
Background 
Since the beginning of the 2019 coronavirus pandemic, 
unprecedented extensive research and efforts have been 
provoked by several scientists and doctors to clarify 
and increase our understanding of characteristics, risk 
factors, clinical manifestations, treatment options, and 
management strategies related to this disease (1, 2). 
The globally rapid spread of the virus is raising alarms 
among scientists to identify vulnerable individuals at 
higher risk of infection (3). An extensive variation has 
so far been observed in the pattern of the disease and the 
frequency of the occurrence of different symptoms among 
infected patients with severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). It has been presented as 
mild, moderate, severe cases, and some isolated fatal 
consequences (4). The development of the disease in 
various forms is associated with many factors such as 
old age, male gender, preexisting cardiovascular diseases, 
hypertension, and diabetes (5,6). Based on the previous 
pandemic created by the Coronavirus family, namely, 

SARS and Middle East respiratory syndrome (MERS), it 
was found that the risk factors of these diseases depend 
on several types of chemical and physical bonds formed 
between the virus and the host cells (7). 

In previous studies, the ABO blood group was reported 
to contribute to the risk of multiple infectious diseases. 
According to some reports, the presence of blood group 
O might significantly decrease the risk of viral hepatitis 
while the distribution of the virus is higher between Rh-
positive donors. Meanwhile, the system can play a direct 
role in infection by serving as receptors or coreceptors for 
microorganisms, parasites, and viruses. 

Human histo-blood group antigens (surface antigens) 
of human red blood cells represent polymorphic traits 
inherited among individuals and populations, and these 
differences in blood group antigens can increase or 
decrease the host susceptibility to many infections (8,9). 
Similar effects of blood group types were observed in other 
infectious diseases including Plasmodium falciparum, 
Helicobacter pylori, Norwalk virus, and Neisseria gonorrhea 
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which are more severe in non-O blood groups (10). Most 
of the reports about COVID-19 and its association with 
blood groups have dealt with the severity of the disease. 
This study sought to understand the prevalence of SARS-
CoV-2 in different blood groups. 

Methods
Search Strategy
In the current study, Reporting Items for Systematic Review 
and Meta-analysis guidelines were used, and the initial 
protocol was registered in PROSPERO (CRD42020216106, 
https://www.crd.york.ac.uk/prospero/#searchadvanced).

To find relevant studies, a comprehensive and systematic 
search was conducted in several international databases 
including PubMed, Scopus, Web of Sciences, and Google 
Scholar until 31 October 2020. Some mesh keywords were 
applied for the search strategy, including (COVID-19 
OR SARS-CoV-2) AND (“blood group” OR “ABO”), 
“COVID-19” OR “SARS-CoV-2” AND “blood group” OR 
“ABO”. More manual evaluations were conducted in the 
reference section of proper articles. Search terms were 
limited to the English language, but due to the nature of 
the disease which has started in China, major articles were 
in Chinese, thus their English abstracts were assessed for 
these studies. 

Inclusion and Exclusion Criteria
The intended studies were independently evaluated by two 
authors. In case of disagreement, the third author decided 
about it. In this assessment, Newcastle Ottawa Scale was 
employed which consists of selection, comparability, and 
exposure parts (11). Scores varied between 0 and 9, and 
studies were excluded from the analysis if their scores 
were less than five. The results of the quality assessment 
are provided in Table S1 (Supplementary File 1). The 
inclusion criterion was reporting the total number of 
infected patients with SARS-CoV-2, the total number of 
death cases, and the number of ABO blood groups. Case 
reports, letters, and review articles were excluded from 
the analysis. Table 1 presents the characteristics of the 
included studies. 

Statistical Analysis
To estimate the prevalence of infected and death cases 
in different blood group types, the inverse-variance 
weighted method was considered by applying the Stata 
command metaprop. Higgins I2 and Cochrane Q statistics 
for the heterogeneity evaluation, which was defined as 
low (I2 < 25%), high (I2 > 50%), and moderate (25-50%). In 
case of high heterogeneity, the random effect model was 
performed using the DerSimonian and Laird method. 
Graphical results were displayed through the forest plot. A 
statistical significance was considered to be less than 5%. 
All statistical analyses were performed by Stata (Version 
13, StataCorp, 2019. Stata Statistical Software: Release 13. 

College Station, TX).

Results
Study Screening 
The initial literature search yielded 150 studies. After 
removing duplications, 65 articles were screened based on 
their titles and abstracts. The full texts of 23 articles were 
reviewed, and their references were assessed for further 
publications. Based on this review, 6 articles were excluded 
due to non-compliance with the inclusion criteria. Finally, 
the current meta-analysis comprised a total of 19 studies 
in the qualitative synthesis. Figure 1 shows this systematic 
literature review process. 

Based on the current evaluation, the highest prevalence 
of infected cases was related to blood group A, which 
was estimated at 39.06 (95% CI: 36.22-41.94). Although 
the random effect model revealed high and significant 
heterogeneity (I2 = 94.67, P < 0.05, Figure 2). Moreover, 
results related to Egger’s test and funnel plot showed 
significant publication biases (t = 0.11, P = 0.25, Figure S1, 
Supplementary File 2)

Blood group O with a prevalence of 35.60 (95% CI: 
32.48-38.79) was known as the second predominance 
in infected patients (Figure 3). High and significant 
heterogeneity between 17 studies led to the use of the 
random effect model (I2 = 95.88, P < 0.001). Egger’s test 
and the related funnel plot confirmed no publication bias 
(t = 5.77, P < 0.001, Figure S1, Supplementary File 2).

Patients with blood group B and AB were less than the 
other two groups. The pooled estimated prevalence was 
7.72 (95% CI: 5.06-10.88) and 16.23 (95% CI: 12.86-19.91) 
for AB (Figure 4) and B (Figure 5) groups, respectively. 

Figure 1. PRISMA Chart Through Different Phases of the Systematic Review. 
Note. PRISMA: Reporting Items for Systematic Review and Meta-analysis.
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Figure 3. Prevalence of Blood Group Type O in Alive Patients With COVID-19. 
Note. COVID-19: Coronavirus disease 19; CI: Confidence interval.

Figure 2. Prevalence of Blood Group Type A in Alive Patients With COVID-19. 
Note. COVID-19: Coronavirus disease 19.
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Figure 4. Prevalence of Blood Group Type AB in Alive Patients With COVID-19.
 Note. COVID-19: Coronavirus disease 19; CI: Confidence interval.

Figure 5. Prevalence of Blood Group Type B in Alive Patients With COVID-19. 

Note. COVID-19: Coronavirus disease 19; CI: Confidence interval.
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Heterogeneity was high and significant among these 
analyzed studies. Results for publication bias assessments 
(Figure S1, Supplementary File 2) were significant for 
blood type AB (t = 0.35, P = 0.73) but not for blood type B 
(t = 2.51, P = 0.025).

COVID-19. Note. COVID-19: Coronavirus disease 19; 
CI: Confidence interval.

Subgroup Analysis
To evaluate the most prevalent ABO blood type in the 
dead patients of COVID-19, a subgroup analysis was 
performed, and it was found that blood types A and O had 
the highest prevalence in dead infected cases . More details 
are provided in Table 2. The funnel plots are depicted in 
Figure S2 (Supplementary File 2).
Discussion
To decrease the current pandemic’s toll, it is imperative to 
understand all aspects of infectious disease. As mentioned 
earlier, this study aimed to identify the most prevalent 
blood group type to adjust the risk differences between 
infected patients. Although various case-control studies 
have focused on determining the association of ABO blood 
groups with COVID-19, a major concern is considered in 
terms of the study design. One of these concerns is related 
to the general population (Control) which is not confirmed 
with exposure criteria (18,30,31). Moreover, in the 
included studies, control groups were categorized into the 
general population, the COVID-19 negative population, 
and blood donors. The first group included individuals 
with no history of respiratory infections such as bacterial 
pneumonia, mycoplasma pneumonia, tuberculosis, and 
other types of pneumonia, healthy volunteers, registered 
patients in hospitals before the COVID-19 pandemics 
(23,26,29) and the second one encompassed patients with 
no history of the COVID-19 positive test or non-tested 
people (22,32). Finally, blood donors included healthy 
individuals who registered in national blood banks (16). 
Despite this variation in the control groups, they were a 
sample from a normal population in that country, and 
using these reports, it was found that case and controls 
are in a similar range in different blood types. Therefore, 
caution is required about interpreting these results and 
making a certain decision. It was necessary to understand 
the most prevalent ABO blood group in infected patients 
and manage the disease and related risks. It is necessary 
to mention that the distribution of ABO blood groups in 
COVID-19 patients was higher compared to the control 

or general population in all case-control studies (33), and 
the proportion and distribution of ABO blood groups 
in COVID-19 patients and the general population were 
similar to our study. The interesting point was that among 
the patients, blood groups A and O were more prevalent 
in comparison with the other groups. However, it should 
be careful that the type of the control population did not 
significantly account for the observed heterogeneity in 
previous reports (33). The current results revealed that 
COVID-19 patients contained a higher percentage of 
cases with types A and O blood groups compared to other 
types. Moreover, the rate of death was more in patients 
with blood groups A and O as well. As it became clear that 
in previous viral pandemic diseases (SARS and MERS) 
and related studies, host susceptibility can also depend on 
the expression of blood group antigens (34). Considering 
that these antigens were expressed by most human cells 
and tissues, they had a modification role in the immune 
response against the enveloped viruses, bacteria, and 
parasite infections and acted as receptors/coreceptors (16). 
In fact, organizing the membrane microdomains by blood 
group antigens can assist in intracellular uptake and adhere 
of microorganisms by the transduction of the signal (35).

Spike (S) is a large transmembrane protein in SARS-
CoV-2 which mediates the association of the virus with 
the angiotensin-converting enzyme-2 (ACE-2) receptor, 
has a critical role in the viral entrance to cells, and causes 
infection (36). In different studies during the COVID-19 
crisis, it has been confirmed that ACE-2 is the main 
receptor of the virus and acts as the main host cell surface 
receptor for virus spike protein. Although this receptor 
has been expressed on different organs in humans, it has 
been clarified that different confounders can differ ACE-2 
exposure with the virus ligands (37). In other studies, it was 
mentioned that cases with blood group type A are more 
susceptible to COVID-19 whereas patients with type O 
blood group had a lower risk (38, 39). Based on the results 
of Fan et al, low lymphocyte counts in blood group type 
A, in comparison with other types, may have a key role in 
the severity of COVID-19 in this blood group; however, 
lymphopenia is one of the complications in SARS-CoV-2 
(23). In an evaluation by Zietz et al, the risk of intubation 
is more in B and AB blood types while this is in the least 
possible among A types (21). According to our results, 
the prevalence and death risk of SARS-CoV-2 are in more 
ranges in the type A blood group, which is in line with the 
result of Fan et al, indicating that this may be due to the 

Table 2. Prevalence of ABO Blood Types in Patients Died From COVID-19

Blood Group Type Number of Studies Prevalence (95% CI) I2
Heterogeneity Test Egger’s Test

Z P Value t P Value

A 7 39.41 (33.45–45.53) 83.77 36.98  < 0.001 7.57  < 0.001

O 8 32.17 (24.53–40.31) 91.38 81.24  < 0.001 15  < 0.001

AB 7 7.64 (4.80–11.05) 81.11 31.77  < 0.001 1.15 0.3

B 7 16.05 (12.50–19.94) 74.84 23.84  < 0.001 2.90 0.03

Note. COVID-19: Coronavirus disease 19; CI: Confidence interval.
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relation between the natural antibodies of the ABO blood 
system and the ACE-2 receptor. They mentioned that the 
ACE-2 receptor is blocked in cases with anti-A antibodies, 
(Blood groups B and O) and then these individuals are 
more resistant to COVID-19 compared to the type A 
blood group (23).

The presence of cardiovascular diseases is another factor 
which increases the risk of the COVID-19 infection and its 
severity in communication. In a previous study by Dai, a 
strong relationship was found between the A allele of ABO 
blood groups and the increased risk of cardiovascular 
diseases, implying that patients with type A blood group 
are more susceptible to cardiovascular diseases and thus 
further risk of the SARS-CoB-V-2 infection (40). Potential 
clinical implications about ABO blood groups and other 
infectious diseases bring the speculations close to a similar 
pattern to SARS-CoV-2.

Based on the findings of another study, there may be 
a meaningful relationship between the progression of 
COVID-19 and ABO polymorphism, which somehow 
affects the dysregulation of vascular tone, permeability, 
and the induction of cytokine storm and redox stress. It 
was shown that ABO polymorphism can affect disease 
progression by the molecular mechanism that does not 
involve natural antibodies. This needs more studies in the 
future during the current crisis (41).

Although our study results confirmed that A and O are 
the most prevalent blood types in COVID-19 patients, 
previous reports demonstrated different susceptibility 
and severity of this infectious disease in different blood 
groups. These results require further evaluations due 
to multifactorial confounders and different functions 
in COVID-19 severity. The potential limitation of our 
study was the lack of sufficient information about the 
distribution of underlying diseases in blood groups and 
evaluating this relationship. 

Conclusions
The results of the current meta-analysis showed that A 
and O blood groups are the most prevalent types in dead 
and alive patients with COVID-19. However, it must be 
considered that the genetic changing of the virus during 
the crisis may cause different patterns of the epidemiology 
of the disease. Accordingly, it is highly recommended 
the high-risk blood group types be evaluated during 
the epidemic time in COVID-19, especially in different 
geographical areas and races. The findings further 
represented that types B and AB had the lowest incidence 
in both groups. Thus, the ABO blood groups and their 
substances were also expressed in different cell types 
including respiratory endothelium and gastrointestinal 
cells, and the results of this kind of study will be helpful 
in the management of risk factors during this respiratory 
crisis. Eventually, knowing the risk factors and awareness 
of the people will assist health policy-makers in controlling 
the infection and being more careful about health protocols 
and their risk of suffering the disease.
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