
Vol.:(0123456789)1 3

https://doi.org/10.1007/s11845-021-02716-x

ORIGINAL ARTICLE

Nine‑month course of SARS‑CoV‑2 antibodies in individuals 
with COVID‑19 infection

Alpaslan Turkkan1  · Imran Saglik2  · Cansu Turan3  · Ahmet Sahin4  · Halis Akalin5  · Beyza Ener2  · 
Ates Kara6  · Solmaz Celebi3  · Emre Sahin3  · Mustafa Hacimustafaoglu3 

Received: 1 April 2021 / Accepted: 7 July 2021 
© The Author(s), under exclusive licence to Royal Academy of Medicine in Ireland 2022

Abstract
Background The continual course of the pandemic points to the importance of studies on the rate and durability of protective 
immunity after infection or vaccination.
Aims In this study, we aimed to monitor anti-nucleocapsid (N) and anti-spike (S) antibodies against SARS-CoV-2 nearly 
9 months duration after infection.
Methods Anti-nucleocapsid (N) (at 11–15-20–29-38 weeks) and anti-spike antibodies (at 11 and 38 weeks) against SARS-
CoV-2 were monitored during 38 weeks after the initial symptoms of COVID-19.
Results Of 37 cases between 18 and 57 years old, 54% were women. The findings showed that anti-N antibodies decreased 
significantly after the 15th week (between 15 and 20 weeks, p = 0.016; 20–29 weeks, p = 0.0009; and 29–38 weeks, p = 0.049). 
At the 38th week, mean antibody levels decreased 35% compared to the 11th week, and 8% of the cases turned negative 
results. Anti-N antibody average level was 56.48 on the 11th week (the cut-off index threshold ≥ 1). It was estimated statisti-
cally that it would decrease to an average of 20.48 in weeks 53–62. In females, average antibody levels of all measurements 
were lower than males (p > 0.05). Anti-S antibody levels 14% increased at 38th week compared to 11th week (quantitative 
positivity threshold ≥ 0.8 U/ml), and no cases were negative at 38th week.
Conclusions Patients had ≥ 90% positivity after at least 9 months of symptoms, both anti-N and anti-S antibodies. In all 
samples, both anti-N and anti-S antibody levels were lower in females. The findings suggest that the quantitative values of 
anti-S antibodies remained high for at least 9 months and could provide protection.
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Introduction

COVID-19 is a disease that arises from the SARS-CoV-2 
virus and exhibits wide spectrum clinical pictures. In 
December 2019, this disease was first identified as severe 
pneumonia cases in Wuhan, China’s Hubei province [1, 
2]. After the rapid spread of the epidemic, World Health 
Organization (WHO) declared a pandemic on March 11, 
2020. Then, the first case was officially reported in Turkey 
on March 11, 2020 [3, 4]. The continual course of the pan-
demic, which poses a high-risk burden to the population, 
points to the importance of studies on the rate and durability 
of protective immunity after infection or vaccination.

Specific antibodies, as well as T and B cell-mediated 
responses against SARS-CoV-2, begin to be induced fol-
lowing infection. Studies have shown that some of these 
responses are protective, and the protection lasts for at least 

 * Mustafa Hacimustafaoglu 
 mkemal@uludag.edu.tr

1 Department of Public Health, Bursa Uludag University 
Medical Faculty, Bursa, Turkey

2 Department of Medical Microbiology, Bursa Uludag 
University Medical Faculty, Bursa, Turkey

3 Department of Pediatric Infectious Diseases, Bursa Uludag 
University Medical Faculty, Bursa, Turkey

4 Biochemistry and Clinical Biochemistry, Guven Tip 
Laboratuarı, Bursa, Turkey

5 Department of Infectious Diseases and Clinical 
Microbiology, Bursa Uludag University Medical Faculty, 
Bursa, Turkey

6 Department of Pediatric Infectious Diseases, Hacettepe 
University Medical Faculty, Ankara, Turkey

/ Published online: 20 January 2022

Irish Journal of Medical Science (1971 -) (2022) 191:2803–2811

http://orcid.org/0000-0002-6723-1829
http://orcid.org/0000-0003-0864-4989
http://orcid.org/0000-0003-3146-6391
http://orcid.org/0000-0003-0932-1743
http://orcid.org/0000-0001-7530-1279
http://orcid.org/0000-0002-4803-8206
http://orcid.org/0000-0002-1654-3232
http://orcid.org/0000-0002-3536-0263
http://orcid.org/0000-0003-1976-7343
http://orcid.org/0000-0003-4646-660X
http://crossmark.crossref.org/dialog/?doi=10.1007/s11845-021-02716-x&domain=pdf


1 3

a few months. It is unknown whether all infected patients 
develop protective immunity and how long the protective 
antibody levels last after the infection [5]. Rare cases of 
re-infection have been reported in those after COVID-19, 
especially in the short term (such as within the first few 
months after initial infection) [6–9].

Serologically, antibody test positivity may be helpful in 
identifying individuals who could not be diagnosed by PCR 
or who had an asymptomatic/subclinical infection, as well 
as those who did not have a PCR test or were not diagnosed 
during active symptomatic infection. In addition, antibody 
test positivity can determine immunity against COVID-19 
if it correlates with neutralizing antibodies. However, the 
protective antibody threshold titer could not be determined 
yet to prevent COVID-19 infection [10]. Nucleocapsid (N) 
and spike (S) structural proteins of SARS-CoV-2 play a role 
in the pathogenesis of the disease. Due to their immunogenic 
properties, IgA, IgM, and/or IgG antibodies may develop 
against these antigenic structures. Therefore, these struc-
tures (S or N) are mostly used as viral antigenic target sites 
in diagnostic tests.

Knowing the persistence and protective features of anti-
bodies against SARS-CoV-2 can determine the spreading 
parameters and ability to lead to an epidemic of the COVID- 
19 infection in the population. Thus, it can provide population- 
based preventive forecasting of the infection epidemiology. 
However, to our knowledge, there is no long-term study  
(such as 9–12 months) about the persistency and protective 
durability of SARS-CoV-2 antibody levels in the world.

In this study, we aimed to evaluate the course of anti-
SARS-CoV-2 total antibodies (anti-N and anti-S) during the 
38 weeks after initial symptoms in patients with a history 
of possible (according to epidemiological, radiological, and 
non-specific laboratory findings) or confirmed (PCR posi-
tive) cases with COVID-19.

Materials and methods

Volunteers who had positive SARS-CoV-2 antibody results 
performed in a private laboratory and a history of possible/
confirmed symptomatic COVID-19 infection were invited to 
this study. This study was started after obtaining the ethical 
approval of the Bursa Uludağ University Faculty of Medi-
cine Clinical Research Ethics Committee (2/9/20 date and 
2020–15/6 number). This research was explained to the vol-
unteers, after obtaining informed consent from the individu-
als who agreed to participate in this study; the volunteers 
were asked to fill in the prepared questionnaire that included 
18 questions. Details of the COVID-19 infection history of 
the volunteers were questioned with clinical/epidemiologi-
cal/radiological and other laboratory results if available from 
their records.

Thirty-seven volunteers were included in this study. Their 
ages ranged from 18 to 57 years old. They had a history 
of symptomatic COVID-19 infection median 11 weeks ago 
(range 8–12 weeks) before the first blood sample was taken. 
First blood samples were taken at the median of 11 weeks 
after the onset of COVID-19 symptoms (sample no 1). 
Afterwards, blood samples were taken from each partici-
pant five times, at the median 15th (sample no 2), median 
20th (sample no 3), median 29th (sample no 4), and median 
38th (sample no 5) weeks. Serum samples were stored 
at − 20 °C until they were studied. Anti-nucleocapsid anti-
gen total antibody (anti-N) against SARS-CoV-2 was studied 
in five serum samples. SARS-CoV-2 spike (S) antigen total 
antibody (anti-S) was studied in serum samples only in two 
serum samples (median 11th and median 38th weeks, sam-
ple nos. 1 and 5). During this study, COVID-19 vaccines 
were not available in Turkey; thus, none of the volunteers 
were vaccinated against COVID-19.

In this study, anti-N antibody (Roche, Elecsys SARS-
CoV-2 anti-N total) and anti-S antibody (Roche, Elecsys, 
Anti-SARS-CoV-2 S total) tests were used by the Cobas e 411 
device (Roche diagnostics) in accordance with the manufac-
turer’s instructions. These tests have been approved for use 
in routine patient diagnosis by the FDA, European Medicine 
Agency (EMA), and the Ministry of Health of Turkey. They 
have relatively higher sensitivity and specificity rates when 
compared with other similar antibody tests [11–13].

The sensitivity of the Roche, Elecsys SARS-CoV-2 anti-N 
total test was 100% (95% CI 88.3–100%), and the specificity 
was 99.8% (95% CI 99.7–99.9%). For this test, samples with 
a cut-off index (COI) ≥ 1 were considered anti-N antibody 
positive [11, 12].

The sensitivity of the Roche, Elecsys, Anti-SARS-CoV-2 
S total test was reported as 96.6% (95% CI 93.4–98.3%); the 
specificity was 100% (95% CI 99.9–100%). This test is espe-
cially prominent with the detection of antibodies against the 
receptor-binding domain (RBD), which allows the S protein 
to bind to the host cell ACE2 receptors, and gives quanti-
tative results. Samples with a test result of ≥ 0.8 U/ml are 
considered to be positive [11, 13].

The tests used in this study make measurements with the 
electrochemiluminescence immunoassay (ECLIA) method. 
The automatization of the method reduces user and opera-
tional errors, and it is reported that it gives more specific and 
accurate results when compared to ELISA [14–16].

The Statistical Package for Social Sciences (SPSS) ver-
sion 23.0 (SPSS Inc., Chicago, IL, USA) and Microsoft 
Excel programs were used for statistical analysis. Descrip-
tive data were given as number, percentage, median, and 
mean ± standard deviation. Student t-test, analysis of vari-
ance in repeated measures, and partial eta square for effect 
size were used for comparison of the means. The signifi-
cance level was accepted as p < 0.05 for all statistical tests.
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Results

The average age was 37.95 ± 10.17 years in females, and 
43.47 ± 11.07 years in males (p = 0.882, not significant). Of 
37 patients, 14 (38%) patients were accepted as confirmed 
(PCR positive), and 23 (62%) patients as possible (according 
to epidemiological, radiological, and non-specific labora-
tory findings) COVID-19 cases. Anti-N antibody measure-
ments were made at the median 11, 15, 20, 29, and 38 weeks 
(totally five times) after the initial symptoms (Table 1).

A significant difference was found in the mean anti-N 
antibody levels of the participants during the follow-up 
(p < 0.05). Although there was a slight increase in the first 
two measurements (between the 11- and 15-week measure-
ments), this increase was not significant (p = 0.472). The 
anti-N antibody level decreased significantly between sub-
sequent measurements (p = 0.016 between 15 and 20 weeks, 
p = 0.0009 between 20 and 29 weeks and p = 0.049 between 
29 and 38 weeks). Approximately 1-year course of antibod-
ies, when statistically estimated, the average anti-N antibody 
(COI) of 56.48 at week 11 has been calculated that it will 
decrease to 28.16 in 43–52 weeks and 20.48 in 53–62 weeks.

The mean anti-N antibodies in all five samples were 
lower in females than males, but the difference was not 
significant (p > 0.05). The distributions of average anti-
N antibody levels by gender in the consecutive weeks 
are presented in Graphic 1. Although there was no dif-
ference between the sexes in the average antibody levels 
concerning the general averages, there was a tendency of 
difference between the genders in the 15–20 weeks and 

20–29 weeks. Antibody levels were lower in females than 
in males between these weeks (p < 0.05). In the measure-
ments with a difference, the effect of gender was large 
(ηp2 > 0.14) (Table 2).

The general increase (14%) in the average anti-S anti-
bodies between 11 and 38  weeks was not significant 
(p = 0.203). Between the sexes, the average anti-S anti-
bodies were again lower in females but not significantly 
(Graphic 2) (Table 3).

The average anti-S antibody levels between 11 
and 38 weeks (samples 1 and 5) are shown in Table 4. 
Accordingly, anti-N antibodies became negative in 8% 
(15% in females, 0% in males) at 38 weeks compared to 
11 weeks (p > 0.05). No negativity was observed in anti-S 
antibodies.

Table 1  The consecutive 
course of anti-N antibody levels 
between 11 and 38 weeks*

F female, M male, T total
* After initial symptoms

Sample week Average ± SD 
(min–max)

Median week Anti-N antibody  
Average ± SD

p

Sample no: 1 10.54 ± 1.19 (8–12) 11 F: 48.61 ± 43.85 0.76
M: 65.74 ± 40.23
T: 56.48 ± 42.53

Sample no: 2 14.97 ± 1.21 (13–17) 15 F: 49.05 ± 45.47 0.79
M: 68.14 ± 45.45
T: 57.82 ± 45.85

Sample no: 3 20.67 ± 1.18 (19–23) 20 F: 41.49 ± 42.33 0.19
M: 64.31 ± 51.31
T: 51.97 ± 47.42

Sample no: 4 29.19 ± 1.85 (26–33) 29 F: 30.86 ± 43.61 0.17
M: 54.22 ± 48.99
T: 41.59 ± 47.01

Sample no: 5 37.41 ± 2.02 (34–42) 38 F: 26.14 ± 41.22 0.23
M: 48.79 ± 43.31
T: 36.55 ± 43.15

Table 2  Relationship between anti-N antibody levels in repeated 
measurements*

* Analysis of variance in repeated measures; partial eta square was 
used for effect size. Accordingly, a significant difference was found 
between females and males in the values between 15 and 20 weeks 
and between 20 and 29 weeks (p < 0.05 and ηp2 > 0.14

p Partial eta 
squared 
(ηp2)

Between 11 and 15 weeks .452 016
Between 15 and 20 weeks .020 .146
Between 20 and 29 weeks .010 .175
Between 29 and 38 weeks .052 .104
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Discussion

Different antibody measurement methods/tests for antigenic 
regions of SARS-CoV-2 are available. The tests usually 
measure the antibodies formed individually (IgG or IgM) 
or total (IgG + IgM). Although IgA-based antibody tests are 
also available, they are not recommended for routine use 
[10]. The specificity and sensitivity of the tests may differ. 
Unlike IgG antibody and total antibody tests, IgM antibody 
and IgA antibody tests generally have a specificity of less 
than 99 percent [16]. The anti-N and anti-S tests used in 
our study work with the ECLIA method and can be consid-
ered reliable since they show high sensitivity and specificity 
rates and a relatively narrow confidence interval [11, 15, 
16]. Regarding the COVID-19 antibody tests, the Infectious 
Diseases Society of America (IDSA) recommends using IgG 

only or total antibody tests since their accuracy is higher, 
instead of IgM only or IgA only tests [10, 16].

Cross-positive reactions (e.g., with antibodies against 
seasonal coronavirus) of some antibody tests used in the 
diagnosis of COVID-19 may lead to a potential problem 
[5, 17]. Neutralizing antibodies against SARS-CoV-2 and 
SARS-CoV-2 reactive CD4 T cells were also detected in 
individuals who did not have a SARS-CoV-2 infection. 
This may be due to possible seasonal coronavirus infection 
(common cold) and cross antigen positivity [18–21]. The 
possible effects of this pre-existing cross-reactive reaction 
on the confounding effect of the serological diagnosis of 
COVID-19 are unknown. Therefore, antibody measurement 
tests must be above a certain specificity (and also sensitivity) 
limit and be standardized to be used for diagnostic purposes. 
The CDC recommends that among the tests approved for use 

Table 3  Distribution of anti-S antibody levels by gender

Median sample week 
and average ± SD

Gender (n) Average ± SD U/ml p

11 weeks 102.32 ± 87.68 Female (20)
Male (17)
Total (37)

92.57 ± 79.58
113.79 ± 97.57
102.32 ± 87.68

 > 0.05

38 weeks 116.58 ± 94.16 Female (20)
Male (17)
Total (37)

115.44 ± 94.50
117.91 ± 96.65
116.58 ± 94.16

 > 0.05

Table 4  Comparison between 
1st and 5th serum samples 
(between 11 and 38 weeks) of 
anti- N and anti-S antibodies

Anti-N measurement value averages are given as COI, and anti-S measurement value averages are given 
as U/ml (quantitative). Due to the small number of patients, detailed statistical evaluations were not made
* Comparison of antibody values between 11 and 38 weeks
** It was calculated as 11th-week antibody average value to 38th-week average antibody value)/11th-week 
average antibody value

Anti-N antibodies* (difference 
between 11 and 38 weeks)

Anti-S antibodies*  
(difference between 11 and 
38 weeks)

Increased**
Female 2/20 (10%) 11/20 (55%)
Male 2/17 (11.7%) 13/17 (76.4%)
Total 4/37 (10.8%) 15/37 (40.5%)
Decreased**
Female 15/20 (75%) 9/20 (45%)
Male 15/17 (88%) 4/17 (23.5%)
Total 30/37 (81%) 22/37 (59.5%)
Negative at 38 weeks**
Female 3/20 (15%) 0
Male 0 0
Total 3/37 (8.1%) 0
Δ average (difference %)**
Female % − 46 % + 25
Male % − 26 % + 4
Total % − 35 % + 14

56.48 57.82
51.97

41.59
36.55

0
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20
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40
50
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70
80
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Distribu of an -N an body average values by gender 

Total
Women
Men
cut-of index

Fig. 1  Distribution of anti-N antibody average values by gender (COI 
cut-off index >1)
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for COVID-19, high specificity (≥ 99.5%) ones should be 
preferred first [10, 22].

After COVID-19 infection, serological antibody positiv-
ity usually begins to develop around the first week, although 
it varies from patient to patient or according to the charac-
teristics of the test used. Antibody levels usually reach the 
highest level in 3–4 weeks [22–24]. Therefore, 3–4 weeks 
after the onset of symptoms, checking the serology opti-
mizes the accuracy of the test. In some cases, antibodies 
may decrease after 5 weeks. Thus, test sensitivity may be 
affected [16]. In a systematic review of 38 studies evalu-
ating the sensitivity of serological tests overtime after the 
first symptoms in patients with COVID-19, IgM positivity 
was 23% at 1 week, 58% at 2 weeks, and 75% at 3 weeks, 
and IgG 30%, 66%, and 88%, respectively [25]. In some 
other studies, it has been suggested that the positive IgG rate 
approaches 100% between 16 and 20 days [26, 27]. Some 
studies suggest that most patients have no detectable anti-
bodies 3 months after infection [28–31], while other stud-
ies have reported persistent, detectable IgG levels in most 
patients up to 5 months after infection [32–35]. For example, 
one study found that IgG levels and neutralizing antibodies 
decreased by an average of 75% in the early convalescent 
(8 weeks following infection) period after the acute stage of 
the disease. Moreover, in the early convalescent period, 40% 
of asymptomatic patients and 13% of symptomatic patients 
turned to be seronegative [28]. On the other hand, in Iceland, 
1107 people that were found positive with anti-SARS-CoV-2 
total Ig tests (e.g., using Roche anti-nucleoprotein total Ig, 
and Roche anti-S total and other tests; Wantai, EDI/Eagle, 
and Euroimmun) were followed up for antibody levels. It 
was found that titers gradually increased in the first 2 months 
after diagnosis (PCR positivity), formed a plateau for the 
next 2 months, and antibody levels were observed to persist 
for 4 months after initial symptomatic infection [32]. The 
duration of antibody persistency may possibly depend on 
the high initial antibody response and the severity of the 
infection [36]. It should also be kept in mind that individual 
differences may also occur.

Information on the duration of antibody responses against 
SARS-CoV-2 and whether the immunity is correlated with 
antibody levels is limited. In a study, a course of IgG anti-
bodies was observed in 34 adults (20 women and 14 men) 
with a mean age of 43. In this study, the first antibody test 
was performed after an average of 37 days (18–65 days) and 
the last antibody measurement was performed an average of 
86 days (44–119 days) after symptoms. The half-life of IgG 
antibodies was 73 days (52–120 days) [29]. In another study, 
the antibody course was followed in 20 healthcare workers 
who were PCR positive COVID-19 infection. Between the 
1st and 4th months after the onset of symptoms, the antibody 
levels decreased, but the positivity continued, except for two 
people [37]. Similarly, in another study, it was shown that 
anti-S (anti-RBD) antibodies and neutralizing antibodies 
decreased significantly between 1.3 and 6.2 months after 
infection but were still detectable [38]. In the same study, 
neutralizing antibodies decreased five times 6.2 months 
after. However, there was no significant change in RBD-
specific memory B cells at that time [38].

In our study, anti-N antibodies were acceptably high 
(mean COI: 36) for 38 weeks (about nine months) after the 
onset of symptoms, 35% decrease in average values com-
pared to the 11th week, and negative results (COI < 1) in 8% 
of the cases. The statistical estimation revealed that anti-N 
antibodies would be persisted (average COI: 20) even at least 
1 year (between 53 and 62 weeks) after symptomatic infec-
tion. Anti-S antibodies were observed to persist for 38 weeks 
(approximately 9 months) after the onset of symptoms (mean 
116 U/ml), and there was no negative result (< 0.8U/ml) in 
any case. Between 11 and 38 weeks after the symptom onset, 
the persistence of anti-S antibodies was more pronounced 
than anti-N antibodies in serial measurements. In this con-
text, it was thought that quantitatively and acceptably high 
anti-S antibody levels could provide protection at about nine 
months after infection.

There are differences in the results of studies conducted 
on the persistence of SARS CoV-2 antibody responses. This 
may be due to the heterogeneous nature of the patients stud-
ied (such as asymptomatic, mild, or more severe diseases) 
or the use of different antibody tests in different studies. 
There are studies showing that patients with asymptomatic 
COVID-19 infection have lower antibody levels than symp-
tomatic cases, and these antibodies begin to decrease or 
disappear earlier [28, 39–41]. In the study of Wang et al., 
evaluating the antibody response and neutralizing effects, 
it was observed that antibody levels were lower in patients 
with mild symptoms than those with symptoms of a moder-
ate and severe infection; however, the neutralizing effects of 
these antibodies were similar in those disease groups [27]. 
It has been reported that antibody responses are related to 
the severity of the disease and that detectable neutralizing 
antibodies may not always develop in patients with mild 

90
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Distribu�on of average an�-S an�bodies by gender

Female Male Total

Fig. 2  Change in anti-S antibody averages. Average quantitative anti-
body values are given in U/ml (positive threshold value >0.8U/ml)
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infections [42, 43]. Antibody-related immune responses 
against HCoV-OC43 and HCoV-HKU1, which are among 
the seasonal coronaviruses and cause cold symptoms with 
non-specific and mild infections, decreased significantly 
within 1  year. However, severe SARS-CoV-1 infection 
produced longer-term antibodies and immunity [44]. In 
previous studies, the findings showed that circulating anti-
bodies against SARS-CoV or MERS-CoV, which caused 
smaller epidemics years ago, last at least 1 year [45, 46]. 
There are studies showing that antibodies continue for more 
than 2 years after SARS-CoV infection [47–49]. Antibody 
responses in individuals with MERS-CoV infection con-
firmed by laboratory tests have been reported to last at least 
34 months after infection [50]. SARS CoV-2 infection can 
be considered a disease with both mucosal and systemic 
findings concerning its pathogenesis. Systemic and relatively 
more intense symptomatic disease seen SARS-CoV-1 and 
MERS-CoV can be expected to have a more widespread 
and strong immune response with the increased support of 
cellular immunity and also longer persistence of antibodies. 
Our results suggest that there may be a persistence of anti-N 
and anti-S antibodies for at least 9 months after sympto-
matic infection and this may also provide protection from 
re-infection.

In our study, both anti-N (26–45% lower) and anti-S 
(2–18% lower) antibody levels were lower in females than 
males. The difference was not significant in individual sam-
ple average measurements. However, in repeated measure-
ments for anti-N antibodies, it was significantly lower in 
females between 15 and 20 weeks (between 2nd and 3rd 
measurements) and between 20 and 29 weeks (between 3rd 
and 4th measurements). The average age of menopause in 
Turkey is reported to be 45 [51]. No significance was found 
in antibody levels above and below 45 years of age in the 
additional analysis regarding age. The average levels for 
anti-S antibodies were similarly lower in females, but it was 
not significant. The tendency of the difference for anti-S 
antibodies between females and males partially decreased 
towards the 38 weeks. In one study, it was reported that 
neutralizing antibodies were detected higher in men. Clini-
cal signs of COVID-19 were more severe in males [52]. 
However, to our knowledge, no study has been found on its 
relationship with antibodies. It can be speculated that the 
immune response may be higher in patients who are sys-
temically symptomatic and more severely affected. However, 
larger studies are needed to investigate the effects of other 
factors, including hormonal factors.

Although the protective role of antibodies against SARS-
CoV-2 is not known precisely, they are generally consid-
ered to be correlated with antiviral immunity, and antibody 
levels can be expected to be associated with plasma viral 
neutralization activity [29]. Neutralizing antibodies usually 
decrease a few months after infection, but different results 

have been reported in various studies [28, 53, 54]. In one 
study of 121 recovering plasma donors with high initial neu-
tralization/binding titers (1:80), the titers dropped slightly 
within 5 months but remained 1:80 in the vast majority [35]. 
In contrast, another study evaluated 149 patients (7% hos-
pitalized) with COVID-19, with high titers of neutralizing 
antibodies detected in only 1% after an average of 39 days 
after disease onset [53]. In the same study, RBD-specific 
binding specific B cells were detected in six patients, and it 
was determined that neutralizing antibodies also developed 
at high titers, regardless of the serum neutralizing antibody 
titer [53].

In addition to the presence of antibodies that develop 
after infection, the level of titers, how long they persist, 
and whether they are neutralizing and protective are also 
important. Following infection with SARS-CoV-2, most 
patients develop neutralizing and detectable serum antibod-
ies mainly directed to the RBD of the viral spike (S) protein 
[55, 56]. However, neutralizing antibody measurement is 
a labor-intensive and more expensive assessment, requires 
biosafety level three laboratory conditions, and may not be 
performed everywhere [52]. Studies have shown that neu-
tralizing antibody titers are directly correlated with anti-N 
antibody titers, and especially antibodies developed against 
the RBD part of the S1 antigen (measured by Roche, Elecsys 
anti-SARS-Cov-2 S) [38, 57, 58]. Likewise, Chen et al. found 
antibody levels compatible with the neutralizing effect in 
their study in which they evaluated the antibody responses of 
59 patients who had PCR-confirmed COVID-19 [40]. How-
ever, in one study, although the IgG type antibodies against 
SARS-Cov-2 remained stable for up to 105 days, only the 
neutralizing effects were observed in 31–45 days. It has been 
found that it decreases slowly after peak days [59]. Antibody 
test positivity may indicate immunity if it correlates with 
neutralizing antibodies. However, a protective titer could not 
be determined clinically [10]. However, anti-S1 (Euroim-
mun, ELISA, anti-S1) and anti-NP antibody (Abbott, ELISA, 
anti-NP) results showed a good correlation with neutralizing 
antibodies, and it was reported that this correlation was bet-
ter with anti-S antibodies [25, 42]. In another study, 12,541 
healthcare workers were looked for baseline SARS-CoV-2 
antibodies, and positive and negative ones were monitored 
for COVID-19 development for 6 months. In 1117 people 
who were seropositive (positive for SARS-CoV-2 anti-S and 
anti-N antibody) suggesting a previous infection, developed 
less infection (PCR confirmed) in the 6 months after the test, 
compared to the control (seronegative persons/no previous 
disease) group (0.13 versus 1.09 cases per 10,000 patient-
days). Also, no symptomatic infection developed in any indi-
vidual with anti-S antibodies [60].

In light of the previous studies, it can be said that anti-
SARS-CoV-2 antibodies generally correlate with neutral-
izing antibodies developed against SARS-CoV-2, and this 
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correlation is better with anti-S antibodies. In this context, 
the presence of anti-S antibodies in sufficient concentra-
tions can predict protection from COVID-19. Our study, 
to our knowledge, is the longest antibody follow-up study. 
Anti-N antibodies were detected approximately more than 
9 months after the symptom onset; it was still positive in 
92% of the cases. It was also observed that anti-S antibodies 
still persisted more than 9 months (mean 116 U/ml, cut-off 
level; ≥ 0.8U/ml) and did not turn to be negative in any of 
the cases at that time.

This study has some limitations. Our study covers approx-
imately 9 months after infection, and the level up to nearly 
1 year (62 weeks) was statistically estimated. Although regu-
lar follow-up of all cases for nearly nine months is a strong 
side of the study, the lack of follow-up for a longer period 
can be considered as a limitation. One of the limitations of 
the study is that some cases are possible cases (COVID-19 
PCR negative). Another limitation is that anti-S could not 
be tested in every five consecutive serum samples where 
anti-N was measured. In addition, the low number of cases 
included in this study might lead to some statistical analysis 
not being strong.

In conclusion, antibody (anti-N and anti-S) levels with 
confirmed and/or possible COVID-19 cases evaluated con-
secutive serum samples between 11and 38 weeks after the 
onset of symptoms. Anti-SARS-CoV-2 antibodies (both 
anti-N and anti-S) were still detectable for a longer period 
(more than 9 months on average) than other studies. Anti-
body positivity continued in ≥ 90% of the cases, and this 
could provide protection against re-infection. In addition, 
both anti-N and anti-S antibody levels were consistently 
lower in women in all samples.
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