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Objectives: The risk of contracting SARS-CoV-2 is high among the health care workers (HCW). The com- 

parison between the antibody response to an inactivated Covid19 vaccine and the antibodies that devel- 

oped during Covid-19 infection has not been elucidated. In this study, vaccine-induced antibody levels 

were compared with the antibodies developed in naturally infected HCWs. 

Methods: Eighty vaccinated individuals and 80 Covid-19 patients enrolled to the study. Both groups were 

matched on age, gender and antibody testing time. Anti-SARS-CoV-2 total Ig (Roche) and Anti-SARS-CoV- 

2 ELISA (IgG) (Euroimmun, Germany) were used to detect antibodies. 

Results: The anti-S positivity were determined to be 96.2% and 92.5% in vaccinated and patient groups 

(p = 0.303) while the anti-N positivity was 51.2% and 98.8%, respectively (p = < 0,0 0 01). The median values 

for anti-S and anti-N antibodies were statistically significant between both groups. When the vaccinated 

group was compared with the severe and non-severe patient groups, statistically significant differences 

were found for both regarding anti-S1 and anti-N antibody titers (p = 0,012, p = < 0,0 0 01, respectively). For 

the patient group, there was a positive correlation between the age and anti-S1 antibody titers (r = 0.333; 

p = 0.003) and there was also a statistically significant increase in anti-N antibody titers in time (r = 0.505; 

p = 0.0 0 01). 

Conclusion: The anti-S seroconversion ratio in vaccinated individuals were higher than what was re- 

ported by the vaccine manufacturer. The antibody titers in the vaccinated group were lower than the 

patients group. The decrease in anti-S1 antibody titers in time were considered to be a disadvantage and 

an undesired phenomenon. 

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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The devastating effect of SARS-CoV-2 is still ongoing around 

he globe ( WHO, 2019 ). Virus-infected patients are either asymp- 

omatic or have the disease, with clinical course ranging from 

ild to severe ( Yang et al. 2020 ). HCWs have a higher risk of en-

ountering SARS-CoV-2. The higher risk comes from likely contact 
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ith patients carrying high viral loads and virus-infected stuff in 

he hospitals. Infection rates rise up to 14% in symptomatic and 

.1% in asymptomatic HCWs. These rates are higher than the gen- 

ral population reported so far and suggest an occupational risk 

 Shields et al. 2020 ). 

In addition to the effective personal protection measures, the 

accination can prevent the disease and limit the spread of the in- 

ection ( Dong et al. 2020 ). The preferred target in nucleic acid vac- 

ines is the S protein and its receptor-binding domain (RBD). S pro- 

ein, a structural protein of SARS-CoV-2, plays the most important 

oles in viral attachment, fusion and entry, and it serves as a target 

or the development of antibodies and vaccines. The S protein me- 
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iates viral entry into host cells by binding to a host RBD in the S1

ubunit and then allowing the fusion of the viral and host mem- 

ranes (Tai et al. 2020). The inactivated vaccine also contains other 

tructural proteins of SARS- CoV-2. One of these, the nucleocap- 

id (N) protein, forms complexes with genomic RNA, plays a crit- 

cal role in enhancing the efficiency of the virus transcription and 

ssembly. In addition to the S protein, N proteins are also highly 

mmunogenic and are expressed abundantly during infection. Most 

ovid-19 patients develop neutralizing antibodies specific to S pro- 

ein and its RBD (Jiang et al. 2020). High titers of IgG antibodies 

gainst N protein have also been detected in the sera of Covid-19 

atients ( Dutta et al. 2020 ). 

CoronaVac, an inactivated vaccine for Covid19, is used for vac- 

ination of the HCWs in Turkey. This vaccine, which is one of the 

accines prepared by conventional methods, contains a large num- 

er of viral particles and proteins for immune recognition. Inacti- 

ated vaccines have stable expression of conformation-dependent 

ntigenic epitopes ( Dong et al. 2020 ). 

Although anti-S and anti-N antibody response titers are known 

n Covid-19 patients, the level of antibodies developed in those 

accinated with CoronaVac in comparison to those who had a nat- 

ral infection is not known. 

In this study, we compared of an inactivated Covid19 vaccine- 

nduced antibody response with concurrent natural antibodies de- 

eloped in post-Covid-19 infections in HCWs. 

aterials and Methods 

Eighty CoronaVac vaccinated HCWs and 80 Covid-19 patients 

ere included to this study. The subjects in both groups were 

atched by age, gender, and antibody testing time. Individuals 

ith no history of COVID-19 and negative both for RT PCR and for 

ntibody test results were included into the vaccinated group. 

Antibody tests were performed for within 44,93 ( ±14,930) days 

fter the patients were admitted to the hospital due to clinical 

omplaints. PCR tests were positive for all individuals in the pa- 

ient group. Contacts who were positive during screening and had 

o clinical complaints were not included in the study.Individuals 

n the vaccinated group were tested for antibodies for a mean of 

4,33 ( ±15,929) days after the second vaccine. 

Covid-19 cases were clinically classified as severe and non- 

evere patients ( Wu and McGoogan 2020 ). The CoronaVac vaccine 

sed in this study was manufactured by Sinovac Life Sciences (Bei- 

ing, China) and contained 3 μg/0.5 mL (equivalent to 600 SU per 

ose) of inactivated SARS-CoV-2. Two 0.5 mL doses IM (deltoid) 

ith a two-week interval were administered ( Palacios et al. 2020 ). 

Anti-SARS-CoV-2 total Ig (Roche) and Anti-SARS-CoV-2 ELISA 

IgG) (Euroimmun, Germany) were used to detect antibodies. 

thics permission for this study was granted by the Scientific Re- 

earch Platform of the Ministry of Health committee (GOKAEK- 

020 /14.01). 

Categorical variables were presented as numbers (%). Continu- 

us variables were expressed as median (interquartile range, IQR) 

r mean ( ± standard deviation, SD). For intergroups comparisons 

tudent’s t-test, Mann-Whitney U-test or Kruskal-Wallis test were 

sed. For continuous variables x 2 or Fisher’s exact test were used. 

orrelations were evaluated using the Spearman’s bivariate cor- 

elation test. Statistical significance was defined as P values of 

 0.05. Statistical analysis was made using IBM SPSS 20.00 (SPSS 

nc., Chicago, IL, USA). 

esults 

A total of 160 people were included into this study. 57 (71.3%) 

f 80 individual vaccinated were women, 56 (70%) of 80 patients 

ho were diagnosed with Covid19 were women. The median (IQR) 
59 
ge of the individuals in both vaccinated and Covid19 groups were 

3,5 (33-50) and 39,5 (31,25-46), respectively. There was no differ- 

nce between the vaccine and patient groups in terms of gender 

nd median age. 

Antibody tests were performed for within 44,93 ( ±14,930) days 

fter the patients were admitted to the hospital due to clinical 

omplaints. PCR tests were positive for all individuals in the pa- 

ient group. Individuals in the vaccinated group were tested for 

ntibodies for within 44,33 ( ±15,929) days after the second vac- 

ine. No statistically significant difference was detected between 

oth groups ( Table 1 ). 

Anti-S1 and anti-N antibody positivity were 77/80 (96.2%) and 

1/80 (51.2%) in the vaccinated group, while the anti-S1 and anti- 

 antibody positivity were 74/80 (92.5%) and 79/80 (98.8%) in the 

atient group, respectively ( Table 1 ). 

The anti-S1 median value was 3.169 (IQR: 2.318-4.275; range: 

.482-9.145), 4.367 (IQR: 2.552-6.407; range: 0.169- 10.117) in vac- 

inated and patient groups, respectively. The difference between 

he anti-S1 titers was statistically significant in two groups (p = 

.012). 

The anti-N median value was 0.992 (IQR: 0.369-2.895; range: 

.08-8.85), 34.95 (IQR: 16.115-63.388; range: 0.737-149.9) in the 

accinated and patient groups, respectively. The difference for the 

nti-N titers between the groups was statistically significant (p = 

 0.0 0 01) ( Table 1 ). 

Anti S1 antibody levels decreased significantly in the vaccinated 

roup at around 45 days, while there was no change in the anti 

1 antibody levels in the patient group (r = -,251, p = 0,025 and 

 = ,195, p = 0,83, respectively). In contrast to the vaccinated group, 

he anti N antibody levels increased at around the same time in 

he patient group (r = -,111, p = 0,328 and r = ,505, p = < 0,0 0 01, re-

pectively) ( Figure 3 ). 

Anti S1 antibody positivity was detected in 55 (96.5%) of 57 

omen in the vaccinated group and 22 (95.7%) of 23 men. Simi- 

arly, 52 (92.9%) of 56 women and 22 (91.7%) of 24 men in the pa-

ient group displayed S1 antibody positivity. Anti N antibody posi- 

ivity was detected in 32 (56.1%) of 57 women and 9 (39.1%) of 23 

en in the vaccinated group while those values were determined 

o be 55 (98.2%) of 56 for women and 24 (100%) of 24 men in

he patient group ( Figure 1 and Table 1 ). The antibody responses 

id not differ for the gender in both groups (p > 0.05). Thirteen 

23.2%) of male and 43 (76.8%) of female patients did not display 

evere clinical course while 11 (45.8%) of male and 13 (54.2%) of 

emale patients displayed severe clinical course ( Figure 2 ). 

While there was no significant correlation between age and 

nti S1antibody levels in the vaccinated group, a negative corre- 

ation was found between the age and Anti N antibody levels (r = - 

156; p = 0,166 and r = -,251 ∗; p = 0,025, respectively). In addition, un-

ike anti N antibody levels, a positive and a significant correlation 

as found between age and Anti S1 antibody levels in the pa- 

ient group (r = ,157; p = 0,164 and r = ,333 ∗∗; p = 0,003, respectively).

 positive and significant correlation was also found between Anti 

 antibody and Anti S1 antibody levels between the vaccinated 

nd patient groups (r = ,0326 ∗∗; p = 0,003 and r = ,552 ∗∗; p = < 0,0 0 01,

espectively) ( Figure 1 ). However, the vaccinated group displayed 

 weak correlation while the patient group displayed a moderate 

orrelation ( Figure 3 ). 

When the vaccinated group was compared with the patient 

roups in terms of clinical severity of the cases, a significant dif- 

erence was found in both anti S1 and anti N antibody levels be- 

ween groups (p = < 0,0 0 01, p = 0,0 02). When two groups compar-

sons were made in terms of anti S1 antibody levels, no significant 

ifference was found in anti S1 antibody levels between the vac- 

inated group and the group that did not display severe disease 

ymptoms (p = 0.201). On the other hand, a significant difference 

as found between the vaccinated group and the group that dis- 
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Table 1 

Demographic characteristics and antibody response in vaccinated group and Covid-19 cases 

Vaccinated group (n = 80) Covid-19 cases (n = 80) P value 

Gender — no. (%) 

Female 57 (71,3) 56 (70) 0,862 

Male 23 (28,8) 24 (30) 

Age —years 0,081 

Median (IQR) 43,5 (33-50) 39,5 (31,25-46) 

Range 21-58 21-64 

Antibody testing time 0,806 

Mean ( ±SD) 44,33 ( ±15,929) 44,93 ( ±14,930) 

Range 15-75 15-74 

Antibody testing time — Mean ( ±SD) 

Anti-S1 IgG seropositive 43,91 ( ±15,635) 45,55 ( ±14,433) 0,502 

Anti-S1 IgG seronegative 55 ( ±23,580) 37,17 ( ±20,064) 0,358 

Anti-S1 IgG seropositive — n (%) 77 (96,2) 74 (92,5) 0,303 

Gender in Anti-S1 IgG seropositive — n (%) 

Female 55 (96,5) 52 (92,9) 0,516 

Male 22 (95,7) 22 (91,7) 

Titers of Anti-S1 IgG 

Median (IQR) 3,169 (2,318-4,275) 4,367 (2,552-6,407) 0,012 

Range 0,482-9,145 0,169-10,117 

Anti-N total seropositive — n (%) 41 (51,2) 79 (98,8) < 0,0001 

Gender in Anti-N total seropositive — n (%) 

Female 32 (56,1) 55 (98,2) < 0,0001 

Male 9 (39,1) 24 (100) 

Titers of Anti-N total 

Median (IQR) 0,992 (0,369-2,895) 34,95 (16,115-63,388) < 0,0001 

Range 0,08-8,85 0,737-149,9) 

Figure 1. Evaluation of the antibody titers with gender 

Anti-S1antibody positivity was detected in 55 (96.5%) of 57 women in the vaccinated group and 22 (95.7%) of 23 men. Similarly, 52 (92.9%) of 56 women and 22 (91.7%) of 

24 men in the patient group displayed S1 antibody positivity. 

Anti-N antibody positivity was detected in 32 (56.1%) of 57 women and 9 (39.1%) of 23 men in the vaccinated group while those values were determined to be 55 (98.2%) 

of 56 for women and 24 (100%) of 24 men in the patient group. The antibody responses did not differ for gender in the vaccinated and the patient groups (p > 0.05). 
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layed severe disease symptoms (p = 0.001). In terms of anti N 

ntibody levels; the difference between the vaccinated and both 

evere and non-severe disease groups was found to be significant 

p = 0,001)( Table 2 ). 

iscussion 

Vaccination has a pivotal role in termination of pandemics. The 

ey question that is being asked regarding all Covid-19 vaccines is 

ow effective they are at controlling the infection. Achieving high 

iters of neutralizing antibodies to the spike protein of SARS-CoV-2 

s likely to be crucial step for effectiveness of a vaccine. Spike gly- 

oprotein contains the S1 subunit which mediates viral binding to 

unctional ACE2 receptors on the susceptible cells. Therefore, anti- 

odies against the SARS CoV-2 S1 protein are important for neu- 

ralization of the virus ( Poland et al. 2020 ). Nucleic acid vaccines 

nduce moderate to strong antibody responses. The induction of 
60 
ntibodies seems to correlate well with virus neutralization and 

rotection from the virus ( Grigoryan and Pulendran 2020 ). 

Natural SARS-CoV-2 infection results in both humoral and cel- 

ular immune responses. Serum antibody testing is becoming one 

f the most critical methods to assess the response to vaccina- 

ion ( Sui et al. 2021 ). In this study, the antibody titers developed

gainst S1, and N proteins were investigated in vaccinated HCWs. 

oronaVac has the capacity to create a response against not only 

o S1 but also N protein. Vaccine-induced anti-S1 seroconversion 

t a rate similar to those observed in naturally infected patients. 

o SARS-CoV-2 infection was detected in HCWs who were vacci- 

ated with CoronaVac during the study. 

There are comparative studies investigated the titers of antibod- 

es in patients with varying clinical course. In our study, Individu- 

ls with no history of COVID-19 and negative both for RT PCR and 

or antibody test results were included into the vaccinated group. 

he titers of vaccine-induced antibodies in HCWs were compared 
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Figure 2. Evaluation of the antibody titers with respect to the clinical severity 

When the vaccinated group was compared with the patient groups in terms of severity of the cases, a significant difference was found in both anti-S1 and anti-N antibody 

titers between the groups (p = < 0,0 0 01, p = 0,0 02). When group to group comparisons were made in terms of anti-S1 antibody titers, no significant difference was found in 

anti-S1 antibody titers between the vaccinated group and the group that did not display severe disease symptoms (p = 0.201). On the other hand, a significant difference 

was found between the vaccinated group and the group that displayed severe disease symptoms. (p = 0.001). In terms of anti-N antibody titers; the difference between the 

vaccinated and both severe and non-severe disease groups was found to be significant (p = 0,001). 

Table 2 

Demographic characteristics and antibody response in the groups of vaccinated, non-severe COVID-19 and severe Covid- 

19 

Vaccinated group Non-severe Covid-19 cases Severe Covid-19 cases P value 

N:80 N:56 N:24 

Gender — no. (%) 

Female 57 (71,3) 43 (76,8) 13 (54,2) 0,124 

Male 23 (28,7) 13 (23,2) 11 (45,8) 

Age —years 

Median (IQR) 43,5 (33-50) 39 (30-45) 42,5 (36-54) 0,019 

Range 21-58 21-57 22-64 

Titers of Anti-S1 IgG 0,002 

Median (IQR) 3,169 (2,318-4,275) 3,991 (2,335-5,779) 5,952 (2,754-8,71) 

Range 0,482-9,145 0,169-10,117 (0,434-9,790) 

Titers of Anti-N total 

Median (IQR) 0,992 (0,369-2,895) 26,020(10,998-45,698) 63,14 (35,515-107,675) < 0,0001 

Range 0,08-8,85 0,737-149,9 2,010-140,1 
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ith antibody levels in age- and gender-matched Covid-19 pa- 

ients. We also took into consideration of the clinical course. Anti 

1 antibody median titers were similar in the vaccinated group and 

n the non-severe cases of the patient group. In severe cases of the 

atient group, however, it was found to be significantly high. In 

omparison to the vaccinated group, anti-N antibody titers were 

igher both in severe and non-severe cases in the patient group. 

he difference was more prominent in severe cases. One of the 

easons for the increased anti-N antibody titers might be due to 

he high viral load which causes strong antibody responses in se- 

ere cases ( Zhang et al. 2020 ). The quantity of SARS-CoV-2 virus 

tarts to peak 5-6 days after the onset of symptoms in patients 

nd reaches up to 10 4 -10 7 copies / ml in throat / sputum samples

 Pan et al. 2020 ). Due to the differences in the number of viral

articles, differences in the immune response against the virus is 
61 
bserved. The amount of virus in CoronaVac vaccine is 600 SU / 

.5ml ( Palacios et al. 2020 ). This may explain the lower median 

iters of both anti-S1 and anti-N antibodies in vaccine response 

ompared to severe cases. The increase in natural post-infection 

ntibody levels may be due to the fact that the viral load for each 

atient various and the virus remains positive for a longer time in 

ome patients ( Gaebler et al. 2021 ). Moreover, CoronaVac may have 

ow immunogenicity since it is an inactivated viral vaccine, that 

ossesses antigen multivalency and alteration of S due to chem- 

cals during inactivation processes ( Ophinni et al. 2020 ). On the 

ther hand, SARS-CoV-2 anti-S antibody titers in BNT162b2 mRNA 

ovid-19 vaccinated individuals are similar to titers in individuals 

ho have had a mild SARS-CoV-2 infection ( Manisty et al. 2021 ). In

ur study, although the antibody development rate against the in- 

ctivated vaccine was similar to the patient group, the titers of the 
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Figure 3. Antibody titers in vaccinated group and Covid19 patients and correlation with age and time. 

A. There was no significant correlation between age and Anti S1 antibody titers in the vaccinated group (r = -,156; p = 0,166); B. There was positive and a significant correlation 

between age and Anti S1 antibody titers in the patient group (r = ,333 ∗∗; p = 0,003); C. There was negative significant correlation between the age and Anti N antibody titers 

in the vaccinated group (r = -,251 ∗; p = 0,025); D. There was no significant correlation between age and Anti N antibody titers in the patient group (r = ,157; p = 0,164); E. Anti 

S1 antibody titers decreased significantly in the vaccinated group in time (r = -,251 ∗ , p = 0,025); F. There was no change in the Anti S1 antibody titers in the patient group 

in time (r = ,195, p = 0,83); G. There was no change in the Anti N antibody titers in the vaccinated group in time (r = -,111, p = 0,328); H. There was positive and significant 

correlation the anti N antibody titers and in time in the patient group (r = ,505 ∗∗ , p = < 0,001). 

62 
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ntibodies formed were found to be lower than the patient group. 

nti-N antibody data is not presented in studies using RNA or DNA 

accines, since only the S protein is targeted in the vaccines. In 

his study, for the first time, data regarding antibodies developed 

gainst N protein after vaccination were presented. 

When evaluating the effectiveness of vaccines, the emergence 

nd persistence of SARS-CoV-2 variants is of significant con- 

ern. Their resistance to existing neutralization antibodies ac- 

uired through vaccines may cause a failure in vaccination. Al- 

hough vaccine-induced antibody titers against N protein were 

ound to be lower than the natural post-infection antibodies in 

his study, multiple antibodies such as anti-N in addition to anti- 

1 are needed to be targeted in new vaccination approaches. Fu- 

ure mutations might necessitate changes for the strains used in 

accine development. The vaccines should be periodically reformu- 

ated so that they display better matches for the circulating vari- 

nts ( Xie et al. 2021 ). 

The level of the antibodies developed against S1 protein de- 

reased significantly in the vaccinated group at around 45 days, 

hile it did not change in the patient group during the study. 

he antibody titers developed against the N protein also increased 

t around the same time in the patient group.The role of anti- 

 in permanent immunity in virus-infected individuals is not yet 

nown. It appears that anti S1 antibodies decrease over time in 

he vaccinated group. If the immune memory is not sufficient, re- 

eated vaccination may be required at regular intervals, especially 

or risky professions. In this study, the antibody response in pa- 

ients was tested as late as 75th day after vaccination. Studies in 

arger populations and long-term follow-up are required to inves- 

igate antibody duration and response to the virus. Age is known 

o influence the immunity ( Dong et al. 2020 ). S1-specific IgG re- 

ponses were significantly higher in older women ( > 40 years) than 

n younger women ( < 40 years) ( Poland et al. 2020 ). Correlation of

ost-vaccination anti-spike titer with age in infection-naive partici- 

ants were detected ( Prendecki et al. 2021 ). In this study, no signif-

cant correlation was found between the age and anti S1 titers in 

he vaccinated group, while the antibody titers developed against 

1 protein increased in correlation to the age in the patient group. 

ome studies also demonstrated that antibody titers correlate well 

ith the disease severity and with gender ( Takahashi et al. 2020 ). 

urprisingly, in this study, the anti-S1 and anti N antibody posi- 

ivity rates in the vaccinated and patient groups did not differ by 

ender (p > 0.05). 

The limitation of the presented study was that we could not 

ompare neutralizing anti-S IgG titers. That was because BSL3 lab- 

ratory conditions are required for cultivation of SARS-CoV-2 and 

SL3 lab does not exist in our facility ( Kellam and Barclay 2020 ).

et, in many studies, anti S antibody titers have been found to be 

orrelated with neutralizing antibodies ( Grigoryan and Pulendran 

020 ). Therefore, we believe that antibody responses developed by 

accination or by natural infection will be beneficial for some time 

n protection from the SARS-CoV-2. 

onclusions 

Presenting data is to show the comparable levels of an inacti- 

ated vaccine-induced and post-infection antibodies. The anti-S se- 

oconversion ratio in vaccinated individuals were higher than what 

as reported by the vaccine manufacturer. But the antibody titers 

n the vaccinated group were lower than the patients group. In ad- 

ition, the decrease in anti-S1 antibody titers in time were consid- 

red to be a disadvantage and an undesired phenomenon. We do 

ot know whether permanent immunity will be effective in case 

f a decrease in antibody titers. Immune responses that will occur 

n people infected with the virus after vaccination and antibody 

evelopment and the course of the disease are still unclear. Clarifi- 
63 
ation of this issue has utmost importance for the fate of pandemic 

n the future. 
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