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Abstract

SARS-CoV-2 is a newly emerged coronavirus that has been widely transmitted since late 2019. It has caused a
pandemic and infected roughly 750 million people globally. It mainly promotes the immune system, which is
vital as a barrier against COVID-19. Humoral immunity (antibody-mediated immunity), among the various
functions of the immune system against the coronavirus, plays an outstanding role in preventing infection. This
review presents a brief overview of the immune system regarding its protection of the human body from
COVID-19; illustrates the process of the immune system, how it works, and its mechanism to fight virus. A
systematic search was conducted in PubMed, Embase, Cochrane Library and Web of Science databases, and
grey literature was searched through Google Scholar included all scientific literature published from 2020 until
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Introduction

COVID-19 is a horrible pandemic that spread
worldwide, resulting in hundreds of millions of
infected cases and millions of fatalities. The disease
initially appeared in Wuhan, China, spread quickly,
and eventually became a pandemic (1). Fever, dry
cough, and exhaustion are the most common
symptoms of this disease. A large number of
infected individuals get severe pneumonia, and
some develop acute respiratory distress syndrome
(ARDS) (2)

An efficient immune response against SARS-CoV-
2 may be considered fundamental for the resolution
of COVID-19. However, some studies have shown
a significant relationship between the disease
severity and the levels of proinflammatory
cytokines and subsets of immune cells (3,4). It has
been suggested that during the response to SARS-
CoV-2, the immune dysregulation and the high
level of proinflammatory cytokines could be the
main cause of tissue injury. Eventually, the exact
pathophysiologic  mechanism of COVID-19
remains still largely unknown.

SARS-CoV-2 is a linear positive-sense (+) single
stranded RNA (ssRNA) virus and a significant
member of the large coronaviruses group {4}.
Coronaviruses have caused three epidemics in the
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past two decades namely, COVID-19, SARS, and
Middle East respiratory syndrome (MERS) (5).

Interaction of SARS-CoV-2 with the host cells
occurs via attachment of viruses spike (S) protein
to the host angiotensin-converting enzyme 2
(ACE2) receptor, processed by transmembrane
protease serine 2 (TMPRSS2). TMPRSS2 is a
critical fusion peptide for fusing the virus into the
host cells (6). SARS-CoV-2 and other
coronaviruses encode several non-structural
manipulating virulence proteins that interact with
the host immune system, causing alteration of host
cells’ physiology (7). Although the interaction
between SARS-CoV-2 with the host immune
system, underlying
mechanisms, and the cause of the differences in

molecular immune

clinical symptoms have been studying since the
virus identification, the means by which the virus
causes immune evasion and exhaustion has not
entirely been elucidated (8).

Notably, the distribution and replication of SARS-
Cov-2 were found in the respiratory system and the
genitourinary, gastrointestinal, and even central
neural systems (9). Therefore, SARS-CoV-2 can be
detected in urine and stool, except in samples from
the respiratory tract, which increased the risk of
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infection via sewage networks and wastewater
systems (10)

Immune responses

The immune system is the best defense because it
supports the body’s natural ability to defend against
pathogens (eg, viruses, bacteria, fungi, protozoan,
and worms (11)) and resists infections. As long as
the immune system is functioning normally,
infections such as COVID-19 goun noticed. The
three types of immunity are innate immunity (rapid
response), adaptive immunity (slow response), and
passive immunity . Passive immunity has two
types: natural immunity, received from the
maternal side, and artificial immunity, received
from medicine. Skin and inflammatory responses
begin when the body is affected (12,13). However,
when the body encounters germs or viruses for the
first time, the immune system cannot work
properly, and illness can occur. This scenario is
what has occurred in the case of COVID-19 (14).
Protective SARS-CoV-2-specific antibodies and
cell-mediated responses are induced following
infection. Evidence suggests that some of these
responses can be detected for at least a year
following infection (15).

eHumoral immunity

After primary COVID-19 infection, the humoral
immune system was activated through stimulation
by CD4+ T helper cells or direct interaction with
SARS-CoV-2. However, patients indicate a
different algorithm during COVID-19 infection
(16). B-cells-secreted antibodies can contribute to
the clearance of infected host cells through binding
to viral antigens and directing natural killer (NK)
cells to kill them via antibody-dependent cell
cytotoxicity (ADCC) (17). Subsequently, memory
B-cells are formed, an essential component of long-
lasting immunity after viral clearance. Although
antibodies are vital components in the release of
viral pathogens, some antibodies may lead to
abnormal B cell activation and the progression of
infection (18). Since the secretory immunoglobulin
A (IgA) protects the mucosal respiratory tract
against SARS-CoV-2, it is typically considered the
most critical immunoglobulin in neutralizing
SARS-CoV-2. In patients with COVID19 infection,
IgA released earlier than other Immunoglobulins,
remains longer than IgM, and stimulates the
production of pro-inflammatory cytokines such as
monocyte chemoattractant proteins (MCPs) and
interleukin-6 (IL-6) (19,20). In addition, anti-
SARS-CoV-2 IgA was identified in patients’ saliva
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and remained for approximately three months after
symptoms appearance (21). High levels of both
IgG and IgA are associated with severe COVID-19
infection (22). Interestingly, although IgA and IgG
were detected in breast milk with Covid19, other
body fluids lacked these antibodies. However,
seronegative patients mean no immunity (23).
Following infection with SARS-CoV-2, the
majority of patients develop detectable serum
antibodies to the receptor-binding domain of the
viral spike protein and associated neutralizing
activity (24).

However, the magnitude of antibody response may
be associated with severity of disease, and patients
with mild infection may not mount detectable
neutralizing antibodies (25). When neutralizing
antibodies are elicited, they generally decline over
several months after infection, although studies
have reported detectable neutralizing activity up to
12 months (15) .In one study of 121 convalescent
plasma donors with initial spike-binding titers
>1:80, titers declined slightly over five months but
remained >1:80 in the vast majority, and
neutralizing titers correlated with the binding titers
(26).Other studies have also identified spike- and
receptor-binding domain memory B cells that
increased over the few months after infection as
well as spike protein-specific plasma cells, and
these findings suggest the potential for a long-term
memory humoral response (27).

Neutralizing activity has been associated with
protection from subsequent infection (28).
Detectable binding antibodies, which generally
correlate with neutralizing activity, are also
associated with a reduced risk of SARS-CoV-2
reinfection (29).

oCell-mediated immunity

Given the high number of infiltrated CD8+ T cells
(80%) recruited to the infected area, the researchers
believe cellular immunity is the first line of defense
against SARSCoV-2 infection (30). However, the
exhausted infiltrated T cells cause the reduction of
non-exhausted CD8+ T-cells in patients with severe
COVID-19 (31).

Studies have also identified SARS-CoV-2-specific
CD4 and CDS8 T cell responses in patients who had
recovered from COVID-19 and in individuals who
had received COVID-19 vaccination, which
suggest the potential for a durable T cell immune
response (32).

The first study on patients with COVID-19
revealed that low levels of IFN-y and TNF-a in
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CD4+ T cells are associated with severity.
Consistently, in CD8+ T cells, the frequency of the
exhausted (PD-1+CTLA-4+TIGIT+) subset was
significantly higher in the severe group (33).
Consequently, the no (low) functionality of CD8+
T cells in severe patients could impact an efficient
control of infection (31), as previously described in
SARS-CoV infection (34). Furthermore, COVID-
19 was associated with a significant decrease of T
cell activation, determined by CD25, CD28, and
CD69 expression on CD4+ and CD8+ T cell
subsets (34). Despite a wave of information on the
specific T cell responses to many other pathogens,
less is known about respiratory CoV infections.
CD8+ T cells are typically required for the control
of influenza virus and other respiratory viruses
(34). Furthermore, T resident memory cells (TRM)
are critical in preventing re-infection from
influenza virus (35). Their role in SARS-Co-V2
infection should be, however, more finely
determined. In senescent mice infected by SARS-
CoV, CD8&+ CTLs alone are not sufficient to clear
the virus in the absence of both CD4+ T cells and
specific Abs (36).

Serological follow up of post covid condition
Similar to other viral respiratory infections, patients
infected by SARS-CoV-2 generally mount an
immune response with virus-specifc IgM, IgA and
IgG antibodies, but anti-SARS-CoV-2 antibody
titers appear to vary considerably between
individuals (37).

Furthermore, it is so far unknown how long
immunity against SARS-CoV-2 persists in patients
who recovered from the infection. Previous
investigations have shown that respiratory
coronaviruses causing common colds usually elicit
only weak immune responses that wane rapidly
(38) . In contrast, immunity against the SARS-
CoV-1 and MERS-coronaviruses that are more
related to SARS-CoV-2, appear to be more
sustained (39). Investigations of the course of
antibody responses against SARS-CoV-2 showed
conflicting results so far. While some reports
indicated rapidly waning antibody titers (40) others
found a slower decline (41).

Antibody assays have a significant benefit over
Quantitative reverse transcription PCR  (qRT-
PCR) so that they can identify people who had
SARS-CoV-2 infection even if they have never
undergone testing while acutely ill (42).
Serological tests can be completed more quickly,
cheaply, and with fewer steps than molecular
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approaches (43,44). Nucleic acid amplification
tests (NAATs) can be performed in conjunction
with serological diagnostics when the viral load of
patients is below the detection limit of qRT-PCR
assays (44,45).

Furthermore, serological tests can be practical in
the following situations: (1) diagnosing patients
with negative QRT-PCR results and strong clinical
evidence suggesting infection, (2) diagnosis of
patients more than 1 week after the onset of
symptoms, and (3) figuring out the potential
immunity and the likelihood of protection against a
reinfection (46,47).

IgM is the earliest immunoglobulin raised against
viral invasion. Then IgG levels begin to grow, with
higher specificity and viral neutralizing activity
(48). The antibody assay is a confirmed test to
detect the presence and trend of COVID-19
disease. (49) developed a 15-min point-of-care
lateral flow immunoassay to detect [gM and IgG in
human blood. According to their primary research,
the total testing sensitivity and specificity were
88.66, and 90.63%, respectively (49).

Some studies have revealed that IgM and IgG
antibodies against SARS-CoV-2 rise nearly four
days after the appearance of the COVID-19
symptoms and peak one month later (50,51). It has
been established that the neutralizing properties of
anti-SARSCoV-2 IgG antibody have a regular
pattern, in which antibody increases rapidly within
the first 3 weeks and then decreases 6 months after
the onset of symptoms (52). Another study reported
that the serum levels of anti-SARS-CoV-2 RBD-
specific IgM, IgG, and IgA antibodies were rapidly
reduced in serum of convalescent patients 4-14
weeks after discharge (53). Accordingly, it can be
inferred that the production pattern of anti-SARS-
COV-2 antibodies in COVID-19 patients is
different (54). However, a longitudinal study
reported that recovered patients with both low peak
infection dose (ID50 < 10,000) and high peak
infective dose (ID50 > 10,000) maintained a titer of
SARS-COV-2-neutralizing antibody up to 60 days
POS (55). In addition, Wajnberg et al., have shown
that the anti-spike IgG antibody will be stable in
individuals with a mild-to-moderate COVID-19 for
up to 5 months (56)

Conclusion

The immune system is the best defense of the body
against different infection .The process and
mechanism of the immune system can be a good
source of knowledge for immune system
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development. The tracking of COVID-19
antibodies durability in eligible volunteers after
infection demonstrated that their levels declined
significantly over 6 months.

Further research prospectives

Further research could focus on the most recent
observations regarding COVID-19 treatment. Also
research on nutrition (eg, dietary
recommendations) to boost the immune system
should be explored and recommended because no
registered medicine is available for COVID-19
treatment.

References

Zhou, P, Yang, X. L., Wang, X. G., Hu, B., Zhang,
L., Zhang, W., ... & Shi, Z. L. (2020). A pneumonia
outbreak associated with a new coronavirus of
probable bat origin. nature, 579(7798), 270-273.
Huang, C., Wang, Y., Li, X., Ren, L., Zhao, J., Hu,
Y., ... & Cao, B. (2020). Clinical features of
patients infected with 2019 novel coronavirus in
Wuhan, China. The lancet, 395(10223), 497-506.
Wan S, Yi Q, Fan S, Lv J, Zhang X et al.
Characteristics of lymphocyte subsets and
cytokines in peripheral blood of 123 hospitalized
patients with 2019 novel coronavirus pneumonia
(NCP). MedRxiv 2020. doi:
10.1101/2020.02.10.20021832

Yang Y, Shen C, Li J, Yuan J, Yang M et al.
Exuberant elevation of IP-10, MCP-3 and IL-1ra
during SARS-CoV-2 infection is associated with
disease severity and fatal outcome. MedRxiv 2020.
doi: 10.1101/2020.03.02.20029975

Wit DE, Doremalen VN, Falzarano D, Munster JV.
SARS and MERS: recent insights into emerging
coronaviruses. Nat Rev Microbiol. (2016) 14:523—
34. doi: 10.1038/nrmicro.2016.81

Pal M, Berhanu G, Desalegn C, Kandi V. Severe
acute respiratory syndrome coronavirus-2 (SARS-
CoV-2): an update. Cureus. 2020;12:e7423.

Astuti I, Ysrafl. Severe acute respiratory syndrome
coronavirus 2 (SARSCoV-2): an overview of viral
structure and host response. Diabetes Metab Syndr.
2020;14:407-12.

Shah VK, Firmal P, Alam A, Ganguly D,
Chattopadhyay S. Overview of immune response
during SARS-CoV-2 infection: lessons from the
past. Front Immunol. 1949;2020:11.

Stein SR, Ramelli SC, Grazioli A, Chung JY, Singh
M, Yinda CK, et al. Sars-Cov-2 infection and
persistence in the human body and brain at autopsy.

Eur. Chem. Bull. 2023, 12 (6), 2173 — 2178

Section A -Research paper

Nature  (2022) 612 (7941):758-63.
10.1038/s41586-022-05542-y

(10) Jones DL, Baluja MQ, Graham DW, Corbishley A,
McDonald JE, Malham SK, et al. Shedding of sars-
Cov-2 in feces and urine and its potential role in
person-toPerson transmission and the environment-
based spread of covid-19. Sci Total Environ (2020)
749:141364. doi: 10.1016/j.scitotenv.2020.141364

(11) https://www.ncbi.nlm.nih.gov/books/NBK279397/

(12) https://www.khanacademy.org/science/high-
school-biology/hs-humanbody-systems/hs-the-
immune-system/a/hs-the-immune-system-review

(13) https://en.wikibooks.org/wiki/HumanPhysiology/T
helmmuneSystem.

(14) Chaussabel D, Pascual V, Banchereau J. Assessing
the human immune system through blood
transcriptomics. BMC Biol 2010;8:84

(15) Yao L, Wang GL, Shen Y, et al (2021). Persistence
of Antibody and Cellular Immune Responses in
Coronavirus Disease 2019 Patients Over Nine
Months After Infection. J Infect Dis 2021; 224:586.

(16) Apostolidis SA, Kakara M, Painter MM, Goel RR,
Mathew D, Lenzi K, Rezk A, Patterson KR,
Espinoza DA, Kadri JC, et al. Cellular and humoral
immune responses following SARS-CoV-2 mRNA

doi:

vaccination in patients with multiple sclerosis on
anti-CD20 therapy. Nat Med. 2021;27:1990-2001.

(17)Klasse PJ. Neutralization of virus infectivity by
antibodies: old problems in new perspectives. Adv
Biol. 2014;2014:1.

(18) Arvin AM, Fink K, Schmid MA, Cathcart A,
Spreafco R, HavenarDaughton C, Lanzavecchia A,
Corti D, Virgin HW. A perspective on potential
antibody-dependent enhancement of SARS-CoV-2.
Nature. 2020;584:353-63

(19)Guo L, Ren L, Yang S, Xiao M, Chang D, Yang F,
Dela Cruz CS, Wang Y, Wu C, Xiao Y, et al.
Profling early humoral response to diagnose novel
coronavirus disease (COVID-19). Clin Infect Dis.
2020;71:778-85.

(20) Padoan A, Sciacovelli L, Basso D, Negrini D, Zuin
S, Cosma C, Faggian D, Matricardi P, Plebani M.
IgA-Ab response to spike glycoprotein of
SARSCoV-2 in patients with COVID-19: a
longitudinal study. Clin Chim Acta. 2020;507:164—
6.

(21)Huang N, Pérez P, Kato T, Mikami Y, Okuda K,
Gilmore RC, Conde CD, Gasmi B, Stein S, Beach
M, et al. SARS-CoV-2 infection of the oral cavity
and saliva. Nat Med. 2021;27:892-903.

(22) Zervou FN, Louie P, Stachel A, Zacharioudakis IM,
Ortiz-Mendez Y, Thomas K, Aguero-Rosenfeld

2176


https://www.ncbi.nlm.nih.gov/books/NBK279397/
https://www.khanacademy.org/science/high-school-biology/hs-humanbody-systems/hs-the-immune-system/a/hs-the-immune-system-review
https://www.khanacademy.org/science/high-school-biology/hs-humanbody-systems/hs-the-immune-system/a/hs-the-immune-system-review
https://www.khanacademy.org/science/high-school-biology/hs-humanbody-systems/hs-the-immune-system/a/hs-the-immune-system-review
https://en.wikibooks.org/wiki/HumanPhysiology/TheImmuneSystem
https://en.wikibooks.org/wiki/HumanPhysiology/TheImmuneSystem

Immune system response to COVID 19: A review article

ME. SARS-CoV-2 antibodies: IgA correlates with
severity of disease in early COVID-19 infection. J
Med Virol. 2021;93:5409-15

(23)Dong Y, Chi X, Hai H, Sun L, Zhang M, Xie WF,
Chen W. Antibodies in the breast milk of a
maternal woman with COVID-19. Emerg Microbes
Infect. 2020;9:1467-9 .

(24) Wolfel R, Corman VM, Guggemos W, et al (2020).
Virological assessment of hospitalized patients with
COVID-2019. Nature 2020; 581:465.

(25) Rijkers G, Murk JL, Wintermans B, et al (2020).
Differences in Antibody Kinetics and Functionality
Between Severe and Mild Severe Acute
Respiratory Syndrome Coronavirus 2 Infections. J
Infect Dis 2020; 222:1265.

(26) Wajnberg, A., Amanat, F., Firpo, A., et al (2020).
Robust neutralizing antibodies to SARS-CoV-2
infection persist for months. Science, 370(6521),
1227-1230.

(27)Rodda LB, Netland J, Shehata L, et al (2021).
Functional SARS-CoV-2-Specific Immune
Memory Persists after Mild COVID-19. Cell 2021;
184:169.

(28) Khoury DS, Cromer D, Reynaldi A, et al (2021).
Neutralizing antibody levels are highly predictive
of immune protection from symptomatic SARS-
CoV-2 infection. Nat Med 2021; 27:1205.

(29) Lumley SF, O'Donnell D, Stoesser NE, et al (2021).
Antibody Status and Incidence of SARS-CoV-2
Infection in Health Care Workers. N Engl J Med
2021; 384:533.

(30)Urra JM, Cabrera CM, Porras L, Rodenas 1.
Selective CDS8 cell reduction by SARS-CoV-2 is
associated with a worse prognosis and systemic
infammation in COVID-19 patients. Clin Immunol.
2020;217:108486.

(31) Diao B, Wang C, Tan Y, Chen X, Liu Y, Ning L,
Chen L, Li M, Liu Y, Wang G, et al. Reduction and
functional exhaustion of T cells in patients with
coronavirus disease 2019 (COVID-19). Front
Immunol. 2020;11:827.

(32)Dan JM, Mateus J, Kato Y, et al (2021).
Immunological memory to SARS-CoV-2 assessed
for up to 8 months after infection. Science 2021;
371.

(33) Zheng HY, Zhang M, Yang CX, Zhang N, Wang
XC, Yang XP, et al. Elevated exhaustion levels and
reduced functional diversity of T cells in peripheral
blood may predict severe progression in COVID-
19 patients. Cell Mol Immunol. (2020) 17:541-3.
doi: 10.1038/s41423-020-0401-3

Eur. Chem. Bull. 2023, 12 (6), 2173 — 2178

Section A -Research paper

(34) Schmidt ME, Varga SM. The CD8 T cell response
to respiratory virus infections. Front Immunol.
(2018) 9:678. doi: 10.3389/fimmu.2018. 00678

(35) Zens KD, Chen JK, Farber DL. Vaccine-generated
lung tissue-resident memory T cells provide
heterosubtypic protection to influenza infection.
JCI Insight. (2016) 1:¢85832. doi:
10.1172/jci.insight.85832

(36)Chen J, Lau YF, Lamirande EW, Paddock CD,
Bartlett JH, Zaki SR, Subbarao K. Cellular immune
responses to severe acute respiratory syndrome
coronavirus (SARS-CoV) infection in senescent
BALB/c mice: CD4+ T cells are important in
control of SARS-CoV infection. J Virol. (2010)
84:1289-301. doi: 10.1128/JV1.01281-09

(37)Isho, B., Abe, K. T.,, Zuo, M., et al (2020).
Persistence of serum and saliva antibody responses
to SARS-CoV-2 spike antigens in COVID-19
patients. Science immunology, 5(52), eabe5511.

(38) Edridge, A. W., Kaczorowska, J., Hoste, A. C., et al
(2020). Seasonal coronavirus protective immunity
is short-lasting. Nature medicine, 26(11), 1691-
1693.

(39) Murchu, E., Byrne, P., Walsh, K. A., Carty, P. G,
Connolly, M., De Gascun, C., ... & Harrington, P.
(2021). Immune response following infection with
SARS[ICoV (2 and other coronaviruses: a rapid
review. Reviews in medical virology, 31(2), €2162.

(40) Orth-Holler, D., Eigentler, A., Stiasny, K., et al
(2021). Kinetics of SARS-CoV-2 specific
antibodies (IgM, IgA, IgG) in non-hospitalized
patients four months following infection. Journal of
Infection, 82(2), 282-327.

(41) Wajnberg A, Amanat F, Firpo A, et al (2020).
Robust neutralizing antibodies to SARS-CoV-2
infection persist for Science 2020;
370:1227.

(42)Sidig, Z., Hanif, M., Dwivedi, K. K., et al (2020).
Benefits and limitations of serological assays in
COVID-19  infection.  indian
tuberculosis, 67(4), S163-S166.

(43)Lee, C. Y. P, Lin, R. T, Renia, L., et al (2020).
Serological approaches for COVID-19:
epidemiologic perspective on surveillance and
control. Frontiers in immunology, 11, 879.

(44) Wolff F, Dahma H, Duterme C, et al (2020)
Monitoring antibody response following SARS-
CoV-2 infection: diagnostic efficiency of 4
automated immunoassays. Diagn Microbiol Infect
Dis 98:115140

(45) To KK-W, Tsang OT-Y, Leung W-S, et al (2020)
Temporal profiles of viral load

months.

journal  of

in posterior

2177



Immune system response to COVID 19: A review article

oropharyngeal saliva samples and serum antibody
responses during infection by SARS-CoV-2: an
observational cohort study. Lancet Infect Dis
20:565-574

(46) Wang H, Ai J, Loeffelholz MJ, Tang Y-W, et al
(2020) Meta-analysis of diagnostic performance of
serology tests for COVID19: impact of assay
design and post-symptom-onset intervals. Emerg
Microbes Infect 9:2200-2211

(47) Lassauniére, R., Frische, A., Harboe, Z. B., et al
(2020). Evaluation of nine commercial SARS-
CoV-2 immunoassays. MedRxiv

(48) Dispinseri S, Secchi M, Pirillo MF, et al (2021)
Neutralizing antibody responses to SARS-CoV-2 in
symptomatic COVID-19 is persistent and critical
for survival. Nat Commun 12:1-12

(49)Li, Z., Yi, Y., Luo, X., et al (2020). Development
and clinical application of a rapid IgMUIgG
combined antibody test for SARSIICoV[I2
infection diagnosis. Journal of medical virology,
92(9), 1518-1524.

(50) Song KH, Kim DM, Lee H, et al (2021) Dynamics
of viral load and anti-SARS-CoV-2 antibodies in
patients with positive RT-PCR results after
recovery from COVID-19. Korean J Intern Med
36:11-14. https://doi.org/10.3904/kjim.2020.325

(51) Xie J, Ding C, Li J, et al (2020) Characteristics of
patients with coronavirus disease (COVID-19)
confirmed using an IgM-IgG antibody test. J] Med
Virol 92:2004-2010.
https://doi.org/10.1002/jmv.25930

(52) Figueiredo-Campos P, Blankenhaus B, Mota C,
Gomes A, Serrano M, Ariotti S et al (2020)
Seroprevalence of anti-SARS-CoV-2 antibodies in
COVID-19 patients and healthy volunteers up to 6
months post disease onset.
50(12):2025-2040

(53)Ma H, Zhao D, Zeng W, Yang Y, Hu X, Zhou P, et
al (2020) Decline of SARS-CoV-2-specific IgG,
IgM and IgA in convalescent COVID-19 patients
within 100 days after hospital discharge.Science
China Life Sci 1-4

(54) Liu A, Wang W, Zhao X, Zhou X, Yang D, Lu M et
al (2020) Disappearance of antibodies to SARS-
CoV-2 in a-COVID-19 patient after recovery. Clin
Microbiol Infect 26(12):1703-1705

(55) Seow J, Graham C, Merrick B, Acors S, Pickering
S, Steel KJ et al (2020) Longitudinal observation
and decline of neutralizing antibody responses in
the three months following SARS-CoV-2 infection
in humans. Nat Microbiol 5(12):1598—-1607

Eur J Immunol

Eur. Chem. Bull. 2023, 12 (6), 2173 — 2178

Section A -Research paper

(56) Wajnberg A, Amanat F, Firpo A, Altman DR,
Bailey MJ, Mansour M et al (2020) Robust
neutralizing antibodies to SARS-CoV-2 infection
persist for months. Science 370(6521):1227-1230

2178


https://doi.org/10.3904/kjim.2020.325
https://doi.org/10.1002/jmv.25930

