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Abstract

COVID 19 pandemic which has affected the world is caused by SARS-CoV-2 virus that rapidly spread from a
single city in China to all parts of the world. The disease is highly infectious with every infected patient
infecting other two to three persons. The World Health Organization declared COVID-19 in China as a Public
Health Emergency of International Concern. Due to the unusual presentations of the virus and a big clinical
spectrum, many of the infections remain unnoticed but viral shedding in plasma or serum is still common.
Therefore, there is still a theoretical risk of transmission of coronaviruses through the transfusion of whole
blood and blood products. In this review, we provide an understanding of the transmission of SARS-CoV
through blood products, and discuss pathogen inactivation methods on coronaviruses
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INTRODUCTION

Coronaviruses (CoVs) are enveloped non segmented
positive sense RNA viruses belonging to the
Nidovirales order, which includes Coronaviridae,
Arteriviridae, Mesoniviridae, and Roniviridae
families. The coronaviridae family comprises of two
subfamilies- The Coronavirinae and the Torovirinae.
The Coronavirinae are further subdivided into four
genera, the alpha, beta, gamma, and delta
coronaviruses.[1] a- and B-CoVs infect mammals,
whereas the other two genera can infect birds and
could also infect mammals [2]. Four of seven
coronaviruses infecting humans[HCoV-229E, HCoV-
0C43, HCoV-NL63, and HCoV-HKU1] usually lead
to common self-limited upper respiratory disease and
occasionally cause more serious disease in young,
elderly, or immunocompromised individuals.

The pathogen responsible for outbreak of acute
atypical respiratory infections in Wuhan city of
Hubei province of China in December 2019 was
discovered to be a novel coronavirus belonging to the
family Coronaviridae and was named as the severe

acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) and the disease caused by this virus was
termed as coronavirus disease 2019 or simply
COVID-19 by the WHOY. This virus was
homologous to the SARS coronavirus (SARS-CoV),
which was responsible for the respiratory pandemic
during the 2002—2003 period®*“. The outbreak started
via zoonotic spread from the seafood markets in
Wuhan, China. And Subsequently, human-to-human
transmission lead to the community spread of the
disease.>® After being broadcast as a public health
emergency on January 30, 2020, COVID-19 was
subsequently declared a pandemic on March 11, 2020
by the WHO.

Virus Life Cycle And Host Cell Invasion

The virus is transmitted via respiratory droplets and
aerosols from person to person. Once inside the body,
the virus binds to host receptors and enters host cells
through endocytosis or membrane fusion. The
coronaviruses are made up of four structural proteins,
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namely, the spike (S), membrane (M), envelop (E)
and nucleocapsid (N) proteins®. The S protein is
seen to be protruding from the viral surface and is the
most important one for host attachment and
penetration. This protein is composed of two
functional subunits (S1 and S2), among which S1 is
responsible for binding to the host cell receptor and
S2 subunit plays a role in the fusion of viral and host
cellular membranes.6 ACE-2 has been identified as a
functional receptor for SARS-CoV and is highly
expressed on the pulmonary epithelial cells.” It is
through this host receptor that the S protein binds
initially to start the host cell invasion by the virus.™®
After binding of SARSCoV-2 to the ACE-2, the S
protein undergoes activation via a two-step protease
cleavage: the first one for priming at the S1/S2
cleavage site and the second cleavage for activation
at a position adjacent to a fusion peptide within the
S2 subunit.™ The initial cleavage stabilises the S2
subunit at the attachment site and the subsequent
cleavage presumably activates the S protein causing
conformational changes leading to viral and host cell
membrane fusion.'? Postmembrane fusion, the virus
enters the pulmonary alveolar epithelial cells and the
viral contents are released inside. Now inside the host
cell, the virus undergoes replication and formation of
a negative strand RNA by the pre-existing single-
strand positive  RNA through RNA polymerase
activity (transcription). This newly formed negative
strand RNA serves to produce new strands of positive
RNAs which then go on to synthesise new proteins in
the cell cytoplasm (translation).”*** The viral N
protein binds the new genomic RNA and the M
protein facilitate integration to the cellular
endoplasmic  reticulum. These newly formed
Nucleocapsids are then enclosed in the ER membrane
and transported to the lumen, from where they are
transported via golgi vesicles to the cell membrane
and then via exocytosis to the extracellular space.
The new viral particles are now ready to invade the
adjacent epithelial cells as well as for providing fresh
infective material for community transmission via
respiratory droplets.®

VIRAL TRANSMISSION AND CLINICAL
FEATURES

COVID-19 virus mainly spreads from person to
person via respiratory droplet transmission, which
occurs when a person is in close contact with
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someone who is actively coughing or sneezing. This
occurs through exposure of the mucosal surfaces of
the host, that is, eyes, nose, and mouth, to the
incoming  infective  respiratory  droplets.*>*°
Transmission of the virus may also occur through
fomites used by or used on the infected individual
such as bedsheets, blankets, kitchen utensils,
thermometers, and  stethoscopes.  Airborne
transmission has not been reported for COVID-19,
except in specific circumstances in which procedures
that generate aerosols are performed, that is,
endotracheal intubation,  bronchoscopy, open
suctioning, nebulisation with oxygen, bronchodilators
or steroids, bag and mask ventilation before
intubation, tracheostomy and cardiopulmonary
resuscitation.’*® The incubation period of COVID-
19, which is the time period from exposure to the
virus to symptom onset, is 5-6 days, but can be up to
14 days. During this period, also known as the ‘pre-
symptomatic’ period, the infected individuals can be
contagious and transmit the virus to healthy
individuals in the population.® The patients of
COVID-19 belong mostly to the 40-70 years age
group, and most commonly present with fever, body
aches, breathlessness, malaise and dry cough,
although patients may present with asymptomatic,
mild, moderate or severe disease.?>? Some patients
may also present with gastrointestinal symptoms such
as abdominal pain, vomiting and loose stools.>The
complications seen in patients with COVID-19
infection are caused mostly due to the ‘cytokine
storm’.

BLOOD PRODUCTS AND
CORONAVIRUS TRANSMISSION

Coronaviruses are enveloped, positive-sense, single-
stranded RNA viruses. Usually, coronaviruses are
vulnerable to acid-pH, basic-pH, and heat but seem to
be more stable at 4°C. These viruses have never been
reported to be transmitted via blood or blood
products and the risk of transmission is only
theoretical.?* However, it seems that the possibility of
transmission of these viruses through blood
transfusion during the incubation period or from
asymptomatic individuals needs further
investigation.”> The virus RNA has been detected in
blood samples of 15%patients.?® There are strategies
proposed to diminish the risk of transmission of
SARS-CoV-2 via blood and blood products. Donors

RISK  OF

N

\am
Ao

Page



with signs and symptoms of fever, cough or shortness
of breath are avoided to donate blood and potential
donors should be educated to inform in case of
developing a respiratory disease within 28 days of
blood donation. Also, individuals who have recently
recovered from confirmed Covid-19 and those with a
history of direct exposure to a confirmed case should
avoid blood donation for 28 days. In situations with
widespread illness, an option for reducing the risk of
transmission via transfusion is the quarantine of
blood components with delayed release into the blood
bank pool. This strategy may be problematic for
platelet concentrates due to the short half-life of this
component. The staff working in blood bank centres
should be educated about signs and symptoms of
Covid-19 and refrain from working if they feel
unwell.?” Donors with a history of Covid-19 could
donate blood 28 days after complete recovery.
Moreover, the collection of convalescent plasma is
possible from these donors for the treatment of
patients with Covid-19.%

VIRAL INACTIVATION METHODS

Viral inactivation methods used for blood products
need to be safe for injection and must not
compromise the stability of the proteins. Various
methods that can be used include the following.*®

Pasteurization at 60°C for 10 hours is used to
inactivate potential viruses in plasma-derived
products. An advantage of this technique is that it is
effective against both enveloped and nonenveloped
viruses.*® Stabilizers to protect the protein product,
however, may also protect or mask the virus.
Neoantigens may be formed from partial denaturation
of human serum components that may appear foreign
to the immune system. This could be deleterious,
because it may result in the onset of autoimmune
disease.™*

Both UVC and UVA, in conjunction with psoralen,
can be used to inactivate pathogenic viruses in
plasma derived products. 3 J per cm2 UVA light for 3
to 4 minutes with the addition of 150 pmol per L
psoralen was sufficient to inactivate SARS virus. The
addition of intercalating agents, such as psoralen,
may be required to increase the efficiency of UVA
viral inactivation and may be appropriate for
treatment of PLTs or red cells. Ultraviolet (UV)-A
and UV-B light in the presence of amotosalen or
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riboflavin could inactivate the pathogens’ nucleic
acids, whereas a third PRT method uses UV-C light
only. These commercial systems could reduce the
activities of SARS and MERS virus in plasma or
platelet concentrates to different degrees. Methylene
blue plus wvisible light also can inactivate
coronaviruses in plasma. Cost remains a major
administrative obstacle to PRT use.*

Solvent/detergent(S/D) methods are not used for
inactivation of viruses in cellular blood components
because S/D treatment damages cell membranes.®
The S/D method causes a disruption of the structural
integrity of lipid-enveloped viruses. The S/D
treatment has the advantage of being highly efficient
at inactivating enveloped viruses, while being
nondenaturing on proteins, and yielding a high
recovery of protein activity. The disadvantages
include requiring an extra manufacturing step to
remove the S/D agents and the inability to inactivate
nonenveloped viruses.*

ORGANIZING THE DEMAND FOR BLOOD

In the situation of Covid 19 pandemic, blood supply
has been affected adversely. So, the management of
demand for blood and blood products is a critical
decision. During the situation of pandemic, the health
care system shifts toward infected patients. In this
phase, the cancellation of all elective surgeries and
non-urgent medical interventions has been strongly
recommended. However, in emergency situations
such as trauma, post-partum hemorrhage and urgent
surgeries, blood transfusion is necessary and
lifesaving.*® Also, in hemoglobinopathies such as
thalassemia and sickle cell disease, patients are
transfusion-dependent and need repeated blood
transfusions to survive. Therefore, decision making
about indications of blood transfusions within
outbreaks of Covid-19 is an important topic.*”

MODIFICATIONS TO PRODUCTION,
SPECIFICATION, AND STORAGE OF BLOOD
COMPONENTS TO HELP PREVENT BLOOD
SHORTAGE

Changes to processing and storage of blood
components might contribute to maintaining the
blood supply during a pandemic. Modification of
donor and component testing criteria, including any
additional safety measures for groups, might have to
be addressed. A more complete consideration of the
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different options should be based on factors such as
the likely magnitude of gain, the perceived effect on
clinical risk, the regulatory requirements, and the
extent of complexity and ability to deliver change in
the system. Focus should be on changes which do not
require substantial efforts or resources hence making
simplicity the key to management.

A first step is to review measures to minimise
wastage. This strategy might support the temporary
extension of component shelf life. Red blood cell
shelf life is of 35-42 days for most of the blood
banks and an attempt can be made to increase the
shelif life by addition of preservatives if
manufacturers can provide after thorough review.***®

Cold storage of platelets at 2-6°C could also be
considered, as this method can increase the shelf life
of platelets from 5-7 days to 7-14 days without the
need for agitation.’” Stocks of frozen platelets, if
available and expanded, might provide a haemostatic
effect, in part because of the content of platelet
microparticles.®® To increase platelet supply for
prophylactic transfusions, one option could be to
reduce the dose of platelets by splitting existing
components.*®

Frozen plasma components have a longer shelf life
(several years) and hence the ability to build and
maintain stocks is more flexible than for cellular
components. Liquid plasma (never frozen), which has
a shelf life of 7-40 days, might be useful in the
context of reduced freezer capacity, a shortage of
staff to freeze plasma, or to produce convalescent
plasma.*’

CONCLUSION

SARS-CoV-2 is an infectious agent transmitted
mainly by respiratory route that has become a global
health threat. The probability of transmission by
transfusion is just a matter of theory. According to
the current knowledge, there is no evidence that this
virus may be transmitted by blood or blood products;
however, Covid-19 is a novel viral agent and the risk
of transmission of SARS-CoV-2 by transfusion of
blood products cannot be excluded with confidence.
On the other hand, decreased availability of blood
donors could result in the shortage of blood supply,
which could be a significant hazard for blood
services in every country. It seems that a lot of time
IS necessary to answer key questions regarding blood
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safety in the field of Covid19. Meanwhile, because
coronaviruses RNA could be detected in plasma or
lymphocytes, staff in blood centers and laboratories
should improve biosafety protection during the
epidemic
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