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Background: Several ABO blood groups have been associated with the likelihood of infection, severity, and/or
outcome of COVID-19 in hospitalized cohorts, raising the hypothesis that anti-A isoagglutinins in non-A-group
recipients could act as neutralizing antibodies against SARS-CoV-2.

Materials and methods: We run live virus neutralization tests using sera from 58 SARS-CoV-2 seronegative blood
donors (27 O-group and 31 A-group) negatives for SARS-CoV-2 IgG to investigate what degree of neutralizing
activity could be detected in their sera and eventual correlation with anti-A isoagglutinin titers.

Results: We could not find clinically relevant neutralizing activity in any blood group, regardless of anti-

isoagglutinin titer,

Discussion: Our findings suggest that mechanisms other than neutralization explain the differences in outcomes
from COVID19 seen in different ABO blood groups.

1. Introduction

The COVID-19 pandemic is totaling 190 million cases and 4 million
deaths worldwide as of July 19, 2021. Specific therapeutics are still lack-
ing, and mass vaccination campaigns are now tapering the pandemic in
most countries. Several genetic protective factors have been hypothe-
sized, and the ABO blood group locus is one of them: in preliminary
small-scale series, non-A blood groups seemed to have increased risk
for severity and mortality, while O-group appeared to confer relative
protection [1].

A similar phenomenon was previously reported for SARS-CoV-1,
where anti-A isoagglutinins were shown to neutralize viral infection
[2]. Since the odds ratio between A- and non-A blood groups is not
very high, several investigators have postulated that anti-A isoagglutinin
titers could explain the variability among non-A patients. Of course,
this would have implications for COVID-19 convalescent plasma (CCP)
donor selection and efficacy [3].

Recently, Deleers et al reported significantly lower IgM anti-A+
anti-B agglutination scores in blood group O patients (76.93 vs 88.29,
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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 [4].

We hence investigated whether these relationships could be ex-
plained by the neutralizing activity of factors related to the ABO-blood
group, and in particular to anti-A isoagglutinins.

2. Materials and methods
2.1. Sera

58 consecutive, SARS-CoV-2 IgG-negative blood donors (27 O-group
or 31 A-group) were enrolled in the study. The two groups were matched
for age and gender. Residual sera originally sampled for mandatory sero-
logical disease screening were used for the study. The research was con-
ducted under institutional review board-approved protocols (CEAVNO,
Pisa University Hospital). All the donors tested SARS-CoV-2 IgG negative
on the Abbott Alinity® instrument and represented a nonconvalescent
cohort.
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A single residual convalescent serum sample from a SARS-CoV-2 RT-
PCR-positive patient was chosen as a positive control. Expecting a very
low neutralizing activity in any of the blood groups tested, to build a
titration curve, we selected the convalescent serum with the lowest pos-
sible detectable neutralizing antibody (nAb) titer in the microneutral-
ization (MN) assay, i.e., 1:10.

2.2. Anti-A; IgG isoagglutinin titration

O-group nonconvalescent donors were titrated for anti-A IgG isoag-
glutinins using A; references cells on the Neo Iris® analyzer (Immucor
Inc, USA). The method employs 100 ul of donor serum, Capture-R Se-
lect® plates, Capture R Indicator® cells, and LISS. Sera which tested
>1:128 in the low-titer method were retested in the high-titer method
(which detects titers up to 1:4096).

2.3. SARS-CoV-2 microneutralization tests

We carried out live virus MN assay with limiting dilution method us-
ing SARS-CoV-2 isolate Human/ITA/PAVIA10734/2020 (belonging to
clade G) that was propagated in Vero E6 cells cultivated in D-MEM sup-
plemented with 10% heat-inactivated fetal bovine serum, L-glutamine,
penicillin, and streptomycin. Viral strains and cell lines were provided
by NeuCoV-NET. Viral preparations were titrated in Vero E6, checked
for absence of Mycoplasma, aliquoted at 5 50% tissue culture infectious
dose (TCID)s, and stored at —80 °C until use. To titrate serum nAbs,
Vero E6 cells (12.000/well) were plated the day before on a 96-well
plate in DMEM with 10% FBS. Inactivated serum samples were diluted
4-fold in duplicates from 1:10 to 1:640 in MEM, 2% FBS. 5 TCID5, SARS-
CoV-2 preparation was added to the serum dilutions and incubated for
1 h at 37 °C. The virus-serum mixture was then added to the cells and in-
cubated at 37 °C with 5% CO, until the cytopathic effect became overtly
manifested (three-four days). Culture supernatants were collected from
each well for RNA extraction and subsequent reverse-transcription PCR
(RTPCR). Cells were thenfixed with 1% paraformaldehyde and stained
by Gram crystal violet to visualize cell destruction by spectrophotom-
etry (optical density). nAbs titer was expressed as the endpoint serum
dilution that inhibited cytopathic effect by 90% (MNy).

2.4. Polymerase chain reaction for SARS-CoV-2

Viral RNA was extracted from 200 ul of cell supernatant using the
Nimbus platform (Hamilton, Reno, NV, USA), and then amplified by
using the Allplex™ 2019-nCoV assay (Seegene, Seoul, South Korea) on
the CFX96 instrument (Bio-Rad, Hercules, CA, USA), according to the
manufacturer’s instructions. The real-time Allplex™ 2019-nCoV assay
simultaneously detects three genes of the SARS-CoV-2 genome (i.e. the
nucleocapsid (N), envelope (E) and RNA-dependent RNA polymerase
(RdRP) genes). The cycle threshold (Ct) value was recorded for each
of the three genes, and a total mean Ct value was calculated and used
as a surrogate measure for SARS CoV-2 load. Samples were considered
positive when a PCR signal was detected at Ct <40 for any gene.

2.5. Statistical analysis

SPSS software version 23 (IBM, Chicago, IL, USA) and MedCalc sta-
tistical software version 18.2.1 (Ostend, Belgium) were used for statisti-
cal analysis. Differences between distributions were calculated by using
the non-parametric Mann-Whitney U test. Correlations between vari-
ables were assessed using Spearman rho correlation coefficient and Stu-
dent’s t-test. All p values presented are based on two-tailed tests, and
p <0.05 was considered statistically significant.

3. Results

A reverse linear correlation was observed between nAbs titers in the
serum of the convalescent donor and viral loads in supernatants (Fig. 1).
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Fig. 1. Total mean cycle threshold values for SARS-CoV-2 PCR in supernatants
of MNy, run using 5 TCID5, of SARS-CoV-2 and serial dilutions of convalescent
serum with a nAbs titer of 1:10 when measured by standard neutralization assay.
1:10.
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Fig. 2. Neutralizing activity (expressed as total mean cycle threshold values in
supernatants of viral neutralization tests) of nonconvalescent sera from O-group
and A- group donors. The non-significant difference in neutralizing activity was
seen between the 2 ABO blood groups.

The experiment was performed using the serum with nAb titer of 1:10
when measured by standard neutralization assay and serial dilution at
1:2 folds up to 1:320. The reverse correlation was used as the parameter
for a more objective and faster proxy for neutralization activity.

A non-significant difference in neutralizing activity, measured either
as viral genome in supernatants of viral neutralization tests (Fig. 2) or
as vitality of replication-competent cells (Fig. 3) was seen between the
2 ABO blood groups.

Among 27 O-group nonconvalescent donors, there was no statis-
tically significant relationship between anti-A isoagglutinin titers and
neutralizing activity (measured as viral genome in supernatants of viral
neutralization tests) (Fig. 4).

The nonconvalescent serum with the highest neutralizing activity
had a titer which could be compared to 1:2 on the titration curve ob-
tained from a convalescent serum (Fig. 5). Since such titer was achieved
using a 50-fold lower viral inoculum than in routine viral neutralization
tests (where the minimum protective titer is largely agreed to be > 1:160
[51), it is far from being clinically relevant for protection.
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Fig. 3. Neutralizing activity (expressed as percentage of inhibition) of noncon-
valescent sera from O-group and A-group donors. The non-significant difference
in neutralizing activity was seen between the 2 ABO blood groups. The percent
of inhibition at each well was calculated by the formula: 100 — [(X-average of
‘no virus’ wells)/(average of ‘virus only’ wells-average of ‘no virus’ wells)*100],
where X is the read for each well.
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Fig. 4. Neutralizing activity (expressed as total mean cycle threshold values in
supernatants of viral neutralization tests) in relationship to anti-A; IgG isoag-
glutinin titer in 27 O-group nonconvalescent donors.

4. Discussion

Recent large case series [6, 7] and meta-analyses [8, 9] are minimiz-
ing the protective role of the O-blood group in COVID19, denying early
small-scale studies. No study to date has confirmed a relevant impact
of morbidity or mortality [10], while protection from infection largely
varies according to cohort selection (hospitalized vs. asymptomatic)
[11]. In the unique epidemiological setting of 1,688 sailors on a French
aircraft carrier, it was shown that the rate of infection among young
adults is independent of ABO blood group [12].

We have demonstrated here that nonconvalescent sera contain neg-
ligible SARS-CoV-2 neutralizing activity, regardless of ABO blood group
or anti-A isoagglutinin titer, which is clinically irrelevant.

Other factors, that have not been fully investigated in this study,
could theoretically affect the relationship. Previous exposure to seasonal
coronaviruses could be one of them: anyway we recently reported a min-
imal impact from such factor [13]. Given that the relationship between
COVID19 and outcome has been confirmed in extremely large series, it
is likely to represent an independent variable.
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Fig. 5. Distribution of the neutralizing activity (expressed as total mean cycle
threshold values in supernatants of viral neutralization tests) of the nonconva-
lescent sera concerning the titration curve of a convalescent serum. The number
of group 0 and A samples with Ct corresponding to positive control dilutions is
reported.

5. Conclusions

The differences in outcomes from COVID19 patients seen in differ-
ent ABO blood groups are hence related to mechanisms downstream of
viral entry. For instance, the O-blood group is associated with lower
levels of von Willebrand factor (vWF) [14], and lower increases of vVWF
with ageing [15]. O antigen is inversely associated with thrombosis [16,
17] (particularly deep vein thrombosis), total cholesterol, low-density
lipoprotein cholesterol, while the Al antigen tends to have associations
in reverse to O [18]. Since COVID19 is a mostly thrombophilic disorder
[19], it is possible that ABO blood group conditions outcomes via factors
not strictly related to viral replication but rather to thrombosis [20].

Our study needs to be consolidated by replicas in different cell lines
that could express different ABO antigens, and on larger datasets includ-
ing B-blood group patients.
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