Allergol Immunopathol (Madr). 2025;53(4):78-84

eISSN:1578-1267, pISSN:0301-0546

P

Allergologia et
immunopathologia

Sociedad Espafiola de Inmunologia Clinica, CODON
Alergologia y Asma Pediatrica

PUBLICATIONS,

www.all-imm.com

SEICAP

OPEN ACCESS (©)(D®©

The mechanism underlying the association between ABO blood
groups and allergic diseases: an evidence-based systematic review

ORIGINAL ARTICLE

Abdulrahman Salem Bahashwan®

Department of Basic Medical Sciences, College of Medicine, Taibah University, KSA

Received 10 December 2024; Accepted 28 March 2025
Available online 1 July 2025

KEYWORDS

ABO blood groups;

cytokine profiles;

allergy mechanisms;

genetic variations;

immunoglobulin
interactions;

gut microbiome

Abstract

This systematic review investigates the connections between ABO blood groups and allergic
diseases by analyzing the existing literature to uncover underlying immunological mecha-
nisms. Our search of PubMed, Google Scholar, and the Cochrane Database identified 35 rele-
vant studies, with 10 articles meeting our inclusion criteria. Results suggest that blood group
antigens significantly influence immune responses through interactions with immunoglobulin
E (IgE) and variations in cytokine profiles. This review highlights the impact of blood group
antigens on IgE and cytokine profiles, the relationship between blood group types and allergic
disease susceptibility, and the role of gut microbiota in allergy development. The evidence
indicates that immunological mechanisms involving IgE antibodies and cytokine signaling play
a crucial role in mediating the relationship between blood groups and allergies. Our findings
underscore the importance of further research into the immunological pathways linking blood
groups to allergic diseases, potentially informing the development of personalized treatments
and preventative measures.

© 2025 Codon Publications. Published by Codon Publications.

Introduction substances.? There is a significant burden on healthcare

systems because of the increasing frequency of allergies,

Allergic disorders have become a significant health concern
worldwide, with approximately 25% of the global popula-
tion being afflicted. These conditions manifest as a vari-
ety of symptoms, from minor itch and sneeze to serious
problems affecting the cardiovascular and respiratory sys-
tems.! This broad spectrum of manifestations highlights
the complexity of allergic responses, which are essentially
exaggerated reactions of the immune system to harmless

highlighting the necessity for continuous research and
enhanced management strategies.

In recent years, the study of blood groups has gained
increased importance in the scientific community. Blood
groups, determined by specific antigens on red blood cells,
are crucial for blood transfusions and organ transplants.
The four main blood types—A, B, AB, and O—have signifi-
cant roles in medical practice because of these antigens.?
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These antigens not only affect transfusion outcomes but
also alter the morphology and function of blood mem-
branes.* The latest research is establishing connections
between blood group antigens and allergy reactions, indi-
cating that these antigens may be more significant than
only transfusion-related conditions.>

Scientific investigations have sought to understand the
complex interactions between blood group antigens and
the immune system in the context of allergic diseases.
Studies®’ found a notable association between ABO blood
groups and allergic disorders such as atopic dermatitis
(AD), asthma, and allergic rhinitis (AR). The research-
ers unearthed a noteworthy propensity for individuals
with blood group O to exhibit an augmented susceptibil-
ity to AR and asthma. Their findings suggested the pres-
ence of an intriguing link between this blood type and
the increased likelihood of developing allergic conditions.
On the contrary, findings obtained by Brachtel et al.? and
Abid®, revealed that non-O blood groups (namely, A and B)
were linked to a higher proclivity for the development of
AD. While these findings underscore the potential role of
ABO blood groups as discernible risk factors in the realm
of allergic diseases, the precise mechanistic underpinnings
of this association remain unexplored.

Even during such scholarly revelations, there is a criti-
cal knowledge gap. This is because the exact mechanisms
through which these correlations manifest are not compre-
hensively understood. The existence of this gap calls for
further scientific exploration and scrutiny in the domains
of immunology and allergy. The purpose of this system-
atic review article is to synthesize and critically analyze
the existing literature, exploring the possible mechanistic
pathways connecting blood groups to allergic diseases. We
sought to elucidate the gaps in understanding and identify
areas where further research is warranted. By amalgam-
ating diverse strands of research, this systematic review
will be carried out in such a manner so as to contribute to
the evolving narrative on the intersection of blood groups
and allergic diseases, with potential implications for future
research directions and clinical practices. Following the
advice of Okoli" the researcher aimed to perform a sys-
tematic review by following a logical investigation into the
content of each article relative to the study objective. As
such, the articles chosen for the systematic review helped
address the research questions while simultaneously con-
sidering the methods used in each article and also the
usefulness of each article in facilitating the synthesis of
embodied information.

By compiling and examining existing studies, this
review aimed to enhance the understanding of the inter-
play between blood group antigens and allergic reactions
and to highlight areas requiring further investigation. The
primary objective was to analyze current literature so as
to clarify how blood groups influence allergic susceptibil-
ity. In addition, the study sought to explore and understand
the mechanisms linking blood groups to allergies, with a
particular emphasis on immune system functions and
interactions.

This study was guided by the following research ques-
tions: (1) Is there a mechanism underlying the link between
ABO blood groups and the prevalence or risk of allergic
disorders? (2) What is the mechanism by which ABO blood

groups predispose people to allergic diseases? (3) How
does the ABO blood group affect the prevalence or risk of
allergies?

Methods
Search strategy

A systematic review of the literature was done following
the preferred reporting items for systematic reviews
(PRISMA) guidelines (Figure 1). The study-types searched for
included case-control studies, cross-sectional studies, pro-
spective or retrospective cohort studies, and experimen-
tal studies. The Cochrane Database of Systematic Reviews,
PubMed, and Google Scholar were systematically searched
for relevant articles investigating the link between ABO
blood grouping and allergic diseases, with a specific focus
on the underlying immunological mechanisms.

The search was conducted using medical subject
headings (MeSH) terms and keywords including ABO blood
groups, A blood group, B blood group, AB blood group,
0 blood group, asthma, asthma attack, respiratory disease,
lung disease, bronchial asthma, pulmonary disease, allergic
rhinitis, atopic dermatitis, skin inflammation, skin allergy,
rhinitis, dermatitis, eczema, hay fever, hypersensitivity,
allergen, allergic diseases, food allergy, meat allergy, dust
allergy, anaphylaxis, mechanism, immunology, cytokine
profiles, gut microbiota, and immunological mechanisms.

Inclusion criteria

1. Database searched: Cochrane Database of Systematic
Reviews, PubMed, and Google Scholar.

2. Study designs: Case-control studies, cross-sectional
studies, prospective or retrospective cohort studies,
and experimental studies.

3. Study participants: Human subjects with allergic dis-
eases or individuals susceptible to allergic diseases.

4. Exposure variable: Human ABO blood type and allergies.

5. Primary Outcome: Immunological and mechanistic insights
into ABO blood group impacting on allergic diseases.

6. Language: Studies published in the English language.

Exclusion criteria

1. Non-English studies: To ensure language consistency
and accessibility.

2. Nonpeer-reviewed articles: Only peer reviewed litera-
ture was included for more reliability.

3. Irrelevant outcomes: Studies that do not specifically
investigate the mechanistic association between ABO
blood types and allergic diseases were excluded.

4, Gray literature: Conference presentations/abstracts,
dissertations, and theses were excluded unless they
were extremely essential for inclusion.

5. Animal studies: Nonhuman research including studies
on Feline blood groups were excluded.

6. Duplicate articles: Similar studies were excluded to
avoid redundancy in data extraction.
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PRISMA flow diagram for data extraction

Articles identified through the
databases (n=35)
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PubMed (n=16)
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A
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Articles screened for full-text
eligibility (n=10)

v
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* No mention of the mechanism

* No mention of blood group

* Only etiology

Articles included in the review (n=10)
Google scholar (n=5)
PubMed (n=4)

Cochrane database of systematic
reviews (n=1)

Figure 1 Prisma flow diagram.

Article screening process

A two-phase screening approach was employed. Initially,
two independent reviewers screened article titles and
abstracts to categorize them into include, exclude, or
uncertain. Following that, full-text reviews of probable
eligible studies were conducted. The final selection was
based on a consensus. In case of disagreement, a third
reviewer was included.

Extracted data included author names, publication
year, study type, research aim/objective, methodology,
exposure and outcome variables, cytokine profiles, and gut
microbiota findings.

Risk of bias assessment

The risk of bias and study quality were evaluated using
The Risk of Bias In Nonrandomized Studies-of Exposures
(ROBINS-E) tool including critical key domains such as con-
founding, selection bias, missing data, measurement of
outcomes, selection of reported results."

Each study was classified as having low, moderate, or
high risk of bias across these domains. Findings were sys-
tematically analyzed to identify common themes, mecha-
nistic pathways, and inconsistencies among studies.

Data synthesis and analysis

Data obtained from the articles were evaluated quanti-
tatively and qualitatively to generate significant insights
to the association between ABO blood groups and aller-
gic diseases. Contradictory results including population
heterogeneity, study design differences, or confounding
factors were also discussed. Consequently, data analysis
and synthesis procedures were carried out with partic-
ular emphasis on attaining the study objective, which is
to contribute to the evolving narrative on the intersec-
tion of blood groups and allergic diseases, with potential
implications for future research directions and clinical
practices. During the process, data analysis and synthesis
of information from academic literature were carried out
in such a manner so as to ensure that the observations
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were assessed and merged to meet the overarching study
objective.

It is reported that while carrying out data analysis and
synthesis for the systematic reviews, it is fundamental to
ensure that the entirety of the process adhered to the prin-
ciple of impartiality.”® Following this recommendation, the
process was carried out in a methodological manner that,
through impartiality considerations, guaranteed that con-
clusions generated from the study aligned with the need
to utilize academic papers to investigate and generate
themes related to the study objective.Further, the study
conducted adhered to the suggestion provided by Bagias
and colleagues™ that systematic organization of informa-
tion is essential in fostering the significance, relevance,
and alignment of thematic analysis results to the goal of
the research.

Results
Study selection

The systematic review encompassed a total of 35 articles,
which were initially considered. Of these, 16 articles were
sourced from Google Scholar, 16 from PubMed, and 3 from
the Cochrane database. Three duplicate articles were
removed during the first screening process, and 32 articles
were screened based on the abstract and title. Moreover,
10 articles were screened for full-text eligibility while 22
articles were excluded for not meeting the inclusion crite-
ria. Finally, 10 articles met the inclusion criteria and were
analyzed (Table 1).

The risk of bias assessment using ROBINS-E

Low risk of bias was found in five of the selected
studies’>'*16.1718 revealing robust methodologies and ensur-
ing minimal bias across all domains.

On the other hand, moderate risk of bias was found in
the remaining five included studies showing moderate risk
because of incomplete control of confounders and/or lim-
itations in exposure classification.?%6>1

Outcomes of the Thematic Analysis

The impact of blood group antigens on
immunoglobulin dynamics

The link between blood group types and allergies has been
widely reported in existing literature. Altaii and Al-Tae?
investigated the association between blood group antigen
interactions and IgE antibody production, indicating that
IgE plays a fundamental role in allergic reactions. In the
same context, Many studies observed that individuals with
blood types A or O often produce higher IgE levels than
those with blood type B.2%"22 This suggests that blood
group antigens influence IgE production through immune
cell interactions. Understanding these interactions can
expand insights into immunological mechanistic pathways
involved in allergic responses

Cytokine profile differences among blood groups

Allergic diseases and the underlying pathogenesis can be
strongly influenced by cytokines signaling in inflammation
and immune responses. Tamayo-Velasco and colleagues?
highlighted that cytokine profile differs based on the blood
group type, immune regulations, and cytokine profiles.
Another study similarly reported that blood group anti-
gens impact cytokine production associating it with allergy
development.?? Understanding these interactions might
help in developing therapeutic interventions and address-
ing issues related to allergic disease dysregulation.

Gut microbiota and blood group-related allergies

Gut microbiota play a vital role in the development of aller-
gic disease, particularly regarding blood group antigens.
Abbas et al.,”” demonstrated that gut microbiota impact
allergy development and the composition of gut microbi-
ota. In addition, Ewald and Sumner® revealed that blood
group antigens could alter microbial populations influencing
immune responses and the risk of allergy. The development
of allergy is significantly influenced by the composition and
functionalities the gut microbiota. Certain antigens linked
to blood group specificity serve as binding sites and recep-
tors that influence microbial gut communities.'®?

Discussion

The association between blood groups and allergies is
increasingly recognized as a complex immunological inter-
action. Researchers highlighted the role of IgE production,
ABO antigen glycosylation, microbiota gut composition,
cytokine profiles, and the potency of immunological path-
ways in modulating allergic responses and susceptibility.'®%2
Akar-Ghibril and colleages'” have shed light on the associ-
ation noting that IgE serves as a fundamental mediator in
allergy sensitization. In the same line, researchers showed a
notable association between IgE levels and ABO blood group
antigens, which impacts individuals’ susceptibility to aller-
gies.? These findings emphasize the genetic factors involved
in the development of allergic disease.

Variations concerning the susceptibility to allergies
between O and non-0O blood groups persist as a significant
topic of debate. Certain studies suggested that individu-
als with blood group O demonstrate an increased incidence
of allergic diseases, possibly attributed to glycosylation
changes of ABO antigens, resulting in modified immune
recognition and IgE binding.®”?* In contrast, other investi-
gations indicated that non-0 blood groups, especially A and
B, demonstrate enhanced allergic susceptibility because of
greater antigenic complexity and more robust interactions
with IgE and immune cells.®%? These findings highlight
the importance of additional mechanistic investigations
to clarify the specific immunological pathways connecting
blood group antigens to allergic sensitization.

On the other hand, cytokines dynamics should be con-
sidered in allergic pathogenesis. Th2 cytokines, includ-
ing IL-4 and IL-13, which improve IgE production, have
been shown to differ across various ABO phenotypes.'*??
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Table 1 Retrieval characteristics of all included studies.
Author and Study Type Allergic Disorder Sample Size Main Findings
Year
Abbas et al., Cohort Helicobacter 214 individuals The study demonstrated a higher
2019" pylori and Allergy seropositive for incidence of H. pylori infection among
association H. pylori patients with blood group O compared
to the general population (p < 0.001),
which may influence allergic responses
via immune modulation.
Abo-Shanab Cohort Bronchial hyper- 57 children with Results suggested that family history
et al., 2020™ responsiveness bronchial asthma and genetic factors contributes to
and acute asthma susceptibility and severity.
bronchoconstriction 66.67% of patients had allergic family
history.
Ahluwalia Quantitative Asthma and 2866 children with The study investigated a genetic
et al., 2020 Streptococcus severe asthma mechanism linking Asthma phenotypes
pneumoniae exacerbations with ABO-related immune responses.
respiratory illnesses Children with non-0O blood group
have an increased risk of developing
early childhood asthma, indicating
involvement of A or B antigens in the
incidence.
Altaii et al., Quantitative Allergic asthma (AS), 38 patients with AS, 27  The optimal total IgE values with the
20222 correlational Allergic rhinitis (AR) with AR and 46 with AD  best discriminative accuracy: 77 IU/mL
and atopic dermatitis for AS and 81 IU/mL for AR and AD.
(AD)
Apostolovic Cohort Red meat allergy 51 red meat-allergic Anti-a-Gal IgE, 1gG, and IgG, levels
et al., 2018° (Alpha-Gal Syndrome,  patients, IgE-positive were significantly lower in blood group
AGS) to a-Gal, alongside 102 B individuals compared to A/O groups.
healthy blood donors
(A/0/B blood groups)
Cabezas-Cruz  Cohort ABO blood types and 132 patients with Findings suggested that blood group
et al., 2017 immune response malaria association with anti-a-Gal immunity
to a-Gal-bearing and tuberculosis influences susceptibility to vector-
pathogens borne pathogens.
Akar-Ghibril Cohort Allergic asthma Allergic asthma Key biomarkers such as serum IgE,
et al., 2020" phenotypes patients specific IgE tests, blood/sputum
eosinophils, and distinguish allergic
asthma patients.
Liumbruno Retrospective  Allergic and 1,538 patients ABO blood groups play a significant role
and Franchini,  case-control cardiovascular with allergic and in various human diseases, including
201318 disorders cardiovascular cardiovascular, neoplastic, and

Lai et al., Retrospective  Asthma and blood

2023¢ case-control group-related
antigens

Ewald and Exploratory Allergic diseases

Sumner,

2018"

disorders
475 patients with
bronchial asthma

Patients with intestinal
and allergic diseases

infectious disorders.

Findings emphasized the role of red
cell antigens and their impact on
allergic disease pathogenesis.

The study highlighted the surprising
role of blood group antigens in shaping
allergic disease susceptibility.

Furthermore, pro-inflammatory cytokines TNF-a and IL-6,
implicated in allergic inflammation, may exhibit differential
regulation based on ABO antigen expression. Abo-Shanab
et al.," and Akar-Ghibril et al.,"” highlighted the mechanism
by which cytokines can affect personalized allergy pre-
vention and treatment. Moreover, Altaii and Al-Tae? under-
scored a significant relationship linking individuals’ blood
group antigens and the onset and severity of allergies.

The composition of gut microbiota should also be
considered alongside cytokines and the way they link to
allergies associated with blood groups. The composition of
gut microbiota significantly influences immune responses
and is correlated to the development of allergies. The
relationship between ABO blood groups and gut microbi-
ota is a developing field, and studies demonstrated the
significance of exploring the direct relationship between
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ABO antigen expression and gut microbiota composi-
tion to discover innovative microbiota-based therapeutic
approaches. >1%22

Furthermore, future research should focus on inves-
tigations at the molecular level, specifically using
genome-wide association studies (GWAS) and gene expres-
sion profile to explore the link between IgE produc-
tion, ABO blood groups, genetic variations, and allergic
susceptibility.

In addition, further studies should investigate the
detailed mechanism associating cytokine profile associ-
ated with different ABO blood groups and various allergic
diseases and reactions for a detailed understanding of the
specific cytokine contributions toward the development
and progression of allergic diseases. Longitudinal studies on
gut microbiota alterations associated to ABO blood groups
might offer novel insights into microbiota-based treatment
of allergies.

The main limitation of the current study is the system-
atic review methodology. Since systematic reviews rely on
secondary studies, the implication of this study is that the
researcher had control over the existing study’s findings.2
As indicated by Cabezas-Cruz and colleagues'®?? selection
bias cannot be totally ruled out. The exclusion of review
articles is an additional limitation of included studies.

Conclusion

This systematic review has established that a signifi-
cant relationship exists between blood groups and aller-
gies revealing intricate immune mechanisms underlying
this correlation. The interplay between gut microbiota,
IgE levels, and cytokine profiles involved in allergy sus-
ceptibility is based on the variations in blood grouping.
The present study has provided fundamental insights
regarding the underlying mechanisms and show insights
in understanding allergic diseases linked to blood group-
associated pathogenesis. These findings showed more
efficient therapeutic approaches achievable through a
thorough understanding of the role played by blood group
variations in determining immune dysregulation. Future
research should focus on detailed molecular and genetic
mechanisms to enhance clinical approaches for allergy
prevention and treatment.

Availability of Data and Materials

All data are present in the manuscript.

Ethical Approval

Not Applicable.

Author Contributions

The author confirms sole responsibility for study concep-
tion and design, data collection, analysis and interpreta-
tion of results, and the preparation of the manuscript.

Conflicts of Interest

The author declares no conflicts of interest with the
present study.

Funding

Not Applicable.

References

1. Galli SJ, Tsai M, Piliponsky AM. The development of allergic
inflammation. Nature. 2008;454(7203):445-454. https://
doi:10.1038/nature07204

2. Altaii HA and Al-Tae FMD. Investigation of serum total IgE and
eosinophil levels in different allergic diseases together with
the study of their correlations with various possible allergens
in Mosul city. Immunol. Invest. 2022;51:567-87. https://doi.
org/10.1080/08820139.2020.1853154

3. Yamamoto F. Review: ABO blood group system--ABH oligosac-
charide antigens, anti-A and anti-B, A and B glycosyltransfer-
ases, and ABO genes. Immunohematology. 2004;20(1):3-22.

4. Reid ME, Mohandas N. Red blood cell blood group antigens:
structure and function. Semin Hematol. 2004 Apr;41(2):93-
117. https://doi.org/10.1053/j.seminhematol.2004.01.001.

5. Apostolovic D, Rodrigues R, Thomas P, Starkhammar M,
Hamsten C, van Hage M. Immunoprofile of a-Gal- and B-
antigen-specific responses differentiates red meat-allergic
patients from healthy individuals. Allergy. 2018;73(7):1525-
31. https://doi.org/10.1111/all.13400

6. Lal T, Sadhasivam M, K SPA, J AAS, R P, Khaleeluddin KB.
An Observational Study to Analyse the Association of the
ABO and Rh Blood Group Systems With Bronchial Asthma.
Cureus. 2023 Apr 17;15(4):e37675. https://doi.org/10.7759/
cureus.37675

7. Falsarella N, Ferreira Al, Nakashima F, de Mattos Cde C,
de Mattos LC. Evidence of an association between the O
blood group and allergic rhinitis. Rev Bras Hematol Hemoter.
2011;33(6):444-8. https://doi.org/10.5581/1516-8484.20110120

8. Brachtel R, Walter H, Beck W, Hilling M. Associations
between atopic diseases and the polymorphic systems ABO,
Kidd, Inv and red cell acid phosphatase. Hum Genet. 1979 Jul
18;49(3):337-48. https://doi.org/10.1007/BF00569354

9. Abid K. Prevalence of ABO Blood Groups and their Association
with Dust, Pollen and Skin Allergy in Young Adults. Ann Pak
Inst Med Sci. 2015;11(1):12-5.

10. Okoli C. A guide to conducting a standalone systematic lit-
erature review. Communications of the Association for
Information Systems. 2015;37. https://doi.org/10.17705/
1cais.03743

11. Julian PT Higgins, Morgan RL, Rooney AA, Taylor KW,
Thayer KA, Silva RA, et al. A tool to assess risk of bias in
non-randomized follow-up studies of exposure effects
(ROBINS-E). Environ. Int. 2024 Mar 1;186:108602-2. https://
doi.org/10.1016/j.envint.2024.108602

12. Bagias C, Sukumar N, Weldeselassie Y, Oyebode O,
Saravanan P. Cord blood adipocytokines and body compo-
sition in early childhood: a systematic review and meta-
analysis. Int. J. Environ. Res. Public Health. 2021;18(4):1897.
https://doi.org/10.3390/ijerph18041897.

13. Abbas SK, Hameed BH, Albarzanji ZN. Increased serum
interleukin-10 could lead to allergic disease development
in helicobacter pylori infected adult. Energy Procedia.
2019;157:193-198. https://doi.org/10.1016/j.egypro.2018.11.180


https://doi:10.1038/nature07204�
https://doi:10.1038/nature07204�
https://doi.org/10.1080/08820139.2020.1853154�
https://doi.org/10.1080/08820139.2020.1853154�
https://doi.org/10.1053/j.seminhematol.2004.01.001�
https://doi.org/10.1111/all.13400�
https://doi.org/10.7759/cureus.37675�
https://doi.org/10.7759/cureus.37675�
https://doi.org/10.5581/1516-8484.20110120�
https://doi.org/10.1007/BF00569354�
https://doi.org/10.17705/1cais.03743�
https://doi.org/10.17705/1cais.03743�
https://doi.org/10.1016/j.envint.2024.108602�
https://doi.org/10.1016/j.envint.2024.108602�
https://doi.org/10.3390/ijerph18041897�
https://doi.org/10.1016/j.egypro.2018.11.180�

84

Bahashwan AS

14.

15.

16.

17.

18.

19.

20.

Abo-Shanab AM, Elnady H, Helwa |, Abdelkawy RF, Atta H,
Salah DA. Role of Th2 type cytokines and IgE in asthmatic
children. Biomed. Pharmacol. J. 2020;13(4):1765-1772.
https://doi.org/10.13005/bpj/2051

Ahluwalia TS, Eliasen AU, Sevelsted A, Pedersen CE,
Stokholm J, Chawes B, et al. FUT2-ABO epistasis increases
the risk of early childhood asthma and Streptococcus pneu-
moniae respiratory illnesses. Nat. Commun. 2020;11(1):6398.
https://doi.org/10.1038/s41467-020-19814-6

Cabezas-Cruz A, Mateos-Hernandez L, Alberdi P, Villar M,
Riveau G, Hermann E, et al. Effect of blood type on anti-
a-Gal immunity and the incidence of infectious diseases.
Exp. Mol. Med. 2017;49(3):e301-1. https://doi.org/10.1038/
emm.2016.164

Akar-Ghibril N, Casale T, Custovic A, Phipatanakul W. Allergic
endotypes and phenotypes of asthma. J. Allergy Clin.
Immunol. Pract. 2020;8(2):429-40. https://doi.org/10.1016/
j.jaip.2019.11.008

Liumbruno GM and Franchini M. Beyond immunohaematol-
ogy: the role of the ABO blood group in human diseases.
Blood Transfus. 2013;11(4):491-9. https://doi.org/10.2450/
2013.0152-13

Ewald DR and Sumner SC. Human microbiota, blood group
antigens, and disease. Wiley Interdiscip Rev. Syst. Biol. Med.
2018;10(3):e1413. https://doi.org/10.1002/wsbm.1413

Rispens T, Derksen NI, Commins SP, Platts-Mills TA, Aalberse
RC. IgE production to a-gal is accompanied by elevated
levels of specific IgG1 antibodies and low amounts of IgE
to blood group B. PLoS One. 2013;8(2):e55566. https://doi.
org/10.1371/journal.pone.0055566

21.

22.

23.

24.

25.

26.

Brestoff JR, Tesfazghi MT, Zaydman MA, Jackups R Jr,
Kim BS, Scott MG, Gronowski AM, Grossman BJ. The B anti-
gen protects against the development of red meat allergy.
J Allergy Clin Immunol Pract. 2018 Sep-Oct;6(5):1790-1791.
e3. https://doi.org/10.1016/j.jaip.2018.02.010

Cabezas-Cruz A, Hodzi¢ A, Roman-Carrasco P, Mateos-
Hernandez L, Duscher GG, Sinha DK, et al. J. Environmental
and molecular drivers of the a-Gal syndrome. Front Immunol.
2019;10:1210. https://doi.org/10.3389/fimmu.2019.01210
Tamayo-Velasco A, PeRarrubia Ponce MJ, Alvarez FJ,
Gonzalo-Benito H, de la Fuente |, Pérez-Gonzalez S, Rico L,
Jiménez Garcia MT, Sanchez Rodriguez A, Hijas Villaizan M,
Martin-Fernandez M, Duefas C, Gomez-Sanchez E, Heredia-
Rodriguez M, Gorgojo-Galindo O, Fernandez I, Del Rio L,
Carnicero-Frutos |, Muhoz-Moreno MF, Tamayo E, Bernardo D,
Martinez-Paz P. Can the Cytokine Profile According to ABO
Blood Groups Be Related to Worse Outcome in COVID-19
Patients? Yes, They Can. Front Immunol. 2021 Oct
13;12:726283. https://doi.org/10.3389/fimmu.2021.726283.
Topno N, Narvey VP, Jain AK. The Correlation of Allergic
Rhinitis with ABO Phenotype. Indian J Otolaryngol Head
Neck Surg. 2019 Nov;71(Suppl 3):1827-1831. https://doi.
org/10.1007/s12070-017-1215-1

Gangopadhyay D, Naskar B, Roy AK. Atopic dermatitis
and ABO blood group. Indian Journal of Dermatology.
2006;51(1):33. https://doi.org/10.4103/0019-5154.25186
Mohandas N and Narla A. Blood group antigens in health and
disease. Curr. Opin. Hematol. 2005;12(2):135-40. https://doi.
org/10.1097/01.moh.0000153000.09585.79


https://doi.org/10.1016/j.jaip.2018.02.010�
https://doi.org/10.3389/fimmu.2019.01210�
https://doi.org/10.3389/fimmu.2021.726283�
https://doi.org/10.1007/s12070-017-1215-1�
https://doi.org/10.1007/s12070-017-1215-1�
https://doi.org/10.4103/0019-5154.25186�
https://doi.org/10.1097/01.moh.0000153000.09585.79�
https://doi.org/10.1097/01.moh.0000153000.09585.79�
https://doi.org/10.13005/bpj/2051�
https://doi.org/10.1038/s41467-020-19814-6�
https://doi.org/10.1038/emm.2016.164�
https://doi.org/10.1038/emm.2016.164�
https://doi.org/10.1016/j.jaip.2019.11.008�
https://doi.org/10.1016/j.jaip.2019.11.008�
https://doi.org/10.2450/2013.0152-13�
https://doi.org/10.2450/2013.0152-13�
https://doi.org/10.1002/wsbm.1413�
https://doi.org/10.1371/journal.pone.0055566�
https://doi.org/10.1371/journal.pone.0055566�

	_GoBack
	_Hlk160597665
	_Hlk193142326
	_Hlk160779190
	_Hlk193143392
	_Hlk160779230
	_Hlk193143989
	_Hlk160779250
	_Hlk193144579
	_Hlk193145227
	_Hlk193145990

