medRxiv preprint doi: https://doi.org/10.1101/2020.06.07.20124610.this version posted June 8, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

Title page
Relationship Between Blood Group and Risk of Infection and Death in COVID-19: a
live Meta-Analysis
Fateme Pourali1, Mahdi Afshari2, Reza Alizadeh-Navaei3, Javad Javidnia1, Mahmood Moosazadeh4,
Amirhossein Hessami1,5
1. Student Research Committee, School of Medicine, Mazandaran University of Medical Sciences,
Sari, Iran
2. Department of Community Medicine, School of Medicine, Zabol University of Medical Sciences,
Zabol, Iran
3. Gastrointestinal Cancer Research Center, Mazandaran University of Medical Sciences, Sari, Iran
4. Health Sciences Research center, Addiction Institute, Mazandaran University of Medical Sciences,
Sari, Iran,
5. Systematic Review and Meta-Analysis Expert Group (SRMEG), Universal Scientific Education and
Research Network (USERN), Tehran, Iran
Corresponding author: Mahmood Moosazadeh, Health Sciences Research center, Addiction
Institute, Mazandaran University of Medical Sciences, Sari, Iran,
E-mail: mmoosazadeh1351@gmail.com
Running title: Blood group and COVID-19

medRxiv preprint doi: https://doi.org/10.1101/2020.06.07.20124610.this version posted June 8, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

Abstract
Introduction: The relationship between ABO blood group and the incidence of COVID-19
infection and death has been investigated in several studies. The reported results were
controversial, so the objective of the present study is to assess the relationship between
different blood groups and the onset and mortality of COVID-19 infection using metaanalysis method.
Methods: We searched the databases using appropriate MeSH terms. We screened articles on
the basis of titles, abstracts, and full texts and the articles that met the inclusion criteria were
selected. Quality assessment was done with the Newcastle-Ottawa Scale checklist. The
estimated frequency of COVID-19 infection and death in terms of ABO blood group and the
overall estimate of the odd ratio between blood group with COVID-19 infection and death
was done with 95% confidence interval.
Results: The pooled frequency of blood groups A, B, O, and AB among COVID-19 infected
individuals was estimated as 36.22%, 24.99%, 29.67%, and 9.29% respectively. The
frequency of blood groups A, B, O, and AB among the dead cases due to COVID-19
infection was estimated as 40%, 23%, 29%, and 8% respectively. The odd ratio of COVID19 infection for blood group A versus the other blood groups was estimated 1.16 (CI 95%:
1.02-1.33). The corresponding figures for blood groups O and AB versus other blood groups
were estimated as 0.73 (CI 95%: 0.60-0.88) and 1.25(CI 95%: 0.84-1.86) respectively.
Conclusion: This meta-analysis showed that individuals with blood group A are at higher
risk for COVID-19 infection while those with blood group O are at lower risk. Although the
odds ratio of death for AB blood group was non-significant, it was considerable.
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Introduction
The coronaviruses (CoVs) are enveloped, single-stranded, positive-sense RNA viruses that
have club-shaped spikes on their surface (1, 2). Before 2002, they were known as one of the
causes of the common cold one of their families named betacoronavirus, was responsible for
more severe issues. In 2002, severe acute respiratory syndrome (SARS), and in 2012, Middle
East Respiratory Syndrome (MERS) and recently coronavirus disease 2019(COVID-19) were
caused by the same family (1, 3, 4). The virus that causes COVID-19 is named as SARSCoV-2 or 2019-nCoV (5, 6). World Health Organization (WHO) declared COVID-19
pandemic on 11th of March 2020.According to WHO statistics over 3 million confirmed
cases and over 200 thousand deaths were reported by May 6, 2020 (3, 7).
Different risk factors have been reported for COVID-19 morbidity and mortality. These
include male, aged over 65 and smoking, and underlying diseases such as hypertension,
diabetes, cardiovascular and respiratory diseases (8). Recently some studies found a
relationship between the ABO blood group and COVID-19 morbidity and mortality(9-12).
ABO blood group have been also reported to be related to different diseases and syndromes
such as Norwalk virus, Helicobacter pylori infections, SARS infection (13), acute respiratory
distress syndrome(ARDS) (14), influenza (15, 16), acute hypoxemic respiratory failure (17),
prostate and bladder cancer (18), gastric cancer and cardiovascular diseases (19).
As mentioned, there are articles emphasizing the hypothesis of a relationship between ABO
blood group and COVID-19. However, the results of these articles are not consistent.
Meta-analysis is one of the study designs that combines the results of the preliminary studies
and determine a valid estimate. Therefore, our objective is to perform a rapid systematic
review and meta-analysis to discover any association between ABO blood group and
COVID-19 morbidity and mortality. Note that there are limited primary evidences regarding
the association between blood groups and COVID19 infection, upcoming relevant studies
will be added to the results of the present meta-analysis.
.

Methods
Search Strategy
A systematic search was carried out in the available databases including PubMed, Scopus,
Cochrane library, Web of Science, and also unpublished results in medRxiv. We used all
MeSH terms and relevant keywords (COVID19, SARS-CoV-2 infection, COVID-19 virus
disease, 2019-nCoV infection, ABO Blood Group System, ABO Factor, Blood Groups,
Antigens, Blood Group). All case-control, cohort, and cross-sectional studies until 21st April
2020 were included.
Criteria for study selection
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Inclusion criteria: 1)Studies that reported a relationship between ABO blood group and death
due to COVID-19, 2) Studies that reported a relationship between ABO blood group and
COVID-19 infection, 3) Studies that reported frequency of COVID-19 among different ABO
blood groups and 4)Studies that reported death among COVID-19 infected people.
Exclusion criteria: case-reports and letters to the editors were excluded.
Data extraction
Data extracted from the primary studies included first author's name, year of publication,
place of the study conduction, type of the study, sampling method, number of participants,
number of COVID-19 infection, and death in each blood group, A, B, O, and AB. The
required data was entered into Excel spreadsheets.
Quality assessment
Quality assessment was performed using The Newcastle-Ottawa Scale (NOS). This checklist
has three parts: selection, comparability, and exposure. The checklist scores are between 0-9.
Studies with a score lower than 5 were excluded. The selection criteria for Selection was 4 in
maximum, 2 for Comparability, and 3 for Exposure (20). Quality assessment was performed
by two authors independently.
Data analysis
Data analysis was performed using Stata ver.11. Heterogeneity between studies was assessed
using Cochrane's Q test and I-squared (I2) test. Standard error was calculated to assess the
frequency of COVID-19 infection and death in each blood group. The overall estimate of the
frequency of COVID-19 infection and death with 95% confidence interval in each ABO
blood group was calculated, using random effect model. To assess the relationship between
COVID-19 infection and mortality with blood group, the required data was extracted in
binary tables. Using the Metan command, the random effect model, and reverse variance, the
point odd ratio and 95% confidence interval was illustrated on forest plots. In these plots, the
size of the square shows the weight of each study and the lines beside it show the 95%
confidence interval. In the cases that confidence interval didn't include number 1, the
difference was considered statistically significant.
Results
By searching in databases, 318 studies were found. After removing duplicates, checking the
titles, abstracts and full texts of the remaining articles, 314 irrelevant or duplicate papers were
excluded. Quality assessment scores for the four final selected studies in the meta-analysis
were above 5. The eligible studies included two case-controls, one cohort and one cross
sectional studies. Of them, (figure 1). The studies were done in China (3 studies) or the U.S.A
(one study). In total, 7 data were found, from hospitals in Wuhan, Shenzhen, Xi’an, Beijing,
and New York City. Totally,139,128 participants were enrolled in these studies 135,940 of
which were controls.
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In 7 evidence included in this meta-analysis, the frequency of blood group A among COVID19 infected people had been reported between 28.77% and 44.44%. Combining these results
using random effect model (I-square:41.5%, Q:10.25, P-value:0.115), the pooled frequency of
blood group A among COVID-19 infected people, was estimated as 36.22% (95%
CI:32.81,39.63) (figure 2-A).
The frequency of blood group B among COVID-19 infected people had been reported in the
seven evidences between 17.01% and 30.93%. Combining these results with random effect
model (I-squared:79.1%, Q:28.70, P-value<0.001) the total frequency of blood group B
among all COVID-19 infected people, was estimated as 24.99% (95% CI:20.35, 29.62)
(figure 2-B).
In 7 evidence included in this meta-analysis, the frequency of blood group O among COVID19 infected people had been reported from 18.18% to 45.75%. Combining these results with
random effect model (I-squared:89.6%, Q:57.77, P-value<0.001), the pooled frequency of
blood group O among COVID-19 infected people, was estimated as 29.67% (95% CI:22.45,
36.89) (figure 2-C).
Of the evidence included in this meta-analysis, five studies had reported the frequency of
blood group AB among COVID-19 infected people varied between 3.08% and 13.68%.
Combining the results with random effect model (I-squared:93.6%, Q:62.72, P-value<0.001),
the frequency of blood group AB among COVID-19 infected people, was estimated as 9.29%
(95% CI:4.70, 13.88) (figure 2-D).
The odds for COVID-19 infection among blood group A versus non-A blood groups was
extracted from four evidences one of which was statistically significant. Combining the
primary odds ratios using random effect model (I-square=47.1%, Q=5.67, P=0.129), the
pooled odd ratio for blood group A was estimated as 1.16 (95% CI: 1.02-1.33) (figure 3-A).
The odds of COVID-19 infection among blood group B versus non-B blood groups was
extracted from four evidences. it was lower in B blood group than non-B blood groups in two
studies, one of which was statistically significant. Combining these results with random effect
model (I-square=98.9%, Q=266.1, P<0.001), the odd ratio for blood group B was estimated
as 0.65 (95% CI: 0.23-1.84) (figure 3-B).
The odds of COVID-19 infection among blood group O versus non-O blood groups had been
reported in four evidence all of which reported lower odds of COVID-19 infection among
subjects with blood group O. Three of these associations were statistically significant. By
combining these results with random effect model (I-square=72.1%, Q=10.76, P=0.013), the
odd ratio for blood group O was estimated as 0.73 (95% CI: 0.60-0.88) (figure 3-C).
The odds of COVID-19 infection among patients with and without blood group AB had been
reported in four evidences just one of which was statistically significant. Combining these
results using random effect model (I-square=80.3%, Q=15.22, P=0.002), the odd ratio for
having blood group AB was estimated as 1.25 (95% CI: 0.84-1.86) (figure 3-D).
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The odds for death among COVID-19 infected people with blood group A versus non-A
blood group had been reported by two evidences one of which reported higher chance of
mortality among patients with blood group A compare to those without. However, it was not
statistically significant. Combining the results of these two evidences, applying random effect
model (I-square=0%, Q=0.41, P=0.522), the odd ratio for death among COVID-19 infected
people having blood group A was estimated as 1.12 (95% CI: 0.87, 1.45).
Just two studies had compared patients with and without blood group B in term of the odds
of COVID-19 infection both of them showed lower odds of death among people with blood
group B. but the results were not statistically significant. Combining the results of these two
evidences using random effect model (I-square=0%, Q=0.01, P=0.914), the odd ratio for
blood group B versus was estimated as 0.87 (95% CI: 0.65, 1.18)
The odds ratio for death of COVID-19 infected people following blood group O had been
reported by two evidences, both of them showed negative association. However, the results
were not statistically significant. Combining the results of these two evidences, applying
random effect model (I-square=0%, Q=0.00, P=0.998), the odd ratio for blood group O was
estimated as 0.97 (95% CI: 0.74, 1.27)
The odds ratios for death among COVID-19 infected people following blood group AB had
been reported by two evidences. Both of these studies reported more chance of developing
death among patients with AB group. However, they were not statistically significant.
Combining the results of these two evidences, applying random effect model (Isquare=65.5%, Q=2.90, P=0.088), the odds ratio for blood group AB was estimated as 1.33
(95% CI: 0.51, 3.46) (table 1).
In three studies, the frequency of death among individuals with COVID-19 infection was
reported in terms of different blood groups. Combining the results of these articles, the
frequency of death due to COVID-19 among patients with A, B, O and AB groups were
estimated as 40% (95% CI : 35-46%), 23% (95% CI:15-30%), O 29% (95% CI: 16-42%),
and 8% (95% CI:5-11%) respectively.

Discussion
In this study, we found that blood group A was a partial risk factor for COVID-19 infection
(OR=1.16(1.02-1.33)) while blood group O was a protective factor (OR=0.73(0.60-0.88)).
Moreover, B and AB blood groups were not significantly associated with COVID-19
infection.
In a letter to the editor investigating ABO blood groups and susceptibility to SARS in 2005,
45 hospital staff in contact with a patient without any protective clothes were checked. They
were tested for SARS-CoV IgG antibody(13). In our included studies, cases were tested with
molecular methods or clinical diagnostic criteria(6, 9, 10, 12) The results for this study
showed that individuals with blood group O, were less susceptible to SARS infection(13),
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which is consistent with our results on the cases with SARS-CoV-2 infection. In that study,
the results were not statistically significant for blood group B and were undefined for blood
group A and AB (13).
According to the results of a commentary, blood group A was considered to have more
attachment molecules on the vascular wall so the adhesion and inflammation is increased and
the symptoms of COVID-19 would be more severe than non-A blood groups. This study
suggests blood group A as a predisposing factor not a risk factor (21).
Angiotensin converting enzyme 2 (ACE2) has been reported as the SARS-CoV receptor. And
the receptor binding domain (RBD) is presented on the S proteins of the coronaviruses. If a
factor could prevent interaction between the RBD of the virus and its receptor on the host
cells, it could prevent infection. Blood group antigens are expressed on almost all cells
including epithelial cells which are the host cells for SARS-CoV. So during the replication,
these carbohydrates could express on S proteins and the natural antibodies in blood groups O,
B, A could bind to them and prevent RBD interaction with ACE2 leading to infection prevent
(22).
As SARS-CoV and SARS-CoV-2 are from the same family (betacoronavirus) (4) and have
similarities in the structure of RBD, ACE2 has been also suggested as the receptor for SRASCoV-2 (6). Therefore, the same mechanism might explain the lower susceptibility of blood
group O to SARS-CoV-2.
In explaining the higher risk for blood group A, lack of these antibodies can be expected,
although it needs further studies to be confirmed (9).
Except for binding to ACE2, the virus can bind to the ABO carbohydrates. Lack of these
antigens on the blood group O leads to the least molecular contact with the virus and lower
risk of getting infection (23, 24).
individuals with blood group O have a lower ACE level. ACE is an enzyme that activates
angiotensin. Thus, the lower level of this enzyme can reduce the risk of hypertension which is
a COVID-19 risk factor. Although ACE2 is the virus receptor, it can have some benefits. For
example it can attenuate inflammatory response and redox stress and counter balance ACE
effect and in the case of lower ACE level, it can work even more effectively (8, 21). In
addition, individuals with blood group O, have a higher interleukin 6 (IL-6) (25). IL-6 is a
proinflammatory cytokine that can be produced by many cells and has an important role in
cell defense in acute phase (26).
It should be noted that all of these mechanisms should be more investigated to be accepted.
Among COVID-19 infected individuals and the dead cases, blood groups A and AB had the
highest and lowest frequencies respectively. But blood group AB wasn't significantly
associated with the risk of COVID-19. One explanation for this controversy is that blood
group AB is less frequent in the society.
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The mortality rate of COVID-19 was reported 11% in a study carried out on 99 cases in china
(27).
COVID-19 mortality is probably higher in older people, obese individuals and those who
have underlying diseases(27). No statistically significant relationship was found between the
blood group and mortality of COVID-19 in our study.
Although we didn't find a statistically significant relationship between blood group A and
COVID-19 mortality, one study suggests higher mortality among blood group A individuals.
It might be because of failure of pulmonary microcirculation and the higher risk of
thrombosis in blood group A, as microthrombi have been seen in lungs and kidneys(28)
Higher total mortality due to medical causes among non-O blood groups has been reported.
This specially includes more cardiovascular mortality which can be because of the higher
levels of von Willebrand (vWF) and VIII factors in these individuals. Cancer mortality has
also been reported to be higher among non-O blood groups specially blood group. However,
these observed associations were not statistically significant (18, 19).
Further studies are needed to understand the relationship between blood group and COVID19 mortality.
Limitation and suggestion:
The primary studies entered into the present meta-analysis have not been peer-reviewed yet.
Confounding factors: diabetes, hypertension, cardiovascular diseases etc. were not adjusted in
the study, because of incomplete information.
Another limitation is that blood group O is more frequent than the other blood groups.
More observational studies with large-scale samples and considering the confounding factors
are needed to prove the relationship. In vitro studies are also needed to understand the exact
mechanism of protective or deteriorating effect of blood groups.
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Table1. The overall and point odds ratios with 95% confidence intervals of death due to COVID-19 infection in
Blood groups

Number of
evidences
A (non-A)
2
B (non-B)
2
O (non-O)
2
AB (non-AB)
2
terms of blood groups

OR

95% CI

1.12
0.87
0.97
1.33

0.87-1.45
0.65-1.18
0.74-1.27
0.51-3.46

Heterogeneity index
I-square (%)
Q
0
0.41
0
0.01
0
0.00
65.5
2.90

P-value
0.522
0.914
0.998
0.088
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Figure 2- forest plot of blood group A, B, O, and AB frequency with 95% confidence interval among COVID-19 infected individuals, in
each evidence and overall
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Figure 3- The point and pooled odd ratios for COVID-19 infection among individuals with blood groups A, B, O, and AB

