
  

 

Abstract—Influenza A virus, well-known for their 

dangerousness and diversity, take effect once again in recent 

years. In this case, the cause of this unfavorable situation is 

H5N8 that is one kind of mutants of influenza A virus. In the 

past, this virus show miserable effect in Ireland. Also, H5N1 and 

H1N1, the most common mutants of influenza A virus, have 

considerable hazard properties. Especially, there is a report 

that H1N1 took lives of many people and this was called as 

Swine Flu. Since these three corrupt virus have the most 

notorious characteristic, we will compare them and find some 

patterns about their behavior trend.  In this experiment, we will 

try to get much more accurate results decision tree. Lastly, to 

improve our study, we make use of DNA Sequence Database 

and proven papers from National Central for Biotechnology 

Information (NCBI). We take our study's meaning on being 

able to treat and dealing with virus more easily by finding 

similarities and particular pattern of these dangerous virus. 

 
Index Terms—Influenza A virus, H1N1, H5N1, H5N8, 

decision tree.  

 

I. INTRODUCTION 

A. Avian Influenza Virus 

In our research, we focus on Avian Influenza Virus (AI 

Virus). This virus, the main cause of avian influenza, give 

rise to acute viral disease [1]. Furthermore, sometimes, they 

affect to people extensively. In case of human infection, they 

show really high amount of fatality since they have very high 

contagious [2]. When these virus go into human body and 

infect them, it shows lots of respiratory system symptom such 

as cough and dyspnea, whole human body symptom such as 

fever, chills and myalgia and symptoms related with central 

nerve such headache and consciousness degradation. What 

was worse, in former days, there was a warning of WHO 

about H5N1, the most noted AI virus. They described H5N1 

is more dangerous than SARS virus [3]-[5]. 

Although there are some antiviral agents, oseltamivir, 

amantadine and rimantadine, these virus have plenty of kinds 

of mutants. They have more rate of arising mutant million 

times than other virus. For example, H1N1 is known for one 

of the most dangerous AI virus mutant. In 2009, this virus, 

called novel swine-origin influenza A, make 14,000 

mortality. Including H5N1 and H1N1, Ai virus usually show 

high rate of mortality when people get them into their internal 

body [6]. 

However, nowadays, one kind of new mutant has been 
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found in Korea. This mutant is called as H5N8. Because we 

are aware of riskiness of them, we focus our object of this 

research on making a comparison and pattern recognizing 

H1N1, H5N1 and H5N8 employing decision tree algorithm. 

 
TABLE I: SPECIES OF AVIAN INFLUENZA A VIRUS STRAINS [7] 

HA subtype 

designation 

NA 

subtype 

deignation 

Avian influenza A viruses 

H1 N1 A/duck/Alberta/35/76(H1N1) 

H1 N8 A/duck/Alberta/97/77(H1N8) 

H2 N9 A/duck/Germany/1/72(H2N9) 

H3 N8 A/duck/Ukraine/63(H3N8) 

H3 N8 A/duck/England/62(H3N8) 

H3 N2 A/turkey/England/69(H3N2) 

H4 N6 A/duck/Czechoslovakia/56(H4N6) 

H4 N3 A/duck/Alberta/300/77(H4N3) 

H5 N3 A/tern/South Africa/300/77(H4N3) 

H5 N4 A/Ethiopia/300/77(H6N6) 

H5 N9 A/turkey/Ontario/7732/66(H5N9) 

H5 N1 A/chick/Scotland/59(H5N1) 

H6 N2 A/turkey/Massachusetts/3740/65(H6N2) 

H6 N8 A/turkey/Canada/63(H6N8) 

H6 N5 A/shearwater/Australia/72(H6N5) 

H6 N6 A/jyotichinara/Ehiopia/73(H6N6) 

H6 N1 A/duck/Germany/1868/68(H6N1) 

H7 N7 A/fowl plague virus/Dutch/27(H7N7) 

H7 N1 A/chick/Brescia/1902(H7N1) 

H7 N9 A/chick/China/2013(H7N9) 

H7 N3 A/turkey/England/639H7N3) 

H7 N1 A/fowl plague virus/Rostock/34(H7N1) 

H8 N4 A/turkey/Ontario/6118/68(H8N4) 

H9 N2 A/turkey/Wisconsin/1/66(H9N2) 

H9 N6 A/duck/Hong Kong/147/77(H9N6) 

H9 N6 A/duck/Hong Kong/147/77(H9N6) 

H9 N8 A/manishsurpur/Malawi/149/77(H9N8) 

H9 N7 A/turkey/Scotland/70(H9N7) 

H10 N8 A/quail/Italy/1117/65(H10N8) 

H11 N6 A/duck/England/56(H11N6) 

H11 N9 A/duck/Memphis/546/74(H11N9) 

H12 N5 A/duck/Alberta/60/76/(H12N5) 

H13 N6 A/gull/Maryland/704/77(H13N6) 

H14 N4 A/duck/Gurjev/263/83(H14N4) 

H15 N9 A/shearwater/Australia/2576/83(H15N9) 

 

B. Decision Tree 

The method which would be mainly used in this research is 

decision tree learning. Decision tree learning is a method 

commonly used in data mining that uses a decision tree as a 
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predictive model [8].   Traditionally, decision tree is drawn in 

manual forms in real life with leaves with branches [9], yet in 

this research it will be realized by the template of informatics 

[10].  

In this case of data mining, assume that each feature of a 

class (Each feature is identified as „Class‟) should be able to 

be separated by distinct, finite criteria [11], [12]. Decision 

tree is consisted of internal node, arcs, and leaf. In this 

diagram, internal node is labeled with an input feature. The 

arcs are labeled with each of the possible values of the feature. 

Each leaf of the tree is labeled with a class or a probability 

distribution [13], [14].  

 

 
Fig. 1. Manual form of decision tree [15]. 

 

In this method of data mining, a tree can be "learned" by 

recursively repeated process of splitting the source set into 

subsets based on a number of criteria. Recursion partitioning 

is completed when the outcome of subset has identical value 

of the target variable, or when the process of splitting doesn‟t 

give additional value. This process of top-down induction of 

decision trees (TDIDT) is an example of a greedy algorithm, 

and it is by far the most common strategy for learning 

decision trees from data [16]. Fig. 1 and Fig. 2 are simple 

form of decision tree. 

 

 
Fig. 2. Example of decision tree: Death toll of Titanic [17]. 

 

In data mining, decision trees can be described as the 

combination of mathematical and computational form, after 

the process of categorization and generalization. Generally, 

the diagram gradually comes in records of the form [18]: 

1 2 3( , )=( ), , , , ,  kX Y Yx x x x                      (1) 

The dependent variable, Y, is the target variable that we are 

trying to understand, classify or generalize. The vector x is 

composed of the input variables, x1, x2, x3 etc., that are used 

for testing. 

 

II. EXPERIMENT OBJECT 

A. H1N1 

H1N1 Virus is the most common case of influence that 

found in human body [19]. This virus, in early 18th century, 

occurred a very fatal influenza called Spanish flu. Influenza 

virus have about 34,400 amino-acid. When Spanish flu 

occurred, it was found that H1N1 Virus have 25~30 

amino-acid mutants [20]. Fig. 3 is structure of H1N1.  

 

 
Fig. 3. Structure of H1N1 [21]. 

B. H5N1 

H5N1 Virus is one kind of H1N1 mutants and known for 

its dangerousness containing high-pathogenicity avian 

influenza. In the past, people believed that this virus never 

infect human [22]. However, in 1997, there was 6 victims 

because of Hong Kong avian influenza. This virus have some 

specialized features: they don‟t be shifted from human to 

human and only through direct contact with birds. This is 

very similar with normal influenza so it is hard to distinct 

them. In case of South-East Asia, this shows more than 80% 

fatality [23], [24]. 

C. H5N8 

H5N8 virus is also commonly known as the "bird flu" in 

that infects mostly avian species although some have been 

found in mammals as well. These viruses range in the level of 

severity. This virus is one of the many subtypes. One of the 

main reasons for concern when it comes to these viruses is 

that they undergo constant change. This makes vaccine 

manufacturing almost impossible. In 1983, there was an 

outbreak that included diarrhea, nervousness and depression. 

As a result, 8,000 turkeys, 28,020 chickens and 270,000 

ducks were slaughtered. For the most part symptoms of the 

H5N8 virus are respiratory. There are the common "flu-like" 

symptoms of fever, chills, headache, coughing and weakness. 

There are reports of there being conjunctivitis associated 

with the virus as well [25]. 

D. Neuraminidase 

In this research, several kinds of virus (H1N1, H5N8, 

H5N1)'s gene that express the property of Neuraminidase 
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will be mainly analyzed. Neuraminidase, refer to Fig. 4, 

which acts as a crucial component for the virus's survival, is a 

hydrolase enzyme that cleaves the surface of its host. This is 

particularly used for the dissociation of glycoside bond.  

 

 
Fig. 4. Neuraminidase diagram [26]. 

 

As widely known, after a virus efficiently complete 

propagation process in the host, it comes out of the host, and 

repeatedly permeates into another. In this process, the surface 

of the host's cell should be decomposed to enable the virus to 

come out. Neuraminidase facilitates the hydrolysis of the 

surface of the cell by embarking on the decomposition of 

glycoside bond. Consequently, the virus's antigenicity often 

depends on this enzyme's existence. Neuraminidase activities 

also include assistance in the mobility of virus particles 

through the respiratory tract mucus and in the elution of 

virion progeny from the infected cell [27], [28]. As the 

importance of this enzyme stood out, the existence as well as 

the intensity of Neuraminidase became one of the standards 

of virus's classification. 

 

III. EXPERIMENTS  

A. Decision Tree 

By employing decision tree(C 5.0) algorithm, 10 fold cross 

validation experiment held with 3 classes(H1N1, H5N1, 

H5N8).  

B. Rule Extraction 

With the result of decision tree, we‟ve selected high 

frequency data set which overpass frequency rate 0.75. 

We‟ve selected amino acidic rules among each window and 

each class.  

 

IV. CONCLUSION 

A. Results 

According to Table II, it‟s noticeable that all of the 

influenza A shown their rules extracted with amino acid at 

position 7. We could assume that the amino acid of position 7 

makes each subtype differentiate from each other. 

Considering the fact that neuraminidase takes part in virus 

exodus from host cell, we could also assume that their species 

specificity partially came from amino acidic features of 

position 7.      

 
TABLE II: RULE EXTRACTION UNDER 7 WINDOW 

Type Rule Frequency 

H1N1 pos6 = P pos7 = N 0.8 

pos4 = D pos7 = E 0.75 

pos4 = F pos7 = E 0.75 

pos1 = N pos7 = G 0.75 

pos3 = C pos7 = F 0.75 

pos3 = Q pos7 = C 0.75 

pos4 = S pos7 = A 0.75 

H5N1 pos6 = S pos7 = N 0.75 

pos1 = S pos7 = G 0.75 

pos2 = R pos7 = E 0.75 

pos6 = S pos7 = G 0.75 

pos1 = F pos7 = P 0.75 

H5N8 pos4 = L pos7 = D 0.75 

pos5 = L 0.75 

pos3 = S pos7 = C 0.75 

pos6 = Q pos7 = G 0.75 

 

TABLE III: RULE EXTRACTION UNDER 9 WINDOW 

Type Rule Frequency 

H1N1 pos6 = D 0.833 

pos7 = S 0.75 

pos6 = G 0.75 

pos7 = A 0.8 

pos7 = D 0.75 

H5N1 pos7 = F 0.75 

pos6 = T 0.75 

pos9 = S 0.75 

pos7 = G 0.75 

pos3 = D 0.8 

pos7 = S 0.8 

H5N8 pos9 = T 0.75 

pos7 = D 0.75 

 

It‟s noticeable that rule extraction under 9 window also 

shown their rules extracted with amino acid at position 7. To 

be specific, the rule which is pos7=D extracted in all type of 

the virus and the rule which is pos7=S extracted in H1N1 and 

H5N1. These results support that among the subtype of the 

influenza A (H1N1, H5N1, H5N8) have similarities with 

amino acids. Also they support the formal hypothesis we‟ve 

made which is amino acid of position 7 makes difference 

among virus.  

According to the result of rule extraction under 13 

window, there are no specific experimental features. The 

result suggest that among them exist amino acidic differences 

which differs them from each other. Also, these differences 

evoke different pathological features. Considering all of the 

results, H1N1, H5N1 and H5N8 have similarities in some of 

amino acidic features while there are noticeable differences. 

 
TABLE IV: RULE EXTRACTION UNDER 13 WINDOW 

Type Rule Frequency 

H1N1 pos5 = N 0.8 

pos5 = F 0.75 

H5N1 pos1 = D 0.8 

pos3 = C 0.75 

pos1 = W 0.75 

pos5 = P 0.75 

pos1 = S pos5 = C 0.75 

H5N8 pos3 = E 0.8 

pos3 = H 0.75 

pos1 = I pos11 = G 0.8 
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B. Expectations 

Recently, the spread of H5N8 in the South Korea evoked 

extensive damages. Being conscious of its biological features 

can help to invent effective vaccines or preventing diseases. 

At this perspective, the results of this paper suggest H5N8‟s 

independent features which differentiate it from other 

subtypes of influenza A and also similarities as well. Plus, 

trial of employing computer intelligence based algorithm to 

comparing various influenza A and recognizing their patterns 

is rare. Thus, this research can contribute in noticing 

influenza A virus more accurately.       
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