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Utility of convalescent plasma for COVID-19 treatment
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Abstract

The novel coronavirus identified and designated as SARS-CoV-2 has brought unprecedented suffering to

people across the globe. There is yet neither an effective therapeutic substance nor a vaccine to treat the
disease. Intensive research is being carried out globally to combat the menace. The road to success is miles
away as effective drugs and vaccines (when available) are to be produced in adequate quantities and supplied
at affordable prices to contain the disease. The observation that deployment of already-known technique of
using convalescent plasma in the treatment of microbial diseases has yielded encouraging results in treating
several deadly diseases, encourage the use of convalescent plasma collected from consented donors recently
recovered from COVID-19 by plasmapheresis and using those for treating critically ill patients. The upgraded
facilities for such purposes need to be in place along with the regulatory requirements for ensuring donor
safety and judicious entitlement of convalescent plasma in patient care.
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INTRODUCTION

The novel coronavirus SARS-CoV-2 causing COVID-19
disease was reported for the first time from Chinal'l during
December 2019. SARS-CoV disease was described in the
literature causing human disease by the Chinese scholars in
2002 from the Guangdong province of southern” China,
where the first infected human was identified and described.
The current infection from the novel coronavirus SARS-
Co V-2 turned out to be pandemic soon after December
2019. Presently, the whole world is treating a mega number
of infected individuals suffering from the disease. As of
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June 26, 2020 (07.00 PM) the total number of coronavirus
casesPl infected the world over were 9635,935 with deaths
of 489,990(5.1%). The 10 most affected countries in the
wortld were the USA, Brazil, the UK, Italy, France, Spain,
Mexico, India, Iran, and Belgium. These 10 countries had
5707,393 infected cases (59% of the total) but registered
375,443 deaths (77% of the total deaths).

The purpose of this paper was to ascertain the utilities
of convalescent plasma (CP) to neutralize the virus as
a possible treatment option for severely ill patients with
COVID-19. The use of CP in the treatment of microbial
diseases is known. However, its use in the present situation
of a pandemic for treating critically ill patients requires
current evidence of usage success, the infrastructure in
place, and the regulatory requitements in terms of donor
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safety and patient care. If industries get involved in the
supply of CP in commercial projects, there would be need
to spell out collection and dispersal norms as also, the
current good manufacturing practices to be established
under the Drugs Act for such establishments.

MATERIALS AND METHODS

Scientific information was collected from the published
literature on how convalescent human plasma has been
used for treating SARS-Co V infection and to treat
COVID-19 disease. The meaningfulness of the work
emanates from the fact that at present there is no effective
therapeutic substance to treat the disease caused by the
novel coronavirus and no vaccine is yet available.

COVID-19: broad treatment methods

In a COVID hospital/ward, which essentially means an
isolated hospital /ward to ward off infectious materials, the
suspected individual is examined clinically by the attending
doctors and after being clinically satisfied about the disease
in the individual, the suspect is required to undergo a
serological test and if found positive, the suspect may be
admitted for further treatment.

Every country has hospitals, healthcare establishments, and
procedures to take care of their patients. On admission,
the patients are treated by the doctors symptomatically
in accordance with the general practices meant for the
treatment of COVID-19 disease. Patients being admitted to
hospitals usually come with symptoms such as dry cough,
tever, fatigue, sore throat, headache, sometimes with slight
dyspnoea, and also with gastrointestinal issues. Some may
complain of diminished taste and smell characteristics and
gastrointestinal issues. Some may have conjunctivitis too.
The diagnosis has to be by real-time PCR using a nasal
swab, tracheal aspirate, bronchoalveolar lavage samples,
or even blood samples. As there is yet no effective agent
for the treatment for COVID19, the treatment carried
out is essentially symptomatic; paracetamol is given for
bringing the body temperature to normal levels; pain killers
for providing symptomatic relief; cough syrup to provide
relief from cough; and adequate fluid intake!® ensues. For

B4 Joad using antiviral substances,

controlling the virus
thus far used/planned include remdesivir; oseltamivir
(Trade name Tamiflu); lopinavir—ritonivir combination;
lopinavir—ritonivir combination with interferon-a.-2b;
ritonivir with ASC09 combination; galidesvir; umefinovir—
NCT04260594 combination; darunavir—NCT04252274
combination; abidol hydrochloride with interferon,
abidol hydrochloride with oseltamivir and lopinavir/
ritonivir combination; lopinavir with ritonavir and arbidol

combination; and darunavir and cobicistat together. For
controlling secondary bacterial infection empirically
(often without a test of the nasal or throat swab),
antibacterial agents such as azithromycin, moxifloxacin,
ceftriaxone, teicoplanin, azithromycin, and some more
have been used. Certain Chinese traditional” medicines
and mesenchymal stem® cells among others have also been
used. Steroids!” such as prednisolone, methylprednisolone,
and dexamethasone have been used in severely ill patients
to minimize inflammation and the risks of death in acute
respiratory distress syndrome (ARDS) patients. Multiple
numbers of anticoagulants/blood thinners have also
been used.

None of these agents including the antiviral drugs could
adequately control the viral multiplication. The antiviral
agents were effective to a limited extent only. Over a period
of 10 days, usually, the surviving patients get considerable
relief, as the body would fight back and enough cloned B
cells are anticipated to be produced to neutralize the virus
and the activated macrophages would engulf and opsonize
the immunoglobulin-viral complexes. Activated T cells
would destroy the infected cells and concurrently engulf
the viruses along with the macrophages. Concurrently,
there would be the generation of activated and cytotoxic
CD4+T cells in the Th-1 pathway to destroy the infected
host cells and to engulf the viral particles.

All the recovered patients are anticipated to have elevated
clonal antibodies which are responsible for neutralizing
the SARS-CoV-2 virus. The hospital stay after admission is
about 10—14 days. Some patients, especially the older ones
need to stay for more time and may be as long as 3 weeks,
sometimes even a little more. A small number of patients
especially the aged people and those having comorbid
conditions such as the diabetics, cardiovascular diseases,
obesity, high blood pressure may become critically ill and
are treated specially in the intensive care units ICUs). For
such patients, the need for and the utility of CP might be
the last resort of treatment along with the use of antivirals
and other supportive agents. The clinical outcome of the
treatment of patients with COVID-19 is summarized with
certain examples.

Clinical outcome of treatment in COVID-19 globally:
a few examples

The first epidemiological, clinical, laboratory, and
radiological characteristics as also the treatment and
clinical outcomes of 41 laboratory-confirmed patients
with COVID-19 were desctibed!"” on February 15, 2020.
In this study, the median age was 49 years (interquartile
range: 41-58), of which men were 73% (30 numbers) and
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less than half had comorbid diseases including diabetes
(8 numbers), cardiovascular diseases (6 numbers) and
hypertension (6 numbers). The disease symptoms of all
the 41 at the beginning were fever (40 numbers), cough (31
numbers), and fatigue (18 numbers). Other symptoms were
sputum production (11 numbers), hemoptysis (coughing up
blood in 2 numbers), headache (3 numbers), and diarrhea
(1 number). All 41 patients had pneumonia. Over a period
of 8 days from the onset of the disease, 22 numbers had
breathing troubles (dyspnoea), and 26 numbers had a
reduction of lymphocytes (lymphopenia — lymphocyte
count less than 1.0 X 10°/L). The computed tomography
(CT) scan of the chest showed pneumonia with abnormal
scan pictures of the lungs. Sooner by about 9 days after
the onset of disease, ARDS was observed in 13 number
of patients who were transferred to ICU where 6patients
(15%) died. The levels of cytokines and chemokines such
as the levels of IL-2, IL-7, IL-10, GSCEF, IP-10, MCP-1,
MIP1A, and TNF-a were measured intermittently and it
was found that the ICU patients had higher plasma levels of
these substances than the non-1CU patients. Elevated levels
of these substances are indicative of the development of
elevated actions of the immune cells, described as cytokine
storms. Cytokine storm characterizes a hyperactive immune
response. It signalizes the release of multiple mediators
let out to attack and clear infectious agents that invade the
body. Excessive release of such cytokines is injurious to
the host cells. In COVID-19 disease there is an increase
of multiple of such cytokines and excessive release of
certain specific ones like IL-6 (22) has been thought to
be correlating with the severity of the infection. In such
conditions the immune cells flood and attack the organs
such as the lungs, which resultin blood vessel leakage, blood
clotting, fall in the blood pressure, failure of the organs,
and death. The treatments carried out were with antiviral
therapy (oseltamivir) along with empirical antibiotics, used
to treat pneumonia patients; corticosteroids were used in
patients in severe illness to reduce the hyper activities of
immune cells. CP was not used as a therapy. Post mortem
studies of patients with COVID-19 were not carried out.
In another!""! study, published online on February 7, 2020
on a confirmed COVID-19 patient population of 138, the
results were as follows. Of the 138 hospitalized confirmed
patients with COVID-19, where the median age was 56 years
(range 22-92 years), 75 numbers were men (54.3%). Among
these 138 patients, the hospital-associated transmission of
professionals was 40 (29%) and hospitalized patients were
17 (12%). The common symptoms in the admitted patients
were fever (136 numbers), fatigue (96 numbers), and dry
cough (82 numbers). Another lab-assisted results of a
certain parameter such as lymphocyte counts, prothrombin

time and lactate dehydrogenase measurement of the
patients indicated conditions of lymphopenia in 97 patients,
prolonged prothrombin time of 13s (range 12.3-13.7s) in
80 patients and elevated lactate dehydrogenase of 261 U/L
(182—-403 U/L) in 55 patients, indicating liver impairment.
The CT scan of all the patients had shown ground-glass
opacity shadows in the lungs of all the patients. As the
therapy, most of the patients (126 numbers) received
oseltamivir (Trade name Tamiflu, a neuraminidase inhibitor
antiviral drug); antibacterial drugs such as moxifloxacin
(89 numbers), ceftriaxone (34 numbers), azithromycin (25
numbers) and glucocorticoids (62 numbers). The patients,
who developed complications including ARDS in 22
patients and/or arrhythmia (16 patients) and/or shock
syndrome (11 patients) thereby requiring care in an ICU
were in total 36 (26%). The patients treated in the ICU (36
numbest) were older in age (median age 66 years) (when
compared to those treated in non-ICU units (median age
51 years). The analysis of results of the hospital-admitted
patients for the period from January 01, 2020 up to February
3, 2020 (34 days) of these 138 patients was elaborated in
the paper. As of February 3, 2020, the number of patients
discharged (cured) was 47 (34%0) and the number of deaths
was 6 (4.3%). The remaining 85 were still in the hospital.
The hospital stay of the discharged patients was 10 days-
interquartile range (IQR) was 7—14. The gist of the findings
was that the COVID-19 confirmed cases usually manifest
fever, fatigue and dry cough; lab-assisted blood parameters
would show lymphopenia, prolonged prothrombin time,
and elevated lactate dehydrogenase levels indicating liver
impairment. The antiviral drugs used and the antibacterial
drugs for containing the virus did not show positive
results. The treatment was essentially symptomic in order
to provide relief to the infected. Hospital professionals
and admitted patients were at high risk of contracting the
disease through man to man contact and therefore utmost
care was warranted by the professionals while handling
patients with COVID-19. Aged individuals were at higher
risk of contracting the disease and when contacted, the
recovery chances were lower than younger individuals. The
average hospital stay for the recovered was about 10 days.
CP was not used in this study.

In another paper published!? online on April 22, 2020
from New York City, USA, the information of confirmed
COVID-19 cases of 5700 hospitalized patients was
published. The median age was 63 years (interquartile
range 52-75 years and range 0-107 years). The outcome
was assessed for 2634 patients. The common co-morbidity
conditions were hypertension (3026, 53%); diabetes (1808,
32%) and obesity (1737, 31%). Outcomes of 2634 patients
who were either discharged or had died were brought out,
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whereas the remaining 3066 patients were still admitted in
the hospitals. The number of patients who died was 282.
Only 373 patients (6.5% of the total and 14% of the 2634
numbers) required care in ICU. ICU care included massive
mechanical ventilation and renal artery bypass procedure.
The death of patients worked out to 4.95% on the pool
of 5700 patients, which was on the high side; perhaps
among the co-morbidity conditions, obesity was one of the
main reasons. From among the discharged patients, a total
of 45 patients were readmitted and the median time for
readmission was 3 days. The endpoint of discharge requires
a relook as it is assumed that the discharged patients were
cured of COVID-19 and that their co-morbid conditions
(except obesity) were medically controlled and were stable
before discharging, and yet a sizable number required
readmission. The other parameters reported in the study
were similar to the previously published information such
as more deaths of older patients having multiple co-morbid
conditions. CP was not used in the study.

POSTMORTEM STUDIES

As the patients with COVID-19 often die because of
life-threatening respiratory problems, it is appropriate to
analyze the lung tissues of dead patients died of COVID-19
disease so as to understand the pathogenesis and to enable
treatment based of the new findings if any. The lungs tissues
of as many as 38 cases of patients!"’ died of COVID-19 in
Italy were systematically analyzed using hematoxylin—eosin
staining. The results were published on April 22, 2020.
The immunohistochemistry for the inflammatory infiltrate
and the cellular components were performed. Electron
microscopy (ECM) of the cells was also carried out. It
was observed that there was capillary congestion, necrosis
of pneumocytes, the formation of hyaline membrane,
pulmonary edema in the interstitial tissues, pneumocytes
hyperplasia, platelet-fibrin thrombi, and changes in the
lungs tissues caused due to inflammation or injury. The
results revealed the features of the diffuse alveolar disease
(DAD) in the lungs causing disruption of the blood-air
barrier which would lead to oxidative edema and fibrosis.
Such conditions result in severely impaired blood and
tissue oxygenation. The ECM photographs had shown
the viral particles in the cytoplasm of pneumocytes. It was
concluded that patients with COVID-19 develop DAD, the
formation of hyaline membrane, and pneumocytes atypical
hyperplasia. The presence of platelet-fibrin thrombi
observed in the small arterial vessels was suggestive of using
blood thinners as one of the main components of therapy.
In another study!"! based on autopsy findings of 21 patients
with COVID-19 died at the University Hospital Basel and at

the Cantonal Hospital Baselland, Switzerland showed that the
primary cause of death was a respiratory failure with exudative
diffuse alveolar damage with massive capillary congestion.
The report was published on May 4, 2020. Deaths were often
accompanied by microthrombi despite anticoagulation. Ten
cases showed bronchopneumonia. Other pathologic conditions
included pulmonary embolisms, alveolar hemorrhage, and
vasculitis, signs of generalized thrombotic microangiopathy
and senile cardiac amyloidosis. The comorbid conditions and
old age were unfavorable factors to fight the disease.

Lessons from clinical outcome and postmortem studies
The use of palliative treatment along with the use of selected
antiviral drugs and empirical use of antibacterials had been
the mainstay thus far. Corticosteroids were used in critically
ill patients with benefits in many cases. The published
information on the symptoms of the disease and the line of
treatment as depicted above as also the postmortem studies
of the patients with COVID-19 revealed that this disease
does not adequately respond to the known therapeutic
substances and that excessive clotting of blood at the
airways prevent or even stop the oxygen exchange with the
blood. As a result, maximum deaths occur from respiratory
failures. Along with the palliative treatments, the use of
blood-thinning agents in appropriate dosages seems to
provide a better outcome. Further, patients with comorbid
conditions, especially individuals having high blood pressure,
diabetes, asthma, obesity, and age above 65y, seem to be less
competent to fight the disease.

USE OF CONVALESCENT PLASMA AS A THERAPY

CP against SARS-CoV-2 virus causing COVID-19
disease refers to the plasma received from the recovered
COVID-19 fever who has recovered to health. Such CP
contains immunoglobulins which have been produced
by the cured individuals in response to SARS-CoV-2 viral
infection. CP can be collected from recovered donors (on
their consent) through a process called plasmapheresis or
apheresis, using a special machine that separates the blood
into different components; plasma in some quantities are
collected and used for therapy, whereas the rest of the
blood components are returned into the donot’s body. The
total volume of donated plasma should not exceed 15%
of the total volume of blood of the donor at any stage
of the procedure."" Many countries have resorted to
using the CP to limit the multiplication of SARS-Co V-2
virus. Chronologically, the main initial global findings are
summarized below:

The results of five critically-ill patients who were confirmed
COVID-19 cases with ARDS, who were treated with CP
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transfusion at the infectious disease department, Shenzhen
Third People’s Hospital in Shenzhen, China, from January
20, 2020, to March 25, 2020, wete published online® on
March 27, 2020, in JAMA. Between 10 and 22 days after
admission, these patients received CP. Each patient received
CP, obtained from five other patients who recovered from
COVID-19. The brief particulars about the treatment
received by the patients with their age were as follows: the
five patients had age of 70, 60, 50, 30, and 60 years; all the
patients received therapeutic doses of methylprednisolone;
the antivirals received were Lopinavir/ritonavir, interferon
a-1b, favipiravir; Lopinavir/ritonavir, arbidol, darunavir;
Lopinavir/ritonavir, interferon o-1b; Interferon a-1b,
favipiravir; and Lopinavir/ritonavir plus interferon
a-1b, respectively. Each of this critically ill patient with
COVID-19 received two consecutive transfusions of 200—
250mL of ABO compatible plasma and in a total of 400 mL
plasma on the same the day when it was taken out from
the donors. The administration of CP was between 10 and
22 days after admission. The five donors of plasma were
between the age of 18 and 60 years. The major outcome
of the treatment was: viral load declined within days of
treatment with CP; the clinical conditions such as body
temperature improved, PaO,/FiO, improved (Horowitz
index), chest imaging pictures also improved. Among the
five patients, four were receiving mechanical ventilation and
ECMO no longer required respiratory support by 9 days
after the transfusion of CP.

On March 31, 2020, in a more detailed study, another group
had reported®'! the disease course and the treatment results
using CP along with supportive care of four critically ill
patients who were suffering from COVID-19 disease. The
work was done in China and the patients were admitted
and quarantined on January 20, 2020. The age and sex
of the four patients were as follows: patient—1, female,
09 years; patient—2, male, 55 years; patient—3, male,
73 years; and patient—4, female, 31 years. The initiation
of treatment for all the patients were: the first patient was
initiated from January 30, 2020, with arbidol, lopinavir-
ritonavir, interferon O-2b; the second one with arbidol,
lopinavir-ritonavir, and interferon-0-2b from February 0,
2020; the third one from February 4, 2020 with arbidol,
lopinavir-ritonavir, oseltamivir, and ribavirin and interferon-
0-2b; and the fourth one from February 1, 2020, with
lopinavir-ritonavir and ribavirin. All the patients received
methylprednisolone.

The first patient developed ARDS on February 4, 2020,
and was therefore transferred to ICU on February 5, 2020,
and received invasive mechanical ventilation. The patient
developed septic shock pneumorrhagia on February 11,

2020, and on February 17, 2020, she received 200 mL of
CP; her viral load on February 18 was measured at 55 X
10° copies per mL which was very high. However, after
receiving the CP, whereas there was no adverse reaction,
the disease symptoms started to recede although there
was no change in the viral load. On February 27, 2020 she
received another 400 mlL. of CP and another 300 ml. on
February 28, 2020 (in three shots a total of 900 mL of CP).
On February 28, 2020, her viral load in plasma reduced to
3.9 X 10* number of copies/mL and thereafter, on March
5, 2020 the viral load was reduced to 180 copies /mL. She
tested negative to viral load on March 09, 2020, onwards
and was discharged on March 13, 2020.

The second patient developed ARDS on noninvasive
mechanical ventilation and high-flow nasal cannula February
8, 2020, and received noninvasive mechanical ventilation
and high-flow nasal cannula from February 9, 2020, up
to February 15, 2020. On February 16, 2020, he received
200 mils of CP. The disease symptoms started to recede.
Therefore, all the medicines except methylprednisolone
were discontinued from February 17, 2020. The viral load
was negative by RT-PCR from February 20, 2020, onwards
and he was discharged on February 23, 2020.

The third patient reached the stage of ARDS of February
03, 2020. The condition further deteriorated on day
February 15, 2020, and there was a septic shock requiring
the patient to support through extracorporeal membrane
oxygenation known as V-V-ECMO (veno-venous
extracorporeal membrane oxygenation). Fortunately, on
February 16, 2020 CP transfusion could be initiated. Four
hundred milliliter of plasma was infused on February
15, 2020. On February 25, 2020 the patient went into
conditions of active pneumorrhagia, cystorrhagia, and
gastrointestinal bleeding. On each day of February 24
and 28, the patient received 400 mL on each day of CP.
Thereafter the patient received again 400mL of CP on
March 2, and further 200 mL on each day of March 2, 4, 6,
10,and 13. In total, the patient received 2400 mL of CP and
was alivel The RT-PCR samples on March 16 and 17 were
negative to the SARS-CoV-2 virus. On March 23, 2020, the
patient was transferred to an unfenced ICU.

The fourth patient developed the conditions of onset
of pharyngalgia with fever and had difficulty breathing
on January 31, 2020. On February 1, 2020, the patient
developed symptoms of ARDS, multiple organ dysfunction
syndrome, and septic shock. The patient required invasive
ventilation care. On February 2, 2020 continuous renal
replacement therapy (CRRT) was resorted to and antiviral
drugs such as lopinavir-ritonavir and ribavirin were started.
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On February 6, 2020 the patient required V-V ECMO
and the condition was critical. On February 19, 2020 the
patient received 300 mL of CP. Thereafter, the condition
of the patient started to improve. On February 27, 2020,
the CRRT and ECMO could be removed. On March 11,
2020, the patient was extubated and received nasal oxygen.
On March 12 and 14, 2020, the patient tested negative
on RT-PCR for the SARS-Co V-2 virus. The patient was
discharged on March 17, 2020.

The conditions of each of the four patients were unique
and had shown complex forms of manifestations requiring
rigorous applications of multiple types of machines
and instruments which can be deployed only in highly
sophisticated medical care establishments. Interestingly,
although the antiviral and corticosteroid therapies
(methylprednisolone and others in the group) along with
the required medical instruments and machine-based
supportive therapy is extended, the effective therapy seems
to have been provided by the use of CP. Though the level of
neutralizing antibodies in donor plasma before transfusion
cannot be determined because of time limitations, it seems
obvious that neutralizing antibodies in donor plasma seem
to be effective for intervention; it further appears that once
the body receives the time to fight back through its own
immune system resulting from the minimization of viral
load, effected through the donor plasma, the macrophages,
the natural killer cells, and the residual resting T cells and
the matured B-cells start getting activated in the right
direction switching off the regulators of the cytokine
storm and directing towards opsonizing the viruses and
clearing up the damaged cells and tissues. There appears
to be the need for some time for the immune system to
reorganize and to redeploy the Th-1 and Th-2 pathways
in the balanced but vigorous fight-back syndrome even
though the viral load starts getting neutralized as soon as
the patient starts receiving CP. The neutralized but alive
virus-immunoglobulin complex starts getting optsionized
by the activated lymphocytes as soon as the immune system
is reactivated in the structured manner.

In another study published on April 6, 2020, the
investigators had reported from Korea™ the case studies
of two COVID-19 confirmed cases. Both the patients had
severe pneumonia with ARDS.

The first case described was of a 71-year-old man. The
individual visited the Community Health Center on
February 22, presenting 12 days of fever and cough. On
examination by real-time reverse transcription-polymerase
chain reaction (RT-PCR), he was found to suffer from
COVID-19 disease. In the hospital, he received initially

400 mg of hydroxychloroquine once daily. The chest
radiograph obtained on day 2 showed mild opacities
in the right lower lung. Thereafter, lopinavir/ritonavir
400 mg/100 mg twice daily was added to his therapeutics.
On day 3, his condition detetiorated and his oxygen demand
increased. He was therefore transferred to the tertiary-
care hospital. His respiratory rate was over 30 times per
minute. A blood test indicated lymphopenia (lymphocyte
count was 0.4 X 10°/uL), C-reactive protein (CRP) and
lactic dehydrogenase (LDH) elevated up to 59.7 mg/L and
814 IU /L, respectively; the aspartate transaminase values
were slightly on the higher size. Serial bacterial culture and
polymerase chain reaction (PCR) for other respiratory
viruses were negative. Antivirals such as lopinavir/ritonavir
and hydroxychloroquine were continually used along with
empirical antibiotics. But the patient remained febrile with
aggravated oxygenation profiles and chest images. The
CRP values and the IL-6 levels were showing elevated
levels (CRP 172.6 mg/L and IL-6 208.2 pg/mL). The
arterial blood gas analysis showed PaO,/FiO, of 86 on
day 9 confirming ARDS syndrome. Methylprednisolone
at the rate of 1 mg/kg/day daily was started. On day 10,
CP was obtained from a male donor in his 20s who had
completely recovered from COVID-19 for 21 days who
donated 500 mL of his plasma. The plasma of the donor
measured an OD of 0.586 (cutoff value was 0.22) for IgG by
ELISA. The plasma was administered to the patient at 12-h
interval in two divided doses. No adverse reaction occurred.
From day 11, the recipient started showing improvement
as his fever subsided and oxygen demand decreased. The
CRP and I1L-6 levels became normal (5.7mg/L and 1.5
pg/mlL, respectively, for CRP and IL-06), the chest X-ray
showed resolution of both lungs infiltrates on day 18,
and his viral load detected negative by RT-PCR on day
26. The investigators reported that the patient underwent
a tracheostomy and was successfully weaned from the
mechanical ventilator.

The second case was of a woman, 67 years with co-morbid
conditions such as a history of hypertension. She developed
fever and myalgia and was diagnosed to be suffering from
COVID-19 fever, based on RT-PCR results of Match 6,
2020. She was initially admitted to a local public medical
center and received hydroxychloroquine 400 mg once
daily and lopinavir/ritonavir 400 mg/100 mg twice daily
with empirical antibiotics from the day of her admission
to the medical center. On day 3, she was transferred to
the tertiary-care hospital as her conditions deteriorated,;
her oxygen demand increased and there were worsening
infiltrative shadows in the left lower lung. Her venous
oxygen saturation registered at 93% on 4L/min oxygen
flow via nasal cannula and her respiratory rate of 24 times
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per minute. Routine blood tests showed mild leukocytosis
(12.67 x 10°/uL) with lymphopenia (0.7 X 103/uL),
elevated CRP, IL-6, and LDH (131.1mg/L, 474.7 pg/
ml, 344 IU/L, respectively). The Bacterial cultures and
the PCR for other respiratory viruses were all negative.
Intubation and mechanical ventilator care were to be
resorted to from day 4 as her conditions deteriorated.
Intravenous methylprednisolone (0.5mg/kg/day daily)
was added. She had sustained high fever with rapidly
increasing CRP (314 mg/L), WBC (21.79 X 10°/uL), and
persistent lymphopenia (0.5 X 103 /uL). PaO,/FiO, fell to
76 showing severe ARDS. With the use of steroids, chest
images and the oxygen demand began to be improved. On
day 6, CP was obtained from a male donor in his 20s who
had recovered from COVID-19 for 18 days. The OD ratio
for IgG of the donor plasma was 0.532 and the plasma was
administered to the patient in the same way as Case 1. The
quantity of CP collected was not reported; it is assumed
that similar quantities (500 mL) might have been collected.
The transfusion of plasma did not manifest in any adverse
reaction. On transfusion of plasma, the conditions of
leukocytosis and lymphopenia were immediately recovered.
On day 9, the density of bilateral infiltration on chest X-ray
improved very much with increased PaO,/FiO, to 230. The
level of CRP and IL-6 also returned to the normal ranges.
The presence of the virus SARS-CoV-2 was substantially
reduced as measured by RT-PCR on day 9 and was negative
on day 20. The patient was discharged on day 24 after she
became RT-PCR negative on day 20.

Intravenous use of methylprednisolone was started just
before the CP infusion in both cases. Although the use
of systemic corticosteroids has its benefits, the adverse
reactions that are likely to be manifested later in the
recipient patients should be kept in mind and the use
should be restrained unless there are no alternate tools
in the hands of the physicians dealing with the patients
directly in the wards. Although CP was administered after
22 days from the onset of symptoms in Case 1, and 7 days
in Case 2, respectively, doubts may atise that the decrease in
the viral loads shown in both cases could be due to natural
pathology of COVID-19. However, the fast disappearance
of the disease symptoms after the application of CP tends
to score higher on the use such plasma as another better
alternative to treating the last-stage cases especially the
patients who have co-morbid conditions and when the
patients are more aged.

In another study conducted in Wuhan, China the group had
investigated the efficacy of CP therapy in six COVID-19
confirmed patients.”” The results were published on April
15, 2020. CP was used on each of the six patients. The

other supportive therapy was continued. The points of
observation for the usefulness of CP were determined
by the alleviation of symptoms, changes in radiologic
abnormalities, and laboratory tests. The investigators did
not notice any adverse effect by the use of CP. It was found
that the treatment led to a resolution of ground-glass
opacities of the chest X-ray pictures in five patients and in
two of the six patients there was the complete elimination
of the virus. It was concluded that the treatment was
effective.

In yet another study conducted in China on 10 confirmed
patients with COVID-19 received, each one received a
dose of 200mL of CP derived from recently recovered
donors were transfused; these patients were receiving
necessary supportive care and known antiviral agents.
The plasma had antibody neutralizing titers above 1:640.
With the intention of assessing the utility of the CP, the
primary endpoint was safety and secondary endpoints
were to assess the improvement of clinical symptoms and
laboratory parameters within 3 days after the transfusion of
CP. The median time of transfusion of CP was 16.5 days
after the onset of the disease. It was observed that the
clinical symptoms were significantly improved: there was
an increase in lymphocyte counts, a decrease in C-reactive
protein, and increase of oxyhemoglobin saturation. The
viral load was undetectable in seven patients. There was
no adverse reaction in the recipients. Overall, the results
were highly encouraging. The results were published on
April 28, 2020.

In a first systematic review published! on May 1, 2020, the
usefulness of convalescent plasma transfusion (CPT) as a
therapy in patients with COVID-19 was conducted based
on published literature. The main findings were: increase in
neutralizing antibody titers and concomitant disappearance
of SARS-CoV-2 virus in almost all the patients; and
reduction in the mortality of critically ill patients. There
was also the appearance of beneficial clinical symptoms
after the administration of CP.

The utility of CP, from the results of the above studies and
the review, stand undisputed. It is to be remembered that
there is yet no effective established therapy; physicians all
over the world are using essentially antiviral drugs deploying
multiple of them that are presently known and available.
Along with antiviral therapy, empirically multiple numbers
of antibacterial drugs that invade the lungs are also being
tried. The postmortem studies of a sizable number of
patients had shown evidence of blood clots in the alveoli
of patients, thereby necessitating the use of blood thinners
as an empirical therapy. The use of N-acetyl cysteine and
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heparin has also been suggested without adequate medical
evidence. Of all the medicaments used, the sensitized
plasma received from the recently recovered COVID-19
individuals has shown elevated prospects in critically ill
patients with COVID-19 as has been narrated above.
A most recent publication which appeared while writing
this review had also concluded the same way.

EARLIER STUDIES ON CONVALESCENT PLASMA

In earlier studies on the use of CP for treating SARS
disease were also supportive. In March 2003, there was an
outbreak of severe acute respiratory syndrome (SARS) in 29
countries, caused by SARS-associated corona virus (SARS-
Co V). There were reported infection?” of 8096 patients
in 29 countries; 774 people in all these 29 countries died.
The fatality rate was 9.6%, much higher than the present
COVID-19 fever®! (around 3.4%). Most patients™ were
from Mainland China, Hong Kong, Taiwan, Singapore and
Canada. Ribavirin and corticosteroids were used as the
first line of treatment in most parts of Hong Kong and
around. Ribavirin is an antiviral drug used to treat infection
from multiple RNA viruses such as human respiratory
syncytial virus (RSV), Hepatitis-C and certain other viral
hemorrhagic fevers (VHFs) caused by Ebola and Marburg,
Lassa fever and yellow fever viruses. However, the use
of ribavirin and methylprednisolone could not produce
adequately satisfactory outcome. CP, obtained from patients
who recovered from SARS, had therefore been used as a
desperate last resort. Interestingly, the results were very
much encouraging and the patients who received CP along
with ribavirin and corticosteroids had a shorter hospital stay
and lower mortality than those patients who received the
treatment of ribavirin and pulse methylprednisolone.P’!!
From the above information, it appears almost certain
that the use of CP shall be the most useful therapy to treat
COVID-19 disease in the present circumstances and needs
to be resorted to by the medical profession the world over
till an alternate treatment option such as the development of
an effective vaccine or an effective therapeutic substance is in
hand. As the use of CP requires the consent of the COVID-
19-cured donor to draw plasma and as the therapeutic agent
requires careful handling within a short period of usefulness
of the CP, rules and procedures require to be brought out
by the governments so as to ensure effective use of such
an important life-saving substance in different regions. Till
effective therapeutic substances and/or vaccines are in place
this option of saving lives need to be explored for critically
ill patients; implementation of this option shall no doubt
require in place promulgation of executive orders, setting
out rules and guidelines, installation and implementation of

best medical practices for evaluation, collection, storage and
use of potent CP for saving lives.

The Indian Council of Medical Research(ICMR) has
initiated®?*¥ a multicenter clinical trial, titled “A Phase
II, Open Label, Randomized Controlled Trial to Assess
the Safety and Efficacy of Convalescent Plasma to Limit
COVID-19 Associated Complications in Moderate
Disease,” in 64 hospitals throughout the country. It is a
safety studies at the moment.

In Indian context, it is now prudent to come up with
guidelines for the collection, preservation and safe use of
CP for treating COVID-19 disease as the infection rate has
increased phenomenally high. The US FDA cameP! out on
May 1, 2020 with the US FDA guidelines for the health care
providers and investigators on the administration and study
of investigational CP collected from individuals. Besides
multiple conditions, the guidelines require the consent
from the donors of CP. Later during the month,P” the US
FDA guidelines were brought out for the industry on the
subject matter.

Organizing the production of CP in the industrial scale
requires the active participation of the industry. Industry
can be encouraged to come up for handling this important
area if guidelines and statutes are also in place. In the face
of acute national problem, a well-balanced policy needs
to be spelt out so that there is adequate availability of the
right quality of CP which is used for treating the critically
ill patients at affordable prices.

DISCUSSION AND CONCLUDING REMARKS

Although there has been considerable scientific, medical,
technological, social and political endeavor to find an
enduring solution to the COVID-19 disease menace and
while the social and the political will of all the powerful
countries have conjoined to fight the disease, there has
not yet been in sight, any effective treatment either as a
therapeutic substance or a vaccine. The emergence of a
couple of effective SARS-Co V-2 vaccines to protect human
from the COVID-19 disease is however in sight™ and may
come out by the beginning of 2021. Even when vaccines
are available, the value of CP shall remain to treat certain
COVID-19 critically ill patients. Itis now considerably clear
that SARS-Co V-2 kills by taking advantage of copious
infection of the respiratory tract epithelial cells expressing
more of ACE2 receptors, emanated and promoted by the
cytokines. Cytokines are released by the immune cells in
the initial phase of response to the profusely infected cells,
thereby promoting cytokine storm and causing prolific and
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unrestrained inflammation around the infected tissues in
the respiratory tract and the lungs. The virus also causes
destabilization in blood clotting by modulating the blood
clotting characteristics, which resultin fast clotting of blood
at the sites of pneumocytes in the alveoli, which disrupts
oxygen transfer across the alveolar membrane in the lungs,
causing oxygen shortage in the blood and manifesting
symptoms of breathlessness or dysponea and finally death.
The promotion of cytokine storm by the immune cells
is probably linked to a critical viral load above which the
process is accelerated. This hypothesis needs verification
however.

Based on the limited published data available from multiple
sources as depicted above, it appears that CP shall be an
important option for saving lives of critically ill patients.
The limitations on the applications may be in the availability
of enough quality plasma, to be recovered from cured and
healthy patients who had recently suffered from COVID-19.
There has to be methods for the fast determination of the
viral load in blood as also equally reliable method for the fast
evaluation of the titer of CP so as ascertain its SARS-CoV-2
neutralization capacity. With such information in hand, the
attending physicians may be able to take faster decision on
the treatment options of critically ill patients. To contain
the misuse or over-exploitation of CP in not-so-deserving
cases, detailed government guidelines need to be brought
out by countries that wish to adopt this mode of therapy.
International efforts would be a rightful gesture.

Once the immune system gets respite from the viral load
using CP, multiple life-saving biochemical events are
anticipated to be revived in the body of the patient, most
eventful of which is a gain in time for reactivation of
the entire chain of the immune train starting from more
efficient presentation of the viral antigens by the dendritic
cells to the lymphocytes, followed by balanced activation
of the immune T cells in both the Th-1 and Th-2 pathways,
thereby producing more clonal B-plasma cells for copious
production of sensitized immunoglobulins, facilitating the
viral neutralization process followed by opsonization of the
immunoglobulin-viral complex by the macrophages and
sensitized lymphocytes on one hand in the Th-2 pathway
and on the other hand the activation of the resting CD8*
T cells through the activated T-cells and the liberated
cytokines in the Th-1 pathway, thereby producing a very
large number of activated cytotoxic CD8* T lymphocytes
to destroy the infected cells which are acting as the depots
for viral multiplication, and devouring the liberated
viral particles by the activated macrophages, cytotoxic T
lymphocytes and NK cells.

It is assumed that by using CP the bodily inflammation at
the disease-affected sites such as the lungs in particular, is
minimized from the gain in time by the immune system
not only to reorganize but also to minimize the cytokine
storm, which starts subsiding, implying thereby that
there is a threshold limit of viral load above which the
phenomenon gets activated resulting in the hyperactivation
of the immune system. Use of certain corticosteroids such
as prednisolone, methylprednisolone, and dexamethasone,
which does not kill the virus but can influence the
minimization of the cytokine storm may probably act by
competing with the immune receptors that the virus might
be using to accelerate the cytokine storm. Corticosteroids
are known to down-regulate the activated immune cells.

There had been evidence of life-saving manifestations
on the use of CP in multiple cases of otherwise hopeless
conditions of SARS-CoV-2 infected patients; this fact
needs to be flagged in the current situation. National and
even international efforts need to be mounted to come out
with socially acceptable safe procedures under a regulatory
umbrella to evaluate, collect and preserve sate CP from
consented donors, and use such plasma for saving lives till
such time as effective medicines (vaccines ot therapeutics
or both) are available. Such an effort shall go a long way,
especially in poorer settings to save many precious lives at
comparatively much lesser costs.
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