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Abstract

Background and Aims: There are gaps in knowledge regarding the association

between the ABO blood group and coronavirus disease 2019 (COVID‐19) immediate

and long‐term outcomes. We aimed to investigate the association of ABO blood

group with COVID‐19 in‐hospital adverse outcomes and to determine whether ABO

blood group is associated with post‐COVID‐19 persistent symptoms.

Methods: This was a single‐center longitudinal observational study that included

patients who presented with symptoms suggestive of COVID‐19 infection and a

positive test for COVID‐19 and were able to attend the out‐patient clinic after

6 months following acute COVID‐19. The main outcomes were intensive care unit

admission, the requirement for respiratory support, in‐hospital death, and persistent

symptoms. χ2 test and regression analysis were used to analyze the collected data.

Results: A total of 169 patients were enrolled for the assessment of in‐hospital

adverse outcomes of whom 86 patients were included for the assessment of

persistent symptoms after the exclusion of deceased patients or patients not attended

the out‐patient clinic. Patients with blood group B had higher prevalence of in‐hospital

death compared to blood group O (39% vs. 13%, p = 0.01) and this persisted after

adjusting for sex (odds ratio, OR [confidence interval, CI] = 1.4 [1.1–2.1], p = 0.04),

while patients with blood group AB had higher prevalence of requiring respiratory

support than blood group O (54% vs. 10%, p = 0.02) and this persisted after adjusting

for age (OR [CI] = 1.5 [1.1–2.3], p = 0.02). Concerning the association of ABO blood

group and long‐term symptoms, blood group AB showed a higher prevalence of

palpitation (p < 0.001) and dizziness (p = 0.02) than other blood groups.

Conclusions: Blood groups AB and B are significantly associated with respiratory

support use and in‐hospital death, respectively, compared to blood group O. Blood

group AB is significantly associated with persistent palpitation and dizziness

compared to other blood groups.
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1 | INTRODUCTION

A rapidly spread coronavirus disease 2019 (COVID‐19) caused by an

emerging coronavirus severe acute respiratory syndrome coronavirus‐2

(SARS‐CoV‐2) is associated with protean clinical manifestations, ranging

from asymptomatic/mild symptoms to respiratory failure and even

death.1,2 Persistent symptoms were observed following the acute phase

of COVID‐19 infection causing significant disability in the long term.3,4

Until April 14, 2022, there have been 500,186,525 confirmed cases of

COVID‐19, including 6,190,349 deaths worldwide according to World

Health Organization (WHO) data. The basic reproduction number of the

new SARS‐CoV‐2 is estimated to be in the range between 1.4 and 3.9,

and the infectivity of the virus is higher than other viruses, such as

seasonal influenza and theMiddle East respiratory syndrome.5 According

to WHO reports, there is no effective treatment for COVID‐19 infection

and the best approach against the coronavirus is prevention programs

such as avoiding close contact with other people and wearing a mask.6

Hence, determining the clinical or biological risk factors associated with

COVID‐19 mortality and morbidity is of paramount importance for

health decisions and implications of preventive strategies.5

In the literature, the ABO blood group was found to be

significantly associated with cardiovascular disease, cancers, and

several viral infections, including hepatitis B virus, SARS, influenza,

Rotavirus, and Ebola virus.7–10

Multiple hypotheses have been suggested to account for the

association between the ABO blood group and viral infections and

these include the presence of anti‐A antibodies which could prevent

the interaction between viral particles and receptors on the cell

surface as epithelial cells express ABO blood type antigens, genetic

variations in the ABO gene, plasma levels of von Willebrand factor

and factor VIII, and variation in the expression of angiotensin‐

converting enzyme (ACE).2,9–12 Nonetheless, the exact underlying

mechanism of this association is still not fully understood.

Early during the COVID‐19 pandemic, it has proposed that SARS‐

CoV‐2 receptor‐binding domain, which is responsible for the initial host

cell, preferentially binds to the blood group A expressed on respiratory

epithelial cells. This preferential binding may influence COVID‐19

infection acquisition and contribute to disease progression.2

At present, there are conflicting and nonconclusive results

regarding the association of the ABO blood group with COVID‐19

morbidity and mortality. Also, the potential links between the ABO

blood group and postacute COVID‐19 persistent symptoms have

been far less studied in the literature. While several observational and

meta‐analysis studies showed a significant association between ABO

blood group and COVID‐19 infection susceptibility and sever-

ity,6,8,13,14 other studies showed no association between ABO blood

group and COVID‐19‐related morbidity and mortality.7,15,16

In an attempt to address the gaps in knowledge regarding the

potential link between ABO blood group and COVID‐19 immediate

and long‐term outcomes, we aimed to investigate the association of

ABO blood group with in‐hospital adverse outcomes related to

COVID‐19 infection and to determine whether ABO blood group is

associated with post‐COVID‐19 persistent symptoms.

2 | METHODS

This is a single‐center, observational and longitudinal study that

included Arab patients who were admitted to the hospital or

attended the outpatient clinic at Al‐Amal Hospital for communica-

ble diseases from April 1st to May 30, 2021. The clinical

characteristics, including age, sex, hypertension, diabetes mellitus,

smoking, and body mass index (BMI), and ABO blood group of

patients were collected from a chart review of hospital medical

records by trained physicians. Inclusion criteria were patients who

presented with symptoms suggestive of COVID‐19 infection and a

positive test for COVID‐19 and were able to attend the out‐patient

clinic after 6 months following acute COVID‐19 illness. Exclusion

criteria included patients who had not survived after hospitalization

and failure to attend the out‐patient clinic after 6 months following

acute infection. Finally, 169 patients were included for the

assessment of in‐hospital adverse outcomes of whom 86 patients

were included for the assessment of long‐term symptoms after the

exclusion of deceased patients or patients not attended the out‐

patient clinic. Diagnosis of COVID‐19 infection was confirmed by a

real‐time reverse transcription‐polymerase chain reaction test on

nasopharyngeal swabs. Symptomatic patients without pneumonia

or not requiring hospital admission were categorized as mild‐

moderate illness, while those with pneumonia requiring intensive

care unit (ICU) admission or respiratory support were categorized

as severe‐critical illness. The main outcomes of this study included

the need for ICU admission, the requirement for respiratory

support (continuous positive airway pressure [CPAP] or mechanical

ventilation), and in‐hospital death.

Regarding the assessment of long‐term persistent symptoms,

patients who survived acute infection were invited to attend the out‐

patient clinic after 6 months following COVID‐19 illness diagnosis.

Data on long‐term symptoms were obtained by asking the patients to

mark out symptoms from a predesigned questionnaire, including

shortness of breath interfering with routine daily activities, easy

fatigue, cough, chest pain, palpitation, joint pain, dizziness, headache,

smell loss, and taste loss. If there was a new symptom not mentioned

in the questionnaire list, patients were asked to report it. Verbal

consent was obtained from the patients or their relatives. Approval of

this study was provided by the ethical committee for clinical studies

of faculty of medicine/University of Kufa with approval number

(MEC‐01) and the Scientific Research Committee at Al‐Najaf Health

Directorate with the approval number (46449).
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2.1 | Statistical analysis

Sample size calculation was not performed a priori, and the sample

size was equal to the number of patients who met the inclusion

criteria during the study period. Statistical analyses were achieved

using Statistical Package for Social Sciences (SPSS) Version 23.0

(SPSS Inc). Categorical variables were described using frequency

count and percentages. Continuous variables were represented as

mean ± standard deviation (SD). The comparison of blood group with

in‐hospital adverse outcomes and long‐term persistent symptoms

was computed using the χ2 test. Logistic regression analysis was used

to compute the odds ratio (OR) and confidence interval (CI) between

the ABO blood group and in‐hospital adverse outcomes after

adjusting for sex. A two‐sided p < 0.05 was considered statistically

significant.

3 | RESULTS

A total of 169 patients with symptoms suggestive of COVID‐19

infection and a positive test for COVID‐19 were enrolled in this

study. Of these, 72% (n = 122) had mild‐moderate illness while 28%

(n = 47) had severe‐critical illness. Blood group O had the highest

distribution (n = 71, 42%), followed by A (n = 49, 29%), B (n = 36,

21%), and AB (n = 13, 8%) accordingly. The mean ± SD of age in years

of patients enrolled in the study was 53.8 ± 14, of which 57% (n = 97)

were males. About 47 (28%) patients were admitted to ICU, 36(21%)

have died, and 35 (20%) required respiratory support. The clinical

characteristics of patients are shown in Table 1.

Comorbidities, including hypertension, diabetes, smoking, and

BMI were evenly distributed among ABO blood groups, except for

the male sex which was more frequent in patients with blood group A

and O (n = 34 [69%] and n = 44 [68%], respectively) compared to

blood group B and AB (n = 11 [31]) and n = 4 [31%], respectively,

p < .001) (Table 2).

Patients with blood group B did have significantly higher

prevalence of in‐hospital death compared to blood group O (39%

vs. 13%, p = 0.01), while patients with blood group AB had a much

higher prevalence of respiratory support use than blood group O

(54% vs. 10%, p = 0.02), as in Table 2. In regression analysis after

adjusting for sex, blood group B (OR [CI] = 1.4 [1.1–2], p = .04)

and AB (OR [CI] = 1.5 [1.1–2.3], p = .02) showed a significant

association with in‐hospital death and respiratory support use,

respectively (Table 3).

With regard to the association between the ABO blood group

and long‐term symptoms following the acute COVID‐19 phase, we

were able to collect and analyze the data on long‐term persistent

symptoms from 86 patients after excluding 36 patients who died at

the hospital and 47 patients who did not attend follow up visit. Only

those long‐term symptoms with a prevalence ≥5 were mentioned and

included in the statistical analysis. Blood group AB showed higher

prevalence of palpitation (p < 0.001) and dizziness (p = 0.02) than

other blood groups. There was no significant difference in the

distribution of ABO blood groups among other long‐term persistent

symptoms (Table 4).

4 | DISCUSSION

In the literature, different studies have shown contradictory results

regarding the association of blood groups and adverse outcomes

related to COVID‐19. Also, the potential influence of blood groups

on long‐term persistent symptoms following acute COVID‐19

infection is largely unknown. In the current study, the main aim

was to assess the association of the blood groups with COVID‐19‐

related in‐hospital adverse outcomes and long‐term persistent

symptoms. We observed a significant association between blood

group B and AB with in‐hospital death and respiratory support

(CPAP or mechanical ventilation) use, respectively, while blood

TABLE 1 Patients' characteristics.

Characteristics Mean ± SD or n (%)

Age, years 53 ± 14

Male 97/169 (57)

Hypertension 43/169 (40)

Diabetes mellitus 37/169 (22)

BMI 28 ± 5

Smoking 25/169 (15)

Mild‐moderate COVID‐19 infection 122/169 (72)

Severe COVID‐19 infection 47/169 (28)

ABO blood groups

O 71/169 (42)

A 49/169 (29)

B 36/169 (21)

AB 13/169 (8)

In‐hospital adverse outcome

Death 36/169 (21)

Respiratory support 35/169 (20)

ICU admission 47/169 (28)

Post‐COVID‐19 persistent symptoms

Fatigue 34/86 (40)

Shortness of breath 20/86 (23)

Cough 14/86 (16)

Palpitation 10/86 (12)

Smell loss 9/86 (10)

Dizziness 6/86 (7)

Taste loss 5/86 (6)

Abbreviations: BMI, body mass index; COVID‐19, coronavirus disease
2019; ICU, intensive care unit.
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group O was associated with a low risk of adverse in‐hospital

outcomes.

Several mechanisms have been suggested to explain the

protective role of blood group O in different viral or bacterial

infections. Low expression of ACE, reduced levels of factor VIII and

vonWillebrand factor, and higher levels of inflammatory markers and

anti‐A antibodies have been proposed to account for a protective

role of blood group O in viral infections, including SARS‐CoV‐1

and 2.7,9,12,17 Thus, patients with bold group O are less prone to

thrombosis and vascular dysfunction causing severe respiratory

damage than other blood groups.18

A recent study conducted by Gil‐Manso et al.19 reported that

O‐group persons needed less time to clear the virus than the non‐O‐

group and that they presented lower values of inflammatory mediators,

such as interferon and tumor necrosis factor, and T‐lymphocytes

responses against SARS‐CoV‐2 particles than O‐group subjects. These

inflammatory and cellular immune responses are associated with a lower

viral load which accelerates the clearance of the virus and diminishes its

impact on the immune system in O‐group persons, which could bring a

protective role against SARS‐CoV‐2 infection and replication.19

Regarding the association of blood groups B and AB with

in‐hospital adverse outcomes, emerging data from several studies in

different regions reported a higher risk for COVID‐19 infection with

blood groups B and AB compared to other blood groups.7,11,13,16,20

In line with our findings, an Indian epidemiological study

conducted by Padhi et al. found that blood group B was positively

associated with COVID‐19 death (r = 0.67, p < 0.001), which goes with

other studies that showed group B experiencing a high risk of

symptomatic disease and complications related to COVID‐19 infection

compared to other blood groups.3,21,22 Also, a multicenter

TABLE 2 Distribution of
comorbidities and in‐hospital adverse
outcomes among ABO blood groups.

O A B AB
pn = 71 n = 49 n = 36 n = 13

Comorbidity

Age (years), mean ± SD 53 ± 13 53 ± 13 54 ± 17 54 ± 17 0.97

BMI, 28 ± 5 29 ± 5 31 ± 5 25 ± 5 0.17

Hypertension, n (%) 23 (32) 10 (20) 8 (22) 2 (15) 0.75

Diabetes, n (%) 20 (28) 8 (16) 7 (19) 2 (15) 0.53

Male, n (%) 48 (68) 34 (69) 11 (31) 4 (31) <0.001

Smoking, n (%) 12 (17) 6 (12) 5 (14) 2 (15) 0.25

In‐hospital adverse outcome

Death, n (%) 9 (13) 11 (22) 14 (39) 2 (15) 0.01

Respiratory support use, n (%) 10 (14) 10 (20) 7 (25) 7 (54) 0.02

ICU admission, n (%) 16 (23) 15 (30) 11 (31) 5 (38) 0.22

Abbreviations: BMI, body mass index; ICU, intensive care unit.

TABLE 3 Adverse in‐hospital
outcomes between ABO blood groups
using regression analysis after adjusting
for age.

Blood group
In‐hospital death Respiratory support use ICU admission
OR (CI) p OR (CI) p OR (CI) p

O 0.7 (0.1–4) 0.75 0.2 (0.1–0.8) 0.03 0.6 (0.2–2) 0.38

A 1.5 (0.2–8) 0.64 1 (0.9–2) 0.06 1.4 (0.6–3) 0.44

B 1.4 (1.1–2) 0.04 0.7 (0.2–2) 0.56 1 (0.3–3) 0.94

AB 3 (0.6–6) 0.15 1.5 (1.1–2.3) 0.02 3 (0.9–13) 0.06

Abbreviations: CI, confidence interval; ICU, intensive care unit; OR, odds ratio.

TABLE 4 ABO blood groups and long term persistent symptoms
of COVID‐19 infectiona

O A B AB
pn (%) n (%) n (%) n (%)

Fatigue 17 (35) 9 (43) 5 (36) 3 (60) 0.29

Shortness of breath 9 (18) 4 (19) 5 (36) 2 (40) 0.20

Cough 5 (10) 4 (19) 4 (31) 1 (20) 0.41

Palpitation 4 (9) 2 (10) 1 (8) 3 (60) <0.001

Smell loss 5 (10) 2 (10) 1 (8) 1 (20) 0.13

Dizziness 1 (2) 3 (14) 0 (0) 2 (40) 0.02

Taste loss 3 (6) 1 (5) 1 (8) 0 (0) 0.77

Abbreviation: COVID‐19, coronavirus disease 2019.
aOnly those long‐term symptoms with a prevalence ≥5 were mentioned
and included in the statistical analysis.
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retrospective study of critically ill patients with COVID‐19 reported

that patients with blood group AB or A had a higher risk of requiring

mechanical ventilation after adjusting for age and sex than patients

with blood group O or B.12

Concerning the possible underlying mechanism of association of

blood groups B and AB with adverse outcomes in COVID‐19

infection and other viral infections, it has been postulated that blood

group AB facilitates a powerful contact with invading pathogen and

molecularly prevents isoagglutinin activity, making this blood group

the least protected group in contrast to group O.23 Moreover, group

B and AB cannot inhibit the formation of connections between

autologous carbohydrates and/or glycopeptides and foreign peptides

related to the invading pathogens.23

Looking for a possible association between ABO blood groups

and long‐term persistent symptoms of COVID‐19, we found a

significant association between blood group AB and the occurrence

of cardiac palpitation and dizziness for the first time in this study, to

the best of the authors' knowledge. This association could be

attributed to the ABO expression on platelets among different ABO

blood groups, whereby non‐group O platelets adhere more strongly

than group O, which would predispose patients with non‐O blood

groups and SARS‐CoV‐2 infection to vascular or cardiac problems.24

According to the best of the authors, knowledge, only one study

conducted by Domènech‐Montoliu et al.3 has assessed the

relationship of the ABO blood group with long‐term symptoms at

6 months following acute ‐COVID‐19 in the Falles festival of

Borriana (Spain). In their study, Domènech‐Montoliu et al.3 reported

significant differences in post‐COVID‐19 complications by ABO

blood groups, with a higher incidence in the blood group B than in

other blood groups, in contrast to our results. However, the patients

in the aforementioned study were Spanish and most of them had

mild illnesses and a small number of AB group (3.9% vs. 8% in our

study), which could prevent conclusive assessment in this blood

group.

The main strength of this study is that it is one of the first studies

to describe the influence of the ABO blood group on the occurrence

of long‐term persistent symptoms at 6 months following acute

COVID‐19 infection among the Arab community in the west of Asia.

However, this study has several limitations that need consideration.

This is a single‐center with a sample size not very large to perform

further statistical or subgroup analysis. There was a possibility of

recall and information bias because of the lack of objective measures

or scales to assess long‐term symptoms. There could be a possibility

of selection bias as patients without symptoms were not enrolled in

this study and therefore the results may not representative of

COVID‐19 patients. There were no data on baseline inflammatory

markers, such as interleukin‐6 or c‐reactive protein. Also, some

unmeasured confounding factors, such as treatment guidelines or

COVID‐19 ‐related cardiac or vascular involvement could not be

ruled out, which may lead to aberrations in study findings because

those factors could play role in COVID‐19 severity and long term

sequel. Additional studies are required to address these limitations

and confirm our findings.

5 | CONCLUSION

Blood groups AB and B are significantly associated with respiratory

support use and in‐hospital death, respectively, compared to blood

group O. ABO blood group patients presented significant differences

in post‐COVID‐19 persistent symptoms with more palpitation and

dizziness observed in the AB group than in other blood groups.

AUTHOR CONTRIBUTIONS

Ahmed Nafakhi: Conceptualization; data curation; formal analysis;

investigation; methodology; resources; and visualization. Ihsan S.

Rabeea: Conceptualization; funding acquisition; project adminis-

tration; resources; and supervision. Rasha Al‐Darraji: Data

curation; methodology; resources; and writing–original draft.

Hussein Nafakhi: Conceptualization; formal analysis; methodol-

ogy; supervision; validation; visualization; writing–original draft;

and writing–review and editing. Ahmed Mechi: Investigation;

methodology; resources; software; visualization; and writing–

review and editing. Alhan Al‐Khalidi: Data curation; resources;

validation; and visualization. Mohammed Alareedh: Data curation;

validation; writing–original draft; and writing–review and edit-

ing. All authors have read and approved the final version of the

manuscript. The corresponding author had full access to all of

the data in this study and takes complete responsibility for the

integrity of the data and the accuracy of the data analysis.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT

The datasets generated during and/or analyzed during the current

study are available from the corresponding author on reasonable

request.

TRANSPARENCY STATEMENT

Hussein Nafakhi, the corresponding author, affirms that this

manuscript is an honest, accurate, and transparent account of the

study being reported; that no important aspects of the study have

been omitted; and that any discrepancies from the study as planned

have been explained

ORCID

Hussein Nafakhi http://orcid.org/0000-0002-0238-0460

REFERENCES

1. Kabrah SM, Kabrah AM, Flemban AF, Abuzerr S. Systematic review
and meta‐analysis of the susceptibility of ABO blood group to

COVID‐19 infection. Transfus Apher Sci. 2021;60(4):103169.
2. Wu SC, Arthur CM, Wang J, et al. The SARS‐CoV‐2 receptor‐binding

domain preferentially recognizes blood group A. Blood Adv.

2021;5(5):1305‐1309.
3. Domènech‐Montoliu S, Puig‐Barberà J, Pac‐Sa MR, et al. ABO blood

groups and the incidence of complications in COVID‐19 patients: a

population‐based prospective cohort study. Int J Environ Res Public

Health. 2021;18(19):10039.

NAFAKHI ET AL. | 5 of 6

http://orcid.org/0000-0002-0238-0460


4. Mechi A, Al‐Khalidi A, Al‐Darraji R, et al. Long‐term persistent
symptoms of COVID‐19 infection in patients with diabetes mellitus.
Int J Diabetes Dev Ctries. 2021;24:1‐4.

5. Dargahi A, Jeddi F, Ghobadi H, et al. Evaluation of masks' internal
and external surfaces used by health care workers and patients
in coronavirus‐2 (SARS‐CoV‐2) wards. Environ Res. 2021;

196:110948.
6. Sarailoo M, Matin S, Vosoughi M, et al. Investigating the relationship

between occupation and SARS‐CoV2. Work. 2021;68(1):27‐32.

7. Latz CA, DeCarlo C, Boitano L, et al. Blood type and outcomes in
patients with COVID‐19. Ann Hematol. 2020;99(9):2113‐2118.

8. Shibeeb S, Khan A. ABO blood group association and COVID‐19.
COVID‐19 susceptibility and severity: a review. Hematol Transfus

Cell Ther. 2022;44(1):70‐75.
9. Garg I, Srivastava S, Dogra V, et al. Potential association of COVID‐19

and ABO blood group: an Indian study. Microb Pathog. 2021;
158:105008.

10. Lebiush M, Rannon L, Kark JD. The relationship between epidemic
influenza (A(H1N1) and ABO blood group. J Hyg. 1981;87(1):
139‐146.

11. Abdollahi A, Mahmoudi‐Aliabadi M, Mehrtash V, Jafarzadeh B,
Salehi M. The novel coronavirus SARS‐CoV‐2 vulnerability

association with ABO/Rh blood types. Iran J Pathol. 2020;15(3):
156‐160.

12. Hoiland RL, Fergusson NA, Mitra AR, et al. The association of ABO
blood group with indices of disease severity and multiorgan
dysfunction in COVID‐19. Blood Adv. 2020;4(20):4981‐4989.

13. Liu N, Zhang T, Ma L, 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.

14. Mahmud R, Rassel MA, Monayem FB, et al. Association of ABO
blood groups with presentation and outcomes of confirmed
SARS CoV‐2 infection: a prospective study in the largest

COVID‐19 dedicated hospital in Bangladesh. PLoS One. 2021;16
(4):e0249252.

15. Bhattacharjee S, Banerjee M, Pal R. ABO blood groups and severe
outcomes in COVID‐19: a meta‐analysis. Postgrad Med J.
2022;98(e2):e136‐e137.

16. 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.

17. Mullins J, Al‐Tarbsheh AH, Chieng H, et al. The association of ABO
blood type with the risk and severity of COVID‐19 infection. Am
J Blood Res. 2021;11(1):53‐58.

18. Lehrer S, Rheinstein PH. ABO blood groups, COVID‐19 infection

and mortality. Blood Cells Mol Dis. 2021;89:102571.
19. Gil‐Manso S, Miguens Blanco I, Motyka B, et al. ABO blood group is

involved in the quality of the specific immune response anti‐SARS‐
CoV‐2. Virulence. 2022;13(1):30‐45.

20. Al‐Youha SA, Alduaij W, Al‐Serri A, et al. The impact of ABO blood

groups on clinical outcomes and susceptibility to COVID‐19:
a retrospective study in an unselected population. Transfusion.
2021;61(5):1631‐1641.

21. Padhi S, Suvankar S, Dash D, et al. ABO blood group system is
associated with COVID‐19 mortality: an epidemiological investiga-

tion in the Indian population. Transfus Clin Biol. 2020;27(4):253‐258.
22. Zietz M, Zucker J, Tatonetti NP. Associations between blood type

and COVID‐19 infection, intubation, and death. Nat Commun.
2020;11(1):5761.

23. Arend P. Why blood group A individuals are at risk whereas blood

group O individuals are protected from SARS‐CoV‐2 (COVID‐19)
infection: a hypothesis regarding how the virus invades the
human body via ABO(H) blood group‐determining carbohydrates.
Immunobiology. 2021;226(3):152027.

24. Mankelow TJ, Singleton BK, Moura PL, et al. Blood group type A
secretors are associated with a higher risk of COVID‐19 cardiovas-
cular disease complications. EJHaem. 2021;2(2):175‐187.

SUPPORTING INFORMATION

Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Nafakhi A, Rabeea IS, Al‐Darraji R,

et al. Association of ABO blood group with in‐hospital adverse

outcome and long term persistent symptoms of COVID‐19

infection: a single‐center longitudinal observational study.

Health Sci Rep. 2022;5:e656. doi:10.1002/hsr2.656

6 of 6 | NAFAKHI ET AL.

https://doi.org/10.1002/hsr2.656



