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ARTICLE INFO ABSTRACT

Keywords: Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
COVID-19 has resulted in a catastrophic pandemic and severely impacted people’s livelihoods worldwide. In addition, the
SARS-CoV-2 emergence of SARS-CoV-2 variants has posed a severe threat to humankind. Due to the dearth of therapeutic
\C/Zg‘;l:cem plasma therapy options during the commencement of the pandemic, convalescent plasma therapy (CPT) played a significant part
Effectiveness in the management of patients with severe form of COVID-19. Several recent studies have proposed various
Safety protective effects of CPT, such as antiviral, anti-inflammatory, anti-thrombotic, and immunomodulatory actions,

curtailing the devastating consequences of the SARS-CoV-2 infection. On the contrary, several clinical studies
have raised some serious concerns about the effectiveness and reliability of CPT in the management of patients
with COVID-19. The protective effects of CPT in severely ill patients are yet to be proved. Moreover, the
emergence of SARS-CoV-2 variants has raised concerns about the effectiveness of CPT against COVID-19.
Therefore, to establish concrete evidence of the efficacy of CPT and adjudicate its inclusion in the manage-
ment of COVID-19, an updated review of present literature is required, which could help in the development of
an efficient therapeutic regimen to treat COVID-19 amid the emergence of new viral variants.

1. Introduction Numerous scientists and medical experts have suggested the use of

existing antiviral medicines as repurposed drug options. Antiviral ther-

The COVID-19 (coronavirus disease 2019) pandemic has been
caused by a novel coronavirus (nCoV) belonging to the sub-genus Sar-
becovirus within the genus Betacoronavirus, known as severe acute res-
piratory syndrome coronavirus-2 (SARS-CoV-2). The disease has spread
throughout the globe resulting in more than 5.3 million fatalities in 223
nations [1-3]. This scenario has caused widespread panic, worldwide
threats, financial losses, and a persistent escalation in daily COVID-19
cases [4,5]. Few vaccine candidates have recently been discovered,
and immunization is underway to combat COVID-19 at the global level.
However, many countries worldwide are still encountering drastic
challenges in limiting the deleterious consequences of the pandemic due
to the lack of appropriate therapeutic options [6-9].

* Corresponding author.
** Corresponding author.

apeutic options such as remdesivir, favipiravir, lopinavir, ritonavir, and
arbidol have been identified as potential COVID-19 medication alter-
natives [10-13]. These medicines have diverse mechanisms of action
such as, blocking of the viral entry into host cells or virus multiplication
within the host cells [13-15]. However, several newly proposed thera-
peutic options have shown disappointing clinical outcomes and harmful
consequences on critically ill patients with SARS-CoV-2 infection.
There is an urgent need for the development of tailored treatments
and vaccinations. Intensive efforts are being undertaken to find viable
vaccines and treatment alternatives [11,16]. Rapid and significant
research advancements have led to the characterization of SARS-CoV-2,
understanding of the COVID-19 from various perspectives and efforts to
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eventually discover adequate vaccines, immunotherapeutics, and pro-
phylactic and therapeutic strategies [17]. In addition to finding the
vaccines and effective treatments, alternative and supportive techniques
for mitigating the consequences of SARS-CoV-2 infections in humans
and treating the COVID-19 patients are required [18,19].

Immunotherapeutic approaches are one of the therapeutic modal-
ities that have received a lot of attention. Convalescent plasma therapy
(CPT) or monoclonal antibodies (MABs) based therapy is an efficient and
reliable immunotherapeutic approach that aims to boost patients’ im-
mune systems and protect them from viral infection [20,21]. Among a
plethora of therapeutic options, CPT has shown real potential in the
treatment of patients with COVID-19. CPT relies on a high titer value of
neutralizing antibodies (NABs) which are usually present in the plasma
of recovered patients. NABs are transferred into recently infected pa-
tients with SARS-CoV-2, which helps in combating viral multiplication
[21-23]. CPT has been employed in various viral outbreaks, namely
SARS, MERS, Ebola, and HIN1 influenza [24-28]. Although the CPT
was tested during the SARS, MERS, and Ebola epidemics, but there were
no randomized control trials to back up its effectiveness. However, the
recent clinical trials have produced encouraging outcomes, indicating
the potentialities of this therapy in the management of COVID-19 hos-
pitalized patients [22,29]. The Food and Drug Administration (FDA) has
authorized CPT under the Emergency Use Authorization (EUA) for
severely affected patients with SARS-CoV-2 infection [30,31].

Multiple trials examining the use of CPT in the treatment of COVID-
19 have shown conflicting results, even though it seemed to be a
promising therapeutic regimen against COVID-19. According to a recent
clinical study based on the US national registry, the hospitalized COVID-
19 patients who received a treatment of convalescent plasma (CP) with
higher anti-SARS-CoV-2 IgG antibody levels had a lower risk of death
than patients who received a transfusion of convalescent plasma with
lower concentrations of antibodies [32]. In contrast to this, in other
recent studies, patients treated with convalescent plasma vs. conven-
tional treatment revealed no significant differences in clinical
improvement or overall mortality [31,33-35]. Hence, this review article
focuses on the therapeutic potentials of CPT and the challenges associ-
ated with this therapeutic regimen, with insights into the COVID-19
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treatment prospects amid the emergence of new SARS-CoV-2 variants.
Although, this review article is not a systemic one and may contain the
personal biases of the authors.

2. Convalescent plasma therapy (CPT)

CPT has been utilized as a passive immunization technique to pre-
vent and treat infectious illnesses since the 20th century [36]. CPT
comprises of three basic steps: (1) whole blood extraction from the
donor, (2) plasma separation from donor’s blood, and (3) plasma
transfer into the patient because the donor had previously recovered
from a severe viral infection, thus having plasma which is predicted to
contain a high concentration of antibodies that react specifically to the
virus [37] (Fig. 1).

Convalescent plasma transfusions include the passive injection of
large quantities of antibodies, providing the infected people with im-
mediate immunity [29,38]. Management with convalescent plasma for
treating the SARS patients resulted in reduced hospital stay and
decreased mortality. Following the administration of this plasma, no
acute side effects were detected [39]. Furthermore, the patients who
received convalescent plasma before 14 days of sickness had a better
prognosis [27].

Several previous reports have agreed that the transfusion of conva-
lescent plasma also provides several other functional components viz.,
organic compounds, water, proteins such as albumin, globulins, coag-
ulation and anti-thrombotic factors, complement and inorganic ions,
which in turn enhance the positive outcomes of CPT in the treatment of
patients with severe viral infection [40]. Previously, it has been found
that the replenishing of coagulation factors by CPT for the treatment of
hemorrhagic fevers in the case of Ebola showed positive outcomes.
Modulation of the immune system via anti-inflammatory cytokines and
antibodies present in convalescent plasma has been reported as a posi-
tive additive effect of CPT [41]. Another positive effect of CPT seems to
the preservation of colloidal osmotic pressure in body fluid compart-
ments, primarily by albumin [41,42]. Moreover, CPT has been shown to
reduce the viral load in influenza patients [43]. Several studies have
found that the patients treated with convalescent plasma or serum in
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Fig. 1. A schematic representation of convalescent plasma therapy (CPT). The convalescent plasma (CP) gets collected from the recovered patients and analyzed for
the antibody’s concentration and strength. Then plasma will be transferred to the patients with COVID-19 based on compatibility and other factors.
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severe forms of viral acute respiratory infections had a significantly
lower death rate [41,42,44].

3. Mechanism of CPT

In previous studies of SARS and MERS, it has been found that the
NAbs bind to spike proteins, limiting the viral entrance and amplifica-
tion, which is considered as one of the possible explanations for the
reported benefits of convalescent plasma treatment [45]. Additional
constituents such as anti-inflammatory factors and other unknown
proteins may attribute the additional benefits of plasma therapy. Hence
the transfusion of convalescent plasma may also provide additional
advantages to infected individuals, such as better immunological control
through the reduction of a strong inflammatory response [46]. Prior to
plasma donation, plasma donors must undertake a routine pre-donation
evaluation. Subjects must be between the ages of 18 and 65, free of
infectious symptoms, and have a test negative for COVID-19 after the
14th day of recovery. The test is performed 48 h later, as well as during
the donation process [47]. The use of CP relies on the concept of passive
immunization, where the recipients receive antibody-rich plasma from
those individuals who had recovered from an illness. There are multiple
proposed mechanisms by which CP can act a therapeutic option. CP
contains IgM and IgG antibodies that may bind to a specific pathogen
such as SARS, MERS-CoV and SARS-CoV-2 and act as neutralizing an-
tibodies, thus inhibiting these viruses [48,49] (Fig. 2).

The antiviral properties of CP may be one of the important mecha-
nisms by which CPT protects against the viral infection. The use of CP
produces neutralizing antibodies (NAbs) that suppress the infection by
promoting viral clearance. In MERS and SARS-CoV models, NAbs bind to
the spike-receptor binding protein, limiting the virus entry and repli-
cation. In addition, antibody-mediated cytotoxicity, complement acti-
vation, and phagocytosis increase the therapeutic potential of CP [48,
50]. CPT-transfused antibodies directly neutralize the viral particles by
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attaching to their surface and phagocytosing. CPT also induces the
complement activation and antibody-dependent cellular cytotoxicity
[51] (Fig. 2), thus lowering the viral load. CP’s antiviral properties can
reduce the viral load [46,52], but the effect on patients with severe
SARS-CoV-2 infection is still unknown. Apart from NAbs, Non-NAbs are
also reported to be important in viral clearance. In vitro studies have
shown that non-NAbs bind to viruses but have minimal antiviral activity
because they do not interfere with viral replication. These are vital in
patients’ rehabilitation and prevention of infection. However, the NAbs
as well as the Non-NAbs have antiviral activity against coronaviruses
(CoVs). SARS-CoV and SARS-CoV-2 have been shown to produce
viral-specific non-NAbs (IgM and IgG) that can be transfused with CP to
stop the viral replication and multiplication [46,52].

Also, CPT’s immunomodulatory properties have been reported as an
important therapeutic strategy to reduce hyperinflammatory responses
in SARS-CoV-2 patients. Intravenous immunoglobulin (IVIg) infusion
has been shown to control the hyperinflammatory/autoimmune re-
sponses [46,52]. CP, like IVIg, blocks autoreactive antibodies with
anti-idiotypic antibodies. Autoreactive antibody inhibition is critical in
SARS-CoV-2 patients [46]. Controlling the autoimmune response may
help prevent dangerous outcomes like thrombosis and disseminated
intravascular coagulopathy. CPT neutralizes anti-p2-glycoprotein and
anti-cardiolipin IgA antibodies, reducing thrombotic events [42,52].
Moreover, CPT has been shown to regulate hyperinflammatory re-
sponses such as cytokine and chemokine overproduction, protecting the
lungs from SARS-CoV-2 infection. These immunoregulatory mechanisms
have been linked to improved outcomes in COVID-19 patients treated
with CP [42,46] (Fig. 2).

Several clinical trials have previously confirmed CPT’s anti-
inflammatory effects [53]. In addition to previous reports, recent
research suggests that CP administration reduces circulating cytokines
such as TNF-a (tumor necrosis factor-alpha) and IL-6 ((interleukin-6),
which may reduce the risk of cytokine storm, which has been linked to
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Fig. 2. Various action mechanisms of convalescent plasma (CP) to reduce the devastating consequences of a viral infection such as SARS-CoV-2 infection. The figure
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increased mortality in COVID-19 patients [54,55]. Moreover, serine
protease inhibitors like a-1 antitrypsin (AAT) have been linked to CPT’s
anti-inflammatory effects. Recent research suggests AAT inhibits
neutrophil elastase, reducing pulmonary tissue damage and neutrophil
extracellular trap formation. AAT is also antiviral and prevents viral
entry into the host cell. AAT inhibits TMPRSS2 (transmembrane serine
protease 2), which is required for SARS-CoV-2 entry into the host cell.
Thus, AAT may be responsible for CPT’s anti-inflammatory and antiviral
effects [56]. Furthermore, recent research shows that CPT patients have
lower D-dimer levels, a predictor of SARS-CoV-2 infection and throm-
bosis [57,58]. CPT is also a good source of antithrombin and albumin,
two plasma proteins involved in hemostasis [59,60], which may help
mitigate the effects of SARS-CoV-2 infection. However, future studies
are needed to unravel the mechanisms involved in the
anti-inflammatory and anti-thrombotic effects of CPT.

4. Dynamics of antibody profile of infected and recovered
patients

The creation of an effective CP-based therapy regimen could be aided
by understanding the dynamics or changes in the antibody profile in
recovered patients. In this context, semi-quantitative fluorescent
immunoassay and ELISA techniques have been utilized to assess the
generation of antibodies at the onset and rehabilitation stages of SARS-
CoV-2 infection. Immunoreactivity to full-length Spike (S) proteins, the
C-terminal domain (CTD), and the N-terminal domain (NTD) of S1
fragments have been evaluated. Both anti-S IgG and anti-S IgM anti-
bodies have been shown to be absent at the beginning of the illness
(Fig. 3). The increased anti-S IgG titers in the recovering COVID-19
patients might be valuable in determining the latently infected popu-
lation via serological screening after the pandemic. The deduction of a
high amount of anti-S IgG titres might justify the use of plasma trans-
fusion for the treatment of severely affected COVID-19 patients [61].

Interestingly, a recent comparative analysis found that asymptom-
atic carriers had greater antiviral immunity to clear SARS-CoV-2 than
symptomatic COVID-19 patients and that this antiviral immunity is due
to innate and adaptive cellular immunity rather than humoral immunity
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[62]. Among asymptomatic carriers or those with greater innate and
cellular immunity, antibody-mediated immune responses or humoral
immunity against SARS-CoV-2 was not adequately activated [63,64].
This shows that symptomatic individuals are likely to be good candi-
dates for plasma donation. It should be noted, however, that the anti-
body titre or antibody levels tend to drop with time. However, the
mechanism by which the anti-SARS-CoV-2 immunoglobulins (Igs)
quickly drop is unclear. Furthermore, repeated exposure to the same
virus may result in increased humoral immunity [62].

In order to undermine the link between antibody titres with the time
of sample collection, age, disease severity, and gender a cross-sectional,
observational, non-intervention study was conducted with 102 CP do-
nors. These factors can help in finding suitable donors for the CP [65].
However, it has been established that CP donation candidates with a
prolonged time interval for the onset of the symptoms showed higher
concentrations of IgM and IgG. Furthermore, males, those over the age
of 35, and those who had been hospitalized showed higher levels of
antibodies than the other categories. A total of 17 individuals had no
reactive antibodies [65].

Some scientists have suggested that the people who are more seri-
ously affected with COVID-19 might generate a significantly greater
amount of the antibody-mediated immune response [66,67]. A recent
study constituting 285 patients discovered that IgG levels were signifi-
cantly lower in patients with less severity of the disease [63]. In a study
of 113 individuals, the severity of illness has been found to be linked
with greater immunoglobulin levels [66]. These findings have suggested
that the antibody concentrations are significantly higher in symptomatic
patients as compared to the asymptomatic group of the patients [66].

5. Therapeutic potential of CPT

The effectiveness of convalescent plasma therapy has been estab-
lished in several clinical studies. Shen et al. [68] has reported clinical
improvements in hospitalized patients treated with CPT. Some patients
have been reported to be cured of acute respiratory distress syndrome
after twelve days of treatment [68]. Another study of 10 people with
severe COVID-19 revealed that the CPT dramatically raised and
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sustained NADb levels, resulting in a significant reduction of viral load
after seven days of the treatment [69]. Over the course of 7 days, the
imaging investigations have indicated various degrees of elimination of
lung lesions. Employing CPT within 14 days of infection has showed a
better result, similar to interferons therapy [69]. These findings indicate
that convalescent plasma may be a viable treatment option for
COVID-19 patients with severe symptoms. Notably, it appears that
prompt treatment is a critical component. Because the viral load peaks in
the first week, therapy at this point is likely to be more effective [27]. In
Korea, two additional instances of COVID-19 with pneumonia and acute
respiratory distress syndrome have been treated with plasma trans-
fusions. After convalescent plasma treatment and systemic steroid
therapy, all patients exhibited a favorable prognosis [70].

Many research groups anticipated that CPT might be useful in the
treatment of severe acute respiratory infections with viral etiologies,
such as SARS-COV-2 [71]. The Shanghai Public Health Clinical Center is
enrolling patients for anti-SARS-CoV-2 CPT as part of an observational
trial (NCT04292340) entitled “efficacy and safety of anti-SARS-CoV-2
inactivated convalescent plasma in the treatment of Novel Coronavi-
rus Pneumonia Patient (COVID-19)” [72]. Furthermore, at present,
there are 56 clinical studies registered at www.clinicaltrials.gov that are
evaluating the significance of CPT in COVID-19 [73].

NAbs have long been thought to be crucial for viral clearance and
possibly protection against viral infection. Previously it has been found
that the Nabs bind to the spikel-receptor-binding domain (S1-RBD) of
SARS-CoV. The S1-N-terminal domain and the S2 hinder viral entrance
and amplification. NAbs have been discovered to be important in
employing passive immunity [45]. It has been reported that the
SARS-CoV infection causes the development of IgG antibodies against
nucleocapsid proteins (N), which may be identified on day four
following the beginning of sickness and with seroconversion from day
14 [74]. Furthermore, recent studies found the maximum IgM concen-
tration on the ninth day following the beginning of the illness, with the
transition to IgG occurring in the second week [75]. The receivers of
SARS-CoV-2 from donors had higher IgG and IgM titers after receiving
convalescent plasma, and the existence of NAbs in the recipients played
a significant role in limiting viral infection [73] and increases the sur-
vival rates of patients with SARS-CoV-2 infection.

Seriously ill patients with COVID-19 who received anti-SARS-CoV-2
antibody-containing CP coupled with antivirals were investigated sub-
sequently in a recent clinical trial, and compared to the control group,
the CP group had a shorter stay in the intensive care unit along with a
lower rate of mechanical ventilation support and a lower rate of vaso-
pressor support. In addition, the death rate was comparatively lower in
the patients treated with CPT. Hence, CPT was suggested as a beneficial
approach to managing severely ill patients with COVID-19 [76].

However, the point to be considered is that the use of CPT at earlier
stages of viral infection, along with monitoring of patients given CPT,
may help to avoid the emergence of hyperinflammatory immune re-
sponses [77]. The antibodies-based therapy such as CPT has recently
been authorized by the FDA to relieve the symptoms of COVID-19 in
individuals who have been diagnosed with SARS-CoV-2 infection. Apart
from CP, other therapeutic regimens based on immunoglobulins/mo-
noclonal antibodies (MABs) such as bamlanivimab have been approved
by Eli Lilly and Regeneron Pharmaceuticals for the emergency use of
severely infected patients with COVID-19 [78], which has encouraged
the scientific community to explore the potentialities of CP in the
treatment of patients with COVID-19.

According to a recent systematic review and meta-analysis, CPT may
be a useful therapeutic option for COVID-19, with encouraging in-
dications of safety and decreased mortality when used in conjunction
with antiviral/antimicrobial medicines, steroids, and other supportive
care [79]. Despite the fact that limited randomized trials have shown
that CPT does not significantly reduce mortality, several non-RCTs and
case reports (series) have indicated that CP can assist the patients in
improving clinical symptoms, clearing the virus, and reducing death,
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particularly in COVID-19 patients who are sick within ten days. It has
been postulated that CPT can be a viable therapeutic option to treat
patients with SARS-CoV-2 infection if given earlier [35].

For the treatment of COVID-19, a recent development in CPT
involving the use of extracellular vesicles such as exosomes. In the
present situation, using recovered COVID-19 convalescent plasma-
derived exosomes (CPExo) might speed up therapeutic methods. Exo-
some administration to the in vivo system has been demonstrated to be
advantageous and can effectively and precisely target infections. In this
concept, the researchers focus on CPExo rather than CP, maybe because
exosomes are dispensed, and immune response conferred through an-
tibodies is more efficiently obtained [80]. Exosomes may recognize
antigens with a high degree of sensitivity and specificity. Many of these
derivatives may cause immunological modulation in cells and function
as an epigenetic inheritor response to infections through RNAs.
COVID-19-activated plasma-derived exosomes have been reported for
their actions beyond the immunological antibodies. Preselecting
plasma-derived antibodies and RNA-merged exosomes, according to the
presented theory, could be an optimal treatment strategy for COVID-19
patients. In addition, CPExo also exhibits multi-potential influences on
treatment effectiveness by serving as an immunotherapeutic, drug car-
rier, and diagnostic target employing non-coding genetic elements as a
biomarker [80].

A recently conducted systematic review and meta-analysis
comparing the efficacy of CP to conventional treatment/non-CP on
clinical outcomes in patients with COVID-19 has revealed that the CP
usage was related to a lower risk of all-cause fatality in COVID-19 pa-
tients who were critically infected [81]. In addition, a recent
meta-analysis of systematic studies based on the study of the major
endpoint mortality has also concluded that the clinical use of CP over
conventional treatment when delivered at high titer and early in the
course of COVID-19 is safe and effective [82]. However, it has been
mentioned by Franchini et al. [82] that the research conducted by them
has several limitations, and still, there is a dire need to conduct
large-scale clinical trials in collaborations to decipher the true potenti-
alities of CPT [82].

6. Challenges and risks associated with CPT

Screening, approving, collecting, and monitoring of donors, as well
as access to adequate assay facilities are some of the administrative and
technical challenges in handling CP. CPT usage in poor countries is
limited mainly owing to systemic and transfusion-specific difficulties,
including a lack of donor recruitment and collecting capability, as well
as the lack of efficient healthcare systems [83-87,88,89]. Furthermore,
donors consenting to give plasma must fulfill the exact requirements as
the donors consenting to contribute blood; for example, for CPT, the
donor can be harmful if not tested for the SARS-CoV-2. The donor should
be free of any COVID-19 symptoms during the CP donation [42,90,91].
The production of CP for treating patients can be hindered by the lack of
NAbs in the plasma of the donor, and these antibodies persist for a
period of few weeks to months only. CPT also necessitates substantial
infusion volumes (200-2400 mL) [92] and there is no standard CP
transfusion dose; therefore, the amount is determined as per the patient.
The time of administration has an impact on the outcome; for example,
the greatest results have been obtained in recipients/patients who
received CP transfusion before the onset of the humoral immune
response [93]. Thus, there could be a significant disparity between the
number of recovered and active/positive cases, and meeting the need for
a big volume of plasma to treat the high number of infected patients
could be difficult [42]. Viruses, especially coronaviruses, are prone to
mutations, which might lead to a reduction in antibody production as
well [35,92].

Additional concerns about CPT must be addressed besides regulation
of the product’s effectiveness and safety for the efficient treatment of
patients with COVID-19 [95]. After the receiving CPT, modest
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complications like fever, skin erythema, and nausea may occur [69]. In
the therapy with convalescent plasma, antibody-mediated proin-
flammatory or antibody-dependent exacerbation of infection conse-
quences could arise. A recent study consisting of 5000 COVID-19
patients has reported only negligible occurrence of adverse effects in the
patients. In the patients treated with CPT a mortality rate of approxi-
mately 0.3% has been found during the first 4 h following transfusions
0.3% [94,95].

The extending effects of CP transfusion have been demonstrated in
another big safety research with 20,000 participants. The authors have
documented 146 transfusion responses within 4 h of finishing conva-
lescent plasma transfusion. Sixty-three fatalities (0.3%) were reported
out of which 13 were potentially or certainly attributable to transfusion.
There were 37 instances of transfusion-associated circulatory overload,
20 transfusion-associated acute lung damage, and 26 of severe allergic
transfusion responses [96]. One thousand seven hundred eleven fatal-
ities occurred within seven days following transfusion. Moreover, 1136
serious adverse events such as cardiac events and thromboembolic/-
thrombotic events have been reported [96]. However, it is important to
consider that a number of adverse effects were not related to the
transfusion of CP. Hence, the ambiguities with the risks associated with
CP transfusion still exist.

A long-term antibody profile study has also been conducted on 115
successive plasma samples from 16 hospitalized COVID-19 patients
treated with either CP or standard of care, and only half of them sur-
vived. Surprisingly, the presence of CP therapy had no impact on sur-
vival. Prior to death, the fatal patients’ neutralization titers dropped
dramatically, and convalescent plasma therapy had no effect on this
trend. Furthermore, regardless of CP therapy, the increased antibody
affinity for the SARS-CoV-2 prefusion spike was linked to a better
outcome in terms of survival [97]. It is worth noting that in these
COVID-19 patients, a prolonged high IgA response was linked to a fatal
event. Such data suggests that the convalescent plasma treatment for
COVID-19 patients must be carefully addressed and that the treatment
efficiency may be dependent on the physiological and serological con-
dition of COVID-19 patients, as well as the concentration and quality of
immunoglobulins in the CP [97].

The standard operating protocols for utilizing the CPT and conva-
lescent plasma in patients with various illnesses have not been delin-
eated yet. The current studies have shown that CPT is safe and effective
in curing many illnesses, including COVID-19 [83,85,86], but there are
still some ambiguities about the clinical utility of CPT in the treatment of
COVID-19 [94] even though there is a hypothetical ground to believe
that immunoglobulins in the plasma of people who have survived viral
infections might lower viral levels in critically ill patients [2,98].
Moreover, the CPT might cause transfusion-related responses ranging
from moderate to severe, including fever, allergies, life-threatening
bronchospasm, acute lung damage, and circulatory overload in the
elderly patients and in these having with renal and cardiovascular dis-
eases [90,99].

7. SARS-CoV-2 variants and CPT

Ancestral SARS-CoV-2 genetic evolution was modest until the
development of a worldwide dominant variant termed D614G, which
enhanced transmissibility but not disease severity. Since then, other
SARS-CoV-2 variants have been identified, some of which are designated
variants of concerns (VOCs) due to their public health implications.
VOCs can increase transmissibility or virulence, reduce neutralization
by antibodies from natural infection or vaccination, evade detection, or
reduce therapeutic or vaccine efficacy [100]. B.1.1.7, B.1.351; P.1;
B.1.617.2; B.1.427; P.2; P.3; B.1.525; and C.37 are the major variants of
SARS-CoV-2 discovered so far. There is a need to rediscover the poten-
tialities of CPT against these variants as vast unvaccinated communities
across the world still raise the possibilities of the emergence of variants
[77].
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Recently, it has been postulated that the SARS-CoV-2 variants such as
B.1.1.7 don’t confer increased resistance to plasma from individuals
who have recovered from COVID-19 or sera from individuals who have
been vaccinated against SARS-CoV-2. However, the B.1.351 variant has
been found to be significantly resistant to neutralization by convalescent
plasma of recovered individuals who have been vaccinated. It has been
concluded that the B.1.351 and emerging variants with similar muta-
tions in the spike protein present new challenges for therapeutic regi-
mens such as CPT and MABs and threaten the protective efficacy of such
therapy [98].

Convalescent plasma collected from the patients who had previously
been infected with the ancestral SARS-CoV-2 strains has been tested in
vitro and shown to have considerably decreased neutralization against
the beta (B.1.351) subtype of the virus [101]. This is in corroboration
with a recent in vitro study, in which the beta (B.1.351) variant of
SARS-CoV-2 exhibited significantly greater resistance to neutralization
by convalescent plasma compared to the alpha (B.1.1.7) variant [98].
These findings suggest that CPT may not be an effective therapeutic
regimen against COVID-19 amid the emergence of new variants of
SARS-CoV-2.

Furthermore, Vidal et al. [102] have correctly stated that broad
SARS-CoV-2 immunity will be required to halt the COVID-19 pandemic.
Natural infection and vaccinations both trigger NAb responses, which
are important components of immunity. However, the SARS-CoV-2
variants are evolving with mutations in the spike gene that facilitate
evasion of NAD responses. As a result, these mutations may prolong the
vicious grip of the so-called COVID-19 pandemic. The two SARS-CoV-2
variants, B.1.1.7 and B.1.351, were significantly sensitive to NADb re-
sponses from early COVID-19 convalescent patients [102]. However, the
B.1.351 strain, on the other hand, has a lower susceptibility to early
pandemic NAb responses. It has been suggested that the additional
virological, immunological, and clinical characterization of the
emerging SARS-CoV-2 variants could aid in the development of effective
therapeutic regimens [102].

8. Conclusion and future perspectives

Coronavirus illness is currently not treatable with any FDA-approved
medicines (COVID-19). Because of the epidemic, the healthcare practi-
tioners are under significant pressure to prescribe medications despite
the scanty information regarding their safety and effectiveness. Due to
this increased pressure, there is an even greater conflict between the
value of practicing evidence-based medicine and the urgency of
providing access to promising medicines before their safety and efficacy
has been proved. Among a range of immunomodulatory therapeutic
approaches, the convalescent plasma therapy (CPT) has emerged as an
effective strategy to manage patients with COVID-19. The diverse range
of activities possessed by CP the antiviral, immunomodulatory, anti-
inflammatory, and anti-thrombotic properties makes it a suitable ther-
apeutic regimen to explore for its effectiveness in the treatment of viral
infections. Moreover, the CPT has resulted in a substantial reduction in
fatality rates among SARS-CoV-2 patients.

Instead of the several upcoming pieces of evidence regarding the
efficiency of CPT, many studies have reported the risks of unwanted
reactions that have occurred in the patients treated with CP. Eventually,
there has been an ongoing debate over its efficacy. The evidence-based
information on the dose and therapeutical index could be beneficial in
the clinical acceptance of CPT for routine medical usage in normal
medical practice. CP administered early in the course of an infection and
containing sufficient antibodies may prevent the development of un-
wanted immune responses and help in the treatment of patients with
COVID-19. In addition, a clear portray of the antibody profile of natu-
rally infected patients and vaccinated people would help in the selection
of suitable donors for the plasma. However, the efficacy of CPT against
the emerging variants of SARS-CoV-2 and its usefulness in the treatment
of COVID-19 is a big question for the scientific community that needs
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has to be unveiled urgently for the development of safe and efficient
therapeutic regimens. The SARS-CoV-2 virus has undergone multiple
mutations since its emergence in 2019, resulting in changes in its viru-
lence, thus impacting the disease severity globally. Furthermore, many
research groups have found a decreased effectiveness of CP against some
variants of SARS-CoV-2, such as B.1.351, raising serious concerns about
the CPT. In addition, the emergence of more virulent variants of SARS-
CoV-2 could make it more challenging to effectively control the COVID-
19 pandemic. In this context, large-scale clinical trials are required to
explore the effectiveness of several repurposed therapeutic regimens,
including CPT. Moreover, it is essential to consider the prolonging ef-
fects of CPT. Hence, the patients receiving CP should be constantly
monitored to ensure that there are no unforeseen side effects, which in
turn could stipulate the in-field practicality and possible risks associated
with CPT.
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