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Introduction

ABSTRACT
Introduction: Infection with the SARS-CoV-2 virus can lead to the development of COVID-19. Currently,
more than 700 million people worldwide have been diagnosed with COVID-19, of which nearly 7 million
have died from the severe course of the disease. Recent reports suggest that patients with blood group
A are most at risk of developing COVID-19, and people with natural anti-A antibodies (especially those
with blood type 0) have a milder course of the disease.
This study aimed to assess the humoral response to infection with SARS-CoV-2 depending on the patient’s
blood type.
Material and methods: The study group consisted of 147 patients with confirmed previous COVID-19
(convalescents) and 147 individuals who declared no previous infection with SARS-CoV-2. All enrolled
subjects were blood donors registered at the Regional Blood Centre. The concentration of SARS-CoV-2
anti-nucleocapsid antibodies was determined in the serum of the patients using the Elecsys Anti-SARS-
-CoV-2 test. The blood group was determined by a manual method using anti-A, anti-B, and anti-D
monoclonal sera and A, B, and 0 standard red blood cells (RBC).
Results and conclusions: Based on anti-SARS-CoV-2 detection 68 people who denied contact with SARS-
-CoV-2 had previous asymptomatic infection. Blood type distribution differed between the asymptomatic
convalescents and the declared convalescents, p = 0.0013. People with ARh-, BRh+, BRh-, and ORh-
blood type were more often asymptomatically infected. Moreover, the Rh- subjects more often didn’t know
about the previous infection than those with Rh+, p = 0.0012. It seems that subjects with Rh—blood type
have a significantly milder course of disease than Rh+.
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[2]. SARS-CoV-2 infection may have different disease
manifestations, from asymptomatic infection and in-

COVID-19 caused by the SARS-CoV-2 virus is
responsible for a worldwide pandemic, which broke
out in 2019. According to official information since
March 2020, over 6.5 million Polish people have
been diagnosed with coronavirus infection and over
110 thousand died from the severe course of the dis-
ease [1]. Coronavirus infections are usually associated
with upper respiratory tract infections, which present
symptoms like fever, headache, and cough. However,
some patients can develop lower respiratory tract
infections including severe pneumonia and dyspnoea

fluenza-like iliness to severe complications including
ARDS (acute respiratory distress syndrome) and death
[3, 4]. During the pandemic, researchers tried to assess
protective and risk factors for COVID-19 severity and
mortality, which could help to prevent disease spread-
ing and limit the number of patients with severe course
of the disease. Based on current evidence, demograph-
ic factors like older age, male sex, and ethnicity/race
(African-American and Hispanic populations) are related
to a higher risk of SARS-CoV-2 infection. In addition,
elevated expression of ACE2 (angiotensin converting
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enzyme-2) and TMPRSS2 (transmembrane serine
protease 2) as well as changes in several laboratory
indices such as an increase in biochemical markers
of inflammation (C-reactive protein, procalcytonine),
pro-inflammatory cytokines, and white blood cell count
were reported as risk factors for COVID-19 progression
[5, 6]. On the other hand, observations made during
the pandemic prove that children have decreased sus-
ceptibility to SARS-CoV-2 infection as well as people
following a healthy, balanced diet rich in microelements
and vitamins such as vitamin D [7, 8].

Recent reports suggest an association between
ABO blood types and the risk of SARS-CoV-2 infection
as well as the severity of the disease. According to
the work of Ellinghauset et al. patients with blood type
A are at a higher risk of developing COVID-19 than pa-
tients with other blood types [9]. Moreover, blood type
0 shows a protective effect as compared with the other
blood groups. The protective effect of blood type 0 may
result from the presence of anti-A antibodies, which
can block interactions between the S protein located
on the coronavirus surface and angiotensin-converting
enzyme-2 (ACE2), the main receptor for the virus on
human cells [10]. ABO blood group types have been
associated with other infectious diseases such as
tuberculosis, malaria, and cholera [11]. Conversely,
the Rh blood type system plays an important role in
haemolytic disease of the foetus and newborn (HDFN)
but its association with a higher risk of developing any
viral or bacterial infection needs deeper analysis [12].

This study aimed to assess if there is any association
between blood type and COVID-19 course in Polish
blood donors.

Material and methods

Study group

In the study, 294 subjects 18 to 65 years old, both
men and women were enrolled. They were volunteer
blood donors at Warsaw’s Blood Centre recruited from
August 2021 to April 2022. All subjects were tested for
SARS-CoV-2 infection and received a negative PCR
result on the day of admission. Among all enrolled
individuals, 147 declared previous mild to moderate
SARS-CoV-2 infection at least 6 months before blood
donation (the minimal period required between the
disease and blood donation, which was confirmed
by a positive PCR test result). The mild disease was
defined as a lack of symptoms of lower respiratory
disease (shortness of breath dyspnoea and abnormal

chest imaging) and oxygen saturation measured by
pulse oximetry (SpQ,) > 94%. Moderate COVID-19 was
defined as symptoms of lower respiratory disease
with SpO,, > 94%. Another 147 individuals declared no
previous SARS-CoV-2 infection. In the next step, all the
subjects were tested for antibodies against the SARS-
-CoV-2 N (Elecsys® Anti-SARS-CoV-2, Roche) protein
in their blood. The Elecsys® Anti-SARS-CoV-2 test is
a double-antigen sandwich electrochemiluminescence
immunoassay (ECLIA) for the in vitro qualitative detec-
tion of antibodies to SARS-CoV-2 nucleocapsid protein
(NCP), which uses recombinant NCP. The test was
performed using a Cobas €801 analyser (Roche). The
cutoff value is automatically calculated by the analyser
based on the measurement of the calibrator signal.
Results are expressed as a cutoff index (COI; sample
signal/cutoff). Assay results > 1.0 COI were interpreted
as positive and < 1.0 COlI as negative. Based on the
anti-N SARS-CoV-2 antibody evaluation, among the
147 subjects who declared no contact with SARS-
CoV-2 and no signs of respiratory tract infection, 68 had
a positive result for these antibodies and were eventually
classified as asymptomatic convalescents. Thus, the
study group (convalescents) consisted of 215 subjects,
and the control group (non-infected) consisted of
79 subjects. All the participants were 18-65 years old;
specific data including age and sex, as well as physical
characteristics (body weight, blood pressure, etc.), due
to full anonymity, were not provided. The study was
approved by the Bioethical Committee of the Medical
University of Warsaw (AKBE/136/2021, date of approval
6.09.2021). Informed consent was obtained from all
subjects involved in the study when donating blood to
the Regional Blood Centre.

Blood typing

All blood samples were anonymized before being
included in the study. For that reason, additional basing
blood typing was performed on the day of enrolment.
From every individual blood was collected for clot
and centrifuged for 15 minutes at 2500 g. RBCs were
suspended in saline and serum was isolated for fur-
ther studies. Monoclonal antibodies anti-A (Millipore,
LOT:TLJ2002D), anti-B (Millipore, LOT: TNC2101A),
and anti-D (Millipore, LOT: GGC1901C) were used
for A, B, and RhD antigens evaluation on RBC. RBC
of A, B, and O groups (from packed RBC stored at
local blood bank) were used for antibodies anti-A and
anti-B assessment in patients’ serum. Each blood type
(ABO) was identified based on the result of the antigens
and antibodies assessment. Rh positivity was defined
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as strong agglutination of patients’ RBC with anti-D
monoclonal antibody in a test tube reaction, and Rh
negativity as no agglutination of patients’ RBC with
anti-D monoclonal antibody.

Statistical analysis

The statistical analysis was performed with
GraphPad Prism 9 software. The Chi-square test or
Fisher exact test were used for the statistical analysis
of the results. The probability value of p < 0.05 was
considered statistically significant.

Results

ABO groups among convalescents and non-
infected subjects

Comparison of blood types in convalescents
(n = 215) and non-infected subjects (n = 79) showed
similar frequency of all blood types in study groups as in
the general Polish population. Surprisingly, non-infected
subjects were less frequent A type and more frequent B
type than the general Polish population [13]. However,
statistical analysis did not show significant differences
between both groups (p = 0.5735).

ABO and Rh blood types among convalescents
and non-infected subjects

Comparison of blood types in convalescents
(n = 215) and non-infected subjects (n = 79) showed
similar frequency in study groups as in the general
Polish population. Surprisingly, non-infected subjects

were less frequently A Rh positive than the general
Polish population and convalescents were more
frequently O Rh negative than the general Polish
population [13]. However, statistical analysis did not
show significant differences between both groups
(p = 0.8985) (Tab. 1, Fig. 1).

Rh factor among convalescents and non-infected
subjects

Comparison of Rh factor in convalescents (n = 215)
and non-infected subjects (n = 79) showed similar
frequency between both groups (p = 0.8734) (Tab. 2).

ABO groups among declared convalescents and
asymptomatic convalescents

Comparison of blood types in symptomatic (de-
clared) (n = 147) and asymptomatic convalescents
(n = 68) showed some variations compared to the
general Polish population. Surprisingly, asymptomatic
convalescent were less frequent AB type and more
frequent A type than the general Polish population [13].
However, statistical analysis did not show significant
differences between both groups (p = 0.12) (Tab. 3).

ABO and Rh blood types among declared
convalescents and asymptomatic convalescents

Comparison of blood types in symptomatic (de-
clared) convalescents (n = 147) and asymptomatic
convalescent (n = 68) showed some interesting
deviation from the frequency of all blood types in the
general Polish population. Surprisingly, asymptomatic
convalescents were more frequently A Rh negative

Table 1. Blood types among study (convalescents) and control (non-infected) groups compared to blood types in the
general Polish population. Analysis was performed using the Chi-square test

Blood type Convalescents (%) Non-infected (%) General Polish population*
ARh+ 68 (31.6%) 19 (24.1%) 32%
ARh- 14 (6.5%) 6 (7.6%) 6%
B Rh+ 29 (13.5%) 14 (17.7%) 15%
B Rh- 9 (4.2%) 5 (6.3%) 2%
0Rh+ 61 (28.4%) 23 (29.1%) 31%
0Rh- 20 (9.3%) 6 (7.6%) 6%
AB Rh+ 11 (5.1%) 5 (6.3%) 7%
AB Rh- 3 (1.4%) 1 (1.3%) 1%

* — data from the Regional Centre for Blood Donation in Warsaw

www.journals.viamedica.pl/medical_research_journal

271



MEDICAL RESEARCH JOURNAL 2023, vol. 8, no. 4

801 m Convalescents

m Non-infected
704

60

50

40

304

Number of patients

204

ARh+ A Rh- B Rh+ B Rh- 0 Rh+ ORh- ABRh+  ABRh-
Blood type

Figure 1. Blood types among study (convalescent) and control (non-infected) groups
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Figure 2. Blood types among symptomatic convalescent and asymptomatic convalescents

Table 2. Blood Rh factor among study (convalescent) and control (non-infected) groups compared to blood types in
the general Polish population [13]

Rh factor Convalescents Non-infected General Polish population*
Rh+ 169 (78.6%) 61 (77.2%) 85

Rh- 46 (21.4%) 18 (22.8%) 15

Total 215 79

*Data from the Regional Centre for Blood Donation in Warsaw. Analysis was performed using the Fisher exact test
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Table 3. Blood types among symptomatic (declared) convalescents (n = 147) and asymptomatic convalescent (n =
= 68) groups compared to blood types in the general Polish population

Blood type Convalescents Asymptomatic convalescents General Polish population*
A 51 (34.7%) 31 (45.6%) 38%

B 25 (17%) 13 (19.1%) 17%

AB 13 (8.8%) 1 (1.5%) 8%

0 58 (39.5) 23 (33.8%) 38%

Total 147 68

*Data from the Regional Centre for Blood Donation in Warsaw. Analysis was performed using the Chi-square test

Table 4. Blood types among symptomatic convalescents and asymptomatic convalescents compared to blood types

in the general Polish population

Blood type Convalescents (%) Asymptomatic convalescents General Polish population*
A Rh+ 46 (31.3%) 22 (32.4%) 32%
ARh- 5 (3.4%) 9 (13.2%) 6%
B Rh+ 19 (12.9%) 10 (14.7%) 15%
B Rh- 6 (4.1%) 3 (4.4%) 2%
0 Rh+ 50 (34%) 11 (16.2%) 31%
0 Rh- 8 (5.5%) 12 (17.6%) 6%
AB Rh+ 10 (6.8%) 1 (1.5%) 7%
AB Rh- 3 (2%) 0 (0%) 1%

*Data from the Regional Centre for Blood Donation in Warsaw. Analysis was performed using the Chi-square test

Table 5. Blood Rh factor among declared convalescents and asymptomatic convalescents groups compared to

blood types in the general Polish population

Convalescents

Asymptomatic convalescents

General Polish population*

Rh+ 125 (85%)
Rh- 22 (15%)
Total 147

44 (64.7%) 85%
24 (35.3%) 15%

68

*Data from the Regional Centre for Blood Donation in Warsaw. Analysis was performed using the Fisher exact test

and O Rh negative and less frequently O Rh positive
and AB Rh positive than the general Polish population
[13]. Statistical analysis showed significant differences
between both groups (p = 0.0013) (Tab. 4, Fig. 2).

Rh factor among declared convalescents and
asymptomatic convalescents

Comparison of Rh factor in symptomatic conva-
lescents (n = 147) and asymptomatic convalescents
(n = 68) showed significant differences (p = 0.0012),
with an odd ratio of 3.099 (95% confidence interval
of 1.581 to 6.075) (Tab. 5, Fig. 3). Moreover, among
asymptomatic convalescents frequency of Rh factor
was substantially different from data of general Polish
population [13], with more frequent Rh negativity.
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Figure 3. Rh factor among symptomatic convalescent and
asymptomatic convalescents
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Discussion

This study aimed to assess if ABO and Rh D blood
type are associated with a milder course of COVID-19in
the Polish population and found that individuals without
Rh D factor are less susceptible to symptomatic course
of SARS-CoV-2 infection than those Rh positive.

Itis well-known that ABO and Rh groups show differ-
ent frequencies among different populations and ethnic
groups. In the Polish population, the most frequent
blood group is ARh+ (32%) and 0 Rh+ (31%) while AB
Rh- group is the rarest (about 1%) [13]. Similar frequen-
cies of blood types were observed in the included sub-
jects (non-infected and convalescents), thus it can be
stated that the study group well reflected the population.

Recent studies suggest that blood group A may be
associated with a higher risk of developing COVID-19 and
the severe course of the disease while the presence of
anti-A antibodies (especially in people with 0 blood
group) is considered a protective factor for SARS-
CoV-2virus infection. Zhao et al. [14] in their study from
Wuhan and Shenzhen showed significantly higher risk
for SARS-CoV-2 infection in patients with blood type
A and lower risk in patients with blood type 0. A study
performed on 419 subjects with COVID-19 from Libya
also showed, that patients with A-type blood more
often had a severe course of the disease than patients
with type 0 blood [15]. The meta-analysis performed
by Balaouras et al. [16] and a study by Moslemi et al.
[17] that included over 650 thousand blood donors also
confirm this observation. Subjects included in the study
were healthy blood donors, at least 6 months after con-
firmation of COVID-19 (if declared convalescent). Similar
research was performed by Damiani et al. [18], who
included blood donors positive for anti-SARS-CoV-2 IgG
antibodies. In their study the seroprevalence was more
frequent in A and AB groups, however, it has to be
underlined that they did not divide the study group into
symptomatic and asymptomatic convalescent and that
in some of the COVID-19 convalescents the antibodies
could be already at such a small titter, that could be un-
detectable. Direct comparison of studies from different
world regions should be made very carefully, mainly
because of different blood type distributions in different
populations. In the Polish population, the predominant
blood types are A and 0. Statistical analysis did not
show any difference between the rate of morbidity with
COVID-19 between those two groups. There was also
no difference in Rh factor between patients who were
and were not infected. This could be explained by the
relatively small study group (294 individuals included),
however the size of the study group did not significantly

deviate from Nigerian [19] or Brazilian [20] studies. The
present results, however, are in line with the Bhandari et
al. study, which did not show any association between
ABO/Rh blood groups and COVID-19 mortality and sus-
ceptibility. In addition, Bhandari et al. [21] work takes into
consideration other confounding factors such as age
and sex. Similar results were provided by Latz et al. [22],
who showed no association between blood groups as an
independent risk factor for COVID-19 severity. Moreover,
subjects with blood group A were not at higher risk of
testing positive for COVID-19, but B type and AB were.

Despite not showing any significant association be-
tween ABO and Rh blood types and COVID-19 suscep-
tibility, some interesting findings were received when
comparing blood type frequency in symptomatic and
asymptomatic subjects. The first stage of the following
study included the participants based on their decla-
ration of previous disease. This declaration is based
on SARS-CoV-2 RT-PCR positive results or lack of any
symptoms of the disease and no positive viral test result.
The second stage was to assess the presence of anti-N
SARS-CoV-2 antibodies in all individuals sera, to confirm
the lack of infection in a group of declared non-infected
subjects. This analysis excluded 68 individuals (among
147) who tested positive for these antibodies from the
“non-infected” group. Since the patients had not re-
ported any symptoms of infection, they were classified
as asymptomatic convalescents. This study found that
asymptomatic convalescents were more frequently
A Rh negative and 0 Rh negative and less frequently
0 Rh positive and AB Rh positive than the general
Polish population. These observations do not confirm
blood type A to be a risk factor for severe course of
COVID-19 or the protective role of anti-A antibodies in
SARS-CoV-2 infection. Nevertheless, when considering
the Rh factor, it turned out that those subjects with ARh
negative and O Rh negative blood types significantly
more often were asymptomatic than symptomatic
COVID-19 convalescents. Studying the frequency fur-
ther of Rh blood type in symptomatic and asymptomatic
convalescents, statistically significant differences be-
tween Rh positive and Rh negative patients in included
convalescents were discovered. These results show
that asymptomatic convalescents were more likely Rh
negative than symptomatic patients, which may sug-
gest Rh negativity is associated with a milder course
of COVID-19 disease. Similarly, in a large study from
Ontario, Canada researchers showed that Rh-negative
patients had a lower risk of severe COVID-19 disease
or death, which supports the present findings [23]. On
the contrary, other researchers did not find any asso-
ciation between the Rh factor and COVID-19 morbidity
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[16, 24, 25], but they included only those positive for
COVID-19 and healthy individuals, without extracting the
group of asymptomatic subjects. The present results
find some confirmation in a report presented by Khder
Mustafa et al. [26] who showed that those individuals of
Rh-negative blood type are at lower risk of COVID-19,
but still, they included only subjects with symptomatic
infection tested positive for SARS-CoV-2 presence.
Thus, the present observation is highly pioneering.

At this place, the question must be asked, how
does lack of D antigen from the Rh blood type system
play a protective role against symptomatic SARS-
-CoV-2 infection? A study from Jahrsdoerfer et al. [27]
sheds some light on this possible phenomenon. They
found that Rh-negative convalescents have significantly
lower titters of SARS-CoV-2 neutralizing antibodies. It
may be explained in two ways: Rh-negative subjects
produce fewer antibodies against the virus or a lower
titter of antibodies is necessary to limit the infection in
Rh-D-negative individuals. Rh D factor was previously
reported as one, that may have an important role in
susceptibility to viral infections. Rh negativity was found
as a possible protective feature against parvovirus
B19 [28], and one of the theories explaining this phe-
nomenon is that the Rh D antigen is associated with
the binding of the virus to the red blood cell surface.
Sugrue et al. [29] found that Rh-negative males respond
strongly to influenza A virus by activating IFN-y path-
way genes and suggest that this mechanism may be
responsible for lower susceptibility to viral infections, in-
cluding SARS-CoV-2. This finding seems to be the most
convincing, however further studies will be necessary to
confirm this thesis with regard to SARS-CoV-2 infection.

Conclusions

In conclusion, the study did not confirm the protec-
tive role of blood group 0 in SARS-CoV-2 infection or
COVID-19 severity as well as a higher risk of infection
in patients with blood group A in the Polish population.
However, it did show that patients with Rh-negative blood
type may present a milder course of COVID-19 disease.
Despite convincing results, some limitations of this
study can be identified. Firstly, the size of the sample
is relatively small. Secondly, the study group consisted
of volunteer blood donors at Warsaw’s Blood Centre
and no additional information about age or gender
was provided. However, the authors still believe that
the presented results provide new input in a worldwide
discussion regarding factors that made people more or
less susceptible to SARS-CoV-2 infection.

Article information

Data availability statement: The data presented in this
study are available on request from the correspond-
ing author.

Ethics statement: The study was approved by the
Bioethical Committee of the Medical University of
Warsaw (protocol code AKBE/136/2021, date of ap-
proval 6.09.2021).

Author contributions: Conceptualisation — O.C.; meth-
odology — M.P., M.M.-G., D.K., O.C.; software — M.P.,
O.C.; validation — M.P., M.M.-G., O.C.; formal analysis
— M.P, AK, AK, M.S., D.K, M.M.-G.; investigation
— M.P., AK, AK, M.S., D.K., M.M.-G., O.C.; resourc-
es — M.P., M.M.-G., D.K., O.C.; data curation — M.P.,
O.C.; writing — original draft preparation — M.P., O.C.;
writing — review and editing — A.K., A.K,, M.S., D.K,
M.M.-G.; visualization — O.C.; supervision — O.C.;
project administration — M.M.-G., O.C.; funding acqui-
sition — O.C. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the Medical
University of Warsaw, grant number: FW115/1/F/
[GW/N/21 MUW Internal grant, Pl Olga Ciepiela.
Acknowledgements: The authors acknowledge the
help of Warsaw’s Blood Centre during sample collection.
Conflict of interest: None.

References

1. Raport zakazen koronawirusem (SARS-CoV-2) — Koronawirus:
informacje i zalecenia- PortalGov.pl. https://www.gov.pl/web/korona-
wirus/wykaz-zarazen-koronawirusem-sars-cov-2 (14.07.2023).

2. LiG, FanY,LaiY, etal. Coronavirus infections and immune responses.
J Med Virol. 2020; 92(4): 424-432, doi: 10.1002/jmv.25685, indexed
in Pubmed: 31981224.

3. Safiabadi Tali SH, LeBlanc JJ, Sadiq Z, et al. Tools and techniques
for severe acute respiratory syndrome coronavirus 2 (SARS-
-CoV-2)/COVID-19 detection. Clin Microbiol Rev. 2021; 34(3),
doi: 10.1128/CMR.00228-20, indexed in Pubmed: 33980687.

4. Cevik M, Bamford CGG, Ho A. COVID-19 pandemic — a focused
review for clinicians. Clin Microbiol Infect. 2020; 26(7): 842-847,
doi: 10.1016/j.cmi.2020.04.023, indexed in Pubmed: 32344166.

5. Zhang JJ, Dong X, Liu GH, et al. Risk and protective factors for CO-
VID-19 morbidity, severity, and mortality. Clin Rev Allergy Immunol.
2023; 64(1): 90-107, doi: 10.1007/s12016-022-08921-5, indexed in
Pubmed: 35044620.

6. Radzikowska U, Ding M, Tan Ge, et al. Distribution of ACE2, CD147,
CD26, and other SARS-CoV-2 associated molecules in tissues and
immune cells in health and in asthma, COPD, obesity, hyperten-
sion, and COVID-19 risk factors. Allergy. 2020; 75(11): 2829-2845,
doi: 10.1111/all.14429, indexed in Pubmed: 32496587.

7. Davies NG, Klepac P, Liu Y, et al. CMMID COVID-19 working group.
Age-dependent effects in the transmission and control of COVID-19
epidemics. Nat Med. 2020; 26(8): 1205-1211, doi: 10.1038/s41591-
020-0962-9, indexed in Pubmed: 32546824.

8. Shakoor H, Feehan J, Al Dhaheri AS, et al. Immune-boosting role of
vitamins D, C, E, zinc, selenium and omega-3 fatty acids: Could they
help against COVID-19?7 Maturitas. 2021; 143: 1-9, doi: 10.1016/j.
maturitas.2020.08.003, indexed in Pubmed: 33308613.

9. Ellinghaus D, Degenhardt F, Bujanda L, et al. Severe Covid-19
GWAS Group. Genomewide association study of severe COVID-19
with respiratory failure. N Engl J Med. 2020; 383(16): 1522-1534,
doi: 10.1056/NEJM0a2020283, indexed in Pubmed: 32558485.

www.journals.viamedica.pl/medical_research_journal

275


https://www.gov.pl/web/koronawirus/wykaz-zarazen-koronawirusem-sars-cov-2
https://www.gov.pl/web/koronawirus/wykaz-zarazen-koronawirusem-sars-cov-2
http://dx.doi.org/10.1002/jmv.25685
https://www.ncbi.nlm.nih.gov/pubmed/31981224
http://dx.doi.org/10.1128/CMR.00228-20
https://www.ncbi.nlm.nih.gov/pubmed/33980687
http://dx.doi.org/10.1016/j.cmi.2020.04.023
https://www.ncbi.nlm.nih.gov/pubmed/32344166
http://dx.doi.org/10.1007/s12016-022-08921-5
https://www.ncbi.nlm.nih.gov/pubmed/35044620
http://dx.doi.org/10.1111/all.14429
https://www.ncbi.nlm.nih.gov/pubmed/32496587
http://dx.doi.org/10.1038/s41591-020-0962-9
http://dx.doi.org/10.1038/s41591-020-0962-9
https://www.ncbi.nlm.nih.gov/pubmed/32546824
http://dx.doi.org/10.1016/j.maturitas.2020.08.003
http://dx.doi.org/10.1016/j.maturitas.2020.08.003
https://www.ncbi.nlm.nih.gov/pubmed/33308613
http://dx.doi.org/10.1056/NEJMoa2020283
https://www.ncbi.nlm.nih.gov/pubmed/32558485

MEDICAL RESEARCH JOURNAL 2023, vol. 8, no. 4

Guillon B, Clément M, Sébille V, et al. Inhibition of the interaction
between the SARS-CoV spike protein and its cellular receptor by anti-
-histo-blood group antibodies. Glycobiology. 2008; 18(12): 1085-1093,
doi: 10.1093/glycob/cwn093, indexed in Pubmed: 18818423.

. Tamayo-Velasco A, Pefarrubia-Ponce MJ, Alvarez FJ, et al. ABO

Blood System and COVID-19 Susceptibility: Anti-A and Anti-B Anti-
bodies Are the Key Points. Front Med (Lausanne). 2022; 9: 882477,
doi: 10.3389/fmed.2022.882477, indexed in Pubmed: 35547235.
Anstee DJ. The relationship between blood groups and disease. Blo-
od. 2010; 115(23): 4635-4643, doi: 10.1182/blood-2010-01-261859,
indexed in Pubmed: 20308598.

Grupy krwi. Dziedziczenie grupy krwi. https://krwiodawcy.org/grupy-
-krwi (14.07.2023).

Zhao J, Yang Y, Huang H, et al. Relationship Between the ABO Blood
Group and the Coronavirus Disease 2019 (COVID-19) Susceptibility.
Clin Infect Dis. 2021; 73(2): 328-331, doi: 10.1093/cid/ciaal150,
indexed in Pubmed: 32750119.

Bshaena AM, Aimajdoub OH, Alshwesh RA, et al. Association Be-
tween ABO Blood Group System and COVID-19 Severity. Am J Clin
Pathol. 2022; 158(5): 570-573, doi: 10.1093/ajcp/agac106, indexed
in Pubmed: 36069364.

Balaouras G, Eusebi P, Kostoulas P Systematic review and meta-
-analysis of the effect of ABO blood group on the risk of SARS-CoV-2
infection. PLoS One. 2022; 17(7): e0271451, doi: 10.1371/journal.
pone.0271451, indexed in Pubmed: 35901063.

Moslemi C, Saekmose S, Larsen R, et al. A large cohort study of
the effects of Lewis, ABO, 13 other blood groups, and secretor
status on COVID-19 susceptibility, severity, and long COVID-19.
Transfusion. 2023; 63(1): 47-58, doi: 10.1111/trf. 17170, indexed in
Pubmed: 36271437.

. Sticchi Damiani A, Zizza A, Banchelli F, et al. Seroprevalence COVID

Blood Donors Study Group. Association between ABO blood groups
and SARS-CoV-2 infection in blood donors of Puglia region. Ann He-
matol. 2023; 102(10): 2923-2931, doi: 10.1007/s00277-023-05331-1,
indexed in Pubmed: 37442822.

Turhan AB, Icten S, Ayazoglu TA, et al. ABO-Rh Blood Types and
Clinical Consequences of COVID-19 Infection. Niger J Clin Pract.
2022; 25(10): 1660-1665, doi: 10.4103/njcp.njcp 2042 21, indexed
in Pubmed: 36308236.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Arent CO, Padilha AR Borba LA, et al. ABO Blood Type and Me-
tabolic Markers in COVID-19 Susceptibility and Severity: A Cross-
-Sectional Study. Metab Syndr Relat Disord. 2023; 21(6): 335-344,
doi: 10.1089/met.2023.0022, indexed in Pubmed: 37352417.
Bhandari P, Durrance RJ, Bhuti P, et al. Analysis of ABO and Rh
Blood Type Association With Acute COVID-19 Infection in Hospi-
talized Patients: A Superficial Association Among a Multitude of
Established Confounders. J Clin Med Res. 2020; 12(12): 809-815,
doi: 10.14740/jocmr4382, indexed in Pubmed: 33447315.

Latz CA, DeCarlo C, Boitano L, et al. Blood type and outcomes in
patients with COVID-19. Ann Hematol. 2020; 99(9): 2113-2118,
doi: 10.1007/s00277-020-04169-1, indexed in Pubmed: 32656591.
Ray JG, Schull MJ, Vermeulen MJ, et al. Association Between ABO and
Rh Blood Groups and SARS-CoV-2 Infection or Severe COVID-19 Ill-
ness : A Population-Based Cohort Study. Ann Intern Med. 2021; 174(3):
308-315, doi: 10.7326/M20-4511, indexed in Pubmed: 33226859.
ljaz S, Cheema AH, Rafiq A, et al. Relationship between the ABO
blood group and Rhesus factors with COVID-19 susceptibility. Expert
Rev Hematol. 2023; 16(4): 297-303, doi: 10.1080/17474086.2023.21
92476, indexed in Pubmed: 36927161.

Ergoren MC, Akan G, Guler E, et al. Sex and ABO Blood Differences
in SARS-CoV-2 Infection Susceptibility. Glob Med Genet. 2023; 10(1):
22-26, doi: 10.1055/s-0043-1761202, indexed in Pubmed: 36727032.
Khder Mustafa S, Zrar Omar S, Kamal Ahmad K, et al. The associa-
tion of ABO blood group distribution and clinical characteristics in
patients with SARS-CoV-2. J Infect Dev Ctries. 2023; 17(1): 18-22,
doi: 10.3855/jidc. 17430, indexed in Pubmed: 36795922.

Jahrsdorfer B, GroB3 R, Seidel A, et al. Characterization of the SARS-
-CoV-2 Neutralization Potential of COVID-19-Convalescent Donors.
JImmunol. 2021; 206(11): 2614-2622, doi: 10.4049/jimmunol.2100036,
indexed in Pubmed: 33980583.

Healy K, Aulin LBS, Freij U, et al. Prevalence of parvovirus B19 viremia
among german blood donations and the relationship to ABO and
rhesus blood group antigens. J Infect Dis. 2023; 227(10): 1214-1218,
doi: 10.1093/infdis/jiac456, indexed in Pubmed: 36408632.

Sugrue JA, Smith M, Posseme C, et al. Milieu Interieur Consortium.
Rhesus negative males have an enhanced IFNy-mediated immune
response to influenza A virus. Genes Immun. 2022; 23(2): 93-98,
doi: 10.1038/s41435-022-00169-5, indexed in Pubmed: 35428875.

276

www.journals.viamedica.pl/medical_research_journal


http://dx.doi.org/10.1093/glycob/cwn093
https://www.ncbi.nlm.nih.gov/pubmed/18818423
http://dx.doi.org/10.3389/fmed.2022.882477
https://www.ncbi.nlm.nih.gov/pubmed/35547235
http://dx.doi.org/10.1182/blood-2010-01-261859
https://www.ncbi.nlm.nih.gov/pubmed/20308598
https://krwiodawcy.org/grupy-krwi
https://krwiodawcy.org/grupy-krwi
http://dx.doi.org/10.1093/cid/ciaa1150
https://www.ncbi.nlm.nih.gov/pubmed/32750119
http://dx.doi.org/10.1093/ajcp/aqac106
https://www.ncbi.nlm.nih.gov/pubmed/36069364
http://dx.doi.org/10.1371/journal.pone.0271451
http://dx.doi.org/10.1371/journal.pone.0271451
https://www.ncbi.nlm.nih.gov/pubmed/35901063
http://dx.doi.org/10.1111/trf.17170
https://www.ncbi.nlm.nih.gov/pubmed/36271437
http://dx.doi.org/10.1007/s00277-023-05331-1
https://www.ncbi.nlm.nih.gov/pubmed/37442822
http://dx.doi.org/10.4103/njcp.njcp_2042_21
https://www.ncbi.nlm.nih.gov/pubmed/36308236
http://dx.doi.org/10.1089/met.2023.0022
https://www.ncbi.nlm.nih.gov/pubmed/37352417
http://dx.doi.org/10.14740/jocmr4382
https://www.ncbi.nlm.nih.gov/pubmed/33447315
http://dx.doi.org/10.1007/s00277-020-04169-1
https://www.ncbi.nlm.nih.gov/pubmed/32656591
http://dx.doi.org/10.7326/M20-4511
https://www.ncbi.nlm.nih.gov/pubmed/33226859
http://dx.doi.org/10.1080/17474086.2023.2192476
http://dx.doi.org/10.1080/17474086.2023.2192476
https://www.ncbi.nlm.nih.gov/pubmed/36927161
http://dx.doi.org/10.1055/s-0043-1761202
https://www.ncbi.nlm.nih.gov/pubmed/36727032
http://dx.doi.org/10.3855/jidc.17430
https://www.ncbi.nlm.nih.gov/pubmed/36795922
http://dx.doi.org/10.4049/jimmunol.2100036
https://www.ncbi.nlm.nih.gov/pubmed/33980583
http://dx.doi.org/10.1093/infdis/jiac456
https://www.ncbi.nlm.nih.gov/pubmed/36408632
http://dx.doi.org/10.1038/s41435-022-00169-5
https://www.ncbi.nlm.nih.gov/pubmed/35428875

