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Abstract

Background: This study aimed to investigate the relationship between ABO blood groups and the mortality rate, disease severity,
and length of hospitalization (LOH) in patients with COVID-19.
Methods: A hospital-based cross-sectional study was conducted from March 1 to June 1, 2020. Demographics, comorbidities, and
biochemical data were gathered, and the association of ABO blood groups with mortality rate, disease severity (hospitalization in
general ward or ICU), and LOHwas investigated using standard univariate analysis and logistic regression.
Results: Out of 398 patients who were positive for COVID-19, 65 (16.3%), 71 (17.8%), 9 (2.3%), and 252 (63.3%) had blood groups of A, B,
AB, and O, respectively. Multivariate analysis showed that for each day of hospitalization, the odds of death increased by 4% (OR =
1.04, P = 0.004). Also, the chance of death was 43% lower in patients with blood group O than those with other blood groups (OR =
0.574, P = 0.032). In patientswith blood groupA, the chance of hospitalization at the ICUwas five times higher compared to patients
with other blood groups (OR = 5.038, P = 0.002). The LOHwas 5.437 and 2.6 days shorter in Rh-positive patients and thosewith blood
group B, while patients with blood group Awere hospitalized 3.7 days longer than individuals with other blood groups.
Conclusions: Thepresent study showed that COVID-19mortalitywas lower in patientswith blood groupO compared to individuals
with other blood groups. Also, blood group Awas associated withmore severe COVID-19 disease and longer LOH.
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1. Background

The novel coronavirus disease (COVID-19) caused by
the SARS-CoV-2 virus started to spread across the globe
from China in December 2019, resulting in more than
21.1 million confirmed infections and more than 761 000
deaths worldwide as of August 17, 2021 (1). Despite strict
measures to contain the spread of the virus, the disease
continues to ravage the world, overwhelm hospital
resources, and exhaust health personnel. The most
common symptoms of COVID-19 include fever, cough,
fatigue, dyspnea, and sputum production. The SARS-CoV-2
virus has variably affected different populations in
the world (2). In this regard, older people and those
suffering from comorbidities such as cardiovascular
diseases (CVDs), diabetes, and pulmonary disease are
more vulnerable and likely to develop severe disease (3).

Multiple researcheffortshavebeenmade todetermine
the risk and vulnerability factors for severe COVID-19,

which has important clinical implications in terms of
triage and prognosis. So far, several population-based
studies have identified patient-related risk factors that
can predict poor outcomes in COVID-19, including gender,
race, ethnicity, age, obesity, and preexisting medical
conditions (4). Recent studies have investigated the
association between ABO blood group type and the risk
of contracting COVID-19 (5, 6). The blood group has been
identified as a risk factor inmanydiseases, includingCVDs,
gastrointestinal diseases, dementia, cancer, and diabetes;
however, most of these studies have been focused on
infectious diseases (7). Blood group antigens play a direct
role in infections through various mechanisms. At the
molecular level, blood group antigens can act as main
receptors for pathogens and facilitators for the cellular
uptake of viral particles (8). Blood groups have been noted
to be clinically associated with bacterial, parasitic, and
viral infections (9, 10). There are also studies indicating
that blood groups can affect susceptibility to certain
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viruses such as SARS-CoV-1 and norovirus. Accordingly,
ABO antigens comprise the main blood group system and
express not only on the surface of red blood cells but also
on the surface of other cells in the body. These antigens
are made of polysaccharides mimicking the structure of
the polysaccharides present in some bacteria, so theymay
directly or indirectly enhance or weaken the function of
the immunesystem. Zhaoetal. describedthatbloodgroup
A could be associated with a higher risk of contraction
and death due to COVID-19, while blood group O was
associated with a lower risk of infection andmortality (11).
Also, Zietz et al. found that blood group A was associated
with a higher chance of testing positive for COVID-19 (12).
A meta-analysis study in 2012 demonstrated that non-O
bloodgroupswere among themost important genetic risk
factors for venous thromboembolism (13). Coagulopathy
has been reported to be a common problem in patients
with COVID-19 (14, 15), requiring strict risk management
for venous thromboembolism in this condition. However,
there are also negative relationships between blood group
and infections with SARS-CoV-2 (16-19).

2. Objectives

Considering that the results of studies are
contradictory, the present research was conducted to
investigate the relationship between ABO blood groups
and the mortality rate, disease severity, and length of
hospitalization (LOH) in patients with COVID-19.

3. Methods

This study was a cross-sectional, multi-center analysis
of adult patients with COVID-19 hospitalized in two
hospitals (Shahid Beheshti Hospital of Shiraz and Shariati
Hospital of Isfahan) from March 1 to June 1, 2020. Written
informed consent was obtained from all participants or
their caregivers before data collection. All patients who
tested positive for COVID-19 (based on the nasopharyngeal
reverse transcriptase polymerase chain reaction method)
and whose blood groups were recorded in their profiles
were included in the study. We excluded those without a
documented ABO blood group and younger than 18 years
old. Demographic data (age, sex), comorbidities, disease
severity (hospitalization in general ward or intensive
unit care (ICU), LOH (number of inpatient days spent in
ICU and/or skilled care setting over the study period),
and disease outcomes (i.e., neuronal, gastrointestinal,
or cardiac involvement) were recorded. The LOH was
defined as the total number of days of admission during
the study period. Death was recorded when the patient

passed away during the study period. Severe disease was
regarded for ICU admission and/or death. The accuracy of
data was carefully evaluated by healthcare staff working
in thementioned hospitals and the research team prior to
analysis. Those who were involved in data gathering did
not perform data analysis.

This study was approved by the Research Ethics
Committee of Islamic Azad University, Najaf Abad
Branch, and informed written consent was obtained
from all participants. The study protocol was in
accordance with the Declaration of Helsinki (1975)
and its amendments in 2008. The history of diseases
such as hypertension, hyperlipidemia, CVDs, diabetes
mellitus, and cancer was questioned. The serum levels of
creatinine, blood urea nitrogen (BUN), C-reactive protein
(CRP), erythrocyte sedimentation rate (ESR), lactate
dehydrogenase (LDH), alanine transaminase (ALT), and
aspartate aminotransferase (AST), as well as white blood
cell count (WBC), were recorded.

3.1. Statistical Analysis

All data were analyzed with SPSS version 24 software.
The frequencies of various blood groups, as the main
independent variable, were described in different
study groups. The patients’ demographic and clinical
characteristics were presented using descriptive statistics.
The normality of data was assessed, and non-parametric
tests were used for data analysis. The chi-square test was
used to analyze qualitative variables, and ANOVA or the
Kruskal-Wallis test was used to compare quantitative
variables between study groups. Odds ratios (ORs) for ABO
blood groups were determined by logistic regression and
adjusted for age, gender, the presence of comorbidities
(diabetes, CVDs, and history of cancer), and Rh status.
All tests were performed at the error level of 5% as the
statistical significance cut-off.

4. Results

During the study period, the data of 398 patients
admitted to two hospitals due to COVID-19 infection
were analyzed. Patients’ demographic characteristics,
comorbidities, and the results of laboratory tests have
been presented in Table 1. Of the patients, 238 (59.8%) were
men; 17 (4.3%)were admitted to the ICU, and 89 (22.4%) died
of the disease. Also, 124 (31.2%) patients had diabetes, 165
(41.5%) had CVDs, and 30 (7.5%) of them had cancer. Out
of 398 patients who were positive for COVID-19, 65 (16.3%),
71 (17.8%), 9 (2.3%), and 252 (63.3%) had blood groups of A,
B, AB, and O, respectively, and 385 (96.7%) were Rh-positive.
Themeanvalues of ALT, AST, LDH, BUN, creatinine, ESR, CRP,
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andWBCdidnot differ significantly betweenpatientswith
different blood groups (Table 1).

Multivariate analysis showed that for each day of
hospitalization, the odds of death increased by 4% (OR =
1.04, P = 0.004). Also, the chance of deathwas 43% lower in
patients with blood group O than those with other blood
groups (OR = 0.574, P = 0.032) (Table 2). In patients with
blood group A, the chance of hospitalization at the ICU
was five times higher than in patients with other blood
groups (OR = 5.038, P = 0.002) (Table 3). The LOH was 5.437
and 2.6 days shorter in Rh-positive patients and thosewith
blood group B, while patients with blood group A were
hospitalized 3.7 days longer than individuals with other
blood groups (Table 4).

5. Discussion

In the present study, we assessed the effects of ABO
blood groups on the outcome, disease severity, and LOH
in patients infected with the SARS-CoV-2. We observed the
lowest chance of death in patients with blood group O
compared to those with other blood groups. In addition,
patients with blood group A had the highest probability
of ICU admission and a longer hospital stay compared to
peoplewith other blood groups. Also, positivity for Rhwas
associated with a shorter hospitalization period.

Genetic factors play an important role in the
development of various diseases. Accordingly, ABO
blood groups, as a genetic factor, have been widely
studied for their roles in the pathogenesis of infectious
diseases (20-22). After the onset of the recent coronavirus
pandemic, several studies were conducted on the
relationship between ABO blood groups and COVID-19
(11, 23, 24). Most of these studies showed that among
infected people, the proportion of patients with blood
groupAwas relativelyhigh,while the ratioof patientswith
blood group Owas low. In comparisonwith studies on the
link between blood groups and susceptibility to COVID-19,
fewer studies have been conducted on the relationship
between blood groups andmortality, disease severity, and
LOH in these patients. In a meta-analysis of 10 studies by
Liu et al., only five studies investigated the association
betweenABObloodgroups andCOVID-19-relatedmortality
(25). This meta-analysis stated that blood group A was
associated with a significant increase in the risk of
mortality compared to other blood groups, which is in
agreement with the results of the present study. Another
study also showed that the risk of mortality due to
COVID-19 was significantly higher in patients with blood
group A and lower in those with blood group O compared
to individuals with other blood groups (26). Nevertheless,

there are also studies stating no relationship between ABO
blood groups andmortality in COVID-19 patients (27, 28).

Our study revealed a significant relationship between
blood group A and the severity of COVID-19 (as defined
by admission to the ICU). In line, Halim et al. reported
that disease severity, as well as COVID-19 complications
and mortality, were significantly higher in patients with
blood group A than those with non-A blood groups (29).
In a study by Almadhi et al. on 2 334 COVID-19 patients,
no association was found between blood groups and
disease severity (30). Likewise, Rana et al. discovered no
relationship between blood groups and susceptibility to
severe COVID-19 (28).

In the present study, the LOH was significantly
longer in COVID-19 patients with blood group A than in
patients with non-A blood groups. Also, Rh positivity
was associated with a significant decrease in the
number of hospitalization days, which was similar to
the results of Rana et al. (28). In contrast, Gursoy and
Avci identified no relationship between blood groups
and hospitalization length (31). Regarding the fact that
negative Rh represented nearly 3% of individuals in our
data, our results should be interpreted with caution. Our
literature search revealed that studies on the relationship
between the length of the recovery period and blood
groups are rare. In one study by Esref et al., Rh positivity
was significantlymoreprevalent amongCOVID-19 patients
(32), while no significant difference was observed in
another study by Solmaz (27).

Various mechanisms have been proposed to explain
the poorer prognosis of COVID-19 patients with blood
group A. The activity of angiotensin-converting enzyme-1
(ACE-1) is higher in people with blood group A, rendering
them more prone to cardiovascular complications and
severe COVID-19. Also, people with blood type A have
elevated levels of Von Willebrand factor (VWF) and factor
VIII, boosting the risk of thromboembolic events in those
contracting COVID-19 (33). On the other hand, the
higher prevalence of some viral infections in Rh-negative
people is probably due to the variable expression of
glycosylated structures on the surface of red blood cells,
acting as common receptors/co-receptors and facilitating
the binding of viruses (34).

One of the strengths of this study was the inclusion
of laboratory findings in data analysis and adjusting the
effects of possible confounding factors in multivariate
analysis. However, our resultsmay be restricted by the fact
that this study had a retrospective observational design
and a relatively small sample size.
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Table 1. Characteristics of the Patients

Variables Blood Group A Blood Group B Blood Group AB Blood GroupO P-Value

Age,mean ± SD 59.43 ± 17.75 60.70 ± 17.90 58.77 ± 12.36 58.65 ± 17.86 0.921

Rh-positive 62 (95.4) 69 (97.2) 8 (88.9) 245 (97.2) 0.502

Female sex 20 (30.8) 28 (39.4) 5 (55.6) 106 (42.1) 0.291

DM 21 (32.3) 20 (28.2) 2 (22.2) 81 (32.1) 0.854

CVD 23 (35.4) 34 (47.9) 3 (33.3) 105 (41.7) 0.486

CA 7 (10.8) 8 (11.3) 1 (11.1) 14 (5.6) 0.270

ALT 43.77 ± 33.39 49.19 ± 36.03 36.77 ± 30.13 44.65 ± 19.47 0.559

AST 55.54 ± 36.93 48.91 ± 25.11 42.77 ± 25.08 47.64 ± 17.12 0.600

LDH 685.80 ± 327.43 696.43 ±351.85 623.11 ± 274.75 640.65 ± 389.12 0.565

BUN 20.35 ± 16.22 19.13 ± 11.66 19.77 ± 11.87 17.71 ± 13.54 0.668

Cr 1.60 ± 1.07 1.51 ± 0.61 1.45 ± 1.07 1.64 ± 0.27 0.963

CRP 48.88 ± 28.67 42.04 ± 23.38 51.33 ± 26.72 46.77 ± 31.07 0.674

ESR 7253.84 ± 4441.25 8321.12 ± 5414.81 10900.00 ± 5167.84 7570.59 ± 5950.84 0.108

WBC 78.18 ± 41.27 64.49 ± 42.77 79.77 ± 41.47 67.51 ± 38.94 0.187

Abbreviations: SD, standard deviation; DM, diabetesmellitus; CVD, cardiovascular diseases, CA, cancer; ALT, alanine transaminase; AST, aspartate aminotransferase; LDH,
lactate dehydrogenase; BUN, blood urea nitrogen; Cr, creatinine; ESR, erythrocyte sedimentation rate; WBC, white blood cells.

Table2.MultivariableAnalysis of BloodTypeVersusDiseaseOutcome (Improvement/Death), Adjusted for Sex,Historyof DiabetesMellitus, CardiovascularDisease, andCancer,
Sex, Age, and Rh-Positive Factor

Variables Adjusted Odds Ratio 95% CI P-Value

Age 1.030 1.015, 1.046 < 0.001

Hospital duration 1.040 1.012, 1.068 0.004

Blood type, O 0.574 0.345, 0.953 0.032

Table 3. Multivariable Analysis of Blood Type Versus Disease Severity (General Ward/ICU), Adjusted for Sex, History of Diabetes Mellitus, Cardiovascular Disease, and Cancer,
Sex, Age, and Rh-Positive Factor

Variable Adjusted Odds Ratio 95% CI P-Value

Blood type A 5.038 1.849, 13.732 0.003

Table4.MultivariableAnalysis of BloodTypeVersusDiseaseOutcome (Improvement/Death), Adjusted for Sex,Historyof DiabetesMellitus, CardiovascularDisease, andCancer,
Sex, Age, and Rhesus Factor Positive

Variables B 95% CI P-Value

Rhesus factor - 5.437 - 10.089, - 0.784 0.022

Blood type A 3.692 1.370, 6.014 0.002

Blood type, B - 2.967 - 4.923, - 0.471 0.018
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5.1. Conclusions

Our study showed that the severity of COVID-19 and
the duration of hospitalization were higher in patients
with blood group A compared to individuals with other
blood groups. Also, blood group O was associated with a
lower mortality rate, and Rh positivity predicted a shorter
hospitalization period. However, larger multicenter
studies are required to verify the association between
blood groups and SARS-CoV-2 infection.

Acknowledgments

The authors would like to acknowledge the patients,
their dedication and commitment, and the staff and
personnel at the hospitals.

Footnotes

Authors’ Contribution: Each author significantly
contributed to the conception and design of the study. M.
A., B. SK., and M. B. conceived and developed the research
idea, and M. A., B. SK., and K. T. reviewed the manuscript.
The final manuscript will be approved and read by all the
authors.

Conflict of Interests: The authors declare no competing
interests.

DataReproducibility: Thedata that support the findings
of this study are available from the corresponding author
upon reasonable request.

Ethical Approval: This study was approved by
the Research Ethics Committee of Islamic Azad
University, Najaf Abad Branch, with a code of
IR.IAU.NAJAFABAD.REC.1400.033. The study protocol
was in accordance with the Declaration of Helsinki (1975)
and its amendments in 2008.

Funding/Support: This work was supported by the
Islamic Azad University, Najafabad Branch.

Informed Consent: Written informed consent was
obtained from all participants or their caregivers before
data collection.

References

1. World Health Organization. 14.9 million excess deaths associated with
COVID-19 pandemic in 2020 and 2021. 2021. Available from: https:
//www.who.int/news/item/05-05-2022-14.9-million-excess-deaths-
were-associated-with-the-covid-19-pandemic-in-2020-and-2021.

2. Alimohamadi Y, Sepandi M, Taghdir M, Hosamirudsari H. Determine
the most common clinical symptoms in COVID-19 patients: a
systematic review and meta-analysis. J Preventive Med Hygiene.
2020;61(3). E304.

3. Sanyaolu A, Okorie C, Marinkovic A, Patidar R, Younis K, Desai P, et
al. Comorbidity and its Impact on Patients with COVID-19. SN Compr
Clin Med. 2020;2(8):1069–76. [PubMed ID: 32838147]. [PubMed Central
ID: PMC7314621]. https://doi.org/10.1007/s42399-020-00363-4.

4. Bigdelou B, Sepand MR, Najafikhoshnoo S, Negrete JAT, Sharaf
M, Ho JQ, et al. COVID-19 and Preexisting comorbidities: Risks,
synergies, and clinical outcomes. Front Immunol. 2022;13:890517.
[PubMed ID: 35711466]. [PubMedCentral ID: PMC9196863]. https://doi.
org/10.3389/fimmu.2022.890517.

5. Fan Q, Zhang W, Li B, Li DJ, Zhang J, Zhao F. Association Between ABO
Blood Group System and COVID-19 Susceptibility inWuhan. Front Cell
InfectMicrobiol. 2020;10:404. [PubMed ID: 32793517]. [PubMedCentral
ID: PMC7385064]. https://doi.org/10.3389/fcimb.2020.00404.

6. Thenmozhi P, Sudhanya T, Gnanarubi R. Association between blood
group and COVID-19: A case–control study. J Datta Meghe Institute Med
Sci Univ. 2022;17(5). https://doi.org/10.4103/jdmimsu.jdmimsu 389 21.

7. Ewald DR, Sumner SC. Blood type biochemistry and human
disease. Wiley Interdiscip Rev Syst Biol Med. 2016;8(6):517–35.
[PubMed ID: 27599872]. [PubMed Central ID: PMC5061611].
https://doi.org/10.1002/wsbm.1355.

8. Cooling L. Blood Groups in Infection and Host Susceptibility. Clin
Microbiol Rev. 2015;28(3):801–70. [PubMed ID: 26085552]. [PubMed
Central ID: PMC4475644]. https://doi.org/10.1128/CMR.00109-14.

9. Branch DR. Blood groups and susceptibility to virus infection:
New developments. Curr Opin Hematol. 2010;17(6):558–64.
[PubMed ID: 20739878]. https://doi.org/10.1097/MOH.
0b013e32833ece31.

10. Hosseini SM, Feng JJ. How malaria parasites reduce the
deformability of infected red blood cells. Biophys J. 2012;103(1):1–10.
[PubMed ID: 22828326]. [PubMed Central ID: PMC3388224].
https://doi.org/10.1016/j.bpj.2012.05.026.

11. Zhao J, Yang Y, Huang H, Li D, Gu D, Lu X, et al. Relationship
Between the ABO Blood Group and the Coronavirus Disease
2019 (COVID-19) Susceptibility. Clin Infect Dis. 2021;73(2):328–31.
[PubMed ID: 32750119]. [PubMed Central ID: PMC7454371].
https://doi.org/10.1093/cid/ciaa1150.

12. ZietzM, Zucker J, Tatonetti NP. Testing the association between blood
type and COVID-19 infection, intubation, and death. MedRxiv. 2020.
https://doi.org/10.1101/2020.04.08.20058073.

13. Dentali F, Sironi AP, Ageno W, Turato S, Bonfanti C, Frattini F, et
al. Non-O blood type is the commonest genetic risk factor for
VTE: Results from a meta-analysis of the literature. Semin Thromb
Hemost. 2012;38(5):535–48. [PubMed ID: 22740183]. https://doi.org/10.
1055/s-0032-1315758.

14. Iba T, Levy JH, Levi M, Thachil J. Coagulopathy in COVID-19. J Thromb
Haemost. 2020;18(9):2103–9. [PubMed ID: 32558075]. [PubMed Central
ID: PMC7323352]. https://doi.org/10.1111/jth.14975.

15. Seo JW, Kim DY, Yun N, Kim DM. Coronavirus Disease
2019-Associated Coagulopathy. Microorganisms. 2022;10(8).
[PubMed ID: 36013974]. [PubMed Central ID: PMC9415473].
https://doi.org/10.3390/microorganisms10081556.

16. Latz CA, DeCarlo C, Boitano L, Png CYM, Patell R, Conrad MF,
et al. Blood type and outcomes in patients with COVID-19. Ann
Hematol. 2020;99(9):2113–8. [PubMed ID: 32656591]. [PubMed Central
ID: PMC7354354]. https://doi.org/10.1007/s00277-020-04169-1.

17. Zietz M, Zucker J, Tatonetti NP. Associations between blood type
and COVID-19 infection, intubation, and death. Nat Commun.
2020;11(1):5761. [PubMed ID: 33188185]. [PubMed Central ID:
PMC7666188]. https://doi.org/10.1038/s41467-020-19623-x.

18. Pendu JL, Breiman A, Rocher J, Dion M, Ruvoen-Clouet N. ABO
Blood Types and COVID-19: Spurious, anecdotal, or truly important
relationships? A reasoned review of available data. Viruses. 2021;13(2).
[PubMed ID: 33499228]. [PubMedCentral ID: PMC7911989]. https://doi.
org/10.3390/v13020160.

Int J Infect. 2023; 10(1):e142622. 5

https://ethics.research.ac.ir/ProposalCertificateEn.php?id=199747
https://www.who.int/news/item/05-05-2022-14.9-million-excess-deaths-were-associated-with-the-covid-19-pandemic-in-2020-and-2021
https://www.who.int/news/item/05-05-2022-14.9-million-excess-deaths-were-associated-with-the-covid-19-pandemic-in-2020-and-2021
https://www.who.int/news/item/05-05-2022-14.9-million-excess-deaths-were-associated-with-the-covid-19-pandemic-in-2020-and-2021
http://www.ncbi.nlm.nih.gov/pubmed/32838147
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7314621
https://doi.org/10.1007/s42399-020-00363-4
http://www.ncbi.nlm.nih.gov/pubmed/35711466
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9196863
https://doi.org/10.3389/fimmu.2022.890517
https://doi.org/10.3389/fimmu.2022.890517
http://www.ncbi.nlm.nih.gov/pubmed/32793517
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7385064
https://doi.org/10.3389/fcimb.2020.00404
https://doi.org/10.4103/jdmimsu.jdmimsu_389_21
http://www.ncbi.nlm.nih.gov/pubmed/27599872
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5061611
https://doi.org/10.1002/wsbm.1355
http://www.ncbi.nlm.nih.gov/pubmed/26085552
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4475644
https://doi.org/10.1128/CMR.00109-14
http://www.ncbi.nlm.nih.gov/pubmed/20739878
https://doi.org/10.1097/MOH.0b013e32833ece31
https://doi.org/10.1097/MOH.0b013e32833ece31
http://www.ncbi.nlm.nih.gov/pubmed/22828326
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3388224
https://doi.org/10.1016/j.bpj.2012.05.026
http://www.ncbi.nlm.nih.gov/pubmed/32750119
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7454371
https://doi.org/10.1093/cid/ciaa1150
https://doi.org/10.1101/2020.04.08.20058073
http://www.ncbi.nlm.nih.gov/pubmed/22740183
https://doi.org/10.1055/s-0032-1315758
https://doi.org/10.1055/s-0032-1315758
http://www.ncbi.nlm.nih.gov/pubmed/32558075
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7323352
https://doi.org/10.1111/jth.14975
http://www.ncbi.nlm.nih.gov/pubmed/36013974
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9415473
https://doi.org/10.3390/microorganisms10081556
http://www.ncbi.nlm.nih.gov/pubmed/32656591
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7354354
https://doi.org/10.1007/s00277-020-04169-1
http://www.ncbi.nlm.nih.gov/pubmed/33188185
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7666188
https://doi.org/10.1038/s41467-020-19623-x
http://www.ncbi.nlm.nih.gov/pubmed/33499228
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7911989
https://doi.org/10.3390/v13020160
https://doi.org/10.3390/v13020160


Abedi M et al.

19. Anderson JL, May HT, Knight S, Bair TL, Muhlestein JB, Knowlton KU,
et al. Association of Sociodemographic Factors and BloodGroup Type
With Risk of COVID-19 in a US Population. JAMA Netw Open. 2021;4(4).
e217429. [PubMed ID: 33818622]. [PubMed Central ID: PMC8022215].
https://doi.org/10.1001/jamanetworkopen.2021.7429.

20. Tyrrell DA, Sparrow P, Beare AS. Relation between blood groups and
resistance to infection with influenza and spome picornaviruses.
Nature. 1968;220(5169):819–20. [PubMed ID: 4301643]. https://doi.org/
10.1038/220819a0.

21. DavisonGM,HendrickseHL,Matsha TE. Do blood group antigens and
the red cell membrane influence human immunodeficiency virus
infection? Cells. 2020;9(4). [PubMed ID: 32244465]. [PubMed Central
ID: PMC7226767]. https://doi.org/10.3390/cells9040845.

22. Evans AS, Shepard DA, Richards VA. ABO blood groups and viral
diseases. Yale J Biology Medicine. 1972;45(2):81.

23. Severe Covid GG, Ellinghaus D, Degenhardt F, Bujanda L, Buti M,
Albillos A, et al. Genomewide Association Study of Severe Covid-19
with Respiratory Failure. N Engl J Med. 2020;383(16):1522–34.
[PubMed ID: 32558485]. [PubMed Central ID: PMC7315890].
https://doi.org/10.1056/NEJMoa2020283.

24. Zaidi FZ, Zaidi ARZ, Abdullah SM, Zaidi SZA. COVID-19 and the
ABO blood group connection. Transfus Apher Sci. 2020;59(5):102838.
[PubMed ID: 32513613]. [PubMed Central ID: PMC7834841]. https://doi.
org/10.1016/j.transci.2020.102838.

25. Liu N, Zhang T, Ma L, Zhang H, Wang H, Wei W, et al. The impact
of ABO blood group on COVID-19 infection risk and mortality:
A systematic review and meta-analysis. Blood Rev. 2021;48:100785.
[PubMed ID: 33309392]. [PubMedCentral ID: PMC7834371]. https://doi.
org/10.1016/j.blre.2020.100785.

26. Muniz-Diaz E, Llopis J, Parra R, Roig I, Ferrer G, Grifols J, et
al. Relationship between the ABO blood group and COVID-19
susceptibility, severity andmortality in two cohorts of patients. Blood
Transfusion. 2021;19(1):54.

27. Solmaz I, Arac S. ABO blood groups in COVID-19 patients;
Cross-sectional study. Int J Clin Pract. 2021;75(4). e13927.

[PubMed ID: 33296536]. [PubMed Central ID: PMC7883261].
https://doi.org/10.1111/ijcp.13927.

28. Rana R, Ranjan V, Kumar N. Association of ABO and Rh Blood Group
in Susceptibility, Severity, and Mortality of Coronavirus Disease
2019: A Hospital-Based Study From Delhi, India. Front Cell Infect
Microbiol. 2021;11:767771. [PubMed ID: 34796130]. [PubMed Central ID:
PMC8593001]. https://doi.org/10.3389/fcimb.2021.767771.

29. Halim MR, Saha S, Haque IU, Jesmin S, Nishat RJ, Islam A, et
al. ABO Blood Group and Outcomes in Patients with COVID-19
Admitted in the Intensive Care Unit (ICU): A Retrospective Study
in a Tertiary-Level Hospital in Bangladesh. J Multidiscip Healthc.
2021;14:2429–36. [PubMed ID: 34511926]. [PubMed Central ID:
PMC8421326]. https://doi.org/10.2147/JMDH.S330958.

30. Almadhi MA, Abdulrahman A, Alawadhi A, Rabaan AA, Atkin S,
AlQahtani M. The effect of ABO blood group and antibody class on
the risk of COVID-19 infection and severity of clinical outcomes.
Sci Rep. 2021;11(1):5745. [PubMed ID: 33707451]. [PubMed Central ID:
PMC7952683]. https://doi.org/10.1038/s41598-021-84810-9.

31. Gursoy V, Avci S. Effect of ABO blood groups on length of hospital
stay according to age in Covid-19 patients. Hematol Transfus Cell
Ther. 2022;44(1):7–12. [PubMed ID: 34870100]. [PubMed Central ID:
PMC8627862]. https://doi.org/10.1016/j.htct.2021.08.013.

32. Esref ARAC, Solmaz I, Akkoc H, Donmezdil S, Karahan Z, Safak KAYA,
et al. Association between the Rh blood group and the Covid-19
susceptibility. Inter J Hematol Oncol. 2020;33(1):81–6.

33. Goel R, Bloch EM, Pirenne F, Al-Riyami AZ, Crowe E, Dau L, et al. ABO
blood group and COVID-19: a review on behalf of the ISBT COVID-19
Working Group. Vox Sang. 2021;116(8):849–61. [PubMed ID: 33578447].
[PubMed Central ID: PMC8014128]. https://doi.org/10.1111/vox.13076.

34. Kaidarova Z, Bravo MD, Kamel HT, Custer BS, Busch MP, Lanteri MC.
Blood group A and D negativity are associated with symptomatic
West Nile virus infection. Transfusion. 2016;56(7):1699–706.
[PubMed ID: 27189860]. [PubMed Central ID: PMC4938756].
https://doi.org/10.1111/trf.13622.

6 Int J Infect. 2023; 10(1):e142622.

http://www.ncbi.nlm.nih.gov/pubmed/33818622
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8022215
https://doi.org/10.1001/jamanetworkopen.2021.7429
http://www.ncbi.nlm.nih.gov/pubmed/4301643
https://doi.org/10.1038/220819a0
https://doi.org/10.1038/220819a0
http://www.ncbi.nlm.nih.gov/pubmed/32244465
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7226767
https://doi.org/10.3390/cells9040845
http://www.ncbi.nlm.nih.gov/pubmed/32558485
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7315890
https://doi.org/10.1056/NEJMoa2020283
http://www.ncbi.nlm.nih.gov/pubmed/32513613
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7834841
https://doi.org/10.1016/j.transci.2020.102838
https://doi.org/10.1016/j.transci.2020.102838
http://www.ncbi.nlm.nih.gov/pubmed/33309392
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7834371
https://doi.org/10.1016/j.blre.2020.100785
https://doi.org/10.1016/j.blre.2020.100785
http://www.ncbi.nlm.nih.gov/pubmed/33296536
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7883261
https://doi.org/10.1111/ijcp.13927
http://www.ncbi.nlm.nih.gov/pubmed/34796130
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8593001
https://doi.org/10.3389/fcimb.2021.767771
http://www.ncbi.nlm.nih.gov/pubmed/34511926
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8421326
https://doi.org/10.2147/JMDH.S330958
http://www.ncbi.nlm.nih.gov/pubmed/33707451
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7952683
https://doi.org/10.1038/s41598-021-84810-9
http://www.ncbi.nlm.nih.gov/pubmed/34870100
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8627862
https://doi.org/10.1016/j.htct.2021.08.013
http://www.ncbi.nlm.nih.gov/pubmed/33578447
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8014128
https://doi.org/10.1111/vox.13076
http://www.ncbi.nlm.nih.gov/pubmed/27189860
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4938756
https://doi.org/10.1111/trf.13622

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Statistical Analysis

	4. Results
	Table 1
	Table 2
	Table 3
	Table 4

	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

