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1 | INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic
has been emerged as a global health emergency with con-
sequences of magnitude both at health, social, and econ-
omy level. According to the World Health Organization
(WHO), as for May 25, 2021, more than 167,000,000 con-
firmed COVID-19 cases have been confirmed, including
3,472,068 deaths.1

Several risk factors, both modifiable and nonmodifiable,
could influence the susceptibility of acquiring severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection. The severity of the symptoms among infected

patients varies considerably from being asymptomatic to
developing a critical illness with lethal complications,
and some genetic and clinical characteristics of patients
have been proposed as determinants of poor outcomes.2

SARS-CoV-2 uses the angiotensin-converting enzyme
2 (ACE2) receptor for cell entry, and thus it has been
suggested that host genetic factors may play a role in
susceptibility to COVID-19. According to published evi-
dence, people with ACE2 polymorphism who have type
2 transmembrane serine proteases (TMPRSS2) would be
at a higher risk of SARS-CoV-2 infection. In addition,
patients possessing HLA-B*15:03 genotype may become
immune to the infection.3
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Demographic factors may have an impact in the risk
of COVID-19 infection, disease severity, and mortality.
Recently published systematic reviews found that men and
patients with advanced age have a higher risk for COVID-
19 infection and poor prognosis.2,4 Additionally, obesity,
smoking, hypertension, diabetes, malignancy, coronary
heart disease, hypertension, chronic liver disease, chronic
obstructive pulmonary disease, and chronic kidney disease
have been also correlated to severe COVID-19 symptoms.2

Acute respiratory distress syndrome, shock, and acute kid-
ney injury were most likely to prevent recovery.2

Blood group might also be associated with the suscep-
tibility for SARS-CoV-2 infection and also with the risk of
developing severe COVID-19. Different mechanisms have
been proposed that might explain the association between
ABO blood groups and SARS-CoV-2 infection. It has been
suggested that anti-A and/or anti-B antibodies serve as viral
neutralizing antibodies by binding to A and/or B antigens
expressed on the viral envelope, thereby preventing the
interaction of the virus and ACE2 receptor, lastly limiting
the entry of the virus into the lung epithelium and infection
of target cells.5 As for disease complications, the increased
ACE1 activity in group A individuals could predispose to
cardiovascular complications, accounting for severe COVID-
19.5 In addition, variation of von Willebrand factor and Fac-
tor VIII levels by ABO type, with higher levels in group A
individuals, could contribute to risk of thromboembolic dis-
ease and severe COVID-19.5 Another hypothesis is that
ABO blood group influences the glycosyltransferase activity
and the risk of venous thromboembolism, which is frequent
in severe COVID-19 cases.6 Genome-wide association stud-
ies (GWAS) also demonstrated that ABO locus variants cor-
relate with increased plasma lipid and inflammatory
markers.5 Although the association between ABO group
and COVID-19 infection and severity is plausible in terms of
biological mechanisms, its translation into clinical signifi-
cance is uncertain. Analyzing this issue is of high interest,
as ABO group of the patients may be an additional factor
that could influence the preventive and therapeutic manage-
ment. For instance, the identification of a blood group as a
risk or prognostic factor may guide individual or collective
decisions on vaccination (especially when prioritization is
required due to resource constraints) or the use of preven-
tive measures or treatments at an early stage, and it also
may suggest novel treatment targets and enhance the design
of new studies, introducing this characteristic as a covariate.
Since the beginning of the pandemic, numerous studies
have been published examining the association of ABO
blood group with the risk of COVID-19 infection or severity,
and some reviews have attempted to synthesize this evi-
dence.7–11 However, they have important limitations and
show contrasting and inconclusive results.

The main objectives of this systematic review were to
analyze the association between ABO blood group and

the risk of COVID-19 infection (objective 1) and the asso-
ciation between ABO blood group and the risk of suffer-
ing complications and death related to COVID-19
(objective 2).

2 | METHODS

2.1 | Review questions

This review analyzes the value of the ABO group as a
predictive factor and as a prognostic factor. The review
questions according to PICOTS system (Population,
Index predictive/prognostic factor, Predictive/prognostic
comparators, Outcomes, Timing and Setting) based on
modified CHARMS12 (checklist for critical appraisal
and data extraction for systematic reviews of predic-
tion modeling studies) for objective 1 and 2 are as
follows:

PICOTS for objective 1 (COVID-19 infection predic-
tion): P: any adult population; I: ABO blood group; C:
adjusted for age, sex, comorbidities, ethnicity or other
factors when possible; O: COVID-19 infection; T: any-
time; S: any setting.

PICOTS for objective 2 (COVID-19 severity): P: adults
with COVID-19 infection; I: ABO blood group; C: adjusted
for age, sex, comorbidities, ethnicity, or other factors when
possible; O: hospitalization, ICU admission, mechanical
ventilation, mortality; T: ABO group anytime, outcome at
least 2 weeks after positive test; S: any setting.

2.2 | Types of studies

Case–control, cohort, and cross-sectional studies were eligi-
ble for inclusion. Studies must provide data for at least one
pre-established outcome variable in order to be eligible for
inclusion. Noncomparative studies and studies in which all
the participants are people under 18 years were excluded.

In the case of studies providing data for objective
1, COVID-19-positive patients were compared with peo-
ple without COVID-19. In order to separate the effect on
COVID-19 infection and severity, studies focusing exclu-
sively on severe patients were excluded. Thus, studies in
which the study period were limited to the first period
(weeks) of the pandemic, when COVID-19 tests were car-
ried out only to suspected patients with severe symptoms,
and those studies in which COVID-19-positive cases were
identified exclusively from hospitalized patients were
excluded. We did not consider comparisons between
expected and observed blood group distributions, so stud-
ies with historical controls or comparisons of cases with
population data (not matched with COVID-19 diagnostic
registries) were excluded.
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For addressing objective 2, participants with COVID-
19 diagnosis with or without the outcomes of interest
were compared. For this objective, studies could include
patients of any severity.

Studies based on genetic analysis were included in
the case blood group status were inferred from polymor-
phisms or the mutations identified.

2.3 | Outcome variables

The following outcome variables were selected for
responding to the first objective:

• COVID-19 infection determined by either polymerase
chain reaction (PCR), antigen or antibody tests.

The second objective, which consisted on analyzing
the association between blood group and COVID-19 mor-
bidity and mortality, was restricted to people with a con-
firmed COVID-19 diagnosis and was analyzed through
the following outcome variables:

• Hospitalization
• Admission to intensive care unit (ICU)
• Need of mechanical ventilation
• Mortality

2.4 | Search strategy

A search was carried out in Medline in December
30, 2020, and in MedRxive and BioRxive in January
11, 2021. The searches were updated in May 4, 2021. The
following terms were applied and combined: “COVID-
19,” “SARS-CoV-2,” “ABO,” “blood group.”

No language restrictions were applied.

2.5 | Selection of studies

Two independent reviewers carried out the selection of
articles. In a first phase, titles and abstracts of the
identified references were screened based on pre-
established eligibility criteria. In a second phase, full
texts of every article considered for inclusion in the
first phase were reviewed, and a decision was made
independently by each reviewer on their inclusion or
exclusion. Discrepancies were resolved by discussion
among all the review authors. Selection of studies was
carried out using Rayyan-Intelligent Systematic
Review software.13 Results of the screening process
were reported using a Preferred Reporting Items for

Systematic Reviews and Meta-Analyses statement
(PRISMA) flow diagram.14

2.6 | Data extraction and management

Two reviewers independently extracted data from the
included studies using a previously designed data extrac-
tion form. Extracted data by one reviewer were cross-
checked by the other reviewer. Discrepancies were
resolved by discussion between these two authors.

When necessary, corresponding authors of the
included studies were contacted in order to obtain addi-
tional information relevant for the analyses.

2.7 | Data analyses

Adjusted and unadjusted data were analyzed separately.
Outcome variables were expressed as the proportion of
all selected patients with at least one event. The Mantel–
Haenszel model was used to calculate the odds ratio
(OR) and 95% confidence intervals (95% CI) for each out-
come variable. A random effects model was used to com-
bine results from the identified studies.

In the case of studies that provided only an estimate
for a comparison but specific data for each compared arm
are not available, results were presented in a narrative
form and were not be included in the meta-analyses.

I2 statistic was used to test for heterogeneity between
included studies. We considered I2 > 65% as indicative of
substantial heterogeneity. In case heterogeneity was
found in any outcome variables, a sensitivity analysis was
carried out limiting to studies with low risk of bias.

Funnel plots were carried out for outcomes in which
data were obtained from 10 or more studies to explore
the possibility of publication bias.

Review Manager software (RevMan version 5.3) was
used for quantitative data synthesis and analyses.

2.8 | Assessment of the quality of the
evidence

Two reviewers independently assessed the risk of bias for
each included study using the Newcastle-Ottawa Scale,
which consisted of the following domains: selection,
comparability, exposure (only for case–control studies),
and outcome (only for cohort and cross-sectional stud-
ies).15 The total score for each study range from 0 to
9 points. We defined studies with a score of 0–3 points
were considered to be of high risk of bias, 4–6 of moder-
ate risk of bias, and 7–9 points of low risk of bias.
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Discrepancies between authors when rating the studies
were discussed until a consensus was reached.

Overall quality of the evidence was assessed following
GRADE methodology.16 The GRADE approach provides
an initial rating of “low” quality to observational studies
and addresses specific reasons to downgrading (study
limitations, inconsistency of the results, directness of the
evidence, imprecision, probability of publication bias)
and upgrading (large magnitude of an effect, dose–
response gradient, and the effect of plausible residual
confounding) the initial punctuation. Study limitations
were evaluated based on the risk of bias assessment of
each study. Inconsistency was analyzed base on obtained
I2 for each comparison. Imprecision was rated based on
the confidence intervals of the overall estimates, assum-
ing a minimal important difference threshold of 10% for
mortality and 15% for the rest of the outcome variables.
Publication bias assessment was based on funnel-plots´
interpretation.

The protocol of the present review is available in Open
Science Framework (osf.io/k2r35). The review was carried
out in accordance with the PRISMA recommendations.17

3 | RESULTS

A total of 1433 references were identified through data-
base searching. After removal of duplicates, 1405 refer-
ences remained for screening. In the first phase, the titles
and abstracts of these references were reviewed, and 1260
references were excluded. In the second phase, the full
text of the 145 remaining references was reviewed, and of
these, we excluded 77 references for not adhering to the
protocol (n = 41 due to study design, n = 19 due to out-
come, n = 14 due to publication type, n = 3 due to popu-
lation). Therefore, 68 references were included in the
review, which corresponded to 63 different studies (see
Appendix S1). Of these, 30 studies were used for analyz-
ing the first objective and 42 for analyzing the second
objective. Fifty-nine studies were included in quantitative
synthesis (meta-analyses). The PRISMA Flow Diagram is
shown in Figure 1. Fourteen studies were published only
as preprints, seven analyzing the first objective
(Atergeleh et al., Belaouni et al., Chang et al., Gonz�alez
et al., Singh et al., Stone et al., and Vasallo et al.), six ana-
lyzing the second objective (Dite et al., Ishaq et al.,

FIGURE 1 Preferred

Reporting Items for Systematic

Reviews and Meta-Analyses

statement (PRISMA) flow

diagram [Color figure can be

viewed at

wileyonlinelibrary.com]
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Mankelow et al., Mendy et al., Regina et al., and Zeng
et al.), and one analyzing both (Martín et al.).

Characteristics of the 63 included studies are
shown in Table S1. Twenty-six were cohort studies
(41.3%), 19 (30.2%) case–control studies and the
18 remaining studies (28.6%) had a cross-sectional
design. A 61.9% of the included studies were multicen-
ter (n = 39), 36.5% unicenter (n = 23), and such infor-
mation was not available in one study. Of the included
studies, 30 were carried out in Europe (47.6%), 18 in
America (28.6%), and the remaining ones in Asia or
Africa (15 studies, 23.8%). The number of the
participants in each study was highly variable, ranging
from 128 to 3,733,332 participants, totaling 6,470,438
participants. The available number of participants var-
ied for the different analyses, reaching a maximum of
1,564,162 for infection, 36,154 for hospitalization,
32,690 for ICU admission, 10,210 for mechanical venti-
lation, and 39,542 for mortality. ABO group distribu-
tion for participants in studies analyzing infection was
38.3% group A, 12.1% group B, 4.2% group AB, and
45.4% group O.

Meta-analysis of adjusted results was not possible
due to insufficient data (a summary of adjusted results
is shown in Table S2). All meta-analyses are from
unadjusted data.

For each of the outcomes, a sensitivity analysis was
performed excluding studies published only as pre-
prints (Table S3).

3.1 | COVID-19 infection

A total of 30 of the included studies analyzed the sus-
ceptibility of COVID-19 infection associated to ABO
blood group, with 29 of them providing data for the
meta-analyses. Results are shown in Table 1. The O
blood group was associated to a significantly lower sus-
ceptibility of COVID-19 infection compared to the
non-O blood group (odds ratio [OR] 0.88 95% confi-
dence interval [CI] 0.82–0.94; I2: 91%; 29 studies;
1,564,162 participants) (Figure 2). This result remained
similar when comparing O blood group with group A
(OR 0.88 95% CI 0.82–0.94; I2: 89%; 29 studies; 1,309,081
participants), B (OR 0.91 95% CI 0.83–0.99; I2: 86%;
29 studies; 899,262 participants), and AB (OR 0.83 95%
CI 0.73–0.95; I2: 84%; 28 studies; 774,713 participants)
independently. Results from the sensitivity analyses
restricting to studies of low risk of bias showed no sig-
nificant differences with O versus non-O or with each of
the rest of the blood groups independently (A, B, AB)
(Table S4). However, heterogeneity persisted after the
sensitivity analyses. T
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FIGURE 2 Forest plot for coronavirus disease 2019 (COVID-19) infection. 1. O versus non-O; 2. A versus non-A; and 3. B versus non B

[Color figure can be viewed at wileyonlinelibrary.com]
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A significantly higher risk of COVID-19 infection was
found when comparing A blood group with non-A
(OR 1.08 95% CI 1.02–1.15; I2: 87%; 29 studies; 1,560,198
participants) (Figure 2). However, the differences were
lost when restricting to studies with low risk of bias, and
the heterogeneity persisted (Table S4). No significant dif-
ferences were found in the risk of COVID-19 infection
between participants with A blood group and those with
groups B and AB.

A significant difference was not found between B
blood group versus non-B group (Figure 2) and between
B versus AB group. Analyses yielded similar results when
restricting to studies with low risk of bias (Table S4).

One study that could not be included in the meta-
analysis also showed a lower risk of infection in O group
compared to A.18

A subgroup analysis on risk of COVID-19 infection
discriminating between studies with patients identified as
blood donors and those where blood determinations were
probably part of clinical necessity is shown in Table S5.
For blood donors, results were similar to the overall pop-
ulation. For studies where blood determinations respond
to clinical necessity, results were similar to the overall
population, except for the comparison B versus non-B

(group B showed a higher infection risk in this subgroup,
while no difference was obtained for overall population).

3.2 | Hospitalization

A total of 11 of the included studies analyzed the risk of
COVID-19-positive participants of being hospitalized.
Results are shown in Table 1.

No significant differences were found in any of the
comparisons between ABO blood groups when analyzing
the risk of hospitalization. Results for O versus non-O, A
versus non-A, and B versus non-B are shown in
Figure S1.

3.3 | Admission to Intensive Care Unit

A total of 20 studies provided data of the incidence of
COVID-19-positive participants of being admitted to an
ICU. Results are shown in Table 1. None of the blood
groups showed a different risk of ICU admission com-
pared to the others. Results for O versus non-O, A versus
non-A, and B versus non-B are shown in Figure S2.

FIGURE 2 (Continued)
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FIGURE 3 Forest plot for mortality. 1. O versus non-O; 2. A versus non-A; and 3. B versus non-B [Color figure can be viewed at

wileyonlinelibrary.com]

500 GUTI�ERREZ-VALENCIA ET AL.

http://wileyonlinelibrary.com


3.4 | Mechanical ventilation

Data regarding the requirement of mechanical ventila-
tion were available in 13 of the included studies. Results
are shown in Table 1.

There were found no significant differences in any of
the comparisons in the requirement of mechanical venti-
lation. Results for O versus non-O, A versus non-A, and
B versus non-B are shown in Figure S3.

The study by Ellinghaus et al. did not provide data for
the meta-analysis but showed similar results.19

3.5 | Mortality

Data on the incidence of mortality among the COVID-
19-positive participants were obtained from 27 of the
included studies. Results are shown in Table 1.

Mortality risk was similar with O versus non-O blood
group (OR 0.99 95% CI 0.92–1.06; I2: 4%; 26 studies;
37,755 participants) (Figure 3), O versus A group
(OR 0.93 95% CI 0.86–1.00; I2: 0%; 25 studies; 28,815 par-
ticipants), and O versus AB group (OR 0.99 95% CI 0.84–
1.16; I2: 0%; 24 studies; 17,457 participants). However,
mortality was higher with O blood group compared to B

blood group (OR 1.11 95% CI 1.01–1.23; I2: 0%; 25 studies;
22,068 participants).

A blood group showed a higher risk of mortality when
compared to non-A group (OR 1.13 95% CI 1.03–1.23; I2:
17%; 27 studies; 39,542 participants) (Figure 3) and B
group (OR 1.20 95% CI 1.08–1.33; I2: 0%; 25 studies; 20,107
participants). Significant differences were not found
between participants with A versus AB blood group.

Participants with B blood group showed a lower mor-
tality risk than participants with non-B blood group
(OR 0.88 95% CI 0.80–0.96; I2: 0%; 25 studies; 37,591 par-
ticipants) (Figure 3). A similar mortality risk was found
when comparing B versus AB blood groups.

The two studies that could not be included in the
meta-analysis showed an increased risk of mortality in A
group20 and a lower risk in B group,21 respectively.

3.6 | Risk of bias and quality of the
evidence

Results of the risk of bias assessment of included studies
are shown in Table S6. A 54% of the included studies had
a moderate risk of bias, and the remaining studies (46%)
were qualified as low risk of bias studies.

FIGURE 3 (Continued)
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Funnel-plots for each of the outcomes are shown in
Figures S4–S7. A possible publication bias was identified
in COVID-19 infection results for comparisons O versus
non-O (Figure S4.1) and A versus non-A (Figure S4.2)
and also in admission to ICU for the comparison O ver-
sus non-O (Figure S6.1). Results of the overall assessment
of the quality of the evidence are shown in Table 2. The
quality of the evidence for COVID-19 infection results
was rated as “very low” for all the comparisons. Results
for hospitalization, admission to ICU, and mortality were
qualified as “low” or “very low.”

4 | DISCUSSION

The findings of this systematic review and meta-analysis
about the association of blood groups and COVID-19 sug-
gest a higher risk of infection in A group compared to
non-A, but not with each group independently, and a
lower risk of infection in O group compared to non-O
groups and to each individual group. We also found a
higher risk of infection in patients without anti-A or
anti-B antibodies. No significant association was found
with any blood groups when analyzing the risk of hospi-
talization, ICU admission, or mechanical ventilation
among patients with COVID-19. Regarding mortality,
group B showed a lower risk compared to non-B groups,
to A group and to O group, and A group showed a higher
risk when comparing with non-A groups and with B but
not with O or AB. Participants without anti-A antibodies
(A/AB) also showed a higher risk of death, while those
without anti-B antibodies (B/AB) showed a lower risk.

Some other reviews have previously assessed the risk
of COVID-19 infection and mortality. In general, they
coincide in showing an increased risk of infection in A
group (vs. non-A) and a decreased risk in O group
(vs. non-O).7,9,11,22,23 However, our analysis comparing
the risk of each group with the other groups individually
may add some relevant information. O group showed a
lower risk of infection compared to non-O groups but
also with A, B, and AB. Group A, however, only showed

a higher risk when comparing with non-A. As non-A
group is mostly composed of participants with O group
(represents 74% of non-A), it may be reflecting the protec-
tive effect of O group instead of a higher risk in A. The
higher risk in those lacking anti-A and anti-B antibodies
also supports this hypothesis. Regarding mortality,
Bhattacharjee et al. failed to find a relationship between
people with and without anti-A antibodies and COVID-
19 severe outcomes or death,8 Pourali et al. found no
association of any of the ABO group with mortality,23 Liu
et al. showed an increased risk of death in A group com-
pared to non-A,7 while Wu et al. found a lower risk in
group B.22

Mechanisms underlying the relationship between
some blood groups and risk of COVID-19 infection or
mortality are still unclear, but numerous hypotheses have
raised. The lower susceptibility of people with O blood
group to get infected by viruses had already been
reported by Cheng et al. in 2005 for SARS-CoV,24 and
another study suggested that adhesion of S protein and
ACE2 can be inhibited by anti-A natural antibody for
SARS-CoV.25 ACE2 has been also suggested to be the
receptor for SARS-CoV-2, so the anti-A and anti-B natu-
ral antibodies produced in individuals with blood group
O could potentially block viral adhesion to cells, which
could explain the lower risk of infection in O group.
Deleers et al. found that ABO antibody levels were signif-
icantly lower in COVID-19 patients compared to controls.
These findings could indicate that patients with low
levels of ABO antibodies are at a higher risk of being
infected and could therefore support causality.

It has also been proposed that COVID-19 mortality
may be related to the thrombotic risk that manifests in
this disease.26 The known relationship of blood groups to
von Willebrand factor levels27 (with individuals with
group O having the lowest levels) may have an influence
on mortality through thrombotic risk. However, throm-
boprophylaxis has become widespread after the first
wave, so this effect may have been diluted.

In this case, the lower mortality in group B could be
partly explained by demographic differences. Group B is

TABLE 2 Quality of the evidence assessment

Infection Hospitalization Admission to intensive care unit (ICU) Mechanical ventilation Mortality

O versus non-O Very lowa,b,c,d Low Very lowd Very lowb Low

A versus non-A Very lowb,d Low Low Very lowb Very lowb

B versus non-B Very lowb Very lowb Very lowb Very lowb Very lowb

aDowngraded for study limitations (risk of bias).
bDowngraded due to inconsistency of the results.
cDowngraded due to imprecision.
dDowngraded due to publication bias.
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more often of Asian origin and is very rare in Europe and
America, where most of the included studies come from.
This could be accompanied by a less aging population
with fewer comorbidities. In relation to this, it should be
noted that despite biological plausibility, association
should not be confused with causality, and that factors
such as ethnicity/race may play an important role in
COVID-19-related outcomes. It is known that there are
ethnicities/races with a skewed ABO frequency, and at
the same time, they often share characteristics (such as
socio-demographic status, lifestyle, or overweight) that
may influence the likelihood of infection or poorer health
outcomes from COVID-19. Despite this, as can be seen in
Table S2, very few studies have taken these confounding
factors into account in their analyses (Niles et al. and
Saeed et al. for infection, Mendy et al. for hospitalization
and Apea et al. and Nauffal et al. for mortality), pointing
to the need for quality studies that take these aspects into
account.

Blood transfusions also could be a modulator of out-
come, through donor blood or due to the different profile
of transfused patients (it is to be expected that blood
donors and transfusion recipients will have different
characteristics). Studies in which blood group determina-
tions were probably part of clinical necessity, blood group
determinations are likely associated with more blood
transfusions. In the subgroup analysis discriminating
these studies and those with blood donors, the risk of
COVID-19 infection differ when comparing A versus
non-A and B versus non-B. Muñiz-Diaz et al. also found
different results in this outcome between patients trans-
fused during hospitalization and blood donors, and
Pagano et al. found that a higher proportion of type A
patients were transfused compared to patients with other
blood groups. Unfortunately, only these two studies pro-
vided information about transfused patients with
COVID-19, opening up a possible field for further
research. Most of the previous published reviews were
performed early in the pandemic and included very few
studies. In our review, we have been able to collect a con-
siderably higher number of studies following rigorous
selection criteria, conducted not only at the beginning of
the pandemic, which included more types of patients.
This approach reduced the potential bias in estimating
the association of ABO blood group and susceptibility of
COVID-19 infection and complications and also allowed
having a significantly larger volume of data than in previ-
ous reviews, thus contributing to generate more solid evi-
dence. Moreover, previous reviews have other limitations
that we have tried to address. For instance, studies with
historical controls or using population-based comparators
not matched with COVID-19 diagnostic registries were
excluded in order to seek greater precision. In addition,
to clearly distinguish the effect of ABO in susceptibility of

COVID-19 infection and morbidity/mortality (predictive
vs. prognostic factor), studies with different inclusion
criteria were sought to address any or both questions,
and analyses were conducted separately.

Our review has also some limitations. Especially for
the outcome of COVID-19 infection, high heterogeneity
was found between the studies, so the overall estimates
should be interpreted with caution. This heterogeneity
may be due to the different populations, study designs,
follow-up periods, and assessment of the outcome or
quality of the studies. When restricting the analyses
showing high heterogeneity to studies with low risk of
bias heterogeneity persisted, and the protective effect of
the O group became nonstatistically significant. How-
ever, this may be due to the sample size reduction. Fur-
thermore, meta-analysis include unadjusted results, due
to lack of adjusted data, so the presence of some con-
founding factors such as age, sex, or race, that could
affect the results, cannot be ruled out. Little or no infor-
mation is available on other factors that may affect the
results, such as vaccination status, access to health care
resources, or existence of different dominant mutations
(only 4 studies provided information of genetics). Yet,
available adjusted results are consistent with unadjusted
effect estimates, especially for the protective effect of
0 group in COVID-19 infection.

This systematic review includes preprint articles that
have not yet been peer-reviewed, and this could compro-
mise the certainty of their findings. However, pandemic
emergency circumstance has caused many articles to be
advanced in this way, and thus we considered this strat-
egy as the most appropriate in order to generate updated
evidence, and risk of bias of these studies was also
assessed. Moreover, sensitivity analyses excluding studies
published only as preprints showed similar results to
those of the main analyses.

Our review brings together all available information
on the association between blood type and COVID-19
infection and severity. Searches were carried out both in
PubMed and repositories, maximizing the sensibility of
the process. In addition, a rigorous methodology was
followed to analyze and synthesize data, also assessing
the risk of bias and the quality of the evidence. Screening
of the references, data extraction, and quality assessment
was carried out independently by two review authors,
which ensures the quality of the process.

Recognizing people's susceptibility according to blood
group can help understand the pandemic dynamics in
different areas and also anticipate the possible outcomes,
thus limiting the adverse impact of the infection. Gener-
ated evidence can also be considered as the basis for
future research to increase knowledge about SARS-
COV-2 transmission and pathogenesis and to search for
new therapeutic targets or protective mechanisms.
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In conclusion, available information suggests that
there may be an association between ABO blood group
and COVID-19 infection and mortality. O group would
be associated to a reduced risk of COVID-19 infection
(OR 0.88) but would not influence the prognosis of the
disease. With less confidence, group A would be a risk
factor for COVID-19 infection (OR 1.08) and mortality
(OR 1.13). Group B would not modify the risk of COVID-
19 infection but would present a lower risk of mortality
(OR 0.88). These findings should be interpreted with cau-
tion considering the high heterogeneity found between
the studies when analyzing the risk of infection and a
low or very low quality of the evidence.
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