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-----Original Message-----

Sent: Thu 7/19/2007 8:24 PM
To: William Rodriguez
Subject: Urgent advice needed

Hi Bill -

I am not sure if you are still checking email, but just in case I wanted to
get your advice on an urgent problem we are dealing with here...

Our country is facing a massive stock shortage of ARVs -- Triomune 30 (which
about 90% of people are taking) could run out in as little as 20 days and
NVP 200mg runs out in about 50 days. We are trying to explore treatment
options for patients as we simultaneously look into getting drugs here asap.
Sadly, the EFV 600mg is expiring in Sept so that doesn’t help much.

Once the Triomune runs out, patients can take NVP and D4T/3TC (or I suppose
Triomune 40). But when the NVP200 runs out there are no good options?
either patients can take syrup or take Triomune 40mg. What do you think is
better? Syrup would require about 5-12 bottles/month, depending on bottle
size. But 40mg is so lousy...What would you recommend?

In terms of bringing drugs in, we are exploring taking stocks from other
countries and getting a donation from WHO of Triomune (it was WHO’s donation
offer which made us realize the problem). Unfortunately the earliest the
drugs on order can arrive is 2 months (and is likely to take 3).

Sorry to bother you with this question, but I didn’t know who else to ask!
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Adult prevalence 
rate

15.0% – 36.0%

5.0% – 15.0%

1.0% – 5.0%

0.5% – 1.0%

0.1% – 0.5% 

0.0% – 0.1%

not available

Source: UNAIDS
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Fig 1. Low- and middle-income countries with the highest number of people receiving 
treatment (with treatment need), December 2006
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Source: Source: WHO Progress ReportWHO Progress Report, April 2007, April 2007
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Fig 2. Antiretroviral therapy coverage of at least 28% in low- and middle-income countries, December 
2006 
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42 low- and middle-income countries had extended treatment

to at least 28% of those in need as of December 2006
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Can we identify the factors that contribute to (or inhibit) 

successful, rapid scale-up of HIV care?



Problems, ConstraintsProblems, Constraints

• Political will

• Funding

• Access to affordable medicines

• Infrastructure

• Health program management

• Appropriate, affordable laboratory diagnostics

• Poverty

• Hunger

• Gender inequality

• Conflict
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Figure 3. ART Coverage and Political Support 
Figure 2. ART Coverage and Gross National Income, PPPART Coverage and Political WillART Coverage and Political Will
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ART Coverage and Total Expenditure for HIV/AIDS (2005)ART Coverage and Total Expenditure for HIV/AIDS (2005)
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ART Coverage and Total Expenditure for HIV/AIDS (2006)ART Coverage and Total Expenditure for HIV/AIDS (2006)
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Figure 2. ART Coverage and Gross National Income, PPPART Coverage and GNPART Coverage and GNP
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March 2006
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• Advocacy

• Generic suppliers

• Market-making 
(high-volume, low-margin market)
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Figure 3. ART Coverage and Political Support 
Figure 2. ART Coverage and Gross National Income, PPPART Coverage and Health InfrastructureART Coverage and Health Infrastructure
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HIV treatment program development

• Phase 1: Start-up
– Goals: Begin treating people

– Measures: # of clinics opened, # of patients on ART

– Mode of Operation: Work with existing resources and structures
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HIV treatment program development

• Phase 2: Scale-up
– Goals: Treat target number of patients (some to all), provide 

effective care

– Measures: # of clinics opened, # of patients on ART, clinical 
outcomes, costs

– Mode of Operation: Short-term planning, use existing tools, learn 
as you go
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HIV treatment program development

• Phase 3: Sustained public health programs
– Goals: Provide effective care for all, build and sustain public health 

capacity

– Measures: # of patients in care, clinical outcomes, impacts, costs,  
tradeoffs

– Mode of Operation: New tools, long-term planning, sustainable 
financing
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Classic OR

• How do you optimize X given constraint Y?

• Examples of classic OR:
– Designing the layout of a factory for efficient flow of materials 
– Scheduling airline traffic

max f(X) = ∑CiXi, i=1 → n
s.t.  ∑ai,jxi ≤ b,  i=1→ n, j=1 → m
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OR for HIV

• How do you optimize the number of patients in high-quality care 
given resource constraints?

– Constraints may include human resources, lab capacity, money, 
space, etc.

• Goal of OR for HIV: provide decision makers with support to help 
them make informed decisions

• Clinton Foundation: use mathematical and operational models (and
policy analyses) to provide practical support for decision makers 
in public programs
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HIV OR Example

• If we opened a clinic tomorrow, and enrolled 15 patients each day, how 
many doctors will we need in April 2006?

• Or,  if we plan to reach 100,000 patients in 2008, how many facilities, 
doctors, nurses, counselors, pharmacists, lab technicians do we need? How 
many of each commodity do we need?

• How do we assess trade-offs in number in care and quality of care? Or 
between investments in HIV and investments in control of other diseases?

• Resource planning

• Forecasting
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What is CSHOR?
• Consortium for Strategic HIV Operations 

Research: A division of the Clinton Foundation 
HIV/AIDS Initiative (CHAI) that assists 
governments in low- and middle-income 
countries to accelerate implementation of high-
quality HIV care and treatment in the most 
efficient and effective way possible.

• CSHOR activities:
– Development and application of decision support 

software to assist with resource planning
– Policy analysis
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Initial modeling
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Model 1: 
Simulation of an HIV clinic

• Simulation modeling of antiretroviral 
treatment clinics focusing on:
– Human resource requirements
– Pharmaceutical needs
– Laboratory testing requirements
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Clinic Model:
• Patient generation
• Staffing plan
• Clinic service
• Patient follow-up schedule
• Natural history of disease
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1. Create pseudo-population

•Read demographic information from database (VBA)
•Assign random values to clinical attributes (VBA)

oSex, Age
oPregnancy, Gestational age
oWHO stage
oCD4 count/percent
oViral load 
oInitial TB rate, Month of TB treatment
oARV experience, Number of weeks on ARV
oAnemia
oWeight
oPeripheral neuropathy
oAcute opportunistic infection

•Create patients (VBA)
•Sent patients to the clinic according to the enrollment 
plan (ARENA)

•Read demographic information from database (VBA)
•Assign random values to clinical attributes (VBA)
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2. Enrollment and clinic 
services

• Enrollment plan
– Weekly

• Fixed number of enrollment
• Ramp-up
• Random distribution

• Clinic services
– prescription
– screening
– counseling
– testing
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3. Treatment protocols

• Initial visit
• Follow-up visits
• Lab test
• Regimen
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4. Disease progression
• Disease progression will dictate resource 

consumption
– When to start a patient on treatment
– When to switch therapy
– Patient death

• Disease marker
– CD4 count
– Viral Load
– WHO Clinical stage
– Dead or alive
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Disease Progression

• Start with given CD4+ count (%) in each 
VL category

• Determine time interval 
• Adjust CD4+ count over that time interval 

(Mellors, et al., Ann Int Med, 1997)
• Viral load changes similarly 
• WHO stage transition could be an input
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Patient states related to 
resource consumption

In-care First Line Second Line

Death

Initiate  treatment Change therapy
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Patient states related to 
resource consumption

In-care First Line Second Line

Death

Initiate  treatment Change therapy



61

Treatment initiation

WHO 
CLINICAL
STAGING

CD4 TESTING 
NOT AVAILABLE

CD4 TESTING
AVAILABLE

1 Do not treat Treat if CD4 count is below 
200

2 Do not treat Treat if CD4 count is below 
200

3 Treat Consider treatment if CD4 
count < 350
and initiate ART before 
CD4 count<200

4 Treat Treat
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Patient states related to 
resource consumption

In-care First Line Second Line

Death

Initiate  treatment Change therapy
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When to change therapy?

--WHO ART Guidelines 2006
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Other issues

• Single drug toxicity
• Opportunistic infections
• Patient death rate
• Patient loss-to-follow-up rate
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Sample output:
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Validation
• Validation will require pre- and post- assessments after 

analysis, creation of recommendations for enrollment and 
staffing plans, and implementation of those 
recommendations at a clinic or set of clinics in a 
resource-limited setting.

• This is very challenging from a data-collection point of 
view.
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Model 2: 
The lab facility location problem

• Decisions to make
– Where to locate and how to size lab facilities
– Which facility serves which clinic/hospital
– How many lab tests should be done by each lab facility

• Issues drive the choice of facility locations.
– cost reduction
– demand allocation
– equitable service supply
– multiple lab services
– blood sample keeping time, etc.
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The lab facility location problem

• A set of clinics originates demand for lab 
services.

• The clinics’ lab test demand must be satisfied by 
one or more lab facilities.

• Laboratories can be stand-alone facilities, or 
located within a clinic.

• Our goal is to minimize operating cost.
– Given existing lab capacity, how should we allocate 

clinic demand among lab facilities. 
– If we are going to establish a central referral lab 

network in the future, we need to decide where to 
locate lab facilities.
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Costs and Services
• Variable cost

– Equipment
– Vehicle
– Fuel
– Human resource

• Lab technicians, drivers, and maintenance engineers
– Lab consumables/Reagents

• Fixed cost
– Facility construction/Rental
– Human resource

• Lab managers/administrators, clerks
– Other overhead

• Service types, service times/capacities
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Problem definition
• There are a set of lab facilities and a set of 

clinics requiring tests.
• In a given period, each lab has a capacity, 

and each site needs a number of tests to 
be done.

• Given the associated cost, we want to 
allocate tests to laboratory facilities in a 
way that minimizes costs. 
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Objective Function

min  z = ijt ij j jt
t T i I j J j J

x c f y
∈ ∈ ∈ ∈

+∑∑∑ ∑

ijtx

jy

the fraction of clinic i’s lab test sent to lab facility j in period t

the binary variable which is equal to 1 if lab facility j is open and to 0 otherwise

jf

ijc

the cost to establish a laboratory facility

the cost to both transport and test blood samples to lab j from a clinic site i
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Constraints

• demand constraints

• capacity constraints

1,  ,ijt
j J

x i I t T
∈

= ∀ ∈ ∈∑

( ) ( ) ,  ,
ij ijij t t i t t j j

i I

x d s y j J t T− −
∈

≤ ∀ ∈ ∈∑

( ) 0ij ijtt R x− ≤ • blood sample shelf life < R  
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Simulation

• Based on the results form the previous 
model, we can carry out a detailed 
analysis for each laboratory facility. 

• Simulation can incorporate uncertainty into 
the model
– Road status during rainy season
– Reagent supply uncertainty
– Machine down time
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Model 3: 
Male-circumcision clinic scale-up

• Multiple randomized controlled trials stopped early due to 
substantial protective effect of adult male 
circumcision on HIV infection rates in circumcised men
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Africa contains over 95 million uncircumcised males under the age of
24, with the largest population in Uganda

* Gambia, Guinea-Bissau, Gabon, Equatorial Guinea, Seychelles, Libya, Djibouti, Comoros, Algeria, Egypt, Morocco,
Tunisia were negligible due to small population of uncircumcised young men

Source: US Census Bureau 2007; Global Insights 2007; Male Circumcision and AIDS: The Macroeconomic Impact of a Health
Crisis, 2006; team analysis

Uncircumcised males in Africa* under the age of 24
Millions
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0.2
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0.3
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0.5
0.5
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Sierra Leone
Mauritania

Sao Tome and Principe

1



84

Demand for circumcision in Africa could range from 40 to 70 million
men under the age of 24

Source: Team analysis

Assumption
Demand for circumcision
Population in millions under the age of 24

� 40% conversion
� Benchmark is Zimbabwe,

the second lowest country
in terms of acceptability

Low

� 50% conversion
� Median among all

countries reviewed, with
many countries in the
range of 45% to 60%

Medium

High
� 70% conversion
� Within informed

populations, theoretical
acceptability reaches levels
greater than 80%, but
conservatively assumes a
lower number to account
for actual conversion rates

1

Critical
questions:
� By country,

can we derive
a more
accurate
conversion
rate?

� What factors
will drive the
difference in
conversion
rates?

38

48

67
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Model 3: 
Male-circumcision clinic scale-up

• Multiple randomized controlled trials stopped early due to 
substantial protective effect of adult male 
circumcision on HIV infection rates in circumcised men

• High demand for service among general male population

• Often inadequate clinical facilities

• Complex human resource trade-offs with existing/planned 
HIV treatment efforts



86

Sample clinical flow plan:
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Task-based approach

Station Task assigned to Mean Service 
time 

Registration Non healthcare worker 5 min

Pre-op Counseling Counselor 20 min

Pro-op Care Nurse 25 min

Operation Doctor 45 min

Recovery and Post-op Care Nurse 30 min

Post-op Counseling Counselor 15 min

VCT Phlebotomist 15 min
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Queueing network

• Model clinic as an Open Jackson Network
of M/M/s queuing processes

• Time-stationary Poisson distribution for 
arrivals

• Exponential distribution for processing 
times

• Solve for number of staff with maximum 
avg. queue length that user specifies
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Sample model run:
Deterministic with 

utilization
Stochastic with 

requirement that 
waiting time at any 
station is ≤ (min)

100% 75% 60 30 10

Doctor 2 3 4 4 5
Nurse 3 4 4 5 6
Counselor 2 2 3 3 5
Non healthcare 

worker
1

1
2 2 2

Phlebotomist 1 1 1 1 2
Total Active Staff 9 11 14 15 20
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National policy will be a critical driver of a high conversion rate

Policy

Culture 

Resources

Source: Team analysis

Key questions

� Who will be permitted to perform M/C?
� What will be the cost to each participant?
� Where will M/C be performed?
� Will HIV testing to mandatory as pre-screening?
� How will complications be handled?
� What age group will M/C programs target?

� What is the public opinion?
� Do common religions support or hinder the MC movement?
� What has been the nature of media coverage?

� How many people can perform M/C in the country?
� Based on the operating model, what is the maximum daily capacity?
� Are there adequate educators

Š To inform the public?
Š To teach those who perform M/C?
Š To ensure proper care of circumcised patients?

1

Existing 
capacity

� Who currently performs M/C?
� How is demand split between public/private (e.g. for profit, faith-based, NGOs)?
� Within the private sector what is their capacity?
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"Employing OR techniques and modeling skills, the OR department has played a role in the
development of long-range plans for the past 17 years. Every major system change ... (was) modeled by
OR several years in advance of the actual system change. This enabled the company to grow smoothly...
By modeling various alternatives for future system design, FedEx has, in effect, made its mistakes on
paper. Computer modeling works; it allows us to examine many different alternatives and it forces the
examination of the entire problem."

-- Frederick W. Smith, Chairman, CEO , Founder , FedEx
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Summary
• OR allows you to put some order on the chaos of health delivery.

• OR and its models can be used to identify service delivery bottlenecks, and to maximize 
resource allocation given resource constraints.

• It is critical for practitioners to be involved in the process of translating their 
knowledge into models, and for the models to be of immediate, practical use.

• Well-designed, practical decision support software can provide decision makers with 
scientific, testable, and quantitative representations of service delivery and associated 
logistical systems. 

• The most important step in an OR project, in particular for HIV-related issues, often turns out 
to be understanding and formulating the problem itself. 

• Data collection and change management are big challenges in applying decision support 
tools in practice.
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