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a b s t r a c t 

Objectives: This study aimed to evaluate the long-term antibody kinetics after vaccinating with an inacti- 

vated COVID-19 Vero cell vaccine (CoronaVac) in healthcare workers (HCWs) at a single center in Turkey. 

Methods: For this prospective observational study, Chemiluminescence immunoassay (CLIA) and enzyme- 

linked immunosorbent assay (ELISA) were used for the determination of binding antibodies (bAb) and 

neutralizing antibodies (nAb), respectively. Antibody kinetics were compared for the potential influencing 

factors, and propensity score analysis was performed to match the subcohort for age. 

Results: Early bAb and nAb response was achieved in all 343 participants. Titers of bAbs against SARS- 

CoV-2 on 42 days post-vaccination (dpv) were higher in HCWs who were aged < 40 years and who had a 

history of COVID-19. SARS-CoV-2 bAb levels in HCWs on days 42 (n = 97), 90 (n = 97), and 180 (n = 97) 

were 175 IU/ml (3.9-250), 107 IU/ml (2.4-250), and 66.1 IU/ml (2.57-250), respectively (p < 0.001). SARS- 

CoV-2 bAb (p < 0.001) and nAb (p < 0.001) titers decreased significantly over time. There was a high nega- 

tive correlation between SARS-CoV-2 antibody titers and inverse optic density of nAb responses (Pearson 

correlation coefficient: -0.738, p < 0.001). 

Conclusions: When the antibody responses were compared, it was seen that the vaccine immunogenicity 

was better in those who had prior COVID-19 history and were aged < 40 years. In the course of time, it 

was determined that there was a significant decrease in bAb and nAb responses after the 90th day. These 

results may guide approval decisions for booster COVID-19 vaccines. 

© 2022 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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The COVID-19 pandemic has affected millions of people world- 

ide and caused more than five million deaths ( WHO Coron- 

virus (COVID-19) Dashboard, 2022 ). Healthcare workers (HCWs) 

re among the most affected risk groups by the pandemic 

 Ran et al., 2020 ; Sim, 2020 ). Vaccines play a key role in the con-

rol of infection during the pandemic process that the whole world 

as been in for almost two years ( Damasceno et al., 2021 ). Al-

hough many countries worldwide had the opportunity to access 
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essenger ribonucleic acid (mRNA) vaccines, inactivated vaccines 

ere the only available option in some countries. Rapidly pub- 

ished mRNA vaccine results were useless in countries, such as 

urkey, that were implementing inactivated vaccines, which started 

accination firstly with HCWs and older adults against COVID-19 

ith CoronaVac ( Daily Sabah, 2021 ). 

SARS-CoV-2 is an enveloped, single-stranded RNA virus that be- 

ongs to the family Coronaviridae. It has four major structural pro- 

eins; envelope (E), membrane (M), nucleocapsid (N), and spike 

S) protein. Among them, the S and N proteins are the prin- 

ipal immunogens inducing anti-SARS-CoV-2 specific antibodies 

 Henss et al., 2021 ; Walls et al., 2020 ). Antibodies that bind to the

 protein neutralize coronaviruses ( Henss et al., 2021 ). Neutraliz- 

ng activity may be detectable nearly up to 14 months after pri- 
us Diseases. This is an open access article under the CC BY-NC-ND license 
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ary infection ( Rosati et al., 2021 ). The S protein is the antigenic

arget for the development of most vaccines ( Sadarangani et al., 

021 ). Vaccines stimulate the production of antibodies that in- 

ibit the entry of SARS-CoV-2 into cells. By this mechanism, the 

ngiotensin-converting enzyme 2 receptor-binding domain (ACE2- 

BD) binding interactions and/or S antigen mediated membrane 

usion are blocked. Functional neutralizing antibodies (nAbs) are 

mportant for viral clearance and protection from re-infection. 

accine-induced antibody responses, neutralizing activities, and 

uration of these responses are different according to the type of 

accines ( Lim et al., 2021 ). In addition, it is difficult to compare

he immunogenicity of COVID-19 vaccines in phase III clinical trials 

nd further studies because of the lack of standardization in geo- 

etric mean titer (GMT) of nAb values, the usage of different im- 

unoassays by different developers, and the difference in dosage 

nd administration schedules ( Karim, 2021 ; Rogliani et al., 2021 ). 

CoronaVac, developed by Sinovac/China National Pharma- 

eutical Group in Beijing/China, is a whole-virus inactivated 

OVID-19 vaccine. The vaccine showed acceptable safety and 

mmunogenicity in healthy adults aged 18-59 years and 60 

ears and above in phase I/II and phase III clinical trials 

 Fadlyana et al., 2021 ; Wu et al., 2021 ; Zhang et al., 2021 ).

urkey started vaccination with CoronaVac on January 13, 2021, 

ith HCWs ( https://covid19asi.saglik.gov.tr/TR77706/covid-19- 

sisi-ulusal-uygulama-stratejisi.html , COVID-19 Vaccine National 

mplementation Strategy, 2021). Although inactivated vaccine 

echnologies are familiar and have a long history, the CoronaVac 

accine has recently been developed for the pandemic. In the 

imited amount of research conducted on CoronaVac vaccination 

n healthy adults ( Banga Ndzouboukou et al., 2021 ; Bayram et al., 

021 ; Bichara et al., 2021 ; Bueno et al., 2021 ; Chen et al., 2022 ;

unsawong et al., 2021 ), a maximum of 56 days of short-term 

ollow-up was evaluated, and better immunogenicity was mostly 

emonstrated in the participants who had a COVID-19 history 

efore vaccination. 

This study aimed to quantitatively analyze antibodies against 

he SARS-CoV-2 S protein and determine the neutralizing activity 

f the antibodies in the 6-month period following CoronaVac vac- 

ination in HCWs to reveal the antibody kinetics. 

aterials and methods 

tudy design, ethical statement, and permissions 

This prospective observational study was conducted on HCWs 

t the Gazi University Hospital between February 2021 and August 

021. The study protocols were approved by the COVID-19 scien- 

ific research commission of the Turkish Ministry of Health and 

linical Research Ethics Committee of Gazi University with deci- 

ion number 182 on 22 February 2021. All participants provided 

nformed consent. 

tudy population, groups, and definitions 

The inclusion criteria for the study were age over 18 years and 

eceiving two vaccinations of CoronaVac 28 days apart. The exclu- 

ion criteria were confirmed SARS-CoV-2 polymerase chain reac- 

ion (PCR) positivity after the first dose of the CoronaVac vaccine 

nd having any condition that has a known effect on vaccine re- 

ponse, such as pregnancy and immunosuppressive condition or 

rug usage. 

Previous COVID-19 history is defined as the diagnosis of COVID- 

9 confirmed with SARS-CoV-2 PCR positivity before the first dose 

f the CoronaVac vaccine. Those who had a positive SARS-CoV-2 

CR test result in the follow-up after the first dose of the vac- 

ine were excluded. The results of the SARS-CoV-2 PCR tests, taken 
100 
rom HCWs who had symptoms or were in contact with the symp- 

omatic case, were obtained from the hospital surveillance system. 

The antibody titer change ( �) is calculated as the difference 

etween the GMT values of the binding antibody (bAb) titers de- 

ected by ELISA between days 42-90 and 42-180. 

ata and sera collection 

In this study, we aimed to evaluate the antibody kinetics on the 

2nd, 90th, and 180th day after the first dose of CoronaVac with- 

ut interfering with the vaccination decision of the volunteers. Sera 

3-4 ml of a venous blood sample) were obtained on the 42nd, 

0th, and 180th days after the first vaccination dose, respectively. 

ll specimens were coded before processing. A flowchart of the 

tudy is shown in Fig 1 , and a timeline of the vaccination and sam-

ling of HCWs is shown in Fig 2 . 

The demographic information and medical history of the 

olunteers (comorbidity, drug usage, allergy history, SARS-CoV-2 

CR positivity date, first and second dose vaccination dates) 

ere recorded using a questionnaire at the time of taking 

nitial serum samples. The blood samples taken were cen- 

rifuged at 30 0 0 rpm for 10 minutes in the Gazi University 

ospital Infectious Diseases laboratory, and the separated sera 

ere taken into 2 ml Eppendorf tubes and stored at -86 de- 

rees Celcius. On the study day, serum samples were removed 

rom the freezer and transferred to Gazi University Depart- 

ent of Immunology Laboratory, accordingly to the relevant 

uidelines ( Centers for Disease Control and Prevention, 2020 ; 

ttps://shgmtetkikdb.saglik.gov.tr/Eklenti/37137/0/covid-19-sars- 

ov-2-enfeksiyonu-laboratuvar-biyoguvenlik-rehberipdf.pdf ; 

OVID-19 [SARS-CoV-2 Infection] Laboratory Biosafety Guide, 

020). 

easurement and analysis of binding antibody (bAb) titers against 

ARS-CoV-2 S protein in sera 

All serum samples were analyzed with a chemiluminescence 

mmunoassay (Roche, Elecsys® Anti-SARS-CoV-2 S Quant) devel- 

ped for the quantitative determination of antibodies against 

ARS-CoV-2 S protein on the Cobas 80 0 0 e801 system available in 

he Gazi University Diagnostic Immunology Laboratory. According 

o the manufacturer’s instructions, a titer of ≥ 0.8 U/mL is consid- 

red reactive, and a titer of < 0.8 U/mL is considered non-reactive. 

easurement and analysis of neutralizing antibody (nAb) titers of 

CE2-RBD (receptor-binding domain) in sera 

All serum samples were analyzed with ELISA to determine the 

nhibitory activity of RBD-ACE2 binding induced by nAbs to SARS- 

oV-2 in human sera. For this process, the ACE2-RBD Neutral- 

zation Assay - ELISA kit developed by Dia Pro (Diagnostic Bio- 

robes Srl, Milano, Italy) was used. The procedure was carried out 

n the Gazi University Department of Immunology Laboratory. Mi- 

roplates are coated with SARS-CoV-2 specific recombinant glyco- 

ylated RBD. Serum samples of the volunteers and negative and 

ositive controls of the previously mentioned ELISA kit are added 

o the wells and incubated according to the manufacturer’s instruc- 

ions. Recombinant ACE2 biotinylated antigen and Streptavidin-HRP 

re added after washing. Finally, the color intensity of the solution 

n each well is measured with an ELISA microplate reader (Biotek 

ynergy HT). The presence and higher level of neutralizing anti- 

odies are reflected by lower signal formation. Calculations were 

ade according to the formula as stated in the user manual of the 

est. Accordingly, the average of the negative controls (NC) was di- 

ided into 2, and the cut-off value (mean NC/2 = cut-off [Co]) was 
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Figure 1. Flowchart of the study. 

Figure 2. Timeline of the vaccination and sampling of HCWs. 
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alculated. This value was used to interpret the results. For inter- 

retation, the ratio of the Co and sample optic density (OD) 450 

m/620-630 nm (S) were found. If the Co/S value is less than and 

qual to 1, it is considered as negative, and if it is greater than 1,

t is considered as a positive result. 

tatistical analysis 

All data were analyzed by IBM SPSS Statistics for Mac version 

5.0 for Mac OS X (IBM Corp., Armonk, N.Y., USA). The normal- 

ty of the data distribution was determined by the Shapiro-Wilk 

est, histogram, and Q-Q plots. The categorical values of the pa- 

ients were expressed as a number and a percentage and were an- 

lyzed with a chi-square test. Continued values were presented as 

ean and standard deviation or median values and an interquar- 

ile range of 25-75%. The nonparametric values were analyzed us- 

ng the Mann-Whitney U test and the parametric values with Stu- 

ent’s t -test. The one-way analysis of variance test was used to 

ompare the geometric mean of SARS-CoV-2 antibodies by risk fac- 

ors. Comparison of nonparametric and parametric dependent vari- 
101 
bles was done with the Friedman test and Cochrane Q test. Vac- 

ine responses were compared in the cohort for potential factors 

hat could influence the antibody response and in the subcohort 

atched for age with propensity matching. The 95% confidence in- 

ervals (95% CIs) were calculated whenever appropriate, and a two- 

ailed P -value < 0.05 was considered statistically significant. Graphs 

ere created using the GraphPad version 9 program. 

esults 

A total of 343 HCWs were enrolled in the study. The median 

ge of the participants was 38 years (29-47), and 63.6% (n = 218) 

f them were female. A total of 37.5% of HCWs (n = 112) had 

 COVID-19 history before vaccination. Of these 112 HCWs, 35.3% 

n = 40) had COVID-19 in the last 3 months, 39.2% (n = 44) in be-

ween 3-6 months, and 25% (n = 28) more than 6 months before 

accination. 

On day 42, the GMT of binding antibodies against the S pro- 

ein of SARS-CoV-2 after two doses of CoronaVac vaccine was 168 

3.9-250). 
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Figure 3. The change of geometric mean titers (GMTs) of binding antibodies (bAbs) and percentage of neutralizing antibodies (nAbs) in 97 healthcare workers (HCWs) on 

42, 90, and 180 days post-vaccination (dpv). 

Table 1 

SARS-CoV-2 antibody response of the healthcare workers (HCWs) on 42 days 

post-vaccination (dpv) 

Binding antibody level (GMT) p-value 

Age 

< 40 (min-max) (n = 190) 205 (23-250) < 0.001 a 

≥40 (min-max) (n = 153) 131 (3.9-250) 

Sex 

Female (min-max) (n = 218) 169 (3.9-250) 0.871 a 

Male (min-max) (n = 125) 166 (4.78-250) 

COVID-19 history 

Yes (n = 112) 206 (14.1-250) < 0.001 a 

No (n = 231) 150 (3.9-250) 
a One-way ANOVA 

GMT: geometric mean titers. 
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The SARS-CoV-2 antibody response of the HCWs 42 days post- 

accination (dpv) was evaluated according to age, sex, and COVID- 

9 history ( Table 1 ). 

Binding antibody GMTs against SARS-CoV-2 were assessed at 42 

pv, 90 dpv in all HCWs, and at 180 dpv in 97 of them. Binding an-

ibody GMTs in HCWs on days 42, 90, and 180 were 168.0 ± 78.4, 

9 ± 90.3, and 66.1 ± 85.5, respectively (Friedman test, p < 0.001). 

Comparison of GMTs of SARS-CoV-2 bAbs and percentage of 

CE2-RBD nAbs responses in 97 HCWs for age and history of 

OVID-19 on 42, 90, and 180 dpv is listed in Table 2 and shown

n Fig 3 . 
102 
Vaccine responses for age and COVID-19 history were compared 

n the study cohort and the age-matched subcohort and listed in 

able 3 . 

There was a negative high correlation between bAb titers 

gainst SARS-CoV-2 and ODs of nAb responses (Pearson correlation 

oefficient: -0.738, p < 0.001). The correlation between bAb titers 

gainst SARS-CoV-2 and ODs of nAb responses was evaluated ac- 

ording to COVID-19 history and age ( Figs. 4 and 5 ). 

iscussion 

In the study, a high titer of binding and neutralizing antibody 

esponse was detected on 42 dpv in most HCWs. This antibody re- 

ponse was significantly higher, especially in HCWs under the age 

f 40 years. Furthermore, 90 days after the first vaccine dose, bind- 

ng antibody titers and percentages of neutralizing antibodies de- 

reased, particularly in HCWs over 40 years of age with no history 

f COVID-19. 

In current literature, early immune response for CoronaVac was 

valuated in phase trials that found CoronoVac was correlated with 

igh early seroconversion rates in healthy adults ( Bayram et al., 

021 ; Bueno et al., 2021 ; Dinc et al., 2022 ; Fadlyana et al., 2021 ;

ysal et al., 2021 ). Similarly, we identified this high early anti- 

ody response 42 days after the first vaccination of CoronaVac. 

ccording to recent studies, the main factors that could influence 

he vaccine response are young age, female gender, and COVID- 

9 history before vaccination ( Banga Ndzouboukou et al., 2021 ; 



Y. Yildiz, H.S. Ozger, E. Senol et al. International Journal of Infectious Diseases 122 (2022) 99–106 

Figure 4. Correlation between binding antibody titers against SARS-CoV-2 and neutralizing antibody responses according to age . 

103 
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Figure 5. Correlation between binding antibody titers against SARS-CoV-2 and neutralizing antibody responses according to COVID-19 history . 

104 
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Table 2 

Comparison of antibody responses in 97 healthcare workers (HCWs) for age and history of COVID-19 on 42, 90, 

and 180 days post-vaccination (dpv) 

Study Cohort, N = 97 

42 dpv 90 dpv 180 dpv p-value 

GMTs of binding antibodies, (Min-Max) 175 (3.9-250) 107 (2.4-250) 66.1 (2.57-250) < 0.001 a 

HCWs with COVID-19 history (n = 58) 221 (64-250) 163 (27-250) 107 (11-250) < 0.001 a 

HCWs without COVID-19 history (n = 39) 150 (3.9-250) 81 (2.4-250) 47 (2.5-250) < 0.001 a 

HCWs ≤40 age (n = 67) 216 (40-250) 138 (11-250) 84 (9.5-250) < 0.001 a 

HCWs > 40 age (n = 30) 110 (3.9-250) 61 (2.4-250) 38 (2.5-250) < 0.001 a 

ODs of nAbs, n (%) 95 (97.9) 92 (94.8) 78 (80.4) < 0.001 b 

HCWs with COVID-19 history (n = 58) 39 (100) 39 (100) 35 (89.7) 0.018 b 

HCWs without COVID-19 history (n = 39) 56 (96.6) 53 (91.4) 43 (74.1) < 0.001 b 

HCWs ≤40 age (n = 67) 67 (100) 66 (98.5) 57 (85.1) < 0.001 b 

HCWs > 40 age (n = 30) 28 (93.3) 26 (86.7) 21 (70.0) 0.008 b 

a Friedman tests 
b Cochrane Q testsGMT = geometric mean titer; HCW = healthcare worker; nAb = neutralising antibody; 

OD = optic density. 

Table 3 

Comparison of vaccine responses for age and COVID-19 history in the study cohort and the age-matched subcohort 

Study cohort, N = 97 Propensity matching subcohort, N = 36 

HCWs ≤ 40 

age, N = 67 

HCWs > 40 

age, N = 30 p-value 

HCWs with 

COVID-19 

history, 

N = 39 

HCWs 

without 

COVID-19 

history, 

N = 58 p-value 

HCWs with 

COVID-19 

history, 

N = 18 

HCWs 

without 

COVID-19 

history, 

N = 18 p-value 

Age, (IQR 25%-75%) - - - 28 (26-39) 37 (30-47) 0.001 32.5 

(26-39) 

33 

(27.5-38.7) 

0.988 

Sex, n (%), male 30 (44.8) 8 (26.7) 0.091 18 (46.2) 20 (34.5) 0.248 8 (44.4) 7 (38.9) 0.735 

bAb titers on 42 dpv, GMT 

(min-max) 

216 

(40-250) 

110 

(3.9-250) 

< 0.001 a 221 

(64-250) 

150 

(3.9-250) 

0.013 a 174 

(2.5-250) 

215 

(40-250) 

0.596 a 

nAb on 42 dpv, n (%) 67 (100) 28 (93.3) 0.029 39 (100) 56 (96.6) 0.149 18 (100) 17 (94.4) 0.234 

Change in bAb titer from 

42 to 90 dpv, GMT 

(min-max) 

34.8 

(0-118) 

30.1 (0-72) 0.612 6 (0-84) 52 

(0.9-128) 

0.039 0 (0-101) 67.4 

(0-145) 

0.239 

Change in bAb titer from 

42 to 180 dpv, GMT 

(min-max) 

126 

(35-168) 

50 

(8.6-117) 

0.048 89 (0-135) 129 

(39-173) 

0.054 83 (0-131) 139 

(94-178) 

0.022 

a One way ANOVAIQR = interquartile range; GMT = geometric mean titer; bAb = binding antibody; nAb = neutralising antibody; dpv = days-post-vaccination. 
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ayram et al., 2021 ; Dinc et al., 2022 ; Ş enol Akar et al., 2021 ;

oysal et al., 2021 ; Uysal et al., 2021 ). Vaccine immunogenicity 

s affected by age, as found in previous studies. Although high 

mmunogenicity was demonstrated in phase I-II trials of Coron- 

Vac in the elderly ( Wu et al., 2021 ), this was neither found in

ur study nor other studies in the literature ( Karamese and Tu- 

uncu, 2022 ). Bayram et al. found the highest early seropositiv- 

ty between the ages of 18-34 years ( Bayram et al., 2021 ). Bichara

t al. observed the frequency of anti-SARS-CoV-2 nAbs was higher 

n people younger than 40 years of age but significantly decreased 

ith advancing age, supporting our findings ( Bichara et al., 2021 ). 

n addition, in some studies, COVID-19 history before vaccination 

as associated with higher early antibody response (21-28 days) 

fter CoronaVac vaccination ( Bayram et al., 2021 ; Dinc et al., 2022 ;

oysal et al., 2021 ). In our study, the frequency of the previous 

istory of COVID-19 was higher in the younger group. Therefore, 

hen the comparison groups were matched for these risk factors 

ith propensity matching, age was identified as the main factor 

nfluencing early antibody responses in our study. 

Long-term antibody responses are still uncertain after Coron- 

Vac vaccination, as most studies evaluate the short-term nAb re- 

ponses ( Bichara et al., 2021 ; Chen et al., 2022 ; Ş enol Akar et al.,

021 ; Silva et al., 2021 ; Soysal et al., 2021 ). When the CoronaVac

tudies are evaluated, the longest follow-up period is 8 weeks af- 

er the second vaccination dose. It is stated that the bAb and 
105 
Ab responses obtained in these studies remained stable during 

he follow-up periods. Unlike these studies, we also evaluated 

ong-term antibody response for up to six months at 42, 90, and 

80 dpv in our study. However, high bAb and nAb responses on 

2 dpv significantly decreased after 90 days, and nAb responses 

ere found at 80.4% at 180 dpv. The bAb and nAb responses de- 

reased significantly at day 180, especially in HCWs over 40 years 

f age and without a history of COVID-19. This result suggests that 

oronaVac-associated antibody response should not be relied upon 

fter 90 days, mainly in these groups. 

Our main limitation is that the study was conducted only in 

 certain occupational group; therefore, the results of our study 

annot be generalized to the whole population. The positivity of 

mmunoglobulin G antibody to SARS-CoV-2 at baseline before the 

accine was not evaluated in participants. In this study, only the 

umoral (nAb) response of the vaccine was revealed, and no infor- 

ation on cellular immunity was presented. Thus our results can- 

ot be considered to provide sufficient evidence of the extent to 

hich this vaccine will protect individuals from the disease. 

In conclusion, on 42 dpv, most HCWs developed a significant 

arly antibody response after administering two doses of Coron- 

Vac 28 days apart. Binding and neutralizing antibody responses 

iminished over time, especially after 90 dpv and especially in 

CWs who were not previously infected with SARS-CoV-2 and who 

ere > 40 years of age. According to our findings, booster vac- 
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ine doses should be planned in terms of age and previous COVID- 

9 history. These results will help to define immunogenicity and 

rotection of CoronaVac in HCWs who are struggling at the fore- 

ront of the pandemic and may guide further approval decisions 

or booster strategies in COVID-19 vaccination implementations. 
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