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Article 
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Duško Blagojević 2, Tanja Jovanović 1,* and Dragana Despot 1 
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3 Dr “Simo Milošević“ Health Center, Požeška 82, Belgrade 11030 
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Abstract: Several vaccines against COVID-19 have been developed and licenced to enhance the immune 
response against SARS-CoV-2. Similarly, infection with SARS-CoV-2 before vaccination has been shown to 
provide significant protection against severe infection and hospitalisation. The aim of this study was to 
investigate the effect of three doses of Sinopharm vaccine and SARS-CoV-2 infection on the specific immune 
response in 103 volunteers, measuring neutralizing antibodies, anti-S1 IgG, anti-RBD IgM, anti-N IgM, anti-N 
IgG antibodies and interferon γ. Our results showed that the presence of cardiovascular diseases increased the 
level of anti-N-IgG antibodies, while endocrinological diseases decreased the level of neutralizing antibodies 
and anti-N-IgG antibodies, suggesting that these diseases alter the effect of vaccine immunity. In addition, there 
was a significant decrease in anti-S1 IgG levels 6 months and in anti-N IgG levels 18 months post-infection, 
while neutralizing antibody and interferon γ levels were constant at 3, 6 and 18 months post-infection. 
Therefore, our results confirm the importance of hybrid immunity as the strongest and most durable compared 
to exclusively natural or vaccine-induced immunity. Significant positive correlations were found between 
humoral and cellular immunity markers: neutralizing antibodies, anti-S1 IgG, anti-N IgG and interferon γ, 
indicating a unique coordinated response specific to COVID-19.  

Keywords: COVID-19; Sinopharm vaccine; neutralizing antibodies; anti-S1 IgG antibodies; anti-RBD IgM 
antibodies; anti-N IgM antibodies; anti-N IgG antibodies; interferon γ 

 

1. Introduction 

SARS-CoV-2 belongs to the family Coronaviridae, genus Betacoronavirus. The morphology and 
structural features of the new virus are identical to those of the other human coronaviruses. Although 
the mutation rate is low, the number of variants, some of which are of concern (alpha, beta, gamma, 
delta, omicron variants and subvariants of omicron), has increased with the prolonged spread of the 
virus [1]. New threatening variants often escape infection or vaccine-induced immunity. However, 
whether after infection or vaccination, previously acquired immunity leads to cross-protection 
against severe clinical forms of disease caused by the new variants of the virus [2–5]. The quantities 
of SARS-CoV-2 antibodies vary widely among patients and depend on numerous factors, such as the 
severity of clinical presentation, age, affiliated comorbidities, patientsʹ immunocompetence, as well 
as the methods used to measure specific antibody titers [5,6]. However, despite the differences in 
serological values, reinfections by the same viral variant were not as frequent. This is confirmed by 
numerous studies conducted after the introduction of the vaccine, which showed that seropositive 
individuals had a significantly lower risk of re-infection than seronegative individuals, at least six 
months after infection [6,7]. Numerous studies have demonstrated differences in the quality of the 
immune response following infection or vaccination based on the tracking of markers of humoral and 
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cellular immunity [8]. Although there are no specific correlates for the protective role of immune 
response, the most important marker of the efficiency of the immune response is the presence of 
neutralizing antibodies, namely anti-RBD epitope antibodies and anti-S1 antigen antibodies, as these 
two enable the virus to bind to the ACE2 receptor [9]. Given the importance of the cellular immune 
response, especially CD4+ and CD8+ T lymphocytes, for the efficient elimination of infected cells, the 
most common marker of the protection provided by cellular immunity is the concentration of 
interferon gamma [9,10]. Most of the licensed vaccines induce immunity against the S protein. These 
vaccines are mainly based on mRNA and recombinant DNA technology. All of these vaccines are 
designed to induce vaccine immunity against the viral S antigen of the original Wuhan strains of 
SARS-CoV-2 and cause no change in nucleocapsid antibody titers in immunized individuals [11–13]. 
The difference between these vaccines and the Sinopharm vaccine is that the latter contains complete 
inactivated viral particles. Therefore, there is particular interest in tracking the immune response after 
immunization with the Sinopharm vaccine because it is expected to induce immunity against all viral 
antigens, including the nucleocapsid antigens. 

2. Materials and Methods 

2.1. Study Design 

The purpose of this study was to measure humoral and cellular immune response in immunized 
individuals six months after receiving the 3rd dose of SARS-CoV-2 Sinopharm vaccine. All 
participants included in the study voluntarily signed an informed consent, completed a self-
questionnaire (Appendix A) and had their blood drawn to perform the testing. The study was 
approved by the Institutional Ethics Committee of the Institute for Biocides and Medical Ecology, 
Belgrade (protocol number 05-01 468/3-1, approved on 23.02.2022). 

2.2. Participant Selection and Serum Collection 

All participants who met the inclusion criteria and signed the informed consent were included 
in the study and divided into groups based on gender, history of SARS-CoV-2 natural infection and 
presence of cardiovascular, pulmonary and autoimmune diseases, diseases of the endocrine and 
nervous system, and liver and kidney diseases.  

Serum samples were obtained by collecting 4 to 6 mL of whole blood in VACUETTE® Serum 
Tubes (Greiner Bio-One GmbH). The blood was centrifuged at 3000 rpm for 10 min (Gyrozen, 416 
centrifuge) before aliquoting the serum. Upon testing, the serum was stored at −20°C. Samples for 
measuring SARS-CoV-2 T-cell specific response was obtained by collecting 4 to 6 mL of whole blood 
in VACUETTE® Heparin Tubes (Greiner Bio-One GmbH) and processed immediately according to 
manufacturer’s instructions. All the samples were collected between March and June 2022. 

The study involved 103 participants in total, 28 males and 75 females. Anamnestic data for 
participants is presented in Table 1. Of the 103 subjects, 36 had cardiovascular diseases, 11 had 
endocrine diseases, 13 had allergic reactions, and 4 had lung diseases (Table 1.). None of them were 
pregnant, breastfeeding, had primary and secondary immuno-deficiencies, or diseases of the 
hematopoietic system. Thirty-two (32) of the 36 individuals with cardiovascular diseases had 
hypertension, one participant had myocarditis, one pericarditis and two of them had heart valve 
diseases (Table 1.). 

Table 1. Anamnestic data for participants who participated in the study. 

Anamnestic Data 
Number of Participants 

Total number 103 
 

Sex 
F 75 
M 28 

   Hypertension (n=32) 
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Presence of  
cardiovascular diseases 

Yes 36 Myocarditis (n=1) 
Pericarditis (n=1) 

Heart valve diseases (n=2) 
No 67 

 Presence of diseases of the 
nervous system 

Yes 1 
No 102 

 
Presence of endocrine  
diseases 

 
Yes 

 
11 

Diabetes mellitus (n=3) 
Thyroid gland diseases (n=7) 

Prolactin (n=1) 
No 92 

 
Presence of liver diseases Yes 2 

No 101 

Presence of kidney diseases 
Yes 1 

 

No 102 

Presence of pulmonary diseases 
Yes 4 
No 99 

Presence of allergic reactions 
Yes 13 
No 99 

Presence of autoimmune 
diseases 

Yes 2 
No 101 

2.3. SARS-CoV-2 Serological Analyses 

In this study, we used 5 different commercial SARS-CoV-2 ELISA tests for detection of humoral 
immune response against SARS-CoV-2. Details about the ELISA test used in this study are shown in 
Supplement 1. 

2.4. T-Cell Response 

The SARS-CoV-2 specific T-cell response was determined by a commercial interferon gamma 
(IFN γ) release assay (IGRA) using the Quant-T-Cell SARS-CoV-2 (product No. ET 2606-3003) and 
Quant-T-Cell ELISA (product No. EQ 6841-9601) manufactured by EUROIMMUN AG, Lübeck, 
Germany. The specific T-cell response was quantified according to the manufacturer’s instructions 
with values >100 mIU/mL marked as low positive, >200 mIU/mL marked as positive and values 100-
200 mIU/mL as the grey zone.  

2.5 Statistical Analysis 

Statistical analyses were performed according to protocols described in Hinkle et al [14]. Groups 
were analyzed using analyses of variance ANOVA, post hoc compared by Tukey’s HSD t-test, and 
p<0.05 was considered as significant. Correlation analysis was performed by Pearson’s correlation 
protocol. 

2.6. SARS-CoV-2 Serological Analyses 

SARS-CoV-2 serology was determined with semi-quantitative and quantitative commercial 
ELISA test listed in Table A1. All tests were performed according to the manufacturerʹs instructions 
using a fully automated ELISA apparatus: EuroImmun I Analyzer (for EuroImmun tests) and DS2 
Dynex Technologis (for TestLine tests and Shanghai GeneoDx Biotech Co, Ltd. 

3. Results 

Humoral and cellular immune responses in individuals six months after receiving the third dose 
of the vaccine in 103 individuals who had received three doses of Sinopharm vaccine (28 males and 
75 females) showed positive values of anti-SARS-CoV-2 neutralizing antibodies - neutralizing 
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antibodies, anti-N IgG antibodies, anti-S1 IgG antibodies and cellular immune response (IFN γ) while 
anti-RBD IgM antibodies and anti-N IgM antibodies levels were considered negative, as the values 
were lower than < 18 U/mL and < 0.8. 

Our results showed that age (participants were divided into ten-year interval age groups: 20-30; 
30-40; 40-50; 50-60) had no influence on the analyzed parameters: humoral anti-SARS-CoV-2 
neutralizing antibodies - neutralizing antibodies (F=1.02, p > 0.05), anti-S1 IgG antibodies (F=0.21, p > 
0.05), anti-N IgG antibodies (F=0.17, p > 0.05), and cellular immune response (IFN γ) (F=1.03, p > 0.05). 
When we divided all the patients by sex, the results also showed no sex difference between the 
analyzed parameters: humoral anti-SARS-CoV-2 Neutralizing antibodies - NA (F=12.58, p > 0.05), 
anti-N IgG antibodies (F=1.029, p > 0.05), anti-S1 IgG antibodies (F=0.492, p > 0.05), and cellular 
immune response (IFN γ) (F=1.157, p > 0.05). However, levels of neutralizing antibodies, anti-S1 IgG, 
anti-N IgG and IFN γ are significantly higher in individuals who had COVID-19 before vaccination 
comparing to those who had been vaccinated but without a previous COVID-19 infection (Figure 2). 
The values of anti-RBD IgM antibodies in individuals who were vaccinated following a COVID-19 
infection is statistically significant and enters the positive values (>18 U/mL). 

When all subjects were additionally separated by sex and previous history of COVID-19 and a 
two-way analysis ANOVA was performed, results showed that sex had no effect on the immune 
response, but in participants who have previously had COVID-19 we saw increased levels of INF γ, 
anti-N IgG and anti-S1 IgG antibodies (two-way ANOVA statistically significant effect of a previous 
infection) (Figure 2). 

 

Figure 1. Humoral and cellular immune response after vaccination with 3 doses of Sinopharm vaccine 
based on previous COVID-19 history. No - subjects had no COVID-19; Yes - subjects had COVID-19; 
Below ------- negative values. 
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Figure 2. Humoral and cellular immune response after vaccination with 3 doses of Sinopharm vaccine 
based on sex and previous COVID-19 history. F/No - women who did not have COVID-19; F/Yes - 
women who had COVID-19; M/No - men who did not have COVID-19; M/Yes - men who had COVID-
19. N.S. Not significant; Below ------- negative values. 

Some of the participants included in our study suffered from cardiovascular diseases (CVD). So 
when we divided the participants into those with and those without cardiovascular diseases, 
statistical analysis showed that participants with CVD produced elevated anti-N IgG levels (Figure 
3). Although IgM values were below the positivity threshold, in subjects with cardiovascular diseases 
we saw higher anti-N IgM antibody levels to the extent which is statistically significant (Figure 3). 
Interestingly, after adding previous history of COVID-19 as a second parameter and performing a 
two-way analysis ANOVA, participants with cardiovascular diseases showed a statistically 
significant increase only in anti-N IgM levels regardless whether they had had the infection or not. 
(Figure 4). 
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Figure 3. Humoral and cellular immune response after vaccination with 3 doses of Sinopharm vaccine 
based on the presence of cardiovascular diseases. No - subjects who do not have cardiovascular 
disease; CVD - subjects with cardiovascular diseases; Below ------- negative values. 

 

Figure 4. Humoral and cellular immune response after vaccination with 3 doses of Sinopharm vaccine 
based on the presence of cardiovascular diseases and previous COVID-19 history. No CVD/No - 
subjects who have no cardiovascular diseases and who have not had COVID-19; No CVD/Yes - 
subjects who have no cardiovascular diseases and who have had COVID-19; CVD/No –subjects with 
cardiovascular diseases who have not yet COVID-19 and CVD/Yes - subjects with cardiovascular 
diseases and COVID-19; Below ------- negative values. 

Our study showed that endocrine disorders had no influence on the observed parameters: 
humoral anti-SARS-CoV-2 neutralizing antibodies - neutralizing antibodies (F=2.91, p > 0.05), anti-S1 
IgG antibodies (F=1.33, p > 0.05), anti-N IgG antibodies (F=1.095, p > 0.05), and cellular immune 
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response (IFN γ) (F=2.069, p > 0.05). However, when COVID-19 overcome was added as a second 
parameter, results showed that endocrine disorders attenuated the elevation of neutralizing 
antibodies in vaccinated individuals with no history of COVID-19 (Figure 5). 

 

Figure 5. Humoral and cellular immune response after vaccination with 3 doses of Sinopharm vaccine 
based on the presence of endocrine disorders and previous COVID-19 history. No Endo/No - subjects 
who have no endocrine disorders and have not had COVID-19; No Endo/Yes - subjects who have no 
endocrine disorders and have had COVID-19; Endo/No - participants who suffer from endocrine 
disorders and who have not yet had a COVID-19 and Endo/Yes - subjects who have endocrine 
disorders and have had COVID-19; Below -------negative values. 

Our results showed that previous COVID-19 overcome elevated neutralizing antibodies, IgG S1 
and IgG N humoral response (Figure 5). Since the presence of endocrine disorders and the prior 
history of COVID-19 showed no significance at the level of neither humoral nor cellular response, 
with the exception of neutralizing antibodies, we singled out the group of subjects who have not had 
COVID-19 and divided them into two groups - with and without endocrine disorders. Statistical T-
test showed that neutralizing antibodies and anti-N IgG humoral parameters decreased significantly 
in Endo/No group, implying that subjects with endocrine disorders who were vaccinated with 
Sinofarm vaccine and had no prior history of COVID-19 had a lower humoral response than the 
vaccinated subjects with endocrine disorders (Figure 6). 
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. 

Figure 6. Humoral and cellular immune response after vaccination with 3 doses of 
Sinopharm vaccine based on the presence of endocrine disorders and without previous 
history of COVID-19.No Endo/No - participants who have no endocrine disorders and who 
have not had COVID-19; Endo/No - participants who suffer from endocrine disorders and 
who have not yet had a COVID-19; *p<0.05;** p<0.01 and *** p<0.005; Below-------negative 
values. 

To determine the extent of change in antibody levels over time, participants were divided into 3 
subgroups based on the period elapsed between the last clinical presentation of COVID-19 symptoms 
and the time of testing (up to 3 months, 3 to 6 months and up to 18 months since the last symptoms). 
The results show that there is no decrease in neutralizing antibodies and IFN γ 3, 6 and 18 months 
after COVID-19, while there is a significant decrease in anti-S1 IgG 6 months after and anti-N IgG 18 
months after COVID-19. The significance was also confirmed for anti-N IgM levels, although the 
value was below the threshold (Figure 7). 
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Figure 7. Humoral and cellular immune response after vaccination with 3 doses of Sinopharm vaccine 
based on the time elapsed between the last clinical presentation of COVID-19 symptoms and the time 
of testing. *p<0.05;** p<0.01 and *** p<0.005; Below ------negative values. 

Correlation analysis performed on the complete sample showed that, in vaccinated individuals, 
significant positive correlations exist between humoral and cellular markers of immunity: 
neutralizing antibodies, anti-S1 IgG, anti-N IgG and interferon γ, suggesting a unique coordinated 
response specific for COVID-19 (Table 2). 

Table 2. Correlation analysis of Neutralazing Antibodies, IFN γ, anti-N IgG antibodies 
(Nucleocapsid), anti-RBD IgM antibodies (Receptor Binding Domen), anti-N IgM antibodies and anti-
S1 IgG antibodies (i RBD) performed on the complete sample. Red-colored numbers represent a 
statistically significant correlation between the examined parameters. 

 Neutralizing 
Antibodies 

Anti-S1 IgG 
Antibodies 

Anti-RBD IgM 
Antibodies 

Anti-N IgM 
Antibodies 

Anti-N IgG 
Antibodies 

IFN γ 

Neutralizing 
antibodies 

      

anti-S1 IgG 
antibodies 

0,400***      

anti-RBD IgM 
antibodies 

0,0525 0,0923     

anti-N IgM 
antibodies 

0,078 0,0002 0,098    

anti-N IgG 
antibodies  

0,240*** 0,666*** -0,099 -0,039   

IFN γ 0,142 0,392*** 0,196 0,0923 0,336***  
***p < 0.05. 
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4. Discussion 

To determine the biomarkers of acquired immunity after infection and after vaccination, viral 
antigens that could potentially induce a strong type-specific immune response were studied. Among 
the four structural proteins of coronaviruses (S, E, M, N), the two most abundant structural proteins 
of coronaviruses are the S and N antigens. The surface spike S glycoprotein is crucial for the initial 
step of infection, as it mediates entry of the virus by binding to the host ACE2 receptor and fusing 
the virus-host membrane. The S antigen consists of the S1 and S2 subunits. The epitopes for the 
neutralizing antibodies and the epitopes for the cellular immune response are located within the S1 
subunit and the RBD domain [15,16]. The N protein is immunodominant and is highly expressed in 
infected cells. Within the N antigen, there are epitopes for the cellular immune response of CD4- and 
CD8-positive T lymphocytes, as well as epitopes targeted by non-neutralizing antibodies [17]. 

Therefore, most tests measuring the efficiency of the immune response are based on these two 
antigens. Antibodies produced during infection with different human coronaviruses (HcoV-OC43, 
HcoV-HKU1, HcoV-229E, HcoV-NL63), especially from the same genus, are known to have a 
potential for cross-reactivity [18]. For example, the S protein of SARS-CoV-2 and SARS-CoV, which 
are phylogenetically closely related, have an amino acid sequence identity of approximately 77%. 
Such a high degree of sequence similarity suggests the possibility of cross-reactive epitopes between 
these two viruses. In order to examine proteins for possible cross-immunity with other human 
coronaviruses, the conserved and variable regions of the S and N antigens were analysed. Antibodies 
against the S1 and RBD domains of the S protein were found to be hypervariable and subtype-specific. 
This is in contrast to the N antigen and the S2 subunit of the S antigen, which are highly conserved 
in human coronaviruses. However, antibodies against N and S2 antigens formed during previous 
infections with human coronaviruses cannot protect against SARS-CoV-2 infection [6,18,19]. 
Serological evidence of a specific immune response to the S and N antigens was of paramount 
importance in diagnosing the infection. Because most vaccines are designed to elicit only an immune 
response to the S antigen, tests that detect the presence of neutralizing antibodies are most commonly 
used to monitor the effectiveness of vaccine immunity [20–22]. However, the Sinopharm vaccine 
elicits a response to all single antigens (including the S and N antigens), so determining the 
serological profile in infected and vaccinated individuals is of great interest. According to literature, 
the efficacy of inactivated COVID-19 vaccines is 70-80% after two administrations [23,24]. Therefore, 
a third booster dose was recommended, which according to our results induced long-term immunity 
against the original virus variant. Using biomarkers of humoral and cellular immunity as indicators, 
we found that all recipients of three doses of Sinopharm vaccine developed an effective humoral and 
cellular response regardless of gender and age. 

Biomarkers of humoral and cellular immunity were analysed separately in vaccinated 
individuals with COVID-19. These individuals have a hybrid immunity consisting of natural and 
vaccine-generated immunity. In the literature, this type of ʺhybrid immunityʺ is referred to as 
superior immunity. Individuals who acquire natural immunity through infection and are 
subsequently vaccinated develop stronger immunity to SARS-CoV-2 [23–25]. Many authors 
emphasise the importance of memory immunity. It has been shown that the number of memory B 
cells is increased 5-10-fold in hybrid immunity compared to natural infection or vaccination alone 
[33]. According to the data found in the literature, prior infection alone and prior infection in 
combination with prior vaccination provide high and sustained protection against hospitalisation or 
severe disease [26]. Since there are few data in the scientific literature on serological status after 
vaccination with the Sinopharm vaccine, we considered our results in the light of serological markers 
detected after vaccination with an mRNA vaccine. After one dose of mRNA vaccine, humoral 
immunity is 10-45 times higher in people who have already undergone infection than in people who 
have not been infected [27,28]. Administration of the second dose results in a threefold increase in 
antibodies in non-immune individuals, but does not have this effect in individuals with previous 
infection. Individuals who have been fully vaccinated with two doses of an mRNA vaccine and have 
undergone prior infection have six times higher antibody levels than individuals who have 
undergone only natural infection or have been fully vaccinated. Vaccination of previously infected 
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individuals has also been shown to result in significantly higher levels of cross-neutralizing 
antibodies than fully vaccinated individuals. 

In our study, participants who had COVID-19 infection prior to vaccination and were fully 
vaccinated with three doses of Sinopharm vaccine showed a statistically significant increase in all 
types of SARS-CoV-2-specific antibodies, particularly anti-S1 IgG and anti-N IgG. The titer of NA 
antibodies is also higher in the group of participants with previous infection, as is IFN γ. Our results 
confirm the importance of hybrid immunity, which provides the greatest and most durable protection 
based on humoral biomarkers. A certain number of participants, especially those who had COVID-
19 infection immediately before and after vaccination, showed positive anti-RBD IgM antibodies. The 
presence of subtype-specific IgM antibodies is probably due to the fact that the viral variant contained 
in the vaccine differs from the variant that caused the infection, which stimulates the de novo 
production of IgM antibodies. 

According to the literature, cardiovascular disease, especially hypertension, is an important 
cofactor for severe COVID-19 [29–32]. About 85% (27 of 32) of the patients with hypertension 
included in our study use ACE inhibitors as part of their treatment. However, in our study, there was 
no statistically significant difference in markers of humoral and cellular immune response between 
patients with cardiovascular disease and other participants, except for IgM N, which was higher in 
CVD patients (Figure 4). 

Endocrine disorders also affect the efficacy of the immune response [33–35]. According to our 
study, patients with endocrine disorders show a statistically significant impairment of the humoral 
immune response after vaccination, with lower values for all tested antibodies (NA, anti-S1 IgG, anti-
N IgG), which means that subjects with endocrine disorders have a lower humoral response after 
Sinofarm vaccination. However, in the group of participants with a history of COVID-19 infection 
and endocrine disorders, these differences were lost and there was no difference in humoral and 
cellular markers. 

Overall, these results show that individuals with previous COVID-19 infection who were 
vaccinated with three doses of inactivated vaccine had hybrid immunity. This means that participants 
with hybrid immunity have the best adoptive immunity, probably against both the original strain 
and the variants in question. The titre of NA and IFNγ remained unchanged in our group of 
participants studied, but the anti-S1 IgG and anti-N IgG antibodies showed a statistically significant 
decrease in titre when sampled 18 months after infection. Our results confirm the findings that the 
inactivated Sinopharm vaccine induces effective production of neutralizing antibodies, as do the 
mRNA- and vector-based vaccines. Natural immunity, together with vaccine-generated immunity 
against SARS-CoV-2, is clearly involved in protection against COVID-19 reinfection. The results also 
point to the contribution of the T-cell response to protection, particularly immunological memory as 
a source of protective immunity. Correlation analysis also showed that immunity was established 
through positive cooperativity between IgGS1 and IgGN, which stimulate each other as well as NA 
and IFNγ through independent and separate pathways (Figure 8). According to our results, this 
connection represents the main pathway for the establishment of protection in COVID-19 hybrid 
immunity. 

 

Figure 8. Schematic representation of the coordinated course of the immune response to vaccination. 
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Appendix A 

Participant self-questionnaire 
All participants who gave their informed consent voluntarily filled out a self-questionnaire with 

the following inquiries:  
• History of previous SARS-CoV-2 infections with the date on which the symptoms appeared or 

date of the last positive PCR result 
• History of vaccination (date and name of 1st, 2nd and 3rd dose of SARS-CoV-2 vaccine) 
• Diseases of the cardiovascular system (hypertension, ischemic heart disease, heart failure, heart 

valve diseases, myocarditis, endocarditis, pericarditis, deep vein thrombosis, etc.) 
• Diseases of the endocrine system (diabetes mellitus, metabolic syndrome, hyperthyroidism, 

hypothyroidism, Cushingʹs syndrome, etc.) 
• Diseases of the nervous system (cerebrovascular diseases, stroke, epilepsy, multiple sclerosis, 

polyneuropathy, neuroborreliosis, etc.) 
• Liver diseases (hepatitis B, hepatitis C, cirrhosis, etc.) 
• Autoimmune diseases (systemic lupus, rheumatoid arthritis, systemic sclerosis, etc.) 
• Pulmonary diseases (asthma, COPD, emphysema, pulmonary hypertension, etc.) 
• Kidney diseases (hypertensive nephropathy, diabetic nephropathy, hydronephrosis, chronic 

renal insufficiency, etc.) 
• The presence of allergic reactions (atopy, allergic dermatitis, allergic rhinitis, allergic asthma, 

etc.) 
• Primary and secondary immunodeficiencies (yes or no, and which) 
• Severe diseases of the hematopoietic system (yes or no, and which) 
• Oncological diseases (yes or no, and which) 
• Pregnancy and breastfeeding status 

Appendix B 

Table A1. Commercial test used for detection of SARS-CoV-2 antibodies. 

 Commercial ELISA Name Purpose of Detection Reference Values Automated System 

anti-SARS-CoV-
2 neutralizing 

antibodies –NA 

Novel coronavirus SARS-CoV-2 
Neutralizing Antibody Detection 
Kit (ELISA) Shanghai GeneoDx 
Biotech Co, Ltd 

neutralizing antibodies 
(NA) 

<79 U/mL: negative 
≥79 to <81 U/mL: 
borderline 
≥81 U/mL: positive 

DYNEX DS2®, 
Dynex 
Technologies 

anti-SARS-CoV-
2 IgG S1 

Anti-SARS-CoV-2 QuantiVac 
ELISA (IgG), EUROIMMUN AG, 
Lübeck, Germany 

IgG antibodies against 
S1 (including RBD) 

<8 RU/mL: negative 
≥8 to <11 RU/mL: 
borderline 
≥11 RU/mL: positive 

EuroImmun I 
Analyzer 
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anti-SARS-CoV-
2 IgM N 

Anti-SARS-CoV-2 NCP ELISA 
(IgМ), EUROIMMUN AG, Lübeck, 
Germany 

IgM antibodies against 
the nucleocapsid 
protein (N) 

Ratio <0.8: negative 
Ratio ≥ 0.8 to <1.1: 
borderline 
Ratio ≥1.1: positive 

EuroImmun I 
Analyzer 

anti-SARS-CoV-
2 IgG N 

EIA Covid-19 NP IgG, TestLine 
Clinical Diagnostics 

IgG antibodies against 
the nucleocapsid 
protein (N) 

<18 U/mL: negative 
≥8 to <22 U/mL: 
borderline 
≥22 U/mL: positive 

DYNEX DS2®, 
Dynex 
Technologies 

anti-SARS-CoV-
2 IgM RBD 

EIA Covid-19 RBD IgM, TestLine 
Clinical Diagnostics 

IgM antibodies against 
RBD domain 

<18 U/mL: negative 
≥8 to <22 U/mL: 
borderline 
≥22 U/mL: positive 

DYNEX DS2®, 
Dynex 
Technologies 
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