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ABSTRACT

The new coronavirus disease (COVID-19) outbreak has challenged
us to take unprecedented steps to bring this pandemic under control.
In view of the urgency of this situation, convalescent plasma which
was used in previous coronavirus outbreaks has emerged as one of
the treatment options in this current pandemic. This is mainly due
to the fact that convalescent plasma has been studied in a few case
series with promising outcomes. In addition, on-going large clinical
trials aimed to further evaluate the effectiveness, safety, and optimal
dosage, duration and timing of administration of convalescent
plasma are indeed revealing a certain level of promising results.
Therefore, this article aims to provide an overview of possible
mechanisms of actions of convalescent plasma, its benefits and its
level of usage safeness by summarizing the existing evidence on the

use of convalescent plasma in COVID-19 patients.
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1. Introduction

It is unfortunate that the 2020s decade began with the coronavirus
disease (COVID-19) pandemic outbreak spreading globally. Several
studies are pointing to the evolutional origin of SARS-CoV-2 from
Malayan pangolins (Manis javanica)(1,2]. This specific pangolin
species is natively originated from Southeast Asia and could be

found in Myanmar, Lao PDR, Thailand, Malaysia, Sumatra, Java,

Indonesia, Cambodia, Vietnam and Brunei. Lam et al. revealed that
the specific receptor binding domain of pangolin-CoV that binds to
human ACE?2 for its entry, together with their recombination with
bat-CoV-RaTG13-like virus might explain the emergence of SARS-
CoV-2 which threatens the health of human population[1-3].

Since December 2019, the outbreak of COVID-19 has resulted in
over 6.4 million cases of infection along with more than 380 000
deaths as of June 3, 2020. These numbers are expected to rise
continuously as there is no approved treatment nor vaccine to stop
this pandemic at the moment. Symptomatic patients may experience
fever, cough, shortness of breath and pneumonia after exposing to
the virus within two to fourteen days. These symptoms may range
from mild, moderate to critical or severe, while some patients may
not show any symptoms. Elderly (aged 65 years and above) and
diabetic patients are at significant risk of being infected with this
disease and exhibit the severe form of symptoms which might lead
to acute respiratory distress syndrome (ARDS) or even death[4]. At

the moment, antivirals, antimalarial, immune-based and supportive

“To whom correspondence may be addressed. E-mail:yinquan.tang @taylors.edu.my;
goh.bey.hing @monash.edu

This is an open access journal, and articles are distributed under the terms of the
Creative Commons Attribution-Non Commercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work non-commercially, as long
as appropriate credit is given and the new creations are licensed under the identical
terms.

For reprints contact: reprints @medknow.com

©2020 Asian Pacific Journal of Tropical Medicine Produced by Wolters Kluwer-
Medknow. All rights reserved.

How to cite this article: Ng SL, Soon TN, Yap WH, Liew KB, Lim YC, Ming LC, et
al. Convalescent plasma: A potential therapeutic option for COVID-19 patients. Asian
Pac J Trop Med 2020; 13(11): 477-486.

Article history: Received 18 June 2020
Accepted 4 August 2020

Revision 3 August 2020
Available online 14 August 2020



478

oxygen therapy are among the off-label use medicines utilized
in COVID-19 management. Meanwhile, researchers are actively
looking for more potential anti-viral drugs to treat the disease via
virtual in silico screening]5].

COVID-19 convalescent plasma transfusion has been a topic of
interest lately. Convalescent plasma transfusion has been suggested
to be used in treating severe and critically-ill COVID-19 patients
supported by a rather small number of retrospective cohort study,
case series and case reports which is summarized in Table 1.

In fact, convalescent plasma transfusion possess historical usage
example as it has been studied and trialed in previous viral diseases
outbreak including the severe acute respiratory syndrome (SARS) in
2003, HIN1 influenza in 2009, Middle Eastern respiratory syndrome
(MERS) and Ebola in 2012[19-23]. Nonetheless, convalescent plasma
transfusion has not been approved to be used as a treatment in the
mentioned diseases. Given that convalescent plasma transfusion
could be a promising potential therapy and serve as the ultimate
cure for COVID-19, this review aims to evaluate its possible
mechanism of action, pharmacology, benefits and safety as well as
its level of usage in current viral outbreak by reviewing literatures on

convalescent plasma transfusion.

2. Convalescent plasma

As a form of passive immunization, convalescent plasma is the
plasma acquired from individuals that have recovered from an
infection. Other than neutralizing antibodies, non-neutralizing
antibodies, immunoglobulin G (IgG), immunoglobulin M (IgM),
anti-inflammatory cytokines, clotting and/or anti-clotting factors,
albumin protein C, protein S and possibly other factors can be found
in convalescent plasma via apheresis, collected convalescent plasma
is expected to consist sufficiently high antibodies titer against the
pathogen of disease which might assist to neutralize the targeted
pathogen in recipients upon transfusion, resulting in elimination

of the disease and leading to positive clinical outcomes[24].
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Furthermore, it was proposed that convalescent plasma may
also involve in other antibody-mediated pathways and possibly,
immunomodulatory mechanisms[24.25]. As a result, the recipient,
especially those who are in severe or critical condition can benefit
from the immediate immune response elicited upon convalescent
plasma transfusion. The processed product of convalescent plasma,
hyperimmune immunoglobulin, is deemed safer as the transfer of
potentially detrimental anticoagulation factors found in convalescent
plasma can be avoided. Furthermore, it allows production of
a standardized preparation with an exact amount of antibody
concentration to ensure the effectiveness of the treatment regimen[26].
To produce the highly enriched neutralizing immunoglobulin
preparation, complex fractionation processes are involved which
makes this therapy not readily available during this emergency[24,27].
Additionally, there is also no complete study assessing the use of
hyperimmune immunoglobulin in COVID-19 to date, therefore the
use of hyperimmune immunoglobulin could be the focus of future

study[28].

2.1. Possible mechanism of action of convalescent plasma

transfusion

The possible different mode of actions following convalescent
plasma transfusion is discussed below. A brief summary of possible
mechanism of actions of convalescent plasma transfusion is shown

in Figure 1 for easier understanding.

2.1.1. Direct virus neutralization

The coronavirus has transmembrane spike (S) glycoprotein which
forms homotrimers that protrude from the viral surface. In SARS-
CoV-2, one of the functional subunits of S glycoprotein, the S
domain B at the N-terminal region acts as the receptor binding
domain and binds to human-angiotensin converting enzyme 2 of
the host cell[29.30]. Upon this high affinity binding, fusion between
viral and host cell membranes occur for the coronavirus to enter into

target host cells which proceeds to viral replication and infection
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Figure 1. Possible mechanisms of action of convalescent plasma transfusion in COVID-19 patients.
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Table 1. Summary of the case series, case reports and retrospective observational studies conducted for transfusion of COVID-19 convalescent plasma (CP)

to participants.

Co-treatments given

Viral load/results

No. of Population of Dose of CP Day when CP i L.
Study type . . in combination or Outcomes of SARS-CoV-2 Adverse events
participants participants transfused ~ was transfused .
individually test
Pilot study in 10 M:F=6:4; median One dose of ~ Median: day  Arbidol, ribavirin, Clinical symptoms improved ~ VL undetectable ~ Severe
Chinal6] age=52.5y;severe  200mLCP  16.5 from remdesivir, oseltamivir,  (;,=10); increase of after CP AE (n=0);
COVID-19 (n=10);  with NAbT>  symptom onset S LNy oxyhaemoglobin saturation transfusion day 2 evanescent

Co-morbidity=HTN  1:640 moxifloxacin, inezolid, within 3 d; varying degree (n=3), day 3 (n=3), facial red spot
(n=3),CVD & imipenem-sitastatin of absorption of lung lesions  day 6 (n=1) (n=1)
CBVD (n=1) Na, cefoperagone within 7 d; NADbT level
gz: ;:gzic;:gn, increased to 1: 640 (n=5);
fluconazole, caspofungin, NAbT level maintained
methylprednisolone, low or at 1: 640 (n=4); increased
high-flow NC, mechanical  ymphocytes (n=7)
ventilation
Case series in 5 M: F=3:2; age 400 mL CPin Day 14-23 Lopinavir, ritonavir, Body temperature normalised VL undetectable =~ Not mentioned
Chinal7] range=36-73y; 2 doses on the from symptom favipiravir, INF- within 3 d (n=4); decreased  4fger CP

19 (n=5); AbT>1:1 000 arbidol, darunavir, d; Decreased inflammatory ~ (n=1), day 3 (n=2),
Comorbidity=HTN & and NT>40 methylprednisolone biomarkers level (n=4); day 12 (n=2)
mitral insufficiency improved pulmonary lesions
(n=1) within 3 d; ARDS resolved
= after 12 d (n=4); mechanical
ventilation removed after 2 w
(n=3)
Report from 2 M:F=1:1; age=67 500 mL of CP  Day 7 (n=1),  Lopinavir, Ritonavir, Fever subsided within 1 d (n=1); Test negative after No AE (n=2)
Koreal8] & 71y; severe ilnhz doses over pay 22 (n=1)  Hydroxychloroquine, O’fi’l;g_enldgr(nanld) dgcrease;id CP transfusion day
e (e our given . within n=1); decreas _
ARDS A(r#2), Co i1 s g from symptom Melhylp'redmsol(')ne', CRP & IL-6; resolution of 14 (n=1), day 16
morbidity=HTN OD ratio for  onset Mechanical Ventilation  po lung infiltrates within 3 d (n=1)
(n=1) 1gG=0.586, (n=1),6d (n=1)
0.532
Descriptive 6 M: F=3: 3; age 200 mL CP Day 49 (n=1), Arbidol, levofloxacin, Resolution of GGO & Negative test after ~ No AE (n=6)
study in range=28-75 y; Co- °Ve; 30 flnmls dDay3392((n:11)), oxygen or no treatment  consolidation (n=5); gflff "‘1“)‘5;”31%“
. e ,. eachcycle. ay 39 (n=1), Lo . y 3 (n=1), day
Chinal9] morbidity=Sjogren’s cycle (1=3), 2 day 32(n=3) Immediate increase in AbT (n=1), day 13 (n=1);
syndrome (n=1), cycles (n=1),3 from symptom (n=2) no mentioned day
bronchitis (n=1) cycles (n=2) of onset but negative test &
CP transfusion discharged (n=2)
given
Report in 1 Female; 64 y; Critical 200 mL CP Day 20 from  Mechanical intervention =~ Weaned off mechanical Not mentioned No AE
China[10] COVID-19; HTN &  with OD ratio symptom onset ventilatio]n & t;a“:fe‘;e‘l
_ to general ward after day
D1 forIgG=6.59, 11; D-dimer increased;
AbT>1: 320 no significant changes in
LFT, RFT, PT, CK, LDH,
myocardial enzymes;
lymphocytes remained below
0.5X 10°/L for 1 w
Case reportin 4 M: F=2: 2; age=31- 900mLCPin Day 22 (n=2), Arbidol, lopinavir- Absorption of consolidation VL significantly No AE (n=1);
China[11] 73 y; critical 3doseswith 10 gy 15 (n=1), ritonavir, INF-a, in chest CT scan (n=4) decreased after CP not mentioned
COVID-19 (n=4); days then l.ddy day 18 (n=1) oseltamivir, rl'bavmn, ) transfusion day 10 (1=3)
apart (n=1); 200 human albumin, zadazin, (n=1). Negative test
pregnant (n=1); co- 1 Cp (n=1Y; from symptom immunoglobulin, ftc C.Pt o >
morbidity=HTN 2400mLin8  onset methylprednisolone, a‘ r rans ISI()n
(n=2), CKD (n=1), doses within 26 antibacterial, antifungal, kg 33 (@=h
COPD (n=1) d (n=1); 300 mL mechanical ventilation, (n=1), day 29 (n=1),
= CP (n=1) high-flow NC, ECMO day 21 (n=1)
Retrospective 21 critical; CP transfusion 200-600 mL  Median day Antibiotics, antiviral, CP transfusion group: CP transfusion No AE in CP
observational 6inCP  group: M:F=5:15 CPgivenin  21.5of viral  TCM, immunoglobulin, ~Discharged (n=1/6); died  group: 100% of = transfusion
study in transfusion Modian age:61.3: 5 goceq for shedding glucocorticoid, high- (n=5/6). No CP transfusion _participants with group (n=6)
Co-morbidity=DM roup: discharged (n=1/15); SARS-CoV-2
China[12] group, 15 (n=1), HTN (n=1), CP transfusion flow NC, mechanical g‘ up: ged (n= > clearance after CP
in control CVD (n=1). No group ventilation, ECMO, e (n:lft/lS). Heflce,. transfusion day 1
10 CP O (i CCRT ng IAnorlahly reduction in (n=1), day 2 (n=4),
transfusion 2rOUP: M: F=11: 4; critically end-stage COVID- day 3 (n=1). No
TARSIUSION e dian age: 73 y; 19 CP transfusion
group Co-morbidity=DM group:26.7% of
(n=5), HTN (n=3), participants with
chronic liver disease SARS-CoV-2
(n=1), CKD (n=1), clearance
respiratory (n=1)
Case study in 3 Critical COVID- 200-500 mL. Hospitalization Not mentioned Patient improved test negative within ~ Anaphylactic
China[13] 19 (n=3); M: F, Co- ONfA Cbl;wliﬂllw day 12 (n=1), significantly; discharged 4 daylzzafter(CPz) shock post-
. . >1:160, B T (A transfusion (n=2), .
m()l‘bldlt}" and age: ) day 13 (n=1), within 6 16 days after CP 20 days after CP transfusion (n=1)
not mentioned cycles day 27 (n=1) transfusion (n=2) transfusion (n=1)

critical COVID-

same day with onset

cefoperazone Na,

alb, favipiravir,

SOFA score (n=5); PAO,/
FIO, increased within 12

transfusion day 1
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Table 1. Continued.
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No. of
participants

Dose of CP
transfused

Population of Day when CP

Study t
My was transfused

participants

Co-treatments given
in combination or

Viral load/results
of SARS-CoV-2  Adverse events
individually test

Outcomes

Retrospective 1 Female; 62 y; Critical 200 mL dose,

Hospitalization NIPPV, High-flow NC,

Symptoms improved, Not mentioned but Not mentioned

study in COVID-19 3 cycles on day 15 Solu-Medrol, Voriconazole, reduced lung consolidation  patient recovered
Chinal[14] different days Sul’ramqthoxazo]e, and GGO after CP & discharged after
Magnesium
Isoglycyrrhizinate, transfusion day 10 CP transfusion day
Enoxaparine, normal 22
plasma transfusion
Retrospective 8 M:F=4:4; age=42- Atleastone  Not specified  Lopinavir-ritonavir, Clinical improvement (n=7); Not mentioned but Not mentioned
case series in 70'y; critical COVID- - dose of CP arbidol, UFHor discharged (n=4); death discharged (n=4)
Chinal15] 19 (n=8); co- transfusion, LWH, glucocorticoid, (n=1)
morbidity=present but 3-5 mL/kg immunoglobulin, high-flow =
not specified for CP with AbT > NC, NPPV, IPPV, ECMO,
transfusion group 1:160 tracheostomy
Report in 1 Male; unspecified One dose of  Day 51 from  Before admission=antiviral, Long duration of virus Negative test Fever
China[16] middle aged; mild 400 mL CP  symptom onset antipyretic, TCM. During  shedding (49 days) resolved after day 2 of CP 4-hours post-
symptomatic hospitalization=Antiviral, transfusion transt§1on,
supportive care normalized the
next day
Case series 25 M:F=11:14;age=19-  Onedose of 300 Median day 10 Lopinavir-ritonavir, At 7 days post Not mentioned No AE within

in Houston, 7 Yf» severe and/ mLCP (n=24); from symptom remdesivir, ribavirin, transfusion=minimum but total discharge 24hours post-
Texas[17] orlife g two doses of 300 onset azithromycin, 1-point improvement (n=11) transfusion
COVID-19 (3=25); co- Y P P (1=25),
morbidity=DM (z=10), ML CP, 6 days hydroxychloroquine, scale (n=9), discharged morbilliform
HTN (n=8), GERD apart (n=1) interferon, steroid, (n=7/9). At 14-days post rash after 1 day
(n=4), HLD (n=4), CKD tocilizumab, ECMO, transfusion=minimum post-transfusion
(n=1), asthma (n=1), AF . S L that lasted for
e mechanical ventilation, 1-point improvement scale el
1) . low-flow NC, high-flow (additional n=8), discharged ’
(n=1), post-partum g g DVT on post
(n=1), bacterial or viral NC, CRRT (n=4/8) transfusion day 4
co-infections (n=5) (n=2), day 8 n=1);
PE (n=1)
Case series in 5 5 males; age One dose of  Day 1-15 from Azithromycin, Increased mean PaO,/FiO,  Not mentioned, No significant
Texas[18] range=58-80 y; severe  25(-400 mL of symptom onset hydroxychloroquine, ratio post CP transfusion however, total AE (n=5)
COVID-19 with severe c . .. (n=4), post steroid (n=5); . X
. P (n=3); Two tocilizumab, K survived patients
hypoxemia (n=5); . survived and extubated
Co-morbidity=HTN  doses of 250- methylprednisolone, within 5 days post- (n=4)

(n=4), DM (n=3), CHF 400 mL of CP,
(n=2), CAD (n=1),
ERSD (n=1), HIV
(n=1)

3 days apart
(n=2)

mechanical ventilation,

vitamin C and zinc

transfusion & after 7 days of
starting steroid (n=4); died
(n=1)

ADbT: antibody titre; AE: adverse event; AF: atrial fibrillation; ARDS: acute respiratory distress syndrome; CAD: coronary artery disease; CBVD:

cerebrovascular disease; CCRT: Continuous renal replacement therapy; CHF: congestive heart failure; CK: creatinine kinase; CKD: Chronic kidney disease;

CP: convalescent plasma; CP transfusion: convalescent plasma transfusion; CRP: C-reactive protein; CVD: cardiovascular disease; d: day/days; DM:

diabetes mellitus; DVT: Deep vein thrombosis; ECMO: Extracorporeal membrane oxygenation; ERSF: end stage renal disease; GERD: gastrointestinal

reflux disease; GGO: ground glass opacities; HIV: human immunodeficiency virus; HLD: hyperlipidaemia; HTN: hypertension; IFN-a: interferon-alpha;

IL-6: interleukin-6; IPPV: Intermittent positive-pressure ventilation; LDH: lactate dehydrogenase; LFT: liver function test; M:F: male to female ratio; Na:

sodium; NADbT: neutralizing antibody titre; NC: nasal cannula; NIPPV: Nasal intermittent positive pressure ventilation; NT: neutralizing titre; OD: optical

density; PE: pulmonary embolism; PT: pro-thrombin time; RFT: renal function test; SOFA: sequential organ failure assessment; TCM: traditional Chinese

medicine; VL: viral load; w: week/weeks; y: years old.

in host[31.32]. Neutralizing antibodies targeting S1 subunits of the S
glycoprotein prevent the entry of SAR-CoV-2 into host cell[29,30].

2.1.2. Fe—mediated antibody effector

Constant region of antibody (Fc) interacts with complement proteins
and specialized Fc-receptors to mediate antibody-dependent cellular
cytotoxicity (ADCC), antibody-dependent cellular phagocytosis
(ADCP), and complement-dependent cytotoxicity (CDC). ADCP
occurs when phagocytic cells take up virus-antibody or antibody-
virus-infected cells complexes. This leads to antigen processing for
presentation on major histocompatibility complex-molecules on cell
surfaces or transferred to lysosomes for degradation. Involvement
of ADCP in reducing SAR-CoV infection has been shown when
anti-SARS-CoV antibodies were given to mouse[33,34]. ADCC is

stimulated when there is binding between Fc gamma receptors
(FcyR) on natural killer cell to Fc domain of antibodies which are
bound to viral proteins on virus-infected cells[35]. Infected cells are
killed in result of release of cytotoxic granules. A study by Liu et al.
has shown that monoclonal antibodies against Ebola have natural
killer cell-predominant ADCC activity(36].

The CDC mechanisms would be activated when C1q binds to Fc-
bound virus-infected cells, which leads to cascade initiation. As
a result, C3 and C5 molecules are released to recruit and activate
immune effector cells whereas C3b binds to pathogens and infected
cells to undergo immune complex clearance and phagocytosis[35].
Infected cells would then undergo lysis after assembling into
membrane attack complex. Nevertheless, complement activation

process might lead to pathogenic effect besides its protective effect
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in an infection[37]. However, a promising recent finding shown in
a preprint article of Gao et al., demonstrated that antibody against
component C5a able to reduce the lung injury caused by SARS-
CoV-1 or MERS-CoV N proteins|38].

Although these Fc-mediated antibody effects seem to be beneficial
and might lead to positive outcomes of treatment, a balanced amount
of antibody must be achieved as antibody-dependent enhancement
(ADE) effect may happen during convalescent plasma transfusion
due to the presence of another form of Fc-mediated antibody (which
will be explored later). Currently, there is no established direct
link between ADCC, CDC and/or ADCP and ADE in coronavirus
infection which was known to occur in dengue virus, thus further
studies need to be done on the role of ADE in COVID-19[33,39].

2.1.3. Immunomodulation
Antibodies can also promote maturation and activation of immune

cells via divalent antibody fragment F(ab’)2, Fc, dendritic cells,
T-cells, B-cells and other immune cells mechanisms|[25.40]. It is
suggested that convalescent plasma transfusion through intravenous
immunoglobulin may neutralize autoantibodies and subsequently
reduce the risks of thrombotic event especially in critically ill
patients who may have anti-cardiolipin IgA, anti-[32-glycoprotein
IgA and IgG antibodies[25.40.41]. FcRn, a receptor which prevents
degradation and clearance of IgG when in its saturated form may
provide extra immunomodulatory effect by shortening the lifetime
of auto-immune antibodies in patients undergoing intravenous
immunoglobulin transfusion[25,40]. Sialylated antibodies in IgG
activate FcyR to upregulate expression of inhibitory FCyRIIB,
leading to reduced inflammatory responses|25.35.40].

In COVID-19 patients with excessive inflammatory stimuli,
convalescent plasma transfusion may help to promote anti-
inflammatory effects elicited by dendritic cells[25]. IgG administration
has been shown to reduce maturation of dendritic cells via decreased
production of IL-12 and increased levels of IL-10, IL-4 and IL-33.
Down regulation of HLA-II and co-stimulated molecules besides
IgG-sialylation independent activation of 3-catenin may take place
to downregulate the inflammation[25]. In a recent study by Bosteels
et al., new dendritic cell type was found and named as inflammatory
type 2 conventional DC (inf-cDC2), which expresses functional
Fc receptors for antibodies found in convalescent plasmal42]. Thus,
upon convalescent plasma transfusion, the interaction between
antibodies and Fc receptors on inf-cDC2 lead to increased activity
of inf-cDC?2 to trigger stronger immune response. Severe COVID-
19 patients were found to have low levels of CD4" T-cell and CD8*
T-cell and high levels of IL-6 and IL-10, which may have benefited
from the convalescent plasma transfusion[25.43]. This is because IgG
administration is able to balance the levels of CD4" T-cell and CD8"
T-cell in addition to facilitation of the Tregs generation. Reduction
of Thl cells, TNFa and IFNy levels whereas an increment of
Th2 cytokines were observed in convalescent plasma transfused-
HIN1 patients[19.25.26]. IgG treatment was observed able to

regulate cytotoxicity effect on T-cells via modulation of Th17/Treg
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balance and decreasing levels of CD8" T cells and Th17 cells[25].
Convalescent plasma retrieved from COVID-19 patients were found
to contain B-cells, which was shown able to produce monoclonal
antibodies against SARS-CoV-2 by inhibiting binding of viral spike
protein to ACE2 receptor{44]. Activation of macrophages in COVID-
19 patients have been linked to increased cytokine production and
pulmonary damage which are regulated by IL-1, IL-6 and JAK]25].
Aside from using these inhibitors to treat COVID-19 patients, IgG
administration has been shown to skew macrophages towards anti-

inflammatory profile[45].

3. Convalescent plasma transfusion in COVID-19
patients

Case series involving the use of convalescent plasma transfusion in
COVID-19 patients up to 30th May 2020 and published in English
only are summarized in Table 1. Most studies involved severe and/or
critically ill patients who are mostly elderly and have co-morbidities.
Despite majority of studies showed positive outcomes upon
convalescent plasma transfusion, all studies were considered to have
risks of bias due to small group of participants, non-randomization
and poor participant selection methodology, lack of control group,
co-treatment, non-uniform dosage and duration of convalescent

plasma transfusion and non-uniform measurement of outcomes.

3.1. Detectable antibodies in recovered COVID-19 patients

Patients infected with SARS-CoV-2 induce production of
antibodies in their plasma, IgG in particular, which is deemed vital
in treating the recipients. The median duration of detectable IgM and
IgA antibodies was 5 days post symptoms onset, whereas for IgG, its
presence was normally observed 14 days after symptoms onset[46].
However, during the first 7 days of illness, less than 40% of patients
were found to have any detectable levels of antibodies. Soon after
the 15 day post symptoms, it was found that almost 100% of patients
were with detectable levels of IgM and other antibodies[47]. On the
other hand, IgG requires at least 19 days starting from the onset
of symptoms to be detectable in 100% of patients[48]. Neutralizing
antibodies against SARS-CoV-2 were detected in patients starting
from day 10-15 after symptom onset[49]. Some studies reported
that neutralizing antibodies levels were similar across gender and
age group; however, older people were found to have significantly
higher neutralizing antibody levels[50]. Zeng et al. reported that
IgG levels were found to be higher in female severe COVID-19
patients|[51]. Higher IgM levels were found in severe and critical
COVID-19 patients whereas lower IgG levels were found in critical
cases only[52]. In the same study, recovered patients were found to
have lower IgM levels compared to deceased COVID-19 patients.
Currently, the duration of anti-SARS-CoV-2 antibodies remaining in
plasma is unknown, however, more than 90% of recovered patients

were found to have the antibodies remaining after 2 years in the
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2003 SARS-Co-V outbreak(53]. Enzyme-linked immune sorbent
assay is the most commonly used test to detect antibodies. Although
samples tested with enzyme-linked immune sorbent assay showed
better positivity rate and sensitivity, only limited serological tests
are approved for emergency use authorization by the FDA[54]. Some
assays measure total antibody concentration, which correlate to
neutralizing antibodies whereas some assays measure 1gG level.
However, there is still uncertainty which type of antibody is effective

in the treatment of COVID-19[13.24,55].

3.2. COVID—-19 conwalescent plasma collection workflow

A workflow of convalescent plasma collection was suggested by
Bloch et al., which is in-line with the guidance published by the US
FDA[24,56]. Convalescent plasma donors are required to meet the
following criteria: (1) confirmed history of positive COVID-19 or
positive serological test for SARS-CoV-2 antibodies after recovery;
(2) complete resolution of symptoms for at least 14 days before
donation; (3) male or non-pregnant female or female with negative
HLA antibodies and (4) SARS-CoV-2 neutralizing antibodies titers
minimum>1: 160 if available. According to the FDA guidelines, the
follow-up negative COVID-19 test is not a necessary criterion to be
qualified as donor. However, a complete resolution of symptoms
for at least 14 days is deemed insufficient as some patients might
still have viral shedding after 20 days up to 37 days from illness
onset[57]. Thus, donors should be screened for SARS-CoV-2 RNA
before proceed for donating processes in order to reduce the risk of
transmission via plasma. Convalescent plasma can be collected from
eligible donor via fully automated apheresis to optimize yield. About
200-800 mL of convalescent plasma can be collected every 14 days
which is an equivalent of two to four therapeutic units from each
donor. Convalescent plasma should be stored at 2-6 ‘C as ‘Liquid
Plasma’ as it is known that with this storage condition, the collected
convalescent plasma is able to last for a duration up to 40 days[13.58].
For long term storage up to 12 months, it should be rapidly frozen
below or at -18 “C 1) within eight hours of collection, labelled as
‘Fresh Frozen Plasma’ or 2) within 18-24 hours of collection and
labelled as ‘Plasma Frozen Within 24 hours’[58]. Convalescent plasma
should be collected in uniform containers and appropriately labelled
according to the FDA requirements[56]. Collected plasma should be
quarantined while pending results from standard blood donor testing
for transfusion-transmissible infections, HLA antibodies, nucleic test
for SARS-CoV-2 and antibody titer definition[13,24].

3.3. Administration of convalescent plasma

3.3.1. Indications

Currently, the use of COVID-19 convalescent plasma is only
regulated as investigational product by the FDA and only accessible
to patients via clinical trials. Recently, the FDA allowed alternative

access to convalescent plasma through the expanded access program
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and single patient emergency investigational new drug pathway[56].
In brief, patients have to be COVID-19 positive and suffering from
severe or immediately life-threatening event in order to be deemed
as eligible for convalescent plasma transfusion. This is also in-line
with most of the case series conducted involved only participants who
were in severe and/or critical condition. Beneficial outcomes were
achieved when convalescent plasma transfusion was given to patients
around week two to three after symptom onset and in some cases,

after more than four weeks in the conducted case series (Table 1).

3.3.2. Contradictions
Patients who have a history of allergy to human plasma protein

products, plasma infusion or sodium citrate are contra-indicated
for convalescent plasma transfusion[13.45]. Plasma inactivated with
methylene blue virus is not allowed to be used in patients with
methylene blue allergy[13.45]. Congenital IgA deficiency (<70 mg/dL
in patients who are four years old or older) and patients who have
irreversible multiple organ failure at the end stage of critical illness
are also contra-indicated for convalescent plasma transfusion[13.45].
Pregnant, breastfeeding, poor compliance, con-current bacterial and/
or viral infections and thrombosis are also contra-indicated in the

trial settings[13.45].

3.3.3. Dosages

The doses of convalescent plasma transfusion used in the case series
are non-standardized. Generally, 5 mL/kg of plasma with titer 1: 160
in 200-500 mL was given[13,24]. Bloch suggested that 3.125 mL/kg of
plasma should be given for post-exposure as prophylaxis treatment
which equivalent to one unit (200 mL) of plasma for transfusion[24].
ABO homogenous plasma is preferred as principle of cross-
matching of blood[13.58]. Recommended procedure includes a slow
infusion for the first 15 minutes to observe for occurrence of any
unfavorable responses as a precaution step of transfusion-related

adverse reactions[13].

3.4. Effectiveness of convalescent plasma transfusion

Although almost all of the case series showed positive outcomes
in patients upon convalescent plasma transfusion, due to lack of
randomized clinical trials or high-quality non-randomized studies,
these results (Table 1) are still skeptical as it could be either due
to convalescent plasma, other con-current treatments given or

underlying natural progression of COVID-19.

3.4.1. Clinical outcomes improvement
Almost all patients improved significantly upon convalescent

plasma, showing normalized body temperature, increased PaO,/
FiO,, varying degree of absorption of lung lesions, resolved ARDS,
mechanical ventilation removed, transferred from intensive care unit

to general ward and discharged.
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3.4.2. Post—transfusion viral load and results of SARS—
CoV=-2 nucleic test
Not all studies reported the viral load and/or results of SARS-CoV-2

nucleic tests after convalescent plasma transfusion (Table 1). Some
patients reported significant reduction in viral load and became
undetectable; meanwhile, other patients were tested negative SARS-
CoV-2 after convalescent plasma transfusion. For the studies which
reported discharge rate instead, this can be presumed as patients
were tested SARS-CoV-2 negative twice as it is one of the discharge

criterial59].

3.4.3. Survival and mortality rate
Fortunately, almost all of the patients survived except in three

studies reported by Ramachandruni, Huang and Zeng with unstated
cause of death patient cases[12,15,18]. The high survival rate could be
contributed by convalescent plasma transfusion and/or concomitant
treatments given like antibiotics, antivirals and antimalarial. It is
recommended to give convalescent plasma transfusion to potential
critically ill COVID-19 at early stage of disease as it was found
that convalescent plasma transfusion may be unable to avert
poor outcome and reduce mortality rate in end-stage COVID-19

patients[12].

3.5. Safety of convalescent plasma transfusion

Generally, convalescent plasma transfusion was well-tolerated
in almost all participants of the case series listed in as Table 1.
Nonetheless, evanescent facial red spot, anaphylactic shock, fever,
morbilliform rash and deep-veined thrombosis were reported as one
case each. In a recent observational study of 5 000 patients receiving
COVID-19 convalescent plasma transfusion, the incidence of serious
adverse events was <1% in which two out of the 36 cases were
judged as definitely related to convalescent plasma transfusion[60].
The seven-day incidence of mortality was 14.9%]60]. It is shown
that convalescent plasma transfusion is safe in hospitalized COVID-
19 patients although there might be some risks of adverse events as

explained below.

3.5.1. Antibody—dependent enhancement (ADE) and

antibody—enhanced immunopathology
ADE occurs when (1) non-neutralizing or sub-neutralizing

antibody-bound virus binds to activating FcyR on immune cells
leading to Fc receptor-mediated endocytosis or phagocytosis and
(2) antiviral activities are inhibited due to co-ligation of inhibitory
receptors leading to increased viral replication[39.61]. Antibody-
enhanced immunopathology takes place when antibody activates
ADCC or complement pathway. Ultimately, both bring about
modulation of immune response, enhanced inflammation thus
causing patents’ clinical condition to deteriorate upon convalescent
plasma transfusion with unknown specific signs and symptoms of
ADE in coronavirus infections in humans. This was observed in

dengue virus when antibodies were developed during prior infection
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leads to clinical severity when re-infected with different viral
serotype[62]. In SARS-CoV and MERS-CoV, only in-vitro studies
have been associated with ADE when low concentration anti-sera
or monoclonal antibodies were given|[61.63.64]. Currently, no in—
vivo clinical nor epidemiological evidence is available to prove the
association between ADE and coronavirus infections, and no report
of severe cases of re-infection of coronavirus[24.39.60]. On top of that,
SARS-CoV-2 preferentially infects human-angiotensin converting
enzyme 2-expressing epithelial cells and neutralizing antibodies
producing cells rather than targeting Fc-expressing immune cells.
High concentration of polyclonal antibodies found in convalescent
plasma and the lack of in—vivo studies suggest unlikely relevance
between ADE and convalescent plasma transfusion. Despite that,
precautions are still advised especially when convalescent plasma
transfusion is given to high-risk patients by monitoring for any

deterioration of clinical condition of patients.

3.5.2. Transfusion—associated acute lung injury (TRALI) and

transfusion—associated circulatory overload (TACO)
TACO and TRALI are the most common causes of transfusion-

related mortality in critically ill patients. TACO is presented as
circulatory overload, leading to pulmonary edema and left arterial
hypertension, whereas TRALI is manifested as bilateral pulmonary
edema with minimal or no circulatory overload. There are two
categories of TRIALI: type 1 for patients without ARDS risk factors
and type 2 for patients with ARDS risk factors. The underlying
lung injury associated to COVID-19 disease progression made it
difficult to differentiate the diagnosis between TACO and TRALI
and determine whether reported mortality was due to underlying
disease progression or adverse events of TACO and/or TRALL In
critical-ill patients, the rate of TACO and TRALI are expected to be
around 10%, however, current data showed an overall rate of <1%
of transfusion-related serious adverse events[60]. In addition to the
low rates of TRALI and TACO, routine donor screening for HLA
antibodies in pregnant women and preferential male convalescent
plasma donors can help to reduce the risk of TRALI, thus reassuring

the use of convalescent plasma transfusion[13,24,60].

3.5.3. Allergic transfusion reactions and coagulation

derangements
As reported by some case series (Table 1), some recipients

experienced adverse reactions like fever, rashes and anaphylactic
shock post transfusion, which could be due to allergic reaction. Fever
and rashes are considered tolerable and can resolve spontaneously by
symptomatic treatment or by decreasing transfusion rate. Although
considered life-threatening, the incidence of anaphylactic shock
and serious adverse events are rare (one in every 500 patients) and
were observed in severe patients only[60.65]. The contraindication of
convalescent plasma transfusion to patients with history of allergy
with blood plasma products should be followed to further reduce the
risk of allergy transfusion risk. Convalescent plasma transfusion may

also theoretically exacerbate coagulation derangements linked to
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severe COVID-19[60]. However, current observation study reported
that no severe thrombotic events within four hours of serious adverse
events was observed. Hence, convalescent plasma transfusion was
shown not to acutely exacerbate underlying disordered coagulation
among critically ill COVID-19 patients. Regardless, patient should
be monitored and slowly transfused for the first fifteen minutes to

watch out for any serious adverse events[13].

3.5.4. Transmission of infectious pathogen
This is a theoretical risk as currently there are no reports of

transmission of respiratory virus via blood transfusion despite
no screening for common respiratory virus like influenza is
implemented[24]. For SARS-CoV-2, the recipient is already
infected and not considered as transfusion-transmitted infusion. In
addition, the donated convalescent plasma will be tested for SARS-
CoV-2 nucleic test before transfusing into recipient[13]. The risk
of transmission of hepatitis B virus, hepatitis C virus and HIV via
convalescent plasma transfusion can be reduced by screening for their
antigens and/or antibodies after collection before transfusing into

recipient[13].

3.6. Clinical evidences on the use of convalescent plasma

transfusion for COVID-19

Table 1 summarizes the conducted case series and observational
studies. Although the reported outcomes of the use of convalescent
plasma transfusion may seem promising, these studies design
portrayed very high risk of bias such as small study sample
size, short-term follow-up and lack of adjustment for potential
confounders. The US FDA has approved the use of convalescent
plasma as investigational new drug for critically ill COVID-
19 patients provided that approval from the FDA is obtained|56].
To study the use of convalescent plasma in COVID-19, doctors
are required to submit investigational new drug application.
Numerous clinical trials are underway to further evaluate the use of

convalescent plasma as discussed by Valk et al[28].

4. Conclusions

It has been challenging in battling this new decade’s global health
crisis without availability of a definitive management and therapy.
As per discussed, convalescent plasma is currently an investigational
product for the treatment of COVID-19. The convalescent plasma
derived from COVID-19 recovered patient may contain antibodies
against SARS-CoV-2 and may potentially provide protection
against infection. However, its safety and efficacy use in COVID-19
patients have yet to be established completely. The risks and benefits
information discussed above suggested that convalescent plasma is a
promising state-of-art therapy for COVID-19 patients. Furthermore,
the ongoing clinical trials in order to evaluate the efficacy, safety,
optimal dose, duration and timing of administration may provide the

potential solution in overcoming this pandemic.
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