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Abstract
The current literature still gives a little

information about the relationships between
the ABO blood group system and the
immune response to the virus or the differ-
ent disease outcomes. Hypothesizing the
presence of a predisposition by some blood
groups to COVID-19, we searched for dif-
ferences between patients towards the dif-
ferent outcomes of disease. We enrolled 330
inpatients with a diagnosis of COVID-19,
determining both their ABO blood group
system and Rh factor, collecting demo-
graphic, clinical and laboratory data. We
searched for relationships with COVID-19
outcomes within an observation period of
180 days (Intensification of Care - IoC, In-
hospital death, 180-days mortality). The
most frequent ABO blood group was A
(45.8%); a minor part was represented by
group O (38.8%), B (11.5%), AB (3.9%).
As for the Rh factor, 86.7% of patients were
Rh-positive. There were no significant dif-
ferences between blood groups and Rh fac-
tors as for age, length of hospital stays
(LoS), or Charlson Comorbidity Index
(CCI), nor we found significant relation-
ships between the ABO groups and
COVID-19 outcomes. A significant relation
was found between AB group and IoC
(p=0.03) while as for the Rh factor, the
patients with Rh factor positive died with
less frequency during the stay (p=0.03).
Cox regression analyses showed substantial
differences in the survival functions con-
cerning the Rh factors.

The Rh factor seems to be involved in
the 180-day prognosis. The survival func-
tions of patients with Rh factor positive
show, in fact, significantly better curves

when compared to those with Rh factor
negative.

Introduction
Since the spread of Coronavirus

Disease 19 (COVID-19) breakthrough in
January 2020, many studies have analyzed
the characteristics of SARS Coronavirus 2
(SARS-CoV-2). The novel coronavirus
associated pneumonia has rapidly become a
clinical concern worldwide because of the
high contagiousness of the virus itself and
as of March 2021, more than 116 million
patients have been found with SARS-CoV-
2 infection confirmed with at least one oro-
and naso-pharyngeal positive swab; the
global mortality rate is about 2.2% world-
wide.

The pathogenesis of the severe form of
COVID-19 is still poorly understood but a
higher mortality rate is strongly associated
with older age and male sex.1,2 Patients usu-
ally presented with 1 or more comorbidities
such as hypertension, diabetes and cardio-
vascular diseases even if it is still not clear
how such illnesses determine the progres-
sion of severe COVID-19.3–5 Clinical man-
ifestations of COVID-19 include fever,
cough, arthralgia, myalgia, asthenia,
headache, upper respiratory tract symptoms
and digestive symptoms (such as nausea,
diarrhea, and vomit). The first presentation
can be, though, very heterogeneous: up to
80% of patients will have mild influenza-
like symptoms, while up to 15% of patients
will outset with a severe form of pneumo-
nia. The acute respiratory distress syndrome
(ARDS) linked to SARS-CoV-2 infection
and consequent to the cytokine storm,
remains the first cause of death in patients
with COVID-19.6

Some researchers have sought for rela-
tionships between this viral infection and
patients’ blood group. Their studies were
based on the fact that some viruses such as
rotavirus, noroviruses, dengue virus,
Norwalk virus and hepatitis B virus showed
with blood group.7–10 Moreover, other stud-
ies on SARS-CoV demonstrated the exis-
tence of a relationship between infection
risk and blood types, suggesting how the
blood group O was somehow protective
against SARS-CoV-1 infection.11,12

A recent multicenter case-control study,
conducted in Italy and Spain on 1980
patients hospitalized with severe COVID-
19, has contributed to detect a susceptibility
locus on chromosome 3 which could
describe involvement of the ABO blood
group system in COVID-19.13

How the blood group interferes with
immune system answers in SARS-CoV-2

infections remains unclear; the main goal of
this study is to examine the existing rela-
tionships between the ABO blood group
system and the Rh factors with the possible
outcomes of patients hospitalized for
COVID-19 including a six-months observa-
tion period since hospital admission.
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Materials and Methods

Study design and subjects’ enroll-
ment

This is a multicenter, retrospective
cohort study. We enrolled 330 adult inpa-
tients (≥18 years old), consecutively hospi-
talized in our two main Hospitals:
Arcispedale “S.Anna” in Cona (Fe) and
“Ospedale del Delta” in Lagosanto (Fe), by
13 June 2020. They were diagnosed with
SARS-CoV-2 infection, determined by at
least one viral RNA detection at oro- and
naso-pharyngeal swab. The 330 patients
had all origins from northern Italy and there
was no consanguinity among them. 

The ABO blood group and the Rh factor
were both determined with the
Type&Screen determination or, if already
determined during previous hospital stays,
they were taken by the electronic registries
of the Blood Transfusion Service. The
observation period did not stop at the time
of hospital dismission but went on (in the
case of survival) until the 180th days since
hospital admission.

We followed STROBE guidelines
(Strenghtening the Reporting of
Observational Studies in Epidemiology) for
reporting observational studies as for the
compilation of this manuscript.

The local Ethics Committee approved
the protocol of this study (code:
520/2020/Oss/AOUFe).

Statistical analysis
Data analyses were performed by using

SPSS 26.0 (IBM SPSS Statistics, IBM
Corporation) software. The normal distribu-
tion of the continuous variables was ana-
lyzed using Kolmogorov-Smirnov and
Shapiro-Wilk tests. Variables not normally
distributed were log-transformed before
entering the parametric statistical analyses.
Categorical variables were summarized by
using frequencies and percentages, and con-
tinuous data were presented as mean± stan-
dard deviation (SD). The Mann-Whitney U
test was used for continuous variables, and
the χ2 test or the Fisher exact test was used
for categorical variables. The Bonferroni
correction for multiple comparisons was
used when necessary. 

The Cox regression analyses were per-
formed for describing the survival curves of
the groups of patients according to the
blood group or to their Rh factor. 

A multivariate logistic regression analy-
sis was performed for evaluating the predic-
tive role of the variables that were found to
be significantly different between groups in
the univariate analyses. All p<0.05 are con-
sidered statistically significant. 

Results
From March 15 to June 13, 2020, 330

patients were hospitalized in our two main
hospitals of Ferrara province dedicated to
COVID inpatients. All of them received a
laboratory diagnosis of SARS-CoV-2 infec-
tion, confirmed by at least one viral RNA
detection at the oro- and naso-pharyngeal
swab.

We determined both their ABO groups
and Rh factors, describing then all demo-
graphic, anamnestic and clinical character-

istics of the inpatients. First, we tried to
check whether statistically significant dif-
ferences between the groups of patients
existed in terms of age, length of stay (days)
and Charlson Comorbidity Index (CCI) cal-
culated for every inpatient: this index is
considered one of the best ways of categori-
zing comorbidities of patients and it was
based on the International Classification of
Diseases (ICD) diagnosis codes found in
administrative data, such as hospital
abstracts data.

The most frequent ABO blood group, in
our cohort of patients, was type A, with a
total of 151 cases (45.8%), 128 patients
were type O (38.8%), 38 type B (11.5%)
and 13 were type AB (3.9%). These num-
bers do not differ from those of Northern
Italy blood group register (Gimema founda-
tion data, https://www.gimema.it/diffu-
sione-dei-gruppi-sanguigni/), where the
most prevalent blood group is A (44%), fol-
lowed by group O (40%), group B (11%)
and group AB (5%).

As for the Rh factor, 286 patients were
Rh-positive (86.7%), while 44 (13.3%)
were Rh-negative and these percentages are
similar to those of our Country (85% for
Rh-positive vs. 15% of Rh-negative,
Gimema foundation data, https://www.
gimema.it/diffusione-dei-gruppi-sanguig-
ni/).  The mean age of the whole population
was 74±16 years and we found no signifi-
cant differences between groups in terms of
age. We analyzed then the length of stay,
LoS, (mean time 21±16 days), finding no
differences between groups for ABO blood
group and Rh factor (Tables 1 and 2).

We searched then for relationships
between the ABO groups and the main out-
comes of SARS-CoV-2 infection
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Table 1. Demographic, anamnestic and clinical data of patients divided for AB0 blood group. 

Blood group    N. (%)           Age            Min-max          LoS           Min-max           CCI       Min-max    P value α    P value b        P value π
(N=330)                        (years ± SD)                     (days ± SD)                        (points)                                                                         

Type O                  128 (38.8)          74±16                   19-96                 22±16                  1-80                 2.3±2.4            0-11                  0.56                  0.84                       0.23
Type A                   151 (45.8)          74±15                   24-97                 21±15                  1-92                 2.0±2.3            0-11                  0.56                  0.84                       0.23
Type B                   38 (11.5)           76±16                   29-97                 20±18                  1-75                 2.7±2.4             0-8                   0.56                  0.84                       0.23
Type AB                  13 (3.9)            79±17                   40-97                 22±20                  6-77                 2.9±2.4             0-8                   0.56                  0.84                       0.23
Total                            330                74±16                   19-97                 21±16                  1-92                 2.3±2.3            0-11                  0.56                  0.84                       0.23
With “LoS” it is meant the duration of hospital stay. “CCI” represents the Charlson Comorbidity index. α=age differences between ABO groups; β=LoS differences between ABO groups; π=CCI differences between
ABO groups.
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Table 2. Demographic, anamnestic and clinical data of patients divided for Rh factor. 

Rh (N=330)     N. (%)          Age            Min-max          LoS           Min-max           CCI       Min-max    P value α    P value b        P value π
                                      (years ± SD)                     (days ± SD)                        (points)                                                                         

+                            286 (86.7)          74±16                   24-97                  22±2                   1-92                 2.2±2.4            0-11                  0.32                  0.16                       0.79
-                               44 (13.3)           76±15                   19-97                  18±2                   2-63                 2.3±2.3             0-9                   0.32                  0.16                       0.79
Total                            330                74±21                   19-97                  21±2                   1-92                 2.3±2.3            0-11                  0.32                  0.16                       0.79
With “LoS” it is meant the duration of hospital stay. “CCI” represents the Charlson Comorbidity index. α=age differences between Rh groups; β=LoS differences between Rh groups; π=CCI differences between
Rh groups.
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(Intensification of Care, In-hospital death,
Six-months mortality): the first statistically
significant relationship was between the AB
group and the IoC (p value=0,03): however,
this could be influenced by the small size of
the sample and of the lack of patients with
AB group who needed an IoC during their
hospital stay. The same analyses were per-
formed for the Rh factor, finding that there
was a significant difference between the
groups of patients, indicating in particular
that the patients with Rh factor negative had
greater in-hospital mortality rates (p=0.03).
No sex-related difference between groups
towards the three disease outcomes chosen

(data not shown). The predictive role by the
Rh factor towards the in-hospital mortality
was investigated through a logistic regres-
sion analysis that showed how the strongest
factor able to predict the death of patients
within the hospital stay was age (OR=1.06;
95% CI 1.04-1.09, p<0.001).

Lastly, we performed COX regression
analyses to analyze whether the four ABO
blood groups and the Rh factors could
somehow determine a difference in terms of
mortality after a period of observation of
180 days. 

In particular, Figure 1 shows the sur-
vival curves of the four different popula-

tions where the ABO group was deter-
mined: in the box a of the Figure 1 there is
no adjustment for any of the patients’ char-
acteristic, while the box b, on the right,
shows the same survival curves adjusted for
age and CCI. No clear differences are evi-
denced by the analysis for ABO blood-
group.

We did the same with the Rh factors
(Figure 2, box a and box b), but in this case
we found an evident difference in the sur-
vival functions of the two groups of
patients: those with Rh factor positive, in
fact, survived longer than the patients with
Rh factor negative, and the results was con-

                             Article

Figure 1. Box a: Cox regression analysis, survival at the 180th day since the first positive viral RNA detection in the four populations
(Group O=blue curve; Group A= red curve; Group B= orange curve; Group AB= green curve). Box b: Cox regression analysis, survival
at the 180th day since the first positive viral RNA detection in the four populations (Group O=blue curve; Group A= red curve; Group
B= orange curve; Group AB= green curve) adjusted for age and CCI (Charlson Comorbidity Index).

Figure 2. Box a: Cox regression analysis, survival at the 180th day since the first positive viral RNA detection in the two populations
(Rh neg= blue curve; Rh pos= red curve). Box b: Cox regression analysis, survival at the 180th day since the first positive viral RNA
detection in the two populations (Rh neg= blue curve; Rh pos= red curve) adjusted for age and CCI (Charlson Comorbidity Index).
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firmed even in the analysis with the adjust-
ment for age and CCI (p value between
groups’ survival functions <0.001).

Discussion
Recently, Ellinghaus et al.13 hypothe-

sized that the ABO blood group system
could somehow determine different out-
comes in the patients with COVID-19. They
detected a novel susceptibility locus at a
chromosome 3p21.31 gene cluster and con-
firmed a potential involvement of the ABO
blood group system in COVID-19. In their
work, group O was found to be somehow
protective towards COVID-19 complica-
tions.

Wu et al.,14 in a recent meta-analysis,
found that blood group A was associated
with a higher risk for acquiring COVID-19,
whereas blood group O was associated with
a lower risk. Zietz et al.,15 in their study on
14,112 individuals tested for SARS-CoV-2
infection, found slightly increased infection
prevalence among non-O types. The risk of
intubation was decreased among A-group
patients and increased among patients with
AB and B groups, compared with type O;
moreover, the risk of death was increased
for type AB and decreased for types A and
B. They also estimated Rh-negative blood
type to have a protective effect for all three
outcomes. Similar results were found by
Zhao et al. in their study of more than 3,500
subjects.16

Several pathophysiological mecha-
nisms have been proposed to explain the
possible association existing between ABO
type and SARS-CoV-2 infection and the
review by Goel et al.17 summarizes them
all: anti-A and/or anti-B antibodies,
expressed in group O patients, would bind
to A and/or B antigens of the viral envelope,
thus preventing from infection. The circu-
lating antibodies would be able, in this case,

to reach the virus even on the cell surfaces
in other districts such as the gastrointestinal
tract. Another possible protective role could
be represented by the S protein of SARS-
CoV-2: it is conceivable that SARS-CoV-2
S protein, and in particular the A antigen of
its surface, could be bound by human anti-
A antibodies, which could consequently
block the interaction between the virus and
the angiotensin-converting enzyme 2 recep-
tor (ACE2R), thereby preventing entry into
the lung epithelium. As for the predisposing
factors towards infection, there would be an
increase in angiotensin-converting enzyme
1 (ACE-1) activity, observed in group A
patients. Similarly, these patients would
experience more coagulation-related car-
diovascular complications because of their
higher levels of VWF and factor VIII.

Other different proposed mechanisms
would involve the ABH glycans on SARS-
CoV-2 S protein surface, able to enhance
binding to ACE2 or, according to other cur-
rents of thought, to serve as alternative
receptors for SARS-CoV-2 itself, favouring
the infection.

However, a multi-institutional, retro-
spective review by Latz et al. on 7,648
symptomatic patients tested for SARS-
CoV-2 infection, showed that there was no
association between ABO blood type and
COVID-19 disease severity (defined as
intubation or death); furthermore, there
were no significant associations between
the blood type and the need for hospitaliza-
tion, the proning requirement while intuba-
ted or for any of the inflammatory markers
reviewed in the study.18

Our experience was limited to the terri-
tory of a province in Northern Italy, Ferrara,
that typically has a high prevalence of eld-
erly subjects. During the first phases of the
pandemic, our territory was characterized
by a small number of cases compared with
the neighboring provinces and several pos-
sible explanations were given, even if the
reason behind this phenomenon is still

unclear.  First, Ferrara is geographically out
of the “Via Emilia”, one of the longest com-
mercial ways of the Northern Italy and this
could partially explain the exiguous number
of total infections of the territory (if com-
pared to the mean number of infections in
Italy), because of the minor interactions
between people during the previous phases
of SARS-CoV-2 diffusion. The old age of
the inhabitants, often guests of retirement
homes, together with the intrinsic predispo-
sition by these patients towards infectious
diseases, could explain instead the high
prevalence of COVID-19 cases in this set-
ting.

An important topic to take into consid-
eration is that Ferrara, together with
Rovigo, that is another neighboring city in
the Po river delta’s area, is historically an
area of former malaria endemic. Apart from
the similarities between COVID-19 and
malaria in the clinical presentation of the
disease19 and in the possible complications
of both illnesses (ARDS, septic shock and
multi-organ failure), it could be interesting
to underline that the spread of SARS-CoV-
2 virus is particularly reduced in malarial
areas.20

Moreover, the province of Ferrara, fla-
gellated in the last centuries until the 1960s
by the malarial epidemic, together with
other Italian areas, was recently studied by
some researchers who tried to understand
why it showed positive rates for COVID-19
far lower than in the rest of the Emilia
Romagna region. 

Some researchers and experts suggested
that this situation could be in part caused by
the micro-climate present in this area, even
if this is still to be confirmed by solid data
and needs to be further investigated.21

We chose as study population the
patients hospitalized between March and
June 2020. First, we searched for differ-
ences in terms of age, length of stay and
Charlson Comorbidity Index between
patients with different groups (Table 1);
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Table 3. Relationships between COVID-19 outcomes (IoC= Intensification of Care. in-hospital death. six-months mortality) and both
AB0 blood group and Rh factors. P values between groups are on the right: α=Intensification of Care vs No Intensification of Care;
β=In-hospital death vs In-hospital survival; Ω=six-months mortality vs six-months survival.

Blood group                   IoC (N=87),               In-hospital death             Six-months mortality            P value α       P value β     P value Ω
(N=330)                                  %                            (N=91), %                          (N=149), %                            

Type O (N=128)                          34 (26.6)                                   34 (26.6)                                           58 (45.3)                                      0.95                       0.74                    0.96
Type A (N=151)                           41 (27.2)                                   37 (24.5)                                           68 (45.0)                                      0.77                       0.25                    0.97
Type B (N=38)                             12 (31.6)                                   15 (39.5)                                           17 (44.7)                                      0.44                       0.08                    0.96
Type AB (N=13)                              0 (0)                                        5 (38.5)                                             6 (46.2)                                       0.03                       0.37                    0.94
Rh (N=330)                                                                                                                                                         
Pos (N=286)                             72 (25.2)                                   73 (25.5)                                          124 (43.4)                                     0.21                       0.03                    0.10
Neg (N=44)                               15 (34.1)                                   18 (40.9)                                           25 (56.8)                                                                        

Rh groups.
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then we considered the Rh factor as the
main variable of the analysis, trying to find
relationships with the clinical and anamnes-
tic characteristic of patients, without any
significant result (Table 2). Finally, we
searched for relationships between the
blood groups and the three COVID-19 main
outcomes (IoC, in-hospital death, six-
months mortality, Table 3), doing the same
with the Rh factors. 

The first statistically significant rela-
tionship found was between the AB blood
group and in-hospital mortality (p=0.03)
but it is clearly affected by the small size of
sample (13 patients). Moreover, no patients
with AB group died or needed an intensifi-
cation of care during the hospital stay, mak-
ing it very difficult to get to any conclusion
about the real role of this blood group in
determining a different outcome for SARS-
CoV-2 infection, as for our cohort of
patients.

The Cox regression analyses performed
for the four blood groups confirmed that
there were no substantial differences in
terms of mortality within an observation
period of 180 days, even when an adjust-
ment for age and CCI was made (Figure 1,
box a and b).

The second statistically significant rela-
tionship concerned the differences between
the groups of patients with Rh factor posi-
tive and negative in terms of in-hospital
mortality rate: in particular, those with Rh
factor negative seemed to have worse out-
comes within the hospital stay (40.9% vs.
25.5%, p=0.03). This aspect was more evi-
dent in the survival curves performed
through the Cox regression analyses that
showed how the patients with Rh factor
positive had better outcomes within 180
days, also in the case of adjustment for age
and CCI (Figure 2, box a and b, p <0.001). 

Our data would partially agree with the
study by Ray et al.22 on more than 220,000
patients from Canada; these researchers
found that the adjusted relative risk for
severe COVID-19 in patients with Rh factor
negative was 0.82 (95% CI, 0.68-0.96).
However, differently from this population-
based cohort study we did not find any sig-
nificant relationship with ABO group. A
possible explanation of this could be found

in the relatively small dimensions of the
sample under examination. It is possible, in
fact, that the extension of the analyses to a
greater number of subjects would have
improved the significance of the results
concerning the ABO blood groups systems,
as it happened for the other studies cited
above.

The only multivariate analysis
performed, concerned the Rh factor of
patients that was found to be significantly
different between the groups of patients
survived or dead within the hospital stay.
The variables chosen for the analysis were
age, sex and CCI, together with the Rh
factor and we found age to be the strongest
factor able to determine the in-hospital stay
was age, as now all the studies about
COVID-19 have shown.

Apart from the small size of the sample,
this work has all the limitations of retro-
spective studies and, above all, it was not
possible to perform any kind of genetic
analysis that could allow us to get to differ-
ent conclusions. Moreover, we could not
collect the data about the subjects with
SARS-CoV-2 infection who were not hospi-
talized, so that we could only count on the
data of the inpatients. To partially overcome
the limit of the small size of the sample, we
decided in fact to extend the period of
observation to six months, differently from
most studies that have shorter follow-up
time periods, often because of the difficul-
ties in collecting data from patients after
hospital dismission.

Many aspects of SARS-CoV-2 infection
are still far to be fully understood and,
among them, the relationship between
blood groups is probably among the most
interesting ones. It is still unclear whether a
strong genetic predisposition to COVID-19
exists, and it is still to be defined whether a
particular blood group or the positivity of
the Rh factor could substantially affect the
disease outcomes.

We believe that studies like ours, espe-
cially with long observation periods, can
give a better point of view towards all the
COVID-19 outcomes.

Conclusions
In our cohort study, we found no rele-

vant relationships were found for ABO
blood group system towards different
COVID-19 outcomes such as the intensifi-
cation of care, the in-hospital death or the
180-day mortality rate. On the contrary, the
Rh factor seems to be involved in determin-
ing the prognosis of COVID inpatients
within 180 days and our analyses showed
that the patients with Rh factor positive
have better survival functions. 
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