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ABSTRACT
Emily Rose Smith: Point-of-Care HIV Testing for Early Infant Diagnosis During the Postpartum Period:
Timing and Type of Test Matters
(Under the direction of Annelies Van Rie)

In the past decade, large gains have been made in reducing pediatric HIV infections during the
prenatal or peripartum period. However, recent changes in the World Health Organization (WHO)
breastfeeding guidelines will likely shift the majority of new infant HIV infections to the postnatal
period™?. Although breastfeeding guidelines have changed, early infant diagnosis (EID) recommendations
have not been updated.

In this dissertation, I evaluated the performance of two HIV rapid tests, Determine and Unigold,
on a cohort of 121 Malawian HIV-exposed, breast-fed infants who were HIV negative at 6 weeks
postpartum from 3 to 18 months of age. | also evaluated the cost-effectiveness for several EID strategies
that varied in type, timing, and number of rapid tests, including an Alere test, a point-of-care virological
assay, through Markov modeling.

Among 121 HIV-exposed infants, the estimated specificity increased quicker for Unigold to
100% (95% CI: 95.4, 100.0) by age 12 months compared with 95.6% (90.7, 100.0) by 15 months of age
for Determine. Both tests failed to detect several incident HIV infections. Seroreversion occurred sooner
with Unigold with an earlier mean time to seroreversion by 62 days (95% CI: 60, 64). Among 21 different
EID strategies, the lowest costing strategy was testing once with Unigold at 9 months ($18.20 per infant)
and testing twice with Alere at 6 and 15 months ($145.60 per infant). The strategies with the lowest and
highest effectiveness were testing once with Unigold at 9 months (337,806 disability-adjusted-life years

[DALYs]) and testing twice at 6 and 15 months with Alere (192,588 DALYSs). After sequentially

comparing all strategies in ranked order by costs, six remained cost-effective.



Our findings highlight that the type and timing of rapid test matters greatly in regard to accurately
identifying and ruling out pediatric HIV infections. Updated guidelines for use of rapid tests in young
HIV-exposed children that explicitly takes the type of test and infant age into account are urgently needed
to ensure optimal care for the 1.5 million HIV-exposed infants born annually, especially in light of the

new breastfeeding guidelines.
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CHAPTER 1: SPECIFIC AIMS

About 1.5 million HIV positive women become pregnant each year?, resulting in a 1.5 million
infants at risk of HIV infection. In 2010, the Joint United Nations Programme on HIV/AIDS Global Plan
set forth ambitious goals including reducing the mother-to-child transmission (MTCT) of HIV to less than
5% by 2015. Efforts to scale up prevention of mother-to-child transmission (PMTCT) services for HIV
positive mothers in low resource settings has yielded promising results, such as more widespread
distribution of antiretroviral (ART) therapy and an increased uptake in PMTCT services. Despite these
improvements, an estimated 260,000 children under 5 were infected with the virus in 20113, almost all
(90%) of these infections occurred in sub-Saharan Africa.

PMTCT guidelines recommend at least 4 antenatal care visits during pregnancy, provision of
ARV prophylaxis to the infant during pregnancy and delivery, and virological testing at 4-6 weeks®.
Under these guidelines and the widespread scale-up of ART services in resource-poor settings, MTCT of
HIV is likely to be successful in further reducing vertical transmission of HIV during the antenatal,
delivery, and early infancy (i.e., first 6 weeks) periods. However, the current PMTCT cascade
inadequately captures the postpartum period as it typically stops after delivery or, at best, after the 4-6
week infant virological test. In addition, postpartum transmission of HIV comprises 15% to 35% of new
pediatric infections, suggesting current PMTCT strategies insufficiently capture the postpartum period
and are not sufficient to eliminate HIV among infants®”. Postpartum-acquired HIV is expected to increase
given the recent changes in breastfeeding guidelines. HIV positive mothers are now encouraged to

exclusively breastfeed for the first 6 months of life and continue breastfeeding for at least the first 12



months of life®. The extended duration of breastfeeding will increase the duration an infant’s exposure,
which will increase the incidence of infant HIV acquisition through breastfeeding.

Early infant diagnosis (EID) of HIV infection is critical in the survival of HIV infected children®.
The WHO currently recommends HIV-DNA/RNA polymerase chain reaction (PCR) and ultra-sensitive
p24 antigen assays for EID™. In countries where the risk of infant HIV infection is the highest, the utility
of virologic tests are hindered by significant financial and logistical challenges. EID is also crucial in
identifying seroreversion and seroconversion. Current PMTCT recommendations suggests testing infants
with a rapid test 6 weeks after weaning but have not adequately addressed how to test infants in the
interim period between 6 weeks of age and the cessation of breastfeeding. Rapid tests could be used in
infants age 3 to 24 months, but their performance is hindered by the presence of maternal HIV antibodies.
After the age of 3 months, it is unclear when rapid tests are able to distinguish between an infant HIV
infection and maternal antibodies in breastfeeding populations, severely inhibiting the utility of rapid tests
during the postpartum period®'** **7_ Furthermore, different rapid tests have been shown to perform
differently in infants and have not been evaluated during the entire breastfeeding period.

The Global Plan towards the elimination of new HIV infections among children by 2015 and
keeping their mothers alive will only be achievable if we redefine the PMTCT cascade to encompass the
mother/infant dyad throughout the entire breastfeeding period. Changes in breastfeeding guidelines will
increase the number of HIV-exposed infants after the 6 week virological test. Given the importance of
early ART initiation, timely, cost effective, and accurate HIV testing strategies are critical for
breastfeeding infants who escaped HIV infection during the first 6 weeks of life.

To evaluate the performance of two commonly used rapid tests (Determine and Unigold) in a
breastfeeding, resource-limited population and identify testing algorithms to maximize rapid test

performance during the first 2 years of life, we propose the following specific aims:



Specific Aim 1:
Evaluate the performance of Determine and Unigold tests by:
Aim la. Determining the sensitivity, specificity, positive predictive values, and negative predictive
values of Determine and Unigold rapid tests for identifying incident HIV infections, compared with
the PCR reference standard, among breastfeeding, HEU infants (i.e., PCR negative at 6 weeks).
Aim 1b. Describing the Determine and Unigold rapid test results for all children with documented
incident HIV infection during the breastfeeding period among infants who were PCR negative at 6
weeks.
Specific Aim 2:
Determine the median time to seroreversion in a cohort of breastfeeding, HEU infants (i.e., PCR
negative at 6 weeks) during the first 3 to 18 months of life.
Specific Aim 3:
Perform a modeling study to evaluate cost-effectiveness of various infant testing algorithms to

accurately identify incident HIV infection in resource poor settings.



CHAPTER 2: BACKGROUND

2.1 Dramatic improvements in PMTCT to reduce prenatal and perinatal transmission

Large gains have been made in reducing infant HIV acquisition by the effective development and
implementation of prevention of mother-to-child transmission (PMTCT) programs over the past two
decades and most notably after 2010. In 2010, the Global Plan set forth ambitious goals including
reducing the mother-to-child transmission (MTCT) of HIV to less than 5% by 2015, Efforts to scale up
PMTCT services for HIV positive mothers in 22 priority countries, 1 in India and 21 in Africa, has
yielded promising results, such as an increase in HIV testing and counseling among pregnant women,
more widespread distribution of antiretroviral (ARV) therapy and an overall uptake in PMTCT services™.
Rapid scale up of PMTCT services has been dramatic over the last few years with over 60% of pregnant
women receiving some PMTCT service™?. Coverage of ART programs has increased from 10% in
2004% to 62% in 2012%°. From 2009-2011, ART prophylaxis prevented an estimated 409,000 new infant
infections in resource poor settings®. Since 2003, new infections in children worldwide dropped by 43%
and in the last 4 years alone new infections declined by 24%%. New HIV infections among infants have
been reduced by 50% in seven of the Global Plan’s priority countries®. Although the number of new
infections among children is decreasing, the number of women newly infected with HIV has remained

stable since 2009".

Current PMTCT quidelines

Current PMTCT guidelines recommend antenatal care visits during pregnancy, receiving HIV

testing and counseling, provision of ARV prophylaxis for the HIV positive mother, and PMTCT



interventions during labor and delivery*. All pregnant women are encouraged to have at least 4 antenatal
care visits with services for vaccinations, screening and treatment for infections, and early identification

of warning signs. During the antenatal care visits, women are also offered HIV testing and counseling. If
the woman is HIV positive, she is given offered an ARV regimen and encouraged to deliver in a facility
equipped with PMTCT interventions. Postpartum PMTCT guidelines include following up of the infant

and mother with HIV testing and linkage to HIV services if needed.

Limitations of the current PMTCT quidelines

Although PMTCT guidelines have greatly increased the number of women on ART during
antenatal care, there is a paucity of guidance on how to manage HIV-exposed infants during the
postpartum period for two reasons.

#1: The PMTCT cascade is mainly maternal-centric. In 2010, the WHO defined a strategic plan
aimed at achieving the Millennium Development Goals (MDG) 4, 5, and 6 (MDG 4: Reduce child
mortality, MDG 5: Improve maternal health, and MDG 6: Combat HIVV/AIDS, malaria and other
diseases) through the use of the current PMTCT structure®. To aid in achieving these goals, the
comprehensive strategic plan included 4 components: 1) Primary prevention of HIV infection among
women of childbearing age; 2) Preventing unintended pregnancies among women living with HIV; 3)
Preventing HIV transmission from a woman living with HIV to her infant, and 4) Providing appropriate
treatment, care and support to mothers living with HIV and their children and families. Investment needs
along the PMTCT cascade projected by the Global Plan from 2011-2015 also remained largely maternal-
centric with the largest increases in funding needed for more HIV testing and counseling, ARV therapy
for mothers, and Option B+ availability (Figure 2)*. In contrast, increases in early infant diagnosis (EID)

increased marginally.



[

Il Family planning

Il HIV testing and counselling
Option A

Il Option B~

Il Antiretroviral
therapy for mothers

B D4 tests for mothers

Co-trimoxazole
for mothers

mom =

M Community mobilization

Antiretroviral
therapy for infants

Early infant diagnosis

B Co-trimoxazole
for infants

BILLIONS OF US DOLLARS

=T SR

2011 2012 2013 2014 2015

Figure 1. Investment needs in 22 priority countries from Global Plan

ARV prophylaxis is recommended for the infant during labor and delivery and extended NVP is
recommended while the mother is breastfeeding. However, there remains a paucity of recommendations
on how to ensure the health and well-being of the HIVV-exposed infant during the postpartum period.

#2: The PMTCT cascade typically stops after delivery or, at best, after the infant’s 4-6 week
virological test. The 4-6 week virological test is vitally important as it allows for the early initiation of
ART, which is linked to the survival of infected children. DNA/PCR testing remains the gold standard in
diagnosing HIV infection at 4-6 weeks because of its high sensitivity and specificity. After 4-6 weeks,
(Figure 3), breastfeeding children will remain exposed to HIV through for 6 to 24 months, per the updated
WHO recommendations (see Section 2.3). Although the guidelines recommend further testing during this
time, this recommendation is rarely implemented and many HIV positive mothers and their infants are

lost during the postpartum period®*,
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Figure 2. Early Infant Diagnosis Testing Cascade
2.2 Early infant HIV diagnosis

Accurate and timely diagnosis of HIV is crucial for the survival of HIV infected children as early
initiation of treatment is required given the risk of rapid progression of disease in young infants. Without
ART, up to 60% of HIV-infected infants die by the second year®®?°. Given that EID and early ART
initiation, regardless if the disease has progressed clinically or immunologically, can dramatically
increase an infected infant’s health outcomes, including mortality, timely detection should be a priority”.

HIV testing methods for EID

The WHO recommends HIV-DNA or HIV-RNA PCR tests as well as ultra-sensitive p24 antigen
assays for EID in resource limited settings'®. A virological test is recommended at the first postnatal visit
at 4-6 weeks and a serological test is recommended after the initial 4-6 week test if the infant develops
signs or symptoms suggestive of HIV or when the infant reaches 9 months of age (Figure 3)*'. Virological
testing in HEU infants occurs again 6 weeks after discontinuation of breastfeeding to rule out HIV
infection. Polymerase chain reaction (PCR)-based HIV DNA and HIV RNA assays have become the most
widely used diagnostic assays for EID worldwide'® and can detect most HIV-1 subtypes including A, B,
C, D, E, G, and H. The specificity and sensitivity of HIV DNA PCR is 100% at 3 and 6 months®®**°. HIV
RNA assays have similar sensitivity and specificity values although they are not as widely used as a

diagnostic tool for HEU infants.



Implementation of EID

Significant increases in EID have been seen worldwide through integrating EID with
immunization services and scaling up virological testing using dried blood spots for PCR. However, these
tests require samples to be transported from remote sites to centralized laboratory facilities. In developing
countries where the risk of infant HIV infection is the highest, significant financial and logistical
challenges hinder the utility of these tests.

EID is not only hindered by logistical factors but also greatly affected by attrition after delivery.
Recent data shows that an alarming number of infants born to women with HIV do not receive testing
within the first 2 months of life, with attrition numbers as high as 92%°*. Recent studies in sub-Saharan
Africa among lactating populations have documented attrition rates of up to 80% by 6 months, greatly
impacting the utility and evaluation of virological diagnostic assays, particularly since the women have to
return to the clinics a few weeks later to receive test results®*,

2.3 Increasing importance of MTCT during breastfeeding

Overall mortality of children with HIV before age 2 is substantially higher than children without
HIV, irrespective of when they acquired the infection. However, among HIV-infected children, mortality
is higher among infants who acquired the infection perinatally than among infants who acquired the
infection postnatally, as summarized in a recent meta-analysis of clinical trials or cohort studies in sub-
Saharan African countries™. Overall, the 18-month post-infection mortality risk for perinatally infected
children was 60% (57%-63) while the post-infection risk for postpartum-infected children was 36%
(30%-42%). Within 12 months, the differential between mortality estimates for perinatally infected or
postnatally infected infants did not substantially differ. An estimated 31% of infants infected after 4
weeks had died within 12 months while 38% of infants perinatally infected died. Although the mortality
associated with breastfeeding-associated infection was lower than the perinatally-infected mortality risk,
we would expect both estimates to be higher in field settings. Most of the studies included in the meta-

analysis offered higher standards of care with clinical follow-up that is not often representative of real-



world scenarios. Thus, it is likely the 36% breastfeeding-associated mortality risk is underestimated and
highlights the need for timely and accurate detection of infection during the postpartum period.

Until recently, most of the reductions in infant HIV infections have occurred during pregnancy,
delivery, and early infancy (i.e., birth to 6 week virological test)'. The current PMTCT guidelines of ARV
interventions for pregnant and lactating women have been highly successful in reducing vertical
transmission of HIV during antenatal, delivery, and early infancy (i.e., first 6 weeks) periods. As a
consequence, it is estimated that over half of all new infections in high burden countries will occur during
the breastfeeding period®. In areas with long breastfeeding, as many as 8 out of 10 newly acquired HIV
infections will occur during the breastfeeding period *. Recent changes in the WHO breastfeeding
guidelines will likely increase the duration and intensity of breastfeeding in many countries and thus
increase an infant’s recurrent exposure to HIV over a longer period of time, thereby increasing
breastfeeding-associated MTCT.

WHO Guidelines on HIV and infant feeding (Table 1)

In 2006, HIV infected women were to choose the most appropriate infant feeding option based on
their individual circumstance. Exclusive breastfeeding was recommended for the first six months of life
unless replacement feeding in the local setting was acceptable, feasible, affordable, and sustainable. When
such a replacement feeding was found, HIV infected mothers were encouraged to avoid all breastfeeding.
When replacement feeding was not acceptable, feasible, affordable, and sustainable, HIV infected
mothers should continue breastfeeding with complementary foods. Breastfeeding should then be stopped
once a nutritionally adequate diet without breast milk could be provided. No recommendations regarding
the use of ARV during breastfeeding were given.

Between 2006 and 2009, substantial increases in programmatic experience and research evidence
provided data regarding infant feeding, infant health, and HIVV. Numerous studies in several high burden
countries of Botswana, India, Malawi, South Africa, and Uganda found increased infant morbidity and
mortality beyond the first six months of life associated with replacement feeding among HIV-exposed

infants in the absence of ARV interventions** >, Infants given replacement foods suffered increased



growth deficits and other severe infections, such as bouts of diarrhea and pneumonia*****3. Similarly,
exclusive breastfeeding was found to improve HIV free survival in HEU infants®**°. Decreased HIV
transmission within the first six months of life was also found to be associated with exclusive
breastfeeding compared to mixed feeding*®*>.

New research also highlighted that providing HIV infected mothers and/or their infants with ARV
interventions could significantly reduce their risk of postnatal HIV transmission through breastfeeding.
The provision of ARV along with breastfeeding through 12 months was found to prevent transmission
and detrimental health benefits seen with mixed feeding®” . In particular, HIV infected women who were
given 3-drug antepartum ARV prophylaxis, regardless of CD4 count, through six months of study had
lower rates of MTCT during breastfeeding®. Likewise, the Breastfeeding, Antiretrovirals and Nutrition
(BAN) trial found 53% protective efficacy associated with providing 3-drug ARV prophylaxis during
breastfeeding in women with CD4 > 250 cells/ul®. A 2011 systematic review also reported that the risk of
HIV transmission during breastfeeding can be substantially reduced to 1-2% with ARV intervention®.
These findings had profound implications for the HIV-infected mothers and their decision to breastfeed
and how long to breastfeed for HIV positive mothers.

In 2010, the WHO changed the recommendations for HIV and infant feeding. HIV positive
mothers are now encouraged to exclusively breastfeed for the first 6 months of life, introduce
complimentary food thereafter, and continue breastfeeding for the first 12 months of life. Additionally,
HIV positive mothers should receive lifelong ARV therapy or ARV prophylaxis interventions to reduce
transmission during the 12 month breastfeeding period. Twelve months was chosen as the most beneficial
cut-off point for breastfeeding among HIV infected mothers through modeling data since this represents
the time in which breastfeeding provides the maximum survival benefit®. The benefit of breastfeeding
until 12 months, in the presence of ARV interventions, was also found to be greater than the risk of HIV

transmission. The new guidelines are recommended even in areas where ARVSs are not yet available or

distribution is being scaled up.
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Table 1. 2006 and 2010 WHO recommendations on HIV and infant feeding.

2006 recommendations

2010 recommendations

Based on clinical stage and CD4 cell count.

Mothers known to be HIV-infected should be provided
with lifelong ARV therapy or ARV prophylaxis
interventions to reduce HIV transmission through
breastfeeding.

The most appropriate infant feeding option for an HIV-
infected mother depends on her individual circumstances.
Exclusive breastfeeding is recommended for HIV-infected
mothers for the first six months of life unless replacement
feeding is acceptable, feasible, affordable, sustainable and

safe for them and their infants before that time. All
breastfeeding should stop once a nutritionally adequate and
safe diet without breast milk can be provided.

Mothers known to be HIV-infected (and whose infants are
HIV uninfected or of unknown HIV status) should
exclusively breastfeed their infants, regardless if ARVs
are available, for the first 6 months of life, introducing
appropriate complementary foods thereafter, and continue
breastfeeding for the first 12 months of life. Breastfeeding
should then only stop once a nutritionally adequate and
safe diet without breast milk can be provided.

Maternal and infant interventions for prevention of HIV transmission during breastfeeding

Treatment recommendations for HIV positive pregnant and postpartum women have been
streamlined since 2010 with the adoption of a single, universal regimen of ART for life *. Since 2010,
countries could choose between Option A, Option B, and Option B+ for pregnant, HIV positive women.
Under Option A, women with CD4 counts <350 cells/mm receive triple ARV starting as soon as
diagnosed and infants receive a prophylactic regimen of daily nevirapine from birth through 1 week
beyond the cessation of breastfeeding. Under Option B, women received triple ARVs as early as 14
weeks gestation and continued after cessation of breastfeeding and infants receive daily nevirapine or
AZT from birth through age 4-6 weeks regardless of infant feeding method. Under Option B+, women
receive tripe ARVs starting as soon as diagnosed and continued through life and infants receive the same
prophylactic therapy as Option B. The simplified approaches of Option B and Option B+ have greatly
increased the number of HIV positive women who initiated ARV while pregnant.

Even though the simplified treatment approaches of Option B and Option B+ have significantly
increased the number of HIV positive, pregnant women initiating ART, significant challenges remain.
Only 4 of the 22 priority countries of the Global Plan achieved the goal of providing ARV to 90% of
pregnant women living with HIV. Among women residing in sub-Saharan Africa, only 59% received
ARV therapy or prophylaxis during pregnancy and delivery in 2011**%, Only 58% of mothers® and 29-

41% of HIV-exposed infants received antiretroviral (ARV) therapy in 2009%°,
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Problems with adherence to ART in the postpartum period

Among HIV positive women who initiated ART, high rates of non-adherence are observed in the
prenatal and postpartum period (33% and 47%, respectively)®’. Moreover, the highest rates of treatment
default occur after 6 weeks postpartum and occurs progressively throughout the first 12 months® 3366869,
Long-term ART adherence in PMTCT programs during the postpartum period has received less attention,
even though the risk of nonadherence is higher*®**"*2. The large drop off in treatment throughout the
postpartum period results in missed opportunities to improve the health of the HIV positive mother and
exposed infant through appropriate testing and treatment, if needed.

2.4 Monitoring of HIV infection during the breastfeeding period

Monitoring infant HIV infection status in the breastfeeding period is critical to timely identify
HIV and to accurately rule out HIV infection. Early initiation of ART can dramatically increase the
infant’s likelihood of survival, particularly among perinatally-infected children. Ruling out HIV infection
(i.e., identifying the time of seroreversion) is also critical to breastfeeding, HIV positive mothers of HEU
infants as this gives the mother peace of mind and increases the likelihood she will continue to breastfeed.

Ideally, virological tests should be used in the breastfeeding period to accurately determine the
infant’s HIV infection status. As previously discussed, these tests are hindered by significant challenges
in resource poor settings and repeat virologic tests throughout the breastfeeding period are not affordable
in most settings. Rapid tests during the breastfeeding period could serve as a cost-effective and efficient
tool for testing HIV. Repeat rapid tests are cheaper and allow for quick results that eliminate the loss-to-
follow-up often seen when using virological tests that require lab transportation time, batch testing, and
11,12

longer waiting time for results

Performance of rapid tests after the 4-6 week virological test

The availability of affordable, point of care HIV testing in adult populations has revolutionized
diagnosis of the HIV worldwide. Over the past several decades, numerous rapid HIV tests that detect
human antibodies against HIV-specific antigens have become commercially available. In adult

populations, rapid tests have demonstrated similar accuracies to enzyme linked immunosorbant assays
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(ELISA) in detecting HIV infection in low resource settings, although each test performs differently in
clinical practice with varied sensitivities and specificities™".

Adults. Several rapid tests have been approved by the FDA for point of care HIV testing. In a
study directly comparing all FDA approved rapid tests, the sensitivity and specificity of all tests exceeded
95%"2 although Unigold had the lowest sensitivity compared to Reveal G3, Multispot HIV-1/2, OraQuick
Advance HIV-1/2, Stat-Pak, and Complete (96.8%, 98.9%, 99.6%, 99.5%, 98.3%, 100%, respectively)”.

Infants. Rapid tests have been evaluated in children, but there is a paucity of data regarding rapid
tests performance among infants younger than 9 months. Table 2 summarizes the studies which examined
sensitivities and specificities of two rapid tests, Determine and Unigold, in infants younger than 18
months. All studies were conducted in resource-poor settings. Sensitivities and specificities are stratified
by infant age. There were also instances where results were not stratified by infant age, making age-
specific interpretation of test performances difficult. Those sensitivities and specificities are noted at the
bottom of the table under “Other time points”.

The estimates are limited by small sample sizes, attrition, and lack of testing among infants
beyond 9 months of life'”"*". Most of the studies were also conducted in non-breastfeeding populations,
hindering interpretation for populations after the revised WHO breastfeeding guidelines where most

women will breastfeed for longer durations.
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Table 2. Sensitivity and specificity of Determine and Unigold rapid test

Determine Unigold
Infant age Sensitivity (95% Specificity (95% Sensitivity (95% Specificity (95%
Cl) Cl) Cl) Cl)
<3months  92.6 (75.7-99.1)" 8.0 (4.1-13.9) 97.0 (NS)"” 4.0 (NS)™
100.0 (NS)™ 0.0 (NS)”
99.3 (98.0-99.8)*
>3-6 88.9 (51.8-99.7) 33.3 (22.2-46.0)
months
>6-9 100.0 (60.7-100.0) 82.4 (65.5-93.2) 31.1 (NS)" (at 7 85.0 (NS)” (at 7
months 98.6 ()% (at 7 4.0 (?)" (at 7 months) months)
months) months)
97.2 (95.5-98.3)"'
90.0 ()™ (at 9
months)
>9-12 100.0 (60.7-100.0)  100.0 (87.3-100.0) 21.9 (NS)"” (at 12 99.0 (NS)” (at 12
months 100.0 (NS)"® (at12  55.0 (NS)” (at 12 months) months)
months) months)
>12-18 90.0 (55.5-99.7) 92.0 (74.0-99.0)
months
>18 months
Other time points
3-18 months  98.2 (90.4-99.7)" 99.0 (98.4-99.4)
1-20 months 95.3 (NS)"’
<18 months  95.5 (93.5-96.9)" 99.2 (95.6-99.9)"

*NS-Not shown

14



Performance of alternative rapid tests

Fourth generation assays. Fourth generation assays have recently been developed and detect both

HIV antibody and p24 antigen, antigen expressed in the seroconversion phase of HIV infection, providing
an earlier detection of HIV infection than previous generation assays.

Adults. Field assessment of the fourth generation Determine HIV-1/2 Ag/Ab Combo rapid test

was conducted among 1,009 participants in testing and counseling center in Malawi’®. Although the test
detected established HIV infection, it did not detect acute HIV infections better than the current testing
algorithms of using Determine and Unigold tests. In a large study of 21,334 HIV positive persons in San
Francisco, the potential for case finding of acute HIV cases was the highest for the 4™ generation
ARCHITECT HIV Ag/Ab Combo (99.1%; [95% CI: 91.1, 100.0]) and lower for Determine (96.6%;
[95% CI: 84.7, 100.0]), Unigold (94.3%; [95% CI: 82.4, 100.0]), OraQuick Advance on blood plasma
(92.8%; [95% CI: 88.2, 97.3), and Clearview Stat-Pak (92.8%; [95% CI: 83.8, 100.0])".

Infants. In theory, fourth generation rapid tests should be able to detect HIV infection sooner than
third generation rapid tests because of early p24 antigen in infants. A recent study among infants in South
Africa found that the fourth generation Determine Combo HIV-1/2 Ag/Ab Combo Test failed to detect
p24Ag in 98% of HIV infected infants®®. Even at 3 months of age, the sensitivity of the p24 antigen
component was less than 10%. Among 13 infants with clinical symptoms and advanced stage disease, the
test detection p24 antigen in one resulting in a sensitivity of 1.7%. The use of fourth generation rapid tests
does not perform better than that of third generation HIV rapid tests, particularly among younger infants.

Oral rapid tests. Oral rapid tests serve as a less invasive option for sampling since the test requires
oral fluid instead of blood. These tests are generally easier to perform and consume less time to perform.

Adults. Evaluation of the more recent OraQuick ADVANCE Rapid HIV-1/2 Antibody test also
showed conflicting results. In field testing in several communities in Zambia, the test using oral fluid
performed with sensitivity and specificity rates (98.7% and 99.8%, respectively) when compared with
both a positive Determine and a positive Uni-Gold test®. Similar high sensitivity and specificity rates for

the OraQuick oral rapid test have been reported in US settings®*®. However, another study evaluating the
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performance of 4 rapid HIV tests among 21,234 HIV positive patients in San Francisco found OraQuick
ADVANCE Rapid HIV-1/2 Antibody test using oral fluid was much lower (86.6%; [95% CI: 79.4-92.0])
than the other three rapid tests (OraQuick Advance using fingerstick blood, Vironostika HIV-1
Microelisa, Genetic Systems HIV % Plus 0)".

Infants. The performance of oral rapid tests among infants has not been as widely studied. A
South African cross-sectional study among 597 HIV-exposed infants (birth-6 months of age) compared
three oral rapid tests (OraQuick, Calypte, and Orasure)®*. OraQuick performed best in detecting and
excluding HIV exposure but the test did not detect exposure in 12% of infants. Although this study is
generally relevant to the literature, it is not the goal of the proposed study since all of our infants will be
HIV-exposed already. No studies have been evaluated the performance of oral rapid tests among infants
who have been exposed to the disease.
2.5 The acquisition and decay of maternal antibodies

Rapid serological tests cannot distinguish between maternal antibodies and infant antibodies,
making a definitive HIV diagnosis in the infant difficult*>'*. Transfer of maternally acquired antibodies,
particularly IgG antibodies, is crucial to an infant’s early defense of infectious agents. Of the five
antibody classes, only significant amounts of 1gG are transferred across the placenta, and, after birth, IgA
becomes the predominant class transferred through colostrum and breast milk. During the breastfeeding
period, maternal antibodies are replaced by the child’s own antibodies. This progression of the transfer
and decay of maternally-acquired IgG are affected by several factors, including maternal characteristics,
pregnancy outcomes, and infant age and is depicted in Figure 4.

In utero factors contributing to transplacental antibody transfer

Although the association between placental transfer of IgG and many factors, including maternal
age, socioeconomic conditions, maternal nutrition, parity, and type of delivery have been evaluated, it is

well established the most significant contributors affecting placentally-transferred 1gG in utero are length
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of gestation, placental integrity, maternal IgG concentrations.

Maternal IgG concentrations

0431n uj

l Transfer of antibodies to fetus

Delivery

Transfer of antibodies to
infant through colostrum and
breast milk

Infant: 3-6 days

wnjedlsod

l Antibody decay in infant

Infant: 18-24 months

Figure 3. The acquisition and decay of maternal antibodies

Length of gestation: The most significant factor directly associated with total IgG transfer in

newborns length of gestation. Maternal transfer of IgG occurs in a linear fashion beginning as early as 13
weeks, with the largest amount transferred in the last trimester®®. During the second trimester, fetal 1gG
concentrations are only 5%-10% of maternal levels, and concentrations reach 50% of maternal levels
during weeks 28-32. The largest total IgG amount acquired by the fetus occurs during the last 4 weeks of
pregnancy. The association between length of gestation of 1gG levels in newborns has been observed for
specific antibodies against measles, mumps, diphtheria, tetanus, pertussis, influenza, rubella, and E.
C0|i86’89_92.

Low birth weight: Reduced 1gG transfer efficiency has been observed among low birth weight

babies®”*. In a cohort of infants in Sri Lanka, infants with low birth weights demonstrated low levels of
antibody transfer, even after adjusting for gestational age®. It should be noted that all mothers with low
birth weight infants in the Sri Lankan study were anemic. Although birth weight may have a direct effect
on 1gG transfer, length of gestation serves as a more significant contributor since 1gG transfer is greatly
dependent on weeks in utero than the infant’s weight at birth. Thus, birth weight may serve as a proxy for

length of gestation.
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Total maternal 1gG concentrations: Newborn 1gG levels typically correlate with maternal ones™.

However, 1gG levels can be saturated and depend on the amount of cell surface receptors present in the
infant. After a saturation point, there is an inverse relationship between maternal 1gG concentrations and
IgG transfer to the infant, resulting in lower neonatal 1gG values than maternal ones®’. This phenomenon
of lower IgG transfer is observed in certain regions in Africa where high maternal 1gG values are
common® %, Specifically for HIV, mean levels of maternal 1gG concentrations for all antibodies except
HSV are significantly higher in HIV-infected mothers than non-infected mothers, thereby lowering the
transfer of 1gG to the infant®.

Maternal 1gG concentrations and transfer of 1gG to the infant are impacted by ART exposure,
both in utero and prophylactically. In a European study, infants with ART exposure in utero through
maternal ART or neonatally through prophylactic therapy had lower IgG levels than infants with no ART
exposure. Similarly, ART reduced the number of circulating 1gG in chronically infected individuals in
New York®. The majority of women in the European and New York studies had lower 1gG levels than
women in Africa, rendering it difficult to deduce if this relationship is observed in women with higher
baseline maternal 1gG concentrations typically seen in Africa. High baseline maternal 1gG concentrations
among HIV-infected women in Africa (i.e., above the saturation point) are correlated with lower IgG
transfer. Thus, ART administration to HIV-infected women with high baseline 1gG concentrations, as in
Africa, would reduce the activation of the chronically-activated immune system, thereby increasing the
amount of 1gG transferred to the infant.

Placental integrity: Certain conditions, such as hypergammaglobulinaemia, malaria, and HIV, can

cause pathological changes to placental tissue, thereby damaging IgG-specific Fc receptors (hRcRn) that
mediate transplacental transfer to some pathogens (measles, tetanus, varicella-zoster virus, streptolysin O,
pertussis, Streptococcus pneumonia, and HIB)®"*1%1% significant decreases in antibody transfer for
pertussis, Haemophilus influenzae type B, pneumococcus, poliovirus, and tetanus have been reported in
cases of maternal HIV infection or malaria in developing and developed countries®”*%% The transfer

impairment is even more pronounced among mothers with high 1gG serum levels, a clinical indication of
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a higher severity of disease, displaying the inverse relationship between maternal 1gG levels and IgG
transfer to the infants®"%"%1%,

Clinical indicators of HIV severity, including viral load and CD4 count, are associated with
placental 1gG transfer. In a cohort of HIV positive, pregnant women in Nairobi, a strong inverse
association between placental 1gG transfer and HIV-1 viral load in the third trimester or at delivery has
been observed %% In addition, women with CD4 counts less than 200 had reduced placental transfer of
IgG compared with women with CD4 counts above 500. Controlling HIV viremia and boosting
production of CD4 counts through effective ART at the end of a woman’s pregnancy, the time where the
majority of transfer of IgG occurs, could increase the efficiency of placental transfer.

Other: Although gestational age, maternal IgG concentrations, and placental integrity are noted
most consistently in the literature as significant contributors to IgG transfer to the infant, other
characteristics may also impact IgG transfer. Among women in Kenya, transfer of tetanus-specific
antibodies was lower in women with low BMI, transfer of measles- and tetatnus-specific antibodies was
lower in women with preterm delivery, transfer of measles-specific antibodies was lower in younger
ages™™'%. However, the majority of other studies do not find an association between BMI, maternal age,
preterm delivery, and parity once gestational age, maternal IgG concentration, and co-morbidities are
90,101

adjusted for

Persistence of maternal antibodies during the postpartum period

Maternal HIV Immunoglobulin G (IgG) antibody can be detectable up to 18 months but usually
become undetectable by 9 months of age. Studies from industrialized countries have reported median ages

19719 and an estimated 1%-2% of HEU US and European infants do not

at seroreversion of 7-12 months
serorevert until 15 months of age'®. In developing countries, however, there is a lack of data on
seroreversion and in studies where it was evaluated the time of maternal antibody loss in infants is highly
variable. Among Vietnamese HEU infants, only 22% seroreverted by 12 months™® while 60% of South

African HEU infants had seroreverted by 12 months™. In a recent study, the proportion of HEU South

African infants who seroreverted was 20% at 4 months of age, 50% at 6 months, and 100% at 8 months of
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age'’. Maternal antibodies decline slowly throughout the first year of life in the postpartum period with a
half-life of 28 to 30 days in non-breastfed infants'**>'". However, there are minimal data on the
persistence of maternal antibodies in breastfed populations. Of the studies describing persistence of
maternal antibodies, three of the studies were in industrialized countries among non-breastfeeding

107-109

populations and three studies occurred prior to the WHO guidelines changing that encouraged

breastfeeding for HIV-pregnant/lactating women and were among non-breastfeeding populations™>*>*"73,
There were two studies which examined a mixed population of breastfeeding and non-breastfeeding HIV
positive women, although the percentage of breastfeeding women was not provided*®. Only one study
describing seroreversion documented the percentage of breastfeeding HIV positive women but this

110

percentage was very low at 4%

Postpartum factors affecting waning of placentally-acquired antibodies

After birth, IgA becomes the predominant antibody class transferred through colostrum and
breast milk**!. In addition, maternally-acquired 1gG decay during the postpartum period, with the most
rapid waning occurring before 9 months of age. During the first few days after delivery, colostrum is the
predominant form of nutrition given to an infant and contains many protective properties, including
antiviral and immunological substances. The immunoglobulin content, particularly IgG , in colostrum is
much higher than that in breast milk™*. Contributions of IgM and IgG are produced but in minuscule
quantities™?™°. Over 92%-95% of 1gG is transferred in utero while the remaining 5%-8% is transferred
mainly through colostrum from day 0 to day 6 and in very small quantities thereafter through breast
milk***1°, Breast milk antibodies do not enter the infant circulation in substantial amounts and, of the
five immunoglobulin classes, the most significant transfer is IgA. Although the relationship between
antibody decay during the postpartum period and a myriad of maternal and infant characteristics have
been examined, the most significant contributors consistently noted in the literature are infant age and
maternal 1gG concentrations.

Infant age: Infant total IgG acquired in utero is subjected to an exponential decay rate with a

half-life of 35-50 days™*2. In a Swiss cohort, by 9 to 12 months of age, less than 6% of infants were
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antibody positive to mumps or rubella while 9% were antibody positive to measles'’. Similarly, other
studies have found the concentration of passively-acquired IgG for measles, mumps, and rubella

118

decreased rapidly within the first six months of life™" and the concentration of pertussis-specific 1gG

decreased rapidly within the first two months of life™.

Other than infant age, very few infant-related characteristics have been identified that impact
waning of placentally-transferred antibodies. A study among rural Bangladeshi infants found measles-
specific antibody concentrations decreased with age and the child’s length, weight, gestational age, and
parity were not associated'?. Similarly, a Congolese study found age was the only factor influencing
decay of measles antibody, even after adjusting for infant gender, birth weight, weight-for-age, maternal

121

age, and parity .

Maternal IgG concentrations. Maternal 1gG concentrations not only affect the transfer of

antibodies in utero but also impact the clearance of antibodies in infants after delivery®’% 120122124,

Elevated maternal 1gG concentration reduces transplacental efficiency for the infant, resulting in lower
infant 1gG levels acquired in utero. Thus, the rate of infant antibody decay after delivery is faster among
infants born to women with elevated IgG concentrations than infants born to women with lower 1gG
concentrations.

ART therapy. Mean time to seroreversion seems to be shorter in studies performed earlier in the
HIV epidemic, particularly, before the usage of PMTCT or ART. An analysis on 3 MTCT prevention
trials in Malawi found that infants born from 1989 to 1996 had a significantly shorter time to
seroreversion than infants born from 2000 through 2003°. Similar results were noted in the US where the

time to seroreversion was 4 months longer in 1990 than in 1994'%

. The most recent study evaluating
differences in time to seroreversion was conducted among US infants born between 2000 to 2007%. The
median age of antibody loss was 13.9 months among children born between 2000 to 2007 compared to

9.4, 10.3, and 10.9 months from earlier cohorts during the late 1980s and early 1990s when women did

not receive ART during pregnancy™® ' Additionally, the median age of seroreversion from this study
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was 3 months longer than the median ages seen in Malawi during the same time period, again indicating
ART treatment could delay clearance of antibodies since ART usage was higher in the US than Malawi®.
Although historical data, as noted above, seems to suggest maternal ART contributes to
seroreversion delays, to date there have been no studies to explicitly evaluate how ART/HAART affects
the time of seroreversion in infants. A small case analysis of 14 infants less than 12 months who initiated
ART therapy in rural India observed that the majority of these infants did not develop sufficient
antibodies for detection on rapid test due to ART"?. However, this paper did not provide what type of

rapid test was used, the number of tests performed per time period, and the ages of the children.

Other factors complicating the utility of rapid tests. Another risk factor contributing to time to
seroreversion is birth weight as children with higher birth weights were more likely to serorevert at a
younger age®. Gender, gestational age, mother’s clinical stage of AIDS, breastfeeding status, and child’s
16,109

health history have not been found to be associated with time to seroreversion

2.6 Current recommended HIV testing algorithms for HIV-exposed infants with a negative 4-6
week virological test

Currently, there are three main HIV testing algorithms used worldwide: 1) the 2010 WHO
recommendations on the diagnosis of HIV infection in infants and children (Figure 5); 2) the CDC testing
algorithm for HIV-exposed infants in settings with ART, PCR availability, and resources permit either
replacement feeding or two tests per infant; and 3) the CDC testing algorithm in settings without
widespread ART, limited resources for virological testing, and where most women breastfeed.

WHO Recommendations

Figure 5 describes the current WHO early infant HIV testing algorithm?’. The group of interest
given the current breastfeeding guidelines (see Section B.3), is represented in the red circle. Infants that
tested negative on the 4-6 week virological test and continued to be breastfeed remain at risk for acquiring
HIV until cessation of breastfeeding occurs. According to the WHO algorithm, after a negative

virological test at 4-6 weeks rapid antibody testing should begin at 9 months unless signs and symptoms
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suggestive of HIV occur prior to 9 months. The following two scenarios could ensue among breastfeeding
infants who tested negative on a virological test at age 4 to 6 weeks:

Scenario 1: Infants who remain well are to receive an HIV antibody test beginning at 9 months
of age. If the antibody test at 9 months is negative the child is assumed uninfected. A repeat antibody test
is to be given six weeks after the cessation of breastfeeding and/or at 18 months of age.

Scenario 2: If infants develop signs or symptoms suggestive of HIV between 4-6 weeks and 9
months, they are to be given a virological test. If a viral test is not available, an HIV antibody test is to be

performed at 9 months.

[ HiV-exposed infant or child <18 months |

3 -
S aiagmuc% At birth or 4-6 weeks

Viral test available l [ viral test not

[ Infant/child is likely infected ] [Nmbtudfod] [E{Mawyw ]
v

And repeat viral test to confirm infection uninfected acquiring HIV infection until complete clinical monitoring
cessation of breastfeeding®

[ <24 months: immediately start ART® ] [ Infant/child is Infantchild remains at risk for ] [ Regular and periodic

N v
[__infantchild develops signs or symptoms suggestive of HIV| | [_infant remains well and reaches 9 months of age |
v

Viral test not available }—’{ Conduct HIV antibody test at approximately 9 months of age ]

= \ :

f Viral test not available assume infected ][ HIV unlikely unle%

L if sick assume uninfected if well still breastfeedin
InfanVtchild is
likel fected
Ll At <24 months: immediately start ART® Well 9 months
And repeat viral test to confirm infection

f Repe. ntibody test 6 weeks after cessation of breastfeeg; and/or
[ Repeat an ly test at 18 months of age to confirm vir; st diagnosis

a. Test around birth or at first post-natal visit (usually at 4-6 weeks)
b. Start ART, if indicated, without delay. At the same time, retest to confirm infection
c. The risk of HIV transmission remains as long as breastfeeding continues

Figure 4. WHO early infant HIV testing algorithm

The testing algorithm in both scenarios recommend sparse HIV testing of HEU infants during the
time between the 4-6 week virological test and 18 months of age or cessation of breastfeeding unless the
infant is sick, in which it may be too late. Between age 4-6 weeks and 9 months of age, no testing is
recommended unless the child is sick. This time period is approximately 7 months. A test is
recommended at 9 months of age and then again 6 weeks after cessation of breastfeeding or until 18

months of age. This second risk period after age 9 months is approximately 2-9 months depending on
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when the child weans. The entire risk period from the 4-6 week virological test to the cessation of
breastfeeding is 11 to 16 months. It is not adequate enough to ensure early initiation of ART if the child
does become infected through breastfeeding to simply test HIVV-exposed infants a few times during the
breastfeeding risk period. Another pitfall of the algorithm is that the algorithm does not describe what
tests or combination of rapid tests to use at any timepoint. As previously discussed (Section B.4), these
tests have widely different performances when used among infant populations in resource limited settings.

CDC testing algorithm for HIV-exposed infants in settings with ART, PCR availability, and resources
permitting either replacement feeding or two tests per infant **

The only recommendation for an HEU infant who is younger than 9 months is to conduct PCR
virological testing. If the HEU infant is 9 months of age or older, a rapid HIV antibody test is to be
conducted. If the rapid test is positive, a PCR should be conducted. If the rapid test is negative and the
infant has not been breastfed within the last 6 weeks, the child is considered HIV negative. If the rapid
test is negative and the infant has been breastfed within the last 6 weeks, the infant is “probably” not
infected but is still at risk and a repeat rapid test should be conducted 6 weeks after cessation of
breastfeeding. Similar to the WHO EID testing recommendations, there is no information regarding what
test to use and the frequency of and accuracy of each test. Additionally, testing occurs infrequently during
the breastfeeding exposure period, placing the HEU infant at risk of late diagnosis.

CDC testing algorithm in settings without widespread ART, limited resources for virological testing, and
where most women breastfeed*®

Infants less than 6 months of age are encouraged to exclusive breastfeed. Clinical assessments
are to be performed. If the child becomes ill, referral for HIV care is to occur. No mention of testing
during this HIV exposure breastfeeding is given. Among children who are 6 months of age or older, a
rapid HIV test is to be performed six weeks after weaning. If the antibody test is negative, the infant is
considered not infected and the mother is encouraged not to breastfeed. If the antibody test is positive, the
child is to continue preventive measures until definitive diagnosis can occur. If virological testing is not
available, a repeat rapid test is to occur at 12-15 months of age and, if positive, definitive diagnosis is

made at another repeat test at 18 months.
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Similar to the WHO EID testing recommendations and the CDC testing algorithm for settings
with ART, PCR availability, and resources permitting either replacement feeding or two tests per infant,
there is no information regarding what test to use and the frequency for each test. Additionally, testing
occurs even more infrequently than the other testing algorithms during the breastfeeding exposure period,
placing the HEU infant at risk of late diagnosis. Given increasing access to virologic testing for EID, the
utility of this algorithm is outdated for most settings. Nonetheless, testing recommendations are briefly
outlined.

2.7 Significance of the proposed project: The intersection of the current PMTCT structure, current
EID testing algorithms, and 2010 WHO breastfeeding recommendations

Current testing algorithms do not adequately describe how to optimally follow HEU infants,
including what specific rapid test to use and when to administer the test, during the time between the 4-6
week virological tests through the cessation of breastfeeding. Given the effectiveness of early ARV
initiation, it is unacceptable to test an infant only a few times during the high risk period of repeated
exposure through breastfeeding or to wait until the child develops symptoms suggestive of HIV..

Highlighting the need for updated testing algorithms further are the recent changes in
breastfeeding guidelines. The duration of breastfeeding will increase an infant’s recurrent exposure to
HIV over a longer period of time, which will increase the proportion of infant HIV acquired during the
breastfeeding period, especially given that this risk period is not adequately captured in the current
PMTCT structure. Studies evaluating rapid tests performance in resource poor settings among
breastfeeding populations are especially important now that women will breastfeed for longer periods of
time, increasing the risk of postnatal infection through exposure of HIV via breast milk.

The Global Plan will only be achievable if we redefine the PMTCT cascade to encompass the
mother/infant dyad throughout the entire breastfeeding period. Given the importance of early ART
initiation, novel testing algorithms that incorporate this risk period and are acceptable in resource limited
settings are more critical now than ever among those that escaped HIV infection during the first 6 weeks

of life.
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CHAPTER 3: DESCRIPTION OF THE STUDY POPULATION AND DATA COLLECTION
3.1 Study setting

The data used for this study came from a community-based cohort study examining the effects of
HIV on pediatric neurodevelopment. The study was conducted at two healthcare centers in the Blantyre
region of Malawi between May 2008 and March 2012. Both clinics have PMTCT programs which
provide HIV counseling and testing of all pregnant women, and offered nevirapine treatment for
prevention of mother to child transmission of HIV.

In Malawi an estimated 57,000 (13%) pregnant women and 90,000 children were living with
AIDS in 2008%. In 2010, Malawi was one of the 21 African priority countries targeted in the Global Plan
to reduce MTCT of HIV to less than 5%, increase PMTCT services, and provide more widespread
distribution of ARV therapy*®. Since then, new HIV infections among infants have been reduced by 50%
in seven of the Global Plan’s priority countries, including Malawi®. Despite these significant advances,
Malawi continues to have one of the highest rates of HIV positive women who did not receive effective
ARV regimens. In 2012, an estimated 69%-77% of HIV positive women did not receive ARVs while
50% of women globally did not receive their ARVs™.

In Malawi, breastfeeding practices are widespread with an estimated 94% to 95% of women
initiating breastfeeding within the first hour of birth and 93% to 97% of women initiating within the first
day of birth*®. Additionally, 93% of infants are exclusively breastfed for the first month and 71% among
all infants for the first six months. The median duration of exclusive breastfeeding was 4 months and 24
months for any breastfeeding. Among HIV positive women attending antenatal clinics in Blantyre and

Lilongwe, Malawi, one study the estimated median duration of breastfeeding was 26 weeks and 22% of
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women reported breastfeeding after 6 months™". In the study population, 78% of HIV positive women
were breastfeeding at 6 months, 52% at 9 months, and 36% at 12 months.
3.2 Study population

Study population for the parent study

Inclusion criteria for the parent study included infants born to mothers greater than 15 years of
age and included both HIV positive and HIV negative mothers. Exclusion criteria included mothers with
active maternal alcohol or drug abuse or maternal chronic illness other than AIDS. All children, without
congenital malformations or severe chronic illness, who were born to HIV infected mothers at the two
participating health centers were screened for HIV infection at 4-6 weeks of age after appropriate HIV
counseling and obtaining oral consent.

Study population for the proposed study

Of the 556 children enrolled in the parent study, 96 perinatally infected infants, 170 children were
born to HIV negative mothers, and 290 children born to HIV positive mothers. Children enrolled in the
proposed study were eligible for inclusion if they were born to an HIV infected mother, had a negative
PCR test at 4 to 6 weeks of age, and had a Determine or Unigold rapid test performed after 4 to 6 weeks
of age. Rapid testing in the parent study began 9 months after the start of the study and children without
any rapid testing before this 9 month period were excluded. Children were also excluded if they had a
rapid test performed but the type of rapid test (Determine or Unigold) was not collected. The final dataset
for the proposed study includes 121 children born to an HIV positive mother and were deemed HIV
negative at 4 to 6 weeks by PCR.

3.3 Data Collection for the parent study
Procedures

Data was collected at two health centers in Blantyre, Malawi. Procedures for HIV-exposed
infants from study enrollment and throughout the breastfeeding period are outlined in Table 3. HIV DNA
PCR testing using version 1.5 of the Amplicor HIV-1 DNA test kit (Roche, Basel, Switzerland) was

performed at 4-6 weeks or closest to that time to determine infant HIV infection. Confirmation of a
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positive PCR result was sought through a second PCR or through HIV RNA viral load testing. Children
enrolled in the study were asked to visit the clinic at 10 weeks and every 3 months between age 14 weeks
and 18 months, and every 6 months between age 18 and 42 months. Blood was collected at all time
points, unless HIV seroconversion was documented at one of these time point. At ages 14 weeks, 6, 9, 12
and 15 months blood was collected for storage for biomarkers and HIV DNA PCR testing. Blood was
taken for hemoglobin at each visit. HIV rapid tests using Unigold® and Determine® test kits were
performed at 6, 9, 12, 15, and 18 months.

Table 3. Procedures for HIV-exposed infants

Age 6 weeks Age 10 weeks Age 14 weeks, Age Age 36 and
Routine Routine 6,9,12&15 18,24,30 42 months
vaccination visit  vaccination visit months months
Care First Study Visit Follow up study visits Follow-up
visits

Oral parental permission for N N
HIV test of child
HIV DNA PCR testing \
Post test Counseling v
Obtain parental permission for N
study participation
Socio-economic & demographic N S \ \
questionnaire
Clinical history v \ \ \
Clinical exam v \ \ y
Neurological exam v \ \ y
Bayley Scales of Infant v S S S
Development 111
Hemoglobin v \ \

Data collection procedures for the mother or primary caregiver, if no biological mother, are
outlined in Table 4. Maternal or primary caregiver clinical history and sociodemographic information was
collected at enrollment and updated at each follow-up visit. Sociodemographic data collected included
marital status, level of education, employment status, caregiving responsibilities, members living in the
household, household characteristics (i.e., toilet facilities, availability of electricity, building materials of
the house and roof), assets and finances, utility of a mobile phone, and health of the child’s father.

Clinical history included ARV regimen, usage of nevirapine at birth (maternal and infant), co-morbidity
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assessment, disruptions in work due to illness, and hospitalizations. Changes in maternal/primary
caregiver contact information, primary caregiver status and clinical history were updated throughout the
follow-up period. Missed visit date and attempts to contact the primary caregiver were recorded as
needed. Unscheduled visit dates, reason for the unscheduled visit, and diagnoses at the unscheduled visit
were recorded as needed. Selected infant blood samples collected in the parent study were shipped from
Malawi to the University of North Carolina at Chapel Hill (UNC).

Table 4. Procedures for HIV positive mothers or primary caregivers

Form Description Age 10 weeks Follow up  Unscheduled Used as
(Enrollment) Visits visits needed
Patient Contact ~ Used to record phone number, address N Update
Information Form and tracing permission
Study Summary Used to track dates of lab procedures S Update Update
Sheet and changes in HIV status
Immunization Used to record immunization history Y Update
Record Form of the child
Maternal Clinical Records information on the child’s v
History and Socio- home environment, health of the
demographics OR caregiver and parents.

Primary Caregiver
Clinical History and
Socio-demographics

Form
Clinical Form Records clinical history of the child, v N
clinical examination, neurological
examination and AIDS staging
Primary Caregiver Updates information on the \
Clinical History and caregiver’s health and the child’s
Socio-demographics home environment
follow-up
Change in Primary Used to record changes in primary S
Caregiver caregiver if there is a change
Missed Visit Form Used to record information when a S
child misses a visit and attempts to
contact the family and reschedule.
Unscheduled Visit ~ Used to record information about an \
Form unscheduled visit to the study clinic

ARV treatment Log  Log to record treatment with ARVs

Inactivation of Used if a child discontinues the study
Study Participation or dies before the end of the study
Form

Rapid test results for the parent study

There were 121 children that were followed from their 4-6 week negative PCR test. Table 5
describes the rapid testing that was completed on the 121 children from 2 months through 24 months.

According, these children would return to the clinic for rapid testing every 3 months until 18 months of
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age and then again at age 24 months. However, there were many times when the children were brought
into the clinic earlier or later than these timepoints due to various reasons, such as missed visits or coming
earlier/later to a scheduled appointment.

Throughout the follow-up period for each child at each timepoint, four scenarios could have
occurred:

1) Both rapid tests were run and the results agreed between the two tests (DT+/UN+, DT-/UN-),

2) Both rapid tests were run but the results were discordant (DT-/UN+, DT+/UN-),

3) Only one rapid was conducted (DT- or +/UN missing, DT missing/UN- or +), and

4) Neither rapid test was conducted (DT missing, UN missing).

Table 5 describes the number of times each scenario occurred throughout the follow-up period. In
total, there were 737 Determine and Unigold tests conducted in the parent study and, of these, 392 were
Determine tests and 345 were Unigold tests. There were 53 study visits in which Unigold was conducted
but Determine was not and 152 study visits in which Determine was collected and Unigold was not.
Missing data for these visits were a result of rapid tests being out of stock, typically resulting in only one
test being conducted, or the child did not come to the appointment, resulting in both tests not being
conducted. Missing data due to stock-outs totaled 53 Determine and 152 Unigold tests needing to be
conducted. Missing data due to a child not coming to a study visit totaled 85 Determine and 85 Unigold

tests, resulting in 138 Determine tests and 237 Unigold tests not conducted in Malawi.
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Table 5. Rapid test results for parent study during follow-up period

Collected data from
parent study
(n=737 rapid test results)

N

Missing data from parent
study
(n=152 rapid test results)

4
&

Missing
Timepoint both DT
(month) and UN

DT?/UN?

37

11

©| O N[O | W[ N

10

12 | 12

15| 4

18

21

22

24 | 2

>24

Missing | 76
DT

A >
Eq?ﬁﬁ?)int Results agree Results discrepant DJ :ﬁgg]l:jngorm;?gg’ De&%?&ﬂf r?w?llsiatsd’
DT+/DT+ | DT-/UN- | DT+/UN- | DT-/UN+ | DT?/UN+ | DT?/UN- | DT+/UN? | DT-/UN?
210 0 0 0 0 0 0 0
3]0 0 1 0 0 3 0 0
40 0 0 0 0 0 0 0
6|6 34 27 1 0 18 1 0
710 1 0 0 0 0
8|0 1 0 0 0 0 0
9|2 39 22 0 0 10 0 1
100 0 0 0 0 2 0 0
12 | 2 43 1 0 1 7 0 7
151 34 0 0 0 4 0 17
18 | 2 29 1 0 0 5 1 22
21 |1 2 0 0 0 0 0
22 |0 1 0 0 0 0 0 0
24 10 19 0 0 0 3 4 27
>24 | 0 18 1 0 0 3 3 18
Total DT | 14 219 55 1 0 0 9 94
Total UN | 14 219 55 1 1 55 0 0
Total tests | 28 438 110 2 1 55 9 94

Missing | 76
UN

Total | 152
missing




3.4 Data collection for proposed study

Per study protocol, children were scheduled to visit the study clinic at age 6, 9, 12, 15, 18, 21, and
24 months. However, data was collected when the mothers and children came for a visit, which was not
always at the time of the scheduled appointment. Some children also missed scheduled visits, resulting in
missing rapid test data for that timepoint. To address the issue of missing rapid test data and investigate
the discordant results between Determine and Unigold results, we conducted 100 Determine and 100
Unigold rapid tests on a select group of stored samples. We prioritized samples according to the following
criteria summarized in Table 6:

1. Obtain results that would provide us with the shortest seroreversion time.

Priority for testing of samples was given to earlier timepoints or timepoints that would result in a
shorter seroreversion observation window. For example, if an infant was positive on both rapid tests at 3
months, did not have tests run at 6 months, and tested negative at 9 months, we wanted to obtain the test
results at 6 months. The initial window to observe seroreversion would be 6 months (3 months to 9
months) while the second window with the new sample would be a shorter observation window of 3
months (3 months to 6 months). Of the 53 study visits in which Unigold was conducted but Determine
was not, we obtained 14 Determine results. Of the 152 times in which Determine was collected and
Unigold was not, we obtained 2 results. Of the times when both Determine and Unigold was missing, we
obtained 55 Determine results and 62 Unigold results.

2. Investigate a sample of discordant rapid test results.

Of the 55 discordant results, 53 were at the 9 month timepoint or prior. We reran the discordant
pairs in 33 occurrences. Of the 33 discrepant results that were retested, 27 agreed with the parent study
results and were not altered in the dataset. Retesting of the remaining 8 discordant pairs resulted in
different rapid tests results than the original parent study data. Results of these 8 were originally positive
for Determine and negative for Unigold. After retesting, the Determine and Unigold results tested

positive. Three of the 8 discrepant results had a very faint Unigold test. However, it was agreed upon by
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the two laboratory managers and the other reviewer that these faint results should be considered positive,
per Unigold manufacturer instructions.

3. Investigate questionable test results.

There were occasions where an infant had a 6 negative test but had a 9 month positive rapid test.
This would seem like a seroconversion but was not classified as one by study investigators throughout the
follow-up period. We reran these tests at 6 months and found one to be positive and one to be negative.

Table 6. Summary of UNC rapid testing

Reason for retesting DT UN
Missing both DT and UN results 55 62
Missing DT results 14 0
Missing UN results 0 2

Discrepancy between initial DT/UN testing 27 25

Discrepancy between initial DT/UN testing 8 9

Other questionable test results. 2 5
*DT-Determine; UN-Unigold

After this first round of retesting, we received funding from the University of North Carolina
Center for AIDS Research to test all available samples needed. This resulted in a total of 492 Determine
and 504 Unigold tests conducted. We compared the population with missing data versus complete data,
by timepoint and by test, for characteristics including infant factors (gender, breastfeeding, nevirapine at
birth) and maternal factors (maternal age, marital status, education level, and socioeconomic variables).
(see Appendix A). There were no factors consistently different between the two populations. We therefore
concluded the missing data population was similar to the complete case population and proceeded with

the missing data population for analyses.
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Table 7. Description of collected or missing rapid test data throughout follow-up, stratified by type of rapid test.

3m 6m 9m 12m 15m 18m Total

Collection DT UN DT UN DT UN DT UN DT UN DT UN DT UN
site

Malawi 1 1 66 66 63 62 52 52 56 56 57 57 295 294
UNC 75 76 31 39 29 29 35 38 20 17 7 11 197 210
Total 76 77 97 105 92 91 87 90 76 73 64 68 492 504
Total 45 44 25 16 29 30 34 31 45 48 57 53 234 222
missing (37%) (36%) (20%) (13%) (24%) (25%) (28%) (26%0) (37%) (40%) (47%) (44%) (32%) (31%)

DT: Determine, UN: Unigold



CHAPTER 4: METHODS
4.1 Specific Aim 1
4.1.1 Study Sample and Data Collection

We collected data on the performance of Unigold® and Determine® rapid tests as part of a
community-based cohort study examining the effects of HIV on neurodevelopment in infants receiving
care at two healthcare centers in the Blantyre region of Malawi between May 2008 and March 2012.
During that period, both clinics provided HIV counseling and testing to all pregnant women and offered
single dose nevirapine or zidovudine treatment to women who were HIV infected. The study included
infants born to HIV-positive mothers (age > 15 years) who did not have a history of alcohol or drug abuse
or chronic illness other than AIDS. For the analysis presented here, only children who were negative by
HIV DNA PCR at the time of enrollment were included.

HIV DNA PCR testing using version 1.5 of the Amplicor HIV-1 DNA test kit (Roche, Basel,
Switzerland) was performed at enroliment, which took place at approximately 6 weeks of age (median
age 6.4 weeks, interquartile range [IQR] 4.3-15.1 weeks). Children were scheduled to visit the study
clinic at age 10 weeks and every 3 months between age 14 weeks and 18 months. At all timepoints,
clinical and sociodemographic information were collected, a fingerprick was performed for hemoglobin
testing, dried blood spots were collected for storage for HIV DNA PCR assays, and a venous whole blood
sample was taken for storage at < -70 degrees Celsius. Confirmation of infant HIV infection detected by a
positive HIV DNA PCR result was done through a second HIVV DNA PCR assay or a HIVV RNA viral load
assay.

Starting in February 2009, an additional fingerprick was performed at point-of-care for Unigold®
and Determine® rapid HIV tests at age 6, 9, 12, 15, and 18 months. In addition, to obtain data on rapid test

performance at age 3 months, the Unigold® and Determine® rapid tests were performed on stored blood
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collected at age 3 months. If data were missing at other timepoints due to failure to perform the rapid test
at point-of-care or assay stock outs, rapid HIV tests were also performed on stored blood when available.
Rapid testing on stored blood was conducted at a research laboratory at the University of North Carolina.
Stored samples were thawed per manufacturer’s instructions, and both rapid tests were performed
simultaneously by a single operator. Weakly positive rapid tests results were reported as positive.

The University of Malawi College of Medicine Research and Ethics Committee and the
University of North Carolina at Chapel Hill Institutional Review Board approved the study protocol. All
mothers provided written informed consent and permission for participation of their infant.

4.1.2 Statistical Analysis
The 18-month cumulative incidence of infant HIV infection was estimated using an extension of

the Kaplan-Meier estimator that allows for competing risks of death or loss to follow-up**

Sensitivity and
specificity were estimated in a cross-sectional manner at each timepoint (3, 6, 9, 12, 15 and 18 months),
separately for Determine and Unigold. A two-week window around each timepoint was used to define a
visit. Data occurring outside of the two-week window were discarded. Sensitivity for each rapid test was
estimated by the proportion of infants diagnosed as HIV infected by the rapid test among all infants with
confirmed infection (by PCR) at the timepoint of interest. Specificity for each rapid test was estimated by
the proportion of infants diagnosed as HIV negative by the rapid test among all infants with confirmed
free of HIV infection (by PCR) at the timepoint of interest.

The positive predictive value (PPV) was estimated by the proportion of infants with confirmed
HIV infection among all infants who tested positive on the rapid test. The negative predictive value
(NPV) was estimated by the proportion of infants free of HIV infection among all infants who tested
negative on the rapid tests. PPV and NPV were determined for a range of population infant HIV
incidence. To depict the levels of HIV incidence during the postpartum period currently seen throughout

Africa, we used a range of 1-5% for the incidence of infant HIV infection for each of the 3-month

periods. This range was selected based on data reported in two trials of antiretroviral prophylaxis in the
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first two years of life among infants in Malawi, a meta-analysis to estimate incidence of postpartum HIV
infection in multiple African sites, and data from the present study*****,

The reference standard was one positive PCR test plus a confirmatory PCR test, one positive HIV
DNA PCR plus one positive HIV RNA assay before age 18 months of age, or one positive HIV rapid test
at age 18 months. If a PCR test could not be performed at a specific timepoint, the result of the next
available PCR result was assessed and, if negative, the infant was assigned a HIV uninfected status at the
timepoint of interest. If positive, the earlier timepoint was excluded from analyses. Exact methods were
used to calculate 95% confidence intervals (Cls) for sensitivity and specificity estimates. Analyses were
conducted using SAS software, version 9.4 (SAS Institute).
4.2 Specific Aim 2
4.2.1 Study Sample and Data Collection

The study sample and data collection methods for Specific Aim 2 were the same as Specific Aim
1.
4.2.2 Statistical Analysis

The primary endpoint, time to seroreversion, was defined as the first occurrence of a negative
HIV rapid test. Because rapid tests were performed at 3-month intervals, the exact time of seroreversion
was not observed but known to have occurred in the time interval between the last positive rapid test and
the first negative rapid test. The distribution of age of seroreversion was estimated using the extension of
the Kaplan-Meier product limit estimator which allows for interval censored data via SAS PROC
ICLIFETEST™*™ (SAS Institute). Observations were right censored at the first occurrence of an incident
HIV infection, death, loss to follow-up, or at the end of the 18 month follow-up period. We accounted for
competing risks of death or HIV infection. Bootstrap sampling was used to calculate a corresponding 95%
confidence interval. As each infant contributed a result for both Determine and Unigold, paired survival
curves were generated. To compare the paired survival curves, the difference in mean survival times were

estimated by computing the area under each curve.

37



4.3 Specific Aim 3
4.3.1 Analytic overview

We compared three point-of-care diagnostic assays, of which two were antibody tests (Determine
and Unigold) and one was a newly developed virological assay (Alere Q HIV PCR), for several early
infant testing strategies during the postpartum period. Using Markov models, we simulated each infant’s
trajectory from the 4 to 6 week timepoint through the lifetime.

We projected outcomes, including cost, effectiveness measured in DALY's, and overall cost-
effectiveness, for a cohort of HIV-exposed infants, following a negative HIV PCR DNA test at 4 to 6
weeks postpartum, among several early infant diagnosis testing strategies in Malawi. Clinical outcomes
included delayed HIV diagnoses, number of false negative, false positive, true negative, and true positive
rapid tests, and infant mortality. Economic outcomes included testing costs associated with each strategy,
HIV pre- and post-test counseling costs, and healthcare and treatment costs for HIV infected persons. We
calculated incremental cost-effectiveness ratios (ICERS) in $/DALY: difference in testing strategies costs
between two strategies divided by the difference in DALY's between the two strategies. For ICERs, all

outcomes were discounted at 3%/year'*®

. We examined variations in test sensitivity, specificity, loss-to-
follow up rates, healthcare and treatment costs, and mortality associated with HIV infection through one-
way, deterministic sensitivity analyses. We also conducted multiway sensitivity analyses, varying test
performance (i.e., sensitivity and specificity), Alere costs, healthcare and treatment costs, and mortality
associated with HIV infection simultaneously.
4.3.2 Early infant diagnosis algorithms

We evaluated 21 EID strategies based on a combination of three POC assays and seven timings of
HIV testing (Table 8). We evaluated different timing scenarios: 1) testing at the WHO recommended time
points (i.e. at 9 months and either at 6 weeks after cessation of breastfeeding or at age 18 months), 2)
testing only once at 6, 9, 12 or 15 months, and 3) testing twice during the postpartum period (testing at 6

months and then either 12 or 15 months). For each timing strategy, we evaluated Determine and Unigold,

two antibody assays, and Alere g HIV 1/2, a qualitative POC nucleic acid test that does not require a
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laboratory or extensive training. For all strategies, all positive POC tests are to be followed up with a PCR
test to confirm the HIV diagnosis.

Table 8. Description of early infant HIV diagnosis testing strategies

EID Algorithm Testing timepoints Point-of-care test
Current WHO | 2 tests at 9 and 18 months or 6 ; Bﬁtiggréne
recommendation = weeks after BF cessation 3. Alere q HIV 1/2
4. Determine
1 test at 6 months 5. Unigold
6. Alere g HIV 1/2
7. Determine
1 test at 9 months 8. Unigold

EID strategies
with 1 testing
timepoint

9. Alere q HIV 1/2
10. Determine
1 test at 12 months 11. Unigold
12. Alere g HIV 1/2
13. Determine
1 test at 15 months 14. Unigold
15. Alere g HIV 1/2
16. Determine
17. Unigold
18. Alere g HIV 1/2
19. Determine
20. Unigold
21. Alere g HIV 1/2

2 tests at 6 and 12 months or 6
EID strategies  weeks after BF cessation
with 2 testing
timepoints 2 tests at 6 and 15 months or 6
weeks after BF cessation

*BF-Breastfeeding; EID-Early infant diagnosis

WHO recommended strategies:

According to the WHO algorithm, HIV-exposed infants with a negative virological test at 4 to 6
weeks of age should be tested at 9 months and 18 months, or 6 weeks after cessation of breastfeeding,
with a rapid test, unless the infant has signs and symptoms suggestive of HIV#'. Thus, the WHO
recommended strategies included 2 testing timepoints at 9 months and 18 months, or 6 weeks after
cessation of breastfeeding.

Testing strategies with only one timepoint

Attrition during the postpartum period affects an overwhelming majority of PMTCT programs in
resource-limited settings and even impacts randomized clinical trials where losses are closely
monitored®” 3%, Furthermore, losses to follow-up (LTFU) are greater in the postpartum period than

during the antenatal period®***'*. Recent data shows that an alarming number of infants born to women
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with HIV do not receive HIV testing within the first 2 months of life, with attrition numbers as high as
929%°*, Likewise, other studies in sub-Saharan Africa among pregnant populations have documented
attrition rates of up to 80% by 6 months®*2. A recent systematic review of studies evaluating LTFU along
the entire PMTCT cascade found extensive heterogeneity in findings with LTFU at 3 months ranging

from 4.8 to 75.2% and ranging from 50.2 to 85.1% at 12 months postpartum™*°

. The overall pooled
estimate at 3 months was 33.9% (95% CI: 27.6, 41.5). It is of note that many of these studies were
conducted when the PMTCT programs were first being implemented and only used single dose
nevirapine.

The recent introduction of the WHO Option B and Option B+ programs throughout Africa, in
which all women receive antiretroviral drugs, shows encouraging retention rates of nearly 80% after 12
months on the program™’. It should be noted that the majority of women in the program were already on
ART for their own health and had significantly lower LTFU rates than women initiating ART to prevent
mother-to-child transmission. Thus, the results are not entirely generalizable to all populations unless
mothers are already on ART. As more countries move to the similar programs and continue to
disseminate more widespread availability of PMTCT services, we expect the LTFU proportions to
gradually reduce, although probably not as rapidly as in the Malawian study.

Most of the maternally-acquired HIV antibodies in HIV-exposed, uninfected infants will have
seroreverted by 9 months of age®®** %% _|n our data, 86% of infants had seroreverted according to the
Determine test and 99% of infants had seroreverted according to the Unigold test by 9 months of age. The
testing timepoint of 9 months was chosen as one strategy as this is the recommended vaccination time
according to the WHO vaccination schedule'*®. Additionally, we evaluated testing only at 6 months or

testing only at 12 months.

Testing strategies with two timepoints

Because attrition affects a large majority of PMTCT postpartum follow-up programs in many
resource limited settings, we defined the worst case strategy as simply returning to the clinic at 18 months

or 6 weeks after a mother ceased breastfeeding. This scenario, although not ideal, may reflect the current
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reality of many PMTCT programs, especially those with the highest loss to follow-up rates. Although we
do not recommend this strategy, we evaluated the cost-effectiveness to reflect the worst case scenario that
could occur in HIV-prevalent countries. Furthermore, we do not anticipate this strategy to prove
beneficial but we expect doing more than 1 testing timepoint will greatly improve the effectiveness of an
early infant diagnosis program, thereby encouraging countries to focus efforts on at least one testing
timepoint for HIV-exposed infants. Evaluating the worst case strategies allowed us to evaluate conducting
at least 1 rapid test before 15 months of age as opposed to none. Furthermore, it is likely the 15 month
postpartum timepoint represents 6 weeks after most women discontinue breastfeeding. The updated
breastfeeding guidelines encourage women to breastfeed for 12 months and the current WHO testing
guidelines advise a rapid test 6 weeks after cessation of breastfeeding. Thus, 15 months is a logical testing
that represents the end of postpartum HIV risk period.

Postpartum breastfeeding-associated transmission of HIV to the infant is greatest within the first
6 weeks of life and between 6 and 12 months of age (Table 9).

Table 9. Cumulative incidence of postpartum HIV infant infection.

Time period
Study Birth 0-15 1.5-3 3-6 6-9 9-12 12-15  15-18 Overall
Our data 1.6 2.6 1.8 1 0.2 2.1 17.2
Coutsoudis, 2004 5 4.2 2.8 0.2 2.1 9.3
Taha, 2007 8.43 1.22 4.05 3.48 17.2

Two trials of antiretroviral prophylaxis in the first two years of life among infant in Malawi, a meta-
analysis among HIV-exposed infants in multiple African countries, and our data found incident levels of
1.6% to 9.4% between birth and 3 months and levels of 2.8% and 4.9% between 6 and 12 months of

age133,134

. If the goal of any early infant diagnosis program is to timely identify new cases and promptly
initiate treatment, testing timepoints corresponding to the highest levels of incidence are ideal. However,
rapid testing at 3 months will result in most infants testing false positive since the majority of maternally-

acquired antibodies have not waned by this time. Thus, we chose the next testing timepoint of 6 months
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as the first timepoint. We chose 12 months, or 6 weeks after breastfeeding cessation, as the second
timepoint as this corresponds to another time of highest risk of HIV acquisition in the postpartum period.

We also evaluated a testing strategy with timepoints 6 months and 15 months. Women are
encouraged to exclusively breastfeed for 6 months and continue through 12 months. The 15 month
timepoint would then allow women 6 weeks of breastfeeding cessation, the recommended time between
cessation of breastfeeding and infant HIV testing.
4.3.3 Model structure

Using Markov modeling we simulated the economic and clinical outcomes of a hypothetical
cohort of 10,000 HIV-exposed, uninfected infants from 6 weeks postpartum through the first 18 months
of life as well as over a lifetime horizon. The 6 week time point was chosen as the starting point since
HIV-exposed infants are to be tested with a PCR test at 4 to 6 weeks of age according to WHO EID
testing guidelines'®. We defined the follow-up period in 3 month cycles, beginning at 3 months of age and
extending through 18 months. The model structure over a lifetime horizon was stratified as 0 to 2 years, 2
to 5 years, 5 to 10 years, 10 to 20 years, and 20 to 60 years. Figure 5 shows the health states a child could
occupy during each three month cycle and the transition probabilities of moving to another health state or

remaining in the same health state.
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*FN-false negative; FP-false positive; TN-true negative; TP-true positive

Health states were mutually exclusive and defined as the POC test result at each time
point, including false negative, false positive, true negative, or true positive results. A
false negative result was defined as testing negative on the POC test but testing positive
on HIV DNA PCR test. A false positive result was defined as testing positive on a POC
test but testing negative on HIV DNA PCR test. A true negative result was defined at
testing negative on a POC test and a HIVV DNA PCR test. A true positive result was
defined as testing positive on a POC test and a HIV DNA PCR test. Age-specific risk of
death was modeled at every time period and was considered an absorbing health state. We
defined the transition probabilities of moving from one health state to the other according
to input parameters at each time point.

Figure 5. Model structure

Health states were mutually exclusive and defined as the POC test result at each time point (false
negative, false positive, true negative, or true positive results), using the result of the HIV DNA PCR test
as the reference standard. The transition probabilities of going from one state to another were allowed to
vary over the breastfeeding period, according to data from 3-month time cycles, which required repeated
Markov structures specific to each 3-month cycle. Age-specific risk of death was modeled at every time
period and was considered an absorbing health state. The transition matrix consisted of 20 probabilities,

per time cycle, and is summarized in Table 10.
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Table 10. Markov model transition matrix

State (Time 2)

State (Time 1) State A: State B: State C: State D: Death
TP FP TN FN

State A: TP Pm Pi Pb Py Pt

State B: FP Pj Pn Pd Px Pu

State C: TN Pa Pc Pp Pe Pv

State D: FN Pn pi Pt Po Pw

FP: false positive; FN: false negative; TP: true positive; TN: true negative

As a central assumption of Markov models, transition probabilities are assumed to be constant
over time. However, in our analyses we did not expect the transition probabilities between states to
remain constant over the breastfeeding period. Seroreversion occurs more rapidly in the first few months
after birth, affecting both the sensitivity and specificity of each rapid test. Thus, the transition
probabilities of going from one state to another state were assumed to not be the same over the

breastfeeding period. Thus, Markov models and corresponding transition matrices for each 3 month time

cycle were built (Figure 6).
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Figure 6. Markov model and transition matrices for each 3 month time cycle




4.3.4 Model input parameters for the base case model: Clinical input parameters (Table 11)
Overview

Where possible and relevant, we based clinical input parameters on data from a cohort of HIV-
exposed infants who were HIV PCR negative (version 1.5 of the Amplicor HIV-1 DNA test kit, Roche,
Basel, Switzerland) at age 6 weeks (median age 6.4 weeks, range 10.6 weeks), and in whom we measured
the performance of HIV serological rapid tests. The study took place between 2008 and 2012 at two
healthcare centers in the Blantyre region of Malawi. During the study period, PMTCT programs provided
HIV counseling and testing to all pregnant women and offered single dose nevirapine or zidovudine for
PMTCT. We prospectively collected data on 121 HIV-exposed infants, of which half (51%) were female
and 80% received nevirapine at birth, which is similar to the current PMTCT uptake in Malawi seen in
other studies, even in the Option B+ era™****°. Exclusive breastfeeding declined throughout the
postpartum period, from 54% at month 3, to 18% at month 6, 1% at months 9 and 12, and 0% at months
15 and 18. Any breastfeeding declined from 87% of mothers at month 3, to 69% at month 6, 45% at
month 9, 39% at month 12, 26% at month 15, and 17% at month 18. Maternal antiretroviral treatment
(ART) use prior to birth was low (29%) and postpartum ART use and adherence was not recorded. We
therefore based maternal ART use and adherence on published literature from sub-Saharan Africa and
assumed that 88% of breastfeeding women will use ART at 6 weeks postpartum™*, 80% at 3 months
postpartum®®* and 56% of these women will be adherent to ART at 12 months postpartum™*’ 41>,

Our model structure was stratified according to age (0 to 2 years, 2 to 5 years, 5 to 10 years, 10 to
20 years, and 20 to 60 years). Mortality estimates, life expectancies, disability weights, and duration of
HIV infection were defined for each time period and POC test result (i.e., true positive, true negative,
false positive, or false negative). The observed mortality estimates in the first 24 months of life among
HIV positive and HIV negative infants in our cohort correspond to what is found in the existing
literature®*>***'>*, Thus, mortality estimates by age and by rapid test result were obtained from our data
and the existing literature. For each infant, the most recent rapid test result prior to death was used to

calculate the transition probability from the rapid test result at that time point to death in the following
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time cycle. Mortality estimates for HIVV-exposed, uninfected infants after 24 months were based on 2013
WHO Global Health Observatory Data Repository estimates for Malawi and a pooled analysis of several
studies in Africa that included HIV-exposed, uninfected infants™"***. The average age of death for HIV
infected infants age 24 months and older were based on a pooled analysis of 12 studies examining age-
specific survival™. The average age of death was assumed to be the midpoint of the time period. Life
expectancies for HIV infected and HIV-exposed, uninfected infants were based on a study in South Africa
that had 56% PMTCT uptake, 87% linkage to postnatal care, Option B+ provision, and 36% pediatric
ART adherence, which mimics the current reality in Malawi**®. Disability weights associated with
HIV/AIDS were estimated from the Global Burden of Diseases, Injuries, and Risk Factors Study 2010
(GBD)™" ™, which assigned a disability weight of 0.12 to diagnosed HIV. A disability weight of 0.50
was assigned to undiagnosed HIV, assuming these infants did not receive treatment and rapidly
progressed to AIDS. A disability weight of 0.01 was assigned to persons uninfected with HIV. The
duration of disease a person contributed within each time period was the number of years within that time
period, assuming they lived to the end of the period. The duration of disease among persons who died was
half of the time of that interval, assuming death occurred at the midpoint of the respective period.

Details of clinical input parameters

1. Mortality estimates, by age and rapid test result
Birth to 2 years
Background and input parameters

HIV positive: true positive on rapid test: Among infants infected with HIV during the postpartum

period, no study has reported mortality risks based on whether the infant tested positive or negative
according to a rapid test. Therefore, we based the mortality estimates within the first two years for HIV
infected infants who tested positive from a rapid test on our data. In our data, 20% of infants who tested
positive, thereby defining a true positive rapid test result, died by year 2. However, this estimate is likely

overestimated given these infants used single dose nevirapine and did not have access to Pl-based ART, a
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combination that can lead to poor outcomes due to resistance. Therefore, we lowered the mortality
estimate to 15%.

HIV positive: false negative on rapid test or missed on rapid test: A Zimbabwean study found

16% of infants infected postpartum died before 12 months and an additional 16% between 12 and 24

months*®

. Additionally, a pooled analysis of 12 studies with known timing of pediatric HIV infection

found mortality among infants with postnatal HIV infections was 38% at year 2'>*. We can assume most
of the infants did not receive any type of treatment in the 12 studies as most of the studies analyzed were
conducted prior to widespread distribution of ART. In our data, 35% of infants who tested false negative

died during-follow-up.

HIV-exposed, uninfected: Among infants not infected with HIV, mortality rates were based on

for a pooled analysis of several studies in Africa that included HIV-exposed, uninfected infants*.

Input parameters

Based on our data, we assumed mortality risks of 20% among HIV-exposed, infected infants who
tested positive on a rapid test and 38% among HIV-exposed, infected infants who tested negative on a
rapid test or were a missed infection. We assumed mortality of 8% among infants who were exposed, but
uninfected.
Sensitivity parameters

HIV positive: true positive on rapid test: Sensitivity analyses were conducted around the

mortality parameter for 0-2 year old HIV positive infants who tested positive (15%). The lower bound
was calculated by assuming all infants received ART directly after diagnosis, which can reduce mortality
by 75% if initiated early. The upper bound was based on a recent meta-analysis of 12 studies with known
timing of pediatric HIV infection. Mortality among infants with postnatal HIV infections was 38% at year
2. We can assume most of the infants did not receive any type of treatment in the 12 studies as most of

the studies analyzed were conducted prior to widespread distribution of ART. The mortality proportion of

38% is similar to mortality of infants in our study who were a false negative by a rapid test, thus
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hindering any type of treatment. Thus, the upper bound was set at 40% and assumed a majority of infants
did not receive treatment.

HIV positive: false negative on rapid test, missed infection or delayed diagnosis: Sensitivity

parameters were conducted around the mortality parameters for infants that tested false negative and
infants that had missed infections. We did not expect the lower bound to be reduced dramatically for these
infants as disease progression in infants occurs very rapidly*>?®. However, in the Option B+ era, women
taking HAART will deliver in better health (i.e., increased CD4 counts), which is associated with

1 Thus, the lower bound was set at 15% to reflect improved health of

improved survival of their infants
mothers on HAART. The upper bound was calculated based on previous research showing that up to 60%
of infants infected with HIV die by the age of 2 if untreated®*°. However, this estimate was lowered to
45% since the previous literature included both perinatal and postnatal infections and mortality among

perinatally infected infants is higher than postnatally infected infants®“3>*,

2to 5 years
Background

HIV positive, true positive on rapid test: Mortality estimates attributable to HIV are limited and

are usually aggregated for ages 0 to 14 years. In a pooled analysis examining age-specific survival in 12
studies that collected pediatric HIV mortality data, Marston and colleagues estimated a cumulative

mortality among postnatally-infected infants by year 5 at 42%"**

. Thus, the proportion of infants dying
with the first 2 years of life was estimated at 38% with the additional 4% dying between years 2 and 5. If
we assume the cumulative mortality by year 5 is similar in our study, where 20% died in the first two
years of life, an additional 22% would die between years 2 and 5. The cumulative mortality in the
Marston study, however, was among studies without widespread provision of ART. Thus, we assumed

the cumulative mortality in our study was lower due to the provision of ART.

HIV positive, false positive on rapid test: We did not expect false positive results from rapid test

since the majority of placentally-acquired antibodies will have waned by 2 years.
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HIV positive, missed infection or delayed diagnosis: Among children who but had a delayed or

missed diagnosis, we assumed mortality to be lower after 2 years of age since disease progression slows

after infancy™*.

HIV-exposed, uninfected: Among infants not infected with HIV, mortality rates were based on

2013 WHO Global Health Observatory Data Repository estimates for Malawi and a pooled analysis of
several studies in Africa that included HIV-exposed, uninfected infants**"**,
Input parameters

We assumed 10% of HIV positive infants who tested rapid test positive, 30% of HIV positive
with missed or delayed infections, and 1% of HIV negative infants died between years 2 and 5 of age.
Sensitivity

Since data is limited, sensitivity parameters were assumed. The lower mortality bound was
estimated assuming treatment was promptly initiated among HIV positive infants who tested rapid test
positive. The upper bound was estimated assuming a minimal percentage of HIV positive infants initiated
treatment.
5 to 10 years

Background

HIV positive, true positive on rapid test: In a meta-analysis examining age-specific survival in 12

studies that collected pediatric HIV mortality data, Marston and colleagues estimated mortality by year 10
at 53%"*. The proportion of infants dying with the first 5 years of life was estimated at 42% with the
additional 11% dying between years 5 and 10. Since most of the studies in the pooled analysis did not
provide child PMTCT, we assumed morality among ages 5 to 10 years was lower than 11%.

HIV positive, missed infection or delayed diagnosis: Among children who a delayed or missed

diagnosis, we assumed mortality to be lower after 2 years of age since disease progression slows after

infancy, but similar to mortality during younger ages of 2 to 5 years*?°.
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HIV-exposed, uninfected: Among infants not infected with HIV, mortality rates were based on

2013 WHO Global Health Observatory Data Repository estimates for Malawi and a pooled analysis of
several studies in Africa that included HIV-exposed, uninfected infants***.
Input parameters

We assumed 8% of HIV positive infants who tested rapid test positive, 30% of HIV positive who
with delayed or missed infections, and 0.8% of HIV negative infants died between ages 5 and 10.
Sensitivity

Since data is limited, sensitivity parameters were assumed. The lower mortality bound was
estimated assuming treatment was promptly initiated among HIV positive infants who tested rapid test
positive. The upper bound was estimated assuming a minimal amount initiated treatment and was similar
to the estimate in the Marston pooled analysis.
10 to 20 years

Background

HIV positive, true positive: Marston and colleagues estimated mortality by year 20 at 84%"**. The

proportion of infants dying with the first 10 years of life was estimated at 53% with the additional 31%
dying between years 10 and 20. Since most of the studies in the pooled analysis was prior to the
implementation of Option B+ and prior to the availability of resistance testing and second and third line
treatment regimens, we assumed morality among ages 10 to 20 years was lower than 31% since a higher
majority of HIV positive persons initiate and adhere to treatment due to Option B and Option B+.

HIV positive, missed infection or delayed diagnosis: Among children acquiring HIV infections

between ages 10 to 20 years, we assumed mortality to be lower after 2 years of age since disease
progression slows after infancy, but slightly higher to mortality during younger ages of 2 to 10 years*?°.
We increased mortality during this time period among HIV positive persons who tested rapid test

negative or were a missed infection to correspond with the increase seen among HIV positive persons

who tested rapid test positive.
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HIV-exposed, uninfected: Among infants not infected with HIV, mortality rates were based on

2013 WHO Global Health Observatory Data Repository estimates for Malawi and a pooled analysis of
several studies in Africa that included HIV-exposed, uninfected infants***.
Input parameters

We assumed 20% of HIV positive infants who tested rapid test positive, 35% of HIV positive
with missed infections or delayed diagnoses, and 0.8% of HIV negative children died between ages 5 and
10.
Sensitivity

Since data is limited, sensitivity parameters were assumed. The lower mortality bound was
estimated assuming treatment was promptly initiated among HIV positive infants who tested rapid test
positive. The upper bound was estimated assuming a minimal amount initiated treatment.
20 to 60 years

Background

HIV positive, true positive: Marston and colleagues estimated mortality by year 20 at 84%"**. The

proportion of infants dying with the first 20 years of life was estimated at 84% with the additional 16%
dying between years 20 and 60. However, we assumed the cumulative mortality to be lower since the
studies in the pooled analysis were prior to widespread distribution of treatment. The assumed cumulative
mortality from birth to 20 years for our analysis was 64% with the additional 36% of persons dying by
age 60.

HIV positive, missed infection: We assumed mortality to be lower after 2 years of age since

disease progression slows after infancy, but slightly higher than mortality during younger ages of 2 to 20

years™?,

HIV-exposed, uninfected: Among infants not infected with HIV, mortality rates were based on

2013 WHO Global Health Observatory Data Repository estimates for Malawi and a pooled analysis of

several studies in Africa that included HIV-exposed, uninfected infants**"**,
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Input parameters

We assumed 36% of HIV positive infants who tested rapid test positive, 35% of HIV positive
persons were missed infections or delayed diagnoses, and 15% of HIV negative persons died between
ages 20 and 60.
Sensitivity

Since data is limited, sensitivity parameters were assumed. The lower mortality bound was
estimated assuming treatment was promptly initiated among HIV positive infants who tested rapid test
positive. The upper bound was estimated assuming a minimal amount initiated treatment.
2. Life expectancy, average age of death, and number of years lost by age and rapid test result
Life expectancy
Background and input parameters

Life expectancy for all infants, regardless of HIV infection, in Malawi was based on the 2013
WHO Global Health Observatory Data Repository estimates for Malawi'>. Life expectancy, in years, was
stratified by ages of less than 2 years, 2 to 5 years, 5 to 10 years, 10 to 20 years, and 20 to 60 years.

Average age of death

0 to 2 years
Background and input parameters

The average age of death for HIV positive infants less than 2 years of age was based on our data
and the average age of death for HIV negative infants less than 2 years of age was assumed to be 1 year,
based on the midpoint of the time period. The average age of death for HIV positive infants was based on
our data and previous research evaluating cost-effectiveness and clinical outcomes of several WHO

recommended PMTCT strategies in Zimbabwe'®!

. The cohort of pregnant, HIV infected women
resembled our cohort of women with an average age of 24 years and average breastfeeding duration of 15
months. The Zimbabwe study examined several PMTCT strategies, included Option B, Option B+, ART

provision and adherence to the infant after pediatric infection, and linkage to care during the postpartum
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period. The average age of death was assumed to be 0.9 months for HIV positive infants and 12 months
for HIV negative infants.

2 to 5 years and 5 to 10 years

The average age of death for children older than 2 but less than 10 was based on a previous study
in South Africa’®®. The average age of death of 21.41 years was based on an assumption of 56% PMTCT
uptake, 87% linkage to postnatal care, Option B+ provision, and 36% pediatric ART adherence, which
mimics the current reality in Malawi.

10 to 20 years and 20 to 60 years

It is of no surprise that ART can dramatically affect life expectancy in HIV positive persons. A
Ugandan study among 22,315 patients receiving combination ART found life expectancy increased by
26.7 (25.0, 28.4) years if ART was initiated at age 20 and by 27.9 (26.7, 29.1) years if ART was initiated

at age 35

. Although, the study did not provide estimates of ART adherence during the follow-up period,
59% of persons initiated ART at WHO stage 2 and 30% initiated ART at WHO stage 3. Thus, we assume
treatment was not initiated directly after infection but rather after the acute infection period was over in

the majority of patients. A more recent modeling study was conducted among HIV infected patients who

were older than 15 years and treatment naive in South Africa'®

. The average life expectancy among
patients who initiated ART at age 25 years was increased 31.4 years (26.7, 36.2) and was 25.9 (22.2,
30.0) if ART was initiated at age 35 years. Similar to the Ugandan study, ART adherence was not
provided in the South African study. The Malawi HIV epidemic resembles the Ugandan epidemic more
closely than the South African epidemic, where provision of treatment is more widespread. Assuming
ART adherence will likely continue to increase in low income countries, due to widespread dissemination

and provision of treatment, we assumed an average duration of 27 years for adults ages 10 to 20 years and

24 years for adults older than 20 years, similar to the Ugandan study.
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3. Disability weights
Background

Disability weights associated with HIVV/AIDS were estimated from the Global Burden of
Diseases, Injuries, and Risk Factors Study 2010 (GBD)™" ™. In the 2010 GBD study, a disability weight
of 0.12 was assigned to undiagnosed HIV without symptoms. A disability weight of 0.50 was assigned to
undiagnosed HIV, assuming these infants did not receive treatment and rapidly progressed to AIDS.
Input parameters

Assuming most infants will be diagnosed without symptoms, otherwise the infants would have
been brought in for early testing, a disability weight of 0.12 was assigned to infants who tested true
positive. A disability weight of 0.50 was assigned to infants who tested false negative or were missed
infections, on the assumption they would be untreated. A disability weight of 0.01 was assigned to HIV-
exposed, uninfected infants (i.e., infants who tested false positive and true negative on a rapid test).
4. Number of incident cases
Background and input parameters

The incident number of cases by rapid test result type was calculated according to our data from
Malawi. The transition probabilities for each 3 month cycle was used to estimate the number of cases if
an infant tested true positive or false negative according to a rapid test in the cohort of 10,000 infants.

The incident number of cases for HIV-exposed, negative infants (i.e., those that tested false
positive and true negative on a rapid test) between ages 0 to 2 years was calculated based on our data,
with 17% of infants becoming infected during that time period. The incident number of cases for all other
age ranges was based on previous pooled data from sub-Saharan Africa'®***.
Sensitivity parameters

Among HIV-exposed, uninfected infants, we explored the lifetime incidence rate assumption
through sensitivity analyses with a range of 2% to 50% to account for dissemination of pre-exposure
prophylaxis, contributing to a lower lifetime risk, and high-risk behaviors, contributing to a higher

lifetime risk of HIV.
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5. Duration of disease (years), by age

Our model structure was stratified by time periods throughout a person’s life (i.e., 0 to 2 years, 2
to 5 years, 5to 10 years, 10 to 20 years, and 20 to 60 years. Thus, the duration of disease a person
contributed within each time period was the number of years within that time period, assuming they lived
to the end of the period. If a person died within that interval, we assumed the death occurred in the middle
of the period. Thus, the duration of disease among persons who died was half of the time for that interval.
4.3.5 Model input parameters for the base case model: Economic input parameters (Table 11)
Overview

The cost of a Determine and Unigold test was set at $1.50 and $5.00, respectively. An additional
$1.60 was added to each serological rapid test for sample preparation costs and personnel. The cost of the
Alere Q HIV test was set at $25.00 per test and included equipment costs, sample preparation and
personnel'®. The costs of a PCR was set at $35.00 and included costs of the tests, sample preparation, and
personnel*®®. HIV pre- and post-test counseling costs were determined based on research conducted in
Uganda’®. The costs of providing ART to HIV infected children were based on cost-effectiveness research
conducted in Rwanda'®’.

The costs of a false positive POC test included the cost of the POC test, costs of pre- and post-test
HIV counseling, cost of a follow-up PCR, and costs of counseling after a negative PCR test. The costs of
a true positive POC test included the cost of the POC test, costs of pre- and post-test HIV counseling, cost
of a follow-up PCR, costs of counseling after a positive PCR test, and treatment costs. The costs of a false
negative and true negative POC test were the same and included the cost of the POC test and costs of pre-
and post-test HIV counseling.

Details of economic input parameters

Testing costs
The costs of each rapid test and the costs associated with PCR were estimated based on our data
sources in Malawi and previous research conducted in Uganda™. The costs of a Determine test was $1.50

and the costs of a Unigold test was $5.00. An additional $1.60 was added to each rapid test for sample
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preparation costs and personnel. The costs of the Alere Q HIV test was estimated to be $25.00 per test
and included equipment costs, sample preparation and personnel'®. Each Alere Q HIV machine costs
$10,000 and can perform 7,000 tests per year. The costs of a PCR was estimated at $35.00 and includes
costs of the tests, sample preparation, and personnel*®°.
Counseling costs

HIV pre and post test counseling costs were determined based on previous research conducted in
Uganda’®. Costs associated with a negative rapid test or a negative PCR test was $1.40 per test and costs
associated with a positive rapid test or a positive PCR test was $1.50 per test.
Infant HIV infection costs

The costs of providing ART to HIV infected children were based on previous cost-effectiveness
research conducted in Rwanda'®’. For children less than 12 months of age, the cost of treatment for each
HIV infected infant was $558.32. For children older than 12 months of age, the cost of treatment for each
HIV infected child was $527.52. For simplicity, the costs were combined for the follow-up period
resulting in $542.92 per year for each infected children from 3 months to 18 months of age.
Test result costs

The costs of a false positive rapid test or false positive Alere PCR test included the cost of the
point-of-care test, costs of pre and post test HIV counseling after a positive point-of-care test, cost of a
follow-up PCR, and costs of pre and post test HIV counseling after a negative PCR test. The costs of a
true positive rapid test or true positive Alere PCR test included the cost of the point-of-care test, costs of
pre and post test HIV counseling after a positive point-of-care test, cost of a follow-up PCR, costs of pre
and post test HIV counseling after a positive PCR test, and treatment costs for the infected infant. The
costs of a false negative rapid test or false negative Alere PCR test included the cost of the point-of-care
test and costs of pre and post test HIV counseling after a negative point-of-care test. The costs of a true
negative rapid test or true negative Alere PCR test included the cost of the point-of-care test and costs of

pre and post test HIV counseling after a negative point-of-care test.
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Sensitivity parameters

The cost of providing ART varies from country to country. A recent cost-effectiveness analysis
conducted among four countries found discounted costs for infant ART ranging from $801 in Zambia,
$759 in Kenya, $404 in Vietnam, and $279 in South Africa'®®. Based on these estimates, we varied our
costs of infant ART from $300 to $800. These ranges were incorporated in the total costs if the test result
was a true positive.

4.3.6 Model input parameters for the base case model: Test performance parameters (Table 11)

In our cohort study, serological rapid HIV tests were performed at POC in Malawian HIV-
exposed uninfected infants at ages 3, 6, 9, 12, 15, and 18 months postpartum at 6 weeks. At missing data
points (approximately 30%), rapid tests were conducted on stored blood at a University of North Carolina
research laboratory. To account for missing data due to unavailable stored blood and not collected in
Malawi, we used multiple imputation methods using Markov chain Monte Carlo methods™ and Proc Ml
in SAS to impute the missing values for five datasets'®**%2. HIV DNA PCR was considered the gold
standard and performed at each time a rapid test was done. Confirmation of infant HIV infection detected
by a positive HIV DNA PCR result was done through a second HIV DNA PCR assay or a HIV RNA viral
load assay. Using HIV DNA PCR as the reference standard, we calculated the sensitivity and specificity
of Determine and Unigold in 3 month intervals, from month 3 to month 18 postpartum (Table 2). The
corresponding transition probabilities were averaged over the five datasets to create the final transition
probabilities for each rapid test at each time cycle.

Transition probabilities between health states for the Alere g HIV1/2 test for each 3 month cycle
were calculated based on test results from two African studies'’®*™". The sensitivity of the Alere test in a
South African study of 1,098 infants with a median age of 47 days (IQR: 42-177 days) was 95.5% (95%
Cl: 91.7 to 97.9) and specificity was 99.8% (95% CI: 99.1 to 100.0) among all infants. Age-specific
estimates were not provided®. The sensitivity and specificity of the Alere test in a Mozambique study of
827 infants with a median age of 42 days (IQR: 30-90 days), were 97.3% (95% CI: 85.8 to 99.9) and

99.9% (95% CI: 99.2 to 100.0), respectively, among infants younger than 6 months and was 99.9% (95%

58



Cl: 76.8 to 100.0) and 100.0% (95% CI: 92.1 to 100.0) among infants age 6 to 18 month*. Based on these
two studies, we used values for sensitivity and specificity of 97.0% and 99.8%, respectively, between
months 3 and 9, and sensitivity and specificity values of 99.0% and 100.0%, respectively, between

months 9 and 18 to calculate the transition probabilities.
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Table 11. Model input and sensitivity parameters

Parameters Base-case value Sensitivity parameters Data source
Clinical model assumptions and input parameters
Test performance
Sensitivity
Determine
3 month 100.0 47.8,100.0
6 month 100.0 39.8,100.0
9 month 66.7 22.3,95.7
12 month 100.0 69.2, 100.0
15 month 87.5 47.4,99.7
18 month 100.0 63.1, 100.0
. Our data
Unigold
3 month 100.0 47.8,100.0
6 month 100.0 39.8,100.0
9 month 75.0 19.4,99.4
12 month 81.8 48.2,97.7
15 month 87.5 47.4,99.7
18 month 100.0 63.1, 100.0
Alere
3 month-9 97.0 91.7,100.0
month 170 171
12 month-18 99.0 91.7,100.0 '
month
Specificity
Determine
3 month 7.0 23,157
6 month 34.4 24.8,44.9
9 month 46.5 35.9,57.1
12 month 88.3 81.1,95.5
15 month 95.6 90.7, 100.0
18 month 94.6 88.8, 100.0
Unigold Our data
3 month 19.4 11.1,30.5
6 month 83.7 74.4,89.9
9 month 97.7 94.6, 99.7
12 month 100.0 95.4, 100.0
15 month 100.0 94.5,100.0
18 month 100.0 94.0, 100.0
Alere
3 month -9 99.1, 100.0
month 99.8 170 171
12 month - 18 99.1, 100.0 '
month 99.9
Parameters needed to calculate DALYs
0-2 2-5 5-10 10-20  20-60 0-2 2-5 5-10 10-20  20-60
Mortality estimates (%6)
HIV 154
positive, TP our
15 10 8 20 36 4,40 4,16 5,11 10,31 31,41 data
HIV 154,
positive, FN our
38 - - - - 15, 45 - - - - data
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HIV

154

positive, our
missed 38 30 35 35 20, 40 20, 40 15,35 25, 45 25,45 data
HIV
negative, FP
or TN 8 0.8 0.8 15 - - - - - 172
Life
expectancy
HIV 155,1
positive, TP 61-
2051 1891 1391 27.0 27.0 - - - - - 163
HIV positive
FN or
missed 2051 3250 2750 45.00 27.00 - - - - -
Number of
incident cases 1611
(%) 17 2 30 1 2,25 18,30 18,30 10,45 09,15 *
Duration of - - - - -
HIV/AIDS
(years) 2 5 10 40
Economic model input parameters
Testing costs (includes test and sample prep)
Determine $3.10 . Our data, ™®
Unigold $6.60 - Our data, ®
Alere PCR $25.00 - 165
PCR $35.50 - Our data, '
Counseling costs
Pre/post with negative
result $1.40 - S
Pre/post with positive
result $1.50 - s
Costs for HIV infected
child
ART per year $542.92 $300-$800 167
Costs associated with test
results
False positive Determine $41.00 - Our data, 7168
False positive Unigold $44.50 - Our data, 1%
False positive Alere $72.90 - 165,168
True positive Determine $584.02 $341.10-$841.10 Our data, 7>166:167
True positive Unigold $587.52 $344.60-$844.60 Our data, 7>166:167
True positive Alere $615.92 $373.00-$873.00 165-167
False negative Determine $4.50 - Our data,
False negative Unigold $8.00 - Our data, ™
False negative Alere $36.40 - 165
True negative Determine $4.50 - Our data, ®
True negative Unigold $8.00 - Our data,
True negative Alere $36.40 - 165

*ART-Antiretroviral treatement; EBF-Exclusive breastfeeding; MTCT-Mother-to-child transmission; NVVP-Nevirapine;
PMTCT-prevention of mother to-child transmission; PCR-polymerase chain reaction

Note: Costs assumed a triangular distribution and all other parameters assumed beta distributions.
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4.3.7 Outcomes

We projected the clinical and economic outcomes of each strategy, and the incremental cost-
effectiveness. Economic outcomes included testing costs, HIV pre- and post-test counseling costs,
healthcare and treatment costs, and total costs.

Clinical outcomes included missed pediatric HIV infection, number of false negative, false
positive, true negative, and true positive rapid test results, and Disability Adjusted Life Years (DALYS).
A missed pediatric HIV infection was defined as any infection that occurred but was not detected by the
HIV rapid test used as well as any infection occurring six months or more before the testing time point, as
both negatively impacts the benefits of early treatment initiation. For example, missed infections for the
EID strategy 7 (test once at 9 months with Determine) would include all infections after 9 months and any
infections between age 6 weeks and 3 months but not identified by Determine at the 9 month testing time
point. DALY's were expressed as the number of years lost due to early death, disability, or ill-health,
thereby combining mortality and morbidity into a single metric'”>*". Years of life lost (YLL) to an HIV
infection was calculated from the number of deaths in the population, the standard life expectancy at age

of death, and a discount rate'".

wltare

\; W = munber of deaths.
YLL = T (1-&") L = standard life expectancy at age of death
{years)

r = discount rate (e.g. 3% comesponds to 3
discount rate of 0.03)

Years of life lost to disability (YLD) from HIV infection was calculated from the number of

incident cases, disability weights, duration of disease, and a discount rate'™,

wiere:

, T T f L .
YID = IxDWxL | I-f_" i I = mumber of mcident cases (=),
- r D'W = disabality weighe (-).
L = duraton of chsabulaty (vears).

r = discoumnt rate.
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YLL and YLD were calculated for each age group and for each health state. Health benefits were
discounted at 3% annually throughout the lifetime horizon'*,

We assessed the relative value of each EID strategy to the next most expensive strategy using the
incremental cost-effectiveness ratio (ICER) by ranking all EID strategies in sequential order by total
costs'">*"®. The incremental effectiveness of each EID strategy was evaluated as DALY averted,
compared with the next most expensive strategy. Strategies were considered dominated (i.e., cost-
effective) if DALY were not averted in the next most expensive strategy. After the initial comparisons of
all strategies in sequential order, dominated strategies were eliminated from the ranking, and the
incremental effectiveness of the remaining strategies were evaluated again as DALY's averted, compared
with the next most expensive strategy. This iterative process continued until all remaining strategies were
undominated by the next most expensive strategy, resulting in the final ICER calculations. ICER results
from the base case were compared with a willingness-to-pay threshold of 1 or 3 times the per capita
Malawi gross domestic product (GDP) per DALY averted. The WHO considers interventions that cost 1
to 3 times the per capita GDP per DALY averted as cost-effective, with interventions that costs less than

1 times the per capita GDP considered very cost-effective'’""®,
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CHAPTER 5: RESULTS. PERFORMANCE OF HIV RAPID TESTS AMONG BREASTFEEDING,
MALAWIAN INFANTS

In the past decades, large gains have been made in reducing the burden of infant HIV infection
through implementation of effective prevention of mother-to-child transmission (PMTCT) programs,
primarily in the prenatal and delivery period**?*. However, implementation of the 2010 World Health
Organization (WHO) breastfeeding guidelines may shift the timing of infant HIV infection to the
postnatal period as HIV positive mothers are now encouraged to exclusively breastfeed for the first 6
months of life and continue breastfeeding for at least the first 12 months of life, increasing the duration of
the infant’s recurrent exposure to HIV compared to the previous guidelines®. In areas with a tradition of
prolonged breastfeeding, it is estimated that as many as 8 out of 10 pediatric HIV infections may occur
during the breastfeeding period”.

The WHO recommends HIV-DNA/RNA polymerase chain reaction (PCR) and ultra-sensitive
p24 antigen assays for diagnosis of infant HIV infections'. These tests, however, are limited in resource
poor settings by logistical and financial constraints and high loss to follow-up during the breastfeeding
period since mothers are required to return for test results'"*?. Rapid HIV tests are cheaper and allow for
quick results (i.e., 20 minutes) but these tests detect HIV antibodies and the presence of circulating
placentally-transferred maternal HIV antibodies, complicating their interpretation in young infants***.
The time of seroreversion, or decay of maternal antibodies, ranges between 9 to 18 months, with the most
significant decay occurring by 12 months of age'”"*'"°. The WHO therefore recommends rapid tests as
a screening assay to determine HIV exposure in children less than 18 months of age or as a diagnostic
assay in children older than 18 months of age®’.

In previous studies of the persistence of maternal HIV antibodies among infants younger than 18

months of age, children were aggregated regardless of age and were mainly comprised only infants older
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than one year*®'*"’. Thus, the utility of rapid tests in infants in high HIV burden settings during early
infancy and throughout the postpartum period, particularly in relation to the decay of placentally-acquired
antibodies, is not yet well understood. We aimed to evaluate the performance of two commonly used
rapid tests in the public sector at 6 timepoints during the first 18 months of life in Malawian, breastfed
HIV-exposed children. A detailed description of the methods is available in section 4.1 of this document.
5.1 Results

Overall, 121 HIV-exposed infants contributed 996 HIV rapid test results between 3 months and
18 months of age. Of the 996 rapid tests, 295 Determine and 294 Unigold were conducted in real-time in
Malawi; 197 Determine and 210 Unigold were conducted at UNC. The 3 month tests were performed
almost exclusively (99%) at UNC on stored blood. Approximately two-thirds of tests at the 6, 9, and 12
month timepoints were performed in real-time in Malawi. After 12 months, over 75% of all tests were
performed in real-time in Malawi.

Of the 121 mother-infant pairs, half of the infants were female, 98 (81%) of the infants received
single dose nevirapine at birth, and 24 (20%) of the mothers reported taking daily antiretrovirals prior to
birth (Table 12). Most (69%, 84/121) infants breastfed up to 6 months, but only 22 (18%) infants were
exclusively breastfed through month 6. Of the 21 infants infected during follow-up, 9 (43%) were still
breastfeeding at 18 months; only 17 of the 100 (17%) non-infected infants were still breastfeeding at 18
months.

Among the cohort of 121 HIV-exposed infants who were HIV negative at age 6 weeks, 21
became infected, corresponding to a cumulative incidence of HIV infection of 17.2% (95% CI: 11.1,
24.5) over 18 months. Of the 21 infants who became infected with HIV between 6 weeks and 3 months,
1.6% of infants became infected between birth and 3 months, 4.1% between 3 and 6 months, 0.8%
between 6 and 9 months, 5.0% between 9 and 12 months, 4.9% between 12 and 15 months, and 0.8%

between 15 to 18 months.
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Excluding HIV infection

The specificity estimates of both tests increased with infant age, but the estimated specificity of
the Unigold assay was higher than that of the Determine assay at all ages (Figure 7, Table 13). For
Unigold, the estimated specificity increased from 19.4% (95% CI: 11.1, 30.5) at 3 months to 83.7% (74.4,
89.9) at 6 months, reaching 100 (95% CI: 95.4, 100.0) by age 12 months. The specificity estimates of the
Determine test increased from 7.0% (2.3, 15.7) at 3 months to 34.4% (24.8, 44.9) at age 6 months,
leveling off at 95.6% (90.7, 100.0) by 15 months of age.
Diagnosing incident HIV infection

The estimated sensitivity, defined as true incident HIV infection, of both tests displayed a U-
shaped curve with 100% sensitivity before age 6 months, low sensitivity (around 70%) at age 9 months,
after which sensitivity increased again, reaching 100% for both rapid tests at age 18 month. Due to the
low event rates, sensitivity estimates were imprecise, with broad 95% confidence intervals (Table 13).

Among the 21 infants, we observed 4 different infection scenarios: (1) incident HIV infection
prior to seroreversion, (2) seroreversion followed by detection of an incident infection by a rapid test, (3)
incident HIV infection with false negative HIV rapid test due to the window period, and (4) all other
scenarios with insufficient information necessary to characterize (Figure 8). The first scenario, incident
infection prior to seroreversion, occurred in six children (A-F). The second scenario, seroreversion
followed by detection of an incident infection by a rapid test, occurred in four children (F-1) for
Determine and in three children for Unigold (G-1). In all four children, incident infection occurred
between 9 and 12 months. For three children (G-I), we were able to observe seroreversion followed by
identification of an incident infection at age 12 months with both rapid tests. In one child (H), we
observed seroreversion prior to incident infection for both tests, but identification of an incident infection
was only documented by Determine. The third scenario, incident infection with a false negative rapid test
most likely representing the window period, occurred in four children (H, J, K, L). In two children (J, L),

incident infection occurred between 6 and 9 months of age, but either Determine (L) or both rapid tests (J)
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were false negative at age 9 months. In the remaining nine children (M-U), insufficient data was available
to classify them.
Positive and negative predictive values of rapid test results

The estimated PPV was low at most ages for both tests and decreased with decreasing population
incidence of HIV infection (Table 14). The estimated PPV of Unigold was substantially higher than that
of Determine at all ages except for age 3 months, an age at which the PPV was extremely low (< 7%) for
both rapid tests. The estimated PPV for Determine never reached more than 52%, independent of age or
population infant HIV incidence. An estimated PPV greater than 80% was reached for Unigold at age 12
months or older in settings with HIV incidence >5%.

The estimated NPV was very high (>99%) for both rapid tests at all ages regardless of the
population infant HIV incidence, except for age 9 months in settings with >4% risk of HIV acquisition,
where the estimated NPV value of Determine was slightly lower (96-97%).

5.2 Discussion

Even in the era of option B+, monitoring infant HIV infection status in the breastfeeding period is
critical for timely identification of HIV infection, rapid initiation of antiretroviral treatment and accurately
ruling out HIV infection. For all HIV-exposed infants with negative virological tests at age 4 to 6 weeks,
the WHO currently recommends a rapid test at 9 months and, if negative, again at 18 months or 6 weeks
after the cessation of breastfeeding without providing guidance regarding what type of rapid test to use.
We show that performance of rapid tests in young infants depends on the infant’s age and the type of
rapid test. Thus, recommendations for rapid testing should incorporate age-specific guidelines and
information on what type of test to best use during the postpartum period.

At 3 months of age, rapid HIV tests have minimal clinical value since recent infection cannot be
distinguished from circulating maternal antibodies. Between 6 and 12 months of age, however, screening
by rapid tests could play a role in the follow up of HIV-exposed infants, but the clinical utility depends on
the type of rapid test used, with Unigold outperforming Determine at these timepoints. At age 12 months

and beyond, the type of test is less important, as both tests identifed HIV-free children, although both
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tests failed to detect some incident infections. Finally, as we observed no difference in test performance
between ages 15 to 18 months, it may be possible to change the current recommendation to test HIV-
exposed, uninfected infants at 18 months to the earlier timepoint of 15 months. From a mother’s
perspective, this would reduce the stressful waiting time regarding her child’s HIV status.

The “worse” performance of the Determine rapid test is not surprising as Determine is a more
sensitive test compared to the Unigold test in adult populations'®*®. The Determine test has a lower
threshold for HIV antibodies than Unigold. Consequently, maternal antibodies will continue to be
detected longer with Determine than Unigold. Thus, the proportion of false positives will be higher for
Determine, reducing the specificity of Determine in this context. Although test sensitivity may have been

inflated due to testing on stored blood, *"">*®*

, We do not expect this to impact the results substantially as
60% of all testing was conducted in Malawi in real-time.

Our study was the first to prospectively compare two rapid tests at multiple timepoints, including
very young ages, in a cohort of predominantly breastfeeding infants in a resource limited setting. Our

23 n regard to test sensitivity but not specificity, though

results are consistent with previous studies
comparisons with other data are difficult given the scarcity of rapid test performance data among young
infants'”". In mainly formula-fed South African children, the estimated specificity for Determine was
82% at 6 to 9 months and 100% at 9 to 12 months’®, compared to 46.5% at 9 months and 88.3% at 12
months in our cohort of mainly breast-fed Malawian children. Other studies evaluating tests performance

aggregated all infants less than 18 months of age, making comparisons difficult'’™

.. While many more
rapid tests are commercially available and used in resource limited settings, we only evaluated those two
that are commonly used in the public sector in Malawi and did not include any fourth generation rapid
tests. One small study showed that fourth generation tests did not perform better in infants compared to
third generation tests™.

Based on our findings, the use of Unigold, or another rapid test with similar performance

characteristics, throughout the entire postpartum period could be advocated for, particularly given the

outperformance of Unigold at all timepoints, including the younger ages where timely identification of
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infection and prompt treatment initiation is important. Although Determine is cheaper than Unigold, the
lower percentage of false positives with Unigold would result in fewer unnecessary follow-up PCR tests,
thereby reducing overall costs in an early infant diagnosis program. Another option for testing during this
time period are point-of-care virological assays, which distinguish between true infections and
placentally-acquired HIV antibodies at young ages. While preliminary data from studies in early infant

17017 the cost of these novel point-of-care virological assays are

diagnosis programs are promising,
expected to be nearly seven times the costs of a rapid test'®, likely too expensive for repeated use during
the first 18 months of life in the 1.5 million HIV-exposed children born annually in high burden
countries®. It is therefore likely that a potential role for rapid tests in the repeat screening of HIV-exposed
infants remains.

In conclusion, timely, accurate, and affordable testing algorithms at point-of-care are critical for
effective early infant diagnosis in the postpartum period. Our findings that the performance of rapid tests
differed by age, test type, and for different population infant HIV incidence levels, warrants evaluation of
the use of rapid tests in large cohorts of HIVV-exposed children. Updated guidelines for use of rapid tests

in HIV-exposed infants that explicitly take timing and test type into account are urgently needed to ensure

optimal care for the 1.5 million HIV-exposed infants born annually.
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Table 12. Characteristics of cohort of HIV-exposed infants with negative PCR test at 6 weeks in Malawi

All HIV-exposed, H Ii\r(;sz:(tz?jsfd’
(N=121) uninfected (N=100) (N=21)
N (%) N (%) N (%)
Median (IQR) Median (IQR) Median (IQR)
Infant characteristics Mean (SD) Mean (SD) Mean (SD) p-value
Gender
Female 61 (51) 49 (50) 12 (57)
Male 60 (49) 51 (50) 9 (43) 0.53
Exclusive Breastfeeding
status (month)
3 66 (54) 56 (56) 10 (48)
6 22 (18) 18 (18) 4 (19)
9 1(2) 1(2) 0 (0)
12 1() 1(1) 0 (0)
15 0 (0) 0 (0) 0 (0)
18 0 (0) 0(0) 0 (0) 0.62
Any Breastfeeding status
(month)
3 106 (87) 87 (87) 19 (90)
6 84 (69) 70 (70) 14 (67)
9 55 (45) 40 (40) 15 (71)
12 47 (39) 35(35) 12 (57)
15 32 (26) 24 (24) 9 (43)
18 21 (17) 12 (12) 9 (43) 0.16
NVP at birth
Yes 97 (80) 80 (80) 17 (81)
No 6 (5) 6 (6) 0 (0)
Unknown 18 (15) 14 (14) 4 (19) 0.26
Weight-for-age z-score -1.05 (1.25)
(mean) -1.84 (1.10) -0.69 (0.87) NA
Maternal characteristics
Age (median) 27 (IQR: 18-40) 27 (IQR: 18-40) 29 (IQR: 20-39) 0.65
Maternal ARV use prior to
birth 87 (72)
No 24 (20) 69 (69) 17 (81)
Yes 10 (8) 22 (22) 1(5)
Unknown 9(9) 3(14) 0.08
Marital status
Single (divorced,
widowed)
Married (married, living 17 (14) 12 (12) 2 (10)
with partner) 99 (82) 85 (85) 17 (80)
Unknown 54) 33 2 (10) 0.82
Education level
Completed > secondary 62 (51)
level 54 (45)
Completed < secondary 5(4) 76 (76) 14 (66)
level 21 (21) 5 (24)
Unknown 33 2 (10) 0.66

*HIV infection occurred after 6 weeks
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1.

Table 13. Sensitivity and specificity of Determine and Unigold assays during the postpartum period

Results
Tr_u_e Falsg Fa_ls_e Tru_e
Tod Torn  Gomn o (oR. Sy gy
rapid rapid test- Jrapid rapid
test+) ) test+) test-)
Infant age N n (%) n (%) n (%) n (%)
3 months
Determine 76 5(7) 0(0) 66 (86) 5(7) 100.0 (47.8, 100.0) 7.0(2.3,15.7)
Unigold 77 5 (7) 0 (0) 58 (75) 14 (18)  100.0 (47.8,100.0)  19.4 (11.1, 30.5)
6 months
Determine 97 4(4) 0(0) 61 (63) 32(33)  100.0(39.8,100.0) 34.4 (24.8, 44.9)
Unigold 105 4(4) 0(0) 17 (16) 84 (80)  100.0(39.8, 100.0) 83.7 (74.4, 89.9)
9 months*
Determine 92 4 (4) 2(2) 46 (50) 40 (43)  66.7 (22.3,95.7) 46.5 (35.9, 57.1)
Unigold 91 3(3) 1(Q1) 2(2) 85(94)  75.0 (19.4,99.4) 97.7 (94.6, 99.7)
12 months
Determine 88 10 (11) 0(0) 9(11) 68 (77)  100.0 (69.2, 100.0) 88.3 (81.1, 95.5)
Unigold 91 9(10) 2(2) 0(0) 79(88)  81.8(48.2,97.7) 100.0 (95.4, 100.0)
15 months
Determine 76 7(9) 1(1) 3(4) 65(86)  87.5(47.4,99.7) 95.6 (90.7, 100.0)
Unigold 73 7 (10) 1(1) 0(0) 65(89)  87.5(47.4,99.7) 100.0 (94.5, 100.0)
18 months
Determine 64 8 (13) 0(0) 3(4) 53(83)  100.0(63.1, 100.0) 94.6 (88.8, 100.0)
Unigold 68 8 (12) 0(0) 0(0) 60 (88)  100.0 (63.1, 100.0) 100.0 (94.0, 100.0)

Abbreviations: Cl, confidence interval;
*Of the 6 HIV incident infections detected at 9 months, 4 were tested with Determine and Unigold and 2 were tested only with Determine due to

Unigold stock-out at the testing site.
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Table 14. Positive and negative predictive values of Determine and Unigold assays during the postpartum period with varying
pediatric HIV incident infections

Positive predictive value

Incidence* 3m 95% CI 6m 95% CI 9Im 95% CI 12m 95% CI 15m 95% CI 18m 95% CI

5%
Determine 5.3 (0.0, 10.7) 74  (1.1,138) 62 (00,1290 310  (84,53.7) 511  (202,821) 494  (19.8,78.9)
Unigold 6.1  (0.0,12.1) 244 (60,428 632 (20.9,100.0) 811  (49.9,100.0) 822  (53.8,100.0) 84.0  (58.7,100.0)
4%
Determine 4.3 (0.0, 9.1) 59 (1.1,11.7) 49 (0.0,11.0) 263  (4.7,478) 453  (145762) 435  (14.3,72.9)
Unigold 4.9  (0.0,10.3) 204 (3.1,376)  57.6 (14.3,1000) 77.3  (43.8,100.0) 785  (48.0,100.0) 80.6  (53.3,100.0)
3%

Determine 3.3 (0.0,0.7) 45  (0.0,9.5) 3.7 (0.0,9.0) 20.9 (0.0, 40.8) 38.1 (7.9, 68.1) 36.4 (7.9, 64.8)
Unigold 3.7 (0.0, 8.4) 15.9 (0.0, 31.6) 50.2 (6.4,94.0) 717 (35.6,100.0) 73.0 (40.1,100.0) 75.6 (45.8, 100.0)
2%
Determine 2.1 (0.0, 5.6) 3.0 (0.0,7.2) 25 (0.0,6.8) 14.9 (0.0,32.2) 28.9 (0.0, 56.9) 27.4 (1.1, 53.8)
Unigold 2.5 (0.0,6.4) 11.1 (0.0, 24.6) 39.9 (0.0,82.9) 62.5 (23.8,100.0) 64.1 (28.6,99.6) 67.1 (34.6,00.7)
1%
Determine 1.1 (0.0, 3.5) 15 (0.0,45) 1.2 (0.0,4.4) 7.9 (0.0, 21.2) 16.7 (0.0, 39.9) 15.7 (0.0, 37.3)
Unigold 1.2 (0.0, 4.0) 58 (0.0,15.9) 24.7 (0.0, 62.6) 45.2 (5.4,85.1) 46.9 (9.9, 83.9) 50.2 (15.6, 84.9)
Negative predictive value
Incidence* 3m 95% ClI 6m  95%ClI I9Im 95%ClI 12m 95% ClI 15m 95% ClI 18m 95% ClI
5%

Determine  99.3  (97.2,100.0) 99.8 (98.9,100.0) 964 (91.1,100.0) 99.9  (98.8,100.0) 99.3  (94.2,100.0) 999  (98.6,100.0)
Unigold 99.7  (98.4,100.0) 99.9 (98.9,100.0) 987 (88.6,100.0) 99.0  (91.2,100.0) 994  (93.3,100.0) 99.9  (98.3,100.0)
4%
Determine  99.4  (97.6,100.0)  99.9 (99.0,100.0) 97.1 (92.4,100.0) 99.9  (98.9,100.0) 995  (94.9,100.0) 999  (98.7,100.0)
Unigold 99.8  (98.6,100.0) 999 (98.9,100.0) 989 (89.9,100.0) 99.2  (92.2,100.0) 995  (94.1,100.0) 99.9  (98.5,100.0)
3%
Determine  99.6  (97.9,100.0)  99.9 (99.2,100.0) 97.8 (93.8,100.0) 99.9  (99.0,100.0) 99.6  (95.7,100.0) 99.9  (98.9,100.0)
Unigold 99.8 (98.8,100.0) 999 (99.1,100.0) 99.2 (91.4,100.0) 994  (93.4,100.0) 996  (94.9,100.0) 99.9  (98.7,100.0)
2%
Determine  99.7  (98.4,100.0) 99.9 (99.3,100.0) 986 (95.2,100.0) 99.9  (99.2,100.0) 99.7  (96.5,100.0) 999  (99.1,100.0)
Unigold 999  (99.1,100.0) 999 (99.3,100.0) 99.5 (93.2,100.0) 99.6  (94.7,100.0) 99.7  (95.6,100.0) 99.9  (98.9, 100.0)
1%
Determine  99.8  (98.9,100)  99.9 (99.5,100.0) 992 (96.9,100.0) 99.9 (995 ,100.0) 99.8  (94.2,100.0) 999  (98.6,100.0
Unigold 999 (99.4,100.0) 999 (99.5,100.0) 99.7 (95.3,100.0) 99.8  (96.4,100.0) 99.9  (97.2,100.0) 99.9  (99.3,100.0)

Abbreviations: NPV, negative predictive value; PPV, positive predictive value
*Incidence was defined as HIV infant incident infections occurring within the specified time period. For example, the PPV calculated at 6 months included infant infections
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which occurred between 3 and 6 months.
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Figure 7. Specificity of Determine and Unigold assays during the postpartum period
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*Rapid test results for Infants F and H fit two scenarosznd were repeated in the tahble.
Results of rapid tests in 21 children with negative HIV DNA PCR at age 6 weeks and
subsequent confirmed HIV infection. Rapid tests were performed concurrently at each time
point. Some results are missing due to stock-outs of rapid tests or data collection error. No
new infections were documented at 18 months. Seroconversion was confirmed by HIV DNA
PCR. Scenario 1: Incident infection before seroreversion. Scenario 2: Seroreversion
followed by incident infection; Scenario 3: Incident infection with false negative HIV rapid
test due to window period; Scenario 4: Insufficient information available.

Figure 8. Results of rapid tests in 21 children with negative HIV DNA PCR at age 6 weeks and subsequent confirmed HIV infection



CHAPTER 6: RESULTS. TIMING OF HIV SEROREVERSION AMONG HIV-EXPOSED,
BREASTFED INFANTS IN MALAWI: TYPE OF RAPID TEST MATTERS

The need for an accurate rapid HIV test for breastfeeding infants at point-of-care in resource-
limited settings is now needed more than ever, given the recommendation for prolonged breastfeeding
and increasing access to life-saving treatment for HIV-infected infants. Since 2010, the World Health
Organization (WHO) breastfeeding guidelines® encourage women to exclusively breastfeed for the first
six months of life and continue breastfeeding throughout the first two years of life, whereas before HIV
positive mothers were encouraged to use formula feeding starting at age 6 months*®?. Results of studies
led to a consensus that a prompt and definitive HIV diagnosis is crucial for timely initiation of life-saving
antiretroviral treatment®8318,

For early infant diagnosis (EID) of HIV infection, the WHO recommends a virological assay. Use
of virological assays in resource-limited settings is limited by high costs and logistical constraints, as
these assays require transportation to a centralized laboratory and thus a return visit by the mothers for
test results. Rapid serological tests could be a cheaper, point-of-care alternative but they cannot
distinguish between maternal and infant antibodies****. The lack of data on the timing of decay of
maternal antibodies in young infants hinders the potential use of rapid tests for screening breastfeeding
infants for mother to child transmission of HIV.

We aimed to determine the time to seroreversion for two commonly used rapid tests in a cohort of

HIV-exposed breastfeeding infants age 3 to 18 months of life. A detailed description of the methods is

available in section 4.2 of this document
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6.1 Results

Of the 121 infants included in the analysis, 51% were female and 49% were male. The median
age of the mother at the time of delivery was 27 years, most women were married (81%), only half
completed the primary level of education or less. Most women self-reported no PMTCT for themselves
(71%), and 80% of infants receiving single dose nevirapine or AZT, the regimens in use and available
during the study period. Approximately 54% of infants were exclusively breastfed at month 3, only 18%
were exclusively breastfed at month 6. Any breastfeeding, including mixed feeding, progressively
declined with 87% of infants breastfeeding at 3 months, 69% at 6 months, 45% at 9 months, 39% at 12
months, 26% at 15 months, and 17% at 18 months of age. During follow-up, 21 infants were diagnosed
with incident HIV infection. Twelve infants were censored due to an HIV infection or death occurring
prior to seroreversion detected through Determine and 7 were censored due to an HIV infection or death
occurring prior to seroreversion detected through Unigold.

The probability of seroreversion between age 3 and 18 months, stratified by rapid test, is
presented in Table 15. At three months of age, 3% of infants had seroreverted according to Determine and
7% had seroreverted according to Unigold. About one in four infants had achieved seroreversion by 4
months using Unigold, but only by 6 months when using Determine. More than 95% of all infants had
seroverted by 7 months according to Unigold and by 12 months according to the Determine assay.

6.2 Discussion

Circulating maternal HIV antibodies in HIV-exposed, uninfected infants complicates the
interpretation of rapid serological tests due to the difficulty in distinguishing between a true positive (HIV
antibodies produced by the HIV-infected infant) and a false positive (maternal HIV antibodies in the
HIV-exposed, uninfected infant) result. In this cohort of HIV-exposed infants, we show that the time of
seroreversion depends greatly on the type of test used, with time of seroreversion occurring at a much
younger age for the Unigold assay compared to the Determine assay.

The WHO EID guidelines only recommend rapid tests for diagnostic purposes starting at age 18

months. Our data suggest that the Unigold assay could be used from month 7 onwards to exclude infant
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HIV infection in HIV-exposed, breastfeeding infants, as maternal antibodies could no longer be detected
by the Unigold assay in 98.9% (95% CI: 96.9, 100.0) of 7-month old infants. From a mother’s
perspective, an HIV negative diagnosis in her infant is emotionally important and could motivate her to
adhere to her antiretroviral therapy during the remaining breastfeeding period. For healthcare providers,
the documented time of seroreversion could increase confidence in screening for incident infant infections
during the subsequent months of breastfeeding, as a positive rapid test after documented seroreversion
will have a high positive predictive value and a negative test will have a high negative predictive value.

While data are limited, data on time to seroreversion greatly differs between different rapid tests,
but also between studies using the same rapid test. Studies in industrialized countries using Western Blot
assays reported median ages at seroreversion of 7 to 12 months'®%. A cross-sectional study of 12-month
old South African infants documented seroreversion in 90% for Unigold and 55% for Determine’, lower
than the 99% for Unigold and 95% for Determine we observed at age 12 months. In another cross-
sectional South African study, the proportion of HIV-exposed uninfected infants who seroreverted
according to Determine was 20% at 4 months of age, 50% at 6 months, and 100% at 8 months of age®’,
higher than the 8%, 25%, and 72% we observed in our cohort at the respective ages. Reasons for the
marked differences between studies may be attributable to differences in postmenstrual age at delivery,
maternal HIV immunoglobulin G (IgG) concentrations, maternal HIV severity, and maternal viral load
and CD4 count, as these factors are strong determinants of the amount of placental immunoglobulin G
(1gG) transfer®88 105106

In conclusion, our results highlight the need for recommendations to specify the timing and type
of test used in the context of infant HIV detection in resource-poor settings, and base the interpretation of
test result on knowledge of time to seroreversion of the selected test. Further research is needed in
different resource poor settings to estimate the time of seroreversion, identify the optimal rapid test for
repeat screening of breastfeeding infants, and better understand the determinants of seroreversion in this

population.
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Table 15. Estimated probability of seroreversion at a certain age, by rapid test

Age
(month)

Determine

Probability (95% CI)

Unigold

Probability (95% CI)

3.1(0.0,6.7)

8.1 (1.0, 14.5)
16.5 (9.1, 23.9)
24.9 (17.6, 32.3)
72.4(71.3,73.4)
72.4(71.3,73.4)
85.5 (82.3, 88.7)
90.4 (87.3, 93.6)
92.3 (89.4, 95.1)
95.1 (92.2, 97.9)

7.4(1.0,13.7)
23.9 (145, 33.4)
33.3(30.0, 36.4)
67.3 (61.7, 72.9)
98.9 (96.9, 100.0)
99.2 (97.1, 100.0)
99.3 (97.3, 100.0)
99.4 (97.4, 100.0)
99.5 (97.6 (100.0)
99.7 (97.7, 100.0)

*Cl-confidence interval

79



CHAPTER 7: EVALUATION OF POINT-OF-CARE EARLY INFANT HIV DIAGNOSIS
ALGORITHMS AMONG HIV-EXPOSED INFANTS DURING THE BREASTFEEDING PERIOD: A
COST-EFFECTIVENESS ANALYSIS

Recent changes in the World Health Organization (WHO) breastfeeding guidelines will likely
shift the majority of new infant HIV infections to the postnatal period. Based on research findings that
exclusive breastfeeding improves HIV free survival and decreased HIV transmission in exposed infants**
5254%8 the WHO now encourages all HIV positive mothers to exclusively breastfeed for six months and
then continue breastfeeding throughout the first or second year of the infant’s life’. As this extends the
duration of HIV exposure, it is estimated that 8 out of 10 new pediatric HIV infections will occur during
the postpartum period®.

Timely and accurate early infant diagnosis (EID) testing among HIV-exposed infants is critical
during the first two years of life as disease progression occurs rapidly in young children®#?, EID testing
recommendations have not yet been updated to incorporate the extended exposure risk period following
implementation of the revised breastfeeding guidelines. Current EID guidelines recommend the use of
virological assays' but their use is limited by financial and logistical constraints in resource limited
settings®**. Serological rapid tests are a cheaper, point-of-care (POC) alternative but cannot distinguish
between maternal and infant antibodies at young ages and perform differently depending on the type of

1314 Qualitative virological POC tests are being developed™®*®, but they will most likely be

rapid test
much more expensive than serological rapid tests.
Using Markov models, we aimed to assess the clinical and economic outcomes, and cost-

effectiveness of different POC-based EID strategies that can be incorporated within existing PMTCT

structures and vaccination schedules.

80



7.1 Base case results (see Appendix B, Table 20 for full results)

Economic outcomes

Table 16 outlines the total costs of the 21 EID testing strategies. Testing only once with Unigold
were the three least expensive options, at $18.20, $23.37, and $30.62 per HIV-exposed infant for testing
at 9, 12 and 6 months, respectively. Testing twice with Alere were the three most expensive strategies, at
$145.60, $142.70, and $131.00 per HIV-exposed infant for testing at 6 and 15 months, 6 and 12 months,
and 9 and 18 months, respectively. For each of the time points assessed (i.e., WHO recommended time
points, testing only once, and testing twice) Unigold was the least expensive and Alere the most
expensive.

Clinical outcomes

The strategy with the lowest effectiveness, measured as the highest accumulated DALY's, was
testing only once at 9 months with Unigold (337,806), followed by testing at 9 months with Determine
(327,377) or testing at 6 months with Unigold (310,881) (Table 16). The strategy with the greatest
effectiveness was testing twice at 6 and 15 months with Alere at 6 and 15 months (192,588), followed by
testing at 9 and 18 months or 6 and 12 months with Alere (197,025 and 198,132, respectively).

Cost-effectiveness

All EID strategies were ranked in sequential order by total costs, from lowest to highest total
costs and the effectiveness of each alternative strategy was compared with the next more expensive
strategy in terms of DALY averted. After eliminating dominated strategies with higher DALYS in the
next more expensive strategy, four alternative strategies remaining cost-effective (Table 17 and Figure 9).
Testing only once at 12 months with Unigold had an incremental cost-effectiveness of an additional $1.53
per DALY averted as compared to testing only once at 9 months with Unigold. Testing only once at 12
months with Determine had an ICER of $3.94 per DALY averted as compared to testing only once at 12
months with Unigold. Testing only once at 15 months with Determine had an ICER of $3.02 per DALY
averted as compared to testing only once at 12 months with Determine. Testing only once at 15 months

with Alere had an ICER of $15.20 per DALY averted as compared to testing only once at 15 months with
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Determine. Testing twice at 6 and 15 months with Unigold had an ICER of $6.37 per DALY averted as
compared to testing only once at 15 months with Alere. Lastly, testing twice at 6 and 15 months with
Alere had an ICER of $91.98 per DALY averted as compared with testing twice at 6 and 15 months with
Unigold. All six undominated strategies were lower than the willingness-to-pay threshold of the per
capita Malawi GDP value of $275.00"%",

7.2 Discussion

Cost-effective EID strategies are needed to reduce the burden of pediatric HIV in sub-Saharan
Africa, particularly given the predicted relative increase in HIV infections due to breastfeeding following
the recent WHO recommendation that all HIV positive women breastfeed their infant for at least 12
months. The current EID recommendations were made prior to these changes in breastfeeding guidelines.
We assessed the cost-effectiveness of 21 EID strategies that varied in test type, number of testing
timepoints, and timing of test. All strategies used POC tests in infants who tested HIV negative on a PCR
test at age 4 to 6 weeks, in line with the WHO EID recommendations, and all strategies confirmed a
positive POC test with a HIV DNA PCR assay or a HIV RNA viral load assay. Six strategies were
deemed cost-effective: a single Unigold rapid test at 12 months was the most cost-effective strategy,
followed by a single Determine test at 12 months, testing once at 15 months using Determine, a single
POC qualitative virological Alere assay at 15 months, two Unigold tests at 6 and 15 months, or two Alere
tests at 6 and 15 months. All six dominant EID strategies were highly cost-effective according to the
commonly accepted WHO standards of <1 times or <3 times GDP per capita®’.

The factors contributing the most to the cost-effectiveness of EID strategies were the costs,
performance of the assays evaluated, and testing timepoints. Although testing once at 9 months with
Unigold was the lowest costing strategy, the DALY were the highest. Conversely, the strategies with the
lowest DALYS, or highest effectiveness, were some of the most expensive strategies (i.e. testing twice at
6 and 15 months with Alere or Unigold or testing twice at 9 and 18 months with Alere). The other factors
significantly contributing to the costs of each strategy were the number of false positive and true positive

test results. For each false positive result, a follow-up PCR, at an estimated $35 per test, and an extra pre-
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and post-test counseling session was required. Since the number of false positive results was highest for
Determine, these strategies had higher testing and counseling costs than Unigold or Alere. The number of
true positive results increased healthcare and treatment costs. Consequently, most of the strategies using
Alere had higher healthcare costs than strategies using Determine and Unigold.

Low effectiveness (i.e. high DALY’s) was mostly due to missing HIV infections due to testing at
early time points or due to low test sensitivity. Most of infections in our cohort occurred between 6 weeks
and 3 months or after 6 or 9 months. Thus, strategies testing only once at time points before 12 months
had higher numbers of missed infections and thus higher DALY since we assumed these infections
would be diagnosed at a later stage of disease. Furthermore, strategies with two testing strategies reduced
the likelihood of a missed infection which, in turn, reduced overall DALYSs. At any time point, lower test
sensitivity resulted in a higher number of false negative results, and thus lower effectiveness. The highest
number of false negative results occurred when testing only once at 9 months with Determine, which is
not surprising as the Determine assay capture maternal HIV-antibodies at an older age than Unigold* "%,
Strategies using the virological Alere assay had the lowest number of false positive test results, regardless
of when testing occurred.

Our study was the first to evaluate the cost-effectiveness of EID strategies for several POC rapid
tests in a cohort of predominantly breastfeeding infants in resource-limited settings. Thus, comparisons
with other studies cannot be made. While there are more POC HIV tests commercially available and used
in high burden countries, we only evaluated two serological rapid tests that are commonly used in the
public sector in Malawi. We also evaluated a virological assay that is new and has not been extensively
studied in resource-limited settings. However, the results from both studies examining the Alere were
similar highlighting the strong performance in the field. The validity of any model greatly depends on the
accuracy of parameter values used. Given the recent implementation of option B+ and the 2010 WHO
guidelines, few prospective cohort data on infant outcomes under these policies is available. To refine the
model and improve accuracy, data on postpartum maternal and infant ART adherence and other rapid

tests data, including further studies with POC virological assays, should be incorporated once available.
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Conclusion

The goal of any EID program is to both promptly identify pediatric incident HIV cases, thereby
quickly initiating treatment to reduce HIV-related infant morbidity and mortality®, and accurately rule out
HIV infection in uninfected infants, thereby comforting women that their infant is free of HIV infection.
In addition, EID programs need to be caregiver-friendly by limiting the number of times a caregiver has
to return to the clinic. From a country-level standpoint, EID strategies need to be both cost-effective and
affordable since the settings with the highest number of HIV-exposed infants are typically highly limited
in their public health resources.

The current EID guidelines are outdated for the new WHO breastfeeding guidelines, which
increase the duration infants born to HIV positive mothers are exposed to HIV. Furthermore, even though

it has been demonstrated that different assays perform differently in young infants'"*"

, the guidelines do
not aid countries in determining which type of test should be used in their EID program. Our analyses
show that the type of test and timing of test matters greatly to the cost-effectiveness of EID strategies,
with the lowest costing cost-effective strategy being a single Unigold rapid test at age 12 months. Among
the six cost-effective strategies, testing twice at 6 and 15 months with Alere was the most effective but
also the most expensive. For maximum impact from an EID strategy in terms of the lowest DALYSs, a

low-cost qualitative virological assay at POC would be the ideal assay during the breastfeeding period in

high burden countries.
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Table 16. Base case results: POC test results, total costs, and pediatric outcomes for early infant diagnosis
algorithms
(See Appendix B: Table 20 for complete results)

Economic outcomes

EID Testing  Test . . Healthcare Costs per
algorithm month type Testing Counseling / treatment Total Costs infant
Current DT $98,337.53 $12,130.56 $568,126.05  $1,031,287.06  $103.13
WHO 9 18 UN $94,149.19 $12,818.95 $666,698.70  $818,084.13 $81.81
recomme- '
ndations Alere  $266,77451  $10,836.54 $449,417.75  $1,310,070.88  $131.00

DT  $220830.44  $18052.14  $231,28392  $470,175.50 $47.02

6 UN  $9303041  $11,36486  $201,760.81  $306,156.08 $30.62

Alere  $249780.17  $1007504  $223.104.99  $482,960.20 $48.30

DT  $179,61578  $16,10078  $121,062.78  $316,788.34 $31.68

EID 9 UN  $56,90426  $10,164.89  $115514.89  $182,584.04 $18.20

Stcv"’:tagies Alere  $25929325  $10,448.69  $204530.60  $474,281.54 $47.43
testing DT  $69379.84  $11,86047  $252,52093  $333,761.24 $33.38

timpeoint 12 UN  $56346.84  $10,15883  $167,187.68  $233693.35  $2337
Alere  $249,681.72  $1007625  $237,82059  $497,578.57  $49.76

DT  $5571661  $11939.74  $318324.43  $385980.78  $38.60

15 UN  $69,73075  $11509.08  $305966.19  $387,206.01  $38.72
Alere  $291,582.00  $11,80L72  $373726.37  $677,110.09  $67.71

DT  $123627.85  $14749.07  $530,144.61 $1,197,966.48  $119.80

strEtIe[g)jies 6,12 UN  $11143250  $13,390.03  $469,544.76  $969,934.18 $96.99
with 2 Alere  $307,975.62  $12509.76  $514,047.55 $1,427,732.29  $142.70
testing DT  $113145.90  $13,94413  $613,104.75 $1,269,639.73  $126.96
timepoint 6,15 UN  $113,74667  $1297891  $510,876.32 $1,013,168.78  $101.32
S Alere  $318243.18  $12927.28  $532,419.63  $1,456,789.45  $145.60

*DALY-disability-adjusted life years; DT-Determine; FN-false negative; FP-false positive; TN-true
negative; TP-true positive; UN-Unigold4

Note: Costs were ranked from low to high by total costs of each EID strategy. DALY's were ranked
from low to high by total DALY for each EID strategy. Costs ranking were used in sequential
comparisons to compute the ICERs. DALY rankings are presented here to describe the base case results
and were not used for sequential comparisons for ICER calculations.

85



Table 16 (continued). Base case results: POC test results, total costs, and pediatric outcomes for early infant
diagnosis algorithms (See Appendix B: Table 20 for complete results)

- Rank
Clinical outcomes (low to high)
EID Testing  Test  o.p oy pp Ny Missed 50 v Cost DALY
algorithm month type infections
Current
WHO 9,18 DT 1046 0 163 6,084 584 273521 18 13
recommend-
ations
UN 1,228 0 0 6,525 503 252,403 15 11
Alere 828 0 0 5,967 473 197,025 19 2
EID
strategies
with 1 6 DT 426 0 5286 1,031 1,293 297,705 8 15
testing
timepoint
UN 372 0 1,047 5,152 1,402 310,881 3 19
Alere 411 5 16 6,277 1,353 307,921 10 18
9 DT 223 257 4,322 1,818 1,321 327,377 6 20
UN 213 142 213 5,798 1,507 337,806 1 21
Alere 377 4 16 6,619 1,190 273,279 9 12
12 DT 465 0 899 5,612 1,163 278,726 4 14
UN 308 243 0 6,353 1,151 304,094 2 17
Alere 438 4 14 6,226 1,313 303,634 11 16
15 DT 586 147 342 6,417 733 243,559 7 9
UN 564 141 0 6,872 704 233,526 5 6
Alere 688 1 8 6,938 689 219,955 12 5
EID
strategies
with 2 6, 12 DT 976 0 919 6,540 462 237,607 16 8
testing
timepoints
UN 865 159 0 7,552 483 250,767 13 10
Alere 947 11 14 6,867 459 234,281 20 7
6, 15 DT 1,129 97 338 6,742 160 217,992 17 4
UN 941 98 0 7,156 163 198,132 14 3
Alere 981 4 14 7,099 228 192,588 21 1

*DALY -disability-adjusted life years; DT-Determine; FN-false negative; FP-false positive; TN-true

negative; TP-true positive; UN-Unigold4

Note: Costs were ranked from low to high by total costs of each EID strategy. DALY's were ranked from
low to high by total DALY s for each EID strategy. Costs ranking were used in sequential comparisons to
compute the ICERs. DALY rankings are presented here to describe the base case results and were not used
for sequential comparisons for ICER calculations.
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Table 17. Incremental cost-effectiveness ratio (ICER) comparison of EID strategies ranked by total EID costs

EID strate EID strate Incremental Incremental

EID strategy cost Y DALY Y cost DALY averted ICER
9m UN $182,140.26 337,806.02 - - -
12m UN $233,724.16 304,093.94 $51,703.28 33,712.08 $1.53
6m UN $306,364.94 310,880.97 $72,462.73 (6,787.03) Dominated
8mDT $316,775.96 327,376.78 $10,632.26 (16,495.81) Dominated
12m DT $333,682.30 278,726.36 $16,972.90 48,650.42 $3.94
15m DT $385,795.72 243,559.47 $52,219.54 35,166.89 $3.02
15m UN $387,206.01 316,942.63 $1,225.23 (73,383.16) Dominated
6mDT $470,158.02 297,645.18 $82,696.12 19,297.44 Dominated
9m Alere $474,445.44 273,278.99 $4,379.42 24,366.19 Dominated
6m Alere $482,974.32 307,920.81 $8,678.65 (34,641.81) Dominated
12m Alere $497,565.56 303,633.79 $14,618.37 4,287.01 Dominated
15m Alere $676,912.75 219,954.99 $179,531.53 83,678.80 $15.20
6m, 12m UN $918,166.50 252,402.55 $140,974.04 (32,447.56) Dominated
6m, 15m UN $950,461.22 250,766.65 $151,850.05 1,635.90 $6.37
9m, 18m UN $1,063,564.22 198,131.88 $43,234.61 52,634.78 Dominated
9m, 18m DT $1,135,204.22 273,521.20 $18,118.28 (75,389.32) Dominated
6m, 12m DT $1,152,777.98 237,606.58 $166,679.42 35,914.62 Dominated
6m, 15m DT $1,191,265.56 217,991.71 $71,673.24 19,614.87 Dominated
9m, 18m Alere  $1,290,269.64 197,024.92 $42,777.34 20,966.79 Dominated
6m, 12m Alere  $1,429,630.58 234,281.34 $114,578.70 (37,256.42) Dominated
6m, 15m Alere  $1,458,109.54 192,588.02 $29,046.50 41,693.32 $91.98

*DT-Determine; EID-early infant diagnosis; UN-Unigold

Note: We assessed the relative value of each EID strategy to the next most expensive strategy using the
incremental cost-effectiveness ratio (ICER) by ranking all EID strategies in sequential order by total costs.
The effectiveness of each EID strategy was evaluated as DALY's averted compared with the next most
expensive strategy. Strategies were considered dominated if DALYs were not averted in the next most
expensive strategy. After the initial comparisons of all strategies in sequential order, dominated strategies
were eliminated from the cost rankings and the effectiveness of the remaining strategies were evaluated
again as DALYs averted, compared with the next most expensive strategy. This iterative process continued
until all remaining strategies were undominated by the next most expensive strategy, resulting in the final

ICER calculations.
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Note: We assessed the relative value of each EID strategy to the next most expensive strategy using
the incremental cost-effectiveness ratio (ICER) by ranking all EID strategies in sequential order by
total costs. The effectiveness of each EID strategy was evaluated as DALY averted compared with
the next most expensive strategy. Strategies were considered dominated if DALY's were not averted
in the next most expensive strategy. Dominant strategies are labeled and are connected with the
dotted line. All dominant strategies tested only once at the specified timepoint with specified POC
test.

Figure 9. Cost-effectiveness efficiency frontier
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CHAPTER 8: CONCLUSION

The current PMTCT cascade has resulted in dramatic reductions in pediatric HIV infections,
particularly during the prenatal or delivery period**??, but guidelines and PMTCT activities are lacking
for the postpartum period*. Recent changes in the WHO breastfeeding guidelines will increase the HIV
exposure period for infants since all HIV positive women are now encouraged to breastfeed for the first
one to two years of the infant’s life’. It is estimated that, in breastfeeding populations, up to 80% of all
new infections will occur in the postpartum period*. Updated PMTCT and early infant diagnosis (EID)
guidelines are thus needed in light of the extended breastfeeding period to ensure prompt identification of
infant infection and initiation of life-saving antiretroviral treatment.

Although ART can significantly reduce the risk of transmission associated with mixed feeding®”
%2 ART adherence during the postpartum period is generally lower than during the prenatal period,
especially in women who are first diagnosed with HIV during their pregnancy™"*®**°_ poor adherence to
ART in the postpartum period is thus likely to remain a problem, even in the Option B+ era .*"****%" EID

after 9 or 12 months of life will thus remain critical to optimal care for HIV-exposed infants.

Type of test used for EID matters

Serological rapid tests are a cheaper alternative than virological tests and eliminate the need for a
breastfeeding mother to return to the clinic for results. The WHO recommendations include using a rapid
test but only for diagnosis of HIV infection after age 18 months or to determine if a child has been
exposed to HIV. Furthermore, the guidelines do not provide guidance on which one to use™.

Our data showed that rapid tests perform differently depending on the type and timing of the test.
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Starting at age 6 months, the Unigold test could be used as a screening tool in the follow-up of HIV-
exposed infants, which is earlier than the current recommended time of 9 months of age. Additionally, we
showed the type of rapid test matters and differs greatly in regards to sensitivity and specificity
particularly during the early infancy months. Unigold outperformed Determine in regard to specificity at
all timepoints, thus reducing the likelihood of a mother receiving a false positive result. This may
encourage the mother to adhere to treatment while she continues breastfeeding her HIV uninfected infant.
Strictly looking only at specificity, our data suggests using Unigold for EID testing, especially prior to 12
months of age. However, specificity is only one part of what matters for EID.

In regards to sensitivity, both rapid tests missed pediatric HIV infections beginning at 9 months of
age. Since is it critical to timely identify an incident infection as disease progression occurs rapidly in
young infants, these missed infections are associated with poorer prognosis and higher mortality than
infections accurately identified>?°. New virological assays for use at point of care that are highly
sensitive and specific are being developed but will be significantly more expensive than serological rapid
185,186

tests

Timing and type of test greatly determine the cost-effectiveness of EID strategies

The current WHO recommendations include testing at 9 and 18 months of age or 6 weeks after
breastfeeding cessation*’. Our data suggests that testing at 9 months may be too early or too late to begin
EID testing since most infections occur prior to 3 months or after 9 months. The higher rate of infections
after 9 months may be due to the switch from exclusive breastfeeding to mixed feeding at age 6 months,
as mixed feeding is known to increase the risk of HIV transmission to her infant through
breastfeeding*®*>*%%, Other studies, including two trials of ART prophylaxis in the first two years of life
among Malawian infants and a meta-analysis among HIV-exposed infants in multiple African countries,
similarly found that the risk of postpartum, breastfeeding-associated HIV transmission was greatest
within the first 6 weeks of life and after 9 months of age'****. Testing at later months (i.e., 12 and 15

months) in our data therefore resulted in reductions in missed infections and increases in DALY,
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regardless of type of rapid test. Among the 21 EID strategies evaluated, four cost-effective strategies with
single testing timepoints implemented testing after age 9 months. The remaining two cost-effective
strategies with two testing timepoints tested early at 6 months, which would have timely diagnosed
infections prior to 3 months, and again after 9 months, which would have diagnosed later infections
occurring after 9 months.

Our data suggests that a low-cost POC virological assay could become the most attractive EID
strategy for high burden countries. Until such tests are available, four cost-effective EID strategies using
rapid tests that are more cost-effective than the current EID guidelines could already be implemented:
testing once at 12 months with Unigold or Determine, testing once at 15 months with Determine, and
testing twice at 6 and 15 months with Unigold.

Redefining the PMTCT cascade in the option B+ era: a mother-infant dyad approach to incorporate the
postpartum period

Even though the simplified treatment approaches of Option B and Option B+ have significantly
increased the number of HIV positive, pregnant women initiating ART, significant challenges remain.
Only 4 of the 22 priority countries identified in the Global Plan achieved the goal of providing ART to
90% of pregnant women living with HIV. Among women residing in sub-Saharan Africa, only 59%
received ART therapy or prophylaxis during pregnancy and delivery in 2011'*%, Additionally, only 58%
of mothers® and 29-41% of HIV-exposed infants received ART therapy in 2009%>®. Thus, EID will
remain a key component of the PMTCT cascade for the near future unless innovative approaches
significantly improve ART adherence.

Even among mothers with access to Option B+, attrition in the postpartum period has been worse
than in the prenatal period, in part due to PMTCT scale-up being focused towards pregnant women,
frequent maternal HIV non-disclosure, and lack of care engagement®'*. The highest rates of treatment
default occurs after 6 weeks postpartum and increases progressively throughout the first 12

11,31,36,37,42,68,

months % These missed opportunities affect both the health of the breastfeeding HIV positive

mother and their infant. If mothers do not return for care, their infants are also not returning for EID.
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Thus, the PMTCT cascade should be focused on the mother-infant dyad and include clear guidelines for
EID testing and linkage and engagement in care among breastfeeding, HIV positive mothers,
Conclusion

It is critical to advocate for an EID testing regimen that is mother-friendly, by being at the point-
of-care, and accurate, by reducing the number of false positive and false negative results. EID strategies
that are more likely to result in a true negative or a true positive result will give a breastfeeding mother
peace-of-mind about her infant’s HIV exposure and encourage continued adherence to her ART regimen
until she ceases breastfeeding, which in turn will reduce the infant’s risk of HIV transmission. From a
country’s perspective, high burden settings are often tasked with weighing the benefits of a specific
intervention with the costs of implementation. Our data helps guide countries toward cost-effective,
mother-friendly EID strategies from both the individual (i.e., HIV positive mother and her breastfeeding

infant) and population (i.e., high burden setting) perspective.
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APPENDIX A. COMPARISON BETWEEN DEMOGRAPHIC CHARACTERISTICS IN COMPLETE

CASE VERSUS MISSING POPULATION

Table 18. Comparison of demographic characteristics in complete case population versus missing population:

Determine
3 months 6 month 9 month
CcC Missing CcC Missing CcC Missing
p- p-
N (%) N (%) value N (%) N (%) value N (%) N (%) p-value
Infant characteristics
Gender
Female | 37 (49) | 24 (53) 48 (49) 14 (54) 44 (48) 18 (60)
Male | 39 (51) | 21 (47) 0.62 49 (51) 12 (46) 0.69 48 (52) 12 (40) 0.25
EBF
Yes | 42 (55) | 23 (51) 19 (20) 3(12) 1(2) 0 (0)
No | 27 (36) | 16 (36) 0.52 68 (70) 16 (61) 0.05 83 (90) 16 (53) <0.0001
Missing | 7 (9) 6 (13) 0.85 10 (10) 7 (27) 0.56 8 (9) 14 (47) 0.66
ABF
Yes | 67 (88) | 38(85) 70 (72) 15 (58) 46 (50) 9 (30)
No | 2(3) 1(2) 0.51 21 (22) 5 (19) 0.03 42 (46) 8 (27) <0.0001
Missing | 7 (9) 6 (13) 0.92 6 (6) 6 (23) 0.85 4 (4) 13 (43) 0.96
NVP at birth
No | 4 (5) 2(4) 6 (6) 1(4) 6 (7) 0 (0)
Yes | 56 (74) | 40 (89) 0.10 75 (77) 22 (85) 0.79 70 (76) 27 (90) 0.93
Missing | 16(21) 3(7) 0.69 16 (16) 3(11) 0.61 16 (17) 3 (10) 0.15
Maternal characteristics
Age (mean) 28 29 0.22 28 29 0.23 28 29 0.23
Maternal
ARV prior to
birth
Yes | 50 (66) | 35(78) 70 (72) 17 (65) 62 (67) 24 (80)
No | 17 (23) | 6 (13) 0.24 17 (18) 6 (23) 0.59 20 (22) 3 (10) 0.34
Missing | 9 (11) 4(9) 0.20 10 (10) 3(12) 0.49 10 (11) 3 (10) 0.15
Marital status
Single | 63 (88) | 38(88) 80 (87) 23 (92) 76 (87) 26 (89)
Married | 9 (12) 5 (12) 0.89 12 (13) 2 (8) 0.49 11 (13) 3 (11) 0.74
Education
level
>secondary | 15 (21) | 11 (26) 19 (21) 7 (28) 20 (23) 6 (21)
<secondary | 58 (79) | 32 (74) 0.56 73 (79) 18 (72) 0.44 67 (77) 23 (79) 0.79
Access to
water in
home
Yes | 51(73) | 28 (67) 63 (71) 17 (71) 62 (73) 18 (64)
No | 19 (27) | 14(33) 0.49 26 (29) 7 (29) 0.99 23 (27) 10 (36) 0.38
Electricity in
home
Yes | 49 (68) | 25 (58) 63 (68) 13 (52) 59 (68) 16 (55)
No | 23(32) | 18 (42) 0.28 29 (32) 12 (48) 0.13 28 (32) 13 (45) 0.22
Building
material of
roof
Iron/tiles | 63 (89) | 36 (84) 76 (84) 24 (96) 72 (84) 28 (96)
Grass | 8 (11) 7 (16) 0.45 15 (16) 1(4) 0.11 14 (16) 1(4) 0.08

**CC: Complete case population; EBF: Exclusive breastfeeding; ABF: Any breastfeeding
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Table 18 (continued). Comparison of demographic characteristics in complete case population versus missing
population: Determine

12 month 15 month 18 month
CcC Missing CcC Missing CcC Missing
N (%) N (%) p-value N (%) N (%) p-value N (%) N (%) p-value
Infant characteristics
Gender
Female | 44 (51) 19 (53) 43 (57) | 18 (40) 35 (55) | 31(48)
Male | 43 (49) 17 (47) 0.83 33 (43) | 27 (60) 0.08 29 (45) | 34 (52) 0.43
EBF
Yes | 1(1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
No | 80 (92) 16 (44) <0.0001 68 (90) | 17 (38) <0.0001 60 (94) | 28 (43) <0.0001
Missing | 6 (7) 20 (56) 0.66 8 (10) 28 (62) - 4 (6) 37 (57) -
ABF
Yes | 39 (45) 8 (22) 23(30) | 9(20) 15 (23) | 8(12)
No | 42 (48) 8 (22) <0.0001 45 (59) | 8(18) <0.0001 47 (74) | 21(32) <0.0001
Missing | 6 (7) 20 (56) 0.89 8 (11) 28 (62) 0.15 2 (3) 36 (56) 0.73
NVP at birth
No | 5 (6) 1(3) 4(5) 24 3(5) 5(8)
Yes | 69 (79) 28 (78) 0.39 64 (84) | 32 (71) 0.08 52 (81) | 48 (74) 0.86
Missing | 13 (15) 7 (19) 0.52 8 (11) 11 (25) 1.00 9 (14) 12 (18) 0.53
Maternal characteristics
Age (mean) 28 29 0.23 28 29 0.23 28 29 0.23
Maternal
ARV prior to
birth
Yes | 61 (70) 26 (72) 53(69) | 32(71) 53 (83) | 40 (62)
No | 18 (21) 5 (14) 0.85 17 (22) | 6(13) 0.62 9 (14) 14 (22) 0.003
Missing | 8 (9) 5 (14) 0.44 6 (8) 7 (16) 0.31 2(3) 11 (17) 0.13
Marital status
Single | 73 (89) 30 (86) 62 (86) | 39 (91) 54 (87) | 55(90)
Married | 9 (11) 5 (14) 0.62 10(14) | 4(9) 0.49 8 (13) 6 (10) 0.59
Education
level
>secondary | 17 (21) 9 (26) 17.(24) | 9(21) 13 (21) | 13(21)
<secondary | 65 (79) 26 (74) 0.55 55 (76) | 34 (79) 0.74 49 (79) | 48 (79) 0.96
Access to
water in
home
Yes | 59 (75) 21 (60) 51 (73) | 28 (67) 43 (73) | 42 (71)
No | 20 (25) 14 (40) 0.12 19 (27) | 14 (33) 0.49 16 (27) | 17 (29) 0.84
Electricity in
home
Yes | 54 (66) 22 (63) 47 (65) | 27 (63) 40 (65) | 42 (69)
No | 28 (34) 13 (37) 0.76 25(35) | 16 (37) 0.79 22 (35) | 19(31) 0.61
Building
material of
roof
Ironftiles | 67 (83) 34 (97) 59 (83) | 40 (93) 52 (84) | 53(88)
Grass | 14 (17) 1(3) 0.03 12(17) | 3(7) 0.13 10(16) | 7(12) 0.48

**CC: Complete case population; EBF: Exclusive breastfeeding; ABF: Any breastfeeding
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Table 19. Comparison of demographic characteristics in complete case population versus missing population:
Unigold

3 months 6 month 9 month
CC Missing CcC Missing CcC Missing
N (%) N (%) p-value N (%) N (%) p-value N (%) N (%) p-value
Infant characteristics
Gender
Female | 38 (49) | 23(52)
Male | 39 (51) 21 (48) 0.76 0.32 0.35
EBF
Yes 19 (18) 3(17) 1(1) 0(0)
No 0.28 76 (72) 8 (44) 0.03 81 (89) 18 (58) <0.0001
Missing 0.44 10 (10) 7 (29) 0.56 9 (10) 13 (42) 0.64
ABF
Yes 77 (73) 8 (45) 45 (49) 10 (32)
No 0.46 22 (21) | 4(22) 0.0008 41 (45) 9 (29) 0.0006
Missing 0.95 6 (6) 6 (33) 0.38 5 (6) 12 (39) 0.98
NVP at birth
No | 4(5) 2 (5)
Yes | 57 (74) 39 (89) 0.11 0.48 0.54
Missing | 16 (21) 3(7) 0.73 0.26 0.12
Maternal characteristics
Age (mean) 28 29 0.32 28 29 0.32 28 29 0.32
Maternal
ARV prior to
birth
Yes 60 (66) 26 (84)
No 0.82 0.49 20 (22) 3(10) 0.09
Missing 0.82 0.93 11 (12) 2 (6) 0.10
Marital status
Single
Married 0.51 0.41 0.69
Education
level
> secondary
< secondary 0.25 0.44 0.89
Access to
water in home
Yes
No 0.97 0.85 0.80
Electricity in
home
Yes 8 (47) 68 (68)
No 0.41 9 (53) 32 (32) 0.10 0.29
Roof
Iron/tiles 29 (97) | 71(84)
Grass 0.79 0.31 1(3) 14 (16) 0.07

**CC: Complete case population; EBF: Exclusive breastfeeding; ABF: Any breastfeeding
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Table 19 (continued). Comparison of demographic characteristics in complete case population versus missing
population: Unigold

12 month 15 month 18 month
CC Missing CcC Missing CC Missing
N (%) N (%) p-value N (%) N (%) p-value N (%) N (%) p-value
Infant characteristics
Gender
Female 44 (60) | 17 (35)
Male 0.66 29 (40) | 31(65) 0.01 0.44
EBF
Yes | 1(1) 0 (0) 0(0) 0 (0) 0 (0) 0(0)
No | 83(92) | 13(39) <0.0001 64 (88) | 21 (44) <0.0001 64 (94) | 24 (39) <0.0001
Missing | 6 (7) 20 (61) 0.69 9 (12) 27 (56) - 4 (6) 37 (61) -
ABF
Yes | 42 (47) | 5(15) 23(32) | 9(19) 17 (25) | 6(10)
No | 42 (47) | 8(24) <0.0001 41 (56) | 12 (25) <0.0001 49 (72) | 19(31) <0.0001
Missing | 6 (6) 20 (61) 0.44 9 (12) 27 (56) 0.57 2(3) 36 (59) 0.86
NVP at birth
No 4 (5) 2(4)
Yes 0.57 61 (84) | 35(73) 0.11 0.75
Missing 0.58 8 (11) 11 (23) 0.88 0.31
Maternal characteristics
Age (mean) 28 29 0.32 28 29 0.32 28 29 0.32
Maternal
ARV prior to
birth
Yes 55 (81) | 38(62)
No 0.80 0.21 10 (15) | 13(21) 0.009
Missing 0.32 0.54 3(4) 10 (16) 0.18
Marital status
Single
Married 0.46 0.35 0.78
Education
level
>secondary | 16 (19) | 10(31)
<secondary | 69 (81) | 22 (69) 0.16 0.79 0.67
Access to
water in
home
Yes | 19 (59) | 61 (74)
No | 13 (41) | 21 (26) 0.12 0.41 0.80
Electricity in
home
Yes
No 0.44 0.87 0.99
Roof
Iron/tiles | 31 (97) | 70 (83)
Grass | 1(3) 14 (17) 0.05 0.25 0.35

**CC: Complete case population; EBF: Exclusive breastfeeding; ABF: Any breastfeeding
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Base case results

APPENDIX B. RESULTS: AIM 3

Table 20. Base case results: Point-of-care results, total costs, and pediatric outcomes for early infant diagnosis

algorithms

Minimal testing strategies

6 month 9 month
DT UN Alere DT UN Alere
Test results:
TP 426 372 411 223 213 377
FN 0 0 5 257 142 4
FP 5,286 1,047 16 4,322 213 16
TN 1,031 5,152 6,277 1,818 5,798 6,619
Costs:
Testing $220,839.44 $93,030.41 $249,780.17 $179,615.78 $56,904.26 $259,293.25
Counseling $18,052.14 $11,364.86 $10,075.04 $16,109.78 $10,164.89 $10,448.69
Healthcare $231,283.92 $201,760.81 $223,104.99 $121,062.78 $115,514.89 $204,539.60
Total costs $470,175.50 $306,156.08 $482,960.20 $316,788.34 $182,584.04 $474,281.54
Costs/infant $47.02 $30.62 $48.30 $31.68 $18.20 $47.43
Rank 8 3 10 6 1 9
Outcomes:
Missed diag. 1,293 1,402 1,353 1,321 1,507 1,190
YLL 25,153 26,328 26,040 27,554 28,596 23,046
YLD 272,551 284,553 281,880 299,822 309,210 250,233
DALY 297,705 310,881 307,921 327,377 337,806 273,279
Rank 15 19 18 20 21 12
Aggressive strategies
918 month 612 month
DT UN Alere DT UN Alere
Test results:
TP 1,512 1,586 1,227 1,400 1,200 1,359
FN 244 130 4 0 189 19
FP 5,010 195 18 7,124 2,053 32
TN 10,275 15,255 14,645 9,699 15,035 16,195
Costs:
Testing $281,075.05 $175,660.60 $599,814.32 $354,825.39 $235,797.89 $664,861.85
Counseling $33,790.31 $26,884.09 $24,239.70 $38,437.99 $31,071.88 $26,869.50
Healthcare $820,714.74 $861,230.30 $666,079.50 $760,045.59 $651,476.89 $737,784.61
Total costs | $1,135,580.10 $1,063,774.99 $1,290,133.52 $1,153,308.98 $918,346.67 | $1,429,515.96
Costs/infant $113.56 $106.38 $129.01 $115.33 $91.81 $142.95
Rank 18 15 19 16 13 20
Outcomes:
Missed diag. 584 503 473 462 483 459
YLL 22,586 20,796 16,254 19,504 20,554 19,256
YLD 250,935 231,606 180,770 218,103 230,213 215,025
DALY 273,521 252,403 197,025 237,607 250,767 234,281
Rank 13 11 2 8 10 7
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Table 20 (continued). Base case results: Point-of-care results, total costs, and pediatric outcomes for early
infant diagnosis algorithms

Minimal testing strategies

12 month 15 month
DT UN Alere DT UN Alere

Test results:

TP 465 308 438 586 564 688

FN 0 243 4 147 141 1

FP 899 0 14 342 0 8

TN 5,612 6,353 6,226 6,417 6,872 6,938
Costs:

Testing $69,379.84 $56,346.84 $249,681.72 $55,716.61 $69,730.75 $291,582.00
Counseling $11,860.47 $10,158.83 $10,076.25 $11,939.74 $11,509.08 $11,801.72
Healthcare $252,520.93 $167,187.68 $237,820.59 $318,324.43 $305,966.19 $373,726.37
Total costs $333,761.24 $233,693.35 $497,578.57 $385,980.78 $387,206.01 $677,110.09

Costs/infant $33.38 $23.37 $49.76 $38.60 $38.72 $67.71
Rank 4 2 11 7 5 12
Outcomes:
Missed diag. 1,163 1,151 1,313 733 704 689
YLL 23,481 25,500 25,659 20,201 19,423 18,255
YLD 255,245 278,594 277,974 223,359 215,003 201,700
DALY 278,726 304,094 303,634 243,559 233,526 219,955
Rank 14 17 16 9 6 5
Aggressive strategies
615 month
DT UN Alere
Test results:
TP 1,504 1,262 1,393
FN 146 142 12
FP 6,544 2,053 33
TN 9,902 14,640 16,427
Costs:

Testing $337,758.91 $235,440.08 $675,125.29
Counseling $37,554.88 $30,637.45 $27,286.82
Healthcare $816,478.69 $684,898.36 $756,076.68
Total costs $1,191,792.48 $950,975.89 $1,458,488.80

Costs/infant $119.18 $95.08 $145.85
Rank 17 14 21
Outcomes:
Missed diag. 160 163 228
YLL 17,650 16,014 15,636
YLD 200,342 182,118 176,952
DALY 217,992 198,132 192,588
Rank 4 3 1
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