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Abstract

Between 1996 and 2008 annual donor expenditure on HIV/AIDS increased from US$300
million to US$7.7 billion. However, HIV incidence has fallen only slightly and there is little ev-
idence of a HIV prevention intervention succeeding at scale. This paper estimates the effect of
prevention of mother-to-child transmission (PMTCT) expansion on child mortality in Zambia.
My results suggest that the local introduction of PMTCT reduced infant mortality rates by
approximately 2 percentage points, or roughly 20 percent. This appears to be the first causal
evidence of a HIV prevention intervention succeeding at scale in Sub-Saharan Africa.
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1 Introduction

Between 1996 and 2008 annual donor expenditure on HIV/AIDS increased from US$300 million

(UNAIDS 2006) to more than US$7.7 billion (UNAIDS 2011). Roughly one-fifth of these expendi-

tures appear to have been spent on HIV prevention.1 HIV prevention policies currently in practice

or under consideration range from information campaigns on safe sex practices to paying individuals

to remain HIV negative.

The rapid growth in HIV/AIDS spending belies a small body of evidence on what policies are

actually effective at preventing new HIV infections at scale. A recent review of HIV prevention

research (Padian et al 2011) highlights that there are only a handful of rigorous empirical studies

that find a beneficial effect of a HIV prevention intervention. Moreover, there does not appear to be

a documented case of a HIV prevention intervention conclusively succeeding at scale in Sub-Saharan

Africa.2,3

The relationship between HIV/AIDS spending and new HIV infections is consistent with these

observations. Figure 1 presents annual HIV/AIDS donor spending and annual new HIV infections

for the period 2002-2010. Although annual HIV/AIDS spending increased by more than twenty-fold

over this time period, the number of new HIV infections fell by less than 15 percent.4 Of course

much of this money was spent on treatment, not prevention. Nonetheless, HIV/AIDS remains

the leading cause of death in Sub-Saharan Africa and one of the main causes of death worldwide

(Merson et al 2008).

The discovery of antiretroviral drugs as a HIV prevention strategy may be a major breakthrough

in HIV prevention (Padian et al 2008, Padian et al 2011). Clinical trials indicate that antiretro-

viral prophylaxis for prevention of mother-to-child transmission of HIV (PMTCT) can virtually

eliminate vertical transmission (Dabis and Ekpini 2002, Canning 2006). Similarly, recent evidence

indicates that initiating antiretroviral therapy for individuals living with HIV dramatically reduces

1Arguably the single largest source of global HIV/AIDS funding, the United States President’s Emergency Plan

for AIDS Relief (PEPFAR), stipulated through 2008 that twenty percent of spending be allocated to HIV prevention

(Moss 2008). In 2008, the United States contributed over 51 percent of total donor disbursements on HIV/AIDS

spending (Kates et al 2009).
2A review of HIV prevention evaluations (Hallet et al 2007) identifies Uganda as the potential success story where

a national HIV prevention program in Sub-Saharan Africa may have reduced HIV incidence. However, Hallet et al

(2007) notes that there is substantial debate about which of the three ABCs (Abstain, Be Faithful, Consistent and

Correct Condom Use) were actually responsible for this decline. Moreover, the evidence in Oster (2012) suggests

that declining export (i.e., trucking) activity may explain much of the decline in HIV incidence otherwise attributed

to abstinence education programs, condom promotion, and public information campaigns.
3In a recent Lancet review of the state of HIV prevention, Piot et al (2008) explicitly calls for additional attention

to issues of scale in HIV prevention.
4The number of individuals living with HIV/AIDS increased by less than 16 percent over this time (Global

Response 2011), suggesting that rising prevalence may not have been a major factor behind the slow decline in HIV

incidence.
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the likelihood of HIV transmission to their sexual partners (National Institute of Allergy and In-

fectious Diseases 2011, Smith et al 2011). However, little-to-no evidence exists on the effectiveness

of these interventions at scale. Although the use of antiretrovirals (ARVs) for preventing hori-

zontal transmission of HIV is not widespread, prevention of mother-to-child transmission of HIV

(PMTCT) offers an opportunity to evaluate ARVs for prevention at scale. Between 2004 and 2010,

the proportion of HIV positive pregnant women in Sub-Saharan Africa receiving PMTCT increased

from 9 percent to approximately 50 percent (WHO 2010a, WHO 2011).

This paper examines the effects of prevention of mother-to-child transmission of HIV (PMTCT)

scale-up on child mortality in Zambia. Nearly 14 percent of pregnant women in Zambia are HIV

positive and approximately 8 percent of infants acquire HIV in the absence of PMTCT (Ministry

of Health, Zambia 2008). Evidence from elsewhere in Sub-Saharan Africa indicates that as many

as 50 percent of HIV positive infants die by age 1 (Spira et al 1999, Taha et al 1999, Dabis et al

2001, Brahmbhatt et al 2001).5 Between 2000 and the end of 2007, the number of health clinics

in Zambia offering PMTCT drugs increased from fewer than 6 to nearly 600.6 By the end of this

period, approximately 40 percent of health clinics offered PMTCT and 75 percent of women lived

within 20 kilometers of a PMTCT site.

I constructed a geocoded monthly panel using a census of all health facilities in Zambia that

documents the expansion of PMTCT over roughly the first decade of scale-up. Retrospective birth

history modules from repeated nationally representative cross-sectional household surveys provide

information on child mortality. Administrative records from these surveys allow me to identify the

location of survey households and calculate their proximity to each health clinic. I use these data to

measure the change in child mortality associated with local PMTCT availability while controlling

for time invariant and time varying factors associated with local PMTCT introduction.

My results suggest that PMTCT scale-up substantially reduced all-cause infant mortality. I find

that the local introduction of PMTCT was associated with approximately a 2 percentage point

reduction in infant mortality rates. Larger estimated reductions at ages where infants may be

more likely to die of HIV/AIDS and in households residing closer to PMTCT sites support a causal

interpretation of this finding. Surprisingly, I do not find strong evidence that the mortality reduction

5Evidence on the mortality-age profile for HIV positive infants is relatively limited, with most data coming from

relatively small studies or population-based estimates that use assumptions about fertility, transmission rates, and

mortality of HIV positive women of childbearing age (Newell et al 2004). The mortality rate for HIV positive infants

is between 25 and 50 percent by age 1 (Spira et al 1999, Taha et al 1999, Dabis et al 2001, Brahmbhatt et al 2001,

Brahmbhatt et al 2006). By age 2, this increases to between 35 and 60 percent (Spira et al 1999, Taha et al 1999,

Dabis et al 2001, Brahmbhatt et al 2001, Brahmbhatt et al 2006). Presumably, HIV positive infants in poor countries

do not survive into adolescence.
6Single-dose nevirapine (NVP) was the main prophylaxis in the early years of the Zambian PMTCT program and

zidovudine (ZDV) (also known as azidothymidine (AZT)) and NVP in the later years of the program (Stringer et al

2003, Stringer et al 2005, Ministry of Health 2007, Ministry of Health 2010).
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was greater among children of mothers who were more likely to be HIV positive. However, the point

estimates do suggest larger (albeit statistically insignificant) reductions among these groups and

my measure of the likelihood of being HIV positive surely includes substantial measurement error.

These estimates are not too far from a back-of-the-envelope calculation of pediatric HIV/AIDS

mortality. According to the 2007 Demographic Health Survey (DHS), HIV prevalence among

pregnant women is approximately 14 percent. However, the proportion of pregnant women in areas

receiving PMTCT who are HIV positive is almost certainly higher because PMTCT expansion

occurred with greater intensity in urban areas in Zambia and HIV prevalence is higher in these areas.

Suppose 20 percent of pregnant women in areas receiving PMTCT during the period included in the

current analysis (i.e., through December 2007) were HIV positive. A mother-to-child transmission

rate of 40 percent would imply that 8 percent of infants are born HIV positive or acquire HIV

through breastfeeding. If half of HIV positive pregnant women and their newborn children in

a given location ultimately receive PMTCT (i.e., single-dose NVP) and single-dose NVP reduces

transmission by 10 to 25 percentage points, then we should see a 0.4 to 1 percentage point reduction

in child mortality associated with local introduction of PMTCT.7 If these women and their children

received a combination of NVP and zidovudine (ZDV) and this reduces transmission by 30 to 40

percentage points, then we should see a 1.2 to 1.6 percentage point reduction in child mortality

associated with the local introduction of PMTCT.8

The approach to HIV prevention appears to be shifting toward combination prevention (Merson

et al 2008, Piot et al 2008, Padian et al 2011), a combination of behavioral, biomedical, and struc-

tural interventions, including basic development programs (Schwartlander et al 2011). Although

this approach suggests that focusing on a single prevention intervention is inappropriate, PMTCT

offers several key advantages over other interventions in terms of effectiveness at scale. Only a few

doses are required which means adherence should be higher and costs lower than antiretroviral pro-

phylaxis against the horizontal transmission of HIV.9 Moreover, pregnant women arguably are the

7Single-dose nevirapine (sd-NVP) reduces the likelihood of mother-to-child transmission of HIV by 10 to 25

percentage points (Guay et al 1999, Jackson et al 2003). Although estimates of the efficacy of NVP plus zidovudine

(ZDV) in breastfeeding populations are not available, the available estimates suggest NVP plus ZDV is more effective

than single-dose NVP (WHO 2004).
8In a sample of mothers receiving antenatal care and delivering at one of the ten public sector delivery centers

in Lusaka city in June-August 2003, Stringer et al (2005) finds that 30 percent of mother-infant pairs received both

a maternal and an infant dose of NVP. Torpey et al (2010) analyzes the fraction of HIV positive pregnant women

reporting to one of the thirty-eight clinics supported by the Zambia Prevention, Care, and Treatment Partnership

(ZPCT) who receive antiretroviral prophylaxis and reports that adherence increased each year in the study, from 29

percent in 2005, to 66 percent in 2006, to 97 percent in 2007, and to 100 percent coverage by 2008. However, Stringer

et al (2005) reports that only 68 percent of women receiving NVP in the Lusaka city clinics in June-August 2003

actually adhered to the dose. UNAIDS estimates that 47 percent of pregnant women living with HIV in Zambia and

approximately 20 percent of infants born to HIV positive mothers received antiretroviral drugs for PMTCT in 2007

(UNAIDS Annex 3).
9Padian et al (2011) identifies adherence as one of the major issues involved in using antiretroviral drugs to prevent
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population group most likely to access health care which greatly facilitates initiating PMTCT.10

My effectiveness results support this line of reasoning and provide evidence that the continued

expansion of PMTCT services should be an urgent priority among policymakers. Between 2000

and 2007, infant mortality in Zambia roughly halved (see Figure 3) and my estimates suggest that

PMTCT expansion explains around one-quarter of this reduction.11

The rest of the paper is organized as follows. In Section 2, I discuss PMTCT efforts in Zambia, as

well as some simple evidence on associated changes in reproductive health. Section 3 describes the

health facilities and individual-level data in more detail. Section 4 explains my empirical strategy

for estimating the effect of PMTCT availability on child mortality. Section 5 presents the main

results. Section 6 concludes.

2 HIV/AIDS and reproductive health in Zambia

Prevention of mother-to-child transmission of HIV (PMTCT) generally refers to a package of in-

terventions designed to reduce mother-to-child transmission of HIV. In the absence of these in-

terventions (i.e., antiretroviral drugs in particular), approximately 40 percent of infants born to

HIV positive women acquire HIV in the womb, during childbirth, or through breastfeeding (Dabis

and Ekpini 2002, Canning 2006). In general, these interventions include counseling and testing for

HIV, antiretroviral drugs to reduce vertical transmission, breastfeeding advice, and family plan-

ning. However, the exact mix of interventions has changed over time with new medical evidence

and increased global funding for HIV/AIDS.

Early PMTCT efforts in Zambia appear to have focused on counseling and testing and breast-

feeding advice. As early as May 2000 several clinics in Ndola city provided infant feeding guide-

lines and counseling and testing for prevention of mother-to-child transmission as part of routine

antenatal and postnatal care (Kalibala et al 2003). Later, many clinics introduced prophylactic an-

tiretrovirals, primarily single-dose nevirapine (NVP) initially and then combination therapy (i.e.,

zidovudine (ZDV) and NVP). By 2007, the National Protocol Guidelines stated an opt-out ap-

proach to HIV testing for pregnant women at antenatal clinics and codified official breastfeeding

advice (Ministry of Health 2007). The 2010 National Protocol Guidelines added family planning

the horizontal transmission of HIV. Abdool et al (2010) and Grant et al (2010) include analyses of adherence in clinical

trials evaluating antiretroviral drugs for the horizontal transmission of HIV. Although adherence to antiretroviral

drugs is a concern, Pop-Eleches et al (2011) shows that mobile phone short message service (SMS) reminders may

substantially increase adherence rates.
10According to the household survey data I use in the current analysis, more than 90 percent of pregnant women

in Zambia visit an antenatal clinic at least once during their pregnancy (see Table 2).
11The point estimate from the specification with the full set of controls in Table 4 suggests that local PMTCT

availability reduced infant mortality by 2.5 percentage points. Supposing that 50 percent of women live within 20

kilometers of a PMTCT site, then local PMTCT availability reduced infant mortality by 1.25 percentage points, or

approximately one-quarter of the reduction of roughly 500 deaths per 10,000 births shown in Figure 3.
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and condom promotion as part of ongoing postnatal care (Ministry of Health 2010).

The 2007 National Protocol Guidelines (Ministry of Health 2007) appears to have been the first

codified national policy on breastfeeding advice for PMTCT. The guidelines recommended that

HIV negative mothers and mothers with unknown status practice exclusive breastfeeding for six

months and then breastfeed up to twenty-four months. HIV positive mothers were to be “given

enough information about advantages and disadvantages of the available options for them to be

able to make an informed choice about what might be best for them” and advised to completely

avoid breastfeeding when quality replacement feeding was available (Ministry of Health 2007). In

the 2010 National Protocol Guidelines breastfeeding advice remained unchanged for HIV negative

women and women with unknown status. HIV positive women were advised to practice exclusive

breastfeeding for six months and then introduce complementary feeding. For HIV positive mothers

with HIV positive infants, breastfeeding to twenty-four months was advised. Prior to 2007, there

does not appear to have been a national breastfeeding policy for PMTCT. Evidence from Ndola

city (Rutenberg et al 2003) suggests clinics may have offered advice similar to the 2007 National

Protocol Guidelines. However, evidence from the same study suggests that breastfeeding advice

varied across health workers within a given clinic.12

The expansion of antiretrovirals for PMTCT began in the early 2000s. In the capital city,

Lusaka, nine antenatal clinics offered PMTCT drugs in 2002 and by January 2004 all twenty-

four antenatal clinics in Lusaka city offered PMTCT drugs (Stringer et al 2008). The Center

for Infectious Disease Research in Zambia (CIDRZ), in collaboration with the Elizabeth Glaeser

Pediatric AIDS Foundation, has supported PMTCT in four of Zambia’s nine provinces: Eastern,

Lusaka, Southern, and Western (Elizabeth Glaser Pediatric AIDS Foundation 2011). Through the

Zambia Prevention, Care, and Treatment Partnership (ZPCT), Family Health International (FHI)

has supported PMTCT in the other five provinces: Northern, Luapula, Copperbelt, Central, and

Northwestern (Torpey et al 2010). Single-dose nevirapine (NVP) was the main prophylaxis in the

early years of the Zambian PMTCT program and zidovudine (ZDV) (also known as azidothymidine

(AZT)) and NVP in the later years of the program (Stringer et al 2003, Stringer et al 2005, Ministry

of Health 2007, Ministry of Health 2010).13

Figure 2 shows the expansion of PMTCT in Zambia by year of introduction.14 The figure

12Goldstein et al (2010) report a similar finding at an antenatal clinic in Western Kenya.
13During the period examined in this analysis, single-does NVP was a common prophylaxis: among HIV positive

pregnant women receiving PMTCT in low-and-middle-income countries in 2007, 49 percent received single-dose NVP

(WHO 2010a).
14In Section 3, I describe in more detail the data I use to construct this figure. Official statistics on the number of

locations offering PMTCT services are often different. For example, the Ministry of Health and the National AIDS

Council (2008) state, “Overall, PMTCT services have been rolled out to all the 72 districts of Zambia, representing

an increase from 67 [sic] in 2005, 307 [sic] in 2006, and 678 [sic] as of September 2007. This scaling up of PMTCT

services resulted in an increase in pregnant women who completed prophylaxis from 14,071 in 2005 to 25,578 in

2006, and by September 2007 this figure had reached 35,314.” In contrast, my data indicate 90 health clinics had
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also displays district-level population density and the main transportation routes. Higher HIV

prevalence and higher population densities in urban areas mean that the average total cost of

preventing mother-to-child transmission should be lower in urban areas. Consistent with this

observation, PMTCT expansion was initially concentrated in the main urban areas in Zambia (e.g.,

Kitwe, Lusaka, and Ndola) and later grew to rural areas along the main transportation network.

After the introduction of PMTCT drugs at a clinic, there are each of the steps in the PMTCT

cascade. The “PMTCT cascade” refers to the sequence of actions required to ensure that mother-

infant pairs receive antiretroviral drugs to prevent mother-to-child transmission. Generally speak-

ing, the cascade consists of the following steps: (1) a pregnant woman visits an ANC, (2) the ANC

offers voluntary counseling and testing to the woman, (3) the woman accepts the offer, (4) the

woman receives the result of the test, (5) the woman agrees to antiretroviral prophylaxis, (6) ad-

herence to the maternal dose, and (7) adherence to subsequent maternal and infant doses (Stringer

et al 2005, Stringer et al 2008a).

Evidence on the PMTCT cascade suggests that the expansion of access to PMTCT translated

into increased use. Nationally representative household survey data (i.e., the 2001 and 2007 De-

mographic Health Surveys and the 2003 and 2005 Zambia Sexual Behavior Surveys) indicate that

ANC attendance among pregnant women in Zambia exceeds 90 percent, even prior to local PMTCT

availability (see Table 2). Among respondents in the 2003 Zambia Sexual Behavior Survey (ZSBS),

conducted toward the beginning of PMTCT scale-up, 15 percent of ANC attendees in all of Zambia

were offered a HIV test and 44 percent of these accepted this offer (see Table 2). The likelihood

of completing these steps in the PMTCT cascade varied substantially across space, presumably

because of variation in the availability of PMTCT services at ANC clinics. Clinical data from the

same time period indicate that 82 percent of ANC attendees in Lusaka were offered a HIV test, 71

percent of these accepted the test offer, and 99 percent of those tested received the result (Stringer

et al 2005). Since mid-2005, over 90 percent of ANC attendees at Lusaka city ANCs have been

tested for HIV (Stringer et al 2008b). In Zambia as a whole, administrative data indicate that 65

percent of pregnant women in 2007 took a HIV test during an ANC visit (UNAIDS Annex 3).

The time series on PMTCT expansion and infant mortality suggests that this scale-up may have

generated a substantial reduction in child mortality. Figure 3 presents the cumulative number of

PMTCT sites, the individual-level PMTCT coverage rate, and the age 0-12 month child mortality

rate in each year from 1997-2007. The reduction in infant mortality appears to precede the period of

most rapid PMTCT expansion in terms of cumulative number of PMTCT sites. However, as seen in

Figure 2, PMTCT expansion occurred earlier and with greater intensity in urban areas, suggesting

introduced PMTCT by the end of 2003, 372 health clinics had introduced PMTCT by the end of 2005, and 582

clinics had introduced PMTCT by the end of 2007. At the moment, it is not possible to reconcile these differences.

However, the official statistics are puzzling because the number of sites offering PMTCT increased tenfold between

2005 and 2007, whereas the number of pregnant women receiving antiretroviral prophylaxis less than tripled.
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that the cumulative number of PMTCT sites understates mother-infant exposure to PMTCT. I

calculate the individual-level PMTCT coverage rate as the proportion of adult females residing

within 20 kilometers of a PMTCT site. Declining infant mortality tracks rising individual-level

PMTCT coverage much more closely than it tracks the cumulative number of PMTCT sites.

The results of a simple analysis of child mortality rates in locations receiving PMTCT before

and after the local introduction of PMTCT are consistent with the evidence presented in Figure

3. Table 1 provides mortality rates at 6 months, 12 months, 18 months, and 24 months, for

individuals in locations: (i) never receiving PMTCT (as of the end of 2007), (ii) receiving PMTCT,

prior to local introduction, and (iii) receiving PMTCT, after local introduction. Locations receiving

PMTCT appear to have had slightly lower child mortality rates than places not receiving PMTCT,

even prior to local PMTCT introduction. In locations ever receiving PMTCT, the introduction of

PMTCT was associated with approximately a 2 percentage point (or 20 percent) reduction in age

0-12 months and age 0-18 months mortality (significant at the 1 and 5 percent levels, respectively).

Although age 0-6 month and age 0-24 month mortality rates show some evidence of a reduction

associated with local PMTCT introduction, the magnitude of this association is relatively small

and statistically insignificant. One explanation for this phenomenon is that HIV may be more likely

to kill infants at younger ages (i.e., less than 24 months) and few infants may die of HIV in the

first six months of life.

3 Data

3.1 Health facilities data

I collected retrospective data on the month and year each health facility began offering each of the

three main HIV/AIDS services: PMTCT, antiretroviral therapy (ART), and voluntary counseling

and testing (VCT). The 2006 Japanese International Cooperation Agency (JICA) Health Facility

Census (HFC) surveyed each health clinic and hospital in Zambia and recorded the exact latitude

and longitude of each health site. To augment these data, I arranged for each clinic to be re-

surveyed to provide information on the month and year (if any) it began offering each of the three

main HIV/AIDS services. This process effectively began in June of 2008 so this retrospective panel

provides comprehensive information on the expansion of HIV/AIDS services in Zambia through

the middle of 2008.15

15Service interruptions (e.g., because of ARV shortages or health worker absence) mean that PMTCT may not have

been continuously available at all of these clinics from the local introduction date onward. However, this should only

work against the regression analysis yielding any estimate effect of local PMTCT availability on child mortality and

related outcomes. The fact that I find a large and statistically significant effect suggests that the behavioral response

to any service interruptions was not large enough to outweigh the effect of the documented service availability.
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3.2 Child mortality

Data on child mortality come from the birth history modules in the 2001 and 2007 Demographic

Health Surveys (DHS). I use these data to construct measures of child death by 6 months, 12

months, 18 months, and 24 months. To help address concerns about possible recall bias, I limit

my analysis of child mortality to children born January 1997 or later. Table 2 reports descriptive

statistics on child mortality. For example, died by 6 months is an indicator variable equal to one if

a child died by 6 months of age and equal to zero if a child survived past 6 months of age. Thus,

a sample mean of 0.066 corresponds to a 6 month mortality rate of 66 per 1,000 births.

For the 2001 DHS, administrative records on primary sampling units allow me to identify the

Statistical Enumeration Area (SEA) of residence of each respondent. I record the GPS coordinates

of the centroid of the SEA of residence as the respondents’ location.16 For the 2007 DHS, I use the

GPS data points provided as part of the survey. These are the GPS coordinates of the centroid of

the SEA of residence with a randomly drawn vector of 0-10 kilometers added by survey management

to ensure respondent confidentiality. In conjunction with the GPS information in the 2006 JICA

HFC, these data allow me to calculate the distance from each household to each health facility.

Information on the interview date in the 2001 and 2007 DHS allow me to exploit the monthly

variation in PMTCT expansion documented in the health facilities data.17

3.3 PMTCT cascade

The DHS also include individual-level data on several of the steps in the PMTCT cascade, as do

the 2003 and 2005 Zambia Sexual Behavior Surveys (ZSBS). In particular, these surveys provide

information on the steps in the cascade leading to and including the respondent receiving the result

of a HIV test administered during a ANC visit for her most recent pregnancy. The DHS and ZSBS

do not include information on adherence to antiretroviral drugs.

Table 2 reports descriptive statistics on multiple steps in the PMTCT cascade. The vast major-

ity of pregnant women visit an antenatal clinic at least once during their pregnancy, even in 2001

when very few women had access to PMTCT. In contrast, the proportion of women reporting being

offered a HIV test at an antenatal clinic nearly tripled between 2001 and 2007 and the proportion

accepting this offer increased by nearly 50 percent between 2003 and 2005.18

16To identify the centroids of the SEA of residence of respondents in the 2001 DHS, I use a digitized census map

provided the Zambia Central Statistical Office. This map is missing approximately seven percent of the more than

15,000 Statistical Enumeration Areas (SEAs) in Zambia. Hence, I am unable to identify the precise location of survey

respondents in these missing SEAs and exclude them from the empirical analysis.
17The other household surveys I use in the current analysis, the 2003 and 2005 Zambia Sexual Behavior Surveys

(ZSBS), also include information on the interview date for each respondent.
18Surprisingly, the proportion of pregnant women offered a HIV test during an ANC visit fell from 22 percent in

2001 to 15 percent in 2003.
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4 Empirical strategy

I measure the change in child mortality associated with the local introduction of PMTCT. To help

address concerns about shocks to child mortality that are temporally or spatial correlated with

PMTCT expansion, I control for a host of time and geographic fixed effects. Information on child

mortality from multiple periods before the local introduction of PMTCT allow me to control for

time-invariant and many time-varying unobservable characteristics affecting child mortality that

are associated with the location of PMTCT sites.

The primary regression equation is:

childdiedijt = α1PMTCTij(t−9) + α2PMTCTeverij +X
′
ijtΓ

+ ηj + δt + tµj + tPMTCTeverij + λij + εijt (1)

where childdiedijt is an indicator for child death by a given age (e.g., 12 months) for female

respondent i residing in district j in month t (e.g., January 2007). PMTCTij(t−9) is an indicator

variable equal to one if a health clinic offering PMTCT at least 9 months prior to the child’s

birth date is located near respondent i. PMTCTeverij is an indicator variable equal to one if

a health clinic located near respondent i ever offered PMTCT even if it was subsequent to the

interview date for respondent i. Xijt is a vector of individual-level demographic controls (i.e., five-

year age group indicator variables, indicator variables for primary/secondary school completion,

and an indicator variable for married). ηj are district fixed effects and δt are month times year

fixed effects. tµj are district-specific linear time trends and tPMTCTeverij is an additional linear

trend for locations ever receiving PMTCT. λij are year of local PMTCT introduction fixed effects.

As in a standard difference-in-differences empirical strategy, I interpret α1 as the causal effect of

local PMTCT availability on fertility.19

My primary regression specification treats a respondent as being near a health clinic if the

respondent lives within 20 kilometers of the nearest health clinic. Stekelenburg et al (2004) find

that maternal health care usage declines substantially at distances greater than a two-hour walk.

Likewise, among female respondents in the 2007 DHS, distance is cited as being a primary barrier

to seeking health care (Central Statistical Office et al 2009). In alternative specifications, I relax

the restrictions that the local introduction of PMTCT has the same effect on behavior invariant of

distance conditional on distance being less than or greater than 20 kilometers.

I cluster the standard errors at the Statistical Enumeration Area (SEA) level. This is the geo-

graphic unit at which local PMTCT varies according to my spatial measure of PMTCT availability.

19In a difference-in-differences interpretation of this regression specification, PMTCTij(t−9) is “treatment” inter-

acted with “post”, PMTCTeverij is the “treatment” indicator variable, and the month times year fixed effects

correspond to the standard “post” variable.
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There are over 300 SEAs in the 2001 DHS and in the 2007 DHS so standard asymptotic tests are

appropriate (Cameron et al 2008).

5 Results

5.1 PMTCT cascade

Before turning to the analysis of the effects of local PMTCT availability on child mortality, I

examine the effects of local PMTCT availability on several of the steps in the PMTCT cascade.

The 2001 and 2007 DHS and the 2003 and 2005 Zambia Sexual Behavior Surveys (ZSBS) include

information from respondents on the following steps in the PMTCT cascade: (i) whether the

respondent visited an antenatal clinic (ANC) at least once during her pregnancy, (ii) whether the

ANC offered a HIV test, and (iii) whether the respondent accepted the offer. In addition, there

is information on whether a health worker discussed family planning during the ANC visit. For

each of these steps (and for family planning), I regress an indicator variable for completing the step

on the full set of controls indicated in Equation (1). I also construct a measure of the number of

ANC visits during a pregnancy in the twelve months leading up to the survey date and examine

the effect of local PMTCT availability on this outcome as well.

Table 3 presents the estimates of the effect of local PMTCT availability on the steps in the

PMTCT cascade. All specifications include an indicator variable equal to one if the respondent

resides with 20 kilometers of a clinic that ever offered PMTCT. In addition, all specifications include

the full set of controls as indicated in Equation (1). Standard errors are clustered by Statistical

Enumeration Area (SEA) of residence.

For each step, the point estimate suggests that local PMTCT availability may have increased

the likelihood of completing the step. However, the estimated effect is only statistically significant

in the “offered test” regression. Because the first step in the PMTCT cascade is virtually universal

in Zambia (even prior to the local introduction of PMTCT), it is reasonable to believe that local

PMTCT availability did not increase the likelihood of completing this step. Nonetheless, it is

somewhat surprising that local PMTCT availability did not increase the number of ANC visits;

presumably being diagnosed as HIV positive at a clinic offering PMTCT would induce additional

visits. Similarly, it is surprising that local PMTCT availability did not increase the likelihood that

the respondent accepted the test. One explanation for the lack of statistical significance is the very

small sample size in this regression.20 As shown in Column (5), local PMTCT availability may have

increased the likelihood that a health worker discussed family planning with the respondent during

her ANC visit, suggesting that family planning may have been bundled with antiretroviral drugs for

20There are two reasons for the small sample size in this regression. First, the equation is only asked in the 2003

and 2005 ZSBS. Second, it is only defined conditional on being pregnant, visiting an antenatal clinic, and being

offered a HIV test.
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prevention of mother-to-child transmission. However, the coefficient is not statistically significant

at conventional levels. It is not clear what to expect because family planning was not formally

included in PMTCT services in Zambia until the 2010 National Protocol Guidelines (Ministry of

Health 2010).

5.2 Infant mortality

5.2.1 Baseline

The main regression results suggest that the local introduction of PMTCT reduced child mortality

rates. Estimates of the effect of local PMTCT availability on child mortality rates appear in

Table 4. All specifications include an indicator variable equal to one if the respondent resides with

20 kilometers of a clinic that ever offered PMTCT. Standard errors are clustered by Statistical

Enumeration Area (SEA) of residence.

Panel A examines the effect of local PMTCT availability on the likelihood of child death by 6

months of age. Column (1) presents the results of a simple regression that only controls for whether

a clinic within 20 kilometers of a respondent ever offered PMTCT. The point estimate is negative

(albeit relatively small and statistically insignificant), suggesting local PMTCT introduction may

have reduced 0-6 month mortality but that the reduction (if any) was not large. Adding additional

controls (e.g., in Column (2), I include five-year age group indicator variables for the mother’s age,

indicator variables for primary and for secondary school completion, and an indicator variable for

married), does not substantially affect the point estimate or the associated standard error. One

explanation for the lack of an effect of local PMTCT availability on 0-6 month mortality is that

infant HIV/AIDS mortality may be higher at slightly older ages, after HIV has had a chance to

progress to AIDS.

In Panel B, I examine the effect on child death by 12 months of age. The point estimate from

the regression with no additional controls (i.e., Column (1)) suggests that the local introduction

of PMTCT reduced 0-12 month mortality by 2.1 percentage points (significant at the 1 percent

level), or roughly twenty percent compared to the mean 12 month mortality rate. In Column (2), I

include individual level demographic controls and in Column (3) I also include district and month

times year fixed effects. To address concerns about differential linear trends between locations

receiving PMTCT and locations never receiving PMTCT, in Column (4) I include district-specific

linear trends and a separate linear trend for locations ever receiving PMTCT. Finally, in Column

(5) I include indicator variables for the year in which the respondent’s location received PMTCT.

Throughout the estimated effect of local PMTCT availability on 0-12 month child mortality remains

as more than a 2 percentage point reduction and is always statistically significant at the 1 percent

level.

Panel C presents the effect on child death by 18 months of age. Throughout the five different
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specifications, local PMTCT availability is associated with at least a 1.7 percentage point reduction

in 0-18 month child mortality (significant at at least the 10 percent level). However, the estimated

effects are slightly smaller in magnitude and less precisely estimated at 18 months than at 12

months. One explanation for this is that peak infant mortality due to HIV/AIDS may occur closer

to 12 months than to 18 months.

In Panel D, I examine the effect on child death by 24 months of age. The sign on “PMTCT

within 20km” remains negative. However, it is no longer statistically significant and is roughly

one-half to two-thirds the magnitude of the point estimates in Panels B and C. Although local

PMTCT availability may have reduced mortality among children at risk of acquiring HIV, it does

not appear to have significantly reduced 0-24 months mortality. In general, this pattern of declining

point estimates on either side of 0-12 month child death is consistent with peak infant mortality

due to HIV/AIDS occurring around 12 months of age.

5.2.2 Distance

The spatial nature of these data provides a useful test of whether we should take a causal interpre-

tation of the baseline results. Namely, the effect of local PMTCT introduction should be greater for

respondent residing closer to the clinic where PMTCT is introduced. In Table 5 I allow the effect

of local PMTCT introduction to vary semi-parametrically by the distance at which the respondent

resides from the clinic where PMTCT is locally introduced. Notably the three PMTCT availability

measures are not mutually exclusive. For example, individuals residing within 10 kilometers of a

PMTCT site also reside within 20 kilometers and 30 kilometers of a PMTCT site.

The results presented in Table 5 suggest that PMTCT availability reduced child mortality rates

in a region as far as 20 kilometers from the PMTCT site, but did not affect mortality at a distance

greater than 20 kilometers. Although the point estimate on “PMTCT within 30km” is negative

in Columns (1)-(3), it is statistically insignificant. Moreover, in Columns (4) and (5) the point

estimate becomes an imprecisely estimated zero. This suggests that the introduction of PMTCT

a health clinic between 21 and 30 kilometers of the respondent did not affect the likelihood of

the death of the respondent’s child. In contrast, the point estimate on “PMTCT within 20km” is

negative, large, and statistically significant across most of the specifications. These point estimates

suggest that the availability of PMTCT within 20 kilometers reduced child death by 12 months

by between 2.2 and 2.8 percentage points. However, the estimates for “PMTCT within 20km” in

Table 4 are less precise than those in the baseline specification and the point estimate is no longer

statistically significant in the regression specification with just the individual level controls and the

geographic and time fixed effects.

Perhaps surprisingly, the results do not suggest that closer proximity conditional on living with

20 kilometers of a PMTCT site mediates the effect of PMTCT availability on child mortality.
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Specifically, the point estimate on “PMTCT within 10km” is an imprecisely estimated zero. Thus,

individuals residing within 10 kilometers of a PMTCT site experience the same reduction in infant

mortality as individuals residing with 20 kilometers of a PMTCT site. One explanation for this

finding is that my measure of local PMTCT availability measures the true spatial availability with

error, presumably because I use GPS coordinates of the centroid of the Statistical Enumeration

Area (SEA) of residence as the location of the household (or, in the 2007 DHS, the GPS coordinates

with the randomly drawn vector of length 0-10 kilometers) rather than the exact GPS coordinates

of the household.21

5.2.3 Timing

This section explores the dynamic effects of local PMTCT availability. To do so, I allow for an

additional effect of local PMTCT availability in locations where PMTCT has been available at least

36 months. Table 6 presents the results of this exercise. Regardless of which controls I include, the

results paint a clear picture. Local PMTCT reduced infant mortality by approximately 2 percentage

points in the short term and this effect did not differ substantially in the medium term. Although

the additional effect of local PMTCT availability in locations where it has been available at least

36 months is negative and (in the specification with the full set of controls) approximately one-half

of the magnitude of the short term effect, it is not statistically significant. If the effectiveness of

PMTCT programs increases with duration in a local area, then these data are not rich enough to

identify this effect.

5.2.4 Heterogeneity by HIV prevalence

This section tests whether the estimated effect of PMTCT on child mortality varies by the likelihood

the respondent is HIV positive. The 2007 DHS includes a HIV testing module with results that

are linked to the rest of the individual level information in the survey. I construct a measure of

HIV prevalence in a respondent’s demographic group defined by the interaction of five year age

group and province of residence. The fact that HIV prevalence has remained relatively constant

in Zambia over the period 2001-2007 suggests that this approach yields a reasonable (albeit noisy)

measure of the likelihood a respondent was HIV positive.

Panel A in Table 7 reports the results of allowing the effect of local PMTCT availability to

vary by this continuous measure of HIV prevalence. Interpreting the results of this exercise in the

regression specifications that do not include individual level controls or district fixed effects requires

substantial caution because the measure of HIV prevalence is highly correlated by construction with

five year age group and district of residence. Thus, although the point estimate on the PMTCT

availability term interacted with HIV prevalence is positive in Columns (1) and (2), this is likely

21Data on the exact GPS coordinates of DHS respondents are unavailable.
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a spurious correlation driven by the method used to construct the measure of HIV prevalence.

In Columns (3) through (5), where I control for these important omitted variables, the point

estimates suggest that the effect of local PMTCT availability on child mortality was greater among

respondents in higher HIV prevalence groups. Although the interaction term is never statistically

significant, the point estimate on the interaction term ranges from roughly the same magnitude

as the main effect (i.e., “PMTCT within 20km”) to nearly three times the magnitude of the main

effect.

In Panel B of Table 7, I replace the continuous measure of HIV prevalence with an indicator

variable equal to one if the respondent is in a demographic group with HIV prevalence at or

above the median level. Again, substantial caution should be used in interpreting the regression

estimates in Columns (1) and (2) because these specifications do not control for five year age group

or province of residence, variables that are correlated by construction with the measure of HIV

prevalence. The results in Columns (3), (4), and (5) paint a slightly less clear picture than those in

Panel A. Although the interaction term is negative in Columns (4) and (5), it is positive in Column

(3) and it is never statistically significant. However, a joint test of the statistical significance of

the main effect (i.e., “PMTCT within 20km”) and the interaction term indicates that the joint

effect for respondent’s in demographic groups with HIV prevalence at or above the median level is

statistically significant at (at least) the 5 percent level.

6 Conclusion

After thirty years of struggling to stem the spread of HIV/AIDS, the discovery of antiretroviral

drugs for HIV prevention appears to be a major breakthrough (Padian et al 2008, Padian et al

2011). Clinical studies indicate antiretroviral drugs given to mothers and their newborn infants may

virtually eliminate HIV transmission (Dabis and Ekpini 2002, Canning 2006). However, little-to-no

evidence exists on the effectiveness of these interventions at scale.

I examine the effect of prevention of mother-to-child transmission of HIV (PMTCT) expansion

on all-cause child mortality in Zambia. To do so, I used a geocoded census of all health facilities

in Zambia to construct a monthly panel documenting the nationwide expansion of PMTCT. Data

on child mortality in areas receiving PMTCT before and after they received PMTCT, as well as in

areas never receiving PMTCT, come from the birth history modules in the 2001 and 2007 DHS.

A variety of empirical specifications point toward the same conclusion: the local availability

of PMTCT appears to have reduced all-cause infant mortality by approximately 2 percentage

points (or roughly 20 percent). These estimates suggest that PMTCT expansion accounted for

roughly one-quarter of the decline in infant mortality in Zambia between 2000 and 2007. More

generally, these results suggest that PMTCT may be the first HIV prevention intervention that has

succeeded at scale in Sub-Saharan Africa. However, further research on the epidemiological and
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behavioral effects of PMTCT is required. Moreover, several recent innovations in HIV prevention

(e.g., antiretroviral therapy to prevent the horizontal transmission of HIV or male circumcision for

HIV prevention) may prove to be successful at reducing HIV transmission at scale.

15



7 References

Abdool Karim, Quarraisha, Salim Abdool Karim, Janet Frolich, Anneke Grobler, Cheryl Baxter,

Leila Mansoor, Ayesha Kharsany, Sengeziwe Sibeko, Koleka Mlisana, Zaheen Omar, Tanuja Gen-

giah, Silvia Maarschalk, Natasha Arulappan, Mukelisiwe Mlotshwa, Lynn Morris, Douglas Taylor,

and on behalf of the CAPRISA 004 Trial Group. 2010. Effectiveness and safety of tenofovir gel,

an antiretroviral microbicide, for the prevention of HIV infection in women. Science, 329(5996):

1168-1174.

Brahmbhatt, Heena, Fred Wabwire-Mangen, Godfrey Kigozi, Ronald Gray. 2001. Associations of

maternal HIV and child survival in Rakai, Uganda. 3rd Conference on global strategies for the

prevention of HIV transmission from mothers to infants. September 9-13, 2001, Kampala, Uganda

(abstract 59).

Brahmbhatt, Heena, Godfrey Kigozi, Fred Wabwire-Mangen, David Serwadda, Tom Lutalo, Fred

Nalugoda, Nelson Sewankambo, Mohamed Kiduggavu, Maria Wawer, and Ronald Gray. 2006.

Mortality in HIV-infected and uninfected children of HIV-infected and uninfected mothers in rural

Uganda. Journal of Acquired Immune Deficiency Syndrome, 41(4): 504-508.

Cameron, A. Colin, Jonah Gelbach, and Douglas Miller. 2008. Bootstrap-based improvements for

inference with clustered errors. Review of Economics and Statistics, 90(3): 414-427.

Central Statistical Office, Ministry of Health, Tropical Diseases Research Centre, University of Zam-

bia, and Macro International Inc. 2009. Zambia Demographic and Health Survey 2007. Calverton,

Maryland, USA: CSO and Macro International inc.

Dabis, Francois , Narcisse Elenga, NicolascMeda, Valeriane Leroy, Ida Viho, Olivier Manigart,

Laurence Dequae-Merchadou, Phillipe Msellati, Issiaka Sombie. 2001. 18-month mortality and

perinatal exposure to Zidovudine in West Africa. AIDS, 15: 771-779.

De Cock, Kevin, Mary Glenn Fowler, Eric Mercier, Isabelle de Vincenzi, Joseph Saba, Elizabeth

Hoff, David Alnwick, Martha Rogers, and Nathan Shaffer. 2000. Prevention of mother-to-child

HIV transmission in resource-poor countries: Translating research into policy and practice. Journal

of the American Medical Association, 283(9): 1175-1182.

Elizabeth Glaser Pediatric AIDS Foundation. 2011. www.pedaids.org

Goldstein, Markus, Joshua Graff Zivin, James Habyarimana, Cristian Pop-Eleches, and Harsha

Thirumurthy. 2010. The impact of health worker absence on health outcomes: Evidence from

Western Kenya. Columbia University working paper.

16



Grant, Robert, Javier Lama, Peter Anderson, Vanessa McMahan, Albert Liu, Lorena Vargas, Pe-

dro Goicochea, Martin Casapia, Juan Vicente Guanira-Carranza, Maria Ramirez-Cardich, Orlando

Montoya-Herrera, Telmo Fernandez, Valdilea Veloso, Susan Buchbinder, Suwat Chariyalertsak,

Mauro Schechter, Linda-Gail Bekker, Kenneth Mayer, Esper George Kallas, K. Rivet Amico, Kath-

leen Mulligan, Lane Bushman, Robert Hance, Carmela Ganoza, Patricia Defechereu, Brian Postle,

Furong Wang, J. Jeff McConnell, Jia-Hua Zheng, Jeanny Lee, James Rooney, Howard Jaffe, Ana

Martinez, David Burns, David Glidden, for the iPrEx Study Team. 2010. Preexposure chemopro-

phylaxis for HIV prevention in men who have sex with men. New England Journal of Medicine,

363:2587-2599.

Guay, Laura, Philippa Musoke, Thomas Fleming, Danstan Bagenda, Melissa Allen, Clemensia

Nakabiito, Joseph Sherman, Paul Bakaki, Constance Ducar, Martina Deseyve, Lynda Emel, Mark

Mirochnick, Mary Glenn Fowler, Lynne Mofenson, Paolo Miotti, Kevin Dransfield, Dorothy Bray,

Francis Mmiro, and J. Brooks Jackson. 1999. Intrapartum and neonatal single-dose nevirapine

compared with zidovudine for prevention of mother-to-child transmission of HIV-1 in Kampala,

Uganda: HIVNET 012 randomised trial. The Lancet, 354(September 4): 795-802.

Hallet, Timothy, Peter White, Geoff Garnett. 2007. Appropriate evaluation of HIV prevention

interventions: From experiment to full-scale implementation. Sexually Transmitted Infections,

83(Supplement I): i55-i60.

Jackson, J. Brooks, Philippa Musoke, Thomas Fleming, Laura A Guay, Danstan Bagenda, Melissa

Allen, Clemensia Nakabiito, Joseph Sherman, Paul Bakaki, Maxensia Owor, Constance Ducar,

Martina Deseyve, Anthony Mwatha, Lynda Emel, Corey Duefield, Mark Mirochnick, Mary Glenn

Fowler, Lynne Mofenson, Paolo Miotti, Maria Gigliotti, Dorothy Bray, Francis Mmiro. 2003. Intra-

partum and neonatal single-dose nevirapine compared with zidovudine for prevention of mother-

to-child transmission of HIV-1 in Kampala, Uganda: 18-month follow-up of the HIVNET 012

randomised trial. The Lancet, 362(September 13): 859-868.

Kalibala, S. et al 2003. Empowering Communities to Respond to HIV/AIDS: Ndola Demonstration

Project on Maternal and Child Health. Population Council: Washington, DC.

Kates, Jennifer, Eric Lief, Carlos Avila. 2009. Financing the Response to AIDS in Low- and Middle

Income Countries: International Assistance from the G8, European Commission and Other Donor

Governments in 2008. The Henry F. Kaiser Family Foundation and UNAIDS, June 2009.

Kates, Jennifer, Adam Wexler, Eric Lief, Carlos Avila, and Benjamin Gobet. 2011. Financing the

Response to AIDS in Low- and Middle- Income Countries: International Assistance from Donor

Governments in 2010. The Henry J. Kaiser Family Foundation and UNAIDS, August 2011.

17



Merson, Michael, Jeffrey O’Malley, David Serwadda, and Chantawipa Apisuk. 2008. The history

and challenge of HIV prevention. The Lancet, 372(August 9): 475-488.

Ministry of Health, Zambia. 2007. PMTCT National Protocol Guidelines. Lusaka, Zambia.

Ministry of Health, Zambia. 2010. PMTCT National Protocol Guidelines. Lusaka, Zambia.

Ministry of Health and National AIDS Council, Zambia. 2008. Zambia Country Report, Multi-

Sectoral AIDS Response Monitoring and Evaluation Biennial Report, 2006-2007. Lusaka, Zambia.

Moss, Kellie. 2008. International HIV/AIDS, Tuberculosis, and Malaria: Key Changes to U.S.

Programs and Funding. CRS Report for Congress. August 25, 2008.

National Institute of Allergy and Infectious Disease (United States of America). 2011. “Treating

HIV-infected People with Antiretrovirals Protects Partners from Infection: Findings Result from

NIH-funded International Study.” Press Release, May 12, 2011.

Newell, Marie-Louise, Heena Brahmbhatt, and Peter Ghys. 2004. Child mortality and HIV infec-

tion in Africa: A review. AIDS 18(Supplement 2): S27-S34.

Padian, Nancy, Anne Buve, Jennifer Balkus, David Serwadda, and Ward Cates Jr. 2008. Biomed-

ical interventions to prevent HIV infection: Evidence, challenges, and way forward. The Lancet,

372(August 16): 585-599.

Padian, Nancy, Sandra McCoy, Salim Abdool Karim, Nina Hasen, Julia Kim, Michael Bartos, Elly

Katabira, Stefano Bertozzi, Bernhard Schwartlander, and Myron Cohen. 2011. HIV prevention

transformed: The new prevention research agenda. The Lancet, 378(July 16): 269-278.

Pop-Eleches, Christian, Harsha Thirumurthy, James Habyarimana, Joshua Graff Zivin, Markus

Goldstein, Damien de Walque, L. MacKeen, J. Haberer, S. Kimaiyo, J Sidle, D Ngare, and DR.

Bangsberg. 2011. Mobile phone technologies improve adherence to antiretroviral treatment in a

resource-limited setting: A randomized controlled trial of text message reminders. AIDS, 25(6):

825-834.

Rutenberg, Naomi, Scott Geibel, Sam Kalibala, Chipepo Kankasa, Ruth Nduati, Dorothy Mbori

Ngacha, Jennifer Oyieke, and Margaret Siwale. 2003. ”Infant Feeding Counseling within Kenyan

and Zambian PMTCT Services: How Well Does it Promote Good Feeding Practices?” Horizons

Research Summary. Population Council: Washington, DC.

Schwartlander, Bernhard, John Stover, Timothy Hallett, Rifat Atun, Carlos Avila, Eleanor Gouws,

Michael Bartos, Peter D Ghys, Marjorie Opuni, David Barr, Ramzi Alsallaq, Lori Bollinger, Marcelo

de Freitas, Geoff rey Garnett, Charles Holmes, Ken Legins, Yogan Pillay, Anderson Eduardo Stan-

18



ciole, Craig McClure, Gottfried Hirnschall, Marie Laga, Nancy Padian, on behalf of the Investment

Framework Study Group. 2011. Towards an improved investment approach for an effective response

to HIV/AIDS. The Lancet, 377 (June 11): 2031-2041.

Smith, Kumi, Kimberly Powers, Angela Kashuba, and Myron Cohen. 2011. HIV-1 treatment as

prevention: The good, the bad, and the challenges. Current Opinion in HIV and AIDS, 6(4) :

315-325.

Spira, Rosemary, Phillipe Lepgage, Phillipe Msellati, Phillipe Van d Perre, Valeraine Leroy, Arlette

Simonon, Etienee Karita, and Francois Dabis. 1999. Natural history of HIV type 1 infection in

children: A five-year prospective study in Rwanda. Pediatrics, 104: D1-D9.

Steckelenburg, J., S. Kyanamina, M. Mukelabai, I. Wolffers, and J. van Roosmalen. 2004. Wait-

ing too long: Low use of maternal health services in Kalabo, Zambia. Tropical Medicine and

International Health, 9(3): 390-398.

Stringer, Jeffrey, Moses Sinkala, Courtney Maclean, Jens Levy, Chipepo Kankasa, Alain DeGroot,

Elizabeth Stringer, Edward Acosta, Robert Goldenberg, and Sten Vermund. 2005. Effectiveness

of a city-wide program to prevent mother-to-child HIV transmission in Lusaka, Zambia. AIDS,

19(12): 1309-1315.

Stringer, Elizabeth, Benjamin Chi, Namwinga Chintu, Tracy Creek, Didier Ekouevi, David Coetzee,

Pius Tih, Andrew Boulle, Francois Dabis, Nathan Shaffer, Catherine Wilfert, Jeffrey Stringer.

2008a. Monitoring effectiveness of programmes to prevent mother-to-child HIV transmission in

lower-income countries. Bulletin of the World Health Organization, 86(1): 57-62.

Stringer, Elizabeth, Namwinga Chintu, Jens Levy, Moses Sinkala, Benjamin Chi, Jubra Muyanga,

Marc Bulterys, Maximilian Bweupe, Karen Megazzini, and Jeffrey Stringer. 2008b. Declining

HIV prevalence among young pregnant women in Lusaka, Zambia. Bulletin of the World Health

Organization, 86(9): 657-736.

Taha, Taha, Newton Kumwenda, Robin Broadhead, Donald Hoover, Diane Markakis, Len van der

Hoeven, George Liomba, John Chiphangwi, and Paolo Miotti. 1999. Mortality after the first year

of life among human immunodeficiency virus type 1-infected and uninfected children. Pediatric

Infectious Disease Journal, 18: 689-94.

Torpey, Kwasi, Mushota Kabaso, Prisca Kasonde, Rebecca Dirks, Maxmillian Bweupe, Catherine

Thompson, and Ya Diul Mukadi. 2010. Increasing the uptake of prevention of mother-to-child

transmission of HIV services in a resource-limited setting. BMC Health Services Research, 10:29.

WHO. 2004. Antiretroviral Drugs for Treating Pregnant Women and Preventing HIV Infection in

19



Infants: Guidelines on Care, Treatment and Support for Women Living with HIV/AID and Their

Children in Resource-Constrained Settings. World Health Organization.

WHO. 2010a. Toward Universal Access: Scaling Up Priority HIV/AIDS Interventions in the Health

Sector. World Health Organization.

WHO. 2010b. World Health Statistics 2010. World Health Organization.

WHO. 2011. Global HIV/AIDS Response: Epidemic Update and Health Sector Progress Toward

Universal Access. World Health Organization.

20



	  
	  

	  
	  
	  
Notes: Data on donor disbursements come from: Kates, Jennifer, Adam Wexler, Eric Lief, Carlos Avila, 
and Benjamin Gobet. 2011. Financing the Response to AIDS in Low- and Middle- Income Countries: 
International Assistance from Donor Governments in 2010. The Henry J. Kaiser Family Foundation and 
UNAIDS, August 2011.  Data on HIV infections come from: WHO. 2011. Global HIV/AIDS Response: 
Epidemic Update and Health Sector Progress Towards Universal Access. World Health Organization. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

2002 2003 2004 2005 2006 2007 2008 2009 2010 

Year 

Figure 1: Global HIV/AIDS Spending and 
HIV Incidence 

donor disbursements (US$ billion) HIV infections (million) 



	  
	  

 

Figure 2: PMTCT Sites by Year of Service Initiation 
  

 

 

 
  

Notes: Data on the latitude and longitude of health facilities come from the 2006 Japanese International Cooperation Agency 
(JICA) Health Facilities Census (HFC).  Data on the month and year PMTCT was introduced at a given facility come from 
the augmented 2006 JICA HFC.  Data on transportation routes come from the Zambia Central Statistical Office (CSO).  Data 
on district population levels come from the 2000 Zambia Census of Population and Housing. 
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Table 1: Local PMTCT Introduction and Child Mortality

Died by: 6 months 12 months 18 months 24 months
(1) (2) (3) (4)

Never received 0.076 0.108 0.112 0.138

Before local introduction 0.064 0.097 0.105 0.125

After local introduction 0.058 0.076 0.087 0.117

Change associated with local introduction -0.006 -0.022*** -0.018** -0.008

Observations 17,426 16,070 14,730 13,399

*** Significant at 1 percent level, ** Significant at 5 percent level, * Significant at 10 percent level

Notes: Data on child mortality come from the birth history modules in the 2001 and 2007 Demographic Health
Surveys.  Local PMTCT availability defined as PMTCT available within 20 kilometers of respondent.



Table 2: Descriptive Statistics on Child Mortality and PMTCT Cascade

mean standard deviation observations
(1) (2) (3)

Child mortality
Died by 6 months 0.066 0.249 18,131

         by 12 months 0.098 0.298 16,695

         by 18 months 0.107 0.309 15,277

         by 24 months 0.128 0.334 13,865

PMTCT cascade
Visit ANC in 2001 0.94 0.25 2,087

                  in 2003 0.95 0.22 656

                  in 2005 0.93 0.25 625

                  in 2007 0.93 0.25 2,053

Multiple ANC visits in 2001 0.90 0.30 1,469

                                  in 2007 0.94 0.24 1,451

Offered HIV test in 2001 0.22 0.42 1,952

                            in 2003 0.15 0.36 624

                            in 2005 0.26 0.44 583

                            in 2007 0.57 0.50 1,911

Accepted HIV test in 2003 0.44 0.50 93

                               in 2005 0.62 0.49 154

Other
Clinic discussed family planning in 2001 0.43 0.50 1,606

                                                      in 2007 0.59 0.49 1,156

HIV prevalence 0.164 0.091 19,195
Notes: Data on child mortality come from birth history modules in the 2001 and 2007 DHS survey rounds. Died by 6 months is
an indicator variable equal to one if a child died by 6 months of age and equal to zero if a child survived to 6 months of age. Died
by 12 months, 18 months, and 24 months are defined similarly. Data on the steps in PMTCT cascade come from the 2001 and
2007 DHS survey rounds and the 2003 and 2005 ZSBS survey rounds. Visit ANC is an indicator variable equal to one if the
respondent visited an antenatal clinic at least once during a pregnancy in the twelve months leading up to the interview date and
zero if the respondent did not visit an antenatal clinic during any pregnany in the twelve months leading up to the interview date.
Multple ANC visits is an indicator variable equal to one if the respondent visited an antenatal clinic more than once during a
pregnancy in the twelve months leading up to the interview date and zero if the respondent did not visit an antenatal clinic more
than once during a pregnancy in the twelve months leading up to the interview date. Offered HIV test is an indicator variable
equal to one if the respondent reported being offered a HIV test during a visit to an antenatal clinic during a pregnancy in the
twelve months leading up to the interview date and equal to zero if the respondent reported not being offered a HIV test during
any such visit. Accepted HIV test is an indicator variable equal to one if the respondent reported accepting the result of a HIV test
administered during an antenatal clinic visit during a pregnancy in the twelve months leading up to the interview date and equal to
zero if the respondent reported not accepting the results of a HIV test administered at an antenatal clinic during a pregnancy in the
twelve months leading up to the interview date. Clinic FP is an indicator variable equal to one if the respondent reported having a
health worker discuss family planning during a visit to an antenatal clinic for a pregnancy in the twelve months leading up to the
interview date and equal to zero if the respondent reported not having a health worker discuss family planning during a visit to an
antenatal clinic for a pregnancy in the twelve months leading up to the interview date. Data on HIV prevalence come from the
anonymous HIV testing module in the 2007 DHS. HIV prevalence is the proportion of HIV positive women in the respodent's
demographic group, where demographic group is defined as the interaction of five-year age group and province of residence.



Table 3: Effect of Local PMTCT on PMTCT Cascade

multiple clinic discussed
Dependent variable: visit ANC ANC visits offered test accepted test family planning

(1) (2) (3) (4) (5)

PMTCT within 20km 0.022 0.023 0.101** 1.405 0.072
(0.024) (0.032) (0.045) (4.766) (0.069)

Individual level controls YES YES YES YES YES

District and month times year fixed effects YES YES YES YES YES

Linear trends YES YES YES YES YES

PMTCT expansion year fixed effects YES YES YES YES YES

Observations 5,085 2,764 4,754 220 2,598

*** Significant at the 1 percent level, ** Significant at the 5 percent level, * Significant at the 10 percent level.

Notes: Data on whether the respondent visited an ANC and whether ANC offered a HIV test comes from 2001 and 2007 DHS survey
rounds and 2003 and 2005 ZSBS survey rounds. Data on whether the respondent accepted the HIV test comes from the 2003 and 2005
ZSBS survey rounds. Data on whether the respondent made multiple ANC visits and whether the clinic discussed family planning come
from the 2001 and 2007 DHS survey rounds. All dependent variables are indicator variables and are defined only for respondents
reporting being pregnant at some point in the twelve months prior to the survey month. "PMTCT within 20km" is an indicator variable
equal to one if a health clinic with 20 kilometers of the respondent offered PMTCT at least nine months prior to the survey date. All
specifications include an indicator variable for whether PMTCT was ever introduced within 20 kilometers of the respondent. Standard
errors are in parentheses and are clustered by Standard Enumeration Area (SEA).



Table 4: Effect of Local PMTCT on Child Mortality

Dependent variable:
(1) (2) (3) (4) (5)

Panel A: Died by 6 months

PMTCT within 20km -0.006 -0.006 -0.006 -0.007 -0.006
(0.006) (0.006) (0.007) (0.007) (0.007)

Individual level controls NO YES YES YES YES

District and month times year fixed effects NO NO YES YES YES

Linear trends NO NO NO YES YES

PMTCT expansion year fixed effects NO NO NO NO YES

Observations 17,373 17,373 17,373 17,373 17,373

Panel B: Died by 12 months
PMTCT within 20km -0.021*** -0.021*** -0.023*** -0.027*** -0.025***

(0.007) (0.007) (0.008) (0.008) (0.008)

Individual level controls NO YES YES YES YES

District and month times year fixed effects NO NO YES YES YES

Linear trends NO NO NO YES YES

PMTCT expansion year fixed effects NO NO NO NO YES

Observations 16,017 16,017 16,017 16,017 16,017

Panel C: Died by 18 months
PMTCT within 20km -0.017** -0.017* -0.017* -0.023** -0.021**

(0.008) (0.009) (0.010) (0.010) (0.010)

Individual level controls NO YES YES YES YES

District and month times year fixed effects NO NO YES YES YES

Linear trends NO NO NO YES YES

PMTCT expansion year fixed effects NO NO NO NO YES

Observations 14,679 14,679 14,679 14,679 14,679

Panel D: Died by 24 months

PMTCT within 20km -0.008 -0.006 -0.007 -0.014 -0.015
(0.010) (0.010) (0.012) (0.012) (0.012)

Individual level controls NO YES YES YES YES

District and month times year fixed effects NO NO YES YES YES

Linear trends NO NO NO YES YES

PMTCT expansion year fixed effects NO NO NO NO YES

Observations 13,354 13,354 13,354 13,354 13,354

*** Significant at the 1 percent level, ** Significant at the 5 percent level, * Significant at the 10 percent level.

child death

Notes: Data come from the 2001 and 2007 DHS survey rounds. Child death is an indicator variable equal to one if the
child died by 6 months (Panel A), 12 months (Panel B), 18 months (Panel C), and 24 months (Panel D). "PMTCT
within 20km" is an indicator variable equal to one if a health clinic with 20 kilometers of the respondent offered
PMTCT at least nine months prior to the survey date. All specifications include an indicator variable for whether
PMTCT was ever introduced within 20 kilometers of the respondent. Standard errors are in parentheses and are
clustered by Standard Enumeration Area (SEA).



Table 5: Heterogeneity by Distance in Effect of Local PMTCT on Child Mortality

Dependent variable:
(1) (2) (3) (4) (5)

PMTCT within 10km 0.003 0.003 -0.001 0.001 -0.001
(0.015) (0.015) (0.015) (0.015) (0.015)

PMTCT within 20km -0.022* -0.022* -0.022 -0.028* -0.024*
(0.013) (0.013) (0.014) (0.014) (0.015)

PMTCT within 30km -0.010 -0.010 -0.002 0.000 0.000
(0.019) (0.019) (0.019) (0.019) (0.020)

Individual level controls NO YES YES YES YES

District and month times year fixed effects NO NO YES YES YES

Linear trends NO NO NO YES YES

PMTCT expansion year fixed effects NO NO NO NO YES

Observations 16,017 16,017 16,017 16,017 16,017

*** Significant at the 1 percent level, ** Significant at the 5 percent level, * Significant at the 10 percent level.

died by 12 months

Notes: Data come from the 2001 and 2007 DHS survey rounds. Died by 12 months is an indicator variable equal to
one if the child died before turning 13 months old. "PMTCT within 10km" is an indicator variable equal to one if a
health clinic with 10 kilometers of the respondent offered PMTCT at least nine months prior to the survey date.
"PMTCT within 20km" is an indicator variable equal to one if a health clinic with 20 kilometers of the respondent
offered PMTCT at least nine months prior to the survey date. "PMTCT within 30km" is an indicator variable equal
to one if a health clinic with 30 kilometers of the respondent offered PMTCT at least nine months prior to the survey
date. All specifications include an indicator variable for whether PMTCT was ever introduced within 20 kilometers
of the respondent.  Standard errors are in parentheses and are clustered by Standard Enumeration Area (SEA).



Table 6: Dynamic Effects of Local PMTCT on Child Mortality

Dependent variable:
(1) (2) (3) (4) (5)

PMTCT within 20km -0.021** -0.021** -0.022** -0.025*** -0.023**
(0.009) (0.009) (0.009) (0.009) (0.009)

PMTCT within 20km at least 36 months -0.001 0.000 -0.005 -0.010 -0.011
(0.014) (0.014) (0.016) (0.016) (0.016)

P > F(PMTCT+PMTCT at least 36 months=0) 0.058 0.070 0.057 0.016 0.020

Individual level controls NO YES YES YES YES

District and month times year fixed effects NO NO YES YES YES

Linear trends NO NO NO YES YES

PMTCT expansion year fixed effects NO NO NO NO YES

Observations 16,017 16,017 16,017 16,017 16,017

*** Significant at the 1 percent level, ** Significant at the 5 percent level, * Significant at the 10 percent level.

died by 12 months

Notes: Data come from the 2001 and 2007 DHS survey rounds. Died by 12 months is an indicator variable equal to one
if the child died before turning 13 months old. "PMTCT within 20km" is an indicator variable equal to one if a health
clinic with 20 kilometers of the respondent offered PMTCT at least nine months prior to the survey date. All
specifications include an indicator variable for whether PMTCT was ever introduced within 20 kilometers of the
respondent.  Standard errors are in parentheses and are clustered by Standard Enumeration Area (SEA).



Table 7: Heterogeneity by HIV Prevalence in Effect of Local PMTCT on Child Mortality

Dependent variable:
(1) (2) (3) (4) (5)

Panel A: Continuous measure of HIV prevalence
PMTCT within 20km -0.023 -0.030 -0.019 -0.020 -0.015

(0.022) (0.021) (0.023) (0.023) (0.023)

PMTCT within 20km * HIV prevalence 0.017 0.040 -0.016 -0.029 -0.043
(0.091) (0.091) (0.095) (0.095) (0.096)

Individual level controls NO YES YES YES YES

District and month times year fixed effects NO NO YES YES YES

Linear trends NO NO NO YES YES

PMTCT expansion year fixed effects NO NO NO NO YES

Observations 16,017 16,017 16,017 16,017 16,017

Panel B: Binary measure of HIV prevalence

PMTCT within 20km -0.022 -0.027* -0.027 -0.024 -0.020
(0.016) (0.016) (0.017) (0.017) (0.018)

PMTCT within 20km * HIV prevalence median above 0.002 0.008 0.005 -0.004 -0.007
(0.018) (0.018) (0.019) (0.019) (0.019)

P > F(PMTCT+PMTCT*HIV prevalence median above=0) 0.017 0.029 0.017 0.002 0.004

Individual level controls NO YES YES YES YES

District and month times year fixed effects NO NO YES YES YES

Linear trends NO NO NO YES YES

PMTCT expansion year fixed effects NO NO NO NO YES

Observations 16,017 16,017 16,017 16,017 16,017

*** Significant at the 1 percent level, ** Significant at the 5 percent level, * Significant at the 10 percent level.

died by 12 months

Notes: Data come from the 2001 and 2007 DHS survey rounds. Died by 12 months is an indicator variable equal to one if the child died
by 12 months of age. "PMTCT within 20km" is an indicator variable equal to one if a health clinic with 20 kilometers of the respondent
offered PMTCT at least nine months prior to the survey date. HIV prevalence is the proportion of women in a respodent's demographic
group (defined as the interaction of five-year age group and province of residence) who are HIV positive. Data on HIV prevalence come
from the anonymous HIV testing module in the 2007 DHS. All specifications include an indicator variable for whether PMTCT was ever
introduced within 20 kilometers of the respondent. Standard errors are in parentheses and are clustered by Standard Enumeration Area
(SEA).
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