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Covid-19 and blood groups: ABO antibody levels may also matter
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A B S T R A C T

Background: Susceptibility to Covid-19 has been found to be associated with the ABO blood group, with O
type individuals being at a lower risk. However, the underlying mechanism has not been elucidated. Here,
we aimed to test the hypothesis that Covid-19 patients might have lower levels of ABO antibodies than
non-infected individuals as they could offer some degree of protection.
Methods: After showing that the viral spike protein harbors the ABO glycan epitopes when produced by
cells expressing the relevant glycosyltransferases, like upper respiratory tract epithelial cells, we enrolled
290 patients with Covid-19 and 276 asymptomatic controls to compare their levels of natural ABO blood
group antibodies.
Results: We found significantly lower IgM anti-A + anti-B agglutination scores in blood group O patients
(76.93 vs 88.29, P-value = 0.034) and lower levels of anti-B (24.93 vs 30.40, P-value = 0.028) and anti-A
antibodies (28.56 vs 36.50, P-value = 0.048) in blood group A and blood group B patients, respectively,
compared to controls.
Conclusion: In this study, we showed that ABO antibody levels are significantly lower in Covid-19 patients
compared to controls. These findings could indicate that patients with low levels of ABO antibodies are at
higher risk of being infected.
© 2020 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

In 2019, a mass outbreak of a novel coronavirus disease
(Covid-19), caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), occurred in Wuhan, China and spread
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Studies from China and other parts of the world (USA, Turkey,

Europe, Middle Eastern countries) have reported a relationship
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etween the ABO blood group and the susceptibility to Covid-19.
espite some discrepancies, they showed a general trend that the
isk of developing a SARS-CoV-2 infection was higher for
ndividuals with type A blood and lower for those with type O
lood (Abdollahi et al., 2020; Aljanobi et al., 2020; Boudin et al.,
020; Dzik et al., 2020; Ellinghaus et al., 2020; Gallian et al., 2020;
öker et al., 2020; Latz et al., 2020; Leaf et al., 2020; Li et al., 2020;
helton et al., 2020; Valenti et al., 2020; Wu et al., 2020; Zeng et al.,
020; Zhao et al., 2020; Zietz et al., 2020). A similar lower risk for
lood group O individuals had previously been observed in Hong
ong during the first major SARS outbreak, in 2003 (Cheng et al.,
005). However, the mechanism underlying these associations has
ot been elucidated.
Similar to SARS-CoV-1, SARS-CoV-2 primarily causes respirato-

y illness and infectious viral particles are mainly synthetized in
pithelial cells of the upper respiratory tract (Chen and Subbarao,
007; Gu and Korteweg, 2007; Lukassen et al., 2020; Sungnak et al.,
020; Wolfel et al., 2020; Ziegler et al., 2020). These cells might
xpress the ABH antigens depending on the host secretory status
ontrolled by polymorphisms in the FUT2 gene (Marionneau et al.,
001; Ravn and Dabelsteen, 2000). Viral particles produced by
ither A or B secretor individuals are then expected to be tagged
ith A or B carbohydrate epitopes, respectively. This led to the
ypothesis that natural anti-A and/or anti-B isohemagglutinins
ould play a protective role against SARS-CoV. The hypothesis
eceived preliminary support by the in vitro observation that anti-A
ntibodies could specifically block the interaction between the
ARS-CoV-1 spike (S) glycoprotein and its target, the angiotensin-
onverting enzyme 2 (ACE2) receptor (Guillon et al., 2008). Since
ARS-CoV-1 and SARS-CoV-2 use the same receptor (Ziegler et al.,
020) and exhibit similar glycosylation sites on their envelope S
lycoprotein (Kumar et al., 2020), anti-A and possibly, by
xtension, anti-B antibodies may be expected to have similar
ffects against SARS-CoV-2, leading to virus attenuation. Alterna-
ively, opsonization of viral particles by anti-A or anti-B antibodies
ould have immunological consequences, akin to those observed
ith the B blood group-related anti-αGal antibodies in the case of
everal other viruses that express the cognate αGal glycan epitope
n their envelopes (Galili, 2019). Thus, it has been hypothesized
hat, when sufficient levels of anti-A and/or anti-B antibody titers
re present, they might offer some degree of protection to
ndividuals with O, A, and B blood types against the transmission
f SARS-CoV-2 from infected ABO incompatible secretor individu-
ls (Breiman et al., 2020).
Anti-A and anti-B antibody levels remain stable over time

Sprogøe et al., 2017). However, there are large variations in titers
etween individuals of the same blood type (Berséus et al., 2013).
ccordingly, it is expected that individuals with low anti-A and/or
nti-B levels would not benefit from the partial protection afforded
y these antibodies at the time of infection. Consequently, an over-
epresentation of individuals with low anti-A and/or anti-B
ntibody titers among patients is expected. The objective of this
bservational prospective study was to test the hypothesis that
atural anti-A and/or anti-B antibody levels might be lower in
atients with symptomatic Covid-19 compared to control subjects.

aterials and methods

xperimental in vitro study

encoding the rat-enzyme B (CHO-B), as previously described
(Farkas et al., 2019; Guillon et al., 2008). HEK-293T cells
were obtained from the American Type Culture Collection (ATCC)
(CRL-3216).

Surface expression of A, B and H antigens on cell lines by flow
cytometry

CHO cells and HEK-293T cells were trypsinized, and resus-
pended in phosphate-buffered saline (PBS)-0.1% bovine serum
albumin (BSA). A total of 250,000 cells were stained with either
monoclonal mouse anti-A (Diagast Laboratories, France), anti-B
(EFS Rennes, France) or anti-H (FITC-conjugated Ulex europeaus
Agglutinin) (Sigma–Aldrich) antibodies for 30–60 min at 4 �C.
Finally, goat anti-mouse IgG F(Ab’)2 fragment conjugated to
fluorescein isothiocyanate (F(Ab’)2-FITC) (Beckman Coulter) was
added at a 1:200 dilution. Analysis was performed on a Celesta
flow cytometer using the DIVA software (BD Biosciences).

Detection of A, B and H antigens on the SARS-CoV-2 S protein by
enzyme-linked immunosorbent assay (ELISA)

The CHO stable cell lines were transfected with a plasmid
encoding the S1 domain of the SARS-CoV-2 S protein fused with
the Fc domain of a mouse IgG (obtained from Dr Jianxun Qi,
Chinese Academy of Science, Beijing). After 48 h, the supernatant
containing the S1-Fc protein was collected and concentrated as
previously described (Wang et al., 2020).

ELISA plates (Maxisorp, Nunc, Thermo Fisher Scientific,
Roskilde, Denmark) were coated at 4 �C overnight with either
group A1-specific Dolichos biflorus Agglutinin (DBA) (50 mg/mL)
(Vector Laboratories, Burlingame, CA), or αGal/group B-specific
Griffonia simplicifolia Isolectin B4 (GSI-b4) (50 mg/mL) (Vector
Laboratories, Burlingame, CA), or α1,2-Fucose-specific lectin UEA-I
(10 mg/mL) (Vector Laboratories, Burlingame, CA) or a rabbit
polyclonal antibody against SARS-CoV-2 S protein (10 mg/mL)
(Genetex, Irvine, CA). The plates were washed 3 times with PBS-
0.05% Tween 20 (PBS-T), and unbound sites were blocked with
PBS-5% BSA for at least 1 h at 37 �C. The plates were washed 3 times
again with PBS-T, and supernatants containing the S1-Fc protein
were added to the plates at a 1:5 dilution in PBS-1% BSA for 1 h at
37 �C. After 3 more washes, a goat anti-mouse IgG (H + L)-
conjugated horseradish peroxidase (IgG (H + L)-HRP) antibody
(Uptima) (Interchim, Montluçon, France) was added at a 1:1000
dilution in PBS-1% BSA for 1 h at 37 �C. Finally, after 3 last washes
with PBS-T and one with plain PBS, revelation was performed with
50 mL/well of TMB (Sigma–Aldrich, St Louis, MO) and the reaction
was stopped with 50 mL/well of 1 M Phosphorous acid. Optical
densities were read at 450 nm with a SPECTROstar Nano
spectrophotometer (BMG Labtech, Champigny-sur-Marne, France).

Prospective observational study (CHUB-BDS-Covid19 Clini-
calTrials.gov number: NCT04462627).

Study design and patients

This prospective observational study was carried out between
March 11 and June 3, 2020 in CHU Brugmann and HUDERF. Every
symptomatic patient with a positive real-time reverse transcrip-
tase polymerase-chain-reaction (RT-PCR) test for SARS-CoV-2 on
nasal and pharyngeal swab specimens was enrolled (Covid-19
group: n = 290). Residual blood samples (in EDTA) from routine
laboratory testing were collected for hospitalized patients. Among
ell lines
Chinese hamster ovary (CHO) stable cell lines were transfected

ith either pDR2 empty vector (CHO-PDR2) or pDR2 containing
DNA encoding the rat α1,2-Fucosyltransferase B (pDR2-FTB)
CHO-H) or pDR2-FTB and pBK containing cDNA encoding the
at enzyme A (CHO-A) or pDR2-FTB and pBK containing cDNA
24
ambulatory patients, blood samples (in EDTA) were specifically
drawn for the study. ABO typing was performed with standardized
tests, and IgM anti-A and/or anti-B agglutination scores were
evaluated. The following data were obtained from patient medical
records: date of birth, gender, and the date of the positive SARS-
CoV-2 RT-PCR test.
3
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A control group (n = 276) was recruited between May 6 and June
16, 2020. This group included asymptomatic ambulatory patients
who were not tested for Covid-19 or hospitalized patients with a
negative SARS-CoV-2 RT-PCR test. We collected residual blood
samples (in EDTA) to determine standard IgM anti-A and/or anti-B
agglutination scores.

When available, remaining blood sera from both the Covid-19
group (n = 74) and the control group (n = 88) were tested for anti-
sheep erythrocytes and anti-αGal antibodies.

Outcomes

The primary outcomes were the IgM anti-A + anti-B agglutina-
tion scores for individuals with blood type O, the IgM anti-B
agglutination score for individuals with blood type A, and the IgM
anti-A agglutination score for individuals with blood type B.
Secondary outcomes were the natural anti-αGal antibody aggluti-
nation score and the anti-sheep erythrocyte antibody level.

Assessment of IgM anti-A and/or anti-B agglutination scores
ABO typing was performed with monoclonal reagents and the

column-agglutination technique (Bio-Rad, Cressier sur Morat,
Switzerland). IgM anti-A and anti-B antibody titers were deter-
mined with serial dilutions of patient plasma and the ID-Card NaCl,
Enzyme Test and Cold Agglutinins on the IH-500 automated
system (Bio-Rad, Cressier sur Morat, Switzerland), according to the
manufacturer’s protocol. Titers were expressed as an agglutination
score, which was calculated as the sum of scored agglutination
reaction results in each dilution, starting with the 1:2 dilution
(Funk et al., 2014). Agglutination reaction scores of 12, 10, 8, 5, 2, or
0 indicated 4+, 3+, 2+, 1+, �, and negative reactions, respectively.

Assessment of other natural antibodies
Anti-αGal antibody levels were assessed by ELISA. ELISA plates

(Maxisorp, Nunc, Thermo Fisher Scientific, Roskilde, Denmark)
were coated with synthetic αGal trisaccharide (Galα1,3-Galβ1,4-
GlcNAcβ-PAA) at 5 mg/mL in 0.1 M Carbonate buffer pH 9.0
overnight at 4 �C. The plates were washed 3 times with PBS-T,
and unbound sites were blocked with PBS-5% BSA for 2 h at 37 �C.
The plates were washed 3 times again with PBS-T and plasma
samples (EDTA) from patients with Covid-19 or controls were
added to the plate at a 1:50 dilution in PBS-1% BSA for 1 h at 37 �C.
The plates were washed 3 times with PBS-T and Donkey anti-
human IgG (H + L)-HRP (Jackson ImmunoResearch Laboratories
Inc, Ely, United Kingdom) was added at a 1:5000 dilution in PBS-1%
BSA for 1 h at 37 �C. Finally, after 3 last washes with PBS-T and one
with plain PBS, revelation was performed with 50 mL/well of TMB
(Sigma–Aldrich, St Louis, MO) and the reaction was stopped with
50 mL/well of 1 M Phosphorous acid. Optical densities were read
twice at 450 nm with a SPECTROstar Nano spectrophotometer
(BMG Labtech, Champigny-sur-Marne, France).

Natural anti-sheep erythrocytes were quantified by measuring
agglutination with sheep erythrocytes, similar to the technique
used for quantifying natural anti-A and/or anti-B antibodies.
Hemagglutination test was performed in V-bottom plates
(Thermo-Fisher, Roskilde, Denmark). Plasma samples (EDTA) from
patients with Covid-19 or controls were serially diluted in PBS and
added to each well (25 mL), then a 1% sheep red blood cell (RBC)
suspension (25 mL) was added. A PBS control was performed to
check for non-lysis of the RBCs or autoagglutination. The plates

Animal handling and blood collection were conducted at the
Research and Preclinical Investigation Centre at Oniris (Autho-
rization n�44-274), according to the European Community
Guidelines for the care and use of laboratory animals (2010/
63/UE) and after approval by the national ethical committee and
the animal welfare committee of the Oniris College of Veterinary
Medicine.

Statistics

Statistical analyses were performed with R version 3.6.2.
Propensity scores were applied on observational data from

both the Covid-19 and control groups to reduce the effects of
confounding variables. The Covariate Balancing Propensity Score
provided in the R package was used to estimate an Average
Treatment Effect (ATE). The ATE was estimated by covariate
balancing and requesting an exact match. An absolute standard-
ized difference less than 10–15% was considered to support the
assumption of balance between the groups. Unlike the P-value,
this method was not affected by the sample size, and it could be
used to compare the relative balance of variables that were
measured in different units (Austin, 2011). Results (obtained after
matching) are expressed as the mean and standard deviation (SD)
for continuous variables or the percentage for categorical
variables.

The survey tool provided in the R package was used to perform
linear regressions for continuous outcome variables. These
variables included the treatment group effect, the weight resulting
from the matching, and variables present in the propensity score.
This procedure provided a doubly-robust estimator, which
corrected the last remaining possible imbalance between the
covariates and produced an unbiased treatment effect (Funk et al.,
2010). Adjusted P-values less than 0.05 were considered signifi-
cant.

Results

Experimental in vitro study

Could infectious SARS-CoV-2 particles carry blood group antigens A or
B?

Several structural analyses of the SARS-CoV-2 S protein glycans
have been reported, showing the presence of a large fraction of
mature N- and O-glycans, alongside immature forms. However,
none of these studies described the expression of blood group
antigens on the S protein (Gao et al., 2020; Sanda et al., 2020;
Shajahan et al., 2020; Sun et al., 2020; Watanabe et al., 2020). Yet,
all analyses were performed on recombinant S protein produced in
HEK-293T cells which do not express blood group antigens, unlike
epithelial cells of the larynx and the bronchial mucosa where
infectious viral particles are likely produced.

First, we checked the expression of A and B antigens in the lungs
of A, B and O secretor individuals (Appendix, supplementary
method). Strong expression of A and B antigens was observed in
ciliated and secretory tracheal and bronchial cells of A and B blood
group individuals, respectively. These antigens were also
expressed in the vascular endothelium and in pneumocytes.
However, they could not be detected in the tissue of blood group O
individuals, which indicates the specificity of these staining
reactions (Appendix Figure 1).
were gently mixed by tapping, and left for 45 min at room
temperature. The agglutination score was 10, when the agglutinate
fell to the bottom of the well, and 5, when the agglutinate formed a
veil. For each plasma sample, a final score was computed as the
sum of scores for all positive wells.
244
Then, in order to determine whether viral particles originating
from cells that do express A and B blood group antigens can
potentially be decorated by these antigens, we produced the
heavily glycosylated S1 domain of the viral S protein fused with the
Fc domain of a mouse IgG (S1-Fc) in CHO cells stably transfected
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ith the FUT2 fucosyltransferase to generate the H antigen
recursor (CHO-H) and with cDNA encoding the A or B enzymes
o express the A (CHO-A) or B (CHO-B) antigens, respectively
Figure 1A).

The presence of the A, B and H antigens on the S1-Fc protein was
detected by ELISA using lectins that are specific for these antigens.
As shown in Figure 1B, the S1-Fc protein carried the A, B or H
epitopes in accordance with the cells’ ability to express the antigen.
igure 1. The SARS-CoV-2 S protein can be decorated with blood group antigens. (A) Surface expression of A, B and H antigens on HEK-293T cells, CHO-PDR2 (CHO), CHO-
DR2-FTB (CHO-H), CHO-PDR2-FTB + PBK-enzA (CHO-A) and CHO-PDR2-FTB + PBK-enzB (CHO-B) determined by flow cytometry. Percentage of positive cells is indicated on
ach histogram (MFI: mean fluorescence intensity). (B) Detection of A, B and H antigens on the S1-Fc protein produced in glycosyltransferases transfected CHO cells lines by
LISA. The S1-Fc protein expression in the 4 CHO cell lines was evaluated by using an anti-S protein. The results are expressed as -fold increase in the OD values relative to the
ock transfected cells (background). For detection of A, B or H antigens, results are expressed as the ratio of the OD values obtained with the S1-Fc fusion protein produced in
HO-H, CHO-A and CHO-B cell lines to the OD values obtained with the S1-Fc fusion protein produced in CHO cell lines (controls). Mean and standard deviations of 3
dependent experiments are shown.

245
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These results suggest that the S protein of viral particles
produced by respiratory epithelial cells, which can express the ABH
antigens, could also be tagged with these antigens.

Prospective observational study

IgM anti-A and/or anti-B agglutination scores
We tested 290 patients with Covid-19 and 276 control subjects

for IgM anti-A and/or anti-B titers and agglutination scores. The
Covid-19 group included 116, 126, and 48 patients with types O, A
and B blood, respectively. The control group included 116, 108, and
52 subjects with types O, A and B blood, respectively. For each
blood group, the propensity score nearly equalized the Covid-19
and control groups for age and gender. Therefore, we considered
the two groups matched for these parameters (Table 1).

For blood group O, we found a significant difference between the
Covid-19 and control groups, in terms of IgM anti-A + anti-B
agglutination scores. The Covid-19 group had a lower mean
agglutination score than the control group (76.93 vs. 88.29,
P-value = 0.034). Similarly, for blood groups A and B, the Covid-19
group had lower mean anti-B (24.93 vs. 30.40, P-value = 0.028) and
anti-A (28.56 vs. 36.50, P-value = 0.048) agglutination scores,
respectively, compared to the control group (Table 2).

Anti-αGal and anti-sheep erythrocytes antibody levels
We analyzed smaller groups to evaluate anti-αGal and anti-

sheep erythrocytes antibody levels. Again, the control (n = 88) and
Covid-19 (n = 74) groups were not equal in age, gender, or blood
group (A/B/O) before matching. The propensity score matching
nearly equalized the two groups on age, gender, and blood group

(A/B/O) (Table 3). Therefore, we considered the groups matched on
these parameters.

We found no difference between these groups in anti-αGal
levels and anti-sheep erythrocytes agglutination scores (Table 4).

Discussion

In this study, we first showed that, in contrast to the
recombinant SARS-CoV-2 S protein originating from HEK-293
cells, the S1-Fc fusion protein produced in cells that express the A,
B or H antigens is tagged with the corresponding glycan epitopes.
In addition, we confirmed that A and B antigens are expressed in
lung epithelial cells, where infectious viral particles are likely
produced. These data provide a preliminary validation of the
working hypothesis, suggesting that infectious viral particles may
be tagged with A or B antigens according to the patient’s ABO
phenotype. Glycan structural analyses of native expectorated viral
particles will be required for confirmation.

To the best of our knowledge, this study was the first to compare
anti-A and/or anti-B levels between patients with Covid-19 and
controls. Because isohemagglutinin levels may vary with age and
gender, we equalized the Covid-19 and control groups nearly
perfectly by applying propensity score matching. We found that
patients with Covid-19 had significantly lower IgM anti-A and/or B
isoagglutinins compared to controls.

To exclude the possibility that natural antibody levels might
have decreased in relation to infection in the Covid-19 group
regardless of their carbohydrate specificity, we assessed the levels
of other natural antibodies in both groups. Anti-xenoantigen
antibodies are naturally occurring antibodies that are produced in

Table 1
Age and gender of patients in Covid-19 and control groups, before and after matching by propensity score, in each blood group.

Before matching After matching

Controls Covid-19 ASD (%) Controls Covid-19 ASD (%)

O blood group
n 116 116 116 116
Age (years), mean � SD 49.05 � 26.42 64.98 � 22.52 64.89 56.92 � 26.09 56.92 � 26.15 0.00
Male sex (%) 44.83 49.14 8.64 45.34 45.34 0.00

A blood group
n 108 126 108 126
Age (years), mean � SD 48.82 � 26.79 65.23 � 20.88 68.29 58.12 � 25.54 58.12 � 23.77 0.00
Male sex (%) 40.75 47.62 13.88 43.53 43.53 0.00

B blood group
n 52 48 52 48
Age (years), mean � SD 45.82 � 24.27 64.14 � 18.58 84.73 56.75 � 25.61 56.75 � 20.51 0.00
Male sex (%) 28.85 41.67 27.08 36.56 36.56 0.00

ASD = absolute standardized difference; SD = standard deviation.

Table 2
IgM anti-A and/or anti-B agglutination scores for each blood group, after equalizing the Covid-19 and control groups on age and gender.

Controls Covid-19 Adjusted P-value

O blood group
n 116 116
IgM Anti-A + anti-B (a.u.), mean � SD 88.29 � 33.01 76.93 � 34.93 0.034*

A blood group

n 108 126
IgM Anti-B (a.u.), mean � SD 30.40 � 18.84 24.93 � 18.73 0.028*

B blood group
n 52 48
IgM Anti-A (a.u.), mean � SD 36.50 � 17.41 28.56 � 17.41 0.048*

* p < 0.05; a.u. = arbitrary unit; SD = standard deviation.
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esponse to environmental stimulation, like ABO blood group
ntibodies, and they are present in all humans. They include,
mong others, anti-αGal antibodies, natural anti-Forsmann agglu-
inins, and antibodies directed against the NeuGc form of sialic
cids (Altmann and Gagneux, 2019; Santos et al., 2020). Anti-αGal
ntibodies are directed against the αGal epitope, a unique
arbohydrate structure, which is absent in humans, but is
bundantly synthesized on glycolipids and glycoproteins of non-
rimate mammals and New World monkeys (Macher and Galili,
008). In this study, we tested for both anti-αGal and anti-sheep
enoantigen antibody levels, and we found no difference between
he Covid-19 and control groups. These results indicated that there
as no general reduction in the level of natural antibodies

ollowing a Covid-19 infection. Thus, the lower levels of natural
gM anti-A and/or anti-B antibodies observed in patients with
ovid-19 compared to controls were specific to ABO antibodies.
In a previous study, Guillon et al modeled the potential effects

f natural anti-A and/or anti-B antibodies on a SARS outbreak. The
odel predicted that individuals with the AB blood type would be
ver-represented at the onset of the outbreak, followed by
ndividuals with the A and/or B blood types, and finally, those
ith blood type O would be the last to be infected (Guillon et al.,
008). Considering that anti-A and anti-B antibodies might have a
rotective effect against the transmission of ABO incompatible
iruses, the results could be understood. Individuals in the AB
lood group would lack both anti-A and anti-B antibodies;
herefore, they would altogether lack the protective effect.
dditionally, the likelihood of neutralizing the virus would be
ower for individuals with A and B blood types than for individuals
ith the O blood type who make both anti-A and anti-B antibodies;
hus, individuals with A and B blood types could be expected to
ecome infected more frequently than individuals with the O
lood type.
Here, we observed a significant difference in the levels of anti-A

nd/or anti-B antibodies between patients with Covid-19 and
ontrols, indicating that individuals with low levels of natural anti-

 and/or anti-B antibodies would be at high risk of a SARS-CoV-2
nfection. Thus, our results strongly suggest that the protective
ffect predicted for these antibodies by the model described by

detectable given the high level of ABO antibodies compared to
the limited number of viral particles at the very moment of
infection. It should be kept in mind that after infection, production
of the virus occurs with the blood group of the infected patient.

Most studies that found associations between ABO blood
groups and susceptibility to Covid-19, including GWAS studies
with large cohorts of patients and controls, reported that
individuals with blood group O had a significantly lower risk of
SARS-CoV-2 infection (Ellinghaus et al., 2020; Shelton et al., 2020;
Valenti et al., 2020). However, some studies failed to observe a
significant protective effect of blood group for reasons that are yet
to be understood (Boudin et al., 2020; Dzik et al., 2020). More
variability in different infection rates across studies occurred for
individuals with A, B, and AB blood types. The discrepancies
between studies might be explained by the structure of the control
group, the variable ABO frequencies in distinct populations, the
case definition for Covid-19, an effect of the outbreak kinetics, but
also, according to our results, by the levels of ABO antibodies in the
studied population. Indeed, based on our results, a high level of
ABO antibodies in a given population would be expected to offer
strong protection.

ABO blood group antibodies appear after birth, and the levels
can change with changes in diet and with bacterial colonization in
the intestinal tract (Cooling, 2015; Gampa et al., 2017; Vlasova
et al., 2019). ABO antibodies are synthetized by immune
stimulation from gastrointestinal microbiota (Cooling, 2015),
and both antibody production and microbiota abundance vary
according to an individual’s age and nutritional status (Yatsunenko
et al., 2012). The promotion of ABO-antibody production by
dedicated gut microbiota might increase the levels of these natural
antibodies sufficiently to enhance this natural mechanism of
protection against SARS-CoV-2, and probably other coronaviruses.

This prospective study had some limitations. First, its observa-
tional design had inherent limitations. However, we partially
countered this limitation by applying propensity scoring to
equalize the groups. Yet, we did not take into account co-morbidity
factors and severity scores. In addition, since residual samples from
routine laboratory testing were used, we were limited by the
amount of plasma and could not evaluate anti-αGal and anti-

able 3
ge, gender, and ABO blood groups of subjects in the Covid-19 and control groups, before and after matching with propensity scores.

Before Matching After Matching

Characteristic Controls (n = 88) Covid-19 (n = 74) ASD (%) Controls (n = 88) Covid-19 (n = 74) ASD (%)

Age (years), mean � SD 42.69 � 25.01 67.63 � 17.87 114.72 57.85 � 29.26 57.85 � 27.57 0.00
Male sex (%) 22.73 43.24 44.71 34.58 34.58 0.00
Blood group A (%) 36.36 37.84 3.05 40.68 40.68 0.00
Blood group B (%) 30.68 24.32 14.27 28.73 28.73 0.00
Blood group O (%) 32.95 37.84 10.23 30.59 30.59 0.00

SD = absolute standardized difference; SD = standard deviation.

able 4
atural antibody levels, after equalizing the Covid-19 and control groups on age, gender, and blood group.

Controls (n = 88) Covid-19 (n = 74) Adjusted P-value

Anti-αGal (OD450), mean � SD 1.07 � 0.66 1.16 � 0.61 0.429
Anti-xenoantigens agglutination score (a.u.), mean � SD 25.67 � 12.32 26.53 � 11.61 0.691

.u. = arbitrary unit; SD = standard deviation.
uillon et al. could only be achieved when antibody levels were
ufficiently high. Another hypothesis according to which ABO
ntibodies would be adsorbed or consumed by viral particles
hould also be considered since the level of ABO antibodies before
nfection was not known. However, we believe that this hypothesis
s unlikely and that adsorption/consumption would not be
24
xenoantigen antibody levels in all patients. For the same reason,
we only evaluated the level of IgM ABO antibodies in Covid-19
patients and controls. The level of “total” ABO antibodies (IgG + IgM
that react at 37 �C) by using an anti-human globulin with
incubation at 37 �C, as well as the level of IgG ABO antibodies by
using the same method but with dithiotreitol treated plasma
7
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would have been interesting to evaluate and compare. Matched
control studies will be needed to either confirm or refute the link
between the level of ABO antibodies and the susceptibility to viral
infection.

In conclusion, our results suggest that natural ABO antibodies
could contribute to reduce the transmission of SARS-CoV-2 virus,
provided that their levels are sufficiently high.
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