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Are Blood Groups Protective Against COVID-19?

ABSTRACT

The SARS-CoV-2 or COVID-19 disease, which has spread rapidly since its first appearance
and caused pandemic, has become more dangerous day by day, and by infecting large masses
caused the death of many people. The numbers of cases and deaths reaching dangerous levels
globally have pushed scientists to get to know this infection more closely and to investigate
preventive and therapeutic methods. At this point, scientists have discovered, based on past
infectious disease researches, that some individuals are more susceptible to certain infections.
Importantly, in the light of this information, it has been determined that there is a relationship
between infectious diseases and blood groups, and individuals with certain blood groups are
more susceptible to these infectious diseases. The obtained data suggested that there may be a
relationship between blood groups and SARS-CoV-2, and research has been shifted in this
direction in order to quickly determine susceptibility to the disease. Indeed, relationships
between SARS-CoV-2 patients' blood groups, from hospitals in China, US, Italy, Spain and
Turkey, and caught this infectious were investigated. It has been demonstrated that blood
groups have an effect on getting this disease. With the discovery of this relationship, it has
been revealed in studies that A, B, AB and O blood groups can be a potential biomarker in
determining the sensitivity to COVID-19 infection. Studies have determined that individuals
with blood type A have an increased sensitivity to COVID-19, and individuals with blood type
O have a decreased sensitivity to it. It is thought that the reason for the decreased sensitivity to
COVID-19 in individuals with that blood group, and the increased sensitivity seen in
individuals with blood group A is due to the antibody A in the blood. This antibody can inhibit
virus-cell adhesion in individuals with antibody A. Therefore, it is very important for
individuals with blood group A, who do not carry this antibody in their blood, to use personal
protective equipment to protect themselves from COVID-19. The purpose of this review is to
bring together studies that reveal the relationship between COVID-19 and blood types.
Keywords: COVID-19, ABO Blood Groups, ACE2, S Protein.

Kan Gruplar1t COVID-19’a Kars1 Koruyucu Mu?

OZET

flk ortaya ¢iktig1 andan itibaren hizla yayilan ve pandemiye neden olan SARS-CoV-2 veya
COVID-19 hastaligi, giin gegtikce daha tehlikeli bir hale gelmis ve genis kitlelere bulasarak
birgok insanin Oliimiine neden olmustur. Kiiresel olarak tehlikeli seviyelere ulasan vaka ve
Olimlerin sayisi, bilim insanlarini bu enfeksiyonu daha yakindan tanimaya ve Onleyici ve
tedavi edici yontemleri arastirmaya itmistir. Bu noktada bilim insanlari, ge¢mis enfeksiy6z
hastaliklar1 aragtirmalarina dayanarak bazi bireylerin bazi enfeksiyonlara daha duyarl
oldugunu kesfetmislerdir. Onemli olarak, bu edinilen bilgiler 15131nda gectigimiz yillarda
yapilan ¢aligmalarla enfeksiydz hastaliklar ile kan gruplari arasinda bir iligki oldugu saptanmis
ve belirli kan gruplarina sahip bireylerin bu bulasici hastaliklara daha duyarli olduklari
saptanmistir. Elde edilen veriler kan gruplari ile SARS-CoV-2 arasinda bir iligki olabilecegini
diisiindiirmiis ve arastirmalar hastaliga kars1 duyarliligin hizli bir sekilde belirlenmesi amaciyla
bu yéne kaydirilmistir. Nitekim Cin’in farkli bolgelerinde, Amerika Birlesik Devletleri’nde,
Italya, Ispanya ve Tiirkiye’deki hastanelerde SARS-CoV-2 hastalarinin kan gruplarn ile bu
hastaliga yakalanma iligkileri arastirilmis ve kan gruplarinin bu hastaliga yakalanmada
etkisinin oldugu ortaya konmustur. Bu iligskinin kesfedilmesiyle birlikte insanlarda bulunan A,
B, AB ve O kan gruplarmnin COVID-19 enfeksiyonuna duyarliligin belirlenmesinde potansiyel
bir biyobelirteg olabilecegi arastirmalarda ortaya ¢ikmistir. Yapilan ¢aligmalarda kan grubu A
olan bireylerin COVID-19'a karst artmig bir duyarhiliginin oldugu ve kan grubu O olan
bireylerin ise azalmig bir duyarliliga sahip oldugu belirlendi. O kan grubuna sahip bireylerde
COVID-19’a kars1 goriilen azalmig duyarliligin ve A kan grubuna sahip bireylerde goriilen
artmig duyarliligin nedeninin kanda bulunan A antikorundan kaynaklandig: diisiiniilmektedir.
A antikoruna sahip bireylerde bu antikor virus-hiicre adezyonunu inhibe edebilmektedir. Bu
nedenledir ki &zellikle bu antikoru kaninda tagimayan A kan grubuna sahip bireylerin COVID-
19'dan korunmasi i¢in kisisel koruyucu ekipman kullanmalar1 ¢ok 6nemlidir. Bu derlemenin
amact COVID-19 ile kan grubu arasindaki iligkiyi ortaya koyan g¢aligmalar1 bir araya
getirmektir.

Anahtar Kelimeler: COVID-19, ABO Kan Gruplari, ACE2, S Protein.
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INTRODUCTION

SARS-CoV-2, which has been spreading
around the world since December 2019 and
declared as a pandemic by the World Health
Organization (WHO), causes new type of
coronavirus infection disease-2019 (COVID-19).
Today, more than 200 countries worldwide have
been affected by COVID-19, over 64.5 million
people have been infected and approximately
1.500.000 patients have died from this virus (the
number of cases and deaths were reported from
https://coronavirus.jhu.edu/map.html, as of 03
December 2020). As of December 2020, for the
number of COVID-19 cases Turkey is in the 18th
place, and for the number of the death is in the 20th
place between the world countries.

SARS-CoV-2 first passed from bat to people
and continued to spread from person to person in
the following period. As a matter of fact, the virus
spread by the sneezing or coughing of the infected
individual may hang in the air in droplets for a
while, which means that the virus; by entering the
system of a healthy individual through the eyes,
mouth, respiratory tract or food, it leads to
infection. The virus can then infect the induvidiuals
very quickly.

Previous studies have revealed that blood
group antigens are effective receptors for various
infectious microorganisms (1). Specific ABO
glycan antigen receptors that bind to the spike (S)
proteins of the virus during infection can support
the entry of the virus into the cell (2).

Generally SARS-CoV-2 can enter the
human cells in two ways. In first and main way,
viral spike glycoproteins attach to the receptors of
the target cell (3). Target cell for SARS-CoV-2;
while pulmonary cells, the target receptor is
angiotensin converting enzyme-2 (ACE2), which is
expressed in mucosal cells. Angiotensin converting
enzyme-2 is an enzyme that converts angiotensin to
1-7 by hydrolyzing angiotensin Il, causing blood
pressure to drop. The COVID-19 virus binds to this
receptor and enters the cell (3). In addition to
ACE2, CD147 and TMPRSS2 are two of the
membrane proteins used by the virus to enter the
cell. CD147 is a heavily glycosylated type |
transmembrane protein involved in spermatogenesis
and fertilization, neural network formation and
development, tumor metastasis and angiogenesis,
and cardiovascular disease. On the other hand
TMPRSS2, is a slightly glycolyzed membrane
protein that plays important roles in human and
mammal development and homeostasis, as well as
in various diseases such as cancer and influenza
infection(4). In the second way, viral entry is
dependent on the antibody. These antibodies bind to
the virus in one hand, and on the other hand binds
to the Fcy receptor. By this way virus can enter to
the immunoglobulin cells which express the Fcy
receptor (3).

In general, virus-specific antibodies are
considered antiviral and play an important role in
various ways of controlling virus infections. In
some cases, however, the presence of specific
antibodies may be beneficial for the virus. This
activity is known as  antibody-dependent
enhancement (ADE) of virus infection. The
antibody-dependent enhancement of virus infection
is a phenomenon in which virus-specific antibodies
improve the entry of the virus into the cell, and in
some cases the virus' proliferation in
monocytes/macrophages and granulocytic cells by
interacting with Fcy and/or complement receptors

(5).

Pulmonary macrophages are at the center of
the inflammatory response in COVID-19 infection.
As a result, beside the binding to ACE2, CD147
and TMPRSS2 membran proteins to enter mucosal
cells, enter to the macrophages with the ADE is the
second way.

With more than 68.3 millions people
infected today and about 1.5 millions deaths,
scientists have begun to investigate the pathology,
diagnosis, treatment and individuals' susceptibility
to COVID-19. Fever, cough and weakness are
among the main symptoms of COVID-19 (2).

Clinical observations on cases have been
shown that the age, male gender, chronic diseases
such as cardiovascular disease, diabetes, chronic
obstructive pulmonary disease (COPD) and
hypertension, constitute increased disease severity
beside with an increased risk of disease for
COVID-19 infection (6). Today, there is not
biomarker has been found yet to fully reveal the
susceptibility to COVID-19 (7). However, studies
have shown that A, B, AB and O blood groups can
be a potential biomarker in determining the
susceptibility to COVID-19 infection.

Blood groups were first described as A, B,
AB and O by Karl Landsteiner, an Austrian
immunologist in 1901. Landsteiner also identified
as carbohydrate epitopes on erythrocytes. These
carbohydrate epitopes are also called antigens, and
blood groups differ from person to person
depending on the type of these antigens and
whether they are present on the surface of the
erythrocyte. The trisaccharide parts, which are the
antigenic determinants of blood group A and B, are
GalNAcal-3- (Fucal,2) -Galp- and Galal-3-
(Fucal,2) -GalB-, respectively, while the
determinative disaccharide portion of O blood
group is Fucal,2-Galp- (7). The genetic factor
plays an important role in determining blood
groups.

The ABO blood group system is a very
stable genetic material found in the third region
fourth band (9934) on the long arm of the 9th
chromosome, and is closely related to many
diseases (8). Davidson et al. stated that the
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expression of blood group antigens varies between
human populations and geographic regions (9). The
surface of the red blood cell has many surface
antigens that can affect susceptibility to many
diseases.

Researches attempting to reveal the
relationship between blood groups and human
health began in the early 1900s. As a result, blood
groups are; it has been associated with the
emergence of various diseases such as
cardiovascular disorders, neurological disorders,
cancer and infections (10). As a matter of fact, it
has been reported in previous studies that
individuals without O blood group are more
susceptible to coronary diseases (11), and
individuals with B blood group are more likely to
have type 2 diabetes compared to other blood
groups, and also the Rh factor has no effect on
susceptibility (12).

Blood groups can determine the risk of
developing the disease, affect the progression of the
disease, as well as the severity and consequences of
the symptoms shown (2). To determine this, a
retrospective study was conducted by a group of
Japanese scientists to analyze the effect of the ABO
blood group on the disease in patients with severe
trauma. As a result, higher mortality and less
ventilator time have been reported in patients with
O blood group. In addition (13), blood groups have
been shown to be associated with chronic heart
failure (14) and esophageal squamous cell
carcinoma development and outcomes (15).
However, other studies have provided contradictory
evidence that blood groups are not a risk factor for
various diseases (16).

In addition, previous researches have
revealed that there is a relationship between ABO
blood groups and many infectious diseases and the
severity of these diseases. As an example of these
diseases; SARS-CoV-1(17), P. falciparum (18), H.
pylori(19), Norwalk virus (20), hepatitis B virus
(21) can be given.

Studies examining the relationship between
blood group and SARS-CoV-2 have gained great
importance recently, and revealing this relationship
has become the focus of many researchers. When
the SARS virus first appeared in 2003, as the first
of the studies on the association of blood groups
with SARS virus can be given as Cheng et al.'s
study that revealed a relationship between this virus
and blood groups (17). According to the results
obtained, individuals belonging to the blood group
O showed less susceptibility to SARS virus
compared to other blood groups (17). Moreover,
natural mechanisms have been investigated, and it
has been demonstrated that antibodies of the human
anti-histo-blood groups block the interaction of the
virus and the cell by binding to the S protein of the
virus (22).

In order to reveal the association between
SARS-CoV-2 and blood groups, the study done by

Zhao et al.'s by is of great importance. In this study,
blood groups data obtained from 2173 patients
diagnosed with COVID-19 and blood groups data
obtained from 27.080 healthy individuals for
control purposes were compared in Wuhan and
Shenzhen cities of China (7). As a result, the
distribution of blood groups of healthy individuals
collected from these two cities; It was found as
32.16% blood group A, 24.90% blood group B,
9.10% blood group AB, 33.84% blood group O (7).
On the other hand, the blood group distribution of
patients diagnosed with COVID-19 has determined
as 37.75% blood group A, 26.42% blood group B,
10.03% blood group AB, 25.80% blood group O
(7) As a result of this study, it was found that there
is an association between COVID-19 and blood
groups. Specifically, in this relationship, blood
group A was associated with an increased risk of
developing COVID-19, while blood group O was
associated with a reduced risk. It has been
demonstrated with this study that different blood
groups can be a biomarker for differential
susceptible for COVID-19 (7). In another study,
which is similar to this study, the rates of infection
of the hospital staff of blood group O and non-
blood group O were compared, and it was reported
that those with blood group O were infected with a
lower risk (17). In this study also looked at the
distribution of the blood group between sex and
different age groups. Patients were divided into
three different groups as under the age 40, between
the age 41-59 and over the age 60. The distribution
of blood groups showed similar rates in different
age groups and in male and female patients. This
situation revealed that the distribution of blood
group does not depend on a certain gender or a
certain age range (7).

Another study, similar to Zhao et al.'s study
and supported it, was conducted by Zietz and
Tatonetti, and the research was conducted in the
New York Preshiterian (NYP) hospital (23). In this
study, the relationship between the SARS-CoV-2
and infection status of individuals with ABO Rh+
blood group was investigated on 1559 individuals,
682 of whom were diagnosed with COVID-19 (23).
In both cases, the result was significant only in
Rh+, but blood group A was found higher and
blood group O was found lower in patients
diagnosed with COVID-19 which compare to the
healthy individuals (23). As a result of the study, a
negative relationship was found between O blood
group and COVID-19. Indeed, in patients with
SARS, O blood group has been identified as a rare
blood group (17). In addition, no significant
relationship was found between blood groups and
mortality of cases (17). Similar studies support
these findings with their studies(24-26).

Indeed, one another study performed by
Zietz et al has conducted with 14.112 individuals
tested for SARS-CoV-2 with known blood type in
November 2020 found in New York Presbyterian
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(NYP) hospital system. Results have showed that
A,B and AB blood types have slightly increased
infection prevalence than the O blood type .
Especially blood type A has higher prevalence to
infection than the other blood groups. When
compare the blood groups for intubation, it was
found that risk factor of the intubation prevalence is
more higher in blood group B than the other groups.
It also was found that blood group AB has most
higher prevalence for risk of death than the other
groups. Rh negative factor was found protective for
risk of infection, intubation and death(27).

To reveal the association between blood
groups and SARS-CoV-2 a study was carried out
by Li et al in China. In a retrospective cohort study,
which include 265 patients diagnosed with COVID-
19 pneumonia in Wuhan Central Hospital, 39% are
in blood group A, 25% are in the blood group B,
10% are in the blood group AB, and 26% are in the
blood group O of the patients were reported. Also,
blood group distributions are found as 32% blood
type A, 25% blood type B, 9% blood type AB and
34% blood type O on 3694 healthy individuals.
This results supports Zhao et al's data (28). It has
been demonstrated that the rate of patients with
blood group A diagnosed with COVID-19 is
significantly higher than that of the control group,
with a ratio of 39% to 32% (the rate of healthy
individuals versus the patient). On the other hand,
the rate of patients with blood group O was found
significantly lower, compared to the control group,
with 26% and 34% (the rate of healthy individuals
versus the patient). These distributions were
consistent in terms of age and gender according to
blood groups. However, there was no significant
difference in mortality rates compared to blood
groups (28).

Peng et al. also conducted a retrospective
study to understand the importance of the blood
group in COVID-19 at the Public Hygiene Center at
Taizhou Hospital in China between January 21,
2020 and February 20, 2020 (29). This study was
conducted with 138 patients who diagnosed with
COVID-19, and 82 patients with who undiagnosed
with COVID-19. All the patients are compared in
terms of blood groups distribution, gender
distribution and severity of the disease (29).
Diagnoses of the COVID-19 patients are based on
Real Time PCR, CT radiography and clinical
symptoms. While the average age of the patients
was 50, 74 of the patients (53.6%) were male in
terms of gender. Clinical symptoms were observed
as 70.3% fever, 57.2% cough, 44% sputum
removal, 22.5% weakness, 10.9% headache,
diarrhea and chest pain (29). The blood group
distributions of patients with COVID-19 are those
who have severe disease; while 34.4% were in the
blood group A, 34.4% were in the blood group B,
12.5% were in the blood group AB, 18.8% were in
the blood group O, and are those who have mild
disease; 28.3% were in blood group A, 27.4% were

in blood group B, 11.3% were in blood group AB,
33.0% were in blood group O (29). The blood
group distribution of those non-COVID-19 patients;
it was reported that 26.8% were in the blood group
A, 28.0% were in the blood group B, 7.3% were in
the blood group AB, 37.8% were in the blood group
O. As a result of the blood group distributions of
the patients with COVID-19 and the statistical
analysis, the risk of infection of the patients
belonging to blood group O was found to be lower
compared to other blood groups (p = 0.044) (29).
Consequently, researchers have revealed that
individuals with blood group O have a low risk of
COVID-19 infection, especially in women with
blood group O (29).

In addition to other studies, Zeng et al.
conducted a research to determined the association
between SARS-CoV-2 and blood groups on
patients with COVID-19 from a total of 5 hospitals
in the cities of Tianjin, Wuhan and Beijing in China
(2). The diagnosis of COVID-19 of the hospitalized
cases was made by positive real-time reverse
transcriptase polymerase-chain-reaction (PCR) test
of the nasal and pharyngeal swab samples taken
from individuals. The blood groups of the patients
were determined by the blood group test performed
clinically. In the study, besides the blood group, the
patients' age, gender, medical history, hospital
reports and chest radiography were also taken. 137
patients with mild pneumonia and 97 patients with
severe pneumonia were included in the study. The
blood group AB was not included in the study, as it
covered only a small proportion of the Chinese
population, such as only 9% of the population, due
to insufficient number of patients. When the
patients were compared in terms of gender, 133
(56.8%) of 234 patients in total were male. When
the patients are compared in terms of age, the age
of 57-75 years, especially 67, is a critical age for
the risk of infection. In this age and older age
groups have a severe course of COVID-19, and
most of the patients identified in the study were
over 60 (73.2%). In addition, it was determined that
patients between the ages of 40-64 (36.5%) had a
mild infection compared to older age groups.
Severe pneumonia was accompanied by acute
distressed respiratory syndrome in approximately
67% of patients diagnosed with COVID-19 (2). The
cause of death of patients in intensive care unit was
recorded as multiple organ failure. When the
association between COVID-19 and blood groups is
examined, it was reported that 35.76% of patients
with coronavirus with blood group A had mild
infection and 39.22% of them had severe infection.
Considering that a large part of the Chinese
population consists of individuals with blood group
A, it was found as a result of the study that
individuals with this blood group were more
susceptible to COVID-19 than other blood groups
(2). Indeed, previous studies have revealed that the
blood group O is the least susceptible to the SARS
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virus (17). However in the new coronavirus study
which is conducted by Zeng et al., the finding that
blood group O had the least sensitivity could not be
supported. Instead, they reported in their study that
individuals with blood type A were more
susceptible to SARS-CoV-2 infection. As the main
reason for this may be the specific viral protein
structure is thought to cause different susceptibility
in different blood groups. Moreover, it was not
found any significant effect on the mortality rates of
different blood groups in their study. In addition to
this, most of the patients with COVID-19, who
have mild or severe symptoms, patients' blood type
was found as blood type A. As a result, individuals
with A blood group are more susceptible to
COVID-19 infection than other blood groups (2).

In another study, which is conducted by
Arac et al. (30), it was researched the association
between COVID-19 and ABO blood group and Rh
factor in a hospital in the city of Diyarbakir,
Turkey. A total of 392 patients were included to
the study. PCR test of the 227 patients, which are
included to the study, were found as positive for
SARS-CoV-2, and CT findings of the 165 patients
in favor of COVID-19 (30). As a control group,
127,091 people' blood group data in Diyarbakir in
2019 were used. In the study, the blood group A
was found to be higher in patients diagnosed with
COVID-19, while B and AB blood groups,
especially O, were lower. However statistical
analysis showed no significant difference between
COVID-19 patients and healthy individuals in
terms of ABO blood group system (30). When
analyzed in terms of Rh blood group system, it was
found that Rh positivity was significantly higher in
patients with COVID-19 (30). A study, which
supports to this study, is conducted by Goker et al.
at Hacettepe University in Ankara, Turkey. 186
PCR confirmed for COVID-19 patients and 1881
healthy individuals’ blood group data included to
the study. Most of the COVID-19 patients’ blood
groups were A (57%) was found. Result of the
study has showed that blood group A might have
effect in increased susceptibility to SARS-CoV-2
(COVID-19) and blood group O may have
protective effect on COVID-19(26).

Clinical And Research Consequences: A
literature search was performed in English
databases including PubMed/Medline, ISI Web of
Science, SCOPUS, and Google Scholar etc...from
2000 to March 2020. The following key words
were used: COVID-19, ABO Blood Groups, ACE2,
S Protein, etc..

CONCLUSION

The SARS-CoV-2 virus enters the target
cells through an enzyme receptor, specifically
called the angiotensin converting enzyme 2 (ACE
2), located on the surface of the lung alveolar cell.
In addition to ACE2, CD147 and TMPRSS2 are
two of the membrane proteins used by the virus to
enter the cell. At this point, the S protein of SARS-

CoV-2 acts as an important key for the virus to
enter the host and transfers its genetic material to
the target cell via membran proteins. In a related
study, it was revealed that antibody A inhibits the
binding of cells expressing S protein of the SARS-
CoV to cells expressing ACE2 (22). Given the
nucleic acid sequence (31) between SARS-CoV and
SARS-CoV-2 (32, 33)and the similarity of binding
to receptor angiotensin converting enzyme 2
(ACE2), the decreased susceptibility of the blood
group O and the increased susceptibility of the
blood group A for COVID-19 can be related with
the presence of the specific Anti-A antibody in the
blood.

Previous studies have revealed that the ABO
blood group distribution also differs significantly in
other viral infections (17). Indeed, Chen et al.
reported that individuals with blood group O are
less likely to become infected by the SARS
coronavirus, and Batool et al. suggested that
individuals belonging to blood group O may have
developed a defense against blood-borne infections
and while individuals with blood group A are more
likely to become infected with the hepatitis B and
HIV virus (34). Jing et al. found that individuals
with B blood group had a low risk of catching
Hepatitis B (35).

Guillon et al. reported that binding S
proteins, which produced by SARS-CoV-2, to
ACE2 receptors inhibits specifically by anti-A
antibodies (22). That is, anti-A antibodies in the
circulatory system can interrupt or inhibit the virus-
cell adhesion process (22). This situation revealed
that why the O blood group is not susceptible to
infection and the A blood group is susceptible.
Moreover Silva-Filho et al. has been found that
sialic acid containing receptors, which induced by
ABO antigens in host cells, maximize the
interaction of the cells with COVID-19(4).

In the studies conducted, it was also
examined whether the blood groups are susceptible
to SARS-CoV-2 depending on the A antigen.
However, in other studies conducted since the
discovery that anti-A antibodies can inhibit virus-
cell adhesion, blood groups B and O carrying anti-
A antibodies in their serums were compared with
the A and AB blood group patients who did not
carry the anti-A antibody in terms of the prevalence
of the disease (36). The results showed that the
incidence of COVID-19 was lower in individuals
with blood groups B and O with anti-A antibodies
in their serum compared to individuals with A and
AB blood groups who did not have anti-A
antibodies in their serum (36). Subsequently, the
blood group O with anti-A antibody was compared
in terms of its protective effect against COVID-19
compared to the blood group B which carry the
same antibody (36). The data obtained showed that
anti-A antibodies in the blood group O had a more
protective effect than the anti-A antibody in the
blood group B. This result is probably related to the
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fact that the immunoglobulin dominant isotype of
anti-B/anti-A in the serum of individuals with A
and B blood groups is IgM, and the
immunoglobulin  dominant isotype of the
individuals with O blood group is IgG. That is, the
presence of anti-A antibodies in the serum, and
specifically the presence of 1gG with Anti-A, is
thought to be of greater importance in the
susceptible to COVID-19 than the blood groups
themselves (36).

Beside the all studies about susceptibility to
SARS-CoV-2, several other studies also have
shown that the A allele in the blood groups is
associated with an increased risk of cardiovascular
disease (37). The antigen A can protect P-selectin
and intercellular cell adhesion molecule 1 (ICAM1)
from enzymatic cleavage by promoting stronger
and longer binding of leukocytes on the vascular
wall.  Therefore, more adhesion molecules
connected to endothelial cells will increase
adhesion and inflammation, while reducing
circulation (38). While this makes the individuals
with blood group A more likely to develop
cardiovascular disease, individuals may develop
multiple disease states when they are exposed to a
redox stress such as a virus infection. Therefore,
individuals with blood group O are less likely to
develop cardiovascular diseases and severe
COVID-19. In contrast, patients with blood type A,
who have hypertension and accompanying heart
disease, tend to have the disease quite severely once
they are infected with COVID-19. Therefore, these
individuals should be placed under special medical
care in order to be quarantined and protected from
SARS-CoV-2 infection as soon as possible (39).
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are blood type A, should get more observation and
get the aggressive treatment, and finally as the
introduction of ABO blood group classification to
the system for manage the COVID-19 can be listed.

Consequently, association between blood
groups and SARS-CoV-2 has been found in case of
susceptibility to the COVID-19. Having different
degrees of infection susceptibility of different blood
groups means more protection of the individual
who has the most susceptible blood group. Studies
have showed that blood group A was found most
susceptible to the COVID-19, and who have this
blood group should be more careful and should use
personal protective equipment for not get infected
by the virus. Due to it is important to understand
susceptibility of blood groups to COVID-19 for
decrease the number of death cases. However it
needs further investigation to enlighten the
association between blood groups and SARS-CoV-
2.
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