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ABSTRACT

Aim: Since blood types first appeared, their association with diseases caused by microorganisms has
been further investigated with several studies for many years. The bond of blood groups described as A,
B, AB, and O with coronavirus has been the research subject in many countries. We aimed to elucidate
whether there was a relationship between blood types and Rh factor and contracting COVID-19 disease
and disease severity.

Methods: The study was designed as a retrospective case-control study. Between March 2020 - February
2021, 1110 patients were included (538 cases, 572 controls). Disease severity was classified according
to where patients were treated: those who were outpatients considered as “mild disease”, hospitalized in
a hospital ward considered as “moderate disease”, and treated in the intensive care unit were considered
as “severe disease”.

Results: The number of people with blood type A was 447 (40.3%), blood type B was 197 (17.7%),
blood type AB was 90 (%8), and blood type O was 376 (33.9%). There was no significant difference
between the case and control groups according to the blood types. A 3.93 times increase of developing
mild illness was detected compared to the control group in Rh-positive individuals. The rate of
developing a severe disease was higher in females with blood type A than a mild disease, and A blood
type caused the disease to be severe compared to other blood groups in females.

Conclusion: We concluded that blood type A caused more severe disease than other blood types in
females, and females with B blood type survived the disease as outpatients. Our study can shed light on
pathophysiological investigation of the relationship between COVID-19 disease causing a pandemic
with high mortality and virulence and blood types.
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Introduction
Coronavirus disease 2019 (COVID-19), also

called new coronavirus pneumonia, was first reported
in Wuhan in December 2019. The virus spread rapidly
worldwide, and a global pandemic was declared in
March 2020 by the World Health Organization (1).
The contagious, sickening, and lethal effect of the
virus is continuing seriously. The course of the disease
is variable; it may present with a broad spectrum of
clinical manifestations ranging from an asymptomatic
carriage status presenting as a mild outpatient disease
clinical picture to a progression into a severe disease
that can cause Acute Respiratory Distress Syndrome
(ARDS), septic shock, and even death. The underlying
of the
consequences of the disease and mild illness in some

causes severe course or even mortal
people have been the subject of research (2).

Since blood types first appeared, their association
with diseases caused by microorganisms has been
further investigated with several studies for many
years. An increase in studies exploring the relationship
between viral diseases and blood types, showing a
significant link between norovirus, HBV, SARS-CoV,
MERS-CoV, and blood types, has been observed in the
2000s (3-5).

This has been one of the questions that came to
mind with COVID-19 since COVID-19 occurrence
Do blood types and Rh factors have a
relationship with the course of the disease? The bond
of blood groups described as A, B, AB, and O with

coronavirus has been the research subject in many

worldwide:

countries. Research conducted in China in the first
months of the epidemic turned attention to the A blood
type. It came to the scene that the disease might
progress to a more severe disease in people with blood
type A. As the epidemic progressed, so did the
research. Moreover, research conducted in Spain and
Italy has pointed out a more severe disease course for
patients in blood group A and a lower risk of such
clinical status for those in blood group O. Similarly, it
has also been reported in research done in the United
States of America that those with blood type O may

have a milder disease (5).
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To answer this question in this context, we aimed
to elucidate whether there was a relationship between
blood types and Rh factor and contracting COVID-19

disease and disease severity.

Methods

The study was designed as a retrospective case-
control study. 1110 patients who applied to the X
Hospital between March 2020-February 2021 were
included (538 cases, 572 controls). The study
participants were divided into case and control groups.
The control group consisted of people admitted to our
hospital between March 2020 - February 2021 and did
not have COVID-19 disease, and those admitted to our
hospital at the same period and had COVID-19 disease
formed the case group. Patients in the case group who
were COVID-19 PCR positive were then divided into
3 separate subgroups as those who survived the disease
as outpatients, were hospitalized in a hospital ward,
and were treated in the Intensive Care Unit (ICU). The
demographic characteristics of the patients, including
age and gender, were recorded. Patients' information
in the case and control groups on blood types and Rh
Factor was accessed via the web-based national
healthcare system. Again, the RT-PCR test results
obtained with combined throat and nasal swabs were
reached via the web-based national healthcare system.
Disease severity was classified according to where
patients were treated: those who survived the disease
as outpatients 'mild disease,' hospitalized in a hospital
ward 'moderate disease,’ and treated in the ICU were
considered 'severe disease.' The identification number
(ID) was created for each patient using the SPSS
program. Patient information and data were recorded
separately by two specialist physicians independently.
A third specialist checked two data sets' accuracy.

The association between different blood types and
Rh Factor and COVID-19 was investigated in the
selected population. According to gender, subgroups
were stratified to assess whether there was a
significant difference between blood types and the
incidence of COVID- 19.

Approval for this study was obtained from
Mustafa

Kemal University Non-Interventional



Ozdemir B et al. Blood types and severity of COVID-19. Euras J Fam Med 2021;10(4):211-8

Clinical Research Ethics Committee and TR Ministry
of Health General Directorate of Health Services and
Scientific Research Platform, numbered 2021-04-
07T20_12 19.

Statistical analysis was carried out using the
Statistical Package for Social Sciences (SPSS) version
22.0. Kolmogorov-Smirnov test was performed for
normality test. p>0.05 was accepted as the normal
distribution. Whether numeric categories have not a
normal  distribution, a  non-parametric  test
(independent T-test) was performed. A chi-square test
was performed for categorical variables. The ABO
blood type and Rh Factor frequency in all populations
and different gender subgroups were tested using chi-
square tests and odds ratios (ORs) with 95%
confidence interval (CI). A p<0.05 was considered

significant.

Results

The mean age of the patients included in the study
was 48.8+17.8 years (cases: 51.2+17.1 years; controls:
46.7+18.2 years). 589 (53.1%) were male, and 521

(46.9%) were female. There was no significant

difference between the case and control groups in
terms of the proportions of female or male (the number
of male cases is 297 (55.2%); the number of male
controls is 292 (51.0%); p=0.092). When the cases
were classified by where the disease was treated
evaluated according to gender, most of the patients
who survived the disease as outpatients, who were
hospitalized in a hospital ward, and were treated in the
ICU were males (male patients, respectively, n=175
(53.0%); n=74 (62.7%); and n=48 (53.3%); p=0.178).

The number of people with blood type A was 447
(40.3%), blood type B was 197 (17.7%), blood type
AB was 90 (%8.1%), and blood type O was 376
(33.9%). There was no significant difference in the
frequency of blood types between the case and control
groups (p=0.880). Comparing the severity of the
disease and blood types, patients with blood type A
(n=214; 39.8%) were more common in all three groups
(mild, moderate, and severe); O blood type ranked the
second (n=188; 34.9%). No statistically significant
relationship between disease severity and blood types
existed (p=0.202) (Table 1).

Table 1. Comparison of the effects of blood groups on contracting and severity of COVID-19 disease

Blood Groups* © OR . Severity of Disease**
Types Case Control (95% CT) p Mild Moderate Severe p
n (%) n (%) n (%) n (%) n (%)

214/402  233/421 0.918 124/235 4796 43/71

A (53.2) 553) O (06081208 0P (529 49.0)  (60.6) O3
92280 105/293 0.876 64/175 14/63 14/42

B (32.9) 358 O3 06201237 0P (66 222 333 OB
441232 46/234 0.957 31/142 8/57 5/33

AB (19.0) 9.7y 980 oe0a-1515 YT (a1 (140) (152 9373
188/538  188/572 1.097 111330  49/118 2890

0 (34,9) 32,9 %4 08561407y 022 (336 @15 3Ly 928

* A, B, AB blood groups were compared with O blood group using the chi-square test. The total number of patients with O blood group A,

B, AB blood group was compared with the chi-square test. p<0.05; %% A, B, AB blood groups were compared with O blood group using
the chi-square test. The total number of patients with O blood group A, B, AB blood group was compared with the chi-square test. OR could
not be calculated in the comparison between disease severity and blood groups. p<0.05

Rh Factor was positive in 960 (86.5%) out of 1110
people (Rh-positive cases: 460 (85.5%); Rh-positive
500 (87.4%); p=0.200). When the
relationship between disease severity and Rh factor

controls:

was evaluated, Rh positivity was determined in 285

(%86.4%) cases in the mild disease group, in 94
(79.7%) cases in the moderate disease group, and 81
(90,0%) cases in the severe disease group. There was
no statistically significant difference between disease
severity and Rh factor (p=0.08) (Table 2).
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Table 2. Comparison of the effect of Rh Factor on severity of COVID-19 disease

Groups p Severity of Disease P
OR

Rh Factor Case Control (95% CI) Mild Moderate Severe

n (%) n (%) n (%) n (%) n (%)
Rh Positive 460 500 0.921 285 94 81

(85.5) (87.4) (0.720-1.089) (86,4) (79,7) (90,0)
Rh 78 7 1.085 0.200 45 24 9 0.086
Negative (14,5) (12,6) (0.909-1.296) (13,6) (20,3) (10,0)

When classified by gender, the rate of developing
a mild disease for females with B blood type was
higher than a moderate disease; also, females with B

blood type tended to have a mild disease compared to

those with other blood types (a mild disease in
females: n=33, 21.3%; a moderate disease in females:
n=4 (9.1%); OR: 0.370; 95% CI: 0.123 to 1.108;
p=0.047) (Table 3-4).

Table 3. Comparison of patients with COVID-19 and control groups according to gender

Male

Female

e G ¢ ewo T gm ol X eww
S S R
B Sé/zl;;ﬁ 5(3{512)5 0.631 (0_529%?_2423) 0.359 ‘:gglé)z 5((3)/613;g 0.560 (0.5?4%?.9434) 0.326
R I T = R S
O A T R

The rate of developing a severe disease was higher
in females with blood type A than a mild disease, and
A blood type caused the disease to be severe compared
to other blood groups in females (a mild disease in
females: n=62, 40.0%; a severe disease in females:
n=25, 59.5%; OR: 0.453; 95% CI: 0.226 to 0.908;
p=0.019) (Table 3-4).

Discussion

Individual factors that affect contracting COVID-
19 disease or the disease severity are still under
investigation. During the pandemic process, several
studies, where different results emerged, have been
done to examine whether blood types play a role in the
severity of the disease. While Zhao et al. (6) study
determined that COVID-19 disease was seen more in
people with AB blood type, Zietz et al. (7) study
demonstrated that people with the AB blood type had
a lower frequency of COVID-19. Again, Zhao et al.
(6) reported that mortality was higher in people with
blood type A; in contrast, Zietz et al. (7) found no

relationship between mortality and blood type. In our
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study,

contracting COVID-19 disease or disease severity and

too, we found no relationship between

blood types or Rh factor. However, we concluded that
blood type A caused more severe disease than other
blood types in females, and females with B blood type
survived the disease as outpatients.

In a study comparing the distribution of 2173
patients diagnosed with COVID-19 disease according
to ABO blood types from 3 hospitals in the Wuhan and
Shenzhen regions of China, while the risk of COVID-
19 disease occurrence was found to be lower in people
with O blood type (OR 0.67; p<0.001), it was higher
in those with A blood type (OR 1.21; p=0.027) (6).
Another trial studied 1559 people who had the SARS-
CoV-2 PCR test in New York according to blood
groups; a similar result was encountered. Besides,
among those with positive PCR tests for COVID-19,
the proportion of individuals with blood type A was
higher, while those with blood type O were lower than
other blood groups (7). In our study, 39.8% of patients
with COVID-19 had A blood type, 17.1% had B blood
type, 8.2% had AB blood type, and 34.9% had O blood
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type. When evaluating the fatality rate in COVID-19
patients, it has been detected higher in people with
blood type A than those with blood type O (OR 0.660;
p=0.014) (8). Except for blood groups, a relationship
between COVID-19 disease and Rh-positive blood

type has also been observed (7). Contrary to these
studies, there was no relationship between disease
severity and both blood groups and Rh factor in our
study.

Table 4. Comparison of the severity of the disease according to blood types and men and women infected with COVID-19

Blood OR OR
Group Male OR P (95% CI) Female OR p (95% Cl)
. Non-ICU . Non-ICU
Ol;tlzi/tl)e nt Hospitalized Ou;p(e;/tl;e nt Hospitalized
’ n (%) ’ n (%)
A 62(35.4) 27(36.5) 0.595- 20(45.5) 62(40.0) 0.637-
Non-A 113(64.6) 47(63.5) 1.047 0492 1.843 24(54.5) 93(60.0) 1250 0.316 2.455
B 31(17.7) 10(13.5) 0.336- 33(21.3) 4(9.1) 0.123-
0.726 0.268 0.370 0.047
Non-B 144(82.3) 64(86.5) 1.569 122(78.7) 40(90.9) 1.108
AB 23(13.1) 5(6.8) R 8(5.2) 3(6.8) -
0.479 0.105 0.175 1.345 0.454 0.341
Non-AB 152(86.9) 69(93.2) 1.312 147(94.8) 41(93.2) 5.298
2 .859- 2 1 .624-
© 59 3 1.498 0.100 0.859 > ! 1.247 0.325 0.624
Non-O 116 42 2.613 103 27 2.492
Outpatient ICU Outpatient ICU
n (%) n (%) n (%) n (%)
A 62(35.4) 18(37.5) 62(40.0) 25(59.5) 0.226-
914 0.54 472 4 .01
Non-A 113(64.6) 30(62.5) 09 0.548 047 93(60.0) 13(40.5) 0453 0.019 0.908
B 31(17.7) 11(22.9) 0.333- 33(21.3) 3(7.1) 1.022-
0.724 0.267 3.516 0.024
Non-B 144(82.3) 34(77.1) 1.575 122(78.7) 39(92.9) 12.099
AB
Non-AB
¢ 59 15 0.563- 52 13 0.540-
1.119 0.446 1.126 0.452
Non-O 116 33 2222 103 29 2.347
Outpatient Hospitalized Outpatient Hospitalized
n (%) n (%) n (%) n (%)
A 62(35.4 45(36.9 - 62(40.0 45(52.3 -
( ) ( ) 0.939 0.446 0.580 ( ) ( ) 0.607 0.044 0.357
Non-A 113(64.6) 77(63.1) 1.519 93(60.0) 41(47.7) 1.033
B 31(17.7) 21(17.2) 0.563- 33(21.3) 7(8.1) 1.288-
1.035 0.520 3.053 0.006
Non-B 144(82.3) 101(82.8) 1.905 122(78.7) 79(91.9) 7.238
AB 23(13.1) 9(7.4) 0.847- 8(5.2) 4(4.7) 0.326-
1.900 0.810 1.116 0.564
Non-AB 152(86.9) 113(92.6) 4.263 147(94.8) 82(95.3) 3.818
o 59 47 0.502- 52 30 0.541-
0.812 0.233 0.942 0.471
Non-O 116 75 1.313 103 56 1.641
Non-ICU Non-ICU
Hospitalized nl((:(;}) Hospitalized II%I/J )
n (%) ’ n (%) ’
A 27(36.5) 18(37.5) 0.451- 20(45.5) 25(59.5) 0.241-
Non-A 47(63.5) 30(62.5) 0.9570.530 2.031 24(54.5) 17(40.5) 0.567 0.138 1.333
B 10(13.5) 11(22.9) 0.204- 4(9.1) 3(7.1) 0.273-
0.526 0.136 1.300 0.526
Non-B 64(86.5) 37(77.1) 1.355 40(90.9) 39(92.9) 6.190
AB 5(6.8) 4(8.3) 0.203- 3(6.8) 1(2.4) 0.300-
0.797 0.502 3.000 0.326
Non-AB 69(93.2) 44(91.7) 3.131 41(93.2) 41(97.6) 30.048
2 1 781- 1 1 .575-
© 3 > 1.676 0.127 0.781 ! 3 1.405 0.302 0575
Non-O 42 33 3.599 27 29 3.428

It was revealed with a gender-stratified analysis in
a case-control study involving 208 people that the risk

of contracting the COVID-19 disease in women with

blood type A was greater (OR 1.56; p=0.02) (8).
Similarly, Xiong et al. (9) reported that women and

men were different in getting this disease. In a study
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evaluating 233,709 cases in Italy, the proportion of
women contracting the COVID-19 disease was
established to be 1.18 times higher than that of men,
but disease severity and deaths in men were shown to
be at a higher rate compared to women (10). Likewise,
Jin et al. (11) disclosed that males died 2.4 times more
than females from COVID-19 disease. It has been
hypothesized that these differences between men and
women may be caused by the circulating level of
Angiotensin-Converting Enzyme (ACE) being at a
higher level in men than women, and sex hormones'
effect on ACE2 and transmembrane serine protease-2
(TMPRSS2) (10,12). Although the purpose of our
study was not directed towards the relationship of
COVID-19 disease to gender, we detected no
relationship between contracting the disease or disease
severity and ABO blood types in males, and that the
disease was more severe in females with blood type A
and that females with B blood type survived the
disease as being outpatients. These results suggest that
there may be many different phenotypic and genotypic
factors, which affect immune response mechanisms
triggered by inflammation.

Angiotensin-Converting Enzyme, synthesized in
lung tissue, gastrointestinal and vascular systems, is an
enzyme that activates pro-inflammatory and oxidative
stress. In studies investigating the relationship
between COVID-19 disease and ACE, it has been
stated that ACE plays an essential role in disease
severity due to its pro-inflammatory effect (13). It has
also been noted that there is a relationship between
cough that develops in ACE inhibitor users and ABO
blood types and that this is associated with ACE level
(14,15). A positive relationship was emphasized
between ACE activity and people with O blood type in
a previous study (16). In another study, Interleukin-6
(IL-6) levels were higher in people with O blood type
than those with other blood types (17). IL-6, the
molecule that plays a vital role in the inflammatory
process, is also responsible for disease severity.

The basic chemical structure that determines
blood group antigens is glucose. Since A blood type
has an extra N-acetyl galactosamine on the cell

surface, A blood type cells are thought to have more
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contact with the pathogen (18). Another hypothesis
trying to explain the higher prevalence of the disease
in people with blood type A is that Coronavirus surface
proteins that bind to glucose may have a high affinity
for people with A blood type (19).

Researchers have agreed that the SARS-CoV-2
virus binding to ACE2 receptors via spike proteins is
blocked in the presence of antibodies against surface
antigens containing A or B glycan. Another reason
why the disease is less common in those with O blood
type has been mentioned as the virus blocking from
adhering to the epithelium since both anti-A and anti-
B antibodies are present in O blood type (20).
Demonstrating an association of COVID-19 disease
with blood types only in women in our study suggests
that other mechanisms and factors other than blood
groups also affect contracting the disease and disease
severity.

P-selectin and hemostasis, responsible for the
adhesion of leukocytes to the endothelium, and
intercellular adhesion molecule-1 (ICAM1) involved
in T-lymphocyte and neutrophil migration are reported
to be higher in people with blood type A (21,22). A
more severe course of COVID-19 disease in people
with blood type A may be due to the effect of these
two  molecules increasing  hemostasis  and
inflammation. ICAM-1, which has also been found to
act as a receptor in Plasmodium malaria and
Rhinovirus infections, is also an important biomarker
in the early diagnosis of sepsis (22). The severe course
of COVID-19 disease in people with certain blood
types suggests that it is due to individual differences in
the pro-inflammatory and especially T-cell and
humoral response. Since the difference in blood
groups is also associated with antigen-antibody
associated responses, the different course of disease
severity in COVID-19 in individuals may not be
caused only by the difference in blood groups.
However, it may also be associated with the varying
responses of molecules from individual to individual,
which especially play a role in the cellular and humoral
responses involved in the inflammation process and

perhaps oxidative stress stiffness.
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Conclusion types.

It is not yet clear whether all these hypotheses for At the same time, these studies will also guide the

the relationship between COVID-19 disease and blood planning of further research for elucidating whether
types are true. These studies, including our study, can the blood type of donor and recipient shows benefit in
shed light on pathophysiological investigation of the ~ Plasma and IL-6 inhibitor therapy widely used in
relationship between COVID-19 disease causing a COVID-19 disease.

pandemic with high mortality and virulence and blood
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