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ABSTRACT

Introduction: Several studies have examined risk factors for COVID-19, and there have been conflicting results
regarding whether blood type influences the risk of COVID-19. Therefore, this study aimed to determine the
association between the ABO blood group system and the severity of COVID-19 in the West Bank of Palestine.
Methods: A case-control study design was used, consisting of 169 cases and 169 controls who had undergone
COVID-19 PCR testing in March 2021 in the West Bank, stratified according to their test results. A self-
administered questionnaire in Arabic was used, which included the following parts: socio-demographic data,
smoking status, seasonal flu, medical history of COVID-19, and the experience of COVID-19 cases. Both
descriptive and analytical analyses were carried out. Binary logistic regression (Enter model) was used in the
multivariate analysis to demonstrate the odds ratio.

Results: The study included 338 participants (169 cases and 169 controls) with a 95% response rate. Among the
participants, 46.4% lived in the northern region (Nablus, Jenin, Qalqilya, Salfit, Tubas, Tulkarm). Blood group B was
found to be more protective against COVID-19 than blood group A (AOR=0.40, C1=0.223-0.718). Blood group AB
was also more protective against COVID-19 than blood group A (P < 0.05, AOR=0.316, C1=0.143-0.698). There was
no statistically significant difference between blood group A and blood group O concerning the severity of symptoms
or the composite outcomes of COVID-19.

Conclusion: There is an association between the ABO blood group and the risk of COVID-19. Nonetheless, the
precise mechanism and severity of the effect vary, necessitating further investigation through larger and more

intensively controlled studies.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a pandemic
respiratory infection caused by a novel coronavirus known as
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) [1]. On March 11, 2020, the World Health
Organization (WHO) declared COVID-19 a pandemic. This
extremely infectious virus can be asymptomatic or present with
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mild to severe symptoms, and it may be life-threatening to
high-risk individuals such as the elderly, patients with
immunosuppression, and those with underlying medical
conditions such as cardiovascular disease and cancer [2]. The
virus is transmitted from person to person among both
symptomatic and asymptomatic individuals [3].

Researchers have explored the mechanisms of viral entry
into human hosts via endocytosis, histo-blood group antigen,
cell surface receptors, and acetylcholine receptors in respiratory
diseases. There is documented evidence of auto-antigenicity
and hematological problems, such as the agglutination of red
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blood cells by the serum from infected individuals [4]. In 1901,
Karl Landsteiner discovered the ABO blood group system,
which encouraged researchers to investigate the connection
between the ABO blood group system and various diseases. It
has been suggested that many bacterial and viral infections,
such as Helicobacter pylori, norovirus, hepatitis B virus, and
severe acute respiratory syndrome coronavirus (SARS-CoV),
are associated with the ABO blood group system [5].

Moreover, understanding the link between illnesses that
have resulted in pandemics and blood types might be a helpful
risk factor for predicting outcomes and developing effective
strategies to combat disease transmission in relation to blood
group distributions [6]. There are significant uncertainties
regarding blood type and MERS infection during the severe
acute respiratory syndrome coronavirus (SARS-CoV) episode
that began in late 2002, along with risk factors that may
exacerbate disease severity and progression [7]. This has often
led to increased symptom severity and raised more questions
than answers regarding susceptibility to COVID-19, which has
recently been linked to ABO blood groups in patients [7].

This study aimed to assess the association between blood
group and the severity of COVID-19 in Palestine.

METHODOLOGY

Sampling method

The study was conducted across all governorates in the
West Bank that had tested for COVID-19 from March 1,
2021, to March 31, 2021 (Bethlehem, Hebron, Jericho,
Ramallah, Nablus, Jenin, Qalqgilya, Salfit, Tubas, Tulkarm,
and Jerusalem) using a case-control study design and
stratified systematic sampling method. There is an
electronic Excel sheet program called the District Health
Information System for COVID-19 (DHIS), which is used
by all health directorates to enter the contact information
of patients conducting PCR tests along with the test results.

First, the researcher obtained the electronic Excel sheet
file for all governorates of the West Bank from the
Palestinian Ministry of Health. Then, the data were
stratified according to their COVID-19 PCR results into
two groups: the first stratum was positive, and the second
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stratum was negative. After that, the researcher
systematically selected the patients from each stratum
using a kth interval by dividing the entire population size
by the desired sample size [8].

The following operational definitions were enrolled in
the study:

The Risk: The susceptibility to have positive result of
COVID-19 PCR.

The severity of symptoms: They are categorized into:
(Mild, Moderate, Severe, and Critical illness) which
defined according to WHO as the following:

Mild symptoms: These include low-grade fever (not
more than 100 degrees Fahrenheit), cough, sore throat,
malaise, headache, muscle pain, congestion or runny nose,
loss of taste or smell, and diarrhea without shortness of
breath (9).

Moderate symptoms: A patient might start to show
evidence of lower respiratory disease, fever of about 101-
102 degrees Fahrenheit, and chills with repeated shaking,
but they still have good oxygenation on room air in
addition to any of the mild symptoms [9].

Severe symptoms: These include shortness of breath
(generally breathing quickly over 30 times a minute), chest
discomfort, confusion/unresponsiveness and oxygenation
level is less than 94%, and which generally means that the
patient needs supplemental oxygen [9].

Critical illness: These include the signs of respiratory
failure and the need for a breathing machine and patients
may experience other organ dysfunction and shock which
require to intensive care unit (9).

COVID-19 outcomes: They are categorized into:
(Require mechanical ventilation, Admission to intensive
care unit, Complications post COVID-19).

Inclusion Criteria

Cases were defined by the final nasal or pharyngeal
swab is a positive result, only alive patients were selected,
have contact information at the Ministry of Health register
file as the phone number, know their ABO Blood group
and have signs and symptoms.
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The controls who have tested negative result for the
COVID-19 PCR from the health electronic data from
1/3/2021 until 31/3/2021. As it should be the final nasal or
pharyngeal swab is a negative result, only alive patients
were selected, have contact information at the Ministry of
Health register file as the phone number, know their ABO
Blood group and not infected with COVID-19 previously.

Exclusion Criteria

The selected controls were excluded if they had a
positive result before the last one, refused to participate in
the study, or did not know their ABO blood group. The
selected cases were excluded if they were asymptomatic,
had died, were in critical condition and unable to answer
the questionnaire, did not know their ABO blood group, or
refused to participate in the study. In our study, 9 cases and
9 controls were excluded because 13 subjects did not know
their blood group and 5 refused to participate.

Sample size determination

The sample size for the case-control study was
determined with 95% confidence. The association between
the ABO blood group and COVID-19 has 80% power and an
estimated odds ratio of 2.0, with a case-control ratio of 1:1. A
hypothetical assumption of risk (20%) was applied to the
control group, as stated in the literature for a similar study
conducted in Saudi Arabia. The distribution of blood groups
between Saudi Arabia and Palestine is similar, with the most
prevalent blood groups being A and O [10]. This generated a
total sample size of 372 for the study. 34 pairs of cases and
controls were excluded: 16 for the piloting study and 18
because they did not meet the selection criteria, resulting in a
total sample size of 338.

Data Collection Procedure

Data collection took place between March 25, 2021, and
April 25, 2021. The health electronic files available for those
with a positive or negative PCR test were used, and
participants were contacted via phone for about ten minutes.
Those who were unable to answer the questions by phone
were interviewed in their hospitals or COVID-19 centers if
possible.

Study Instrument

A questionnaire in Arabic was modified and developed
based on the study's aim and objectives and its conceptual
framework. The smoking status section was adopted from
the WHO Stepwise questionnaire with  minor
modifications to align with the study factors. It consisted
of the following parts: socio-demographic data, smoking
status, seasonal flu, medical history of PCR COVID-19,
and the experience of COVID-19 cases. The questionnaire
took approximately 10 minutes to complete.

Pilot study of the questionnaire

The questionnaire was validated and piloted after its
development. The pilot study involved 16 COVID-19
patients and was validated by 8 experts in epidemiology,
scientific research, and public health. The reliability for
different sections ranged between 72.0 and 92.0.

Data Analysis

Both analytical and descriptive analyses were
performed. Descriptive statistics were used to display
frequencies and percentages for categorical variables, as
well as means and standard deviations for continuous
variables. The Chi-square test and multivariate analysis
utilized binary logistic regression (Enter Model). Our
primary measure of association was the Adjusted Odds
Ratios (AORs) with 95% confidence intervals (95% ClI).
P-values less than 0.05 were considered significant.

Ethical consideration

Ethical approval was obtained from the Al Quds
University Ethical Research Committee (REC). Additional
ethical approval and consent to conduct the study were
obtained from the Palestinian Ministry of Health. The consent
form was signed by the participants.

RESULTS

Our study comprised 338 participants (169 cases and
169 controls) with a 95% response rate. Most of our
participants (46.4%) were living in the northern region
(Nablus, Jenin, Qalgilya, Salfit, Tubas, Tulkarm), and
60.7% were married. The mean age was 38 years (the
youngest was 14 years old, and the oldest was 84 years).
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Most participants' blood group was "O" (37.9%), followed
by "A" (36.7%); 13.6% had blood group "B," and 11.8%
had blood group "AB." Regarding the rhesus factor (RH),
the majority of participants were RH positive (80.2%),
while 19.8% were RH negative. Univariate analysis
revealed no statistically significant difference between the
cases and controls according to sociodemographic
characteristics except for the blood group (P.value <0.05),
as shown in Table 1.

ABO Blood group and the severity of COVID-19

The study revealed no significant difference between
the ABO blood group and the severity of symptoms or the
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duration of symptoms. Additionally, the results showed no
association between the ABO blood group and the
outcome of COVID-19 (P > 0.05), as shown in Table 2.

Multivariate analysis

Multivariate analysis showed significant differences
between blood group "A" and other blood groups. Based
on AOR and Cl, the results showed that blood group "B"
is more protective against COVID-19 (AOR= 0.40, Cl=
0.223-0.27). There was also a significant difference
between blood groups "A" and "AB," with "AB" being
more protective against COVID-19 by 31.6% (P <0.05,
AOR=0.316, Cl=0.143-0.698).

Table 1: Univariate analysis for cases and controls according to their characteristics

Variables Cases (N%) | Controls (N%) | P value

Sex Male 86 (50.9%) | 88 (52.1%) 0.828
Female 83 (49.1%) | 81 (47.9%)

Area of residence Northern West Bank** 78 (46.2%) 79 (46.7%) 0.991
Southern West Bank*** | 48 (28.4%) 48 (28.4%)
Middle West Bank**** | 43 (25.4%) 42 (42.9%)

Blood group A 72 (42.6%) 52 (30.8%) 0.019*
B 27 (16%) 19 (11.2%)
AB 19 (11.2%) 21 (12.4%)
@) 51 (30.2%) 77 (45.6%)

Rhesus factor Positive 137 (81.1%) 134 (79.3%) 0.682
Negative 32 (18.9%) 35 (20.7%)

Body Mass Index <18 Underweight 6 (3.6%) 3 (1.8%) 0.739
18-24.9 Normal 74 (43.8%) 72 (42.6%)
25-29.9 Overweight 55 (32.5%) 56 (33.1%)
>30 Obesity 34 (20.1%) 38 (22.5%)

Marital status Single 51 (30.2%) 63 (37.3%) 0.343
Married 109 (64.5%) 96 (56.8%)
Divorced or widowed 9 (5.3%) 10 (5.9%)

Occupation Health Worker 12 (7.1%) 21 (12.4%) 0.132
Non-Health employee 82 (48.5%) 87 (51.5%)
Unemployed 75 (4.4%) 61 (36.1%)

Chronic Diseases Yes 37 (21.9%) 36 (21.3%) 0.895
No 132 (78.1%) 133 (78.7%)

Smoking status

Smoking Yes 50(29.6%) 75(44.4%) 0.005
No 119(70.4%) 94(55.6%)

Current smoker Yes 47(27.8%) 65(38.5%) 0.038
No 122(72.2%) 104(61.5%)

Age of smoking initiation < 18 years 26(15.4%) 40(23.7%) 0.019
> 18 years 24(14.2%) 35(20.7%)

Flu Vaccination

In past years, did you Yes 39(23.1%) 58(34.3%) 0.022

get the flu vaccination? No 130(76.9%) 111(65.7%)

COVID-19 PCR test

How many times have you done this test? < 3times 118(69.8%) 91(53.8%) 0.003
> 3 times 51(30.2%) 78(46.2%)

In the last Test, was there a need for a re-test? | Yes 29(17.2%) 55(32.5%) 0.001
No 140(82.8%) 114(67.5%)

*Significant value (P<0.05), **Northern West Bank: Nablus, Jenin, Qalgilya, Salfeet, Tubas, Tulkarem, ***Southern
West Bank: Bethlehem, Hebron, ****Middle West Bank: Ramallah, Jericho, Jerusalem

- 374 -



Jordan Journal of Pharmaceutical Sciences, Volume 17, No. 2, 2024

Table2: Severity of COVID-19 among cases in Palestine

Variables A B AB 0] P. Value
Severity of Symptoms Mild* 36 (29.0%)| 15(32.6%) 11(27.5%) 28(21.9%)|0.317
Moderate** | 15(12.1%)| 3(6.5%) | 3(7.5%) |14(10.9%)
Severe*** | 5(4.0%) | 3(6.5%) | 0(0.0%) | 4(3.1%)
Critical*** | 12(9.7%) | 6(13.0%) | 5(12.5%) | 6(4.7%)
The duration of symptoms (days) <7days |21(16.9%)| 8(17.4%) | 4(10.0%) [16(12.5%)(0.154
>7 days |50(40.3%)|19(41.3%)| 16(40.0%)| 36(28.1%)
Oxygen therapy 17 (13.7%)| 9(19.6%) | 5(12.5%) | 9(7.0%) 0.117
Mechanical Ventilation 9(7.3%) | 6(13.0%)| 3(7.5%) | 4(3.1%) 0.121
Duration on Mechanical < 7days 1(0.8%) | 2(4.3%) | 0(0.0%) | 1(0.8%) |0.108
Ventilation (days) >7days | 8(6.5%) | 4(8.7%) | 3(7.5%) | 2(1.6%)

On the other hand, there is no statistically significant
difference between blood group A and blood group O (P >
0.05, AOR = 0.843, ClI = 0.382-1.863), which revealed that
blood group O is 0.84 times more protective than blood group
A. Smoking showed no significant differences between
smokers and nonsmokers (P > 0.5). Additionally, the study
showed that not being vaccinated for seasonal flu increases
the risk of COVID-19 infection by 1.97 times compared to
people who get vaccinated, as shown in Table 3.

DISCUSSION

Study Participant's Characteristics and Blood
Group Type with Risk of COVID-19

This section includes participants' sociodemographic
factors, smoking status, BMI, occupational exposure, and
seasonal flu experience. We calculated unadjusted odds
ratios for each variable, which showed no significant
differences except for age, which was identified as a
confounder. The results showed no significant difference
between cases and controls in risk of COVID-19 according
to gender (P = 0.828 > 0.05). This result is consistent with
studies from Egypt, Saudi Arabia, China, Italy, Spain,
France, Germany, and Switzerland [1, 3, 11]. Few studies
have examined the interaction between gender, blood type,

and the severity of COVID-19, and we highlighted this
aspect to explore its potential as a confounder.

Blood group

In our multivariate analysis, we compared blood group
A versus other blood groups. The results showed that
blood group AB (0.4%) and blood group B (0.2%) were
more protective, while there was no significant difference
between blood group O and blood group A (CI = 0.382-
1.863, AOR = 0.843). This finding is consistent with a
case-control study conducted among 105 cases and 103
controls in Wuhan, which found a significant difference
between blood group and the risk of infection with
COVID-19, particularly among females with blood group

A[12].
Conversely, a retrospective cross-sectional study
conducted in Saudi Arabia and Egypt found an

insignificant difference in the distribution of blood group
A Dbetween cases and controls (35% versus 29%,
respectively) and no significant difference in RH factor
distribution (P = 0.191) [3]. This discrepancy could be
attributed to differences in sample size, study design, and
the geographical distribution of blood groups.
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Table 3: Multivariate Forward non conditional model analysis of the associated variables with COVID-19

. . 95% C.|.***
Variables Sig AOR**
Lower | Upper
Blood group A .003
B .002 400 223 720
AB .004 316 143 .698
o] .673 .843 .382 1.863
Smoking Yes Ref. **** | Ref, Ref. Ref
No 493 545 .096 3.100
Current smoker Yes Ref. Ref. Ref. Ref
No .180 379 .092 1.566
Age of smoking initiation < 18 years | .055
> 18 years | .064 6.109 .898 41.575
Receiving flu vaccination? Yes Ref. Ref. Ref. Ref
No .019 1.974 1.119 | 3.483
How many times have you done this test? <3times | Ref. Ref. Ref. Ref
>3 times | .023 531 .308 916
In the last Test, was there a need for a re-testto | Yes Ref. Ref. Ref. Ref
confirm the result? No .098 1.679 .909 3.102

All variables that were significant (P < 0.05) in univariate analysis were included in a multivariate model: i.e., Blood group,
Smoking, current smoker, Flu vaccination **Adjusted odds ratio. ***Confidence interval. ****Ref: Reference.

The role of blood group on COVID-19 susceptibility
may be related to the differential aggregation of virus
glycoprotein receptors on host cell surfaces, which is
influenced by ABO(H) determinants via carbohydrate-
carbohydrate interactions with these receptors' glycan
motifs. This interaction may interfere with virus binding
and entry into target cells [13]. Other cells and tissues,
such as lymphocytes, endothelial cells, platelets, gastric
mucosa, and bone marrow, also express ABO(H) blood
group carbohydrate structures, not just red blood cells [14].
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Furthermore, blood type antigens may be present in the
secretions (saliva) of approximately 80% of people (ABO
secretors) [14].

Regarding the rhesus factor, our study showed no
significant difference between cases and controls, similar
to findings from a retrospective cohort study in Denmark,
which found a significant difference between blood group
and risk for COVID-19 but no significant difference
between blood group or Rh factor and hospitalization
outcome or death [15]. Conversely, a case-control study
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conducted on 5668 COVID-19 patients and 5668 controls
in Iraq demonstrated that individuals with negative RH are
more susceptible to COVID-19 than those with positive
RH blood type (OR = 2.38, 95% CI [2.03, 2.79], P =
0.0001) [16]. Additionally, a study in Canada concluded
that the Rhesus-negative (Rh—) blood type was slightly
protective against COVID-19, particularly for those with
O-negative blood (aRR, 0.74 [CI, 0.66 to 0.83]; ARD, —8.2
per 1000 [CI, —10.8 to —5.3]) [17]. These differences could
be attributed to variations in sample size and Rh factor
distribution among countries, as the Rh-negative factor is
rare in Palestine.

The following factors were assessed to determine
whether they were confounding variables, but the results
showed no association with the COVID-19 outcome,
indicating they were not confounders in our study. No
significant difference was observed between COVID-19
patients regarding their BMI, which aligns with a study
conducted on 1067 patients in Southeast Asia [18].
Furthermore, no genome-wide association studies have
shown that other genes linked to higher BMI are situated
in the same chromosomal area as ABO, or that the ABO
gene exerts regulatory control over them [18]. Therefore,
it is reasonable to conclude that there is insufficient genetic
evidence to link ABO to BMI. The various findings
addressing the link between ABO/Rh status and BMI may
be influenced by local variables that alter population
phenotype or changes in sample size rather than a true
genetic impact [18].

Regarding flu, our study showed no significant
difference between cases and controls according to their
past seasonal flu experience. However, there was a
significant difference between cases and controls among
those who had received a flu vaccine previously (P < 0.05),
except for the current year. On the other hand, new
evidence from a study conducted by researchers in London
suggests that people who currently smoke may be less
likely to get infected with coronavirus. One study found
that nicotine inhibits the virus's ability to enter cells by

interfering with ACE2 receptors [19].

This contrasts with a study conducted on over 2.4
million participants, which showed that current smokers
were more likely to report symptoms indicative of a
COVID-19 diagnosis. The adjusted odds ratios (OR) for
classic symptoms were 1.14 (95% CI, 1.10 to 1.18), for
more than 5 symptoms were 1.29 (95% CI, 1.26 to 1.31),
and for more than 10 symptoms were 1.50 (95% Cl, 1.42
to 1.58) [20]. The study suggested that smoking is linked
to the overexpression of ACE2, the receptor for SARS-
CoV-2 in the lungs. However, a recent meta-analysis
shows mixed effects, with upregulation in epithelial cells
and downregulation in alveolar type 2 cells. Internalization
of ACE2 due to viral infection may result in unopposed
ACE inhibitor action and high angiotensin 2 levels,
contributing to endothelial damage and the coagulopathy
and microthrombosis seen in severe COVID-19 patients
[20, 21]. These variations in results may be due to the
distribution of smokers among cases and controls, which
is related to the small sample size.

Association between ABO blood group and the
Severity of Symptoms

Our study results showed that the most critical symptoms
were among blood group B, and the highest distribution of
moderate symptoms was also among blood group B. Despite
this, there is no association between ABO blood group and
the severity of symptoms, which corresponds with findings
from a study involving 227 COVID-19 patients. The study
showed that the risk of severe COVID-19 infection did not
differ significantly according to ABO blood types [22].
Conversely, a retrospective cross-sectional study conducted
in Egypt and Saudi Arabia indicated a significant difference
between cases and controls regarding the risk for COVID-19
but not for symptoms like fever, headache, shortness of
breath, cough, bone ache, gastrointestinal symptoms, and
hospitalization.

Our findings are similar to a case-control study conducted
in Utah, Idaho, and Nevada, which adjusted for age, gender,
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and RH factor, showing no association between blood group
and the risk or severity of symptoms [23, 24]. On the other
hand, there was a statistically significant difference between
blood groups and the need for mechanical ventilation,
myalgia, and the recovery time from COVID-19. Blood
group A showed the highest percentage of individuals with
low oxygen saturation, while no one in blood group B
experienced low oxygen saturation. Blood group O had the
highest percentage of individuals requiring mechanical
ventilation, with no one in blood group A needing it [3]. These
differences could be attributed to variations in sample size and
blood group distribution.

Association between ABO blood group and
COVID-19 outcomes

Our study revealed no significant difference between
ABO blood group and COVID-19 outcomes, including
intubation, need for intensive care unit admission, need for
oxygen therapy, or complications. This is consistent with a
study conducted in five major hospitals in Massachusetts
from March to April, involving 7648 patients. The results
showed that 37.5% were admitted to the hospital, 9.5% were
admitted to the ICU, 8.4% were intubated, and 6.9% died.
Among these patients, 34.2% had blood group A, 15.6% had
blood group B, 4.7% had blood group AB, and 45.5% had
blood group O. The researchers found no association
between ABO blood type and COVID-19 disease severity,
defined as intubation or death, with blood type O having the
lowest frequency of disease positivity [25].

In contrast, a case-control study conducted among 179
patients with confirmed COVID-19 and 5200 healthy
control patients in Turkey showed that blood group A was
the most common among COVID-19 cases compared to the
control group. It also found that patients with blood group A
had longer ICU stays and higher mortality rates than others
[26]. An ecological study conducted among 86 Asian,
European, African, and American populations showed that
blood groups A, B, and Rh- were significantly associated
with COVID-19, with blood group A- having the most
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serious outcomes and hospitalization rates [27, 28].

Furthermore, the outcomes of this study, as well as the
few other publications in this sector, indicate a wide range
of data, making a conclusion about a link between blood
type and COVID-19 challenging. This discrepancy in data
might imply the presence of some unknown underlying
factor rather than the blood group or type of antibodies
present.

Study Strengths and Limitations

One of the few studies conducted in Palestine
employed a case-control study design and included
multiple variables, which might act as confounders. It
effectively measured the risk of COVID-19 infection, the
severity of symptoms, and the outcomes of infection using
a valid and reliable study tool.

Regarding study limitations, there were constraints
such as limited resources and scant previous research on
ABO groups and COVID-19, as well as limited financial
support. There was also the potential for recall bias in
recalling specific symptom severities. Furthermore,
misclassification of cases and controls due to false-
negative or false-positive results was possible, and there
were challenges in matching related to limited resources
concerning potential confounders. Additionally, the study
faced restrictions due to lockdown measures.

CONCLUSION

The study conducted in Palestine has identified a
possible association between ABO blood group and
COVID-19. Specifically, blood group “A” was found to
increase the risk of COVID-19 infection. However, no
association was observed regarding the severity of
COVID-19 symptoms. Nevertheless, the exact mechanism
and the extent of this effect varied, highlighting the need
for larger and more rigorously controlled studies to
investigate further.

This public health study underscores the potential
influence of blood types on the transmission and infection of
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individuals with the COVID-19 virus. Understanding these
factors can enhance our knowledge of virus transmission
dynamics and aid in developing targeted preventive measures
and public health interventions to mitigate the spread of the
epidemic and reduce infection rates.

Author Contributions

MK and AO: conceptualization of study and its design;
AO, data collection and curation; MK and AO: data
analysis and interpretation; MK and AO. Initial draft of
manuscript; MK and AO: critical revision of final
manuscript; MK and AO.: final approval of manuscript.

REFERENCES

1. WuB., GuD.Z, YuJ.N, Yang J., Shen W. Association
between ABO blood groups and COVID-19 infection,
severity and demise: A systematic review and meta-
analysis. Infection, Genetics and Evolution. 2020 Oct 1;
84:104485. Available from:

4

Data Availability Statement

All data collected and analyzed for this study have been
deposited at the Drug

Information Library of the Department of Clinical
Pharmacy, Al-Quds University. Any reader seeking to
have access to these data should send a mail to the
corresponding author.

Funding
This study was conducted without funding from any
source.

Conflict of Interest
The authors have no interest related to this study to
declare.

4. Chakravarty S. COVID-19: The Effect of Host Genetic
Variations on Host-Virus Interactions. Journal of
Proteome Research [Internet]. 2020 Dec 10; 20(1):139—
53. Available from:
https://doi.org/10.1021/acs.jproteome.0c00637

https://doi.org/10.1016/j.meegid.2020.104485 5. Alpoim P.N., De Barros Pinheiro M., Junqueira D.R.G.,

2. World Health Organization. Clinical management of
COVID-19: interim guidance, 27 May 2020 [Internet].
2020. Available from:
https://apps.who.int/iris/handle/10665/332196

3. El-Shitany N.A., El-Hamamsy M., Alahmadi A.A., Eid

Freitas L.C.B., Carvalho M.D.G., Fernandes A.P., et al.
Preeclampsia and ABO blood groups: a systematic review
and meta-analysis. Molecular Biology Reports [Internet].
2012 Nov  27;40(3):2253-61. Available from:
https://doi.org/10.1007/s11033-012-2288-2

B.G., Neamatallah T., Almukadi H., et al. The Impact of 6. Shokri P., Golmohammadi S., Noori M., Nejadghaderi

ABO Blood Grouping on COVID-19 Vulnerability and
Seriousness: A Retrospective Cross-Sectional Controlled
Study among the Arab Community. International Journal
of Environmental Research and Public Health [Internet].
2021 Jan 1;  18(1):276.  Available  from:
https://doi.org/10.3390/ijerph18010276

-379 -

S.A., Carson-Chahhoud K., Safiri S. The relationship
between blood groups and risk of infection with SARS-
CoV-2 or development of severe outcomes: A review.
Reviews in Medical Virology [Internet]. 2021 May
14;32(1). Available from:
https://doi.org/10.1002/rmv.2247



https://doi.org/10.1016/j.meegid.2020.104485
https://apps.who.int/iris/handle/10665/332196
https://doi.org/10.3390/ijerph18010276
https://doi.org/10.1021/acs.jproteome.0c00637
https://doi.org/10.1007/s11033-012-2288-2
https://doi.org/10.1002/rmv.2247

Association between ABO Blood ...

10.

11.

12.

13.

D’Adamo H., Yoshikawa T.T., Ouslander J.G.
Coronavirus Disease 2019 in Geriatrics and Long-Term
Care: The ABCDs of COVID-19. Journal of the American
Geriatrics Society [Internet]. 2020 Apr 16;68(5):912-7.
Auvailable from: https://doi.org/10.1111/jgs.16445
Fleetwood D.
Examples, and types. QuestionPro [Internet]. 2023 Aug
29; Available from:
https://www.questionpro.com/blog/systematic-sampling/
WHO Coronavirus (COVID-19) dashboard [Internet].
WHO Coronavirus (COVID-19) Dashboard With
Vaccination Data. Available from:
https://covid19.who.int/?gclid=CjwKCAjw8MD7BRArE
IWAGZsrBSCxIc3DH-

Abed Y., Skaik Y., ElI-Zyan N.R. Spectrum of ABO and
Rh (D) blood groups amongst the Palestinians students at
al-Azhar University—Gaza. ResearchGate [Internet]. 2006
Jan 1; Available from:
https://www.researchgate.net/publication/228753412
JinJ., Bai P.,, He W., Wu F., Liu X., Han D., et al. Gender
differences in patients with COVID-19: Focus on severity
and mortality. Frontiers in Public Health [Internet]. 2020
Apr 29; 8. Available from:
https://doi.org/10.3389/fpubh.2020.00152

Fan Q., Zhang W., Li B., Li D., Zhang J., Zhao F.
Association between ABO blood group system and
COVID-19 susceptibility in Wuhan. Frontiers in Cellular
and Infection Microbiology [Internet]. 2020 Jul 21; 10.
Auvailable from:
https://doi.org/10.3389/fcimb.2020.00404

Silva-Filho J.C., De Melo C.G.F., De Oliveira J.L. The
influence of ABO blood groups on COVID-19
susceptibility and severity: A molecular hypothesis based
on carbohydrate-carbohydrate interactions. Medical
Hypotheses [Internet]. 2020 Nov 1; 144:110155.
Auvailable from:
https://doi.org/10.1016/j.mehy.2020.110155

Systematic  Sampling:  Definition,

- 380 -

15.

16.

17.

18.

19.

20.

Maher Khdour, Alaa Obeyyat

Mitra R., Mishra N., Rath G.P. Blood groups systems.
Indian Journal of Anaesthesia [Internet]. 2014 Jan
1,58(5):524. Available from:
https://doi.org/10.4103/0019-5049.144645

Barnkob M.B., Pottegard A., Stgvring H., Haunstrup
T.M., Homburg K.M., Larsen R., et al. Reduced
prevalence of SARS-CoV-2 infection in ABO blood
group O. Blood Advances [Internet]. 2020 Oct 14;
4(20):4990-3. Available from:
https://doi.org/10.1182/bloodadvances.2020002657
Majeed K.R., Al-Fahad D., Jalood H.H., Hantosh H.A.,
Ali M.K., Sakthivel S., et al. RhD blood type significantly
influences susceptibility to contract COVID-19 among a
study population in Irag. F1000Research [Internet]. 2021
Jan 21; 10:38. Available from:
https://doi.org/10.12688/f1000research.27777.1
Hopkinson N.S., Rossi N., EI-Sayed_Moustafa J., Laverty
A.A., Quint J.K., Freidin M.B., et al. Current smoking and
COVID-19 risk: results from a population symptom app
in over 2.4 million people. Thorax [Internet]. 2021 Jan 5;
76(7):714-22. Available from:
https://doi.org/10.1136/thoraxjnl-2020-216422

Smith S., Okai 1., Abaidoo C.S., Acheampong E.
Association of ABO Blood Group and Body Mass Index:
A Cross-Sectional Study from a Ghanaian Population.
Journal of Nutrition and Metabolism [Internet]. 2018 Jan
1; 2018:1-6. Available from:
https://doi.org/10.1155/2018/8050152

Heart Matters Magazine. What does coronavirus do to
your body. British Heart Foundation [Internet]. Available
from: https://www.bhf.org.uk/informationsupport/heart-
matters-magazine/news/coronavirus-and-your-
health/what-does-coronavirus-do-to-your-body
Hopkinson N.S., Rossi N., EI-Sayed_Moustafa J., Laverty
A.A., Quint J.K., Freidin M.B., et al. Current smoking and
COVID-19 risk: results from a population symptom app
in over 2.4 million people. Thorax [Internet]. 2021 Jan 5;
76(7):714-22. Available from:
https://doi.org/10.1136/thoraxjnl-2020-216422



https://doi.org/10.1111/jgs.16445
https://www.questionpro.com/blog/systematic-sampling/
https://covid19.who.int/?gclid=CjwKCAjw8MD7BRArEiwAGZsrBSCxIc3DH-
https://covid19.who.int/?gclid=CjwKCAjw8MD7BRArEiwAGZsrBSCxIc3DH-
https://www.researchgate.net/publication/228753412
https://doi.org/10.3389/fpubh.2020.00152
https://doi.org/10.3389/fcimb.2020.00404
https://doi.org/10.1016/j.mehy.2020.110155
https://doi.org/10.4103/0019-5049.144645
https://doi.org/10.1182/bloodadvances.2020002657
https://doi.org/10.12688/f1000research.27777.1
https://doi.org/10.1136/thoraxjnl-2020-216422
https://doi.org/10.1155/2018/8050152
https://www.bhf.org.uk/informationsupport/heart-matters-magazine/news/coronavirus-and-your-health/what-does-coronavirus-do-to-your-body
https://www.bhf.org.uk/informationsupport/heart-matters-magazine/news/coronavirus-and-your-health/what-does-coronavirus-do-to-your-body
https://www.bhf.org.uk/informationsupport/heart-matters-magazine/news/coronavirus-and-your-health/what-does-coronavirus-do-to-your-body
https://doi.org/10.1136/thoraxjnl-2020-216422

Jordan Journal of Pharmaceutical Sciences, Volume 17, No. 2, 2024

21.

22.

23.

24.

Al-Taani G.M., Muflih S., Alsharedeh R., Altaany Z.
Knowledge, Willingness to Pay and Beliefs for Seasonal
Influenza Vaccination, A Cross-Sectional Study from
Jordan. Jordan Journal of Pharmaceutical Sciences. 2023
Dec 25; 16(4):842-56.

Mullins J., Al-Tarbsheh A.H., Chieng H., Chaukiyal P.,
Ghalib S., Jain E., et al. The association of ABO blood
type with the risk and severity of COVID-19 infection.
American Journal of Blood Research [Internet]. 2021 Feb
15; 11(1):53-8. Available from:
https://europepmec.org/article/PMC/PMC8010600
Anderson J.L., May H.T. Knight S., Bair T.L.,
Muhlestein J.B., Knowlton K.U., et al. Association of

sociodemographic factors and blood group type with risk
of COVID-19 in a US population. JAMA Network Open
[Internet]. 2021 Apr 5; 4(4). Available from:
https://doi.org/10.1001/jamanetworkopen.2021.7429
Elayeh E.R., Haddadin R.N., Dawud R.J. Navigating
Changes in Patient Drug and Non-Drug Item Demands in
Amidst the COVID-19
Pandemic: Changes in drug demand during COVID19.
Jordan Journal of Pharmaceutical Sciences. 2024 Mar
19; 17(1):31-44.

Community  Pharmacies

-381-

25.

26.

217.

28.

Latz C.A., DeCarlo C., Boitano L.T., Png C.Y.M., Patell
R., Conrad M.F., et al. Blood type and outcomes in
patients with COVID-19. Annals of Hematology
[Internet]. 2020 Jul 12; 99(9):2113-8. Available from:
https://doi.org/10.1007/s00277-020-04169-1

Aktimur S.H., Sen A., Yazicioglu B., Giines A.K., Geng
S.B. The assessment of the relationship between ABO
blood groups and COVID-19 infection. International
Journal of Hematology and Oncology [Internet]. 2020
Sep 30; 30(3):121-5. Available from:
https://doi.org/10.4999/uhod.204348

Ansari-Lari M., Saadat M. The morbidity and mortality of
COVID-19 are associated with ABO and Rh blood
groups. European Journal of Preventive Cardiology
[Internet]. 2020 Jul 7; 28(11)-8. Available from:
https://doi.org/10.1177/2047487320939216

Magableh H., Makahleh N., Ajlouny S., Rislan M.,
Fakhouri H.N. Assessing the Awareness and Attitude
Towards COVID-19 Vaccination and Aids Factors among
Jordanian People: A cross-sectional Study. Jordan
Journal of Pharmaceutical Sciences. 2024 Mar 19;
17(1):45-54.



https://europepmc.org/article/PMC/PMC8010600
https://doi.org/10.1001/jamanetworkopen.2021.7429
https://doi.org/10.1007/s00277-020-04169-1
https://doi.org/10.4999/uhod.204348
https://doi.org/10.1177/2047487320939216

Association between ABO Blood ... Maher Khdour, Alaa Obeyyat

0 )pally VAl Al :dgil) Ahal) b Ug 68 (ug b 5shig ABO pl) dlsuch allii ( &850l

alue oY pas jele

placals ¢ el daals cdlaveall AS (A psped) Aavall Al
g o 2 e all ool
Cpbacdd ¢ eal) daals cialel) daall €2

gadla
Lo Jon Ofinlll jling il (o ol llin (1S5 192868 jlaall Jalse clahyal) (o 2aall Crand tdasia
alai o AN wass ) Al sda cdoa ¢ N L1928 lad o Ll 8 o0 aall dliad gl IS 1
Oshaals 8 Lo all daall 19— 258 5ady sl o Aluad
19-2858 19,83 () (aSa3 yuaic 169 5 Alla 169) (e 2alsilly ¥ lall Gl et Calls di)all diagia
a1 I3 Gl aladiad 2 . LAY a5kl Gy Ak ¢ duall dball 82021 I3/ooke sl s
blailly Lbeagl) Ol eha) & ¢ Jaill L agiilon M) e pSlaall JuaiV) Gk ge otle Ay byl
Aaaa)¥) daws BY Shsnal sasie dlail) b (235l Jaol) (LD sl ety
S 58 " (AOR= 0.40, Cl= 0.223-0.27). "ABT" (e 19~ 28 am dplaa ST o aall Aluad 1sladl
AV ) (3 aase Y " (AOR= 0.316, Cl= 0.143-0.698, P < 0.5). T A"c)e I 19— 186 slas dlas
19728580 Sl iliall 5l GalieYl 82 5" " pall dlsaby | aal) dluad o ddlas)
DAl sads daEa A1 caatial ¢ Gy aay  19-28 6 ALYl his ABO a2 Al o i) @llia 1z i)
S iy 5l cluhy DA e @il e Jaie ajlid Les

coabeY) 5ad cadll Aliad (191 S ¢ plaudd ANl cilalsl)

s ale s ufpall ciliall”
maher.khdour@gmail.com
.2024/1/30 dll algad &Ut:j 2023/11/12 Gaal) (J:w\ é__ul:‘

-382 -



