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ABSTRACT: 
Objective: HIV testing services (HTS) are a 
crucial component of national HIV responses. 
Testing is the entry point to accessing life-
saving HIV treatment and care. Recognizing 
the critical role of HTS, the Joint United Na-
tions Programme on HIV/AIDS (UNAIDS) 
launched the 90-90-90 targets such that by 
2020, 90% of people living with HIV (PLHIV) 
are aware of their status, 90% of diagnosed 
PLHIV receive ART, and 90% of those on 
treatment have a suppressed viral load. 
Countries will need to regularly monitor pro-
gress on these three indicators. Estimating 
the size of the undiagnosed population (i.e., 
the “first 90”), however, is difficult. 
Methods: We describe a new mathematical 
model to estimate HIV status awareness over 
time in sub-Saharan Africa that triangulates 
and combines population-based surveys and 
HTS program data. The proposed model is 
fully consistent with, and takes as inputs, 
existing model estimates used by UNAIDS for 
HIV prevalence, incidence, and ART cover-

age. It enables estimation of HIV testing and 
diagnosis rates over time by age, sex, and 
previous HIV testing history, and outputs esti-
mates for awareness of HIV status. 
Results: Model validation through in-
sample comparisons suggest that it can accu-
rately reproduce longitudinal sex-specific 
trends in HIV testing. Out-of-sample predic-
tions of the fraction of individuals ever tested 
for HIV over a 5-to-6-year time horizon are 
also in good agreement with empirical survey 
estimates for PLHIV.  
Conclusion: HIV status awareness is a key 
indicator to monitor progress, identify bottle-
necks, and implement effective HIV respons-
es to sustainably achieve high population-
level viral load suppression. The proposed 
model can help countries track progress to-
wards their “first 90”.  
 

OBJECTIVES 

1. To review how current UNAIDS esti-
mates of HIV status awareness are ob-
tained; 

2. To understand how different data 
sources can be triangulated and com-
bined using mathematical modeling; 

3. To recognize the strengths and limita-
tions of such mechanistic models. 
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