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Monitoring of antibody levels in healthcare workers after
inactivated coronavirus disease 19 vaccination
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SUMMARY

OBJECTIVE: Because of the coronavirus disease 19 pandemic, studies on vaccination are being conducted in our country as well as across the
world. In this study, the antibody levels in healthcare workers vaccinated with two doses of inactivated vaccine and the factors affecting these
levels were investigated.

METHODS: Randomly selected volunteers from healthcare workers, who had been vaccinated with two doses of inactivated vaccine in January to
February 2021, were included in the study. Blood samples were drawn twice, 1 month and 6 months after the second dose vaccine (CoronaVac:Sinovac
Life Science Co, Ltd, Beijing, China). The antibody levels were determined by the chemiluminescence microparticle immunoassay method using
kits for quantitative detection of immunoglobulin class G antibodies to severe acute respiratory syndrome coronavirus 2.

RESULTS: The mean antibody levels of 129 volunteers were 1232.5 (min: 103 to max: 7151) AU/mL in the first month and 403.5 (min: 23 to
max: 4963) AU/mL in the sixth month. According to the survey results, 91 (71%) volunteers had not been diagnosed with coronavirus disease 19
before vaccination. The antibody levels 1 month and 6 months after the second dose of vaccination were significantly higher in those who had
been diagnosed with coronavirus disease 19 before vaccination than in those who had not. It was found that age, gender, fast food, or healthy
nutrition had no effect on antibody levels.

CONCLUSION: Vaccines are very important both to protect against coronavirus disease 19 and to experience only a mild form of the disease.

Immunoglobulin class G levels formed after vaccination may be affected by many factors and may decrease over time.
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INTRODUCTION

In late December 2019, a new virus from the coronavirus family
was isolated in a group of patients with lower respiratory tract symp-
toms in Wuhan City, China'. This clinical condition was named
coronavirus disease 19 (COVID-19) and its causative agent was
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
The disease spread across the world in a short period of time and was
declared a pandemic by the World Health Organization on March
12,2020. The first case in Turkey was detected on March 10, 2020.

In the diagnosis of COVID-19, polymerase chain reaction
(PCR) testing is used considering epidemiologic history and symp-
toms. Especially in asymptomatic cases, additional serological tests
are also beneficial to demonstrate the acquiring of immunity in
the patient’. Antibody tests indirectly support the diagnosis of
COVID-19 and determine seroprevalence. At a certain period of
time after SARS-CoV-2 infection, antibodies (IgA, IgM, and IgG)

are detected in the serum, which have developed against the virus
depending on the patient’s immune system. SARS-CoV-2 IgG,
indicating exposure to the virus, begins to form on the seventh day
of the incubation period after contact with the virus, and its level
in the serum gradually increases in the second and third weeks.
How long the antibodies produced remain at a high level or when
they start to decrease is still unclear. It is not yet clear which type
of antibodies affect the severity of the disease or to what extent
the antibodies are affected.

'The study of vaccination, which is an important means of pro-
viding immunity, is progressing rapidly worldwide. Many vaccines
have been developed since the onset of the pandemic. Sinovac-
CoronaVac, developed by Sinovac/China National Pharmaceutical
Group, is an inactivated vaccine for COVID-19*. The SARS-
CoV-2 vaccination program in Turkey was launched on January
11, 2021, with priority given first to healthcare workers and then
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Inactivated coronavirus disease 19 vaccination

to high-risk groups. In this program, CoronaVac 600 U/0.5 mL
(Sinovac Life Science Co., Ltd, Beijing, China) was used, and
two doses of the inactivated vaccine were administered intramus-
cularly 28 days apart’. It is known that the inactivated vaccine
administration is safe, induces humoral and cellular responses
in vaccinated individuals from different age groups, and signifi-
cantly reduces hospitalization and mortality rates®.

The aim of this study was to quantify the antibody levels
in the first and sixth months after vaccination with an inac-
tivated vaccine, in healthcare workers, and also to investigate
various factors that may affect the antibody levels including
personal characteristics such as nutritional habits, body mass

index (BMI), age, and gender.

METHODS

After obtaining the approval from the Duzce University Non-
Interventional Health Research Ethics Committee dated
01.02.2021 and with the number 2021/16, volunteers who
agreed to answer the questionnaire were determined from health-
care workers who had been vaccinated with two doses of the
inactivated COVID-19 vaccine (CoronaVac:Sinovac Life Science
Co, Ltd, Beijing, China) in January to February 2021. All study
participants completed, signed, and returned an informed con-
sent form. Blood samples were drawn from the volunteers twice,
in March 2021 and in August 2021, 1 month and 6 months
after the second dose of the two vaccine doses that were admin-
istered 28 days apart. The blood samples were examined in the
Duzce University Faculty of Medicine Medical Microbiology
Laboratory. A survey, including their sociodemographic char-
acteristics, whether or not they had been previously diagnosed
for COVID-19, and their nutritional habits, was supplied to
the volunteers. Volunteers who did not complete the survey and
were vaccinated with the third dose of the COVID-19 vaccine
without having a blood sample drawn at 6 months to measure
the antibody levels were excluded from the study.

First of all, healthcare workers included in the study were
divided into two groups according to whether or not they had
been COVID-19 diagnosed, and the difference between anti-
body levels was investigated.

Determination of the antibody levels

After the collection of blood samples, the serum samples were
separated and stored at —20°C until the study was performed.
After the serum samples had been placed at room temperature,
there was a possibility of binding IgG antibodies, including
antibodies against the receptor-binding site of the spike pro-
tein S1 subunit of SARS-CoV-2.
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The antibody levels were detected (AU/mL) by chemilumi-
nescent microparticle immunoassay (CMIA) (Architect 2000,
Abbott, USA) using kits that quantitively determine antibodies.

Statistical analysis

Healthcare workers were selected using a simple random sam-
pling technique. The SPSS 23 program was used for statistical
analysis of the data. All data from the study were calculated
according to type and using appropriate descriptives (mean,
standard deviation, median, width between quarters, and per-
centage). The Mann-Whitney U test was used to evaluate the
factors that might influence the antibody levels in the first and

sixth months. The p<0.05 was considered significant.

RESULTS

A total of 129 healthcare workers who had been vaccinated with
only two doses of inactivated vaccine COVID-19 were included
in the study. The flowchart of the cases is shown in Figure 1.

In the study, 76 (59%) healthcare workers were women
and 53 (41%) were men, and the mean age was 36.2 (SD 7.6)
(min: 20 to max: 60) years. Mean BMI was determined as 25.4
(SD 4.5) (min: 17.6 to max: 40.5). The mean antibody levels of
the 129 volunteers included in the study were 1232.5 (min: 103
to max: 7151) AU/mL in the first month and 403.5 (min: 23 to
max: 4963) AU/mL in the sixth month. According to the sur-
vey results, 91 (71%) volunteers reported that they were not
diagnosed with COVID-19 before vaccination. It was found
similar (p=0.439 and p=0.299, respectively) in the mean age
and the mean BMI of those diagnosed and not diagnosed with
COVID-19, before the first dose of the vaccine. The antibody
levels 1 month and 6 months after the second vaccine dose in
those diagnosed with COVID-19 before vaccination were sig-
nificantly higher than those not diagnosed (Table 1).

Some factors that might affect the antibody levels of 91 health-
care workers who were not diagnosed with COVID-19 and had
been vaccinated with two doses of the inactivated vaccine were
evaluated based on the responses in the survey used (Table 2).

In terms of nutrition, while it was found that the antibody levels
were similar in those fed on more fast food and high carbohydrate,
the antibody levels were lower in those fed on high probiotic and
prebiotic foods than those fed on low probiotic and prebiotic foods.

DISCUSSION

Immunoglobulin G antibodies can be detected in individuals
who have been vaccinated against COVID-19 or have been
diagnosed with COVID-19. In studies of the antibody levels
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formed after both inactivated and mRNA vaccination, IgG anti-
body levels were reported to be significantly higher in those who
have been diagnosed with COVID-19 than in those who have
not been diagnosed’'’. Yalcin et al., found that IgG antibody
levels were higher in people who had COVID-19 and a single
dose of vaccine than in people who did not have COVID-19
but were vaccinated with two doses of the vaccine''. There are
studies reporting that anti-spike IgG antibodies remain stable
for 6 months in patients who have had the disease in the past'.

Similarly, in our study, anti-spike IgG antibody levels were
found to be significantly higher in patients who had the disease
before vaccination than in patients who had not. This indicates
that the antibody response, occurring in those who have under-
gone the disease, remains positive for some time. In studies on
the antibody levels detected approximately 1 month after two
doses of vaccine in healthcare workers who were vaccinated with
inactivated vaccine without undergoing the disease, Ding et al.,

found a mean IgG level of 707.1, and Tekol et al., found this

4

Number of healthcare workers not
diagnosed with COVID-19 before

vaccination (n=91)

Total number of healthcare workers in our hospital (n=747)

$

Volunteers who had two doses COVID-19 vaccine and who agreed to provide blood

samples and complete questionnaire (n=219)

¢

Those who provided blood samples and completed the questionnaire (n=187)

$

Number of healthcare workers recruited to the study (n=129)

(Volunteers who provided blood samples before the third dose of the COVID-19

vaccine and completed the questionnaire)

S

Number of healthcare workers
diagnosed with COVID-19 before

vaccination (n=38)

Figure 1.The flowchart of cases.

Table 1. Antibody levels (AU/mL) in those with and without diagnoses with coronavirus disease 19 before vaccination.

. One month after the second vaccine dose Six months after the second vaccine dose
roups
T T T P T

Diagnosed \AA/ithAcoronavirus disease 19 10765 1383.2 4460 5194

before vaccination (n=38)

N . r 0.004 <0.001
ot diagnosed with coronavirus disease

19 before vaccination (n=91) G 7eR 1408 1537

IQR: interquartile range. Significant p-value are indicated in bold.
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level to be 171.3 and 89.85 4 months after the second dose!®.
In our study, the mean IgG level after 1 month was 805 AU/
mL, and after 6 months, it was 140.8 AU/mL. The detected
antibody levels showed a decrease over time.

It is known that there are many risk factors that determine
being infected or the severity of the disease. For example, male
gender, age over 50 years, chronic diseases such as hyperten-

sion, heart disease, diabetes, malignancy, chronic lung disease,

kidney disease, living in nursing and rehabilitation centers,
and staying in crowded environments such as schools, pris-
ons, and immigrant camps are risk factors for COVID-19".
Vural et al., reported a decrease in the antibody levels with
age, compared with vaccinated individuals under 40 and over
40 years of age’. Yigit et al., also found that the younger the
age of vaccinated healthcare workers, the higher the anti-SARS-
CoV-2 immunoglobulin G level”®. Bayram et al., studied the

Table 2. In those with no diagnosis of coronavirus disease 19 before vaccination, antibody levels 1 month and 6 months after vaccination, and

the relationships with certain factors.

One month after the second vaccine dose | Six months after the second vaccine dose

Groups
o | ok | pvae | ot | ok | prabe |
Profession
Doctor (n=48) 642.7 761.9 153.7 1494
0.469 0.994
Others (n=43) 864.1 806.7 1384 168.0
Age group
Below 35 years (n=39) 801.6 7453 136.7 155.7
0.873 0.854
35 years and above (n=52) 818.9 831.4 143.4 160.4
Gender
Female (n=55) 891.8 860.9 135.1 179.3
0.403 0.792
Male (n=36) 632.8 664.2 153.7 1138
Body mass index
Thin-normal (n=50) 860.3 788.2 133.0 158.1
0.661 0.873
Overweight-obese (n=41) 653.2 771.0 161.5 167.0
Use of antibiotics in the past 6 months
Yes (n=72) 844.7 697.9 155.8 151.9
0.257 0.232
No (n=19) 632.2 833.4 122.7 185.5
Using vitamins (one or more of vitamin C, vitamin D, and fish oil)
Yes (n=45) 805.0 799.0 123.9 1224
0.353 0.079
No (n=46) 829.1 859.5 170.9 188.8
Presence of chronic disease
Yes (n=25) 958.0 653.5 182.6 208.6
0.722 0.513
No (n=66) 651.5 760.6 268.8 117.3
Fed on carbohydrate
Below average (n=61) 939.8 723.9 140.8 177.9
0.098 0.960
Above average (n=30) 598.6 631.3 149.9 298.5
Fed on fast food
Below average (n=53) 811.0 692.9 140.8 127.9
0.803 0.907
Above average (n=38) 803.3 846.9 141.0 193.3
Fed on probiotic and prebiotic food
Below average (n=58) 905.4 658.0 1714 168.0
0.019 0.073
Above average (n=33) 513.3 817.6 111.7 114.0

IQR: interquartile range. Values with statistically significant differences were bolded.
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post-vaccination antibody levels in healthcare workers aged
18-34 years and found that it was higher in the older age
groups’. Ding et al., in their study examining post-vaccination
antibody levels in healthcare workers who had not yet been
diagnosed with COVID-19, found that the antibody levels
were slightly lower in those over 40 years of age than in those
under 40 years of age'®. In our study, healthcare workers in
the over and under 35 age groups were found to have similar
antibody levels (Table 2). It is suggested that these levels were
similar because all healthcare workers included in our study
were under 60 years of age.

Although there are studies in which the antibody levels

L1516 - studies with similar

were higher in women than in men
rates have also been reported as in our study’®. This suggests
that gender alone may not be an indicator.

Obesity has been reported to cause lower levels of antibod-
ies to COVID-19 compared with healthy-weight individuals'.
Pellini et al., found that the antibody levels were significantly
higher in thin and normal-weight individuals than in overweight
and obese individuals'®. Franca et al., also reported a negative
correlation between BMI and antibody levels'®. Similar to our
study, Ding et al., found that the antibody levels did not differ
in normal weight and obese healthcare workers'. These results
indicate that more comprehensive studies are needed to deter-
mine the effects of obesity on antibody levels. It is known that
several chronic diseases such as obesity also affect antibody
levels. Bayram et al., and Ding et al., found that patients with
chronic diseases and hypertension had lower IgG levels against
COVID-19 compared with healthy individuals®'°. Although
no statistically significant difference was found in the patients
with chronic diseases in our study, it was observed that the
antibody levels were lower, especially in the sixth month. These
results indicate that chronic diseases may have an inhibitory
effect on the immune system of individuals.

It is reported that the type of nutrition and use of vitamin
supplements have no effect on COVID-19 infection, but con-
sumption of water and adequate and balanced nutrition are
important for the treatment of disease'. It is known that the
use of vitamin D and vitamin C may also be beneficial in pro-

phylaxis and treatment®*!

. Nutrition is shown to be important
in reducing mortality from COVID-19 because high-carbo-
hydrate nutrition leads to obesity, which negatively affects the
prognosis of the disease. In our literature search, we could not
find any study on how the antibody levels formed after vacci-
nation are affected by nutrition. In our study, no statistically
significant difference was found between the antibody levels

of those who were fed high carbohydrate and more fast food

5

compared with those who were fed less of these foods (Table 2).
Those who consumed more foods containing probiotics (e.g.,
yogurt, cabbage, and kefir) and prebiotics (e.g., garlic, onion,
and fruit) were found to have lower antibody levels. As IgG
levels alone cannot be an indicator of the overall immune sys-
tem, it was considered that more comprehensive studies are
also needed in which cellular immunity parameters can be
determined by assessing nutrition habits.

Therefore, vaccines serve as the most important shield in
protecting people against COVID-19 and in alleviating the dis-
ease. Post-vaccination IgG levels can be affected by many fac-
tors, especially the presence of chronic disease, and they decrease
over time. As there is no definitive value for the level of protec-
tive antibodies, it is important to continue vaccinations with
differently produced technologies and not to forget reminder
doses in order to maintain protection. More comprehensive

studies on the effects of nutrition on antibodies are needed.

Limitations of the study

As third-dose vaccinations were not being considered at the time
the ethics committee approval of the study was obtained, the
study was initiated to monitor the antibody levels of two doses of
vaccine for 1 year. However, due to the introduction of the third
dose of the vaccine in August 2021, the antibody levels generated
by two doses of the inactivated COVID-19 vaccine could only
be monitored for 6 months rather than the planned 12 months.
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