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Abstract

Background: Autoimmune neutropenia of early childhood (AIN) is caused by

autoantibodies directed against antigens on the neutrophil membrane. The ABO,

secretor, and Lewis histo-blood group systems control the expression of carbohydrate

antigens and have previously been linked to autoimmune diseases. We aimed to

investigate the association between genotypes and the risk of AIN inDanish patients.

Study Design and Methods: One hundred fifty-four antibody-positive AIN

patients were included. Controls (n = 400) were healthy unrelated Danish

blood donors. Molecular determination of ABO, secretor (FUT2), and Lewis

(FUT3) genotypes were determined using real-time polymerase chain reaction

(qPCR) or Sanger sequencing to infer the prevalence of Lewis antigens

(Lea and Leb) and secretor (SeSe or Sese) or nonsecretor (sese) phenotypes.

Results: Blood type O was more common in controls (46.8%) than in AIN

patients (36.4%) (OR = 0.65; p = 0.028). Secretors of H Leb antigens were less fre-

quent among AIN patients (25.2%) than controls (35.0%) (OR = 0.62; p = 0.037).

Discussion: ABO blood group antigens and the secretion of these antigens are

associated with a diagnosis of AIN. The mechanism underlying the association

between autoimmunity and interaction among ABO, secretor, and Lewis geno-

types has not yet been elucidated, but several studies indicate a connection to

the gut microbiota.
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1 | INTRODUCTION

Primary autoimmune neutropenia (AIN) of early child-
hood is a frequent cause of neutropenia in children. It is
caused by an increase in the peripheral destruction of
neutrophils that results from an underlying autoimmune
mechanism in which autoantibodies are directed against
the child's own neutrophils. The disease is often self-lim-
iting, and most patients are in complete remission after
2–3 years.1 A previous study on Danish AIN patients
found an association between HLA genes and the HNA
system,2 indicating a genetic association, known form
other autoimmune diseases like multiple sclerosis,
Crohn's disease Type 1 diabetes, or ITP.3,4

The first association between the ABO histo-blood
group system and disease was described by Buckwalter
et al. in the 1950s,5 and since then, ABO types have been
linked to a wide range of diseases. ABO is the major
human alloantigen system and involves three carbohy-
drate antigens (ABH). Individuals with type A, B, or AB
express glycosyltransferase activity, converting the H
antigen into A or B antigens, whereas group O individ-
uals lack such activity. ABH is widely expressed in body
fluids and tissues.6

ABH expression in tissues and body fluids is regulated
by the secretor gene (FUT2) and the Lewis gene (FUT3),
which are both located on chromosome 19p13.3. FUT2
encodes an α-1,2-fucosyltransferase that converts a type 1
precursor to an H-type 1 antigen. FUT3 encodes an
α-1,3-fucosyltransferase that converts the H-type 1 antigen

to a Lewis (Leb) antigen, or in the absence of FUT2, the type
1 chain precursor is converted to a Lea antigen (Figure 1).

Single nucleotide polymorphisms (SNPs) located in
the ABO, FUT2, and FUT3 genes are associated with sus-
ceptibility or resistance to various infectious and inflam-
matory diseases and seem to play a role in shaping the
microbiome.8,9 Interaction between FUT2 and ABO has
been reported to increase the risk of childhood respira-
tory illness10 and FUT2 and FUT3 polymorphisms are
frequent in newborns with implications for infectious dis-
ease susceptibility.11

We hypothesize that the risk of developing AIN is dif-
ferent depending on ABO type, as seen for other autoim-
mune diseases. We compared the distribution of genetic
variants in ABO, FUT2, and FUT3 in AIN patients with a
control group consisting of healthy unrelated Danish
blood donors.

2 | MATERIALS AND METHODS

2.1 | Study cohort

We included 154 patients diagnosed with AIN between
2004 and 2021 at the Department of Clinical Immunol-
ogy, Aalborg University Hospital, Denmark. Criteria for
inclusion were the presence of neutropenia, defined as
absolute neutrophil count (ANC) < 1.5 � 109 cell/L in
two repeated tests, age under 5 years at the time of diag-
nosis, and the presence of anti-neutrophil antibodies in
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FIGURE 1 Summary of glycoconjugates profiles related to histo-blood systems ABO, secretor and Lewis. Adapted from Barbé et al.

2018.7 FUT2 and FUT3 fucosyltransferases catalyze the linkage of fucose to the Type 1 chain precursor, creating H-type 1 antigen.

Glucosyltransferases specific for blood types A (GTA) and B (GTB) catalyze the linkage of N-acetylgalactosamine or galactose to the antigen.

The addition of fucose to N-acetylglucosamine by FUT3 results in Lewis antigens
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the flow cytometric indirect granulocyte immunofluores-
cence test (Flow-GIFT) as previously described.2 The
Flow-GIFT was performed with repeated tests after rec-
ommendation by Bux,1 with the use of three tests before
we conclude the antibody found to be negative. 91% of
our patients are positive in the first test, the remaining
are found positive in a follow-up test.

Patient inclusion was made in collaboration with cli-
nicians, excluding patients with congenital neutropenia,
known somatic mutations, neutropenia related to inborn
syndromes, postinfection neutropenia, or hematological
malignancies. Genetic material was available for all
patients for genotyping for ABO, but there was only suffi-
cient material for the additional analyses in 143 of the
154 patients. The control group consisted of randomly
selected healthy adult Danish blood donors from the Aal-
borg University Hospital blood bank, Aalborg, Denmark.
These donors were serologically tested for ABO and
genetically tested for RhD, FUT2, and FUT3. Both
patients and controls consisted primarily of Caucasians.
Consent for study participation was obtained from legal
guardians and the study was approved by the local ethics
committee (nr. N-20170026).

2.2 | DNA preparation

DNA was extracted from EDTA-stabilized whole blood or
buccal swap using the Maxwell 16 Blood DNA Kit or the
Maxwell RSC Buccal Swab Kit on the Maxwell RSC
instrument (Promega, US).

2.3 | ABO, FUT2, FUT3 and RhD
genotyping

Three SNPs in ABO (rs8176719 (G216del), rs7853989
(C526G) and rs8176743 (G703A)), one SNP in FUT2
(rs601338 (G428A)) and one SNP in FUT3 (rs3894326
(T1067A) were genotyped using qPCR with TaqMan
assay. Further, three SNPs in FUT3 (rs28362459 (T59G),
rs812936 (T202C), and rs778986 (C314T)) were analyzed

with Sanger sequencing using BigDye Direct Cycle
Sequencing Kit. RhD genotyping was analyzed using
qPCR as previously described by12 (Data S1: Materials
and Methods).

2.4 | Inferring secretor and Leb status

For samples that did not carry an active Lewis gene (LE)
regardless of an active secretor gene (SE), the phenotype
was concluded to be the Le(a�b�) phenotype. Samples
who carry LE but do not carry an SE were considered
Le(a+b�). Finally, samples that carry both LE and SE
were considered to have a Le(a�b+) phenotype (Table 1
and (Data S1: Materials and Methods)).

2.5 | Statistics

Alleles were counted by direct counting. Statistical analy-
sis and interpretation of the data were carried out
(Data S1: Materials and Methods).

3 | RESULTS

3.1 | Baseline characteristics

We included 154 children diagnosed with AIN with a
median age at diagnosis of 14.2 months (3–54 months).
The sex distribution was 48% females and 52% males. The
control group consisted of 400 healthy unrelated Danish
blood donors (41% females and 59% males).

3.2 | ABO and RhD

We found a significant difference (p = 0.028) in blood
type O distribution between patients and controls
(Table 1). There was a 10% decrease in the frequency of
type O in the patient group compared to the control
group, with an OR = 0.65 (CI = 0.44–0.95). The most

TABLE 1 ABO phenotype

frequency in Danish AIN patients and

controls
ABO type

AIN patients Controls
p valuea OR (95% CI)an = 154 (%) n = 400 (%)

A 77 (50.0) 164 (41.0) 0.057 1.43 (0.99–2.09)

B 13 (8.4) 34 (8.5) 1.000 0.99 (0.51–1.94)

AB 8 (5.2) 15 (3.8) 0.478 1.41 (0.58–3.39)

O 56 (36.4) 187 (46.8) 0.028 0.65 (0.44–0.95)

Abbreviations: CI, confidence interval; OR, odds ratio.
aBold values indicate statistically significant results.
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common blood group differed between patients and con-
trols. Type A (50.0%) was the most frequent in the patient
group, and type O (46.8%) was the most frequent in the
control group. No significant difference was observed in
the distribution of RhD positive between 113 patients
(85%) and 400 controls (81%) (p = 0.884).

3.3 | Secretor status

The SE/se alleles coded by FUT2 were determined by the
SNP (rs601338 (G428A)) in 143 patients and 400 controls.
The frequency of the mutant allele (428A) did not differ
significantly between the two groups, and the distribu-
tion of nonsecretors (homozygote 428A) was 22.4% in
patients and 22.3% in controls (Data S2: Table 3).

3.4 | Lewis

Genotyping of the Lewis locus (Le/le) included the identi-
fication of four major SNPs in the FUT3 gene at nucleo-
tide positions T59G (rs28362459), A1067T (rs3894326),
T202C (rs812936), and C314T (rs778986) which are
known to explain 90%–95% of the Leb-negative pheno-
type in Caucasians.13 FUT3 genotypes were successfully
determined in 143 patients and 400 controls (Data S2:
Table 3). Haplotypes for FUT3 were formed as a trichoto-
mous composite index as described by Cakir et al.14 based
on molecular biological studies of the FUT3 gene and
products.13,15–22 The most common genotype combina-
tion was the “wild type” genotype at all four nucleotide
positions, and this genotype was found to be present in
55.9% of patients and 53.5% of controls (Data S2:

TABLE 3 Frequencies of ABH secretor status among Danish AIN patients and controls

ABO type Lewis type ABH secretor AIN patients n = 143 (%) Controls n = 400 (%) p valuea OR (95% CI)a

A Le(a�b�) Yes/No 4 (2.8) 10 (2.5) 0.767 1.12 (0.35–3.64)

A Le(a+b�) No 14 (9.8) 31 (7.8) 0.480 1.29 (0.67–2.50)

A Le(a�b+) Yes 53 (37.1) 123 (30.8) 0.177 1.33 (0.89–1.98)

B Le(a�b�) Yes/No 1 (0.7) 2 (0.5) 1.000 1.40 (0.13–15.57)

B Le(a+b�) No 3 (2.1) 8 (2.0) 1.000 1.05 (0.27–4.01)

B Le(a�b+) Yes 9 (6.3) 24 (6.0) 0.842 1.05 (0.48–2.32)

AB Le(a�b�) Yes/No 1 (0.7) 1 (0.3) 0.458 2.81 (0.17–45.22)

AB Le(a+b�) No 0 (0.0) 6 (1.5) 0.348 0.21 (0.01–3.78)

AB Le(a�b+) Yes 5 (3.5) 8 (2.0) 0.342 1.78 (0.57–5.52)

O Le(a�b�) Yes/No 4 (2.8) 13 (3.3) 1.000 0.86 (0.27–2.67)

O Le(a+b�) No 13 (9.1) 34 (8.5) 0.862 1.08 (0.55–2.10)

O Le(a�b+) Yes 36 (25.2) 140 (35.0) 0.037 0.62 (0.41–0.96)

Abbreviations: CI, confidence interval; OR, odds ratio.
aBold values indicate statistically significant results.

TABLE 2 Genetically determined Lewis phenotypes among Danish AIN patients and controls

Lewis type LE SE
ABH
secretors

AIN patients
n = 143 (%)

Controls
n = 400 (%) p value OR (95% CI)

Le(a�b�) le/le se/se No 0 (0.0) 10 (2.5) 0.070 0.13 (0.00–2.23)

Le(a�b�) le/le SE/se Yes 7 (4.9) 8 (2.0) 0.079 2.52 (0.90–7.09)

Le(a�b�) le/le SE/SE Yes 3 (2.1) 8 (2.0) 1.000 1.05 (0.27–4.01)

Le(a+b�) LE/le se/se No 9 (6.3) 29 (7.3) 0.849 0.68 (0.40–1.86)

Le(a+b�) LE/LE se/se No 23 (16.1) 50 (12.5) 0.317 1.34 (0.79–2.30)

Le(a�b+) LE/le SE/se Yes 30 (21.0) 70 (17.5) 0.380 1.25 (0.78–2.02)

Le(a�b+) LE/le SE/SE Yes 14 (9.8) 56 (14.0) 0.245 0.67 (0.36–1.24)

Le(a�b+) LE/LE SE/se Yes 35 (24.5) 94 (23.5) 0.820 1.06 (0.68–1.65)

Le(a�b+) LE/LE SE/SE Yes 22 (15.4) 75 (18.8) 0.445 0.79 (0.47–1.32)

Abbreviations: CI, confidence interval; LE, Lewis gene; OR, odds ratio; SE, secretor gene.
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Table S4). Based on the four SNPs, the study participants
were divided into Lewis positive (LE/LE), semipositive
(LE/le), and negative (le/le) groups (Table 2). Lewis-
positive and semipositive individuals were divided based
on their secretor status into Lea (nonsecretor) or Leb

(secretor) individuals. The groups were further divided
based on ABO blood types into ABH Leb antigen groups.
Comparison of ABH Leb antigen groups between patients
and controls showed a statistically significant difference
(p = 0.037) in the distribution of H Leb antigen pre-
senters (25.2% in patients and 35.0% in controls), with an
OR = 0.62 (CI = 0.41–0.96) (Table 3). These findings
were significant, and the p values were below the critical
value for multiple testing according to the Benjamini-
Hochberg procedure (Data S2: Table S5). Although we
did not establish an association for either secretor or
Lewis types, we did observe a significant difference when
combining the Lewis and secretor status with ABO blood
types.

4 | DISCUSSION

Here, we report an association between the ABO blood
group system and the risk of AIN in Danish patients. This
study is, to our knowledge, the first to investigate the
association between the ABO blood system and AIN.
With a study population of 154 individuals, it is also one
of the largest studies to date investigating genetic suscep-
tibility to AIN. The distribution of ABO blood groups in
the control group was consistent with the reported preva-
lence in the Danish population.23 The most common
blood type among the Danish population is blood type
O. In our study, 46.8% of the control group were type O,
but only 36.4% (p = 0.028) of the patients. In contrast,
50.0% of the patients were blood type A. The lower preva-
lence of blood type O among AIN patients suggests a pro-
tective effect. ABO blood groups are reported to be
associated with both autoimmune diseases and the risk
of various infections, and the underlying mechanism is
thought to be a modulating factor of the intestinal micro-
biome.8 However, the exact mechanism for these carbo-
hydrates in autoinflammation is not well understood. In
a recently published study, Rühlemann et al. found a cor-
relation between the ABO gene and an increase in spe-
cific bacteria in the gut microbiome.9 Interestingly, the
prevalence of these bacteria is also associated with the
FUT2 locus, through a missense variant that is in strong
linkage disequilibrium (LD) with rs601338 (G428A)
encoding the FUT2 secretor phenotype. This variant
determines whether the fucosyl precursor for ABO, H-
type 1, is synthesized on mucosal surfaces in secretions.
The H-type 1 and Lewis antigens encoded by the FUT3

gene are highly expressed in the gut mucosa and are
implicated in susceptibility to a range of microorganisms
and other environmental stimuli.8,24 They are also recep-
tors for various pathogens, including rotavirus, norovirus,
Helicobacter pylori, and Campylobacter jejuni.25–28 Indi-
viduals homozygous for the FUT2 missense variant dis-
play the nonsecretor phenotype and do not secrete ABO.
Therefore, the pattern of antigen expression by each indi-
vidual determines that person's susceptibility to infection.
Rühlemann et al. also described a positive correlation
between the non-O blood group and positive secretor sta-
tus and the prevalence of the aforementioned bacteria
and other bacteria of the intestinal bacteria flora. These
findings indicate an impact of human ABO blood groups
and secretor status on the human microbiome.

A recently published genome-wide association study
reported that interaction between ABO and FUT2
increases the risk of early childhood asthma and Strepto-
coccus pneumonia respiratory illnesses.10 Ahluwalia et al.
identified a top SNP in the ABO locus, which is in almost
complete LD with the frameshift/deletion polymorphism
SNP encoding the O antigen. They found an indication
that individuals with non-O blood groups have a higher
risk of childhood asthma. Association at both ABO and
FUT2 raised the possibility that these associations were
caused by the same mechanism: the secretion of A/B
antigens. There was no effect observed from the ABO var-
iation in nonsecretors, but there was an increasing effect
observed for individuals with a functional FUT2 allele.

These findings initiated our investigation of the FUT2
secretor and FUT3 Lewis status. Our findings suggest that
a combined effect of these two systems with the ABO sys-
tem is associated with AIN. The association was the
strongest for Lewis-positive individuals who are type O,
that is, individuals who secrete the H Leb substance.
These individuals seem to have a protective effect against
AIN. The reason for this protection might be because of
the lack of AB antigen expression. We do not know if the
disposition to certain infections associated with the repre-
sentation of specific carbohydrate antigens could initiate
an autoimmune response in children with other genetic
dispositions to autoimmune diseases, such as certain
HLA genotypes. The combined effect indicated in this
study is grounds for further investigations. Along with
differences in methodology and genotyping techniques
by which SNPs were identified, other possible explana-
tions for our findings include population heterogeneity.
Copy-number variations, deletions, and fusions (particu-
larly in FUT2) are described in some populations, but
they require further investigation.29,30 We did not observe
RhD association, which is in accordance with other find-
ings, that RhD does not have the same disease associa-
tions as ABO.31
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In conclusion, we report associations between the
ABO blood type-O and H substance secretion and AIN.
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