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Abstract. The newly emerged severe acute respiratory syndrome-related coronavirus-2 (SARS-CoV-2) has recently caused
pandemic Coronavirus Disease-2019 (COVID-19). Considering the serious medical, economic and social consequences of this
pandemic and the lack of definite medication and vaccine it is necessary to describe natural immune responses to the SARS-CoV-2
in order to exploit them for treating the patients and monitoring the general population. Moreover, detecting the most immunogenic
antigens of the virus is fundamental for designing effective vaccines. Antibodies being valuable for diagnostic therapeutic
and protective purposes are suitable to be addressed in this context. Herein, we have summarized the findings of serological
investigations and the outcomes of neutralizing antibodies administration in COVID-19 patients.
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1. Coronavirus

Coronaviruses (CoV) are enveloped positive-sense
single-stranded RNA viruses that with RNA size rang-
ing from 26 to 32 kb are considered to possess the
largest viral RNA genome. This large RNA covered
with nucleocapsid (N) protein is held in a phospholipid
bilayer and a complex of proteins including spike gly-
coprotein (S) hemagglutinin-esterase (HE) membrane
(M) and envelope (E) which provide a crown-like shape
for coronavirus [17,34] (Fig. 1). Four common coron-
avirus types (alpha, beta, gamma, and delta) had been
recognized among them alpha and beta types are known
to cause respiratory tract infections in human [18,66].
SARS-CoV-2 belonging to the beta coronaviruses leads
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to a respiratory, gastrointestinal and neurological dis-
ease named coronavirus disease 2019 (COVID-19) [27].
Despite strong efforts all over the world to find a def-
inite curation or design an effective vaccine to fight
SARS-CoV-2, many of them being in different phase of
clinical trials, the number of infected people and death
causalities are rising rapidly. Therefore, evaluation and
analysis of immune responses is necessary in affected
and non-affected (or slightly affected) individuals in
order to find the most influential components of im-
mune system and take the most advantage from them
to support the critical patients and design the most effi-
cient vaccines as well as epidemiologic monitoring of
general population.

2. Immune response to coronaviruses

The innate immunity detects coronavirus through
pattern recognition receptors (PRRs) such as toll-like
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Fig. 1. A schematic illustration of SARS-CoV-2 with its main surface antigens including spike (S), membrane (M) and envelope (E) proteins.
Neutralizing antibodies block virus attachment to its receptor on cell surface.

receptor (TLR); TLR-4 appears to recognize S protein
and to induce the production of proinflammatory cy-
tokines through the MyD88-dependent signaling path-
way. S protein mediates viral entry into the host cells
by first binding to a host receptor through the receptor-
binding domain (RBD) in the S1 subunit and then
fusing the viral and host membranes through the S2
subunit. SARS-CoVs and MERS-CoV RBDs recog-
nize different receptors. SARS-CoV 1 and 2 recog-
nize angiotensin-converting enzyme 2 (ACE2), whereas
MERS-CoV recognizes dipeptidyl peptidase 4 (DPP4)
as their receptor. S protein binding to its receptor results
in entrance of genomic RNA into the cytoplasm [60].
Besides, the type 2 transmembrane serine protease
(TMPRSS2) in the host cell promotes viral uptake by
cleaving ACE2 and activating the S protein, [25]. Once
dsRNA is replicated TLR-3 could recognize it and initi-
ate the cascades of signaling pathways to produce type I
interferons (IFN) and proinflammatory cytokines. Type
I IFNs improve the release of antiviral proteins in or-
der to protect the adjacent uninfected cells. There is
evidence about some accessory proteins of CoV (e.g.
nsp1, nsp3, nsp16, ORF3b and ORF6) which interfere
with TLR-3 signaling via binding to the CoV dsRNA
during replication thus prevent from TLR-3 activa-
tion [46]. TLR7 and 8 are also involved in inducing
immune responses to SARS-CoV-1 subsequent to the
recognition of degraded viral RNA in cytoplasmic en-
dosomes [35]. Following the activation of neutrophils
and macrophages through pattern recognition receptors
secretion of proinflammatory cytokines (e.g. IL-1, IL-6,

IL-8, IL-21, TNF) and presentation of viral peptides
initiate; as a result, T cells are activated and recruited
to the infection site. The dominant subtype of T lym-
phocytes in CoV infection are Th1 cells which release
high amounts of IFN-γ. Cytotoxic TCD8+ cells play an
essential role in controlling viral infections and natural
killer cells participate in both killing the infected cells
and IFN-γ production [13]. On the other hand, lym-
phopenia has frequently been reported in severe forms
of COVID-19 which was associated with the high levels
of IL-6, IL-8 and TNF-α cytokines [14]. It is probable
that viral inflammatory responses impair lymphopoiesis
and/or viral particles induce lymphocyte apoptosis by
direct infection [28]. The antibody response consists
of producing a complex mixture of antibodies against
different antigenic domains of the virus mainly S and N
proteins. Antibodies defend the cells by blocking virus
entrance through covering RBD of S protein and elimi-
nating the infected cells via activation of antibody de-
pendent cell cytotoxicity (ADCC) and complement cas-
cade [52]. The end result of immune responses would
be either disease resolution or an uncontrollable devas-
tating inflammatory situation called cytokine storm.

3. Diagnosis of COVID-19

The clinical diagnosis of COVID-19 is based on
symptoms of lower respiratory tract viral infections
including fever, fatigue, dry cough and shortness of
breath; however accumulating evidence suggests non-
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classical symptoms such as nausea, vomiting diarrhea,
myalgia, anosmia and ageusia in SARS-CoV-2 infec-
tion. In severe cases complications like acute respira-
tory distress syndrome (ARDS), thrombosis, myocardi-
tis, ventricular arrhythmias, hemodynamic instability
cerebrovascular complications, encephalitis and liver or
kidney failure may occur [66]. In addition to the general
clinical symptoms and history of close contact with a
diagnosed person, there are laboratory diagnostic tools
to confirm COVID-19 infection. The routine laboratory
tests which are used to diagnose similar infectious dis-
eases are not applicable for COVID-19 due to the lack
of specificity. For example, the white blood cell count
(WBC) is usually normal in COVID-19 patients; how-
ever, as mentioned before, lymphopenia (lymphocyte
count < 1000) could occur in severe forms of disease.
The platelet count is usually normal or mildly low but
in critical cases prolonged prothrombin time, thrombo-
cytopenia, elevated D-dimer and low fibrinogen levels
may be seen as a consequence of coagulation activa-
tion and consumption of clotting factors [7]. Inflam-
matory markers such as C reactive protein (CRP) and
erythrocyte sedimentation rate (ESR) are generally el-
evated; the alanine aminotransferase (ALT), aspartate
aminotransferase (AST), prothrombin time, creatinine,
Creatine phosphokinase (CPK), Lactate dehydrogenase
(LDH) and ferritin amounts might increase by disease
progress consequent to the general inflammation [56].
Radiologic findings for instance chest X-ray could be
normal in the early stages of disease but show bilateral
infiltrations in advanced stages. Computerized tomog-
raphy (CT) scan imaging is more sensitive and specific
than simple X-ray and generally shows infiltrations,
groundglass opacities and subsegmental consolidation
in affected lung [29].

The most specified diagnostic tests for COVID-19 are
molecular and serological laboratory tests. Obviously,
the first step in molecular diagnosis is proper specimen
collection. The nucleic acid amplification tests’ speci-
men could be collected from the upper respiratory tract
(nasopharyngeal and oropharyngeal swab or wash) or
lower respiratory tract (sputum, endotracheal aspirate
or bronchoalveolar lavage). SARS-CoV-2 RNA has also
been detected in patients’ blood and stool samples. In
death cases it could be separated from lung tissue au-
topsies. Serological specimens are collected from pa-
tients’ peripheral blood. The collected samples should
be delivered to the laboratory at 2–8◦C. When there
is likely to be a transfer delay the specimens must be
frozen to −20◦C or ideally −70◦C. It is important to
avoid repeated freeze and thaw of samples. In addition,

all specimens should be regarded as potentially infec-
tious [47]. The most practical COVID-19 diagnostic
tests are listed below.

3.1. Nucleic acid amplification tests

At present, the diagnosis of most COVID-19 suspi-
cious cases is confirmed by reverse real-time transcrip-
tionpolymerase chain reaction (rRT-PCR) test which de-
tects the unique sequences of SARS-CoV-2 RNA [59].
Although RNA detection from respiratory samples
(usually nasopharynx) is the standard for COVID-19
diagnosis, the sensitivity of testing varies with the time
of sampling after exposure. One study showed the sen-
sitivity of 33% 4 days after exposure, 62% on the
day of symptom onset, and 80% 3 days after symp-
tom onset [54]. In addition to the insufficient time
post-exposure, inadequate specimen collection, differ-
ent sources of sampling (bronchoalveolar lavage fluid
with 93%, sputum 72% nasal swabs 63%, and pharyn-
geal swabs 32% of sensitivity) and technical difficul-
ties are other factors contributing to the false negative
results of RT-PCR tests [65].

3.2. Serological testing

Serological surveys could be used for studying the
ongoing outbreak as well as retrospective assessment of
an outbreak; however, the crossreactivity to the previous
coronaviruses (e.g. common cold coronaviruses) and
the time gap between exposure and antibody produc-
tion may be challenging. Nonetheless, when rRT-PCR
assays are negative and there is strong epidemiologi-
cal evidence of SARS-CoV-2 infection, paired serum
samples (in the acute and convalescent phase) could
support the diagnosis [43]. Serological tests are faster
and easier to perform and require less technical exper-
tise and instrumental support compared to the nucleic
acid detection tests; therefore, they could be used in
basic clinical laboratories and smaller settings, reaching
a wider application. At the moment, many commercial
and noncommercial serological tests are under devel-
opment and serological evaluation of infected and sur-
vived individuals is in progress, which will be discussed
further below.

3.3. Viral sequencing

Genome sequencing of coronavirus is not only useful
for confirming primary diagnosis by rRT-PCR, but also
provides valuable information about eventual variations
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of virus. The results of SARS-CoV-2 sequencing are
gathered in databases like GISAID being available for
further studies [23]. Regarding technical complexities
and expensive equipment required for genome sequenc-
ing it is not suitable for routine application.

3.4. Viral culture

SARS-CoV-2 culture could be performed using pri-
mary monkey cells and cell lines such as Vero; however,
it is not recommended as a routine diagnostic procedure
because it is time-consuming and requires biosafety
level 2/3 laboratories [12,39]. A study on COVID-19 in-
patients showed a high pharyngeal virus shedding dur-
ing the first week of symptoms, with approximately 7
× 108 RNA copies per throat swab on day 4. The virus
was isolated from throat or lung samples but not from
stool (in spite of high concentrations of virus RNA),
blood and urine samples. The shedding of viral RNA
from sputum lasted until the end of symptoms. Sero-
conversion occurred after 7 days in 50% of patients
(and by day 14 in all patients), but was not accompa-
nied by decline in viral load. Viral nucleic acid could be
detected in throat swabs for up to 6 weeks after disease
onset whereas viral cultures were generally negative
after 4 weeks [67].

4. Treatment

At the moment despite all efforts there is no definite
medication to cure COVID-19; therefore, the patients
receive supportive care such as supplemental oxygen
therapy, anti-inflammatory drugs, broad-spectrum an-
tibiotics (to cure or prevent from coinciding bacterial
infections), anticoagulants (to prevent thromboembolic
complications) and different antiviral agents [3]. Sys-
temic corticosteroids (e.g. dexamethasone) are broadly
used to control inflammatory response. Most antiviral
drugs including neuraminidase inhibitors (oseltamivir,
peramivir, zanamivir), ganciclovir, acyclovir, and rib-
avirin, which were commonly used to treat influenza
infection has been shown to be invalid for COVID-19
and not recommended [16]. Nonetheless, among the
RNA polymerase inhibitors including ribavirin, favipi-
ravir, and remdesivir (GS-5734), the latter, a 1’-cyano-
substituted adenosine nucleotide analog that has broad-
spectrum antiviral activity against several RNA viruses
has been reported to treat a number of COVID-19 cases
successfully [1,8,26]. Chloroquine, the drug used for
treating malaria has also shown some beneficial ef-

fects possibly through suppressing the production and
release of TNF-α and IL-6 cytokines [2]. Moreover,
the protease inhibitors Lopinavir and Ritonavir used to
treat human immunodeficiency virus (HIV) infection
were able to decrease the viral loads of COVID-19 in
patients [37]. Targeted immunomodulatory therapies
for instance tocilizumab (anti-IL-6 mAb), sarilumab
(anti-IL-6R mAb) and anakinra (IL-1 receptor antago-
nist) have been applied for managing cytokine storm in
severe illness [4,19,20,44]. Tyrosine kinase inhibitors
such as imatinib and ruxolitinib are also studied for their
potential to prevent pulmonary vascular leakage [5,45].
Passive antibody therapy including infusion of conva-
lescent plasma and IVIG are other options to treat se-
vere cases [11,70]. Many clinicians have tried to apply a
combination of abovementioned drugs to improve their
efficacy [22]; however, there is not yet any declared
consensus on a certain treatment protocol.

5. Vaccine

Currently, there is no human vaccine available for
SARS-CoV-2, however, more than 120 candidates are
under different phases of development including inac-
tivated or live attenuated virus, viral vectors, recom-
binant proteins, virus particles and DNA or RNA vac-
cines. The main hurdles in producing an effective vac-
cine consist of technical barriers (e.g. selecting the most
protective antigens, prior exposure to corona, need for
adjuvant, feasibility of large scale production, viral mu-
tations, duration of immunity, number of vaccination
and intervals) and social challenges (e.g. human clini-
cal trials, ensuring safety and effectiveness, technology
transfer and licensure agreements) [42]. According to
the studies, the SARS-CoV-2 S protein appears to be a
promising immunogenic molecule to be addressed in
designing future vaccines but whether targeting the full-
length protein or only the receptor-binding domain is
sufficient to prevent transmission remains unclear [33].

6. Diagnostic antibodies

Serological tests are valuable particularly in epidemi-
ologic studies and determining the immunity level of af-
fected population including both diagnosed and asymp-
tomatic individuals. Such studies might provide the
primary platform for evaluation of tempting hypothe-
sis like “Herd immunity”. The high false-negative rate
of nucleic acid amplification tests is also considered
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as a reason for developing supplementary diagnostic
methods. In addition, as mentioned before, serological
tests are more feasible in small laboratories with lesser
facilities. In recent months, the researches have con-
ducted several serological investigations using differ-
ent techniques including enzyme-linked immunosor-
bent assay (ELISA) chemiluminescence immunoassay
(CLIA), indirect immunofluorescence test (IIFT), lat-
eral flow immunoassay, immunochromatography, west-
ern blot-based assays and virus neutralization assays.
Among the 4 coronavirus structural proteins including
spike (S), envelope (E), membrane (M), and nucleocap-
sid (N), S and N proteins are the most studied antigens
and almost all developing techniques concentrate on
detecting the IgM and IgG antibodies produced against
these molecules [32,43].

Following SARS-CoV-2 infection, similar to the
other infections, the titer of IgM raises first as an ini-
tial T-independent humoral response to the virus entry.
Then antigen presentation to the T cells and isotype
switching lead to the IgG production approximately
within a week. According to the short half-life of IgM
antibodies (5–6 days) and long half-life of IgG (21
days) after a while, IgM amounts decrease to an unde-
tectable level but IgG lasts for a longer period. Serolog-
ical assays on COVID-19 patients demonstrate a simi-
lar pattern; for example, a retrospective study recruit-
ing 112 patients with clinical symptoms of COVID-
19 infection evaluated IgM and IgG antibodies level
against envelope protein (E) and nucleocapsid protein
(N) with ELISA method. Among them 58 (51.79%)
patients were positive for both IgM and IgG, 7 (6.25%)
were negative for both antibodies, 1 (0.89%) was pos-
itive for only IgM, and 46 (41.07%) were positive for
only IgG. IgM antibodies appeared during the first week
of disease onset, lasted for one month and gradually
diminished; however, IgG antibodies were produced
approximately 10 days after disease onset, and lasted
longer [74]. Likewise, comparing the titer of IgG and
IgM antibodies between two groups of 43 confirmed
COVID-19 patients and 33 not-infected individuals us-
ing CLIA technique demonstrated greater diagnostic
sensitivity for IgG than IgM (88.9% vs 48.1%) but fairly
similar specificities (90.9% vs 100%). Moreover, the
IgM level increased and decreased over time but IgG
positivity rate remained high for weeks [31]. Another
study showed that both IgM and IgG titers were low
or undetectable by ELISA at the first days of disease
diagnosis but increased in almost all patients on day 5
as IgM and IgG positivity percent increased from 50%
(8/16) to 81% (13/16), and from 81% (13/16) to 100%

(16/16) respectively [75]. Another group studying 173
patients with SARS-CoV-2 infection showed a serocon-
version rate of 93.1%, 82.7% and 64.7% for total anti-
body, IgM and IgG, while median seroconversion time
for total antibody, IgM and IgG were day-11, day-12
and day-14, respectively. Moreover, less than 40% of
patients had SARS-CoV-2antibodies in first week but
it rapidly increased up to 100.0% for total Ab, 94.3%
for IgM and 79.8% for IgG on day 15. Notably, RNA
detection rate by RT-PCR decreased from 66.7% in
samples collected before day-7 to 45.5% during days
15–39. Therefore, it was suggested to use a combination
of RNA and antibody detection methods to improve
the sensitivity of COVID-19 diagnosis at early and late
phases of disease. Furthermore, higher titers of total
antibody were associated with worse prognosis [76]
In another study on 16 patients with serum samples
available 14 days or longer after symptom onset, rate
of seropositivity was 94% for anti-N IgG (n = 15),
88% for anti-N IgM (n = 14), 100% for anti-RBD
(receptor-binding domain) IgG (n = 16), and 94% for
anti-RBD IgM (n = 15). Moreover, the anti-SARS-
CoV-2-N and anti-SARS-CoV-2-RBD IgG levels were
correlated with virus neutralization titer [62]. Evalua-
tion of 208 plasma samples of 140 COVID-19 patients
(confirmed and probable) by ELISA-based assay of the
recombinant viral N protein showed that the median
duration of IgM and IgA antibodies detection was 5 (in-
terquartile range 3–6) days, while IgG was detectable
14 (IQR 10–18) days after disease onset, with a posi-
tive rate of 85.4%, 92.7%, and 77.9%, respectively. The
sensitivity of IgM ELISA was higher than that of qPCR
after 5 days of symptom onset and the positive detection
rate improved significantly (98.6%) by combination of
IgM ELISA assay with qPCR test for each patient com-
pared to a single qPCR test (51.9%) [21]. Likewise, re-
searchers studying the serum of 214 confirmed COVID-
19 patients using ELISA kits based on recombinant
SARS-CoV-2 nucleocapsid protein (rN) and spike pro-
tein (rS) reported 68.2% (146) and 70.1% (150) of pos-
itivity with the rN-based IgM and IgG ELISAs, while
77.1% (165) and 74.3% (159) with the rS-based IgM
and IgG ELISAs, respectively. The sensitivity of the
rS-based ELISA for IgM detection was higher than
that of the rN-based ELISA. The positive rate for IgM
and IgG increased with disease duration particularly
after 10 days, but the positive rate of IgM dropped on
day 35 [38]. In addition, evaluation of the kinetics of
IgM and IgA SARS-CoV-2 antibodies in 19 patients
with confirmed (rRT-PCR) infection demonstrated that
the IgM and IgA responses appear within 6–8 days of
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symptom onset. IgM-Ab levels peaked at 10–12 days
and declined after 18 days whereas IgA-Ab peaks at
20–22 days, and is stronger and more persistent than
the IgM response [49].

Regarding the urgent need for accurate, easy and
rapid methods for screening the asymptomatic carri-
ers in order to prevent virus transmission several com-
panies and researches are making efforts to develop
novel or modified techniques. One of these methods
is lateral flow immunoassay which can detect total
Ab, IgM and/or IgG against SARS-CoV-2 antigens in
blood, serum or plasma samples within a short time (e.g.
15 minutes). These kits are based on colloidal gold-
labeled immunochromatography principle and one-step
method using whole. A meta-analysis showed the sen-
sitivity of these kits for both IgM and IgG tests between
72.7% and 100%, while specificity ranged between
98.7% to 100% [53]. One group tested the validity of
lateral flow immunoassay using samples collected from
397 PCR confirmed COVID-19 patients and 128 neg-
ative patients from different clinical sites and showed
testing sensitivity and specificity of 88.66% and 90.63%
for this method. In addition, they demonstrated detec-
tion consistency among samples from fingerstick blood,
serum and plasma samples [36]. Other researchers ap-
plied the colloidal gold-based immunochromatographic
(ICG) strip targeting anti-SARS-CoV-2 IgM or IgG an-
tibody for serological assessment of COVID-19 infec-
tion. The sensitivity of ICG assay with IgM and IgG
combinatorial detection in confirmed cases were 11.1%,
92.9%, and 96.8% at the early stage (first week), inter-
mediate stage (second week), and late-stage (more two
weeks after disease onset), respectively. The ICG detec-
tion capacity in nucleic acid-negative suspected cases
was 43.6%. In addition, the concordance of whole blood
and plasma samples was reported to be acceptable [50].

The other technique used for evaluating the an-
tibody responses to COVID-19 is magnetic chemi-
luminescence enzyme immunoassay (MCLIA) based
on a double-antibody sandwich immunoassay. Using
MCLIA it was shown that within 19 days after symp-
tom onset in 285 patients, 100% of patients were posi-
tive for antiviral IgG. Seroconversion for IgG and IgM
occurred simultaneously or sequentially and both IgG
and IgM titers plateaued within 6 days after serocon-
version [40]. The other study applying CLIA technique
(MAGLUMI 2000 Plus) investigated immunoglobulins
kinetic in serum samples from COVID-19-positive pa-
tients at < 5 days up until 26–30 days. The findings
showed a rapid increase of both IgM and IgG after 6–
7 days from the symptom onset. IgG had 100% sensi-

tivity on day 12 whereas IgM showed 88% sensitivity
at the same time [48].

Despite all novel methods which recently have been
developed to facilitate the diagnosis of COVID-19,
ELISA has been the most applied technique in serolog-
ical studies. For instance, ELISA test based on the re-
combinant N protein of SARS-CoV-2 demonstrated the
IgM and IgG seroconversion as early as the 4th day after
symptom onset in COVID-19 patients. In the confirmed
patients sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and consis-
tency rate of IgM were 77.3% (51/66), 100%, 100%,
80.0%, and 88.1%, and those of IgG were 83.3.3%
(55/66), 95.0%, 94.8%, 83.8%, and 88.9 %. In patients
with suspected COVID-19, sensitivity, specificity, PPV,
NPV, and consistency rate of IgM were 87.5% (21/24),
100%, 100%, 95.2%, and 96.4%, and those of IgG were
70.8% (17/24), 96.6%, 85.0%, 89.1%, and 88.1% [69].
In another study, IgM and IgG responses against SARS-
CoV-2 N and S protein have been evaluated after symp-
tom onset in the intensive care unit (ICU) and non-ICU
patients. Using ELISA technique for 130 blood samples
it was found that N-IgM and S-IgM in some non-ICU
patients reached a peak in the second week, while N-
IgG and S-IgG continued to increase in the third week.
The combined detection of N and S-specific IgM and
IgG could identify up to the 75% of SARS-CoV-2 in-
fected patients in the first week. S-IgG was significantly
higher in non-ICU patients than in ICU patients in the
third week. In contrast, N-IgG was significantly higher
in ICU patients. Moreover, S-IgG elevation correlated
with the decrease of CRP in non-ICU patients [58].
Furthermore, it has been shown that the critical cases
had higher anti-RBD IgG than the mild/moderate cases
but anti-RBD IgM OD were not correlated with disease
severity. Additionally, confirmatory microneutralization
(MN) and 90% plaque reduction neutralization tests
(PRNT90) were positive after 4 weeks from disease
onset in patients while there was no detectable cross-
reactivity in control group [51]. By retrospectively ana-
lyzing the data of viral RNAs and serum IgM-IgG anti-
bodies against SARS-CoV-2 from 38 cases with con-
firmed COVID-19 it was found that at the early stages
of the illness, the viral RNA is most abundant in the
sputum specimens, followed by that in the throat swabs,
while the antibody assays identify fewer positive cases
at this stage. However, at the end of the first week of
disease onset, the sensitivity of the serology assays out-
weighs the RNA test’s. Notably most of cases with no
detectable viral RNA load during the early stages were
seropositive after 7 days. Therefore, simultaneous use
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of antibody assay and RT-PCR could improve the sen-
sitivity of the diagnoses [73]. These findings indicate
that serological tests could be used as efficient supple-
mentary tools for detecting SARS-CoV-2 infection in
suspected cases with no detectable viral RNA; further-
more, they could be useful in confirming the infection
as well as to anticipate disease progression and prog-
nosis as some studies showed that the higher titers of
certain antibodies are accompanied by disease severity.
Nonetheless, serological tests are not appropriate for
early diagnosis because the least reported time length
for IgM detection was 4 days after symptom onset while
virus particles are detectable in respiratory tracts within
the first days. Technical details should also be consid-
ered in interpretation of serological findings as antigen
coating density, dilution matrix considerations, actual
serum dilution and different cutoff point sets contribute
to the various results obtained from serological evalu-
ations. In addition, cross-reactivity with other strains
of coronavirus, even other viruses, thus giving false
positive results might affect serological tests accuracy.

7. Therapeutic antibodies

As mentioned before, due to the lack of specific med-
ication to eliminate SARS-CoV-2, passive serotherapy
is considered as an option for treating severe forms
of COVID-19. This could be performed by producing
monoclonal neutralizing antibodies or by plasma infu-
sion from recovered individuals (convalescent plasma)
to the critical patients. Previously, researchers had used
the memory B cells of cured SARS-CoV patients for
Epstein-Barr virus transformation and obtaining neu-
tralizing antibodies [63]. Moreover, three human mon-
oclonal antibodies (MAbs), m336, m337, and m338,
targeting the receptor (CD26/DPP4) binding domain
(RBD) of the MERS-CoV spike glycoprotein had been
produced and suggested to be used for prophylactic
and therapeutic purposes [71]. Regarding the consider-
able similarity between RBD of SARS-CoV and SARS-
CoV-2 it has recently been demonstrated that a SARS-
CoV-specific human monoclonal antibody, CR3022,
could bind properly to the RBD of SARS-CoV-2; how-
ever, some of the most potent SARS-CoV-specific neu-
tralizing antibodies (e.g.m396, CR3014) that target the
ACE2 binding site of SARS-CoV failed to bind SARS-
CoV-2 S protein, implying that the difference in the
RBD of SARS-CoV and SARS-CoV-2 has a critical
impact on the cross-reactivity of neutralizing antibod-
ies. Therefore, it is necessary to develop novel mono-

clonal antibodies that could bind to the SARS-CoV-2
RBD [61].

Currently, the term “convalescent plasma (CP)” is
used for describing the immune serum-containing anti-
SARS-CoV-2 antibodies which are considered to be
helpful in treating critical COVID-19 cases. In a recent
study, one dose of 200 ml of CP derived from recov-
ered donors with the neutralizing antibody titers above
1:640 was transfused beside antiviral drugs to 10 severe
COVID-19 patients. The median time from disease on-
set to CP transfusion was 16 days. After CP transfu-
sion, the level of neutralizing antibody increased rapidly
up to 1:640 in five cases. The clinical symptoms were
significantly improved oxyhemoglobin saturation in-
creased, lymphocyte counts raised, CRP decreased and
lung lesions were fairly resolved in radiological exami-
nations; moreover, the viral load became undetectable
in 7 patients. Notably, no severe adverse effect was ob-
served [16]. In a similar study 5 critically ill COVID-19
patients with severe pneumonia and ARDS syndrome
who had continuously high viral loads despite antiviral
treatment with PaO2/FiO2 < 300, and under mechanical
ventilation were treated with CP transfusion. Patients
received CP with a SARS-CoV-2-specific IgG titer
more than 1:1000 and a neutralization titer greater than
40 which had been collected from 5 recovered individu-
als. Convalescent plasma was administered between 10
and 22 days after admission. Following CP transfusion,
body temperature normalized within 3 days in 4 of 5
patients and PaO2/FiO2 increased within 12 days. Viral
load decreased and became negative within 12 days
while SARS-CoV-2-specific neutralizing antibody titers
increased, ARDS resolved in 4 patients at 12 days after
transfusion, and 3 patients were weaned from mechan-
ical ventilation. Three patients have been discharged
from the hospital and 2 were in stable condition 37 days
after transfusion [55].

According to the kinetic of SARS-CoV-2- IgM and
IgG antibodies, there is an essential question about their
protective potential against future reinfections. An old
study in 1990 on 15 volunteers inoculated with coro-
navirus 229E had shown that although antibody con-
centrations were present one year later, this did not
prevent reinfection when volunteers were challenged
with the homologous virus; however, the period of virus
shedding was shorter [10]. In an animal study, it was
demonstrated that subsequent to intranasal administra-
tion of SARS-CoV to the mice, a neutralizing antibody
response was induced which protected them from re-
infection 4 weeks after primary infection. Moreover,
passive transfer of immune serum to naïve mice pre-
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vented virus replication in the lower respiratory tract
following intranasal challenge [57]. Similarly, a recent
study on rhesus monkeys has shown that after primary
infection with SARS-CoV-2, monkeys were protected
against reinfection within four weeks after the first ex-
posure as virus load remained comparable to the non-
challenged animals [6]; despite encouraging results of
these studies, 4 weeks of follow up seems fairly insuffi-
cient to come to conclusion about antibodies protection;
because as mentioned before, IgM titer remains high at
least until 4 weeks and IgG is still near to its peak during
this time. To clarify this point, it is suggested to conduct
larger studied in longer time periods. One such study
has been performed for SARS-CoV in which six years
followed up of 23 SARS patients showed that SARS-
CoV-specific IgG Abs were undetectable in most former
patients. Although no SARS-CoV Ag-specific memory
B cell response was detected, memory T cell responses
to a pool of SARS-CoV S peptides were identified in
14 of 23 (60.9%) of recovered individuals which was
absent in close contact group. Patients with more severe
clinical manifestations had more Ag-specific memory
T cell [70].

The other question is about the cross-reactivity of
neutralizing antibodies. It should be defined whether
previous infections with a certain strain of corona virus
could protect the individuals against future strains.
Accordingly, a recent serological assessment of 175
COVID-19 recovered patients with mild symptoms
using RBD, S1, and S2 antigens of SARS-CoV-2
demonstrated that SARS-CoV-2 neutralizing antibodies
(NAbs) had no cross-reactivity with SARS-CoV virus.
These antibodies were detectable in serum on day 10–
15 after disease onset and remained thereafter; how-
ever, their titers were variable in different patients. El-
derly and middle-aged patients had significantly higher
plasma neutralizing antibody titers than young patients.
Moreover, there were ten patients with undetectable
NAbs. The titers of neutralizing antibodies were posi-
tively correlated with plasma CRP levels and negatively
correlated with the lymphocyte counts of patients at the
time of admission [68]. In addition, a study reported
that the mice inoculated with S nanoparticles produced
high-level neutralizing antibodies against homologous
viruses, but these antibodies had no cross-protection
against heteroviruses [9].

The other point to be defined in protective efficacy
of anti-SARS-CoV-2 antibodies is the role of secretory
IgAs in defense against reinfection. According to the
fact that corona viruses infect and invade mainly the
respiratory and gastrointestinal tracts, importance of

studying the protective capacity of mucosal immunity
becomes more clear. Previous studies on SARS-CoV
had shown that intranasal vaccine challenges in mice
would result in SIgA secretion in respiratory mucosa but
whether this could inhibit viral invasion or not remains
to be answered [15,41].

Another question to be discussed in passive serother-
apy is “Antibody-Dependent Enhancement”. It has yet
been shown that patients with more severe clinical
courses had earlier and higher antibody responses [24].
To explain this phenomenon, it is hypothesized that
anti-S antibodies, while inhibiting viral entrance in
permissive cells, potentiated the infection of B cells
and macrophages by binding to their Fcγ receptor-II.
Anti-S IgG antibodies bound to FcγRII on mononu-
clear phagocyte cells promote viral entrance through
phagocytosis thereby activating these cells and induc-
ing proinflammatory cytokines release [30,64,72]. Re-
garding the probability of antibody-dependent enhance-
ment, administration of CP or monoclonal antibodies
have to be performed more cautiously because infusing
high amount of antibodies might provoke inflammatory
responses, exacerbating or triggering serious conditions
like cytokine storm.

8. Conclusion

According to the urgent need of identifying the
SARS-CoV-2-infected individuals in population re-
searchers are trying to design rapid, sensitive specific
and easy-to-do diagnostic tests with the least price. Be-
sides, there are efforts to apply the natural potential of
immune system for treating the COVID-19 patients.
Anti-viral antibodies being suitable for both purposes
are under diagnostic and therapeutic investigations.
Among all studied viral antigens the spike (S) and nu-
cleocapsid (N) proteins are considered as the most im-
munogenic antigens that antibodies against them could
be detected in blood circulation of infected individu-
als making them suitable for serological testing. The
principal advantages of serological tests are simplicity
and the potential of detecting infected individuals af-
ter disease resolution thus providing the probability of
conducting retrospective studies in great populations.
Despite subtle disparities between the findings of dif-
ferent groups using various techniques, the overall re-
sults indicate that IgM antibodies appear within the first
week of disease onset but wean after a month whereas
IgG antibodies are produced during the second week
and last for a long time (not exactly defined), moreover,
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there are very few studies about IgA antibodies which
elevated during first weeks and were present in blood
circulation longer than IgM. Secretory IgA antibod-
ies due to their significance in mucosal immunity and
vaccine efficacy should be studied more.

Neutralizing antibodies mainly targeting the receptor
binding domain of S protein might be applied as supple-
mentary option to treat severe forms of COVID-19 since
administration of convalescent plasma containing suffi-
cient titers of these antibodies to the critical patients has
resulted in encouraging clinical improvements. More-
over, studying the neutralizing antibodies paves the way
for finding the most appropriate antigenic targets to
design efficient vaccines against SARS-CoV-2.
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