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Abstract

Determination of the vaccination’s effect on immune responses with the emergence of the Sars-Cov-2 pandemic become an important issue. This study aimed to evaluate 
the response of the anti-nucleocapsid IgG (anti-N IgG) index in naïve, vaccinated, or infected cases, in addition to suggesting ‘How to distinguish between vaccinated 
versus infected cases via anti-N IgG?’. Anti-N levels of the naïve [0.03 (0.02–0.06)], vaccinated [0.7 (0.2–1.96)], and infected [3.07 (1.44–5.2)] groups were statistically 
different (p<0.0001). Anti-N levels were statistically different in all periods of the infected and vaccinated sub-groups (p<0.0001). An inter-group analysis of the cases 
with repeated tests established that there was no difference between the not-vaccinated (-1.44±1.27) and after-infection early-vaccinated (-1.62±0.93) groups (p=0.717). 
A significant difference was observed between the after-infection early-vaccinated (-1.62±0.93) and late-vaccinated groups (1.5±1.61) (p<0.0001). Three-category cut-off 
levels were calculated for the naive, vaccinated, and infected cases as ≤0.32, 0.32–1.40, and ≥1.40 respectively. The area under the receiver operating curve (AUROC) 
of this classification was 0.907 (95% CI, 0.879–0.930) and the AUROC of the manufacturer's cut-off (≥1.40) was 0.790 (95% CI, 0.754–0.823) (p<0.0001).  This study 
demonstrates that early vaccination after the infection does not affect the trend of the anti-N level. The manufacturers should set out to update their tests dating back to the 
pre-vaccine period for the post-vaccine period.
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Introduction

Following the coronavirus infection 2019(COVID-19), antibodies 
and cellular responses specific to severe acute respiratory 
syndrome coronavirus-2(SARS-Cov-2) are induced. In particular, 
the presence of antibodies is one of the most important signs that 
a person has contracted SARS-Cov-2 [1]. After the COVID-19 
pandemic, numerous commercial products functioning with 
serological methods swiftly came into use [Emergency Use 
Authorization(EUA)] to identify the immune memory generated 
against SARS-Cov-2, and the experience regarding the clinical 
use of these products began to be collected [1-4]. Considering 
that vaccines targeting the spike antigen are used more frequently 
and the availability of anti-nucleocapsid-IgG (anti-N IgG) 
antibodies to distinguish between the status of being vaccinated 
and infected, anti-N IgG represents a significant advantage [5,6].

On the other hand, the introduction of vaccine use around the 
world has caused, many commercial serological products that 
were only calibrated for a previous COVID-19 to become partially 
out of date. Especially, inactivated whole virus vaccines are 
used more extensively in some countries. Therefore, the issue of 
how the ability to distinguish between the status of having been 
vaccinated with an inactivated vaccine and the status of having 
been previously infected with SARS-Cov-2 will be affected 
constitutes a serious point of consideration for clinicians [7]. 
Because antibody tests do not provide much benefit for early 
diagnosis but are more suitable for screening populations that 
have formed an active immune response, mainly for establishing 
the vaccine efficacy, the issue of how the tests that function with 
antibodies generated against nucleocapsid protein are affected in 
the cases of having been vaccinated, becomes all the more critical. 
Although some studies demonstrate that the post-vaccine antibody 
response is similar to the post-COVID antibody response, there 
is more substantial evidence suggesting that antibody levels 
measured after COVID-19 are much higher than antibody levels 
measured after full-dose vaccination [8-10]. On the other hand, 
as of the time when the manufacturers introduce the relevant 
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serological test into the market, the cut-off level specified in the 
user manual may become invalid due to clinical conditions such 
as vaccination[11]. Consequently, there is still a need for studies 
that examine the responses of anti-N IgG after vaccination with an 
inactivated vaccine and contribute to the knowledge of how to use 
the anti-N IgG test in individuals after vaccination. 

This study aims to investigate the characteristics of the IgG-
type antibody response against the nucleocapsid protein in 
clinical practice such as previous-COVID-19 or vaccination with 
inactivated vaccines and the changes in these responses that can 
occur over time. Also, this study aimed to investigate ‘How to 
distinguish between vaccinated versus infected patients via anti-N 
IgG?’.

Materials and Methods

Ethics 

This retrospective study was approved by Republic of 
Turkey Ministry of Health (approval number-date:2021-11-
10T19_11_15/12 November 2021). Ethics approval was obtained 
from Institutional Clinical Research Ethics Committee (Code-
date:2021/13-10/12.16.2021) and conducted in Fırat University 
School of Medicine Hospital. All procedures were carried out 
to comply with regulatory laws and the ethical standards of the 
Declaration of Helsinki. 

Patients

Cases over the age of 18 years, who have been subjected to the 
Abbott SARS-Cov-2 anti-N IgG test between 01 March 2020 and 
31 December 2021 were included in the study [12]. Age, gender, 
the time elapsed since the onset of symptoms (days) where patients 
have a history of COVID-19 or (if asymptomatic) the time elapsed 
since PCR positivity ( days), and the time elapsed after the dose 
of vaccination(days) in vaccinated cases, as well as SARS-Cov-2 
anti-N IgG test results, were recorded. The semi-quantitative 
results of the SARS-Cov-2 anti-N IgG index were defined by 
comparing the signal of the chemiluminescent relative light unit in 
the reaction tube of the sample to the calibrator (S/C-index) stored 
in the system (ARCHITECT-i1000SR, Abbott, USA) [12]. 

Within the examination of the data of the cases participating in the 
study, patients with missing data, patients who are likely to have 
humoral immunity disorder (such as hematological malignancy), 
and patients aged<18 years were excluded. Patients included in the 
study are assigned to four main groups. These groups are defined 
as only vaccinated cases[Vaccinated=Cov(-)Vac(+)], unvaccinated 
patients with COVID-19 [Infected=Cov(+)Vac(-)], not infected 
and not vaccinated cases[Naïve=Cov(-)Vac(-)], and both infected 
and vaccinated patients[Both=Cov(+)Vac(+)]. Among patients 
with a single test result, one-month periods were established by 
taking as starting point the day of the first symptom (or positive 
PCR) in Cov(+)Vac(-) patients and the day of the first vaccination 
in Cov(-)Vac(+) cases. 

The anti-N antibody responses of patients who received two doses 
of the inactivated COVID-19 vaccine [Sinovac Life Sciences 
(Beijing, China)] was evaluated in cases with repeated anti-N IgG 
tests. These cases were divided into four groups. The first group 
was defined as ‘cases not vaccinated between the first and last 
test’ (Not-vaccinated). The second group was defined as ‘cases 
vaccinated in the early period of the post-COVID-19 infection 

(within the first four months after the symptom onset and/or after 
the first positive PCR) and vaccinated between the first and last 
test’ (Post-Covid-Early-vaccinated). The third group was defined 
as ‘lately vaccinated cases (>4 months after the symptom onset 
or positive PCR) and vaccinated between the first and last test’ 
(Post-Covid-Late-vaccinated). The fourth group was defined as 
‘not-infected and only vaccinated cases between the first and last 
test’ (Only-vaccinated).

Statistics

Numbers and percentages were used for categorical data in 
descriptive analyses. Mean±standard deviation (mean±SD), One-
way ANOVA, and Student’s T-tests were used for parametric and 
median (25percentile–75percentile), Kruskal-Wallis and Mann-
Whitney-U tests were used for the non-parametric continuous 
variables. Categorical data were compared using the chi-square 
(or Fisher’s) tests and the Mc-Nemar test. Wilcoxon (or paired-T) 
test was applied for the analysis of the repeated anti-N IgG 
measures (intra-group comparisons). The difference of repeated 
measures was compared with One-way ANOVA and Student t-test 
(inter-group comparisons). The Spearman correlation and linear 
regression analysis with the adjusted coefficients of determination 
(adj-R2) were applied to estimate the effect of Timecov-19 on anti-N 
antibody response. The area under the receiver operating curve 
(AUROC) was used to estimate discrimination ability and novel 
cut-off points of anti-N IgG in Naïve, vaccinated, and infected cases. 
P<0.05 was selected for the statistical significance of the alpha. 
Adjusted p-values'(F) were used for the pairwise comparisons. 
Power>80% was selected as a probability of avoiding a type-II 
error. Statistical analyses were conducted with IBM-SPSS-V22 
and G*power-V3.1[13].

Results 

A total of 729 cases, of which 297(36.5%) were female, were 
included in the study. The median age of the cases was 36(18-
81) years. Demographics and distribution of the cases were 
given in Table 1. There was a significant difference in Anti-N 
IgG levels between the groups (p<0.0001) and a significant 
difference was observed between all pairwise comparisons (for 
all; p<0.001<F=0.00833). (Table 1).

The anti-N IgG level was positively correlated with age (r=0.172, 
p=0.00077) but negatively correlated with Timecov-19 (r=-0.356, 
p<0.0001) in Cov(+)Vac(-) cases. The negative effect of Timecov-19 
on anti-N IgG levels was confirmed with linear regression (Figure 
1). A pairwise comparison of the periods in Cov(+)Vac(-) cases 
confirmed the decrease of the anti-N IgG is statistically significant 
between the 1st–7th, 2nd–7th, 3rd–7th, and 4th–7th months 
(Kruskal-Wallis, p<0.0001) (for all; p<0.0001< F=0.00283) 
(Figure 2). The anti-N IgG levels of Cov(+)Vac(-) and Cov(-)
Vac(+) groups in the 1st, 2nd and 3rd month periods were 
significantly different (for all; p<0.0001<F=0.005) (Figure 2). 
The highest anti-N IgG positivity ratio was detected in the second 
period among Cov(+)Vac(-) cases and significantly decreased in the 
6th period (46.7%) according to the previous periods (chi-square 
trend; X2=41.36, p<0.0001) (Figure 2). Anti-N IgG levels were 
significantly different among the periods of the Cov(-)Vac(+) cases 
(p<0.0001). Pairwise comparison of the periods states that; the 
difference between 1st–2nd, 1st–3rd, and 3rd–(>6th) months were 
statistically significant (Figure 2). Anti-N IgG level was negatively 
correlated with age in Cov(-)Vac(+) cases (r=-0.282,p<0.0001).
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Figure 1. The plot with curve estimation of the regression equation between 
Timecov-19 and anti-N IgG. The linear curve fitting equation of ‘Y=aX+b’ was 
estimated via the adjusted coefficients of determination (adj-R2) in simple linear 
regression analysis. The curve of ‘‘Anti-N IgG = (-0.016*Timecov-19)+4.87’’ was 
illustrated with the lines of %95 CI (adj-R2=0.124; F=54.45, p<0.00001). Anti-N 
IgG prediction lines of ‘‘TimeCov-19: Time post symptom onset (days) in cases with 
Anti-N IgG in Cov(+)Vac(-) cases’’

Figure 2. Periodic changes of SARS-CoV-2 anti-nucleocapsid IgG antibodies 
over seven months post-infection and post-vaccination. Periods were classified 
as monthly intervals. Cov(+)Vac(-)=Only Covid-19 infected cases; Cov(-)
Vac(+)=Only vaccinated cases; Anti-Nc IgG (S/C) level =Levels of Anti-
Nucleocapsid Ig G sample/calibrator index. In patients with Cov(+)Vac(-), anti-
Nc IgG level decreases as the period increases (Kruskal-Wallis; H=42.5; df=6; 
p=0.00000015). Anti-Nc levels were significantly different among the periods 
of the covid-19 infected - Cov(+)Vac(-) cases (Kruskal-Wallis; H=42.5; df=6; 
p=0.00000015). Bonferroni adjusted p-value (F) was selected as <0.00283 for the 
pairwise comparisons of the periods of Cov(+)Vac(-) cases. Pairwise comparisons 
of the periods of Cov(-)Vac(+) cases; 1st–2nd(p=0.498), 1st–3rd(p=0.338), 
1st–4th(p=0.133), 1st–5th(p=0.034), 1st–6th(p=0.059), 1st–7th(p=0.00195< 
F=0.00283 -sig), 2nd–3rd(p=0.155), 2nd–4th(p=0.036), 2nd–5th(p=0.0075), 
2nd–6th(p=0.02), 2nd–7th(p<0.00001<F=0.00283 -sig), 3rd–4th(p=0.408), 
3rd–5th(p=0.101), 3rd–6th(p=0.119), 3rd–7th(p<0.00001<F=0.00283 -sig), 
4th–5th(p=0.348), 4th–6th(p=0.244), 4th–7th(p=0.00002< F=0.00283 -sig), 5th–
6th(p=0.191), 5th–7th(p=0.005), 6th–7th(p=0.162)

The number of patients with two anti-N IgG tests at two different 
times is 80 (test count = 160). Characteristics of the cases with 
repeated anti-nucleocapsid IgG tests were given in Table 2. 
In the Post-Covid-Early-vaccinated group, the first anti-N 
IgG levels were statistically higher than the last anti-N IgG 
(p=0.0117). The differences between the first and last measures 
of the anti-N IgG within the sub-groups were given in figure 3. 

Pairwise comparisons concerning the variability of the difference 
of the repeated tests between the groups showed that there was 
no difference between the not-vaccinated and Post-Covid Early-
vaccinated groups (p=0.717). There was a significant difference 
between the not-vaccinated (-1.44±1.27) and Post-Covid Late-
vaccinated group (1.5±1.61) in terms of the difference between the 
first and last test (t(60)=-7.262, p<0.000001<F=0.00833). There 
was a significant difference between not-vaccinated (-1.44±1.27) 
and the Only-vaccinated group (0.48±1.56) (p=0.00103<F). A 
significant difference was observed between Post-Covid Early-
vaccinated (-1.62±0.93) and Only-vaccinated group (0.48±1.56) 
(t(16)=-3.355,p=0.00402<F). There was also a significant 
difference between Post-Covid Early-vaccinated (-1.62±0.93) 
and Post-Covid Late-vaccinated group (1.5±1.61) (t(47)=-5.279, 
p<0.0001<F). There was no difference between Post-Covid Late-
vaccinated (1.5±1.61) and the Only-vaccinated group (0.48±1.56) 
(p=0.078>F).

Figure 3. Intra-group analysis with pairwise comparisons of the first and last 
anti-nucleocapsid IgG tests. The intragroup (within-subject) effect was analyzed 
via Wilcoxon signed-rank test. The first test [3.75 (2.19-6.10)] and last test [1.9 
(0.52-3.65)] in cases with a not-vaccinated group (A) was significantly different 
(Wilcoxon; Z=-3.841; r=-0.838; p=0.00012). First test [3.91 (3.3-6.11)] and last 
test [2.69 (2.15-4.27)] in Post-Covid Early-vaccinated (within the first four months 
after the symptom onset and/or after the first positive PCR) group the difference 
between the first and last test (B) was significantly different (Wilcoxon; Z=-2.521; 
r=-0.891; p=0.0117). The first test [1.23 (0.7-2.26)] and last test [2.49 (1.33-2.89)] 
in post-Covid Late-vaccinated (four or more months after the symptom onset 
and/or after the first positive PCR) cases the difference between the first and last 
test (C) was not significantly different (Wilcoxon; Z=-1.172; p=0.241). First test 
[0.03 (0.02-0.06)] and last test [0.88 (0.45-2.56)] in only-vaccinated (not-infected) 
cases the difference between the first and last test (D) was significantly different 
(Wilcoxon; Z=-5.484; r=-856.5; p<0.000001)

The discrimination ability of the anti-N IgG was assessed with 
the AUROC=0.952(95%CI 0.931–0.969). The cut-off level of 
the naïve versus infected cases was calculated as S/C≤0.32 with 
a sensitivity of 94.5% and specificity of 80.74%. The cut-off 
level of the vaccinated versus infected cases was calculated as 
S/C>1.37. This level was similar to the diagnostic susceptibility 
tests as a manufacturer’s cut-off (S/C≥1.40). The AUROC= 
0.815(95%CI,0.780–0.847), sensitivity (76%), and specificity 
(82.8%) were identified for both S/C≥1.40 and S/C>1.37. The 
modified three-category cut-off classification was calculated for 
Naive, vaccinated, and infected cases as (S/C≤0.32), (0.32<S/
C<1.40), and (S/C≥1.40) respectively. The AUROC difference 
between the modified three-category cut-off and the manufacturer's 
cut-off was statistically significant (Figure 4).
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Table 1. Demographics and distribution of the cases

Naïve Cov(-)Vac(-) Infected
Cov(+)Vac(-)

Vaccinated
Cov(-)Vac(+)

Both Infected and 
vaccinated Cov(+)Vac(+) Total

164 (20.2%) 346 (42.6%) 225 (27.7%) 78 (9.6%) 813 (100%)

Anti-Nc Ig G level (S/C) 0.03 (0.02-0.07) 3.07 (1.44-5.20) 0.67 (0.17-1.96) 1.84 (0.91-2.85) 1.16 (0.11-3.34)

Gender(Female) 80 (48.8%) 94 (27.2%) 120 (53.3%) 39 (50.0%) 333 (41%)

Age(Years) 37 (29-45) 35 (28-44) 38 (29-45) 36 (28-45) 36 (28-45)

Anti-Nc IgG(Positive) - 262 (75.7%) 67 (29.8%) 50 (64.1%) 379 (46.6%)

Vaccination status N (%) Not-vaccinated 164 (100%) 343 (100%) - - 507 (62.6%)

Only first dose - - 23 (10.2%) 14 (17.9%) 37 (4.6 %)

Second dose - - 202 (89.8%) 64 (82.1%) 266 (32.8%)

TimeVac-1 (days) - - 64 (62-76) 63 (59-70) 64 (60-75)

TimeVac-2 (days) - - 36 (34-48) 35 (32.5-43.5) 36 (34-47)

TimeCov-19 (days) - 80 (56-113) - 191 (147-210) 91 (64-146)

All variables were given as N (%): count (percent) or Med (25p–75p): median (25percentile–75percentile) in the table.  Anti-Nc IgG: Anti-nucleocapsid immunoglobulin 
G, TimeCov-19: Time to anti-Nc IgG test after the first symptom onset (days), TimeVac-1: Time to anti-Nc IgG test after the first dose of vaccine (days), TimeVac-2: Time to 
anti-Nc IgG test after the second dose of vaccine (days). Anti-Nc IgG level: Anti-nucleocapsid Ig G S/C index level, Anti-Nc IgGpositive: Anti-Nc IgG level (S/C) ≥1.40 
(cut-off)

Table 2. Characteristics of the cases with repeated anti-nucleocapsid IgG test

Not-vaccinated 21 
(26.3 %)

Post-Covid Early-vaccinated 8 
(10 %)

Post-Covid Late-vaccinated 41
 (51.3 %)

Only vaccinated 
10 (12.5 %)

First test Second test First test Second test First test Second test First test Second test

Age (years) 34 (29–42) 41 (33–52) 35 (29 – 42) 37 (29 – 43)

Gender (female) 9 (42.9%) 2 (25 %) 19 (46.3%) 4 (40%)

TimeVac-1 (days) 57.5 (49–62) 91 (77–160) – 63.5 (52–66) 7 (4–19) 65 (64–69) – 63 (63 – 64)

TimeCov-19 (days) 73 (40–98) 126 (105–168) 68 (47–83) 142 (120–155) 129 (127–146) 196 (193–210) – –

Not-vaccinated 17 (81%) 17 (81%) 8 (100%) – 41 (100%) – 10 (100%) –

Two doses 
vaccinated 4 (19%) 4 (19%) – 8 (100%) – 41 (100%) – 10 (100%)

Anti-Nc IgG level 
(S/C) 3.8 (2.19–6.1) 1.9 (0.52–3.65) 3.9(3.3 – 6.11) 2.7(2.15–4.27) 0.03(0.02–0.06) 0.88(0.45–2.56) 1.23(0.7–2.26) 2.5(1.33–2.89)

Anti-Nc Ig G 
(positive) 16 (76.2 %) 13 (61.9%) 8 (100%) 7 (87.5%) 1 (2.4%) 15 (36.6%) 5 (50%) 7 (70%)

The time between 
tests (days) 64 (44–74) 70 (57–75) 69 (63–74) 65 (64–69)

Difference 
between tests -1.44 (-1.99–-0.61) -1.265 (-2.2– -1.05) 0.70 (0.38–2.54) 0.975 (-0.57–1.61)

All variables were given as N (%); count (percent) or Med (25p–75p); median (25percentile–75percentile) in the table. Not-vaccinated: Cases not vaccinated between the 
first and last test, Post-Covid Early-vaccinated: Cases vaccinated between the first and last test and vaccinated within the first four months after the symptom onset or/and 
after the first positive PCR, Post-Covid Late-vaccinated: Cases vaccinated between the first and last test and vaccinated after the four-month post symptom onset or/and 
after the first positive PCR, Only vaccinated: Cases were not-infected with Covid-19 and only vaccinated between the first and last test, TimeCov-19: Time to anti-Nc IgG 
test after the first symptom onset (days), TimeVac-1: Time to anti-Nc IgG test after the first dose of vaccine (days), TimeVac-2: Time to anti-Nc IgG test after the second dose of 
vaccine (days), Anti-Nc IgG level: anti-nucleocapsid IgG S/C index. Anti-Nc IgGpositive: anti-Nc IgG level (S/C) ≥1.4 (cut-off), the difference between tests was calculated 
as ‘‘Last anti-Nc IgG S/C–First anti-Nc IgG S/C’’
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Figure 4. Multiple comparisons of the area under the receiver operating curves. 
*Cut-off level of the Naive versus other cases was calculated as S/C ≤0.32. **Cut-
off category of the vaccinated versus other (infected + naive) cases ***Cut-off 
level of the infected versus other cases was calculated as S/C>1.37. S/C>1.37 had 
a similar AUROC, specificity, and sensitivity as the manufacturers’ cut-off (S/
C≥1.40). Therefore, a cut-off level between vaccinated versus infected cases was 
selected as the manufacturers’ Cut-off(S/C≥1.40). ***Modified three categorical 
anti-Nc IgG cut-off levels were calculated via the Youden index for Naive, 
vaccinated, and infected cases as (S/C≤0.32), (0.32<S/C<1.40) and (S/C≥1.40) 
respectively. The AUROC of this modified anti-Nc IgG was 0.907 (95%CI: 0.879-
0.930) and the AUROC of the manufacturer's cut-off (S/C ≥1.40) was 0.790 (0.754-
0.823). The AUROC difference between the modified-tree categorical cut-off and 
the manufacturer's cut-off was statistically significant (Z=10.3; Difference between 
areas=0.117 (95%CI: 0.0946-0.139); p<0.0001)

Discussion

It is also well known that neutralizing antibodies are seen as the 
major marker of protection from COVID-19, and there exists a 
strict correlation between neutralizing antibodies and some of 
the binding antibodies [14-17]. Among the binding antibodies, 
SARS-Cov-2 Anti-N IgG also exhibits a positive correlation with 
neutralizing antibodies, which is much higher than that some 
other binding antibodies exhibit with neutralizing antibodies 
[18-20]. Therefore, it is obvious that anti-N IgG is undeniably 
closely associated with protection against possible new infection 
emergence, and the ability of Anti-N IgG to detect the condition of 
individuals vaccinated with whole virus vaccines or infected with 
COVID-19 stands out as a topic of interest.

It is well known that antibody levels increase markedly with 
vaccination against SARS-Cov-2 [10,21,22]. The consensus is that 
the anti-N IgG antibody test might be beneficial in late diagnosis 
or epidemiological studies in patients who are thought to be 

infected with COVID-19. Therefore, anti-N IgG has no diagnostic 
role in spike-based vaccination [5,6]. Yet the elucidation of the 
difference between the condition of having been vaccinated and 
the condition of having been infected with COVID-19 merely 
based on anti-N IgG results is much more complicated since there 
is an increase in anti-N IgG after vaccination with an inactive 
vaccine [10,21,22]. Although some studies demonstrate that the 
post-vaccine antibody response is similar to the post-COVID 
antibody response, there is more substantial evidence suggesting 
that antibody levels measured after COVID-19 are much higher 
than antibody levels measured after full-dose vaccination [8-10]. 
Therefore, having been infected with COVID-19 is the major 
trigger of the antibody levels developed against SARS-Cov-2 as 
well as anti-N IgG. Anti-N IgG levels in vaccinated individuals 
are significantly lower than in post-COVID-19 patients [24]. 
Thus, anti-N IgG levels would be higher in post-COVID-19 than 
the vaccinated cases, and anti-N IgG levels would be increased 
as per “naive<vaccinated<infected”. In this way, an index range 
that can distinguish the condition of having been vaccinated from 
being naive or infected from among the anti-N IgG levels can be 
calculated and used as a diagnostic tool. 

Although a long time has elapsed since the EUA, the conditions 
indicating how we are to use these serological tests in terms of 
vaccination remain unclear. This is because no study or guideline is 
showing how a successful vaccination is confirmed or how the effect 
of having been vaccinated can be distinguished from COVID-19, 
although there are many serological tests with EUA[2]. In naïve 
patients included in our study, the ratio of positivity (S/C≥1.40) 
did not exceed 35% even between 60-90 days (3rd month period) 
when the highest anti-N IgG positivity levels were reached after 
the first dose of vaccine. It has been found that the anti-N IgG was 
higher in vaccinated individuals who received inactive vaccination 
compared to naive individuals. However, it was significantly 
lower than those who had COVID-19. It is stated that the cut-
off value determined by the manufacturer may lose its validity in 
various special cases and separate cut-off levels may need to be 
calculated [11]. In this study, a three-category cut-off scale was 
found to provide a higher benefit than the manufacturers' cut-off 
used alone. Therefore, manufacturers can address this issue and 
set out to update these tests dating back to the pre-vaccine period 
for the post-vaccine period. In this regard, it would be beneficial to 
revise the anti-N IgG cut-off levels via prospective and controlled 
studies for naive, vaccinated, and infected patients. It has been 
found that the anti-N levels recorded after COVID-19 were higher 
in elder people than in younger ones [5,25]. Also in our study, it 
was found that the elderly COVID-19 patients had higher anti-N 
levels compared to the younger age group. In contrast, various 
types of antibody responses after vaccination were found to be 
lower in elder individuals than in younger individuals [21,22]. 
One of the main factors leading to higher antibody levels in elder 
patients' period of post-infection may be the prevalence of severe 
COVID-19 infection in older patients [25]. This suggests that high 
anti-N levels in elderly individuals infected with COVID-19 may 
result from a severe infection that usually occurs in elderly patients 
[5,8,18,25]. While there is a positive correlation between age and 
anti-N levels among individuals who have been infected with 
COVID-19, this correlation is negative in vaccinated people. In 
other words, elderly patients cannot produce an antibody response 
to the vaccine which is as high as in young individuals [21,22]. 
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This may be the result of the weakness that occurs over time in 
the immune system in elders [26]. Therefore, decreased immune 
function in vaccinated elders’ may result in a lower antibody 
response[26]. On the other hand, immune weakness in elderly 
patients can result in severe COVID-19 infection, resulting in a 
higher antibody response [5,8,18,25].

There are in part deviating results regarding the persistence of 
antibodies developed after vaccination with both inactivated and 
spike-based mRNA vaccines and the persistence of antibodies 
produced after COVID-19 [27]. Although anti-N IgG persists longer 
in those with severe infection than those with mild, and possibly 
in those with high initial antibody response than those without; the 
anti-N IgG levels significantly decrease in the late periods after 
infection compared to early periods [28-31]. In particular, it is stated 
that anti-N IgG levels show a significant decrease between the 4th 
and 8th months as compared to the initial months [25,30,32]. There 
is a clear negative correlation between the time from COVID-19 to 
the test and the anti-N level [5,8,18,25,33]. In this study, the fact 
that patients with not-vaccinated and/or not-infected between the 
repeated tests had a significantly lower second test result than their 
first anti-N IgG test. Additionally, in patients after COVID-19 a 
negative correlation was established between the time from the 
first symptom until the test and the anti-N IgG level. In contrast, 
some studies suggest that post-COVID-19 patients present with 
persistent and/or detectable IgG levels for eight months or more 
[16,17,34,35], it was thought that this deviation in related studies 
could be due to some unnoticed special factors such as symptom 
severity or ethnicity [36]. 

One of the findings regarding the effect of vaccination on anti-N 
IgG and noticed within the scope of our study is that the course 
of decrease in anti-N IgG in individuals vaccinated with the 
inactivated vaccine in the first four months after COVID-19 
exhibits a similar downfall as in those who were not vaccinated 
in the first four months after COVID-19. In those vaccinated after 
four months of COVID-19, however, the decrease in anti-N IgG 
disappears in most patients, and anti-N IgG increases again in 
some patients. 

Conclusion

This study points out that the antibody responses could be 
decreased over time after COVID-19 infection the anti-N IgG 
increases mostly with COVID-19 infection and secondly with 
vaccination. The factors affecting the course of an existing anti-N 
IgG were found to be age, the time elapsed after the disease (or 
vaccine), and vaccination after a period longer than four months 
after the disease. There is a difference that can be detected by 
currently available tests between naive, vaccinated, and infected 
individuals. Therefore, the manufacturers of the assays should 
make a new cut-off classification by considering the vaccination 
effects. 
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