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A B S T R A C T   

Background: A recent study showed that the ABO gene, chr 9q34.2, which determines blood type, may affect 
COVID-19 disease severity, although this result has not been reproducible. A UK study of 2200 COVID-19 pa
tients found no relationship of ABO blood type to disease severity. A Danish study identified ABO blood group as 
a risk factor for SARS-CoV-2 infection but not for hospitalization or death from COVID-19. 
Aim: In the current study, we wished to analyze the relationship of ABO blood group and the ABO genetic locus to 
COVID-19 test positivity and mortality in subjects from the UK Biobank (UKB). 
Methods: ABO blood type is from UKB data field 23165. Blood type was imputed for genotyped UK Biobank 
participants using three SNPs (rs505922, rs8176719, and rs8176746) in the ABO gene on chromosome 9q34.2. 
We analyzed the chromosome 9 snp rs657152 to assess the relationship of the ABO locus to COVID-19 test 
positivity and mortality. 
Results: COVID-19 test results (negative or positive) were not related to blood group in males (p = 0.977, two 
tailed Fisher exact test) or females (p = 0.548). COVID-19 outcomes (alive or died) were not related to blood 
group in males (p = 0.102, two tailed Fisher exact test) or females (p = 0.226). We found no significant rela
tionship of rs657152 to COVID-19 test positivity or mortality. 
Conclusion: We were not able to confirm that ABO blood group influences risk of COVID-19 infection or outcome.   

1. Introduction 

Most people infected by SARS-CoV-2 never become ill, whereas some 
die within days. Age and preexisting conditions, such as obesity, account 
for some of the disparity. But genetics plays a role. 

Genome-wide association studies have found multiple genes and loci 
that increase risk of respiratory failure in COVID-19. Analyzing the SNP 
rs657152, located in the intron area of ABO, one study found that the 
ABO gene, chr 9q34.2, which determines blood type, may affect disease 
severity [1], although this result has not been reproducible. A UK study 
of 2200 COVID-19 patients found no relationship of ABO blood type to 
disease severity [2]. A Danish study identified ABO blood group as a risk 
factor for SARS-CoV-2 infection but not for hospitalization or death from 
COVID-19 [3]. 

In the current study, we analyzed the relationship of ABO blood types 

and rs657152, which has been associated with cancer and cardiocere
brovascular disease risk [4], to COVID-19 test positivity and mortality. 

2. Methods 

We utilized UK Biobank (UKB) data. The UKB consists of more than 
500,000 community volunteers aged 40–70 years at baseline 
(2006–2010), living close to 22 assessment centers in England, Scotland, 
and Wales. Baseline assessments include demographics, lifestyle, and 
disease history, with linkages to electronic medical records. Our UK 
Biobank application was approved as UKB project 57,245 (S.L., P.H.R.). 
Electronic linkage between UKB records and National Health Service 
COVID-19 laboratory test results in England are available from March 16 
to April 26, 2020, including the peak of daily COVID-19 laboratory- 
confirmed cases in the current outbreak. During this period, testing of 
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older groups was largely restricted to hospital inpatients with clinical 
signs of infection, so test positivity is considered a good marker of severe 
COVID-19 [5]. 

Fig. 1. Blood group versus number of cases, 12,575 subjects in this analysis.  

Table 1 
COVID-19 test results (negative or positive) versus blood group by gender. The 
results for males (p = 0.977, two tailed Fisher exact test) and females (p = 0.548) 
were not significant.  

Gender Blood 
group  

Result Total p 
value 

Negative Positive 

Female AA Count 483 31 514  0.548 
% within 
females 

94.00% 6.00% 100.00%  

AB Count 217 10 227  
% within 
females 

95.60% 4.40% 100.00%  

AO Count 2254 132 2386  
% within 
females 

94.50% 5.50% 100.00%  

BB Count 39 0 39  
% within 
females 

100.00% 0.00% 100.00%  

BO Count 572 26 598  
% within 
females 

95.70% 4.30% 100.00%  

OO Count 2646 152 2798  
% within 
females 

94.60% 5.40% 100.00%  

Total Total Count 6211 351 6562  
% within 
males 

94.70% 5.30% 100.00%  

Male AA Count 449 27 476  0.977 
% within 
males 

94.30% 5.70% 100.00%  

AB Count 191 13 204  
% within 
males 

93.60% 6.40% 100.00%  

AO Count 2007 133 2140  
% within 
males 

93.80% 6.20% 100.00%  

BB Count 41 3 44  
% within 
males 

93.20% 6.80% 100.00%  

BO Count 520 37 557  
% within 
males 

93.40% 6.60% 100.00%  

OO Count 2436 156 2592  
% within 
males 

94.00% 6.00% 100.00%  

Total Total Count 5644 369 6013  
% within 
both 

93.90% 6.10% 100.00%   

Table 2 
COVID-19 outcome (alive or died) versus blood group by gender. The results for 
males (p = 0.102, two tailed Fisher exact test) and females (p = 0.226) were not 
significant.  

Gender Blood 
group  

Alive Died  p 
value 

Females AA Count 25 6 31  
% within 
females 

80.60% 19.40% 100.00%  0.226 

AB Count 10 0 10  
% within 
females 

100.00% 0.00% 100.00%  

AO Count 114 18 132  
% within 
females 

86.40% 13.60% 100.00%  

BO Count 23 3 26  
% within 
females 

88.50% 11.50% 100.00%  

OO Count 140 12 152  
% within 
females 

92.10% 7.90% 100.00%  

Total  Count 312 39 351  
% within 
females 

88.90% 11.10% 100.00%  

Males AA Count 23 4 27  0.102 
% within 
males 

85.20% 14.80% 100.00%  

AB Count 9 4 13  
% within 
males 

69.20% 30.80% 100.00%  

AO Count 111 22 133  
% within 
males 

83.50% 16.50% 100.00%  

BB Count 3 0 3  
% within 
males 

100.00% 0.00% 100.00%  

BO Count 33 4 37  
% within 
males 

89.20% 10.80% 100.00%  

OO Count 114 42 156  
% within 
males 

73.10% 26.90% 100.00%  

Total  Count 293 76 369  
% within 
males 

79.40% 20.60% 100.00%   
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ABO blood type is from UKB data field 23165. Blood type was 
imputed for genotyped UK Biobank participants using three SNPs 
(rs505922, rs8176719, and rs8176746) in the ABO gene on chromosome 
9q34.2. rs8176719 deletion was taken as indicative of haplotype O; for 
participants with no result for rs8176719, rs505922 of T was used to 
indicate type O. Type B was indicated by T at rs8176746 [6–9]. 

Data processing was performed on Minerva, a Linux mainframe with 
Centos 7.6, at the Icahn School of Medicine at Mount Sinai. We used 
PLINK, a whole-genome association analysis toolset, to process the UKB 

chromosome 9 files; and the UK Biobank Data Parser (ukbb parser), a 
python-based package that allows easy interfacing with the large UK 
Biobank dataset [10]. 

3. Results 

We analyzed data from 12,575 subjects. The mean age was 58 ± 8 
(mean ± SD). 52% were female, 48% were male. 98% were white 
British. 5.7% were positive for COVID-19. Overall mortality of COVID- 
19 test-positive subjects was 16%. 

Blood group versus number of cases is shown in Fig. 1. Type OO was 
most frequent. 

COVID-19 test results (negative or positive) were not related to blood 
group in males (p = 0.977, two tailed Fisher exact test) or females (p =
0.548, Table 1). COVID-19 outcomes (alive or died) were not related to 
blood group in males (p = 0.102, two tailed Fisher exact test) or females 
(p = 0.226, Table 2). 

COVID-19 test results (negative or positive) were not related to 
rs657152 genotype for males (p = 0.707, two tailed Fisher exact test) or 
females (p = 0.875, Table 3). COVID-19 outcomes (alive or died) were 
marginally related to rs657152 genotype in males (p = 0.046, two tailed 
Fisher exact test); the result was insignificant when the Bonferroni 
correction for multiple comparisons was applied [11]. For females there 
was no relationship between COVID-19 outcome and rs657152 geno
type (p = 0.144, Table 4). 

4. Discussion 

Studies of blood type have reported that type O blood protects 
against COVID-19, whereas type A blood makes an individual more 
vulnerable [12]. In addition, O blood is said to provide modest protec
tion against severe illness, whereas group A is detrimental [13,14]. Type 
O individuals are less prone to thrombosis and vascular dysfunction than 
non-O individuals and therefore could be at lesser risk in case of severe 
lung dysfunction [15]. We are not able to confirm these observations 
with UKB data. Others, as well, are skeptical of any significant role ABO 
blood groups might play in COVID-19 [2]. 

A 3p21.31 6 gene cluster is a genetic susceptibility locus in patients 
with Covid-19 and respiratory failure [1]. This locus came from Nean
derthals through interbreeding with Homo sapiens tens of thousands of 
years ago [16]. It appears in 16% of Europeans and 50% of south Asians 
but is absent from most people of African descent. UKB did not have the 
SNPS that were used to associate this locus with COVID-19. 

Other Covid-19 susceptibility genes have been identified, for 
example, IFNAR2, which codes for a cell receptor for interferon. A 
variant of IFNAR2 found in one in four Europeans raises the risk of se
vere COVID-19 by 30%. The gene DPP9 codes for an enzyme active in 
lung disease. Another, gene, TYK2, encodes a signaling protein involved 
in inflammation. Drugs that target DPP9 and TYK2 proteins are already 
in use: inhibitors of DPP9 for diabetes, and baricitinib, which blocks 
TYK2, for arthritis. Baricitinib is in early clinical testing for COVID-19 
[2]. 

One weakness in our study is immortal time bias [17]. During the 
period of observation, an interval exists during which the outcome event 
cannot occur. The research participants are immortal because they must 
survive long enough for the outcome event being evaluated. In the 
current study the outcome events would be COVID-19 test positivity and 
death. The possibility exists that we have not been able to substantiate 
the role of the ABO locus 9q34.2 and ABO blood groups in COVID-19 due 
to immortal time bias. 

The impact of genetic risk factors on COVID-19 seems modest at best. 
The massive vaccination campaign now underway, combined with 
increasing population immunity, will no doubt end the current 
epidemic. 

Table 3 
COVID-19 test results (negative or positive) versus rs657152 genotype by 
gender. The results for males (p = 0.707, two tailed Fisher exact test) and fe
males (p = 0.875) were not significant.  

Gender rs657152  COVID-19 Total p 
value 

Negative Positive 

Female AA Count 763 45 808  0.875 
% within 
females 

94.40% 5.60% 100.00%  

AC Count 2833 155 2988  
% within 
females 

94.80% 5.20% 100.00%  

CC Count 2593 148 2741  
% within 
females 

94.60% 5.40% 100.00%  

Total  Count 6189 348 6537  
% within 
females 

94.70% 5.30% 100.00%  

Male AA Count 690 47 737  0.707 
% within 
males 

93.60% 6.40% 100.00%  

AC Count 2526 172 2698  
% within 
males 

93.60% 6.40% 100.00%  

CC Count 2410 150 2560  
% within 
males 

94.10% 5.90% 100.00%  

Total  Count 5626 369 5995  
% within 
males 

93.80% 6.20% 100.00%   

Table 4 
COVID-19 outcome (alive or died) versus rs657152 genotype by gender. The 
result for males (p = 0.046, two tailed Fisher exact test) was of borderline sig
nificance, females (p = 0.144) not significant.  

Gender rs657152  Alive Died Total p 
value 

Female AA Count 39 6 45  0.144 
% within 
females 

86.70% 13.30% 100.00%  

AC Count 133 22 155  
% within 
females 

85.80% 14.20% 100.00%  

CC Count 137 11 148  
% within 
females 

92.60% 7.40% 100.00%  

Total  Count 309 39 348  
% within 
females 

88.80% 11.20% 100.00%  

Male AA Count 36 11 47  0.046 
% within 
males 

76.60% 23.40% 100.00%  

AC Count 146 26 172  
% within 
males 

84.90% 15.10% 100.00%  

CC Count 111 39 150  
% within 
males 

74.00% 26.00% 100.00%  

Total  Count 293 76 369  
% within 
males 

79.40% 20.60% 100.00%   
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