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Abstract

The coronavirus disease 2019 (COVID-19) pandemic is currently the most critical challenge
in public health. An understanding of the factors that affect severe acute respiratory syn-
drome-coronavirus-2 (SARS-CoV-2) infection will help fight the COVID-19 pandemic.
This study sought to investigate the association between SARS-CoV-2 infection and blood
type distribution. The big data provided by the World Health Organization (WHO) and
Johns Hopkins University were used to assess the dynamics of the COVID-19 epidemic.
The infection data in the early phase of the pandemic from six countries in each of six geo-
graphic zones divided according to the WHO were used, representing approximately 5.4 bil-
lion people around the globe. We calculated the infection growth factor, doubling times of
infection and death cases, reproductive number and infection and death cases in relation to
the blood type distribution. The growth factor of infection and death cases significantly and
positively correlated with the proportion of the population with blood type A and negatively
correlated with the proportion of the population with blood type B. Compared with the lower
blood type A population (<30%), the higher blood type A population (⩾30%) showed more
infection and death cases, higher growth factors and shorter case doubling times for infections
and deaths and thus higher epidemic dynamics. Thus, an association exists between SARS-
CoV-2 and the ABO blood group distribution, which might be useful for fighting the
COVID-19 pandemic.

Introduction

The coronavirus disease 2019 (COVID-19) pandemic continues to rapidly increase worldwide,
threatening public health and causing dramatic decreases in global economics and social life.
According to the data derived from the World Health Organization (WHO) database, over 50
million confirmed COVID-19 cases and over 1.24 million deaths have occurred to date
(reported on 08 November 2020), and new records for the daily numbers of new infection
and death cases are steadily reported. This pandemic outbreak is difficult to control because
factors affecting the COVID-19 epidemic are not thoroughly understood, and specific vaccines
and treatments are still unavailable.

If one looks at the COVID-19 epidemic map provided by Johns Hopkins University (JHU)
(e.g. the map picture on 15 May 2020), one would immediately recognise that quite a differ-
ence exists among the geographic districts with infections in the early phase of the pandemic.
In fact, after the initial outbreak in China, the COVID-19 pandemic rapidly advanced to
Europe and simultaneously to New York City, and afterwards, this pandemic spread to
South America and East Mediterranean zones. An understanding of the factors with profound
impacts on the pandemic is crucial for controlling the pandemic, and factors associated with
the pandemic must be considered when making public policy and medical decisions. ABO
blood types are associated with diverse infectious diseases, such as malaria, HIV and influenza
[1–4]. Among the patients with confirmed COVID-19 cases who were treated in hospitals, the
proportion of patients with blood type A was significantly higher than patients with blood type
B [5], and furthermore, the severity and clinical outcomes of patients with COVID-19 patients
were reported to be associated with blood types [6].

However, in these previous studies, a relatively small number of study subjects and/or
subjects in a limited locality were investigated, and thus the data cover only a limited regional
geographic zone and do not reveal the globally geographically uneven distribution of
COVID-19 cases. Furthermore, the global dynamics of the COVID-19 epidemic were not
investigated. We therefore conducted this big-data analysis of the association between the
dynamics of the COVID-19 pandemic and ABO blood type distribution. The big data are
derived from the official database provided by the WHO. The ABO blood type distribution
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serves as a typical genetic marker for the global geographic distri-
bution of diverse diseases and public health issues. The determin-
ation of any factors that are associated with the COVID-19
epidemic might thus be important in fighting the COVID-19
pandemic.

For an epidemic of an infectious disease, the dynamic develop-
ment of the infection is a determinant, which can be assessed
by measuring several classic parameters, including the infection
case growth factor (ICGF), infection case doubling time (IC-dt),
reproductive number (RN), death case growth factor (DCGF)
and death case doubling time (DC-dt). The difficulty in determin-
ing these parameters is the current high dynamics in infection
development worldwide; thus, the endpoint of the total infection
number remains unreached. Instead, we tried to assess these
epidemic dynamics in the early exponential phase of the infection
by assessing the infection cases and death cases according to the
epidemical curves of the involved countries provided by JHU.

This study sought to investigate the relationship between
the distribution of ABO blood types and the dynamics of the
COVID-19 epidemic based on analyses of big data that cover
the majority of the global population.

Methods

Data sources

For the analysis of the COVID-19 epidemic, the populations of six
geographic regions divided according to the WHO were included:
Africa, America, East Mediterranean, Europe, Southeast Asia and
Western Pacific. Within each geographic zone, six countries were
randomly selected for the analysis (Table 1 in the supplementary
material). For randomisation, all countries in a geographic region
were listed according to the first and second letters of each coun-
try name and then numbered in order. The randomisation was
performed with SPSS software. However, at the time point of the
analysis in the early epidemic phase, two countries, i.e. Botswana
and Papua New Guinea, only reported a few COVID-19 cases that
were not considered an epidemic, and therefore these countries
were excluded from the analysis. Finally, the total population of
the 34 countries was approximately 5 391 149 thousand (2016
WHO data).

Data on the blood type distribution in each country are derived
from original research studies with respect to each corresponding
country (Table 1 in the supplementary material). Since blood type
A appeared more relevant in a previous correlation analysis
and the mean proportion of individuals with blood type A in
all 34 countries was 30%, the populations of all included countries
was divided into higher (⩾30%) and lower (<30%) blood type A
groups for the advanced analysis.

Data analysis

The confirmed infection cases and death cases of each country
were collected from the daily situation reports of the WHO.
The start point (1st day) was set on the day when the infection
cases began to increase exponentially to calculate the ICGF (1 +
growth rate), and the corresponding infection cases were set as
IC-begin. This point was identified on the curve provided by
JHU by two independent coauthors. Taking Germany as an
example, the day when the number of infection cases began to
increase was 12 March 2020, with 1567 infection cases. The
daily cases on the subsequent 14 consecutive days were input

into SPSS®. The daily ICGF was calculated using the following for-
mula [7] with SPSS software:

ICGF =EXP (((ln (infection cases on the 15th day)
–ln (infection cases on the 1st day))/14).

The RN was calculated using the methods described by the
Robert-Koch-Institute (Cologne, Germany) [8, 9]. The calculation
was based on the assumption of a viral generation time of 4 days
and an incubation time of 5 days. The RN was calculated using
the following formula:

RN =(sum of daily new infection cases

reported on 4 consecutive days)
/(sum of daily new infection cases reported on

the previous 4 consecutive days).

The death cases caused by or with COVID-19 were obtained from
the daily situation reports of the WHO. Based on the clinical con-
sideration that a death case occurred approximately 15 days after
infection, the death cases on the 16th day and the following 14
consecutive days were input into SPSS® to calculate the daily
death case growth factor (DCGF, i.e. 1 + growth rate) that was cal-
culated analogously to the ICGF as follows:

DCGF =EXP (((ln )death cases on the 30th day)
–ln (death cases on the 16th day))/14).

Furthermore, the doubling times for infection cases (IC-dt) and death
cases (DC-dt) [10] were calculated using the following equations:

IC− dt =ln (2)/ln (ICGF)

DC− dt =ln (2)/ln (DCGF)

From the epidemic curve provided by JHU, a plateau phase for
the infection cases was considered when the increase in new infec-
tion cases was no longer exponential, which was assessed for some
countries. The time interval from the start point of the exponen-
tial phase to the beginning of the plateau phase was determined
(days to the beginning of the plateau phase, Dpp). Furthermore,
the numbers of cases on the day when the plateau phase was
reached (nine countries up to 30 June 2020) were used to calculate
the COVID-19 cases in the corresponding country. The mean
Dpp was 51.2 days among these nine countries; thus, the Dpp(1/2)
was set at 26 days after the beginning of the exponential phase.
Since most of the analysed countries did not reach their plateau
phase in the early phase of the pandemic, the Dpp(1/2) was deter-
mined for all analysed countries to count the infection and death
cases (ICDpp(1/2) and DCDss(1/2), respectively). Figure 1 depicts all
these methodological measures.

Statistical analysis

In addition, a comparison of the epidemic dynamics was per-
formed by dividing the population into groups with higher and
lower proportions of individuals with blood type A either with
a non-parametric (Mann−Whitney) test (Fig. 3a) or ANOVA
(Fig. 3b), accordingly. Because the mean proportion of individuals
with blood type A was 30%, the higher and lower blood type A
groups were defined as ⩾30% or <30%, respectively.
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The mathematical and statistical procedures were performed
with SPSS® (IBM, 25th edition, USA). A difference was assumed
to be significant at P < 0.05.

Results

For each parameter used to assess the epidemic dynamics, i.e.
IC-begin, ICGF, DCGF, RN, IC-dt, DC-dt, ICDpp(1/2) and DCDss

(1/2), an overall difference among the selected countries was
observed using ANOVA (P < 0.01).

Correlations between ABO blood groups and ICGF and DCGF

ICGF correlated positively with the proportion of individuals with
blood type A (R2 = 0.328, P < 0.05, Figure 2a) and negatively cor-
related with the proportion of individuals with blood type B (R2 =
0.210, P < 0.05. Figure 2b), but not with blood type O or AB.

Similarly, DCGF correlated positively with the proportion of
individuals with blood type A (P < 0.01, Fig. 2c) and negatively
with the proportion of individuals with blood type B (P < 0.05,
Fig. 2d) but not with blood type O or AB.

Infection case dynamics between the higher and lower blood
type A groups

At the beginning of the exponential phase of the COVID-19 epi-
demic, a significant difference in infection cases was not observed
between the higher and lower blood type A groups (P > 0.05,
Fig. 3a). At Dpp(1/2), the number of infection cases was distinctly
higher in the group with a higher blood type A proportion than in
the group with a lower blood type A proportion (P < 0.05).

During the first 15 days of the exponential growth phase, ICGF
was significantly higher in the group with a higher blood type A

proportion than in the group with a lower blood type A propor-
tion (P < 0.05, Fig. 3b). IC-dt was reciprocally shorter in the
higher blood group A group than in the lower blood type A
group (P < 0.05, Fig. 3c). Although the reproductive number
was slightly higher in the higher blood type A group than in
the lower blood group A group, this difference was not statistically
significant (P > 0.05, Fig. 3b).

DCGF dynamics between higher and lower blood type A groups

The dynamic changes in death cases indicated by DCGF showed a
significant difference between both groups, i.e. higher in the
group with a higher blood type A proportion (P < 0.01, Fig. 3b).
Similarly, the DCDpp(1/2) results showed more deaths in the higher
blood type A group than in the lower blood type A group (P <
0.05). Accordingly, the death case doubling time was significantly
shorter in this group (P < 0.05, Fig. 3c).

Discussion

The COVID-19 pandemic is challenging public health care.
Classically, four major measures are essential to control an
epidemic disease: controlling the disease origin, cutting the infec-
tious transmission pathway, effectively treating patients and
improving herd immunity. However, to date, the origin of the
COVID-19 epidemic remains uncertain, a clinically proven vaccine
to improve immunity against the COVID-19 epidemic is still
unavailable, and an effective therapy for SARS-CoV-2-infected
patients has not yet been established. Therefore, the unique cer-
tainly effective measure available at present is to disrupt the wide-
spread transmission, i.e. personal protection measures, activity
restrictions and community lockdowns. Unfortunately, lockdown
causes a series of adverse effects, e.g. a decrease in the community
economy, reduction in productivity, restriction of people’s freedom
and hampering public health care. Therefore, the ability to ration-
ally balance the epidemic dynamics and lockdown is of critical
social and health interest, based on the observation and analysis
of the dynamics of the COVID-19 epidemic.

Indeed, the ability to determine the dynamics of the
COVID-19 epidemic is by no means an easy task because a num-
ber of factors exert profound effects on these dynamics. Exact data
on infection and death cases are difficult to obtain due to limited
manpower and health care resources in testing the population, not
to mention limited test certainty in terms of sensitivity and spe-
cificity, various incubation times, different social environments
and activities etc. Therefore, an analysis based on big data appears
to be a reasonable method to assess the dynamics of the
COVID-19 epidemic globally. Currently, the WHO and JHU
are monitoring these dynamics and providing useful information;
therefore, we used these useful tools and performed further ana-
lyses with a specific focus on genetic factors. Furthermore, with
the advanced and wider spread of the COVID-19 epidemic, fac-
tors including changes in the social behaviour of the people,
restrictions on social activity and increasing herd immunity will
significantly modify the dynamics of the epidemic. Therefore,
we focused the analysis on the early phase of the pandemic
when the pandemic dynamics were more ‘natural’. Indeed, the
IC-begin data did not show a statistically significant difference
between the higher and lower blood type A groups.

In fact, genetic factors play an important role in many diseases,
such as cardiovascular diseases [11], diabetes mellitus [12], can-
cers [13] and infectious diseases, including malaria [14], HIV

Fig. 1. Illustration of mathematical analyses of the study parameters involving
COVID-19 infection. As an example, the development of infection cases in Germany
over 140 days is displayed to determine the points used for calculations. A curve
with different phases can be identified from the course of cumulative infection
cases. The 1st day was set as the day when the infection cases began to increase
exponentially. In the early exponential phase, the infection growth factor (ICGF)
was calculated. The death cases were obtained from the period between the 15th
day after the start point and the 30th day. The plateau phase was reached when
the course of cumulative infection cases no longer showed an exponential increase.
The time interval (days) between the start point and the beginning of the plateau
phase (Dpp) was calculated. Since a plateau phase was not yet reached in most coun-
tries, Dpp(1/2) was set as half the mean Dpp and calculated for all countries.
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and influenza [15, 16]. As a genetic factor, the ABO blood type
distribution has been extensively investigated in the field of infec-
tious diseases [15–17]. Meanwhile, interest in investigating the
relationship between the ABO blood system and the COVID-19
epidemic is increasing [6, 18, 19]. The first study suggested that
among infected individuals, the proportion of patients with
blood type A was higher [19]. In this study, the researchers ana-
lysed 2173 patients with confirmed COVID-19 cases who were
treated in hospitals and found a higher proportion of blood
group A in these patients than in a comparable population with-
out COVID-19. Since a small number of study subjects from the
same locality were analysed, the data were quite limited. Recently,
Ellinghaus et al. reported a larger multicentre study and

documented a distinct association between ABO blood types
and the severity of COVID-19 cases [6]. Unfortunately, in their
study, the dynamics of the COVID-19 epidemic were not investi-
gated. We thus conducted this study based on the globally avail-
able big data to ascertain an association between the distribution
of ABO blood types and the dynamics of the COVID-19
epidemic.

The results of our analyses showed a positive correlation
between the proportion of blood group A in the global population
and the dynamics of the COVID-19 epidemic, as reflected by the
infection case growth factor, and a negative correlation between
the blood group B proportion and the infection dynamics
(Fig. 2). Furthermore, we obtained similar results for the

Fig. 3. Comparison of the COVID-19 epidemic dynamics between the higher and lower blood type A populations. (a) IC-begin, infection cases on the first day when
infection cases began to increase exponentially; DCDpp(1/2), death cases on 26th day after IC-begin; ICDpp(1/2), infection cases on 26th day after IC-begin. (b) ICGF,
infection case growth factor per day; RN, reproductive number; DCGF, death case growth factor per day. (c) IC-dt, infection case doubling time per day; DC-dt, death
case doubling time per day.

Fig. 2. Correlations between the blood type distribution and COVID-19 infection case growth factor per day and death case growth factor per day.
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relationship between blood group types and the death case growth
factor (Fig. 2). In this context, our results are consistent with
these aforementioned studies and strongly confirm the associa-
tion between the distribution of blood group types and the
COVID-19 epidemic. The lack of significant differences in RN
and IC-dt between both groups might be attributed to the
method. RN represents the change in new infection cases in the
previous 8 days and might be less dynamic as the infection
cases change. IC-dt is only a parameter used by our group, and
further studies are needed to clarify whether this parameter is
suitable for assessing the COVID-19 epidemic; thus, the results
should be interpreted with caution.

Based on the results described above, we divided the global
population into two groups according to the proportion of indi-
viduals with blood type A, i.e. the higher blood type A group
(⩾30%) and the lower group (<30%), and compared the differ-
ences in the epidemic dynamic parameters between both groups.
As shown in Figure 3, with the exception of the infection cases
at the beginning of the exponential phase and the reproductive
number, all other parameters were significantly higher in the
higher blood type A group than in the lower blood type A
group. These results further reveal an association between
the blood type distribution and the epidemic dynamics of
SARS-CoV-2 infection. We also analysed the relationships
between the population life expectancy as well as health care
expenses and COVID-19 cases (data not shown) based on data
provided by the WHO. With an increase in life expectancy, the
number of COVID-19 cases per 100 000 people increased, sug-
gesting a higher SARS-CoV-2 infection susceptibility in older
people, which has already been confirmed. A significant correl-
ation was not observed between health care expenses and
COVID-19 epidemic dynamics in the analysed countries.

The mechanisms responsible for this association have yet to be
explored. Currently, SARS-CoV-2 infection is presumed to begin
with the docking of its spiking protein to ACER2 [20–22].
Researchers have not clearly determined whether the ACER2
expression level differs among individuals with different blood
types and whether people with blood type A have higher
ACER2 expression levels. Certainly, further studies are necessary
to explore the mechanisms.

The consideration of the association between the COVID-19
epidemic and blood type distribution may be important and mean-
ingful to make reasonable decisions in combating the COVID-19
pandemic among different people with respect to their blood
type distribution. In general, countries with a lower proportion of
individuals with blood type A have a lower economic status and
poorer health care resources, which might be exaggerated by com-
munity lockdown. A reasonable approach for these countries might
be to implement slower, later or milder restriction measures due
to the lower dynamics of the COVID-19 epidemic, whereas the
restriction measure to combat the COVID-19 epidemic in popula-
tions with a higher proportion of people with blood type A ought
to be implemented more actively and earlier.

Certainly, the association between ABO blood groups and the
dynamics of the COVID-19 epidemic does not mean that ABO
blood groups are unique and determining factors affecting the
COVID-19 epidemic. Other factors, including population age,
efficacy of the health care system and socioeconomic status, also
have profound impacts on this epidemic. Furthermore, the results
of this study should be interpreted with great caution since the
available big data might be influenced by the capacity to diagnose,
trace, treat and report cases.

Supplementary material. The supplementary material for this paper can be
found at https://doi.org/10.1017/S0950268821000030.
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