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Abstract
Background

Although COVID-19 pandemic Phase III trial results of many vaccines were reported, the literature about
community results is inadequate. This study aims to evaluate the experience gained during the
vaccination process of healthcare workers (HCW), the measured antibody responses and the factors
affecting the response, and to contribute to the literature in this �eld by presenting the data.

Method

Anti-RBD anti-SARS Cov2 IgG antibodies were measured by the ELISA method in blood samples taken at
least a month after the second vaccine from 264 HCW vaccinated twice with an interval of 28 days.
Information from individuals were collected with an online participation form.

Results

264 HCW (166 females (63%), 98 males (37%)) were included in the study whose age are between 23-69
(mean 44.22 ± 11.58). After vaccination, 22 (8.3%) were unresponsive, 25 (9.5%) had weak response, and
217 (82.2%) had a response. The overall rate of weak response and the high response was 91.6%. In our
study, that the antibody response was found to be statistically signi�cantly lower in males (p: 0.022),
there was a signi�cant decrease in antibody response with advanced age (p <0.005), and the difference
was highly signi�cant (p: 0.0005) above the age of 60.

Conclusion

In this study, 91.6% anti spike antibodies were detected with CoronaVac which an inactivated vaccine and
the antibody response is was lower in cases of advanced age, male gender, not having COVID-19, not
developing PVAE, and having pandemic H1N1 vaccine.

Background
The clinical picture which attracted attention with the clustering of pneumonia cases in China in the last
month of 2019 and whose causative agent was de�ned as a new coronavirus (SARS-CoV-2), leads to
severe acute respiratory syndrome (table). It affected the whole world quickly and was declared a
pandemic by the World Health Organization, named COVID-19, in February 2020. As of April 9, 2021, there
are 134,621,148 con�rmed cases and 2,917,645 deaths worldwide, and the pandemic still continues by
making peaks all around the world (1–5).

While the personal protection measures, protective equipment usage, hand hygiene and social isolation
rules that have been recommended to be practised from the beginning are bene�cial, vaccination studies
against the agent have also been started because they are not adequate to stop the pandemic. Vaccines
having particular features have been developed by many companies. Preclinical and clinical studies on
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nearly 300 candidate vaccines are still ongoing worldwide. the vaccine of many companies in the world
was started to be used with emergency use approval by the national authorities: FDA in the USA, EMA in
Europe, China-India-England and Russia at the end of 2020. However, no COVID-19 vaccine had
conventional approval for use yet. Therefore, e�cacy and reliability studies regarding different vaccines
are still ongoing (6–10).

Coronaviruses are, structurally pleomorphic, enveloped viruses with characteristic S-protein spikes on
their surface. The primary objective of all COVID-19 vaccines is to produce neutralizing antibodies
against the S protein of the virus in individuals. The S protein of SARS CoV-2 is the most suitable antigen
for the formation of neutralizing antibodies against this pathogen. It has two subunits consisting of S1
(NTD, RBD, and RBM domains) and S2 (FP, HR1 and 2 domains). S protein has a dynamic structure; It has
two different structures as prefusion and post-fusion (11). Inactivated vaccines which are among the
COVID-19 vaccines are chemically inactivated vaccines produced in Vero cell culture. Today, other
inactivated vaccine studies are still continuing in China, India and Kazakhstan in addition to the
CoronaVac produced by Sinovac in China and the BBIBP-CorV vaccines produced by Sinopharm in China.
These vaccines are often combined with aluminum or a similar adjuvant aiming to stimulate the immune
response. The target of inactivated vaccines includes not only the spike protein but all components of the
virus (12–15). In our country, a Phase III study took place which started on September 14, 2020, regarding
the inactivated vaccine named CoronaVac produced by Sinovac company in China. Following this, the
vaccination of healthcare workers was started on January 12, 2021, after the emergency use approval.
Subsequently, vaccination of individuals at risk in the community continues gradually.

Neutralizing antibodies formed after vaccination cannot be routinely examined due to the need for
special laboratory infrastructure. The most scienti�c measurement of antibody response for
coronaviruses other than neutralizing antibodies is recommended as the measurement of IgM and IgG
against S1 protein + N protein (16). Although it is known that the detected spike antibodies (anti-S IgG)
correlate with the neutralizing antibody level, there is no standard threshold value for signi�cant antibody
titer; Therefore, there are di�culties in the interpretation of the results. Additionally, test kits produced by
different companies result in different reference ranges. Moreover, since the methods of these test kits are
different, it is not possible to compare the antibody results. However, these results are still suggestive, and
it is expected that much more reliable results will be get as a result of standardization of test kits over
time.

Antibody testing before vaccination in mass vaccination is not recommended as it is technically di�cult,
time-consuming and costly. Antibody screening after vaccination is not also recommended as a routine
method but may be done for academic purposes. The main reasons for this are that the detection of
neutralizing antibodies showing essential protection after vaccination requires special equipment,
experience, time and cost and therefore it cannot be applied widely. In addition, measurement of
antibodies in serum only shows the B lymphocyte response, and it is not possible to measure and show
the activity of T lymphocytes expressing memory cells with this method, but it is predicted that T
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lymphocytes are stimulated, and memory cells are being expressed/have expressed in COVID-19 vaccines
just as in many vaccines (17–18).

This study aimed to measure the anti-spike antibody responses 28 days after the last dose of the
inactivated COVID-19 vaccine (CoronaVac) which was administered to healthcare workers in our country
at a dose of 3 µg twice in 28 days and to evaluate the factors associated with antibody response.

Methods
In our country, the �rst vaccinations to healthcare workers were given on January 12, 2021, and the
second dose of vaccines was completed between February 14–19. Approval for our study was obtained
from the Ministry of Health Scienti�c Committee and İzmir Bozyaka Clinical Research Ethics Committee.
Blood samples were acquired 28 days after the second vaccination of the individuals with their written
consents and an online questionnaire was utilized to them at the same time. In the online form, age,
gender, weight, height, chronic diseases and medicines, other vaccines they had, COVID-19 disease status,
PVAE developing after COVID-19 vaccine were asked. Afterwards, anti-RBD antiSARS Cov2 IgG antibodies
(Quantivac-Euroimmun/Germany) were measured in blood samples taken by the ELISA method. Obtained
online survey data and measured antibody values   were recorded.

The detected results are classi�ed according to the recommendations of the test kit manufacturer as
follows;

BAU/ml: Binding antibody unit

< 25.6 BAU/ml Negative (no response)

25.6–35.1 BAU/ml limit value (weak response)

> 35.2 BAU/ml Positive (responsive)

Statistical analysis:
Statistical assessment was done using IBM SPSS, Version 22.0, software. Descriptive analyses were
presented with mean and standard deviation for continuous variables, and numbers and percentages for
categorical variables. Pearson's chi-square test was used in the evaluation of categorical variables, and p 
< 0.05 was accepted as the statistical signi�cance level in all analyses.

Results
264 HCW (166 females (63%), 98 males (37%)) were included in the study whose ages are between 23–
69 (mean 44.2 ± 11.58). The mean age of men is 46.9 and women are 42.6. 73 of the participants had
COVID-19 at any time before they were vaccinated. Profession distribution; There are 117 doctors, 79
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nurses, 47 laboratory workers and health o�cers, 21 o�ce workers and security guards, and the
education level of 231 (87.5%) of those vaccinated is university and college.

After vaccination, 22 (8.3%) were unresponsive, 25 (9.5%) had weak response, and 217 (82.2%) had
response. The total number of people with weak and high responses was 242 with a rate of 91.6%.

While a statistically signi�cant difference was found between antibody response and gender, age, covid-
age, previous H1N1 pandemic vaccine and post-vaccination adverse effects (PVAE); No relationship was
found between the presence of chronic diseases or an immunosuppressive condition, regular medication
use, having another vaccine such as in�uenza, pneumococcus, tetanus, and hepatitis in the last year, and
the body mass index (BMI) of the individuals (Table 1).

Table 1
Factors reducing or not affecting antibody response to COVID-19 vaccine

Factors/parameters reducing the COVID-19 vaccine antibody response p-value

Male gender 0.007

Age increase < 0.05

> 50 age 0.021

> 60 age 0.0005

No Covid history 0.015

Having H1N1 pandemic vaccine 0.044

No PVAE 0.011

Factors/parameters not affecting the COVID-19 vaccine antibody response p-value

Presence of chronic diseases 0.484

Presence of an immunosuppressive status 0.138

Regular medication use 0.398

Having in�uenza vaccination in the last year 0.751

Having pneumococcal vaccine in the last year 0.587

Having hepatitis or tetanus vaccine in the last six months 0.535

BMI 0.281

In our study, it was found that the antibody response was statistically signi�cantly lower in men (p:
0.022). There was a signi�cant decrease in antibody response with advancing age (p < 0.005). While the
difference was less when the age groups were divided into 23–49 years and > 50 years (p: 0.056), the
difference was found to be highly signi�cant when grouping as 23–59 years and > 60 years (p: 0.0005)
(Table 2).
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Table 2
Antibody responses by age groups (23–59 years and > 60 years old)

Age Negative (No response) Limit (weak) Decent response

23–59 (n:234) 14(%6) 22(%9.4) 198(%84.6)

> 60 (n:30) 8(%26.6) 3(%10) 19(%63.3)

Total 22(%8.3) 25(%9.5) 217(%82.2)

Antibody responses were found to be statistically signi�cantly higher in healthcare workers who had
COVID-19 infection at any time before vaccination (p: 0.017). Only one individual who had COVID-19
before was found to have a negative antibody and this individual is 61 years old and had COVID-19
disease in November 2020.

Five individuals, three males and two females, who were vaccinated after having the disease with weak
antibody response were detected and their ages ranged between 35 to 48. Additionally, it was determined
that the antibody titres of the majority were high (35.2–99.9 BAU/ml in 23 people and > 100 BAU/ml in 44
people) when the results of people with COVID-19 vaccine and good response to antibody titers were
examined in detail.

It was found that 68 of 73 (93%) patients who had the disease were treated at home, four in hospitals
and one in the intensive care unit. Therefore, no evaluation could be made about the relationship between
antibody levels and clinical severity (mild-moderate-severe) of the disease.

No relationship was found between the presence of chronic disease and antibody response (p: 0.484)
when the results of 103 people with chronic diseases were evaluated among the participants. Similarly,
antibody unresponsiveness in patients who regularly use drugs due to chronic diseases is slightly higher
than those who do not use drugs, but it was not statistically signi�cant (p: 0.162). Once again, no
signi�cant difference was found in the antibody responses of 10 individuals who had
immunosuppressive (malignancy or immunosuppressive drug use) for any reason than those who had
not (p: 0.138).

No relationship was found between COVID-19 antibody responses with in�uenza vaccine (p: 0.919),
pneumococcal vaccine (p: 0.044), and hepatitis or tetanus vaccine (p: 0.535) in the past year. However, it
was determined that 54 of the people who participated in our study had a pandemic vaccine during the
H1N1 pandemic in 2009. The antibody response developed with the COVID-19 vaccine was found to be
lower in those individuals with the H1N1 vaccine, and the difference between those who were not in this
group was found to be statistically signi�cant (Spearman correlation coe�cient: -0.139, p-value: 0.024)
(Table 3).

Since a weak negative correlation was detected between body mass index (BMI) and antibody levels, it
was not statistically signi�cant.
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Table 3
COVID-19 antibody responses in individuals with and without the H1N1

vaccine
H1N1 vaccination status (n:246)* Negative Limit Positive

Done (n:54) 9(%17) 5(%9) 40(%74)

Not done (n:192) 12(%6.2) 18(%9.4) 162(%84.4)

Total 21 23 202

*18 individuals do not remember if they got vaccinated

It was determined that antibody unresponsiveness was higher in people in whom PVAE was not observed,
meaning that PVAE was observed slightly more in those with high antibody response (p: 0.011). When 73
healthcare workers who chose to be vaccinated despite having Covid were asked about their reasons for
vaccination, it was learned that 51 (70%) of them were not sure if protection would be provided by having
the disease and thus, they were vaccinated to avoid having the disease again.

Discussion
The vaccine named CoronaVac which is applied in our country and evaluated the antibody responses
after vaccination in our study is a vaccine containing aluminium hydroxide adjuvant produced by
Sinovac company in China. The Phase I/II study was conducted in a single-centre, double-blinded,
randomized placebo-controlled study in China with 743 individuals aged between 18–59, and the vaccine
was found to be effective and safe as a result of a study (19). 144 individuals participated in the Phase I
study of this vaccine, and 3-µg and 6 µg doses of vaccine were administered on two different schemes
for 0–14 days and 0–28 days. In the study, antibody levels were between 46–50% in the blood samples
obtained on the 14th day, while it was 83% in the 3- µg group and 79% in the 6-µg group on the 28th day.
Phase II study was conducted with 600 individuals in May 2020 and antibody responses were 92% for 3
µg, 98% for 6 µg in the 0-14-day scheme; it was found to 97% and 100% in the 0-28th day scheme,
respectively.

In the Phase III study of the same vaccine conducted in Brazil, individuals both aged 18–59 and > 60
years old were included (20). In the Phase III study in Brazil, 600 SU (3 µg) vaccine was used and the 0-14-
day scheme was applied. 2270 (36.6%) male, 3925 (63.4%) female healthcare workers with a mean age
of 39.42 participated in the study. The age distribution was recorded as 5879 individuals aged between
18–59 (94.9%), 316 individuals aged between > 60 (5.10%). The results of the Brazilian study were
announced on January 7, 2021, and it was emphasized that the "clinical e�cacy" level was reported as
78% and the "general e�cacy" level as 50.4%, while the rate of protection from mild illness was 78% and
the rate of protection from severe illness was 100%. About the low rate of effectiveness in this study, it
has been explained as the high number of cases in the period when the study was conducted in Brazil
and the detection of a large number of Covid patients in both the placebo and the study group. In
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addition, it was reported that the participants in the study were healthcare workers who were at a much
higher risk for COVID-19, many parameters were accepted as positive, and even if they were not evaluated
in other vaccine studies. For these reasons, it was estimated that its e�cacy may have been relatively low
(21–23).

CORONAVAC Phase III study conducted in Turkey has started on September 14 2020 and 24 centres
participated. As of December 23 2020, 918 healthcare workers and 6453 individuals from the public (total
7371 people) were included, and the e�cacy rate of the vaccine administered at a dose of 3 µg with a 0-
14-day scheme was reported as 91.25% (24).

There are other inactivated vaccine studies in China and different countries, and new studies are still
ongoing (25, 26).

As it can be seen, while the e�cacy of the vaccine was reported to be decent in Phase I-II studies
regarding the vaccine named Coronavac which we evaluated in our study, different rates of responses
were observed in other countries where phase III studies were conducted. In our study, when the response
rate against the vaccine was evaluated, the weak response rate was 9.5% and the decent response rate
was 82.2%. One of the reasons for the different rates could be that the vaccine was administered with the
0–14 days scheme in some Phase III studies, and the 0–28 days scheme was used in this study. In
addition, it was thought that this situation may have been observed due to different test kits and different
measurement methods.

In our study, we found that the antibody response was weakened with advancing age, and this difference
increased more signi�cantly over the age of 60. Although higher rates were reported in the Phase studies
conducted by Wu et al. in individuals over 60 years old, this difference could be occurring due to the fact
that our analysis was performed with the ELISA method and Wu's study was performed with the PRNT
method, and our number of people over 60 years old was lower. However, we still think that more realistic
data can be obtained, and the issue of age should be considered by following up the larger number of
vaccinated individuals over the age of 60. The concept of immune aging is rather complex and there is no
validated method for measuring its degree. With advancing age, the numerical value of T cells capable of
responding to a vaccine and the survival rate of T cells, especially CD8 T cells, decreases signi�cantly. B
cells, on the other hand, although their number does not decrease much with age, less functional
antibodies are produced due to the decreased expression of certain proteins. Therefore, lower antibody
responses can be expected in the elderly (27, 28).

In our study, it was also found that being male was associated with low antibody response. As it is
known, there is evidence that the immunological response to antigen may differ between genders. In
women, the number and activity of innate immune cells such as monocytes, macrophages, and dendritic
cells are higher than in men. Thus, responses to both infections and vaccines can be higher in women
compared to men. Women have a higher proportion of CD4 + T cells and CD4 +/CD8 + T cells rate; CD8 + 
T cell count is also lower than men. B cell count, IgG and IgM are similar in adulthood in both genders.
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Adult women typically have a high in�ammatory cell-mediated immune response to vaccines which may
explain the better effectiveness of vaccines in women than in men (29–31).

There was no emphasis on gender in any of the Phase studies conducted on CoronaVac, and we think
that the higher vaccine response in women identi�ed in our study should be considered when monitoring
larger cohorts.

As an interesting data, it was determined that 54 of the healthcare professionals participating in our
study had pandemic vaccine during the H1N1 pandemic in 2009, and antibody unresponsiveness
developed against COVID-19 vaccine was found to be slightly higher in these individuals (p: 0.024).
Although the number is fewer, we think that this issue should be evaluated in more detail in other studies.
Again, in our study, it was determined that antibody unresponsiveness was higher in people who did not
have PVAE, meaning that PVAE was slightly higher in those with high antibody response (p: 0.011). This
situation may be elucidated by the lower rate of development or sense of PVAE in those with lower
immune responses.

In our study, those who had COVID-19 and, then, the vaccine had higher antibody titres in accordance with
our expectations. Certain studies demonstrated that the antibody response in people is reduced after the
COVID-19 infection, especially in those who are asymptomatic. In a study about SARS, it was reported
that the antibodies developed decreased over time, and this decrease accelerated after the 16th month
and even disappeared in the third year (32, 33). It is di�cult to predict how long the antibodies will
continue to be presented in those who have the disease, and whether there will be a difference in the
duration of antibody persistence in those vaccinated after the disease, and it is not clear for now. We
anticipate that this issue will be clari�ed with long-term follow-up.

As with many infectious diseases that can be prevented by vaccination, it seems important to vaccinate a
signi�cant part of the community with available and accessible vaccines, as well as protective measures
such as hand washing, mask-distance to protect from COVID-19 infection. Since inactivated vaccines are
developed with conventional methods and do not carry live virus particles, they are considered safer.
However, individuals vaccinated with inactivated vaccines should also be monitored in terms of Antibody-
dependent enhancement (ADE) and Vaccine-associated enhanced respiratory disease (VAERD) as in
other COVID-19 vaccines (34, 35). Additionally, it is not yet clear whether the formation of strong
antibodies against the inactivated vaccine will protect people from COVID-19 infection or how long this
protection will continue. Moreover, it should be kept in mind that the antibody levels measured in serum
against the vaccine only show the B lymphocyte response, the T cell activity representing the memory
cells is also very important in the response to the vaccine, and the sensitivity of these tests will be lower
than the neutralization test results with PRNT.

This study had some limitations, primarily that we did not have the information about the previous
vaccination antibody levels. The previous antibody levels would have srtrengthen our results. The sample
size is limited therefore the size increase may affect mean results.
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Strength of the study is that all our sample consists of the health professionals therefore all COVID-19
PCR records and COVID-19 medical records were well known. Thus, the �nding of our study is stronger.

Conclusion
During the COVID-19 pandemic which still poses a risk for the whole world, it is still uncertain if the
vaccines obtained emergency use approval are protective and how long their protection will continue, and
the answers to these questions can be given after the conclusion of the ongoing Phase studies and
monitoring the real-life data. However, the data obtained indicate that protection occurs regardless of
which vaccine is used. Although the effectiveness of vaccines produced by various production
techniques is different, it is estimated that the adverse effects will be less because all of the virus (all
components) is used by inactivating inactivated vaccines, and it also includes variant strains even if the
antibody response is lower. In our study, it was determined that 91.6% anti spike antibodies were detected
with CoronaVac which is an inactivated vaccine, and the antibody response was lower in cases with
advanced age, being male, not having COVID-19, not developing PVAE, and having been given pandemic
H1N1 vaccine. Our study is also planned to be conducted six months and 12 months after vaccination,
and we think that long-term antibody responses will be more enlightening.
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