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Background: Dynamics and persistence of neutralizing and non-neutralizing antibodies can 
give us the knowledge required for serodiagnosis, disease management, and successful 
vaccine design and development. The disappearance of antibodies, absence of humoral 
immunity activation, and sporadic reinfection cases emphasize the importance of longitudi-
nal antibody dynamics against variable structural antigens.
Methods: In this study, twenty-five healthy subjects working in a SARS-COV-2 serodiag-
nostic assay development project were enrolled, and their sign and symptoms were followed 
up to six months. Three subjects showed COVID-19-like symptoms, and three subjects’ 
antibody dynamics were followed over 120 days by analyzing 516 samples. We have 
developed 12 different types of in-house ELISAs to observe the kinetics of IgG, IgM, and 
IgA against four SARS-CoV-2 proteins, namely nucleocapsid, RBD, S1, and whole spike (S1 
+S2). For the development of these assays, 30–104 pre-pandemic samples were taken as 
negative controls and 83 RT-qPCR positive samples as positive ones.
Results: All three subjects presented COVID-19-like symptoms twice, with mild symptoms in 
the first episode were severe in the second, and RT-qPCR confirmed the latter. The initial episode 
did not culminate with any significant antibody development, while a multifold increase in IgG 
antibodies characterized the second episode. Interestingly, IgG antibody development concurrent 
with IgM and IgA and persisted, whereas the latter two weans off rather quickly if appeared.
Conclusion: Antibody kinetics observed in this study can provide a pathway to the 
successful development of sero-diagnostics and epidemiologists to predict the fate of vacci-
nation currently in place.
Keywords: antibody dynamics, COVID-19, SARS-CoV-2, reinfection, vaccination

Introduction
Worldwide spreading of SARS-CoV-2 caused by the novel coronavirus has a high 
infectious rate and has already claimed more than 3.5 million deaths till 30 May 
2021.1 The previous two severe coronavirus infections in humans, ie, SARS-CoV 
and MERS-CoV, were epidemic in nature and geographically isolated.2,3

Symptoms associated with prevailing coronavirus infections that cause seasonal 
colds in humans include sore throat, cough, feverishness, congestion, wheezing, 
sputum, hoarseness, chills, dyspnea, diarrhea, rhinorrhea, sleep disturbance, muscle 
pain, fatigue, and joint pain.4–7 Similar to other ordinary human coronavirus 
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infections, SARS-CoV-2 cases can be asymptomatic or 
symptomatic.8 COVID-19 symptomatic cases show symp-
toms similar to but often more severe than those presented 
by other common human coronaviruses. Additional symp-
toms include ageusia and anosmia, blood pressure fluctua-
tion, myalgia, and severe respiratory complications.9,10 In 
extreme cases, patients may experience septic shock, meta-
bolic acidosis, coagulation dysfunction, bleeding, organ fail-
ures, and even death.11,12

SARS-CoV-2 employs multiple tactics that enhance its 
prevalence rate. Escape mutation by the virus reduces the 
immunoglobulin-binding capacity, which can render cer-
tain vaccines less effective by reducing the efficacy of 
neutralizing antibodies, resulting in reinfection.13–17 

Additionally, its virulence is enhanced by anchoring non- 
structural proteins (nsp) in double-membrane vesicles and 
capping mRNA, respectively, increasing its persistence 
capability and protecting the genome from intracellular 
viral host innate immune response.18–22 More than 4000 
mutations have been reported for SARS-CoV-2, and the 
recent variants reported in the UK show cluster mutations 
in spike with escape mutation from South African variants, 
challenging long-term efficacies of spike-based 
vaccines.14,15,23,24

Patients generally develop antibody and memory 
T-helper cells against that particular virus, there has been 
a report of the decline of those cells along with Treg cells 
in severe cases of Covid-19.25,26 Additionally, observa-
tions of quick disappearances of neutralizing antibodies 
and activation of T-cell mediated immunity to eliminate 
SARS-CoV-2 without involving B-cell mediated immunity 
in multiple cases have also been reported.27,28 In line with 
these observations, reinfection/relapse with SARS-CoV-2 
has been invoked to explain the recurring presence of 
SARS-CoV-2 RNA after testing negative by RT- 
qPCR, a gold standard test for COVID-19 diagnosis.29,30

Recently there has been a few reports of reinfection, 
there is still a raging debate on its overall frequency of 
occurrence.14,16,31–43 This raises questions about the efficacy 
of an effective vaccine. Understanding the behavioral pattern 
of antibody dynamics against SARS-CoV-2 antigens in 
a longitudinal study can shine some light on the veracity, 
or otherwise, of reinfection. Moreover, the success of ser-
odiagnostic relies on proper antibody dynamic studies 
against proteins under consideration.

This article analyzed the kinetics of antibodies against 
four structural proteins of SARS-CoV-2 in three RT-qPCR 
positive patients. Our four monthly observations started 60 

days before being RT-qPCR positive, during which time 
they could have been exposed to coronaviruses and 
showed coronavirus disease-like symptoms.

Method and Materials
Case History and Clinical Characteristics
A cohort comprising twenty-five people, 15 male, and 
ten female, was selected for the study. The emergence of 
COVID-19 in China and its designation as a pandemic in 
2020, this team started developing diagnostic kits for 
SARS-CoV-2 from March 2020 onwards. The subjects 
were regularly checked for any signs and symptoms, and 
were under serosurveillance to ensure the quality of the 
working environment. Among study subjects the three 
male who were actively involved in developing corona-
virus diagnostics and frequently examined for suspected 
and confirmed COVID-19 through blood and nasophar-
yngeal, samples, showed COVID-19 like symptoms, 
were selected for the study. The studied subjects were 
healthy with no history of chronic disease or administra-
tion of any immunosuppressive drugs. Apart from direct 
exposure to infectious samples, Subject 01 (S01) was 
enrolled because he had exposure to the 2003 SARS- 
CoV outbreak and had an accidental exposure to SARS- 
CoV-2 positive serum parenterally, during inactivation of 
patient serum at the beginning of May. This led to the 
development of mild fibrosis around the inoculation site. 
Subject 02 (S02) and Subject 03 (S03) presented symp-
toms associated with coronavirus infection at the end of 
May 2020. This includes high- and low-grade fever, 
diarrhea, asthenia, sore throat, shortness of breath, and 
dry cough (Supplementary Table 1). Amid the ongoing 
pandemic, S02 and S03 took unproven treatment regi-
mens, including ivermectin, doxycycline, paracetamol, 
normal saline, and vitamin-C and zinc.

Between Mid-June to the first week of July 2020, none 
of the subjects showed any symptoms associated with 
COVID-19 except for S02, who experienced sporadic 
rash and allergic reactions. However, after about 50 days 
from first exposure or symptoms, all three presented 
COVID-19-like symptoms, such as high-grade fever, 
blood pressure fluctuation, ageusia, anosmia, nausea, 
severe weakness, confusion, and muscle pain followed 
by sore throat, dry cough, slight respiratory distress, diar-
rhea, insomnia, and increase in urination (Supplementary 
Table 1). They tested positive for COVID-19 by RT-qPCR 
at the end of July.
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Reverse Transcriptase Quantitative 
Real-Time PCR
RT-qPCR was done using patients’ oropharyngeal swabs. 
Two SARS-CoV-2 specific genes (N1 and N2) for the 
conserved nucleocapsid (N) protein region were targeted 
and simultaneously amplified. For total RNA extraction 
QIAamp Viral RNA Mini Kit was used, and purity of 
RNA was confirmed spectrophotometrically (Thermo 
Scientific, NanoDrop 2000c). From total RNA RT-qPCR 
was carried out using QIAGEN OneStep RT-PCR Kit with 
CDC 2019-nCoV Real-Time RT-PCR Diagnostic Panel.

Blood Sample Preparation to Investigate 
Antibody Dynamics
The patient’s blood was collected at various time intervals 
before the primary infection until 120 days. Blood was 
collected by venipuncture in tubes containing clotting factors. 
Later, serum was separated by centrifugation at 3500 rpm for 
15 minutes at room temperature. The serum samples were 
stored at −80°C until further investigation. For negative con-
trol, two years old 30–104 serum samples from healthy 
subjects were applied. Moreover, as the positive control, 83 
COVID-19 RT-qPCR positive serum samples were used.

Antibody Dynamics Analysis by in-House 
ELISA
The antibody profile of subjects was determined using in- 
house ELISA. We primarily investigated both the neutra-
lizing (anti-receptor binding domain (RBD-IgG) and anti- 
Spike (S1-IgG) and non-neutralizing antibodies (anti-N- 
IgG) in patients’ serum using our in-house ELISA 
method.44,45 Briefly, commercially obtained RBD, S1, 
and N proteins (Sino Biological, China) were coated on 
ELISA plates (ExtraGene, USA). After blocking, diluted 
(1:100) serum samples were applied, and SARS-CoV-2 
specific human IgG, IgM, and IgA were detected using 
HRP tagged goat anti-human IgG (The Native Antigen, 
UK), goat anti-human IgM (Abcam, USA), and goat anti- 
human polyclonal IgA (Sigma-Aldrich, USA). 
Furthermore, we investigated antibody dynamics against 
S1+S2 (Sino Biological, China) using the similar method. 
Results were obtained by a microplate reader (Thermo 
Scientific, USA) at 450 nm.

Statistical Methods
Data were presented as either mean, median, and standard 
deviation. Spearman rank correlation was used to evaluate 

the bivariate association between different in-house 
ELISA techniques. An independent sample t-test was 
used to see the difference in fold change of OD/cut-off 
value between the first and second episodes of infection. 
Paired sample t-test was used to see the change in OD/cut- 
off values of antibodies between the participants. All ana-
lyses were performed with Stata 13 (StataCorp, LP, 
College Station, Texas, USA). The graphical presentation 
was made using GraphPad Prism 8.3 or MS. Excel. 
A p-value <0.05 was considered significant.

Results
Twelve different types of ELISA were developed for this study, 
where IgA, IgM, and IgG antibody fold increased were mea-
sured against SARS-CoV-2 N, RBD, S1, and S1+S2 proteins. 
The sensitivity and specificity of each ELISA were measured 
separately (Supplementary Tables 2–5), and ROC curves were 
prepared for OD to Cut-off ratio for 0.95 and 1.0 for each assay 
(Supplementary Figures 1–4).

Antibodies developed in the three test subjects were 
measured using an in-house ELISA against SARS-CoV-2 
specific antigens, ie, N, S1, whole spike (S1+S2 ECD), 
and RBD. Serum samples were taken at 14, 16, and 13- 
time points from S01, S02, and S03, respectively, over 
four months while observing the dynamics of IgA, IgM, 
and IgG antibodies against four SARS-CoV-2 specific 
proteins mentioned above. Graphs were plotted, and cor-
relations were assessed using a total number of 516 obser-
vat ions (Figures 1–3;  Supplementary Table 1;  
Supplementary Figures 4–7).

All three subjects showed mild elevation of IgG against 
N protein in their first episode, which continued to persist 
till the second episode (Figure 1). In the second episode, 
the sharp rise of these antibodies was observed, which 
continued to persist at a 7–12-fold increase compared to 
the first episode (p<0.001) for about 60 days till the end of 
our study (Figures 1 and 2). Initial elevation can confer 
cross-reaction against other coronaviruses, as observed for 
S01 (Figure 1).46 It is to be noted that the subjects did not 
undergo SARS-CoV-2 RT-qPCR during the first episode, 
though they did manifest antibody levels higher than two 
years old negative samples.

IgM dynamics against N, on the other hand, was vari-
able, where S01 had a higher IgM fold compared to S02 
(p<0.001) and S03 (p=0.001), while both S02 and S03 
showed no significant difference (data not shown). The 
subject S03 continued to show a persisted elevation of 
1.65-fold anti-N IgA throughout the study (Figure 1). 
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Interestingly, when N-IgA, N-IgM, and N-IgG in all three 
subjects were compared with RBD antibodies against the 
respective class, N-IgG showed the highest correlation 
with RBD-IgG (rs=0.902; p<0.001) (Figure 3). Although, 
in the individual level, S01 and S03 showed insignificant 
correlation for IgA, rs=0.262; p=0.336 and rs=0.369; 
p=0.215, respectively (Supplementary Figure 5).

Concerning RBD and S1, none of the participants pre-
sented any increase in the first episode (Figure 1). In 
contrast, the second episode statistically significantly 
increased (p<0.001) almost 11-fold (first episode: 1.29 
±0.42; second episode: 13.80±5.00) in IgG against RBD 
(Figure 2). Similarly, an almost eightfold increase (first 
episode: 1.32±0.23; second episode: 10.05±5.42) in IgG 
against S1 (p<0.001) was also evident (Figure 2). The 
antibody was dynamic of RBD and S1 highly correlated 
(rs=0.923; p<0.001) (Figure 3). In all three subjects, after 
the sharp rise in IgG against RBD and S1 (8–20-fold), it 

plateaued to a 7–10-fold increase during the two months 
observation (Figure 1).

Like that of correlation between S1-IgG in all three 
subjects, S1-IgM also correlated significantly, rs= 0.898; 
p<0.001, with their respective RBD antibodies (Figure-3). 
Although anti-RBD and anti-S1 IgM titers in the three 
subjects varied at the individual level (Figure 1). While 
S01 and S02 presented more than a threefold increase, 
such increase was absent in S03 (Figure 1). Similar trend 
was observed for anti-N IgM (rs= 0.393; p=0.164) in S01 
(Figure 1; Supplementary Figure 6) and anti-S1 IgM (rs= 

0.632; p=0.021) for S03, compared to their respective 
RBD antibodies (Figure 1; Supplementary Figure 6).

However, in contrast to IgM and IgG, S02 presented 
the highest anti-RBD IgA (22.5-fold) and anti-S1 IgA 
(17.8-fold) increase compared to S01 (6.1-fold, 9.4-fold, 
respectively) and S03 (5.8-fold, fourfold, respectively) 
(Figure 1). Moreover, overall anti-S1 IgA (rs= 0.872; 

Figure 1 Antibody dynamic of IgA, IgM, and IgG of the three subjects (S01, S02, S03) against SARS-CoV-2 nucleocapsid (N), receptor-binding domain (RBD), N-terminal of 
spike protein (S1), and spike protein (S1+S2) (A–L). Figure (A, E and I) represents antibody dynamics against nucleocapsid; (B, G, and J) against RBD; (C, G, and K) against 
S1; whereas (D, H, and L) against S1+S2 in S01, S02, and S03, respectively. IgG’s increase was consistent in all three subjects though there were some dissimilarities in the 
IgM and IgA antibody titer among them. However, the second exposure led to a multifold increase of IgG against all four SARS-CoV-2 proteins. In contrast, S01 failed to elicit 
an increase in IgA against SARS-CoV-2 proteins except for a four-fold increase against whole spike protein. Similarly, S03 failed to elicit IgM response against all four antigens.
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p<0.001) increase was comparable to anti-RBD (Figure 1; 
Figure 3). Although, anti-S1 IgA dynamics of S02 and S03 
correlate highly, rs= 0.875; p<0.001 and rs= 0.927; 
p<0.001, respectively, compared to their RBD-IgA 
(Figure 1; Supplementary Figure 7), S01 did not present 
any increase in IgA for either of the SARS-CoV-2 proteins 
(Figure 1).

Whole spike proteins (S1+S2) have the propensity of 
expressing domains that may cross-react with other coro-
naviruses (Figure 1).46,47 In subject S01, the trend of IgM 
and IgA antibody dynamics against anti-whole spike clo-
sely mimics that of anti-N protein (Figure 1; 
Supplementary Figures 6 and 7). There was an approxi-
mately 3.5 and 4-fold increase of anti-whole spike IgM 
and IgA, respectively, in the second episode. Additionally, 
anti-whole spike IgG increased significantly (p<0.001) in 
the second episode (5.70±1.89) when compared with the 
first episode (2.71±1.40) (Figure 2). The IgM against 
whole spike proteins persisted for two weeks for subjects 
S01 and S02 but never increased for S03 (Figure 1). 
Surprisingly, all three subjects showed abrupt IgA rise 
against this protein when IgG started to wade off 
(Figure 1).

Discussion
Our study looks into antibody dynamics of COVID-19 and 
how they correlate with the disease outcome with 

symptoms. Fortunately, all three subjects survived the 
infection but with varying degrees of post-COVID-19 
effects. In all three subjects, the first episode of symptoms 
cannot be conclusively defined as SARS-CoV-2 infection 
due to the lack of RT-qPCR testing results. However, the 
subjects presented a pool of symptoms that are common 
for coronavirus infection, indicating the possibility of 
being infected with SARS-CoV-2 or with other species 
of coronavirus.4

Upon investigating antibody dynamics, it was observed 
that in the first episode, all the subjects presented a slight 
rise in anti-N and anti-whole spike protein (S1+S2), while 
such development being absent for anti-RBD and anti-S1 
antibodies. Both S02 and S03 peaked for the antibodies 
mentioned above after 20 days of symptom onset in 
the second phase. We suspect the first episode may have 
been due to infection with any of the common corona-
viruses. This is mainly due to approximately 24.6–90.5% 
similarity of the nucleocapsid sequences shared amongst 
the coronaviruses.48 Furthermore, it has also been noted 
that the S2 region is conserved within members of the 
Coronaviridae family members while the S1 region 
varies.49,50 Henceforth, there is a possibility of infection 
with any other common coronaviruses (Figure 4).

Another observation is that for S01, the anti-N and 
anti-(S1+S2) increase was maintained continuously until 
the second episode. This anomaly may be explained due to 
S01’s previous exposure to SARS-CoV during the 2003 

Figure 2 Antibody expression during symptomatic episode 1 and symptomatic episode 2. IgG expression during symptomatic episode 2 was higher when compared to 
symptomatic episode 1 in all the subjects studied. The higher levels of antibodies correlate with the severity of the symptoms of the subjects.
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outbreak. The exposure may have played a significant role 
in maintaining the antibody titer of anti-N and anti-(S1 
+S2), while S02 and S03 presented a sharp decline. 
Nevertheless, previous exposure did not cross-protect 
against SARS-CoV-2, as S01 suffered from symptomatic 
COVID-19 symptoms like others while the neutralizing 
antibodies formed 10–12 days after symptom onset 
(Figure 4).

The second episode is characterized by the sharp 
increase in antibody titer (Figures 1–3). The multi-fold 
rise in the antibody titer was observed approximately 12 
days from the onset of symptoms mentioned in earlier 
reports.51,52 However, during the study period, the subjects 

did not lose the antibody titer, ultimately contributing to 
their immunity from subsequent infection with SARS-CoV 
-2. However, they all experienced from post-COVID-19 
and again COVID-19-like symptoms, nevertheless, were 
repeatedly revealed negative for SARS-CoV-2 RNA at RT- 
qPCR tests. The antibody titer’s dynamic increases against 
the four viral proteins highly correlated with the symp-
toms’ severity in all subjects. Though an increase in IgG 
was consistent throughout the subjects, there was some 
dissimilarity in the IgM and IgA antibody titer.

IgA antibody protects from viruses by blocking its 
binding onto the mucosal membrane.53,54 Previous studies 
mention the development of IgA before the development 

Figure 3 Correlation of the anti-RBD antibody compared with anti-NCP, anti-S1, and anti-S1+S2 in S01, S02, and S03. In all the subjects, the increase in anti-RBD correlated 
with the increase in anti-S1. The first episode in all the graphs is signified with the cluster formed at the lower end of the x- and y-axis.
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of IgM.55 There also have been reports that the early 
development of IgA would provide better protection by 
neutralizing the viruses at the site of infection.53 Our study 
presented IgA antibodies’ development against the four 
proteins for S02, which coincide with the subject’s symp-
toms with epithelial lining, like severe diarrhea, although 
no respiratory involvement was observed. In the case of 
S01 and S03, IgA increased multifold against whole-spike 
protein only.

Similarly, IgM development before IgG or vice versa 
may decide the outcome and severity of the disease.51 In 
S01, IgM development was absent during both the first 
and second episodes, which the previous exposure hypoth-
esis can explain. Furthermore, the subject did recover early 
after a short bout of the severity of symptoms. In previous 
reports, the development of IgG before the development of 
IgM signified less severity of the symptoms in subjects.51 

One interesting observation in our study was for both the 
S01 and S02, and there was an increase in IgM for whole- 
spike protein but not for RBD and S1 proteins in 
the second episode. This would signify that the IgM 
increase was for the S2 part of the whole spike protein 
rather than the S1 part. Our observation coincides with 
SARS-CoV’s previous findings where IgG developed 
simultaneously with IgM and IgA.56 Moreover, IgM and 
IgA disappeared rapidly in all three cases, indicating 
a unique class-switching phenomenon, which needs to be 
confirmed with a large population study.

At the end of the study, the IgG antibody titers against 
all SARS-CoV-2 proteins, essentially N, RBD, and spike, 
remained high. However, further, observation is required 
to identify the overall titer of antibodies over two to three 
years. It is noted that SARS-CoV and MERS-CoV are 
known to protect for 2–3 years approximately.57,58

Figure 4 Probable causes for two episodes of symptoms. The first episode did not present a significant antibody increase. The symptoms presentation during the first 
episode may be due to cross-reacting coronavirus infection. Medication may have resulted in the suppression of antibody development during the first episode. In addition to 
it, lack of Th2 cell-mediated immunity activation in the first episode may cause the lack of antibody development. This, in turn, may lead to virus persistence or viral 
reinfection, resulting in a second episode of the presentation of the symptoms, which may have led to activation of Th2 cell-mediated immunity.
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One of our study’s main limitations is that it presents 
only three subjects and the same gender. The lack of 
diversity may result in the skewness of our conclusion. 
However, though our study is limited to three subjects, 
the significance lies in the difference of antibody devel-
opment in different individuals due to underlying various 
physiological conditions. Additionally, it also provides 
direct evidence of the correlation between the severity of 
disease and antibody development.59 This information 
would provide the researchers with a starting point to 
study antibody development dynamics after vaccination. 
It would also provide insights into the persistence of 
antibodies after being exposed to the SARS-CoV-2 
virus. Moreover, our study would help researchers 
design effective IgM/IgG/IgA serodiagnostic kits by 
selecting the SARS-CoV-2 specific proteins.

Recommendations
1. On the event of SARS-CoV-2 infection, it is essen-

tial to observe the antibody levels.
2. The early presentation of IgG or IgM would provide 

a better idea about the probability of the severity of 
the infection.

3. Further investigation is to be carried out to observe 
the correlation of IgA with the outcome of the 
infection.

4. Antibody levels are to be observed after vaccination 
with SARS-CoV-2.

5. Observation of antibody levels is necessary to ana-
lyze the probability of reinfection with SARS-CoV 
-2.

6. Further studies with larger sample size and more 
extended periods are required to establish the facts 
provided in this study.

Article Highlights
1. The antibody dynamics of COVID-19 patients have 

been evaluated before the infection period and contin-
ued until 120 days.

2. Antibody dynamics against four different viral pro-
teins, ie, nucleocapsid (N), receptor-binding domain 
(RBD), and spikes (S1 and S1+S2), have been 
investigated.

3. Dynamics of three type’s antibodies, ie, IgA, IgM, and 
IgG, have been identified.

4. SARS-CoV-2 specific IgG develops simultaneously 
with IgM and IgA.

5. IgM and IgA antibodies specific against SARS-CoV-2 
weans off rapidly than IgG.
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