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Only
1 OUT OF 4

HIV-POSITIVE PEOPLE IN THE US ARE SUCCESSFULLY

MAKING IT THROUGH THE HIV CARE CONTINUUM & GETTING

THE FULL BENEFITS OF TREATMENT



Each year, 9 out of 10 new HIV infections 

are transmitted by individuals who are not in 

care.

For every 100 people on successful 

antiretroviral therapy, less than 1 new 

infection occurs. 

Skarbinski J, Rosenberg E, Paz-Bailey G, et al. Human Immunodeficiency Virus Transmission at Each Step of the Care 

Continuum in the United States. JAMA Intern Med. 2015;175(4):588-596



The HIV Treatment Cascade

Of the 1.1 million 

Americans living 

with HIV, only 25% 

are virally 

suppressed.



What does the HIV treatment cascade tell 

us?

If you wanted to get more people through 

the cascade and virally suppressed, what 

would you do?



We need more information

• To improve outcomes we need to know: 

– how long it takes an individual to get through 

each stage;

– the probability of dropping out in each stage

• Operations research offers a new way to 

think about the treatment cascade.



Queueing Theory and Little’s Law

• Queueing theory is used to model 

waits in lines.

• Little’s law:

• Little’s law for epidemiologists:

prevalence = incidence × duration

L λ W=

Average number of 

items in a system

Average wait time in 

the system

Average arrival rate



A Queueing Model of the HIV 

Treatment Cascade



A Queueing Model of the Treatment 

Cascade: General Form
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Direct and Indirect Measures for 

Stages in the Cascade

• treatment cascade studies often use proxy 

measures to stand in for some stages of the 

continuum of care:

• At least one viral load or CD4 test for 

linkage to care

• ≥ 2 viral load or CD4 tests for retention in 

care



Data for Our Study
• Individuals aged ≥13 years and diagnosed with HIV 

infection in 2009

• Individuals are followed for their CD4/VL tests from the 

diagnosis date to 12/31/2012 (censor date is 

12/31/2012)

• Individuals with ≥3 years follow up time

• CDC data from 2009-2012 from:
• California (Los Angeles County and San Francisco only), the District of 

Columbia, Hawaii, Illinois, Indiana, Iowa, Louisiana, Michigan, Missouri, 

New Hampshire and New York (both NY State and New York City), 

North Dakota, South Carolina, West Virginia and Wyoming



Fitting the Data

• To estimate the expected time in and the 

dropout probability from each stage, we have 

computed three survival models:
• Exponential

– progression into the next stage and the dropout rate constant over time

• Weibull

– hazard rates for progression to the next stage or dropping out proportional 

to each other

– dropout probabilities do not depend on time spent in stage

• Hyperexponential

– two classes of patients, slow and fast progressors

– each class has its own constant progression rate, and same constant 

dropout rate.

• log likelihood values used to assess degree of fit



Preliminary Results 



Cross Sectional Cascade from 

Queueing Analysis
• One can also construct a descriptive, cross-sectional model of the 

treatment cascade using a queueing model.

	Diagnosed �� Linked to Care �� Retained in Care

Exponential 82.00% 64.14% 45.03%

Weibull 82.00% 68.68% 54.32%

Hyper-Exponential 82.00% 63.80% 45.49%
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Discussion
• We can construct a temporal model of the HIV treatment 

cascade using available data.

• Speeding progress through and reducing the probability of 

dropout from each stage are two complementary strategies to 

improve treatment and prevention outcomes in HIV/AIDS.

• Speeding progress through the cascade and reducing the 

probability of dropout are different operational tasks, with the 

first involving system efficiency, overall patient management 

and the latter involving one-on-one interactions with the 

patient.
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