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Abstract 
The incidence and spread of HIV and consequently the incidence of AIDS are on the increase all over 
the world. The antigenic diversity of the invading antigens creates innumerable problems for the 
medical research persons who attempt to find a cure for this infection. The expected time to 
seroconversion of the infected is an important aspect of consideration. Several results have been 
obtained in this direction. In this paper the expression for expected time to seroconverion is derived 
under the assumptions that the interarrival times between sexual contacts are constantly correlated and 
the antigenic diversity threshold of the infected is a random variable satisfying the Setting the Clock 
Back to Zero (SCBZ) property. Numerical illustrations are also provided. 

 
Keywords: Human Immuno – deficiency Virus, Antigenic diversity threshold, Acquired Immuno 
Deficiency syndrome, Seroconversion. SCBZ Property. 
 
1. Introduction 
The incidence and spread of Acquired Immuno Deficiency Syndrome (AIDS) as a 
consequence of Human Immuno deficiency Virus (HIV) infection is on the increase in many 
countries of the world. It has created rather a pandemic situation. Not only the infected suffer 
but also the government of those countries face a critical situation due to the huge 
expenditure involved to contain the epidemic and to provide rehabilitative measures for those 
who are infected. Biological aspects of this infection create numerous problems for the 
medical research persons also.  
One of the modes of transmission of HIV from the infected to any other person is by sexual 
contacts. The transmission of HIV from the infected to the other leads to the contribution of 
antigenic diversity of the antigen which inturn increases the survival of the antigens. The 
antibodies developed by the human immune system are unable to suppress invading antigens. 
Ultimately by there is damage of CD4 lymphocytes which results in the downfall of the 
human immune mechanism. Hence the seroconversion of the HIV infected occurs and the 
person infected becomes seropositive. Every person possesses the immune ability which is of 
random nature and changes from one to another. This level of immune ability of the infected 
person can be represented as the antigenic diversity threshold. If the total antigenic diversity 
of the invading antigens crosses this threshold the person becomes seropositive. Several 
authors have discussed stochastic models for the estimation of expected time to 
seroconversion. [1] have derived the expected time to seroconversion, under the assumption 
that the antigenic diversity is the total of three segments. [2] have obtained the expected time 
to seroconversion assuming that the antigenic diversity threshold is distributed as first order 
statistic. [3] have obtained the expression for the determination of antigenic diversity 
threshold. The distribution of sum of correlated random variables has been discussed by [4]. 
[5] have discussed the concept of Setting the Clock Back to Zero Property (SCBZ) Using 
these concepts the expected time to seroconversion of HIV infected is derived in this paper. 
The following are the assumptions which are made in deriving the results.   
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1. Assumptions 
1. On every occasion of sexual contacts between the infected 

and the uninfected, there is transmission of HIV and it 
contributes a random amount of antigenic diversity in the 
uninfected. 

2. The time interval between successive contacts are random 
variables which are constantly correlated exchangeable 
and with exponential distribution. 

3. If the antigenic diversity crosses a particular level called 
the threshold the seroconversion takes place.  

4. The process which generates the contacts, the sequence of 
damages and the threshold are independent. 

 
2. Notations 
Xi = a random variable which indicates the amount of 
contribution to antigenic diversity during the ith contact, i = 1, 
2, 3…, k, and  has p.d.f  g (.)  and c.d.f   G (.)  
Y   = a random variable denoting the antigenic diversity 
threshold and it satisfies the SCBZ property. Y has p.d.f h(.) 
and c.d.f H(.) 
Ui = a random variable denoting the interarrival times between 
successive contacts and  Ui, i = 1,2,3,.., k are constantly 
correlated exchangeable exponential  random  variables with 
p.d.f f(.) and c.d.f F(.). 
T = a random variable denoting the time to serconversion and 
has p.d.f l(t) and c.d.f L(t) 
l* (s) = Laplace transform of l(t) and L(t) respectively. 
 
3. Results   
A person has k contacts during (0, t). Let Xi, i = 1, 2,3,…, k, be 
the amount of contribution to the antigenic diversity and  so 
∑ ௜ܺ		
௄
௜ୀ଴ is the total manganitute of contribution to antigenic 

diversity.  
Let Y be the antigenic diversity threshold which is a random 
variable. Y satisfies the SCBZ property, due to Raja Rao and 
Talwalker (1990). This is justified by the fact that when a 
person is exposed to HIV infection and when the person is 
getting aged, the immune capacity of the individual undergoes 
a change. This inurn has its impact on the antigenic diversity 
threshold of the individual. 
The p.d.f of Y satisfies the SCBZ property so that the p.d.f of Y 
undergoes a parametric change after a truncation point denoted 
as ݕ଴ 

݄	ሺݕሻ ൌ ଵߠ	
ିఏభ௬	݂݅	ݕ ൑  .଴ݕ

													ൌ ଶߠ	
ିఏమ௬	݁௬బሺఏమష	ఏభሻ	݂݅	ݕ	 ൐  ଴                    (1)ݕ

It can be shown that ׬ ݄ሺݕሻ݀ݕ ൌ 1
ஶ
଴

 

Here y0 is the truncation point which itself is a random variable 
following exponential distribution parameter ߣ 
y0 has p.d.f   ߣ	݁ିఒ௬బ  
The c.d.f of y0 is F(y) = P [y0 ≤ y] 
ൌ 1 െ ݁ିఒ௬	
P [y0 > y] =  ݁ିఒ௬ 
Now, 
݄ሺݕሻ ൌ 	ݕPሾ	ଵ݁ିఏభ௬ߠ	 ൑ ଴ሿݕ	 ൅ ଶ݁ିఏమ௬బߠ

ሺఏమିఏభሻPሾݕ଴ ൐  ሿݕ

ൌ ݁ି௬ሺ	ఏభାఒሻ
ሺߠଵ െ ߣଶሻሺߠ ൅ ଵሻߠ
ሺߣ ൅ ଵߠ െ ଶሻߠ

൅
ଶ݁ିఏమ௬ߠߣ

ଵߠ ൅ ߣ െ ଶߠ
 ሺ2ሻ																	݊݋݅ݐ݂݈ܽܿ݅݅݌݉݅ݏ	݊݋

 

Now, 

Hሺyሻ ൌ 	
ሺߠଵ െ ߣଶሻሺߠ ൅ ଵሻߠ
ሺߣ ൅ ଵߠ െ ଶሻߠ

	න ݁ିሺఒାఏభሻ௧	݀ݐ
௬

଴

൅
ݕଶߠ

ߣ ൅ ଵߠ െ ଶߠ
න ݁ିఏమ௧
௬

଴

 	ݐ݀

 

ൌ 1 െ
ሺߠଵ െ ଶሻߠ

ሺߣ ൅ ଵߠ െ ଶሻߠ
	݁ିሺఒାఏభሻ௬

െ
ߣ

ሺߣ ൅ ଵߠ െ ଶሻߠ
	݁ିఏమ௬																																																													ሺ3ሻ 

 
∴ ሻതതതതതതതݕሺ	ܪ	 ൌ 1 െ  ሻݕሺ	ܪ	
 
ሺߠଵ െ ଶሻߠ

ሺߣ ൅ ଵߠ െ ଶሻߠ
݁ିሺఒାఏభሻ௬

൅
ߣ

ሺߣ ൅ ଵߠ െ ଶሻߠ
	݁ିఏమ௬								݊݋	݊݋݅ݐ݂݈ܽܿ݅݅݌݉݅ݏ																															ሺ4ሻ	 

 

∴ 	P ൥෍ ௜ܺ ൏ ܻ

௞

௜ୀଵ

൩ ൌ 	න ݃௞ሺݔሻ	ܪ	ሺݔሻതതതതതതത	݀ݔ
ஶ

଴
 

 

ൌ
ሺߠଵ െ ଶሻߠ

ሺߣ ൅ ଵߠ െ ଶሻߠ
න ݃௞ሺݔሻ
ஶ

଴
݁ିሺఒାఏభሻ௫݀ݔ

൅
ߣ

ሺߣ ൅ ଵߠ െ ଶሻߠ
න ݃௞ሺݔሻ
ஶ

଴
݁ିఏమ௫݀ݔ 

 

ൌ
ሺߠଵ െ ଶሻߠ

ሺߣ ൅ ଵߠ െ ଶሻߠ
݃௞∗ሺߣ ൅ ଵሻߠ

൅
ߣ

ሺߣ ൅ ଵߠ െ ଶሻߠ
݃௞∗ሺߠଶሻ																																																														ሺ5ሻ 

 
S (t) = pr [there are exactly k contacts in (0,t) and the total 
antigenic diversity does not  
     exceed the threshold level] 

ൌ෍ሾܨ௞ሺݐሻ െ P	ሻሿݐ௞ାଵሺܨ ൥෍ݔ௜ ൏ ܻ

௞

௜ୀଵ

൩

ஶ

௞ୀ଴

 

 

ൌ෍ሾܨ௞ሺݐሻ െ ሻሿݐ௞ାଵሺܨ ቊቆ
ሺߠଵ െ ଶሻߠ

ሺߣ ൅ ଵߠ െ ଶሻߠ
ቇ݃௞∗ሺߣ ൅ ଵሻߠ

ஶ

௞ୀ଴

൅
ߣ

ሺߣ ൅ ଵߠ െ ଶሻߠ
݃௞∗ሺߠଶሻቋ 

 
= T1+T2 

 

ଵܶ	 ൌ ෍ሾܨ௞ሺݐሻ 		െ ሻሿݐ௞ାଵሺܨ ቊቆ
ሺߠଵ െ ଶሻߠ

ሺߣ ൅ ଵߠ െ ଶሻߠ
ቇ݃௞∗ሺߣ

ஶ

௞ୀ଴

൅  ሺ6ሻ																																	ଵሻቋߠ

ଶܶ

ൌ ෍ሾܨ௞ሺݐሻ
ஶ

௞ୀ଴

െ ሻሿݐ௞ାଵሺܨ
ߣ

ሺߣ ൅ ଵߠ െ ଶሻߠ
݃௞∗ሺߠଶሻ																																															ሺ7ሻ 
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we  have, 
 

ଵܶ	 ൌ ቆ
ሺߠଵ െ ଶሻߠ

ሺߣ ൅ ଵߠ െ ଶሻߠ
ቇ෍ሾܨ௞ሺݐሻ െ ߣሻሿ݃௞∗ሺݐ௞ାଵሺܨ ൅ ଵሻߠ

ஶ

௞ୀ଴

 

 
Consider 
 

෍ሾܨ௞ሺݐሻ െ ߣሻሿ݃௞∗ሺݐ௞ାଵሺܨ ൅ ଵሻߠ
ஶ

௞ୀ଴

 

 

ൌ 1 െ ሾ1 െ ݃∗ሺߣ ൅ ሻݐ௞ሺܨଵሻሿ෍ߠ

ஶ

௞ୀଵ

ሾ݃∗ሺߣ

൅  ݊݋݅ݐ݂݈ܽܿ݅݌݉݅ݏ			݊݋	ଵሻሿ௞ିଵߠ
 

ଵܶ ൌ
ଵߠ െ ଶߠ

ሺߣ ൅ ଵߠ െ ଶሻߠ

െ	
ଵߠ െ ଶߠ

ሺߣ ൅ ଵߠ െ ଶሻߠ
ሾ1 െ ݃∗ሺߣ

൅ ሻݐ௞ሺܨଵሻሿ෍ߠ

ஶ

௞ୀଵ

ሾ݃∗ሺߣ ൅  				ሺ8ሻ											ଵሻሿ௞ିଵߠ

Now, 
 

ଶܶ ൌ 	
ߣ

ሺߣ ൅ ଵߠ െ ଶሻߠ
െ

ߣ
ሺߣ ൅ ଵߠ െ ଶሻߠ

ሾ1 െ ݃∗ሺߠଶሻሿ௞ିଵ 

 
L (t) = 1- S (t) 
 

ൌ 1 െ	൤
ଵߠ െ ଶߠ

ሺߣ ൅ ଵߠ െ ଶሻߠ
൅	

ߣ
ሺߣ ൅ ଵߠ െ ଶሻߠ

൨

൅
ଵߠ െ ଶߠ

ሺߣ ൅ ଵߠ െ ଶሻߠ
ሾ1 െ ݃∗ሺߣ

൅ ሻݐ௞ሺܨଵሻሿ෍ߠ

ஶ

௞ୀଵ

ሾ݃∗ሺߣ ൅ ଵሻሿ௞ିଵߠ

൅
ߣ

ሺߣ ൅ ଵߠ െ ଶሻߠ
ሾ1

െ ݃∗ሺߠଶሻሿ෍ܨ௞ሺݐሻ

ஶ

௞ୀଵ

ሾ1

െ ݃∗ሺߠଶሻሿ௞ିଵ																													ሺ9ሻ 

 

Taking Laplace transform of L (t), we have 
 

ሺsሻ∗ܮ ൌ
ଵߠ െ ଶߠ

ሺߣ ൅ ଵߠ െ ଶሻߠ
	ሾ1 െ ݃∗ሺߣ

൅ ሻݏ௞ሺ∗ܨଵሻሿ෍ߠ
ஶ

௞ୀଵ

ሾ݃∗ሺߣ ൅ ଵሻሿ௞ିଵߠ

൅
ߣ

ሺߣ ൅ ଵߠ െ ଶሻߠ
	ሾ1

െ ݃∗ሺߠଶሻሿ෍ܨ∗௞ሺݏሻ
ஶ

௞ୀଵ

ሾ1

െ ݃∗ሺߠଶሻሿ௞ିଵ																								ሺ10ሻ 
 
 
Since the interarrival times between successive contacts Ui, i= 
1,2,3, …,k are constantly correlated and exchangeable 

exponential random variables with parameter ‘a’ we have from 
Gurland (1955). 
 

௞݂
∗ሺݏሻ

ൌ 	
1

ሺ1 ൅ ሻݏܾ ൤1 ൅ ݏܾܴ݇
ሺ1 െ ܴሻሺ1 ൅ ሻ൨ݏܾ

																																				ሺ11ሻ 

 
Where ௞݂

∗ሺݏሻ is the Laplace transform of fk (x); b = a (1-R) and 
R is the constant correlation coefficient  
 

௞ܨ	݁ܿ݊݅ݏ
∗ሺݏሻ ൌ ௞݂

∗ሺݏሻ
ݏ

ሻݏሺ	∗ܮ				݀݊ܽ	 ൌ 	
݈∗	ሺݏሻ
ݏ

,  ݁ݒ݄ܽ	݁ݓ

 

݈∗	ሺݏሻ 	ൌ 	
ሺߠଵ െ ଶሻߠ

ሺߣ ൅ ଵߠ െ ଶሻߠ
	
ሾ1 െ ݃∗ሺߣ ൅ ଵሻሿߠ

݃∗ሺߣ ൅ ଵሻߠ
	෍ ௞݂

∗ሺݏሻ
ஶ

௞ୀଵ

ሾ݃∗ሺߣ

൅ ଵሻሿ௞ߠ

൅
ߣ

ሺߣ ൅ ଵߠ െ ଶሻߠ
	
ሾ1 െ ݃∗ሺߠଶሻሿ

݃∗ሺߠଶ
෍ ௞݂

∗ሺݏሻ
ஶ

௞ୀଵ

ሾ1

െ ݃∗ሺߠଶሻሿ௞																													ሺ12ሻ 

 

݈∗ሺݏሻ ൌ
ሺߠଵ െ ଶሻߠ

ሺߣ ൅ ଵߠ െ ଶሻߠ
	
ሾ1 െ ݃∗ሺߣ ൅ ଵሻሿߠ
݃∗ሺߣ ൅ ଵሻߠ

ሺ1

െ ܴሻ෍ሺ1 െ ܴ ൅ ݏܾ െ ݏܾܴ

ஶ

௞ୀଵ

൅ ߣሾ݃∗ሺ	ሻିଵݏܾܴ݇ ൅  	ଵሻሿ௞ߠ
 

∴ ܣ ൌ
ଵߠ െ ଶߠ

ሺߣ ൅ ଵߠ െ ଶሻߠ
	
ሾ1 െ ݃∗ሺߣ ൅ ଵሻሿߠ
݃∗ሺߣ ൅ ଵሻߠ

	ሺ1

െ ܴሻ෍ሺ1 െ ܴሻሾ1 െ ܴ ൅ ݏܾ െ ݏܾܴ

ஶ

௞ୀଵ

൅ ߣሾ݃∗ሺ	ሿିଵݏܾܴ݇ ൅  ଵሻሿ௞ߠ
 
∴ ܤ

ൌ
ߣ

ሺߣ ൅ ଵߠ െ ଶሻߠ
	
ሾ1 െ ݃∗ሺߠଶሻሿ

݃∗ሺߠଶሻ
෍

ሺ1 െ ܴሻ݃∗ሺߠଶሻ௞

ሾ1 െ ܴ ൅ ݏܾ െ ݏܾܴ ൅ ሿݏܾܴ݇

ஶ

௞ୀଵ

 

 

	ݓ݋ܰ
݈݀∗ሺݏሻ
ݏ݀

ฬ
௦ୀ଴

ൌ 	
ܣ݀
ݏ݀
ฬ
௦ୀ଴

൅
ܤ݀
ݏ݀
ฬ
௦ୀ଴

 

 

ൌ
ଵߠ െ ଶߠ

ሺߣ ൅ ଵߠ െ ଶሻߠ
	
ሾ1 െ ݃∗ሺߣ ൅ ଵሻሿߠ

݃∗ሺߣ ൅ ଵሻߠ
		ሺ1	

െ ܴሻ෍ሺെ1ሻሺ1 െ ܴ ൅ ݏܾ െ ݏܾܴ

ஶ

௞ୀଵ

൅ ߣሾ݃∗ሺ	ሻିଵݏܾܴ݇ ൅ ଵሻሿିଶሺܾߠ െ ܴܾ ൅ ܴܾ݇ሻ	ሾ݃∗ሺߣ ൅ ଵሻሿ௞ߠ

൅
ߣ

ሺߣ ൅ ଵߠ െ ଶሻߠ
	
ሾ1 െ ݃∗ሺߠଶሻሿ
݃∗ሺߠଶሻ

ܾ
ሺ1 െ ܴሻ

෍݃∗ሺߠଶሻ௞
ஶ

௞ୀଵ

ሾ1 െ ܴ

൅ ܴ݇ሿ 
 

∴ ௗ஺

ௗ௦
ቚ
௦ୀ଴

ൌ ఏభିఏమ
ሺఒାఏభିఏమሻ

	
ሾଵି௚∗ሺఒାఏభሻሿ

௚∗ሺఒାఏభሻ
ሺܾሻ ଵ

ሺଵିோሻ
∑ ሺ1 െ ܴ ൅ஶ
௞ୀଵ

ܴ݇ሻ݃∗ሺߣ ൅  ଵሻ௞                          (13)ߠ
 

݂݅	ܺ	~ expሺߙሻ ߣሺ∗݃	݄݊݁ݐ		 ൅ ଵሻߠ ൌ 	
ߙ

ሺߙ ൅ ߣ ൅ ଵሻߠ
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ൌ
ሺߠଵ െ ߣଶሻሺߠ ൅ ሺ1ߙଵሻଶߠ െ ܴሻ
ሺߙ ൅ ߣ ൅ ߣଵሻଶሺߠ ൅ ଵߠ െ ଶሻߠ

൅
ߣଶሻሺߠଵିߠଶሺߙ ൅ ଵሻRߠ

ሺߙ ൅ ߣ ൅ ߣଵሻଶሺߠ ൅ ଵߠ െ ଶሻߠ
 ݊݋݅ݐ݈ܽܿ݅݌݉݅ݏ	݊݋	

 
െ݀ܤ
ݏ݀

ฬ
௦ୀ଴

ൌ
ߣ

ሺߣ ൅ ଵߠ ൅ ଶሻߠ
	
ሾ1 െ ݃∗ሺߠଶሻሿ
݃∗ሺߠଶሻ

෍ሺ1 െ ܴሻ
ஶ

௞ୀଵ

݃∗ሺߠଶሻ௞ሺെ1ሻ	ሾ1

െ ܴ ൅ ݏܾ െ 					ݏܾܴ ൅ ሿିଶሾܾݏܾܴ݇ െ ܴܾ
൅ ܴܾ݇ሿ																																																																															ሺ14ሻ 
 

Since	gሺ. ሻ	~	exp	ሺߙ	ሻ	we	have	g∗	ሺߠଶሻ	
α

α ൅ θଶ
 

 

ൌ
ߙሺߣܾ ൅ ଶሻߠ
ሺߣ ൅ ଵߠ െ ଶሻߠ

ቈ1 ൅
ܴሺߙ ൅ ଶሻߠ

ଶߠ
቉ 

 

ൌ
ߙሺߣܾ ൅ ଶሻߠ
ሺߣ ൅ ଵߠ െ ଶሻߠ

൤
ߙଶାܴߠ ൅ ଶߠܴ

ଶߠ
൨  ݊݋݅ݐ݂݈ܽܿ݅݅݌݉݅ݏ	݊݋	

 

∴ EሺTሻ ൌ 	
െ݀ܣ
ݏ݀

ฬ
௦ୀ଴

൅ 	
െ݀ܤ
ݏ݀

ฬ
௦ୀ଴

 

 
EሺTሻ

ൌ 	
ܽሺ1 െ ܴሻ	ߣሺߙ ൅ ଶሻߠ

ሺߣ ൅ ଵߠ െ ଶሻߠ
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4. Numerical illustration 
Using the expressions for E (T) and V (T), the variation in the 
same are found out due to the changes that occur in the 
different parameter involved in E(T)and V(T). 

 
Table 1 

θଵ ൌ 1 θଶ ൌ 1.5 ߣ ൌ 1.5			R ൌ 0.8				α ൌ 1.4
a  E(T)  V(T) 

1.2  0.548  0.635 

1.4 0.696  0.754

1.6  0.86  0.965 

1.8  1.04  1.345 

2 1.236  2.396
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Table 2 
a ൌ 1.2				θଶ ൌ ߣ				1.5 ൌ 1.5			R ൌ 0.8				α ൌ 1.4

θ1  E(T)  V(T) 

1  0.548  0.487 

1.2  0.602  0.509 

1.4  0.643  0.545 

1.6  0.675  0.598 

1.8  0.7  0.675 
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Table 3 

θଵ ൌ 1				a ൌ ߣ				1.2 ൌ 1.5			R ൌ 0.8				α ൌ 1.4
θ2  E(T)  V(T) 

1.5  0.548  0.782 

1.7  0.439  0.645 

1.9  0.345  0.598 

2.1  0.263  0.412 

2.3  0.19  0.375 
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Table 4 
θଵ ൌ 1			θଶ ൌ 1.5		a ൌ 1.2				R ൌ 0.8				α ൌ 1.4

λ  E(T)  V(T) 

1.5  0.548  0.782 

1.7  0.623  0.872 

1.9  0.687  0.899 

2.1  0.744  0.982 

2.3 0.795  1.025
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Table 5 
θଵ ൌ 1 θଶ ൌ 1.5 a ൌ ߣ			1.2 ൌ 1.5			α ൌ 1.4

R  E(T)  V(T) 

0.2 1.578  0.988

0.4 1.485  0.912

0.6  1.142  0.899 

0.8  0.548  0.796 

1  0.296  0.584 
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Table 6 
θଵ ൌ 1 θଶ ൌ 1.5 a ൌ ߣ			1.2 ൌ 1.5		R ൌ 0.8 

α  E(T)  V(T) 

1.4  0.548  0.782 

1.6 0.583  0.812

1.8 0.617  0.956

2  0.652  0.982 

2.2  0.687  1.012 
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Fig 6 
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6. Conclusion  
One the basis of the numerical illustration worked out for this 
model, the following conclusions could be drawn  

1) If the value of ‘a’ which is the parameter of the 
exponetional  distribution of the correlated exchangeable 
random variables Xi indicating the interarrival times 
between sexual contacts increases then E (T) increases. 
This is due to the fact that as ‘a’ increases E (Ui) increases 
and so the interarrival times are large. So E (T) increases. 
V (T) also increases. This is given in table (1) and figure 
(1).  

2) If θଵ which is the parameter of the random variable Y 
indicating the antigenic diversity threshold before the 
truncation point increases E(T) and V(T) both increase, as 
indicated in table (2) and figure (2). 

3) If θଶ which is the parameter of Y after the truncation point 
increases then E (T) decreases. This is due to the fact that 

E (Y) =
ଵ

஘మ
  and it decreases as θଶ increases. Hence it takes 

less time to cross the threshold. It is given in table (3) and 
figure (3). V (T) also decreases. 

4) If ߣ which is the parameter of ݕ଴ the random variable 
which indicates the truncation point of Y increases then E 

 = (଴ݕ)
ଵ

஛
 decreases. Then the truncation would at a lower 

value of Y. Hence E (T) increases, as indicated in table (4) 
and figure (4).this is also the case with V (T). 

5) If ‘R’ which is coefficient of correlation  between 
successive  Ui  values, then E(T) and V(T) decrease as in 
indicated in Table (5) and Figure (5). 

6) If ‘ߙ’ which is the parameter of Xi, indicating the 
contribution to antigenic diversity increases then EሺX୧ሻ ൌ

	ଵ
஑
 decreases. This means that the average contribution to 

antigenic diversity decreases   and E (T) increases, as 
indicated in Table (6) Figure (6). The same is true for V 
(T). 
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