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Abstract
Background—Although the number of infected people receiving highly active anti-retroviral
therapy (HAART) in low- and middle- income countries increased dramatically, optimal disease
management is not well defined.
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Methods—We developed a model to compare the costs and benefits of three types of HIV
monitoring strategies: symptom-based strategies, CD4-based strategies, and CD4 plus viral load
strategies for starting, switching, and stopping HAART. We used clinical and cost data from southern
Africa and performed a cost-effectiveness analysis. All assumptions were tested in sensitivity
analyses.

Results—Compared to the symptom-based approaches, monitoring CD4 every 6 months and
starting treatment at a threshold of 200 cells/μl was associated with a life expectancy gain of 6.5
months (61.9 vs. 68.4) and a discounted lifetime cost savings of $464 per person (4,069 vs. 3,605
discounted 2007 USD). CD4-based strategies where treatment was started at the higher threshold of
350 cells/μl provided an additional life expectancy gain of 5.3 months at a cost effectiveness of $107
per life-year gained compared to a threshold of 200 cells/μl. Monitoring viral load with CD4 was
more expensive than monitoring CD4 alone, added 2.0 months of life, and had an incremental cost-
effectiveness ratio of $5,414/life-year gained relative to monitoring CD4 counts. In sensitivity
analyses, the cost-savings from CD4 monitoring compared to symptom-based approaches was
sensitive to cost of inpatient care, and the cost-effectiveness of viral load monitoring was influenced
by the per-test costs and rates of virologic failure.

Conclusions—Use of CD4 monitoring and early HAART initiation in southern Africa provides
large health benefits relative to symptom-based approaches for HAART management. In southern
African countries with relatively high costs of hospitalization, CD4 monitoring would likely reduce
total health care expenditures. The cost-effectiveness of viral load monitoring depends on test prices
and rates of virologic failure.

Two-thirds of the world's HIV-infected population resides in Africa, and the majority of the
world's new infections occur in low- and middle- income countries. In the southern cone of
Africa alone, which includes heavily affected countries such as South Africa, Botswana,
Zimbabwe, Namibia, Angola, Malawi, Zambia, and Mozambique, approximately 11 million
people are living with HIV.1, 2 Despite substantial progress in access to treatment, only 20%
of adults who need highly active antiretroviral therapy (HAART) currently receive it.1 In
addition, in many resource-limited regions, people who do receive HAART are managed
without access to monitoring of CD4+ T-cell counts or HIV viral load, which may substantially
reduce the effectiveness of HAART.3 Therefore, key questions in the management of HIV in
resource-constrained settings are whether and how to monitor people with HIV, and when to
initiate HAART. At present, little is known about the effectiveness and cost-effectiveness of
evaluation and treatment initiation criteria in an African setting, and monitoring of infected
individuals remains a major challenge for clinicians and health care systems.4, 5

In high-income countries, clinical monitoring, CD4 counts, and viral load are the most common
tools used to determine treatment eligibility and to monitor HIV-infected patients.6 Multiple
clinical trials examined strategies for choosing initial and sequential antiretroviral regimens in
which CD4 and viral load are used for treatment decisions and serve as the primary
measurements of efficacy.7, 8 In resource-limited regions, however, where laboratory
monitoring is often not available, many HIV infected individuals are started on HAART when
they develop a severe opportunistic disease.9

Previous studies in sub-Saharan Africa estimate the cost-effectiveness of HAART and timing
of treatment initiation.10-12 However, no study looked at the use of monitoring strategies in
these settings. In this study, we used an HIV treatment and monitoring model to estimate the
effectiveness and cost-effectiveness of several strategies for treatment initiation, change, and
discontinuation of infected individuals in southern Africa.
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Methods
Overview & Model Structure

We developed a simulation model (Treeage Pro, Williamstown, MA) of the lifetime history of
HIV+ patients from time of presentation for care until death. The purpose of the model was to
evaluate the relative cost-effectiveness of three types of currently practiced management
strategies of caring for patients with HIV in southern Africa: two symptom-based strategies
where patients are managed using clinical criteria without CD4 or viral load monitoring; four
CD4-based strategies, which includes CD4 monitoring in addition to clinical monitoring for
treatment initiation and regimen change; and four strategies that includes both CD4 and viral
load measurements, comparable to routine management of patients in resource-rich countries
(see Supplementary Appendix for more details).

Each patient's health was characterized by CD4 counts, viral load, medication toxicity, and
severe opportunistic diseases. The model followed each patient's health status monthly, but
clinical and laboratory data was only available to decision-makers during follow-up visits, or
sooner for acute clinical events.

Data for the model was taken from two established HIV cohorts in the Cape Town area: the
Cape Town AIDS Cohort (CTAC), a group of HIV+ patients cared for in local hospital clinics;
and the Médecins Sans Frontières community clinics in Khayelitsha (Table 1).13-16 For the
base-case analyses we simulated a population of 100,000 patients, and in sensitivity analyses
we simulated independent cohorts of 50,000 patients.

Disease Progression
Disease progression was determined by each patient's CD4 count, viral load, history of
opportunistic diseases, and treatment history. We modeled CD4 as a continuous variable that
determined the patient's risk of death and of developing opportunistic diseases. Viral load, also
modeled as a continuous variable, guided the rate of change of CD4 counts in the absence of
suppression of viral replication.17, 18 After successful initiation of HAART, a patient's viral
load decreased to less than 400 copies/ml, and CD4 counts rose based on empirical data.
22-25 When a patient developed a severe opportunistic disease, their risk of death increased by
an amount inversely related to their CD4 at the time of the infection (Table 1).10, 19

Treatment Options
In resource-limited regions, the World Health Organization (WHO) formulary advises a first-
line regimen consisting of a dual nucleoside reverse transcriptase inhibitor backbone with a
non-nucleoside reverse transcriptase inhibitor, and a second-line protease inhibitor-based
regimen.3 We used efficacy and safety data for first- and second-line regimens similar to the
WHO formulary; however, consistent with current practice in resource-limited countries, we
assumed no additional HAART regimens.24, 25, 27 At the start of the model, patients were
antiretroviral-naïve, and after starting a first-line regimen, were switched to a second-line
regimen for two reasons: medication toxicity, and failure of therapy (based on measured viral
load, CD4 decrease, or opportunistic diseases in the various strategies, as shown in Table 2).
15, 25, 33

Management Strategies
We examined ten strategies: two symptom-based strategies and four versions of the CD4 and
CD4-viral load strategies, where HAART was started at 200 cells/μl or 350 cells/μl, and
monitoring frequency was 3 or 6 months (Table 2). In the symptom-based strategies, HAART
was started when patients developed their first severe opportunistic disease, and treatment was
changed when patients experienced toxicity related to the first-line regimen, or after developing
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their second or third opportunistic disease, suggesting failure of therapy. In the CD4-based
strategies, CD4 was checked regularly, and HAART was started when the measured CD4
dropped below an initiation threshold, unless a patient first developed an opportunistic disease.
The treatment regimen was changed with toxicity, or if the measured CD4 dropped to half of
the highest measured CD4, suggesting failure of therapy. Finally, in the CD4-viral load
strategies, patients were switched to a second-line regimen with measured virologic failure
(greater than 1000 copies/ml).34 In all strategies, treatment was stopped in patients who
experienced severe toxicity with second-line HAART, but was continued in patients with
treatment failure on second-line treatment due to the survival advantages of a non-suppressive
regimen compared with HAART cessation.35

Costs
We considered all direct HIV costs obtained from costing reports of the study cohorts.10, 29,
36 Cost of care included inpatient costs, outpatient costs, HAART costs, and testing costs. Per-
test cost included cost of reagents, labor, parts, data management, maintenance, and the rental
or acquisition of CD4 or viral load enumeration equipment.30, 31 Viral load was only measured
once a patient was started on HAART, as no therapeutic decisions were made using viral load
prior to onset of HAART. We measured the incremental cost-effectiveness of each strategy
compared with the next least effective strategy in 2007 USD per life-year gained. All costs
were converted to 2007 USD with a currency converter and a GDP deflator.37 We adopted a
societal perspective, although some indirect costs such as the cost of lost wages and travel costs
were excluded. We discounted all costs and benefits at 3% annually.

Sensitivity Analysis
We evaluated all parameters in one-way and multi-way sensitivity analyses. In particular, we
examined clinical parameter estimates, including rates of virologic failure, rates of treatment
discontinuation due to toxicity, rates of opportunistic diseases, and the increased mortality risk
of opportunistic diseases. We also examined the sensitivity of the results to inpatient,
outpatient, HAART, and testing costs independently and jointly (assuming that costs co-vary
among regions and a reduction in one cost is related to other reduced costs).

Results
Model Validation

We calibrated our model against established models of HIV in resource-limited settings and
cost studies from Cape Town, and validated the outcomes of the model by comparing model
predictions to cost of care, life expectancy, and observed rates of development of severe
opportunistic diseases (Table 3).11, 12, 16 Our model correlated well with expected values.

Base Case Analyses
CD4 Monitoring—All CD4-based strategies resulted in higher life expectancy and were less
costly than the symptom-based approaches (Table 4 and Figure 1). The most effective
symptom-based strategy yielded a discounted estimated life expectancy of 61.9 months at a
lifetime cost of $4,069, while the least effective CD4-based strategy (where HAART was
started at 200 cells/μl) cost $3,605 and had an estimated life expectancy of 68.4 months (Figure
1). That is, a lifetime cost saving of $464 and a life expectancy increase of 6.5 months. Table
3 shows that the increase in life expectancy is associated with a large decrease in the number
of severe opportunistic diseases (314 fewer severe opportunistic diseases per 1,000 people over
their lifetime), and that the increased treatment and testing costs when CD4 was monitored
were more than offset by the decrease in inpatient costs compared to the symptom-based
approach.
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CD4 Threshold—Starting HAART at CD4 350/μl was always more effective than starting
at 200/μl, regardless of the monitoring strategy. When CD4 count alone was monitored every
6 months, starting HAART at 350 cells/μl rather than 200 cells/μl was associated with a gain
of 5.3 months of life expectancy at an incremental lifetime cost of $48, or $107 per life-year
gained. Compared to a symptom-based approach, the gain in life expectancy was 11.8 months.
Starting HAART at 350 cells/μl led to higher HAART costs, outpatient costs, and testing costs,
but to decreased inpatient costs. Compared to the lower threshold for initiation of therapy,
individuals also had 18% fewer severe opportunistic diseases (589 vs. 719 per 1000 people).

Viral Load Monitoring—We estimated the benefits and costs of viral load monitoring for
determining treatment failure and the timing of a regimen change. Adding viral load to CD4
monitoring was associated with further increase in life expectancy. When testing every 6
months and starting HAART at 350 cells/μl, adding viral load to CD4 testing was associated
with a life expectancy gain of 2 months. However, viral load testing was associated with
increased lifetime cost of $899 per person, mostly due to increased testing costs. Compared to
monitoring CD4 every six months and starting HAART at 350 cells/μl, the incremental cost
effectiveness ratio of adding viral load was $5,414 per life-year gained.

Monitoring Frequency—Finally, testing every three months instead of every six months
was associated with modest increases in life expectancy and significant increases in lifetime
costs. For equivalent strategies, testing every three months was associated with a gain of 2-19
days. The incremental cost effectiveness ratio of testing CD4 and viral load every three months
and starting HAART at 350 cells/μl was about $100,000 per life-year gained compared to a
similar strategy with monitoring every six months.

Sensitivity Analysis
CD4 monitoring reduced net costs compared with symptom-based management because it
reduced expensive hospitalizations for opportunistic infections. In parts of southern Africa,
hospitals are not available, and medical care may be very elementary. To assess the importance
of inpatient care, we varied the cost of an inpatient day over the range reported for southern
Africa.38 As the cost of an inpatient day fell from $198 per day (based on data from South
Africa) to $120 per day, CD4 monitoring remained cost saving (Figure 2). However, when the
cost of an inpatient was further reduced, CD4 monitoring increased total costs compared to
symptom-based management, but the incremental cost-effectiveness ratio remained less than
$700 per life-year gained even when inpatient costs were reduced to $20 per day, the lowest
value reported for southern Africa.38

The cost-effectiveness of viral load monitoring was sensitive to cost of testing and virologic
failure (Figure 3). In a comparison with strategies where CD4 was monitored every six months
and HAART was started at 350 cells/μl, halving the cost of viral load testing brought the
incremental cost-effectiveness ratio down to $2,869 per life-year gained, and at a per-test cost
of $20, the ratio was $1,635. Additionally, high rates of virologic failure, which might occur
where adherence is low or rates of resistance are high, increased the importance of viral load
monitoring. Where rates of failure were twice as high as our base case estimate, the incremental
cost effectiveness ratio of viral load testing came down to $3,257 per life-year gained, while
halving the rates of failure increased the ratio to $8,776 per life-year gained.

Finally, we evaluated changes in the rates of treatment discontinuation due to toxicities, rates
of virologic suppression, rates of CD4 change, and the cost of HAART in sensitivity analyses.
Within the range of variability we examined (Table 1), none of these sensitivity analyses
changed our results substantively.
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Discussion
We evaluated the relative merits of different HIV monitoring strategies in resource-limited
settings based on data from southern Africa. We found that CD4 monitoring could substantially
increase length of life and reduce total costs relative to the symptom-based approaches
currently practiced in many regions, especially outside of major urban areas. Monitoring CD4
increased length of life through earlier initiation of HAART and prevention of severe
opportunistic diseases. Compared with the most effective symptom-based strategy, initiation
of HAART at a CD4 count of 200 cells/μl or 350 cells/μl increased life expectancy by nearly
7 and 12 months, respectively.

These gains in life expectancy are substantial. Previous studies suggest that use of HAART
compared to no HAART increases life expectancy by approximately 20 months.12 Thus,
addition of CD4 monitoring and initiation of treatment when CD4 counts reach 350 cells/μl
provides a 60% additional gain in longevity compared with introduction of antiretroviral
therapy. For the population eligible for HAART in southern Africa, the achievable gains in
length of life is large: initiating antiretroviral therapy for one million people at a CD4 count of
200 cells/μl would provide 542,000 life years over providing HAART without CD4
monitoring, and initiating HAART at 350 cells/μl would provide additional 440,000 life years.

In South Africa, and perhaps in several other countries, much of this gain in longevity could
be obtained while reducing total expenditures for HIV care by avoiding expensive
hospitalizations for opportunistic diseases, which outweighed the higher costs of CD4 testing
and HAART. The reduction in total costs is large in South Africa in part because of the
relatively high cost of inpatient care, and our analysis suggests that monitoring CD4 may reduce
costs of HIV care also in Namibia, Botswana, and Swaziland, where the quality of the epidemic
is similar and inpatient care costs are relatively high.38 However, even in Malawi, where the
healthcare infrastructure is very basic, healthcare costs are low, and use of inpatient care is
inconsistent, the incremental cost-effectiveness ratio of monitoring CD4 every 6 months and
starting HAART at 200 cells/μl was $670 per life-year gained.38 A threshold of twice the per
capita GDP is often cited as an acceptable incremental cost-effectiveness ratio for developing
countries.39, 40 By that standard, monitoring CD4 is cost-effective in all parts of southern
Africa. Our analysis also suggests that even in the most resource-limited settings, starting
HAART at 350 cells/μl is an effective and cost-effective intervention.

Our analysis highlights that the sizeable worldwide investments to make HAART available
could be strongly leveraged by using CD4 monitoring to initiate treatment prior to onset of
serious opportunistic diseases and severe immunocompromise. Recent evidence shows that,
in resource-limited settings, where HAART is commonly started at low CD4 counts or with
opportunistic diseases, rates of death after treatment initiation are much higher than in Europe
and North America, especially in the first few months of treatment.41, 42

Addition of viral load monitoring resulted in an additional increase in life expectancy of 2
months relative to use of only CD4 monitoring. Two months is an important additional benefit.
However, this gain in effectiveness came at a less favorable incremental cost-effectiveness
ratio than did CD4 monitoring because viral load testing is substantially more expensive and
provides about one quarter of the benefit of CD4 testing. If the price of viral load testing were
significantly reduced, the cost effectiveness would improve markedly. In developed countries,
where cost-effectiveness acceptability thresholds are substantially higher, viral load
monitoring is considered a cost-effective intervention. Viral load monitoring has other benefits,
such as reduced transmission by limiting the number of people with non-suppressed HIV
replication, and fewer accumulated resistance mutations. Because we did not include these
potential benefits, we may have underestimated the overall benefits of viral load testing.
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Why has CD4 monitoring not been universally adopted in resource-limited settings? The initial
investment in CD4 technology and infrastructure is expensive. The cost of CD4 flow
cytometers, which require highly trained personnel and laboratories with refrigeration, is high,
and ministries of health and public health programs may not be able or willing to make the
investment. In addition, the cost of an individual CD4 test, while modest in comparison to the
cost of HAART or viral load monitoring, may limit access to testing and treatment. Finally,
the WHO guidelines encourage using a CD4 threshold of 200 cells/μl for HAART initiation,
but they acknowledge the limited capability to expand monitoring capacity.

These challenges are increasingly surmountable. Recent advances in CD4 enumeration
technology allow for lower per-test cost, as well as smaller machines that require relatively
little infrastructure, maintenance, and technical expertise.43 Alternative financing mechanisms
may allow health care systems to minimize the initial investment in equipment through reagent
rental agreements and amortization. Both the reductions in technical challenges, and our
finding that CD4 monitoring is cost effective or cost saving, support expanding CD4
monitoring as a valuable tool in scaling-up treatment in southern Africa. Use of CD4
monitoring to determine treatment initiation, and initiating HAART early, will benefit a
substantial proportion of those individuals for whom treatment would be otherwise delayed
until life-threatening symptoms develop.

Our analysis has several limitations. Although the phase and prevalence of the epidemic in
South Africa is similar to other countries in the region, most of the data for our model comes
from a single region. Some opportunistic diseases, most notably tuberculosis, place a unique
burden in that region and may limit the generalizability of our results. In addition, although
our estimates of the health benefits of alternative management strategies are likely applicable
more broadly in Africa, the study cohorts in Cape Town received care in a setting with potential
access to clinics and hospitals. In settings in which individuals with opportunistic diseases have
no access to hospitals, their mortality will be higher, and their cost of care will be lower than
we projected. In those settings, more efforts to prevent severe opportunistic diseases may have
additional mortality benefits.

We also used some data from clinical trials. While clinical trials may provide the best or only
source of data, events such as treatment failure and response to HAART may differ from other
settings. In addition, we used a societal perspective for this analysis, where all costs and benefits
are included. However, additional perspectives may be relevant to parts of southern Africa
where costs and benefits are accrued by different parts of the healthcare system. For example,
the perspective of a donor organization which bears costs but sees no direct benefits may be
important where donors play an important role in the healthcare system. Finally, our model is
not intended to restrict the use of viral load monitoring in southern Africa. Rather, we highlight
the importance of CD4 monitoring and early treatment initiation as the priority in improving
the care of individuals in southern Africa.

The rapid increase in access to treatment in resource-limited regions represents a major
progress towards reducing HIV morbidity and mortality. Our analysis shows that, where
HAART is available, CD4 monitoring with earlier treatment initiation provides a substantial
increase in length of life which, in some settings, may be achievable while reducing total
expenditures for HIV. As the number of people receiving HAART increases, the potential
health benefit and cost savings from use of CD4 monitoring will also increase.
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Figure 1. Health and Cost Outcomes of Monitoring Strategies
Open symbols represent strategies that were dominated by other strategies either through strict
dominance (less effective and more costly than another strategy) or extended dominance (less
effective and more costly than a mix of other strategies). All CD4-based strategies were more
effective and less costly than the symptom-based strategies. Starting HAART at CD4 350/μl
was always more effective than starting at 200/μl, regardless of viral load monitoring. More
frequent monitoring was generally more effective than less frequent, but was dominated in
most cases. The squares represent the symptom-based strategies, circles represent the CD4-
based strategies, and diamonds represent the CD4-viral load strategies.
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Figure 2. Effect of Inpatient Costs on Cost-Effectiveness of CD4 Monitoring
The incremental cost-effectiveness ratio of monitoring CD4 and starting HAART at 200 cells/
μl compared to a symptom-based strategy is represented on the Y axis. A negative ratio suggests
that monitoring CD4 was cost saving. The symptom-based approach is cheaper than monitoring
CD4 when inpatient stay costs less than $120 per day. At $20 per day, the incremental cost-
effectiveness ratio is a little under $700 per life-year gained.
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Figure 3. Sensitivity Analysis of Viral Load Monitoring
The incremental cost-effectiveness ratio (ICER) is sensitive to both the rate of virologic failure
and the cost per test of viral load monitoring. The squares represent the relationship between
per-test costs and the ICER when the rate of virologic failure was halved compared with the
base case, while the triangles represent the relationship when the rate of virologic failure was
doubled, highlighting the importance of viral load monitoring in settings with high rates of
virologic failure.
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Table 1
Variables and Sources

Variable Base Case Range Source

Demographic variables

 Age at presentation (mean ± SD) 32.8±9.2 14-50 Holmes16

 CD4 at presentation, cells/μl (mean ± SD) 307±227 200-400 Holmes16

 Viral load at presentation, log copies/ml (mean ± SD) 5.0± 0.8 4-6 Badri10

Natural history variables

 Mean monthly change in CD4 based on viral load (cells/μl) Mellors, Rodriguez17, 18

  VL<500 1.67± 0.9 ± 50%

  VL501-2000 3.33± 1.7 ± 50%

  VL 2001-10,000 4.08± 2.1 ± 50%

  VL 10,001-40,000 4.58± 2.4 ± 50%

  VL >40,000 6.33± 3.2 ± 50%

 Risk of developing severe opportunistic disease Holmes, Badri16, 19

  CD4 <50 cells/μl 10.5%/mo

  CD4 51-200 cells/μl 2.6%/mo

  CD4 201-350 cells/μl 1.1%/mo

  CD4 >350 cells/μl 0.26%/mo

 Risk of death Badri19

  CD4 <50 cells/μl 2.1%/mo

  CD4 51-200 cells/μl 1.7%/mo

  CD4 201-350 cells/μl 1.1%/mo

  CD4 >350 cells/μl 0.8%/mo

 Additional risk of death from severe opportunistic disease Goldie12

  CD4 <50 cells/μl 7.69%/mo

  CD4 51-200 cells/μl 4.48%/mo

  CD4 201-350 cells/μl 0.66%/mo

Treatment variables

 Virologic suppression on HAART

  12 weeks 84% DART, Orrell, Coetzee15, 20, 21

  48 weeks 72% 50%-78%

 CD4 rise on first-line HAART Battegay, Kaufmann, Lawn22-24

  First 6 months 146 cells/μl

  Months 7-12 46 cells/μl

  Months 13-18 28 cells/μl

  Months 19-24 21 cells/μl

 Risk of HAART discontinuation due to toxicity Robbins25, Orrell26, Calmy27, Amoroso28

  First line regimen 0-12 mo 0.87%/mo ± 50%

  First line regimen 12-36 mo 0.25%/mo ± 50%

  Second line regimen 0-12 mo 1.8%/mo ± 50%
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Variable Base Case Range Source

  Second line regimen 12-36 mo 0.42%/mo ± 50%

Utilization and cost variables

 Annual number of inpatient days without a severe opportunistic
disease Badri et al10, 11

  CD4>350 (on/off HAART) 0.14 / 1.9 ± 50%

  CD4 201-350 (on/off HAART) 0.39 / 3 ± 50%

  CD4<=200 (on/off HAART) 0.26 / 7.7 ± 50%

 Annual number of inpatient days with a severe opportunistic
disease Badri et al10, 11

  CD4>350 (on/off HAART) 0.37 / 5.7 ± 50%

  CD4 201-350 (on/off HAART) 0.52 / 10.8 ± 50%

  CD4<=200 (on/off HAART) 1.8 / 17.7 ± 50%

 Annual number of outpatient visits Badri et al10, 11

  CD4>350 (on/off HAART) 4.3 / 4.1 ± 50%

  CD4 201-350 (on/off HAART) 3.9 / 5.0 ± 50%

  CD4<=200 (on/off HAART) 4.7 / 6.6 ± 50%

 Costs (2007 USD)

  Inpatient Day $198 $20-$200 Badri; Cleary10, 29

  Outpatient visit $30 $3-$30 Badri; Cleary10, 29

  Cost per viral load test* $80 $20-$140 Badri, Elbeik10, 30

  Cost per CD4 test* $25 $5-$50 Badri, Zijeneh10, 31

  First line HAART regimen (annual) $322 ± 50% Badri, MSF10, 11, 32

  Second line HAART regimen (annual) $640 ± 50% Badri, MSF10, 11, 32

*
Per test cost include an estimated cost of reagents, labor, parts, data management, and the rental or acquisition of the CD4 or viral load enumeration

equipment.
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Table 2
Monitoring Strategies

Strategy Monitoring HAART initiation HAART regimen switch Frequency of monitoring

1 Symptom-based First severe OD Second severe OD NA

2 Symptom-based First severe OD Third severe OD NA

3 CD4 only First severe OD or CD4<200 cells/μl CD4 drop to 50% highest measured
level

6 months

4 CD4 only First severe OD or CD4<200 cells/μl CD4 drop to 50% highest measured
level

3 months

5 CD4 only First severe OD or CD4<350 cells/μl CD4 drop to 50% highest measured
level

6 months

6 CD4 only First severe OD or CD4<350 cells/μl CD4 drop to 50% highest measured
level

3 months

7 CD4 and viral load First severe OD or CD4<200 cells/μl Elevated viral load 6 months

8 CD4 and viral load First severe OD or CD4<200 cells/μl Elevated viral load 3 months

9 CD4 and viral load First severe OD or CD4<350 cells/μl Elevated viral load 6 months

10 CD4 and viral load First severe OD or CD4<350 cells/μl Elevated viral load 3 months

OD – Opportunistic disease
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Table 3
Model Validation and Calibrations

Outcome Previous literature Model Comments

Life years gained12 5.8 5.8 Using CD4 of 200 or a single opportunistic
disease to start treatment.

Discounted lifetime costs11 $5,088 $4,552 Using a strategy where CD4 and viral load were
checked every 6 months.

Rate of severe opportunistic diseases (per 100 person-years)
16

Most opportunistic diseases listed in WHO
Stage III and Stage IV were considered severe.
3

 <50 133.1 125.5

 51-200 31.7 31.6

 201-350 13.6 12.9

 >350 3.1 3.4
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