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Introduction: Severe acute respiratory syndrome-Coronavirus-2 (SARS-CoV-2) antibodies are produced in persons who have been infected 
by the virus or have received the vaccine. Many features of these antibodies, including their dynamics and neutralization capacities, are still 
unclear. Understanding the immune response of the host is very important for the development of appropriate treatment methods, vaccines, and 
epidemiological control strategies. The present study aimed to monitor the change in antibody levels over time in individuals diagnosed with SARS-
CoV-2 infections and to determine their neutralization capacity.
Materials and Methods: Anti-nucleocapsid and anti-spike antibody titers were measured using different kits on monthly obtained serum samples 
of patients of patients with SARS-CoV-2 infection. The neutralizing antibodies were evaluated using a microneutralization assay.
Results: A total of 134 serum samples taken from 43 patients with a mild-moderate disease course were analyzed. Anti-spike antibody positivity 
was detected on day seven at the earliest and day 334 at the latest following a positive polymerase chain reaction (PCR) test. The mean antibody 
levels were observed to increase gradually to a peak after three months, and then started to decrease after month six. Anti-nucleocapsid IgM and 
IgG antibodies were detected alone or in combination. The highest neutralizing antibody titer was 1/80 in the first month, which was seen to drop 
below 1/10 after four months.
Conclusion: The combined use of kits for the detection of antibodies against different antigens or testing total antibodies would result in a more 
accurate and earlier detection of the antibodies that start to emerge on the seventh day and decrease six months after SARS-CoV-2 PCR positivity. 
In addition, the dramatic decrease in neutralizing antibody titers after four months may be one of the causes of early reinfections.
Keywords: Coronavirus disease 2019, anti-SARS-CoV-2 antibody, neutralizing antibody

Giriş: Şiddetli akut solunum yolu sendromu-Koronavirüs-2 (SARS-CoV-2) antikorları, virüsle enfekte olmuş veya aşısını olmuş kişilerde oluşur. Bu 
antikorların dinamikleri, nötralizasyon kapasiteleri gibi birçok özelliği hala netliğe kavuşmamıştır. Konağın immün yanıtının anlaşılması; uygun 
tedavi yöntemlerinin, aşıların ve epidemiyolojik kontrol stratejilerinin geliştirilmesi için oldukça önemlidir. Bu çalışma, SARS-CoV-2 enfeksiyonu 
teşhisi konan bireylerde antikor düzeylerinin zaman içindeki değişimini izlemeyi ve nötralizasyon kapasitelerini belirlemeyi amaçlamaktadır.
Gereç ve Yöntem: SARS-CoV-2 enfeksiyonlu hastalardan aylık olarak alınan serum örneklerinde farklı kitler kullanılarak anti-nükleokapsid ve anti-
spike antikor titreleri ölçüldü. Nötralize edici antikorlar, mikronötralizasyon yöntemi ile belirlendi.
Bulgular: Hafif-orta dereceli hastalık seyri olan 43 hastadan alınan toplam 134 serum örneği analiz edildi. Anti-spike antikor pozitifliği, pozitif 
polimeraz zincir reaksiyonu testinin ardından en erken yedinci günde, en geç 334. günde tespit edildi. Ortalama antikor düzeylerinin üçüncü aydan 
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Introduction

Severe acute respiratory syndrome-Coronavirus-2 (SARS-CoV-2), 
the causative agent of Coronavirus disease-2019 (COVID-19) 
disease that was declared a global pandemic on March 11, 2020 
by the World Health Organization (WHO), is a Coronavirus that 
first emerged in December 2019 in the People’s Republic of 
China and spread rapidly worldwide[1]. The SARS-CoV-2 genome 
is approximately 30 kb and encodes 27 proteins including eight 
helper proteins and 15 non-structural proteins[2]. Viral structural 
proteins include spike glycoproteins, membrane glycoproteins, 
envelope glycoproteins, and nucleocapsid phosphoproteins[2]. 
Trimeric S protein is known to be the first viral fraction to bind 
to the host cell receptors through the receptor binding domain 
and N-terminal domain of the S1 subunit, while the S2 subunit 
is known to aid in the fusion of the virus and the host cell 
membrane[2,3]. On the other hand, N protein is the structural 
compound of the nucleocapsid and has important functions in 
disease pathogenesis, virus multiplication, and RNA packaging[4].

Severe acute respiratory syndrome-Coronavirus-2 antibodies are 
produced in persons who have been infected by the virus or who 
have received the vaccine. Some of the antibodies that develop 
against the spike and nucleocapsid proteins have a neutralizing 
character[5]. Neutralizing antibodies (NAbs) prevent virus entry 
into the cell, fusion with the cell, or release from the cell, thereby 
preventing the development and spread of infection[6]. Tests 
based on chemiluminescence immunoassay, enzyme-linked-
immunosorbent assay, and lateral flow immunoassay (LFIA) are 
frequently used in the laboratory diagnoses of COVID-19. These 
detect mainly viral structural proteins or the specific antibodies 
that develop against these proteins in whole blood or serum[5].

 Most commercial diagnostic kits detect antibodies against 
the spike and nucleocapsid proteins[5]. Many features of 
the anti-SARS‐CoV‐2 antibodies, such as their dynamics 
and neutralization capacities, are still unclear, although 
understanding the immune response of the host is important for 
the development of appropriate treatment methods, vaccines, 
and epidemiological control strategies[7].

This study aimed to monitor the change over time of the 
antibody levels in individuals diagnosed with COVID-19 and to 
determine their neutralization capacity.

Materials and Methods

Study Group

The study group comprised individuals identified with a SARS-
CoV-2 infection between March 2020 and April 2021 through a 
positive virus RNA identified from nasopharyngeal swab samples 
using the real-time polymerase chain reaction (RT-PCR) method. 
Serum samples obtained monthly, if possible, from the study 
participants, starting from the date of SARS-CoV-2 RT-PCR test 
positivity, were stored at -80 °C after aliquoting. Participants 
who were reinfected or vaccinated against SARS-CoV-2 in the 
follow-up period were excluded from the study. All the patients 
or their legal guardians signed the informed consent form.

Detection of SARS-CoV-2 RNA

The SARS-CoV-2 genomic RNA was detected in the 
nasopharyngeal samples of patients with COVID-19 infection 
using a Bio-speedy SARS-CoV-2 (2019-nCoV) RT-qPCR 
detection kit (Bioeksen, İstanbul, Turkey) on a LightCycler® 480 
Instrument II (Roche Molecular Systems, USA) using the reverse 
transcription RT-PCR method.

Detection of Anti-SARS-CoV-2 Antibodies

Electrochemiluminescent Immunoassay

The total anti-nucleocapsid (anti-N) antibody levels were 
measured in serum samples using the Elecsys anti-SARS-CoV-2 
(Roche Diagnostics International AG, Rotkreuz, Switzerland) 
kit. Assays with an anti-N antibody level <1.0 cut off index 
(COI) and ≥1.0 COI were considered non-reactive and reactive, 
respectively.

The total anti-spike (anti-S) antibody levels were determined 
in samples using the Elecsys anti-SARS-CoV-2 S Quantitative 
(Roche Diagnostics International AG, Rotkreuz, Switzerland) kit. 
Assays with an anti-S antibody level of <0.80 U/ml and ≥0.80 
U/ml were considered non-reactive and reactive, respectively.

sonra kademeli olarak yükseldiği ve altıncı aydan sonra azalmaya başladığı gözlendi. Anti-nükleokapsid IgM ve IgG antikorları tek başına veya 

kombinasyon halinde tespit edildi. En yüksek nötralize edici antikor titresi ilk ayda 1/80 iken, dört ay sonra 1/10’un altına düştüğü belirlendi.

Sonuç: Farklı antijenlere karşı antikorların saptanması veya total antikorların test edilmesi için kitlerin birlikte kullanılması, yedinci günde ortaya 

çıkmaya başlayan ve SARS-CoV’dan altı ay sonra azalan antikorların daha doğru ve daha erken saptanmasını sağlayacaktır. Ayrıca nötralizan antikor 

titrelerinin dört ay sonra dramatik olarak azalması, erken reenfeksiyonların nedenlerinden biri olabilir.

Anahtar Kelimeler: Koronavirüs hastalığı-2019, anti-SARS-CoV-2 antikoru, nötralizan antikor
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Lateral Flow Immunoassay

Presence of IgG and IgM antibodies against the nucleocapsid 
protein was determined in randomly selected anti-N positive 
samples [tested with electrochemiluminescent immunoassay 
(ECLIA)] using a SARS-CoV-2 rapid antibody test (Roche 
Diagnostics International AG, Rotkreuz, Switzerland) kit.

In vitro Microneutralization Assay for SARS-CoV-2

The previously described virus neutralization assay procedures 
were performed[8,9].

Cells and the Virus

Vero E6 (ATCC CRL-1586 Cercopithecus aethiops kidney 
epithelial cells) cells were cultured using a medium including 
10% fetal bovine serum at 37 °C in a 5% CO2 atmosphere.

The studied SARS-CoV-2 virus is a clinical isolate, the full 
genome sequence of which is registered in the NCBI GenBank 
NIH Genetic Sequence Database (GenBank: MT955161.1).

Microneutralization Assay

The serum samples were incubated at 56 °C for 30 min for 
complement inactivation. The serum samples were diluted two-
fold starting at 1/10 (1/10-1/640) with a maintenance medium 
in 96-well cell culture plates and subsequently incubated for 15 
min at 36±0.5 °C in a 5% CO2 atmosphere. A virus suspension 
including 100 TCID50 (median tissue culture infectious dose) was 
then added at a 1:1 ratio on top of each serum dilution, and the 
plates were subsequently incubated at 36±0.5 °C in a 5% CO2 
atmosphere for 60 min.

Following incubation, 100 µl of Vero E6 cell suspension prepared 
in 2×105 cells/ml quantities was added to each well, and the 
plates were subsequently incubated for four days at 36±0.5 °C 
in a 5% CO2 atmosphere. The cytopathic effect of each well was 
assessed under a microscope and recorded, and the neutralizing 
titer was calculated based on the dilution number of 50% 
protective condition.

Statistical Analysis

The obtained data were analyzed using IBM Statistical Package 
for the Social Sciences Statistics version 23.0 (IBM Corp. Armonk. 
N.Y. USA). A chi-square test or a Fisher’s exact test were used for 
the comparison of categorical variables, and a Mann-Whitney 
U test was used for the comparison of non-normally distributed 
continuous variables. The threshold level (p value) for statistical 
significance was accepted as <0.05.

Results

A total of 134 serum samples collected from 43 patients who tested 
positive for SARS-CoV-2 in a PCR test based on nasopharyngeal 
swab samples and whose disease course was mild-moderate 

according to the WHO criteria were analyzed in the present 
study[5]. The number of serum semples decreased in the later 
months of the study, as those reinfected or vaccinated against 
SARS-CoV-2 during the follow-up period were excluded from the 
study. All patients were treated with favipiravir, and none of them 
received anti-inflammatory or corticosteroid therapy.

The mean age of the patients was 39.5±2.1 years, and the median 
age was 35 years (minimum-maximum: three months-68 years); 
58.1% were female and 41.9% were male. No statistically 
significant difference was found in the distribution of antibody 
positivity in terms of age or gender (p>0.05).

The results of the antibody tests against the spike and 
nucleocapsid proteins of SARS-CoV-2 based on the time 
elapsed since the recording of a positive RT-PCR test based on 
nasopharyngeal swab samples are presented in Tables 1 and 2 
and Figure 1.

The first anti-S antibody was identified in a patient on day 
seven following PCR positivity at a level of 4.49 U/ml and in 
another patient at the latest on day 334 at a level of 11.14 U/ml.

Antibody titers showed a gradual increase to reach their 
maximum level after month three, and declined starting from 
month six. No anti-N antibodies were detected in five patients 
during the first month, while anti-S antibodies were detected. 
In one patient, no antibodies were detected until three months. 

Figure 1. A) Total anti-nucleocapsid antibody levels of tested 
electrochemiluminescent immunoassay according to time from 
positive SARS-CoV-2 PCR (days); B) Total anti-spike antibody 
levels of tested electrochemiluminescent immunoassay according 
to time from positive SARS-CoV-2 PCR (days)

SARS-CoV-2: Severe acute respiratory syndrome-Coronavirus-2, PCR: 
Polymerase chain reaction
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Moreover, in one patient, anti-N was determined to be positive 
at a level of 1.34 COI in the serum sample obtained on day 
12, while anti-S (0.419 U/ml) was found to be negative. No 
antibodies were detected in the two serum samples collected on 
days 52 and 96 in one patient.

Anti-N antibodies (IgM and IgG) were investigated, either alone 
or combined, starting on day 14 and continuing up to day 263 
after PCR positivity; using LFIA, IgG positivity was ≥80% in all 
periods in which analyses were carried out, while the highest 
rate of IgM positivity was identified as 86.7% in the first month. 
The IgG and IgM antibody levels against nucleocapsid proteins 
are presented in Table 2.

The NAb titers were highest in the samples taken during the first 
moth (1/80) and dropped to below 1/10 titers after month four 
in those with mild-moderate disease. The results of the NAbs 
detected in the present study over time following PCR positivity 
is presented in Table 3 and Figure 2.

Discussion

The clinical picture of patients with COVID-19 covers a wide 
spectrum, including asymptomatic cases and severe cases 
with septic shock and multi-organ failure[10]. Previous studies 
have suggested that this diversity in the clinical picture might 
be attributable to the involvement of the congenital and 
acquired immune system in the pathogenesis of COVID-19[10], 

which suggests that the adaptive immune response of the host 
should be analyzed in detail prior to the launch of antiviral 
treatment, vaccines, or epidemiological control strategies 
against COVID-19, for which there is as yet no specific antiviral 
treatment[11]. Knowledge of SARS-CoV-2 serology and the 
neutralizing capacity of developing antibodies has not yet 
been extensively validated. Strategies need to be developed to 
better understand the antigen-antibody relationships detected 
by conventional immunoassays[12]. When serological tests are 
evaluated together with tests that reveal the neutralization 
capacity, they provide important contributions in determining 
the protective immunity that develops against viral infections 
in individuals[13].

The disease severity and the mortality rate are known to 
be related to the high rate of comorbidities, the increased 
proinflammatory response, and the decreased antiviral cytokine 
levels of elderly patients who contract COVID-19[10,14]. Disease 
severity is reported to be more severe in the male gender due to 
the involvement of sex hormones in the inflammatory processes, 
the angiotensin-converting enzyme-2 expression level, and 
lifestyle differences[14]. In the present study, the median age of 
the patient sample was 35 years, and no statistically significant 
difference was found in the monthly distribution of antibody 
positivity in terms of either the age group or gender.

Studies of the seropositivity of the antibodies that develop 
against SARS‐CoV‐2 are ongoing. Lee et al.[15] reported detecting 

Table 1. Results of tested electrochemiluminescent immunoassay according to time from positive SARS-CoV-2 PCR (days)

Antibody type
Time from 
positive SARS-
CoV-2 PCR 
(days)

Number 
of tested 
sample (n)

Seropositivity 
n (%) Mean±SD Range 

(min-max) Median
IQR 
(per 25-75)

Total anti-nucleocapsid antibody (COI) 131 109 (83.2) 0.1-199.7

0-30 40 27 (67.5) 12.3±23.2 0.1-100.1 3.2 0.3-11.0

30-60 18 13 (72.2) 32.2±36.0 0.1-111.1 13.7 0.8-76.0

60-90 19 18 (94.7) 78.3±45.0 0.9-151.7 80.5 44.9-114.4

90-120 19 18 (94.7) 78.1±56.6 0.1-166.9 68.1 21.6-12.8

120-150 6 6 (100) 61.3±37.8 14.1-103.2 62.4 26.6-97.1

150-180 15 14 (93.3) 51.2±40.7 0.7-136.5 45.4 17.3-80.8

>180 14 13 (92.9) 40.3±37.7 0.3-139.7 29.9 13.2-60.3

Total anti-spike antibody (U/ml) 134 122 (91.0) 0.4-909.8

0-30 40 34 (85.0) 46.9±81.0 0.4-366.8 6.45 1.9-59.4

30-60 18 16 (88.9) 116.2±187.8 0.4-623.2 28.41 7.1-161.8

60-90 20 20 (100) 170.3±182.6 14.6-614.9 104.87 24.6-265.7

90-120 20 19 (95.0) 250.9±285.6 0.4-909.8 158.40 25.8-349.4

120-150 6 6 (100) 221.5±129.0 21.7-361.9 124.8 33.2-269.4

150-180 15 15 (100) 217.4±220.1 23.8-700.7 107.2 64.2-341.80

>180 15 15 (100) 179.0±188.2 11.6-586.6 103.5 34.1-289.2

IQR: Interquartile range, COI: Cut-off index, U/ml: Unit/mililiter, min-max: Minimum-maximum, SARS-CoV-2: Severe acute respiratory syndrome-Coronavirus-2, PCR: Polymerase 
chain reaction
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both anti-N IgM and IgG antibodies at the earliest on day five, 
while Wang et al.[16] reported on the presence of IgG antibodies 
at the earliest on day seven but without differentiating their 
type. Previous studies have reported the presence of anti-S 
antibodies up to 12 months[17]. In this study, serological tests 
were positive on the seventh day at the earliest and the 334th 
day at the latest (anti-S antibody), and it was observed that 
the antibody response in SARS-CoV-2 infection was the same 
as in other acute viral infections[18-20]. On the other hand, 
approximately 5% of the population with the disease was 
reported to be seronegative[21]. In this study, in one patient, 
antibodies could not be detected until three months after PCR 
positivity, and this patient was considered to be at risk of severe 
reinfection.

Nucleocapsid and spike antigens with high immunogenic 
properties have been frequently used for the serological 
diagnosis of COVID-19, and there are studies with different 
findings on this subject[22]. Van Elslande et al.[23] reported that 
anti-N antibodies develop earlier than anti-S antibodies and 
result in fewer false positives because it is more conserved. 
However, To et al.[24] reported detecting anti-S antibodies earlier 

than anti-N antibodies. Anti-S IgG levels were reported to begin 
to decrease two-three months after the initiation of symptoms 
in a study by Long et al.[25], while Dan et al.[26] demonstrated that 
the half-life of the anti-S and anti-N antibodies were 140 days 
and 68 days, respectively, and that these antibodies retained 
their presence for eight months. In the present study, no anti-N 
antibodies were detected in the serum samples of six patients 
in the first month of the disease, while anti-S antibodies were 
detected. In one patient, anti-N antibodies were found to be 
positive and anti-S antibodies to be negative on day 12. Anti-N 
antibody levels were found to decrease three-four months after 
PCR positivity in patients from whom serial serum samples could 
be retrieved, although no sero-negativity was identified in any 
of the samples analyzed. This suggests that using different kits 
to detect the antibodies that develop against different antigens 
would increase the possibility of detecting antibodies when 
determining antibodies against SARS-CoV-2.

Another subject of interest in SARS-CoV-2 infection is 
investigating to what extent the type of antibody would be 
beneficial in determining the period of the disease. IgM type 
antibodies have frequently been accepted as a marker of 
acute infection, although IgMs do not always show up before 
the antibodies in the IgG type. This in turn limits the use of 
IgMs as a marker of acute or new infections, such SARS-
CoV-2 infection[21,22,24]. Only the anti-N antibodies could be 
differentiated as IgG and IgM with a LFIA in the present study. 
The antibody seropositivity rates in the IgG type were found 
to be higher than in the IgM type in all periods evaluated in 
this present study. While the rate of IgM positivity was seen to 
decrease one month after PCR positivity, some patients had IgM 
antibodies to nucleocapsid proteins even after six months. The 
presence of IgM and IgG was investigated with LFIA in some 
samples that were found to be anti-N antibody positive by 
ECLIA, and IgM or IgG alone was found to be negative in some 

Figure 2. Results of tested in vitro microneutralization assay 
according to time from positive SARS-CoV-2 PCR (days)

SARS-CoV-2: Severe acute respiratory syndrome-Coronavirus-2, PCR: 
Polymerase chain reaction

Table 2. Results of tested lateral flow immunoassay according to time from positive SARS-CoV-2 PCR (days)

Antibody type
Time from positive 
SARS-CoV-2 PCR 
(days)

Number of 
tested 

Seropositivty IgM
n (%)

Seropositivty IgG
n (%)

Anti-nucleocapsid antibody 79 37 (46.8) 76 (96.2)

0-30 15 13 (86.7) 14 (93.3)

30-60 16 9 (56.3) 15 (93.8)

60-90 15 7 (46.7) 15 (100.0)

90-120 14 4 (28.6) 14 (100.0

120-150 5 0 (0) 4 (80.0)

150-180 6 2 (33.3) 6 (100.0)

>180 8 2 (25) 8 (100.0)

SARS-CoV-2: Severe acute respiratory syndrome-Coronavirus-2, PCR: Polymerase chain reaction, IgM: Immunoglobulin M, IgG: Immunoglobulin G
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samples. Therefore, it would be appropriate to use IgM and IgG 
tests together if the LFIA test is to be used in the follow-up of 
antibody titers.

Neutralizing antibody levels were reported to be lower in 
patients with asymptomatic or mild COVID-19 infections than 
in those hospitalized in studies analyzing the sera of patients 
with COVID-19 infections[27,28]. Wu et al.[29] identified no high 
levels of NAb in 30% of the patients they followed-up and a 
very low level of NAb in some of their patients, although the 
duration of illness was similar in those. The production of NAbs 
has been reported to attain its peak concentration in the first 
10-15 days, and then to decrease subsequently after a period 
of plateauing in COVID-19[28,29]. In the present study, NAb 
was detected in patients at the earliest on day 14 and at the 
latest on day 123. The highest NAb presence was recorded in 
three male patients in 1/80 diluted serum samples. Similar to 
other studies, the NAb titers in the present study were found 
to be high in the first 30 days of the disease and were then 
observed to drop gradually, although an increase in the NAb 
titers was seen in four patients over time[28-30]. These patients 
were thought to have been reinfected with the virus during the 
study period without presenting any symptoms. It is suggested 
that the plasma collected at four months after PCR positivity 
can be more useful in the convalescent plasma therapy, since 
it contains a higher titer of NAbs. Some studies have reported 
reinfection after several months[31]. This may be the result of the 
early reduction of NAb titers.

Study Limitations

The present study had some limitations. First, the study was 
conducted in a single center. Secondly, the fact that individuals 
with asymptomatic infections could not be detected in the period 
may have had a small effect on the results, as the distinction 
between antibodies originating from natural infection and 
reinfection-elicited antibodies will be affected.

Conclusion

The combined use of kits for the detection of antibodies against 
different antigens or testing total antibodies would result in a 
more accurate and earlier detection of the antibodies that start 
to emerge on the seventh day and decrease after six months 
of SARS-CoV-2 PCR positivity. In addition, the decrease in 
neutralizing antibody titers after four months may be one of 
the causes of early reinfections, although only 12 samples were 
available from 43 individuals included in the study after the 
fourth month of the study.
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Table 3. Results of tested in vitro microneutralization assay according to time from positive SARS-CoV-2 PCR (days)

Time from positive SARS-
CoV-2 PCR (days)

Number of tested 
sample (n)

Neutrolization 
antibody positivity 
n (%)

Mean±SD Range (min-max) Median IQR (per 25-75)

Total 72 0-80

0-30 15 11 (77.3) 20.0±26.5 0-80 10.0 0-20.0

30-60 16 7 (43.75) 16.3±21.3 0-80 10.0 0-20.0

60-90 16 10 (62.5) 16.6±12.9 0-40 10.0 0-10.0

90-120 14 9 (64.3) 15.7±15.5 0-40 15.0 0-25.0

120-150 3 1 (33,3) 6.7±11.5 0-20 0 0

150-180 4 1 (25.0) 10.0±20.0 0-40 0 0-30.0

>180 4 0 0 0 0 0

IQR: Interquartile range, SARS-CoV-2: Severe acute respiratory syndrome-Coronavirus-2, PCR: Polymerase chain reaction, SD: Standard deviation
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