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Abstract.Viral hepatitis is a deadly disease especially Ha #frica continent. Most
people living with it do not know that they areenfed. This places them at greater risk
for severe, even fatal complications and increéisedikelihood of spreading the viruses
to others, and so testing or diagnosis for theadisés of great important to curb the rate
of spread. In this paper, we proposed the numed@nosis of viral hepatitis using
intuitionistic fuzzy sets (IFSs) via a new distameeasure of intuitionistic fuzzy sets.
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1. Introduction

Hepatitis (hepatitides for plural) is a medical dition defined by the inflammation of
the liver and characterized by the presence ofunmfhatory cells in the tissue of the
organ. Hepatitis is considered globally as a deali$gase especially in Africa. This
disease is largely regarded as viral infectionaalth liver inflammation can also happen
due to autoimmune, medications, drugs, toxin, dodhal [2, 3, 7]. This infection is
common in Africa due to poor sanitation culture amgprotected sex, careless blood
transfusion among others.

Many methods of diagnosing viral hepatitis havenbessearched. Some of these
methods are liver biopsy, physical examinationedifunction tests, ultrasound, blood
tests, and viral antibody testing[7, 8]. In thisicde, we propose numerical diagnosis of
viral hepatitis types using intuitionistic fuzzytse(IFSs) method via a new distance
measure of IFSs.

The concept of intuitionistic fuzzy sets (IFSs) mosed by Atanassov [9-11] as
the generalization of fuzzy sets in [17] attractedch attention due to its significant in
tackling vagueness or the representation of impeifaowledge in decision making.
Many applications of IFSs in decision making haeer proposed and researched such
as in career determination, electoral system, pattecognition, medical diagnosis,
medical imaging etc. [12-16].

For the application analysis, we assume theredstabase of hepatitis types and
symptoms in IFSs values, and samples of suspedcttitisgpatients are collected and
analysed with respect to symptoms in IFSs values.udé the new distance measure to
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calculate the distance between each of the pattseach of the hepatitis types to find
which type of viral hepatitis each patient is inéatwith before proceeding on treatment.

2. Meaning of intuitionistic fuzzy sets
Definition 1. Crisp setd of a universal seX is defined as the characteristic functiomof
and is denoted bfj (x), mathematicallyf, (x): X — {0,1}

1,ifx€A
where,f,(x) = {0 ifxDA}

Definition 2[17]. Fuzzy setd of a non-empty seX is defined by the membership
function of the sets. t. u (x): X = [0,1],

1, if xistotallyin A
where,u,(x) =14 0,if xisnotin A

(0,1),if xispartlyin A
The closer the membership valug(x) to 1, the morer belongs t4, where the grades
1 and 0 represents full membership and full non-beship.

Definition 3[9]. Let X be nonempty set. An intuitionistic fuzzy set (IFB)h X is an
object having the form;

A = {(x, us(x),v,(x)): x € X}, where the functiong,(x), v,(x): X — [0, 1]define the
degree of membership and degree of non-memberghifneo elementc € X to the
setA. Foreveryx € X,0 < u,(x) +v4(x) < 1.

Furthermore,my(x) =1 —u, (x) — v4(x) is the intuitionistic fuzzy set index or
hesitation margin and is the degree of indeternyiramncerning the membership xof
in A, then 0 < p,(x) +v4(x) +my(x) <1. Whenever my(x) =0, IFS reduces
automatically to fuzzy set.

3. Some distance measur es of intuitionistic fuzzy sets
Definition 4[18]. Let X be nonempty such that IFS4,B,C € X. Then the distance
measurel between IFSd andB is a mappingd: X X X - [0,1]; if d(4, B) satisfies
the following axioms:

Al 0 <d(A,B) < 1(boundedness),

A2 d(A,B) =0ifand only if A = B,

A3 d(A,B) =d(B,A) (symmetric),

A4 d(4,C)+d(B,C)=d(4 B),

A5 ifAS B Cc C,thend(4,C) =d(4,B) andd(4,C) = d(B, ().

Distance measure is a term that describes therefiffe between intuitionistic
fuzzy sets and can be considered as a dual cootejilarity measuré/Ne make use of
the four distance measures proposed in [18-20]ttviltuitionistic fuzzy sets, which
were partly based on the geometric interpretatibmtoitionistic fuzzy sets, and have
some good geometric properties.

LetA = {(x, pa(x,), va(x)), ma(x)): xeXJand B = {(x, up (x;), v (x1), 05 (x)): x€X}
be two IFSs inX = {xy,x,,..,x,}, for i=1,2, ..,n. Based on the geometric
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interpretation of IFSs, Szmidt and Kacprzyk [18,] I#oposed the following four
distance measures betwetandB:
The Hamming distance:

1 n
an(4,8) =5 3 (lia 0o = e |+ sy = vp ) [+ T ) = a0 |
i=1

i=
The Euclidean distance:

n

1
dg(A,B) = EZ[(MA(JCL’) — up(x))? + (va(xi) = vp(x))? + (1a(x:) — 75 (x;))?]

=1

The normalized Hamming distance:
n

1
(A B) = > ClitaGed = G |+ Tuae = vo e |+ a0 = o |

i=1
The normalized Euclidean distance

1 n
dn-p(A,B) = §Z[(MA(XL-) —up(x))* + (Va(x;) = vp(x:))? + (ma(x) — mp(x:))?]
i=1
The new distance measure is given as thus:
d(A,B) =izn:[| (x;) — ug(xy) | + | | (%)) —va(x;) | - | (x;) —vg(xi) | |
) Zn-_l HalXi) — UplXi HalXi A\ Xi Hp(X; B\Xi

1 g = mae | = s = s 1]
Example 3.1. Letd = {(0.6,0.2,0.2),(0.5,0.3,0.2)} andB = {(0.5,0.4,0.1), (0.4,0.1,0.5)}
be IFSs inX such thak = {x;,x,}. We use the above distance measures to calchkate t
distance betwees andB.
dy(A,B) =0.25 , dz(4,B) =0.2189 , d,_y(4,B) = 0.125 , d,_z(A B) = 0.1548
andd(4,B) = 0.1 i.e. the new distance measuredoindB. From these results, we
observe that the new distance measure is moreaedoecause it produces the shortest
distance measure.

4. Application of intuitionistic fuzzy setsin diagnosis of viral hepatitis

Hepatitis is simply the disease that causes inflatiun of the liver and hence affects the
liver's functions. The liver is the largest and mewportant organs in the body. It is
about the size of a football and is located onupper right side of the abdomen. The
liver performs important functions such as: (iJéiing of blood (ii) building of proteins
and other important chemicals important for digestiand healing (iii) storing of
vitamins, sugars, fats, and other nutrients (ighsforming nutrients into materials the
body uses etc. [3, 4].Hepatitis disease is commoefarded as viral infection caused
byone of the five hepatitis viruses, referred taygmes A, B, C, D and E. While all of
these viruses cause liver disease, they vary gignily in terms of epidemiology, natural
history, prevention, diagnosis and treatment.
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Viral hepatitis could be acute or chronic. Many pleowho are infected with chronic
viral hepatitis often have no symptoms. In factpgle can be infected with chronic
hepatitis and not feel sick or show symptoms fot®80 years. When and if symptoms
do appear, they are similar to acute infection,daut be a sign of serious liver damage.

Types of viral hepatitis[4]

Hepatitis A virus (HAV) is usually transmitted by the faecal-oral routéhezi through
person-to-person contact or ingestion of contarethafood or water. Certain sex
practices can also spread HAV. Infections are imyneases mild, with most people
making a full recovery and remaining immune fromtter HAV infections. However,
HAYV infections can also be severe and life threiagrMost people in areas of the world
with poor sanitation have been infected with thizisi Safe and effective vaccines are
available to prevent HAV infection.

Hepatitis B virus (HBV) is transmitted through exposure to infectious bj@minen, and
other body fluids. HBV can be transmitted from ot mothers to infants at the time of
birth, or from family members to infants in earlildhood. Transmission may also occur
through unsafe sexual intercourse, transfusionsHBW-infected blood and blood
products, contaminated injections during medicakpdures, and sharing of needles and
syringes among injecting drug users. HBV also p@sésk to healthcare workers who
sustain accidental needle-stick injuries while maufior HBV-infected people. A safe and
effective vaccine is available to prevent HBV irfen. HBV is the major cause of
chronic hepatitis, cirrhosis, and hepatocellularcicama. The global epidemiological
scenario of HBV infection has been changing rapallgr the last two decades due to an
effective immunization programme initiated by theMd Health Organization [1].

Hepatitis C virus (HCV) is mostly transmitted through exposure to infetidaiood.
This may happen through transfusions of HCV-inféctdood and blood products,
contaminated injections during medical proceduass, sharing of needles and syringes
among injecting drug users. Sexual or interfamifiahsmission is also possible, but is
much less common. There is no vaccine against H&h HBV and HCV can cause
cancer to humans.

Antiviral agents against HBV and HCV exist. Treatinef HBV infection has
been shown to reduce the risk of developing livemcer and death.HCV is generally
considered to be a curable disease but for mangle@dbis is not the reality. Access to
treatment remains a constraint in many parts ofvibwd.

Hepatitis D virus (HDV) infections occur exclusively in persons infectedhwiBYV.
The dual infection of HDV and HBV can result in raoserious disease and worse
outcomes. The hepatitis B vaccine provides praiadtiom HDV infection.

Hepatitis E virus (HEV), like HAV, is transmitted through consumption of
contaminated water or food. HEV is a common causdepatitis outbreaks in the
developing world and is increasingly recognizedaasimportant cause of disease in
developed countries. HEV infection is associateith Wwicreased morbidity and mortality
in pregnant women and new-borns. A safe and effectiaccine against HEV was
licenced in January 2012 but is not yet widely kdé.
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Common symptoms of viral hepatitis

Chronic viral hepatitis ( HBV and HCV) last moreathsix months and may not have
symptoms in the beginning i.e. too subtle to notlg the acute types that last for six
months only develop symptoms quickly and hencdyetstackle. Symptoms of all types
of viral hepatitis can include one or more of thiofwing: fever, fatigue, loss of appetite,
nausea, vomiting, abdominal pain, joint pain, jdoeds, 6].

Many people with viral hepatitis recover with a&ldng immunity to the disease,
but some people with viral hepatitis die in the tacphase. Hepatitis Band C may
progress to chronic hepatitis, in which the livemains inflamed for more than six
months. This can leads to cirrhosis, liver cantiger failure, and sometimes death.
Hepatitis can be medically diagnosis by physicalneixation, liver biopsy, liver function
tests, ultrasound, blood tests ( HBV and HCV), ainal antibody testing [8].

5. Numerical experiment using the new distance measur e of | FSs

Let P = {p,, v, P3, P4 Ps} De the set of patients to be diagnosed for vartgpes of viral
hepatitis, lets ={fever, fatigue, loss of appetite, nausea, vomitiagdominal pain, joint
pain, jaundice} be the set of symptoms of viral dtéfs, and letd = {A, B, C, D, B be
the set of types of viral hepatitis. From the commaymptoms of viral hepatitis, we
assumed the symptoms of each of the viral hepatitisS values as shown below.

fatigue fever Vomiting| joint pain abdominal loss  of | nausea jaundice
pain appetite

A |(0.6,0.3) | (0.5,0.4)| (0.7,0.2) (0.6,0.3 (0.5,0.3)| (0.5,0.4) | (0.6,0.2)| (0.7,0.3)

B | (0.7,0.2) | (0.8,0.1)| (0.7,0.1 (0.6,0.3 (0.8,0.1)| (0.8,0.0) | (0.7,0.1)| (0.9,0.0)

C | (0.8,0.1) | (0.7,0.2)] (0.8,0.1 (0.7,0.2) (0.8,0.1)| (0.8,0.1) | (0.6,0.2)| (0.8,0.2)

D | (0.6,0.3) | (0.50.3)| (0.6,0.2 (0.4,0.4 (0.6,0.1)| (0.5,0.4) | (0.5,0.3)| (0.6,0.9)

E | (0.4,05) | (05,0.2)] (0.50.3 (0.6,0.4) (0.6,0.3)| (0.5,0.3) | (0.6,0.3)| (0.6,0.1)

Table 1. Hepatitis types and symptoms in IFS values

The first entry is membership functign, the second entry is non-membership
functionvand the third parameter called hesitation margiis gotten byt,(x) =1 —
ua(x) — vya(x).We assumed hypothetically that, after samples alieated from the
patients and analysed, we get the results below.

fatigue fever vomiting| joint pain abdomin loss  of | nausea jaundice

al pain appetite
p, | (0.5,0.4)| (0.8,0.2) (0.4,0.3} (0.4,0.5 (0.6,0.2)0.7(0.1) | (0.8,0.1)| (0.7,0.2)
p, | (0.8,0.2) | (0.6,0.3) (0.6,0.1} (0.3,0.5 (0.8,0.1)0.8(0.1) | (0.9,0.0)| (0.8,0.1)
ps | (0.6,0.3) | (0.7,0.3) (0.7,0.2) (0.2,0.6 (0.9,0.1)0.8(0.2) | (0.9,0.1)| (0.7,0.2)
p, | (0.7,0.1) | (0.8,0.1) (0.9,0.0} (0.5,0.4 (0.5,0.3)0.8(0.1) | (0.9,0.0)| (0.7,0.1)
ps | (0.8,0.1)| (0.5,0.4) (0.8,0.1} (0.8,0.2 (0.6,0.3)0.5(0.3) | (0.6,0.3)| (0.6,0.2)

Table 2: Patients and symptoms in IFS values
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Using the new distance measure to calculate therdie between the hepatitis types and
the patients with respect to the symptoms, welgetdsult.

A B C D E
D1 0.0438 0.0406 0.0516 0.0406 0.035¢
Dy 0.0219 0.0297 0.0313 0.0484 0.0547
D3 0.0469 0.0344 0.0375 0.0484 0.057§
Da 0.0438 0.0344 0.0375 0.0531 0.0578
Ds 0.0250 0.0500 0.0320 0.0359 0.0313

Table 3: Mathematical computation of the diagnosis

For the diagnosis, if the distance of a patienthés closest to any of the hepatitis
types, the patient is infected with the hepatiifget The numerical diagnosis of hepatitis
A, B, C, D, and E of the patientsis thps;is infected with hepatitis Ep, is infected
with hepatitis Ap; is infected with hepatitis By, is infected with hepatitis B, and is
infected with hepatitis A. We observe that non¢hef patient is infected with hepatitis C
and D.

6. Conclusion

We conclude that the concept of intuitionistic fuzets is very applicable in decision
making. This novel application of intuitionistic Zzy sets in the diagnosis of viral
hepatitis is of great significance because it pesiaccurate and reliable diagnosis. In the
proposed application, we used a new distance measwalculate the distance of each
patient from each hepatitis type in respect tosymaptoms, and obtained results.
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