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Abstract: Novel therapies for the treatment of COVID-19 are continuing to emerge as the SARS-
Cov-2 pandemic progresses. PCR remains the standard benchmark for initial diagnosis of COVID-

19 infection, while advances in immunological profiling are guiding clinical treatment. The SARS-

Cov-2 virus has undergone multiple mutations since its emergence in 2019, resulting in changes in

virulence that have impacted on disease severity globally. The emergence of more virulent variants

of SARS-Cov-2 remains challenging for effective disease control during this pandemic. Major vari-
ants identified to date include 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.
Globally, large unvaccinated populations increase the risk of more and more variants arising. With

successive waves of COVID-19 emerging, strategies that mitigate against community transmission

need to be implemented, including increased vaccination coverage. For treatment, convalescent
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plasma therapy, successfully deployed during recent Ebola outbreaks and for HIN1 influenza, can
increase survival rates and improve host responses to viral challenge. Convalescent plasma is rich
with cytokines (IL-13, IL-2, IL-6, IL-17, and IL-8), CCL2, and TNFq, neutralizing antibodies, and
clotting factors essential for the management of SARS-CoV-2 infection. Clinical trials can inform and
guide treatment policy, leading to mainstream adoption of convalescent therapy. This review ex-
amines the limited number of clinical trials published, to date that have deployed this therapy and
explores clinical trials in progress for the treatment of COVID-19.

Keywords: coronavirus; COVID-19 therapy; COVID-19 vaccine; COVID-19 convalescent therapy;
SARS-CoV-2 infection; human antibodies; variants of concern; Ebola

1. Introduction

Coronaviruses are a broad and diverse group of ssRNA (+) viruses that cause a range
of infections across many species. The most notable infections affecting humans include:
the common cold, Severe Acute Respiratory Syndrome (SARS), Middle East Respiratory
Syndrome (MERS), and COVID-19 [1]. The first human coronavirus (B814) was identified
from human adult respiratory tract in embryonic tracheal organ cell culture [2,3]; when
intranasally innoculated, the virus caused a respiratory infection (common cold) in a large
proportion of human subjects [3]. A further virus with the same “unusual features”, 229E,
was cultured human tissue [4]; both viruses were ether-sensitive (likely having a lipid-
coat) and unrelated to paramyxoviruses or myxoviruses [3]. McIntosh et al. (2004) re-
ported multiple strains of ether-sensitive viruses from human respiratory tract samples
and called these viruses ‘OC’ [5]. Electron microscopy of fluids from B814-infected organ
cultures examined by electron microscopy showed 80-150 nm membrane-coated, pleo-
morphic particles with widely spaced club-shaped surface projections [6]; these were also
observed for 229E and OC viruses. This new virus group was named coronavirus (‘corona’
due to the crown-like appearance of the surface projections) and it later became a new
virus genus [7,8]. The genus comprises a range of human and zoonotic viruses, include:
mouse hepatitis virus; infectious bronchitis virus; and transmissible gastroenteritis virus
of swine.

The first documented case of a human coronavirus exhibited symptoms of the com-
mon cold [2]. Patients presented with flu-like symptoms in 2001; 17 were shown to be
infected with a coronavirus [9]. Most CoV infections were considered to result in mild
infection including 229E and NL63 (belonging to group I coronaviruses that include NL
and New Haven coronaviruses), but in the last decade, three coronaviruses—SARS-asso-
ciated coronavirus (SARS-CoV); Middle East respiratory syndrome coronavirus (MERS-
CoV), and SARS-CoV-2 emerged that resulted in severe morbidity and mortality in hu-
man populations [7,8].

The outbreak of severe acute respiratory syndrome (SARS), a contagious and poten-
tially fatal disease, caused by SARS-CoV emerged in China in November 2002, rapidly
spreading to 24 countries [10-14]. Between November 2002 and July 2003, 8098 confirmed
cases of SARS and 774 deaths were reported worldwide with a fatality rate of 9.6% [14].
The SARS epidemic provided evidence that animal coronaviruses could jump species and
cause significant human disease [1,15].

In 2012, another new viral respiratory illness emerged in Saudi Arabia; Middle East
Respiratory Syndrome (MERS) MERS-CoV emerged with a fatality rate of up to 35%.
MERS-CoV infections are transmitted from human to human, but dromedary camels are
a major zoonotic reservoir host for the virus [16] (Figure 1).

In 2019, another novel viral human respiratory pneumonia emerged in Wuhan,
China called (COVID-19) caused by a new virus severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) [15,17]. Following the first outbreak of the SARS-CoV-2 in Wu-
han, currently (as of 21 June 21, 2021), the global statistics of COVID-19 are as follows:
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total countries affected = 222; total cases = 179,369,956; total deaths = 3,884,375, new cases
=+124,038; total recovered = 163,954,265; active cases = 11,531,316 [18].

1.1. Origin and Spread of SARS-CoV2

SARS-CoV-2 and SARS-CoV both likely originated in bats [19]. SARS-CoV-2 is be-
lieved to have jumped to humans from an intermediate and as yet undetermined species,
sold at a “wet market” (the Huanan Seafood Wholesale Market) in Wuhan, China (Figure
1) [20]. China informed the World Health Organization (WHO), late in 2019, of a cluster
of new pneumonia cases with unknown etiology, and by 3 January 2020, 44 cases had been
reported. In early 2020, 2019-nCoV spread rapidly through the Asia-Pacific region and
globally. The Thai Ministry of Public Health reported its first case of COVID-19 (imported
from Wuhan, China) on 3 January. Japan reported its first case imported from China on
15 January. On 20 January, the Southern region of Korea, through its International Health
Regulations (IHR) Focal point, reported its first case. On 23 January, the United States of
America registered its first case. On 24 January, Vietnam reported its first case that was
not related to travel from China. On 24, 25, and 26 January, the governments of Singapore,
Australia, and Malaysia, respectively, confirmed their first cases. By 27 January, cases
were reported in Canada. By 28 January, Cambodia, Germany, and Sri Lanka had all re-
ported cases. On 30 January, cases were reported in the Philippines and India, and Japan
reported cases on 6 February. Infections reached Europe in late January 2020; the first case
was reported in Italy on 31 January; the Russian Federation on 1 February; UK, Belgium,
and Sweden reported first cases on 5 February [21].
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Figure 1. Zoonotic transmission of coronaviruses. Coronaviruses originally from wildlife species such as bats have under-
gone evolutionary changes to generate SARS-CoV and MERS-CoV genotypes through genetic recombination especially
in the Orf8 and S proteins. SARS-CoV-2 is transmitted to other wildlife species either through the domestic (A) or the
sylvatic (B) cycle. Human interaction with host species through livestock communal activities (C) and wildlife poaching
(D) leads to the introduction of SARS-CoV-2 variants in susceptible populations. Infections in humans are complicated by
mutations in the SARS-CoV-2 genome (E), making routine control of infection challenging.
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1.2. SARS-CoV-2 Infection

SARS-CoV-2is transmitted by human-to-human contact, spreading through airborne
droplets [22,23], or by surface contact. Individuals can be asymptomatic for the virus or
symptomatic showing a variety of mild to severe respiratory and non-respiratory symp-
toms, including difficulty breathing, fever, headache, tiredness, persistent cough, myalgia,
anosmia, and ageusia [24]. The virus infects the epithelial cells of the respiratory system
damaging the cilia and leading to the secretion of inflammatory mediators that cause local
inflammation and swelling and increased nasal secretions [25,26]. These reactions lead to
airway obstruction and irritation of the mucosa lining in the upper respiratory tract. Un-
common features included diarrhea and dyspnea. SARS-CoV-2 has been detected in blood
and isolated from bronchoalveolar lavage fluid samples. The virus has not been observed
in the feces and urine of COVID-19 patients [27,28].

Genome analysis of SARS-CoV-2 shows two major lineages (L and S), which is well
defined by two different single-nucleotide polymorphisms. The more recent ‘L’ lineage is
more aggressive, spreads faster, and is more prevalent than the ‘S’ lineage [29].

1.3. Molecular and Immunopathogenesis of SARS-CoV-2 Infection

The clinical course of COVID-19 following SARS-CoV-2 infection has three phases
[30,31].

Stage 1: Asymptomatic stage (1-2 days of infection). Following inhalation of SARS-
CoV-2, the virus binds to the epithelial cells in the nasal cavity, where it replicates [31].
Angiotensin-converting enzyme 2 receptors (ACE.2) are the main receptors for SARS-
CoV-2, and viral propagation occurs with minimal innate immune response. The viral
load is low, but the person is infectious. The virus can be detected from nasal swabs using
diagnostic polymerase chain reaction (PCR) tests and the viral load quantified using Real-
Time PCR [23,24,32,33].

Stage 2: Upper airway and conducting airway response. The virus migrates down
the respiratory tract, inducing a more vigorous innate immune response. The virus is de-
tected from nasal swabs or from sputum. There is now a clinical manifestation of illness.
Innate response cytokine levels (including for CXCL 10) are high and are determinants for
disease prognosis. Infected cells produce - and A-interferons, with CXCL 10 being the
major interferon response gene, which is an essential marker for COVID-19 [34,35].
Around 80% of infected individuals suffer only mild illness localized in the upper respir-
atory system and conducting zone, which can be managed by conservative supportive
care and with at-home monitoring [23,32,33].

Stage 3: Hypoxia, ground-glass infiltrates, and progression to acute respiratory dis-
tress syndrome (ARDS). In 20% of cases, COVID-19 infection will progress to stage 3,
which is associated with pulmonary infiltration; prognosis is uncertain and patients suffer
high mortality [36]. The virus reaches the lungs and infects pneumocytes, mainly the type
IT alveolar cells. As with SARS-CoV and influenza viruses, SARS-CoV-2 preferentially in-
fects subpleural and peripheral type II pneumocytes [32]. Propagation within type II cells
leads to the release of a large number of viral particles that induce apoptotic cell death of
the alveolar cells, resulting in the emergence of a self-replicating pulmonary toxin follow-
ing the spread of infection to type II cells in adjacent units. Progressive death of type II
cells in numerous lung areas triggers epithelial regeneration via secondary mechanisms.
By infecting type II alveolar cells, the virus indirectly affects the type I cells (since type II
cells are the precursors of type I cells and type II pneumocytes repair the alveolar epithe-
lium when type I cells are damaged). Infection results in diffuse alveolar damage with
fibrin-rich hyalin membrane and scanty multinucleated giant cells. The regeneration pro-
cess leads to severe fibrosis and scarring [37], as a result of immuno-inflammatory pro-
cesses [37]. Recovery depends on a strong innate and acquired immune responses and
robust epithelial regeneration [38] (Figure 2). Immunocompromised individuals, includ-
ing the elderly and those with chronic illnesses (cancer, diabetes mellitus, and chronic
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lung disease), are at increased risk for severe illness. The elderly and those with chronic
lung disease have reduced epithelium regenerative ability and decreased mucociliary
clearance, which enable viral spread within the alveolar cells [23,33].
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Figure 2. Immunopathogenesis of SARS-CoV-2 in humans. Colonization by SARS-CoV-2 is enhanced by ACE through
which further viral replication takes place. Increased viral exposure leads to the generation of variants. Immune cells
(APCs) including basophils, neutrophils, macrophages, and monocytes help to identify the infection. APCs work with T
cells by binding to specific T cell receptors, which leads to the activation of CD4 and CD8 cells and the production of
cytokines. The humoral response involves B cells, which are activated once an APC cell presents the antigen through the
B cell receptors, leading to the activation of memory B cells and plasma B cells for the production of more antibodies to
neutralize infection.

1.4. SARS-CoV-2 Variants

All viruses, including the causative agent of COVID-19 (SARS-CoV-2), evolve, and
these changes can significantly affect viral properties including transmission, disease se-
verity and impact on diagnosis, and response to vaccination. Since January 2020, the
WHO, researchers, national authorities, and expert networks within institutions have
been monitoring the evolution of SARS-CoV-2 [39]. By late 2020, SARS-Cov-2 variants
were emerging that were considered to pose a risk to global public health. Variants fall
into two categories, Variants of Concern (VOCs) and Variants of Interest (VOIs), and they
are characterized within each group using letters of the Greek alphabet (Delta, Gamma,
Beta, and Alpha) [39-41].

A Variant of Interest (VOI) is a variant that in comparison to the reference virus has
mutated, giving rise to new phenotype(s) and leading to multiple community transmis-
sions/clusters/cases, as has been observed emerging in multiple countries. A Variant of
Concern (VOC) will meet the definition of a VOI, but it has also been shown to be associ-
ated with one or more of the following: an increase in transmissibility or shows a
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detrimental change for COVID-19 epidemiology; an increase in virulence or change in
clinical disease presentation; or will result in a decrease in the effectiveness of public
health and social measures or available diagnostics, vaccines, and therapeutics; see Table
1[39].

Table 1. SARS-CoV-2 Variants of Concern and Variants of Interest (as of 15 June 2021).

Variants of Concern

Earliest Date of
WHO La- PANGO GISAID Next strain Docu- Designa-
bel Lineage Clade/Lineage Clade mented tion
Samples
United
Alpha  B.1.17 CRY (formerly ) (y1)  Kingdom, 18-Dec-2020
GR/501Y.V1)
Sep-2020
South Af-
Beta B.1.351 GH/501Y.V2  20H (V2) rica, 18-Dec-2020
May-2020
Brazil,
Gamma P.1 GR/501Y.V3 20] (V3) Nov-2020 11-Jan-2021
. VOI: 4-Apr-
India,
Delta B.1.617.2 G/478K. V1 21A Oct-2020 2021
VOC: 1
Variants of Interest
United
Epsilon  B.1.427/B.1.429 GH/452RV1  21C States of gy pr2001
America,
Mar-2020
Zeta D2 GR/S84K V2  20B/S4gak  Drodl 17-Mar-2021
Apr-2020
Multiple
Eta B.1.525 G/484K. V3 21D countries, 17-Mar-2021
Dec-2020
Philippines,
Theta P3 GR/1092K.V1 21E Jan-2021 24-Mar-2021
United
States of
Tota B.1.526 GH/253G.V1 21F . 24-Mar-2021
America,
Nov-2020
India,
Kappa B.1.617.1 G/452R.V3 21B Oct-2020 4-Apr-2021
Lambda C.37 GR/452QV1 20D gg;g AU 14 fun2021

WHO = World Health Organization. GISAID = Global initiative on sharing avian flu data. PANGO
= Phylogenetic Assignment of Named Global Outbreak.

Mutations in SARS-CoV-2 that generate variants that may reduce the effectiveness of
vaccines is a major public health concern. Mutations that reduce vaccine effectiveness will
impede the development of ‘herd immunity” and undermine local and global vaccination
strategies [42]. The first variant of SARS-CoV-2, 501Y.V1 was observed in Europe [40] that
was shown to influence host antibodies [43]. Mutations in RNA viruses can arise as “drop-
off mistakes’ during viral replication [44-47,48], from gene diversity by recombination
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[48] and by RN A-editing mechanisms as part of natural host immunity [49]. The D614G
mutation is associated with changes in the S protein of the SARS-CoV-2 genome, making
it qualify as and classified as a VOC called B.1.1.7 [50], and D614G is associated with high
viral load [51]. No correlation has been shown between the B.1.351 SARS-CoV-2 variant
in Europe with disease severity. However, the B.1.351 variant has proved problematic for
most NTB mAbs, with antagonist linkage to convalescent plasma increasing to around 30-
fold [52]. SARS-CoV-2 variants are believed to be responsible for viral re-emergence in
Manaus, Brazil i.e., B.1.1.28 (93, 37%), P.1 (24%), B.1.195 (20%), B.1.1.33 (12%), and P.2 (9,
4%). P.1 was identified as a VOC by January 2021 [53].

Surprisingly, SARS-CoV-2 has shown minimal diversity since its adaption in humans.
Skewed mutant-bias from the SARS-CoV-2 gene delineation has been reported [54-57],
and 98% of viral mutants had compromised K-mers for homoplastic sites. Domingo-Calap
et al. observed C-C-A enrichment in dedicated editable APOBEE-RNA enzymes [54].
Many branches in the phylogenetic have a low genetic-defection range with dominant
stray heads in familial alternate alleles in progeny. The variability in viral transmissibility
of various viral strains can be estimated by analyzing the percentage of wild-type genome.
Identification of the E484 spike protein involved in covalent association with serum mol-
ecules has 10-fold diminished apolar field restrictions, which is an observation common
to the B.1.351 and P.1 types [58,59]. There are taxonomic efforts to classify viral sub-line-
ages [43]; however, inconsistencies exist due to restrictive health policies in some coun-
tries. Great caution should be exercised in declaring whether specific mutations contribute
to changes to viral phenotype, allele pairing, etio-demographic factors, or epidemiological
process; compared to SARS-CoV-2/D614G isolated in hosts by the so-called recurring se-
lection.

1.5. Disease Severity Classification

COVID-19 patients are considered critical if they: show (a) severed respiratory dis-
tress necessitating artificial respiration (b) shock, requiring vasopressor management and
associated with raised lactate concentration greater than 2 mmol/L even with sufficient
replacement of fluids, or (c) show indication of multiple organ failure and therefore re-
quire the patient to be admitted to the intensive therapy unit (ITU) [60]. Severe diseases
in COVID-19 cases are seen in around 20% of cases [60], and severe cases of COVID-19
are associated with high death rates (over 50% of cases). COVID-19 can progress rapidly
to severe with an average of 9 days from the time of onset of symptoms to acute respira-
tory distress syndrome [17]. Early identification of infection can prevent progression to
severe COVID-19 infection [61].

1.6. Clinical Features
1.6.1. Signs and Symptoms

Around 17% of COVID-19 patients will develop acquired acute respiratory distress
syndrome, which is the main fatal complication amongst these patients [61]. Fever is com-
mon in COVID-19 infection and is not an indicator for progression to severe disease. Other
clinical characteristics for severe COVID-19 include myocardial damage and chest pain
from hypoxemia or virulence of the virus. Dyspnoea and chest pains have been shown to
occur more frequently in patients with severe COVID-19, and focusing on the occurrence
of these rarer symptoms of COVID-19 during early stages of the disease, especially
amongst the elderly who are at a higher risk for severe COVID-19 [61,62], can be predic-
tive of risk of severe disease. Disease severity has also been correlated with lymphopenia.
Lymphopenia is rarely found in SARS-CoV2 infected children, which is one of the main
reasons contributing to the low mortality rate of children from COVID-19. The rate of
severe disease increased with age; occurrence of severe COVID-19 is not only due to the
weakened immune function of the elderly population but also to variable susceptibility to
the virus in different age groups [63].
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High levels of fatal thromboembolic events in COVID-19 disease have been observed
[64,65]. Autopsies have shown 58% deep vein thrombosis in COVID-19 patients and the
occurrence of pulmonary embolism in 33% of cases [66,67]. High incidence of arterial
thrombosis including stroke and acute coronary syndromes has also been documented
[68]. The D-dimer is a useful biomarker for disease severity [69] and is used to predict
disease outcomes [70]. The application of anticoagulant thromboprophylaxis in the man-
agement of venous thromboembolism (VTE) cases that occur often is recommended [29].

1.6.2. From Bedside to Bench-Side

C-Reactive Protein (CRP) Levels Evaluation

CRP is a valuable marker for systemic inflammation suggestive of infection or tissue
damage. CRP levels correspond to COVID-19 severity arising from SARS-CoV-2 infection
and are correlated with the development of acute lung damage [27,71]. Some studies have
shown no notable changes in the level of liver enzymes in patients with severe COVID-19
[71,72], but chest CT scans indicated that most COVID-19 patients show significant patho-
logical changes in lung tissues, which is suggestive of SARS-CoV-2 infection being related
to lower respiratory tract pathology. The degree of pulmonary damage is correlated to
disease severity and its prognosis. COVID-19 patients with multiple lesions in both lungs
are more likely to be severe cases; visible changes in the lungs on chest CT scans are more
notable in patients with severe disease [73].

SARS-CoV2 Antibody Detection: ELISA

Profiling early humoral responses to diagnose and assess the prognosis of COVID-
19 disease uses immuno-enzyme testing techniques to detect plasma/serum antibodies
(Abs) against SARS-COV-2 in patients before CPT administration (-1 day), and on days 1,
3,7, and 12. Combining IgM and IgA makes the assay more sensitive, and IgG, IgM, and
IgA analysis can be performed at once [74,75]. ELISA specificity for SARS-CoV-2 IgM and
IgG were 96% (144/150) and 100% (150/150), respectively, and the sensitivity of the test
was 100% (150/150) for IgM and 99.3% (149/150) for IgG. SARS-CoV-2-SP-IgM and SP-IgG
antibodies were detectable on day 1 following hospitalization in 12.5% of cases, and SP-
IgM started to decrease/reached its peak at around 22-28 days, becoming negative after 3
months in 30% of cases and negative at month 7 in 79% of these patients after onset; IgG
reached its peak around day 22-28 and stayed at a high level for the longest time (4
months) before dropping abruptly at 7 months [76].

SARS-CoV2 Neutralization Abs in Convalescent Plasma Therapy

Convalescent plasma (CP) therapy is a treatment for COVID-19. Information as to
the amount of neutralizing antibody (NAb) present in donor blood plasma and its im-
portance in COVID-19 patients’ treatments is largely unknown. NAb titers in the CP of
the donor and patients of COVID-19 should be evaluated before, during, and after trans-
fusion with CP [77] to determine the effectiveness of CPT during the management of se-
vere COVID-19 cases (measuring the level of neutralizing antibodies by titration method)
[74]. Samples are analysed for cytopathological features, samples with the highest dilution
factor that inhibits SARS-COV-2 activity are those with the highest concentration of the
neutralizing antibodies. A clinical trial involving 10 severe adult cases of COVID-19 first
confirmed by molecular techniques suggested that a single dose of CP (200 mL) with sup-
portive management and antiviral drugs was safe. Nabs reached high levels in COVID-19
patients within 3 days, leading to improvement of the clinical presentation of patients,
disappearance of the SARS-COV-2 viruses, and improvement in pulmonary radiological
findings within 7 days of treatment [73]. The test also measures the neutralizing antibody
titers of CP derived from recovered donors before it is transfused to the patient [74,75].
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On 24 March 2020, the Food and Drug Administration, USA (FDA) issued guidelines
for CP donation and application of CP in COVID-19 patients under the emergency inves-
tigational new drug (IND) applications, and the IND regulatory pathway (21 CFR 312).
The guidelines proposed initial evaluation of the NAb if the assay is accessible, followed
by the employment of donors with NAb titers of 21:320 (FDA, 2020) later reviewed to NAb
titers 21:160, or 1:80 in absence of a unit with a titer of 1:160 [78]. SARS-CoV-2 NAD assays
are not commonly available in most countries [79], and CP therapy has mostly been un-
dertaken without Nab assays in CP before transfusion [80].

2. Management and Prevention of COVID-19
2.1. Control of the Spread of COVID-19

Guidelines for the control of transmission of the coronavirus by the WHO and the
European Centre for Disease Prevention and Control (ECDC) focus on the protection of
infected patients by health professional workers. The WHO published universal guide-
lines promoting the isolation of infected individuals from their consistent immediate
neighbors and the implementation of precautions for direct contact and aerosol infection.
ECDC published guidelines recommending contact avoidance of sick people, especially
those with a cough, avoiding crowded areas and places where live or dead animals are
handled, frequent hand washing with soap and water, and use of alcohol-based disinfect-
ant before eating, after visiting the toilet, and after any contact with animals [81,82]. Pre-
ventive measures have become more critical with significantly constrained supplies of the
COVID-19 vaccines [83].

2.2. Treatment of SARS-CoV-2 Infection

Treatment of COVID-19 requires supportive therapies including the use of analge-
sics, antipyretics and antibiotics, hydration, and artificial respiratory support. Therapeutic
options including antimalarials, antivirals, and vaccines are under study. While there are
claims that ribavirin and interferon-alpha offer synergetic effects in the early stage, others
suggest mycophenolic acid as monotherapy. Although there are appreciable advance-
ments in the discovery of therapeutic agents, the results are unsatisfactory, requiring fur-
ther clinical research [81,82]. Newer strategies for treating COVID-19 patients involve re-
purposed drugs and the application of targeted novel formulations to SARS-CoV-2.

Convalescent therapy is a therapeutic option that can be administered for severe
cases of COVID-19 involving the administration of blood plasma from previously ill but
recovered COVID-19 individuals (donors) to COVID-19 patients (recipients) [84]. Emil
Behring was first to demonstrate taking plasma from individuals recovered from diph-
theria and using it to treat newly infected diphtheria patients [85]. Knowledge remains
scares as regards immunological responses and antibody production following SARS-
CoV-2 infection. Antibodies are highly specific, binding to the invading organism and tar-
geting the destruction of the infectious agents through the major histocompatibility com-
plex (MHC) via human leukocyte antigens (HLAs), which is a complex coordinated mech-
anism involving antigen-presenting cells (APCs) [86]. Pathogens also activate B lympho-
cytes which ultimately differentiate into memory cells. Re-exposure to these pathogens
causes B-memory cells to produce immunoglobulin G (IgG) antibodies, generating a sec-
ondary immunological response that is usually faster and stronger. Introducing live or
attenuated pathogens into the body to provoke antibody generation is the basis of viral
vaccines [86,87].

3. Convalescent Plasma Therapy (CPT)

CPT was used in the clinical management of Ebola cases around the world following
Ebola virus (EBOV) outbreak in West Africa in 2014. CPT has been assessed in the USA
and in West Africa, but clinical trials subsided with falling Ebola cases [88]. Observational
studies undertaken during the first phase of SARS in 2002 showed improvement in
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patients treated with convalescent plasma therapy, but these were individual case studies
[88]. No large-scale randomized trials for CPT have been performed to date. From the
limited case studies reported to date (each study concluding on the safety of plasma ther-
apy and improved patient outcome), the WHO have designed guidelines for CPT for
Ebola infections. Limitations of the studies include small sample sizes (maximum of 10
patients) and a lack of control patients (not treated with CPT) [88]. There is a need to de-
termine the effectiveness of CPT for COVID-19 disease deployed during the pandemic,
and clinical trials are ongoing that will provide data to justify (or otherwise) the use of
CPT for COVID-19 patients [8§9-92].

3.1. Negative and Positive Aspects of Convalescent Plasma Therapy
3.1.1. Limitations and Negative Aspects of CPT

There are administrative, logistic, and ethical barriers, as well as negative aspects of
the therapy itself for CPT. Patients are administered with approximately 500 mL plasma,
after which their prognosis is carefully monitored. The condition of some patients may
worsen due to antibody-dependent enhancement (ADE), in which antibodies specific for
the disease-causing viruses bind to cells expressing receptor sites for those antibodies. The
cells become susceptible to viral infection, increasing the viral replication rate. This occurs
in dengue infection and is of concern in MERS coronavirus infection. A second challenge
is the possibility of the preformed antibodies to inhibit the immune response of the host
from responding adequately [93]. This can occur from antibodies passed on from mother
to offspring, which can prevent infants from responding adequately to vaccination and is
the reason vaccines administered earliest started at eight weeks postnatal [90-92].

Administrative and logistical barriers such as identification, consenting, collecting,
and testing of donors is problematic, as is access to suitable assay equipment, etc. to pro-
cess CP. CPT use in developing countries is constrained mainly due to systemic and trans-
fusion-specific challenges including inadequate capacity for donor mobilization and col-
lections lack functional health care systems, among others [94,95].

Donor eligibility requires donors consenting to donate plasma should meet the eligi-
bility criteria for standard blood donation; e.g., for CPT, the donor must be negative for
the SARS-CoV-2 test, free from COVID-19 symptoms, etc. [16,96,97]. A lack of neutralizing
antibodies in the donor (recently recovered patient) plasma can hinder the preparation of
CP for treating cases, and these antibodies last for only a few weeks to months. CP treat-
ment also requires large infusion volumes (200-2400 mL) [98], and there is no available
standardized transfusion dose of CP, i.e., the dose depends on the patient. The time of
administration also determines the outcome; i.e., the best outcome occurs in those recipi-
ents/patients who have received CP transfusion before the development of the humoral
immune response [99].

There will be a large imbalance between the number of recovered and active/positive
cases, and it is a challenge to meet the demand for a large amount of plasma needed to
treat the large number of patients being infected [97]. Mutations are common among vi-
ruses, including the coronaviruses, and there is a risk of diminishing antibodies.

Standard operating procedures for using convalescent whole blood and convalescent
plasma among people with different diseases do not exist. Although studies to date sup-
port the safety and the efficacy of CPT to treat infectious diseases such as COVID-19 [92-
94], uncertainty exists regarding the safety and efficacy of CPT therapy for people with
infectious diseases. Although there is a theoretical reason to think that antibodies in the
blood or plasma of individuals who have survived viral diseases can reduce the viral lev-
els of severely ill patients, research regarding this is still ongoing [17,96].

CP transfusion may induce transfusion-associated reactions ranging from mild to ad-
verse reactions; these reactions include fever, allergy, life-threatening bronchospasm,
acute lung injury, and aged persons and patients with renal and cardiorespiratory disor-
ders may get circulatory overload [100]. Other rare adverse reactions associated with CPT
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include phlebitis, generalized jaundice, evanescent facial red spot, and ADE transfusion-
associated infections such as SARS-CoV-2 itself, Treponema pallidum and hepatitis B are
rare with CPT but can occur. CP administration carries the risk of re-infection, since the
process involves infusion of passive antibodies that may weaken the recipient’s immune
system, causing inhibition in the production of pathogen-specific antibodies and resulting
in re-infection by the pathogens of the disease that is being treated [97].

Monoclonal antibody cocktails and immunoglobulin preparations could be effective
preventive and treatment options to resolve efficacy issues; however, if standard precau-
tions and blood safety strategies are followed, CPT is expected to be safe [17,96].

3.1.2. Positive Aspects of CP Therapy

There is a positive risk—benefit balance with CPT and people with infectious diseases.
CP transfusion is well tolerated by most patients, and improved clinical outcomes in se-
vere cases of patients with COVID-19 are observed, although some adverse effects are also
seen [98]. CPT has been used successfully for treating and reducing the mortality of people
infected with South American hemorrhagic fevers, Ebola, SARS, MERS, Hantavirus infec-
tion, and COVID-19 [92,93,97].

Regarding clinical efficiency of CP therapy, preliminary studies show promise. A
study on five critically ill COVID-19 patients with acute respiratory failure and artificial
ventilation found that all showed improvement after the administration of CP containing
SARS-CoV-2 antibodies, combined with lopinavir/ritonavir and interferon treatment be-
tween days 10 and 22. Patients showed an incremental increase in antibody levels, de-
crease in viral load, and alleviation of symptoms of COVID-19, including ARDS [97]. CPT
can significantly reduce the case fatality rate for viral infections compared to supportive
and other treatments [91,96]. Very low mortality levels are associated with CPT; patients
receiving CPT, especially in the early phases of disease onset, show significantly very low
mortality rates. The mortality rate in patients receiving CPT before 14 days of onset was
found to be 6.3% and after 14 days was 21.9% in patients infected with SARS-CoV-1; no
mortality was reported in patients receiving CPT for patients suffering from SARS-CoV-
2 in five other studies [101].

CPT also provides beneficial effects attributed to plasma components such as organic
compounds, water, proteins (albumin, globulins, coagulation, and antithrombotic factors
complement components), and inorganic slats [102]. The beneficial effects of CPT include
replenishment of coagulation factors vital in hemorrhagic fevers e.g., Ebola, immunomod-
ulation role due to anti-inflammatory cytokines and antibodies, and the maintenance of
colloidal osmotic pressure body fluid compartments mainly by albumin [97,103]. CPT has
proven its ability to reduce viral load in influenza patients [104], and a meta-analysis
demonstrated a significant reduction in mortality among patients treated with convales-
cent plasma or serum in severe viral acute respiratory infections [105].

3.2. Convalescent Plasma (CP) for Treatment of Infectious Diseases: PAST Experiences

The emergence of newer antimicrobial agents (antivirals, antibiotics, and vaccines)
led to a reduction in the use of convalescent serum or plasma therapy, but with the emer-
gence of novel infections with no specific drugs, there has been renewed interest in im-
mune therapies derived from immune survivors [106,107].

3.3. Convalescent Plasma Therapy for Ebola
3.3.1. Plasma Transfusion and Convalescent Whole Blood for Treatment of EBOV

Ebola virus causes a viral hemorrhagic fever called Ebola/Ebola Virus Disease (EVD).
This enveloped negative-stranded RNA virus was first identified in 1976 in southern Su-
dan and later in northern Zaire. EBOV has traversed equatorial Africa for decades, with
outbreaks occurring more often since 2000 [108]. EVD is a zoonotic infection with natu-
ral/intermediate hosts (rodents, fruit bats, chimpanzees, or monkeys), and the virus is



Life 2021, 11, 734

12 of 32

transmitted from wildlife to people through fluids and also seen in human-to-human
transfer from infected to uninfected individuals. The clinical presentation of EVD begins
with non-specific symptoms including chills, fever, myalgia, and malaise, advancing into
a severe hepatitis/gastroenteritis phase accompanied by nausea, vomiting, diarrhea, and
anorexia, leading to hypovolemia, electrolyte imbalance, and metabolic acidosis [108].
EVD can cause multiple organ failure and has a 21.2% to 60.8% case fatality rate [109].

EVD management is largely supportive with fluid and electrolyte replacement and
symptomatic treatment. Clinical trials have explored treatment options [110-114].

CPT was used for the management of EVD during the Zaire Ebola epidemic of 1976;
here, one recipient fully recovered after being transfused with two units of CP (200-300
mL per unit) [115,116]. During this outbreak, 26 convalescent donors donated 201 plasma
units, and samples with EBOV antibody titers < 1:64 were selected for use. Even though
CP was found to contain microfilaria, this did not affect processing [117]. This plasma was
also stored for subsequent emergencies [102].

Convalescent whole blood administration was deployed during the Rvsv-Zaire
Ebola virus (ZEBOV) epidemic in Kikwit, Democratic Republic of Congo, in 1995 [118].
Eight patients received transfused EBOV convalescent whole blood, seven of whom sur-
vived (12.5% case death rate for an infection that is considered 80% fatal). An experiment
conducted in primates illustrated the relevance of passive immunity conferred by the con-
valescent transfusion of whole blood [119], and a study in mice showed the relevance of
passive polyclonal immune serum transfusion. Mice with a serious deficiency in the im-
mune system showed a survival rate of 100% in mice challenged with a lethal dose of
ZEBOV, but the mechanism of protection could not be established [13]. Recently, similar
experiments in primates yielded similar results [120].

ZMapp, a drug made up of individual monoclonal antibodies against EBOV was the
first experimental agent for EVD in Europe and USA but had limited supply [82]. ZMapp
is a monoclonal antibody cocktail (mAbs) made against EBOV. The experimental drug is
made of 3 mAbs of IgG class, which bind to three different epitopes of the EBOV surface
glycoprotein [121]. Abnormal humoral responses were noted after ZMapp use in patients
with EVD in the US, and other forms of immune therapy were used to manage the re-
maining EVD patients [121]. The first trial of convalescent plasma in the management of
EVD cases in the US and West Africa involved transfusing plasma from a survivor to an
EVD patient at University of Nebraska Medical Center (UNMC) [122], and the practice of
using ECP with EVD patients has been adopted since then in the US and Europe. The
WHO recommended the use of CP in EVD patients as a treatment and provided national
health authorities and transfusion organizations with guidelines regarding the collection
and processing of convalescent whole blood or CP from EVD-recovered patients [123]. A
health worker (51 years of age) who was infected with EBOV and received two doses of
CP on the 9th and 10th days of sickness showed complete recovery and absence of the
virus in their plasma (negative EBOV RNA test) within 28 days. Another severe EVD case
in Sierra Leone received six doses of CP on separate days following sickness. He also re-
ceived TKM-100802 in the initial phases of the illness (discontinued due to severe organ
damage from it), and although the patient was in a critical state (on supportive respiration
and dialysis), he recovered fully and tested negative for EBOV RNA within 44 days. Alt-
hough the recovery of the above two EVD patients was attributed to CP and TKM-100802,
the use of the agents was uncontrolled; therefore, one cannot dispute the fact that the re-
covery of the patients could be attributed to other factors such as adequate supportive
care [123].

In Europe, CP therapy was used with caution for EBOV, following the development
of transfusion-related acute respiratory distress following treatment in an EBOV-infected
nurse [124]. It was suspected that the most common cause of the distress was linked to CP
transfusion, as they found no human leukocyte or neutrophil antibodies in the donor and
therefore no other reasonable cause of hypoxia and associated lung damage [123]. Further
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studies are recommended to investigate the most likely complications related to EVD and
CP transfusion, such as pulmonary complications.

3.3.2. Current Research Concerning the Use of Ebola Convalescent Plasma

There are two trials in the USA gathering data and on CP for EBOV. Phase 1 (open-
label safety study) at the Emory University and UNMC is examining the effect of passive
immune therapy on acute EBOV infection CP from volunteer participants that had re-
cently recovered from EVD [125]. The aim is to collect and process plasma from EVD sur-
vivors and store it to form an inventory. Plasma was collected using apheresis, and path-
ogen inactivation was performed. NIH are gathering blood from individuals who were
previously exposed to or vaccinated previously to Ebola, with a broader view of creating
an infection recovered CP inventory [122,126].

A number of clinical trials have been undertaken to determine the efficiency and
safety of CP for the EBOV treatment in West Africa and the United States [127,128]. In a
study in Liberia, Sierra Leone, CP was transfused from two BVD recovered donors; the
primary outcome was based on the viral load of EBOV in the recipient’s blood [129,130].
A total of 200 EVD patients were enrolled and received ECP from two different donors
each, the outcome being dependent on improvement in survival rate by the 14th day [129].

Another CP study on EVD is being conducted in Sierra Leone by the University of
Liverpool with ETU in Freetown targeting the disease in its initial stages. They plan to
involve 200 EVD patients to be transfused with CP from a single individual and 100 con-
trol patients. The outcome will be measured according to all-cause mortality on day 14
following administration, and the data are not yet available [131,132].

3.3.3. Convalescent Plasma Therapy for Patients with MERS-CoV

Treatment with CP is currently being recommended as a possible form of treatment
in the management of MERS. Clinical trials for CP have been embarked on, such as those
supported by King Abdullah International Medical Research Centre in Saudi Arabia [124].

The first case of MERS-CoV infection was reported in Saudi Arabia in September 2012
[133]. By 30 September 2015, there were 1589 confirmed cases of MERS-CoV infection,
with 567 associated deaths [134]. The International Severe Acute Respiratory and Emerg-
ing Infection Consortium (ISARIC) and Public Health England put forward a decision
support tool for clinical officers handling cases of MERS-CoV infection, where testing CP
or other neutralizing antibody therapeutic methods (such as hyperimmune immuno-
globulin) were recommended for the management of MERS-CoV infection [135]. For
MERS, mortality as a clinical end point is difficult, considering the need for a large sample
size, to achieve significant statistical power [136], and it might be useful to first determine
the viral load for each patient, the donor’s plasma levels of neutralizing antibodies, and
antiviral effects in a small open-label study before treatment. Such information would be
useful in determining the design of the study and the most effective dose range of neu-
tralizing antibody, informing doses for making anti-MERS-CoV antibody preparations for
preclinical development. A two-phase study is recommended, where the first phase in-
volves a collection of serum from donors with significant MERS-CoV antibody titers,
while the second phase involves the treatment of MERS-CoV patients, evaluation of
safety, and efficacy of CP infusion for subsequent adoption [137].

3.3.4. Convalescent Plasma Therapy for Patients with Influenza A (H1N1) Infection

During the influenza A (HIN1) outbreak in Hong Kong, a randomized double-blind
controlled study was carried out among critically ill patients to evaluate the effects of hy-
perimmune intravenous immunoglobulin. The Hong Kong Red Cross Blood Transfusion
Service (BTS) had the responsibility of blood collection and preparation of CP following
blood donation standards. In total, 1309 individuals were enrolled (had recovered from
influenza A), of which only 493 were considered eligible for CP therapy donation. Only
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301 individuals presented for apheresis plasma donation. At the end of the collection pro-
cess, about 276 L of CP were fractionated to hyperimmune intravenous immunoglobulin
(H-IVIG) [138]. Due to a large volume of plasma fractionated, some of the CP was used to
treat some of the critically ill patients [138]. Treatment with CP or H-IVIG was linked with
a drastic drop in viral load and mortality rate [22,139].

3.3.5. Convalescent Plasma Therapy for Patients with SARS-CoV Infection

CP was employed for SARS during severe cases when the prognosis is poor despite
being on supportive management [19,21]. However, it is imperative to consider the ad-
ministration of CP in the early stages of SARS infection to improve efficacy, as suggested
in a recent review (102), in which a significant decrease in the mortality rate following
treatment with CP compared to patients on supporting care only without CP therapy
[132]. Studies have determined that early administration of CP in the early stages of the
illness provides the best clinical outcomes [134]. A previous study in 2003 evaluated the
efficacy of CP therapy in managing 80 patients with SARS in Hong Kong [119]. Good out-
come and discharge from hospital by day 22 following onset were observed among most
of the patients who were administered with CP before day 14 of illness (58.3%) compared
to 15.6% who improved without receiving CP. Additionally, CP therapy cured 66.7% of
those who were PCR positive and seronegative for coronavirus at the time of plasma in-
fusion compared to 20% cured without CP therapy [119].

3.4. Convalescent Plasma Therapy in the Management of COVID-19

There is presently no single drug treatment for SARS-CoV-2. Several clinical trials
are ongoing to improve the outcome of the disease related to SARS-CoV2 infection. Drugs
including lopinavir-ritonavir have been found to improve treatments in COVID-19 pa-
tients; however, more studies remain to be conducted [140]. Numerous vaccines are now
being administered globally under emergency use including RNA vaccines (i.e., Pfizer/Bi-
oNTech and Moderna) and adenovirus vector vaccines (i.e., Oxford-AstraZeneca, Sputnik
V, Janssen, Convidecia and Sputnik Light), inactivated vaccines (i.e., Sinopharm,
QazCovid-in, Minhai, COVIran Barakat, Covaxin, and CoviVac), and protein subunit vac-
cines (i.e., Soberana 02, MVC Covid-19 vaccine, Abdala, and Zifivax) as well as viral vec-
tor vaccines (i.e., Sputnik Light and Convidecia)[141,142].

CP therapy has shown promise, but there is a need for a randomized trial aimed at
assessing safety and efficacy; these are difficult to execute during a pandemic crisis [143],
which is when accessing control patients is most difficult [144].

After SARS-CoV-2 seroconversion, the development of SARS-CoV-2 antibodies from
infection (or immunization) can be detected in blood samples, and in those infected, the
increased levels of antibodies are accompanied by a decline in viral load [99,145]. For CPT,
plasma administration prior to SARS-CoV-2 seroconversion (<5 days post-exposure) is
critical to avoid disease progression from mild to severe. This could prevent clinical dete-
rioration, shorten hospital stay, and ultimately improve the survival rate of COVID-19
patients. A 50-80 kg patient is to receive 2 units of 200-500 mL for up to 10 days intrave-
nously, with adjustment of the volume for patients outside this range of weight, slow rate
infusion that is closely monitored to recognize and manage acute transfusion-related side
effects such as fluid overload, as well as post-transfusion monitoring for lung and other
systemic inflammatory or other side effects. Following the confirmation of adequate tol-
erance, the patient may receive the next transfusion [113,132].

Tang et al. conducted a retrospective study and described four critically ill patients
who had their clinical signs resolved following the intravenous administration of 200
2400 mL of CP within 11 and 18 hours, including a pregnant woman [139]. Tian et al. had
a contrary report following the observed failure to recover, with loss of more than 80% of
critically ill patients despite the administration of CP, with the consequent halt of the
study, but they concluded that CP administration must always be done at the early stage
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of the infection [24]. On the 26th of March 2020, the use of CP was recommended in China
by the China Food and Drug Administration.

4. COVID-19 Convalescent Plasma (CCP)

COVID-19 convalescent plasma therapy involves the collection of plasma from an
individual who was once infected with COVID-19, who has recovered and developed
some antibodies against the SARS-CoV-2 virus and transferred it to another individual
with COVID-19 infection [146]. Plasma obtained from individuals who have recovered
from COVID-19 contains antibodies that may be deployed in combating the SARS-CoV-2
virus; therefore, treatment of COVID-19 patients with plasma obtained from the recovered
patients could cause a faster improvement of the disease due to curbing of the SARS-CoV-
2 virus by antibodies from the donor plasma [147].

A study among 23 COVID-19 patients revealed a temporal pattern of antibody re-
sponse in 108 serum samples from the 23 patients [148]. Ten days after the appearance of
clinical COVID-19 symptoms, antibodies, nucleoproteins, and the viral spike receptor-
binding domain (RBD) were reported in most patients. Individuals infected with SARS-
CoV-2 have been reported to have presented a higher level of antibodies compared with
the observation among SARS-CoV-1 infected individuals. Zhao et al. also reported similar
findings [149]; however, whether the presentation of higher antibody levels is a response
to a more severe disease condition or are an ADE trigger resulting in more severe disease
condition remains unclear to date. Most patients infected with SARS-CoV-2 will already
have an antibody response, which raises concerns as regards the rationale for CP infusion.
Estimates on the number of people likely to be hospitalized as a result of COVID-19 infec-
tion keep increasing globally. Considering the failure of hyperimmune globulin in most
randomized controlled clinical trials to improve clinical outcomes in influenza A [137,150]
or respiratory syncytial virus [148] and given the non-availability of randomized clinical
trials on CP for any other viral disease, it is not wrong to assume that 1-2 U of CP in
COVID-19 will be clinical relevance.

The outbreak of COVID-19 represents a major challenge to the healthcare sector glob-
ally. In wealthy nations, patients infected with SARS-CoV-2 often receive multiple thera-
peutic interventions simultaneously including CP and other experimental therapies [150].
Randomized controlled clinical trials will help us understand the benefit, lack of benefit,
comparative value, or risk associated with the use of CCP [151].

4.1. Source of COVID-19 Convalescent Plasma

Acquisition of CP is via apheresis, where whole blood is collected from patients who
have recovered from a particular infection assuming the donor has developed antibodies
against the causal agent of disease [152-155]. CP is used as an emergency intervention
[120,155-158], and critical to success is early administration after symptoms onset
[120,159]. Antibodies transfused into a COVID-19 patient are expected to have an antiviral
effect, interrupting virus replication and lowering viral load before the patients can mount
their own humoral immune responses [159-161].

In Henan province, the first people who recovered from COVID-19 reportedly do-
nated blood in mid-February 2020 [162]; 200-400 mL of plasma sample was separated
from the whole blood for each donor, followed by gold immunochromatography for con-
firmation of seropositivity for anti-SARS-CoV-2 (SARS-CoV-2 IgM and IgG tests). Prior to
donation, donors were confirmed to be afebrile for at least three days with monitoring of
the resolved respiratory symptoms and consecutive SARS-CoV-2 nucleic acid negative
test outcomes for at least 3 weeks following disease onset [163].

Few studies have assessed the efficacy of CP, and randomized case-controlled clinical
trials will be important to determine the safety and effectiveness of CP before routine clin-
ical deployment for COVID-19 patients [164]. During apheresis, in addition to neutraliz-
ing antibodies (NAbs), other proteins such as clotting factors, anti-inflammatory cyto-
kines, defensins, pentraxins, natural antibodies, and other undefined proteins are
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collected from donors [165]. CP transfusion to infected patients may provide other bene-
fits such as immunomodulation by improvement of the severe inflammatory response
[166]. The latter could be the case of COVID-19 associated with over-activation of the im-
mune system, with consequent systemic hyper-inflammation/cytokine storm often driven
by various interleukins (IL-1f3, IL-2, IL-6, IL-17, and IL-8), CCL2, and TNFa. This systemic
hyper-inflammation may be associated with pulmonary damage, with consequent pul-
monary fibrosis and compromise of pulmonary functional and structural capacity
[167,168].

During SARS-CoV, influenza A (HIN1), and MERS-CoV epidemics, no adverse
events were reported to be linked with the use of CPT. For Ebola, CPT was associated with
mild adverse reactions such as skin erythema, nausea, and fever [130]. For the present
COVID-19 outbreak, reports have shown CPT is safe, and CPT has not been linked with
major adverse events. CP in terms of tolerability and potential efficacy is a strong candi-
date for evaluation for treatment during the current global pandemic [159].

In Sierra Leone, a small nonrandomized study revealed significantly lowered fatality
among patients treated with convalescent whole blood compared to their counterparts
who received the standard Ebola treatment [169]. Two Ebola patients transferred to the
US who were treated with a combination of convalescent serum and an experimental drug
also survived [127]. Other evidence suggesting the use of CP in viral infection are reported
previously [170] and [171] in H5N1 and H7N9 outbreaks, respectively.

4.2. Risk—Benefits of CPT

COVID-19 convalescent sera could be potentially used for prophylactic treatment as
well as therapy. During prophylaxis, serum administration could prevent COVID-19 dis-
ease in populations that are vulnerable and those with high risk to exposure [172]. The
potential for passive antibody administration is being used as current vaccine therapies
in the fight against infant severe respiratory syncytial virus (RSV) disease in the children
at high risk [173]. Serum therapy has proven to be more potent in disease prevention than
the actual treatment of the ailment [174].

Risks associated with convalescent sera include those that are known to be affiliated
to transfer blood and products, leading to possible immunological reactions [159], but
modern transfusion and compatibility screening techniques have reduced this risk to al-
most zero [175]. However, antibody-dependent enhancement of infection (ADE) has been
seen in a variety of diseases of viral origin and involves an amplification of disease reac-
tion within disease antibodies. Various ADE modes of action have been identified in coro-
naviruses, and there are concerns that antibodies to strains of coronavirus may in some
cases amplify a response in the recipient [176]. ADE risks are associated with SARS-CoV-
2 B-cell vaccines for certain populations based on age, variabilities in antibody levels over
time, cross-reactive antibodies, and pregnancy [176]. Existing literature from the use of
convalescent antibodies as therapy in patients with SARS1 and MERS (120) suggests that
CPT is safe. Nevertheless, caution and vigilance must be taken into consideration [177].

Tang et al. described four critically ill patients with COVID-19 whose clinical signs
resolved following intravenous administration CP, including a pregnant woman [139].
However, Tian et al. observed the loss of more than 80% of critically ill patients despite
the administration of CP, necessitating the cessation of the study, concluding that CP ad-
ministration must be used in the early stage of COVID-19 infection [24]. On the 26th of
March 2020, CPT was recommended for COVID-19 treatment in China by the China Food
and Drug Administration.

A previous study showed that passive antibody administration pre-vaccination with
respiratory syncytial virus moderated antibody but not cellular immunity [178]. Clinical
studies can assess the body’s response to passive antibody administration before being
administered with convalescent antibodies. Therefore, available data on convalescent se-
rum use imply that the payback of its use in high-risk populations (the elderly and the
vulnerable) with prior infection history is greater than the associated risk. However, this
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does not rule out the fact that risk-benefit assessment is undertaken in all cases where
convalescent serum administration is measured [179].

For individuals recovering successfully from the COVID-19 virus with high neutral-
izing antibody titer values (Figure 3), serum can be extracted and used prophylactically
to avoid contagion in highly vulnerable persons i.e., persons with underlying disorders,
healthcare providers, and persons with contact to established cases of COVID-19. Conva-
lescent serum should also be administered to infected persons to help build their immune
systems and responses [161].

> .
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Figure 3. Adaptation of CPT for the management of SARS-CoV-2 patients. Immunity against SARS-CoV-2 is strongest
amongst those who have had severe COVID-19. Recovered patients are ideal candidates as CPT donors. Active antibodies
are administered to COVID-19 patients to help boost their immune system against infection.

Eligible donors for COVID-19 convalescent plasma are individuals who have recov-
ered from the virus at least for one to two weeks [179]. Overall health/history of past dis-
eases, medical treatment, weight, age, risk behaviors, etc. criteria for regular blood dona-
tion all apply here. The donor should be screened in a laboratory for COVID-19 infection.
Tests may be conducted by collecting nasopharyngeal swab specimen once or more or by
collecting blood samples for molecular tests. Male donors are preferred; however, for the
case of female donors, it is preferred to use non-pregnant females (161].

4.3. Convalescent Plasma and the European Blood Alliance (EBA)

The European Blood Alliance (EBA) has prioritized data collection from recovered
COVID-19 plasma patients. Data can be inputted and accessed by all partners to facilitate
further analysis [180]. The project seeks to enhance prompt feedback of outcomes from
both donors (recruitment to the collection of CP) and recipients (from transfusion to clin-
ical outcomes) [181], and outcomes are fed directly into the online database. The database
holds EBA partner details and study protocols, donor and donated CP details, and
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recipient details and transfusion outcomes [182]. The standardization of assays at partici-
pating collection centers will support the testing and calibration of standards [183].

4.4. Convalescent Plasma Therapy Efficacy in Severe COVID-19 Patients

Convalescent plasma therapy shows promise in the management of a patient with
severe cases of SARS-CoV-2 infection. There are no reports of major adverse effects fol-
lowing CP administration; however, studies/trials from which these results were obtained
were poorly controlled, and the safety and efficacy of supportive care and CP therapy in
patients infected with SARS-CoV-2 are not known. There is a high similarity of the recep-
tor binding sites (RBS) between the different SARS-CoV, therefore increasing the chances
of possible cross-reactivity. The SARS-CoV-specific human monoclonal antibody
(CR3022) binds effectively with the COVID-19 RBS [13]. However, other SARS-CoV RBS-
directed antibodies 230, 80 R, and m396 and do not bind effectively with the COVID-19
RBS [184].

CR3022 may be suggested as a possible effective | therapeutic candidate, either as a
single entity or in combination with other suggested neutralizing antibodies. Recently,
antibodies MAb114 and REGN-EB3 were designed and deployed in the management of
Ebola virus infection, and the most interesting finding from their deployment was a dras-
tic reduction in mortality from Ebola virus disease [185]. MAb114 and REGN-EB3 could
not be deployed in the management of COVID-19 patients, considering their specificity to
specific receptors. The development of a specific antibody for a virus-like SARS-CoV-2
will take a long time, therefore making the use of CP an easier option. There are recent
reports of patients donating CP for SARS-CoV-2, with preliminary favorable outcomes.
The observed preliminary outcomes were similar to the previously shown benefit of CP
in the management of MERS, SARS, and Ebola virus infection [28]. There is presently no
known international recognition of CP in the management of SARS-CoV-2 patients; how-
ever, studies are progressing in an uncontrolled case series trial. The resolution of clinical
signs was observed among five critically ill patients infected with SARS-CoV-2 who were
administered CP.

In this present pandemic, there are reported instances involving the use of CP in
China, especially among critically ill patients infected with SARS-CoV-2 [68,69]. A pilot
study was conducted among 10 critically ill COVID-19 patients in China involving the
administration of CP also showed resolution of clinical signs among 10 patients who were
later discharged [70]. Another case series of five critically ill COVID-19 patents in China
also reported resolution of clinical signs, as shown by the decline in viral load, weaning
off artificial respiration, and clinical stabilization [69]. However, sample sizes for these
different studies remain a strong limitation to the studies. Clinical trials in India involving
235 patients have been associated with limited success [186]; however, there is a potential
benefit that would be associated with CPT therapy especially amongst COVID-19 patients
with impaired immune function due to B-cell [187]. CPT continues to be important in
older adult patients with symptomatic COVID-19 [188], and more studies emphasizing
the immune response in these patients would yield a further understanding and
knowledge for the promotion of medicine in this field.

4.5. Possible Mechanisms of Action of Convalescent Plasma in COVID-19

COVID-19 is an emerging viral pandemic with severe consequences for public health,
and there is no specific treatment for the diseases [159]. Passive antibody infusion is usu-
ally a short-term strategy always deployed to provide immediate immunity for individu-
als who are at high risk of exposure. It is always the case in the instance of a highly infec-
tious disease outbreak. However, the deployment of CP remains a better option, especially
in a case such as the SARS-CoV outbreak [189]. The therapeutic strategy emerges as the
first treatment candidate for managing infectious diseases such as the current pandemic,
since it has been employed successfully in other coronavirus outbreaks [159]. It is a safe
and potentially effective treatment technique for emerging and re-emerging infectious
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agents, notably in absence of proved vaccines and antiviral agents. The intravenous im-
munoglobulin (IVIg) and CP have similar mechanisms of action [190].

4.5.1. Antiviral Mechanisms of CP

Infusion of CP provides neutralizing antibodies (NAbs), which restrain the infection
by causing viral clearance, which is required for protecting against viral illness. The con-
centration of NAbs in the plasma of recovered donors is correlated with the efficacy of the
treatment. Using MERS and SARS-CoV models, it has been established that NAbs bind to
the S1-N terminal domain, spikel-receptor binding protein (51 RBD), and S2, which in-
hibits the entry and multiplication of the viruses. In addition, other antibody-mediated
mechanisms such as antibody-mediated cytotoxicity, complement activation, and phago-
cytosis promote the therapeutic potential of CP [130,161]. Additionally, other components
of plasma such as the non-neutralizing antibodies (non-NAbs) contribute to the therapeu-
tic effect of CP. The non-NAbs including IgM and IgG bind to the virus, but in vitro stud-
ies have suggested that they do not interfere with its replication process. These are more
important in facilitating the recovery of patients and in prophylaxis for infections. The
role of non-NAbs in viral infections due to coronaviruses has been seen with SARS-CoV
and SARS-CoV-2 where spikes of viral-specific non-NAbs (IgM and IgG) are observed
during the initial stages of the infections [159,191]. In general, CP antibodies exert their
antiviral effects by neutralizing the virus directly by binding to and phagocytosing it, in-
duction of complement activation, and antibody-dependent cellular cytotoxicity (156).
The antiviral properties of CP ensure that the viral load in coronaviruses is reduced
[159,191]

4.5.2. Immunomodulation Roles of CP

The infusion of IVIg is a critical strategy to control autoimmunity and avoid excessive
innate immune cellular responses [159,191]. Similarly, CP-COVID-19 may be used to man-
age autoimmunity associated with COVID-19 (e.g., antiphospholipid syndrome-like dis-
ease). CP similar to IVIg prevents autoimmunity in these conditions through anti-idi-
otypic antibodies that blockade autoreactive antibodies (autoantibodies). The F(ab’)2
mechanisms such as blockade of autoreactive antibodies is vital in COVID-19 patients
faced with the production of antiphospholipid antibodies and/or those with the antiphos-
pholipid-like syndrome [159]. The regulation of this cascade could be critical to avoid dan-
gerous consequences (i.e., thrombosis, disseminated intravascular coagulopathy) in these
groups of patients. CP-COVID-19 neutralizes antibodies such as anti-beta2-glycoprotein,
anti-cardiolipin IgA; hence, it prevents the thrombotic events [97,191]. Studies have indi-
cated that CP, similar to IVIg has anti-inflammatory effects such as anti-inflammatory
macrophage potentials, and limitation of inflammatory cascades induced by pathogenic
antibodies. This inhibits cellular damage caused by complement cascade activation in ex-
cessive inflammatory environments. Various mechanisms contribute to the immunomod-
ulation of the inflammatory reactions in COVID-19 following CP infusion through the Fc
mechanism. These control excessive innate immune responses such as the control of ex-
cessive cytokine production, which prevents pulmonary damage. These immunomodula-
tory processes account for positive results during the management of critically ill COVID-
19 patients due to treatment with CP-COVID-19. Therefore, these observations require
more attention in those treated with CP, and we recommend CP administration in the
early stages of the diseases to control innate immune responses and prevent lung damage
[97,159]

Infusion of CP controls infection such as SARS-CoV-2 infection by direct neutraliza-
tion of the virus, control of an overactive immune system through modulation of the in-
flammatory response, and immunomodulation of a hypercoagulable state. In addition,
other plasma components of CP enhance anti-inflammatory and antiviral properties [159].
The result is a reduction of morbidity and mortality of the hospitalized patients.
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5. Guidance on Restricted and Monitored Use of CP

Although its effectiveness and safety are mostly limited to empirical data, the ECDC,
European Union competent authorities for blood and blood components, and WHO agree
that CP from patients that have recovered from an infectious disease is a valuable treat-
ment and/or pre-and post-exposure prophylactic resource for numerous infectious dis-
eases. However, the various authorities agree that there is a need for a common approach
and guidance across member states to the collection and use of CP for numerous infectious
diseases [96,192]. In general, CP treatment has been increasingly adopted in clinical prac-
tice by most countries [193]. The FDA has approved the investigation of the efficacy of CP
therapy for treating COVID-19 patients [194] and using convalescent plasma to treat
COVID-19 [195]. In absence of proven treatments for many of the coronaviruses such as
EBOV and SARS-CoV-2, many countries widely agree that CP, and other experimental
interventions, should not be restricted for utilization for treating patients with these dis-
eases. During the treatment of Ebola, any such use should be scientifically analyzed
through research studies, and if CP and convalescent whole blood are to be used outside
the confines of research studies, this should be considered as ‘monitored emergency use
of unregistered and experimental interventions’, which was a term previously coined by
the WHO during the Ebola outbreak in 2014. In the latter case, CP is used as exceptionally
as an experimental intervention outside clinical trials, during cases of urgent need, and
data should be collected on the efficacy and safety of these interventions [113]. Similarly,
although the use of CP for treating COVID-19 patients has been approved by FDA, its use
is still regulated as an investigational product. In conclusion, CP treatment has been
widely adopted in clinical practice, but under the current circumstances, CP should be
strictly only given in the setting of clinical trials, and countries should apply the ‘regula-
tory approval’ that limits its use under an ‘Emergency Use Authorization (EUA) law or in
the context of clinical trials [110,194].

6. Access to CPT and CP Use in Low- and Middle-Income Countries

Although studies to date support the safety and efficacy of CP therapy to treat infec-
tious diseases, CP therapy is poorly implemented, and its use is limited in the low- and
middle-income countries. This is due to systemic and transfusion-specific challenges such
as a low capacity for donor mobilization and collections that restrict the local procurement
of the resource to meet demand [118,119]. In the African context, only Algeria, Nigeria,
Namibia, Ghana, Egypt, South Africa, and few other African countries have such services
and to a limited extent [118]. It is timely to promote access to CP in the low- and middle-
income countries [119].

7. Procedure for Accessing Convalescent Plasma
7.1. Convalescent Plasma Collection Workflow

Using recognized collection and transfusion infrastructure, CP can be mobilized rap-
idly and administered. The higher the number of recovered cases, the higher the number
of eligible donors of CP [196]. There are logistical challenges in procuring a reasonable
inventory of CP. A workflow has been developed showing the various steps needed to be
undertaken for the deployment of CP, starting from donor’s eligibility assessment, recruit-
ment, CP collections, and transfusion. Each steps presents unique challenges.

7.2. Risks Associated with the Use of Convalescent Plasma

Adverse reactions have been reported from previous trials of the use of convalescent
plasma during the 2015 Ebola outbreak [197]. There were reports of minor adverse reac-
tions including increases in temperature in 5% of the patients and/or itching or skin rash
in 4% of the patients [198]. There were two cases of possible transfusion-related acute lung
injury (TRALI) following CP transfusion in Ebola patients [101] and another in a MERS-
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CoV patient [87]. In both cases of MERS-CoV and Ebola-reported adverse reactions, trans-
fused plasma was found free of anti-HNA Ab or anti-HLA

Donors who volunteer to give plasma need to meet all relevant qualification
measures for standard blood collection. In developed nations, there is one viral contami-
nation that occurs for every 2,000,000 cases of donated plasma [199]. Negative impacts of
transfused plasma additionally include “allergic transfusion reactions, transfusion-asso-
ciated circulatory overload (TACO), and transfusion-related acute injury (TRALI)” [61].
The danger of a recipient getting TRALI is less than one for each 5000 donor units. TRALI
is a concern for COVID-19 patients, due to the potential impacts presented by HLA on the
lungs. This danger is mitigated by screening for HLA counteracting agents among female
contributors [200].

Donors are not screened for normal respiratory infections. SARS-CoV-2 is not con-
sidered a transfusion infection, with only 1% of suggestive patients accounting for distin-
guishable SARS-CoV-2 RNA in their blood [201,202]. In the first three months of 2020, in
Wuhan, 2430 blood units were screened, with only one (0.04%) contributor had SARS-
CoV-2 RNA [203]. One donor (0.02%) was identified by reviewing previously screened
units (4995). Potential donors will require an extra 14 days after their signs have resolved,
until they are SARS-CoV-2 negative, by molecular testing [204].

Antibody-dependent enhancement (ADE) responses whereby antibodies are created
during an earlier introduction to an infection can occur following the transfusion of CP.
ADE is notable in Dengue infection diseases [205]. Among COVID-19 patients, ADE
events can be estimated from antibodies emerging from introduction to various strains of
coronaviruses. This is a potential basis in the geographic distribution of COVID-19 sick-
ness [206]. While the effects of monoclonal antibodies (mAbs) appear to support the ADE
hypothesis, the polyclonal antibodies that are found in recuperating plasma show various
and different responses, yet to be clarified [207]. The nonappearance of ADE following the
utilization of plasma for SARS, and MERS, is encouraging for COVID-19 patients.

7.3. Antibody Testing

Assurance of successful degrees of neutralizing antibodies (Abs) among COVID-19
cases is a challenge [208]. Total anti-SARS-CoV-2 and neutralizing anti-SARS-CoV-2 tests
are incomparable, and it is unclear whether complete antibodies, or their components, are
reasonable measures, and which antigen is best. Different types of protein molecules are
used, but there are sparse data on the utilization of ELISAs for COVID-19 patients [209].
Some antibody ELISA tests showed inadequate reactivity; others reported acceptable
(sensitivity about 89% and specificity about 91%) test results for IgM and IgG [210]. Sero-
conversion is reported to occur after 7 days, to about 20 days, from the onset of side effects
[211]. In China, high titers of anti-SARS-CoV-2 antibodies are identified in the blood
plasma of recovering patients, and plasma is gathered 214 days after the disappearance of
disease [212].

7.4. Collection and Testing

Following donor screening, thorough tests are utilized to guarantee the wellbeing of
the patient blood or blood donor [213]. Collection is frequently through apheresis, which
is productive and upgrades the yield of CP (400-800 mL of plasma from apheresis con-
tributor gives 2—4 units of CP). Units are managed in keeping standard working practice
[214].

7.5. Distribution of Healing Plasma

Blood collection is purposeful and appropriation-dependent [215]; it is also a practice
that is normally discouraged, as potential donors may not have data as regards high-haz-
ard conduct. [216]. CP is sent to hospitals for crisis management, with possible donors
enlisted for crises and questions arise as to equitable distribution of units [217]. When
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satisfactory quantities of contributors are enrolled and high-throughput testing is accessi-
ble, this COVID-19 model will probably change [218].

7.6. CP Optimal Dosing and Transfusion

An investigation in China administered a solitary unit (200 mL) of plasma for post-
exposure prophylaxis (PEP) [219] and suggested that 1-2 units be utilized for treatment.
The viability of the immune response has been hypothesized to be from a few weeks to
months [220]. Dosing was dependent on past utilization of CP treatment in SARS cases,
where 5 mL/kg of plasma at a titer of 1:160 was recommended [221]. Generally, a quarter
of the remedial portion is recommended for prophylaxis; 3.125 mL/kg of plasma with a
titer of >1:64 was equated to an immunoglobulin level of 0.25% of 5 mL/kg plasma with a
titer of 1:160. A patient who was =80 kg was provided 250 mL of plasma (3.125 mL/kg x
80 kg =250 mL > 1:64), approximating the volume of a standard unit of plasma. This is yet
to be worked out for pediatric patients. Appraisals of bioavailability in tissues where in-
fections and hosts associate are yet to be established.

7.7. Assessment of the Safety and Efficacy of Human Anti-SARS-CoV-2 Plasma

Few clinical trials to evaluate human anti-SARS-CoV-2 plasma for the treatment of
COVID-19 have been undertaken to date. A randomized, blinded phase 2 trial is ongoing
to analyze the viability and safety of human anti-SARS-CoV-2 plasma versus control
(SARS-CoV-2 nonimmune plasma) among those over age 18 years who have had close
contact with COVID-19 [222]. The PEP presents a direct clinical advantage for those indi-
viduals at risk, including healthcare workers. A subsequent trial assessed the suitability
of anti-SARS-CoV-2 plasma in patients with mild disease. The study showed that symp-
toms associated with stage 1 COVID were reduced, inhibition of hypoxemia in ambiance,
and minimization of advancement to severity, subsequently forestalling hospitalization
(common with stage 2 and 3 COVID) [223]. A third study assessed the impact of CP on
patients hospitalized with coronavirus, but that did not require ICU services or utilization
of assisted breath [224]. A fourth trial will assess the utilization of CP among patients re-
quiring supported breath due to coronavirus. The safety and pharmacokinetics of CP in
pediatric patients were to be analyzed in the last study since children can suffer from both
serious morbidity and mortality [225-227]. A significant impediment to these trials is the
specialized difficulties of acquiring hazard-free, plentiful amounts of CP [228]. Infor-
mation on the connection between the immune response titers in the CP and viral clear-
ance and other laboratory and clinical endpoints is key [229].

8. Antibodies from Recovered Coronavirus Patients Protect against COVID-19 and
Strengthen the Immune System of New Patients

Antiviral medications with immunotherapy utilizing IgG could be utilized to treat or
forestall coronavirus by solidifying immunity against the infection [23,230]. IgG antibod-
ies enact the reaction through receptors on lymphocytes and other natural immune cells,
and the F(ab)2 fragment acts against the antigen [28]. Fc actuates the complement system
[28]. IgG from a great many benefactors establishes an IVIg [27,113,231]. The antibody-
based treatment has been utilized broadly, with significant advantages detailed. For in-
stance, it has been utilized on patients with inflammatory and autoimmune disorders, for
example, idiopathic thrombocytopenic purpura, Kawasaki disease, multiple sclerosis, and
lupus [82,110,112]. IVIg treatment additionally diminished intestinal irritation and infec-
tions in the gut of mice [94]. Increased development of E. coli and E. faecalis is known to
cause inflammatory problems in the gastrointestinal tract [121,122]. IVIg influences the
production of cytokine (72). IVIg disables microorganisms or their poisons in the gut.
Likewise, it has exhibited value in the battle against parasites, fungi, and viruses
[27,84,103,198]. There are some side effects of IVIg that may arise due to the nature of
individual antibodies or from its preparation, but changing from IVIg to subcutaneous
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immunoglobulin can limit unfavorable occurrences [100,102,103]. IVIg immunomodula-
tory actions can lead to diminished cytokines, leukocyte adhesion molecules, Fc-gamma
receptors (FcyRs), smothering pathogenic cytokine subsets, and killing pathogenic auto-
antibodies [107,115,116]. IVIg influences regulatory T-cells by inducing cyclo-oxygenase-
2-dependent prostaglandin E2 production in dendritic cells [92].

It is critical to eliminate or inactivate any potential microbes from the plasma of re-
couped COVID-19 tolerant determined invulnerable IgG. Such microorganisms can be
eliminated by the utilization of solvents, temperatures as high as 60 °C, and nanofiltration
(20 nm) [124,232-234]. Terpstra et al. DATE demonstrated the use of 15 nm filtration steps,
pepsin, and detergents to kill viruses from immunoglobulin [135]. By and large, immuno-
therapy with safe IgG joined with antiviral medications could give elective treatment
against coronavirus. These resistant IgG antibodies gathered from the recuperated pa-
tients will be active against coronavirus in COVID-19 patients. Without coronavirus im-
munization, a blend of IgG antibodies with antiviral medications can be effective against
coronavirus.

9. Conclusions

The emergency of SARS-CoV-2 variants necessitates the prioritization of novel ther-
apies. CPT has led to a significant decrease in mortality rates among SARS-CoV-2 patients,
although controversy on its efficacy continues to mount, demonstrating a need for further
studies on immunogenicity to identify novel drug targets. Information on the ED50, EC50,
and therapeutical index would help in the clinical adoption of CPT for routine medical
use. Early transfusion of CP containing appropriate antibodies may inhibit the occurrence
of undesired immune responses together with close monitoring of patients treated with
CP to verify any unintended side effects. Antibody treatments are designed to decrease
the severity of COVID-19 among patients diagnosed with the infection, and monoclonal
antibody therapies from Eli Lilly and Regeneron Pharmaceuticals have recently been ap-
proved [235].
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