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Abstract

Background: The Ministry of Health in Malawi is implementing a pragmatic and innovative approach for the management
of all HIV-infected pregnant women, termed Option B+, which consists of providing life-long antiretroviral treatment,
regardless of their CD4 count or clinical stage. Our objective was to determine if Option B+ represents a cost-effective
option.

Methods: A decision model simulates the disease progression of a cohort of HIV-infected pregnant women receiving
prophylaxis and antiretroviral therapy, and estimates the number of paediatric infections averted and maternal life years
gained over a ten-year time horizon. We assess the cost-effectiveness from the Ministry of Health perspective while taking
into account the practical realities of implementing ART services in Malawi.

Results: If implemented as recommended by the World Health Organization, options A, B and B+ are equivalent in
preventing new infant infections, yielding cost effectiveness ratios between US$ 37 and US$ 69 per disability adjusted life
year averted in children. However, when the three options are compared to the current practice, the provision of
antiretroviral therapy to all mothers (Option B+) not only prevents infant infections, but also improves the ten-year survival
in mothers more than four-fold. This translates into saving more than 250,000 maternal life years, as compared to mothers
receiving only Option A or B, with savings of 153,000 and 172,000 life years respectively. Option B+ also yields favourable
incremental cost effectiveness ratios (ICER) of US$ 455 per life year gained over the current practice.

Conclusion: In Malawi, Option B+ represents a favorable policy option from a cost-effectiveness perspective to prevent
future infant infections, save mothers’ lives and reduce orphanhood. Although Option B+ would require more financial
resources initially, it would save societal resources in the long-term and represents a strategic option to simplify and
integrate HIV services into maternal, newborn and child health programmes.
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Introduction drugs during and after pregnancy is a proven intervention to
) ) o virtually eliminate the risk of HIV transmission to infants, as
HIV continues to pose a serious health risk for pregnant women evidenced in high-income countries where new childhood HIV

and their children in high prevalence settings. Vertical transmis-
sion, occurring during pregnancy, labour, delivery or breastfeed-
ing [1], remains the main mode of HIV infection in children. An
estimated 390 000 children globally acquired HIV from their
mothers n 2010 V\fl,th over 900? of these flew ll’lfC‘(.ith‘IlS OCC}lrrlng estimate 66,500) were HIV-infected and required antiretroviral
in sub-Saharan Africa [2]. While the majority of infants of HIV- hvlaxis  fi o . . -
prophylaxis for prevention of mother-to-child transmission

infected mothers do not themselves become HIV-infected, they are ey .
> PMTCT 2010 [2]. Th tely 663,000 1
nonetheless at risk of increased mortality and morbidity and ( ) in (2] €1¢ AT approximately annua

vulnerable to orphanhood [3]. However, the use of antiretroviral

infections are now almost non-existent [4,3].

Malawi, a low-income country of 15 million people is one of the
countries with the highest number of HIV-infected pregnant
women; between 57,000 and 76,000 pregnant women (mid-point
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births and a high mortality ratio (510/100,000 births); approxi-
mately 32% of maternal deaths are attributable to HIV [6].

Malawi has experienced successful national efforts in reducing
disparities in safe motherhood with reductions in maternal
mortality of approximately 50% in the last decade. More than
90% of pregnant women attend antenatal clinics at least once
during their pregnancy [7], although the majority first attend
during the second or third trimester. The Government of Malawi
has implemented a decentralized approach to HIV prevention,
care and treatment in order to reach the 85% of Malawi’s
population that live in rural areas [8]. Malawi has also had notable
success in rapidly expanding ART (antiretroviral treatment)
coverage in the general population; the number of ART sites
across the country grew from 9 to 491 between 2003 and 2009,
almost half of which are community-based health centres, and an
estimated 49-57% of HIV-infected adults eligible by clinical or
immunologic criteria were receiving ART by the end of 2010. By
contrast, the coverage of antiretroviral prophylaxis for HIV-
infected pregnant women was still very low in 2010, within the
range of 23-31% [2]. Malawi’s healthcare system remains
overstretched, with one doctor for every 49 000 people and one
nurse for every 1 800 people [7] which is ten times lower than the
World Health Organization (WHO) recommended minimum
standard.

The revised 2010 WHO guidelines for prevention of mother-to-
child transmission of HIV recommend lifelong ART for women
with CD4 counts at or lower than 350 cells/ pL. The guidelines
recommend two prophylaxis regimens for women who are not
clinically or immunologically eligible for ART [9]. Option A
consists of antepartum zidovudine (AZT) from 14 weeks of
pregnancy, single-dose nevirapine (sd-NVP) at the onset of labour
and a dual-drug regimen of zidovudine (AZT) and lamivudine
(3TC) until one week after delivery. The infant receives daily oral
nevirapine from birth until all breastfeeding has ceased. In Option
B, mothers receive triple-drug antiretroviral prophylaxis starting
from 14 weeks of pregnancy until all exposure to breast milk has
ended. Daily oral nevirapine to the infant is provided from birth
until six weeks of age. Determination of which women are eligible
for lifelong ART and which women receive prophylaxis is
primarily through CD4 screening.

The Ministry of Health in Malawi proposed and has recently
begun implementing a new approach termed Option B+ in which
all pregnant women who test HIV positive are placed on ART for
life, from 14 weeks gestation or first antenatal visit, and regardless
of their CD4 count or clinical stage [10]. This simplified approach
would facilitate the achievement of not only the Global Plan target
of elimination of new paediatric HIV infections by 2015 [11], but
also the target of universal access to HIV treatment for mothers in
a setting where it is difficult to effectively distinguish between those
mothers eligible for treatment and those needing prophylaxis.
While CD4 testing should be available to guide the initiation of
ART [12], Malawi, like many other low-income countries, suffers
major constraints in the expansion of laboratory capacity, and
specifically regarding access to CD4 testing [13]. The simplifica-
tion of drug regimen options may also help to improve adherence
to therapy and reduce the many bottlenecks within the cascade of
PMTCT interventions as countries adopt the Treatment 2.0
framework of simplified HIV treatment [14]. Implementing
Option B+ may be a more effective PMTCT strategy, as it can
help overcome some of the individual, organizational and societal
barriers associated with achieving high coverage levels of
prophylaxis and treatment, and will ensure that most HIV-
infected pregnant women are placed on treatment immediately
following diagnosis leading to further reduction of MTCT [10].
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The objective of this analysis was to determine if Option B+
represents a cost-effective policy option for the treatment of HIV-
infected pregnant women and for PMTCT, as compared with
WHO Options A and B. We assess the cost-effectiveness from the
Ministry of Health perspective while taking into account the
practical realities and costs of implementing ART services in
Malawi.

Methods

Model Structure

A decision analytic model was developed to compare the costs,
health outcomes and cost-effectiveness of WHO PMTCT Options
A and B as well as Option B+ in Malawi for all HIV-infected
pregnant women. The analysis was structured as a probability tree
starting with an HIV-infected pregnant woman entering into
contact with the health system for antenatal care, then receiving a
cascade of interventions towards reducing the risk of transmission
to her infant as well as care and treatment for her own health
(Figure 1). The risk of transmission depends on the background
HIV transmission rates during pregnancy, labour, delivery and
breastfeeding, the efficacy of the antiretroviral drugs in preventing
transmission, prophylaxis and treatment coverage and the level of
adherence. The estimated number of HIV-infected pregnant
women in Malawi was taken as the midpoint of the range reported
for the end of 2010 [2] and this number, 66,500, was then used as
an input to analyse as an annual cohort of HIV-infected pregnant
women that, after surviving childbirth, was followed over a 10-year
time horizon. This time horizon was thought to be sufficiently long
enough to capture the effects of immediate or later access to
treatment and to assess maternal survival outcomes.

The patterns of disease progression in HIV-infected pregnant
women with and without ART were assumed to be similar to that
documented in the general adult population. A Markov model was
developed to simulate the natural history of HIV infection and
project the 10-year maternal outcomes associated with the
different options implemented. The model assumes that women
are treatment naive and in one of four transition states: (a) CD4
counts >350 cells/ uL; (b) CD4 counts 350-200 cells/ uL; (c)
CD4 between 199-0 cells/ uL. and (d) death, as the absorbing
state. Women starting with high CD4 counts and subsequently
becoming eligible for ART when their CD4 cell counts fall to 350
or below, would access ART services when they move into the
eligible transition state, while women eligible for treatment receive
life-long therapy and are accounted for in the PMTCT
programme. As more women access ART services in the future,
the background survival rates of HIV-infected mothers under
Options A and B improve when compared to the no-treatment
scenario.

Outcomes assessed include the number of infant infections
averted, cost per infection averted, cost per disability adjusted life
year (DALY) averted for infants, life years gained in HIV-infected
mothers, cost per life year gained for the HIV-infected mothers
and the incremental cost-effectiveness ratios for each outcome.
DALYs were estimated using standard published methods [15].

Strategies being compared

We analyzed four strategies including; (1) Current practice in
2010, (2) Option A, (3) Option B, and (4) Option B+. For the
current practice, we modelled the mix of interventions in Malawi
including HIV testing and counselling and ARV prophylaxis for
HIV-infected pregnant women at the reported coverage levels as
of the end of 2010 [2].We modelled an ante-natal care (ANC)
coverage of 91% according to the World Health Statistics report
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Figure 1. Abbreviated decision tree summarizing the analytical approach, policy options and results.

doi:10.1371/journal.pone.0057778.g001

[7] with an HIV testing and counselling coverage of 66% in
pregnant women [8]. Using data derived from a direct report from
the Ministry of Health (MOH) in Malawi, of the 45% of HIV-
infected pregnant women who received antiretrovirals for
PMTCT in 2010, 38% received single-dose nevirapine (NVP),
25% received a dual-drug regimen containing zidovudine (AZT),
22% received triple-drug ARV prophylaxis and 15% received full
ART [16]. These coverage rates were modelled as the current
practice in 2010, prior to the start of the B+ programme. The
options analysed and their components are shown in Table 1. In
Option A, pregnant women not eligible for ART based on the
disease stage were modelled to receive zidovudine from 14 weeks,
a single dose of nevirapine at the onset of labour and a dual-drug
regimen of zidovudine and lamivudine (AZT+3TC) for one week
after delivery. In Option B, pregnant women not eligible for ART
were modelled to receive triple-antiretroviral prophylaxis of
tenofovir, lamivudine and efavirenz (TDF+3TC+EFV: this is the
regimen adopted by Malawi) from 14 weeks until one week after
all breastfeeding has stopped. In Option B+, treatment decisions
are not based on CD4 count and therefore all HIV-infected
pregnant women who receive HIV testing and are positive based
on the prevalence rate assumptions, were modelled to initiate and
continue lifelong ART. Infants receive prophylaxis with nevir-
apine until one week after all breastfeeding has stopped in Option
A, while they receive nevirapine for six weeks after birth with
current practice, Options B and B+.
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For all strategies, it was assumed that 42% of HIV-infected
pregnant women have CD4 counts at or less than 350 cells/ pL
and are eligible for ART, based on findings of a population-based
study in Malawi [13]. Therefore women eligible for ART under
WHO Options A and B receive ART initially in the model and
women who later become eligible after delivery and breastfeeding
will start to receive ART according to their disease progression
and at the coverage of ART in the general population [9]. For this
analysis, full ANC coverage was assumed, and all pregnant women
were assumed to receive HIV testing and counselling while ARV
coverage rates for prophylaxis and treatment were assumed to be
90% for the three options while the 2010 coverage levels reported
by the MOH were modelled for the current practice.

Input parameters

All the input parameters are presented in Table 2. For perinatal
transmission rates, we used the recently revised mother-to-child
transmission rates by the UNAIDS epidemiology reference group
for use in Spectrum [17] along with published findings from the
multicentre Kesho Bora study with rates of 2.7% for Option A and
1.7% for Options B and B+ for the postnatal transmission in all
options [18]. Breastfeeding can contribute as much as 42% to the
overall mother-to-child transmission [19]. The 2010 Demographic
Health Survey for Malawi reports a mean breastfeeding duration
of 23 months among all mothers [20] and study findings from
Malawi report a median breastfeeding duration of 11.5 months
among HIV-infected women. [21]. In this analysis, we assumed
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Table 1. ARV regimens for HIV prevention and treatment of mothers and children compared in the analysis - Current Practice 2010,

ARV regimens for mothers who do not need treatment for their own health

All HIV-infected mothers

Current Practice 2010 Option A

Option B Option B+

Mother Mother

Depending on availability and
setting, single-dose nevirapine
(NVP), or dual-drug regimen
containing zidovudine (AZT),
or triple-drug ARV prophylaxis
until cessation of breastfeeding

Antepartum twice-daily AZT starting
from as early as 14 weeks of gestation
and continued during pregnancy. At
onset of labour, sd-NVP and initiation
of twice daily AZT+3TC for 7 days
postpartum (Note: If maternal AZT was
provided for more than 4 weeks
antenatally, omission of the sd-NVP
and AZT+3TC tail can be considered;
in this case, continue maternal AZT
during labour and stop at delivery).

Infant Infant

Irrespective of mode of
infant feeding: Daily NVP or
twice daily AZT from birth
until 4 to 6 weeks of age.

For breastfeeding infants: Daily NVP

from birth for a minimum of 4 to 6
weeks, and until 1 week after all exposure
to breast milk has ended. Infants
receiving replacement feeding only:
Daily NVP or sd-NVP+twice—daily AZT
from birth until 4 to 6 weeks of age.

Mother Mother

Triple ARV prophylaxis starting from
as early as 14 weeks of gestation
and continued until delivery, or, if

Antiretroviral therapy starting from as
early as 14 weeks of gestation and
continued for life. Preferred regimen:

breastfeeding, continued until 1 TDF+3TC+EFV
week after all infant exposure to

breast milk has ended. Regimen:

TDF+3TC+EFV

Infant Infant

Irrespective of mode of infant
feeding: Daily NVP or twice daily
AZT from birth until 4 to 6 weeks
of age.

Irrespective of mode of infant
feeding: Daily NVP or twice daily AZT
from birth until 4 to 6 weeks of age.

doi:10.1371/journal.pone.0057778.t005

that HIV-infected mothers would breastfeed for an average of 12
months. The monthly risk of postnatal HIV transmission through
breastfeeding, in the absence of any intervention was assumed to
be 1.04% which is the average of the rates reported for
transmission in eligible and non-eligible women by the UNAIDS
epidemiology reference group [18].

Survival estimates from the model were calibrated with results
from the ART-LINC, which reported data from 36,615 patients
on ART from 17 cohorts in Africa, Asia and South America [22].
Transition probabilities between adjacent states for untreated
women were assumed to be similar to reported findings in other
populations and were estimated from the published natural history
studies [23-28] and calculated as the reciprocals of the mean
waiting times in each CD4 cell state [29]. For women receiving
ART, the transition probabilities from one state to the next lower
one were calculated by applying the reported relative risk of
disease progression with treatment compared to no treatment of
0.27 [30]. Weighted averages from studies reporting ART survival
in low-income settings were used to determine the mortality rate in
each state [31]. Women receiving ART could also progress from
lower to higher states based on study findings on CD4 cell
recovery for people on treatment [32], but these women are
assumed to remain on treatment. The model incorporates possible
treatment failures, which can result from poor adherence and loss
to follow up (LTFU) during treatment. For the purpose of this
analysis, an adherence rate of 90% was used, as reported
adherence rates in resource-limited settings are comparable to
those in developed countries [33-34].

Cost Estimates

The cost per patient-year in each Markov state was calculated
by multiplying health care utilization by the cost per person per
year, based on recent cost estimates in Malawi. All costs are shown
in US dollars. The cost of rapid HIV testing was $3.50 per test and
all pregnant women are assumed to undergo at least one HIV test
during the first antenatal visit for Options A, B and B+ while the
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coverage rates for ANC and HIV testing and counselling were
applied for the current practice. HIV-infected pregnant women
undergo CD4 cell count testing with the Current Practice, Options
A and B to determine eligibility for ART at a cost of US$ 20 per
test. Costs of ARVs for Options A and B included 6 months during
pregnancy and 12 months during breastfeeding. The cost of drugs
per woman receiving Option A for 6 months of prophylaxis is US$
76.20, consisting of $60 for AZT and AZT+3TC, $0.20 for NVP
and $16 for infant Nevirapine for 12 months of breastfeeding. The
annual cost of drugs per woman receiving Option B or Option B+
is US$ 193.60 per woman. Based on the percentage distribution of
regimens under the current practice as previously described, the
same costs of the various regimens were applied to the current
practice. Total costs of ARV prophylaxis and ART for all options
are calculated for the entire period of 10 years.

Other itemized costs for all the options and the current practice
include early infant diagnosis testing, and cotrimoxazole prophy-
laxis for HIV-exposed infants. Ninety percent of all infants born to
an HIV-infected mother are assumed to be tested with DNA PCR
at a cost of US$ 32.50 [35]. Cotrimoxazole prophylaxis was
assumed to be given to all HIV-exposed infants for a period of 12
months at a cost of US$5 per person per year to account for the
time it takes to receive early-infant diagnosis (EID) results and
place HIV-infected infants on treatment [36-37].

Costs are shown in Table 3. Cost estimates and prices were
obtained directly from the Ministry of Health of Malawi, and
supplemented with additional cost data from the World Health
Organization Global Price Reporting Mechanism [38]. All costs
are expressed in US dollars at a 2010 price base. Costs and
benefits were discounted at 3% annually. The three options were
compared to the current practice using incremental cost-effective-
ness ratios, of US dollars per life-year gained and per disability-
adjusted life-year averted.

Sensitivity analysis was performed to assess the robustness of the
results to changes in the assumptions made. The efficacies of ARV
prophylaxis and ART on reducing peripartum and postnatal
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transmission rates were varied using ranges reported in the
literature to take into account clinical practice situations where
adherence may be lower than reported in clinical trials.

Results

Using the current PMTCT practice and coverage in Malawi in
2010 as our base case, a cohort of HIV-infected pregnant women
would result in an estimated 16,217 infant infections (24.4%
transmission rate) after one year and an estimated 28% survival
among HIV-infected mothers after ten years. Our counterfactual
analysis showed that without any PMTCT interventions, an
estimated 20,681 infections (31.1% transmission rate) would occur
after 12 months of breastfeeding. In addition, if no antiretroviral
treatment is provided to HIV-infected mothers, the natural HIV
progression results in a 3% survival rate after 10 years or an
estimated 1,920 women surviving from the initial cohort of HIV-
infected women.

Cost-effectiveness analyses: preventing new paediatric
infections

Table 3 shows the costs, outcomes and cost-effectiveness of
different strategies modelled to prevent new child infections in the
HIV-infected pregnant women. Our base case represents the
current PMTCT practice and coverage in Malawi in 2010; at
reported coverage levels, this resulted in 4,503 infections averted
among infants, with a generalized cost effectiveness ratio of US$
816 per infection averted.

PLOS ONE | www.plosone.org

Table 2. Input parameters and plausible ranges used for sensitivity analysis and relevant references for the Malawi analysis (US $
2010).

Parameters Base-case References
HIV Epidemiology

1. Number of HIV-infected pregnant women 66,500 (57,000-76,000) [2]

2. Percentage of pregnant women with CD4 count >350 cells/ L (%) 58 [13]

3. Percentage of pregnant women with CD4 count 349-200 cells/ uL (%) 22 Same as above
4. Percentage of pregnant women with CD4 count <200 cells/ pL (%) 20 Same as above
MTCT transmission rates

5. Background transmission rate without intervention (peripartum)% 22 [17]

6. Monthly post-natal transmission, no prophylaxis, breastfeeding (12 months)% 1.04 [17]

7. Peripartum transmission, Option A % 2.7 [17]

8. Monthly post-natal transmission with infant prophylaxis, breastfeeding (as per Option A)% 0.2 [17]

9. Peripartum transmission, Option B, Option B+ and eligible women on ART % 1.7 [17]

10. Monthly postnatal transmission with ART, breastfeeding (Options B and B+ and women on ART)% 0.2 71

Costs

11. HIV Testing and counselling $3.50 MOH Malawi
12. CD4 Screening $20.00 MOH Malawi
13. Follow-up visit/clinical monitoring (per visit) $2.00 MOH Malawi
14. Single-dose NVP $0.20 MOH Malawi
15. AZT (6 months) and AZT+3TC (7 days) $60 MOH Malawi
16. TDF+3TC+EFV (per year) $193.6 MOH Malawi
17. Infant NVP including syringes (per year) $16.00 MOH Malawi
18. Early infant diagnosis $32.50 [35]

19. Cotrimoxazole prophylaxis (per year) $5.00 [36,37]

21. Discounted lifetime cost for an HIV infected child on ART $3195 [39,40]
doi:10.1371/journal.pone.0057778.t001

If fully implemented, Option A averts 391 infections fewer than
Options B and B+ and has a generalised cost-effectiveness ratio of
§ 844 per infection averted; Option B, a genecralised cost-
effectiveness ratio of $1,331 per infection averted and Option B+
a generalised cost-effectiveness ratio of US$ 1,265 (from savings
attributable to not carrying out CD#4 testing). Generalized cost-
effectiveness analysis for the three approaches resulted in costs per
DALY of US$ 37 for Option A, US$ 60 for Option B and US$ 57
for Option B+.

The incremental cost effectiveness per DALY when compared
to the current practice as the base case resulted in ratios of US$ 38
for Option A, US$ 68 for Option B and US$ 64 for Option B+.
With comparable coverage and implementation, Option A
emerges as the most cost-effective option to prevent new child
infections among HIV-infected pregnant women following deliv-
ery and 12 months of breastfeeding.

Cost-effectiveness analysis: maternal health outcomes

(10-year analysis of cohort of HIV-pregnant women)
Table 4 presents the assessment of the different options in terms
of costs and maternal outcomes for the original annual cohort of
HIV-infected pregnant women followed over a ten-year horizon.
The total discounted cost of the current practice (limited coverage)
amounts to US$ $14.3 million, which is a fraction of the most
costly Option B+, at US$ 97.7 million. The current practice in
2010 results in a survival rate of 27.5%, with 18,267 of 66,500
HIV-infected mothers remaining alive after ten years and 66,289
life-years saved. Options A and B result in 152,966 and 171,543
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Table 3. Costs and paediatric outcomes from preventing mother to child transmission programmatic interventions for 18 months
of prophylaxis and treatment” (US $ 2010).

Current Practice Option A Option B Option B+
Programmatic Activity
HIV testing and counseling $139,789.7 § 232,750 $ 232,750 $ 232,750
CD4 Testing $ 455,314.9 $ 1,197,000 $ 1,197,000 $0”
Cost of ARVs for prophylaxis and treatment $2,984,445.2 $ 8,860,309.6 $17,725341.8 $17,725341.8
(including monitoring)
Infant prophylaxis $ 39,5234 $ 844,603.2 $ 97,454.2 $ 97,454.2
Early infant diagnosis $00 $1,906,222.5 $1,906,222.5 $1,906,222.5
Cotrimoxazole prophylaxis $ 53,521.2 $131,969.3 $131,969.3 $131,969.3
Total PMTCT programme cost (18 months) $3,672,594.3 $13,172,854.6 $21,290,737.8 $20,093,737.5
Pediatric outcomes
Number of infants infected”™ 16,179 5,075 4,684 4,684
Number of infections averted 4,503 15,606 15,997 15,997
Lifetime costs of averted ART and hospital care $ 14,385,762 $ 49,861,725 $ 51,110,042 $ 51,110,042
among children
DALYS averted 101,308 351,139 359,930 359,930
Cost-effectiveness ratios
Cost per infection averted $ 816 $ 844 $1,331 $1,265
Cost per DALY averted $37 $37 $ 60 §57
ICER per DALY (compared to the current practice) $38 $ 68 $ 64
*Assumes 663,000 pregnant women, 66,500 HIV-infected pregnant women annually, and 90% (59,850) of those women reached by Option A, B and B+.
**Assumes no needed CD4 to start ART under the Malawi Option B+ approach; however, in practice some HIV-infected pregnant women will have access to CD4 testing
as part of staging and response to treatment
***Background infections if no ARV interventions =20,681
doi:10.1371/journal.pone.0057778.t002

life-years saved respectively. However, Option B+ improves the
survival and results in 249,576 life-years saved. The ICER per life-
year gained, when each option is compared to the current
practice, is US$ 314 for Option A, US$ 338 for Option B and US$
455 for Option B+.

We evaluated a range of possible scenarios with increasing levels
of service coverage for ARV prophylaxis and ART with the
different Options and estimated the incremental cost-effectiveness
among next best alternative strategies for Malawi. Figure 2
presents the relationship between level of investment and the

effectiveness of the intervention expressed in Life Years Gained
(LFG). The upward-sloped line represents the boundary and it is
called the ‘efficient frontier’. The efficient frontier offers the
highest expected return for a given level of investment. The ICERs
shown represent the incremental ratios from one alternative to the
next best alternative outlined at the frontier line. Current practice
represents our base case scenario or the status quo in 2010 and
results in the lowest health gains. In terms of outcomes; Option A
reaches the efficiency frontier by requiring fewer resources than
option B and producing almost comparable outcomes. Full

horizon (US $ 2010).

Table 4. Costs, maternal health outcomes and cost-effectiveness ratios of options A and B and Malawi’s Option B+ for the ten-year

Current Practice Option A Option B Option B+

Costs
PMTCT costs (first 18 months) $ 3,672,594 $13,172,855 $ 21,290,738 $ 20,093,738
Cost of ART for eligible women (subsequent years) $10,162,136 $ 26,639,260 $ 26,837,855 $ 73,852,060
Cost of follow up and monitoring $ 448,525 $ 1,692,548 $ 1,692,548 $ 3,784,190
Total programme costs (10 years) $ 14,283,255 $ 41,504,663 $ 49,821,141 $ 97,729,988
Outcomes
Number of HIV infected women on ART and alive after ten years 18,267 28,567 30,057 42,137
Life years gained in HIV infected mothers after ten years 66,289 152,966 171,543 249,576
Cost-Effectiveness Ratios
ICER per life year gained (compared to the current practice) - $314 $338 §$ 455
doi:10.1371/journal.pone.0057778.t003
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Table 5. Results from sensitivity analyses on input parameters affecting outcomes in HIV-infected mothers; US$ per life year
gained (compared to the current practice) and paediatric outcomes; US$ per DALY averted.

Model parameters Option A Option B Option B+
Base case (US$/LYG in HIV-infected mothers) 314.1 3376 455.3
ARV coverage among HIV-infected pregnant women

Best case 100% 312.8 333.6 446.7
Worst case 30% 341.2 443.7 751.5
Coverage of CD4 testing

Best case 90% 314.1 337.6 455.3
Break-even point-73% 320.1 3204 455.3
Worst case 30% 328.1 305.0 455.3
Cost of Triple-drug regimen (ART)

Best case $96.8 194.8 188.1 2411
Break-even point - § 105.6 217.8 217.0 282.5
Worst case $290 4333 487.2 669.4
ART coverage in the general population

Best case 90% 3109 357.9 519.4
Worst case 49% 3144 335.6 449.3
Base case (US$/DALY averted- infants) 37.2 69.0 64.3
Background transmission rate used (22%)

Best case-15% 47.1 83.7 78.0
Worst case-40% 254 46.1 43.0
Peripartum transmission rate with Option A (2.7%)

Best case-1.3% 36.2 68.1 63.5
Worst case-5.2% 4.7 68.1 63.5
Perinatal transmission rate with ART (1.7%)

Best case-0.7% 37.7 65.3 60.9
Worst case-4.0% 389 757 70.5
Cost of ART (US$ 193.60)

Best case-$96.8 30.6 40.5 69.0
Worst case-$ 290.4 45.5 95.8 57.9
Break-even point-$387 529 1234 524

doi:10.1371/journal.pone.0057778.t004

implementation of Option A coupled with the provision of ART to
all eligible women results in rapid health gains, with 250 thousand
life years over an investment of US$ 50 million. Doubling the
investments to US$ 100 million, by providing full Option B+,
results in an increase of 120 thousand life years gained.

Sensitivity analysis

Sensitivity analysis was performed to assess the robustness of the
results. For infant outcomes, Option A remained the most cost-
effective option with changes in the efficacy of antiretroviral drugs,
changes in transmission rates and costs of antiretroviral drugs. The
cost of ARVs was varied by 50% below and above the reported
price. One-way sensitivity analyses were performed on key model
parameters with the model being robust to most of the changes.

A break-even point between Option B+ and Option A occurs
when the annual cost of antiretroviral treatment and care is
reduced and reaches $387, with Option B+ becoming the more
cost-effective option to prevent new infant infections and
producing an ICER of $52.4 per DALY averted in infants.
However, when considering outcomes for HIV- infected mothers,
the model is sensitive to changes in the coverage of CD#4 testing,

PLOS ONE | www.plosone.org

ARV coverage among HIV-infected pregnant women, ART
coverage in the general population and the cost of ART. Results
are shown in Table 5. As the coverage of ART in the general
population increases, the cost-effectiveness ratio of Option B+
increases while Options A and B become more cost-effective.
Option B becomes the most cost-effective strategy when the
coverage of CD4 testing is lower than 73% and if the cost of ART
is reduced by 40%; with resultant ICERs of $320, and $217 per life
year gained respectively. Figure 3 highlights results for the
variables found to have the most effect on the ICER of Option
B+ considering life years gained in HIV-infected mothers.

Discussion

We assessed the cost-effectiveness of the 2010 WHO mother-to-
child transmission prevention strategies: Options A and B, and
Malawi’s Option B+. Analyzing both infant infection outcomes
and long-term maternal health outcomes allows us to make a
distinction between strategies to prevent mother-to-child trans-
mission whose impact improves only child outcomes and those to
treat mothers whose impacts improve both survival in HIV-
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Figure 2. Cost effectiveness of various strategies for the prevention of new pediatric infections and the treatment of HIV-infected
mothers in Malawi. Current practice represents our base case scenario or the status quo in 2010. The next set of scenarios highlight the cost
effectiveness of incrementally expanding program implementation and service delivery coverage, and ranges from PMTCT only to the addition of
integrated ART-ANC services for eligible pregnant women, both identified immediately and at a later time. Universal coverage implies the availability
of HIV services for mother and children at any point of needing treatment. Option B+ offers ART to pregnant women regardless of CD4 count.

doi:10.1371/journal.pone.0057778.g002

infected mothers and children. Option A is the most cost-effective
alternative in our modelling where we have assumed an ideal
scenario with universal CD4 screening available and very high
rates of ARV coverage for prophylaxis and provision of ART to
eligible women. However, in real-world situations such as Malawi,
with low access to CD4 testing, and low levels of ART in
treatment-eligible women with Option A, the cost-effectiveness
favours Option B and B+. Using the WHO commission on
Macroeconomics and health criterion for determining the cost-
effectiveness of an intervention [41], we found that Option B+
represents a cost-effective strategy not only for preventing new
HIV infections among infants, but also for improving the survival

of HIV-infected mothers. In a recent programmatic update, WHO
has encouraged countries to consider Option B+ [42].

The lower cost-effectiveness ratios (US $38-68 per DALY
averted) derived in our analysis when compared to previous studies
can be attributed to the current availability of less expensive and
more effective regimens for PMTCT as well as improved coverage
of services for HIV-infected mothers modelled here. Sweat and
colleagues reported higher cost-effectiveness ratios with SD NVP
up to US$ 310 per DALY averted, across eight countries in Sub-
Saharan Africa [43]. Another study from Tanzania reported an
incremental cost-effectiveness ratio of US$162 per DALY averted
[44] for HAART compared to single-dose Nevirapine. A more

Cost of ART per-person year
US$96.8 - USS$ 290.4

ART coverage among HIV-
infected pregnant women
100% - 30%

ART coverage in the general
population 49% - 100%

$0 $100 $200 $300 $400 $500 $600 $700 $800
USS$ per Life Year Gained

Figure 3. Tornado diagram for the ICER of Option B+, base case is $455 per life year gained shown with the dotted line.

doi:10.1371/journal.pone.0057778.g003
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recent study compares WHO option B with short course
prophylaxis in Nigeria and reported an ICER of $111 per DALY
averted if there was full PMTCT coverage among pregnant
women [45].

From an economic perspective, each of the three options
analyzed here results in enormous cost savings by averting new
paediatric infections; thereby vyielding significant returns on
investment. For every dollar invested in the PMTCT programmes,
between 2.5 and 4 dollars would be obtained in return from
averted lifetime pediatric care, equivalent to saving nearly US$ 51
million from each annual birth cohort.

We believe that our study is the first economic evaluation to also
assess maternal health outcomes when using ART regimens as
part of prevention strategies for mother to child transmission.
Integrating HIV services in the context of ‘eliminating new
infections among children and keeping their mothers alive’ in
Malawi, as the new Global Plan on MTCT elimination
recommends [11], results in favourable outcomes for both mothers
and infants while still yielding cost effective results. Under ideal
settings where most women in need of ART for their own health
and HIV-infected pregnant women who need ARV prophylaxis
for PMTCT receive adequate drugs and clinical monitoring, the
three options, A, B and B+ included in our analysis, when
compared directly with the base case will result in incremental
cost-effectiveness ratios that are less than three times the 2010
GDP per capita in Malawi of US$ 310 [41] and can be considered
feasible policy options. After ten years of treatment, although
Option B+ has significantly higher costs, the wider and earlier use
of ART results in greater direct benefits, keeping the most women
alive for the longest time, and yielding an incremental cost-
effectiveness ratio of US § 455 per life year gained over the current
practice. In the Malawi context, where access to CD4 count and
therefore targeted initiation of HIV-infected pregnant women on
ART based upon CD#4 results is unlikely to be successful given
current limitations in CD4 test access, this approach represents a
cost-effective policy option to prevent a child from being infected,
improve HIV-free survival of infants, save mother’s lives and
reduce orphanhood.

Increasing access to treatment among pregnant women has
several advantages. From a therapeutic point of view, it would
reduce morbidity and mortality among HIV infected women.
Treatment guidelines in North America and Europe recommend
treatment initiation with higher CD4 counts [46] than those
recommended for resource-limited settings. Recent results from
the HPTN 052 study show that ART is 96% effective in
preventing transmission to an uninfected sexual partner in
discordant couples where the index case has CD4 counts between
350 and 550 cells/ pL [47] and ART during pregnancy and after
may serve as a preventive strategy among discordant couples and
to prevent sexual transmission more generally. Future modelling
studies are needed to address the potential benefit of Option B+ as
a strategy of early start of ART for prevention of new infections in
the general population. Early ART is also known to reduce the risk
of developing tuberculosis, the leading cause of mortality in HIV
infected individuals, which increases with declining CD4 counts
below 500cells/ pL [48]. Finally, evidence shows that women on
ART before pregnancy can have lower mother-to-child transmis-
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