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Anti-nucleocapsid Antibody Response After Two Doses of
CoronaVac® Among Healthcare Workers
Saglik Calisanlarinda Iki Doz CoronaVac® Sonrasi Anti-Niikleokapsid Antikor Yaniti
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Abstract

Introduction: The Coronavirus disease-2019 (COVID-19) pandemic that started over two years ago has led to high mortality and morbidity. Vaccine
studies have been initiated worldwide to end the pandemic, and the CoronaVac® vaccine was first administered to healthcare workers at high risk
of COVID-19 in Turkey. In our study, we aimed to investigate serum antibody levels after vaccination.

Materials and Methods: Volunteer healthcare workers without COVID-19 disease who received two doses of CoronaVac® vaccine 28 days apart and
were at least 14 days after the last dose of vaccine were included in this study. Assessment of antibodies against Severe acute respiratory syndrome-
Coronavirus-2 (SARS-CoV-2) in blood samples from participants was performed using the Elecsys® anti-SARS-CoV-2 electrochemiluminescence
immunoassay. Samples with a cut-off index (COI) (COl; signal sample/cut-off) <1.0 were considered negative; whereas samples with COI>1.0 were
deemed positive.

Results: A total of 269 healthcare workers, 168 women (62.5%), were included in our study. The mean age of the participants was 37.7+8.6
(minimum-maximum: 21-62). Antibody levels were positive in 188 (69.9%) of the participants. The median antibody level was 9.2 COI (interquartile
ranges=3-34.7). In terms of mean age, the mean age of participants with negative antibodies was higher with a statistically significant difference
(p=0.001). The antibody positivity rate of women was higher than that of men (p<0.001). No statistically significant association was found between
the time elapsed after vaccination, presence of comorbidities, development of post-vaccine side effects, and antibody levels. It was found that one
or more side effects developed in 45.7% of the participants after vaccination.

Conclusion: Our study showed that seropositivity developed significantly in healthcare workers after the CoronaVac® vaccine. It emphasizes the
importance of maintaining infection prevention and control measures and administering the SARS-CoV-2 vaccine for healthcare workers at high
risk.
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Girig: Yiiksek mortalite ve morbiditeye sahip olan Koronaviriis hastaligi-2019 (COVID-19) pandemisi iki yil askin stiredir devam etmektedir. Pandeminin
son bulmasi icin tiim diinyada asi calismalari baslamis ve lilkemizde ilk olarak CoronaVac® asisi yiiksek risk grubundaki saglik calisanlarina yapilmistir.
Calismamizda asilama sonrasi serum antikor diizeylerinin arastiriimasi hedeflenmistir.

Gerec ve Yontem: Calismaya COVID-19 gecirmemis, 28 giin ara ile iki doz CoronaVac® agisi yapilan ve son doz asisindan sonra en az 14 glin gecmis
olan goniillii saghk personeli dahil edilmistir. Katimeilardan alinan kan orneklerinin Siddetli akut solunum sendromu-Koronaviriis-2'ye (SARS-
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CoV-2) karsi antikor degerlendirmesi Elecsys®anti-SARS-CoV-2 elektrokemiliiminesans immiinolojik testi kullanilarak yapilmistir. Cut-off indeksi
(CoI) (COl; sinyal numune/esik) <1,0 olan numuneler negatif, >1,0 olan numuneler pozitif olarak kabul edildi.

Bulgular: Calismamiza 168'i kadin (%62,5) olmak tzere toplam 269 hastane personeli dahil edildi. Katilimcilarin ortalama yasi 37,7+8,6 (minimum-
maksimum: 21-62) idi. Katilimeilarin 188'inin (%069,9) antikor diizeyi pozitif idi. Ortanca antikor degeri 9,2 COI (ceyrekler arasi aralik=3-34,7) idi.
Yas ortalamasi acisindan bakildiginda antikoru negatif olan kisilerin yas ortalamasi istatistiksel anlamli farkla daha yiiksekti (p=0,001). Kadinlarin
antikor pozitiflik orani erkeklere gére daha yiiksekti (p<0,001). Asidan sonra gegen siire, komorbidite hastalik varligi ve asi sonrasi yan etkisi gelisimi
ile antikor diizeyleri arasinda istatistiksel anlamh farklilik saptanmadi. Asi sonrasi, katilimcilarin %45,7'sinde bir veya daha fazla yan etki gelistigi
bulundu.

Sonuc: Calismamizda, CoronaVac® asisi sonrasi saglik calisanlarinda dnemli dlclide seropozitiflik gelistigi gozlendi. Calismamiz yiiksek riskli olan
saglik calisanlari icin enfeksiyon énleme ve kontrol dnlemlerinin stirdiriilmesi ve SARS-CoV-2 asisinin uygulanmasinin énemini vurgulamaktadir.

Anahtar Kelimeler: COVID-19, SARS-CoV-2 antikor, ag, yan etki

Introduction

The Coronavirus disease-2019 (COVID-19) pandemic, which has
been ongoing for over a year, has led to high mortality and
morbidity. As of July 12, 2021, there were 186 million confirmed
cases worldwide, resulting in approximately 4 million deaths".

Vaccine studies have been started worldwide to end the
pandemic. According to their technological features, inactivated
virus vaccines, live virus vaccines, vaccines containing
recombinant viral carriers, nucleic acid-based vaccines, protein
subunit vaccines, and many vaccines containing virus-like
particles are under development®. At least 13 different vaccines
have already been developed, in addition to vaccines that are
still undergoing clinical trials®). In a meta-analysis of 51 studies,
various COVID-19 vaccines were highly protective against
Severe acute respiratory syndrome-Coronavirus-2 (SARS-CoV-2)
related mortality and morbidity worldwide.

CoronaVac® is an inactivated vaccine obtained from African
green monkey kidney cells inoculated with the SARS-CoV-2
strain CNO2. After the incubation period in the cell, the virus
is collected, inactivated with p-propiolactone, concentrated,
purified, and finally absorbed onto aluminum hydroxide to
complete its production!.

In Turkey, the CoronaVac® vaccine, which we are involved
in its phase-3 studies and is approved for emergency use by
the Turkish Medicines and Medical Devices Agency, was first
administered to high risk healthcare workers (HCWs). The
vaccine was administered in two doses, 28 days apart.

Our study aimed to investigate serum antibody levels at least
14 days after the last dose of vaccine, which indicates post-
vaccination humoral immunity.

Materials and Methods

This study was conducted at Kayseri City Hospital from March
1 to March 15, 2021. All volunteer HCWs without COVID-19

disease, who received two doses of CoronaVac® vaccine with an
interval of 28 days, and who received their last dose of vaccine
at least 14 days prior were included in the study. Participants
were asked to complete a questionnaire that included medical
history and recent or current symptoms. The Bio-speedy
SARS-CoV-2 (2019-nCoV) reverse transcription-quantitative
polymerase chain reaction (PCR) detection kit (Bioeksen,
istanbul, Turkey) was used to conduct the SARS-CoV-2 PCR test
on nasopharyngeal swabs to determine the presence of SARS-
CoV-2 infection.

The Kayseri City Hospital Ethics Committee approved this study
(approval no: 140121/500, date: 14.01.2021), and a signed
informed consent form was obtained from all participants.

Antibody Measurement

Elecsys anti-SARS-CoV-2 electrochemiluminescence
immunoassay was used in this study. This assay is intended for
use on Cobase analyzers (Roche Diagnostics International Ltd,
Rotkreuz, Switzerland) for the in vitro qualitative detection of
antibodies (both IgA and lgG) to SARS-CoV-2 in human serum
and plasma. The Elecsys anti-SARS-CoV-2 test uses the double
antigen sandwich test principle and a recombinant protein
representing the nucleocapsid antigen to detect SARS-CoV-2
antibodies. Regarding anti-SARS-CoV-2 antibody positivity,
samples with a cut-off index (COI) (COI; signal sample/cut-off)
<1.0 were considered negative, whereas samples with COl >1.0
were deemed positive, as per the manufacturer's instructions.
A measured antibody level magnitude above the cut-off value
was not considered an indicator of the sample's total amount of
antibody present.

Statistical Analysis

Statistical analyses were performed using the IBM Statistical
Package for the Social Sciences (version 26) program. In the
statistical evaluation of the data obtained from the study,
categorical data were summarized as frequency and percentage,
continuous data with normal distribution as mean+standard
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deviation, and data with skewed distribution as median
[25-75% interquartile range (IQR)]. Normality controls of
continuous measurements were tested using the Shapiro-Wilk
test. Independent samples t-tests were used to compare two
groups of continuous variables with a normal distribution. The
non-parametric Mann-Whitney U test was used to perform
two-group comparisons for variables not consistent with the
normal distribution. The chi-square test was used to compare
categorical variables. The statistical significance level was
considered as 0.05.

A total of 269 hospital personnel, 168 women (62.5%), were
included in our study. The mean age of the participants was
37.7+8.6. Of the participants, 144 (53.7%) were nurses, 42
(15.6%) were medical secretaries, and 32 (11.9%) were physicians.
At least one comorbid disease was present in 77 (28.6%) of
the study participants. The most common comorbid disorders
were hypertension (7.8%), diabetes (3.7%), and cardiovascular
diseases (2.6%).

Comorbid diseases and occupational distribution are shown in
Table 1.

Antibody levels were negative in 81 (30.1%) participants, while
188 (69.9%) were positive. The median antibody value of SARS-
CoV-2 antibody-positive HCWs was 9.2 COI (IQRs=3-34.7).

A comparison of the participants' antibody levels according to
mean age reavealed a statistically significant difference, and the
mean age of particiapants with negative antibodies was higher
(p=0.001) (Table 2).

A comparison of the participants' antibody levels in terms of
gender revealed a statistically significant difference, and the

antibody positivity rate of women was higher than that of men
(p<0.001) (Table 2).

There was no statistically significant association of antibody
levels with the time elapsed after vaccination and the presence
of comorbid diseases was found (p values: 0.147 and 0.408,
respectively). Similarly, no statistically significant association

Table 1. Basic characteristics of healthcare workers

Age, mean (+standard deviation) 37.7+8.6
Gender n %
Female 168 62.5
Male 101 375
Occupation n %
Doctor 32 1.9
Nurse 144 53.7
Administrative staff 4 1.5
Laboratory staff N 4.1
Medical secretary 42 15.6
Cleaning/directing staff 6 2.2
Security personal 5 1.9
Others* 25 9.3
Comorbidity 77 28.6
Hypertension 21 7.8
Diabetes mellitus 10 3.7
Cardiovascular diseases 7 2.6
Chronic lung diseases n 4.1
Chronic kidney diseases 2 0.7
Immunosuppressive diseases 5 1.9
Others™ 24 7.9

*Radiology technician, cafeteria staff, library staff

**Hypo/hyperthyroidism, rheumatoid arthritis, psychiatric diseases

Table 2. Comparison of basic characteristics and antibody levels of HCWs

Antibody levels

n (%) 1G<1 (n=81) 1G>1 (188) p value
Age (mean+Std) 37.7+8.6 40.4+8.8 36.5+8.2 0.001*
Female 168 (62.5%) 37 (45.7%) 131 (69.7%) <0.001
Male 101 (37.5%) 44 (54.3%) 57 (30.3%)
Comorbidity
Absent 192 (71.4%) 55 (67.9%) 137 (72.9%) 0.408
Present 77 (28.6%) 26 (32.1%) 51 (27.1%)
Days after vaccination (median-1QRs) 27 (24-28) 27 (25-28) 26 (24-28) 0.147*
Adverse event
Absent 146 (54.3%) 45 (55.6%) 101 (53.7%) 0.782
Present 123 (45.7%) 36 (44.4%) 87 (46.3%)

*p: Student's t-test, *p: Mann-Whitney U test. Other p-values were calculated using the chi-square test.

Std: Standard, IQR: Interquartile range, HCW: Healthcare worker
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was found between the development of post-vaccine side
effects and antibody levels (p=0.782) (Table 2).

It was found that one or more side effects developed in 45.7% of
the participants after vaccination. No serious side effects were
observed. The most common side effects were local side effects
such as pain at the injection site (15.2%), headache (13.8%),
weakness-fatigue (13.4%), and muscle-joint pains (8.6%) (Table
3).

The first randomized controlled phase 3 trial on inactivated
vaccines was conducted with 40,000 adults in China. Two
inactive vaccines were examined in this study and shown to
significantly reduce the risk of symptomatic COVID-19 in those
vaccinated with either vaccinel.

According to the results of the CoronaVac® vaccine phase 3
trial in Turkey, the vaccine's effectiveness is 83.5%); the rate
of prevention of hospitalization was reported to be 100%, and
no death was observed®. According to the results from Chile,
where the other phase 3 study was conducted, it was shown

Table 3. Adverse events

Adverse event n (%)
Local side effects 41 (15.2)
Headache 37 (13.8)
Fatigue 36 (13.4)
Myalgia 23 (8.6)
Dizziness 10 (3.7)
Fever 9(3.3)
Menstrual irregularity 6(2.2)
Sore throat 5(1.9)
High blood pressure 5(1.9)
Low blood pressure 3(1.1)
Allergic reaction 3(1.1)
Nasal discharge 3(1.1)
Diarrhea 2 (0.7)
Ataxia 2 (0.7)
Change in taste 2(0.7)
Amnesia 2 (0.7)
Chest pain 2 (0.7)
Blood sugar change 2 (0.7)
Change in sleep pattern 2(0.7)
Cough 1(0.4)
Shingles rash 1(0.4)
Palpitation 1(0.4)
Nausea 1(0.4)
Lymphadenopathy 1(0.4)

that the vaccine reduced symptomatic infection by 67%,
hospitalizations by 85%, and mortality rates by 80%!".. The
World Health Organization gave emergency use approval for the
CoronaVac® vaccine on June 1, 2021. It has been reported that
the vaccine prevents 51% of symptomatic diseases and 100% of
severe illness and hospitalizations'®.

Presenting real-life data about the CoronaVac® vaccine is
beneficial in providing information about the vaccine's
effectiveness. Zhang et al.l”! showed that a cellular immune
response with the release of Th1 cytokines and a humoral
immune response with the release of Th2 cytokines were
triggered by the CoronaVac® vaccine, especially in the following
days after the 2" dose. Evaluation of the antibodies formed
after vaccination gives an idea about the humoral response
triggered by the vaccine.

A study of multiple HCWs found that anti-spike or anti-
nucleocapsid antibodies significantly reduced the risk of SARS-
CoV-2 reinfection over the following six months. In this study,
anti-spike and anti-nucleocapsid IgG negative HCWs had 1.08
per 10,000 days at risk, both baseline assays positive HCWs had
0.07 per 10,000 days at risk, and only one assay positive HCWs
had 0.49 per 10,000 days at risk!". The advantage of inactivated
vaccines is that all their proteins can act as antigens with the
complete inactivation of the virus.

In a study conducted with 264 HCWs in Turkey, antibody
levels developed after the CoronaVac® vaccine were examined
by measuring anti-RBD anti-SARS-CoV-2 IgG antibodies
(Quantivac-Euroimmun/Germany) by ELISA. The antibody
response was found to be 91.6% in the study. Factors reducing
antibody response are male gender (p=0.007), advanced age
(p<0.005), no history of COVID-19 (p=0.015), and previous HIN1
vaccination (p=0.044)1". Additionally, the antibody response
was higher in this study because 27% of the participants had a
history of COVID-19 before they were vaccinated. In our study,
all volunteer HCWs did not have COVID-19 disease, and our
findings are similar in terms of male gender and age.

In a retrospective study of 75 HCWs who had negative IgM and
IgG results before vaccination, IgM and IgG were measured
14-21 days after two doses of the CoronaVac® vaccine. It was
observed that 100% of the HCWs developed IgG, but IgM was
negativel'?,

Preliminary results of a study conducted in Turkey among
volunteer HCWs who were administered CoronaVac® vaccine to
investigate neutralizing antibodies formed against the region in
the SARS-CoV-2 spike protein that binds to human cells were
obtained using two different tests: quantitative and qualitative.
Immunity was determined as 25.3% at least 28 days after
the 1%t dose and 97% at least 28 days after the 2" dose. In
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addition, similar to our study, although both sexes had adequate
immunity, a significantly higher vaccine immune response was
obtained in women than in menl'3.

In the CoronaVac® vaccine phase 1 study, a maximum of 38%
of adverse events were recorded!. In our study, the rate of
side effects was slightly higher at 45%. In the phase 3 trial
conducted in Turkey, side effects after the CoronaVac vaccine
were reported as fatigue, headache, myalgia, fever, chills, and
pain at the injection site. Our study shows that the rates of side
effects such as local side effects, muscle pain, and headache are
higher than in the phase 3 study!.

It has been reported that immune response and vaccine response
decrease with age, and stronger immune response development
and increasing functional antibody development are seen
in women compared to menl""7, Qur study's differences in
antibody response according to age and gender seem to be
expected.

Different antibody response rates in studies may be related to
the test being studied measuring different antibodies or using
varied kits/methods. Again, the features mentioned above, such
as age, gender, and previous history of COVID-19, can also be
considered factors affecting the antibody response. In general,
most people appear to have an antibody response with the
CoronaVac® vaccine. A study of HCWs showed that neutralizing
antibody levels decreased significantly within two months!'®.

Study Limitations

There are some limitations of our study. First of all, our study was
conducted in a single center with a limited number of people in
fifteen days. Secondly, the inability to follow-up on the presence
of antibodies in disease development is a limitation of our study.
Third, using a qualitative method in antibody measurement is
another limitation of our study.

This study provides data on antibody levels and side effects
obtained with the CoronaVac® vaccine among HCWSs. The
antibody levels offered by the vaccine and the clinical efficacy
of the vaccine; will be clearer with further study.
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