S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Transfusion and Apheresis Science 59 (2020) 102839

journal homepage: www.elsevier.com/locate/transci

Contents lists available at ScienceDirect

Transfusion and Apheresis Science

ransfusio
andsA_pheresis

Review

Current treatment approaches for COVID-19 and the clinical value of

transfusion-related technologies

Check for
updates

Ying Li®, Shanglong Liu”, Shuchao Zhang®, Qiang Ju®, Shaogiang Zhang®, Yuanming Yang®,

A,k

Haiyan Wang

2 Department of Blood Transfusion, The Affiliated Hospital of Qingdao University, Qingdao, Shandong, China
Y Department of Gastrointestinal Surgery, The Affiliated Hospital of Qingdao University, Qingdao 266003, China

ARTICLE INFO ABSTRACT

Keywords:

COVID-19
Convalescent plasma
Plasmapheresis
Mesenchymal stem cell

COVID-19 is caused by SARS-CoV-2 which is a new enveloped virus that belongs to the Beta coronavirus genus.
As a major health crisis, SARS-CoV-2 has infected over a million people around the world. There is currently no
specific treatment available for patients with COVID-19 infection. Numerous potential therapies, including
supportive intervention, immunomodulatory agents, antiviral therapy, and convalescent plasma transfusion,
have been used in clinical practice. Herein, we summarize the current potential therapeutic approaches for

diseases related to COVID-19 infection and discusses the clinical value of blood transfusion-related technologies

used in COVID-19 treatment.

1. Introduction

COVID-19 is caused by SARS-CoV-2. SARS-CoV-2 is a new envel-
oped virus that belongs to the Beta coronavirus genus. SARS-CoV-2
particles are generally polymorphic, with a diameter of 60-140 nm. The
genetic characteristics of SARS-CoV-2 vary significantly from those of
SARS-CoV and MERS-CoV, with 79 % and 50 % homology, respectively
[1]. Lu et al. constructed a structural homology model and found that
the receptor-binding domain of SARS-CoV-2 is similar to that of SARS-
CoV [2]. Hoffmann et al. showed that angiotensin converting enzyme 2
(ACE2), the receptor for SARS-CoV, is also the cellular receptor for
SARS-CoV-2, and that the cellular protease TMPRSS2 is required for
SARS-CoV-2 invasion to be completed. SARS-CoV-2 and Bat CoV
RaTG13 have 96.3 % homology, which suggests that bats may be the
natural host of SARS-CoV-2 [3-5. Since the first confirmed case of in-
fection with SARS-CoV-2 in December 2019, the number of global in-
fections has continued to grow, and the disease is often transmitted to
patients’ family members and medical staff. Specific and effective an-
tiviral treatment drugs and measures are therefore urgently needed.
Therefore, while conducting emergency testing for SARS-CoV-2 in the
early stages of the pandemic, we have also followed the progress of
antiviral drug development. Although patients with COVID-19 at our
hospital are mainly treated by the Department of Infectious Diseases,
Respiratory Medicine and Intensive Medicine, the Blood Transfusion
department also provides related treatments. This article discusses the
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blood transfusion-related technologies used in COVID-19 treatment and
what this treatment approach may reveal regarding its possible pa-
thogenic mechanisms.

2. Clinical features of COVID-19

Patients with COVID-19 are the main sources of COVID-19 infection
because of the long incubation period and asymptomatic nature of
SARS-CoV-2 infection. SARS-CoV-2 is spread mainly through contact
with viral droplets and items contaminated with viral droplets. Some
patients with COVID-19 excrete SARS-CoV-2 in their feces, which
suggesting that the virus could be transmitted by the fecal-oral route.
People of all genders and ages and from all regions of China appear to
be susceptible to SARS-CoV-2 infection.

The incubation period for COVID-19 is 1-14 days, and is most often
3-7 days. The typical clinical manifestations are fever (=38 °C), fatigue
and dry cough, and sometimes nasal congestion, runny nose, sore throat
and diarrhea. Elderly individuals and those with underlying diseases
such as diabetes, hypertension or cardiovascular disease are seriously
affected by infection, while children only exhibit mild effects.
Laboratory examinations have shown that the total number of periph-
eral blood leukocytes in patients infected with SARS-CoV-2 is low or
normal, while the number of lymphocytes is low. Most patients’ C-re-
active protein levels and the erythrocyte sedimentation rate are ele-
vated.
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Computerized tomography examination shows small, patchy sha-
dows and interstitial changes and, at later stages of disease, multiple
ground-glass shadows and infiltration shadows. Patients with severe
disease exhibit lung consolidation. Chest imaging shows inflammatory
infiltration of the lung tissue. In severe cases, dyspnea occurs 1 week
after infection, and critically ill patients rapidly progress to acute re-
spiratory distress syndrome, septic shock, metabolic acidosis that is
difficult to correct, coagulopathy and multiple organ failure [6].

3. Possible pathogenic mechanisms of COVID-19
3.1. Host cell damage caused by SARS-CoV-2 replication

SARS-CoV-2 mainly replicates in type II alveolar epithelial cells, and
the replication process can cause cell and tissue damage and destruc-
tion. The main manifestation of cell destruction is apoptosis, which
represents a host strategy for inhibiting viral replication and resisting
infection. Usually, the damage caused by the virus is related to the viral
load in the body.

3.2. Damage caused by the immune response

Viruses that enter the body activate the body’s innate and adaptive
immune responses. The virus activates immune cells to produce cyto-
kines, which activate more immune cells. This reaction is generally
regulated and controlled to avoid producing excessive cytokines, so that
viral killing can be achieved without causing severe cell damage to the
host’s own tissues. However, the regulatory mechanism sometimes
malfunctions, which results in uncontrolled mass production of cyto-
kines, which creates a cytokine storm [7]. This is a severe inflammatory
reaction that causes serious damage to tissues and organs, and can
manifest as acute lung injury and respiratory distress syndrome [8].
Additionally, cytokine storms can also damage other tissues and organs
such as the blood vessels, liver, kidney and heart, leading to bleeding,
impaired coagulation, liver and kidney dysfunction and acid-base
balance disorders [9]. Patients with severe cases of cytokine storm ul-
timately die of respiratory failure, hypoxia, cardiac arrest, shock, and so
on. The magnitude of the immune response is closely related to the
severity of COVID-19 [10].

3.3. Damage caused by free radicals

Viral invasion of tissues and organs can create hypoxic state, in
which energy metabolism is impaired and cytochrome oxidase cannot
reduce oxygen to water. Oxygen molecules are therefore deprived of an
electron, which results in the conversion of harmless oxygen into lethal,
active oxygen free radicals. Lipid peroxidation mediated by oxygen free
radicals destroys the structure and function of various membranes,
destroys mitochondria, abolishes the cell’s energy supply, destroys ly-
sosomes and induces cell autolysis [11,12]. Free radicals can cause
acute lung injury through various mechanisms. They can also seriously
damage the myocardial cell membrane. The production of large
amounts of ions by myocardial cells can disrupt the electrical signal
that controls the heartbeat and cause ventricular fibrillation, resulting
in death. Free radical accumulation in the body also causes tumors and
aging.

COVID-19 is likely the result of all three pathogenic mechanisms
described above. It is possible that the each mechanism plays a leading
role in different patients, different disease stages and different clinical
disease types. For example, critically ill patients in the ICU have higher
cytokine levels than patients with milder forms of the disease.

4. Progress in treatment of COVID-19

The current treatment principles for SARS-CoV-2 infection cases
mainly include the protection and support of internal organs, treatment
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of underlying diseases, relief of symptoms and reduction of complica-
tions. Patient needs include strengthening supportive treatment, paying
attention to the water—electrolyte balance and maintaining home-
ostasis. Oxygen therapy is required for patients with hypoxemia.
Mechanical ventilation is often required for patients who do not re-
spond to oxygen therapy and experience respiratory distress. High-flow
nasal catheters and non-invasive ventilation are both useful options and
invasive mechanical ventilation and extracorporeal membrane oxyge-
nation may be required [13]. Antibacterial drugs are used to prevent
and treat secondary bacterial infections. Attention should be paid to
avoiding blind use or misuse of antibacterial drugs, especially in com-
bination with broad-spectrum antibacterial drugs. Bacteriological
monitoring should be strengthened for elderly, immunocompromised
and severely affected patients. Hormone use is currently controversial,
and improper use will increase patient mortality. According to COVID-
19 diagnosis and treatment guidelines, glucocorticoids can be used for a
short time in patients with severe disease, depending on their condition.
No drug that specifically treats SARS-CoV-2 infection is currently
available. Immunotherapy, including convalescent plasma therapy and
the administration of human monoclonal antibodies or polyclonal an-
tibodies, is an important part of comprehensive therapy. However, the
available evidence for COVID-19 is limited, and the safety and effec-
tiveness of immunotherapy for COVID-19 treatment still need basic and
clinical testing. The development of a vaccine is one of the main
measures needed to control the spread of the COVID-19 pandemic.
Several domestic and foreign companies are using various technologies
to develop SARS-CoV-2 vaccines to control the spread of SARS-CoV-2 as
soon as possible.

5. Transfusion-related treatments used in patients with COVID-19

The pathogenic mechanism of SARS-CoV-2 is complex and a mul-
tidisciplinary, comprehensive treatment approach should be used to
account for the different pathogenic mechanisms. Infection with SARS-
CoV-2 can induce adaptive humoral and cellular immune responses,
and patients exhibit stronger immunity after recovery. As the epidemic
is still ongoing, little information is available regarding the status of the
immune system after 2019-nCoV infection. Antibodies have been de-
tected in the serum of some patients in the late stage of SARS-CoV-2
infection, and serum IL-2, IL-7, IL-10, GCSF, MCP-1, MIP1A and TNF-a
levels are higher in patients with severe disease than in patients with
mild disease. SARS-CoV-2 isolated from one patient with severe COVID-
19 can be neutralized by serum from several other patients with COVID-
19. The current transfusion-related technologies that can be applied to
COVID-19 therapy include convalescent plasma therapy, plasmapher-
esis and mesenchymal stem cell therapy.

5.1. Convalescent plasma therapy

There is currently no specific effective drug against COVID-19.
Some drugs that are believed to have virus-inhibiting effects are cur-
rently being tested in clinical trials. Convalescent plasma from patients
who recovered from COVID-19 contains specific antibodies that can
effectively treat SARS-CoV-2 infection. The premise of convalescent
plasma treatment is that it is most effective in patients with a high viral
titer, so it is suitable for patients with rapid disease progression or who
are severely or critically ill. Convalescent plasma may aggravate lung
injury in patients with multiple organ failure, and they may experience
severe adverse reactions to blood transfusion, so they should not be
infused. Patients should be infused with convalescent plasma early in
the course of the disease when the body has not yet produced IgG an-
tibodies. After infusion, the body obtains high levels of IgG antibodies
that neutralize the virus, decrease repeated stimulation of the immune
system by killer T cells, improve the humoral immune response, prevent
cytokine storms and shorten the course of disease.

COVID-19 is not the first viral infection to be treated with
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convalescent plasma. SARS-CoV, MERS-CoV, Ebola virus and H1N1
infections have all been treated with convalescent plasma [14-17]. In
2009, a study in Hong Kong, China showed that treating patients with
severe HIN1 infection with convalescent plasma containing antibody
titers =1:160 can significantly reduce respiratory viral load and mor-
tality [18]. During the Ebola outbreak, convalescent plasma was used to
treat two infected American medical personnel [19]. Ko et al. showed
that convalescent plasma containing antibody titers =1:80 is effective
in treating MERS-CoV infection [20]. A retrospective meta-analysis of
32 cases of SARS-CoV infection showed that early use of convalescent
plasma therapy after symptom onset can reduce mortality [21].

Convalescent plasma treatment of COVID-19 requires attention to
plasma donation standards, timing of infusion and evaluation of effi-
cacy. Convalescent plasma donation standards are as follows: (1) The
donor must have recovered completely and have no residual SARS-CoV-
2 in the body; pharyngeal swabs, sputum, alveolar lavage fluid, blood
and stools must all be negative by nucleic acid test; (2) Donors have
produced high titers of protective antibodies, namely SARS-CoV-
2-specific IgG antibodies. Convalescent plasma with an antibody
titer =1:160 or =1:320, if possible, has the best effect. The presence of
IgM antibodies indicates recent viral infection, viral replication or re-
sidual virus, so convalescent plasma that is strongly positive for or has
high titers of IgM antibodies should not be used for clinical infusion; (3)
The donor’s physical condition must meet basic blood donation stan-
dards and tests for hepatitis B surface antigen, hepatitis C antibodies,
AIDS antibodies and Treponema pallidum antigens must be negative; (4)
Donors must provide informed consent indicating that they are willing
to donate plasma.

After being stimulated by viral antigens, the body mounts an initial
immune response, with an incubation period of about 10 days, and then
produces low-affinity IgM and IgG antibodies. When the immune insult
is repeated, high-affinity IgG antibodies are quickly produced.
Theoretically, the best time to infuse patients with convalescent plasma
is in the early stage of the disease, when IgG antibodies have not been
produced, the nucleic acid test is strongly positive, and the viral load is
high. Given that the antigen-antibody reaction time is approximately 24
h, 24-48 h after infusion of convalescent plasma is likely the best time
to evaluate treatment efficacy. The indicators used to evaluate efficacy
include clinical symptoms, laboratory indicators, lung imaging, and
nucleic acid detection.

5.2. Plasmapheresis

Plasmapheresis involves using a blood component separator to se-
parate the plasma from the patient’s whole blood. The plasma, which
contains the pathogenic substances, is discarded, and the other blood
components are returned to the patient, supplemented with replace-
ment fluids such as fresh frozen plasma or human blood albumin. SARS
and MERS were treated with plasmapheresis therapy [22-24]. Using
plasmapheresis to treat patients with COVID-19 removes excessive cy-
tokines and prevents the “cytokine storm,” thereby reducing damage to
the body. Additionally, plasmapheresis plays an important role in
blocking and reducing free radical damage. Plasmapheresis is a routine
procedure conducted by blood transfusion departments [25-27];
therefore, blood transfusion departments have a technical advantage in
treating patients with COVID-19.

5.3. Mesenchymal stem cell therapy

Mesenchymal stem cells have immunomodulatory effects in that
they prevent uncontrolled mass production of cytokines or in-
flammatory factors, inhibit excessive immune responses, and reduce
immune damage to tissues and organs. Mesenchymal stem cells not
only play a role in suppressing immune injury through im-
munomodulation, but also replace and repair damaged tissue and in-
hibit lung fibrosis. Treating COVID-19 with mesenchymal stem cells has
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achieved good results [28]. Stem cell therapy can suppress excessive
activation of the immune system, promote endogenous repair by im-
proving the microenvironment, slow the progression of acute lung in-
flammation and relieve the symptoms of respiratory distress. Initial
reports show that this is a safe and effective treatment for patients with
COVID-19.

6. Outlook

The clinical treatment plan for COVID-19 continues to improve. At
least 28 interventional, preventive and observational studies on COVID-
19 have been registered with the National Clinical Trial Registration
Center. To control the spread of COVID-19, reliable diagnostic methods
are needed to diagnose patients and track the spread of the epidemic,
and it is necessary to develop vaccines and antiviral drugs to prevent
and cure this disease. Multidisciplinary collaboration within the aca-
demic community is needed to investigate basic and clinical questions
related to SARS-CoV-2 to help develop effective antiviral drugs and
vaccines.
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