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Background: We assessed Zimbabwe’s progress toward elimination of mother-to-child
HIV transmission (MTCT) under Option A.
Methods: We analyzed 2012 and 2014 cross-sectional serosurvey data from motherinfant pairs residing in the same 157 health facility catchment areas randomly sampled
from five provinces. Eligible women were at least 16 years and mothers/caregivers
of infants born 9–18 months prior. We aggregated individual-level questionnaire and
HIV serostatus within catchment areas or district to estimate MTCT and the number of
HIV-infected infants; these data were mapped using facility global positioning system
coordinates.
Results: A weighted population of 8800 and 10 404 mother-infant pairs was included
from 2012 and 2014, respectively. In 2014, MTCT among HIV-exposed infants was
6.7% (95% confidence interval: 5.2, 8.6), not significantly different from 2012 (8.8%,
95% confidence interval: 6.9, 11.1, P ¼ 0.13). From 2012 to 2014, self-reported
antiretroviral therapy or prophylaxis among HIV-infected women increased from 59
to 65% (P ¼ 0.05), as did self-reported infant antiretroviral prophylaxis (63 vs. 67%,
P ¼ 0.08). In 2014, 65 (41%), 55 (35%), and 37 (24%) catchment areas had the
same, lower, and higher MTCT rate as in 2012, respectively. MTCT in 2014 varied
by catchment areas (median ¼ 0%, mean ¼ 4.9%, interquartile range ¼ 0–10%) as did
the estimated number of HIV-infected infants (median ¼ 0, mean ¼ 1.1, interquartile
range ¼ 0–1.0). Also in 2014, 106 (68%) catchment areas had MTCT ¼ 0%.
Geovisualization revealed clustering of catchment areas where both MTCT and the
estimated number of HIV-infected infants were relatively high.
Conclusion: Although MTCT is declining in Zimbabwe, geospatial analysis indicates
facility-level variability. Catchment areas with high MTCT rates and a high burden
of HIV-infected infants should be the highest priority for service intensification.
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Introduction
The Joint United Nations Programme on HIV/AIDS’
2015 goal for virtual elimination of mother-to-child HIV
transmission (eMTCT) is within reach for many low and
middle-income countries [1,2]. Countries that achieve
both of the following impact targets for at least 1 year can
apply to WHO for validation of having eliminated
MTCT: 50 or less new pediatric HIV infections per
100 000 live births, and either a MTCT rate of less than
5% in breastfeeding populations, or a MTCT rate of
less than 2% in nonbreastfeeding populations, based
on infants’ final infection status which is typically
determined at 18 months [3]. In addition, three coverage
targets must have been be met for 2 years prior to
certification of eMTCT: at least 95% antenatal care
(ANC) attendance, at least 95% HIV testing coverage of
pregnant women, and at least 90% antiretroviral treatment
(ART) coverage of HIV-infected pregnant women [3].
Although the eMTCT validation guidance emphasizes
the need for ongoing, effective interventions and quality
surveillance systems before and after eMTCT certification, the path toward elimination is not simple. Given
limited resources, how should governments prioritize
their short-term efforts to achieve eMTCT most
efficiently? As part of an evaluation of Zimbabwe’s
Accelerated National Prevention of Mother-to-Child
HIV Transmission (PMTCT) Program, we had the
opportunity to examine changes in MTCT rates and
service uptake to inform prioritization of subregions for
enhanced PMTCT service strengthening. Zimbabwe has
been hailed for their scale up of PMTCT services, under
Option A from August 2011 and under Option Bþ
starting in November 2013 [4,5]. For example, from 2007
to 2011, program monitoring data suggest that the
percentage of HIV-positive pregnant women attending
a health facility who received antiretroviral prophylaxis
increased from 22 to 82% [6,7], and recent estimates
suggest that MTCT is now between 8 [8] and 13% [9].
Thus, Zimbabwe is an ideal setting to consider how to
best allocate human and financial resources for the final
push toward eMTCT.
Using data from two rounds of a community-based
cross-sectional serosurvey, we examined Zimbabwe’s
progress toward eMTCT by assessing changes in MTCT
rates and uptake of key PMTCT services between
2012 and 2014. In addition, we conducted a geospatial
analysis to examine variation in MTCT and the number
of HIV-infected infants by facility catchment area over
the same time period (2012–2014). Based on these
results, we identified communities with the highest need
for PMTCT service intensification from a simple
algorithm based on MTCT and the number of pediatric
infections in 2014. Lastly, we examined regional
variability in MTCT and infant infections along with
HIV prevalence among women and reported coverage

of maternal antiretrovirals/ART. These analyses were
motivated by the President’s Emergency Plan for AIDS
Relief ’s goal to maximize resources by identifying and
prioritizing geographic areas at the subnational level with
the greatest need for treatment and prevention [10].

Methods
Study population
The Accelerated PMTCT program was initiated in 2011
by the Zimbabwe Ministry of Health and Child Care
and was based on Option A of the 2010 WHO PMTCT
guidelines [11]. Zimbabwe began rollout of Option Bþ
in late 2013 [12]. The impact evaluation consisted of
serial cross-sectional serosurveys in 2012 and 2014 to
determine the population-level impact of the accelerated
program on MTCT and HIV-free child survival
[8,13–15]. In brief, the surveys targeted mothers and
caregivers of infants who were born 9–18 months prior
to capture MTCT during pregnancy, delivery and in the
first 9–18 months of breastfeeding. Women were eligible
if they were at least 16 years old and biological mothers or
caregivers of eligible infants (alive or deceased). Biological
mothers represented 96% of the sample in both rounds. A
verbal autopsy was performed to determine timing and
cause of the mother’s death in cases where the mother had
died and the caregiver was interviewed.
Sampling strategy
The two-stage sampling strategy has been previous
described [8]. Briefly, in 2012 the research team randomly
selected 157 catchment areas of 699 health facilities in
five of 10 provinces offering PMTCT services, proportionate to the number of facilities per district [Catchment
areas are defined by the boundaries of the administrative
ward(s), which is a subdivision of district. Typically,
catchment areas of health facilities at the same level have
comparable population sizes.] The five provinces (Harare,
Mashonaland West, Mashonaland Central, Manicaland,
and Matabeleland South) were purposefully selected to
include Zimbabwe’s capital, rural communities with
higher and lower HIV prevalence, and both Shona and
Ndebele ethnic groups. In each catchment area, all
eligible infants were identified (using community health
workers, immunization registers, and peer referral) and a
predetermined proportion was randomly sampled,
depending on the size of the catchment area. In 2014,
we followed the same sampling procedures in the same
catchment areas.
Data collection
At each healthcare facility serving a sampled catchment
area, the field research team collected information about
the facility and its global positioning system (GPS)
coordinates. The team also conducted a household
survey with identical data collection procedures in 2012
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and 2014 [8]. Mothers/caregivers providing written
informed consent completed an anonymous intervieweradministered survey that collected information about
maternal and household demographics, health services
accessed by the mother and her infant during pregnancy
and after delivery, and health behaviors germane to
MTCT (e.g. breastfeeding). Pregnant women were asked
to report about care received at any health facility, not
only the one closest to her home. Patient-held maternal
and infant health cards were examined when available; for
example, 23 and 15% of women in 2012 and 2014 had
receipt of ART/antiretrovirals verified on the patientheld health card, respectively. The survey response rate
was 98.9% in 2012 and 99.4% in 2014. The anonymous
nature of the survey prevented the collection of GPS
coordinates from women’s homes.

Assessment of HIV status
Living mothers and infants provided blood spot samples
for HIV testing, which were air dried onto filter papers
and stored at room temperature until transported
biweekly to the laboratory. Maternal samples were tested
for HIV-1 antibody using AniLabsytems EIA kit
(AniLabsystems Ltd, Vantaa, Finland) with positive
specimens confirmed using Enzygnost Anti-HIV 1/2
Plus ELISA (Dade Behring, Marburg, Germany) and
discrepant results resolved by Western Blot. Samples of
infants born to HIV-positive mothers or to mothers with
unavailable samples were tested for HIV with DNA
polymerase chain reaction (Roche Amplicor HIV-1
DNA Test, version 1.5; Pleasanton, California, USA).
The response rate for maternal blood samples was 97.4%
in 2012 and 95.3% in 2014. Among eligible infants who
were randomly selected to be surveyed, the response rate
for blood samples was 96.5% in 2012 and 93.5% in 2014.
HIV test results were linked to questionnaire data through
a unique code. Because the survey was anonymous, HIV
status during pregnancy was not verified with medical
records. In 2012, participants could retrieve their
anonymous HIV test results at the local facility up to
3 months following the survey using a card with barcode
numbers. In 2014, participants who wanted to receive
their HIV test results had the option to provide
identifying information, which allowed receipt of HIV
test results at the local facility.

Data analysis
Mother-to-child HIV transmission
MTCT was defined as proportion of infants who were
HIV-infected at 9–18 months of age among those born to
HIV-infected mothers (MTCT is often referred to as a
‘rate’ by convention) [8]. The numerator (number of
infants HIV-infected or deceased related to HIV/AIDS)
was assessed based on laboratory-confirmed HIV test
results based on specimens collected during the survey
(98.1 and 99.5% of the final sample of infants in 2012 and
2014, respectively, which is different than the response

rates indicated above because of the different denominators), verbal autopsy data (for deceased infants, 1.3 and
0.2% of the 2012 and 2014 samples, respectively),
and information recorded on infant health cards (0.6 and
0.3% of the 2012 and 2014 samples, respectively),
which reflected laboratory confirmed HIV-test results
conducted at health facilities.
Prevention of mother-to-child HIV transmission service
utilization
In each survey, we computed the proportion of women
or HIV-exposed infants completing each step in the
PMTCT cascade using the total weighted number
of women or infants as the denominator [15]. Uptake
of the cascade of services targeted to ‘all’ pregnant women
was based on self-report and included: ANC (any and the
WHO-recommended at least four visits [16]), HIV
testing during ANC or labor and delivery or prior
knowledge of one’s HIV-positive status, receipt of HIV
test results or prior knowledge of one’s HIV-positive
status, institutional delivery, postnatal visit attendance
(6–8 weeks after birth), and current use of a modern
contraceptive method [17]. Uptake of services targeted to
‘HIV-infected’ women and their HIV-exposed infants
was based on self-report and included: reported maternal
ART and/or antiretroviral prophylaxis (grouped), infant
antiretroviral prophylaxis, at least one immunization visit,
receipt of cotrimoxazole, exclusive breastfeeding for at
least 6 months [18], HIV testing, receipt of HIV test
results, and treatment (if infected).

The portion of the analysis was restricted to biological
mothers and their eligible infants (representing 96% of the
survey samples). When receipt of the service or
engagement in the behavior was unknown or missing,
women or infants were classified as not having completed
the cascade step; however, this applied to no more than
1% of any service or behavior. We compared service
utilization between years with an F test adjusted for the
study design and a ¼ 0.05. These analyses were
conducted with STATA 14 (College Station, Texas,
USA) and were weighted to account for the sampling
fraction and survey nonresponse.
Geographical analysis
Overall, 156 of 157 catchment areas had valid GPS
coordinates. In each survey year we assigned motherinfant pairs the GPS coordinates of the nearest maternal
and child health facility. We aggregated individual-level
data within each catchment area to estimate: the
catchment-level MTCT rate, the estimated number of
HIV-infected infants per catchment area, which was the
product of the unweighted number of HIV-infected
infants and the inverse of the catchment area’s sampling
fraction, HIV prevalence among women in the survey,
aggregated to the district level, and maternal coverage of
ART/antiretroviral prophylaxis. These indicators were
selected because they provide information about service
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uptake and loss to follow-up (MTCT and maternal
coverage of ART/antiretroviral prophylaxis), the burden
of pediatric infections (number of HIV-infected infants),
and the potential for MTCT (maternal HIV prevalence
and ART/antiretroviral coverage). These data were
displayed on 2012 and 2014 maps created with ArcGIS
(Esri, Redlands, California, USA). On the 2014 maps, we
indicated high-priority areas for intensification of
PMTCT service provision, based on the algorithm
described below.
Determination of priority areas for prevention of
mother-to-child HIV transmission service intensification
We prioritized catchment areas based on their 2014
MTCT rates and the estimated number of HIV-infected
infants. Priority groups were intended to differentiate a
reasonable subset of catchment areas where ‘enhanced’
intervention was urgent (high priority) or necessary
(moderate priority) compared with those areas where the
current level of service provision should be maintained
(low priority). High-priority areas were those where we
estimated at least three HIV-infected infants 9–18 months
of age and MTCT at least 10% (the 75th percentile of the
MTCT distribution); moderate priority areas were
those where we estimated one to two HIV-infected
infants 9–18 months of age or 0%<MTCT<10%; and
low-priority groups were those where we estimated no
HIV-infected infants 9–18 months of age and
MTCT ¼ 0%. We examined whether maternal ART/
antiretroviral prophylaxis varied by priority area using an
F test adjusted for the study design and a ¼ 0.05. We
hypothesized that catchment areas in the highest priority
groups would have the lowest coverage levels of maternal
ART/antiretroviral prophylaxis.

Human study participants’ protection
The Medical Research Council of Zimbabwe and the
ethical review boards at the University of California,
Berkeley and University College London approved the
impact evaluation.

Results
Participant characteristics
Overall, a weighted population of 8800 and 10 404
mother-infant pairs were included in the 2012 and
2014 analysis, respectively, based on 8662 and 10 225
interviews with mothers and caregivers of infants who
were or would have been between 9 and 18 months of
age. The median age of women was 26 years (range:
16–68), 93.2% were married or had a regular sexual
partner, and they had a median of two lifetime births
(range: 0–15), with no important differences by survey
year. In 2012 and 2014, 1075 (12.4%) and 1324 (13.4%)
women were HIV-infected (P ¼ 0.11).
Mother-to-child HIV transmission estimates
In 2014, MTCTwas 6.7% (95% confidence interval: 5.2,
8.6) but this did not differ significantly from 2012 (8.8%,
95% confidence interval: 6.9, 11.1, P ¼ 0.13). In two of
the five provinces in 2014 (Manicaland and Matabeleland
South), MTCT was less than 5% (the eMTCT target for
breastfeeding populations) although the upper bound of
the 95% confidence interval was more than 5% (Table 1).
Prevention of mother-to-child HIV transmission
service utilization and engagement in prevention
behaviors
Service utilization increased among all pregnant and
postpartum women from 2012 to 2014, including at least
four ANC visits (64–68%), receiving HIV test results
(92–96%), institutional delivery (77–84%), and current
use of a modern contraceptive method (77–84%, Fig. 1a).
Among women who were HIV-infected, the proportion
reporting ART or antiretroviral prophylaxis increased
from 59 to 65% (P ¼ 0.05, Fig. 1b) as did the proportion
of HIV-infected women reporting antiretroviral prophylaxis for their HIV-exposed infant (63 to 67%, P ¼ 0.08).
Coverage of cotrimoxazole increased 15 percentage
points and receipt of early infant diagnosis results
increased 11 percentage points.

Table 1. Median number of HIV-infected infants per catchment area, stratified by province, and estimated mother-to-child HIV transmission
rate per province, Zimbabwe, 2012 and 2014.
Estimated MTCT rate %
(95% CI)b

No. of HIV-infected infants per CA
median (range)a
Province

No. of CAs sampled

Harare
Manicaland
Mashonaland Central
Mashonaland West
Matabeleland South
Total

8
57
30
37
24
156

2012
0
0
0
1
0.5
0

(0, 12)
(0, 8)
(0, 8)
(0, 10)
(0, 11)
(0,12)

2014
8
0
0
0
0
0

(0, 24)
(0, 6)
(0, 6)
(0, 6)
(0, 4)
(0,24)

2012
6.1%
9.1%
7.6%
10.7%
9.4%
8.8%

(2.2,
(6.1,
(4.1,
(6.8,
(5.7,
(6.9,

2014
15.5)
13.5)
13.4)
16.5)
15.0)
11.1)

9.5%
4.6%
6.0%
7.8%
4.1%
6.7%

(6.4,
(2.6,
(3.6,
(4.7,
(1.6,
(5.2,

14.0)
8.2)
9.7)
12.5)
10.0)
8.6)

CA, catchment area; CI, confidence interval; MTCT, mother-to-child HIV transmission.
a
The estimated number of HIV-infected infants per catchment area was calculated as the product of the unweighted number of HIV-infected infants
in the survey and the inverse of the catchment area’s sampling fraction.
b
The estimated proportion of infants per catchment area who were HIV-infected at 9–18 months of age among those born to HIV-infected mothers,
weighted to account for the sampling fraction and survey nonresponse.
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(a)

100%
94%

96%

95%

92%

92%

96%

94%

92%
86%

90%

84%

77%

80%

77%

68%

Percent of women

70%

64%

60%
50%
40%
30%
20%
10%
0%
2012
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≥1 ANC visit*
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2012

≥4 ANC visits*

2014

2012

Woman tested
or knew HIV+*

2014

2012

Woman
received results
or knew HIV+*

2014

2012

Institutional
delivery*

2014

Attended
postnatal visit*

2012

2014

Modern
contraceptive
method*

Maternal health service in the PMTCT cascade
(b)

98%

100%

99%

Percent of HIV-exposed infants

90%
80%
70%

70%

65%
59%

67%

66%

63%

61%
59%

60%

59%

57%

51%

48%

50%
40%
30%
20%
9%

10%

6%

0%
2012 2012

2012 2014

2012 2014

2012 2014

2012 2014

2012 2014

2012 2014

2012 2014

Maternal ARVs
or ART*

Infant ARV
prophylaxis

Attended ≥ 1
immunization
visit*

Infant received
cotrimoxazole*

Exclusively
breastfed for ≥6
months

Infant tested for
HIV infection*

Received HIV
test results*

Infant HIVinfected

Maternal and infant health services targeted to
HIV-infected women and their HIV-exposed infants

Fig. 1. Prevention of mother-to-child HIV transmission (PMTCT) cascade in Zimbabwe, 2012–2014. The percentages for
each step are the weighted proportion of the total number of all women with a recent birth (a) or HIV-infected women and their
HIV-exposed infants (b) in the survey receiving each service. Asterisks () indicate statistically significant differences at the a ¼ 0.05
level. Analysis restricted to biological mothers and their eligible infants.

Geospatial analysis (2012–2014)
In 2014, MTCT varied by catchment area (median: 0%,
mean: 4.9%, interquartile range: 0–10%). The estimated
number of HIV-infected infants 9–18 months of age also
varied by catchment area (median: 0, mean: 1.1,

interquartile range: 0–1.0). In 2014, 68% of catchment
areas had no MTCT. Overall, visual inspection of the
maps depicted a reduction in both the catchment-level
MTCT rate and the number of infected infants between
2012 and 2014 (Fig. 2). This change was particularly
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0

Estimated number of HIV-infected infants per facility catchment area
0
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300

kilometers

1–2 3–5 6–10 >10

Estimated MTCT rate per facility catchment area
>20%
Mashonaland Central
0%

N

Mashonaland Central

No HIV-exposed infants
Provinces included

Mashonaland West

Mashonaland West
Harare

Harare

ZIMBABWE

ZIMBABWE

Manicaland

Manicaland

Matabeleland South

Matabeleland South

2012

2014

Fig. 2. Estimated number of HIV-infected infants and MTCT rate in 156 selected health facility catchment areas in five provinces
in Zimbabwe, 2012 (a) and 2014 (b). Data from pregnant women and their infants were linked to health facility catchment area;
their inclusion in a particular area does not necessarily imply that the mother-infant pair received care at that facility, or received
care at all.

evident in Matabeleland South and part of Mashonaland
West. Nevertheless, there were a few sites where the
MTCT rate and/or the number of HIV-infected infants
increased. In 2014, ‘hotspots’ containing catchment
areas with both high MTCT rates and high numbers of
HIV-infected infants were clustered in Harare, eastern
Mashonaland West, and western Manicaland. Overall,
65 (41%) catchment areas had the same MTCT rate as in
2012, 55 (35%) had a lower MTCTrate, and 37 (24%) had
a higher MTCT rate.

prophylaxis during pregnancy was nonsignificantly
associated with catchment area priority level; HIVinfected pregnant women living in the highest priority
areas self-reported lower coverage of ART/antiretrovirals
(57%) compared with women in the lowest priority areas
(68%, P ¼ 0.17). The maps also revealed some sites with
no MTCT and no infant infections despite being located
in areas of high HIV prevalence and/or low maternal
ART/antiretroviral coverage.

Priority geographic areas in 2014 and maternal
antiretroviral treatment/antiretroviral coverage
Overall, 18 (11%), 33 (21%), and 106 (68%) catchment
areas were classified into priority levels ‘high’, ‘moderate’,
and ‘low’, respectively (Table 2). High-priority catchment areas were generally located within districts
with greater than 15% HIV prevalence (Fig. 3a) and/
or below 65% maternal antiretroviral coverage (Fig. 3b).
Self-reported coverage of maternal ART/antiretroviral

Discussion
These data from Zimbabwean women sampled from the
community suggest that MTCT in the five selected
provinces continues to decrease, from 8.8% in 2012 [8] to
6.7% in 2014. Thus, eMTCT may be within reach when
countrywide data are examined. Furthermore, utilization
of PMTCT-related services increased from 2012 to 2014,
with improvements in institutional delivery, infant receipt

Table 2. Categorization of 157 catchment areas into priority levels for PMTCT service intensification, Zimbabwe, 2014.
Priority level

Definition

High
Moderate
Low

 3 HIV-infected infants 9–18 months of age and MTCT  10%a
1–2 HIV-infected infants 9–18 months of age or 0  MTCT < 10%
No (0) HIV-infected infants 9–18 months of age and MTCT ¼ 0%

No. (%) catchment areas

a

The MTCT  10% cut point was the 75th percentile of the MTCT distribution.
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(a)

(b)
Estimated district-level HIV prevalence
among women with a recent birth
≤10% 10.1–15% 15.1–20% >20%

Estimated district-lelel ART/antiretroviral coverage during
pregnancy among women with a recent birth
≤55% 55.1-65% 65.1-75% >75%
Mashonaland Central

High priority catchment area

Estimated MTCT rate per catchment area

Mashonaland Central

High priority catchment area

Estimated MTCT rate per catchment area
>0%
0%
No HIV-exposed infants

>0%
0%
No HIV-exposed infants
Mashonaland West

Mashonaland West
Harare

Harare

ZIMBABWE

ZIMBABWE

Manicaland

Manicaland

Matabeleland South

Matabeleland South

0

50

100

200

300
Kilometers

0

N

50

100

200

300
Kilometers

N

Fig. 3. Estimated number of HIV-infected infants and MTCT rate in 156 selected health facility catchment areas in five provinces
in Zimbabwe, 2014. High priority catchment areas (as determined with our algorithm) are labeled with a star. (a) HIV prevalence in
the background and (b) maternal ART/antiretroviral coverage in the background.

of cotrimoxazole, and early infant diagnosis, some of the
main gaps in the PMTCT cascade in 2012 [15]. Other
services, like at least one ANC visit, HIV testing during
pregnancy or labor and delivery, and postnatal care, are
approaching universal coverage. However, there remain
services where further efforts are needed to increase
engagement and retention as Zimbabwe approaches
eMTCT. In particular, although the coverage of both
maternal and infant ART/antiretroviral prophylaxis
improved over time, about a third of HIV-infected
women reported that they and their infants did not
receive ART/antiretroviral prophylaxis in 2014.
Geospatial analysis and visualization provides a powerful
tool for identifying regional variability of local MTCT
rates and the number of pediatric infections and
communicating these findings to programs and policymakers. Although from 2012 to 2014 we observed
reduced MTCT and/or infant infections in some areas,
there were both new and persistent ‘hotspots’ in 2014.
These catchment areas – clustered around Harare, eastern
Mashonaland West, southern Mashonaland Central and
Manicaland – were ranked as the highest priority for
intensifying HIV prevention services to achieve and
maintain eMTCT. Furthermore, high-priority catchment areas also had lower levels of reported maternal
ART/antiretrovirals, indicating an opportunity for
immediate intervention. However, it is important to
note that these data are from five of the 10 provinces in
Zimbabwe, and a subset of catchment areas within these
five provinces; other data sources are needed to understand the situation countrywide. Although imperfect, the
application of a geospatial approach using routinely
collected facility-based monitoring and evaluation data
could complement community surveys like the one used

in this analysis. Although monitoring and evaluation data
are limited to women who seek healthcare services during
pregnancy, they benefit from being verifiable with the
medical record and may therefore reveal different patterns
for individual health facilities.
Geovisualization indicates that there may be several areas
in Zimbabwe, notably the comparatively rural subregions
of Mashonaland West and Central, where contiguous
catchment areas have lower MTCT rates and are located
in districts with low levels of HIV-infected infants.
Although some may argue that service provision could
potentially be consolidated in these areas to maximize
efficiency, the fact that some of these sites are located in
areas with ‘high’ maternal HIV prevalence suggests that
consolidation or removal of PMTCT services in these
areas would likely be highly detrimental to eMTCT
efforts. Instead of consolidation, these sites might be
considered as sources of ‘best practices’ to guide other sites
toward eMTCT amidst high levels of circulating HIV.
Importantly, our analyses linked MTCT in the community with the health facility catchment area. This does
not necessarily mean that all pregnant women received
care at that health facility, or received care at all (e.g., in
2012 35% of women received ANC in a facility outside
their place of residence, data not shown). Although HIVinfected pregnant women are encouraged to deliver in a
health facility, those who deliver at home are advised to go
to the nearest health facility to register the infant to obtain
a child health card as well as postpartum antiretrovirals.
Thus, these data do not necessarily single out individual
health facilities as having ‘failed’ in service provision;
rather, the data indicate geographic areas where the
supply and/or demand for PMTCT services should be
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intensified, which might require interventions targeted
to the clinic or the community, or both. Future analyses
with additional data sources could identify catchmentlevel factors associated with low and/or persistently high
MTCT rates.
As Zimbabwe approaches eMTCT, new strategies may be
required that are more targeted than previous one-sizefits-all approaches (which have been highly successful
[19]). For example, one possible new approach is to
dispatch response teams to visit MTCT hotspots to
conduct rapid assessments and brainstorm and implement
solutions. Supply-side factors might be remediated by
additional staff or training, supply chain strengthening,
service integration, stronger engagement of village health
workers [20], or performance-based financing [21].
Demand-side factors might be addressed with, for
example, transportation vouchers, incentives (e.g. for
institutional delivery) [22], mother-to-mother groups, or
community engagement [23]. Similarly, active case
finding coupled with short message service notification
could minimize delays after early infant diagnosis [24]. In
addition to these new strategies, the current strong
foundation of PMTCT services must remain in place to
sustain the accomplishments of the past decade.
The analysis has several important limitations [14,15].
First, utilization of PMTCT services was self-reported.
Although these reports were not verified against medical
records, previous analyses demonstrate their association
with MTCT, strengthening confidence in their validity
[15]. Second, women and infants’ HIV status was
measured 9–18 months postpartum; thus, some women
may have been infected after their infant was born
(biasing coverage estimates downward) and we may not
have captured all possible infant infections (78% of HIVexposed infants were still breastfeeding at the time of the
survey, data not shown). Some women who migrated
during pregnancy (e.g. to deliver in her parent’s
community) may not have returned home by 9–18
months to be included in the survey, although
customarily this would happen within a few weeks after
delivery. In addition, only living infants were tested for
HIV although we collected verbal autopsies for deceased
infants to assess whether their deaths are attributable to
HIV/AIDS. Lastly, the study was not designed to
statistically distinguish MTCT rates and the number of
HIV-infected infants between catchment areas. However,
as Zimbabwe approaches eMTCT, decisions about
human and financial resources will have to be made
based on sparse data. Thus, these data simulate the
real-world scenario of approaching the elimination target.
Zimbabwe has made impressive progress toward eMTCT.
The analysis presented here suggests that periodic
community-based surveys can complement facility-based
data by monitoring progress among all women, not only
those who enter the health system. Furthermore, a

geospatial approach to monitoring can identify weaker
performance sites or regions where enhanced community-based efforts are warranted. Data from the
ongoing population-based HIV impact assessments in
Zimbabwe, Malawi, Zambia, and Uganda should be well
suited to this purpose [25]. Together, these approaches
can guide efforts during the last mile toward eMTCT.
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