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We have shown in an ethnically homogenous Turkey cohort with more than six thousand cases and 25
thousand controls that ABO blood types that contain anti-A antibody (O and B) are protective against
COVID-19 infection and hospitalization, whereas those without the anti-A antibody (A and AB) are risks.
The A + AB frequency increases from 54.7 % in uninfected controls to 57.6 % in COVID-19 outpatients, and
to 62.5 % in COVID-19 inpatients. The odds-ratio (OR) for lacking of anti-A antibody risk for infection is
1.16 (95 % confidence interval (CI) 1.1–1.22, and Fisher test p-value 1.8 � 10�7). The OR for hospitaliza-
tion is 1.23 (95 %CI 1.06–1.42, Fisher test p-value 0.005). A linear regression treating controls, outpatients,
inpatients as three numerical levels over anti-A antibody leads to a p-value of 5.9 � 10�9. All these asso-
ciations remain to be statistically significant after conditioning over age, even though age itself is a risk
for both infection and hospitalization. We also attempted to correct the potential effect from vaccination,
even though vaccination information is not available, by using the date of the data collection as a surro-
gate to vaccination status. Although no significant association between infection/hospitalization with
Rhesus blood system was found, forest plots are used to illustrate possible trends.
� 2022 Société française de transfusion sanguine (SFTS). Published by Elsevier Masson SAS. All rights

reserved.
Introduction

The ABO blood types have been shown to be associated with
COVID-19 infection susceptibility, severity, and mortality [1–6].
Further genetic studies show a direct link between COVID-19
severity and genetic variants at the ABO locus on chromosome 9
[7]. The same locus is also identified in an expression quantitative
trait loci (eQTL) analysis in multiple tissues [8]. Although ABO
blood type is mostly used as a biomarker, or to be matched in blood
transfusion, biomolecules associated with the ABO type do have
biological functions. In particular, ABO blood type is linked to
hemostasis and thrombosis [9–11], with non-O blood type associ-
ated with thromboembolism risk [12]. Also, if the ABO blood type
specific antibody (anti-histo-blood group antibodies, e.g. anti-A,
anti-B) [13] protects the binding between coronavirus spike pro-
tein and cell receptor [14], there could be differences of immune
responses to the SARS-Cov-2 virus between people with different
blood types [15–17].

Because the ABO type frequencies differ in different population
and ethnic groups, association results from one study in one region
need to be validated in other ethnic groups. The ABO frequency
pattern doesn’t have a simple correlation with continent [18].
More than half of the countries in the world have O% > A% > B% >
AB% (including, e.g., UK, Spain); about 30 % countries have A
% > O% B% > AB% (e.g., Norway, Sweden); and more than 10 % of
countries have O% > B% > A% > AB% (e.g. Thailand, Vietnam). Turkey
belongs to the A% > O% > B% > AB% group, thus it has a higher A%
than other blood types. Multiple neighboring countries in central
Asia, Middle East, and Eastern Europe share a comparable ABO
blood type distributions.

Previous studies show blood type-A is associated with increased
risk of infection, and type-O with decreased risk [19–23], type-A
and AB is associated with increased risk of requiring ventilation

http://crossmark.crossref.org/dialog/?doi=10.1016/j.tracli.2022.10.003&domain=pdf
https://doi.org/10.1016/j.tracli.2022.10.003
mailto:ayshe.ulgen@global.t-bird.edu
mailto:wtli2012@gmail.com
mailto:wtli2012@gmail.com
https://doi.org/10.1016/j.tracli.2022.10.003
http://www.sciencedirect.com/science/journal/12467820


M. Cetin, S. Cetin, A. Ulgen et al. Transfusion clinique et biologique 30 (2023) 116–122
[24]), but a New York study showed a slight decrease of intubation
risk for type-A COVID-19 patients [25],lower risk for death for
type-O [21] and lower risk for Rh(D)-negative type [21]. On the
other hand, there are reports on lack of evidence for association
between ABO blood types with COVID-19 infection, severity, and
outcomes [26,27].

For Turkish cohorts, it is reported in [28] that type-A is more
frequent in infected COVID-19 patients (A% = 57 %, sample size
n = 186) than healthy non-patients (A% = 38 %, n = 1881), and
type-O is less frequent in COVID-19 patients (O% = 24.8 %) than
general population (37.2 %). In another study [29], type-A is linked
to a higher ICU admission rate (p-value = 0.027), while type-O is
not significant (total number of patients is n = 39850). In the pub-
lication [30], however, type-A is more common in asymptomatic
patients (n = 56) than symptomatic ones (n = 76). In a nation-
wide collection of convalescent plasma donors (who were infected
with COVID-19) and blood donation samples (which are treated as
population level baseline) from Turkish Red Crescent, it is observed
that type-A, type-AB, and Rh(D)+ were over-represented in
infected COVID-19 patients than general population [31].

All previous studies collectively present a partial and tentative
picture of the impact of ABO blood type on COVID-19 infection,
severity and outcome. However, different studies are still not com-
pletely consistent. Studies with small sample sizes are unlikely to
produce a significant evidence, whereas larger sample size col-
lected from a heterogenous population may mix the ethnic groups
with different ABO blood type distributions, leading to spurious
results [32]. Using control samples from the same ethnic group
and same geographic region as the comparison group is of crucial
important in a study design [33,34]). It is therefore our intention
to add yet another cohort with large enough samples (several
thousands COVID-19 patients), from the homogenous population
(city of Amasya, Turkey), with well defined infection status and
disease severity (inpatients being more severe, and outpatients
being less severe), to help to clarify the association between ABO
blood type and COVID-19 disease.

Knowing that COVID-19 disease is not impacted by ABO blood
type alone and the severity could be influenced by many other fac-
tors [35–39], we analyzed our data a step further than most other
studies, by conditional on age and gender-- known risk factors for
COVID-19 disease severity, whenever possible, in the examination
of ABO-severity or ABO-infection association. Our results confirm
that type-A increases the infection and inpatient risk, whereas
type-O and type-B decrease it. Lastly, the issue of vaccination
was addressed even when we do not have the vaccination status
data, by logistic regression conditional on the month a sample’s
blood was collected. Our conclusion concerning infection risk is
not changed by this conditioning, but the conclusion on hospital-
ization would require more samples (more than the 9 hundred
inpatients in our collection) to confirm.
Material and methods

We have surveyed 6553 COVID-19 patients from Amasya State
Hospital, Amasya, Turkey, with 5628 outpatients and 925 inpa-
tients. Most patients had mild symptoms in the first week, such
as fever, muscle or joint pains, cough, and sore throat without dis-
tress (respiration rate per minute less than 24, oxygen saturation
(SpO2) level larger than 95 %). In this period, patients were moni-
tored either at home or at hospital, a decision made by attending
physician on a case-by-case basis.

In the second week, the chance to developing severe illness is
higher. Severe symptoms include shortness of breath, continuation
of fever, low blood oxygen level, etc. All monitored patients with
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an onset of severe symptoms were admitted to hospital as inpa-
tients. The admission date was from April 2020 to August 2021.

The ABO and Rh blood system type is determined for all sam-
ples. Other information, such as gender and age, are also collected.
Although inpatients who decides to be monitored in a hospital set-
ting may not have severe symptoms, this consists a very small pro-
portion of all inpatients.

The general population is represented by a group of controls
with medical records in Amasya State Hospital, Amasya, Turkey,
collected from January 2020 to November 2021. There are 25,163
persons in this collection. Most of the controls are non-COVID-19
patients in the hospital, while roughly 15 % were babies newly
born at the hospital.

All analysis and tests are carried out by R statistical packages
(https://www.r-project.org). In particular, glm function (general-
ized linear model) is used for carrying out logistic regression,
where the family is chosen to be ‘‘binomial”. The R notation glm
(y � x, data = . . ., family=‘‘binomial”) (y is the binary outcome vari-
able, x is an independent variable) implies the following logistic
regression (for more applications of logistic regression, see, e.g.,
[40]):

Prob y ¼ 1ð Þ ¼ 1
1þ e�c�a�x

The p-value for variable x is that for testing coefficient a to be
zero. If p < p0 where p0 is a small value (e.g. p0 = 0.01), variable x
is significantly associated with y at level-p0 (the practice of claim-
ing statistical significance without mentioning the level p0 is
strongly discouraged [41,42]. Similarly, logistic regression can be
carried out conditional on another co-variate z:

Prob y ¼ 1ð Þ ¼ 1
1þ e�c�a�x�b�z

The number of covariates can be more than one.
Besides glm, forestplot from the forestplot package is to show

the forest plot [43], lm is used for linear regression, fisher.test func-
tion is used to carry out Fisher’s test on 2-by-2 count tables. If a
count table has more than 2 rows or 2 columns, chisq.test function
is used to carry out a v2 test. For 2-by-2 count tables, v2 test and
Fisher’s test lead to similar p-values.

Results

Type-A is a risk for COVID-19 infection and type-O is a pro-
tection: Table 1 compares the ABO blood type distribution in the
COVID-19 patients (both outpatients and inpatients, n = 6553)
and other hospital patients who are not infected with SARS-Cov-
2 varus (n = 25163). The type-A is overrepresented in COVID-19
patients (49.5 %) than non-COVID patients (46.8 %), whereas
type-O is underrepresented in COVID-19 patients (26.9 %) vs
non– COVID patients (30.4 %). The type-B frequency is only slightly
higher in non-COVID patients, and type-AB is slightly higher in
COVID-19 patients. The ABO distribution between infected and
uninfected groups is significantly different (p-value = 1.8 � 10�7,
from 4-by-2 count table).

For each individual ABO type, a 2-by-2 table is used for counts
belong to, and not belong to, that type. The Fisher’s test can be car-
ried out. The p-values for type-A, O, B, AB from the Fisher’s test are
9.5 � 10�5, 3.3 � 10�8, 0.86, and 0.022. In other words, the statis-
tical evidence is stronger for type-A and type-O. The odds-ratios
(OR) for type-A, O, B, AB are 1.115 (risk), 0.843 (protection),
0.992 (not significant), 1.121 (risk). These odds-ratios in the range
of 1.1–1.2 indicate that the signal strength is not particularly
strong.

By the hypothesis that anti-A antibody may play a role in pre-
venting virial enter of cell, blood type-O and B both have anti-A

https://www.r-project.org


Table 1
Number of persons infected with COVID-19 (n(COVID) column) and without COVID-19 (n(non)) stratified by the ABO blood type (rows), as well as Rh blood system (last two
blocks). Blood types can also be grouped as those with anti-A antibody (O and B) and those without (A and AB), shown in the last two rows. The distribution (frequencies) of these
blood types are shown in parenthesis. The Fisher’s test p-value refers to that of the 2-by-2 count table with a particular blood type and without, in COVID-19 patients and in
uninfected controls. The odds-ratio (OR) refer to the particular blood type in favor (risk) for infection.

type n(COVID), n(non) Fisher pv OR Rh(D)+: n(COVID), n(non) Rh(D)-: n(COVID), n(non)

A 3244 (49.5 %), 11775 (46.8 %) 9.5E-5 1.115 2889 (49.5 %), 10486 (46.8 %) 362 (49.7 %), 1289 (46.8 %)
O 1766 (26.9 %), 7658 (30.4 %) 3.3E-8 0.843 1587 (27.2 %), 6836 (30.5 %) 181 (24.9 %), 822 (29.9 %)
B 968 (14.77 %), 3742 (14.87 %) 0.86 0.992 865 (14.8 %), 3318 (14.8 %) 105 (14.4 %), 424 (15.4 %)
AB 575 (8.77 %),1988 (7.9 %) 0.022 1.121 495 (8.5 %), 1771 (7.9 %) 80 (10.99 %), 217 (7.88 %)
A + AB 3819 (58.3 %), 13763 (54.7 %) 1.9E-7 1.157 3377 (57.97 %), 12257 (54.69 %) 442 (60.7 %), 1506 (54.7 %)
O + B 2734 (41.7 %), 11400 (45.3 %) same 0.864 2448 (42.0 %), 10154 (45.3 %) 286 (39.3 %), 1246 (45.3 %)
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antibody where type-A and AB do not. Therefore, type-O and B are
combined in one group and A and AB in another, forming a 2-by-2
count table (Table 1). The Fisher’s test p-value is 1.9 � 10�7, and
odds-ratio 1.157 (95 %CI: (1.095–1.222)). All results in Table 1
are also graphically illustrated by a forest plot, where the ORs
and 95 % confidence intervals of OR in different situations are
shown.

The Rhesus blood system does not seem to affect the result:
Table 1 shows the Rh(D)+ and Rh(D)- specific counts and distribu-
tion of ABO blood types and the same pattern can be seen. Because
most results concerning Rhesus blood system are not significant,
these results are only presented in a forest plot in Fig. 1, at least
to show possible trends. In Fig. 1, all 95 % confidence intervals of
OR related to Rhesus system bracket the OR = 1 vertical line (the
last 7 rows). The trend from our data (though not statistically sig-
nificant) is that Rh(D)+ is protective for all samples and for A + AB
subgroup, but is a risk for O + B subgroup.
Fig. 1. Forest plot for infection in various risk groups. The plot shows the odds-ratio (i
interval. The size of the square indicates the sample size. The four columns are: the stratifi
of COVID-19 infected samples in the group, and odds-ratio (larger than 1 if the positive ris
only and consider A as the risk variable; (A) Rh means for type A samples to consider R
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Type-A is a risk for COVID-19 hospitalization and type-B is a
protection: Table 2 shows the ABO blood type distribution in
COVID-19 inpatients (n = 925) and outpatients (n = 5628). The
type-A is overrepresented in inpatients (54.4 %) compared to out-
patients (48.7 %). The type-B is overrepresented in outpatients
(15.2 %) versus inpatients (12.2 %). There are also trends for type-
O and AB to be slightly more frequent in outpatients than inpa-
tients. The v2 test p-value for the 4-by-2 count table (4 blood types,
inpatient and outpatient) is 0.009. This p-value is not as small as
that in Table 1 mainly due to a smaller sample size in Table 2 than
in Table 1.

For individual ABO type, the same comparison was carried out
between count of a type and the rest, in 2-by-2 count tables. The
Fisher’s p-values for type-A, O, B, AB are 0.0014, 0.23, 0.019, 0.49,
and odds-ratio are 1.255 (risk), 0.905 (not significant), 0.777 (pro-
tection), 0.905 (not significant). For type-A and type-B inpatient-
outpatient comparisons, the test result is statistically significant
n log scale) with a condition (e.g., A type in the first row), and its 95 % confidence
ed group and the risk variable, number of uninfected samples in the group, number
k value increases the infection rate). Examples: (Rh(D)+)A means for Rh(D)+ samples
h as the risk variable; etc.



Table 2
Similar to Table 1, the number of COVID-19 patients who are hospitalized (n(in)) and those who are not (n(out)) are shown, stratified by the ABO blood type, as well as Rh blood
system.

type n(in), n(out) Fisher pv OR Rh(D)+: n(in), n(out) Rh(D)-: n(in), n(out)

A 503(54.4%), 2741(48.7%) 0.0014 1.255 442(54.2%), 2440(48.7%) 61(55.5%), 301 (48.7%)
O 234 (25.3%), 1532(27.2%) 0.23 0.905 213(26.1%), 1372(27.4%) 21 (19.1%), 160 (25.9%)
B 113(12.2%), 855(15.2%) 0.019 0.777 99(12.1%), 764(15.2%) 14(12.7%), 91 (14.7%)
AB 75(8.1%), 500(8.9%) 0.49 0.905 61 (7.5%), 434(8.7%) 14(12.7%), 66 (10.7%)
A + AB 578 (62.5%), 3241 (57.6%) 0.005 1.227 503 (61.7%), 2874 (57.4%) 75(68.2%), 367(59.4%)
O + B 347 (37.5%), 2387 (42.4%) same 0.816 312(38.3%), 2136(42.6%) 35(31.8%), 251(40.6%)
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(at 0.02 level). Again, by combining type-A and AB, type-O and B,
the 4-by-2 count table collapses to a 2-by-2 count table. The Fish-
er’s p-value for this table is 0.005 and OR = 1.227 favoring A+AB in
inpatient group (95 %CI: (1.063–1.416)). All results in Table 2 are
graphically shown in a forest plot in Fig. 2.

Similar to Table 1 and Fig. 1, there are not enough samples to
conclude on the impact from Rhesus system on hospitalization.
However, similar to Fig. 1, the Rh(D) + is trending a risk (though
not significant) in O + B subgroup for hospitalization, and trending
a protection, again not significant, in A + AB subgroup.

Linear regression covering both infection and hospitaliza-
tion: Interestingly, if Table 1 and Table 2 are compared, there is
a trend of increasing type-A+AB frequency from non-COVID patient
(54.7 %) to COVID-outpatient (57.6 %) to COVID-inpatient (62.5 %).
Similarly, the O + B frequency increases from COVID-inpatient
(37.5 %) to COVID- outpatient (42.4 %) to non-COVID patient
(45.3 %). This indicates that the risk (protection) conveyed by lack-
ing (having) anti-A antibody is reflected both in COVID-19 infec-
tion and severity.

This led to an idea of running a regression covering three levels:
uninfected controls, infected outpatients, and infected inpatients,
Fig. 2. Similar to Fig. 1, but this forest plot is
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as compared to the two levels in logistic regression. This might
be carried out by the proportional odds model, an example of the
ordinal regression. However, the assumption made in a propor-
tional odds model, that odds are the same from level-1 to level-2
as that from level-2 to level-3, will make it equally reasonable to
use the linear regression where the three levels are represented
by the numerical values 0,1, and 2.

The linear regression of the three-level indicator variable over
the anti-A antibody status leads to a p-value of 5.9 � 10�9. The
association between anti-A antibody and the uninfected-unhospita
lized-hospitalized status is also significant (p-value = 2.9 � 10�8).
by v2(df = 2) test. The corresponding p-value from the v2 test is
2.9 � 10�8.

Infection risk/protection conditional on age: The next ques-
tion to address is whether the association between type-A, type-
O and infection still holds true when other infection risk is also
considered. Since only age information is available, the following
logistic regression is used to consider both blood type and age
together (using the R notation, where glm for generalized linear
model, and family = binomial indicates the use of logistic
regression):
for hospitalization in various risk groups.
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glm COVIDinfection � antiAantibodyþ age; family ¼ 00biomial00ð Þ
ð1Þ

where variable anti-A antibody takes the value of 1 for type-O and
type-B, and 0 for type-A and type-AB.

Both anti-A antibody (p-value = 1.9 � 10�6) and age (p-
value = 2.1 � 10�78) are significantly associated with infection
when conditioning on each other. coefficient) for the anti-A anti-
body variable is 1.9 � 10�6, and that for age is 2.1 � 10�78. The
p-value for anti-A antibody variable is comparable to that from
Fisher’s test in Table 1.

The highly significant result on age is perhaps due to the fact
that 15 % of the non-COVID control samples are newborns at the
hospital. If only samples with age 25 or up are used, the signifi-
cance of association with anti-A antibody variable is not changed
(p-value = 8.4 � 10�6), whereas the p-value for age becomes
4.3 � 10�19. The Rh system variable is not significant in the logistic
regression when it is another covariate (result not shown).

Inpatient risk/protection conditional on age: The association
between ABO blood type and hospitalization risk can be checked
conditional on age and gender by the following logistic regression:

glm hospitalization � antiAantibodyþ ageþ gender; familyð
¼ }biomial}Þ ð2Þ
The p-value for anti-A antibody without conditioning on any

other covariate is 0.043. Compared to the Fisher’s test p-value in
Table 2, the p-value increases by 10-fold after conditioning on
age, but still significant at 0.05 level. We may alter Eq.(2) by con-
ditional on different choices of covariates, such as on Rh only, on
age only, etc. The p-value for anti-A antibody term changes only
slightly with different these conditionings. These show that anti-
A antibody’s association with hospitalization is robust. Note that
the p-values here are not as small as those for infection test
because the sample size is much smaller.

It is straightforward to extend our previous linear regression
acrossing three levels of phenotype over anti-A antibody status
Fig. 3. Frequency of A,B,O,AB blood type for samples registered in a specific month (x-axi
19 outpatients, red: COVID-19 inpatients). If the number of samples per month in a gro
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to a regression with age as a co-variate. Age remains to be
significant (p-value = 4.2 � 10�153). On the other hand, the
p-value for anti-A antibody variable is 1.9 � 10�7, indicating that
blood type’s contribution to the three level of phenotype is
independent from that from the age.

Infection and hospitalization risk/protection conditional on
date of measurement as a surrogate for vaccine status: There
is an important covariate that contribute to both infection and hos-
pitalization risk: the vaccination status. Unfortunately, information
on the vaccination status is not available. However, the proportion
of vaccinated individuals is expected to be low because the first
vaccination in Turkey only started in early 2021 and only for senior
people.

In order to deal with the issue of vaccination status without its
information being available, the following assumption is made: the
month of the year from the beginning of 2021 could provide partial
information on vaccination status. Obviously nobody were vacci-
nated in 2020, and there are more people in the general popula-
tion, starting from seniors, being vaccinated with time forward
since early 2021. We therefore plot the ABO frequency as a func-
tion of the month in which the sample is typed as a function of
time (Fig. 3). The black lines represent control samples; pink points
are for outpatients and red points for inpatients (when the number
of samples in a month is more than 20). We only plot the A and O
frequencies for COVID-19 patients because the sample sizes per
month for AB and B are low. It can seen from Fig. 3 that A-type fre-
quency in COVID-19 patients were higher, and O-type were lower,
than the controls, in particular in the year 2020. In the year 2021,
however, these frequencies seem to converge back to those of the
controls. A more mathematical analysis using month as a covariate
is included in the supplement material.

Discussion

Although we used the term ‘‘risk” and ‘‘protection” in the Result
section, a statistical association is not necessarily a causality until
s the month num- ber since January 2020) (black: uninfected controls, pink: COVID-
up is smaller than 20,
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proven to be true. Therefore, risk/protection should be understood
as a variable status whose increased value is associated with the
higher/lower disease incidence and/or prognosis.

In this paper, a trend of increasing more anti-A-antibody-
lacking blood types (A and AB) with COVID-19 disease status lad-
der (54.7 % in unaffected, 57.6 % in out- patients, and 62.5 % in
inpatients) is established, which is mostly contributed by the A-
type (46.8 % in unaffected, 48.7 % in outpatients, and 54.4 % in inpa-
tients). On the other hand, the trend is opposite for O-type (30.4 %
in unaffected, 27.2 % in outpatients, and 25.3 % in inpatients), as
well as anti-A-antibody-containing blood types (O and B). Our
results are consistent with many other publications, including
many studies carried out in Turkey [28,44,45].

However, a few other publications present contradictory con-
clusions, including some from Turkish studies [30,46,47]. In [30],
A-type frequency was 66 % in asymptomatic patients (n = 56),
46.94 % in mild- intermediate patients (n = 51), and 48 % in severe
patients (n = 25). It is natural to assume that asymptomatic
patients have similar blood type distribution as the general popu-
lation, but the A frequency is estimated to be 44 % in a much larger
sample size (n = 86797) [48], different from the 66 % frequency in
[30]. The sample size of n = 56 in [30] might be too small. In [47], O
frequency is higher in COVID-19 positive group than negative
group. Our recalculation by Fisher’s test on the data in [47], how-
ever, showed an insignificant conclusion (p-value = 0.11). In [46],
O frequency was higher in PCR-positive than PCR-negative (but
still had symptom). Not only the result was not statistical signifi-
cant (at 0.05 level), but also there is a question on if the PCR-
positive window had passed if the test was carried out in a late
stage. Overall, it is possible that the opposite trend results might
be caused by artifacts, in particular small sample sizes.

In [49,50] Rh blood system frequency differences were observed
between COVID-19 patients and controls. Although we reproduced
the p-value of 0.006 from a binomial distribution in count data in
[50] assuming Rh(D) + frequency to be 0.89, we could not repro-
duce a statistical significant result from the count table in [49]
(Fisher’s test p-value = 0.69 in our recalculation). We did not find
such a difference for Rh(D) in our data.

Efforts were made in our analysis to remove the contributions
from confounding variables, if the information was available, such
as age. We do not have information on comorbidity for this dataset.
Among the few previous work, [51] did not find an association
between ABO blood type and obesity in a Saudi Arabian dataset;
[52] found blood type B (followed by O) to be a risk for both hyper-
tension and obesity in an India dataset; [53] depicted a more com-
plicated picture that a potential association of blood type with
obesity may depend on both gender and age; etc. As hypertension
and obesity are known risk for hospitalization, even if there were
information on these comobidities in our data, it would not help
to explain our conclusion through the ‘‘guilty by association”
artifact.

Another potential confounding variable is vaccination status.
Our data was initially collected before vaccine being available to
the general public. Towards the end of time window of our collec-
tion, vaccine gradually became available, first to seniors, then to
younger age groups. Because the vaccination status information
is not available on our samples, the issue of vaccination impact
on ABO blood type association with infection and hospitalization
is addressed indirectly, by using the month in which the blood
sample was collected as an imperfect surrogate to vaccination sta-
tus. Our analysis and visual inspection of the raw data indicates
that the association is slightly weaker when month is conditioned,
but more samples are needed to have a conclusive result.

A recent analysis stated that blood type is not a significant pre-
dictor of prognosis or mortality after conditional on age, gender,
number of comorbidities, etc. in a logistic regression [54] (sample
121
size n = 670). On this result, the ethnic heterogeneity could make
the number of variables used in a multi-variable logistic regression
relative to the sample size, as a potential issue. Although in [54] the
African American and Hispanic ethnicity are two co-variates, the
sample size per ethnic group would be effectively smaller. The
events per variable (EPV) (before variable selection) for multi-
variable regression has been discussed in the literature, and
EPV = 50 was suggested in [55], among other proposed values. This
would point to a number of 13 variables before selection, com-
pared to the 11 variables in multiple logistic regression in [54].
Finally, it is not impossible that the signal contained in blood type
overlaps with that contained in the number of comorbidities, then
conditional on the latter would remove the signal from the former.

In conclusion, using a large dataset (six thousand COVID-19
patients, 25 thousand controls, more than 900 inpatients) collected
in an ethnically homogenous region (Amasya, Turkey), we confirm
the over-representation of anti-A-antibody-lacking blood types
(A + AB) in COVID-19 patients than controls, and in inpatients than
outpatients, and under-representation of anti-A- antibody-
containing blood types (O + B). The effect size is relatively small
(odds-ratio around �1.2). The inconsistent results from some of
previous studies might be caused by other artifacts that may blur
the relatively weak signal from ABO blood type, by genetic hetero-
geneity, and by small sample sizes.
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