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Abstract

Vaccines have been seen as the most important solution for ending the coronavirus

disease 2019 (COVID‐19) pandemic. The aim of this study is to evaluate the anti-

body levels after inactivated virus vaccination. We included 148 healthcare workers

(74 with prior COVID‐19 infection and 74 with not). They received two doses of

inactivated virus vaccine (CoronaVac). Serum samples were prospectively collected

three times (Days 0, 28, 56). We measured SARS‐CoV‐2 IgGsp antibodies quanti-

tatively and neutralizing antibodies. After the first dose, antibody responses did not

develop in 64.8% of the participants without prior COVID‐19 infection. All partici-

pants had developed antibody responses after the second dose. We observed that

IgGsp antibody titers elicited by a single vaccine dose in participants with prior

COVID‐19 infection were higher than after two doses of vaccine in participants

without prior infection (geometric mean titer: 898 and 607 AU/ml). IgGsp antibodies,

participants with prior COVID‐19 infection had higher antibody levels as geometric

mean titers at all time points (p < 0.001). We also found a positive correlation be-

tween IgGsp antibody titers and neutralizing capacity (rs = 0.697, p < 0.001). Al-

though people without prior COVID‐19 infection should complete their vaccination

protocol, the adequacy of a single dose of vaccine is still in question for individuals

with prior COVID‐19. New methods are needed to measure the duration of pro-

tection of vaccines and their effectiveness against variants as the world is vacci-

nated. We believe quantitative IgGsp values may reflect the neutralization capacity

of some vaccines.
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1 | INTRODUCTION

Since the first day of clinical studies, coronavirus vaccines have

continued to be the most important solution for ending the pan-

demic. Nine vaccines with emergency‐use approval are being used in

different countries all over the world, and over 4 billion doses of

vaccine have been administered as of August 11, 2021.1

Due to the limited global supply of vaccines, the rational use of

vaccines and the development of alternative vaccine protocols have

gained importance. However, there is still a question about if and

when people who have previously had coronavirus disease 2019

(COVID‐19) need to be vaccinated. A small series of studies com-

paring antibody responses generated by messenger RNA (mRNA)

vaccines in people previously infected and not infected with COVID‐

19 were recently published. According to the published data, a single

dose of mRNA vaccine response may be sufficient in people who

have previously been infected with COVID‐19.2–4

CoronoVac is an inactivated virus vaccine developed by Sinovac

Life Sciences in early 2020. After demonstrating the safety and ef-

ficacy of the vaccine in Phase 1/2 studies,5,6 Phase 3 studies were

initiated in Brazil, Indonesia, Chile, and Turkey. CoronaVac efficacy

was found to be 83.5% in the Phase 3 study in Turkey.7 In an April

2021 report, the World Health Organization (WHO) stated that the

CoronaVac vaccine is effective in preventing COVID‐19, and they

approved it for emergency use in June 2021.8,9

Individuals and clinicians are trying to understand the effective-

ness of vaccines and how long the protection lasts as vaccination

rates rise. Assessments of vaccine effectiveness are based on real‐

world data that takes time. In vaccination research with influenza,

smallpox, and polio, it has been stated that the neutralizing antibody

response predicts vaccine protection, and it is known to play an im-

portant role in severe acute respiratory syndrome coronavirus 2.10

However, neutralizing antibody tests are not widely used because of

technical and financial issues. Vaccines induce an immune response

against viral spike protein. Anti‐spike antibodies are produced by the

immune system and may serve as an indicator of protection.11

The first goal of this study is to follow up the serological re-

sponses to the inactivated virus vaccine, namely CoronaVac, among

healthcare workers (HCWs) who had or did not have past COVID‐19.

The secondary goal is to investigate the impact of the level of

quantitative antibody on neutralization capacity.

2 | METHODS

2.1 | Data sources and searches

We collected plasma samples from HCWs who had received two

doses of CoronaVac (one dose of 0.5 ml contains 600 SU of severe

acute respiratory syndrome coronavirus 2 [SARS‐CoV‐2] virus anti-

gen) at a 28 days interval. CoronaVac has been administered in

Turkey since January 14, 2021.12 In our prospective observational

study, 444 plasma samples were collected from 148 HCWs, who all

signed informed consent forms. Groups with and without prior

COVID‐19 infection were created by matching them according to age

and gender characteristics.

Inclusion criteria for participants with prior COVID‐19 infection

were SARS‐CoV‐2 polymerase chain reaction (PCR) positivity in the

preceding months, as well as contact and symptomatic disease in any

period before vaccination.

Participants who had not previously been infected with COVID‐

19 were eligible if they had not SARS‐CoV‐2 PCR positivity, no his-

tory of quarantine, no history of therapy against COVID‐19 and

SARS‐CoV‐2 IgGsp levels <50 AU/ml in their serum before

vaccination.

Antibody levels were measured just before the first dose (Day 0),

just before the second dose (Day 28), and 28 days after the second

dose (Day 56).

Serological testing for antibodies to the receptor of the S1 sub-

unit of the viral spike protein (IgGsp) was performed with the Abbott

Architect SARS‐CoV‐2 IgG Quant II (Abbott).

Neutralizing antibodies from 31 participants were tested. This

included eight samples from Day 0, eight samples from Day 28, and

seven samples (eight samples were studied, but one could not be

evaluated due to technical reasons) from Day 56 from participants

who had previously been infected with COVID‐19. On Day 56, we

collected eight samples from participants who had not previously

been infected with COVID‐19. Four of the lowest antibody titer

samples and four samples that were closest to the geometric mean

titer (GMT) of time‐points were chosen from each group.

We used a live virus‐neutralizing antibody test which is the gold

standard for measuring protective immunity. For plaque reduction

neutralization tests (PRNT) for SARS‐CoV‐2, Vero E6 cells (3 × 105

cells/ml) were seeded in six‐well plates and incubated in Dulbecco's

modified Eagle's medium (DMEM) supplemented with 10% fetal bo-

vine serum (FBS) and 1% of penicillin, streptomycin, and amphotericin

B solution. Patient sera were diluted in DMEM with 5% of FBS and a

mixed standard amount of SARS‐CoV‐2 (10−3 PFU/ml) within a ratio of

1:1 (vol/vol). The serum–virus solution was incubated at 37°C for 1 h.

After incubation, supernatants were discarded and cells were supple-

mented with DMEM and 2% methylcellulose solution. After 4 days at

37°C, supernatants were removed and the six‐well plates were fixed

and inactivated using 4% paraformaldehyde and stained with crystal

violet. Serum dilutions with a PRNT of 50% (PRNT50) are referred to

as titers. Unless stated otherwise, cut‐off titers were set at <1:20.

A standardized questionnaire asking about the demographic

characteristics of the participants—age, gender, socioeconomic sta-

tus, marital status, comorbidity, smoking, and alcohol use—and the

use of paracetamol and/or nonsteroidal anti‐inflammatory drugs

(NSAIDs) was filled out by all participants with the guidance of an

infectious diseases specialist. Socioeconomic status was determined

using the income and expenditure self‐report. The use of para-

cetamol and/or NSAIDs was defined for both chronic use and 24 h

before and after vaccination.

To evaluate the body mass index (BMI) of participants, their

heights and weights were measured on a standard scale using a
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measuring instrument. The Pittsburgh sleep quality index (PSQI) was

applied to assess sleep states, and those with PSQI ≥ 5 were classified

as having poor quality sleep. The disease severity of the previously

infected participants was categorized into three groups according to

WHO classification: mild, moderate, and severe.13 In any of the

participants during follow‐up, there was no symptomatic dis-

ease, though this is based on the participants' self‐reports, as SARS‐

CoV‐2 PCR tests were not administered.

The design of this study was followed using the Strengthening

the Reporting of Observational Studies in Epidemiology checklist.

This study was approved by the Baskent University Institutional

Review Board and Ethics Committee (Project no: KA21/51) and was

supported by the Baskent University Research Fund.

2.2 | Statistical analyses

Antibody levels were presented as GMTs and confidence intervals.

Antibody levels were converted to base 10 logarithms and used in

statistical analysis for intergroup comparison. By testing the com-

patibility of numerical data to a normal distribution, parametric data

were evaluated using Student's t tests in paired comparison and

Mann–Whitney U tests for those who did not have parametric

properties. Analysis of the nominal data χ2 test or Fisher's exact test

was used. When changes of numerical variables were obtained with

more than two measurements in a single group, the Friedman test

was used if the variables were not normally distributed, and analysis

of variance was used for repeated measures. Spearman's correlation

coefficient was used to measure the strength of association between

antibody levels and neutralized antibody results. Statistical analysis

was done with IBM® SPSS© 25 software. Situations below 5% of the

type 1 error level were interpreted as statistically significant.

3 | RESULTS

3.1 | Demographic characteristics

Of the 148 HCW participants included in the study, 104 (70.3%)

were women, and the median age was 39 years (min 22–max 64).

Forty‐five of the participants (30.4%) had comorbidity; the most

prevalent being thyroid dysfunction (13/148, 8.8%). This was fol-

lowed by hypertension (11/148, 7.4%) and rheumatic disease

(10/148, 6.8%). The demographic characteristics of the participants

are given in Table S1.

3.2 | Evaluation of IgGsp antibody titers

IgGsp antibodies were evaluated as GMTs in all groups. After the first

dose (Day 28) IgGsp antibodies were not detected in 64.8% (n = 48/74)

of participants without prior COVID‐19 infection. After the second dose

(Day 56), all individuals had IgGsp antibodies of more than 50AU/ml

(the positive value of the test). Although there was no significant dif-

ference between age groups, antibody responses were highest in the

ages 18–34 group, while the mean antibody decreased as the age in-

creased. Antibody titers were significantly higher in females than in

males (Day 56 GMT=1150AU/ml in females, GMT=908AU/ml in

males [p = 0.038]). The antibody titers were significantly lower in smo-

kers than in nonsmokers (GMT=825, 1202AU/ml, respectively

[p = 0.007]). No difference in IgGsp titers was detected in groups ca-

tegorized by BMI, marital status, socioeconomic status, presence of

comorbidities, alcohol use, caregiving to COVID‐19 patients, and para-

cetamol and/or NSAIDs use (Table 1).

Participants with prior COVID‐19 infection had higher antibody

titers at all three measurements. (p < 0.001). The antibody responses

of the participants with and without prior COVID‐19 infection and all

measurement times are listed in Table S2.

Antibody titers in the previously infected group increased sig-

nificantly (p < 0.001): Days 0 (GMT = 294.93 AU/ml), 28 (GMT =

607.02 AU/ml), and 56 (GMT = 1280.27 AU/ml), as shown in

Figure 1A,B.

Participants with prior COVID‐19 infection were divided into

three groups based on the duration after infection; less than 3

months (<3 months, n = 29), between 3–6 months (3–6 months,

n = 34), and more than 6 months (>6 months, n = 11). Antibody titers

on Day 0 were the lowest in the group more than 6 months (GMT:

135.11 AU/ml). Antibody responses were higher in the 3–6 month

group than the other time groups in the measurements performed on

Days 28 and 56 (Figure 2A,B).

Participants with prior moderate/severe COVID‐19 infection had

higher antibody responses than the group with mild disease on Day

56 (Figure 3A,B).

3.3 | Evaluation neutralizing antibodies

The serological response to the vaccine, natural immune response,

and correlation with IgGsp antibody titers was evaluated. Sera from

31 participants were evaluated by neutralization assays and a re-

sponse equal to or greater than 1/160 dilution was detected (IgGsp

antibody titers ranged from 70 to 1526 AU/ml). Neutralizing antibody

responses without vaccine were detected 1/320 dilution for those

who had past COVID‐19 infection and the lowest antibody titers.

However, the lowest antibody titers in second‐dose vaccinated par-

ticipants who had not been previously infected with COVID‐19 had

1/160 dilution of neutralizing capacity (Figure 4). We found a positive

correlation between IgGsp antibody titers and neutralizing capacity—

rs = 0.697, p < 0.001—(Figure 5).

4 | DISCUSSION

Due to the shortage of vaccine supply, alternative vaccination stra-

tegies are needed to combat the pandemic. Modified vaccination

strategies in terms of the dose and duration are commonly used.
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The efficacy of a single dose vaccine being sufficient for individuals

with past COVID‐19 infection is under evaluation. Recently, studies

on mRNA vaccines comparing antibody responses after vaccination

in individuals with and without the previous disease have been

published. It has been concluded that the antibody response after a

single dose mRNA vaccine in patients with a previous infection is

similar to the response after two doses of vaccine for those who did

not have a prior infection.2–4 In our study, we evaluated the

TABLE 1 Factors that may affect the
vaccine response

Factors Day 56 GMT (AU/ml) 95% CI p Value

Age

18–34 1165.47 956.7–1419.3 0.538

35–49 1017.42 840–1231.9

≥50 984.2 581.5–1668

Gender

Female 1150.80 986.7–1342.1 0.038*

Male 908.24 706.6–1167.6

BMI

<30 1062.18 923.6–1221.5 0.716

≥30 1133.97 761.9–1687.7

Marital status

Married 1014.14 859.6–1196.4 0.326

Single 1164.39 936.9–1447.4

Socioeconomic status

Income < expenditure 831.7 492.2–1171.2 0.1

Income = expenditure 1222.3 758.4–1686.1

Income > expenditure 1098.8 823.1–1374.6

Comorbidities

Yes 1175.71 945.3–1462.1 0.344

No 1030.39 874.5–1213.9

Smoking

Yes 825.28 663.28–1027.07 0.007*

No 1202.54 1025.6–1410.2

Alcohol consumption

Yes 912.85 711.2–1171.6 0.201

No 1113.78 957.4–1295.6

Sleep

Good quality 994.95 822–1203.9 0.318

Bad quality 1171.93 980.3–1400.5

COVID‐19 patients care

Caregiver 1015.08 831–1239.9 0.139

Noncaregiver 1126.94 923.6–1374.6

Paracetamol and/or NSAID usage

Yes 973.52 670.9–1276 0.511

No 1093.9 741.5–1575

Abbreviations: BMI, body mass index; CI, confidence intervals; COVID‐19, coronavirus disease 2019;
GMT, geometric mean titer; NSAID, nonsteroidal anti‐inflammatory drugs.

*p < 0.05.
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serological response to inactivated virus vaccine among the HCWs

with and without prior COVID‐19 infection.

There is no established threshold for seroprotection, but

50 AU/ml is considered as positive in our SARS‐CoV‐2 IgGsp test

according to the SARS‐CoV‐2 Quant Assay user manual.14 In this

study, we detected that all participants had antibody responses after

two doses of the CoronaVac vaccine.

We observed that while antibody levels after the first vaccine

were very low in participants without previous COVID‐19, a high

titer was observed in antibody levels after the second dose. Among

those who had previous COVID‐19 infection, antibody titers after the

first dose of vaccine were found to be close to the titers obtained

after the second dose in the previously not infected group. Higher

antibody titers were detected among previously infected HCWs,

compared with not previously infected, during the whole study

period.

In our study, we also noticed that older people, men, and

smokers have a lower antibody response. Due to the small

number of participants in our study, it is impossible to remark on

this issue.

CoronaVac has been shown to be effective in preventing

symptomatic or severe illness.7 It was also found to be effective

F IGURE 1 (A) Anti‐SARS‐CoV‐2 IgGsp responses on Days 0, 28, 56 in groups with and without COVID‐19 history. (B) Showing the
geometric mean titers with line graphs of COVID‐19 previously infected and not‐infected groups at all measurement times. ^*Comparison
between groups. *Not previously infected participants intergroup comparison. **Previously infected participants intergroups comparison.
COVID‐19, coronavirus disease 2019; IgG, immunoglobulin G; SARS‐CoV‐2, severe acute respiratory syndrome coronavirus 2

F IGURE 2 (A) Anti‐SARS‐CoV‐2 IgGsp responses by time after disease in the group with prior COVID‐19. (B) Showing the geometric mean
titers with line graphs of the groups according to by the time after disease with prior COVID‐19 at all measurement times. COVID‐19,
coronavirus disease 2019; IgG, immunoglobulin G; SARS‐CoV‐2, severe acute respiratory syndrome coronavirus 2
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against several SARS‐CoV‐2 variants, albeit some variants drastically

reduced neutralizing antibody efficacy.15,16 Neutralizing antibodies

have been shown to be highly predictive of SARS‐CoV‐2 infection

protection.17 According to our findings, a single dose of CoronaVac

did not produce a reliable antibody response in those who had not

previously been infected (n = 48/74, 64.8%), whereas two doses of

the vaccine produced antibodies 28 days after the second dose. In-

dividuals without prior COVID‐19 infection had lower antibody re-

sponses during the whole study period than those in the previously

COVID‐19‐infected group. The SARS‐CoV‐2 Quant Assay user

manual estimates a 1050 AU/ml SARS‐CoV‐2 IgG titer, which cor-

responds to a 95% probability of being at or above the 1:80 neu-

tralization dilutions. However, we detected higher neutralizing

capacity at lower quantitative antibody values. This could be due to

nonstandardized neutralizing antibody measurements and working

with not the same strain. The strain used in our study is the most

widely circulating one in our country.

It still remains unclear how long immunity lasts after COVID‐19

infection, the protective level of antibody titer protect against re-

infection, and when people should be vaccinated. These are all im-

portant questions in terms of the future trajectory of the SARS‐CoV‐

2 virus.

According to current evidence, the natural immune response can

last up to 9 months after COVID‐19 infection.18 We also demon-

strated that the antibody response persisted for up to 6 months after

infection, declining over time. According to the SIREN trial, past

COVID‐19 infection reduced the probability of reinfection by 84%

and reduced the risk of symptomatic infection by 93%.19 In our study,

the highest antibody titers of participants with prior COVID‐19

infection—in terms of the time passed after the infection—were seen

in those who were vaccinated between 3 and 6 months postinfec-

tion. This is due to the presence of both basal high IgG‐spike antibody

titers and high neutralizing antibodies following the first vaccine

dose. A new vaccination schedule can be considered, including ex-

tending the dosing interval in those who had prior COVID‐19

infection.

It has been observed in the literature that there is a positive

correlation between disease severity and antibody responses.20–23 In

our study, the basal antibody levels of the participants in the group

with moderate/severe disease were higher than those in the group

with mild disease. The antibody titers acquired as a result of the

participants' immunological response to the vaccine were higher in

the moderate/severe disease group than in the mild disease group.

The main limitation of our study was the small number of par-

ticipants. Larger cohorts are needed to both evaluate antibody re-

sponses and assess differences between demographic and clinical

F IGURE 3 (A) Anti‐SARS‐CoV‐2 IgGsp responses according to disease severity in the group with prior COVID‐19. (B) Showing the geometric
mean titers with line graphs of the groups according to the severity of the disease with prior COVID‐19 at all measurement times.
^*Comparisons between groups. COVID‐19, coronavirus disease 2019; IgG, immunoglobulin G; SARS‐CoV‐2, severe acute respiratory
syndrome coronavirus 2

F IGURE 4 Neutralizing capacity pre‐ and postvaccination with
prior COVID‐19 and postvaccination without prior COVID‐19
(n = 31). COVID‐19, coronavirus disease 2019
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subgroups after vaccination. More studies are needed to determine

whether a certain interval would be optimal for timing vaccination in

people previously infected with COVID‐19. Although no sympto-

matic disease developed during the follow‐up of our study, the

probability of encountering SARS‐CoV‐2 is still high, as our group

consisted of HCWs and we were unable to prove an absence of

infection using PCR tests. We were unable to measure both neu-

tralizing antibody and IgG‐spike antibody titers for all participants at

different times due to limited resources. Our study shows neu-

tralizing antibodies against the most widely circulating strain of

SARS‐CoV‐2 in our country, but we do not have data regarding

variants.

5 | CONCLUSION

It is well known that not only spike antibodies but also T‐ and B‐cell

mediated immune factors play a role in the immune response against

SARS‐CoV‐2. The most important solution in the fight against

COVID‐19 still seems to be vaccines that reach the greatest number

of individuals in the shortest amount of time.

In the present study after two doses of vaccination, all vacci-

nated individuals developed an IgGsp antibody response. These re-

sponses were found to be significantly lower than mRNA vaccine

responses in previous studies of the same quantitative test.4 On the

other hand, neutralizing antibodies were detected in all cases (≥1/

160 dilution) of participants receiving a single dose of vaccine with

prior COVID‐19 infection and participants receiving two doses of

vaccine without prior infection.

In our research, we observed a positive correlation between

IgGsp antibody levels and neutralization capacity obtained after

CoronaVac vaccination. We believe quantitative antibody tests are

important because it is well known that neutralizing antibody levels

decrease over time and neutralizing antibody measurement is not

routinely available. Vaccination around the world necessitates the

development of standard and rapid new methods for measuring

vaccine duration of protection and effectiveness against variants.

From now on, comparing booster doses developed with various

vaccines, particularly in our country, with antibody titers and, if

possible, neutralization results follow‐up will be useful in evaluating

the pandemic's course, vaccine effectiveness follow‐up, and booster

timing. This is a pioneering study, and more comprehensive research

on the subject is required.
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