Journal of Bangladesh College of Physicians and Surgeons
Vol. 38, COVID-19 (Supplement Issue), July 2020

Convalescent Plasma: A Potential Treatment
for COVID-19

MA KHAN? AMAFRUHAP

Summary:

As no specific standard therapies have been approved for
Coronavirus disease 2019 (COVID-19), so prevention and
supportive care dominate the approach to COVID-19.
Exposure to this severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) results in an adaptive immune
response that commonly include antibodies with
neutralization activity. Treatments directly targeting the virus
and the inflammatory response to it remain investigational.
Convalescent plasma (CP) is such a therapy that had been
reported hundred years back in studies from the Spanish
influenza era. So the idea of convalescent plasma from
subjects who have recovered from viral infections has been
used to both prevent or treat disease. Over the past two decades’
notable examples of the successful use of convalescent plasma
(CP) include influenza, measles, Middle East respiratory
syndrome (MERS), Ebola and severe acute respiratory
syndrome (SARS). Two case series were recently published

Introduction:

December 2019, in Wuhan, China experienced a highly
infectious new viral pneumonia outbreak associated with
severe acute respiratory syndrome.'2 The virus was
named as severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) or in short coronavirus disease 2019
(COVID-19) by World Health Organization (WHO)>*. The
epidemic spread rapidly worldwide within 3 months and
was declared as a pandemic by WHO on March 11,2020.3

COVID-19 is associated with a broad spectrum of clinical
syndromes, ranging from asymptomatic or mild upper
airway symptoms to progressive life threatening viral
pneumonia leading to respiratory failure and death.>¢
Symptoms may develop 2 days to 2 weeks following
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by China examining the therapeutic use of CP in patients
with COVID-19. In the context of pandemic situation, the
Food and Drug Administration (FDA) allowed to use
COVID-19 convalescent plasma as Investigational New Drug
(IND) since April 2020 to help patients with serious or
immediately life-threatening illness associated with COVID-
19. Case series studying convalescent plasma use in the
treatment of COVID-19 have been promising, but additional,
high-quality studies are needed to determine the efficacy of
the treatment when applied for prophylaxis, for early phases
of illness and for severe illness. Bangladesh also started
program to use convalescent plasma for severe and critical
COVID-19 patients under limited clinical trial.
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exposure to the infected person which is diagnosed by
real time Reverse Transcription-Polymerase Chain
Reaction (RT-PCR). Common symptoms are fever, dry
cough, myalgia, fatigue, sore throat and less common
presentation are headache, diarrhea, dyspnea and
respiratory distress. According to CDC (Center for
disease control and prevention) elder adult and persons
who have underlying comorbidities such as heart
disease, diabetes, lung disease and obesity are at high
risk for developing severe disease. Recently it is reported
that severe form of COVID-19 is also associated with
coagulopathy and endothelialitis.”-% About 20%
patients of COVID-19 are asymptomatic and 60% are
with mild to moderate symptoms may improve with home
treatment. About 20% patients need admission to
hospital with severe disease and around 5% of them
with critically ill need transfer to ICU. About 2 to 5%
death are due to development of ARDS followed by
acute respiratory failure as well coagulopathy and multi-
organs involvement. CT scan of chest shows peripheral
lung ground-glass opacities, the early phase of ARDS
and histologically diffuse alveolar damage with oedema,
hemorrhage and intra-alveolar fibrin deposition.®
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Pathophysiology:

SARS-CoV-2 virus after entering to respiratory tract,
receptor binding domain(RBD) binds to ACE2 receptor
of mucous membrane. With a rapid viral replication and
massive infiltration of inflammatory cells (macrophage,
lymphocytes and dendric cells ) resulting elevation of
pro-inflammatory cytokines and chemokines ( IL-1,IL-4,
IL-6,1L-10,1L-12,1L-17, TNF-4, IFN-3, GM-CSF etc) ° A
drastic elevation of inflammatory cytokines &
chemokines known as cytokine storm causes acute
pulmonary injury and ultimately develop acute
respiratory distress syndrome(ARDS). Increase of
cytokines, LDH, CRP, lymphopenia are directly related
to severity of inflammation and viral load. The reduction
of CD4+ and CD8+T cells is commonly associated with
lymphopenia.” The SARS-CoV-2 S protein is likely
important target for developing neutralizing antibodies
(NADbs) to block binding and fusion of SARS-CoV-2
(Figure-1). SARS-CoV-2 seems to use the same cell entry
receptor, ACE2, as the SARS-CoV because ACE2 shows
binding to RBD of both SARS-CoV and SARS-CoV-2.
Understanding of SARS-CoV-2 immuno-pathogenesis
is useful for developing passive antibody therapy,
designing vaccines and understanding of clinical drug
interventions. The systemic landscape of the immune
responses in patients with COVID-19 is unclear. But
clinical features and immunopathogenesis of SARS-

Meutralizing
sntibady

CoV-2 have many similarities with SARS-CoV-1. The
development of immunity to a pathogen through natural
infection is a multi-steps process that typically takes
place 1-2 weeks. The body responds to a viral infection
immediately with a non-specific innate response in which
macrophages, neutrophils, dendritic cells slow the
progress of virus and may even prevent it from causing
symptoms. !? This non-specific response is followed by
an adaptive response where the body makes antibodies
that specifically bind to the virus. These antibodies are
proteins called immunoglobulin. The body also makes
T-cells that recognize and eliminate other cells infected
with the virus, called cellular immunity. These combined
adaptive responses may clear the virus from the body,
and if the response is strong enough, may prevent
progression to severe illness'!. This process is often
measured by the presence of antibodies in the blood.

Also there is an evidence of microvascular thrombosis
in the lungs, known as COVID associated
coagulopathy(CAC) resulting from endothelial (vascular
& myocardial) injury and activation of coagulation
cascades, ultimately thrombotic microangiopathy and
eventually multi-organs failure often leading to death.!?

Historical precedents and Scientific rationale of
CP use:

Passive antibody therapy was first described in the 1890s
prior to the development of antimicrobial therapy.!!
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Fig-1: Schematic mechanism of the Neutralizing antibodies. Competition of NAb with ACE2 receptor for binding
to the receptor-binding domain(RBD) of SARS-CoV-2 Spike protein is shown. The protruding portion(violet) of
RBD is both the ACE2 receptor-binding site and the antibody epitope.’
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Convalescent plasma was used during the 1918 Spanish
flu epidemic and reduced mortality among plasma
recipients.!3 More recently, severe acute respiratory
syndrome coronavirus 1 (SARS-CoV-1) in 2003 and
Middle East respiratory syndrome (MERS) in 2012 both
viral outbreaks with high mortality and absence of
effective therapies led to the use of convalescent
plasma.'%!3 In the largest study of the SARS-CoV-1
outbreak, among 80 patients in Hong Kong , patients
treated within the first 14 days of infection had earlier
discharge from hospital.!® These results are consistent
with that convalescent plasma may be an effective
treatment of coronavirus infections and that earlier
administration is more likely to be successful.!”

Human convalescent plasma may be an option for
treatment COVID-19 as no specific treatment is approved
till date and could be rapidly available where there are
sufficient numbers of people recovered can donate
plasma without any harm. This passive immunity
(antibody) therapy can be given to a susceptible
individual for preventing and treating an infectious
disease such as COVID-19. In contrast, active immunity
requires induction of immune response (e.g. by
vaccination) that requires time to develop and moreover
in some immuno-compromised patients fail to achieve
adequate immune response. Thus passive antibody
administration is the only means of providing immediate
immunity to susceptible persons and immuno-
compromised patients. Experience from prior out breaks
of HIN1 influenza (Spanish virus), Ebola, SARS-1 and
MERS virus; where convalescent plasma was also used
prior to developed specific treatment. There are few
reports that convalescent plasma was used for therapy
for critically ill patients with COVID-19 in China during
the current outbreak.!”-!® The effectiveness of CP
therapy was also evaluated on 10 COVID-19 patients
including 3 were in ventilation; clinical symptoms of
them were significantly improved along with increased
of oxyhemoglobin saturation within 3 days, several
parameters tended to improve as compared to pre-
transfusion, including increased of lymphocytes count
and decreased C-reactive protein, resolution of lung
lesions on radiology and viral load was undetectable
by 7 days after transfusion of CP!”. In another small
case series, five critically ill of COVID-19 patients with
ARDS were treated with convalescent plasma containing
neutralizing antibodies. Infusion of plasma was followed

by improvement in clinical status in all trial patients,
with no deaths.!® It was observed that patients who
received convalescent plasma in early phase of illness
had better outcome and early hospital discharge. So
when used for therapy, antibodies are most effective if
administered shortly after the onset of symptoms. The
reason is that initially virus is likely to be much smaller
in amount than that of established severe disease.
Another explanation is that passive antibody therapy
works by modifying the inflammatory response, which
is also easier during the initial phase!®. Depending on
the antibody amount and composition, the protection
given by transfused immunoglobulin varies and last for
weeks to months.

In response to the COVID-19 outbreak in the US and
reported high case-fatality rates, the US Food and Drug
Administration (FDA) on 3" April has approved the
use of COVID-19 convalescent plasma (CCP) from
recovered patients to treat people as emergency
investigational new drug(eIND) who are severe and
critically ill with COVID-19.2° Worldwide in sixty
countries including USA and UK are running national
clinical trials on convalescent plasma therapy to gather
evidence across the global disease spectrum.

COVID-19 Convalescent Plasma (CCP):
Convalescent plasma is the liquid part of blood that is
removed from the blood of a person who has recovered
from a disease containing particular antibody. Plasma
collected from COVID-19 recovered patient is known as
COVID-19 convalescent plasma (CCP) that can be used
for other patients to boost up passive immunity. Specific
drugs or vaccine are not yet developed, so about 15% -
20% patients who are deteriorating only depend on
supporting management. Among these patients who
are deteriorating (increasing respiratory distress and
decreasing arterial O2 saturation) COVID-19
convalescent plasma could be given as emergency
investigational treatment. Convalescent plasma has been
used successfully for the treatment of a variety of
infectious disease such as HIN1, Ebola, SARS-CoV-1,
MERS virus. Outcome is better when CP given in the
early phase of the infection than late phase when disease
is established.

Donor eligibility: *'
COVID-19 convalescent plasma must only be collected
from individuals >18 years who meet all donor eligibility
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requirements and in addition who meet the following
qualifications: %!

* Evidence of COVID-19 documented by a laboratory
test either by a diagnostic test (e.g., 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.

* Complete resolution of symptoms at least 14 days
prior to donation. A negative result for COVID-19 by
a diagnostic test is not necessary to qualify the donor.

* Screening tests for safe blood transfusion like
HBsAg, anti-HCV, anti-HIV, VDRL and malaria must
be negative.

e 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.

SARS-CoV-2 neutralizing antibody titer, if available
(titer of at least 1:160). When measurement of
neutralizing antibody titer is not available, consider
storing a retention sample from the convalescent
plasma donation for determining antibody titer at a
later date

An eligible COVID-19 donors can donate plasma
repeatedly at 2-4 weeks interval.

Collection, Processing and storage:

Donor will ideally donate plasma by plasmapheresis,
usually 400ml to 600 ml (10ml/kg) plasma can be collected
by plasmapheresis and should be split before freezing
into 2 -3 separate units each with 200 ml. Final products
should be specifically labelled as COVID-19
convalescent plasma and should be Fresh Frozen,
preferably should be frozen within 8 hours after
collection, stored at -18°C or colder and have an
expiration date one year from the date of collection.
Convalescent plasma may be stored at 1- 6° C up to 40
days. 2122

Although plasmapheresis is the standard procedure for
collection of plasma but in some places particularly in
low and middle income countries, where plasmapheresis
facilities are not widely available, whole blood can also
be collected with plasma component separation by
centrifugation technique following standard operating
procedures.?!
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Testing antibody titer of donated plasma:

People who have recovered from SARS-Cov-2 infection
have antibodies to the virus. However, some of these
people have very low levels of antibodies in their blood,
suggesting that cellular immunity may also be critical
for recovery. It is strongly recommended that SARS-
CoV-2 neutralizing antibody titer(NAbT) be measured
in the donated plasma. Current data suggest that donors
with a minimal titer by end-point dilution of 1:80 or
preferably 1:160 should be selected.?! When the
measured neutralizing antibodies in the collected plasma
is considered to be too low, the plasma should be made
available for other use(ideally fractionation or FFP). In
the absence of neutralizing antibody testing, a test for
the presence of anti-SARS-CoV-2 antibody should
ideally be performed prior to release. In emergency cases,
where plasma is released for transfusion without any
antibody testing, archived samples should be tested at
a later date once testing is available.?! If an adequate
correlation between neutralizing activity and ELISA
antibody testing were to be demonstrated, this could
replace the test for neutralizing antibodies. It is advised
that additional archive samples of the donated plasma
are saved for reference studies, e.g. 10x0.5ml frozen
aliquots from plasma samples taken at the time of
donation. Donor plasma samples obtained at the time of
donation should be saved frozen at (minus) -18°C or
colder for retrospective testing of the total and
neutralizing titers of anti-SARS-CoV-2 antibodies and
further scientific investigations.

Indication of use CCP:

Importance of use of CCP is on interim period before
invention of any specific drugs and vaccine. Historical
evidence and small pilot studies on Convalescent plasma
in COVID -19, proved that it has benefits to combat
symptoms and mortality. Appropriate use of CCP could
limit the transfer of COVID-19 patients to ICU.

Indication of use of CCP in laboratory confirmed COVID-
19 patients with severe or immediately life-threatening
COVID-19 as defined with one or more of the following:>

» shortness of breath (dyspnea),
 respiratory frequency >30/min,
* Dblood oxygen saturation <93%,

» partial pressure of arterial oxygen to fraction of
inspired oxygen ratio <300,

* lung infiltrates> 50% within 24 to 48 hours
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Life-threatening disease is defined as one or more of
the following:??

* respiratory failure,

* septic shock,

* multiple organs dysfunction or failure

Informed consent provided by the patient or attendant.

For Prophylaxis use of CP for high risk group such as
health workers who are working in COVID units and
elderly person with comorbidities are still under
investigation.

In addition to clinical trial to fulfil the huge demand, CP
should be used as a nationwide expanded access
program in a coordinated way to facilitate the only
available passive antibody therapy for severe COVID-
19 patients.

Convalescent Plasma Transfusion:

There should be standard hospital procedures and
recommendations for thawing and transfusion of plasma
same as FFP and expiry 24 hours post thaw. It is crucial
to ensure ABO compatibility of plasma between the
donor and the recipient. Patient should receive an initial
dose of ABO compatible 200-300 ml convalescent plasma,
followed by one or two additional doses of 200 ml
according to disease severity, response and tolerance
of the infusions and finally with compassionate clinical
judgment. Patient should be closely monitored during
and after transfusion for safety and efficacy profile of
convalescent plasma. Patients should be followed up
for safety and effectiveness after transfusion of
convalescent plasma; like any adverse effect,
improvement of SpO,, lymphopenia, CRP, liver enzymes,
serum ferritin level, radiological findings, viral load as
well clinical wellbeing and respiratory distress etc.

Potential risks of convalescent plasma:

Fortunately, majority of the adverse effects due to plasma
transfusion are not lethal and are adequately treated in
clinical practice. The incidence of allergic transfusion
reactions(ATR) have been estimated as less than 1% to
3% of all transfusions?? and most ATRs are mild and
limited to urticaria, purities, and/or flushing. The most
dangerous and highest risk of mortality following
plasma transfusion is likely due to sequelae of pulmonary
complications notably TRALI and TACO known as
severe adverse effects. Transfusion-related acute lung

injury (TRALI) and transfusion-associated circulatory
overload (TACO) are the two leading causes of
transfusion-related mortality, and are often difficult to
distinguish and these conditions have been emphasized
in the plasma transfusion literature. The reported
incidence of TACO and TRALI similarly covers a large
range from ~0.01% in surveillance surveys to 8% ,
depending on the clinical status of the transfusion
recipient.>*?3 Exclusion of female donor who have
history of pregnancy with possibility of presence of
antibodies to HLA or granulocyte antigens and testing
for these antibodies where feasible, lower the
occurrence of TRALL?!

In arecent preprint article (before formal publication) it
has been stated that after transfusion of COVID-19
convalescent plasma in 5,000 patients in US, the early
incidence of adverse events was very low(<1%) with
incidence of TRALI and TACO is <0.1%.%¢

A theoretical concern of the use of COVID-19
convalescent plasma in patients with COVID-19 is a
deteriorated clinical condition after plasma transfusion
secondary to antibody-dependent enhancement (ADE)
of infection or antibody-mediated pro-inflammatory
effects.?” There is also the concern that antibody
administration to individuals with significant viral loads
may lead to the formation of antigen-antibody immune
complexes, which may contribute to proinflammatory
immune responses.?® But these are remote theoretical
complications not reported with COVID-19 CP so far.

The World Health Organization (WHO) guidelines
recommended convalescent plasma for use against Ebola
virus disease (EVD) during Ebola outbreak in 2014.2% In
each of affected countries, several nonrandomized
comparative clinical trials were initiated. The Ebola
treatment with CP trial in 2015, no severe adverse
reactions were noted.3’

Conclusion:

Beyond supportive care there are no proven standard
and specific treatment have been approved for COVID-
19 infection except clinical trial. Given the deadly nature
of COVID-19 and the large population of critically-ill
patients who are fighting with death, the emergency
investigational treatment approach with passive
immunity through convalescent plasma may not do harm
to those patients. Globally CP is under active
investigation not only as treatment for COVID-19 but
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also as prophylaxis. Because CP use for SARS-CoV-2
and other viruses has shown promise and administration
of CP is not associated with lethal complication, life
threatening adverse reaction risk is <0.1%. Critical
factors to be considered in designing treatment protocols
including timing of transfusion (early the better), clinical
status of the recipient and antibody titer of the donor.
As emerging data are encouraging in favour of safely
and efficacy, clearly, the use of convalescent plasma
may improve the clinical outcomes in patients with
COVID-19 infection and could be a stopgap of current
pandemic. As a middle income country we have limited
number of ICU beds & ventilators, using CP we can
limit the pressure on ICU. A Coordinated planning and
activities of all concerned physicians, infectious disease
specialists, hematologists, transfusion medicine and
DGHS can combat the COVID-19 crisis. For this a
national expanded access program is needed to organize
and monitoring the rational use and documentation of
convalescent plasma.
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