® [STANBUL

UNIVERSITESI
YAYINEVI

REVIEW / DERLEME
DOI: 10.26650/IUITFD.2020.0106
ist Tip Fak Derg 2021 / J Ist Faculty Med 2021

HISTORY OF PLASMA THERAPY: A CURRENTLY USED
TREATMENT OPTION FOR COVID-19

PLAZMA TEDAVISININ TARIHI: COVID-19 ENFEKSIYONU ICIN GUNUMUZDE
KULLANILMAKTA OLAN BIR TEDAVI SECENEGI

Esra BILIR' @, Emine Elif VATANOGLU LUTZ?

, Ayse Arzu AKALIN?®

'American University of Sovereign Nations, School of Medicine, Sacaton, AZ, USA
Zstanbul University, Istanbul Faculty of Medicine, Department of Medical History and Ethics, Istanbul, Turkey
3Yeditepe University, Faculty of Medicine, Department of Family Medicine, Istanbul, Turkey

ORCID IDs of the authors: E.B. 0000-0003-4499-6543; E.E.V.L. 0000-0003-3156-4733; A.A.K. 0000-0001-6384-2035

Cite this article as: Bilir E, Vatanoglu Lutz EE, Akalin AA. History of plasma therapy: a currently used treatment option for COVID-19.

J Ist Faculty Med 2021;84(3):411-4. doi: 10.26650/IUITFD.2020.0106

ABSTRACT

The current pandemic provides the most incredible opportu-
nity to develop convalescent plasma therapy into an effective
treatment modality for the coronavirus disease 2019 (COVID-19)
caused by Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2) while a vaccine is still under development. The
global reach of this pandemic, and the immediate need for ef-
fective treatments for patients with severe and critical COVID-19,
is driving both basic and clinical research at an unprecedented
rate. Convalescent plasma therapy is a treatment option that
has been known since the 1900s and has been used in various
disease treatments since then. Convalescent plasma therapy is
one of the treatments currently being used in the treatment of
patients with COVID-19. We see that this treatment method was
likewise used in the Middle East respiratory syndrome coronavi-
rus (MERS-CoV), the severe acute respiratory syndrome (SARS),
and Ebola epidemics, which occurred worldwide in the recent
past. This review aims to provide an overview of plasma ther-
apy's history and the scientists behind this vital discovery. Sec-
ondarily, we report the recent global advances in convalescent
plasma use in COVID-19 treatment.
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OZET

icinde bulundugumuz mevecut pandemide “Severe Acute Respi-
ratory Syndrome Coronavirus-2" (SARS-CoV-2) virlisiinin neden
oldugu yeni koronavirls hastaligi (COVID-19) icin asi gelistirme
calismalari devam ederken, konvalesan plazma tedavisi de etkili
bir tedavi yontemi olarak bir firsat sunmaktadir. Bu pandemide,
siddetli ve kritik COVID-19 hastalar igin etkili acil tedavilere ih-
tiya¢ duyulmakta, hem temel hem de klinik arastirmalar benzeri
g6rilmemis bir hizda devam etmekte ve bir ¢cok calisma konva-
lesan plazma tedavisine yénlendirmektedir. Konvalesan plazma
tedavisi, 1900'lerden beri bilinen ve o zamandan beri cesitli has-
taliklarda kullanilan bir tedavi secenegidir. Konvalesan plazma
tedavisi halihazirda COVID-19 tanili hastalarin tedavisinde kulla-
nilan tedavi seceneklerinden birisidir. Yakin ge¢cmiste diinyayi et-
kisi altina alan the Middle East respiratory syndrome coronavirus
(MERS-CoV), the severe acute respiratory syndrome (SARS) ve
Ebola salginlarinda da bu tedavi yonteminin uygulandigini gor-
mekteyiz. Bu derlemede konvalesan plazma tedavisinin tarihce-
sine ve bu hayati bulusun arkasindaki bilim insanlarina genel bir
bakis atmayi amacliyoruz. ikincil olarak, COVID-19'un tedavisin-
de dunyadaki plazma kullanimindaki kiresel gelismeleri sunmak
hedeflendi.

Anahtar Kelimeler: COVID-19, konvalesent plazma tedavisi, ta-
rihce
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Coronavirus disease 2019 (COVID-19) caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
was declared a pandemic on March 11, 2020 by the World
Health Organization (WHO) (1). Since then scientists and
clinicians have been extensively working to find a cure for
COVID-19 and also produce an effective vaccine against
SARS-CoV-2. High-quality evidence showing the effec-
tiveness of treatments for COVID-19 is scarce, but recent
studies are now registered in testing a range of thera-
pies, including immunosuppressants and remdesivir. One
therapy being tested is convalescent plasma, also known
as an immune plasma or hyperimmune plasma, is a type
of passive antibody therapy, in which blood plasma is iso-
lated from people who have recovered from the disease
of interest and is administered to those with the disease
to suppress viremia and improve clinical symptoms (2). In
this review, we aim to briefly present the history of con-
valescent plasma therapy. As the secondary goal of this
review, we report the recent global advances in convales-
cent plasma use in COVID-19 treatment.

The acquisition of immunity to a disease that a patient
has already encountered has been documented for many
centuries. Some of the earliest work in the field that has
now become known as immunology was performed
in the period around 1714-1717 (3). Lady Mary Wortley
Montagu pioneered a smallpox inoculation, a course of
action unparalleled in medical progress up to that point.
Variolation used live smallpox virus in the liquid tak-
en from a smallpox blister in a mild case of the disease
and was carried in a nutshell. In 1798, the first smallpox
vaccination was more notably demonstrated by Edward
Jenner. This was performed by inoculating a boy with the
fluid from a cowpox pustule giving him immunity to the
very similar but much more severe disease smallpox (3).

Emil von Behring, lived between 1854 and 1917, and
studied medicine at the Kaiser-Wilhelm-Akademie in
Berlin, an academy for military doctors. He had ascer-
tained that the serum of tetanus-immune white rats con-
tained a substance that neutralized anthrax bacilli in 1887
and saw this as the cause of “resistance” (4). In early 1889,
he worked in Berlin with Shibasaburo Kitasato on the
isolation and definition of this agent. One of their goals
was still the discovery of suitable systemic disinfecting
agents, especially against anthrax, for which iodine, gold,
and zinc compounds were tested. On December 4, 1890,
Behring and Kitasato jointly published their first paper on
blood-serum therapy, followed on 11 December by an-
other report, signed by Behring alone, which discussed
the blood-serum therapy not only in the treatment of tet-
anus but also of diphtheria (4). In that article, he stressed
four main points:

1- The blood of tetanus-immune rabbits possesses teta-
nus toxin-destroying properties.

2- These properties are also present in extravascular
blood and the cell-free serum obtained from the latter.

3- These properties are so lasting that they remain effec-
tive when injected into other animals, thus making it pos-
sible to achieve excellent therapeutic effects with blood
or serum transfusions.

4- Tetanus toxin-destroying properties are not present in
the blood of animals, not immune to tetanus (4).

Behring immediately recognized that evidently, a new
principle of defense by the organism against infection
had been discovered. Behring won the first Nobel Prize
in Physiology or Medicine in 1901 to develop serum ther-
apies against diphtheria (3).

In the same time interval in 1900, we also see Paul Eh-
rlich, who is regarded as one of the pioneers of modern
immunology, proposed the side-chain theory, where he
hypothesized that side-chain receptors on cells bind to
a given pathogen. He was the first to propose a mod-
el for an antibody molecule in which the antibody was
branched and consisted of multiple sites for binding to
foreign material, known as antigen, and for the activation
of the complement pathway. This model agreed with the
‘lock and key’ hypothesis for enzymes proposed by Emil
Fischer and still in general terms holds true today (5).

In 1944, Swedish physician Jan G. Waldenstrom de-
scribed a case of macroglobulinemia with symptoms of
increased blood viscosity. In 1955, Jan G. Walderstrom
performed an effective plasmapheresis procedure on a
patient with macroglobulinemia and noted an effective
reduction of macroglobulin in the blood. Astrid Fagrae-
us, in 1948 described that plasma B cells were specifically
involved in antibody generation. By 1957 Frank Burnet
and David Talmage had developed the clonal selection
theory. This stated that a lymphocyte makes a single spe-
cific antibody molecule that is determined before it en-
counters an antigen, which was in contrast to the instruc-
tive theory developed by Linus Pauling in 1940, where the
antigen acted as a template for the antibody (4).

By 1959 Gerald Edelman and Rodney Porter had inde-
pendently published the molecular structure of antibod-
ies, for which they were later jointly awarded the Nobel
Prize in 1972 (6). The first atomic-resolution structure of
an antibody fragment was published in 1973. That was
quickly followed by the invention of monoclonal antibod-
ies in 1975 by Georges Kohler and César Milstein, signal-
ing the start of the modern era of antibody research and
discovery (5). Today the term plasma therapy includes
different techniques (filtration or adsorption on plasma),
which remove not all, but only specific elements con-
tained in the plasma and altogether allow treatment of a
large number of diseases (7).
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Our recent history regarding the use of convalescent
plasma therapy against viral infections therapy includes
the severe acute respiratory syndrome (SARS) epidem-
ic, the Middle East respiratory syndrome coronavirus
(MERS-CoV) epidemic, and the Ebola epidemic (8-10).
Human-to-human transmission of SARS and MERS-CoV
is through respiratory droplets, but the Ebola virus was
transmitted via body fluids, including urine, saliva, sweat,
feces, breast milk, and semen (11). In late 2002, the SARS
epidemic emerged in China. In nine months, WHO
shared the data on the SARS epidemic as over eight
thousand people infected, where almost 800 deaths had
occurred, leading to a case fatality ratio of 9.6% (12). The
results of a study included 80 patients with SARS in Hong
Kong supported the use of convalescent plasma therapy
in the early phase of SARS (8). In late 2012, the MERS-CoV
epidemic started in Saudi Arabia (9). Since the case fatal-
ity rate was too high, reaching almost 50%, many experi-
mental therapies evaluated against MERS-CoV infection,
where one was convalescent plasma therapy supported
by WHO (13). However, a feasibility study, conducted
to investigate the use of convalescent plasma therapy
against MERS-CoV, did not show the high-titer convales-
cent plasma for passive immunotherapy of MERS-CoV
infection (14). As part of the conclusions, the authors
emphasized the need for well-designed clinical trials
(14). Thus far, we had seen several Ebola virus outbreaks,
where the first one was believed to be in 1976 in Sudan
(15). The overall case fatality rate has reached to 40% (15).
A study evaluating the use of convalescent plasma ther-
apy against Ebola infection concluded that the therapy
did not result in significant improvement in survival where
it included a total of 84 patients with confirmed previous
Ebola infection (10). These experiences with the use of
convalescent plasma therapy showed that there is a need
forimprovement in this option to work better in the clinic.

According to WHO reports, COVID-19 had caused more
than 900,000 deaths and infected more than 28 million
people in the world at the time of writing this review
(16). While the research being conducted to find an ef-
fective medical regimen to treat patients with COVID-19,
convalescent plasma therapy remains as one of the op-
tions investigated against COVID-19. Many countries,
including Turkey encouraged the recovered patients
from COVID-19 to donate blood that will be used for
convalescent plasma therapy for hospitalized patients
with COVID-19. Currently, the optimal antibody titer
that should be used in convalescent plasma, is not well
known. Thus, we need clinical studies to establish the ti-
ter values to make convalescent plasma therapy better.
The United States of America’s (USA) authority, known as
the Food and Drug Administration (FDA) did not give li-
cense to convalescent plasma therapy for its use in treat-
ing patients with COVID-19. However, the FDA released
a letter in response to Robert P. Kadlec's, MD, MTM&H,

MS request on the use of convalescent plasma therapy
for COVID-19 on August 23, 2020 and granted its use as
Emergency Use Authorization (EUA) (17). Ten days later,
on September 2, 2020, the FDA resealed new guidance
called "Recommendations for Investigational COVID-19
Convalescent Plasma” (18). Since the clinical trials are the
gold standard research tool for investigating the effec-
tiveness of a treatment, we aimed to evaluate the on-
going clinical trials being conducted in a search at www.
clinicaltrials.gov where we used “Covid19" as Condition
ordisease and "Convalescent plasma” as Other terms on
September 12, 2020. This search yielded 148 clinical trials
in total, where the majority (37.8%) came from the USA.
Ten of these clinical trials were reported to be complet-
ed, whereas only one was withdrawn.

Despite its 100-years-plus history, never before has the
use of convalescent plasma been so thoroughly tested
for use as a viable therapeutic. Whatever the outcome
of the many clinical trials being conducted, we will un-
doubtedly learn a lot about the most efficient ways to
collect, process, and safely use convalescent plasma. The
medical world is so far hopeful for a positive outcome for
convalescent plasma use in COVID-19. Fortunately, our
improved understanding of convalescent plasma will also
be valuable for pandemics of the future.
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