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INTRODUCTION

This appendix is included to provide methodologic details to supplement the description of the methods in the manuscript text, as well as additional model output and results.

METHODS

Population

The manuscript reports model results for a population of women who are chronically HIV-infected at first ANC visit. We also examined a cohort of women representative of the entire Zimbabwean population, with mean age 24.0 years, HIV prevalence 16%, and HIV incidence of 0.96%/year 1[, 2]
. 

PMTCT strategies evaluated

Details of the five PMTCT strategies evaluated are described in Supplemental Table 1. 

MTCT model structure

The previously published MTCT model was expanded to include all steps in the PTMCT "cascade" 3[]
 (Manuscript Figure 1 and Supplemental Figure 1), including presentation to ANC; offer and acceptance of HIV testing; receipt of HIV test results; clinical assessment for ART eligibility; CD4 testing and receipt of results; offer of, acceptance of, and adherence to ARVs for PMTCT; linkage to postnatal care and ART for mothers; and linkage to HIV care and ART for infants.
CEPAC model structure

In addition to the technical details provided in this Appendix, further information regarding the Cost-effectiveness of Preventing AIDS Complications (CEPAC) model have been included in several previous publications and the accompanying Technical Appendices 4-9


[ ADDIN EN.CITE ]
. In brief, the adult CEPAC model is a first-order Monte Carlo simulation model of HIV infection. HIV-infected women are simulated individually from model entry through death. Disease progression is characterized by a series of monthly transitions between health states, including acute opportunistic infections and death. The model records all clinical events during each patient's lifetime, and produces aggregate estimates of life expectancy (mean) and survival probabilities for the simulated cohort. The infant CEPAC model is a simplified first-order Monte Carlo simulation model, incorporating the risk of infant HIV infection and infant all-cause mortality during the first two years of life. Details of both the infant and adult models are shown in Supplemental Figure 2.
ART in the adult CEPAC model

In the adult CEPAC model, virologic failure on ART may occur either “early” (<24 weeks) or “late” (>24 weeks) after ART initiation. The resulting rise in HIV RNA reflects “true” virologic failure for simulated patients, and is distinct from the ability to detect “observed” failure through HIV RNA monitoring. After ART interruption (Option B), CD4 count declines rapidly (mean, 139 cell decline) over the first 6 months 10


[ ADDIN EN.CITE , 11]
. Thereafter, CD4 count declines at the “natural history” rate (as before ART was initiated) 12[]
.
In this analysis, reflecting 2009 Zimbabwean  guidelines, women in HIV care underwent outpatient clinical evaluation every two months and CD4 monitoring biannually; HIV RNA monitoring was not available 13[]
. ART regimens were simulated to reflect 2009 Zimbabwean guidelines and common current practice in Zimbabwe (Manuscript 
Table 1): if initiated during pregnancy, the first-line ART regimen included nevirapine (NVP) with lamivudine and zidovudine; if initiated postpartum, first-line ART included NVP, lamivudine, and stavudine 13[]
. The second ART regimen, if needed, included lopinavir/ritonavir (LPV/r) with tenofovir/emtricitabine (TDF/FTC) 13[]
. Following WHO recommendations, modeled patients were switched from the first to second antiretroviral regimen after observed clinical or immunologic failure, defined as at least one severe opportunistic infection (defined in Supplemental Table 2), a ≥50% decrease from the peak on-ART CD4 count, or an absolute CD4 count <100 cells/µL 14[]
. After failure of 2nd-line ART, defined as three severe opportunistic infections or a ≥90% decrease from peak on-ART CD4 count, this regimen was continued unless severe toxicity 
occurred 14


[ ADDIN EN.CITE , 15]
.
Model input parameters

Model input parameters are shown in Manuscript Tables 1 and 2 and Supplemental Table 2. MTCT risk parameters in breastfeeding populations were determined using the following approach:

1. Where possible, pooled estimates from formal meta-analyses were used 16


[ ADDIN EN.CITE ]
. 

2. Where pooled estimates were not available, estimates were prioritized as follows:

a. If studies reported directly on the variable of interest with appropriate CD4 stratification, these were used for the base case 17


[ ADDIN EN.CITE , 18]
. 

b. If several studies reported estimates using CD4 cutoffs other than 350/µL,  we chose the midpoint of available estimates for the base case value, and the upper and lower ranges for the highest and lowest MTCT risk sensitivity analyses, respectively.

c. Where data were not available stratified by maternal CD4 greater/less than 350, we attempted to find data to calculate a relative risk of transmission among maternal CD4 greater/less than 350/µL from another source, then applied this relative risk to the study selected. For ART in pregnancy, we were not able to find studies reporting MTCT stratified by maternal CD4 greater/less than 350/µL, or any papers allowing us to calculate a relative risk of transmission among maternal CD4 greater/less than 350/µL. We therefore used the midpoint of the published range for the base case, highest values for risk among women with CD4 ≤350/µL, and lowest values for risk among women with CD4 >350/µL. 

Determination of simulated cohort size

A cohort size of ten million women was selected in order to produce stable estimates of outcomes. The CEPAC models are stochastic models (risks of clinical events are drawn individually for each simulated patient from a specified distribution of numerical values). As a result, a model simulation with a small number of patients will generate a large amount of variation in model outcomes: when the same simulation is repeated several times using identical input parameters, model outcomes will differ substantially between each simulation. However, repeated model simulations using large numbers of simulated patients will lead to convergence of results.  Cohort sizes of one million to ten million patients are generally sufficient for life expectancy estimates over repeated simulations to converge to values that differ by less than 0.01 life year. Stable, model-generated results from these large simulations can then be applied to specific, smaller populations. For example, risks of infant infection (as percentages) can be multiplied by an annual number of pregnancies to estimate the number of HIV-infected infants in a one-year period. An example of this calculation is shown in Supplemental Table 5, using the estimated number of total pregnancies in Zimbabwe each year (392,460 in 2009, including both HIV-infected and HIV-uninfected women) 19[, 20]
.  

Model validation

Model outcomes of pediatric HIV infection at birth and 18 months were validated internally by comparison to the data from the PMTCT trials that served as input parameters, and externally by comparison to data from other African PMTCT trials 16


 ADDIN EN.CITE.DATA 


[ ADDIN EN.CITE , 17, 21-38]
. Pediatric survival at 2 years of age was validated internally by comparison to data from Zimbabwe 39[]
 and externally by comparison to data from other African countries 40-42


[ ADDIN EN.CITE ]
. Adult survival estimates generated by the CEPAC model have been validated previously 7


[ ADDIN EN.CITE , 43]
.
Sensitivity analyses

Sensitivity analyses examined the impact of variations in maternal age and CD4 count; maternal perinatal mortality; and rates of live birth (data ranges for sensitivity analyses are shown in Manuscript Tables 1 and 2). Lowest- and highest- MTCT risk scenarios were simulated, encompassing the range of reported MTCT risks for each ARV regimen. Non-HIV-related mortality rates for HIV-infected and HIV-uninfected women and children were also varied through wide ranges 44[]
, as was the impact of maternal mortality on infant survival 40


[ ADDIN EN.CITE , 45-47]
. Because of growing concern about reduced efficacy of nevirapine-based ART following sdNVP exposure 48-50


[ ADDIN EN.CITE ]
, the impact of sdNVP-associated resistance on maternal 1st-line ART efficacy and infant survival was varied. To address uncertainty in the rate of CD4 cell decline after ART interruption, analyses were repeated using the slower CD4 cell decline observed in the Kesho Bora study 51[]
. Finally, to evaluate the effects of improved access to care, we varied rates of access to ANC, of HIV testing and result receipt in ANC, and of linkage to postnatal maternal and infant HIV care and ART. 
Definition of model parameters producing "substantial" changes in model results. In order to highlight parameters with the most important effects on model results, we used a standardized, two-component definition of a "substantial" changes in model results. First, results were deemed to have changed substantially if the relative order of the outcomes of the PMTCT regimens changed from the base case (for example, scenarios in which maternal life expectancy following sdNVP was no longer shorter than following no antenatal ARVs). Second, if the order of regimens was unchanged, a substantial change was said to have occurred if there was a >10% relative increase or decrease in the degree to which one regimen was superior to another, compared to the base case. This criterion avoids identification as influential a parameter that increases or decreases projected results equally for all regimens, but does not change the relative magnitude of the differences between the outcomes for each regimen. An example of the application of this definition is provided in Supplemental Table 7.
RESULTS
Model validation (Supplemental Table 3)
Modeled risks for infant and childhood mortality closely match published Zimbabwean and pooled African data 39


[ ADDIN EN.CITE , 41]
. For each PMTCT regimen evaluated, MTCT model results fall within the ranges of published transmission risks at birth and 18 months; where MTCT data have not been reported to 18 months of age, 18-month model results exceed published risks by an anticipated order of magnitude (Supplemental Table 3) 16
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[ ADDIN EN.CITE , 17, 21-38]
.  

Intermediate (CEPAC adult) model results

CEPAC adult model outputs of 18-month mortality and life expectancy for HIV-infected and –uninfected mothers are shown in Supplemental Table 4. These CEPAC model outputs comprised inputs to the MTCT model.
General Zimbabwean population results
When projected for the general Zimbabwean population, including chronically HIV-infected women, incidently HIV-infected women, and HIV-uninfected women, improved PMTCT regimens had a noticeable impact on maternal and pediatric outcomes (Supplemental Table 5). Risk of HIV infection among newborns ranged from 1.1% (Option B and B+) to 3.4% (no antenatal ARVs) and among 18 month-old infants from 2.1% (Option B and B+) to 4.5% (no antenatal ARVs). At this general population level, more intensive PMTCT regimens led to small but detectable differences maternal life expectancy after delivery (43.1-43.2 years); these maternal life expectancy gains are comparable to the population-level impacts of common health-related interventions in developed countries 52[]
. However, more intensive PMTCT regimens led only to small differences in short-term outcomes (pediatric 2-year survival (89.0-90.0%), maternal 2-year survival (97.7-98.0%), and maternal 5-year survival (94.8-95.2%)).  These analyses highlight that, with a 16% HIV prevalence in Zimbabwe, more effective PMTCT regimens are anticipated to lead to HIV transmission and survival benefits detectable even at the general population level. 
Sensitivity analyses
Results of sensitivity analyses are shown in Manuscript Figures 2 and 3, and Supplemental Table 6. Section A of Supplemental Table 5 reiterates the base case results, for comparison; Sections B and C include model parameters with substantial influence on results of the analysis; and Section D lists the model parameters that did not change policy conclusions. 
Supplemental Figure 1. Schematic representation of the MTCT model.
[image: image1.emf]
[image: image2.emf]
LEGEND: The MTCT model is a decision tree, coded in TreeAge Pro software. Pregnant women enter the model at conception. The five modeled PMTCT strategies are shown at the decision node, indicated by a square. Circles indicate chance nodes, at which events occur based on probabilities derived from published literature. Triangles indicate terminal nodes, representing the clinical outcome of any single pathway through the model. Brackets reflect that the subsequent events emerging to the right of the bracket may follow any of the prior chance nodes included to the left of the bracket. At each chance node, the probabilities of all subsequent modeled events may depend on the PMTCT strategy being simulated and on the prior events leading to that node.

For each modeled PMTCT strategy, the series of events shown in the Figure may occur. For example, women may be HIV-infected or HIV-uninfected at conception (this probability is the HIV prevalence in antenatal care). If HIV-infected, they may be ART-eligible (CD4≤350/µL or WHO Stage 3-4 disease) or non-ART-eligible; ART-eligibility may be identified by CD4 testing, identified by clinical evaluation, or not identified. All women may access ANC, undergo HIV testing in ANC, and receive HIV test results, or may fail to access these steps in the cascade. 

If identified as HIV-infected (correctly or incorrectly), women  may be offered ARVs for PMTCT according to the PMTCT strategy being simulated, as well as ART if identified as ART-eligible (not shown). Probabilities for surviving pregnancy depend on receipt of ART; if maternal death occurs, infant death also occurs. Women who survive pregnancy may deliver at a healthcare facility or at home; if they deliver in a healthcare facility, they may access HIV testing (if previous status was unknown or negative), and if identified as HIV-infected at that time, may receive sdNVP in labor. All women surviving pregnancy then experience probabilities of live birth and HIV infection in the infant, depending on PMTCT regimen received. Finally, women may link or fail to link to postnatal HIV-related care for themselves.
At the end (far right) of any given path through the model, there are two sets of outcomes: infant outcomes and maternal outcomes. Infant outcomes include HIV infection status (infected or uninfected at birth, shown), risk of postnatal HIV infection if uninfected at birth, and 2-year survival. Maternal outcomes include 2-year survival, 5-year survival, and life expectancy. These outcomes are derived from the CEPAC infant and adult models, through specific simulations of each possible scenario shown at the end of each pathway in the MTCT model. As an example of maternal outcomes from the CEPAC adult model (Supplemental Figure 2a and Supplemental Table 4), an ART-eligible mother who links to postnatal care (and thus begins ART) will face monthly risks of disease progression or death based on treated HIV infection. As an example of infant outcomes from the CEPAC infant model, an HIV-uninfected infant with an ART-eligible mother who is in postnatal care (and thus on ART) would face monthly risks of HIV infection based on receipt of maternal ART during breastfeeding. These CEPAC model outputs are then used as “payoffs” (outcomes) in the MTCT model, according to conventional methods for evaluation of a decision tree. The average value assigned to any modeled PMTCT strategy in the MTCT model is essentially a weighted average of the value of these “payoffs” at the end of each pathway (weighted by the probabilities of reaching each possible path endpoint).
[image: image3.emf][image: image4.emf]Supplemental Figure 2. Schematic representations of the CEPAC Adult and Infant Models
LEGEND. Supplemental Figure 2 shows schematic representations of the adult and infant CEPAC model structures. 

Women enter the adult model (Figure 2a) after delivery, either during acute infection (incident infection during the last trimester of pregnancy) or chronic HIV infection. They then face monthly risks of clinic events including opportunistic infections, medication toxicities, and death; these risks are stratified by the parameters listed in the figure. 

Infants enter the infant model (Figure 2b) after birth, either as HIV-unexposed infants (mothers are uninfected), HIV-exposed but uninfected infants, or infants infected during the intrauterine/intrapartum period. Unexposed infants become exposed if maternal incident HIV infection occurs during breastfeeding; exposed-uninfected infants become postnatally infected if breastfeeding transmission occurs. From any infection state, infants face a risk of all-cause mortality. Monthly risks of infant HIV infection and infant mortality are stratified by the parameters listed in the figure.
Supplemental Table 1. Regimens evaluated in a simulation model of strategies to prevent mother-to-child transmission of HIV in Zimbabwe

	PMTCT

Strategy
	Antenatal 

(maternal)
	Intrapartum 
(maternal)
	Postpartum

 (maternal)
	Neonatal
(breastfeeding infant)

	No antenatal ARVs
	None
	None
	None
	None

	sdNVP (2002-2009 National Program)
	CD4≤350/µL or WHO Stage 3-4: ZDV/3TC/NVP from  ≥28 weeks
	CD4≤350/µL: ZDV/3TC/NVP

	CD4≤350/µL: ZDV/3TC/NVP through breastfeeding
	CD4≤350/µL: 

ZDV x 7 days (28 days if <4 weeks of antenatal ART)

	
	CD4>350/µL:
None
	CD4>350/µL:
sdNVP
	CD4>350/µL:
None
	CD4>350/µL:
sdNVP

	Option A
	CD4≤350/µL or WHO Stage 3-4: ZDV/3TC/NVP from  >14 weeks
	CD4≤350/µL: ZDV/3TC/NVP

	CD4≤350/µL: ZDV/3TC/NVP through breastfeeding
	CD4≤350/µL: 

NVP x 6 weeks

	
	CD4>350/µL:
ZDV from ≥14 weeks
	CD4>350/µL: sdNVP + ZDV/3TC (if <4 weeks ZDV)
	CD4>350/µL: ZDV/3TC x 7days
	CD4>350/µL:

Daily infant NVP until complete cessation of breastfeeding

	Option B
	CD4≤350/µL or WHO Stage 3-4: ZDV/3TC/NVP from ≥14  weeks
	CD4≤350/µL or WHO Stage 3-4: ZDV/3TC/NVP
	CD4≤350/µL or WHO Stage 3-4: ZDV/3TC/NVP lifelong
	CD4≤350/µL or WHO Stage 3-4: NVP x 6 weeks


	
	CD4>350/µL: ZDV/3TC/NVP from ≥14  weeks
	CD4>350/µL: ZDV/3TC/NVP
	CD4>350/µL: ZDV/3TC/NVP through breastfeeding
	CD4>350/µL: NVP x 6 weeks



Supplemental Table 1, continued.
	PMTCT

Strategy
	Antenatal 

(maternal)
	Intrapartum 
(maternal)
	Postpartum

 (maternal)
	Neonatal
(breastfeeding infant)

	Option B+
	Regardless of CD4 or disease stage: ZDV/3TC/NVP from ≥14 weeks
	Regardless of CD4 or disease stage: ZDV/3TC/NVP
	Regardless of CD4 or disease stage: ZDV/3TC/NVP lifelong 
	Regardless of CD4 or disease stage: NVP x 6 weeks



ARVs: antiretroviral drugs; sdNVP: single-dose nevirapine; NVP: nevirapine; ZDV: zidovudine; 3TC: lamivudine
Supplemental Table 2. Additional input parameters for a model of mother-to-child transmission and postnatal maternal survival in Zimbabwe.

	Variable
	Value 
	
	Data sources

	Baseline maternal cohort characteristics
	
	

	Distribution of initial HIV RNA (% total)
	
	Cape Town AIDS Cohort 53[]


	>100,000 copies/ml
	43
	
	

	30,001-100,000 copies/ml
	28
	
	

	10,001-30,000 copies/ml
	18
	
	

	3,001-10,000 copies/ml
	8
	
	

	501-3,000 copies/ml
	2
	
	

	≤ 500 copies/ml
	1
	
	

	Natural history of maternal HIV disease
	
	

	Mean monthly decrease in CD4/µL by HIV RNA
	
	Multicenter AIDS Cohort Study 12[]


	>30,000 copies/ml
	6.4
	
	

	10,001-30,000 copies/ml
	5.4
	
	

	3,001-10,000 copies/ml
	4.6
	
	

	501-3,000 copies/ml
	3.7
	
	

	0-500 copies/ml
	3.0
	
	

	Monthly risk of severe opportunistic infections (%, range by CD4 count)
	Cape Town AIDS Cohort 53[]


	WHO stage III-IV
	
	
	

	Visceral
	0.00-1.52
	
	

	Non-visceral
	0.02-2.26
	
	

	Non-specific
	0.00-0.71
	
	

	Bacterial infection
	0.03-0.71
	
	

	Tuberculosis
	0.16-1.96
	
	

	Other severe infection
	0.14-1.67
	
	


Supplemental Table 2, continued
	Variable
	Value 
	
	Data sources

	Natural history of maternal HIV disease, continued
	
	

	Monthly risk of other clinical conditions (%, range by CD4 count)
	
	Cape Town AIDS Cohort 53[]


	Mild fungal infection
	1.76-3.14
	
	

	Other mild infection
	2.33-2.67
	
	

	Monthly risk of death from severe opportunistic infections (%)
	Cape Town AIDS Cohort 53[]


	WHO stage III-IV
	
	
	

	Visceral
	9.21
	
	

	Non-visceral
	2.38
	
	

	Non-specific
	20.00
	
	

	Bacterial infection
	2.94
	
	

	Tuberculosis
	1.82
	
	

	Other severe infection
	6.67
	
	

	Monthly risk of HIV-related death (%, range by CD4 count)
	
	Cape Town AIDS Cohort 53[]


	No history of opportunistic infection
	0.00-4.02
	
	

	With history of opportunistic infection
	0.00-9.53
	
	


	 Monthly risk of death from other clinical conditions (%)
	
	Cape Town AIDS Cohort 53[]


	Mild fungal infection
	0.54
	
	

	Other mild infection
	0.39
	
	

	Relative risk reduction on any ART regimen (%, range by CD4)
	Cotrimo-CI, ANRS 1203 15


[ ADDIN EN.CITE ]


	HIV-related death
	55-96
	
	

	Acute opportunistic infections
	0-32
	
	


Supplemental Table 2, continued.
	Variable
	Value 
	
	Data sources

	Maternal trimethoprim-sulfamethoxazole effects
	
	

	% Reduction in probability of infection
	
	
	Cotrimo-CI 54[]


	Mild bacterial diseases
	48.79
	
	

	Invasive bacterial diseases
	49.81
	
	

	WHO stage III-IV visceral diseases and other severe events
	17.88
	
	

	Toxicity risk (%, one-time risk)
	
	
	Cotrimo-CI 54


[ ADDIN EN.CITE , 55]


	Minor toxicity
	18.24
	
	

	Major toxicity
	6.72
	
	

	Maternal antiretroviral therapy
	
	
	

	Maternal ART effects
	
	

	Efficacy (% HIV RNA suppression at 24 weeks) ; gain in CD4/µL at 24 weeks on suppressive ART; yearly risk (%) of virologic failure >24 weeks after initiation)

	1st-line NVP/ZDV/3TC initiated in pregnancy
	90%; 148;17.45%
	
	56-58


[ ADDIN EN.CITE ]


	1st-line NVP/d4T/3TC post-partum 
	
	
	

	With sdNVP exposure 
	85%; 148;17.45%
	
	OCTANE trial 59


[ ADDIN EN.CITE ]
; 56-58


[ ADDIN EN.CITE ]


	Without sdNVP exposure or if sdNVP followed short-course ZDV
	90%; 148;17.45%
	
	56-58


[ ADDIN EN.CITE ]


	2nd-line LPV/r/TDF/FTC
	72%; 148;17.45%
	
	56-58


[ ADDIN EN.CITE , 60]



 WHO: World Health Organization; NVP: nevirapine; d4T: stavudine; 3TC: lamivudine; ZDV: zidovudine; LPV/r: lopinavir/ritonavir; TDF: tenofovir; FTC: emtricibine; scZDV: short-course zidovudine.

Supplemental Table 3. Internal and external model validationa
	I. Infant and childhood mortality

	
	1-year mortality
	2-year mortality

	
	Published risks (%)
	Model results (%)
	Published risks (%)
	Model results (%)

	HIV-unexposed
	5.4 61[]

1.9-9.039


[ ADDIN EN.CITE , 41, 62-64]

	5.37
	5.9 61[]

2.9-12.8 39


[ ADDIN EN.CITE , 41, 42, 64]

	5.94

	HIV-exposed/ uninfected
	7.4 39[]

7.2-7.4 39


[ ADDIN EN.CITE , 64]

	7.43
	9.2 39[]

7.6-16.6 40


[ ADDIN EN.CITE , 42]

	9.23

	IU/IP-infected, no ART
	51.0 41


[ ADDIN EN.CITE ]

20.0-58.6 39


[ ADDIN EN.CITE , 41, 62-65]

	50.90
	65.0 41


[ ADDIN EN.CITE ]

53.0-67.5 39-42


[ ADDIN EN.CITE , 62, 65]

	64.93

	PP-infected, no ART
	24.0 41


[ ADDIN EN.CITE ]

6.0-26.0 39


[ ADDIN EN.CITE , 41, 62, 63, 65]

	23.94
	38.0 41


[ ADDIN EN.CITE ]

33.2-52.5 39-41


[ ADDIN EN.CITE , 62, 65]

	37.92


Supplemental Table 3, continued.

	II. HIV Transmission Risks 

	PMTCT regimen and maternal CD4 stratum
	HIV infection risk at

4-6 weeks of age (%)
	Cumulative HIV infection risk at

18 months of age (%)
	HIV infection risk at 18 months of age among infants uninfected at 4-6 wks (%)

	
	Published risks
	Model results
	Published risks
	Model results
	Published risks
	Model results

	No antenatal ARVs

<350/µL

	27.3 16


[ ADDIN EN.CITE , 66]

<500: 32.0 67[]

	26.1
	<200: 24m 33.3 66


[ ADDIN EN.CITE ]

<350: 52.1 67[]

<500: 38.0-41.3 67[]

	38.8
	20.0 31[]

	18.2

	≥350/µL

	17.5 16


[ ADDIN EN.CITE , 66]

>500: 19.3 67[]

	16.7
	350-500: 27.7 67[]

>500: 21.2 67[]

24m 14.1-22.0 66


[ ADDIN EN.CITE , 67]

	21.8
	6.8 31[]

	6.4

	Combined CD4 strataa 
	15.3-24.8 16


[ ADDIN EN.CITE , 21-24, 67]

	20.1
	200-500 18m: 27.9 66


[ ADDIN EN.CITE ]

15-24m: 22.2-36.7 22-24


[ ADDIN EN.CITE , 67]

	27.9
	6.9 (EBF), 11.2 (MBF) 31[]

6.3-21.0 21-24


[ ADDIN EN.CITE , 31, 67]

	10.7


Supplemental Table 3, continued.

	II. HIV Transmission Risks, continued

	PMTCT regimen and maternal CD4 stratum
	HIV infection risk at

4-6 weeks of age (%)
	Cumulative HIV infection risk at

18 months of age (%)
	HIV infection risk at 18 months of age among infants uninfected at 4-6 wks (%)

	
	Published risks
	Model results
	Published risks
	Model results
	Published risks
	Model results

	sdNVP

<350/µL

	17.6 18


[ ADDIN EN.CITE , 31]

<200: 10.7-23.1 18


[ ADDIN EN.CITE , 34]

200-350: 5.6-14.9 18


[ ADDIN EN.CITE , 34]

	16.9
	<200: 23.4 34[]

200-350: 19.5 34[]

	    31.2 b
	<200: 14.2 34[]

200-350: 14.7 34[]

To 4m: 15.8 18[]

20.0 (no antenatal ARVs) 31[]

	18.2

	≥350/µL

	7.3 18


[ ADDIN EN.CITE , 31]

>350: 3.3 34[]
, >500: 8.4 18[]
, 350-500: 5.8 18[]

	7.0
	8.9 34[]


	12.7 b
	5.8 34[]

To 4m: 4.3 18[]

6.8 (no antenatal ARVs) 31[]

	6.4

	Combined CD4 strata
	11.2-21.8 25


[ ADDIN EN.CITE , 34, 68-71]

	10.5
	15.7-25.8 25


[ ADDIN EN.CITE , 71-73]

	19.4 b
	4.4-10.6 25


[ ADDIN EN.CITE , 71-73]


	10.7


Supplemental Table 3, continued.

	II. HIV Transmission Risks, continued

	PMTCT regimen and maternal CD4 stratum
	HIV infection risk at

4-6 weeks of age (%)
	Cumulative HIV infection risk at

18 months of age (%)
	HIV infection risk at 18 months of age among infants uninfected at 4-6 wks (%)

	
	Published risks
	Model results
	Published risks
	Model results
	Published risks
	Model results

	Option A 

<350/µL
	13.6 17


[ ADDIN EN.CITE ]

	n/a
	(14 wk NVP): 15.4-15.5 34[]

	n/a
	(14wk NVP): 12.8-13.4 34[]

	n/a

	≥350/µL
	3.6 17


[ ADDIN EN.CITE ]

>200 RF: 8.3 74


[ ADDIN EN.CITE ]

	3.5
	(14 wk NVP): 6.2 34[]

>250 (at 7m): 6.0 75[]

	6.8
	(14wk NVP): 5.1 34[]

>250 (at 7m): 1.7 32


[ ADDIN EN.CITE ]
 
Median CD4 370-430 (at 6m): 
0.6, 1.1, 1.2-4.5 27


[ ADDIN EN.CITE , 30, 38, 76]

	3.7

	Combined CD4 strata 
	4.6-14.7 17


[ ADDIN EN.CITE , 27, 67]

200-500: 4.8 77


[ ADDIN EN.CITE ]

	n/a
	n/a
	n/a
	n/a
	n/a


Supplemental Table 3, continued.

	II. HIV Transmission Risks, continued

	PMTCT regimen and maternal CD4 stratum
	HIV infection risk at

4-6 weeks of age (%)
	Cumulative HIV infection risk at

18 months of age (%)
	HIV infection risk at 18 months of age among infants uninfected at 4-6 wks (%)

	
	Published risks
	Model results
	Published risks
	Model results
	Published risks
	Model results

	Option B/B+

<350/µL
	3.3 35[]

<200: 0.6-3.733


[ ADDIN EN.CITE , 35, 48]


	3.3
	<200: 6m 5.6, 12m 7.5, 18m 7.5 77


[ ADDIN EN.CITE ]

200-350: 6m 5.5, 12m 6.1 35[]

	8.4
	<200: 6m 0-2.0 33


[ ADDIN EN.CITE , 77]
, 
18m 0-3.9 27


[ ADDIN EN.CITE , 77]

	5.5

	≥350/µL

	1.0 33


[ ADDIN EN.CITE ]

>200: 0.4-4.130


[ ADDIN EN.CITE , 33]

>250: 3.8 29[]

	1.0
	350-500: 6m 4.1, 12m 4.9 35[]

>200: 12m 6.2 30


[ ADDIN EN.CITE ]

>250 7m: 8.2 32


[ ADDIN EN.CITE ]

	4.0
	>200: 6m 0-0.7% 33


[ ADDIN EN.CITE ]

>250: 6m 1.1 29[]
- 1.3 30


[ ADDIN EN.CITE ]
, 7m 2.9 32


[ ADDIN EN.CITE ]

>250: 12m 0.5-1.8 29


[ ADDIN EN.CITE , 78]

	3.1

	Combined CD4 strata 
	1.2-3.3

28


[ ADDIN EN.CITE , 29, 35]

	1.8
	200-500 6m 4.9, 18m 5.5 35[]

	5.6
	200-500: 6m 1.7 35[]
, (base case input for <350)
	4.0


a. Internal validation compares the degree to which model output mirrors the data used as model inputs (highlighted in boldface type and further detailed in Manuscript Table 1). External validation compares model outputs to other published cohorts. To validate against published data from clinical trials, these analyses include infants of women HIV-infected at first ANC visit who are identified as HIV-infected and receive only the specified PMTCT regimen. Model results are projected at 4-6 weeks of age or 18 months of age, for 1) women with CD4 ≤350/µL, 2) women with CD4 >350/µL, and 3) a cohort of women similar to the ZVITAMBO cohort in Zimbabwe, of whom 36% have CD4 ≤350/µL. Where published reports were not available to match these time points and CD4-stratified cohorts exactly, the closest available data are presented for comparison.

b. HIV infection risks at 18 months of age following receipt of sdNVP reflect modeled risk of breastfeeding transmission equal to that of the No ARV strategy after 6 weeks of age.
EBF: exclusive breastfeeding; MBF: mixed breastfeeding; RF: replacement feeding; m: months of age; sdNVP: single-dose nevirapine; ZDV: zidovudine; n/a: not applicable or not available.
Supplemental Table 4. Intermediate (CEPAC model) resultsa: Maternal outcomes after delivery, stratified by HIV disease severity and access to postnatal HIV care
	Maternal HIV status and access to care at 6 weeks postpartum
	Life expectancy (years, from delivery)
	2-year 
survival (%)

	ART eligible b 
	
	

	On ART in pregnancy, continue lifelong
	14.6
	96.1

	In postnatal HIV care, no sdNVP exposure
	14.6
	96.0

	In postnatal HIV care, after sdNVP exposure
	14.4
	95.9

	Not in postnatal HIV care,c no sdNVP exposure
	8.5
	81.8

	Not in postnatal HIV care,c after sdNVP exposure
	8.4
	81.8

	Not ART eligible b
	
	

	On ART in pregnancy, continue lifelong
	17.7
	97.8

	Initiate ART at 6-week PP visit, after sdNVP exposure, continue lifelong
	17.5
	97.8

	On ART in pregnancy, interrupt at 18 months (weaning)
	16.3
	97.1

	Initiate ART at 6-week PP visit, after sdNVP exposure, interrupt at 18 months (weaning)
	16.0
	97.1

	In postnatal HIV care, no sdNVP exposure
	16.6
	94.2

	In postnatal HIV care, after sdNVP exposure
	16.4
	94.2

	Not in postnatal HIV care,c no sdNVP exposure
	11.8
	94.1

	Not in postnatal HIV care,c after sdNVP exposure
	11.7
	94.1


Supplemental Table 4, continued.

	Maternal HIV status and access to care at 6 weeks postpartum
	Life expectancy (years, from delivery)
	2-year 

survival

	Incident infection during pregnancy 

	Initiate ART at 6-week PP visit, no sdNVP exposure, 

   continue lifelong
	18.8
	98.0

	Initiate ART at 6-week PP visit, after sdNVP exposure, continue lifelong
	18.6
	97.9

	Initiate ART at 6-week PP visit, no sdNVP exposure, 

  interrupt at 18 months (weaning)
	17.2
	97.3

	Initiate ART at 6-week PP visit, after sdNVP exposure, interrupt at 18 months (weaning)
	16.9
	97.3

	In postnatal HIV care, no sdNVP exposure
	17.4
	95.5

	In postnatal HIV care, after sdNVP exposure
	17.2
	95.5

	Not in postnatal HIV care,c no sdNVP exposure
	13.1
	95.5

	Not in postnatal HIV care,c after sdNVP exposure
	13.0
	95.5

	HIV-negative through pregnancy and breastfeeding

	
	49.9
	99.5


a. CEPAC model outputs were intermediate results, used as inputs to the MTCT model.
b. ART eligibility was defined as CD4 ≤350/µL, or WHO stage 3-4 disease 14[, 79]
, 
c. Women who do not link to postnatal HIV care (defined as linkage by 6 weeks postpartum) are assumed to present to HIV care upon development of a severe OI.
Supplemental Table 5. Model-based outcomes of strategies to prevent mother-to-child HIV transmission: General Zimbabwean population

	
	Model results a

	Pediatric outcomes
	
	
	

	
	Risk of HIV infection 
at birth (%; number of infected infants)
	Risk of HIV infection 
at 18 months (%; number of infected infants)
	2-year
survival (%)

	No antenatal ARVs
	3.4%; 13,530
	4.5%; 17,530
	89.0

	Single-dose NVP
	1.9%; 7,650
	3.1%; 12,070
	89.5

	Option A
	1.4%; 5,370
	2.4%; 9,280
	89.8

	Option B
	1.1%; 4,230
	2.1%; 8,080
	90.0

	Option B+
	1.1%: 4,230
	2.1%; 8,080
	90.0

	Maternal outcomes after delivery

	
	2-year
survival (%)
	5-year 
survival (%)
	Life expectancy (years)

	No antenatal ARVs
	97.7
	94.9
	43.1

	Single-dose NVP
	97.7
	94.8
	43.1

	Option A
	97.7
	94.9
	43.1

	Option B
	97.9
	94.9
	43.1

	Option B+
	98.0
	95.2
	43.2


a. Results are shown for all pregnant women in Zimbabwe (392,460 women/year), with HIV prevalence of 16% and HIV incidence of 0.96%/year.
Supplemental Table 6.  Sensitivity analyses: impact of key model parameters on outcomes of PMTCT strategies in Zimbabwe  
	 
	Risk of pediatric HIV infection at birth (%)
	Risk of pediatric HIV infection at 18m (%)
	2-year pediatric 

survival (%)
	Maternal LE (years, undiscounted)

	A. Base case results (also shown in Manuscript Table 3) a

	No antenatal ARVs
	20.1
	25.8
	78.4
	14.0

	Single-dose NVP
	10.8
	17.2
	81.9
	13.8

	Option A
	7.2
	12.8
	83.5
	14.0

	Option B
	5.4
	10.9
	84.9
	13.9

	Option B+
	5.4
	10.9
	84.9
	14.4

	B. Clinical parameters impacting model results b

	Prevalence of maternal ART eligibility (base case=36%)

	Proportion ART-eligible
	0%
	100%
	0%
	100%
	0%
	100%
	0%
	100%

	No antenatal ARVs
	16.7
	26.1
	21.8
	32.9
	79.8
	75.9
	14.8
	12.4

	Single-dose NVP
	8.7
	14.6
	14.0
	22.4
	82.7
	80.4
	14.7
	12.3

	Option A
	5.9
	9.4
	10.0
	17.7
	84.0
	82.6
	14.8
	12.4

	Option B
	4.0
	7.8
	7.9
	16.2
	85.7
	83.4
	14.7
	12.4

	Option B+
	4.0
	7.8
	7.9
	16.2
	85.7
	83.4
	15.6
	12.4


Supplemental Table 6, continued
	 
	Risk of pediatric HIV infection at birth (%)
	Risk of pediatric HIV infection at 18m (%)
	2-year pediatric 

survival (%)
	Maternal LE (years, undiscounted)

	B. Clinical parameters impacting model results, continued b

	Difference in 1st-line maternal ART efficacy following sdNVP exposure (base case: no sdNVP=90%, following sdNVP=85%, ∆=5%)

	∆ RNA<400 copies/ml, vs. no NVP exposure
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	0%
	16%

	No antenatal ARVs
	
	
	
	
	
	
	14.0
	14.0

	Single-dose NVP
	
	
	
	
	
	
	14.0
	13.6

	Option A
	
	
	
	
	
	
	14.0
	14.0

	Option B
	
	
	
	
	
	
	14.0
	13.9

	Option B+
	
	
	
	
	
	
	14.4
	14.4


	Best-case and worst-case MTCT risks (base case: see Manuscript Table 1)

	
	Best-case
	Worst-case
	Best-case
	Worst-case
	Best-case
	Worst-case
	n/a
	n/a

	No antenatal ARVs
	14.6
	23.7
	16.6
	33.0
	81.0
	76.6
	
	

	Single-dose NVP
	5.9
	15.0
	8.1
	25.4
	84.3
	79.8
	
	

	Option A
	4.7
	8.6
	6.7
	17.4
	84.9
	82.5
	
	

	Option B
	3.3
	7.3
	4.5
	17.7
	86.3
	83.5
	
	

	Option B+
	3.3
	7.3
	4.5
	17.7
	86.3
	83.5
	
	


	 
	Risk of pediatric HIV infection at birth (%)
	Risk of pediatric HIV infection at 18m (%)
	2-year pediatric 

survival (%)
	Maternal LE (years, undiscounted)

	B. Clinical parameters impacting model results, continued b

	Non-HIV-deleted mortality rates (base case: UNAIDS HIV-deleted rates for Zimbabwe)

	Data source
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	South Africa, HIV-deleted
	Zimbabwe, non-HIV-deleted

	No antenatal ARVs
	
	
	
	
	
	
	14.0
	11.1

	Single-dose NVP
	
	
	
	
	
	
	13.9
	11.0

	Option A
	
	
	
	
	
	
	14.0
	11.1

	Option B
	
	
	
	
	
	
	13.9
	11.0

	Option B+
	
	
	
	
	
	
	14.5
	11.5

	C. Access to care parameters impacting model results b

	Access to antenatal care (ANC, base case=91%)

	Proportion accessing ANC
	80%
	100%
	80%
	100%
	80%
	100%
	80%
	100%

	No antenatal ARVs
	20.1
	20.1
	26.0
	25.7
	78.4
	78.4
	13.7
	14.2

	Single-dose NVP
	11.7
	10.1
	18.2
	16.4
	81.5
	82.2
	13.6
	14.1

	Option A
	8.5
	6.1
	14.3
	11.6
	82.9
	83.9
	13.7
	14.2

	Option B
	6.9
	4.1
	12.6
	9.5
	84.2
	85.5
	13.6
	14.1

	Option B+
	6.9
	4.1
	12.6
	9.5
	84.2
	85.5
	14.1
	14.7


Supplemental Table 6, continued
	 
	Risk of pediatric HIV infection at birth (%)
	Risk of pediatric HIV infection at 18m (%)
	2-year pediatric 

survival (%)
	Maternal LE (years, undiscounted)

	C. Access to care parameters impacting model results, continued b

	Rate of HIV testing in ANC (base case=87%)

	Proportion undergoing HIV test in ANC
	58%
	100%
	58%
	100%
	58%
	100%
	58%
	100%

	No antenatal ARVs
	20.1
	20.1
	26.3
	25.6
	78.3
	78.5
	13.2
	14.3

	Single-dose NVP
	13.3
	9.7
	20.0
	16.0
	80.9
	82.3
	13.1
	14.2

	Option A
	10.9
	5.6
	16.9
	10.9
	81.9
	84.2
	13.2
	14.3

	Option B
	9.7
	3.5
	15.6
	8.7
	82.9
	85.8
	13.1
	14.2

	Option B+
	9.7
	3.5
	15.6
	8.7
	82.9
	85.8
	13.5
	14.9

	Rate of HIV test result return = 71% (base case=99%)

	No antenatal ARVs
	20.1
	26.2
	78.3
	13.3

	Single-dose NVP
	12.9
	19.6
	81.0
	13.2

	Option A
	10.3
	16.3
	82.2
	13.3

	Option B
	9.0
	14.9
	83.2
	13.2

	Option B+
	9.0
	14.9
	83.2
	13.7


Supplemental Table 6, continued
	 
	Risk of pediatric HIV infection at birth (%)
	Risk of pediatric HIV infection at 18m (%)
	2-year pediatric 

survival (%)
	Maternal LE (years, undiscounted)

	C. Access to care parameters impacting model results, continued b

	Rate of HIV testing and result receipt = 100% (base case=87% test, 99% result receipt)

	No antenatal ARVs
	20.1
	25.6
	78.5
	14.4

	Single-dose NVP
	9.6
	15.9
	82.4
	14.2

	Option A
	5.4
	10.8
	84.2
	14.4

	Option B
	3.3
	8.6
	85.9
	14.3

	Option B+
	3.3
	8.6
	85.9
	14.9

	 Linkage to postnatal care (base case=79%)

	Proportion of mothers linking to postnatal care
	n/a
	51%
	100%
	51%
	100%
	51%
	100%

	No antenatal ARVs
	
	26.6
	25.3
	78.3
	78.5
	12.8
	14.9

	Single-dose NVP
	
	18.1
	16.5
	81.7
	82.0
	12.7
	14.7

	Option A
	
	14.1
	11.8
	83.3
	83.7
	12.8
	14.9

	Option B
	
	12.3
	9.8
	84.6
	85.1
	12.7
	14.8

	Option B+
	
	12.3
	9.8
	84.6
	85.1
	13.1
	15.5


Supplemental Table 6, continued
	 
	Risk of pediatric HIV infection at birth (%)
	Risk of pediatric HIV infection at 18m (%)
	2-year pediatric 

survival (%)
	Maternal LE (years, undiscounted)

	C. Access to care parameters impacting model results, continued b

	Full (100%) uptake at each step of the cascade through linkage to maternal postnatal care (base case: see Manuscript Table 1)

	No antenatal ARVs
	20.1
	24.7
	78.6
	15.7

	Single-dose NVP
	8.8
	14.1
	82.9
	15.6

	Option A
	3.4
	7.4
	85.3
	15.7

	Option B
	1.8
	5.6
	86.8
	15.6

	Option B+
	1.8
	5.6
	86.8
	16.5

	Access to pediatric HIV care and ART (base case=36%)

	Proportion initiating ART
	n/a
	n/a
	n/a
	n/a
	0%
	100%
	n/a
	n/a

	No antenatal ARVs
	
	
	
	
	74.2
	86.0
	
	

	Single-dose NVP
	
	
	
	
	79.4
	86.4
	
	

	Option A
	
	
	
	
	81.7
	86.7
	
	

	Option B
	
	
	
	
	83.5
	87.4
	
	

	Option B+
	
	
	
	
	83.5
	87.4
	
	


Supplemental Table 6, continued
	D. Model input parameters not substantially changing model results (range examined) b

	Maternal age at first ANC visit (20-30 years)

	Probability of delivery at home (0 - 100%)



	Maternal mortality during pregnancy (0-2%)

	Probability of live birth (1-5%)

	Difference in survival for HIV-infected infants exposed and not exposed to sdNVP (0-10%)

	Non-HIV-related infant mortality rates 61[]
 

	Impact of maternal mortality on infant survival (relative risk, 1-6) 40


[ ADDIN EN.CITE , 45-47]


	Rate of cell CD4 decline after ART interruption (75-139 cells over 6 months post-interruption) 10


[ ADDIN EN.CITE , 11, 51]


	Sensitivity of clinical assessment for ART eligibility (20%– 50%). Base case value of 36% is reported sensitivity for CD4 <200/ µL; reported value for CD4 <350/µL is 20%.80[]



ANC: antenatal care, NVP: nevirapine, sdNVP: single-dose nevirapine; MTCT: mother-to-child transmission; ART: antiretroviral therapy
a. Base-case results and all sensitivity analyses are shown for a cohort of chronically HIV-infected, pregnant women in Zimbabwe, as in Manuscript Table 3 (mean age 24.0 years, mean CD4 451 cells/µL).

b. Substantial change in model results was defined as: 1) a change in the order of the results for each strategy, or 2) a >10% relative change in the difference in outcomes for each strategy.
Supplemental Table 7. Determination of "substantial" change in model results after variation of key model parameters in sensitivity analyses.
	Base case results (64% of women with CD4 >350/µL)
	Sensitivity analysis: all women with CD4 >350/µL
	Proportional change in delta between regimen and next-best regimen (before rounding)

	Regimen
	Maternal LE (years)
	Delta (vs. next best regimen)
	Regimen
	Maternal LE (years)
	Delta (vs. next best regimen)
	

	sdNVP
	13.8
	--
	sdNVP
	14.7
	--
	--

	Option B
	13.9
	0.1
	Option B
	14.7
	0.0
	-0.06

	Option A
	14.0
	0.1
	Option A
	14.8
	0.1
	0.57

	No antenatal ARVs
	14.0
	0.0
	No antenatal ARVs
	14.8
	0.0
	0.37

	Option B+
	14.5
	0.5
	Option B+
	15.6
	0.8
	0.56


Example of identification of a "substantial" change in results after variation in a model input parameter. In the base case analysis, projected maternal life expectancies for each regimen are as shown in the left section, second column. The differences in LE between each regimen and the next best one are shown in the left section, third column. In a  sensitivity analysis in which all women had CD4 cell counts ≥350/µL (as reported above in Supplemental Table 6), the projected life expectancies were higher for all regimens. Because the order of the outcomes for the five regimens did not change, the first definition of a "substantial" change in results was not met. However, the differences between life expectancy for each regimen compared to the next best regimen changed by >10% of the base-case delta for most pairs of regimens compared. Although there was a relative decrease of only 6% for Option B vs. sdNVP, there were relative increases of 57% for Option A vs. Option B, 37% for no antenatal ARVs vs Option A, and 56% for Option B+ vs. Option B. Maternal CD4 cell count therefore met the definition of a parameter leading to a substantial change in model results, due to a >10% relative change in the difference between projected outcomes for each strategy. LE: life expectancy.
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