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Appendix:  The estimation procedure

Information available in the observed data included the quarter of AIDS diagnosis, the quarter of HIV detection, and the type of AIDS diagnosis (immunosuppression or OI).  Newly diagnosed AIDS cases were further stratified based on whether they were detected with HIV in a previous quarter.  Cases detected with HIV and diagnosed with AIDS in the same quarter were considered as having been detected at AIDS diagnosis.  Because treatment status and the stage of progression at HIV detection were not uniformly available in the data, the observed data could be represented in the model by one of five sets of states.  For each set of observable data (xijk), the set of expected cases (eijk) were represented in the model as follows:  

For each quarter i of HIV detection, quarter j of AIDS diagnosis, and AIDS diagnosis type k:

· e·j1 = Cases diagnosed in quarter j with an AIDS-OI without HIV detection in a previous quarter (cases entering state 5);

· e·j2 = Cases diagnosed with AIDS immunosuppression in quarter j without HIV detection in a previous quarter (cases entering state 16); 

· eij1 = Cases diagnosed in quarter j with an AIDS-OI with HIV detection in prior quarter i (cases entering states 10 or 15);

· eij2 = Cases diagnosed in quarter j with AIDS immunosuppression with HIV detection in prior quarter i (cases entering states 17 or 18); and 

· ei·· =  Cases detected with HIV in quarter i that did not progress to AIDS by the end of the study period, i.e. those remaining HIV (non-AIDS) (cases entering states 6 through 9).

Assuming an underlying Poisson distribution typical for count data, only expected and observed values were needed for developing the maximum likelihood function.  Each of the above sets contributed the following likelihood component for:  eijk ^ (xijk) * exp(-eijk).

Computation of expected values (eijk)

Through recurrence relations, the vector C of expected cases residing in each state at the end of each quarter is computed using equation 1 given in matrix notation.  


Cq = PqT  *  Cq-1  +  Hq 
Equation (1)

where:

Hq = 
the column matrix of length S of newly infected individuals per quarter.  The first element, Hq[1], contained the number of new infections h(q) entering stage 1 at the beginning of each quarter.  All other elements in H were zero at all times.  

Cq  =   a column matrix of length S (total number of states in the model) of expected numbers of infected individuals in each stage at the end of quarter q.  For the first transition, C0 = H0.

PrT = 
the transposed S x S matrix of one-step transition probabilities associated with quarter q. 

Newly diagnosed AIDS cases without HIV detection.  The expected value for newly detected AIDS cases was represented by transitions into state 5 for AIDS-OIs (e.j1) and state 16 for AIDS immunosuppression (e.j2).  The expected number of these new AIDS cases in quarter q without previous HIV detection was e.j1 + e.j2 where:


e.j1 = Cq-1[4] * λ4 * (1-τ1q) = Cq[5] – Cq-1[5]   and
Equation (2) 


e.j2 = Cq-1[4] * τ1q = Cq[16] – Cq-1[16]   

Newly diagnosed AIDS cases with previous HIV detection.  Cases entering states 10 and 15 represented newly diagnosed AIDS-OIs among those with HIV detection in a previous quarter, whereas those entering states 17 and 18 were AIDS cases diagnosed with immunosuppression that were previously detected with HIV.  With the addition of observed HIV detection in a previous quarter, it was necessary to characterize the joint distribution of AIDS diagnoses in quarter j and HIV detections in an earlier quarter i.  

By entering a non-AIDS detection state s (states 6 through 9), the expected number of cases newly detected with HIV in quarter i prior to an AIDS diagnosis (esi) was calculated in equation 3. 


esi = Cq-1[s-5] * α(s-5),q 
Equation (3)

where (s ( 6,7,8,9) and α is the transition probability of detection from stage s-5 and associated with quarter q.  For each of the four pre-AIDS detection states s, four matrices Fsi,uq represent the number of cases esi detected in state s at quarter i who subsequently progressed to state u by quarter q.  

Each matrix, of size S x S (18 x 18) had as its sth column esi, the vector of frequencies of cases detected with HIV who entered detection stage s during quarter i.  The matrix of elements when u ranges over all subsequent stages after having been detected in stage s (Fsi,q) was calculated by multiplying the detection matrices by one-step transition probability matrix associated with quarter q over all quarters following the quarter of detection i (i.e. for all q > i):


Fsi,q = PqT  * Fsi,q-1
Equation (4)
Summing over all possible HIV detection stages and AIDS stages, the number of newly diagnosed AIDS cases in quarter q that were detected with HIV in j, regardless of the specific stage of detection, is given equation 5 for new AIDS-OIs and equation 6 for diagnosed AIDS immunosuppression cases.
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Equation (5)
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Equation (6)
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Newly detected HIV (non-AIDS) cases in each quarter.   Cases who were detected with HIV in quarter i but who did not progress to AIDS by the final quarter Q represented all the HIV (non-AIDS) cases in the data.  Detected by entering state s, HIV (non-AIDS) cases were expected to progress to any of states 6 through 9 or 11 through 14 by the end of the study as given in equation 7.



Equation (7)

The maximum likelihood function

The maximum likelihood function comprised of the likelihood components (eijk ^ (xijk) * exp(-eijk)) for each of the five sets of states mentioned previously.  For each quarter i of HIV detection, each quarter j of AIDS diagnosis, the AIDS diagnosis type k, for modeled quarters 1 to Q where qT is the first quarter of pre-AIDS detection in 1984 when HIV detection tests first became available, equation 8 is the maximum likelihood function:
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Equation (8)

The maximum likelihood function was converted to its natural log for parameter estimation in the MAXLIK module (Ver. 4.0.35) for maximum likelihood estimation in GAUSS for Unix (Aptech, Inc, Maple Valley, WA, www.aptech.com).  
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