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Abstract 

In the study of HIV infection the expected time to cross the antigenic diversity threshold which means the manifestation of AIDS, the 
interarrival times between successive sexual contacts play a vital role. The use of the shock models and cumulative damage 
process is a viable method in this context. Under the assumption that the sequence of interarrival times forms a geometric process 
the expected time to cross the antigenic diversity threshold and its variance are obtained. Numerical examples using Monte-Carlo 
simulation study are furnished to substantiate the theoretical results derived in this paper. 
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1. Introduction 

In the study of HIV infection the Antigenic diversity 
which implies the viral genetic diversity is an important 
contributory factor for the disease progression. Every 
individual has an innate immune ability, which sustains the 
immune system against the antigens. Successive contacts 
with infectious partners add to the antigenic diversity. As 
and when the antigenic diversity crosses the threshold level 
the indication of AIDS prevalence takes place. The concept 
of shock models and cumulative damage processes is used 
in estimating the expected time to cross the Antigenic 
diversity threshold (CADT). 

 For a detailed study of shock models and cumulative 
damage process one can refer to Esary, Marshall and 
Proshan (1973). Sathiyamoorthy and Kannan (1998) have 
obtained the impact of the interarrival times on the expected 
time to CADT assuming the same as random variables. In 
this paper to find the expected time to CADT is obtained 
under the assumption that the intercontact times form a 
geometric process. Shiboski and Jewell (1992) discussed 
the time dependence of HIV infectivity based on partner 
study data. The Mathematical biology of HIV infections: 
antigenic variation and diversity threshold discussed by 
Nowak and May (1991).  Taylor et al., (1990) works on 
estimating the distribution of times from HIV seroconversion 
to AIDS using multiple impution.   

 

2. Definition of a Geometric Process 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The assumption of a geometric process for the inter 

arrival times between successive contacts can be justified 
by the following.  

It is known that the sharing of unstreile needles for 
drug abuse is a potential source of HIV transmission. 
Usually, it can be observed that the time intervals between 
successive occasions of needle sharing forms a decreasing 
sequence of random variables since the person will get 
more addiction towards drugs and the frequency of 
occasions of sharing the needles will be more and more 
and hence it can be considered as a geometric process.  
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The same model, when applied to the case that a 
person who is exposed to a contact / transmission, 
becomes mentally alert and postpones the next contact.  
After the second contact the fear is still increased and the 
time interval between the second and third contact is further 
elongated and so on. Therefore the successive time 
intervals U1, U2….. will form a geometric process.  

3.  Assumptions of the model  

i. A person is exposed to the transmission of HIV and the 
mode of transmission is only through sexual contacts.  
ii. The sequence of random variables which represent the 
inter occurrence times between successive contacts forms 
a geometric process.  

iii. The sequence of contacts, the threshold level is 
independent.  

4. Notations 
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It may be noted that in the case where a<1 the mean 

and variance exits only when the difference (a-) >0.          

A Monte-Carlo simulation study for the estimation of 
mean time to CADT and its variance under this model has 
been done with the assumption that the distribution of 

damage is exponential with parameter  and the 

distribution of U1 is exponential with parameter. Since 

generation of random numbers for time to CADT using the 
probability distribution given in (4) is not possible, a 
simulation is performed as follows: 

First the random numbers of sizes n from the 
distributions of the threshold, inter arrival time and the 

damage have been generated and the estimates for  ,  

and  have been obtained. The estimates for E(T) and V(T) 

under these models are obtained by substituting estimated 
values for the corresponding parameters, which are ML 
estimates. This procedure has been repeated for ten 
thousand times and the averages based on these ten 
thousand observations are calculated for various values of 
a. The behaviour of E(T) and V(T) for different values of a, 

 and  is furnished with the following tables with 
corresponding of graphs. 
 

Figure 1. Mean Time to CADT (β= 0.07, µ= 1.00) 
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