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Immunogenicity after CoronaVac vaccination

Eda Celik Guzel'™ @, Aliye Celikkol? @, Berna Erdal® @, Nuriye Sedef’

SUMMARY

OBJECTIVE: This study aimed to investigate the seropositivity of CoronaVac-SinoVac vaccination in severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) risk factors and comorbidities.

METHODS: Immunoglobulin (IgG) antibody responses were examined on the 2 1st day after the second dose of CoronaVac-SinoVac 6 ug
vaccine on the 28th day. SARS-CoV-2 IgG antibody levels were measured by using the enzyme-linked immunosorbent assay method in
vaccinated health care workers (n=134) (Group ), vaccinated polymerase chain reaction (PCR) (+) who had coronavirus-19 (COVID-19)
disease (n=21) (Group II), and unvaccinated PCR (+) (n=28) (Group Ill) participants. Subgroups were formed in Group | according to the
presence of COVID-19 risk factors and comorbidities (diabetes mellitus, cardiovascular disease, and asthma/allergy) and demographic data.
RESULTS: Seropositivity rates were 95.5, 100, and 89.3% for Groups |, Il, and Ill, respectively. IgG antibody levels were found
significantly higher in the group between the ages of 20-30 in group | compared to those aged 31-50 and over 50 (both p<0.01). It was
found significantly higher in normal-weight individuals than in the overweight and obese group (both p<0.01). IgG antibody levels were
found significantly lower in people with cardiovascular disease and diabetes mellitus compared with those who did not (p<0.05 and
p<0.001, respectively). There was a negative correlation between IgG antibody response values and body mass index and age in Group
I (r=-0.336, p<0.001 and r=-0.307, p<0.001, respectively).

CONCLUSION: IgG antibody values decrease with age and with increasing body mass index. The presence of comorbidities (i.e., diabetes

mellitus and cardiovascular disease) decreased COVID-19 IgG antibody values.
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INTRODUCTION
Coronavirus-19 disease (COVID-19) pandemic caused by
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
has infected more than 110 million people and killed approxi-
mately 2.5 million people as of March 2021".

Post-vaccine antibody tests against SARS-CoV-2 showed
that adequate levels of neutralizing anti-SARS-CoV-2 S1-specific
immunoglobulin (anti-S-IgG) antibodies were formed*>.

One of these vaccines is the CoronaVac-SinoVac (inactivated

SARS-CoV-2) (Sinovac Life Sciences, Beijing, China) vac-
cine, whose phase 3 trials have been completed. Phase 1 clin-
ical trials were conducted as dose escalation, and the highest
antibody response occurred after two doses of 6 g vaccine (0
and 28 days). In the same study, in which phase 2 clinical tri-
als were conducted to increase vaccine production capacity, the
seroconversion of neutralizing antibodies was 97% in the 3 ug
group and 100% in the 6 g group. However, the titers of neu-
tralizing S IgG produced after vaccination were lower than the
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serum S IgG levels of those who had the disease®. This is a dis-
advantage of inactivated vaccines and may affect the response
to vaccination of patients in the risk groups for COVID-19.
The aim of this study was to monitor the anti-spike IgG anti-
body response after CoronaVac vaccination against COVID-19
disease and to investigate the antibody response based on risk fac-
tors associated with COVID-19 disease and comorbid conditions.

METHODS

Study design and participants
This prospective study was conducted on approval of the
Ethics Committee (Protocol number; 2021.55.02.18). In this
study, we included 183 volunteers who applied for the vacci-
nation in University Hospital. CoronaVac-SinoVac vaccine
was administered intramuscularly in two doses of 6 g (0 and
28 days). People who applied for the vaccination in the out-
patient clinic for the second dose 28 days following the first
dose and whose blood sample was obtained 21 days after the
second dose (n=134) constituted Group I. PCR (+) patients
who have had the disease and also had the first and second dose
of the vaccine constituted Group II (n=21). PCR (+) patients
who have had COVID-19 disease but are unvaccinated (n=28)

constituted Group III. To examine the IgG antibody response,
2 mL of whole blood samples were taken 21 days after the sec-
ond dose of the vaccine from Groups I and II, and immediately
from Group III. After centrifugation at 3,000 rpm for 10 min
without delay, the samples were stored at -80°C until further
analysis. A COVID-19 positive group (Groups II and IIII)
was formed of patients whose quantitative reverse transcrip-
tion PCR (RT-qPCR) results were positive. Sample collection
time was within two months on average from a positive PCR
result. Group I was divided into three subgroups with age as
20-30 years, 31-50 years, and above 50 years old, and with
body mass index (BMI) as normal (18.5-24.9), overweight
(25-29.9), and obese (>30). Smoking, vitamin supplement,
regular exercise, and regular sleep characteristics of group I
were obtained through a questionnaire. As shown in Table 1,
participants were grouped with chronic disease, asthma, dia-
betes mellitus (DM), cardiovascular disease (CVD), diagnosis,
or/and treatment in the last year obtained from the hospital
electronic archive and viral load according to working place
in the hospital.

Anti-SARS-CoV-2 human IgG measurement was performed
using the enzyme-linked immunosorbent assay (ELISA) kit (DIA.
PRO, Sesto San Giovanni, Milan, Italy). Serum samples were

incubated in wells pre-coated with recombinant nucleocapsid

Table 1. Demographic characteristics of vaccinated participants, Eda Celik Guzel.

(n=134) (n=28) (n=21)

Age (years) 39.04 (25-60) 34.76 (24-52) 29.07 (21-43) b***, c*
Gender (F/M) 73/61 14/14 11/10
BMI (kg/m?) 26.95+5.6 28.21+7.08 24.75+3.68 c*
Smoking (-/+) 101/54 28/0 16/5
Regular sleep (-/+) 52/82 12/16 1110
Regular exercise (-/+) 111/23 20/1 1/20
Vitamin supp. (-/+) 65/69 13/8 13/8
Comorbidity

CVD (-/+) (%) 91/43 271 2/19

Diabetes mellitus (-/+) 100/34 0/28 3/18

Asthma/allergy (-/+) 94/40 21/7 2/19

Viral load (high/low) 67/67 28/8 17/4
COVID-19 IgG efficacy

COVID-19 IgG levels 7.15(0.19-12.8) 9.36 (4.58-2.41) a** 7.34(0.01-12.5) c*

COVID-19 IgG (/+) (%) 6/128 (95.5) 3/25 (89.3) 0/21 (100)

*p<0.05; **p<0.01; ***p<0.001. a: between Groups | and IlI; b: between Groups | and II; c: between Groups Il and IIl. Group I: two doses vaccinated
individuals without COVID-19 disease or contact. Group II: two doses vaccinated individuals have had COVID-19 disease before. Group IlI: unvaccinated

people who have had COVID-19. F: Female; M: male; BMI: body mass index; Vitamin supp.: vitamin supplementation; CVD: cardiovascular diseases.
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and spike proteins of SARS-CoV-2. Results were calculated
as the ratio between the optical density of the sample and the
optical density of the negative control in the kit and expressed
as arbitrary units (AU). The sample positivity cut-off value for
anti-nucleocapsid and/or anti-spike antibodies was determined
by the manufacturer as AU>1.1.

Statistical analysis was performed using SPSS IBM 18.0
(SPSS Inc., Chicago, IL, USA). The distribution of the data was
determined using the Kolmogorov—Smirnov test. The indepen-
dent samples #test was used to compare normally distributed
variables, and the Mann—Whitney U test was used to compare

non-parametric distributed variables.

RESULTS

In the investigation of COVID-19 IgG antibody levels, a sta-
tistically significant difference was found between Groups I
and II and between Groups II and III (p<0.01 and p<0.05,
respectively). Antibody formation was highest in Group IL
On the 21st day after vaccination, the antibody positivity rate
was 95.5% for Group I and 100% for Group II. The antibody
positivity rate was 89.3% in Group III, who were not vacci-
nated (Table 1).

Group I was subgrouped according to age, gender, BMI,
smoking, vitamin use, and working in areas with high viral load
and comorbid diseases, and the relationship with antibody levels
was evaluated. Mean antibody levels were 8.91 (n=29, [1.98—
12.80]) in the 20-30 age group, 6.86 (n=85, [0.19-12.78])
in the 31-50 age group, and 5.46 (n=20, [0.68-10.51]) in the
>50 age group. Antibody response levels were significantly higher
in the 20-30 age group compared with the 31-50 and >50 age

groups (p<0.01 for both) (Figure 1A). In BMI subgroups, anti-
body levels were significantly higher in normal-weight subjects
(n=60, [8.36 (1.09-12.80)]) compared with the overweight
(n=39, [6.78 (1.31-12.78)]) and obese groups (n=35, [5.47
0.19-11.7]) (p<0.01 for both) (Figure 1B).

Antibody response levels of those in Group I working in
areas with high viral load were significantly higher compared
with those working in areas with low viral load (n=66, 8.31
[1.40-12.80]; n=67, 6.01 [0.19-12.11]; respectively, (p<0.001)
(Figure 2).

Antibody response levels were significantly lower in partic-
ipants with comorbid diseases in Group I (n=95, 6.2 [0.19-
12.26]) compared with those without comorbid diseases (n=39,
9.45[1.98-12.80]) (p<0.001). Antibody levels were significantly
lower in individuals with CVD compared with those without
CVD (n=43, 6.16 [1.40-12.80]), (n=91, 7.61 [0.19-12.26]),
respectively; p<0.05). People with DM had significantly lower
antibody response levels compared with those without DM
(n=34, 4.89 [0.19-10.74]; n=100, 7.92 [1.21-12.8], respec-
tively; p<0.001) (Figure 2).

A negative correlation was found between IgG antibody
response and BMI and age in Group I (r= -0.336, p<0.001
and r=-0.307, p<0.001, respectively).

DISCUSSION

Group II had the highest IgG antibody response after vacci-
nation. Antibody levels of the vaccinated PCR (+) group were
higher than the PCR (+) group without vaccination (p<0.05).
Similar to our findings, Jabal et al.” showed that in single-dose
BNT162b2 mRNA COVID-19 vaccination, post-vaccination

Figure 1. COVID-19 IgG levels in age (A) and body mass index (B) sub-groups of vaccinated Group 1, Eda Celik Guzel.
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Figure 2. Differences of COVID-19 IgG antibodies Levels in sub-groups of vaccinated Group |, Eda Celik Guzel.

COVID-19 IgG antibody levels were much higher among those
with previous evidence of disease. Furthermore, the antibody
levels after vaccination in Group I reached values nearly equal
to Group III (Table 1). It is a remarkable result that on the 21st
day after vaccination, the antibody positivity rate of Group I
(95.5%) was higher than that of Group III (89.3%) (Table 1).
These results confirm that the effectiveness of the CoronaVac
vaccine is very high. At the same time, our findings were con-
sistent with the results in the CoronaVac phase two study*.
Studies examining the effect of risk factors and comorbid-
ities on antibody titer in vaccinated persons are quite limited.
In this study, when Group I was subgrouped according to age,
antibody levels were significantly higher in the 20-30 age group
compared with that in the 31-50 and over 50 age groups (p<0.01
for both) (Figure 1A). Contrary to these results, preliminary
results of the CoronaVac phase 1 study reported that antibody
responses did not differ between the ages of 18 and 59 years®.
CoronaVac phase two results also reported that antibody response
did not differ in individuals over 60 years old, similar to the
phase 1 study. Similar to our results, vaccine studies other than
CoronaVac in the literature report that antibody formation
decreases with age. Antibody titers were reported to decrease
with age after a single dose of BNT162b2 mRNA COVID-19
vaccination of health care workers in Israel (p<0.001). Xia S
et al.? found that the neutralizing antibody response against
SARS-CoV-2 after BBIBP-CorV vaccination was lower in the

>60 age group compared with the 18-59 age group. In the
examination of age, the antibody response was decreased in
older age groups, which supports our study resules®’. In the
evaluation of other vaccination studies, a negative correlation
was detected between COVID-19 IgG antibody levels and age
as this study supports this finding.

COVID-19 IgG antibody levels of normal-weight individ-
uals in Group I were significantly higher than overweight and
obese individuals (p<0.01 for both) (Figure 1B). Therefore, it
was found that antibody response decreases with increasing
BMI. This result can be interpreted as either the insufficiency
of the immune mechanisms in obesity or the insufficient anti-
body response of the vaccine dose in obese individuals. A sim-
ilar finding has not yet been reported. In the investigation of
obesity, Aude Richard et al.® reported no significant relationship
between BMI and seropositivity. However, they reported that
obese women tended to have higher seropositivity compared with
normal BMI. The existence of a negative correlation between
IgG antibody levels and BMI in this study suggests that this
mechanism may be different during the vaccination process.

There is a linear relationship between maintaining a healthy
life and immune response®. Antibody levels were significantly
higher in vitamin C and vitamin D users (p<0.05) (Figure 2).
During the COVID-19 pandemic, the use of nutrients that
strengthen immunity, such as vitamins C and D, zinc, etc.,
increased. However, studies supporting the effect of dietary
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supplements in the prevention of COVID-19 are not clear and
convincing’. In this study, 51.5% of the volunteers in Group
I were taking vitamin supplements.

Another remarkable point is that among the health care pro-
fessionals in Group I, the antibody levels of those working in areas
with high viral load (i.e., emergency clinic, pandemic clinic, and
pandemic ward) were significantly higher than those who did
not work in these areas (p<0.001) (Figure 2). According to this
result, it was thought that encountering a low viral load would
keep the immune response ready, and a better antibody response
can be generated after vaccination. In fact, Jabal et al.'* found
that health care workers with previous evidence of infection had
higher post-vaccination IgG levels, which supports this finding.
Compared with the antibody response following the recovery of
patients with COVID-19, a history of close contact with a per-
son infected with SARS-CoV-2 was found to increase the prob-
ability of seropositivity approximately five times®.

There were no studies on the COVID-19 vaccine in the
literature investigating the effects of comorbid diseases on anti-
body responses. Antibody levels were significantly lower in par-
ticipants who had comorbid diseases in Group I (p<0.001).
At the same time, antibody levels were significantly lower in
individuals with CVD (p<0.05) and DM (p<0.001) (Figure 2).
However, antibody response following the recovery of patients
with COVID-19 was investigated in various comorbid condi-
tions, and it was reported that those with comorbidities had
higher IgG titers two months after recovery'>'2. In contrast,
Meitian Yan et al."? did not find any difference in the rate of
positive IgG antibodies in the comorbidity group.

Limitations
This study has some limitations. ELISA tests can lead to
false-positive results due to cross-reactivity with antibodies
against other seasonal human coronaviruses'. To better inter-
pret the results, it is necessary to validate the findings with
larger case series. In addition, having the PCR results of people
who were vaccinated in Group I could, of course, strengthen

our results further.

CONCLUSIONS

IgG antibody seropositivity was found to be 95.5% in people
who did not have COVID-19 and received CoronaVac vac-
cination. It was found that COVID-19 IgG antibody levels
decreased with increasing age and BMI. Antibody levels were
found to be higher in health care workers working in environ-
ments with high viral load compared with others. The presence
of comorbidities (i.e., DM and CVD) decreased COVID-19
IgG antibody levels. As a result of this study, new informa-
tion has emerged that will shed light on future studies with
larger case series. It is evident that vaccination doses and rep-
etitions should be reviewed especially in terms of age, obesity,
and comorbidities.
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