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Research Title: Mathematical model of Thalassemia caused by genetics of population in Thailand
Researcher: Assoc.Prof.Dr.Puntani Pongsumpun
Faculty: Faculty of Science Department: Department of Mathematics

King Mongkut’s Institute of Technology Ladkrabang

ABSTRACT

Thalassemia is a group of genetic disorders of the red blood cells that can cause the pathology of
almost all organs throughout the body. This disease is found in the Mediterrancan Sea, such as Italy,
Greece. This disease was initially called as the “Mediterranean anemia” or “Cooley, s-anemia”. It can
also be found in Asian countries such as Thailand and China. In Thailand, there are more than 10
million people who have thalassemia gene are both diseased and non-diseased. People with the disease
have different symptoms ranging from mild anemia to very severe disease. Thalassemia caused by
abnormal hemoglobin formation. As a result, the red blood cells look abnormal and is short-lived.
Thalassemia has inherited genetic defects, ie, both fathers and mothers of thalassemia have thalassemia
latent, also known as thalassemia carriers. If the carrier is married and common gene abnormalities,
children have the chance of 1 in 4 for being thalassemia patients. Thalassemia is divided into two
groups based on genetic characteristics such as alpha thalassemia and beta thalassemia.
That is, if there is the abnormal of alpha gene, we called as alpha thalassemia. If there is a disorder of
beta gene, we called as beta thalassemia. In this research, a mathematical model of thalassemia in

Thailand will be investigated to predict the risk of this discase.

Keywords : Risk, steady state, Thalassemia, mathematical model
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Abstract

The inherited blood disorder in which the body makes an abnormal form of hemoglobin is called as Thalassemia.

Hemoglobin is protein molecule that carries oxygen. Anemia is the results from excessive destruction of rzd blood cells
which can make people have not normal and healthy red blood cells. Thalassemia is inherited. If at least one of parents be
a carrier of the disease. then the offspring may be thalassemia. There are two main types of thalassemia, alpha thalassemia
and beta thalassemia. In thus study, we use the knowledge of inherited theory to formulate the difference equations for
describing the transmission of Beta Thalassemia. The results of this study can predict the number of Beta Thalassemia

persons.

€ 2017 Published byBurapha University.

Keywords: Differsnce equations .hemoglobin, mhente. thalassemia;

537

SOIMANSIIE AT MU NeAduRUT



wuuiaeanuadiamaniveslsandaddoiifanniugassnuenlszmnsulszmealne 45

Proceedings of the Burapha University International Conference 2017, 3-44ugust 2017, Bangsaen, Chonburi, Thailand
1. Introduction

Thalassemia is a group of inherited diseases of the blood that affect the ability of people to produce
hemoglobin. Hemoglobin is a protein in red blood cells. It carries oxygen and nutrients to cells in the
body. Worldwide, there are about 100.000 babies are born with severe forms of thalassemia per year. It
can be found in people of Italian. Greek. Middle Eastern. Southern Asian and African Ancestry [National
human genome research institute. 2013]. Different lack part of an oxygen-carrying protein in the red
blood cells can make the different two types of Thalassemia. There are two different types of
Thalassemia. called as beta thalassemia and alpha thalassemia. The people with alpha thalassemia have
milder form of the disease. The degree is varying with the occurrence of anemia. The most severe form of
alpha thalassemia can be oceurred in Southeast Asian, Chinese and Filipino ancestry. results in newborn
death.The symptoms of thalassemia major generally appear before a child’s second birthday. The signs
and symptoms are tussiness. paleness. appetite, failure to thrive. jaundice. enlarged organs. Thalassemia
intermediate is a less severe form of beta-thalassemia. There is no need of blood transfusion for people
with thalassemia intermediate. Alpha-thalassemia also has two serious types. which are hemoglebin H and
hydrops fetalis. Hemoglobin H can cause bone issues. The cheeks. forehead. and jaw may all overgrow.
Moreover, hemoglobin H disease can cause jaundice, which is a yellowing of the skin or the whites of the
eves. an extremely enlarged spleen and malnourishment. Hydrops fetalis is the most severe form of
thalassemia. It happens before birth. Most people with this condition are either born or die shortly after
born [Holm and Chemev 2017].There are about 1 percent of Thai human who can be thalassemia
disease. Almost 50.000 pregnancies are at risk for having an affected fetus per year. Both alpha
thalassemia and beta thalassemia. including hemoglobins E and Constant Spring, are found in Thailand.
This disease can be found varies from region to region and different ethnic groups. The people who
cartiers of at least one of the abnormal genes are about 30-40% of the population [Panich. Pornpatkul and
W.Sriroongrueng, 1992].In 2013, Lee et al. developed a model for human beta thalassemia by knocking
down beta-globin gene and protein expression in cultured CD34+ cells obtained from healthy human
[Lee et al. 2013]. In 2016, we analyzed the difference equations for describing population genetics
[Pongsumpun. 2016]. Mathematical models are nsed for describing the transmission of many diseases.
Recently. we formulated the zika virus transmission model and standard dynamical modeling method is
used for analysis our model [Lamwong and Pongsumpun, 2017].Then. the ransmission model of dengue
disease is analyzed with the numerical solutions to see the different situations [Sungchasit and
Pongsumpun.2017]. After that. we apply the differential equations with the transmission of respiratory
diseases [Pongsumpun. 2017]. In this paper, we describe the transmussion of beta thalassemia by
formulating the difference equations. The results should be the way for predicting the number of
thalassemia cases of the next generations.

2. Mathematical model

We define the variables for each type of population as in table 1:
Table 1: The definitions of variables for our difference equations.

Variables/parameters Definitions

Bip Healthy person

gAY =p%p B-thalassemia carrier person

B/ BE =pEig {3-thalassemia Haemoglobin E carrier person
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B°18° Homozygous f-thalassemia carrier person
o, pE_ pE o B-thalassemia / Haemoglobin E carrier person
BUIpT=p"18
55 7 ,5’5 Homozygous / Haemoglobin E carrier person
e Fraction of population for 3/ /3 person
£ Fraction of population for A/ £° person
g Fraction of population for B/BE person
h Fraction of population for §9/f° person
' Fraction of population for 4° /4% person
J Fraction of population for S iy ,BE person
Table2: The gene frequency of offspring for p-thalassemiafrom the normal person and carrier person
Gene Father
Big ;50 /BE
Gene frequency(%) P8 e
e i &
Mother | g/f e e ef eg
5
7 1)V .\ ae=
BIAE y Sl W RN
We denote symbels as in this table:
Table 3 : The symbols for each type of population
Symbol Meaning
&) Healthy person
e B-thalassemia carrier
person
& -thalassemia patient
p
The classification of Beta Thalassemia is considered from the characteristics of father and mother. Thus, we
consider 6 cases by considering the normal and carrier persons as follows:
Case 1 Father and mother are healthy persens.
Case 2 Father or mother is healthy person and another is B-thalassemia carrier person.
Case 3 Father or mother is healthy person and another is p-thalassemia Haemoglobin E carrier person.
Case 4 Both of father and mother are f-thalassemia carrier persons.
Case 5 Father or mother is B-thalasseniia and another is p-thalassemia Haemoglobin E carrier person.
Case 6 Both of father and mother are 3-thalassemia Haemoglobin E carrier persons.
539
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Case 1 Father and mother are healthy persons

Fig.1.0ffspring frequency for the case of both father and mother are healthy persons. We can see that the
percentage of offspring to be healthy persons is 100%.

Case 2 Father or mother is healthy person and the another is p-thalassemnia carrier person.
We consider for 2 sub-cases 1) Suppose the gene frequency of father is eand mother is /. then we can have

the frequency of offspring is ef 2) Suppose the gene frequency of mother is @and father is [ - then we can
have the frequency of offspring is fe. Because ef = fe, thus, the total frequency in this case is

ef + fe=2ef.

Fig.2.Offspring frequency for the case of father or mother is healthy person and the another is p-thalassemia
carrier person. For each pregnancy. percentage of each offspring to be thalassemia carrier is 50%.

Case 3 Father or mother is healthy person and the another is p-thalassemia hasmoglobin E carrier person. We
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consider for 2 sub-cases. 1) Suppose the gene frequency of father is € and mother is g, then we can have the
frequency of offspring is eg 2) Suppose the gene frequency of father is g and mother is e . then we can have
the frequency of offspring is ge . Because eg = ge. thus. the tofal frequency in this case is

eg +ge = 2eg.

‘g ® x ® /pipt

Fig.3.0ffspring frequency for the case of father or mother is healthy person and the another is §-thalassemia
haemoglobin E carrier person. For each pregnancy, percentage of each offspring to be thalassemia carrier is
50%.

Case 4 Father and mother are f-thalassemia carrier persons. In this case. we supposs the gene frequency of

. 1 \ \ Yy ry>
father is 7 and motheris /. then we can have the frequency of offsp@ls £,

1§/ e YL S

Fig. 4.0ffspring frequency for the case of both father and mother are thalassemia patients. Each pregnancy.

probability of offspring to be healthy persons are 25%.. 50% are carrier persons, 25% are B-thalassenua
patients,

Case 5 Father or mother is f-thalassemia and the another is p-thalassemia Haemoglobin E carrier person. In
this case. we consider for 2 sub-cases. 1) Suppose the gene frequency of fatheris f and mother is g . then we
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can have the frequency of offspring is fg . 2) Suppose the gene frequency of father is g and mother is ¥
then we can have the frequency of offspring is gf . Because fg = gf . thus, the total frequency in this case

is fg+ef =2/g.

Fig. 5.0ffspring frequency tor the case of father or mother is B-thalassemia canrier person and the another is
B-thalassemia haemoglobin E carier person. For each pregnancy, percentage of each offspring to be healthy
persons 1s25%. 50% are carrier persons, 23% are p-thalassemia patients.

Case 6 Both of father and mother are p-thalassemia Haemoglobin E carrier persons. In this case, we suppose

3 ; . o £ N
the gene frequency of father is ¢ and mother is g . then we can have the frequency of offspring is g~

Fig.6.Offspring frequency for the case of father and mother are f-thalassemia Haemoglobin E carrier
persons. For each pregnancy. percentage of each offspring to be healthy persons is 25%. Percentage of each
offspring to be f-thalassemia Haemoglobin E camrier persons are 50%. Percentage of each offspring to be §-

542
w &

SOIMARTINNTE AT WUTH WaAduRuT



o - L3 v A A @
lL'U‘].I‘iﬂﬁENW"Nﬂﬂ{ﬂﬂ"lf‘l'ﬂiﬂ!ﬂﬂiiﬂﬁ]ﬂﬁ“ﬁmfJ‘V]LﬂﬂTI']ﬂWU'Qﬂﬁilﬁmﬂﬂ'ﬁS‘lﬂﬂﬁal‘l-.lﬂ'iﬁmﬁulﬂﬂ

Proceedings of the Burapha University International Conference 2017, 3-44ugust 2017, Bangsaen, Chonburi, Thatland

thalassemia carrier persons is 25%.

Table 4 : Offspring frequencies.

Offspring frequencies
Type of gene Gene
frequency Bip B8/ ‘BG A1 [?E )6’0 / [)’0 ,6’0 / ﬁ_r ’55 fﬁf
BlAxBIpB & o 0 0 0 0 0
BlBxBI B 2¢f of ef ; g Q %
B18°xpIgE N S 28 7o 3=\ 2 1 Eid .
75 v 2 2
ﬁfﬁﬁxlﬁiﬁé j,z ﬁ iz_ 0 -f-"i 0 0
4 2 4
BB xBlB" /g =\ Je y Je P
2 P 2 2
ﬁs"ﬂf xﬁfﬂE g: gz 0 gl 0 0 _g__
4 2 4

From the above table. we can have the difference equations for each type of genotype as follows:

-
&=

en+1 = en T ek e

Su+1 = en Sy + Fagits

2
&n

gn+1=JnEn *

|
b= Ifn-

fii
2

S
4

2
&n

4
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1= Jn&n

|
Ty = I g, where nis the generation. e, f, g, 1 i, j, are defined in section 2.

Conclusion

Mathematics is applied to many fields. There are many research using mathematical models applied to the
rransmission of the disease. The science of heredity or geneties was originated in the 19th centuwry. Beta
thalassemia can transmit between human by heredity. The difference equations are used to describe how
population reproduce to their offspring. The results of this paper should be the way for predicting the
thalassemia cases for offspring.
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