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ABSTRACT
The effects of inactivated SARS-CoV-2 vaccine (CoronaVac) on previously naturally infected individuals are 
unknown. This study compared immunogenicity and reactogenicity of CoronaVac in once naturally 
infected health-care workers (HCWs) and uninfected HCWs. All HCWs were immunized with two doses 
of CoronaVac (600 U/0.5 ml) intramuscularly at a 28-day interval. Adverse reactions were obtained by web- 
based questionnaires or telephone calls seven days after each vaccine dose. Detection of antibody levels 
against the receptor-binding domain (RBD) of SARS-CoV-2 spike protein was done four weeks after 
the second dose of the vaccine. We enrolled 103 previously naturally infected and 627 uninfected 
HCWs. The mean time for vaccination after the first nasopharyngeal SARS-CoV-2 positivity was 64 days 
(range: 15–136 days) in previously naturally infected HCWs. Among the previously naturally infected 
HCWs, 41 (40%) were asymptomatic, 52 (50%) had mild upper respiratory tract infections, 10 (105) had 
pneumonia, and only 6 (5%) were hospitalized. Any reported adverse reactions, either from the first dose 
or the second dose of vaccine administration, did not differ between previously infected and uninfected 
HCWs. Anti-RBD antibody titers were obtained in 50 (51%) of 103 previously infected HCWs and 142 (23%) 
of 627 uninfected HCWs. Anti-RBD antibody titers were significantly higher in HCWs with a previous 
natural infection (median 1220 AU/ml, range: 202–10328 AU/mL) than in uninfected HCWs (median: 913 
AU/ml, range: 2.8–15547 AU/mL, p = .032). CoronaVac administration was safe and may elicit higher 
antibody responses in previously naturally infected individuals.
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Introduction

COVID-19 began in late 2019 and has spread worldwide and 
caused social and economic destruction in many countries. 
Health workers are among the most affected groups. Some 
studies reported that health-care workers who have intense 
and close contact with infected individuals can suffer from 
COVID-19 disease more than once.1 Safe and effective 
COVID-19 treatments have yet to be developed, but vaccina-
tion is an effective strategy in stopping the spread of SARS- 
CoV-2. Several vaccines have become available for use in 
different parts of the world: Over 40 candidate vaccines are in 
human trials, and over 150 are in preclinical studies.2

In Turkey, the SARS-CoV-2 vaccination program started on 
January 11, 2021, with priority given to HCWs and then to 
high-risk groups. This strategy uses two doses of CoronaVac 
600 U/0.5 mL (Sinovac Life Science Co, Ltd, Beijing, China) 
given 28 days apart intramuscularly.3 The BNT162b2 vaccine 
(Pfizer-BioNTech) was later introduced to the immunization 
program with two doses given at four-week intervals.3 The 
total number of vaccines given in Turkey is 18,724,856; 
7,619,467 have received the second dose.3 Previously, SARS- 

CoV-2 infected people are thought to have protective immu-
nity and memory responses for at least six months.4 However, 
the ideal vaccination time and regimens have not yet been 
clarified in previously infected individuals. It is also reasonable 
for such individuals to delay any vaccine receipt for a few 
months after infection to allow others to get vaccinated sooner 
as the risk of reinfection appears extremely low in this period. 
The USA Centers for Disease Control and Prevention (CDC) 
also suggest that individuals who received monoclonal antibo-
dies or convalescent plasma for COVID-19 should delay vac-
cination for at least 90 days from the time of treatment.5 The 
Turkish Ministry of Health recommended SARS-CoV-2 vacci-
nation at least one month after COVID-19 infection in HCWs 
and six months later in high-risk group individuals. Individuals 
with a history of SARS-CoV-2 may also be more likely to 
experience local and systemic adverse reactions.5,6 However, 
the responses to SARS-CoV-2 inactivated virus vaccine 
(CoronaVac, Sinovac Life Science Co., Ltd, Beijing, China) in 
previously naturally infected individuals have not yet been 
assessed in clinical trials. Therefore, this study compared anti-
body response and adverse reactions between previously 
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SARS-CoV-2 naturally infected and uninfected health-care 
workers (HCWs) after two doses of SARS-CoV-2 vaccine 
(CoronaVac) administration.

Materials and methods

This study was a nested case–control analysis of 103 HCWs 
with previous natural SARS-CoV-2 infection during the last 
four months before administering the first dose of SARS-CoV 
-2 inactivated virus vaccine (CoronaVac, Sinovac Life Science 
Co, Ltd, Beijing, China); there were also 627 infection-naive 
HCWs. All work was done between January 11 and 
February 25, 2021. This study was done at Memorial Istanbul 
Ataşehir Hospital and Memorial Istanbul Şişli Hospital. To 
investigate vaccine-related adverse reactions, we made an 
online web-based questionnaire using The Turkish Pediatric 
Workshop telegram group.7 Clinical features and antibody 
titers results were obtained from participating hospitals’ infec-
tion control unit records. Vaccine-related adverse reactions 
were collected seven days after each vaccine-dose administra-
tion via web-based questionnaires. Antibody titers were mea-
sured four weeks after the second dose of the vaccine. 
Antibodies against the receptor-binding domain (RBD) of 
SARS-CoV-2 spike protein were measured with a SARS-CoV 
-2 IgG II Quant Reagent Kit (Abbott Ireland Diagnostics 
Division, Finisklin Business Park, Sligo, Ireland).

CoronaVac is an inactivated virus vaccine with an alum 
adjuvant. The SARS-CoV-2 strain CN2 was extracted from 
bronchoalveolar lavage (BAL) of a hospitalized patient in 
Wuhan, cultured in Vero cells, harvested, inactivated using β- 
propiolactone, and purified before being absorbed into alumi-
num hydroxide.8 Each 0.5-mL vaccine vial contains 600 SU 
SARS-CoV-2 antigens, sodium chloride (9 mg/ml), disodium 
hydrogen phosphate (1.16 mg/ml), monosodium hydrogen 
phosphate, sodium hydroxide, and sterile water. All HCWs 
received two doses of CoronaVac at least 28 days apart, and 
blood was drawn for detection of anti-RBD antibody four 
weeks after the second dose of the vaccine. All HCWs provided 
informed consent. This study was approved by the COVID-19 
scientific research commission of the Turkish Ministry of 
Health and ethically approved by the Istanbul Memorial Şişli 
Hospital ethics committee. Statistical analysis was performed 

with jamovi (version 1.6, computer software retrieved from 
https://jamovi.org.) Antibody titers between groups were 
tested using the two-tailed Mann-Whitney U-test, Student’s 
t-test, and Pearson χ2 test for categorical and continuous vari-
ables. A P-value <0.05 was considered significant.

Results

Of the 730 HCWs enrolled in the survey, 103 (14%) HCWs had 
a previous laboratory-confirmed mild or asymptomatic SARS- 
CoV-2 infection as diagnosed with positive nasopharyngeal 
aspiration (NP) swab PCR (only one HCW had a negative 
PCR result but positive anti-SARS-CoV2 IgM antibody); 627 
(86%) HCWs were previously uninfected as shown by PCR. 
Demographic and clinical features of the study population are 
shown in Table 1. Among the previously naturally SARS-CoV 
-2 infected HCWs, 41 (40%) of them were asymptomatic, 52 
(50%) had mild upper respiratory tract infection, 10 (10%) of 
them had pneumonia, and only 6 (5%) were hospitalized. None 
of the previously naturally SARS-CoV-2 infected HCWs died. 
The mean time for vaccination from the first nasopharyngeal 
SARS-CoV-2 positivity was 64 days (range: 15–136 days) in 
previously naturally SARS-CoV-2 infected HCWs. None of the 
HCWs received steroids or other immune-suppressive drugs 
for the treatment of SARS-CoV-2 infection.

Any reported adverse reactions – whether from the first 
or second dose of vaccine administration – did not differ 
between previously infected and uninfected HCWs (Table 1). 
The most common self-reported vaccine-related adverse effects 
after the first dose of the vaccine were local injection site pain 
(41%), myalgia (19%), and headache (13%) in previously unin-
fected HCWs; injection site pain (44%) and myalgia (13%) 
were seen in once-infected HCWs. The most common self- 
reported vaccine-related adverse effects after the second dose 
of the vaccine were local injection site pain (26%), headache 
(12%), and myalgia (3%) in previously uninfected HCWs, and 
injection site pain (30%), and myalgia (3%) in previously 
infected HCWs. Self-reported adverse reactions for 
the second dose were lower in both groups than the first dose 
(Table 1). Interestingly, sleepiness was reported after the first 
dose of vaccine in 14% of previously infected HCWs and 16% 
of previously uninfected HCWs; the rate of sleepiness 

Table 1. Demographic and clinical features of study population.

Previously SARS-CoV-2 
infected n = 103

SARS-CoV-2 
uninfected n = 627 P value

Age, median (range), years 36 (22–68) 41 (22–72) <.001
Sex
Male 40 (37%) 247 (39%) .9
Female 63 (63%) 380 (61%)
Clinic severity
Asymptomatic 41 (40%) -
URTI 52 (50%) -
Pneumonia 10 (10%) -
Hospitalization 6 (5%) -
Days from NP SARS-CoV-2 PCR + to vaccination mean (range) 64 (15–136) -
Days from 2nd dose vaccination to collecting blood for antibody mean; (range) 28 days (13–34) 28 days (15–36) .8
Any adverse Reactions after 1st dose of vaccine 44 (42%) 309 (43%) .15
Any adverse Reactions after 2nd dose of vaccine 34 (35%) 214 (34%) .25
Number of vaccinated individuals with available antibody result 50 (51%) 142 (23%) -
Number of vaccinated subjects with undetectable antibody titers 0 (0%) 2 (%1) -
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decreased to 7% in previously infected HCWs and decreased to 
10% in uninfected HCWs after the second dose. The reported 
sleepiness rate, whether after the first dose or second dose of 
the vaccine administration, did not differ between previously 
infected and uninfected HCWs (p > .05, respectively).

The study included 103 previously infected HCWs and 627 
uninfected HCWs. Anti-RBD-antibody (SARS-CoV-2 IgG) 
titers were obtained in 50 (51%) of 103 previously infected 
HCWs and 142 (23%) of 627 uninfected individuals; 190 
(98%) of seroprevalent patients reached an assay detectable 
response (SARS-CoV-2 IgG index value ≥50 AU/mL). Only 
two (2%) HCWs who were 53 and 52 years of age with no 
previous-SARS-CoV-2 infection had an undetectable antibody 
level despite vaccination. Anti-RBD antibody titers were sig-
nificantly higher in HCWs with previous natural infection 
(median 1220 AU/ml, range: 202–10328 AU/mL) than in unin-
fected HCWs (median: 913 AU/ml, range: 2.8–15547 AU/mL, 
p = .032) (Figure 1).

Discussion

To the best of our knowledge, this is the first study to investi-
gate reactogenicity and immunogenicity of inactivated SARS- 
CoV-2 vaccine (CoronaVac) in previously naturally infected 
individuals. Studies with inactivated SARS-CoV-2 vaccine 
(CoronaVac, Sinovac Life Science Co., Ltd., Beijing, China) 
have shown that most adverse reactions were mild. The most 
common symptom was injection-site pain, which agrees with 
previous studies. Previously, phase 1–2 clinical trials of 
CoronaVac among healthy adults aged 18–59 years showed 
that the vaccine was well tolerated, and seroconversion rates 
were 97–100% 28 days after the second dose of vaccine depend-
ing on the amount of antigen.8

Our study is in parallel with phase 1 and 2 studies of 
inactivated SARS-CoV-2 vaccine (CoronaVac, Sinovac Life 
Science Co., Ltd., Beijing, China); 98% of vaccinated HCWs 
had a detectable antibody response. This study’s main finding 
is that HCWs with previous SARS-CoV-2 infection had 

a higher antibody titer response to two doses of inactivated 
SARS-CoV-2 vaccine (CoronaVac, Sinovac Life Science Co, 
Ltd, Beijing, China) than those who were not previously 
infected. The median anti-RBD antibody titers were signifi-
cantly higher in HCWs with previous natural infection (med-
ian 1220 AU/ml, range: 202–10328 AU/mL) than in uninfected 
HCWs (median: 913 AU/ml, range: 2.8–15547 AU/mL, 
p = .032).

To the best of our knowledge, there is no reported research 
either investigating the safety or immunogenicity of inactivated 
SARS-CoV-2 vaccine (CoronaVac, Sinovac Life Science Co., 
Ltd., Beijing, China) in previously naturally infected indivi-
duals. As a result, we cannot compare our findings to the 
literature. We examined studies done with other SARS-CoV 
-2 vaccines: Higher antibody titers after a single dose of mRNA 
vaccines were seen in previously naturally infected HCWs in 
many studies.6,9–14

Prendecki et al. reported that anti-S titers were significantly 
higher in HCWs with previous natural infection than in infec-
tion-naive HCWs after a single-dose of BNT 161b2 mRNA 
vaccine (Pfizer-BioNTech, Mainz, Germany) (median 16353 
AU per mL [IQR 4741–28 581] vs. 615 · 1 AU/mL (286 · 4– 
1491)) [10]. Manisty et al. also compared a single dose of 
BNT162b2 mRNA COVID-19 vaccine (Pfizer-BioNTech, 
Mainz, Germany) responses in HCWs.10 They reported that 
among previously uninfected, seronegative individuals, anti-S 
titers after one vaccine dose were comparable to peak anti-S 
titers in individuals with a previous natural infection who had 
not yet been vaccinated. Among those with previous SARS- 
CoV-2 infection, vaccination increased anti-S titers more than 
140-fold from peak pre-vaccine levels. This increase appears to 
be at least one order of magnitude greater than values reported 
after a conventional prime-boost vaccine strategy in previously 
uninfected individuals.10

Saadat et al. also investigated antibody responses after sin-
gle-dose mRNA vaccines (either the Pfizer-BioNTech or 
Moderna vaccine) in 17 antibody-negative subjects, 16 asymp-
tomatic SARS-CoV-2-infected subjects, and 26 symptomatic 

Figure 1. Anti-SARS-CoV-2 antibody responses after 2 doses of vaccine in health care workers concerning previous infection status. Anti-RBD antibody (Arbitrary unit 
per ml)
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SARS-CoV-2-infected HCWs. HCWs with previous COVID- 
19 infection had higher antibody titer responses to a single dose 
of mRNA vaccines than those who were not previously infected 
based on laboratory-confirmed serology testing.

Antibody titers started peaking at seven days and achieved 
higher titers and neutralization rates in 14 days than antibody- 
negative volunteers.11 Bradley et al. determined antibody levels 
at baseline and three weeks after the first dose of the BNT162b2 
SARS-CoV-2 mRNA vaccine (Pfizer-BioNTech, Mainz, 
Germany) in 36 HCWs who received laboratory confirmation 
of SARS-CoV-2 infection 30 to 60 days before they received the 
vaccine as well as 152 HCWs without a history of SARS-CoV-2 
infection.12 They showed that three weeks after a single vacci-
nation, HCWs with recent SARS-CoV-2 infection or seroposi-
tive status had higher antibody levels to SARS-CoV-2 antigens 
and higher levels of antibodies with neutralizing characteristics 
than those without a history of infection.12

Krammer et al. investigated antibody responses after mRNA 
vaccines (BNT162b2 [Pfizer] and mRNA-1273 [Moderna]) in 
67 SARS-CoV-2 seronegative individuals and 43 seropositive 
individuals.6 They reported that the antibody titers of vaccines 
with preexisting SARS-CoV-2 antibody were 10 to 45 times as 
high as those vaccinated without preexisting antibodies at the 
same time points after the first vaccine dose. Seropositive 
patients also exceeded the median antibody titers measured 
in participants without preexisting antibodies after the second 
vaccine dose by more than a factor of 6.6 In addition, Ebinger 
et al. compared antibody responses to BNT162b2 (Pfizer– 
BioNTech) mRNA vaccine in individuals with previous SARS- 
CoV-2 infection (n = 35) versus infection-naive (n = 228) 
individuals.13 They reported that individuals previously 
infected with SARS-CoV-2 developed vaccine-induced anti-
body responses after a single dose of the BNT162b2 (Pfizer– 
BioNTech) mRNA vaccine that was similar to the antibody 
responses seen after a two-dose vaccination course adminis-
tered to infection-naive individuals.13

In contrast, Tauzin et al. investigated humoral and T cell 
immune responses in cohorts of SARS-CoV-2 naive (n = 16) 
and naturally infected individuals (n = 16) prior and three 
weeks after the BNT162b2 (Pfizer–BioNTech) mRNA vaccine. 
They found that no neutralizing activity was seen in SARS- 
CoV-2-naive individuals three weeks after the first dose of 
vaccine. They still detected strong anti-RBD and spike antibo-
dies with Fc-mediated effector functions and cellular responses 
dominated by the CD4+ T cell component. Moreover, after 
a single dose of the vaccine, a significant increase in preexisting 
humoral immunity, neutralization, and all T-cell responses 
were observed in SARS-CoV-2 naturally infected individuals.14

Covaxin was developed by the Indian pharmaceutical com-
pany Bharat Biotech in collaboration with the Indian Council 
of Medical Research (a government-funded biomedical 
research institute), and its subsidiary the National Institute of 
Virology; 800 participants have been enrolled in ongoing phase 
III trials since November 25, 2020. Bharat Biotech released 
interim efficacy data on March 3, 2021, which showed 
a clinical efficacy of 81%.15

This study shows that any adverse reactions after inactivated 
SARS-CoV-2 vaccine (CoronaVac, Sinovac Life Science Co, 
Ltd, Beijing, China) administration did not differ between 

previously infected and uninfected individuals. Healthy adults 
aged 18–89 years easily tolerated the vaccine in phase 1–2 
clinical trials of inactivated SARS-CoV-2 vaccine 
(CoronaVac, Sinovac Life Science Co., Ltd., Beijing, China). 
In the phase 1 trial, 38% of subjects in the high-dose vaccine 
group reported adverse reactions. The most common symptom 
was injection site pain and the most adverse reactions were 
mild (grade 1) similar to our observations. The literature shows 
that previously infected individuals experienced significant 
post-vaccine symptoms more frequently than infection-naïve 
individuals after the first dose of BNT162b2 (Pfizer–BioNTech) 
mRNA vaccine. This difference was not observed after 
the second dose; naive individuals reported higher reactogeni-
city than previously infected individuals.13 Krammer et al. 
reported higher frequencies of any adverse reactions and sys-
temic side effects after mRNA vaccines (BNT162b2 [Pfizer] 
and mRNA-1273 [Moderna]) in vaccine recipients with pre-
existing immunity.6 Prendecki et al., Manisty et al., Saadat 
et al., and Bradly et al. did not mention adverse vaccine reac-
tions in their reports.9–12

Our study’s limitations are a small sample size, lack of pre- 
vaccination antibody titers of participants, lack of investigation 
of cellular immune responses, demonstration of vaccine effi-
cacy, and potential enrollment bias. Because of ongoing world-
wide vaccine shortages, this study’s results might lead to 
suggestions on a single-dose vaccination strategy for those 
with previous SARS-CoV-2 infection but this needs further 
study.

In conclusion, we showed that the CoronaVac vaccine 
elicits antibody responses in both SARS-CoV-2-uninfected 
and previously naturally infected individuals; the median 
antibody responses were higher in previously infected indi-
viduals. Furthermore, there was no difference in vaccine- 
related adverse reactions between previously infected and 
uninfected individuals either in the first or second dose. 
However, further study is needed to clarify if a single-dose 
of CoronaVac is sufficient for previously infected 
individuals.
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