, 13088. [Crossref], [Google Scholar], 

[Publisher] 

[8] K.T. Liu, Y.J. Han, G.H. Wu, K.A. Huang, P.N. 

Huang, Overview of neutralization assays and 

international standard for detecting SARS-

CoV-2 neutralizing antibody, Viruses, 2022, 

14. [Crossref], [Google Scholar], [Publisher] 

https://orcid.org/0000-0002-7617-9874
https://orcid.org/0000-0002-9375-8982
https://orcid.org/0000-0001-6700-9921
https://orcid.org/0000-0002-3214-993X
https://orcid.org/0000-0002-1379-5004
https://orcid.org/0000-0002-9383-6354
https://doi.org/10.1038/s41598-021-04344-y
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=F.+Gianfagna%2C+G.+Veronesi%2C+A.+Baj%2C+D.+Dalla+Gasperina%2C+S.+Siclari%2C+F.+Drago+Ferrante%2C+F.+Maggi%2C+L.+Iacoviello%2C+M.+Ferrario%2C+Anti-SARS-CoV-2+antibody+levels+and+kinetics+of+vaccine+response%3A+potential+role+for+unresolved+inflammation+following+recovery+from+SARS-CoV-2+infection%2C+Scientific+Reports%2C+2022%2C+12%2C+385.+https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-021-04344-y&btnG=
https://www.nature.com/articles/s41598-021-04344-y
https://doi.org/10.15562/bmj.v12i2.4170
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=N.+Arafah%2C+G.+Soegiarto%2C+L.+Wulandari%2C+The+immune+response+of+SARS-CoV-2+vaccine+in+population+with+obesity%3A+a+systematic+review%2C+Bali+Medical+Journal%2C+2023%2C+12%2C+1522-1527.+https%3A%2F%2Fdoi.org%2F10.15562%2Fbmj.v12i2.4170&btnG=
https://bolg.balimedicaljournal.org/index.php/bmj/article/view/4170
https://doi.org/10.1080/21645515.2022.2096970
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=L.+Jin%2C+Z.+Li%2C+X.+Zhang%2C+J.+Li%2C+F.+Zhu%2C+CoronaVac%3A+A+review+of+efficacy%2C+safety%2C+and+immunogenicity+of+the+inactivated+vaccine+against+SARS-CoV-2%2C+Hum.+Vaccin.+Immunother.%2C+2022%2C+18%2C+2096970.+https%3A%2F%2Fdoi.org%2F10.1080%2F21645515.2022.2096970&btnG=
https://www.tandfonline.com/doi/full/10.1080/21645515.2022.2096970
https://www.fda.gov.ph/list-of-fda-issued-emergency-use-authorization/
https://doi.org/10.4049/jimmunol.2100919
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=M.K.+Tu%2C+S.H.+Chiang%2C+R.A.+Bender%2C+D.T.W.+Wong%2C+C.M.+Strom%2C+The+Kinetics+of+COVID-19+Vaccine+Response+in+a+Community-Vaccinated+Population%2C+J+Immunol%2C+2022%2C+208%2C+819-826.+https%3A%2F%2Fdoi.org%2F10.4049%2Fjimmunol.2100919&btnG=
https://journals.aai.org/jimmunol/article/208/4/819/234204
https://doi.org/10.1038/s41467-020-17892-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A.E.+Muruato%2C+C.R.+Fontes-Garfias%2C+P.+Ren%2C+M.A.+Garcia-Blanco%2C+V.D.+Menachery%2C+X.+Xie%2C+P.Y.+Shi%2C+A+high-throughput+neutralizing+antibody+assay+for+COVID-19+diagnosis+and+vaccine+evaluation%2C+Nat+Commun%2C+2020%2C+11%2C+4059.+https%3A%2F%2Fdoi.org%2F10.1038%2Fs41467-020-17892-0&btnG=
https://www.nature.com/articles/s41467-020-17892-0
https://doi.org/10.1111/sji.13088
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%09Y.+Lu%2C+J.+Wang%2C+Q.+Li%2C+H.+Hu%2C+J.+Lu%2C+Z.+Chen%2C+Advances+in+neutralization+assays+for+SARS%E2%80%90CoV%E2%80%902%2C+Scandinavian+Journal+of+Immunology%2C+2021%2C+94%2C+e13088.+https%3A%2F%2Fdoi.org%2F10.1111%2Fsji.13088&btnG=
https://onlinelibrary.wiley.com/doi/full/10.1111/sji.13088
https://doi.org/10.3390/v14071560
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=K.T.+Liu%2C+Y.J.+Han%2C+G.H.+Wu%2C+K.A.+Huang%2C+P.N.+Huang%2C+Overview+of+Neutralization+Assays+and+International+Standard+for+Detecting+SARS-CoV-2+Neutralizing+Antibody%2C+Viruses%2C+2022%2C+14.+https%3A%2F%2Fdoi.org%2F10.3390%2Fv14071560&btnG=
https://www.mdpi.com/1999-4915/14/7/1560


P a g e  | 1139  M. Fitriah et al.  
  

[9] E. Danese, M. Montagnana, G.L. Salvagno, 

M. Gelati, D. Peserico, L. Pighi, S. de Nitto, B.M. 

Henry, S. Porru, G. Lippi, Comparison of five 

commercial anti-SARS-CoV-2 total antibodies 

and IgG immunoassays after vaccination with 

BNT162b2 mRNA, Journal of Medical 

Biochemistry, 2021, 40, 335-340. [Crossref], 

[Google Scholar], [Publisher] 

[10] J.A. Rathe, E.A. Hemann, J. Eggenberger, Z. 

Li, M.L. Knoll, C. Stokes, T.Y. Hsiang, J. Netland, 

K.K. Takehara, M. Pepper, M. Gale, Jr., SARS-

CoV-2 serologic assays in control and 

unknown populations demonstrate the 

necessity of virus neutralization testing, The 

Journal of Infectious Diseases, 2021, 223, 

1120-1131. [Crossref], [Google Scholar], 

[Publisher] 

[11] M.K. Bohn, T.P. Loh, C.B. Wang, R. Mueller, 

D. Koch, S. Sethi, W.D. Rawlinson, M. Clementi, 

R. Erasmus, M. Leportier, M. Grimmler, K.Y. 

Yuen, N. Mancini, G.C. Kwon, M.E. Menezes, 

M.M. Patru, M. Gramegna, K. Singh, O. Najjar, 

M. Ferrari, A.R. Horvath, G. Lippi, K. Adeli, IFCC 

interim guidelines on serological testing of 

antibodies against SARS-CoV-2, Clinical 

Chemistry and Laboratory Medicine (CCLM), 

2020, 58, 2001-2008. [Crossref], [Google 

Scholar], [Publisher] 

[12] G. Lippi, L. Sciacovelli, T. Trenti, M. 

Plebani,  Kinetics and biological 

characteristics of humoral response 

developing after SARS-CoV-2 infection: 

implications for vaccination, Clinical Chemistry 

and Laboratory Medicine (CCLM), 2021, 59, 

1333-1335. [Crossref], [Google Scholar], 

[Publisher] 

[13] A.T. Huang, B. Garcia-Carreras, M.D.T. 

Hitchings, B. Yang, L.C. Katzelnick, S.M. 

Rattigan, B.A. Borgert, C.A. Moreno, B.D. 

Solomon, I. Rodriguez-Barraquer, J. Lessler, H. 

Salje, D. Burke, A. Wesolowski, D.A.T. 

Cummings, A systematic review of antibody 

mediated immunity to coronaviruses: kinetics, 

correlates of protection, and association with 

severity, Nature Communications, 2020, 11, 

4704. [Crossref], [Google Scholar], [Publisher] 

[14] S. Zhang, K. Xu, C. Li, L. Zhou, X. Kong, J. 

Peng, F. Zhu, C. Bao, H. Jin, Q. Gao, X. Zhao, L. 

Zhu, Long-term kinetics of SARS-CoV-2 

antibodies and impact of inactivated vaccine 

on SARS-CoV-2 antibodies based on a COVID-

19 patients cohort, Frontiers in Immunology, 

2022, 13, 829665. [Crossref], [Google 

Scholar], [Publisher] 

[15] P.P. Negoro, G. Soegiarto, L. Wulandari, 

Steroid impact on the efficacy and safety of 

SARS-CoV-2 vaccine: a systematic review, Bali 

Medical Journal, 2023, 12, 826-830. [Crossref], 

[Google Scholar], [Publisher] 

[16] E.H.Y. Lau, O.T.Y. Tsang, D.S.C. Hui, M.Y.W. 

Kwan, W.-h. Chan, S.S. Chiu, R.L.W. Ko, K.H. 

Chan, S.M.S. Cheng, R.A.P.M. Perera, B.J. 

Cowling, L.L.M. Poon, M. Peiris, Neutralizing 

antibody titres in SARS-CoV-2 

infections, Nature Communications,  2021, 12, 

63. [Crossref], [Google Scholar], [Publisher] 

[17] H. Harapan, H. Ar Royan, Tyas, II, A. 

Nadira, I.F. Abdi, S. Anwar, M. Husnah, I. 

Ichsan, A. Pranata, M. Mudatsir, M. Syukri, S. 

Rizal, Razali, Hamdani, R. Kurniawan, I. 

Irwansyah, S.E. Sofyan, Waning anti-SARS-

CoV-2 receptor-binding domain total antibody 

in CoronaVac-vaccinated individuals in 

Indonesia, F1000Research,  2022, 11, 300. 

[Crossref], [Google Scholar], [Publisher] 

[18] J. Nugraha, C.A. Permatasari, M. Fitriah, 

B.A. Tambunan, M.R. Fuadi, Kinetics of anti-

SARS-CoV-2 responses post complete 

vaccination with coronavac: A prospective 

study in 50 health workers,  Journal of Public 

Health Research, 2022, 11, 

22799036221104173. [Crossref], [Google 

Scholar], [Publisher] 

[19] C.A. Permatasari, M. Fitriah, Durability of 

S-RBD IgG Antibody Levels after Sinovac 

Vaccination in Healthcare Workers. Education,  

2022, 58,  2355-8393. [Crossref], [Google 

Scholar], [Publisher] 

[20] F. Faizah, I. Mantik-Astawa, A. Putra, S. 

Suwarno, The humoral immunity response of 

dog vaccinated with oral SAG2 and parenteral 

Rabisin and Rabivet Supra92, Indonesian 

https://doi.org/10.5937/jomb0-31475
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=E.+Danese%2C+M.+Montagnana%2C+G.L.+Salvagno%2C+M.+Gelati%2C+D.+Peserico%2C+L.+Pighi%2C+S.+de+Nitto%2C+B.M.+Henry%2C+S.+Porru%2C+G.+Lippi%2C+Comparison+of+five+commercial+anti-SARS-CoV-2+total+antibodies+and+IgG+immunoassays+after+vaccination+with+BNT162b2+mRNA%2C+J.+Med.+Biochem.%2C+2021%2C+40%2C+335-340.+https%3A%2F%2Fdoi.org%2F10.5937%2Fjomb0-31475&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8451228/
https://doi.org/10.1093/infdis/jiaa797
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=J.A.+Rathe%2C+E.A.+Hemann%2C+J.+Eggenberger%2C+Z.+Li%2C+M.L.+Knoll%2C+C.+Stokes%2C+T.Y.+Hsiang%2C+J.+Netland%2C+K.K.+Takehara%2C+M.+Pepper%2C+M.+Gale%2C+Jr.%2C+SARS-CoV-2+Serologic+Assays+in+Control+and+Unknown+Populations+Demonstrate+the+Necessity+of+Virus+Neutralization+Testing%2C+J+Infect+Dis%2C+2021%2C+223%2C+1120-1131.+https%3A%2F%2Fdoi.org%2F10.1093%2Finfdis%2Fjiaa797%5B&btnG=
https://academic.oup.com/jid/article-abstract/223/7/1120/6047577
https://doi.org/10.1515/cclm-2020-1413
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=M.K.+Bohn%2C+T.P.+Loh%2C+C.B.+Wang%2C+R.+Mueller%2C+D.+Koch%2C+S.+Sethi%2C+W.D.+Rawlinson%2C+M.+Clementi%2C+R.+Erasmus%2C+M.+Leportier%2C+M.+Grimmler%2C+K.Y.+Yuen%2C+N.+Mancini%2C+G.C.+Kwon%2C+M.E.+Menezes%2C+M.M.+Patru%2C+M.+Gramegna%2C+K.+Singh%2C+O.+Najjar%2C+M.+Ferrari%2C+A.R.+Horvath%2C+G.+Lippi%2C+K.+Adeli%2C+IFCC+Interim+Guidelines+on+Serological+Testing+of+Antibodies+against+SARS-CoV-2%2C+Clin.+Chem.+Lab.+Med.%2C+2020%2C+58%2C+2001-2008.+https%3A%2F%2Fdoi.org%2F10.1515%2Fcclm-2020-1413&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=M.K.+Bohn%2C+T.P.+Loh%2C+C.B.+Wang%2C+R.+Mueller%2C+D.+Koch%2C+S.+Sethi%2C+W.D.+Rawlinson%2C+M.+Clementi%2C+R.+Erasmus%2C+M.+Leportier%2C+M.+Grimmler%2C+K.Y.+Yuen%2C+N.+Mancini%2C+G.C.+Kwon%2C+M.E.+Menezes%2C+M.M.+Patru%2C+M.+Gramegna%2C+K.+Singh%2C+O.+Najjar%2C+M.+Ferrari%2C+A.R.+Horvath%2C+G.+Lippi%2C+K.+Adeli%2C+IFCC+Interim+Guidelines+on+Serological+Testing+of+Antibodies+against+SARS-CoV-2%2C+Clin.+Chem.+Lab.+Med.%2C+2020%2C+58%2C+2001-2008.+https%3A%2F%2Fdoi.org%2F10.1515%2Fcclm-2020-1413&btnG=
https://www.degruyter.com/document/doi/10.1515/cclm-2020-1413/html
https://doi.org/10.1515/cclm-2021-0038
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=G.+Lippi%2C+L.+Sciacovelli%2C+T.+Trenti%2C+M.+Plebani%2C+Kinetics+and+biological+characteristics+of+humoral+response+developing+after+SARS-CoV-2+infection%3A+implications+for+vaccination%2C+Clin.+Chem.+Lab.+Med.%2C+2021%2C+59%2C+1333-1335.+https%3A%2F%2Fdoi.org%2F10.1515%2Fcclm-2021-0038&btnG=
https://www.degruyter.com/document/doi/10.1515/cclm-2021-0038/html
https://doi.org/10.1101/2020.04.14.20065771
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A.T.+Huang%2C+B.+Garcia-Carreras%2C+M.D.T.+Hitchings%2C+B.+Yang%2C+L.C.+Katzelnick%2C+S.M.+Rattigan%2C+B.A.+Borgert%2C+C.A.+Moreno%2C+B.D.+Solomon%2C+I.+Rodriguez-Barraquer%2C+J.+Lessler%2C+H.+Salje%2C+D.+Burke%2C+A.+Wesolowski%2C+D.A.T.+Cummings%2C+A+systematic+review+of+antibody+mediated+immunity+to+coronaviruses%3A+antibody+kinetics%2C+correlates+of+protection%2C+and+association+of+antibody+responses+with+severity+of+disease%2C+medRxiv%2C+2020.+https%3A%2F%2Fdoi.org%2F10.1101%2F2020.04.14.20065771&btnG=
https://www.nature.com/articles/s41467-020-18450-4
https://doi.org/10.3389/fimmu.2022.829665
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=S.+Zhang%2C+K.+Xu%2C+C.+Li%2C+L.+Zhou%2C+X.+Kong%2C+J.+Peng%2C+F.+Zhu%2C+C.+Bao%2C+H.+Jin%2C+Q.+Gao%2C+X.+Zhao%2C+L.+Zhu%2C+Long-Term+Kinetics+of+SARS-CoV-2+Antibodies+and+Impact+of+Inactivated+Vaccine+on+SARS-CoV-2+Antibodies+Based+on+a+COVID-19+Patients+Cohort%2C+Front.+Immunol.%2C+2022%2C+13%2C+829665.+https%3A%2F%2Fdoi.org%2F10.3389%2Ffimmu.2022.829665&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=S.+Zhang%2C+K.+Xu%2C+C.+Li%2C+L.+Zhou%2C+X.+Kong%2C+J.+Peng%2C+F.+Zhu%2C+C.+Bao%2C+H.+Jin%2C+Q.+Gao%2C+X.+Zhao%2C+L.+Zhu%2C+Long-Term+Kinetics+of+SARS-CoV-2+Antibodies+and+Impact+of+Inactivated+Vaccine+on+SARS-CoV-2+Antibodies+Based+on+a+COVID-19+Patients+Cohort%2C+Front.+Immunol.%2C+2022%2C+13%2C+829665.+https%3A%2F%2Fdoi.org%2F10.3389%2Ffimmu.2022.829665&btnG=
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.829665
https://doi.org/10.15562/bmj.v12i1.3947
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=P.P.+Negoro%2C+G.+Soegiarto%2C+L.+Wulandari%2C+Steroid+impact+on+the+efficacy+and+safety+of+SARS-CoV-2+vaccine%3A+a+systematic+review%2C+Bali+Medical+Journal%2C+2023%2C+12%2C+826-830.+&btnG=
https://2www.balimedicaljournal.org/index.php/bmj/article/view/3947
https://doi.org/10.1038/s41467-020-20247-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=E.H.Y.+Lau%2C+O.T.Y.+Tsang%2C+D.S.C.+Hui%2C+M.Y.W.+Kwan%2C+W.-h.+Chan%2C+S.S.+Chiu%2C+R.L.W.+Ko%2C+K.H.+Chan%2C+S.M.S.+Cheng%2C+R.A.P.M.+Perera%2C+B.J.+Cowling%2C+L.L.M.+Poon%2C+M.+Peiris%2C+Neutralizing+antibody+titres+in+SARS-CoV-2+infections%2C+Nature+Communications%2C+2021%2C+12%2C+63.+https%3A%2F%2Fdoi.org%2F10.1038%2Fs41467-020-20247-4&btnG=
https://www.nature.com/articles/s41467-020-20247-4
https://doi.org/10.12688/f1000research.109676.2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=H.+Harapan%2C+H.+Ar+Royan%2C+Tyas%2C+II%2C+A.+Nadira%2C+I.F.+Abdi%2C+S.+Anwar%2C+M.+Husnah%2C+I.+Ichsan%2C+A.+Pranata%2C+M.+Mudatsir%2C+M.+Syukri%2C+S.+Rizal%2C+Razali%2C+Hamdani%2C+R.+Kurniawan%2C+I.+Irwansyah%2C+S.E.+Sofyan%2C+Waning+anti-SARS-CoV-2+receptor-binding+domain+total+antibody+in+CoronaVac-vaccinated+individuals+in+Indonesia%2C+F1000Res%2C+2022%2C+11%2C+300.+https%3A%2F%2Fdoi.org%2F10.12688%2Ff1000research.109676.2&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10209622/
https://doi.org/10.1177/22799036221104173
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=J.+Nugraha%2C+C.A.+Permatasari%2C+M.+Fitriah%2C+B.A.+Tambunan%2C+M.R.+Fuadi%2C+Kinetics+of+anti-SARS-CoV-2+responses+post+complete+vaccination+with+coronavac%3A+A+prospective+study+in+50+health+workers%2C+J+Public+Health+Res%2C+2022%2C+11%2C+22799036221104173.+https%3A%2F%2Fdoi.org%2F10.1177%2F22799036221104173&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=J.+Nugraha%2C+C.A.+Permatasari%2C+M.+Fitriah%2C+B.A.+Tambunan%2C+M.R.+Fuadi%2C+Kinetics+of+anti-SARS-CoV-2+responses+post+complete+vaccination+with+coronavac%3A+A+prospective+study+in+50+health+workers%2C+J+Public+Health+Res%2C+2022%2C+11%2C+22799036221104173.+https%3A%2F%2Fdoi.org%2F10.1177%2F22799036221104173&btnG=
https://journals.sagepub.com/doi/full/10.1177/22799036221104173
https://doi.org/10.20473/fmi.v58i3.35873
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=C.A.+Permatasari%2C+M.+Fitriah%2C+DURABILITY+OF+S-RBD+IgG+ANTIBODY+LEVELS+AFTER+SINOVAC+VACCINATION+IN+HEALTHCARE+WORKERS%2C+Folia+Medica+Indonesiana+%282355-8393%29%2C+2022%2C+58.+https%3A%2F%2Fdoi.org%2F10.20473%2Ffmi.v58i3.35873&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=C.A.+Permatasari%2C+M.+Fitriah%2C+DURABILITY+OF+S-RBD+IgG+ANTIBODY+LEVELS+AFTER+SINOVAC+VACCINATION+IN+HEALTHCARE+WORKERS%2C+Folia+Medica+Indonesiana+%282355-8393%29%2C+2022%2C+58.+https%3A%2F%2Fdoi.org%2F10.20473%2Ffmi.v58i3.35873&btnG=
https://www.researchgate.net/profile/Cynthia-Permatasari/amp


P a g e  | 1140  Quantitative neutralizing antibody using …  
 

 

 

Journal of Biomedical Science, 2012, 6, 

224851. [Pdf], [Google Scholar], [Publisher]  

[21] E.G. Levin, Y. Lustig, C. Cohen, R. Fluss, V. 

Indenbaum, S. Amit, R. Doolman, K. Asraf, E. 

Mendelson, A. Ziv, C. Rubin, L. Freedman, Y. 

Kreiss, G. Regev-Yochay, Waning immune 

humoral response to BNT162b2 Covid-19 

vaccine over 6 months, New England Journal 

of Medicine, 2021, 385, 84. [Crossref], [Google 

Scholar], [Publisher] 

[22] A. Pegu, S.E. O’Connell, S.D. Schmidt, S. 

O’Dell, C.A. Talana, L. Lai, J. Albert, E. 

Anderson, H. Bennett, K.S. Corbett, B. Flach, 

Durability of mRNA-1273 vaccine–induced 

antibodies against SARS-CoV-2 

variants, Science, 2021, 373, 1372-1377. 

[Crossref], [Google Scholar], [Publisher] 

[23] A.R. Falsey, R.W. Frenck, Jr., E.E. Walsh, N. 

Kitchin, J. Absalon, A. Gurtman, S. Lockhart, R. 

Bailey, K.A. Swanson, X. Xu, K. Koury, W. 

Kalina, D. Cooper, J. Zou, X. Xie, H. Xia, Ö. 

Türeci, E. Lagkadinou, K.R. Tompkins, P.Y. Shi, 

K.U. Jansen, U. Şahin, P.R. Dormitzer, W.C. 

Gruber, SARS-CoV-2 neutralization with 

BNT162b2 vaccine dose 3, New England 

Journal of Medicine, 2021, 385, 1627-1629. 

[Crossref], [Google Scholar], [Publisher] 

[24] B. Meyer, C. Drosten, M.A. Müller, 

Serological assays for emerging 

coronaviruses: challenges and pitfalls, Virus 

Research, 2014, 194, 175-83. [Crossref], 

[Google Scholar], [Publisher] 

[25] M. Ota, Will we see protection or 

reinfection in COVID-19?, Nature Reviews 

Immunology, 2020, 20, 351. [Crossref], 

[Google Scholar], [Publisher] 

[26] R.D. Kirkcaldy, B.A. King, J.T. Brooks, 

COVID-19 and Postinfection Immunity: 

Limited Evidence, Many Remaining Questions, 

JAMA, 2020, 323, 2245-2246. [Crossref], 

[Google Scholar], [Publisher] 

[27] E. Brochot, B. Demey, A. Touzé, S. 

Belouzard, J. Dubuisson, J.L. Schmit, G. 

Duverlie, C. Francois, S. Castelain, F. Helle, 

Anti-spike, anti-nucleocapsid and neutralizing 

antibodies in SARS-CoV-2 inpatients and 

asymptomatic individuals, Frontiers in 

microbiology, 2020, 11, 584251. [Crossref], 

[Google Scholar], [Publisher] 

[28] D. Prasetyaningtyas, G. Soegiarto, L. 

Wulandari, Effects of diabetes mellitus 

regulation on antibody response to 

inactivated virus vaccine: a systematic review, 

Bali Medical Journal, 2023, 12, 1478-1483. 

[Crossref], [Google Scholar], [Publisher] 

[29] J. Seow, C. Graham, B. Merrick, S. Acors, S. 

Pickering, K.J. Steel, O. Hemmings, A. O’Byrne, 

N. Kouphou, R.P. Galao, G. Betancor, 

Longitudinal observation and decline of 

neutralizing antibody responses in the three 

months following SARS-CoV-2 infection in 

humans, Nature Microbiology, 2020, 5, 1598-

1607. [Crossref], [Google Scholar], [Publisher] 

[30] B. Isho, K.T. Abe, M. Zuo, A.J. Jamal, B. 

Rathod, J.H. Wang, Z. Li, G. Chao, O.L. Rojas, 

Y.M. Bang, A. Pu, Persistence of serum and 

saliva antibody responses to SARS-CoV-2 

spike antigens in COVID-19 patients,  Science 

Immunology, 2020, 5, 5511. [Crossref], 

[Google Scholar], [Publisher] 

[31] J.M. Dan, J. Mateus, Y. Kato, K.M. Hastie, 

E.D. Yu, C.E. Faliti, A. Grifoni, S.I. Ramirez, S. 

Haupt, A. Frazier, C. Nakao, Immunological 

memory to SARS-CoV-2 assessed for up to 8 

months after infection, Science, 2021, 371, 

4063. [Crossref], [Google Scholar], [Publisher] 

[32] Z. He, L. Ren, J. Yang, L. Guo, L. Feng, C. 

Ma, X. Wang, Z. Leng, X. Tong, W. Zhou, G. 

Wang, T. Zhang, Y. Guo, C. Wu, Q. Wang, M. Liu, 

C. Wang, M. Jia, X. Hu, Y. Wang, X. Zhang, R. Hu, 

J. Zhong, J. Yang, J. Dai, L. Chen, X. Zhou, J. 

Wang, W. Yang, C. Wang, Seroprevalence and 

humoral immune durability of anti-SARS-CoV-

2 antibodies in Wuhan, China: a longitudinal, 

population-level, cross-sectional study, The 

Lancet, 2021, 397, 1075-1084. [Crossref], 

[Google Scholar], [Publisher] 

[33] T. Xiang, B. Liang, Y. Fang, S. Lu, S. Li, H. 

Wang, H. Li, X. Yang, S. Shen, B. Zhu, B. Wang, J. 

Wu, J. Liu, M. Lu, D. Yang, U. Dittmer, M. 

Trilling, F. Deng, X. Zheng,  Declining levels of 

neutralizing antibodies against SARS-CoV-2 in 

convalescent COVID-19 patients one year post 

symptom onset, Frontiers in Immunology, 

https://media.neliti.com/media/publications/224851-the-humoral-immunity-response-of-dog-vac-cc02f3a1.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=THE+HUMORAL+IMMUNITY+RESPONSE+OF+DOG+VACCINATED+WITH+ORAL+SAG2+AND+PARENTERAL+RABISIN+AND+RABIVET+SUPRA92&btnG=
https://www.neliti.com/publications/224851/the-humoral-immunity-response-of-dog-vaccinated-with-oral-sag2-and-parenteral-ra
https://doi.org/10.1056/NEJMoa2114583
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=E.G.+Levin%2C+Y.+Lustig%2C+C.+Cohen%2C+R.+Fluss%2C+V.+Indenbaum%2C+S.+Amit%2C+R.+Doolman%2C+K.+Asraf%2C+E.+Mendelson%2C+A.+Ziv%2C+C.+Rubin%2C+L.+Freedman%2C+Y.+Kreiss%2C+G.+Regev-Yochay%2C+Waning+Immune+Humoral+Response+to+BNT162b2+Covid-19+Vaccine+over+6+Months%2C+N.+Engl.+J.+Med.%2C+2021%2C+385%2C+e84.+https%3A%2F%2Fdoi.org%2F10.1056%2FNEJMoa2114583&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=E.G.+Levin%2C+Y.+Lustig%2C+C.+Cohen%2C+R.+Fluss%2C+V.+Indenbaum%2C+S.+Amit%2C+R.+Doolman%2C+K.+Asraf%2C+E.+Mendelson%2C+A.+Ziv%2C+C.+Rubin%2C+L.+Freedman%2C+Y.+Kreiss%2C+G.+Regev-Yochay%2C+Waning+Immune+Humoral+Response+to+BNT162b2+Covid-19+Vaccine+over+6+Months%2C+N.+Engl.+J.+Med.%2C+2021%2C+385%2C+e84.+https%3A%2F%2Fdoi.org%2F10.1056%2FNEJMoa2114583&btnG=
https://www.nejm.org/doi/full/10.1056/nejmoa2114583
https://doi.org/10.1126/science.abj4176
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pegu%2C+A.%2C+O%E2%80%99Connell%2C+S.E.%2C+Schmidt%2C+S.D.%2C+O%E2%80%99Dell%2C+S.%2C+Talana%2C+C.A.%2C+Lai%2C+L.%2C+Albert%2C+J.%2C+Anderson%2C+E.%2C+Bennett%2C+H.%2C+Corbett%2C+K.S.+and+Flach%2C+B.%2C+2021.+Durability+of+mRNA-1273+vaccine%E2%80%93induced+antibodies+against+SARS-CoV-2+variants.+Science%2C+373%286561%29%2C+pp.1372-1377.&btnG=
https://www.science.org/doi/full/10.1126/science.abj4176
https://doi.org/10.1056/NEJMc2113468
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A.R.+Falsey%2C+R.W.+Frenck%2C+Jr.%2C+E.E.+Walsh%2C+N.+Kitchin%2C+J.+Absalon%2C+A.+Gurtman%2C+S.+Lockhart%2C+R.+Bailey%2C+K.A.+Swanson%2C+X.+Xu%2C+K.+Koury%2C+W.+Kalina%2C+D.+Cooper%2C+J.+Zou%2C+X.+Xie%2C+H.+Xia%2C+%C3%96.+T%C3%BCreci%2C+E.+Lagkadinou%2C+K.R.+Tompkins%2C+P.Y.+Shi%2C+K.U.+Jansen%2C+U.+%C5%9Eahin%2C+P.R.+Dormitzer%2C+W.C.+Gruber%2C+SARS-CoV-2+Neutralization+with+BNT162b2+Vaccine+Dose+3%2C+N.+Engl.+J.+Med.%2C+2021%2C+385%2C+1627-1629.+https%3A%2F%2Fdoi.org%2F10.1056%2FNEJMc2113468&btnG=
https://www.nejm.org/doi/full/10.1056/nejmc2113468
https://doi.org/10.1016/j.virusres.2014.03.018
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=B.+Meyer%2C+C.+Drosten%2C+M.A.+M%C3%BCller%2C+Serological+assays+for+emerging+coronaviruses%3A+challenges+and+pitfalls%2C+Virus+Res.%2C+2014%2C+194%2C+175-83.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.virusres.2014.03.018&btnG=
https://www.sciencedirect.com/science/article/pii/S0168170214001257
https://doi.org/10.1038/s41577-020-0316-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=M.+Ota%2C+Will+we+see+protection+or+reinfection+in+COVID-19%3F%2C+Nat.+Rev.+Immunol.%2C+2020%2C+20%2C+351.+https%3A%2F%2Fdoi.org%2F10.1038%2Fs41577-020-0316-3&btnG=
https://www.nature.com/articles/s41577-020-0316-3
https://doi.org/10.1001/jama.2020.7869
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=R.D.+Kirkcaldy%2C+B.A.+King%2C+J.T.+Brooks%2C+COVID-19+and+Postinfection+Immunity%3A+Limited+Evidence%2C+Many+Remaining+Questions%2C+JAMA%2C+2020%2C+323%2C+2245-2246.+https%3A%2F%2Fdoi.org%2F10.1001%2Fjama.2020.7869&btnG=
https://jamanetwork.com/journals/jama/article-abstract/2766097
https://doi.org/10.3389/fmicb.2020.584251
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=E.+Brochot%2C+B.+Demey%2C+A.+Touz%C3%A9%2C+S.+Belouzard%2C+J.+Dubuisson%2C+J.L.+Schmit%2C+G.+Duverlie%2C+C.+Francois%2C+S.+Castelain%2C+F.+Helle%2C+Anti-spike%2C+Anti-nucleocapsid+and+Neutralizing+Antibodies+in+SARS-CoV-2+Inpatients+and+Asymptomatic+Individuals%2C+Front.+Microbiol.%2C+2020%2C+11%2C+584251.+https%3A%2F%2Fdoi.org%2F10.3389%2Ffmicb.2020.584251&btnG=
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2020.584251/full
https://doi.org/10.15562/bmj.v12i2.4171
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=D.+Prasetyaningtyas%2C+G.+Soegiarto%2C+L.+Wulandari%2C+Effects+of+diabetes+mellitus+regulation+on+antibody+response+to+inactivated+virus+vaccine%3A+a+systematic+review%2C+Bali+Medical+Journal%2C+2023%2C+12%2C+1478-1483.+https%3A%2F%2Fdoi.org%2F10.15562%2Fbmj.v12i2.4171&btnG=
https://bolg.balimedicaljournal.org/index.php/bmj/article/view/4171
https://doi.org/10.1038/s41564-020-00813-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=J.+Seow%2C+C.+Graham%2C+B.+Merrick%2C+S.+Acors%2C+S.+Pickering%2C+K.J.A.+Steel%2C+O.+Hemmings%2C+A.+O%27Byrne%2C+N.+Kouphou%2C+R.P.+Galao%2C+G.+Betancor%2C+H.D.+Wilson%2C+A.W.+Signell%2C+H.+Winstone%2C+C.+Kerridge%2C+I.+Huettner%2C+J.M.+Jimenez-Guarde%C3%B1o%2C+M.J.+Lista%2C+N.+Temperton%2C+L.B.+Snell%2C+K.+Bisnauthsing%2C+A.+Moore%2C+A.+Green%2C+L.+Martinez%2C+B.+Stokes%2C+J.+Honey%2C+A.+Izquierdo-Barras%2C+G.+Arbane%2C+A.+Patel%2C+M.K.I.+Tan%2C+L.+O%27Connell%2C+G.+O%27Hara%2C+E.+MacMahon%2C+S.+Douthwaite%2C+G.+Nebbia%2C+R.+Batra%2C+R.+Martinez-Nunez%2C+M.+Shankar-Hari%2C+J.D.+Edgeworth%2C+S.J.D.+Neil%2C+M.H.+Malim%2C+K.J.+Doores%2C+Longitudinal+observation+and+decline+of+neutralizing+antibody+responses+in+the+three+months+following+SARS-CoV-2+infection+in+humans%2C+Nat+Microbiol%2C+2020%2C+5%2C+1598-1607.+https%3A%2F%2Fdoi.org%2F10.1038%2Fs41564-020-00813-8&btnG=
https://www.nature.com/articles/s41564-020-00813-8
https://doi.org/10.1126/sciimmunol.abe5511
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=B.+Isho%2C+K.T.+Abe%2C+M.+Zuo%2C+A.J.+Jamal%2C+B.+Rathod%2C+J.H.+Wang%2C+Z.+Li%2C+G.+Chao%2C+O.L.+Rojas%2C+Y.M.+Bang%2C+A.+Pu%2C+N.+Christie-Holmes%2C+C.+Gervais%2C+D.+Ceccarelli%2C+P.+Samavarchi-Tehrani%2C+F.+Guvenc%2C+P.+Budylowski%2C+A.+Li%2C+A.+Paterson%2C+F.Y.+Yue%2C+L.M.+Marin%2C+L.+Caldwell%2C+J.L.+Wrana%2C+K.+Colwill%2C+F.+Sicheri%2C+S.+Mubareka%2C+S.D.+Gray-Owen%2C+S.J.+Drews%2C+W.L.+Siqueira%2C+M.+Barrios-Rodiles%2C+M.+Ostrowski%2C+J.M.+Rini%2C+Y.+Durocher%2C+A.J.+McGeer%2C+J.L.+Gommerman%2C+A.C.+Gingras%2C+Persistence+of+serum+and+saliva+antibody+responses+to+SARS-CoV-2+spike+antigens+in+COVID-19+patients%2C+Sci+Immunol%2C+2020%2C+5.+https%3A%2F%2Fdoi.org%2F10.1126%2Fsciimmunol.abe5511&btnG=
https://www.science.org/doi/abs/10.1126/sciimmunol.abe5511
https://doi.org/10.1126/science.abf4063
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=J.M.+Dan%2C+J.+Mateus%2C+Y.+Kato%2C+K.M.+Hastie%2C+E.D.+Yu%2C+C.E.+Faliti%2C+A.+Grifoni%2C+S.I.+Ramirez%2C+S.+Haupt%2C+A.+Frazier%2C+C.+Nakao%2C+V.+Rayaprolu%2C+S.A.+Rawlings%2C+B.+Peters%2C+F.+Krammer%2C+V.+Simon%2C+E.O.+Saphire%2C+D.M.+Smith%2C+D.+Weiskopf%2C+A.+Sette%2C+S.+Crotty%2C+Immunological+memory+to+SARS-CoV-2+assessed+for+up+to+8+months+after+infection%2C+Science%2C+2021%2C+371.+https%3A%2F%2Fdoi.org%2F10.1126%2Fscience.abf4063&btnG=
https://www.science.org/doi/full/10.1126/science.abf4063
https://doi.org/10.1016/s0140-6736(21)00238-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Z.+He%2C+L.+Ren%2C+J.+Yang%2C+L.+Guo%2C+L.+Feng%2C+C.+Ma%2C+X.+Wang%2C+Z.+Leng%2C+X.+Tong%2C+W.+Zhou%2C+G.+Wang%2C+T.+Zhang%2C+Y.+Guo%2C+C.+Wu%2C+Q.+Wang%2C+M.+Liu%2C+C.+Wang%2C+M.+Jia%2C+X.+Hu%2C+Y.+Wang%2C+X.+Zhang%2C+R.+Hu%2C+J.+Zhong%2C+J.+Yang%2C+J.+Dai%2C+L.+Chen%2C+X.+Zhou%2C+J.+Wang%2C+W.+Yang%2C+C.+Wang%2C+Seroprevalence+and+humoral+immune+durability+of+anti-SARS-CoV-2+antibodies+in+Wuhan%2C+China%3A+a+longitudinal%2C+population-level%2C+cross-sectional+study%2C+Lancet%2C+2021%2C+397%2C+1075-1084.+https%3A%2F%2Fdoi.org%2F10.1016%2Fs0140-6736%2821%2900238-5&btnG=
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)00238-5/fulltext


P a g e  | 1141  M. Fitriah et al.  
  

2021, 12, 708523. [Crossref], [Google 

Scholar], [Publisher] 

[34] J. Jung, H. Sung, S.H. Kim, Covid-19 

Breakthrough Infections in Vaccinated Health 

Care Workers, The New England Journal of 

Medicine, 2021, 385, 1629-1630. [Crossref], 

[Google Scholar], [Publisher] 

[35] Y. Kobashi, Y. Shimazu, T. Kawamura, Y. 

Nishikawa, F. Omata, Y. Kaneko, T. Kodama, M. 

Tsubokura, Factors associated with anti-

severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) spike protein 

antibody titer and neutralizing activity among 

healthcare workers following vaccination with 

the BNT162b2 vaccine, PLoS One, 2022, 17, 

269917. [Crossref], [Google Scholar], 

[Publisher] 

[36] M. Klompas, Understanding 

Breakthrough Infections Following mRNA 

SARS-CoV-2 Vaccination, JAMA, 2021, 326, 

2018-2020. [Crossref], [Google Scholar], 

[Publisher] 

[37] E. Farid, J. Herrera-Uribe, N.J. The effect 

of age, gender and comorbidities upon SARS-

CoV-2 spike antibody induction after two 

doses of Sinopharm vaccine and the effect of a 

Pfizer/BioNtech booster vaccine,  Frontiers in 

Immunology, 2022, 13, 817597. [Crossref], 

[Google Scholar], [Publisher] 

[38] A. Bayram, H. Demirbakan, P. Günel 

Karadeniz, M. Erdoğan, I. Koçer, Quantitation 

of antibodies against SARS-CoV-2 spike 

protein after two doses of CoronaVac in 

healthcare workers, Journal of Medical 

Virology, 2021, 93, 5560-5567. [Crossref], 

[Google Scholar], [Publisher] 

[39] C.F.D. Oliveira, W.F. Neto, C.P.D. Silva, 

A.C.S. Ribeiro, L.C. Martins, A.W.D. Sousa, M.N. 

Freitas, J.O. Chiang, F.A. Silva, E.B.D. Santos, 

D.B. Medeiros, Absence of anti-RBD antibodies 

in SARS-CoV-2 infected or naive individuals 

prior to vaccination with CoronaVac leads to 

short protection of only four months 

duration. Vaccines, 2022, 10, 690. [Crossref], 

[Google Scholar], [Publisher] 

 [40] V. Legros, S. Denolly, M. Vogrig, B. Boson, 

E. Siret, J. Rigaill, S. Pillet, F. Grattard, S. 

Gonzalo, P. Verhoeven, O. Allatif, A 

longitudinal study of SARS-CoV-2-infected 

patients reveals a high correlation between 

neutralizing antibodies and COVID-19 

severity, Cellular & Molecular 

Immunology, 2021, 18, 318-327. [Crossref], 

[Google Scholar], [Publisher] 

[41] Y. Galipeau, M. Greig, G. Liu, M. Driedger, 

M.A. Langlois, Humoral responses and 

serological assays in SARS-CoV-2 

infections,  Frontiers in Immunology, 2020, 11, 

610688. [Crossref], [Google Scholar], 

[Publisher] 

 

 

 
 

How to cite this article: Munawaroh Fitriah, 
Cynthia Ayu Permatasari, Jusak Nugraha, 
Betty Agustina Tambunan, Hartono Kahar, 
Aryati, Quantitative neutralizing antibody 
using chemiluminescence assay for evaluating 
antibody response following inoculation of 
inactivated vaccine among healthcare workers 
in Surabaya, Indonesia.  Journal of Medicinal 
and Pharmaceutical Chemistry Research, 2024, 
6(8), 1130-1141. Link: 
https://jmpcr.samipubco.com/article_193193
.html 

Copyright © 2024 by SPC (Sami Publishing Company) + is an open access article distributed 

under the Creative Commons Attribution License(CC BY)  license  

(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original work is properly cited. 

https://doi.org/10.3389/fimmu.2021.708523
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=T.+Xiang%2C+B.+Liang%2C+Y.+Fang%2C+S.+Lu%2C+S.+Li%2C+H.+Wang%2C+H.+Li%2C+X.+Yang%2C+S.+Shen%2C+B.+Zhu%2C+B.+Wang%2C+J.+Wu%2C+J.+Liu%2C+M.+Lu%2C+D.+Yang%2C+U.+Dittmer%2C+M.+Trilling%2C+F.+Deng%2C+X.+Zheng%2C+Declining+Levels+of+Neutralizing+Antibodies+Against+SARS-CoV-2+in+Convalescent+COVID-19+Patients+One+Year+Post+Symptom+Onset%2C+Front.+Immunol.%2C+2021%2C+12%2C+708523.+https%3A%2F%2Fdoi.org%2F10.3389%2Ffimmu.2021.708523&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=T.+Xiang%2C+B.+Liang%2C+Y.+Fang%2C+S.+Lu%2C+S.+Li%2C+H.+Wang%2C+H.+Li%2C+X.+Yang%2C+S.+Shen%2C+B.+Zhu%2C+B.+Wang%2C+J.+Wu%2C+J.+Liu%2C+M.+Lu%2C+D.+Yang%2C+U.+Dittmer%2C+M.+Trilling%2C+F.+Deng%2C+X.+Zheng%2C+Declining+Levels+of+Neutralizing+Antibodies+Against+SARS-CoV-2+in+Convalescent+COVID-19+Patients+One+Year+Post+Symptom+Onset%2C+Front.+Immunol.%2C+2021%2C+12%2C+708523.+https%3A%2F%2Fdoi.org%2F10.3389%2Ffimmu.2021.708523&btnG=
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2021.708523
https://doi.org/10.1056/NEJMc2113497
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=J.+Jung%2C+H.+Sung%2C+S.H.+Kim%2C+Covid-19+Breakthrough+Infections+in+Vaccinated+Health+Care+Workers%2C+N.+Engl.+J.+Med.%2C+2021%2C+385%2C+1629-1630.+https%3A%2F%2Fdoi.org%2F10.1056%2FNEJMc2113497&btnG=
https://oak.ulsan.ac.kr/handle/2021.oak/8318
https://doi.org/10.1371/journal.pone.0269917
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Y.+Kobashi%2C+Y.+Shimazu%2C+T.+Kawamura%2C+Y.+Nishikawa%2C+F.+Omata%2C+Y.+Kaneko%2C+T.+Kodama%2C+M.+Tsubokura%2C+Factors+associated+with+anti-severe+acute+respiratory+syndrome+coronavirus+2+%28SARS-CoV-2%29+spike+protein+antibody+titer+and+neutralizing+activity+among+healthcare+workers+following+vaccination+with+the+BNT162b2+vaccine%2C+PLoS+One%2C+2022%2C+17%2C+e0269917.+https%3A%2F%2Fdoi.org%2F10.1371%2Fjournal.pone.0269917&btnG=
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0269917
https://doi.org/10.1001/jama.2021.19063
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=M.+Klompas%2C+Understanding+Breakthrough+Infections+Following+mRNA+SARS-CoV-2+Vaccination%2C+JAMA%2C+2021%2C+326%2C+2018-2020.+https%3A%2F%2Fdoi.org%2F10.1001%2Fjama.2021.19063&btnG=
https://jamanetwork.com/journals/jama/article-abstract/2786040
https://doi.org/10.3389/fimmu.2022.817597
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=E.+Farid%2C+J.+Herrera-Uribe%2C+N.J.+Stevenson%2C+The+Effect+of+Age%2C+Gender+and+Comorbidities+Upon+SARS-CoV-2+Spike+Antibody+Induction+After+Two+Doses+of+Sinopharm+Vaccine+and+the+Effect+of+a+Pfizer%2FBioNtech+Booster+Vaccine%2C+Front.+Immunol.%2C+2022%2C+13%2C+817597.+https%3A%2F%2Fdoi.org%2F10.3389%2Ffimmu.2022.817597&btnG=
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.817597/full
https://doi.org/10.1002/jmv.27098
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A.+Bayram%2C+H.+Demirbakan%2C+P.+G%C3%BCnel+Karadeniz%2C+M.+Erdo%C4%9Fan%2C+I.+Ko%C3%A7er%2C+Quantitation+of+antibodies+against+SARS-CoV-2+spike+protein+after+two+doses+of+CoronaVac+in+healthcare+workers%2C+J.+Med.+Virol.%2C+2021%2C+93%2C+5560-5567.+https%3A%2F%2Fdoi.org%2F10.1002%2Fjmv.27098&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/jmv.27098
https://doi.org/10.3390/vaccines10050690
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=C.F.+Oliveira%2C+W.F.F.+Neto%2C+C.P.D.+Silva%2C+A.C.S.+Ribeiro%2C+L.C.+Martins%2C+A.W.+Sousa%2C+M.N.O.+Freitas%2C+J.O.+Chiang%2C+F.A.+Silva%2C+E.B.D.+Santos%2C+D.B.A.+Medeiros%2C+G.S.+Pinheiro%2C+G.F.+Brand%C3%A3o%2C+V.L.+Carvalho%2C+R.S.S.+Azevedo%2C+P.F.C.+Vasconcelos%2C+I.B.+Costa%2C+I.B.+Costa%2C+M.C.D.+Santos%2C+L.S.+Soares%2C+R.L.S.+Bedran%2C+J.L.+Ferreira%2C+A.A.+Amarilla%2C+N.+Modhiran%2C+C.L.D.+McMillan%2C+M.E.+Freney%2C+D.A.+Muller%2C+D.+Watterson%2C+L.M.N.+Casseb%2C+D.F.+Henriques%2C+Absence+of+Anti-RBD+Antibodies+in+SARS-CoV-2+Infected+or+Naive+Individuals+Prior+to+Vaccination+with+CoronaVac+Leads+to+Short+Protection+of+Only+Four+Months+Duration%2C+Vaccines+%28Basel%29%2C+2022%2C+10.+https%3A%2F%2Fdoi.org%2F10.3390%2Fvaccines10050690&btnG=
https://www.mdpi.com/2076-393X/10/5/690
https://doi.org/10.1038/s41423-020-00588-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=V.+Legros%2C+S.+Denolly%2C+M.+Vogrig%2C+B.+Boson%2C+E.+Siret%2C+J.+Rigaill%2C+S.+Pillet%2C+F.+Grattard%2C+S.+Gonzalo%2C+P.+Verhoeven%2C+O.+Allatif%2C+P.+Berthelot%2C+C.+P%C3%A9lissier%2C+G.+Thiery%2C+E.+Botelho-Nevers%2C+G.+Millet%2C+J.+Morel%2C+S.+Paul%2C+T.+Walzer%2C+F.L.+Cosset%2C+T.+Bourlet%2C+B.+Pozzetto%2C+A+longitudinal+study+of+SARS-CoV-2-infected+patients+reveals+a+high+correlation+between+neutralizing+antibodies+and+COVID-19+severity%2C+Cell.+Mol.+Immunol.%2C+2021%2C+18%2C+318-327.+https%3A%2F%2Fdoi.org%2F10.1038%2Fs41423-020-00588-2&btnG=
https://www.nature.com/articles/s41423-020-00588-2
https://doi.org/10.3389/fimmu.2020.610688
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Y.+Galipeau%2C+M.+Greig%2C+G.+Liu%2C+M.+Driedger%2C+M.A.+Langlois%2C+Humoral+Responses+and+Serological+Assays+in+SARS-CoV-2+Infections%2C+Front.+Immunol.%2C+2020%2C+11%2C+610688.+https%3A%2F%2Fdoi.org%2F10.3389%2Ffimmu.2020.610688&btnG=
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2020.610688
https://jmpcr.samipubco.com/article_193193.html
https://jmpcr.samipubco.com/article_193193.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

