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Background and Objectives: Healthcare workers (HCWs) were among the first groups to be vaccinated in
Turkey. The data to be obtained by the vaccination of HCWs would guide wide spread vaccination pro-
grams.
Materials and Methods: The study included 330 HCWs working at Istanbul University-Cerrahpas�a,
Cerrahpas�a Medical Faculty Hospital and vaccinated with inactive CoronaVac (Sinovac Life Sciences,
China) SARS-CoV-2 vaccine in two doses (28 days apart). Anti-Spike /RBD IgG levels were measured
14 days after the first dose and 28 days after the second dose. Chemiluminescent microparticle
immunoassay (CMIA) (ARCHITECT IgG II Quant test, Abbott, USA), which is 100% compatible with plaque
reduction neutralization test (PRNT), was used.
Results: Of the participants, 211 (63.9%) were female, 119 (36.1%) were male, and mean age was 39.6 ± 7.
7 years. In those without prior COVID-19 history; (n = 255) antibody positivity was detected as 48.2%
(95% CI: 42.1–54.3) 14 days after the first dose of vaccine, and 99.2% (95% CI: 98.1–100) at day 28 after
the second dose. Antibody titers were significantly lower in patients with hypertension (p = 0.011). In
those with prior history of COVID-19 (n = 75); both the antibody positivity rates after the first vaccine
(48.2% vs 100%, p = 0.000) and the anti-spike/RBD antibody levels after the second vaccine (with
a � 1050 AU/mL titer equivalent to PRNT 1/80 dilution) was significant than infection-naive group
(25.9% vs. 54.7%, p = 0.000). Antibody positivity after two doses of vaccination for all study group was
99.4% (95% CI: 98.6–100).
Conclusions: Two doses CoronaVac produce effective humoral immunity in HCWs. Antibody response is
significantly higher in those with prior history of COVID-19 than infection-naive group. Given no signif-
icant benefit of the second dose, a single shot of vaccination may be sufficient for those with prior history
of COVID-19. Monitoring humoral and cellular immune responses, considering new variants, is required
to validate this approach.

� 2021 Elsevier Ltd. All rights reserved.
1. Introduction

The COVID-19 pandemic, caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), continues to cause high
morbidity and mortality worldwide [1]. As of Oct 4, 2021 world-
wide, 234.809.103 confirmed cases of SARS-CoV-2 infection had
been reported, 4.800.375 of which resulted in death [2]. A total
of 7.238.267 people have been infected in Turkey throughout this
period, and 64.661 of these have died [3]. Despite these devastat-
ing consequences of the Covid-19 pandemic, it is promising that
many vaccines are available today.

CoronaVac vaccine, produced by Sinovac Life Sciences (Beijing,
China) using the conventional inactivation technique, develops
immune response against the entire viral proteins including
matrix, envelope, nucleoprotein structures and spike protein of
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SARS-CoV-2. In phase 2 clinical trial, 97% seroconversion was
reported 28 days after CoronaVac (3 lg on day 0 and day 28)
administration [4]. In the phase 3 study, efficacy rates remained
high, though varying between 51 and 84%, according to the coun-
tries [5]. However, the protective efficacy of current vaccines
against infection and re-infection and the duration of protection
in real life, are still unclear.

In Turkey, the Ministry of Health approved the use of CoronaVac
(Sinovac) on 13.01.2021, and vaccination was launched first in the
healthcare workers (HCWs). At Cerrahpas�a ‘‘COVID-19 Adult Vacci-
nation Center”, the first dose of vaccines were administered to
2426 HCWs between January 15 and 25, 2021. The second vaccina-
tions were administered in the following month.

The primary aim of this study is to quantitatively detect IgG
antibody levels in blood samples of HCWs, obtained 14 days after
the first dose of the vaccine and 28 days after the second dose,
and to monitor the time-dependent changes in the antibody levels.
HCWs who were administered SARS-CoV-2 inactivated vaccine
were divided into two groups as those with prior history of
COVID-19 (recovered at least 4 months ago) and those with no evi-
dence of prior infection. The aim here is to determine whether
there is a difference between antibody levels in those who have
had the disease and those who have not. We also aimed to deter-
mine whether there is a difference in antibody levels between
those who have had and those who have not comorbidities. The
second aim of this study was to reassess antibody levels in the long
term (3rd and 6th months) and to determine whether HCWs were
infected with SARS-CoV-2 during this time period as an indicator of
long-term protection.
2. Methods

The study included 346 healthcare professionals who were
administered the first dose of CoronaVac (Sinovac Life Sciences,
Beijing, China) between 15.01.2021 and 28.01.2021, and the sec-
ond dose between 18.02.2021 and 05.03.2021. The study popula-
tion consisted of those who had the first dose of the vaccine
between 15 and 25 January 2021. By evaluating the literature data,
the sample size was determined to be at least 310 individuals
within the 95% confidence interval, when the 75% margin of error
of the expected antibody positivity after the second dose was taken
into consideration and the 5% design effect as 1.2. The number of
samples was increased by 10% due to dropout problems that may
be encountered in the follow-up. It was planned to collect periph-
eral blood samples from the participants 14 days after the first
dose and 28 days after the second dose to investigate the presence
of SARS-CoV-2 IgG. At various stages of the study, 2 healthcare
workers who had COVID-19 and 14 who had not had COVID-19
voluntarily left the study (Fig. 1).

The demographic data of all participants were recorded in the
follow-up form (age, gender, blood group type, the symptoms,
the presence of comorbidities, etc.). Individuals with prior history
Fig. 1. Flowchart of volunteers participating in the
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of COVID-19 and native for Covid 19 had no respiratory symptoms
until 14 days before the study. The antibody responses of 255
healthcare workers with COVID-19 infection-naive group and 75
healthcare workers with prior history of COVID-19 (with clinical
symptoms and PCR-confirmed SARS-CoV-2 infection) at least four
months ago before the study were evaluated. We also had the
pre-vaccine serum samples taken for routine/study purposes from
participants with prior history of COVID-19. In addition, the history
of infection (diagnosis, clinical presentation, symptoms, etc.) in
those who had COVID-19 and also vaccinated was evaluated
together with the obtained antibody results. informed consent
was obtained for experimentation with human subjects. The pri-
vacy rights of human subjects must always be observed. This study
was approved by the Republic of Turkey Ministry of Health General
Directorate of Health Services Scientific Research Studies Commis-
sion (Date: 26.01.2020), Istanbul University-Cerrahpas�a, Cer-
rahpas�a Faculty of Medicine, Scientific Research and Evaluation
Commission (Date: 19.02.2021 and Number: 35131) and Istanbul
University-Cerrahpas�a, Cerrahpas�a Medical Faculty Clinical
Research Ethics Committee approval (Date: 03.02.2020 and Deci-
sion No: 23461).

In this study, the SARS-CoV-2 IgG test (ARCHITECT IgG II Quant
test, Abbott, USA), which can quantitatively detect immunoglobu-
lin G(IgG) antibodies, including neutralizing antibodies against the
receptor-binding region (RBD) of the spike protein S1 subunit of
SARS-CoV-2 was used by the chemiluminescent microparticle
immunoassay (CMIA) method. The antibody results of studied sera
were evaluated as Arbitrary Unit/mL (AU/mL). The antibody con-
centrations obtained in AU/mL were multiplied by the correlation
coefficient of 0.142 and converted to the ‘‘Binding Antibody Unit
(BAU/mL)” in the WHO’s International Standard for Anti-SARS-
CoV-2 immunoglobulin [6]. Accordingly, 50 AU/mL or 7.1 BAU/
mL and above concentrations were considered positive. It was also
reported that this test was 100% compatible with the plaque reduc-
tion neutralization test (PRNT), and a concentration of 1050 AU/mL
was associated with a 1:80 dilution of PRNT [7].

The SARS-CoV-2 IgG test (ARCHITECT IgG test, Abbott, USA),
which semi-quantitatively detects IgG antibodies against the
Nucleocapsid protein (NCP) of SARS-CoV-2, was used in serum
samples taken after both doses of healthcare workers without his-
tory of COVID-19. In the previous study conducted in our center for
the diagnostic performance of antibody tests, the mean NCP IgG
(2.03 S/Co) in the acute period of patients with covid 19 was eval-
uated as cut-off [8]. The volunteers with a concentration above
2.03 S/Co were considered to be in contact with SARS-CoV-2 and
concentrations between 1.4 and 2.03 S/Co were evaluated as
vaccine-induced.

2.1. Statistical analysis

The IBM SPSS statistic 21 package programwas used to evaluate
the data. Qualitative data are presented as number and percentage,
and quantitative data are presented as median and IQR25-75. Chi-
Inactive SARS-CoV-2 Vaccine Efficacy Study.



Table 1
Evaluation of demographic data and antibody results of participants as a percentage.

Infection-naive
Group
n = 255 (%)

Prior History of
COVID-19
n = 75 (%)

p

Gender
Male 81 (31,8) 38 (50,7) ,003*
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square and Fisher’s exact test were used in the evaluation of qual-
itative data, Student’s t test, Mann Whitney U test and Kruskal
Wallis test were used in the comparison of quantitative data.
Spearman analysis was used for the correlation analysis. and
p < 0.05 value was considered significant in all analysis.

This work was supported by IU- Cerrahpas�a Scientific Research
Projects Unit (Project ID: 35691).
Female 174 (68,2) 37 (49,3)

Age
<40 128 (50,2) 39 (52,0) ,784
�40 127 (49,8) 36 (48,0)

Body-Mass Index
Normal 120 (49,0) 34 (45,9) ,320
Overweight 89 (36,3) 33 (44,6)
Obese 36 (14,7) 7 (9,5)

Department
Basic Medical

Sciences
9 (4,0) 7 (9,7) ,063

Internal Medical
Sciences

93 (41,3) 22 (30,6)

Surgical Medical
Sciences

59 (26,2) 26 (36,1)

Other Staff 64 (28,4) 17 (23,6)

Comorbidity
Allergy 22 (8,6) 5 (6,7) ,586
Auto-immune

Diseases
4 (1,6) 1 (1,3) 1,000

Neurological
Disorders

2 (0,8) 2 (2,7) ,223

Malignity 2 (0,8) 0 (0,0) ,442
Diabetes Mellitus 9 (3,5) 3 (4,0) ,848
Hypertension 15 (5,9) 3 (4,0) ,773
Hypothyroidism 15 (5,9) 4 (5,3) ,858
Cronic Heart Diseases 2 (0,8) 2 (2,7) ,190
Asthma 7 (2,7) 0 (0,0) ,357

Blood Groups
0+ 69 (32,1) 17 (25,4) ,815
0- 6 (2,8) 3 (4,5)
A+ 86 (40,0) 27 (40,3)
A- 8 (3,7) 5 (7,5)
B+ 23 (10,7) 8 (11,9)
B- 4 (1,9) 1 (1,5)
AB+ 18 (8,4) 5 (7,5)
AB- 1 (0,5) 1 (1,5)

Anti-SARS-CoV-2 IgG After first dose (AU/mL)
Negative (<50 AU/

mL)
132 (51,8) 0 (0,0) ,000

Positive (�50 AU/mL) 123 (48,2) 75 (100,0)

Anti-SARS-CoV-2 IgG After second dose (AU/mL)
Negative (<50 AU/

mL)
2 (0,8) 0 (0,0) –

Positive (�50 AU/mL) 253 (99,2) 75 (100,0)

Anti-SARS-CoV-2 IgG After second dose (AU/mL)
<1050 AU/mL 189 (74,1) 34 (45,3) ,000
�1050 AU/mL 66 (25,9) 41 (54,7)

Table 2
SARS-CoV-2 IgG averages in blood samples taken at different times from healthcare
workers who have prior history of COVID-19 and who are infection naïve.

Anti-SARS-CoV-2
IgG

Infection-naive
Group

Prior History
of COVID-19

p

Median
(IQR 25–75)

Median
(IQR 25–75)

Before Vaccination
(AU/mL)

– 301,9 (124,1–854,2)

After First Dose
(AU/mL)

48,4 (17,4–109,3) 1331,2 (900,1–2573,7) ,000***

After Second Dose
(AU/mL)

707,1 (426,4–1083,7) 1090,0 (612,0–1864,1) ,000***

AU/mL : Antibody Unit / mililiter ; IQR : Inter Quantile Range.
3. Results

The ages of 330 HCWs included in this study are ranged
between 19 and 65, with a mean age of 39.6 ± 7.7 years. 211
(63.9%) of the participants were female, and 119 (36.1%) were
male. Of the 75 participants with prior history of COVID-19, 38
(50.7%) were male, and 37 (49.3%) were female, with a mean age
of 39.53 ± 11.54 years. Of the infection-naive group, 81 (31.8%)
were men, 174 (68.2%) were women, and the mean age was 39.5
2 ± 11.06 years.

Of the individuals with a prior history of COVID-19, 5 had
asymptomatic COVID-19, 36 had mild, 31 had moderate, and 3
had severe clinical forms of the disease [9]. Fever(53,3%), fatigue
(74,6%), arthralgia(57,3%), loss of taste and smell (69,3%) and head-
ache(49,3%) were observed as the most common symptoms in
these individuals. Of the 75 participants with a prior history of
COVID-19, three had no detectable antibodies in the serum sample
obtained before vaccination. The percentage of positive antibodies
against the SARS-CoV-2 was 96.0% (95% CI: 91.6–100) in above
group. Antibody levels were detected in all cases after the first
and second doses of the vaccine. When the antibody response after
two doses of vaccination was compared to the severity of COVID-
19 in the group with a prior history of COVID-19, no significant dif-
ference was found (p > 0.05).

In the infection-naive group, the percentage of positive antibod-
ies 14 days after the first dose of vaccine was 48.2% (95% CI: 42.1–
54.3). The positive antibody percentage 28 days after the second
dose of vaccine was 99.2% (95% CI: 98.1–100), and only two HCWs
among this group were negative for antibody against SARS-CoV-2
(Table 1). In the total study group, the antibody positivity for
SARS-CoV-2 was 99.4% (95% CI: 98.6–100) after two doses of
vaccination

IgG antibody titers of over 1050 AU/mL (which is equivalent to
1:80 dilution in the plaque reduction neutralization test) were
detected in 25.9% of the infection-naive group and in 54.7% of those
with a prior history of COVID-19, the difference was statistically
significant (p<0.001) (Table 1). The percentage of antibody positiv-
ity was found to be 51.1% and 42.0% in males and females after the
first dose vaccination, respectively. On the other hand, the percent-
age of antibody positivity was found to be 99.5% and 99.2% in
males and females after the second dose of vaccination, respec-
tively. The efficacy rate of the CoronaVac vaccine was found as
99.4% in all participants, both under 40 and over 41 years old. No
significant difference was detected between antibody responses
according to blood groups.

Median antibody titer was 48,4 AU/mL after the first dose of
vaccine in the infection-naive group, which increased to 707,1
AU/mL after the second dose, the difference was statistically signif-
icant (p<0.001). While the median antibody titer was 301.9 AU/mL
before vaccination in participants with prior history of COVID-19,
it was found to be 1331.2 AU/mL after the first dose of vaccination
(p<0.001). After the second dose in the above group, the median
antibody titer was found as 1090,0 AU/mL (Table.2) (Fig. 2)
(p>0.05). Median antibody titers in groups with and without a
prior history of COVID-19 did not differ significantly in terms of
age and gender. There was a very low significant negative correla-
tion between the age and antibody titers after the second dose in
54



Fig. 2. SARS-CoV-2 IgG averages in blood samples taken at different times from healthcare workers who have prior history of COVID-19 and who are infection naïve.
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infection-naive group (r = -0.15 p<0.05). When evaluated in terms
of comorbid conditions; It was found that COVID-19 infection-
Table 3
Evaluation of antibody titers in healthcare workers according to demographic data.

Infection-Naive Group

n Median (IQR)

Gender
Male 81 674,4(447,3–1289,3)
Female 174 720,1(420,1–1032,8)

Age
<40 128 807,7(482,5–1155,9)
�40 127 601,9(382,9–1009,4)

Body-Mass Index
Normal 120 764,0(422,7–1028,8)
Overweight 89 626,3(388,5–1132,8)
Obese 36 619,0(460,4–1032,5)

Department
Basic Medical Sciences 9 729,1(358,7–1632,5)
Internal Medical Sciences 93 703,0(427,4–1035,7)
Surgical Medical Sciences 59 767,8(477,4–1241,9)
Other Staff 64 735,0(459,6–1124,6)

Allergy
Absent 233 705,6(424,0–1087,9)
Present 22 842,8(466,1–1074,0)

Diabetes Mellitus
Absent 246 720,1(415,6–1105,5)
Present 9 488,9(464,9–674,0)

Hypertension
Absent 240 731,5(445,4–1134,6)
Present 15 488,9(255,3–674,4)

Hypotroidism
Absent 240 706,4(422,8–1089,9)
Present 15 896,9(450,0–1042,0)

Comorbidity
Absent 196 745,2(435,8–1221,3)
Present 59 584,6(386,8–989,9)

IQR : Inter Quantile Range.
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naive group had significantly lower antibody titers in the presence
of hypertension (p<0.05) (Table 3).
Prior History of COVID-19

p n Median (IQR) p

,923 38 1114,6(444,5–1873,5) ,711
37 1078,1(617,2–1996,9)

,024 39 947,5(454,8–1552,9) ,071
36 1253,2(732,8–2371,9)

,546 34 806,8(444,5–1441,1) ,077
33 1413,1(870,2–2204,4)
7 1055,5(582,5(1269,7)

,846 7 883,6(438,6–1864,1) ,500
22 974,1(470,7–2375,5)
26 1266,8(717,0–2039,0)
17 970,7(419,4–1485,4)

,719 70 1056,7(562,1–1711,0) –
5 3382,0(1816,4–6631,8)

,268 72 1084,1(589,9–1858,0) –
3 1152,6(738,6

,011 72 1068,0(589,9–1820,4) –
3 2374,9(1152,6

,621 71 1090,0(582,5–1839,8) –
4 1948,3(708,4–3440,7)

0,041 62 1056,6(495,4–1781,7) 0,203
13 1152,6(854,6–3153)



Fig. 3. SARS-CoV-II (RBD) IgG results by depending on viral contact in the Infection-Naive group.

Table 4
Comparison of demographic data and post-vaccine antibody responses by viral exposure in 255 infection-naive participants.

COVID-19 naive NCP IgG Negative(n: 231) NCP IgG Positive(n: 24) p

Gender; n (%)
- Female
- Male

162
(70,1%)69
(29,9%)

12
(50%)12
(50%)

0,044

Age; Mean (SD) 39,58 (11,152) 39,14 (10,631) 0,828
After First Dose (AU/mL); Median (IQR25-75) 46,7(15,9–96,6) 98,3(30,9–604,2) ,000***
After Second Dose (AU/mL); Median (IQR25-75) 672,7(401,2–1012,3) 1687,1(1013,5–2995,1) ,000***

NCP: Nucleocapside ; SD : Standard Deviation ; AU/mL : Antibody Unit / mililiter ; IQR : Inter Quantile Range.
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In COVID-19 infection-naive group, NCP IgG positivity was
detected in 35 participants. In this group, SARS-CoV-2 NCP IgG
seropositivity due to contact with the virus was detected in a total
of 24 participants (12 females, 12 males), 4 after the first dose and
20 after the second dose. These 24 participants were questioned
retrospectively, and it was found that they did not have any clinical
signs of COVID-19. It was observed that the SARS-CoV-2 IgG (RBD/
S1) antibody titer values of these 24 individuals were 2-fold higher
than the median antibody titer values of the people (n:231) who
did not have contact with the virus and without a prior history
of COVID-19 (Fig. 3) (Table 4). A low degree of significant positive
correlation was observed between NCP IgG values and RBD/S1 IgG
titers in those without viral exposure (r = 0.41, p<0.001). A moder-
ately significant positive correlation was observed in those with
viral contact (r = 0.59, p<0.01). Regarding the gender distribution
among those in contact with the virus, males were found to be sig-
nificantly dominant (p<0.05).
4. Discussion

Ensuring widespread access to a safe and effective vaccine
against the pandemic has been the most vital challenge of the past
year. Immediate vaccination of HCWs is a critical step both in mit-
igating the pandemic and in guiding widespread vaccination pro-
56
grams. In this study, the antibody response rates and vaccine
efficacy in HCWs, both infection-naïve and with a prior history of
COVID-19, with and without comorbidities were determined.
Those with a prior history of COVID-19 developed significantly
higher antibody responses after the first dose of vaccine (96.4%
vs. 48%), yet the antibody development rates after the second dose
were similar (%99 vs. %100). Hence, there was a significant
decrease in the median antibody titers of HCWs with hypertension
(488.9 vs. 731.5) without prior history of infection. There was no
difference between the two groups when evaluated in terms of
other comorbid diseases and blood groups. We also observed that
the antibody response detected in two HCWs in the infection-naive
group was below the protective level (<50 AU/mL). One of these
HCWs was a diabetic patient over 60 years old and the other was
receiving immunosuppressive therapy. No significant difference
was detected in HCWs with prior COVID-19 in terms of comorbid
diseases.

In addition to basic measures such as hand hygiene, social dis-
tancing, and universal use of mask; a safe and effective vaccine is
pivotal in curbing the pandemic. In this context, various vaccines,
based on various production methodologies are currently available
worldwide with emergency use approval. The efficacy rates of
AstraZeneca/Oxford, Johnson and Johnson, Moderna, Pfizer/Bion-
Tech, and Sinopharm, which are on the WHO’s emergency use list,
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have been reported as 63.09%, 66%, 92%, 95%, and 79%, respectively
[10]. The efficacy rates of CoronaVac (Sinovac), which received
WHO emergency use approval on 01.06.2021, were announced as
51% in Brazil, 65% in Indonesia and 84% in Turkey, according to
Phase 3 studies [5].

Although the efficacy of COVID-19 vaccines has been investi-
gated and different efficacy rates have been reported, the real-life
efficacy data are not yet fully elucidated. In a study conducted in
Israel, it was reported that the BNT162b2 (Pfizer/BionTech) vaccine
had an efficacy of 66–85% in reducing SARS-CoV-2 positive cases
and efficacy over 90% in reducing hospitalizations [11]. In a study
with healthcare professionals in Brazil, the efficacy rate of Corona-
Vac, two weeks after the second dose of CoronaVac was reported as
50.7% (95% CI: 33.3–62.5%). It has also been reported that this effi-
cacy rate was increased further in the next two weeks (68.4% at
4 weeks and 73.8% at 5 weeks) [12]. After vaccination, 142 samples
that were detected PCR positive, were evaluated for SARS-CoV-2
variants and 47% (67) of these samples were found to harbour
mutations related to ‘‘Variant of Concern (VOC)” announced by
WHO, majority of which were P.1. variant [12]. It is crucial to mon-
itor the efficacy of existing COVID-19 vaccines for new variants of
SARS-CoV-2, including B.1.1.7, 501Y.V2 and P.1. In a study investi-
gating the efficacy of inactivated SARS-CoV-2 vaccines in Jordanian
and Egyptian populations, although it has been reported to reduce
the risk of symptomatic COVID-19 risk, but its efficacy against vari-
ants has not been tested [13]. While new variants are alarming, it is
promising to observe a significant reduction over time by vaccina-
tion in confirmed symptomatic COVID-19 cases [12]. We aim to
continue monitoring vaccine efficacy in the participants against
these emerging SARS-CoV-2 variants in the second phase of our
study.

One of the most critical problems in COVID-19 vaccination is
the duration and the extent of protection of the developed antibod-
ies. Therefore, it was planned to follow up the vaccinated patients
for up to 6 months. SARS-CoV-2 NCP IgG positivity was detected in
35 participants. Although it has been suggested that anti-
nucleocapsid antibodies may also develop in response to inacti-
vated SARS-CoV-2 vaccines, preclinical studies demonstrate their
levels to be approximately 30 times lower than anti-RBD antibod-
ies [14]. No data were presented regarding IgG response against
the nucleocapsid of SARS-CoV-2 in the Phase1/2 study of the Cor-
onaVac vaccine. However, B cells are known to generate antibody
responses initially to the nucleocapsid antigens in individuals
exposed to the SARS-CoV-2, and nucleocapsid IgG is known to
serve as one of the clinical diagnostic markers [15–17]. Since we
could not detect NCP IgG in 86.27% of those without a prior history
of COVID-19 in this study, the possibility of contact with the virus
during this process worths considering for the individuals who
were NCP IgG positive. Based on the NCP IgG results, we suggest
that 11 people may have developed a vaccine-induced NCP IgG
response, while 24 people may have developed a virus-induced
NCP IgG response. In addition, when we questioned these 24 peo-
ple for 60 days from the beginning of the vaccination process, these
people did not report any symptoms or clinical findings and only
12 of these people had a history of close contact with a COVID-
19 positive individual. These findings suggest that people (n:24)
with an elevated positive NCP IgG result may have had the
COVID-19 asymptomatically and very recently, probably before
the second vaccination or more earier but later than the contact
time of the COVID-19 group with the COVID-19. Although the
COVID-19 inactivated vaccines don’t provide a 100% protection
against infection, we suggest that they may effectively prevent sev-
ere disease since none of the HCWs that were followed during this
period developed a symptomatic COVID-19 infection.

Determining the duration of protective efficacy and the require-
ment for a booster dose remain among unsolved problems. It was
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reported that IgG antibodies developed by the COVID-19 infection
largely protects from re-infection for about 6 months in a study
conducted in healthcare professionals who had COVID-19 [18]. In
the SIREN study conducted on 20,787 HCWs in England, it was
reported that the protection rate for the first 5 months after infec-
tion was 83%, but the contagiousness of healthcare personnel could
continue during this period, and attention was drawn to the possi-
bility of re-infection [19].

Data are scarce regarding the protective efficacy of natural anti-
bodies developed post-infection. Therefore, vaccination is recom-
mended regardless of prior COVID-19 infection status [20]. One
of the critical questions is whether a single dose of vaccine will
be sufficient for these people. Antibody positivity in the group that
had the COVID-19 before vaccination was 96%. It was also observed
that the antibody titers of 75 people who had COVID-19 at least
four months ago increased three-fold after the first dose of vaccina-
tion. Although there is a slight decrease in the median antibody
titers (16%) after the second dose, the median antibody titers are
approximately 2.5 times higher than in the infection-naïve group.
When all data are evaluated together, it can be suggested that a
single dose of vaccine administered 3–6 months apart to the infec-
tion may be sufficient for those with confirmed prior COVID-19,
thus the limited resources of vaccine can be mobilized to a larger
extent of vulnerable populations. Memory B and T cell responses
play a vital protective role in case of re-exposure to the virus. It
is well documented that T cell response develops within the first
14 days after a single dose of the CoronaVac vaccine, while B cell
response improves after the second dose [21]. Given the results
of recent studies, including ours, it is still vital to administer vacci-
nes in two doses to those with no known exposure to SARS-CoV-2.

There are very limited number of studies for the efficacy of
COVID-19 vaccines in those with chronic diseases and those who
have had COVID-19 before. Our study, comprising a population of
HCWs with and without chronic diseases besides those with and
without prior infection, provides a set of real life data. Since only
the Sinovac vaccine was available in Turkey during this period,
the results of this vaccine were evaluated in the healthcare person-
nel. The inability to evaluate the cellular immune responses of the
participants is among major limitations of this study, conducted in
a single center, on a limited population. Although, the possibility of
exposure to the SARS-CoV-2 virus between the blood collection
periods after the first and second dose vaccination was taken into
account, the PCR test, which is considered the gold standard in
acute diagnosis of COVID-19, could not be routinely performed
on the participants before the study. Instead, nucleocapsid IgG-
targeted antibody testing was used for the serum samples obtained
between the indicated time periods.

Demonstrating the presence of the SARS-CoV-2-specific neu-
tralizing antibodies developed after infection and vaccination is
very important in terms of protective immunity. However, it is dif-
ficult to perform PRNT in routine practice, which is the reference
standard method, due to the need for special laboratory conditions
with biosafety level 3 (BSL3) and experienced specialists. There-
fore, we used an antibody test with 100% correlation with PRNT
and another limiting factor is that the evaluation was made accord-
ing to the cut-off value of the manufacturer. Although the World
Health Organization (WHO) is working to establish a standard for
antibody tests with a reference serum sample (NIBSC code
20/136) and its dilutions, a safe cut-off value indicating the protec-
tive immunity has not been defined yet [22]. Only the FDA has
defined a cut-off value for convalescent plasma, and this value
is > 840 AU/ml for the test we used in this study [23].

As a result, while the vaccine response was 45% two weeks after
the first dose in HCWs, the rate of it reached to 99% within one
month after the second dose. Two doses of inactivated CoronaVac
(Sinovac) vaccine produced effective humoral immunity in HCWs.
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Response to the vaccine is similar following the first and second
doses in those with a prior history of COVID-19. Moreover, anti-
body levels are significantly higher in comparison to the
infection-naive group. Given no significant benefit of the second
dose, in terms of antibody titers, a single shot of vaccination may
be sufficient for those with prior history of COVID-19. Monitoring
humoral and cellular immune responses, considering new variants,
is required to validate this approach.
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