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Background and Objectives ABO blood group may affect risk of SARS-CoV-2
infection and/or severity of COVID-19. We sought to determine whether IgG, IgA
and neutralizing antibody (nAb) to SARS-CoV-2 vary by ABO blood group.

Materials and Methods Among eligible convalescent plasma donors, ABO blood
group was determined via agglutination of reagent A1 and B cells, IgA and IgG
were quantified using the Euroimmun anti-SARS-CoV-2 ELISA, and nAb titres
were quantified using a microneutralization assay. Differences in titre distribution
were examined by ABO blood group using non-parametric Kruskal-Wallis tests.
Adjusted prevalence ratios (aPR) of high nAb titre (>1:160) were estimated by
blood group using multivariable modified Poisson regression models that adjusted
for age, sex, hospitalization status and time since SARS-CoV-2 diagnosis.

Results Of the 202 potential donors, 65 (32%) were blood group A, 39 (19%)
were group B, 13 (6%) were group AB, and 85 (42%) were group O. Distribution
of nAb titres significantly differed by ABO blood group, whereas there were no
significant differences in anti-spike IgA or anti-spike IgG titres by ABO blood
group. There were significantly more individuals with high nAb titre (>1:160)
among those with blood group B, compared with group O (aPR = 1-9 [95%
CI = 1-1-3-3], P = 0-029). Fewer individuals had a high nAb titre among those
with blood group A, compared with group B (aPR = 0-6 [95%CI = 0-4-1-0],
P = 0.053).

Conclusion Eligible CCP donors with blood group B may have relatively higher
neutralizing antibody titres. Additional studies evaluating ABO blood groups and
antibody titres that incorporate COVID-19 severity are needed.
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syndrome-associated coronavirus 2 (SARS-CoV-2) infec-
tion — the cause of coronavirus-19 disease (COVID-19) —
have been reported, spanning 191 countries or territories
and accounting for over 1-5 million deaths [1]. Over a
fifth (>14 million) of those cases have been reported in
the United States.

Amid established sociodemographic (e.g. older age,
male sex, racial and ethnic minorities) and clinical (dia-
betes, hypertension, smoking) risk factors for COVID-19
severity, the possibility of an association with ABO
blood group was raised early in the pandemic. Specifi-
cally, blood group A individuals were suggested to be at
greater risk of infection, while blood group O was
observed to be protective [2-5]. Nonetheless, while over-
representation of group A (and under-representation of
group 0) has been observed among COVID-19 cases, the
findings have been mixed with respect to clinical out-
comes [6-9].

Blood groups have long been suspected as playing a
part in the pathogenesis of infectious diseases, spanning
malaria to parvovirus B19 [10]. An association between
SARS-CoV-2 risk (i.e. susceptibility and/or disease sever-
ity) and ABO blood group is plausible, yet remains
uncertain. Prior to the COVID-19 pandemic, a retrospec-
tive study of healthcare workers in Hong Kong reported
group O participants to be less likely to become infected
with SARS-CoV — a closely related virus to SARS-CoV-
2 — than non-0 participants [11]. A subsequent study
showed that anti-A isoagglutinins were capable of
inhibiting the S protein/angiotensin-converting enzyme
2 interaction suggesting a role blocking the virus from
its receptor [12]. Tt has also been suggested that anti-
body subclass may be important with protection
ascribed to anti-A IgG rather than IgM [13]. Of note,
anti-A IgG is more common in group O individuals as
compared to those of other non-A groups. In short,
anti-A — rather than blood group itself — may be the
central factor [14].

Given the plausibility of a role in immunopathogene-
sis of COVID-19, we sought to assess the association
between ABO blood group and SARS-CoV-2 antibody
titres (IgA, IgG and neutralizing antibodies [nAbs]) in
eligible COVID-19 convalescent plasma (CCP) donors. Of
note, transfusion of plasma from convalescent individu-
als (i.e. 'CCP’) has emerged as a leading therapy for
COVID-19 [15-20]. If there is a difference in titre by
ABO type, it could potentially be exploited through pref-
erential recruitment of CCP donors of certain types and/
or selective use for manufacture of hyperimmune globu-
lin. This offered another rationale for pursuing this
study.

© 2021 International Society of Blood Transfusion
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Materials and methods

Study participants

The study population comprised individuals who were
deemed to be eligible to donate COVID-19 convalescent
plasma at the beginning of the pandemic in the United
States (i.e. prior to FDA requirements for specific titres).
Individuals aged at least 18 years who had a history of
COVID-19 as confirmed by a positive molecular test for
SARS-CoV-2 were eligible to participate in the study.
Recruitment was undertaken using a combination of self-
identification (in response to advertising or media post-
ings) and referral from healthcare providers. Initial
screening was conducted telephonically: individuals were
informed that they needed to satisfy standard eligibility
criteria for blood donation. Notable exclusion criteria
included pregnancy in the preceding six weeks and/or an
established diagnosis or risk factors for transfusion-trans-
mitted infections (notably HIV, hepatitis B virus or hep-
atitis C virus). Those who passed the initial telephonic
screening were invited to participate in the study. Basic
demographic information (age, sex, hospitalization with
COVID-19) was collected, and the original diagnosis of
SARS-CoV-2 infection was confirmed by medical chart
review or sharing of source documentation. Enrolment
was performed under full informed consent after which
~25 ml of whole blood was collected in ACD tubes. The
samples were separated into plasma and peripheral blood
mononuclear cells within 12 h of collection. The plasma
samples were immediately frozen at —80°C. The study was
approved by the Johns Hopkins University School of
Medicine Institutional Review Board prior to initiation.

ABO testing

Manual reverse group testing (i.e. determination of group A
and group B antibodies) of the subjects’ samples was per-
formed in accordance with the AABB (formerly American
Association of Blood Banks) procedure for manual, tube-
based testing with A1 and B cells [21]. Agglutination reac-
tivity was graded from O to 4+. Agglutination reactions of
weak to 2 + were verified by repeat testing, of which all
samples confirmed the same ABO blood group.

IgG, IgA and nAb titres

IgA, IgG and nAbs were quantified as previously
described [22]. Briefly, Euroimmun anti-SARS-CoV-2 IgG
and IgA ELISAs (Mountain Lakes, NJ) for the S1 domain
of spike protein were utilized per the manufacturer’s
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instructions. The optical density (OD) of the sample
divided by calibrator provided arbitrary unit ratio (A.U.)
that >1-1 were considered positive and >0-8 to <1-1 were
considered indeterminate. Continuous AU values were
interpreted as anti-SARS-CoV-2 IgG and IgA titre levels.
Quantification of nAb titres against 100 fifty per cent tis-
sue culture infectious doses (TCID50) was performed using
a microneutralization (NT) assay. nAb area under the
curve (AUC) values were estimated using the exact num-
ber of wells protected from infection at every plasma
dilution; samples that had no NT activity were assigned
an arbitrary value of one-half of the lowest nAb AUC.
The overall distribution of nAb AUC values in this sample
was a median of 60 (interquartile range [IQR]: 10, 150).
For analytic purposes and consistency with our previous
analyses using early recommendations by the FDA, nAb
AUC values >160 were considered to indicate high neu-
tralization potency [23,24].

Statistical analysis

Characteristics of the study population were examined
overall and stratified by ABO blood group using descrip-
tive statistics. The primary study outcome was nAb titres
to SARS-CoV-2 (AUC value); IgA and IgG antibody levels
to the spike-1 protein of SARS-CoV-2 (A.U.) were exam-
ined as secondary outcomes. Continuous titre outcome
measures were log,-transformed to approximate normal
distributions. Differences in the distribution of titre out-
come measures were examined by ABO blood group using
global non-parametric Kruskal-Wallis tests.

The association of ABO blood group with nAb titres
was further examined using univariable and multivariable
ordinary least-squares linear regression. To assess whether
ABO blood group is an independent correlate of nAb
titres, the primary multivariable model included all
covariates that have previously been shown to be deter-
minants of SARS-CoV-2 antibody responses: age, sex,
hospitalization status and time since first PCR-positive
test date for SARS-CoV-2 [22]. To further assess the pri-
mary outcome, the association between blood type and a
high neutralizing antibody titre AUC value (>160) was
also examined, similar to previous investigations [24].For
this analysis, prevalence ratios and adjusted prevalence
ratios (aPR) were estimated by univariable and multivari-
able Poisson regression models with robust variance. The
multivariable Poisson model included all covariates previ-
ously described.

In our conceptual framework, race/ethnicity was not
considered as a potential covariate since it is a social
construct and we are unaware of existing evidence that
indicates it is a determinant of SARS-CoV-2 antibody
responses. However, since blood type is linked to race/

ethnicity, a sensitivity analysis was performed that
included adjustment for race/ethnicity (White vs. all other
races due to sparse data). A likelihood-ratio test was used
to assess whether inclusion of this race/ethnicity variable
improved model fit to the data as compared to the multi-
variable linear regression model used in the primary anal-
ysis. The Akaike’s information criterion (AIC) was also
compared between the multivariable models. Since the
majority of the sample population was White, a separate
sensitivity analysis was also performed restricted to White
donors. Finally, since this sample is selected on those
who recovered from COVID-19 and hospitalization status
may potentially be influenced by ABO type, a sensitivity
analysis was conducted restricted to donors who were
known to not have a history of hospitalization due to
COVID-19 (i.e. mild/moderate cases).

All P values are two-sided. Analyses were performed in
Stata/MP, version 15.1 (StataCorp, College Station, TX,
USA).

Results

A total of 202 unique study participants were evaluated
(Table 1). Overall, at the time of sample collection, the
median number of days since PCR + nasal pharyngeal
swab was 46 days (interquartile range [IQR], 39-56 days).
The median age was 43 years (IQR: 32-56), and 53% were
male; 76% were White. A total of 15 (7%) reported prior
hospitalization for COVID-19 (Table 1). Of the study pop-
ulation, 85 (42%) were blood group O, 65 (32%) were
blood group A, 39 (19%) were blood group B, and 13
(6%) were blood group AB. Table 1 also provides sociode-
mographic and clinical characteristics of the study
population stratified by ABO blood group. Of note, the
median age was 48 (IQR: 34-57) years among donors
with blood group A, 47 (IQR: 36-63) years among donors
with blood group B, 43 (32-58) years among donors with
blood group AB and 39 (IQR = 30-50) years among
donors with blood group O.

There were no significant differences in the distribution
of anti-SARS-CoV-2 IgG and IgA levels by ABO blood
groups (Fig. 1a,b). In contrast, the distribution of nAb
titre AUC values varied significantly by ABO blood group
(Kruskal-Wallis, P = 0-018; Fig. 1c). The mean nAb
log,(AUC) value was 5-5 (standard deviation [SD] = 2-4)
among donors with blood group A, 6.4 (SD = 2-4) among
donors with blood group B, 4-4 (SD = 2-1) among donors
with blood group AB and 5-3 (SD = 2-2) among donors
with blood group O. In multivariable linear regression
analysis, donors with blood group B had significantly
higher nAb titres (log,[AUC]) than donors with blood
group O (adjusted B = 0-9 [95% CI: 0-1, 1-8], P = 0-026)
(Table 2). Donors with blood group A (adjusted = —0-9

© 2021 International Society of Blood Transfusion
Vox Sanguinis (2021) 116, 766-773



Association between ABO and SARS-CoV-2 titres 769

Table 1 Characteristics of the study population overall and stratified by ABO blood group

Blood group

Characteristic Overall (n = 202) A (n = 65) B (n = 39) AB (n=13) 0 (n=85)
Median age (IQR), years 43 (32-56) 48 (34-57) 47 (36-63) 43 (32-58) 39 (30-50)
Age group, years

18-29 40 (20%) 11 (17%) 5 (13%) 3 (23%) 21 (25%)

30-39 42 (21%) 10 (15%) 7 (18%) 3 (23%) 22 (26%)

40-49 43 (21%) 13 (20%) 11 (28%) 1 (8%) 18 (21%)

50-59 40 (20%) 17 (26%) 4 (109%) 4 (31%) 15 (18%)

>60 37 (18%) 14 (22%) 12 (31%) 2 (15%) 9 (11%)
Sex

Female 94 (47%) 28 (43%) 19 (49%) 6 (46%) 41 (48%)

Male 108 (53%) 37 (57%) 20 (519%) 7 (54%) 44 (520%)
Race/ethnicity

White 154 (76%) 52 (80%) 26 (67%) 11 (85%) 65 (76%)

Black 9 (4%) 0 (09%) 3 (8%) 0 (0%) 6 (7%)

Hispanic 8 (4%) 2 (3%) 0 (0%) 0 (0%) 6 (7%)

Asian 22 (11%) 8 (12%) 7 (18%) 1 (8%) 6 (7%)

Mixed/Other/Unknown 9 (4%) 3 (5%) 3 (8%) 1 (8%) 2 (2%)
Hospitalized (severity)

No 185 (92%) 60 (92%) 37 (95%) 12 (92%) 76 (89%)

Yes 15 (7%) 4 (6%) 2 (5%) 0 (0%) 9 (11%)

Unknown 2 (1%) 1 (2%) 0 (0%) 1 (8%) 0 (0%)
Median days since PCR + (IQR) 46 (39-56) 43 (39-51) 43 (35-56) 46 (39-55) 49 (42-59)

Abbreviations: IQR, interquartile range; PCR, polymerase chain reaction.

[95% CI: —1-8, —0-1], P =0-031) and blood group AB
(adjusted B = —2-0 [95% CI: —3-4, —0-6], P = 0-005) had
significantly lower nAb titres than donors with blood
group B.

The prevalence of high nAb titres (AUC > 160) was
25% (16/65) among donors with blood group A, 44% (17/
39) among donors with blood group B, 0% (0/13) among
donors with blood group AB and 20% (17/85) among
donors with blood group O. Notably, donors with blood
group B were significantly more likely to have high nAb
titres than donors with blood group O (aPR = 1-9 [95%
CI = 1-1, 3-3], P=0-029) (Table 2). In addition, fewer
donors had a high nAb titre among those with blood
group A, compared to those with group B (aPR = 0-6
[95%CI = 0-4, 1-0], P = 0-053).

Effect estimates for other covariates in the primary lin-
ear regression and modified Poisson regression models
are shown in Table S1. Multivariable regression results
were insensitive to adjustment for race/ethnicity
(Table S2). Inclusion of race/ethnicity in the multivariable
linear regression model did not significantly improve
model fit to the data based on a likelihood-ratio test (like-
lihood-ratio y? = 2-47, P = 0-116). This was further sup-
ported by minimal change in the AIC value between the
linear regression models (primary analysis multivariable

© 2021 International Society of Blood Transfusion
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model: AIC = 874-6 vs. sensitivity analysis multivariable
model with race/ethnicity: AIC = 874-2). When the analy-
sis was restricted to White donors, the comparison of nAb
levels between donors with blood group A vs. B was sig-
nificantly attenuated (Table S3). However, all other results
in the White donor sample remained in the same direc-
tion of association as the primary analysis. Associations
observed in the analysis restricted to donors who did not
have a history of hospitalization were consistent with
those observed in the primary analysis (Table S4).

Discussion

The ABO blood group of an individual has been suggested
to impact the risk of susceptibility to SARS-CoV-2 infec-
tion and/or disease severity in COVID-19. Using a sam-
pling of convalescent individuals, we sought to determine
whether there were differences in antibodies against
SARS-CoV-2 by ABO type. Although significant differ-
ences in anti-spike IgA or anti-spike IgG by ABO blood
group were not detected, those individuals of blood group
B had higher nAb titres, especially when compared to
those who were group AB and group O. There were also
significantly more individuals with blood group B than
blood group O with high nAb titres (>1:160).
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Table 2 Association of ABO blood group with neutralizing antibody titres to SARS-CoV-2 in eligible convalescent plasma donors

SARS-CoV-2 neutralizing titre AUC, log2(arbitrary units)

Univariable Multivariable

Blood group (vs. reference blood group) B (95% CI)? P value B (95% CI)° P value
Avs. O 0-2 (-0-6, 0-9) 0-637 0-0 (-0-7, 0-7) 0-994
Bvs. 0 1-1 (0-2, 2:0) 0-014 09 (01, 1-8) 0-026
AB vs. O -0-9 (-2-2, 0-5) 0-201 -1-0 (=23, 0:3) 0-116
Avs. B -0-9 (=1-9, —0-0) 0-048 -0-9 (-1-8, -0-1) 0-031
AB vs. B -2.0 (-3-5, —0-5) 0-008 -2.0 (-3-4, —0-6) 0-005
A vs. AB 1.1 (~0-3, 2-5) 0-131 1.0 (-0-3, 2-4) 0-120

SARS-CoV-2 neutralizing titre AUC > 160 arbitrary units

Univariable Multivariable
Blood group (vs. reference blood group) Crude PR (95% CI)¢ P value Adjusted PR (95% cn¢ P value
Avs. O 12 (07, 2:2) 0-500 1-1 (0-6, 2:0) 0-684
Bvs. O 2.2 (1-2,3-8) 0-006 19 (1-1,33) 0-029
AB vs. 0° - - - -
Avs. B 0:6 (0:3, 1:0) 0-044 0-6 (04, 1-0) 0-053
AB vs. B€ - - - -
A vs. AB® - - - -

Abbreviations: AUC, area under the curve; Cl, confidence interval; PR, prevalence ratio.

Bold values correspond to statistically significant findings.

°B represents the absolute difference in log, SARS-CoV-2 nAb AUC value with the reference group as estimated by univariable linear regression.

bﬁ represents the absolute difference in log, SARS-CoV-2 nAb AUC value with the reference group after adjusting for blood group, age, sex, hospitaliza-
tion status and time since first PCR + test for SARS-CoV-2 infection, as estimated by multivariable linear regression.
‘Crude prevalence ratios for SARS-CoV-2 nAb AUC > 160 were estimated from univariable modified Poisson regression models with robust variance.
dAdjusted prevalence ratios for SARS-CoV-2 nAb AUC > 160 were estimated from multivariable Poisson regression models with robust variance. The mul-
tivariable model included adjustment for age, sex, hospitalization status and time since first PCR + test for SARS-CoV-2 infection.

EGroup AB had no observations with SARS-CoV-2 nAb AUC > 160; thus, estimates were not calculated.

© 2021 International Society of Blood Transfusion
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A growing number of studies suggest that ABO type
plays a role in the pathogenesis of COVID-19 [2,4-
6,25,26]. A large genome-wide association analysis of
patients with COVID-19-induced respiratory failure iden-
tified genetic susceptibility at the ABO blood group locus,
offering a biological basis for an association with ABO
type [27]. In the same study, group A was associated with
a significantly higher risk of COVID-19, while group O
was observed to have lower risk. This finding has been
reported in other studies [2,4,6,27]. Further, a lower
prevalence of nAbs against SARS-CoV-2 was reported
among group O individuals (compared with donors of
other types) in a large cross-sectional sample of asymp-
tomatic French blood donors [9]. This suggested an effect
on susceptibility to infection (i.e. relative protection in
the case of group O individuals), and not only clinical
outcomes.

Why blood group B individuals should have higher
SARS-CoV-2 titres is unknown. While speculative, one
possibility is cross-reactivity between the virus and the B
antigen, thus stimulating antibody production. Alterna-
tively, the viral antigen may appear more foreign to indi-
viduals who are blood group B compared with blood
group A or O. Further research is needed in this regard.
Nonetheless, blood groups have long been recognized to
interact with diverse viruses, parasites and bacteria, play-
ing a role in both susceptibility to infection and severity
of resulting disease [10].

While an association between ABO type and nAb titres
was demonstrated in our study, this was not the case for
ABO type and IgG or IgA against spike protein. The titres
of nAbs have been shown to correlate well — albeit not
perfectly — with those of antibodies against spike protein
or receptor binding domain, as determined using clinical
assays (i.e. ELISAs) [28-32]. Other factors (e.g. advanced
age, male sex and hospitalization status) that are known
to impact the antibody response to SARS-CoV-2 were
controlled for in the study [22].

The kinetics of the humoral response to SARS-CoV-2
are still being learned [24,33-35]. While speculative, there
are many factors that could account for the conflicting
finding across studies investigating the relationship
between ABO group and COVID-19. For one, there are
differences in the populations that are being studied.
While the racial distribution in our study population was
representative of the U.S. blood donor population (i.e.
over-representation of White patients), the ABO blood
group distribution was disproportionately skewed towards
group B and AB individuals. Specifically, the expected
frequencies by ABO type in a US donor population for
groups O, A, B and AB are 45%, 400%, 11% and 4%,
respectively [21]; by contrast, the observed frequencies in
our study were 42%, 32%, 19% and 6%, respectively. Of

© 2021 International Society of Blood Transfusion
Vox Sanguinis (2021) 116, 766-773

note, a previous study reported over-representation of
group A and under-representation of group O in White
patients with COVID-19, yet did not observe a difference
in Black or Hispanic patients [6].

This study has limitations. For one, it was confined to
a cross-sectional convenience sample of eligible donors
from the Baltimore/Washington DC metropolitan areas.
The small sample size particularly for some blood types
(e.g. AB) may have resulted in sparse data bias and pre-
vented us from conducting additional stratified analyses,
including by titre. Second, selection of prospective blood
donors may also limit generalizability, as these donors
are not representative of a general population, with
respect to both race/ethnicity and health status [36].
Selection is also skewed towards COVID-19 survivors who
were sufficiently healthy to be recruited as convalescent
plasma donors. By extension, the low proportion of sub-
jects who had been hospitalized reflects individuals with
a lower index of disease severity. In short, the study sam-
ple is unlikely to be representative of all patients with
COVID-19 and additional studies that address disease
severity by ABO type are needed. Third, only plasma was
available for testing; this precluded forward typing of the
red cells; that is, the ABO group was presumed based on
the reverse typing. Fourth, this study population had a
higher-than-expected proportion of group B and AB
patients. However, sensitivity analyses confirm the find-
ings of the higher titres are not due to the racial/ethnic
composition of the study population. Fifth, titering of
ABO isoagglutinins was not undertaken. That could have
provided further insight. This study also did not evaluate
IgM; while one cannot rule out the possibility that IgM
accounts for the observed differences with the neutraliza-
tion assay, it is was deemed unlikely given the time since
test positivity (i.e. a surrogate of the initial infection).
When combined with incubation and duration of symp-
tomatic disease, IgM was considered to be an unreliable
marker whereby the majority of individuals were at least
six weeks from initial diagnosis. Finally, there may be
residual and unmeasured confounding from variables that
have not been considered.

In conclusion, individuals with blood group B who sur-
vive COVID-19 may potentially have higher nAb titres
against SARS-CoV-2 compared with survivors of other
blood groups, particularly blood group O. Further work is
warranted in different populations to test generalizability
of these results.
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Table S2. Sensitivity analysis: Association of ABO blood group with neutralizing antibody titers to SARS-CoV-2 in eligi-
ble convalescent plasma donors adjusting for race/ethnicity.

Table S3. Sensitivity analysis: Association of ABO blood group with neutralizing antibody titers to SARS-CoV-2 in eligi-
ble convalescent plasma donors who identified as white.

Table S4. Sensitivity analysis: Association of ABO blood group with neutralizing antibody titers to SARS-CoV-2 in eligi-
ble convalescent plasma donors without a history of hospitalization due to COVID-19.
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