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Abstract
OBJECTIVE—To estimate the cost-effectiveness of HIV screening strategies for the prevention
of perinatal transmission in Uganda, a resource-limited country with high HIV prevalence and
incidence.

STUDY DESIGN—We designed a decision-analytic model from a health care system perspective
to assess the vertical transmission rates and cost-effectiveness of four different HIV screening
strategies in pregnancy: 1) Rapid HIV antibody (Ab) test at initial visit (current standard of care);
2) Strategy 1 + HIV RNA at initial visit (adds detection of acute HIV); 3) Strategy 1 + repeat HIV
Ab at delivery (adds detection of incident HIV); 4) Strategy 3 + HIV RNA at delivery (adds
detection of acute HIV at delivery). Model estimates were derived from the literature and local
sources, and life years saved were discounted at a rate of 3% per year. Based on World Health
Organization guidelines, we defined our cost-effectiveness threshold as ≤3 times the gross
domestic product per capita, which for Uganda was US$3300 in 2008.

RESULTS—Using base case estimates of 10% HIV prevalence among women entering prenatal
care and 3% incidence during pregnancy, strategy 3 was incrementally the cost-effective option
that led to the greatest total life years.

CONCLUSION—Repeat rapid HIV Ab testing at the time of labor is a cost-effective strategy
even in a resource-limited setting such as Uganda.
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INTRODUCTION
Perinatal transmission of human immunodeficiency virus (HIV) during pregnancy,
childbirth and breastfeeding is a public health crisis in sub-Saharan Africa. In 2008, the
majority of the estimated 430,000 new HIV infections in children worldwide occurred in
sub-Saharan Africa.1 Without timely diagnosis and subsequent antiretroviral therapy,
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vertical transmission rates of HIV have been shown to be as high as 25.5% in pregnancy
with an additional 15% risk of transmission during breastfeeding.2,3 Furthermore, pregnant
women have a higher risk of HIV acquisition and acute HIV infection is associated with
much higher perinatal HIV transmission rates.4–6

The standard of care for HIV testing during pregnancy in sub-Saharan African countries
such as Uganda has been one-time rapid HIV antibody testing at the initiation of prenatal
care.7 The Uganda Ministry of Health has most recently recommended adding a repeat rapid
HIV antibody test in the third trimester of pregnancy but most health clinics have not yet
adopted these new guidelines due to limited testing kits.7 The former standard of one-time
HIV antibody testing at the initiation of prenatal care failed to diagnose acute HIV infection
because maternal antibodies to HIV are not yet detectable and it also failed to diagnose
women who acquire HIV later in pregnancy. A new strategy of repeat rapid HIV antibody
testing at the time of delivery with the addition of HIV RNA testing at the time of antibody
testing may improve detection rates to allow timely medical interventions for the prevention
of perinatal transmission. While it is reasonable to assume that additional HIV testing would
likely decrease perinatal transmission, it is important to quantify the additional benefit and
assess the best timing of such testing. Further, if such increased testing only leads to a small
marginal improvement in clinical outcomes in a low-resource setting, it may not be worth
the increased cost.

Thus, the purpose of this analysis is to assess the vertical transmission rates and cost-
effectiveness of three different hypothetical HIV screening strategies for the prevention of
perinatal transmission, allowing comparison to standard one-time testing at the initiation of
prenatal care. In order to make the results relevant to sub-Saharan Africa, the center of the
HIV epidemic, we chose to use a health care system perspective from Uganda, a resource-
limited country with a high HIV prevalence and incidence.

MATERIALS AND METHODS
We developed a decision-analytic model with TreeAgePro 2009 software (Treeage Software
Inc, Williamstown, MA) to compare the incremental costs and effectiveness of four different
HIV screening strategies: (1) Rapid HIV antibody (Ab) at initial visit only (current standard
of care); (2) Strategy 1 + HIV RNA at initial visit (adds detection of acute HIV); (3)
Strategy 1 + repeat HIV Ab at delivery (adds detection of incident HIV); (4) Strategy 3 +
HIV RNA at delivery (adds detection of acute HIV at delivery). This study is a theoretic
decision-analytic model and is thus exempt from Institutional Board Review Approval since
no human subjects were involved.

From a health care system perspective, we used our decision-analytic model to follow a
hypothetical cohort of 10,000 Ugandan women presenting for prenatal care. Our outcomes
included the estimated costs of each strategy, including the lifetime costs associated with
HIV treatment, and life years saved. Women who were HIV negative at the time of
enrollment could acquire new HIV infection during pregnancy, close to the time of labor,
while breastfeeding, or could remain HIV negative. Women diagnosed as HIV positive
could either receive highly active antiretroviral therapy (HAART) during pregnancy if
applicable, take a one-time dose of nevirapine at the onset of labor and give their newborn a
one-time dose of nevirapine (previously a recommended antiretroviral protocol for the
prevention of vertical transmission in sub-Saharan Africa that is now no longer the standard
of care), or not receive any antiretroviral therapy or infant prophylaxis for the prevention of
vertical transmission. HIV positive women either had successful prevention of perinatal
transmission, or had perinatal transmission to their neonates. The HIV positive women who
did not have vertical transmission during pregnancy or labor could later go on to have
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vertical transmission during breastfeeding. A schematic of the decision tree is shown in
Figure 1.

Probabilities
The input probabilities for our decision tree are displayed in Table 1. We estimated the
probabilities of several HIV-related maternal and neonatal outcomes during pregnancy,
delivery and breastfeeding, including the risk of perinatal transmission, based on the
published literature. We obtained estimates for the model’s parameters from Uganda-
specific data and/or sub-Saharan Africa-specific data when available. Otherwise, we used
data from the international literature with an attempt to use estimates from other resource-
limited countries. When we had no published data to guide our calculation of a model
parameter, we utilized expert opinion and incorporated a wide range of uncertainty. Women
enrolled in a given HIV screening strategy could either have established HIV infection,
acute HIV infection, or be HIV negative at the time of the first HIV test. The sensitivity and
specificity of each HIV test was incorporated into the decision tree. The sensitivity of HIV
RNA testing is 100% with a false-positive rate of 2–5%, but with duplicate testing and
considering tests < 5000 copies/ml as indeterminate results requiring additional testing, the
number of false-positive HIV RNA tests can be reduced to zero.8,9 Furthermore, there is a
very high level of viremia in the setting of acute HIV infection. Therefore, in our model we
assumed 100% specificity for HIV RNA testing.

We estimated a baseline prevalence of HIV among this theoretical cohort of pregnant
Ugandan women to be 10%.7 We assumed an incidence of HIV during pregnancy to be 3%
and during 18 months of lactation to be 4%.10,11 Based on a large randomized controlled
trial from the Pediatric AIDS Clinical Trials Group 076, we used a vertical transmission rate
of HIV infection during pregnancy to be 25.5% if no antiretrovirals were used.2 In the
setting of incident HIV during pregnancy with a higher HIV viral load, we estimated a
higher vertical transmission rate of 35%.12 Assuming the use of nevirapine for the
prevention of vertical transmission in labor, we used a transmission rate of 11.8% based on
the HIVNET 012 randomized controlled trial.13 In the setting of HAART use in pregnancy,
we assumed a lowering of the vertical transmission rate down to 1%.12 Rates of vertical
transmission in various possible scenarios during lactation were also estimated.3,14–16

Costs
The input cost estimates for our decision tree are presented in Table 1. Cost and utility
estimates were also derived from published literature when possible, and local expert
opinion as a default. All costs were expressed in U.S. dollars but were based on prices in
Uganda for 2008. Costs were applied for the different types of HIV tests needed for each
strategy (initial point of care rapid HIV antibody testing with additional confirmatory testing
if positive, labor and delivery repeat testing with a rapid HIV antibody test, and acute HIV
testing with a pooled HIV RNA test where applicable). Costs were also applied for the
prevention of perinatal transmission with the local standard short course antiretroviral
protocol using nevirapine, use of HAART in pregnancy and lactation, and life-time HAART
treatment for a mother and/or child diagnosed with HIV.

We used $2.80 for the baseline cost of a single rapid HIV antibody test, and $5.60 if the test
was positive and additional confirmatory testing was needed, which reflects the cost of the
test kit(s) only and not the cost of the health care provider administering the test or the
facilities cost.17 For acute HIV testing using HIV RNA testing, we assumed a cost of
$32.11.18 The use of nevirapine in labor for the mother and immediately postpartum for the
neonate for the prevention of perinatal transmission costs approximately $8 for the mother
and $4 for the neonate.19 The cost of HAART during pregnancy and 6 months of lactation

Kim et al. Page 3

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



were estimated as $68.25 and $45 respectively.20 The cost of HAART for life for a woman
and the cost of HAART for life for a child were estimated as $8,000 and $12,000
respectively.21

Life Years Saved
The life expectancy estimates for our model are presented in Table 2. When calculating the
life years saved, we assumed a 3% discount rate per year. We assumed that the average age
of a pregnant woman in Uganda was 25 years and the overall life expectancy in Uganda to
be 50 years, thus the additional life expectancy in our study for a woman without HIV was
calculated as 25 years.7,11 For women in the cohort who were diagnosed with HIV and
started on HAART, we assumed a similar life expectancy compared to women without
HIV.22 For a child with perinatal transmission of HIV who goes on HAART for life, we
estimated a life expectancy approximately two-thirds that of a child without HIV.23 We also
assumed that the life expectancy for a child who acquired HIV perinatally but never
received treatment with HAART had an even lower life expectancy of less than two-thirds
that of a child with HIV on HAART.

Analysis
First, the costs and life years saved for each HIV testing strategy were calculated. Next, we
calculated the incremental cost-effectiveness of the HIV testing strategies. In order to do
this, the strategies were ranked in terms of total life years expected and compared
incrementally to each other. Based on World Health Organization guidelines, we defined our
cost-effective threshold as ≤3 times the gross domestic product per capita, which for Uganda
was US$3,300 in 2008. In order to evaluate the robustness of our conclusions, univariate
sensitivity analysis on all probabilities, life expectancies and costs in our model were
performed with ranges from one-third to three times the baseline estimates.

RESULTS
Using our decision-analytic model for a theoretical cohort of 10,000 women entering
prenatal care with base case estimates of 10% HIV prevalence and 3% HIV incidence during
pregnancy, we found that the combined maternal and child life years saved for each HIV
testing strategy are: 414,227 (strategy 1), 414,296 (strategy 2), 415,765 (strategy 3), and
415,794 (strategy 4). With respects to the cost of each strategy, strategy 1 was the least
expensive at US$4.11 million, followed by strategy 2 at US$4.46 million, and strategy 3 at
US$5.02 million. Finally, strategy 4 was the most costly at US$5.31 million.

For the calculation of incremental cost-effectiveness, the HIV testing strategies 2, 3 and 4
were each incrementally compared to baseline strategy 1. Strategy 2 was dominated by a
blend of strategy 1 and 3 with a coefficient of inequity between 0.616 and 0.955 (extended
dominance). Compared to strategy 1, strategies 3 and 4 had incremental cost-effectiveness
of US$379 and $10,267 per life year, respectively. Using the World Health Organization
definition of ≤3 times the gross domestic product per capita as the cost-effectiveness
threshold, which for Uganda was US$3,300 in 2008, we found that HIV testing strategy 3
(repeat HIV antibody testing at the time of delivery) was incrementally the cost-effective
option that led to the greatest total life years (Table 3).

Sensitivity Analysis
Strategy 3 remained a cost-effective HIV screening option in univariate sensitivity analysis
of HIV incidence (Figure 2). However, when the incidence of HIV exceeds 8%, strategy 4
(addition of HIV RNA testing at the time of repeat testing) became the cost-effective
strategy with the greatest total life years, meeting the cost-effectiveness threshold of <
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$3,300 per life-year gained as compared, incrementally, to strategy 3. We also conducted
additional univariate sensitivity analysis of all the probabilities, cost estimates, and life
expectancies down to one-third and up to three times their baseline estimates without
alteration in the cost-effectiveness outcomes of the different HIV testing strategies.
Specifically, varying the prevalence of HIV from its baseline estimate of 10% (range 3% to
30%) and the incidence of HIV from its base-case estimate of 3% (range 1% to 9%) did not
significantly affect outcomes.

DISCUSSION
Based on the World Health Organization definition of cost-effectiveness in a resource-
limited setting as ≤3 times the gross domestic product per capita, which for Uganda was US
$3,300 per life year in 2008, our results show that repeat rapid HIV testing at the end of
pregnancy is cost-effective. Our decision-analytic model is based on a theoretical cohort of
10,000 pregnant women in Uganda, a low-resource setting with a high prevalence of HIV
similar to other countries in sub-Saharan Africa where HIV is epidemic. Our findings are
robust to univariate sensitivity analysis of all the probabilities, life expectancies, and costs
varied from down to one-third and up to three times the base-case estimates.

Although the life years saved may seem small on the individual level, sub-Saharan Africa
had a population of 836 million people in 2009 (Population Reference Bureau), so the effect
of repeat HIV testing in pregnancy should be considered within the context of the entire
population. Among our theoretical cohort of only 10,000 pregnant women, there was already
a significant number of life years saved (1,538 life years) if repeat HIV testing (strategy 3)
was implemented as compared to the current standard of care of a single HIV test at the
initiation of prenatal care (strategy 1).

It is also important to consider the marginal benefit produced by strategy 4 as compared to
strategy 3. In our analysis, we utilized a cost-effectiveness threshold of only US$3,300 per
life year gained. In our baseline analysis, strategy 4 was not cost effective by this standard as
it produced an additional 29 life years (in our 10,000 person cohort) as compared to strategy
3 at an incremental cost of approximately $290,000, or $10,267 per life year. To be fair, this
would be considered incrementally cost effective in the U.S., but not in a resource-limited
country such as Uganda. The ethical issues related to such decision making are important to
thoughtfully explore when attempting to create health policies that will lead to better health
around the globe.

Similar to any cost-effectiveness analysis, our study is limited in its inability to perfectly
model the complexities of clinical medicine and accurately estimate probabilities and costs.
For example, certain urban areas of sub-Saharan Africa may have a higher prevalence and
incidence of HIV infection among pregnant women, and other rural areas may have much
lower numbers. Another limitation of our study is that our model does not reflect the most
updated Ugandan protocols for antiretroviral treatment during pregnancy and in newborns,
since these have recently changed in response to the newest WHO guidelines.7,24 However,
our study is still relevant since there is an inherent lag time in implementing policy changes
and our model still reflects the current practice in much of the country and the rest of sub-
Saharan Africa. A major strength of our study is that our findings were still robust in
univariate sensitivity analysis in which we varied the prevalence and incidence of HIV
infection as previously described from their baseline estimates.

Furthermore, other potential limitations of our model include difficulty in accurately
estimating life expectancies. For example, we assumed women in the cohort who were
diagnosed with HIV and started on HAART had a similar life expectancy compared to
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women without HIV, but this may not always be the case in areas of sub-Saharan Africa
where co-morbidities such as malaria or tuberculosis infection may be highly prevalent.25

Likewise, we estimated life expectancy for a child with perinatal transmission of HIV who
goes on HAART for life to be approximately two-thirds that of a child without HIV, but
again, this may be highly variable.23 A major strength of our study is that in order to account
for these limitations, we did vary these life expectancies in univariate sensitivity analysis
and found no effect on which strategy the model found to be optimal.

Another limitation of our study is that we did not include the newest generation of HIV
enzyme immunoassay (EIA) tests that can detect HIV p24 antigen in addition to HIV
antibody in our decision-analytic model. The detection of HIV p24 antigen would
potentially allow for earlier diagnosis of infection during the “window period” of time prior
to HIV antibody production.26 We did not include this new test in any of our four HIV
screening strategies since it has not been available for wide-spread use in Uganda. However,
we believe that this new generation HIV test is an important new screening tool and should
be assessed in a subsequent cost-effectiveness study of HIV screening during pregnancy in
resource-limited countries of sub-Saharan Africa. The ability to improve the timely
detection of new HIV infection is especially important during pregnancy since pregnant
women are at an increased risk of acquiring HIV infection and acute HIV infection is
associated with a higher risk of perinatal transmission.4–6

In summary, repeat rapid HIV antibody testing at the end of pregnancy is a cost-effective
strategy even in a resource-limited setting such as Uganda. Additionally, adding acute HIV
testing at the time of the repeat HIV rapid antibody test also becomes cost-effective when
the incidence of HIV exceeds 8%. This data will hopefully inform public health policy
decisions throughout sub-Saharan Africa regarding the implementation of repeat HIV testing
during pregnancy for the detection of incident HIV and prevention of perinatal HIV
transmission.
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Figure 1.
Decision tree schematic
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Figure 2. Incremental Cost-Effectiveness of Four HIV Testing Strategies by Incidence of HIV*
*Based on World Health Organization guidelines, we defined our cost-effective thres hold
as ≤3 times the gross domestic product per capita, which for Uganda was US$3300 in 2008.
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Table 1

Probability and Cost Estimates

Probability Variable Value Reference

HIV Prevalence 0.1 7

HIV Incidence: pregnancy 0.03 10

HIV Incidence: lactation (18 mo) 0.04 11

Rapid HIV Ab Sensitivity 0.986 27

Rapid HIV Ab Specificity 0.999 27

HIV RNA Sensitivity 1 8,9

HIV RNA Specificity 1 8,9

Lifetime probability of getting HIV diagnosed 0.165 1

Probability of getting HAART in pregnancy 0.034 20

Vertical transmission: pregnancy if no ARV 0.255 2

Vertical transmission: pregnancy if HAART 0.01 12

Vertical transmission: pregnancy if NVP in labor 0.118 13

Vertical transmission: labor if acute HIV 0.35 12

Vertical transmission: lactation (18 mo) 0.20 3,14

Vertical transmission: lactation (6 mo) 0.16 3,14

Vertical transmission: lactation if acute HIV 0.36 15

Vertical transmission: lactation if HAART (6 mo) 0.05 16

Cost Variable Cost (US$) Reference

Negative Rapid HIV Ab Test $1.20 17

Positive Rapid HIV Ab Test $2.10 17

HIV RNA Test $32.11 18

NVP in pregnancy $8 19

NVP for neonate $4 19

HAART in pregnancy $68.25 20

HAART during lactation $45 20

HAART: Woman for life $8,000 21

HAART: Child for life $12,000 21

Diagnostic HIV test for child $22.70 28
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Table 2

Life Expectancy Estimates

Life Expectancies- Value (Years) Reference

Mother without HIV* 25 11

Mother diagnosed with HIV, on HAART 25 22

Mother diagnosed with HIV, no ARVs 11.4 29

Child without HIV 50 30

Child with perinatal HIV, on HAART 33 23

Child with perinatal HIV, no ARVs 16 Assumption

*
Average age of pregnant woman is 25, assume life expectancy of 50 for women in Uganda, so additional 25 years of life expectancy
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Table 3

Decision Analysis Results

Cohort of 10,000 Pregnant Women

Strategies Cost US$ (Million) Life Years Saved Incremental C/E

1. Current standard: 1 HIV test 4.11 414,227 ---

2. Add HIV RNA to strategy #1 4.46 414,296 (Extended Dominance)

3. Repeat HIV test at delivery 5.02 415,765 $379

4. Add HIV RNA to strategy #3 5.31 415,794 $10,267
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