S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Blood Reviews 48 (2021) 100785

Contents lists available at ScienceDirect

Blood Reviews

journal homepage: www.elsevier.com/locate/issn/0268960X

ELSEVIER

Review ' :.)
Check for

The impact of ABO blood group on COVID-19 infection risk and mortality: [
A systematic review and meta-analysis

Nanyang Liu®, Tingting Zhang b, Lina Ma?, Huiqing Zhang *, Huichan Wang?*, Wei Wei ",
Hui Pei?, Hao Li™"

@ Xiyuan Hospital, China Academy of Chinese Medical Sciences, Beijing, China
Y College of First Clinical Medicine, Shandong University of Traditional Chinese Medicine, China

ARTICLE INFO ABSTRACT

Keywords:

ABO blood group

2019 coronavirus disease
Anti-A antibody

Virus

The 2019 coronavirus disease (COVID-19) has become a global pandemic. Several studies report that ABO blood
group polymorphism may be related to COVID-19 susceptibility and clinical outcomes; however, the results are
controversial. We conducted a systematic review and meta-analysis to investigate whether ABO blood groups are
associated with increased COVID-19 morbidity and mortality. A total of 715 articles were retrieved from seven
databases. Ten articles were selected for meta-analysis after removal of duplicates and two levels of screenings.
Overall, individuals with blood group A [odds ratio (OR) = 1.33, 95% confidence interval (CI) 1.14 to 1.56] and
B (OR = 1.06, 95% CI 1.00 to 1.13) had a substantially higher risk of COVID-19, whereas this was not the case for
blood group AB (OR = 1.07, 95% CI 0.88 to 1.30). Individuals with blood group O was not prone to develop the
disease (OR = 0.71, 95% CI 0.60 to 0.84). Moreover, the risk of COVID-19 was significantly associated with the
Rh-positive blood group (OR = 1.22, 95% CI 0.99 to 1.50). A meta-analysis of 5 studies suggested that blood
group A was associated with a significantly increased risk of COVID-19 mortality (OR = 1.25, 95% CI 1.02 to
1.52). Mild publication bias was found in the included studies. This systematic review and meta-analysis indi-
cated that blood groups A and B may be risk factors for COVID-19, whereas the blood group O appears to be
protective. Blood group A may be related to unfavourable outcomes. Further rigorous and high-quality research

evidence is needed to confirm this association.

1. Introduction

The 2019 coronavirus disease (COVID-19) is caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), which first broke out
in Wuhan, China, at the end of December 2019 [1]. On March 11, 2020,
the World Health Organization declared COVID-19 infection a global
pandemic [2]. As of June 24, 2020, it has affected more than 200
countries around the world, resulting in a global burden of over 10.3
million cases and a death toll of more than 506,000 [3]. SARS-COV-2isa
B-coronavirus that is highly homologous to SARS-CoV and uses
angiotensin-converting enzyme 2 (ACE2) during transmission [4].
Epidemiology has revealed risk factors for SARS-CoV-2 susceptibility,
such as age, gender, and chronic disease [5].

The ABO blood group system was the first human blood group
discovered in 1901 [6]. Since then, studies on the relationship between
the ABO blood group system and various diseases have never ceased,
because it is inherent in humans and easily determinable. ABO blood
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groups are statistically or biologically related to many chronic diseases,
such as vascular disease, coronary heart disease, and tumourigenesis
[7]. In recent years, studies of the association between blood groups and
certain viral infections have attracted increasing attention. Investigating
the contribution of different blood groups to viral infection may be
beneficial in determining an individual’s susceptibility to a virus. Pre-
vious work has determined an association between ABO blood groups
and host susceptibility to infectious diseases, including SARS-CoV [8],
malignant tumours [9], Helicobacter pylori [10], Norwalk virus [11],
and hepatitis B virus [7]. In particular, the association between ABO
blood groups and SARS-CoV directly prompted the assumption of a
similar susceptibility to COVID-19.

Recently, epidemiological studies have reported that blood group is
strongly statistically associated not only with acquisition of SARS-CoV-2
but also with survival following infection [12]. However, there have
been conflicting results due to multiple confounding effects. Li et al. [13]
compared blood groups between COVID-19 patients and the general
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population and found that the probability of COVID-19 positivity in
blood group A was increased compared with that in the general popu-
lation, while the probability of COVID-19 positivity in blood group O
was decreased. However, Szmuness et al. [14] failed to confirm this
association. Thus, controversy remains with respect to whether blood
group is related to COVID-19 infection and which antigen is a protective
or risk factor. We performed a systematic review and meta-analysis to
elucidate the association between ABO blood group and increased
COVID-19 morbidity and mortality.

2. Methods

The protocol was registered in PROSPERO (registration number:
CRD42020195615). Preferred Reporting Item for Systematic Review
and Meta-analysis Protocol (PRISMA) and Meta-analysis Of Observa-
tional Studies in Epidemiology (MOOSE) recommendations were used to
guide this review [15,16].

2.1. Data sources and search strategy

Two independent reviewers (NL and TZ) searched the databases of
the China Biology Medicine disc, China National Knowledge Infra-
structure, China Science and Technology Periodical Database, Wanfang
Database, PubMed, Embase, and Web of Science from the date of
inception to June 30, 2020. We used MeSH/Emtree terms combining
free-text words, such as ABO blood types (groups), blood group antigens,
novel coronavirus-infected pneumonia, COVID-19, and SARS-CoV-2,
which were properly adjusted for the different databases. The search
words in the Chinese databases were a translation of the above words.
We limited the search language to English and Chinese, with no re-
strictions on country or publication status. To ensure a comprehensive
search, the latest research references were manually screened to identify
qualified studies.

2.2. Inclusion and exclusion criteria

Inclusion criteria: 1) case-control and cohort studies were included;
2) data relating to ABO blood group distribution, the number of COVID-
19 infected and uninfected subjects, and deaths were extracted. Exclu-
sion criteria: 1) results that could not be pooled through calculation; 2)
case reports, case series, duplicate reports and in vitro and animal
studies; 3) the full text of the study was not be available; 4) the study was
not relevant to the subject.

2.3. Study selection

Studies were independently identified by two reviewers (WW and
HW). After removal of the duplicates, the two reviewers assessed the
studies according to the eligibility criteria by reading the title and ab-
stract. Controversial literature was confirmed by discussion of the two
reviewers. A third reviewer (HL) assisted if they were unable to reach an
agreement.

2.4. Data extraction and quality assessment

To ensure the completeness and consistency of the data, two inde-
pendent reviewers (LM and WW) extracted data from the eligible studies
using a predesigned template. The template included the following
items: general information (first author, corresponding author, contact
information, journal, year of publication, country/region, funding
source), characteristics of participants (age, gender, race, education
level, disease stage, and severity), characteristics of the study (sample
size, study design, follow-up time), exposure factor (ABO blood group
distribution), and outcomes (morbidity and mortality). Disagreements
were resolved by consensus or through consultation with the third
reviewer (HL). The Newcastle-Ottawa Scale (NOS) recommended by the
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Cochrane Collaboration was used to evaluate the methodological quality
of the included studies [17]. Content was evaluated on the basis of three
parameters: selection, comparability, and exposure/outcome. Quality
assessments were performed by two researchers (NL and WW), and if
any discrepancies existed, the two authors resolved the issue through
discussion to reach a consensus.

2.5. Statistical analysis

Review Manager software (version 5.3.5) and Stata software (version
14.0) were used for statistical analysis. The Mantel-Haenszel model was
utilized for dichotomous variables to calculate the odds ratio (OR) and
the corresponding 95% confidence interval (CI) to assess the association
between ABO blood groups and COVID-19 infection status. Relative risk
was measured as the OR in all studies and prioritized the adjusted OR.
Heterogeneity between included studies was assessed using the I? sta-
tistic and P values. I < 50% was considered to indicate little hetero-
geneity; I> > 50% was considered to indicate substantial heterogeneity
[18]. A random or fixed-effect model was carried out to assess the data,
but only the random effect analyses were reported when the heteroge-
neity was significant and could not be explained. Publication bias was
assessed by using a funnel plot and Egger’s regression test. Sensitivity
analysis of the primary endpoint was conducted by sequential removal
of each trial to assess the impact of individual studies on overall pooled
estimates. Forest plots were generated to indicate the pooled results.
Subgroup analysis was performed based on pre-set variables (country,
race, and study design). According to the main ethnic groups, the study
is divided into Caucasians and Asians. A value of P < 0.05 was deemed to
be statistically significant.

3. Results
3.1. Literature search

A comprehensive search yielded 715 potentially relevant studies
from all databases, of which 50 were excluded after removal of the
duplicates. The remaining 665 records were filtered based on the title
and abstract, of which 632 were excluded because they addressed un-
related topics. We reviewed the full text of the remaining 33 studies and
identified 10 studies that met the inclusion criteria of the meta-analysis:
8 case-control studies [14,19-25] and 2 cohort study [13,26]. The
detailed search process is demonstrated in Fig. 1.

3.2. Study characteristics and quality assessment

The 10 studies were published in 2020. Concerning the countries
where these studies were performed, 2 were conducted in the United
States [14,21], 4 in Europe [20,24-26], and 4 in China [13,19,22,23]. A
total of 54,218 subjects were included, with 9383 COVID-19-infected
subjects and 44,835 uninfected subjects. The majority of the studies
included adults between 13 and 80 years of age. Most of the COVID-19
diagnoses were confirmed by a positive RT-PCR test using nasal and
pharyngeal swab specimens. Most participants in the control group were
healthy and were blood donors. All studies reported the distribution of
the 4 blood groups. Table 1 lists the basic characteristics of the included
studies.

Of the 10 qualified studies, 6 were considered to have high meth-
odological quality (score > 7), while 4 studies were of medium quality
(score 4-6). The scores ranged from 4 to 9, with an average score of 7,
which indicated that the included studies were generally of high quality
(Supplementary Table S1).

3.3. Association between blood group A and COVID-19 infection

Meta-analysis of the association between blood group A and COVID-
19 infection in the 10 studies using a random-effect model demonstrated
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Fig. 1. Study selection process for the meta-analysis.

increased odds of COVID-19 infection compared to non-A blood group
participants (OR = 1.33, 95% CI 1.14 to 1.56) (Fig. 2). Although the
studies found a positive association between blood group A and COVID-
19 susceptibility, there was considerable heterogeneity across studies
(1% = 86%, P < 0.000). In the subgroup analysis of different races, the
relationship between blood group A and COVID-19 infection remained
stable (OR = 1.43, 95% CI 1.06 to 1.93 for Caucasians; OR = 1.34, 95%
CI 1.20 to 1.50 for Asians) (Supplementary Fig. S2). Further stratified
analysis for study design did not substantially change the pooled esti-
mated effect value (OR = 1.39, 95% CI 1.11 to 1.72 for case-control
studies; OR = 1.27, 95% CI 1.14 to 1.56 for cohort studies) (Supple-
mentary Fig. S2). Neither the visual inspections of the funnel plot
(Fig. 3) nor the Egger’s test (P = 0.541) showed evidence of publication
bias. Moreover, the sensitivity analysis was completed by deleting each
study in turn, providing nearly similar risk estimates (Supplementary
Fig. S3).

3.4. Association between blood group B and COVID-19 infection

The meta-analysis findings from 10 studies on the association

between blood group B and COVID-19 infection showed slightly
increased odds of COVID-19 infection compared to non-B blood groups
(OR = 1.06, 95% CI 1.00 to 1.13) (Fig. 2), with a mild heterogeneity
across studies (I = 12%, P = 0.33). In a subgroup analysis of race,
compared with the non-B blood groups, blood group B was associated
with an increased risk of COVID-19 infection in the Asian population
(OR =1.08, 95% CI 1.01 to 1.17), while no association was found in the
Caucasian population (OR = 1.02, 95% CI 0.90 to 1.14) (Supplementary
Fig. S4). Further stratified analysis of study design showed that the
cohort study was not relevant (OR = 1.04, 95% CI 0.93 to 1.17) (Sup-
plementary Fig. S4). The robustness of the results was evaluated by
deleting each study in turn and reanalysing the data sets, which did not
lead to significant changes in the pooled OR estimate (Supplementary
Fig. S3). In addition, no significant asymmetry was observed in the
funnel plot, indicating that there was no publication bias (Fig. 3).
Moreover, the Egger regression asymmetry test (P = 0.232) did not
suggest statistical publication bias.



Table 1

Summary characteristics of studies included in the meta-analysis.

Study year, Country Study design Sample Age Gender Patients Controls Outcomes
size
+/-)
Juyi Li China Retrospective 2153/ Case: less than 40 years (n ~ Case: male Patients with COVID-19 The healthy general Relationship between ABO blood
2020 [13] cohort study 3694 = 342), aged 41-59 years  (53.09%) population group and susceptibility, and
(n = 784), over 60 years control: NR mortality of COVID-19 patients
(n = 1027); control: NR
Sunny Dzik United Case-control 957/ NR NR Patients with COVID-19 infection confirmed by nasal Patients who were Relationship between ABO blood
2020 [14] States study 5840 swab PCR. hospitalized without group and susceptibility, and
COVID-19 mortality of COVID-19 patients
Kai Duan 2020 China Case-control 150/180 Aged 18-60 years Case: male COVID-19 survivors. Blood donors without Relationship between ABO blood
[22] study (49.33%) COVID-19 group and susceptibility, and
control: NR mortality of COVID-19 patients
Yugin Wu 2020 China Case-control 187/ Case: over 40 years (n = Case: male Patients with COVID-19. The healthy general Relationship between ABO blood
[19] study 1991 116), less than 40 years (n ~ (51.87%) population group and susceptibility of
= 69); control: NR control: NR COVID-19 patients
Michael Zietz United Case-control 682/877 NR NR Individuals with a single positive SARS-CoV-2 lab testare ~ Participants in the same Morbidity and clinical outcome
[21] States study considered COVID-19 positive, even if they had previous cohort who tested (intubation or death)
2020 or subsequent negative tests. negative for COVID-19
Hakan GOKER Turkish Case-control 186/ Case:42 (19-92) Case: male The 56 COVID-19 infection who were positive for the The healthy general Relationship between ABO blood
2020 [20] study 1882 control: NR (53.76%) SARS-CoV-2 RNA test through PCR 57 from the population group and susceptibility of
control: NR  nasopharyngeal swab. COVID-19 patients
David Ellinghaus  Italian Case-control 1610/ NR NR Patients defined as hospitalization with respiratory Blood donors without Morbidity and genomewide
2020 [25] and study 2205 failure and a confirmed SARS-CoV-2 viral RNA PCR test COVID-19 analysis
Spanish from nasopharyngeal swabs or other relevant biologic
fluids.
Jiao Zhao 2020 China Case-control 2173/ NR NR Patient diagnosis of COVID-19 was confirmed by a The healthy general Relationship between ABO blood
[23] study 27080 positive RT-PCR test on nasal and pharyngeal swab population group and susceptibility, and
specimens. mortality of COVID-19 patients
Marion Kibler France Case-control 22/680 Mean age:82 + 6.9 Male Patients were considered as COVID-19 in presence of Participants in the same Relationship between blood
2020 [24] study (44.59%) positive RT-PCR testing of a nasopharyngeal swab cohort who tested groups and ARDS, AKI, and
specimen or with typical symptoms and characteristic negative for COVID-19 mortality, in addition to
imaging findings on chest computed tomography. susceptibility in COVID-19
patients.
Boudin France Retrospective 1263/ Case: 28 (23-36) * Male SARS-CoV-2-infected subjects were defined as at least Participants in the same Relationship between ABO blood
2020 [26] cohort study 406 control: 27 (23-33) * (87%) one cohort who tested groups and SARS-CoV-2 infection

positive RT-PCR (confirmed) and/or crewmembers with
clinical symptoms highly suggestive of COVID-19 in this
epidemiological context (fever, myalgias, arthralgias,
dyspnea, cough, headache, anosmia, ageusia, rhinitis,
diarrhea, fatigue, cutaneous signs)

negative for COVID-19
and no clinical signs.

RT-(PCR) = real-time (polymerase-chain-reaction); COVID-19 = coronavirus disease 2019; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2; +/— = COVID-19 positive / COVID-19 negative; a = Median
age (IQR); NR = not report.
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A vs non-A
Experimental Control Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% ClI
Boudin 2020 521 674 742 995 10.8% 1.16 [0.92, 1.46] ™
GWAS Group 2020 765 1614 845 2201 12.8% 1.45[1.27, 1.65] "
Hakan GOKER 2020 106 822 80 1246 9.2% 2.16[1.59, 2.93] -
Jiao Zhao 2020 797 8713 1376 20540 13.3% 1.40 [1.28, 1.54] =
Juyi Li 2020 819 2007 1334 3840 13.1% 1.30 [1.16, 1.45] "
Kai Duan 2020 43 100 107 230 6.3% 0.87 [0.54, 1.39] -
Marion Kibler 2020 18 299 4 403 1.8% 6.39 [2.14, 19.08] -
Michael Zietz 2020 233 478 449 1081 11.1% 1.34 [1.08, 1.66] =
Sunny Dzik 2020 311 2439 646 4358 12.5% 0.84[0.73, 0.97] "
Yugin Wu 2020 69 616 118 1562 9.1% 1.54 [1.13, 2.11] -
Total (95% CI) 17762 36456 100.0% 1.33 [1.14, 1.56] ¢
Total events 3682 5701
Heterogeneity: Tau? = 0.05; Chi? = 63.65, df = 9 (P < 0.00001); I2 = 86% ’0 o 0’ " : 1’0 " 00‘
Test for overall effect: Z = 3.55 (P = 0.0004) ’ Expe.rimental Control
B vs non B
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% CI M-H, Fixed. 95% CI
Boudin 2020 135 183 1128 1486 3.4% 0.89[0.63, 1.27]
GWAS Group 2020 162 390 1448 3425 9.1% 0.97 [0.78, 1.20]
Hakan GOKER 2020 20 297 166 1771 2.3% 0.70[0.43, 1.13]
Jiao Zhao 2020 577 7377 1596 21876 38.8% 1.08 [0.98, 1.19]
Juyi Li 2020 561 1481 1592 4366 26.2% 1.06 [0.94, 1.20]
Kai Duan 2020 54 99 96 231 1.4% 1.69 [1.05, 2.71] T
Marion Kibler 2020 0 63 22 639 0.2% 0.22[0.01, 3.60]
Michael Zietz 2020 116 252 566 1307 5.2% 1.12[0.85, 1.46] ™
Sunny Dzik 2020 140 901 817 5896 9.6% 1.14 [0.94, 1.39] ™
Yugin Wu 2020 63 707 124 1471 3.8% 1.06 [0.77, 1.46] T
Total (95% CI) 11750 42468 100.0% 1.06 [1.00, 1.13]
Total events 1828 7555 . . . .
Heterogeneity: Chi? = 10.23, df =9 (P = 0.33); I? = 12% : : : ,
Test for overall effect: Z = 1.94 (P = 0.05) Ovaxpg'r:mental L Controlm 100
AB vs non AB
Experimental Control Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Boudin 2020 54 70 1209 1599 7.6% 1.09 [0.62, 1.92] T
GWAS Group 2020 79 154 1531 3661 13.4% 1.47 [1.06, 2.02] ™
Hakan GOKER 2020 14 202 172 1866 7.6% 0.73[0.42, 1.29] T
Jiao Zhao 2020 232 2280 1941 26973 18.9% 1.46 [1.27, 1.69] =
Juyi Li 2020 219 555 1934 5292 17.9% 1.13[0.95, 1.35] ol
Kai Duan 2020 14 31 136 299 52% 0.99[0.47, 2.08] -1
Marion Kibler 2020 0 20 22 682 0.5% 0.72[0.04, 12.21]
Michael Zietz 2020 21 68 661 1491 8.4% 0.56 [0.33, 0.95] B
Sunny Dzik 2020 41 272 916 6525 12.9% 1.09[0.77, 1.53] T
Yugin Wu 2020 14 213 173 1965 7.7% 0.73[0.41, 1.28] T
Total (95% CI) 3865 50353 100.0% 1.07 [0.88, 1.30] 9
Total events 688 8695 . ) . .
Heterogeneity: Tau? = 0.05; Chi? = 23.88, df = 9 (P = 0.004); I2 = 62% : ' J J
Test for overall effect: Z = 0.63 (P = 0.53) 0.01Exp2.r1imental ! Control10 100

Fig. 2. Meta-analysis of the studies that compared the odds of COVID-19 infection among individuals with blood group A, B, and AB vs those with a non-A, non—B,

and non-AB blood group.

3.5. Association between blood group AB and COVID-19 infection

Fig. 2 shows the overall pooled OR of the association between the
blood group AB and COVID-19 susceptibility. Compared with non-AB
blood groups, there was no evidence that individuals with blood
group A had an increased risk of COVID-19 infection (OR = 1.07, 95% CI
0.88 to 1.30), and there was also evidence of substantial heterogeneity

= 62%, P = 0.004). The results of the stratified analysis for race and
study type did not materially alter the pooled estimate (OR = 0.97, 95%
CI 0.71 to 1.34 for Caucasians; OR = 1.16, 95% CI 0.90 to 1.50 for
Asians; OR = 1.01, 95% CI 0.77 to 1.33 for case-control studies OR =
1.13, 95% CI 0.95 to 1.34 for cohort studies) (Supplementary Fig. S5).
Sensitivity analysis was used to assess the robustness of the results by
sequentially removing each study and reanalysing the data sets,
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Fig. 3. Assessment of publication bias using a funnel plot. Each circle represents a separate study. The horizontal axis refers to the log odds ratio, and the vertical axis
represents the standard error of the log odds ratio.

resulting in a nearly identical risk estimate (Supplementary Fig. S3).
Visual inspection of the funnel plot revealed a mild asymmetry (Fig. 3).
Egger’s regression asymmetry test (P = 0.020) also suggested publica-

tion bias.

3.6. Association between blood group O and COVID-19 infection

Fig. 4 shows the contribution of blood group O to COVID-19 sus-
ceptibility. Seven of the 10 studies reported a negative correlation be-
tween the blood group O and COVID-19 infection. Contrary to the results
for blood group A, blood group O was found to be protective factor in
our analysis, reducing the risk of COVID-19 infection (OR = 0.71, 95%
CI 0.60 to 0.84), despite the high heterogeneity (I = 87%, P < 0.000).
Subgroup analysis based on race and study type did not substantially
alter the pooled effect value (OR = 0.75, 95% CI 0.59 to 0.96 for Cau-
casians; OR = 0.63, 95% CI 0.56 to 0.70 for Asians; OR = 0.68, 95% CI
0.55 to 0.85 for case-control studies; OR = 0.77, 95% CI 0.58 to 1.00 for
cohort studies) (Supplementary Fig. S6). Neither the funnel plot visual
test (Fig. 3) nor the Egger’s regression asymmetry test (P = 0.908)

suggested statistical publication bias.

3.7. Association between Rh blood group and COVID-19 infection

A total of 4 studies involving 5998 patients reported an association
between Rh blood group and COVID-19 infection. As depicted in Fig. 4,
the pooled OR in a fixed-effect model suggested that the risk of COVID-
19 was significantly associated with the Rh-positive blood group (OR =
1.22, 95% CI 0.99 to 1.50) compared with the Rh-negative blood group.
In the meantime, no heterogeneity between these studies was revealed

(7 = 0.0%, P = 0.54).

3.8. Association between blood groups and COVID-19 mortality

Five of the 10 eligible studies explored the relationship between
blood groups and COVID-19 mortality. Overall, blood group A was
associated with a significantly increased risk of COVID-19 mortality (OR
= 1.25, 95% CI 1.02 to 1.52) compared with non-A blood groups.
Additionally, the pooled data did not demonstrate statistical heteroge-
neity @ = 0.0%, P = 0.54). No statistical evidence of this association
was found in the other three groups (Fig. 5).

4. Discussion

To the best of our knowledge, this is the first meta-analysis that in-
vestigates the relationship between ABO blood groups and COVID-19
infection. Our meta-analysis of 10 eligible studies consisting of 54,218
subjects suggested that blood groups A and B are associated with an
estimated increase in the probability of COVID-19 infection compared
with non-A and non-B blood groups, which was statistically significant.
However, compared with the non-O blood groups, individuals with
blood group O had a significantly lower predisposition to COVID-19,
which was highly statistically significant. No statistical evidence was
found for an association between blood group AB and COVID-19 infec-
tion. In terms of Rh, patients who were Rh positive were more vulner-
able to COVID-19 than those who were Rh negative. Furthermore, we
found a contribution of ABO blood groups to the clinical outcome of
patients with COVID-19. Compared with non-A blood groups, higher
mortality was observed in patients with blood group A, suggesting that
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OvsnonO Experimental Control Odds Ratio Odds Ratio
tudy or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Boudin 2020 553 742 710 927 11.1% 0.89[0.71, 1.12] -
GWAS Group 2020 604 1657 1006 2158 12.8% 0.66 [0.58, 0.75] d
Hakan GOKER 2020 46 747 140 1321 8.7% 0.55[0.39, 0.78] -
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Fig. 4. Meta-analysis of the studies that compared the odds of COVID-19 infection among individuals with blood group O and who were Rh-positive vs those with a

non-O blood group and were Rh-negative.

blood group A may be related to unfavourable outcomes.

At present, there is no research reporting the impact of race differ-
ences in blood group distribution on COVID-19 infection. Herein, we
considered race to be a confounding factor in the subgroup analysis to
investigate whether race differences affect the contribution of blood
group to infection. Interestingly, we only found that the overall pooled
results of COVID-19 infection in Caucasians with blood group B were
altered. However, the alteration was limited, which indicates that more
researche is needed to confirm this evidence. In addition, when inde-
pendently evaluating the study design, the pooled results were not
significantly different from the overall association. Mild publication bias
was found across studies through visual inspection of the funnel plot and
Egger’s test. However, there was moderate to substantial heterogeneity
across studies that cannot be ignored, which may be related to the in-
dividual study factor (eg., study quality and study design) and partici-
pant characteristics (eg., race and age).

Although the mechanisms underlying this association are still un-
clear, several hypotheses might be raised. The ABO blood group system
involves A and B antigens and their corresponding antibodies. The
antigen-encoding gene is located on chromosome 9q34.1-34.2 [27] and
is composed of A, B, and O alleles, with a total of 4 genetic phenotypes.
Differences in blood group antigen expression can increase or decrease
the sensitivity of the host to pathogen infection, which may partially
explain the blood group difference affecting host predisposition to
COVID-19 [28,29]. ACE2 was reported to be a receptor for SARS-COV
[30], a virus that caused acute severe respiratory syndrome in 2003.
Comparison of the spike (S) protein-coding sequences of SARS-COV-2
and SARS-COV revealed 76%-78% similarity, suggesting that they
may share a common receptor [31]. Studies on various genetic factors
for SARS susceptibility have found that monoclonal or human natural
anti-A antibodies can specifically inhibit the interaction between S
protein and ACE2, indicating that anti-A antibodies in individuals with

blood group O may block the interaction of SARS-CoV virus S protein
with the ACE2 receptor to provide protection [32]. This explained why
individuals with blood group A were vulnerable to SARS-CoV, while
individuals with blood group O were not [8]. It can be speculated that
the decreased sensitivity of individuals with blood group O to COVID-19
and the increased sensitivity of individuals with blood group A to
COVID-19 may be related to the presence of natural anti-blood group
antibodies, especially anti-A antibodies [33]. Other mechanisms that
might explain this association must be further studied.

It has been reported that ABO blood groups are significantly asso-
ciated with not only susceptibility to SARS-CoV-2 but also with unfav-
ourable outcomes following infection [34-36]. However, we found
inconsistent conclusions regarding the relationship between ABO blood
groups and COVID-19 mortality. Zhao et al. [23] reported that among
206 COVID-19 patients who died, those with blood group A had a higher
mortality rate than those with non-A blood groups, while patients with
blood group O had a lower mortality rate than those with non-O blood
groups. Zietz et al. [21] did not provide strong evidence of associations
between blood groups and intubation or death among COVID-19 pa-
tients. Our meta-analysis included 5 studies demonstrating that blood
group A was associated with a significantly increased risk of COVID-19
mortality compared with other blood groups. However, it is worth
noting that the data reported in the study by Dzik et al. [14] did not
support the association between ABO blood group polymorphism and
COVID-19 fatality because they compared the ABO blood group distri-
bution between infected survivors and infection-related deaths. They
believed this comparison was the most informative way to understand if
a particular ABO blood group was associated with mortality within a
cohort of infected individuals.

Our findings have some limitations. First, due to the significant
heterogeneity, caution should be exercised in interpreting the overall
estimates of this meta-analysis. We lack any explanation for this
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Fig. 5. Meta-analysis of 5 studies that compared the odds of COVID-19 mortality among individuals with ABO blood groups.

heterogeneity apart from the study type, the method of outcome as-
sessments, and the possible differences in the study population. How-
ever, although the unexplained significant heterogeneity limits the
interpretation of the pooled estimates, subgroup analysis and sensitivity
analysis still indicate that the results of our meta-analysis were reliable.
Second, potential confounding factors, such as age, gender, vascular
disease, and diabetes, could not be ruled out, which may lead to de-
viations in study conclusions because those factors may affect the
vulnerability of an individual to COVID-19 and the severity of the dis-
ease. Third, we limited the study language to English and Chinese, which
may have led to exclusion of studies in other languages that are suitable,
potentially resulting in publication bias.

In conclusion, this meta-analysis provides evidence that blood
groups A and B are associated with an increased risk of COVID-19,
whereas blood group O appears to be protective. Rh-positive in-
dividuals are more susceptible to COVID-19 than Rh-negative in-
dividuals. Moreover, individuals with blood group A are not only prone

to developing the disease but also show unfavourable outcomes. How-
ever, considering the heterogeneity and the limited number of included
studies, more rigorous and high-quality research evidence is needed to
confirm this association. Although our study confirmed the association
between ABO blood group polymorphism and COVID-19 infection, and
prognosis, this does not mean that individuals with blood group O
should take the virus lightly. Moreover, individuals with blood groups A
and B should not panic, but protective measures are still critical.

5. Future considerations
Due to the few number of articles included in this study, as new

evidence emerges, we will continue to follow this topic to provide more
convincing evidence.



N. L

iu et al.

Practice points

Individuals with blood groups A and B are more susceptible to
COVID-19 infection, whereas the blood group O appears to be
protective.

Individuals with blood group A are not only prone to developing the
disease but also shows unfavourable outcomes.

Individuals with blood group O should not take the virus lightly, and
individuals with blood groups A and B should not panic; protective
measures are still critical.

Research agenda

org

Investigation of the potential mechanisms by the which ABO blood
groups affects COVID-19 infection.

While maintaining ABO matching compatibility, for convalescent
plasma therapy, it might be wise to prefer COVID-19 rehabilitation
donors with blood group O.

Supplementary data to this article can be found online at https://doi.
/10.1016/j.blre.2020.100785.
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