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ARTICLE INFO ABSTRACT

Keywords: Coronavirus disease 2019 (COVID-19) transmits from person to person mainly through respiratory droplets and
SARS-CoV-2 coughing. Infection severity ranges from asymptomatic and mild infection to those with moderate and severe
COVID-19 symptoms which may lead to multiple organ failure and mortality. Infection severity largely depends on in-
ilg’e"d group dividual’s immune response, age and co-morbidities. Present study categorized COVID-19 infected patients based
Gender on their infection severity and linked COVID-19 severity with age, gender and ABO blood group types. Clinical

details of 383 COVID-19 patients were collected from Rajiv Gandhi Super Specialty hospital (RGSSH), India;
divided into three groups; mild, moderate and severe patients, based on their symptoms. Present analysis
revealed that age plays major role in infection severity, as the symptoms are more severe in patients above 45
years. Infection rate was higher in males compared to females. Most patients with A(+ve) and B(+ve) blood
group were severely affected compared to those of blood group type O(+ve) and AB(+ve). O(+ve) blood group
was least represented in severe patients. Present findings could be helpful in generating awareness amongst the
population regarding susceptibility towards the COVID-19 infection. This supportive information would help

Indian population

clinicians and health workers to propose new strategies and tactical solution against COVID-19 infection.

1. Introduction

In December 2019, a novel strain of Coronavirus named as Severe
acute respiratory syndrome coronavirus (SARS-CoV-2), was identified in
Wuhan, Hubei Province of China, which infected a huge number of
patients with severe pneumonia. The identified virus was from the same
family of coronavirus as SARS-CoV and Middle East respiratory syn-
drome coronavirus (MERS-CoV) [1]. This virus spread very rapidly
across China and very affected the entire worldwide population [2].
Later on it was declared a global pandemic and WHO officially
announced it Public Health Emergency of International Concern on
January 30, 2020 and named it as Coronavirus disease 2019 (COVID-19)
[3]. Presence of this virus was manifested by broad range of symptoms
like fever, cough, dyspnea, myalgia, tiredness, sore throat, loss of taste
and/or smell etc. as well as asymptomatic to severe illness and death [4].
The clinical diagnosis of COVID-19 is being performed on the symptoms
manifestation of the disease. On the other hand, molecular diagnostics of
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the COVID-19 viral genome is confirmed by RT —-PCR along with chest
X-ray or CT scan, and serological blood tests [5]. Literature survey
showed that various researches in past have found an association be-
tween ABO blood groups and viral infections, and reported a profound
linkage between the two. There are various clinical reports which reflect
that ABO blood group system is intensely associated with numerous viral
infections like Rotavirus, Noroviruses (NoVs), Dengue virus, Norwalk
virus and Hepatitis B virus [6,7,8,9]. With the knowledge of association
of specific blood type with viral infection there are chances to compre-
hend the propensity of susceptibility of the individual having specific
blood types with viral infection. After SARS- CoV-2 infection, in a short
span of time, a few clinical reports are available which are depicting the
possible association between blood group types [10,11,12]. However,
reports are heterogeneous in nature and are unable to state the specific
blood group type association with the severity risk of COVID-19 infec-
tion. In the present clinical study, COVID-19 patients are categorized on
the basis of their blood group to understand the link between ABO blood
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group and severity of infection (mild, moderate and severe COVID-19
patients) along with other physiological parameters.

2. Methods
2.1. Data sources

The medical records of COVID-19 patients in Indian population were
analyzed by the research team of the Defence Institute of Physiology and
Allied Science (DIPAS), DRDO, Delhi. Data on clinical characteristics
was obtained from data collection forms of electronic medical records.
The data was reviewed by a team of trained clinicians and researchers.

2.2. Study design

Under this clinical study, medical records of 383 patients with
COVID-19 were analyzed. All the patients were diagnosed positive for
COVID-19 infection after RT-PCR test between July 2020 to October
2020 and reported to Rajiv Gandhi Super Specialty Hospital (RGSSH),
Delhi. The study subjects were divided into three groups based on the
severity of infection as severe, moderate and mild infected patients. The
clinical records data was segregated based on gender wise and age wise
distribution of all patients. Also, the records of patients were checked for
their blood group type, A, B, O and AB, as well as Rh (D) positive and Rh
(D) negative.

The study was approved by the Ethical Committee of ICMR, India.
Written informed consent was obtained from all lab confirmed COVID-
19 patients at RGSSH, Delhi. All experimental protocols were conduct-
ed according to the Strengthening of the Reporting of Observational
Studies in Epidemiology guidelines.

2.3. Statistical analysis

Statistical computations were performed using GraphPad Prism 5.
Data were analyzed with the y2 test and Fisher’s exact test. ORs with
95% ClIs for specific blood types in COVID-19 patients, were assessed
with logistic regression models. P < 0.05 was considered statistically
significant.

3. Results

During the study period, 383 COVID-19 infected patients who visited
RGSSH, Delhi were included in the study. Their clinical records were
analyzed for COVID-19 infected patients with severe, moderate and mild

type of infection. The analysis was performed based on gender, age and
the ABO blood group distribution.
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3.1. Relationship of COVID-19 infection with gender

Out of 383 COVID-19 patients, 141 (36.81%) were found to be
severely infected, 138 (36.03%) were moderately infected and 104
(27.15%) had mild infection (Fig. 1a). Twenty four patients (6.2%)
under severe category could not recover from infection and deceased
(non availability of blood group information of these cases). Amongst
the study group, the percentage of COVID-19 infected males was 65.53%
compared to females with 34.64%. The infection rate was found to be
higher in males in all three sub groups viz. severe patients had 64.53%,
moderate group with 71.73% and mild group with 58.65% (Fig. 1b) as
compared to 35.46%, 28.26% and 41.34% of female patients
respectively.

3.2. Relationship of COVID-19 infection with age

The study population was divided into four age groups, those above
75 years, between 60 and 75 years, 45-59 years and less than 45 years.
Interestingly, in severe COVID-19 patients group, 82% of the subjects
were above the age of 45, whereas in moderate group, 77% of the
subjects were above 45 years and in mild group, only 46% of the patients
were above the age of 45 years (Fig. 2). This implies that the infection
was milder in younger age group. We further divided the COVID-19
patients in each age group into males and females and found that in
all age groups, percentage occurrence of infected males was higher than
that of infected females (Fig. 3).

3.3. Relationship between the ABO blood group distribution and severities
of infection (severe, moderate and mild) in COVID-19 patients

Distribution pattern of ABO and Rh blood group systems show var-
iations in different populations. In the present study population of 383
COVID-19 patients, we could obtain ABO blood group information for
29 severely infected patients, 114 moderately infected patients and 84
patients with mild infection. A (+ve) and B (+ve) blood group was
predominant in severe patients (34.48%) as compared to O (+ve)
(17.24%) (Fig. 4 a).

On one hand the frequency percentage of A(+ve) blood group
declined in patients with moderate and mild infection (26.31% and
19.04% respectively), and on the other hand frequency of O (+ve) blood
group constantly increased from severe (17.24%), moderate (26.31%) to
mild patients (30.95%). Interestingly, AB (+ve) blood group also
showed a similar trend as that of O (+ve) blood group, with constant
increase in frequency from severe to mild group. Severe COVID-19 pa-
tient’s category had 3.44% of AB (+ve) patients whereas this percentage
increased in moderate (9.64%) and mild patients group (13.09%)
(Fig. 4a). The percentage occurrence of Rh(D) —ve type blood group was

(b)
Mild 41.34
Moderate 28.26
Severe 35.46
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Fig. 1. (a). Number of COVID-19 patients (Total, Males and Females) in Severe, Moderate and Mild category (b) % Distribution of COVID-19 patients (Males and

Females) in Severe, Moderate and Mild category.
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Fig. 3. Age wise distribution (in percentage), of COVID-19 patients in severe, moderate and mild category. The percentage of individuals in each age group has been
further divided into males and females.
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Fig. 4. (a) Frequency distribution of ABO blood group types of COVID-19 patients in Severe, Moderate and Mild category (b) Gender wise blood group type dis-

tribution in COVID-19 patients.

very less in all three subtypes of patient groups.

ABO blood group type distribution in all three types of infected pa-
tients was further divided into males and females (Fig. 4b). A(+ve)
blood group in males had highest frequency (%) of occurrence in severe
and moderate category (70%) as compared to 30% females in severe and
moderate group had A(+ve) blood group. B(+ve) blood group showed
equal frequency occurrence in all three subgroups in males as well as
females. Frequency of O(+ve) blood group was highest in moderately
(73.33%) and mildly infected males (53.84%). In females, AB(+ve)
showed highest prevalence in moderate group (45.45%).

3.4. ABO blood group and Rh(D) frequency distribution in study
population in comparison to frequency distribution in Indian population

The presence of ABO type of blood group as well as Rh(D) antigen in
the study population was compared with their prevalence in general
Indian population. We selected four different epidemiological studies
[13-16] conducted in different years. The frequency occurrence of
different ABO types of blood groups and frequency of Rh(D) factor in

Table 1
Distribution of ABO and Rh(D) blood groups expressed in percentage in Indian
population.

Blood Group Patidar et al., Shani et al. Agrawal et al., Das et al.
types 2020 2018 2014 2001

A (%) 23.16 22.91 22.88 18.85

B (%) 34.1 38.5 32.26 32.69

0 (%) 34.56 30.12 37.12 38.75
AB (%) 8.18 8.45 7.74 5.27
Rh(D) +ve 94.13 95.14 94.61 94.53

(%)
Rh(D) -ve 5.87 4.85 5.39 5.47

(%)

these studies was noted (Table 1). Their average was calculated and used
to compare the prevalence of blood group types in our study (Table 2).
Odds ratio (OR) and confidence interval (CI) was calculated using
MedCalc (statistical software) and forest plots were generated (using
GraphPad Prism 5) (Fig. 5). The CI in the plots, particularly in females, is
wider because of lower sample size.

According to published epidemiological data, the prevalence of O
type blood group is highest in Indian population. However, we observed
a decreased frequency of occurrence in Severe COVID-19 patients. Also,
severe patients had highest frequency occurrence of A(+ve) and B(+ve)
blood group. There was no notable change in frequency distribution of
Rh(D) +ve type amongst the study subgroups. Also, very few patients
from our study group had Rh(D) -ve blood group.

4. Discussion

The study is a relative comparison of severity of COVID-19 infection
with gender, age and ABO blood group type in males and females Indian
population. A cohort of 383 COVID-19 patients, who tested positive for

Table 2
Distribution of ABO and Rh(D) blood groups expressed in our study population
in comparison to prevalence in general population in India.

Blood Group Average Prevalence in General Prevalence in COVID-19
types population infected patients

Severe  Moderate ~ Mild
A (%) 21.95 34.48 27.18 19.04
B (%) 34.38 41.37 36.83 34.52
0O (%) 35.13 17.24 26.31 32.14
AB (%) 7.41 6.88 9.64 14.28
Rh(D) +ve (%)  94.60 89.65 98.24 96.42
Rh(D) -ve (%) 5.395 10.33 1.72 3.57
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Fig. 5. Forest plot of ABO type blood group distribution in study subjects, males and females in severe, moderate and mild category. Each line in the graph represents
a unique data with result plotted as a dot and the 95% confidence interval of result displayed as the line. The vertical line represents the line of null effect (no

association) between the different data.

novel coronavirus infection (COVID-19), reported to RGSSH were
included in the present study. It was observed that Indian male popu-
lation is more affected with COVID-19 in comparison to female popu-
lation. In concurrence with western clinical reports, Indian elderly
population is more severely affected than younger population, with mild
COVID-19 infection. Clinical data of patients also indicated that severe
COVID-19 infection occurred more in A(+ve) and B(+ve) blood group
individuals, than O(+ve) blood group individuals who showed mild
infection symptoms.

Since the beginning of COVID-19 pandemic, number of studies have
been carried out to understand the association of blood group types and
viral infection [17]. In a multi-institutional study, 1289 COVID-19 pa-
tients across five hospitals were identified from March 6th to April 16th,
2020. They reported that blood group A had no correlation with positive
testing whereas blood type B and AB were associated with higher odds of
testing positive for the disease, also O blood group was associated with a
lower risk of testing positive [18]. Gullion P et al., observed that blood

group O was less frequent in severe COVID -19 patients who required
long hospitalization (P < 0.01). Blood group A was more frequent in
patients with severe COVID-19 infections compared to the normal
population in a cohort of 265 COVID-19 patients [19]. In another study
of 186 COVID-19 patients, age, sex, blood groups, comorbidities, need
for intubation and intensive care unit follow up and mortalities of the
patients were analyzed retrospectively along with 1881 healthy in-
dividuals, who reported to the Hacettepe University Blood Bank as
healthy subjects. This study also mentioned that blood group A might
have arole in increased susceptibility to the COVID-19 infection; and the
blood group O might be somewhat protective in nature [10]. All findings
profoundly are in resemblance to our present observations in Indian
population having COVID -19 infection.

We further categorized patients in three groups such as severe,
moderate and mild patients to understand the link between level of
infection and prevalence of blood group type in Indian population
having COVID-19 infection. We concluded that patients having A(+ve)
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and B(+ve) blood groups are predominant in severe category with
respect to O(+ve) and AB(+ve). In Indian population, it is evident that
there is prevalence of O type blood group. There is almost an equal
distribution of Rh(D) +ve type in severe, moderate and mild categories.
Due to less prevalence of Rh(D) —ve blood group among Indian popu-
lation, in the present study there were only eight patients, who were
almost equally distributed in severe, moderate and mild categories.
Limitation of number of patients indicated that there is no significant
association of prevalent Rh(D) —ve blood group to COVID-19 infection.

In Indian context, few epidemiological reports are available which
show possible role of ABO blood group system with COVID-19 infection.
These reports have their own limitations as they are derived from online
databases/reports, retrospective observational studies and not from
actual COVID-19 patient sample clinical information [20-22]. Present
clinical study outcome is strongly supported by earlier reports which
showed that ABO blood group is associated with angiotensin converting
enzyme (ACE) activity and ACE inhibitor-induced cough among Chinese
patients with hypertension as comorbidity. The previous studies
observed strong association of GATC haplotype of the ABO gene with
non-O blood type patients related with ACE activity [23,24]. This de-
picts that O blood group individuals have lower expression level of ACE
which may be beneficial in present pandemic. In the same line of study,
it has also been reported that O-blood group individuals have higher
level of interleukin 6 (IL-6), which could be protective against various
other diseases like cancer and myocardial infraction. This marginal in-
crease in proinflammatory cytokine may triggers the production of acute
phase protein like C-reactive protein, compared to other blood group
individuals [25,26]

Recently published GWAS study [25] also showed that O-blood
group individuals have increased level of IL-6 than other blood groups
which may be the reason of overall less cases of O blood group indi-
vidual infection rate cumulatively. On the other side, it has been also
reported that A blood group individuals have propensity for developing
cardiovascular diseases [27]. The A antigen might protect P-selectin and
intercellular cell adhesion molecule 1 (ICAM1) from enzymatic cleavage
by promoting stronger and longer binding of leukocytes to them on the
vascular wall; more adhesion molecules attached to the endothelial cells
would on one hand increase adhesion and inflammation but on the other
hand decrease circulation [28,29]. These collectively predispose type A
carriers to a higher likelihood of developing cardiovascular diseases and
aggregate disease situations once these individuals are exposed to redox
stresses such as in the case of virus infection. The relationship between
ABO blood groups and cardiovascular diseases is well established [27].
It is known that thrombotic risks decrease significantly in blood group O
compared to the non-O blood groups [30]. Therefore, O blood group
individual have low probability to develop cardiovascular diseases and
severe COVID-19. In comparison A blood group individual, especially
those already having been diagnosed with cardiovascular diseases in
particular hypertension, are more likely to develop severe COVID-19
once infected. These individuals need to be quarantined and protected
from SARS-CoV-2 infection or kept under special medical care to prevent
health deterioration and severe disease progression.

A few evidences suggest that men also have higher levels of the
ACE2, a protein through which virus attaches to enter and infect human
cells. ACE2 is found not only in lungs, but also the heart, kidneys and
tissues lining blood vessels, and in the testes, which partially explain
why men are more vulnerable to severe disease than females. This
argument may justify higher number of COVID 19 cases in males [31].

In the current study, propensity of COVID-19 infection was more in
males in comparison to females. Number of male patients were more in
severe, moderate and mild categories compared to females. It depicts
that in Indian population male individuals are at higher risk for COVID-
19 infection. To get more clarity, all male and female patients were
further divided into four age groups i.e. <75yrs, 60-75yrs, 45-59yrs,
>45yrs. Collectively most of the severe patients were above 45yrs of age
in comparison to mild and moderate infection which states that young

Microbial Pathogenesis 158 (2021) 105008

individuals show milder infection. Our results also demonstrate that
under severe category, males majorly lie above 45yrs of age group
whereas females are predominantly above 75yrs of age. Although there
is a little variation in mild and moderate categories. Along with this, it
has been also observed that amongst the patients who mainly belonging
to B (+ve) blood group, 35.17% were males and 33.73% were females.
These observations were further analyzed on the gender basis and we
found that male patients have highest frequency of A(+ve) blood group
in severe and moderate category. There is approximately equal fre-
quency of occurrence of B(+ve) blood group in severe, moderate and
mild category in both male and female patients. One of the interesting
facts that we observed was that frequency occurrence of O (+ve) blood
group very noticeably increased from severe, moderate to mild COVID
19 infection, which strongly supports that O (+ve) blood group is pro-
tective in nature.

There are a few limitations in the present clinical study. First, sample
size of COVID-19 patients is not very large. Second, we were not able to
include healthy subjects who come for their routine checkup to hospital,
due to non availability of data. Third, there is a possibility that other pre-
existing diseases may have contributed in COVID-19 infection severity
but we didn’t have comorbidities information of enrolled COVID-19
patients.

Clinical findings of present study concluded that the blood group O
might be protective while the blood group A and B might have increased
susceptibility to the COVID-19 infection. There is an urgent need for
following stringent measures for non O blood group individuals
compared to O blood group individuals in current pandemic on the basis
of SARS-CoV-2 infection susceptibility. As per research reports avail-
able, we found that this is the first clinical study of COVID-19 infected
patients which is showing a correlation with ABO blood groups con-
ducted in Indian population. These kinds of clinical findings necessitate
scope for large multicentric molecular studies which will give more
insight towards the association of blood groups and the COVID-19
infection. All these findings indicate that ABO blood group system is
very well allied with the SARS-CoV-2 susceptibility in Indian population
as well. However, further research is needed with more clinical samples
to corroborate these findings which may delineate the underlying bio-
logical mechanism behind association of COVID-19 infection and blood
group system and would be helpful for clinicians to define the coun-
termeasure based on individual ABO blood group against this deadly
viral infection.
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