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ABSTRACT: Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) also called as Novel
corona virus (2019-nCoV) is responsible for the
corona virus disease 2019 (COVID-19) pandemic
which was found firstly in Hubei province ,Wuhan,
China in December 2019. This caused death of
lakhs of people around the world .For the treatment
of the same the therapeutic options including
antimalarials, antivirals, and vaccines etc. are under
study and development. Meanwhile the current
pandemic has brought the concern of whole world
over the old therapeutic tools to treat infectious
diseases which is  Convalescent Plasma (CP)
therapy, a classical adaptive immunotherapy
treatment ,which has been applied to the prevent
and treat many infectious diseases for more than
one century.
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I. INTRODUCTION:

In December 2019, a new member of
the Coronaviridae family associated with severe
pneumonia was detected in Hubei province of
Wuhan, China ™ Patients showed similar
symptoms and findings to SARS-CoV and MERS-
CoV detected by high fever, dyspnea, and chest
radiographs revealing invasive multilobed lesions
in the patient’s body (23 The virus was initially
termed as 2019 novel corona virus (2019-nCoV) by
world health organization in February 2020 ™ and
it is currently known as SARS-CoV-2 producing
the corona virus disease 2019 (COVID19). The
origin of the virus is unknown, but structurally the
virus shares 88% identity with bat-derived SARS-
like corona viruses named bat-SL-CoVZC45 and
bat-SL-CoVZXC21, suggesting that bats are the
most likely the origin of this virus “'This corona
virus disease 2019 (COVID 19) epidemic
developed into an unprecedented global public
health crisis with significant humanitarian
consequences®™®! Viruses of
the Coronaviridae family have a positive-sense,

single strand, RNA structure with 26 to 32
kilobases length [

The current treatment for COVID-19, has
been limited to general supportive care, with
provision of critical care as no approved therapies
or vaccines are available. ®¥Over the last two
decades, CP therapy was successfully used in the
treatment of SARS (Severe Acute Respiratory
Syndrome), MERS (Middle East Respiratory
Syndrome), and in  HIN1(Swine Flu) 2009
pandemic with satisfactory effects and safety . And
now these evidences drive all the hopes of fighting
this pandemic of COVID-19  with help of
convalescent plasma therapy in treatment. This
classical and historical interventions have remerged
as options for the control of the disease, the
convalescent plasma (CP)*The CP therapy uses
an individual who is sick with infectious diseases
and has recovered , with blood drawn and screened
for  particular  microorganism  neutralizing
antibodies. Following identification of those with
high titers of neutralizing antibody, convalescent
plasma containing these neutralizing antibodies can
be administered in individuals with specified
clinical disease to reduce symptoms and mortality.
Thus , convalescent plasma transfusion (CPT) has
been the subject of increasing attention, especially
in the wake of large- scale epidemics™™ It has
recently been suggested by Food and Drug
Administration that administration and study of
investigational CPT can provide a clinical effect for
treatment of COVID-19 during this public health
emergency (2

Il. WHAT IS CONVALESCENT
PLASMA THERAPY?
Convalescent plasma (CP) is a strategy of
passive immunization which is used in prevention
and management of infectious diseases since early
20th century “¥ The CP is obtained using
aphaeresis in survivors with prior infections caused
by various pathogens in whom antibodies against
the causal agent of disease are developed. The
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major target is to neutralize the pathogen for its
eradication ™

Immunized plasma acts by binding to a
given pathogen including virus (eg-SARS-2)
directly and causing its denaturisation, primarily,
also eradicating virus from the peripheral blood
stream while other antibody mediated pathways
including compliment system, antibody dependent
cell-mediated cytotoxicity or phagocytosis might,
also, contribute towards the therapeutic effects
achieved " In the absence of any proven drugs or
therapy, convalescent plasma has been used

previously in outbreaks of Machupo virus, Junin
virus, Lassa fever and few others to name’ 19 The
CP has been considered as an emergency
intervention in several pandemics, including the
Spanish flu, SARS-CoV, West Nile virus, and
more recently, Ebola virus previously “¢. The CP
early administered after symptoms onset, showed
reduction in mortality compared with placebo or no
therapy in severe acute respiratory infections of
viral etiology like influenza and SARS-CoV, also a
similar response in Ebola virus disease was not
observed [ 71
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Fig- [1.1], [1.2] PRP-protein rich plasma used to infuse in patients’ blood

I11. HISTORICAL EVIDENCE FOR

PLASMA THERAPY:
In as early as the 1918-1925 Spanish
influenza pandemic, Studies evaluated

convalescent blood products to treat pneumonia
due to Spanish influenza in hospitals, A meta-
analysis conducted in 2006 showed a sizable
reduction in overall fatality rate, from 37% among
controls to 16% among patients treated with
convalescent plasma. Benefit was broadened
among patients receiving the treatment early,
importantly within the first four days of pneumonia
complications [*®!

Although these early epidemiological
studies had been rather rudimentary in their design
, they underlined the beneficial role of convalescent
plasma that indicated modern researchers to
support the role of this regimen in a possible future
H5N1 influenza pandemic treatment. Also
Convalescent serum had been used during the first
half of the 20th century for
measles,*Ipoliomyelitis,*” and mumps.?"

Decades later, in the pandemic influenza
A (HIN1) 2009 virus infection, convalescent
plasma treatment was able to significantly reduce
respiratory tract viral load, serum cytokine
response (interleukin-6, interleukin-19, tumor
necrosis factor-alpha), and mortality in a

comparative study recruiting 99 patients. In that
study, the decrease in mortality was rather
impressive, as the odds of death decreased by
80%.1%2

A systematic review and meta-analysis
gave 32 studies of severe acute respiratory
syndrome (SARS) coronavirus infection and severe
influenza and highlighting the consistent evidence
for the reduction in mortality, in case of early
administration of convalescent plasma and hyper
immune immunoglobulin after symptom onset. The
meta-analysis confirmed the sizable reduction in
number of mortality, gomtlng to a decrease by 75%
in the odds of death'?

Moreover , transfusion of convalescent
plasma collected from patients that recovered from
Ebola virus has been recommended by the World
Health Organization as an empirical treatment for
the Ebola outbreaks, with provision of guidance ,
about the selection of donors, screening, and
handling of blood and plasma units*!

IV. CONVALSCENT PLASMA
THERAPY TREATMENT -
MECHANISM OF ACTION

(ELABORATE)
A] Steps involved in the acquaintance process:
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1. The convalescent donors must undergo standard
pre-donation assessment to ensure competence
with current regulations regarding plasma donation
process ! Current convalescent donors between
18 and 65 are considered as subjects without
infectious symptomatology and a negative test for
COVID-19 after 14 days of recovery*®!

2. Donors from endemic areas for tropical diseases
(e.g., malaria) should be excluded from the process
of plasma donation.

3. In addition to molecular tests, it is more critical
to recognize the emotional situations, to find out
susceptibilities, and guarantee not exploitation of
donors 17}

4. Apheresis process is the recommended
procedure to obtain plasma. This procedure is
based on a continuous centrifugation of blood from
donor to allow a selective collection plasma. For
efficiency of this technique ,around 400-800 mLis
collected from a single apheresis donation. This
amount of plasma could be stored in units of 200
or 250 mL, and frozen within 24 hrs of collection
to be used in further transfusions %

5. As CP production requires very high quality
standards, it is must to be free from any infection,
so tests for human immunodeficiency virus (HIV),
hepatitis B, hepatitis C, syphilis, human T-cell
lymphotropic virus 1 and 2, and Trypanosoma
[czguzzg]i should be carried out before further process.
6. In this sense, the nucleic acid test for HIV and
hepatitis viruses is mandatory to guarantee the
safety of recipients health and other possibilities of
carrying diseasest®”

7. Other protocols suggest the inactivation of
pathogens with riboflavin or psoralen plus
exposure to ultraviolet light to improve safety of
[(?:,E which will be used for transfusion in patients.
8.. In the different studies for corona viruses the
administration of CP ranges between 200 and
500 mL in single or double scheme dosages.
Presently, the recommendation of dose is to
administrate 3 mL/kg per dose in two days®® This
strategy also facilitates the distribution of plasma
units (250 mL per unit) and provide a standard
option of delivery in public health strategy.

Joonors Recovered Patients with
from COVID-19 Convalsscent Plasma COVID-19
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Fig.1.3.The steps involved in the convalescent
plasma therapy .

B] Composition of CP :

1. Composition of CP is variable and includes a
wide variety of blood derived components like
proteins, WBCs etc.

2. Plasma contains a mixture of inorganic salts,
organic compounds, water, and more than 1000
proteins like albumin, immunoglobulin,
complement, coagulation and antithrombotic
factors responsible for blood clotting process. 4 .
3. Interestingly, it’s known that plasma from
healthy donors provides immunomodulatory
effects viathe  plasma  infusion of  anti-
inflammatory cytokines and antibodies that
blockade complement, inflammatory cytokines and
auto antibodies!®

4, These factors may influence the
immunomodulatory effect of CP in patients with
COVID-19 (see below for details).
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Fig-1.4- Different components present in
plasma(plasma —rich -protein)
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V. EFFECTIVENESS OF CP IN COVID-
19 PATIENTS:

Convalescent plasma (CP) therapy, is a
classic adaptive immunotherapy, which was
successfully used in the treatment of SARS,
MERS, and 2009 H1N1 pandemic with satisfactory
efficacy and safety ¥
A analysis from 32 studies of SARS corona virus
infections and severe influenza intended a statistic
reduction in the pooled odds of mortality following
CP therapy, compared with placebo or no therapy
(odds ratio, 0.25; 95% confidence interval, 0.14—
0.45) 1 However, this therapy was unable to
significantly improve the survival of patients in the
Ebola virus disease, due to the absence of data of
neutralizing antibody titration for stratified analysis
(%) Since the virological and clinical characteristics
share similarity among SARS, Middle East
Respiratory Syndrome (MERS), and COVID-19
B CP therapy might be a promising treatment
option for COVID-19 treatment . %!

COVID-19 patient’s reports intended that
critically ill patients exhibited positivity for anti-
cardiolipin IgA antibodies as well as for anti—f32-
glycoprotein | IgA and 1gG antibodies when given
CP ! This evidence may suggest that CP-
COVID-19 may neutralize this type of auto
antibodies reducing the odds of suffering from
thrombotic  events (i.e., antiphospholipid
syndrome). Moreover, a recent report of patient
suffering from Sjégren's syndrome and COVID-19
has successfully treated with CP.This suggests that
CP strateg¥ is effective and safe in autoimmune
conditions %

In addition, some antibodies inhibit the
complement cascade (i.e. C3a & Cb5a), and ma
restrict the formation of immune complexes [#42:
Complement-deficient mice with induced SARS-
CoV-2 infection indicated high viral titers with
secretion of inflammatory  cytokines and
chemokines, and immune cell infiltration in the
respiratory tract and lungs. These results suggest
that complement activation largely contribute to the
systemic  inflammation and  migration of
neutrophils to the lungs, perpetuating damage to
tissues!*®l. Further studies have shown that 1gG

transferred from convalescent plasma neutralize
cytokines such as IL-1p and TNFo “ In this
concern passive immunity by infusion of plasma
for COVID-19 may limit the inflammatory cascade
driven by pathogenic antibodies, as well as the
cellular damage induced by the complement
cascade activation in excessive inflammatory
environments.

Antibody-dependent enhancement (ADE)
is a mechanism in which the intensity of virus
increases in the presence of pre-existing poorly
NAbs, helping the replication of virus into
macrophages and other cells via interaction with Fc
and complement receptors “*" This mechanism is
used by novel corona viruses, HIV and dengue
viruses to take advantage of prior anti-viral
humoral immune response to effectively infect host
target cells increasing to death 1647

In vitro assays with human promonocyte
cell lines explained that SARS-CoV ADE was
initially mediated by antibodies against spike
proteins, specifically increasing the rate of
apoptosis in these cells ¥ Vaccine development
must consider this phenomenon in patients with
COVID-19, and treatment of CP-COVID-19 in
these areas should be conducted with caution [

One possible explanation for the efficacy
of convalescent plasma therapy is that the
antibodies from convalescent plasma might
suppress viraemia -An in-vivo trial also showed
that the effects of this antibody were not only
limited to free viral clearance and blocking new
infection, but also included acceleration of infected
cell clearance™

Viraemia peaks in the first week of
infection in most viral illnesses. The patient usually
develops a primary immune response by days 10—
14, which is followed by virus
clearance®™Therefore, theoretically, it should be
more effective to administer the convalescent
plasma at the early stage of disease’™ However,
other treatments might have an effect on the
relationship between convalescent plasma and
antibody level, including antiviral drugs, steroids,
and intravenous immunoglobulin™!
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Before Convalscent plasma | After  Convalscent plasma
Plasma transfusion transfusion
Sr no. | transfusion
of date
Patient DateDate Serum Serum DateDate | Serum Serum
neutralizing | SARS- neutrali | SARS-
antibody CoV-2 zing CoV-2
titers RNA load antibod | RNA
(Ctvalue) y titers load (Ct
value)
1 February 9 February 8 1:160 37.25 February | 1:640 Negative
10
2 February 9 February 8 1:640 38.19 February | Unavaila | Negative
14 ble
3 February 13 | February 12 | 1:320 38.07 February | 1:640 Negative
14
4 February 13 | February 12 | 1:160 37.68 February | 1:640 Negative
14
5 February 12 | February 11 | 1:320 34.64 February | 1:640 Negative
14
6 February 12 | February 11 | 1:640 Negative February | 1:640 Negative
14
7 February 12 | February 11 | 1:640 35.45 February | 1:640 Negative
14
8 February 12 | February 11 | 1:160 Negative February | 1:640 Negative
14
Table -1 - SARS-CoV -2 and Serum neutralizing antibody titers in patients receiving CPT( convalescent
plasma therapy)
Sr.no  of | Antiviral Other treatment | Corticoster | Before CP | After CP
Patient Drugs for | (antifungal) oids drugs | treatment (O2 | treatment (02
treatment. drugs support) support)
1 Arbidol 0.2 g | Moxifloxacini.v. | Methylpred | High Flow
gsh nisolone i.v | Nasal cannula , | High —flow nasal
mechanical cannula
ventilation
2 Arbidol 0.2 g8h | Cefoperazone None None None
po. Sodium i.v
3 Arbidol 0.2 g | Cefoperazone None High flow nasal | Mechanical
gsh po. sodium i.v cannula, ventilation
Ribavirin 0.5 mechanical
qd i.v ventilation
4 Ribavirin 0.5 g | Linezolid i.v | Methylpred | Mechanical High —flow nasal
qd i.v Imipenemsitastin | nisolonei. v | ventilation cannula
Sodium i.v
5.a) Arbidol 0.2 g | Moxifloxacini.v | Methylpred | Low —flow | Low —flow nasal
g8h po. nisolone i.v | nasal cannula cannula
b) Remdesivir 0.2 | Cefoperagone None None None
gqdlLv Sodium and
Tazobactam
Sodium i.v
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6. Arbidol 0.2 g | None None None None
q8h po.
7. Arbidol 0.2 g | Cefoperagone Methylpred | High flow nasal | High flow nasal
g8h po. IFN-a | Sodium nisolone i. v | cannula, cannula
500 MIU qd | Caspofungin i.v
inh.
8. Arbidol 0.2 g | Cefoperagone Methylpred | High flow nasal | High flow nasal
q8h po. Sodium i.v | nisolonei.v | cannula, cannula,
Levofloxacin i.v
9. Arbidol 0.2 g | None None Low flow nasal | Low flow Nasal
gsh po. Cannula Cannula
Oseltamivir 75. (Intermittent )
Mg g12 po.
Peramivir 0.3 g | none None None None
qd i.v
10. Arbidol 0.2 g | Cefoperagone Methylpred | High —flow | None
gsh po. Sodium i.v and | nisolonei.v | nasal cannula
Tazobactam
Sodium i.v

Table -2 — Effect of plasma therapy on patients suffering from COVID 19

V1. STEPS IN CONVALESCENT
PLASMA COLLECTION:

The regulations of every single step of CP
collections are very important. Starting from the
assessment of donor to the administration of CP to
the patients, all of the steps should be organized
carefully and should be performed by experienced
health workers.

6.1Donors Eligibility

The criteria for eligibility of CP donors may vary

between countries. According to the FDA,

individuals who meet the following criteria can be

a CP donor:

1. The individuals who are recovered from
COVID-19, blood donor tests were done and
suitable for donation;

2. Evidence of COVID-19 documented by a
laboratory tests either by a diagnostic tests (eg,
nasopharyngeal swab) at the time of illness, or
a positive serological test for SARS- CoV- 2
antibodies after recovery, if prior diagnostic
testing was not performed at the time
COVID- 19 was suspected.

3. Individual’s complete resolution of symptoms
at least 14 days prior to donation.

4. Male donors, or female donors who have not
been pregnant, or female donors who have
been tested since their most recent pregnancy
and results interpreted as negative for HLA
antibodies.

5. When measurement of neutralizing antibody
titers is available, neutralizing antibody titers
of at least 1:160 is recommended. A titer of
1:80 may be considered acceptable if an
alternative matched unit is not available

6.2. Pre-Donation Evaluation Of Donors :

1] Real time reverse transcriptase PCR (RTPCR) is
currently a favored assay for the detection of
coronavirus.. In this concern , corona virus pre
donation screening tests should be supported by
antibody detecting tests too. %

2] Female donors with a history of pregnancy
should be screened for HLA antibodies in order to
minimize the risk of transfusion- related acute lung
injury (TRALI). Moreover, a blood sample should
be obtained for antibody testing before referring the
donor to an apheresis procedure.

3] There is uncertainty in the total antibodies or
subclasses (eg, IgM, IgG, or IgA) are the optimal
measures, and which antigen is  most
informative. (491 501

4] Current situation stated that CPs that are
collected >14 days after resolution of symptoms
contain high titers of antibodies. ®”" *3:According
to FDA if testing can be conducted, neutralizing
antibody titers should be at least 1:160 but a titer of
1:80 may be considered acceptable if an alternative
matched unit is not available. 1*®!

6.3.Donor Recruitment
Blood centers may play a role in
recruitment of donors in collaboration with partner
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hospitals. In Turkey, therapeutic apheresis centers
licensed by the Ministry of Health and Turkish Red
Crescent carry out activities for obtaining CP from
donors.

VII. PATIENT SELECTION
There are several clinical trials that are
ongoing which have very different eligibility
criteria from the severely affected to post exposure
individuals suffering from COVID 19. B3l The
patient selection may vary between countries. The
FDA allowed the use of CP to patients who met the
criterias such astl
A. Immediately life- threatening COVID- 19.
B. Laboratory confirmed COVID- 19.
a. Severe disease is defined as one or more of the
following-
i. Dyspnea,

ii. Tachypnea> hypnea

iii. Blood oxygen saturation <93%,

iv. Pa02/F|02 <300,

v. Respiratory failure,

vi. Lung infiltrates >50% within 24- 48 hours
vii. Multiple organ dysfunction.
viii. Septic shock,

VIIl. DOSE OF CONVALSCENT
PLASMA THERAPY:

In clinical trials, one unit of plasma
(200 mL) is planned for use for prophylaxis and 1-2
units have been planned for treatment. The
antibodies' duration of efficacy is unknown but is
estimated to last in weeks to a few months since the
dose received. , B4 B9

In the previous use of CP therapy in
SARS, 5 mL/kg of plasma at a titer of 1:160 was
used. ¥ According to the linear proportionality,
3.125 mL/kg of plasma with the titer of >1:64 may
provide an equivalent immunoglobulin level to
one- quarter of 5 mL/kg plasma with a titer of
1:160. &7

In pediatric transfusions, dose selected by
body weight should be used. Covid-19 is rarely
symptomatic in the pediatric age group. Therefore,
every procedure and treatment in this age group
should be performed within the scope of clinical
research in cooperation with national and
international health authorities "]

IX. ADAVANTAGES OF
CONVALSCENT PLASMA
THERAPY:
1] Plasma is also likely to contain antibodies
against other common betacoronaviruses associated

with the common cold, which have been shown to
cross-react with SARS-CoV-2 antigens in
intravenous immunoglobulin (IV1g) preparations
B8 likely stemming from recent infection with
another human betacoronavirus !

2] After demonstration that blood group O health
care workers were less likely to become infected
with SARS-CoV [60], a research group proved that
anti-A blood group natural isoagglutinins (which
can also be found in CP plasma from blood group
O and B donors) inhibit SARS-CoV entry into
competent cells %" Such binding could opsonize
virions and  induce = complement-mediated
neutralization 1%

3]Since SARS-CoV-2 uses the same receptor as
SARS-CoV, anti-A isoagglutinins are expected to
have similar effects against SARS-CoV-2 [63];
accordingly, clusters of glycosylation sites exist
proximal to the receptor-binding motif of the S
protein from both SARS-CoV [64] and SARS-
Cov-2 [®]

X. LIMITATIONS OF CONVALSCENT
PLASMA THERAPY:
The risks of CP administration are similar to those
of standard plasma:
1] Infection with another infectious disease agent
(viral transmission or bacterial contamination),
immunological reactions such as serum disease,
non- hemolytic transfusion reactions (tremors,
fever, urticaria), transfusion- associated circulatory
overload and full formcan be observed. !
2] The risk of TRALI is generally less than one for
every 5000 transfused units, but in COVID- 19, the
risk of TRALI is one of the major concerns about
CP because most of the critically ill patients have
ARDS and disseminated intravascular coagulation.
3] Specific risk about AntiSARSCoV2 CP is
transfusion- transmitted SARS- CoV- 2. This
remains theoretical because there has been no
report of SARS- CoV- 2 transmission by blood
transfusion. This risk is particularly important in
prophylactic use since critically ill patients are
already infected.
4] The other theoretical risk of CP is an
antibodydependent enhancement (ADE).
Antibodies that developed during a previous
infectious disease caused by a different viral
serotype may exacerbate clinical severity!®"!
Previous infection with other types of corona virus
may arise the concern about the risk of ADE in
COVID- 19 and the geographic variation in
disease severity may be attributed to this
mechanism. ¢!
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5] The other theoretical risk of CP is the
attenuation of the development of a natural immune
response, especially when administered for
prophylaxis. CP treatment is recommended only in
academic or comprehensive centers that can
manage potential treatmentrelated complications,
such as TRALI

No serious adverse events have been
reported in any study of CP. In developed
countries, for HIV, hepatitis B and hepatitis C
viruses, the risk of transfusion- transmissible
infection is less than one infection per two million
donations. [

XI. FUTURE SCOPE OF
CONVALSCENT PLASMA
THERAPY:

Plasma Science and Technology offer
their valuable contribution to human health since
more than 50 years, after decades of experiences in
the field of biomaterials; and more than a decade in
using plasmas for therapeutic uses in medicine.

Plasma Science and Technology is blessed
with a wealth of opportunities and potential
applications exploitable in Biology and Medicine
for human healthT®The intrinsic motivation of
cold plasma-related research in PlasmaMedicine,
Sterilization/Decontamination, and Biomedical
Materials is to see its translation into Health
Science.

Despite the beauty and uniqueness of
plasma technologies at low (LP) and atmospheric
(AP) pressure, they actually show many challenges
at the same time in many fields, most of all in
Biology and Medicine, sometimes also beyond
Science and Technology, as in the case of Ethic
issues.

XIl.  CONCLUSION:

The exact treatment of COVID19 disease
is currently unknown. Even though limited
published studies are not prospective or
randomized, until the development of vaccines or
therapeutics, CP seems to be a safe and probably
effective treatment for critically ill patients with
COVID19. At least preliminary results of multi-
centre randomized controlled clinical trials should
be waited. Meanwhile, in this pandemic, scientists
should be encouraged to collaborate on common
research  protocols, rather than conducting
independent researches. International multicenter
randomized controlled trials are needed. full form
use should be encouraged to be made within the

scope of clinical trials in cooperation with national
and international health authorities.
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