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Abstract

Background: ABO blood groups have been linked to susceptibility to infection

with certain microorganisms, including coronaviruses. We examined the rela-

tionship between blood group and clinical outcomes in individuals infected

with severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) and com-

pared their blood group distribution with the general population.

Methods: At the inception of the pandemic, all individuals testing positive for

SARS-CoV-2 in Kuwait were admitted to one designated coronavirus disease

2019 (COVID-19) hospital and enrolled in a prospective registry. Patients

admitted from February 24 to May 27, 2020, were stratified according to blood

group. As a control, blood groups of 3,730,027 anonymized individuals rep-

resenting almost Kuwait's entire population were obtained from a national

database.

Results: Of 3305 SARS-CoV-2–positive patients, 37.1%, 25.5%, 28.9%, and 8.5%

were groups O, A, B, and AB, respectively. Univariate analysis revealed no sig-

nificant differences in severe clinical outcomes or death among the blood

groups. However, multivariable analysis demonstrated that group A individ-

uals had higher odds of developing pneumonia compared with non–group A

(adjusted odds ratio 1.32, 95% confidence interval 1.02–1.72, p < .036). Com-

pared with the general population, the COVID-19 cohort had a lower fre-

quency of group O, equivalent frequency of A, and higher frequency of B and

AB. No significant difference in the RhD group was found.

Conclusion: This study supports potential involvement of the ABO blood

group system in predisposing to infection with SARS-CoV-2 in an unselected

population. Examination of the mechanistic link between blood group and

COVID-19 and its implications on controlling the current pandemic is

warranted.
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1 | INTRODUCTION

The factors determining inherent susceptibility to infec-
tion with the novel severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) and the risk of severe out-
comes in infected individuals are poorly understood.
Although certain clinical associations including advanced
age, male sex, pulmonary disease, cardiovascular disease,
obesity, and diabetes are now well established,1–3 the
mechanistic underpinnings of the varying effects of coro-
navirus disease 2019 (COVID-19) on the global popula-
tion remain intensely debated.4 One hypothesis
implicated ABO blood groups as a contributor to
COVID-19 susceptibility and severity. Differences in ABO
blood groups can modify host susceptibility to infections
through the interaction of the carbohydrate moieties
defining ABO subgroups with microorganisms and the
immune system. Numerous microorganisms have been
implicated. However, the most robust evidence to support
the ABO blood group's ability to modulate host infection
risk or severity was found in infections with Plasmodium
falciparum, Helicobacter pylori, and norovirus.5 This rela-
tionship was extended to coronaviruses when a study of
healthcare staff exposed to the index case of the 2003
SARS-CoV-1 outbreak demonstrated that group O partici-
pants were less likely to be infected than non–group O.6

The potential link between ABO blood group and
COVID-19 received widespread media attention when a
commercial genome-profiling company issued a press
release during the current pandemic reporting prelimi-
nary data from their genetic study of 750,000 participants
associating blood group O with decreased susceptibility
to COVID-19.7 Several studies8–13 addressed this hypothe-
sis using selected cohorts and controls subject to potential
sampling bias. Nevertheless, they suggest a protective
effect for blood group O, but data regarding a positive
correlation between blood group A and increased risk of
infection or severe clinical outcomes are conflicting. Fur-
ther studies in large, unselected populations are promptly
required, especially with the emergence of recent reports
that contest the relationship between blood group and
COVID-19.14,15 A better understanding of this relation-
ship may further explain the mechanisms underlying vul-
nerability to severe infection.

Kuwait offered a unique population to study the
association between blood group and COVID-19. When

neighboring Iran was declared as one of the early epi-
centers of COVID-19 international dissemination at the
beginnings of the COVID-19 pandemic in February
2020, Kuwait adopted a broad testing strategy prior to
diagnosing its index case on February 24, 2020. Mass
mandatory testing of all returning travelers was
implemented. With the subsequent rise of locally trans-
mitted cases, inhabitants of high-risk residential areas
and all contacts of positive patients were also tested.16

All SARS-CoV-2–positive individuals were admitted to
the nationally designated COVID-19 hospital,
irrespective of symptoms or disease severity, as a
method of quarantine at the beginning of the pandemic
when the number of cases was low enough for them to
be contained within one site. This provided an unse-
lected cohort of individuals infected with SARS-CoV-2
in a single facility that can be studied. Clinical charac-
teristics and outcomes were compiled in a prospective,
national COVID-19 registry.16 Furthermore, blood
group testing is mandated for all individuals on issuing
a national identity card, which is required of all Kuwaiti
citizens and resident expatriates. Thus, blood group data
for 3.7 million people were obtainable from a national
population database, serving as a general population
control. As a result, Kuwait's population is ideally suited
for investigating the relationship between blood group
and COVID-19. The aims of this study were to (1) exam-
ine the blood group distribution in our COVID-19
cohort, (2) investigate the relationship between blood
group and clinical outcomes, including severe
COVID-19 in infected individuals, and (3) compare the
blood group frequencies in the COVID-19 cohort to the
general population.

2 | METHODS

2.1 | Study population and data source

Since the diagnosis of the first SARS-CoV-2–positive case
in Kuwait on February 24, 2020, all patients testing posi-
tive for SARS-CoV-2 had been admitted to Jaber
Al-Ahmad Al-Sabah Hospital (COVID-19 hospital),
Kuwait's nationally designated COVID-19 medical center,
as a method of quarantine. At the pandemic's onset, the
Kuwait Ministry of Health rapidly repurposed this new,
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fully operational, 1114 bed hospital, which was at 20%
occupancy due to its limited catchment area, into a medi-
cal facility that can hold large numbers of SARS-CoV-2–
positive patients. Individuals were quarantined until they
had two negative SARS-CoV-2 nasopharyngeal swabs
over 48 h, which occurred within approximately 14 days
in most cases. This practice was maintained until May
12, 2020, when the number of cases was low enough to
be contained within one site, after which the hospital
admission and SARS-CoV-2 testing criteria were revised
to accommodate for the rising number of cases. Subse-
quently, patients requiring admission were accepted in
other medical facilities or field hospitals.

All SARS-CoV-2–positive individuals admitted to the
COVID-19 hospital were enrolled in a prospective
COVID-19 registry. Demographic, clinical, and laboratory
information on presentation and clinical outcomes dur-
ing the patients' hospitalization were obtained by manual
review of the medical records. Patients admitted between
February 24 and May 27, 2020, were included in this
study. The study's duration included 15 additional days
after the admission policy had changed on May
12 because the majority of SARS-CoV-2–positive individ-
uals were still captured within the COVID-19 hospital
population until May 27.

Ethical approval was obtained from the Kuwait Min-
istry of Health Ethical Review Board (approval number:
2020/1402), which waived the requirement for patient
consent due to the retrospective, noninterventional
nature of the study.

2.2 | Blood group data

ABO and Rh antigen D (RhD) blood groups were
obtained from the patient's national identity card, which
were previously determined by serological testing in a
Ministry of Health–certified laboratory, as a prerequisite
before issuing the card. General population blood group
data were available from the Kuwait Public Authority for
Civil Information national database. An anonymized
summary of the distribution of blood groups for residents
living in Kuwait was obtained and used as a general pop-
ulation control. Kuwait's population consists of Kuwaiti
citizens (Kuwaitis) and resident expatriates of other
nationalities listed in Table S1 (non-Kuwaitis).

2.3 | SARS-CoV-2 test

SARS-CoV-2 testing was performed by reverse
transcriptase-polymerase chain reaction of a nasopharyn-
geal swab specimen using a commercially available

testing kit (FLOQSwab sample collection kit by COPAN
Diagnostics™ Murrieta, USA, ref: A305CS01). The proto-
col employed in our cohort was described recently.17

2.4 | Clinical outcomes and definitions

The frequency of selected clinical outcomes was com-
pared among blood groups (complete list in Supplemen-
tary Methods S1). Severe COVID-19 referred to patients
requiring any method of respiratory support including
supplemental oxygen, intubation with mechanical venti-
lation, or extracorporeal life support, as defined by
Ellinghaus et al.8 This accepted pragmatic definition was
used to facilitate the comparison of disease severity
among other study cohorts examining different
populations. All patients requiring supplemental oxygen
had a baseline oxygen saturation of less than or equal to
93% on room air at sea level. Pneumonia was defined per
the American Thoracic Society and Infectious Diseases
Society of America clinical practice guidelines.18 Septic
shock was defined using the Third International Consen-
sus Definitions for Sepsis and Septic Shock (Sepsis-3).19

Acute respiratory distress syndrome was defined per the
World Health Organization interim guidance: “clinical
management of severe acute respiratory infection when
COVID-19 is suspected.”20 Acute kidney injury was
defined according to the Kidney Disease Improving
Global Outcomes clinical practice guidelines.21

2.5 | Statistical analysis

A descriptive analysis was performed where parametric
data were reported as mean and standard deviation, and
nonparametric data were reported as median and range.
Unless otherwise specified, comparisons across all blood
groups were performed using the appropriate statistical
test based on the aforementioned clinical outcomes. The
following tests were used: Chi-square for categorical vari-
ables, and one-way analysis of variance or Kruskal–
Wallis for continuous parametric or nonparametric
variables, respectively. Normality was assessed using
Kolmogorov–Smirnov and Shapiro–Wilk's tests. Multi-
variate logistic regression analysis was performed to
determine relationships between the variables of interest
and clinical outcomes. Selected variables included ones
that had significant differences among the blood groups
on univariate analysis of clinical or biologic relevance,
further supplemented by specific variables without
significant differences on univariate analysis but were
identified as clinically relevant based on the literature.2 A
two-tailed p-value of <.05 was considered significant. The
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analysis was performed using SPSS IBM, version
26 (Armonk, New York, IBM Corp.).

3 | RESULTS

3.1 | ABO blood group distribution and
baseline characteristics of the COVID-19
cohort

A total of 3305 patients who were admitted to the
COVID-19 hospital during the study period were
included. ABO and RhD blood group data were available
for all patients; 1225 (37.1%), 843 (25.5%), 956 (28.9%),
and 281 (8.5%) were groups O, A, B, and AB, respectively.
Mean age was 42 years, 1017 (30.8%) were female, and
1590 (48.1%) were Kuwaiti, with blood group distribution
according to nationality shown in Table S1. Of 1872
(56.7%) patients with available body mass index measure-
ments, 573 (31%) were obese. The proportion of obese
patients was comparable to that of Kuwait's general pop-
ulation.22 The most common comorbidities were diabetes
(n = 663, 20.1%) followed by hypertension (n = 709,
21.5%), similar across all the different blood groups. Uni-
variate analysis demonstrated that of all the baseline
characteristics, sex and nationality were the only vari-
ables that differed significantly across the blood groups
(p < .009 and p < .001, respectively) (Table 1).

A total of 1130 (34.2%) of SARS-CoV-2–positive
patients were asymptomatic on presentation or within
24 h of hospital admission. A significant difference in the
proportion of asymptomatic patients among the blood
groups was found (p < .030), with the highest proportion
in group O patients at 36.7%. Within symptomatic
patients, sputum production was the only symptom that
differed significantly among the blood groups (p < .002),
with the highest frequency found in group A at 3.4%. No
significant differences were found in presenting vital
signs or chest X-ray abnormalities on presentation across
the different blood groups. Small but significant differ-
ences in specific presenting laboratory values were found:
white blood cell count (p < .011), platelet count
(p < .007), activated partial thromboplastin time
(p < .001), and alkaline phosphatase (p < .010). The clini-
cal significance of these differences is uncertain (Table 1).

3.2 | Clinical outcomes of COVID-19
patients stratified by ABO blood group

Among the blood groups, a significant difference was
observed for the development of any adverse event
(p < .006), with the highest frequency observed in group

A at 26.2%. Similarly, pneumonia frequency was signifi-
cantly different among the blood groups (p < .048) and
highest in group A at 23.3%, consistent with the trend
noted in sputum production. However, ABO blood
groups were not associated with severe COVID-19. The
requirement for oxygen support (including noninvasive
means, mechanical ventilation, or extracorporeal mem-
brane oxygenation) was observed in 11.4% of the
COVID-19 cohort, without significant differences
between patients by blood group (p = .160). In total,
261 (7.9%) patients were admitted to the intensive care
unit (ICU) and 151 (4.6%) died. Neither outcome was
found to be significantly associated with ABO blood
groups (p = .621 and p = .799, respectively, Table 2).

Multivariable analysis was performed to explore the
relationship between ABO blood group and pneumonia,
controlling for specific covariates that may cause poten-
tial confounding. These included clinically relevant vari-
ables with significant differences among blood groups on
univariate analysis: sex and nationality. The analysis was
further supplemented by variables putatively associated
with more severe outcomes in COVID-19: age > 50 years,
obesity, diabetes mellitus, hypertension, cardiovascular
disease, chronic obstructive pulmonary disease, and
asthma.2 Group A patients were found to have a higher
risk of developing pneumonia, compared with non-A
blood groups with an adjusted odds ratio (OR) 1.324, 95%
confidence interval (CI) 1.016–1.719 (p < .036). Other
blood groups were not associated with an increased risk
of pneumonia (Table 3).

3.3 | Comparison of the ABO and RhD
blood group distribution between COVID-
19 patients and the general population

Data regarding the blood group distribution were
obtained for 3,730,027 people residing in Kuwait, rep-
resenting 88% of the country's population of 4.2 million.23

Blood group O was less frequently observed in the
COVID-19 hospital cohort (37.1%, CI = 35.4%–38.7%)
compared with the general population (40.8%,
CI = 40.8%–40.9%, p < .0001). Conversely, groups B
(28.9%, CI = 27.4%–30.5%) and AB (8.5%, CI = 7.6%–
9.5%) were observed more frequently in the COVID-19
hospital cohort, compared to the general population
(B: 26.6%, CI = 26.6%–26.6%, p < .0023, AB: 6.5%,
CI = 6.5%–6.5%, p < .001). No significant difference in
the proportion of group A individuals was found between
the two populations (p = .4877) (Figure 1, Table S2). A
similar relationship between the COVID-19 hospital and
general population with respect to ABO blood group fre-
quencies was observed when the populations were
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divided into Kuwaiti nationals and non-Kuwaitis
(Figures S1 and S2, Tables S3 and S4) except for group B,
the relationship of which was not found to be significant
in the Kuwaiti population (Table S3).

The ABO blood group distribution in the two
populations was then examined with incorporation of RhD
group. O+ represented a lower proportion in the COVID-19
hospital population (34.8%, CI = 33.2%–36.4%), compared

TABLE 2 Outcomes of COVID-19 patients stratified by ABO blood group

Total

O A B AB

p-valuea
(n = 1225,
37.1%)

(n = 843,
25.5%)

(n = 956,
28.9%)

(n = 281,
8.5%)

Adverse events, n (%)

Anyb 726 (22.0%) 243 (19.8%) 221 (26.2%) 202 (21.1%) 60 (21.4%) <.006

Septic shock 75 (2.3%) 32 (2.6%) 17 (2.0%) 20 (2.1%) 6 (2.1%) .789

Acute respiratory distress
syndrome

207 (6.3%) 75 (6.1%) 55 (6.5%) 60 (6.3%) 17 (6.0%) .984

Acute kidney injury 91 (2.8%) 35 (2.9%) 19 (2.3%) 29 (3.0%) 8 (2.8%) .771

Pneumonia 661 (20.0%) 225 (18.4%) 196 (23.3%) 186 (19.5%) 54 (19.2%) <.048

Treatments, n (%)

Anyc 2068 (62.6%) 738 (60.2%) 535 (63.5%) 624 (65.3%) 171 (60.9%) .092

Oxygen/respiratory
supportd

382 (11.4%) 135 (11.0%) 107 (12.7%) 108 (11.3%) 249 (11.4%) .16

Intubation 130 (3.9%) 47 (3.8%) 31 (3.7%) 38 (4.0%) 14 (5.0%) .802

Vasopressors 90 (2.7%) 29 (2.7%) 25 (3.0%) 25 (2.6%) 11 (3.9%) .509

Continuous renal
replacement therapy

36 (1.1%) 15 (1.2%) 8 (0.9%) 12 (1.3%) 1 (0.4%) .571

Admitted to ICU, 261 (7.9%) 99 (8.1%) 70 (8.3%) 73 (7.6%) 19 (6.8%) .841

n (%)

ICU length of stay, days,
mean (±SD)

14.2 (±12.2) 13.8 (±12.4) 12.8 (±12.2) 14.6 (±12.1) 14.1 (±11.9) .621

Dead, n (%) 151 (4.6%) 58 (4.7%) 42 (5.0%) 40 (4.2%) 11 (3.9%) .799

Abbreviations: ICU, intensive care unit, SD, standard deviation.
ap-value represents the result of a statistical comparison across all four blood groups for each outcome variable, using the statistical analyses described in the

methods. p < .05 indicates a significant difference in the outcome variable among the blood groups.
bDefinition of “Any adverse event” also included disseminated intravascular coagulation, rhabdomyolysis, myocarditis, myocardial infarction, stroke,
encephalopathy, acute limb ischemia, and bowel ischemia.
cDefinition of “Any treatment” also included antimicrobials, anticoagulation, blood transfusion, convalescent plasma therapy, and immunomodulatory
therapies including hydroxychloroquine, glucocorticoids, interferon, and intravenous immunoglobulin.
dOxygen/respiratory support encompassed patients requiring any method of respiratory support including supplemental oxygen, noninvasive ventilation,
intubation with mechanical ventilation, or extracorporeal life support.

TABLE 3 Multivariable analysisa

showing odd ratios for COVID-19

patients developing pneumonia by

blood group

Blood group Adjusted odds ratio Lower CIb Upper CI p-valuec

O 0.9170 0.7120 1.177 .4993

A 1.324 1.016 1.719 <.0363

B 0.8533 0.6498 1.114 .2486

AB 0.9327 0.589 1.434 .7581

aAdjusted for sex, nationality, age > 50, obesity, hypertension, diabetes mellitus, cardiovascular disease,
chronic obstructive pulmonary disease, and asthma.
bDenotes 95% confidence interval.
cp < .05 denotes statistical significance.
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to the general population (38.2%, CI = 38.1%–38.2%)
(p < .0001). B+, B- and AB+ were more frequently
observed in the COVID-19 hospital population (26.8%,
CI = 25.3%–28.3%, 1.7%, CI = 1.7%–2.7%, 8.1%,
CI = 7.2%–9.1%), compared to the general population
(25.1%, CI = 25.0%–25.0% [p < .0268], 1.6%, CI = 1.6%–
1.6% [p < .0040], 6.1%, CI = 6.1%–6.1% respectively,
[p < .0001]). No significant differences were found
between the COVID-19 and general population in groups
A+, A-, O- and AB-. (Figure 2(A), Table S5).

Total RhD positive individuals were 93.4%
(CI = 92.5%–94.2%) in the COVID-19 hospital population
and 93.6% (CI = 93.6%–93.6%) in the general population.
The frequency of RhD negative subtype was low in both
the COVID-19 hospital and general populations at 6.6%
(CI = 5.8%–7.5%) and 6.4% (CI = 6.4%–6.4%), respec-
tively. No significant difference in RhD status was found
between both populations (p = .9905 for RhD positive
and p = .6904 for RhD negative) (Figure 2(B), Table S6).

4 | DISCUSSION

This study was conducted to supplement the growing
body of data evaluating the link between blood group
and susceptibility to COVID-19 in a large, unselected
population. Several key findings emerged. First, in indi-
viduals testing positive for SARS-CoV-2, ABO blood
group was not associated with severe clinical outcomes
including mortality, intubation and ICU admission, but
increased odds of developing pneumonia in group A was

detected. Second, compared to Kuwait's general popula-
tion, a lower prevalence of blood group O was found in
the COVID-19 cohort, whereas blood groups B and AB
were more frequent in the COVID-19 cohort. There was
no significant difference in the prevalence of blood group
A between the two groups. Third, no association between
COVID-19 and RhD status alone was detected.

Our data are consistent with the findings of Latz
et al., who obtained a cohort of patients that underwent
SARS-CoV-2 testing from a shared registry of hospital
records in the United States and found no association
between blood group and risk of intubation or death in
patients with COVID-19.12 In contrast, Zhao et al.
reported a higher risk of mortality in group A patients
with COVID-19 from three hospitals in China,9 and Leaf
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et al. noted an increased proportion of critically ill
COVID-19 patients with blood group A, but this was lim-
ited to Caucasians only.11 A genome-wide association
study of 1980 patients with severe COVID-19 disease
from the pandemic's European epicenter demonstrated a
higher risk of respiratory failure in patients with blood
group A genotypes compared with other blood groups.8

One possible explanation for this difference is the lower
proportion of severely ill patients in our cohort compris-
ing 34.2% asymptomatic patients and 11.4% with severe
COVID-19 pragmatically defined by requiring supple-
mental oxygen or mechanical ventilation.8 We hypothe-
size that the magnitude of the detrimental effect of group
A on severe outcomes in COVID-19 is relatively small
and thus can only be detected with statistical significance
in cohorts enriched for critically ill patients. The
increased risk of pneumonia found on multivariable
analysis in group A in our study may be an indication of
this deleterious effect. Further studies of patients with
severe COVID-19 are required to confirm this hypothesis
and establish whether ABO blood groups should be
included in COVID-19 risk stratification scores.3 The
mechanism underlying the potential difference in clinical
outcomes among blood groups remains unknown. One
hypothesis is that the higher levels of von Willebrand fac-
tor in non–group O individuals exacerbate pulmonary
microvascular thrombosis, an increasingly recognized
pathological consequence of COVID-19 pneumonia.24,25

The observation that infection with SARS cor-
onaviruses is associated with a lower frequency of blood
group O individuals is consistent across all studies examin-
ing the relationship between blood group and infection
risk,6,8–13 providing further credence to the notion that
blood group O may have a protective effect against infec-
tion. One postulated mechanism is the ability of
isohemagglutinins to block the interaction between coro-
navirus spike protein and the angiotensin-converting
enzyme-2 receptor preventing virus attachment and entry,
demonstrated in vitro with anti-A.26 However, the same
phenomenon has not yet been shown with anti-B.
Although the underrepresentation of group O and overrep-
resentation of AB in our COVID-19 cohort is congruent
with this proposed mechanism, it is not supported by the
increased prevalence of blood group B in COVID-19
patients reported in this study and two others.12,13 This
suggests that the interaction between SARS-CoV-2 and
anti-A/B in vivo is complex and modulated by additional
factors including antibody titers and secretor phenotype.
Molecular investigation of this interaction may inform vac-
cine development and ongoing clinical trials of convales-
cent plasma as a therapeutic intervention for COVID-19.

Unlike the ABO blood group, the association between
the RhD group and predisposition to infection is less

clear. One study reported a protective association
between RhD-negative individuals and SARS-CoV-2
infection and death after adjusting for ethnicity.13 Two
studies demonstrated a correlation between RhD-positive
status and an increased probability testing positive for
SARS-CoV-2,12,27 and that this correlation can be modu-
lated by ethnicity.27 The divergent relationships between
RhD status and COVID-19 reported may reflect the
different populations studied or unaccounted for
confounding variables. Notably, the proportion of RhD-
negative individuals in our population and the aforemen-
tioned studies12,13 is less than 10%, which is inherent to
the studied populations. Further studies in populations
with a higher representation of RhD-negative individuals,
such as the Basques in Northern Spain,28 can address this
question more definitively.

Kuwait's population comprises Kuwaiti nationals and
non-Kuwaiti resident expatriates (38% vs. 62% in our pop-
ulation), with most expatriates from South Asian and
other Arabic ethnicities. The association between blood
group A and pneumonia maintained statistical signifi-
cance after adjusting for nationality (Kuwaiti vs. non-
Kuwaiti) in the multivariable analysis, suggesting that
this observation is consistent across different ethnicities.
The relationships between blood groups and infection
with SARS-CoV-2 remained consistent when stratified by
nationality, except for the association between blood
group B and the increased probability of infection, which
was only significant in the non-Kuwaiti population. This
suggests that ethnicity-related factors may modulate the
association between blood group and infection risk. One
example is blood group secretor status. This autosomal
dominant trait is controlled by the FUT2 gene indepen-
dent of ABO genotype. Secretor status varies by ethnicity,
with only 22% of South Asians bearing the secretor phe-
notype compared with 80% of Caucasians.5 Interestingly,
a recent report showed that secretor status might influ-
ence clinical outcomes in COVID-19.29 Furthermore,
ABO blood group distribution varies by ethnicity, partly
due to selective genetic pressures exerted by malarial
infection.30 Compared with a Caucasian population, our
cohort contained a lower frequency of group A individ-
uals and a higher frequency of B, likely due to the higher
prevalence of the B allele in the Asian subcontinent.31

This study is the first to examine the relationship
between blood group and COVID-19 in Arabic and South
Asian ethnicities, and more studies in different global
populations will help elucidate the impact of ethnicity on
this relationship.

Strengths of this study include a large, unselected
cohort of infected individuals, all with documented blood
groups, whereas the proportion of COVID-19 patients
with available blood group data in other studies was as
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low as 63%.11 Moreover, a control group that included
the majority of Kuwait's population with blood groups
was used. This is in contrast to the control groups in
other studies that used volunteer blood donors,8,11 indi-
viduals testing negative for SARS-CoV-2 obtained from
hospital records, or samples representative of the general
population,8,9,13 all of which subject to potential
sampling bias.

Limitations of the study include its retrospective,
correlative nature and the small proportion of patients
with severe COVID-19 compared with studies of hospi-
talized patients.1,32 This is due to the widespread test-
ing strategy implemented in Kuwait since the onset of
the pandemic and hospitalization of all individuals test-
ing positive irrespective of symptoms or disease sever-
ity.16 As a result of this inclusive strategy, the
prevalence of severe disease within our cohort is more
comparable to that of general population studies33 and
is arguably more representative of true virulence. How-
ever, given the small fraction of patients with severe
COVID-19 requiring oxygen support in our cohort, it
was not possible to further stratify patients by flow rate
or administration route of oxygen as the low event rate
precluded a meaningful subgroup analysis. Neverthe-
less, critically ill patients requiring intubation or inten-
sive care were separately analyzed, with no significant
blood group differences shown. Limitations in the con-
trol group include the possibility of contamination of
the general population with SARS-CoV-2–positive
patients who did not undergo testing. However, we pre-
dict that the number of unknown positive patients is
low due to extensive testing and therefore represents a
small fraction of the 3.7 million population unlikely to
impact the overall results. Second, residual con-
founding due to the national database blood group data
set lacking 12% of Kuwait's population cannot be
excluded. The 12% unaccounted for in the national
database likely represent individuals residing in Kuwait
without a valid national identity card and consequently
no registered blood group. Nevertheless, given the chal-
lenges of acquiring blood group data on a national
level, our study still represents the largest data set
examining the relationship between blood group and
COVID-19 to date.

In conclusion, we found no association between
severe COVID-19 and ABO blood group in a unique,
unselected population but identified an increased risk of
pneumonia in group A. We detected a lower prevalence
of blood group O in individuals infected with SARS-
CoV-2 and a higher prevalence of B and AB in agreement
with studies in other populations. No association
between SARS-CoV-2 infection rates with blood group A
or RhD group was found. Further examination of the

mechanistic link between ABO antigens, antibodies, and
SARS-CoV-2 and its implications on controlling the cur-
rent pandemic is warranted.
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