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Abstract

The ABO system has been established as a risk factor or protection associated with the development of
multiple pathologies. Thus, the search continues for its association with other diseases. The objective of
this study was to determine the association between the AB0 blood system and leukemias. Blood samples
were obtained from 102 patients with a presumptive diagnosis of leukemia. We carried out an AB0
typification with Gel-cards. The morphological classification of leukemia was based on the identification
of the cellular line and its differentiation stage by means of a peripheral blood smear with Wright
staining. The statistical analysis was performed with SAS/STAT® ver. 9.2 statistical software. The X2-
Pearson test was utilized for determining the association between two variables. An association was
found of ABO blood groups and leukemias of acute presentation, reporting more cases of those expected
for AML in patients with AB blood group and a greater proportion of ALL in those with blood groups
A, B, and 0 [X2.-Pearson=102; df=3; p=0.001]. More cases were reported than those expected of CML in
patients with blood groups B and CLL than in persons of group 0 [X2-Pearson=6.604; df=1; p=0.017].
According to age group, an association was found of pediatric patients with ALL and adult patients with
CLL (X2-Pearson=8.860; df=3; p=0.03). According to the study, the AB0 blood system is associated with

leukemias of acute presentation.
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Introduction

Karl Landsteiner, in the XX century, demonstrated the
existence of antigenic particles in the membrane of the
erythrocyte, developing the knowledge of the ABO system. The
antigens of the ABO blood group are the most frequently
studied genetic markers in large groups of persons. The
antigens are expressed on the surface of the red blood cells and
in a variety of cells and human tissues [1]. There are four
common blood groups in the ABO system, 0, A, B, and AB,
whose frequencies vary according to racial/ethnic groups.
From the rise of the ABO system, numerous investigations have
focused on associating it with the development of diverse
pathologies, as carried out by Allan and Dawson in 1968,
finding a diminished population belonging to the 0 blood group
with ischemic cardiac disease in comparison with the high
number of patients with other blood groups [2]. In the same
manner, Miao in 2014 reported that Caucasian women with
blood group A had a greater risk of developing breast cancer
[3]; clearly, the ABO blood groups provide a special
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vulnerability to those who possess a specific blood group [4].
From this association arises the need to investigate the
relationship of the ABO system with other types of cancer, such
as leukemia. The term leukemia (Leukédmie) signifies “white
blood” (from the Greek leuco, Agvkdc: “white” and emia, aiua:
“blood”). Currently, leukemia is defined as a heterogeneous
group of hematological cancers that predominantly affect the
peripheral blood and the bone marrow. The disease is classified
into four groups: Acute Myeloid Leukemia (AML); Acute
Lymphoblastic Leukemia (ALL); Chronic Myeloid Leukemia
(CML), and Chronic Lymphocytic Leukemia (CLL) [5]. ALL
constitutes 25% of all types of cancer, representing between
0.5 and 3% of all malignant neoplasms worldwide, being in
2019 the eleventh most common cancer in the world [6]. In
ALL, the blasts are homogeneous, the nucleus is regular, the
chromatin is homogeneous, small, or nulolytic, with scarce
cytoplasm and slight-to-moderate basophilia [7]. CLL is the
most common type of chronic leukemia in the greater part of
Western countries, and it is the most common leukemia in
adults, representing nearly 25% of all leukemias and 1.3% of
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all cancers [8]. CML is a rare entity in Pediatrics,
corresponding to 3-5% of all leukemias. The behavior of the
final phase of the disease is similar to that of acute leukemia:
60-70% of cases have myeloblastic morphology and one third,
lymphoblastic [9]. AML is the most frequent myeloid disorder
and it is characterized by a clonal disorder of hematopoietic
cells [10]; it can infiltrate nearly all of the systemic organs,
including the heart [11], and is responsible for 20-30% of
leukemia-associated mortality at pediatric age. In AML, the
morphology of the erythrocytes in the peripheral blood changes
to an enormous degree, with cystocytes, "brush-stroke” cells or
fungus-shaped cells, echinocyte cells, and spiculated
acanthocytes [7]. The leukemic cells impede the production of
red blood cells, platelets, and healthy leukocytes. Therefore, it
is important to determine novel factors that could be associated
with the development of these diseases in order to facilitate
their diagnosis and prevention in populations susceptible to
developing them. The results of this study could be utilized by
the health authorities to implement measures that could
contribute to strengthening care programs for neoplasms. The
objective of this study was to determine the association
between the ABO blood group and leukemias.

Material and Methods

The study was approved by the Hospital General de Lerdo
Committee of Ethics in Investigation registered with number
000374 and was conducted according to the principles of the
Declaration of Helsinki. Signed informed consent was
collected in written form from each participant prior to the
study. Blood samples were obtained from 102 patients with a
presumptive diagnosis of leukemia during their hospitalization

Table 1. Frequencies of phenotypes ABO and Rh.

Cervantes-Flores

period, at UMAE-IMSS 71, from January 2018 to December
2018. The DG-Gel cards (Licon, México) were employed for
ABO typification according to the technique described by
Lapierre et al. [12] reported agglutination reactions in red
blood cells. The morphological classification of leukemia was
based on the identification of the cellular line and its
differentiation stage according to the French-American-British
(FAB) sub-classification by means of smears with Wright stain.

Statistical analysis

Statistical analysis was performed with SAS/STAT® ver. 9.2
statistical software (2nd edition) (SAS Institute, Inc., Cary, NC,
USA). Frequencies or mean values are reported as descriptive
statistics. Chi-square-Pearson test was utilized to determine the
association between two variables and a 95% Confidence
Interval (95% CI) was considered. The p value of less than
0.05 was considered statistically significant.

Results

Of a total of 102 patients with a presumptive diagnosis of
leukemia; 63% (n=64) were adults aged 18-71 years and there
were 37% (n=38) pediatric patients aged 2-17 years, in whom
the phenotype of the ABO blood group system was determined.
A distribution was obtained of 0 of 68.66% (n=70), A 16.66%
(n=17), B 12.72% (n=13), and AB 1.96% (n=2). For the
phenotypes of the Rh system, a distribution of Rh D 98.03%
(n=100) and Rh d1.97% (n=2). No significant difference was
found for the distributions of the ABO blood groups between
adult and pediatric patients (Table 1).

Adult patients Pediatric patients

Adult
18-71 years of age aged 2-17 years Total
Phenotype vs. pediatric patients
(n=64) (n=38) . Frequencies/%
p
n/% n/%
h Phenotype ABO
O 47/73.45 23/60.54 0.635 70/68.66
A 9/14.06 8/21.05 0.7 17/16.66
B 7/10.93 6/15.78 0.463 13/12.72
AB 1/1.56 1/2.63 0.1 2/1.96
()} Phenotype Rh
Rh D 63/98.44 37/97.37 0.26 100/98.03
Rhd 1/1.56 1/2.63 0.1 2/1.97

*p<0.05; X2-Pearson

In adult patients, a greater frequency was found of
ALL>AML>CML>CLL, while in pediatric patients, more
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cases presented of ALL>AML>CML. According to the age
groups, pediatric patients aged 0-17 years were associated with
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ALL and adult patients aged 18-71 years were associated with
CLL (Table 2).

Table 2. Frequencies of leukemias in adult-pediatric patients.

Adult patients

Pediatric patients aged

Adult patients vs.

aged 18-71 years 2-17 years pediatric Total
Type of leukemia

(n=64) (n=38) patients n/%

n/% n/% p*
ALL 28/43.76 23/60.53 0.035* 51/50
AML 24/37.5 11/28.95 0.604 35/34.31
CML 9/14.06 4/10.52 0.333 13/12.75
CLL 3/4.68 0/0 0.035* 3/2.94

*p<0.05; X2-Pearson

Among the patients of the 0-blood group, cases were found of
ALL>AML>CML>CLL. In terms of patients belonging to the
B blood group, three types of leukemia presented:
ALL>AML>CML. Only two types of leukemia were observed
in patients with blood group A: ALL, and ALL. However,
solely one type of leukemia was reported: in blood group AB.
Significant differences were found for the association of ABO
blood groups and leukemias of acute presentation, reporting

Table 3. Leukemias in ABO blood groups.

more cases than expected for AML in patients with AB blood
group and a greater proportion of ALL in those with blood
groups A, B, and 0 [X2-Pearson test=102; df= 3; p=0.001].
Likewise, more cases than expected were reported of CML in
patients with blood group B and of CLL in persons with LLC
with blood group 0 [X2-Pearson test=5.60; df=1; p=0.017]
(Table 3).

Blood group A Blood group AB Blood group B Blood group O Total
Type of leukemia

n/% n/% n/% n/% n/%
ALL 9/53 * 0/0 6/46 * 36/51 * 51/50
AML 17380 2/100 * 11414 21/30 35/34
CML 0/0 0/0 3/23 * 41913 13/13
CLL 0/0 0/0 0/0 3/5* 43527

*p<0.05; X2-Pearson

Among adult patients of the 0-blood group were found cases of
ALL 48.93% (n=23), AML 31.91% (n=15), CML 12.76%
(n=6), and CLL LLC 6.38% (n=3). With respect to patients
belonging to blood group B, these presented three types of
leukemia: LMA 42.85% (n=3); CML 42.85% (n=3), and ALL
14.28% (n=1). Only two types of leukemia were observed in
patients of the A blood group: AML 55.55% (n=5) and ALL
44.44% (n=4). However, a sole type of leukemia was reported,
that is, AML 100% (n=1) in persons with blood group AB.

In pediatric patients of the 0 blood group, we found leukemias
ALL 52% (n=13), AML 24% (n=6), and CML 17.39% (n=4),
while within the B blood group, two types of leukemias were
reported: ALL 83.33% (n=5) and AML 16.66% (n=1). In a
similar manner, in pediatric patients with A blood groups,
cases presented of ALL 62.5% (n=5) and AML 37.5% (n=3).
In contrast, only one case was found of AML 100% (n=1) in
patients of the AB blood group. Significant differences were
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not found for the association of leukemias and blood groups by
age group (Table 4).

Discussion and Conclusion

The distribution of the ABO system has been widely studied
worldwide, yielding a great variety of results. However, despite
this variation, blood group O has been reported as the most
frequent in as great part of these studies, being the most
common blood group in Latin populations. In contrast, the AB
blood group has continually been described as the least
frequent in the majority of human populations [13,14]. In this
study, we found a distribution O>A>B>AB, blood groups
coinciding with the distributions reported in studies conducted
in Mexico [15,16]; similarly, they coincide with distributions
reported in populations of Nigeria and Iraq [13,17], contrasting
slightly with studies performed in Latin populations of other
countries, where distributions are reported of A>0>B>AB [18].
This difference can be attributed to the different sample sizes
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employed in the studies, in addition to the miscegenation
proper to each country.

Table 4. Leukemias in ABO blood groups of adult and pediatric patients.

Cervantes-Flores

Type of leukemia Blood group A Blood group AB Blood group B Blood group O Total
n % n % n % n % n %
Adult patients
ALL 4/44.44 0/0 1/14.28 23/48.93 28/44
AML 5/55.55 1/100 3/42.85 15/31.91 24/38
CML 0/0 0/0 3/42.85 6/12.76 41883
CLL 0/0 0/0 0/0 3/6.38 43558
Pediatric patients
ALL 5/62.5 0/0 5/83.33 13/52 23/60
AML 3/37.5 1/100 1/16.66 45444 47423
CML 0/0 0/0 0/0 4/17.39 43773
CLL 0/0 0/0 0/0 0/0 0/0

*p<0.05; X2-Pearson.

In the present investigation, a greater frequency was reported
of patients with ALL; likewise, an association was found of
patients with ALL, as well as an association of pediatric
patients aged 0-17 years with ALL, which can be due to that
this disorder constitutes 25% of all types of cancer, being the
most frequent childhood cancer type [19]. Later, cases were
found of ALL that tend to be the most common myeloid
affliction [10], proliferating above all in adult patients. Despite
this, it is in general sufficiently infrequent, representing only
1% of all cancers [20]. In the ambit of chronic leukemias, few
cases of CML were detected, whose low frequency can be due
to its being a scarcely common affliction, representing 3-5% of
leukemias [9]. In this instance, only three cases of CLL were
detected that were associated in the 8-71 years-of-age group.
Despite its low incidence in the present study, it tends to be the
most frequent type of chronic leukemia in the greater part of
Western countries and is the most common leukemia in adults,
representing nearly 25% of all leukemias and 1.3% of all
cancers [8]. The scarce presence of CLL can be associated with
the age range of the patients participating on this study, in that
CLL tends to present at around 64 years of age, and nearly one
half of the cases are diagnosed in persons aged older than 65
years [21,22], an aspect with which very few of the participants
complied. Despite the very few epidemiological studies related
with leukemia carried out in Mexico, our results coincide with
that reported by Santoyo-Sanchez et al. (2016) in a study
population of the Valley of Mexico [23].

Associations were obtained for AML in patients with the AB
blood group and a greater proportion of ALL in those with the
A, B, and 0 blood groups. Similarly, more cases were reported
that expected of CML in patients with blood groups B and
CLL in persons with blood group 0, as reported by Wolpin and
collaborators (2010), Iavarone et al. (2016), Akin and
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collaborators (2018), and Stakisaitis et al. (2018) with other
types of localized cancer [24-27]. In this regard, this
investigation is added to all of those in which were found an
association of the ABO blood system with different
pathologies, such as cardiovascular disease, familial
hypercholesterolemia, and hepatitis B virus infection, or a
worse diagnosis in diseases such as urothelial carcinoma of the
gall bladder [14,28-30], on contrasting our results with those of
investigations that did not report an association of the ABO
system with pathologies such as nasal polyposis,
endometriosis, and osteoporosis [4,31-33]. The clinical
importance of the systems of blood groups currently extends
beyond Transfusional Medicine. Therefore, it is imperative to
investigate the mechanisms by which the ABO system is
associated with different pathologies. In conclusion, our study
demonstrated an association between the phenotypes of the
ABO blood system and leukemias; the ABO blood system is
associated with leukemias of acute presentation. Due to that the
frequencies of ABO blood groups and leukemias vary from one
population to another, it would be interesting to see results of
similar studies conducted in regions with different ABO
groups.
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