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Dynamics of Antibodies to Various Antigens  
of the SARS-CoV-2 Coronavirus in Patients  
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The presence of IgG and IgM antibodies in the venous blood of 76 patients with confirmed 
COVID-19 infection was determined by ELISA using Russian test systems. Different levels 
of IgM antibodies to N-protein and receptor binding domain of the Spike protein (RBD) 
were revealed. The dynamics of IgG antibodies to the whole virion antigen and recombinant 
antigens showed high values on weeks 4-5 of the disease. The level of IgG antibodies to N-
protein remained low throughout the observation period. The characteristic dynamics of IgG 
measured using test systems with sorbed whole virion or recombinant spike proteins reflects 
the duration of the disease.
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The infection caused by SARS-CoV-2 coronavirus 
(COVID-19), which began with an outbreak in China 
at the end of 2019, has spread throughout the world in 
a few months, becoming a pandemic. Detection of vi-
ral RNA in biological material (real-time RT-PCR) is a 
standard laboratory diagnostic method for COVID-19. 
At the same time, the study of humoral immunity to 
SARS-CoV-2 by various immunochemical methods 
also has undoubted diagnostic value when examin-
ing COVID-19 patients or persons suspected of being 
infected with this coronavirus.

The aim of this study was to detect antibodies 
to different antigens of the SARS-CoV-2 virus and 
to determine the time of appearance and duration of 
persistence of different antibodies in patients with con-
firmed COVID-19 infection.

MATERIALS AND METHODS

IgG and IgM antibodies were tested in the venous 
blood of 76 patients with the presence of the SARS-
CoV-2 virus confirmed by PCR and/or CT (a total of 
166 samples). Of 76 patients, 61 were examined in 
dynamics (from 38 patients, the samples were taken 
twice at different terms of the disease, 3 times from 18 
patients, 4 times from 4 patients, and 5 times from 1 
patient, i.e. from 2 to 5 survey points were analyzed). 
Blood serum samples were kindly provided by the 
N. I. Pirogov National Medical and Surgical Center, 
Ministry of Health of the Russian Federation, where 
patients were treated for Covid-19 infection in May 
2020. The data on the duration of the disease were 
taken from patient’s medical records.

IgG antibodies to SARS-CoV-2 were detected 
by ELISA using Russian diagnostic test systems with 
whole-virion SARS-CoV-2 particles (SARS-CoV-2-
ELISA-Vector, State Research Center of Virology 
and Biotechnology Vector), with recombinant nucleo-
capsid protein (N-protein) (ELISA anti-SARS-CoV-2 
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IgG, State Research Center for Applied Microbiology 
and Biotechnology), with recombinant full-length tri-
merized glycoprotein (Spike-protein) (SARS-CoV-2-
IgG-ELISA-BEST, Vector-Best), and with recombi-
nant RBD protein (receptor binding domain of the 
Spike protein) (SARS-CoV-2-IgG-ELISA, National 
Medical Research Center of Hematology, Ministry 
of Health of the Russian Federation) adsorbed in 
the plate wells. For detection of IgM antibodies to 
SARS-CoV-2, we used Russian test systems based 
on the indirect version of ELISA with antibodies to 
human IgM immobilized in the wells and detection of 
specific antibodies using conjugates containing virus 
antigens: N-nucleocapsid protein (SARS-CoV-2-IgM-
ELISA-BEST, Vector-Best) or RBD (receptor binding 
domain of the Spike protein) (SARS-CoV-2-IgM-ELI-
SA, XEMA; a special conjugate containing RBD was 
kindly provided by the manufacturer).

The results were expressed as a positivity coeffi-
cient (PC), i.e. the ratio of the optical density of the 
sample to the critical optical density calculated in each 
analysis. Depending on the test system used, samples 
were considered positive at PC>1.1-1.2 and negative 
at PC<0.8-0.9. Intermediate values indicated a dubious 
or undefined result (gray zone).

RESULTS

In the early follow-up period (up to day 4), IgM and 
IgG antibodies were not detected, with the exception 
of antibodies of both classes to N-protein and IgG an-
tibodies to Spike protein trimer (Table 1). However, 
it should be noted that the level of IgM antibodies 
was recorded in the “gray zone” (1.0-1.1), and detec-
tion of IgG antibodies to trimerized glycoprotein in 
one patient (PC 1.7) most likely indicates an earlier 
infection.

On days 5-9 (on average, the first week), anti-
bodies of both IgM and IgG classes were detected 
in about half of the patients by all test systems used, 
with the exception of IgM antibodies to RBD that 
were detected in a 1/3 of the patients. The mean PC 
of IgM antibodies to N-protein was 3.8; IgM to RBD 
just appeared (mean PC was slightly surpassed 1.2). 
The highest level of IgG antibodies was recorded to 
the trimerized glycoprotein (PC 5.1) and the lowest to 
the N-protein (PC 1.4).

Starting from days 10-19 (on average, the second 
week) up to days 30-39 (on the average, the fifth 
week), IgM antibodies to N-protein were recorded in 
almost all patients (PC 8.0). At the same time, IgM 
antibodies to RBD were detected not in all patients 
(in 73.2% cases on days 10-19, in 79.5% on days 
20-29, and in 55.6% on days 30-39), and PC did not 
exceed 2.4. All studied IgG antibodies were detect-
ed in 92.3-100% cases during the same observation 
periods; PC of antibodies to the N-protein remained 
at the level of 3.6-3.9, while antibodies to the whole 
virion and spike proteins reached much higher values 
(PC 9.6-14.8).

At later terms (days 40-49 and 50-53, the 7th-8th 
weeks), IgG antibodies to all studied antigens were 
still detected. At the same time, the level of specific 
IgG to N-protein remained within the same values 
(PC 3.1-3.4), to the whole virion antigen and RBD 
decreased to 6.6-6.1 and 7.6-6.9, respectively, and to 
the trimerized glycoprotein remained high (PC 9.6-
11.1). By the 7th-8th weeks of observation, IgM anti-
bodies began to disappear from the bloodstream. Thus, 
IgM antibodies to RBD and N-protein were detected 
only in 25 and 50% patients, respectively. It should 
be noted that in 2 of 76 patients examined, antibodies 
did not develop at all or were produced weakly. In 
one patient of these (blood serum samples were taken 

TABLE 1. The Frequency of Detection of IgG and IgM Antibodies in Patients at Different Observation Periods

Observation 
period

IgG antibodies to various SARS-CoV-2 antigens IgМ antibodies to various 
SARS-CoV-2 antigens

N-protein inactivated 
whole virion

trimerized glyco-
protein (Spike) RBD N-protein RBD

abs. % abs. % abs. % abs. % abs. % abs. %

3-4 days (n=6) 1 16.7 0 0 1 16.7 0 0 1 16.7 0 0

5-9 days (n=29) 15 51.8 14 48.3 16 55.2 15 51.8 14 48.3 10 34.5

10-19 days (n=56) 56 100.0 55 98.2 56 100.0 52 92.9 56 100.0 41 73.2

20-29 days (n=39) 38 97.4 36 92.3 38 97.4 37 94.9 38 97.4 31 79.5

30-39 days (n=9) 9 100.0 9 100.0 9 100.0 9 100.0 9 100.0 5 55.6

40-49 days (n=5) 4 80.0 4 80.0 4 80.0 4 80.0 3 60.0 2 40.0

50-53 days (n=4) 3 75.0 4 100.0 4 100.0 4 100.0 2 50.0 1 25.0
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on days 15 and 22 of the disease), only specific IgM 
to N-protein were detected, while IgG antibodies to 
neither N-protein, nor spike proteins, nor whole vi-
rion were detected in these terms; in another patient 
(serum samples were taken only on days 43 and 53 
of the disease), no IgM antibodies were detected (we 
do not known whether they were at an earlier stage of 
the disease), while IgG antibodies were detected only 
on day 53 to the whole virion antigen (PC 2.9), to the 
trimerized spike glycoprotein (PC 5.5), and RBD (PC 
1.1), but not to N-protein.

Different dynamics of the production of IgG and 
IgM antibodies to N-protein of the nucleocapsid and to 
RBD, the main domain of the glycoprotein of the spike 
of the virus, was observed (Fig. 1). Both IgM antibo-
dies were detected starting from the first week of the 
disease; then, the level of IgM antibodies to RBD did 
not reach high values (PC remained at the level of 1.2 
to 3.2 and decreased to 1.6 by the 8th week), while the 
level of IgM antibodies to N-protein sharply increased 
from zero values to 8.0 (the 3rd week of the disease). 
Over the entire observation period, the concentration 
of these specific IgM remained high and decreased 
only by the 8th week to PC 3.3. The dynamics of spe-
cific IgG production was opposite. The concentration 
of IgG antibodies to RBD increased sharply starting 
from the first week of the disease from PC 2.4 to PC 
11.1 by the 5th week, while the level of IgG antibodies 
to N-protein increased smoothly and PC did not ex-
ceed 4.0. The dynamics of the production of IgM and 
IgG antibodies to the N-protein of the nucleocapsid 
was consistent published data [2,6,7].

The degree of elevation of concentration of IgG 
antibodies measured by the test systems with sorbed 
whole virion or recombinant spike proteins allows us 
to determine the duration of the disease (i.e., the peri-
od from the moment of infection), which confirms the 
need for diagnostic serological testing of patients with 
COVID-19 [6], while the level of IgG antibodies to the 
N-protein remains at the same low level throughout 
the disease.

We also revealed a correlation between the levels 
of IgG antibodies to the whole virion antigen and re-
combinant spike antigens (trimerized glycoprotein and 
RBD); under conditions of pronounced response to 
the virus, all three variants of diagnostic test systems 
can be used to assess the antiviral humoral immunity. 
However, according to test manufacturers, the test sys-
tem based on the whole virion antigen can also detect 
antibodies to seasonal coronaviruses, which can lead 
to false positive results when analyzing samples for 
antibodies to SARS-CoV-2. In this regard, we consider 
that at low PC values recorded using the whole virion 
system, it is necessary to analyze samples in systems 
with sorbed recombinant antigens.

The detection of IgG antibodies to spike protein 
is of great importance in light of published data that 
these antibodies have a protective function during in-
fection with SARS-CoV-2 and neutralize the effect 
of the virus [5], while spike protein is considered as 
the candidate for the design of appropriate vaccines 
[1,3-5].

During the first 5 days after infection, no IgM and 
IgG antibodies to all studied antigens of the SARS-
CoV-2 virus were detected in the blood serum of pa-
tients with confirmed COVID-19 infection.  Serocon-
version of both IgM and IgG was observed during the 
first week of the disease, which was demonstrated by 
all 6 ELISA test system.

The dynamics of IgM antibodies to N-protein and 
RBD was similar, but the level of antibodies was dif-
ferent. IgM antibodies to RBD appeared during the 
first week of the disease, but did not reach high values, 
whereas the level of IgM antibodies to the N-protein 
sharply increased from zero to high PC values over 
a short period (by the 3rd week of the disease). The 
concentration of these specific IgM remained high 
throughout the observation period and decreased only 
by the 8th week.

The dynamics of IgG antibodies to the whole vi-
rion antigen and to the recombinant antigens of the 
spike was similar, with the maximum values of in-
dicators revealed by 4-5 weeks of observation. The 
dynamics of IgG antibodies to the N-protein differed 
from the dynamics of antibodies to the whole virion 
antigen and recombinant spike antigens: a slight in-
crease in the concentration by the 1st week and a low 
level throughout the observation period (8 weeks).

Different dynamics of the production of IgG and 
IgM antibodies to nucleocapsid N-protein and to RBD, 
the main domain of the virus spike-protein, was noted. 

Fig. 1. Mean levels of IgM and IgG antibodies to N-protein and 
RBD of SARS-CoV-2 at different terms of observation.
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The dynamics of antibodies to N-protein was char-
acterized by a sharp rise and high level of IgM anti-
bodies, while the level of IgG antibodies grew more 
smoothly and did not reach high values. For antibodies 
to RBD, the opposite pattern was observed.

The characteristic dynamics of the level of IgG 
antibodies measured using test systems with adsorbed 
whole virion or recombinant spike proteins (but not 
with N-protein) reflects the duration of the disease 
(i.e., the period from infection), which has diagnostic 
value.

The authors are grateful to O. A Karpov, A. A. Pu-
lin, and O. A. Orlova (N. I. Pirogov National Medical 
and Surgical Center, Ministry of Health of the Russian 
Federation) for kindly presented clinical material.
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