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Abstract: Besides their fundamental role in transfusion medicine, ABO and other histo-blood 

group antigens are associated with the pathogenesis of some human diseases such as malignancy 

and thrombosis. Reports also show a possible relationship with the risk of asthma and other 

forms of respiratory atopy. This paper aims to critically review the current evidence linking ABO 

histo-blood group with the risk of respiratory atopy in children and adults. A literature search 

was conducted with PubMed to gather baseline data about this relationship. The search extended 

to studies published within the past 45 years. First, the molecular mechanism underpinning 

the role of ABO antigenic system in human diseases comprises a fascinating relationship with 

von Willebrand factor and several pro-inflammatory and adhesion molecules. Second, specific 

blood group types vary with asthma phenotypes; severe asthma is associated with B phenotype, 

while mild and moderate asthma is associated with O and A phenotypes. Third, O phenotype 

has been linked to allergic rhinitis but only in males. Furthermore, asthma risk is related to O/

Lewis negative/secretor phenotypes, while a significant relationship has also been established 

with B phenotype but not with A and O phenotypes. However, one study failed to establish a 

significant relationship with any of the ABO blood group antigens. In conclusion, there is no 

unanimity on the specific histo-blood groups linked to respiratory atopy risk, although asthma 

phenotypes are associated with specific blood groups. Despite the prospect that this relationship 

holds for the use of blood-group typing in evaluating respiratory atopy risk in children, more 

evidence-based studies are still required for its validation.

Keywords: blood-group phenotypes, asthma phenotypes, B phenotype, von Willebrand factor, 

asthma risk, blood-group typing

Introduction
The antigens of the ABO histo-blood group consist of complex carbohydrate molecules 

expressed on the surface of erythrocytes, platelets, epithelium, sensory neurons and 

vascular endothelium.1 Apart from their fundamental role in transfusion medicine, 

there is increasing evidence linking these antigens with the pathogenesis of several 

morbid states such as infectious, cardiovascular and neoplastic diseases.2–5 For instance, 

some authors have reported a significant relationship between ABO blood group and 

neoplasms such as gastric, pancreatic and renal cell cancers.5–7 Other reports also show 

a similar relationship between the blood group system and cardiovascular diseases, 

especially venous and arterial thrombosis.8–10

Furthermore, blood group O has been noted to confer some protection against 

infections like severe Plasmodium falciparum malaria through a well-defined 
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 mechanism.11–14 Specifically, blood group B is associated 

with increased risk of severe  falciparum malaria infection,14 

although findings from another study indicate that blood 

groups A, B and AB generally confer more susceptibility to 

Plasmodium falciparum infection when compared to blood 

group O.15 Other authors have also documented a possible 

relationship between ABO blood group antigens and sus-

ceptibility to Helicobacter pylori infection.16 Research on 

ABO histo-blood group and other morbidity risks has also 

focused on its relationship with respiratory atopy in children 

and adults.17–23 However, there is no unanimity in the findings 

of these studies. Whereas one study suggests that there is no 

significant relationship between ABO histo-blood group and 

bronchial asthma,23 other studies report that the histo-blood 

group is significantly associated with the disease and other 

forms of respiratory atopy as well.17–22

Within the past decades, bronchial asthma has emerged 

as the most common non-communicable respiratory disease 

affecting children worldwide.24 It is a chronic inflammatory 

disorder due to abnormal stimulation of the immune system, 

for instance, by air-borne allergens, and is characterized by 

bronchial hyper-reactivity, reversible airway obstruction and 

mucus overproduction.25 Defective responses of pulmonary 

resident cells, particularly those associated with mucosal 

epithelium, represent important factors in the pathogenesis of 

the disorder.26 Since the ABO histo-blood group antigens are 

also expressed on mucosal epithelial cells, their association 

with asthma risk is thus a plausible hypothesis. In addition, 

if this relationship is subsequently established to be evidence 

based, ABO blood typing can potentially form part of the 

strategy for assessing asthma risk.

This paper aims to critically review the current evidence 

linking the ABO histo-blood group antigens with the risk of 

respiratory atopy in children and adults.

Literature search: strategy and outcome
In line with the review objective, a combination of search 

terms were used to gather articles from the PubMed data-

base between June and September 2017. Articles published 

within the past 45 years were included. Search terms like 

“histo-blood group antigen and disease” were entered, and 

137 publications were retrieved; “histo-blood group antigen 

and cancer” yielded 95 publications; “histo-blood group anti-

gen and allergy” yielded 7; “histo-blood group antigen and 

asthma” gave 4; “histo-blood group antigen and infestation” 

gave 4, while “ABO blood group system and asthma” yielded 

27 publications. A total of 274 publications were screened 

to remove duplicate studies and to exclude those that failed 

to meet the review objective and criteria. After exclusion of 

170 publications, the remaining 104 publications formed the 

list from which 8 original articles were selected for review. 

A few web links, textbooks and published review articles 

were also cited.

Histo-blood group systems and risk of 
respiratory atopy: the published evidence
The antigens of the ABO blood group system are con-

ventionally designated as A, B and H. The nomenclature 

is based on the outcome of the following molecular 

events. The A and B alleles encode marginally distinct 

glycosyltransferases that join N-acetylgalactosamine and 

d-galactose to a shared precursor side chain (called the 

H determinant), which is then transformed into A or B 

antigens, respectively.27 By contrast, the O alleles do not 

encode for a functional enzyme, so that OO carriers lack 

glycosyltransferases and thus express the unchanged H 

antigenic structure, which represents the phenotypic marker 

of the O blood group.27 The molecular mechanism for the 

role of ABO antigenic system in human diseases consists 

of a fascinating relationship with von  Willebrand factor and 

several pro-inflammatory and adhesion molecules.28 The 

molecular basis for the link between this antigenic system 

and the risk of non-respiratory diseases has been well estab-

lished, especially in certain cardiovascular diseases29–31 and 

specific malignancies.32–35

The relationship between histo-blood group systems and 

the risk of respiratory atopy in both children and adults has 

also become a subject of research over the years. The secretor 

gene (FUT2), which encodes for 2-alpha-fucosyltransferase, 

and the ABO blood group system, which encodes for glyco-

syltransferases, act in synergy to build up oligosaccharide 

moieties in exocrine secretion systems, including the respira-

tory tract.36 The composition of the glycoconjugate profile 

of the respiratory epithelium and of the exocrine secretions 

is partly controlled by mutual interactions between the 

ABO (ABO; 9q34.1) and secretor (FUT2; 19q13.3) genes 

and is affected by their ability to assume different forms.36,37 

Given that these profiles represent important risk factors for 

adherence of microorganisms and allergens,38 it is possible 

that the action of these different forms of ABO and FUT2 

genes influences the risk for other forms of respiratory 

atopy apart from asthma. Thus, the relationship between 

histo-blood group systems and respiratory atopy obviously 

has a pathophysiologic basis. Eight studies were reviewed; 

four of them were conducted among adult subjects,18,20,22,39 

three among children,17,19,21 while one study was conducted 
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among both pediatric and adult subjects.23 Although these 

published reports are few in number, there is no unanimity 

in their findings (Tables 1 and 2).

Studies conducted among adult subjects
In a cross-sectional study among adult subjects in France, 

some investigators examined the role of Lewis, salivary 

ABH secretor, and red cell blood group ABO systems on 

lung function, wheezing and asthma in a cohort of 228 coal 

miners, taking into consideration the effect of confounders 

like environmental factors on these associations.18 The Lewis 

antigen system is a histo-blood group system based upon the 

Lewis gene (FUT3) and the secretor gene (FUT2). Both genes 

have dominant alleles (Le and Se), which code for enzymes 

with fucosyltransferase activity, and there exists two main 

types of Lewis antigens (Le−a and Le−b) with three com-

mon phenotypes, Le (a+b), Le (a−b+) and Le (a−b−).40 In 

the study under review,18 a significant relationship was noted 

between asthma risk and non-secretor phenotype. Similarly, 

there was a significant relationship between lower pulmonary 

function and higher prevalences of wheezing/asthma, and 

Lewis-negative or non-secretor subjects of blood group O. 

The ABO, Lewis and secretor phenotypes did not account for 

the potential genetic diversity of subjects toward smoking, 

but alcohol consumption appeared to protect the pulmonary 

function in Lewis-negative subjects.18 In a nutshell, the study 

findings indicate that asthma risk is significantly associated 

with blood group O and Lewis negative phenotypes. Although 

the authors assessed three histo-blood group systems in their 

subjects, they did not enroll age- and sex-matched controls. 

Asthma risk was also not determined by the estimation of 

odds ratio (Table 1).

In a related Brazilian study conducted among 168 adult 

subjects older than 18 years, the authors showed that O phe-

notype was significantly associated with the risk of allergic 

rhinitis but only in males (OR=2.8, CI=1.385–5.616).20 

Despite the small sample size and the assessment of only 

ABO histo-blood group, 168 controls were matched for age 

and sex with the subjects (Table 1). The study particularly 

underscores the possible role of sex in increasing atopy 

risk. Despite the unclear biologic basis for the relationship 

between O phenotype and allergic rhinitis in the male sex, 

the interaction between the O blood group and inflamma-

tory immune response in the airway mucosa is thought to 

increase the risk for allergic rhinitis in men.20 The ABO 

gene, which controls the ABO histo-blood group system, 

is autosomal in nature. Moreover, there is no evidence that 

its phenotypic expression and pattern of inheritance are 

influenced by sex.41 However, a report suggests that the 

expression of inflammatory proteins in nasal secretions 

appears higher in men with seasonal allergic rhinitis than 

in their female counterparts.42

Table 1 Histo-blood group systems and risk of respiratory atopy: summary of studies in adults

Study Type of study (study 
population)

Histo-blood group 
systems

Atopy risk (OR, 
95% CI)

Study 
strengths

Study limitations

Kauffmann et al18 Cross-sectional study (228 
adult coal miners)

Blood group O/Lewis 
negative 

Asthma risk (NA)a Assessed the 
three histo-blood 
groups 

No controls used in the 
study 

Falsarella et al20 Cross-sectional case-
control study (168 adults 
>18 years, 168 matched 
controls)

Blood group O Allergic rhinitis risk 
(2.8, 1.385–5.616)b 

Controls 
matched for age 
and sex 

Small sample size
Only ABO histo-blood 
group was assessed 

Alo et al22 Cross-sectional case-
control study (200 adult 
asthmatics, 100 adult 
controls) 

Blood group A Asthma risk (NA)a Assessed ABO 
and Rhesus 
phenotypes 

Age range of subjects not 
stated
Controls not age or sex 
matched
Small sample size
Odds ratio not estimated

Khetsuriani and 
Gamkrelidze39

Cross-sectional case-
control study (293 subjects 
with respiratory atopy, 83 
with intrinsic asthma and 
215 controls) 

O(i), MN, O(i)MN, 
MNFya(-), O(i)Fya(-) 
and O(i)MNFya(-)
phenotypes
B(iii), M and B(iii)M 
phenotypes
O(i) and MN 
phenotypes

Respiratory atopic 
disease riska

Severe atopic 
bronchial asthma riska

Mild-to-moderate 
atopic bronchial 
asthma riska

Assessed ABO, 
Rh, MNSs, P, 
Duffy, and Kell 
histo-blood 
systems 

Controls not matched 

Note: aSignificant association; bsignificant association in males only.
Abbreviations: OR, odds ratio; NA, not available.
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A recent related study was conducted in Nigeria among 

200 adult asthmatics and 100 adult controls.22 The major 

finding of this study was the significant relationship between 

asthma risk and blood group A. Despite the authors’ evalu-

ation of both ABO and Rhesus histo-blood group systems, 

they failed to indicate the age range of their study subjects 

and controls. As shown in Table 1, other study limitations 

include the relatively small sample size and the fact that the 

controls were not matched for age or sex with the subjects. 

Worse still, the odds ratio was apparently not estimated in 

evaluating asthma risk.

Finally, a cross-sectional case–control study in Georgia 

investigated the role of several histo-blood group systems 

(such as ABO, Rh, MNSs, P, Duffy, Kell) in the predisposi-

tion to and development of respiratory atopic disease.39 The 

authors enrolled 293 subjects with respiratory atopic disease 

and 83 subjects with intrinsic bronchial asthma with 215 

healthy controls. Associations between the histo-blood groups 

and respiratory atopic disease (atopic bronchial asthma 

and pollinosis), the severity of the disease and the type of 

sensitization were established, involving the ABO, MNSs 

and Duffy systems. Carriers of phenotypes O(I), MN, O(I)

MN, MNFya(-), O(I)Fya(-) and O(I)MNFya(-) were noted 

to have a significantly higher risk for respiratory atopic dis-

ease.39 While the risk for severe atopic bronchial asthma was 

higher in patients with B(III), M and B(III)M phenotypes, the 

patients with groups O(I) and MN had a  mild-to-moderate 

degree of asthma severity. These findings suggest that asthma 

phenotypes are probably the determinants of the predominant 

histo-blood groups. In other words, since it is now known that 

different asthma phenotypes exist, perhaps only a specific 

asthma phenotype will show associations with the histo-blood 

groups. Given the established influence of male sex on atopy 

risk,20,42 the authors’ assessment of several histo-blood group 

systems remains one of the advantages of the study as it has 

highlighted the associations of different blood group phe-

notypes with different degrees of asthma severity (Table 1).

Studies conducted among pediatric 
subjects
In a cross-sectional case–control study that evaluated 115 

asthmatic children with 1001 healthy voluntary blood 

donors, the investigators determined the distribution of 

their ABO histo-blood groups and also estimated their gene 

frequencies.19 There was no difference between the Rhesus 

systems in both groups; however, the ABO system showed 

a predominance of A and O phenotypes among the subjects 

with asthma. In addition, gene frequencies of A and O were 

clearly different for the asthmatic children and the controls. 

The authors did not observe any difference in blood groups 

B and AB, nor in the gene frequency of group B. More 

importantly, the difference in the distribution of A and O 

phenotypes between the control and asthmatic groups was 

found to be highly significant. Nevertheless, the sample size 

Table 2 Histo-blood group systems and risk of respiratory atopy: summary of studies in children

Study Type of study (study 
population) 

Histo-blood group 
systems 

Atopy risk (OR, 
95% CI) 

Study strengths Study limitations 

Chen et al17 Cross-sectional case-
control study (135 
asthmatic children, 161 
age-matched controls) 

Blood group O/
secretor phenotypes
Blood group O/Lewis 
(a−b−) 

Asthma risk (2.7, 
1.126–6.033)a

Asthma risk (3.6, 
1.080–11.963)a 

Studied combined effect 
of three histo-blood 
groups
Study population 
randomly selected 

Small sample size
Controls matched for 
age but not sex 

Ronchetti et al21 Cross-sectional case-
control study (165 
asthmatic children, 362 
infants) 

A, B or AB/non-
secretor

Asthma risk for 
<1 year olds (2.6, 
0.88–7.30), 1–5 years 
(2.1, 0.86–4.91)a,b 

Assessed both ABO/
secretor phenotypes 

Controls not matched 
for age or sex 

Bijanzadeh et al23 Cross-sectional case-
control study (200 
asthmatic children and 
adults, 2000 controls)

Blood groups O, B, 
A and AB (in that 
order) 

Asthma risk (NA)c Controls were used Controls not matched
Odds ratio not 
estimated

De la vega AR 
et al19 

Cross-sectional 
case–control study 
(115 children, 1001 
controls)

Blood groups A 
and O
Gene frequencies 
for A (p) and O (r) 
different for subjects 
and controls

Asthma risk (NA)a Assessed ABO and 
Rhesus phenotypes
ABO gene frequencies 
were calculated

Controls not matched 

Note: aSignificant association; bsignificant association in males only; cno significant association.
Abbreviations: OR, odds ratio; NA, not available.
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of this study was relatively small; the relatively large-sized 

controls were not matched with the subjects and there was no 

estimated odds ratio. The strong points of the study include 

the estimation of ABO gene frequencies and the assessment of 

ABO/Rhesus blood groups in the study population (Table 2).

Other researchers in Taiwan examined the relationship 

between ABO system, Lewis and secretor genetic complex 

with risk of asthma.17 In their study, 136 children with asthma 

and 161 age-matched controls were randomly selected from a 

childhood-asthma survey conducted in primary schools. The 

risk of asthma was noted to be higher in secretor subjects than 

in the study controls (OR=1.7, CI=1.022–2.938). However, 

when the combined effect of the three blood antigenic sys-

tems was analyzed, asthma risk was observed to be significant 

in subjects with blood group O/secretor phenotypes (OR=2.7, 

CI=1.126–6.033) and group O/Lewis recessive genotype 

(OR=3.6, CI=1.080–11.963).17 Obviously, group O/secretor 

phenotype and O/Lewis recessive genotype were significantly 

associated with asthma risk. Despite the small sample size 

and the fact that the controls were not matched for sex with 

the subjects, the random selection of the subjects and the 

evaluation of the combined effect of the three histo-blood 

groups were some of the merits of this study.

In Italy, a cross-sectional case–control study was con-

ducted among 165 asthmatic children using 362 infants as 

controls.21 Interestingly, A, B or AB/non-secretor phenotypes 

were significantly associated with asthma risk in subjects 

aged 1 year or less (OR=2.6, CI=0.88–7.30) and in those aged 

1–5 years (OR=2.1, CI=0.86–4.91). Although the authors 

studied the association of both the ABO and secretor blood 

group systems with asthma risk, the controls were, however, 

not matched for age or sex.

The study conducted among both 
pediatric and adult subjects
In one study conducted in India, the ABO blood group of 200 

children and adults with bronchial asthma and that of 2000 

healthy subjects taken as controls were investigated.23 The 

authors reported group O as the most prevalent histo-blood 

group with rates of 43.5% and 43.6% among the patients and 

the controls, respectively; it was followed by blood groups 

B, A and AB in that order. However, in the distribution of 

different histo-blood groups, the difference between these 

patients and the controls was observed to be statistically non-

significant, making the authors to conclude that ABO blood 

group status was not significantly associated with asthma 

risk among the studied population.23 Again, as part of the 

limitations of the study, the controls were also not matched 

for age and sex with the subjects, and the odds ratio was 

not calculated as the means of assessing asthma risk in the 

study population.

ABO blood group link with other atopies 
and the effect of asthma comorbidities
Generally, obvious disparities exist between the histo-blood 

group antigenic types in their responses to atopy. For instance, 

in a study of 241 patients with grass-pollen hay fever, blood 

group B subjects showed a higher tendency for pollen aller-

gies when compared to other blood groups, followed by blood 

group O.43 However, the limitation of this study is that it was 

essentially retrospective in nature. Thus, a valid conclusion 

cannot be safely made on this relationship based on this study 

methodology. On the other hand, a cross-sectional case– 

control study of 239 patients in Germany who had atopic 

conditions (atopic dermatitis, hay fever, allergic rhinitis, 

asthma and acute urticaria), showed that the incidence of 

blood group antigens A and B was higher in these patients 

than in the 151 selected controls.44 Although the sample size 

was small, being a case–control study, however, strengthens 

the evidence. In addition, the pros of the study consist of the 

inclusion of data on the phenotype and gene distribution of 15 

genetic blood polymorphisms such as ABO, MNSs, rhesus, 

P, Kell, Duffy, Kidd and 6-PGD.44 Their findings further sup-

port the hypothesis that there may be a relationship between 

specific phenotypes and atopic predisposition.

Finally, the co-existence of asthma with other morbidities 

appears to alter the related histo-blood groups in patients.45–48 

According to one study, a relationship with blood group O 

could be demonstrated in patients who had both arthritis 

and asthma,45 whereas patients with both diabetes and 

asthma presented more with group A phenotype.46 More-

over, blood group B was associated with greater severity of 

chronic inflammatory pulmonary diseases,47 as well as with 

asthma from chronic lung inflammation.48 In spite of these 

observations, no reasons have yet been advanced to explain 

the effects of these asthma comorbidities on the associated 

histo-blood groups.

Conclusion
Although reports consistently show a relationship between 

ABO histo-blood group and the risk of venous/arterial 

thrombosis and gastric/pancreatic malignancies, there is 

no unanimity in the findings regarding the association of 

ABO and other histo-blood groups with the risk of respira-

tory atopy. Nonetheless, much of the evidence from various 

studies indicates that the association with respiratory atopy 
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risk remains significant. Further research using systematic 

reviews with meta-analyses and case–control studies with 

large sample sizes are recommended to validate the emerging 

evidence on this relationship, which may in future support 

the use of blood-group typing in evaluating respiratory atopy 

risk in children.
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