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Abstract

Background: Since the beginning of COVID-19 pandemic, many associated factors have been investigated to clarify the sus-
ceptibility and severity among the affected individuals. Biological markers can play an important role in identification of individ-
ual susceptibility to such pandemic. Growing evidence suggest the influence of different blood group systems on susceptibility
to COVID-19 virus, with a particular blood type conferring selection advantage.

Objectives: The study aimed to determine the association of ABO, Rhesus (D) and P1 blood groups with COVID-19 suscep-
tibility in Taif city, Western Saudi Arabia.

Methods: ABO, D and P1 blood antigens were determined in 104 blood samples of COVID-19 patients versus 100 control
samples using either automated immunohematology analyser or test tube method. Statistical differences between patients and
control samples were calculated based on p-value where results of < 0.05 were considered significant.

Results: O+ve blood group constituted the predominant type among the studied samples. Determination of P1 antigen showed
significant association where Anti-P1 was positive in 76.9% of patients compared to 61.0% of controls with a P value of 0.01
conferring the susceptibility of P1+ve patients to COVID-19.

Conclusion: Although our study showed no significant association between ABO and D, and susceptibility to COVID-19, there
was a significant association between P1+ve and COVID-19. P1+ve participants were 2.131 times more associated with the risk
of COVID-19 infection than those with Anti P1-ve. Thus, P1 antigen can be used as a biological marker for identification of
individuals susceptibility to COVID-19. It is strongly advised that such individuals should consider extra protective measures.
Further studies on other contributing factors should also be considered for more scientific clarity.
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SARS-CoV-2 infection, causing the new infectious dis-
ease known as COVID-19 has become a major health is-
sue worldwide as the World Health Organization (WHO)
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of finding rapid biological markers for predicting individ-
ual susceptibility to COVID-19 infection. Our knowledge
about different blood groups’ system can be utilized sci-
entifically as predictive markers.

ABO and Rhesus (D) blood group antigens play an im-
portant role in transfusion safety, and disease exposures’.
The most important blood group system in humans is
the ABO blood group which comprises of 4 blood types,
namely, A, AB, B, and O. The second most important
blood group in humans is the Rh blood group, which has
49 antigens®. One of the most important is the D antigen
and the Rh (D) status of an individual is usually indicated
with a positive (+) or negative (—) suffix after the ABO
type. It has been reported that there is a potential asso-
ciation between ABO phenotypes and an increased risk
for disease susceptibility™’. The frequencies of blood an-
tigen groups (ABO and Rh) phenotypes are considerably
varied among the populations®. This observation made
the scientists to raise the question of their role in indi-
vidual susceptibility to various diseases including infec-
tious and non-infectious diseases. One of the first proven
association of blood group polymorphism with disease
sensitivity was between blood group O and peptic ulcer-
ation’. In addition, several reports have investigated the
relationship between ABO blood groups and infectious
diseases, particularly viral infections”™"". For example, the
association between ABO blood group and the develop-
ment of severe acute respiratory syndrome coronavirus
(SARS-CoV1) infection was previously investigated in
China suggesting that O blood group was considered as a
protective factor against SARS-CoV1 infection compared
to non O blood group®. A previous study has also report-
ed blood groups association with the severity of dengue
viral infection. It was noticed that blood group AB pa-
tients were more susceptible to have dengue hemorrhagic
fever’. Despite of the few numbers of diseases that were
associated with Rh phenotypes compared to ABO, Rh
factor is known to be essential in blood type compatibility
and immune response’.

The association of SARS-CoV1 with ABO blood group
directed towards the possibility of a similar susceptibili-
ty to the novel coronavirus SARS-CoV-2, which was ex-
plored by numerous researchers in the last 2 years. Several
epidemiological and clinical studies provided growing ev-
idence on the substantial role the ABO blood groups play
in the immunopathogenesis of COVID-19. These in-
clude small observational studies to GWS (Genome wide
association) which indicated the blood group O played a
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protective role, whereas blood group A conferred a high-
er risk COVID-19 susceptibility'*".

Many other blood group systems have been listed by
the International Society of Blood Transfusion involv-
ing over 379 antigens'’. P blood group is considered one
of the carbohydrate blood systems, having similar basic
structure as ABO blood group system, known as ABO-
like system. P1 is the most common phenotype having
up to 90% of individual possessing P1 antigen on their
red cells that can act as a receptor for several pathogens
and toxins'®. Consequently, it can be considered as a po-
tential biological marker for predicting susceptibility to
infectious diseases. With the several challenges posed by
COVID-19 to the clinicians, the identification of poten-
tial biomarkers would provide crucial information that
would aid in the timely diagnosis, confirmation of disease
severity, identifying high risk individuals, predicting out-
comes, patient care, etc.'”. The identification of biological
markers including ABO, D and P1 blood groups for pre-
dicting high risk individuals to COVID-19 through sim-
ple and rapid tests is important. It can provide a vital role
in maintaining current cases under control. Furthermore,
numerous recent reports have shown the association
of ABO blood type with risk of COVID-19 illness®*.
Therefore, the main aim of this study was to identify the
association of ABO, Rh and P1 blood groups with the
COVID-19 infection to determine if these blood anti-
gens can be used as biological markers for predicting the
susceptibility of individuals to the COVID-19 infection.

Methods

Study design and Sample Collection

This is a cross sectional study that was conducted be-
tween September and November 2020. A total of 104
and 100 blood samples were retrieved from the database
of patients with COVID-19 and healthy individuals re-
spectively in King Faisal Medical Complex at Taif city,
Western Saudi Arabia. There were no eligibility criteria,
except being positive for COVID-19. The ethical approv-
al was obtained from the directorate of health affairs —
Taif with IRB number HAP-02-T-067.

Inclusion and Exclusion Criteria

Adult healthy individuals and patients diagnosed with
COVID-19 were approached by filling an electronic form
containing purpose and the importance of the study as
well as the type of samples to be taken. For the COVID-19
patients, inclusion criteria included confirmed infection

African Health Sciences, Vol 22 Issue 4, December, 2022



with the virus while for the control group, no previous
infection with the COVID-19 virus. Normal individuals
and infected patients not consented were excluded from
the study

Phenotypic identification of ABO, D and P1 blood
antigens

Determination of the RBCs antigens was performed
using various serologic methods (i.e., antibodies against
ABO, D and P1 specific antigens). The “phenotype” of
any blood group refers to which antigens are detectable
on the RBCs.

The recruited samples were analysed for ABO and D
antigens using automated immunohematology analyser
(Autovue blood group analyser, Switzerland). For P1 an-
tigen detection, single antigen testing method was utilized
using Bio-Rad DiClon® Anti-P1 blood group reagent
and its identification was performed following test tube
technique in accordance with manufacture's instruction
for presence or absence of the P1 antigen (Hemagglu-
tination). P1 phenotype was selected since it is the most
common phenotype among others.

Diagnosis of COVID-19

Real-Time Reverse Transcriptase Polymerase-Chain-Re-
action method was utilized using Logix Smart™ Coro-
navirus Disease 2019 (COVID-19) Kit and performed
on nasal and pharyngeal swab specimens from suspected
patients. The process of confirmation included 3 stages:
sample preparation, reverse transcription, and the poly-
merase chain reaction with real-time monitoring, All steps
were followed as per company’s instructions.
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Data analysis

All data were analysed using Microsoft excel and the sta-
tistical analysis for all data was performed using the IBM
SPSS® software for Windows, version 23 (IBM SPSS,
IBM Corp., Armonk, N.Y., USA). The results were pre-
sented as percentage number (%) and analyzed by the
software IBM SPSS® Statistics. The Chi Square test was
used to compare patients and control. Cross tabulation
between groups and risk factor was performed followed
by calculating the Odd's ratio and 95% confidence inter-
val (CI). P-value of <0.05 were considered statistically sig-
nificant.

Results

Distribution of ABO blood groups among study
participants

The blood groups in COVID-19 patients and control are
shown in figure 1. The percentage of both positive and
negative blood types O, A, B, and AB were 48%, 30%,
12%, and 10%, respectively in the Control group, while
among the COVID-19 group the percentages were 57.7%,
23.1%, 14.4%, and 4.8%, respectively. In the control, the
blood groups of participants were mainly composed of
O positive (45.0%), then A positive (28.0%), B positive
(11.0%), AB positive (9.0%), O negative (3.0%), A neg-
ative (2.0%) and lastly B negative (1.0%) and AB nega-
tive (1.0%). While, In the COVID-19 patients, the blood
groups of participants were mostly O positive (51.9%),
then A positive (22.1%), B positive (11.5%), O negative
(5.8%), AB positive (3.8%), B negative (2.9%) and lastly
A negative (1.0%) and AB negative (1.0%).

Overall, if we looked at the percentage of individuals
in our study with different blood groups infected with
COVID-19, then we found O+ve individuals (51.9%)
to have the highest risk of infection than other blood

groups.
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Figure 1. The distribution of Blood groups among the study participants. Values are expressed as number (%0).

The association of ABO Rh and P1 antigens to the
COVID-19 susceptibility

The Rh factor was positive in 89.4% of COVID-19 pa-
tients and in 93.0% of controls with insignificant differ-
ence between them (P =0.258). The odds ratio, though

not significant (P =0.258) suggested that the odds of
being infected with COVID-19 was 1.571 times more if
the patient is Rh positive than being Rh negative (Table
1). The Rh factor was positive in 89.4% of COVID-19
patients and in 93.0% of controls with insignificant dif-
ference between them (P =0.258).

Table (1): Odd's ratio of Rhesus (Rh) factors in patients and control.

Rh Factor Control COVID- P value | Odd's | 95% Confidence
(n=100) 19 patients ratio | interval (CI)
(n=104)
Rh negative | 7 (7.0%) 11 (10.6%) ] 0.258 1.571 | 0.584 - 4.230
Rh positive | 93 (93.0%) | 93 (89.4%)

Values are expressed as number (%0). Significance between patients
and controls was calculated using Chi-Square test.

The Anti-P1 antigen was positive in 76.9% of COVID-19
patients and 61.0% of controls with significant difference
between them (P =0.010). With a 95% CI (1.16-3.91),
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the odds ratio significantly (P =0.010) suggested that the
odds of being infected with COVID-19 was 2.131 times
more if the patient is positive for Anti-P1 antigen (Table

2).
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Table (2): Odd's ratio of Anti-P1 factors in patients and control.

Anti P1 Control | COVID- P value | Odd's 95% Confidence
(n=100) |19 patients ratio interval (CI)
(n= 104)
Negative 39 24 (23.1%) | 0.010 2.131 1.160 - 3.914
(39.0%)
Positive 61 80 (76.9%)
(61.0%)

Values are expressed as number (%). Significance between patients
and controls was calculated using Chi-Square test.

Blood group AB was found in 4.8% and 10.0% of
COVID-19 patients and controls respectively, with insig-
nificant difference between them (P = 0.12). This indi-
cates that individuals with blood group AB may have the
least low risk of infection with COVID 19 than other
individuals with other blood groups (Odd's ratio 0.455,
95% CI: 0.15-1.38) as shown in (Table 3). Similarly, blood
group A was found in 23.1% and 30.0% of COVID-19
patients and controls respectively, with insignificant dif-
ference between them (P =0.168). Participants with blood
group A had a lower risk of developing an infection with
COVID-19 than individuals of blood group AB and oth-
ers (Odd's ratio 0.700, 95% CI: 0.375-1.308). Blood group

B was found in 14.4% and 12.0% of COVID-19 patients
and controls respectively with insignificant difference be-
tween them (P = 0.38). It can be inferred that individuals
with blood group B showed a higher risk of infection
with COVID 19 than those with other blood groups
(Odd's ratio 1.236, 95% CI: 0.547-2.790). Furthermore,
we found that blood group O was found in 57.7% and
48.0% of COVID-19 patients and controls respectively,
with insignificant difference between them (P =0.100).
Interestingly, individuals with blood group O may have
the highest risk of infection with COVID-19 among all
other groups (Odd's ratio 1.477, 95% CI: 0.850-2.567) as
shown in (Table 3).

Table (3): Odd's ratio of ABO blood groups in patients and control.

ABO Control COVID- P value | Odd's | 95% Confidence
blood (n=100) 19 patients ratio interval (CI)
group (n=104)

Group AB

Negative 90 (90.0%) | 99 (95.2%) 0.124 0.455 0.150 - 1.380
Positive 10 (10.0%) | 5 (4.8%)

Group A

Negative 70 (70.0%) | 80 (76.9%) 0.168 0.700 0.375-1.308
Positive 30 (30.0%) | 24 (23.1%)

Group B

Negative 88 (88.0%) | 89 (85.6%) 0.381 1.236 0.547 - 2.790
Positive 12 (12.0%) | 15 (14.4%)

Group O

Negative 52 (52.0%) | 44 (42.3%) 0.106 1.477 0.850 - 2.567
Positive 48 (48.0%) | 60 (57.7%)

Values are expressed as number (%). Significance between patients
and controls was calculated using Chi-Square test.
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Discussion

With the World Health Organization (WHO) declaring
the novel coronavirus SARS-CoV-2 infection outbreak a
global pandemic, there is an urgent need for identifying
rapid biological markers for predicting individuals’ sus-
ceptibility to COVID-19 infection. The human blood
grouping system has been widely explored and used as
a first line of diagnostic biomarker for various infectious
and non-infectious diseases in clinical setup’™!*.

This study aimed to determine if there is an association
between ABO, Rhesus (D) and P1 blood group blood type
with the susceptibility of COVID-19 in Taif city, Western
Saudi Arabia. We analysed a total of 104 COVID-19 pa-
tients’ blood samples and 100 healthy control blood sam-
ples from King Faisal Medical Complex at Taif city. We
found that the major prevalent blood group phenotype
among the study participants was the blood type group
O contributing to 57.7% of COVID-19 patient samples
and 48% for healthy controls. Similar other studies have
rather identified blood group A to be significantly more
frequent than O blood group among COVID-19 patients
as compared to control®. In another study, blood group
O had the lowest prevalence of disease positivity and
blood type A had a lower frequency than blood types B
and AB"™.

Further, we looked at the association between Rhesus (D)
blood group on the susceptibility to COVID-19 infec-
tion and identified 89.4% of COVID-19 patients being
Rh positive as compared to 93.0% of control sample, but
the Rh negative and positive status did not have signifi-
cant predictive effects on the susceptibility to COVID-19
(P =0.258). The study by Goker et al”, showed similar
non-significant results for their analysis on the effect of
Rh type on the clinical outcomes of COVID-19 patients.
Other similar study has reported that Rh+ types were as-
sociated with a high risk for COVID-19 infection (15)
This same study has also shown that individuals with B
blood type were considerably at high risk to develop a
severe illness of COVID-19".

To further elucidate the association of other clinical im-
portant blood groups with COVID-19 our study revealed
that the presence of P1 antigen may influence the suscep-
tibility risk of COVID-19 infection. This was one of the
most significant and interesting finding from our study
where we found significant association of positive An-
ti-P1 antigen (P =0.010), with COVID-19. We identified
that 76.9% of COVID-19 patients were positive for An-

531

ti-P1 antigen as compared with 61.0% of controls. This
indicated that being infected with COVID-19 was more
likely if the patient is positive for Anti-P1 antigen. Our
findings showed that Anti-P1 positive participants had
2.13 times increase risk of COVID-19 infection with 95%
CI (1.160-3.914). P1 antigen is commonly expressed on
RBC and can act as receptors for several pathogens and
toxins'®. Previous studies showed that P1 antigen may fa-
cilitate bacterial and viral adhesion causing agglutination
of RBCs*. In a previous attempt to characterize the
adhesion specificity of Streptococcus suis, it was found
that the bacteria agglutinate best among P blood group
erythrocytes indicating a preference binding specificity *.
Similarly, Pseudomonas aernginosa lectin 1 displayed high af-
finity to Pk and P1 antigens causing chronic lung diseases
with fatal consequences®”. The association between viral
infections and P blood group system has been studied
before and Brown et al was the first to report a preference
binding of parvovirus B19 to RBCs with P antigen®. Our
work showed similar finding in term of positivity to P1
blood group and this P1+ve association with COVID-19
susceptibility appears to be a novel finding, at least in the
Saudi Arabia region and warrants further investigation.

We further investigated the association of four different
ABO blood groups in COVID-19 patients and control.
In this cross-sectional study for Taif city, Western Saudi
Arabia we failed to find any significant association be-
tween ABO blood type and COVID-19 infection sus-
ceptibility. Though several publications have indicated a
role of ABO blood typing in COVID-19 acquisition and
severity, this was not the case for us and similar other
studies™®!. A recent study performed by Zhao et al has
examined the relationship between the ABO blood group
and the COVID-19 risk in Wuhan and Shenzhen, China.
It was found that individuals with blood group A showed
a higher susceptibility risk for COVID-19 compared to
non-A blood groups. On the other hand, individuals with
blood group O had a lower risk for the infection com-
pated to non-O blood groups®. The results of Zhao et al
agreed with the meta-analysis study conducted in Italy and
Spain, which also reported a higher risk of COVID-19
among blood group A with a reduced risk of infection
among the blood group O individuals®. In contrast, our
data showed that participants of blood group AB, A and
B were at lower risk of infection with COVID-19 com-
pared to blood group O which forms the highest suscep-
tibility risk for COVID-19 infection. The discrepancy in
the susceptibility of individuals to COVID-19 with regard
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to blood groups between the previous mentioned stud-
ies remains unclear and inconsistent. However, it can be
inferred that susceptibility to COVID-19 infection may
depend on ethnic and geographical location where the
commonest blood group type in a specific region showed
a predominance of susceptibility to COVID-19 infection.
For example, the study of Zhao e a/*’ where blood group
A showed a higher susceptibility risk for COVID-19 in
China is in consistent with a former study that investigat-
ed the ABO blood groups distribution among nine ethnic
groups in China where blood group type A comprised
the major prevalent type followed by B, O and AB blood
groups™ and thus blood group A individuals are more sus-
ceptible to COVID-19. Another recent multi-institutional
study performed in the state of Massachusetts, the United
States of America supports our notion. It has been found
that among the 1289 patients who tested positive, 440
(34.2%) were blood type A, 201 (15.6%) were blood type
B, 61 (4.7%) were blood type AB, and 587 (45.5%) were
blood type O. Although the study concluded that blood
type O was less likely to test positive for COVID-19, the
distribution of infected patients showed high percentage
of blood group O . This agrees with the prevalence of
ABO blood group types in US population where blood
group O comprises the most common type’. In addition,
limitation factors of such studies should be carefully con-
sidered when interpreting the association of ABO blood
groups with susceptibility to COVID-19. This was evi-
denced by a retrospective cohort analysis on Danish in-
dividuals who tested positive for COVID-19 claiming a
reduced prevalence of COVID-19 in ABO blood group
O. The study has mentioned several limitations including
availability of ABO blood group information that have
been determined for only 62% of all tested individuals
and more importantly blood group distributions varied
among ethnic subgroups with different susceptibility for
infection®. Another study petformed in Peshawar region,
Pakistan found a significant association between blood
types B and AB and susceptibility to COVID-19 where
there was no association between blood groups A and O
with COVID-19. The study concluded that this variation
may be related and relayed on genetic clustering of sus-
ceptible loci that may vary among different ethnicities* .
It is important to mention the limitation of our study
which includes the number of samples obtained from
a single center. This is not unusual since other studies
performed on the same topic from other countries have

similar limitation!>*.
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Conclusion

The current study indicates that P1 antigens may have
a potential role on the COVID-19 disease susceptibility;
however, the exact mechanism by which these molecules
confer sensitivity or protection still requires further inves-
tigations. Therefore, it is highly recommended to carry out
further analysis to elucidate the underlying mechanisms.
Also, given the lack of association between the ABO sub-
type and Rh blood group indicated by us and some other
groups, the ABO blood typing should not currently be
considered as a prognostic biomarker in those who ac-
quire the disease. Prospective larger multicentre studies
are required in order to elucidate further the role of ABO
blood typing in COVID-19 susceptibility.
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