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The implication of the ABO blood group in COVID-19 disease was formulated early, at the

beginning of the COVID-19 pandemicmore than 2 years ago. It has now been established

that the A blood group is associated with more susceptibility and severe symptoms of

COVID-19, while the O blood group shows protection against viral infection. In this review,

we summarize the underlying pathophysiology of ABO blood groups and COVID-19 to

explain the molecular aspects behind the protective mechanism in the O blood group.

A or B antigens are not associated with a different risk of severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) infection than that of other antigens. In this case,

the cornerstone is natural anti-A and anti-B antibodies from the ABO system. They

are capable of interfering with the S protein (SARS-CoV-2) and angiotensin-converting

enzyme 2 (ACE2; host cell receptor), thereby conferring protection to patients with

sufficient antibodies (O blood group). Indeed, the titers of natural antibodies and the

IgG isotype (specific to the O blood group) may be determinants of susceptibility and

severity. Moreover, older adults are associated with a higher risk of bad outcomes due

to the lack of antibodies and the upregulation of ACE2 expression during senescence.

A better understanding of the role of the molecular mechanism of ABO blood groups in

COVID-19 facilitates better prognostic stratification of the disease. Furthermore, it could

represent an opportunity for new therapeutic strategies.

Keywords: ABO blood group, COVID-19, anti-A antibody, SARS-CoV-2 spike protein, ACE2 (angiotensin converting

enzyme 2)

INTRODUCTION

At 2 years since the beginning of the COVID-19 pandemic (1, 2), people worldwide continue to
suffer deaths and important changes in their lifestyles (3). Although vaccines are being encouraged
to hinder the spread of this pandemic (4, 5), the pathophysiology of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) is not well understood. Many studies identified multiple
risk factors during the first wave to identify and treat susceptible patients early (6–8). Old age (9),
male (10), and comorbidities, such as hypertension (11), were related to severity. Some routine
biomarkers (12) and specific cytokines (13, 14) have also been proposed.

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2022.882477
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2022.882477&domain=pdf&date_stamp=2022-04-25
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles
https://creativecommons.org/licenses/by/4.0/
mailto:alvarotv1993@gmail.com
https://doi.org/10.3389/fmed.2022.882477
https://www.frontiersin.org/articles/10.3389/fmed.2022.882477/full


Tamayo-Velasco et al. ABO, Natural Antibodies, and COVID-19

Similarly, a possible implication of the ABO blood group was
formulated (15, 16). Currently, as multiple studies have reported
(17–22), it seems clear that the A blood group is associated with
more susceptibility and severe symptoms in COVID-19, while
the O blood group shows protection against viral infection.
Despite many descriptive studies on this tendency, few studies
have focused on the implicated molecular mechanisms. Several
studies have focused on angiotensin-converting enzyme 2
(ACE2) as the host cell receptor (23), S protein of the virus (24),
and antigens or antibodies of the ABO system (25). However, no
studies have specifically and directly deepened our understanding
of the implications of ABO blood groups and their possible
implications in developing future therapeutic strategies.

Therefore, we summarized the underlying pathophysiology of
ABO blood groups and COVID-19. We exhaustively analyzed
the role of A, B, AB, and O antigens in the disease and its
molecular aspects. The functions of natural anti-A and anti-B
antibodies are the cornerstone. We examined the importance of
immunoglobulin (Ig) isotypes and their plasma concentrations
by focusing on the consequences of immunosuppressive status
according to the ABO system in patients with COVID-19. We
examined how the complex interrelations between antibodies,
the virus, and the host cell receptor relate to the protective
molecular mechanism.

RELATIONSHIP BETWEEN ABO BLOOD
GROUP AND COVID-19 SEVERITY AND
SUSCEPTIBILITY

The Role of ABO Antigens in COVID-19
In 1901, Nobel Prize winner Karl Landsteiner discovered
the ABO system (26). Erythrocytes, endothelial and epithelial
respiratory cells, and digestive endothelial cells synthesize ABH
carbohydrate epitopes. The addition of N-acetylgalactosamine
or galactose to the H antigen (precursor chain) allows the
appearance of A and B antigens, respectively. Thus, the O blood
group only expresses the H antigen, whereas the AB blood group
expresses both the A and B antigens (27, 28). In the Caucasian
population, the O and A groups were the most frequent (45 and
40%, respectively), followed by the B group (11%) and AB group
(4%). In contrast, group B is overexpressed in black and Asian
populations (20 and 27%, respectively) (28). These differences in
the ABO system are associated with some peculiarities. Blood
group A is linked to hypercoagulability, cardiovascular events,
and a higher risk of colon and gastric cancer (29). Group B
is more susceptible to infections by Escherichia coli (30). The
O blood group showed reduced thrombotic risk due to lower
plasma vonWillebrand factor (VWF) and coagulation factor VIII
levels (29, 31).

Studies on COVID-19 also found more comorbidities in
patients with the A blood group than those with the other groups
(16, 17, 29). This subgroup of patients has a higher Charlson
comorbidity index (32) and more cardiovascular diseases,
especially hypertension (20), when infected with SARS-CoV-2.
Moreover, according to the ABO blood group, these innate
differences are not confounders. Multiple studies have confirmed

the increased susceptibility, severity, and death risk in the A
blood group, an independent risk factor for COVID-19 (17,
18, 20–22, 33). The implication of the ABO system was also
strongly evidenced in a genome-wide associated study (GWAS)
that identified a 3p 21.31 gene cluster related to the ABO blood
group and respiratory failure in COVID-19 (34). We can expect
new findings from genome-wide association analyses to explain
better the importance of the ABO system in the severity and
mortality of patients with COVID-19.

Descriptive and genetic studies based on ABO phenotypes
found clear evidence about the implication of the ABO system in
susceptibility and disease severity. However, no direct molecular
interrelation between ABO system antigens and the virus has
elucidated the mechanism involved in the susceptibility of the
ABO blood group.

Anti-A and Anti-B Antibodies Are the
Cornerstones
Antigens of ABO blood group are present in the cell membrane.
However, they do not directly modulate the SARS-CoV-2
infectious capacity. Natural anti-A or anti-B antibodies in
patients with the A, B, or O blood groups are freely present in
plasma, providing a decisive connection with the virus.

The Direct Connection Between Antibodies, S Protein

of SARS-CoV-2, and ACE2 Receptors in the Host Cell
The infectious capacity of SARS-CoV-2 has been characterized
previously. The virus binds to the cell surface via its S
protein, cell receptor-binding domains (RBDs), and virus-cell
membrane fusion domains (35). The S protein binds to the
host cell receptor’s ACE2 (36). ACE2 is present in virtually
all organs, but lung alveolar epithelial cells and enterocytes
of the small intestine (37) are important in this context.
Moreover, the transmembrane protease serine subfamilymember
2 (TMPRSS2), a cell surface protein expressed by endothelial
cells in the respiratory and digestive tracts, is used by the virus
for S protein priming (38). Enhanced entry correlated with
optimal functions of both TMPRSS2 and ACE2. Similarly, in
ACE2 expressing cells, dendritic-cell-specific ICAM3-grabbing
nonintegrin (DC/L-SIGN) facilitates the infectious capacity;
however, an adequate ACE2 correlation is required (39).
These mechanisms promulgated in SARS-CoV-2 have also been
confirmed in COVID-19 (40, 41). ACE2 is the main host cell
receptor for the viral S protein (no other receptor has been
discussed), and its function is probably improved by the proper
interaction between TMPRSS2 and DC/L-SIGN (42).

Immunoglobulins can bind to or block different proteins.
Anti-A and anti-B antibodies from the ABO system are natural
Igs in serum. It has been reported that the presence of
anti-A antibodies (and probably anti-B antibodies) prevents the
interaction between the viral S protein of the virus and ACE2
on the cell surface (Figure 1). The molecular mechanism is not
yet fully understood. However, several hypotheses have been
proposed. It seems that carbohydrates or glycosylated epitopes
are present in the cell membrane of both SARS-CoV-2 and ACE2
and it is known the strong binding between natural antibodies
from the ABO system and carbohydrate molecules, such as A or
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FIGURE 1 | Molecular mechanism that explains the susceptibility and severity of COVID-19 disease depending on the ABO blood group. The presence of anti-A

antibodies and probably anti-B antibodies inhibit the interaction between the S protein of the virus and the ACE2 on the cell surface in the O blood group (Left side).

The absence of antibodies in the A blood group facilitates the entrance of SARS-CoV-2 into the host cell and the consequent viral infection (Right side). ACE2:

angiotensin-converting enzyme 2. TMPRSS2: transmembrane protease serine subfamily member DC/L-SIGN; dendritic-cell-specific ICAM3-grabbing nonintegrin.;

Natural antibodies bind glycosylated or carbohydrate epitopes in the S protein of SARS-CoV-2 (on top) or ACE2 (below).

B antigens. On the one hand, the S protein could be decorated
with A or B carbohydrate epitopes able to be recognized by
the natural anti-A or -B antibodies from blood group O, B,
and A individuals (24). On the other hand, natural anti-A or -
B antibodies can directly bind to the ACE2 glycosylated region
(43). In this case, possible competitive inhibition of ACE2 by
both natural (anti-A/anti-B) antibodies and SARS-CoV-2 may
induce early ACE2 downregulation in blood group O, increasing
the production of multiple inflammatory cytokines (44) in the
first step of the infection. Patients with the O blood group
suffered a consequent cytokine drop during the hospital stay,
while non-O patients maintained their cytokine levels associated
with hyperinflammation. An early, effective, and moderate
cytokine release functions in immunocompetent patients, while
disease severity is linked to persistent immune dysregulation
after infection, associated with high cytokine levels for days or
weeks. These findings could explain the optimal activation of
the immune response and the effective viral clearance of SARS-
CoV-2 infection in the patients with the O blood group. In
any case, the interaction between natural antibodies and ACE2
or S proteins should prevent viral infection via transfusion
rules. Therefore, natural anti-A or -B antibodies protect patients
with the O blood group against severe disease and mortality
in COVID-19. Comparatively, antibodies operate via the same
mechanism as future specific treatments against SARS-CoV-2

(45). The more anti-A or-B antibodies present in the plasma (O
blood group), the reduced infectious capacity (19). In contrast,
the absence of antibodies (AB blood group) or one of them (A
or B blood groups) is associated with a higher risk for poor
outcomes in COVID-19 (20). Descriptive and epidemiological
studies have corroborated this tendency during the pandemic in
all populations (15, 17, 18, 20–22, 32, 33, 46).

Immunoglobulin Isotype of Anti-A and Anti-B

Antibodies
Natural anti-A or -B antibodies from the ABO system differ from
most naturally occurring antibodies because of their exclusive
expression in individuals lacking the corresponding antigen
(A or B antigen)(47). They exhibit high polyspecificity and
polyreactivity to multiple antigens, not only those included in
the ABO system (48). The main isotype of natural Ig is M (IgM)
in all ABO blood groups with specific natural antibodies (A, B,
and O blood groups), reaching all groups with similar plasma
concentrations of IgM antibodies. By cons, the presence of anti-
A/B antibodies with the IgG isotype was restricted to the O blood
group (Figure 2). Indeed, anti-A or anti-B IgG were found in
almost 90% (34/38) of O blood group donors (predominance
of IgG2). Meanwhile, only 14% of patients with the A blood
group had anti-B IgG, and 4% with B blood group had anti-A
IgG. None of the AB blood group samples contained anti-A
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FIGURE 2 | Specific isotype of immunoglobulin in each ABO blood group, expression of natural antibodies and receptors in immunosuppressive situations, and their

relationship with the infectious capacity of SARS-CoV-2. Ab: antibody. Rc: receptor. Ig: immunoglobulin. ACE2: angiotensin-converting enzyme 2. TMPRSS2:

transmembrane protease serine subfamily member. N; normal expression.

or anti-B antibodies of any isotype (IgM or IgG) (25). Until
now, there has been no explanation for this finding. It would
be relevant, for example, in hemolytic disease of the newborn
because only newborns of blood group O mothers develop the
hemolytic disease after ABO-incompatible pregnancies (49). In
COVID-19, studies have shown that patients with the O blood
group are under-represented, whereas patients with groups A, B,
and AB are over-represented (20). We previously explained that
the higher the plasma concentration of natural anti-A or anti-
B antibodies (O blood group), the higher the protective effect
against SARS-CoV-2 infection. Nevertheless, it is not only the
plasma level of natural antibodies but also the isotype of Ig.
IgG (restricted to the O blood group) may strongly avoid the
interaction between ACE2 and the S protein compared to the
IgM isotype.

Immunosuppressive Status and Plasma Antibody

Levels
A strong immune system is crucial for overcoming infections. It
includes both an optimal innate and adaptive immune response,
with adequate antibody production by B cells. Unfortunately,

many situations can weaken the immune system, reducing cell-
mediated immune function and humoral immune responses.
This decline in immune capacity is associated with reduced
antibody levels, making individuals more suitable for infections
and disease severity. Older individuals are one of the most
recognized cases (9). Aging reduces the production of B and
T cells in the bone marrow and thymus and diminishes the
function of mature lymphocytes in secondary lymphoid tissues
(50). Similarly, immunosuppressive treatments (glucocorticoids,
cytotoxic drugs, other immunomodulatory agents, or new
immunosuppressive therapies) can also compromise the immune
system (51). In addition, infections can have immunosuppressive
effects in the local environment (52), increasing susceptibility
and severity of infectious diseases and decreasing the efficacy
of vaccination (53). Moreover, different studies have revealed,
in severe cases of COVID-19, that the presence of immune
downregulation with profound immunosuppression was the
primary phenomenon. Immunological alterations vary and are
classified into different subsets or phenotypes. One of these
immunophenotypes is characterized by the coexisting alterations
in T cells’ numbers, subset composition, cycling, activation, and
gene expression (54, 55).
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It has been shown for SARS-CoV that the interference
between natural anti-A antibodies in the O blood group was
dose-dependent and still detected at a plasma dilution of up
to 1/32. Indeed, patients with the O blood group with low
anti-A antibodies were not inhibitory in the host cell adhesion
assay (24). The lack of or drop in antibodies due to any
immunosuppressive situation creates ABO discrepancies (56).
Therefore, it is of value to determine whether the ABO group
performed both forward (red blood cell antigen) and reverse
(anti-A and anti-B antibodies in plasma). Once we know the
importance of natural antibodies from the ABO system in
COVID-19, we should evaluate only the reverse type in terms
of protection against viral infection. Accordingly, patients with
the O, A, or B blood groups (forward type) that associate lack of
antibodies would behave as the AB blood group (reverse type).
The current situation favors infections and worsens outcomes for
a large number of people, especially older adults and patients who
are immunosuppressed.

While aging decreases plasma levels of antibodies, studies have
demonstrated increased ACE2 and TMPRSS2 expression in older
adults (10, 57). The first study described a significant expression
of ACE2 in older males in both mouse models and human
organs (10). The second study demonstrated the overexpression
of ACE2 and TMPRSS2 in the upper respiratory tract of aged
ferrets compared to young animals (57). Moreover, a recent
study found that ACE2 levels increase during aging in mouse
and human lungs due to telomere shortening or dysfunction
(58). It involves the transcriptional level, where ACE2 promoter
activity is dependent on DNA damage response (58). Therefore,
both the upregulation of ACE2 and the decrease in antibodies
make the elderly more susceptible to severe infection by
SARS-CoV-2 (Figure 2).

DISCUSSION

After this exhaustive assessment regarding the implications of
the ABO blood system in COVID-19, we make the following
key points: i) The presence or absence of any antigen of the
ABO system is related to different susceptibilities, presenting
more comorbidity in patients with antigen A (A blood group),
while the absence of antigens (O blood group) is associated
with lower thrombotic and cardiovascular risk. This is one of
the reasons why the number of patients infected with SARS-
CoV-2 who were hospitalized with worse outcomes belongs to
the non-O blood group. However, there is no direct molecular
relationship between ABO system antigens and the virus that can
explain the true mechanism involved in the susceptibility of the
ABO blood group. ii) Natural anti-A and -B antibodies from the
ABO system are capable of interfering with the S protein (SARS-
CoV-2) and ACE2 (host cell receptor). The presence of high
plasma concentrations of antibodies in the O blood group confers
greater protection to these patients. iii) The isotype of natural
antibodies would be decisive because the A, B, and O blood
groups present IgM, but only the O blood group presents anti-A
and anti-B IgG antibodies in the plasma. iv) Immunosuppressive
status, such as in older adults and patients with some diseases or
undergoing pharmacological treatments, is associated with a lack
of antibodies. This creates the ABO discrepancies. Patients with

the O, A, or B blood groups would behave as patients with the AB
blood group, making them more susceptible to infection.

Some questions might be interesting to consider and
could open future investigations in this area. The first is
related to the exact mechanism by which natural antibodies
from the ABO blood system avoid the interaction between
the S protein of the virus and ACE2 on the cell surface
(20, 24, 43, 44). An experimental model is required to
understand whether antibodies only block the S protein,
perhaps together with SARS-CoV-2, to competitively inhibit
ACE2 in host cells or whether both molecular mechanisms
are possible. These findings would help us to underline the
pathophysiology of the ABO blood groups in the same way
that the lower plasma von Willebrand factor (VWF) and
coagulation factor VIII levels in the O blood group are well
described (29, 31). For example, suppose our natural anti-A or
-B antibodies would constantly bind or block ACE2. In that
case, O blood group individuals could present persistent ACE2
downregulation, resulting in increased production of multiple
inflammatory cytokines (44). Furthermore, these antibodies
might be associated with protection against cardiovascular
diseases, similar to ACE inhibitors, conferring a lower risk in the
O blood group. Therefore, it would be necessary for anti-A and
anti-B antibodies to bind to the same proteins, or one of them
must demonstrate more affinity or interfere with SARS-CoV-2
more efficiently.

Another important issue is the antibody isotype. As
mentioned before, the IgM isotype is present in A, B, and O blood
groups, while anti-A and anti-B with IgG isotypes are almost
unique to the O blood group (25). The better outcome of the O
blood group is confirmed in COVID-19, but this effect depends
on the higher plasma level of natural antibodies compared to the
rest of the blood groups (24), or perhaps IgG isotypes confermore
protection or both. The IgG isotype interferes more strongly
than IgM, explaining the protective status of the O blood group.
However, elucidation would require complicated and specific
laboratory assays, COVID-19 cases, healthy donors, and all blood
groups and isotypes of Igs.

Finally, studying older patients might determine whether
the upregulation of ACE2 or the decrease in antibodies with
senescence is significant (10, 57). Moreover, the implications
of ACE2 upregulation would lead to specific studies based
on different symptoms in old and young patients. Patients
with ACE2 overexpression in the gastrointestinal tract are
associated with more diarrhea (59). In fact, there is evidence
demonstrating a direct association between endothelitis and
severe COVID-19 (60). Therefore, ACE2may be a relevant factor
in this phenomenon.

CONCLUSION

In conclusion, natural anti-A and B antibodies from the ABO
system interfere with the S protein (SARS-CoV-2) and ACE2
(host cell receptor), conferring protection to patients with
sufficient antibodies (O blood group). The titers of natural
antibodies and IgG isotype (specific to the O blood group)
are determinants of susceptibility and severity. Older adults are
associated with a higher bad outcomes risk due to the lack of
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antibodies and the upregulation of ACE2 expression. There is no
doubt that more investigations would be beneficial to understand
the role and molecular mechanism of ABO blood groups in
COVID-19 fully and help develop novel therapeutic strategies.

AUTHOR CONTRIBUTIONS

ÁT-V, MP-P, and FÁ conceptualized the study. ÁT-V, IF, SP-G,
and DA-O contributed to methodology and investigation. ÁT-V
wrote the manuscript. ÁT-V and DA-O contributed to figures.

MP-P, FÁ, and DA-O wrote and reviewed the article. ÁT-V
and DA-O visualized the study. All authors critically revised
the manuscript, reviewed the final version, and agreed with the
content of the work.

FUNDING

This research was funded by the Instituto de Salud Carlos III
(CB21/13/00051 and COV20/00491) and Junta de Castilla y Leon
(18IGOF and GRS COVID 108/A/20).

REFERENCES

1. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A novel coronavirus
from patients with pneumonia in China, 2019. N Engl J Med. (2020) 382:727–
33. doi: 10.1056/NEJMoa2001017

2. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of
patients infected with 2019 novel coronavirus in Wuhan, China. Lancet.
(2020) 395:497–506. doi: 10.1016/S0140-6736(20)30183-5

3. Udeh-Momoh CT, Watermeyer T, Sindi S, Giannakopoulou P, Robb CE,
Ahmadi-Abhari S, et al. Health, lifestyle, and psycho-social determinants of
poor sleep quality during the early phase of the COVID-19 pandemic: a
focus on UK older adults deemed clinically extremely vulnerable. Front Public
Health. (2021) 9:753964. doi: 10.3389/fpubh.2021.753964

4. Lurie N, Saville M, Hatchett R, Halton J. Developing covid-19
vaccines at pandemic speed. N Engl J Med. (2020) 382:1969–
73. doi: 10.1056/NEJMp2005630

5. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al.
Safety and efficacy of the BNT162b2 mRNA covid-19 vaccine. N Engl J Med.
(2020) 383:2603–15. doi: 10.1056/NEJMoa2034577

6. Zheng Z, Peng F, Xu B, Zhao J, Liu H, Peng J, et al. Risk factors of critical &
mortal COVID-19 cases: a systematic literature review and meta-analysis. J
Infect. (2020) 81:e16–25. doi: 10.1016/j.jinf.2020.04.021

7. Gorgojo-Galindo Ó, Martín-Fernández M, Peñarrubia-Ponce MJ, Álvarez
FJ, Ortega-Loubon C, Gonzalo-Benito H, et al. Predictive modeling of
poor outcome in severe COVID-19: a single-center observational study
based on clinical, cytokine and laboratory profiles. J Clin Med. (2021)
10:5431. doi: 10.3390/jcm10225431

8. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course
and risk factors for mortality of adult inpatients with COVID-19 in
Wuhan, China: a retrospective cohort study. Lancet. (2020) 395:1054–
62. doi: 10.1016/S0140-6736(20)30566-3

9. Chen Y, Klein SL, Garibaldi BT Li H, Wu C, Osevala NM Li T, Margolick JB,
et al. Aging in COVID-19: vulnerability, immunity and intervention. Ageing
Res Rev. (2021) 65:101205. doi: 10.1016/j.arr.2020.101205

10. Viveiros A, Gheblawi M, Aujla PK, Sosnowski DK, Seubert JM,
Kassiri Z, et al. Sex- and age-specific regulation of ACE2: insights
into severe COVID-19 susceptibility. J Mol Cell Cardiol. (2021)
164:13–6. doi: 10.1016/j.yjmcc.2021.11.003

11. Ejaz H, Alsrhani A, Zafar A, Javed H, Junaid K, Abdalla AE, et al. COVID-
19 and comorbidities: deleterious impact on infected patients. J Infect Public
Health. (2020) 13:1833–9. doi: 10.1016/j.jiph.2020.07.014

12. Iwamura APD, Tavares da. Silva MR, Hümmelgen AL, Soeiro Pereira
PV, Falcai A, Grumach AS, et al. Immunity and inflammatory
biomarkers in COVID-19: a systematic review. Rev Med Virol. (2021)
31:e2199. doi: 10.1002/rmv.2199

13. Tamayo-Velasco Á, Martínez-Paz P, Peñarrubia-Ponce MJ, de la Fuente
I, Pérez-González S, et al. HGF, IL-1α, and IL-27 are robust biomarkers
in early severity stratification of COVID-19 patients. J Clin Med. (2021)
10:2017. doi: 10.3390/jcm10092017

14. Tamayo-Velasco Á, Peñarrubia-Ponce MJ, Álvarez FJ, Gonzalo-Benito H. de
la Fuente I, Martín-Fernández M, Eiros JM, et al. Evaluation of cytokines as
robust diagnostic biomarkers for COVID-19 detection. J Pers Med. (2021)
11:681. doi: 10.3390/jpm11070681

15. Wu B-B, Gu D-Z, Yu J-N, Yang J, Shen W-Q. Association between
ABO blood groups and COVID-19 infection, severity and demise:
a systematic review and meta-analysis. Infect Genet Evol. (2020)
84:104485. doi: 10.1016/j.meegid.2020.104485

16. Golinelli D, Boetto E, Maietti E, Fantini MP. The association between ABO
blood group and SARS-CoV-2 infection: a meta-analysis. PLoS ONE. (2020)
15:e0239508. doi: 10.1371/journal.pone.0239508

17. Li J, Wang X, Chen J, Cai Y, Deng A, Yang M. Association between ABO
blood groups and risk of SARS-CoV-2 pneumonia. Br J Haematol. (2020)
190:24–7. doi: 10.1111/bjh.16797

18. Zietz M, Zucker J, Tatonetti NP. Associations between blood type
and COVID-19 infection, intubation, and death. Nat Commun. (2020)
11:5761. doi: 10.1038/s41467-020-19623-x

19. Gérard C, Maggipinto G, Minon J-M. COVID-19 and ABO blood
group: another viewpoint. Br J Haematol. (2020) 190:e93–4. doi: 10.1111/
bjh.16884

20. Muñiz-Diaz E, Llopis J, Parra R, Roig I, Ferrer G, Grifols J, et al. Relationship
between the ABO blood group and COVID-19 susceptibility, severity and
mortality in two cohorts of patients. Blood Transfus. (2021) 19:54–63.
doi: 10.2450/2020.0256-20

21. Yamamoto F, Yamamoto M, Muñiz-Diaz E. Blood group ABO polymorphism
inhibits SARS-CoV-2 infection and affects COVID-19 progression. Vox Sang.
(2020) 116:15–17. doi: 10.1111/vox.13004

22. Zhao J, Yang Y, Huang H, Li D, Gu D, Lu X, et al. Relationship
between the ABO blood group and the coronavirus disease 2019
(COVID-19) susceptibility. Clin Infect Dis. (2021) 73:328–31. doi: 10.1093/
cid/ciaa1150

23. Li W, Zhang C, Sui J, Kuhn JH, Moore MJ, Luo S, et al. Receptor and viral
determinants of SARS-coronavirus adaptation to human ACE2. EMBO J.
(2005) 24:1634–43. doi: 10.1038/sj.emboj.7600640

24. Guillon P, Clément M, Sébille V, Rivain J-G, Chou C-F, Ruvoën-Clouet N, et
al. Inhibition of the interaction between the SARS-CoV spike protein and its
cellular receptor by anti-histo-blood group antibodies. Glycobiology. (2008)
18:1085–93. doi: 10.1093/glycob/cwn093

25. Stussi G, Huggel K, Lutz HU, Schanz U, Rieben R, Seebach
JD. Isotype-specific detection of ABO blood group antibodies
using a novel flow cytometric method. Br J Haematol. (2005)
130:954–63. doi: 10.1111/j.1365-2141.2005.05705.x

26. Hosoi E. Biological and clinical aspects of ABO blood group system. J Med
Invest. (2008) 55:174–82. doi: 10.2152/jmi.55.174

27. Yamamoto F, Clausen H, White T, Marken J, Hakomori S. Molecular
genetic basis of the histo-blood group ABO system. Nature. (1990) 345:229–
33. doi: 10.1038/345229a0

28. Yamamoto F. Review: ABO blood group system–ABH
oligosaccharide antigens, anti-A and anti-B, A and B
glycosyltransferases, and ABO genes. Immunohematology. (2004)
20:3–22. doi: 10.21307/immunohematology-2019-418

29. Franchini M, Favaloro EJ, Targher G, Lippi G. ABO blood group,
hypercoagulability, and cardiovascular and cancer risk. Crit Rev
Clin Lab Sci. (2012) 49:137–49. doi: 10.3109/10408363.2012.
708647

30. Yi W, Shao J, Zhu L, Li M, Singh M, Lu Y, et al. Escherichia coli O86 O-
antigen biosynthetic gene cluster and stepwise enzymatic synthesis of human

Frontiers in Medicine | www.frontiersin.org 6 April 2022 | Volume 9 | Article 882477

https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.3389/fpubh.2021.753964
https://doi.org/10.1056/NEJMp2005630
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1016/j.jinf.2020.04.021
https://doi.org/10.3390/jcm10225431
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/j.arr.2020.101205
https://doi.org/10.1016/j.yjmcc.2021.11.003
https://doi.org/10.1016/j.jiph.2020.07.014
https://doi.org/10.1002/rmv.2199
https://doi.org/10.3390/jcm10092017
https://doi.org/10.3390/jpm11070681
https://doi.org/10.1016/j.meegid.2020.104485
https://doi.org/10.1371/journal.pone.0239508
https://doi.org/10.1111/bjh.16797
https://doi.org/10.1038/s41467-020-19623-x
https://doi.org/10.1111/bjh.16884
https://doi.org/10.2450/2020.0256-20
https://doi.org/10.1111/vox.13004
https://doi.org/10.1093/cid/ciaa1150
https://doi.org/10.1038/sj.emboj.7600640
https://doi.org/10.1093/glycob/cwn093
https://doi.org/10.1111/j.1365-2141.2005.05705.x
https://doi.org/10.2152/jmi.55.174
https://doi.org/10.1038/345229a0
https://doi.org/10.21307/immunohematology-2019-418
https://doi.org/10.3109/10408363.2012.708647
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Tamayo-Velasco et al. ABO, Natural Antibodies, and COVID-19

blood group B antigen tetrasaccharide. J Am Chem Soc. (2005) 127:2040–
1. doi: 10.1021/ja045021y

31. Ward SE, O’Sullivan JM, O’Donnell JS. The relationship between ABO
blood group, von Willebrand factor, and primary hemostasis. Blood. (2020)
136:2864–74. doi: 10.1182/blood.2020005843

32. Tamayo-Velasco Á, Jiménez García MT, Sánchez Rodríguez A, Hijas Villaizan
M, Carretero Gómez J, Miramontes-González JP. Association of blood group
A with hospital comorbidity in patients infected by SARS-CoV-2. Med Clin
(Barc). (2021). S0025–7753(21)00399–7. doi: 10.1016/j.medcli.2021.06.017

33. Ray JG, Schull MJ, Vermeulen MJ, Park AL. Association between ABO
and Rh blood groups and SARS-CoV-2 infection or severe COVID-19
illness : a population-based cohort study. Ann Intern Med. (2021) 174:308–
15. doi: 10.7326/M20-4511

34. Severe Covid-19 GWAS Group, Ellinghaus D, Degenhardt F, Bujanda
L, Buti M, Albillos A, et al. Genomewide association study of severe
covid-19 with respiratory failure. N Engl J Med. (2020) 383:1522–
34. doi: 10.1056/NEJMoa2020283

35. Shulla A, Heald-Sargent T, Subramanya G, Zhao J, Perlman S, Gallagher T, et
al. A transmembrane serine protease is linked to the severe acute respiratory
syndrome coronavirus receptor and activates virus entry. J Virol. (2011)
85:873–82. doi: 10.1128/JVI.02062-10

36. Li F, Li W, Farzan M, Harrison SC. Structure of SARS coronavirus spike
receptor-binding domain complexed with receptor. Science. (2005) 309:1864–
8. doi: 10.1126/science.1116480

37. Hamming I, Timens W, Bulthuis MLC, Lely AT, Navis GJ, van Goor H. Tissue
distribution of ACE2 protein, the functional receptor for SARS coronavirus.
a first step in understanding SARS pathogenesis. J Pathol. (2004) 203:631–
7. doi: 10.1002/path.1570

38. Glowacka I, Bertram S, Müller MA, Allen P, Soilleux E, Pfefferle S,
et al. Evidence that TMPRSS2 activates the severe acute respiratory
syndrome coronavirus spike protein for membrane fusion and reduces
viral control by the humoral immune response. J Virol. (2011) 85:4122–
34. doi: 10.1128/JVI.02232-10

39. Han DP, Lohani M, Cho MW. Specific asparagine-linked glycosylation
sites are critical for DC-SIGN- and L-SIGN-mediated severe
acute respiratory syndrome coronavirus entry. J Virol. (2007)
81:12029–39. doi: 10.1128/JVI.00315-07

40. Lan J, Ge J, Yu J, Shan S, Zhou H, Fan S, et al. Structure of the SARS-CoV-2
spike receptor-binding domain bound to the ACE2 receptor. Nature. (2020)
581:215–20. doi: 10.1038/s41586-020-2180-5

41. Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T, Erichsen
S, et al. SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2 and is
blocked by a clinically proven protease inhibitor. Cell. (2020) 181:271–
80.e8. doi: 10.1016/j.cell.2020.02.052

42. Wan Y, Shang J, Graham R, Baric RS, Li F. Receptor recognition by the novel
coronavirus fromWuhan: an analysis based on decade-long structural studies
of SARS coronavirus. J Virol. (2020) 94:e00127–20. doi: 10.1128/JVI.00127-20

43. Shibeeb S, Khan A. ABO blood group association and COVID-19. COVID-
19 susceptibility and severity: a review. Hematol Transfus Cell Ther. (2022)
44:70–5. doi: 10.1016/j.htct.2021.07.006

44. Tamayo-Velasco Á, Peñarrubia Ponce MJ, Álvarez FJ, Gonzalo-Benito H. de
la Fuente I, Pérez-González S, Rico L, et al. Can the cytokine profile according
to ABO blood groups be related to worse outcome in COVID-19 patients? yes,
they can. Front Immunol. (2021) 12:726283. doi: 10.3389/fimmu.2021.726283

45. Noman A, Aqeel M, Khalid N, Hashem M, Alamari S, Zafar S, et al.
Spike glycoproteins: their significance for corona viruses and receptor
binding activities for pathogenesis and viral survival. Microb Pathog. (2021)
150:104719. doi: 10.1016/j.micpath.2020.104719

46. Liu N, Zhang T, Ma L, Zhang H, Wang H, Wei W, et al. The
impact of ABO blood group on COVID-19 infection risk and
mortality: a systematic review and meta-analysis. Blood Rev. (2021)
48:100785. doi: 10.1016/j.blre.2020.100785

47. Thompson KM, Sutherland J, Barden G, Melamed MD, Wright MG, Bailey
S, et al. Human monoclonal antibodies specific for blood group antigens

demonstrate multispecific properties characteristic of natural autoantibodies.
Immunology. (1992) 76:146–57.

48. Thorpe SJ, Bailey SW. Demonstration of autoreactivity by a human
monoclonal IgG anti-Rh D antibody. Br J Haematol. (1993) 83:311–
8. doi: 10.1111/j.1365-2141.1993.tb08287.x

49. Brouwers HA, Overbeeke MA, van Ertbruggen I, Schaasberg W, Alsbach
GP, van der Heiden C, et al. What is the best predictor of the
severity of ABO-haemolytic disease of the newborn? Lancet. (1988) 2:641–
4. doi: 10.1016/S0140-6736(88)90466-7

50. Montecino-Rodriguez E, Berent-Maoz B, Dorshkind K. Causes,
consequences, and reversal of immune system aging. J Clin Invest. (2013)
123:958–65. doi: 10.1172/JCI64096

51. Miller E. Immunosuppression–an overview. Semin Vet Med
Surg Small Anim. (1997) 12:144–9. doi: 10.1016/S1096-2867
(97)80025-4

52. Nolt B, Tu F, Wang X, Ha T, Winter R, Williams DL Li
C. Lactate and immunosuppression in sepsis. Shock. (2018)
49:120–5. doi: 10.1097/SHK.0000000000000958

53. Weiskopf D, Weinberger B, Grubeck-Loebenstein B. The
aging of the immune system. Transpl Int. (2009) 22:1041–
50. doi: 10.1111/j.1432-2277.2009.00927.x

54. Laing AG, Lorenc A, Del Molino Del Barrio I, Das A, Fish M,
Monin L, et al. A dynamic COVID-19 immune signature includes
associations with poor prognosis. Nat Med. (2020) 26:1623–35. doi: 10.1038/
s41591-020-1038-6

55. Giamarellos-Bourboulis EJ, Netea MG, Rovina N, Akinosoglou K,
Antoniadou A, Antonakos N, et al. Complex immune dysregulation in
COVID-19 patients with severe respiratory failure. Cell Host Microbe. (2020)
27:992–1000.e3. doi: 10.1016/j.chom.2020.04.009

56. Meny GM. Recognizing and resolving ABO discrepancies.
Immunohematology. (2017) 33:76–81.

57. Martins M, Fernandes MHV, Joshi LR, Diel DG. Age-Related
susceptibility of ferrets to SARS-CoV-2 infection. J Virol. (2022)
96:e0145521. doi: 10.1128/JVI.01455-21

58. Sepe S, Rossiello F, Cancila V, Iannelli F, Matti V, Cicio G, et al. DNA damage
response at telomeres boosts the transcription of SARS-CoV-2 receptor ACE2
during aging. EMBO Rep. (2022) 23:e53658. doi: 10.15252/embr.202153658

59. Xu F, Gao J, Orgil B-O, Bajpai AK, Gu Q, Purevjav E, et al. Ace2
and Tmprss2 expressions are regulated by Dhx32 and influence the
gastrointestinal symptoms caused by SARS-CoV-2. J Pers Med. (2021)
11:1212. doi: 10.3390/jpm11111212

60. García de. Guadiana-Romualdo L, Calvo Nieves MD, Rodríguez Mulero MD,
Calcerrada Alises I, Hernández Olivo M, Trapiello Fernández W, et al. MR-
proADM as marker of endotheliitis predicts COVID-19 severity. Eur J Clin
Invest. (2021) 51:e13511. doi: 10.1111/eci.13511

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Tamayo-Velasco, Peñarrubia-Ponce, Álvarez, de la Fuente, Pérez-
González and Andaluz-Ojeda. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and
the copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Medicine | www.frontiersin.org 7 April 2022 | Volume 9 | Article 882477

https://doi.org/10.1021/ja045021y
https://doi.org/10.1182/blood.2020005843
https://doi.org/10.1016/j.medcli.2021.06.017
https://doi.org/10.7326/M20-4511
https://doi.org/10.1056/NEJMoa2020283
https://doi.org/10.1128/JVI.02062-10
https://doi.org/10.1126/science.1116480
https://doi.org/10.1002/path.1570
https://doi.org/10.1128/JVI.02232-10
https://doi.org/10.1128/JVI.00315-07
https://doi.org/10.1038/s41586-020-2180-5
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1128/JVI.00127-20
https://doi.org/10.1016/j.htct.2021.07.006
https://doi.org/10.3389/fimmu.2021.726283
https://doi.org/10.1016/j.micpath.2020.104719
https://doi.org/10.1016/j.blre.2020.100785
https://doi.org/10.1111/j.1365-2141.1993.tb08287.x
https://doi.org/10.1016/S0140-6736(88)90466-7
https://doi.org/10.1172/JCI64096
https://doi.org/10.1016/S1096-2867(97)80025-4
https://doi.org/10.1097/SHK.0000000000000958
https://doi.org/10.1111/j.1432-2277.2009.00927.x
https://doi.org/10.1038/s41591-020-1038-6
https://doi.org/10.1016/j.chom.2020.04.009
https://doi.org/10.1128/JVI.01455-21
https://doi.org/10.15252/embr.202153658
https://doi.org/10.3390/jpm11111212
https://doi.org/10.1111/eci.13511
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	ABO Blood System and COVID-19 Susceptibility: Anti-A and Anti-B Antibodies Are the Key Points
	Introduction
	Relationship Between ABO Blood Group and COVID-19 Severity and Susceptibility
	The Role of ABO Antigens in COVID-19
	Anti-A and Anti-B Antibodies Are the Cornerstones
	The Direct Connection Between Antibodies, S Protein of SARS-CoV-2, and ACE2 Receptors in the Host Cell
	Immunoglobulin Isotype of Anti-A and Anti-B Antibodies
	Immunosuppressive Status and Plasma Antibody Levels


	Discussion
	Conclusion
	Author Contributions
	Funding
	References


