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Abstract
Objective Under Millennium Development Goal 4, countries are required to
reduce child mortality by two-thirds between 1990 and 2015. In countries with
generalized epidemics of human immunodeficiency virus (HIV) infection,
standard statistics based on fertility history may misrepresent progress towards
this target owing to the correlation between deaths among mothers and early
childhood deaths from acquired immunodeficiency syndrome.
Methods To empirically estimate this bias, child mortality data and fertility
history, including births to deceased women, were collected through prospective
household surveys in eastern Zimbabwe during 1998–2005. A mathematical
model was then used to investigate the determinants and temporal dynamics of
the bias, first in Zimbabwe and then in other countries with different background
mortality rates and HIV-related epidemic profiles.
Findings According to the empirical data, Standard cross-sectional survey
statistics underestimated true infant and under-5 mortality by 6.7% and 9.8%,
respectively. These estimates were in agreement with the output from the model,
in which the bias varied according to the magnitude and stage of the epidemic of
HIV infection and background mortality rates. The bias was greater the longer the
period elapsed before the survey and in later stages of the epidemic. Bias could
substantially distort the measured effect of interventions to reduce non-HIVrelated mortality and of programmes to prevent mother-to-child transmission,
especially when trends are based on data from a single survey.
Conclusion The correlation between the HIV-related deaths of mothers and their
children can bias survey estimates of early child mortality. A mathematical model
with a user-friendly interface is available to correct for this bias when measuring
progress towards Millennium Development Goal 4 in countries with generalized
epidemics of HIV infection.
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Introduction
Millennium Development Goal 4 (MDG4) calls for countries to reduce child mortality
rates by two-thirds between 1990 and 2015.1,2 There is concern that progress towards
meeting this target in sub-Saharan African countries with generalized epidemics of
human immunodeficiency virus (HIV) infection is being hampered directly by high levels
of mother-to-child HIV transmission, and indirectly by illness and death among mothers
with acquired immunodeficiency syndrome (AIDS), both of which undermine children’s
care.3–6 According to the Joint United Nations Programme for HIV/AIDS, in the 1990s
HIV infection and AIDS accounted for more than 20% of the total risk of dying before
the age of 5 years in seven countries.7 However, the subsequent scale-up of antiretroviral
therapy (ART) programmes and of national interventions to prevent mother-to-child HIV
transmission 8,9 offers hope that HIV/AIDS control programmes can help meet the
international goal.
To establish whether MDG4 is met, improved methods are being developed to
measure trends in child mortality, which are usually assessed by interviewing mothers
about the survival of their children.10–13 In many countries there have been sustained
declines in childhood mortality since 1950, but in some of the countries with severe
epidemics of HIV infection, paediatric AIDS has generated increases in recent years.13
Unfortunately, estimates of infant and under-5 mortality rates in countries experiencing
generalized HIV epidemics are subject to important bias 10,14 that could lead to an
incorrect assessment of their progress towards attaining MDG4. The bias stems from the
fact that deaths occur most often in children born to women infected with HIV, who are
less likely to be included in surveys because of illness or death. Little headway has been
made in addressing this bias, whose magnitude is hard to estimate because it is
determined by a set of inter-dependent relationships between fertility, mother’s age, stage
of HIV infection, the risk of mother-to-child transmission and the survival of infected
children. Such bias could be important in cross-country comparisons because it may vary
according to the level of non-AIDS-related background mortality, as well as with the
magnitude and stage of the epidemic of HIV infection. It could also confound trends
analyses because its magnitude may change as the epidemic evolves, owing to changes in
the age pattern of HIV infection, the number of women with advanced disease, and the
uptake of services for the prevention of mother-to-child transmission and for the delivery
of ART.
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In this study we have tested the hypothesis that the correlation between death
from HIV infection in mothers and their young children can cause a bias in child
mortality rate estimates in excess of 5% (a level judged to introduce serious error15). To
test this hypothesis we drew upon childhood mortality data from a prospective
population-based cohort study in Zimbabwe whose data covered both children born to
women who were still living and children whose mothers had died. We developed a
mathematical model to produce estimates of the bias in national surveys, first in
Zimbabwe and then in other selected countries with different epidemic profiles of HIV
infection and different baseline infant and childhood mortality rates. The model can be
used to derive corrected infant and under-5 mortality rates and their trends for countries
with generalized epidemics of HIV infection.

Methods
Empirical data and data analysis
The data used in this analysis were taken from the Manicaland HIV/STD Prevention
Study in eastern Zimbabwe. The detailed procedures followed in the study have been
published elsewhere.16 In brief, between July 1998 and February 2000 we conducted a
baseline census of households in 12 locations in a phased manner (one site at a time) and
recruited into an open cohort a random sample of adult household residents. We
conducted a second and third round of censuses and surveys in the same sites 3 years and
5 years after baseline, respectively. At each round the questionnaires administered to
members of the open cohort included sections on fertility history and child survival that
resembled those included in the Demographic and Health Surveys (DHS).17 At each
survey round verbal autopsy interviews were conducted with the caregivers of cohort
members who had died since the previous round.18 During such interviews, data were
collected on any births that had occurred between the date of the last round and the date
on which the cohort member had died, as well as on any children who had died, both
among those born since the last round or prior to it. Prior ethical approval for the study
was obtained from the Research Council of Zimbabwe and the St. Mary’s Local Research
Ethics Committee, London, United Kingdom.
In the three survey rounds, 98%, 94% and 96% of households and 80%, 81% and
87% of adult females participated, respectively. Of the women interviewed at baseline
and first follow-up who were not known to have subsequently died, 60% and 65%,
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respectively, were re-interviewed in subsequent follow-up rounds. Out-migration was the
main reason for loss to follow-up.19
Using the fertility history data collected in the third round of the survey, we
estimated standard infant and under-5 mortality rates17 for children born to surviving
women aged 15–49 years. DHS analyses generate estimates covering 5-year periods
before each survey date, but the Manicaland estimates covered the period 1998–2005
because of the phasing of the survey rounds. To measure the bias in the estimates
attributable to the correlation between deaths among mothers and their young children,
analogous calculations were performed for the children of deceased women using the
verbal autopsy interview data from the second and third survey rounds. To obtain
corrected infant and under-5 mortality rates, we combined the estimates for children born
to surviving and deceased women and adjusted for the sampling of women in the open
cohort and the loss to follow-up of women who had died. We assumed that women who
died would have been lost to follow up, had they not died, for the same reasons that
surviving women were lost to follow-up. The sensitivity of the results to this assumption
was investigated. Further details are provided in Appendix A (available at:
http://www1.imperial.ac.uk/medicine/people/timothy.hallett/ ).
Model structure and analysis
We created an individual-based stochastic model to simulate the mortality and fertility
experience of cohorts of women born in rural Zimbabwe between 1920 and 2005 and the
mortality experience of their children. Full details of the model are given in Appendix A.
In brief, parametric probability distributions were used to describe the relationships
between age, fertility, the risk of acquiring HIV infection, the time since HIV infection
was acquired, HIV-related subfertility, AIDS-related mortality rates, and background
mortality rates. The life-course experiences of women were simulated by drawing
randomly from these distributions. The model puts out a data set analogous to one
obtained in a cross-sectional survey of fertility histories. Model input settings for the rural
Zimbabwe application were based on data from the Manicaland study and regional and
national reports, and we performed a sensitivity analysis to explore the sensitivity of
model outcomes to these assumptions (Appendix A).
Using data generated by the mathematical model, we produced three time-series
of infant and under-5 mortality measurements for Zimbabwe. The first, the uncorrected
“DHS analogue”, was created using standard DHS methods.17 To test the validity of the
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model, we compared these estimates with reported national estimates for Zimbabwe from
the 1988, 1994, 1999 and 2005 DHS surveys for the periods comprising 0–4 years, 5–9
years and 10–14 years before the survey dates.20–23 The second or “DHS continuous”
time series estimated mortality in a similar way, but estimates were calculated on a
continuous basis (as if they had come from a very large number of closely-spaced
surveys) and without censoring child survival times. Finally, the “corrected” time series
was calculated the same way as the DHS continuous time series, except that it also
included reports for women who had died of AIDS before the survey.
The results from the DHS continuous and the corrected time series were
compared, and the differences between them were taken as estimates of the extent to
which underestimation of infant and under-5 mortality rates is expected to occur in
standard statistics derived from cross-sectional surveys in rural Zimbabwe over the
course of the epidemic of HIV infection. For further validation of the model, the expected
differences in the late 1990s and early 2000s were compared with the empirical estimates
from Manicaland.
We conducted a scenario-based sensitivity analysis to identify the main
determinants of the extent of bias. The model was re-parameterized to compare estimates
of the bias over time for six other countries in sub-Saharan Africa having epidemics of
HIV infection of different intensity and different underlying infant mortality: Botswana,
Côte d’Ivoire, Kenya, Lesotho, Namibia and Zambia. We used estimated rates of HIV
infection based on UNAIDS prevalence data,24,25 as well as mortality and fertility rates in
the absence of HIV from DHS estimates for pre-AIDS periods. Finally, we used the
model to estimate the impact of hypothetical interventions preventing mother-to-child
transmission and delivering ART to adults on infant and under-5 mortality.

Results
Empirical quantification of bias in child mortality rates
The empirical estimates of the underassessment in cross-sectional survey estimates of
child mortality rates owing to the correlation between HIV-related deaths among mothers
and their young children are summarized in Table 1. In round three of the Manicaland
survey, complete fertility histories and child mortality data were collected for 6236
women aged 15–49 years. Such women reported a total of 3308 liveborns in the
preceding 5 years. These data yielded uncorrected estimates of infant and under-5
mortality of 45.9 and 67.1 per 1000 live births, respectively. For children born to women
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who were HIV+ at round three, the infant and under-5 mortality rates were 85.7 and
135.3 per 1000, respectively. For children born to uninfected women, the corresponding
rates were 32.3 and 46.3 per 1000.
A total of 350 female members of the cohort who at round three would have
turned between 15 and 49 years of age on their last birthday, were recorded as having
died within the combined 5-year periods between surveys. Fertility histories were
available from individual and verbal autopsy interviews for 322 (92%) of these women,
who reportedly had 43 live births in the 5 years before the round three interviews and a
further 80 live births in the preceding 5 years. These children experienced infant and
under-5 mortality rates of 146.8 and 283.8 per 1000, respectively.
In total, 10 315 women aged 15–49 years were counted in the household census in
round three. If over the previous 5 years these women experienced birth rates similar to
those among women whose fertility histories were obtained, they would have had a total
of 5325 live births. Furthermore, if we assume that women who died between the first
and third rounds of the survey were lost to follow-up (due to reasons other than death) at
the same rates as women who survived, a total of 1253 women would have died during
this period.
Again, if these deceased women experienced the same birth rates as the 322
women whose fertility histories were collected, they would have given birth to 167
children. If we then apply the infant and under-5 mortality rates observed in children born
to surviving and deceased women to the estimated numbers of babies born to surviving
and deceased women during the 5-yearperiod between surveys, we obtain corrected
estimates of infant and under-5 mortality rates of 48.9 and 73.7 per 1000, respectively.
When the corrected and uncorrected rates are compared, it becomes clear the standard
cross-sectional survey estimates for the 5-year period immediately before the survey
underestimate the true levels of infant and under-5 mortality by 6.7% and 9.8%,
respectively, of their observed values.
If we assume that the loss to follow-up (for reasons other than death) among the
women who died was 20% greater than among those who survived, the corresponding
estimated biases in infant and under-5 mortality rates would be 8.3% and 12.2%,
respectively. If the loss to follow-up rate among the women who died were 20% lower
instead, the estimated biases would be 5.6% and 8.3%, respectively.
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Bias over time in Zimbabwe and other African countries
The model, which was parameterized for rural Zimbabwe, generated a DHS analogue
time-series that was in substantial qualitative agreement with national DHS survey data
(Fig. C and Fig. D in Appendix A). The three mortality measures all show marked
increases in mortality during 1990–2005, with reductions largely reversed during the
1980s (Fig. 1). Mortality rates were expected to decrease after 2005 due to declines in
HIV infection prevalence in adults since 2000.26,27 During the pre-AIDS era, the DHS
analogue estimates for 0–4, 5–9 and 10–14 years before the survey were in line with the
continuous measurements. However, the DHS analogue estimates from the 2005 survey
for mortality over the periods 5–9 and 10–14 years before the survey were lower than the
continuous measurement. This pattern, reflected in the DHS data for Zimbabwe (Fig. C
and Fig. D in Appendix A), reflects the fact that the women who were alive to report
having children during these much earlier periods were typically women who were not
infected then (since women infected at the time would have died before the survey).
The corrected time-series is substantially greater than the DHS analogue and the
DHS continuous measurements. Fig. 2 shows the magnitude of the bias in rural
Zimbabwe for 1980–2015 and the empirical results from Manicaland. The bias grew in
the wake of the epidemic of HIV infection. The effect was minimal before the early
1990s but exceeded 5% by the late 1990s. The bias is greater for under-5 mortality than
for infant mortality because mothers who gave birth further into the past are more likely
to have died before the interview date. The empirical results for 1998–2005 agree
strongly with model results, which show that the infant and under-5 mortality rates for
this period were estimated by 7.1% (versus 6.7%) and 9.7% (versus 9.8%), respectively.
The uncertainty in the estimates of bias yielded by the model encompasses the possible
range of empirical estimates if one makes alternative assumptions about the relative loss
to follow-up among women who survived and died.
For the period from 2005 to 2009, the model predicted that infant mortality and
under-5 mortality could be underestimated by as much as 9% and 13%, respectively.
These multivariate sensitivity analysis results indicate that, over the same period,
underestimates ranging from 3% to 17% for infant mortality, and from 4% to 23% for
under-5 mortality, are supported by alternative model assumptions (Fig. E in Appendix
A).
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The lower the background childhood mortality rates, the greater the biases, since
the fraction of HIV-related deaths among children would be higher. Higher fertility at
older ages would also lead to greater biases because the women infected with HIV at
older ages would also be giving birth. If fertility were to decline less steeply among HIVinfected women before the onset of AIDS, the bias would be greater as well because
more children would be born to mothers likely to die within a short time. The bias also
increases as the mother’s disease progresses and the risk of mother-to-child transmission
grows, since women in late stages of HIV infection, who are more likely to die, would be
giving birth to more HIV-infected children.
We estimated the magnitude of the bias in 2005-2009 in six other African
countries with generalized epidemics of HIV infection (Fig. F in Appendix A). Botswana
and Lesotho, where the epidemic is intense and childhood mortality is relatively low, had
the largest biases: 13% and 8% for under-5 mortality, respectively. In contrast, the bias
was modest (< 2%) in Cote d’Ivoire, where the epidemic of HIV infection is smaller and
background mortality is higher. Despite the fact that in 2005 the prevalence of HIV
infection was similar in Namibia and Zambia, the bias in Namibia (6%) is greater than in
Zambia (4%) and continues to increase, since background childhood mortality is higher
in Zambia and the epidemic is more recent in Namibia.25
Trends in childhood mortality can be gleaned from fertility history data in two
standard ways: by comparing standard (uncorrected) mortality estimates in successive
surveys for the 5-year period before each survey date (method 1) and by comparing
mortality estimates for successive periods using data from a single survey (method 2).
The impact of interventions that reduce background childhood mortality may be
overestimated by method 1, since the contribution of HIV to mortality is
underrepresented in the uncorrected statistics (whereas the true reduction is accurately
recorded in the estimates corrected for bias, (Fig. Ha in Appendix A and Fig. 3a). On the
other hand, the impact is underestimated by method 2 because estimates for periods
closer to the survey date capture more of the deaths among children born to HIV-infected
mothers, and this offsets the effect of actual reductions in background mortality.
The impact of interventions to prevent mother-to-child transmission and deliver
ART to adults, which reduce HIV-related mortality among children, will be
underestimated by standard mortality statistics (method 1 or 2), since HIV-related deaths
are undercounted at baseline. In a model simulation of a hypothetical intervention in
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Botswana in which after 2005 all eligible women receive therapy that effectively
eliminates the risk of mother-to-child transmission and 50% of all eligible adults receive
treatment, infant and under-5 mortality would actually drop by 42% and 50% between the
2000–2005 and 2010–2015 periods, respectively (fig. Ha in Appendix A and Fig. 3b).
However, applying method 1 (with the surveys conducted in 2005 and 2015) would yield
reductions of only 35% and 43%. If, on the other hand, method 2 were used to infer the
trend for the same period (comparing estimates for the periods 0–4 and 10–14 years
before a survey in 2015), the actual change in mortality rates (fig. Ha in Appendix A and
Fig. 3b) would not be captured at all, and reductions in infant and under-5 mortality of
only 19% and 24% would be recorded, respectively.

Discussion
We used direct empirical and mathematical modelling methods to measure and evaluate
the extent of bias attributable to the correlation between AIDS-related deaths among
women and their young children on early childhood mortality rates and trends derived by
applying standard methods to data from retrospective fertility histories collected in
household surveys. The data from Zimbabwe provide empirical evidence that this bias
can be substantial, with underestimation of both infant and under-5 mortality exceeding
5% in a population in which the prevalence of HIV infection fell from 23% to 18% over
the period 1998–2005,19 when females died at a rate of 26 per 1000 (with 74% of the
deaths being HIV-related28) and the uptake of interventions for preventing mother-tochild transmission and for delivering ART to adults was minimal.29 The bias was greatest
in the under-5 mortality rate – the statistic most commonly used to track progress towards
MDG4. Using a specially-developed mathematical model, we demonstrated that the bias
varies between countries depending on the scale and stage of the epidemic of HIV
infection and on the level of background mortality. Furthermore, the estimated bias will
typically be greater for periods further removed in time from the survey date. The model
results also show that the bias generally increases during epidemics that are stable or
increasing, and that this hampers comparisons between countries whose epidemics are in
different stages. Reductions in background mortality may be either under- or
overestimated, while the effect on mortality of programmes for preventing mother-tochild transmission, introduced in the early 2000s, will be substantially underestimated
unless the bias is corrected for.
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The existence of a bias in mortality estimates based on fertility histories was
anticipated in earlier modelling work and in data from selected sentinel
surveillance,14,30,31 but the bias was expected to be modest and correction was deemed
unnecessary. The reason may be that in those settings the epidemic of HIV infection was
in an earlier phase at the time of the analysis. Ward and Zaba proposed an adjustment to
the indirect “children surviving among children ever born” method for estimating child
mortality to account for the correlation between the deaths of mothers and their
children.15 However, indirect methods require the use of an appropriate model life table
to adjust the data for the age pattern of mortality in the general population, and estimates
are difficult to locate in time.17 Thus, the more direct approach based on fertility histories
examined in this paper is usually preferred.17 Estimates obtained using this method are
given more weight in international procedures for assessing levels and trends in child
mortality.10
The uncorrected infant and under-5 mortality estimates in the Manicaland cohort
study are lower than the estimates obtained in the Zimbabwe Demographic and Health
Survey 2005–2006,22 possibly because the region is favoured with relatively good food
supplies and better than average health-care services (e.g. private clinics on estates), and
because the study sites were specifically selected to avoid including participants who
belonged to religious groups that decline medical services such as childhood
immunizations.32 The mortality estimates for children born to women who died are based
on small numbers owing, in part, to HIV-associated subfertility.33 In addition, child
deaths may have been underreported by verbal autopsy respondents. However, the
response rate for the verbal autopsy interview was encouragingly high (92%).
Assumptions were made in extrapolating from the samples of children born to deceased
and surviving women to the whole population and in estimating loss-to-follow-up.
However, the results show a reasonable level of internal and external consistency. The
low birth rate among women who died compared to women who survived (54 per 1000
versus 106 per 1000) reflects severe sub-fertility at advanced stages of HIV infection.33
The ratio of deceased (in the last 5 years) to surviving women in round 3 (1253 to 10
315) is consistent with measurements of female adult mortality (26 per 1000 per annum)
in this population,28 and the estimates of mortality among children born to women who
died are compatible with estimates from studies of mortality in HIV-infected children.34
The increase in the participation rate of women in round 3 may reflect the slightly longer
period spent in the study areas and therefore could have resulted in a higher participation
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rate among women who are more mobile. Although this trend, in itself, seems unlikely to
have affected the results, it remains possible that if the women missed in the first two
rounds of the survey had different HIV-associated death rates and/or fertility levels than
those interviewed in these rounds, this could have affected the empirical estimates of bias
in eastern Zimbabwe. The completeness of the birth history reports could not be fully
assessed, and although the data presented are mostly from recent births (in the last 5
years), minimizing recall bias, it is possible that children who die when they are very
young are selectively omitted in birth histories and that this may be more common among
children born to HIV-infected women and particularly those who die between survey
rounds.
The mathematical model entailed several simplifying assumptions (Appendix A)
but was validated by comparison with observed mortality rates from national DHS
surveys and direct empirical estimates of under-estimation calculated using the data from
Manicaland. The correspondence between the model and DHS estimates of mortality,
though in good qualitative agreement, is not exact (fig. C and fig. D in Appendix A) and
this could partly reflect the quality of DHS data as well as uncertainties in key model
parameters, in particular the assumed relationship between disease progression and
fertility. It will be important to further validate the model with empirical estimates of bias
in other settings. Although no other community based cohort study collects prospective
data in exactly the same way that the Manicaland study does, it will be possible to derive
corresponding estimates in other studies by linking data from associated demographic
surveillance systems and serosurveys.
Our findings show that standard infant and under-5 mortality statistics based on
retrospective fertility histories need to be corrected for bias due to correlation between
deaths among mothers and their young children in populations with generalized HIV
epidemics. This will be particularly important when measuring trends, evaluating the
impact of PMTCT programmes, or assessing progress towards MDG4. Increased access
to antiretroviral therapy is expected to gradually reduce the bias – further obfuscating
naive determination of trends – since mortality among HIV-infected mothers and their
children will be lower (fig. G in Appendix A). International procedures for measuring
trends in child mortality10 may need to be revised for high HIV prevalence settings;
particularly so, because they are based, in part, on estimates for historical periods which
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are especially prone to bias. However, corrections should be made for estimates in all
countries before international comparisons are drawn.
The model developed in this study is available as a standalone executable file that
integrates with HIV incidence time-series outputs from UNAIDS’ Epidemiological
Projection Package35 to provide estimates of early child mortality. All parameter settings
for the model can be customized through a user-friendly interface in Microsoft Excel©.
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Table 1. Empirical estimates of infant and child mortality and their
underassessment in cross-sectional surveys owing to the deaths of
mothers from human immunodeficiency virus infection, Manicaland,
Zimbabwe, 1998–2005
Parameter
Surviving
Deceased
All
Underestimateb(%)
mothers
mothers
mothers
Infant mortality rate
(per 1000 live births)
Under-5 mortality
rate (per 1000 live
births)
No. of births in the
past 5 yearsc
No. of women aged
15–49 years, 2003–
2005

45.9

146.8

48.9

6.7

67.1

283.8

73.7

9.8

5325

167

5492

10 315

1253

NA

NA
NA

NA, not applicable.
a

Based on a prospective cohort of women aged 15–49 years.

b

The under-estimate is the difference between the mortality rates for children born to all mothers
and for children born to surviving mothers, expressed as a percentage of the mortality rate among
children born to surviving mothers.
c

In the 5 years before the most recent survey round (conducted from July 2003 to August 2005).
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Fig. 1. Modelled trenda in (A) infant, and (B) under-5 mortality, rural
Zimbabwe, 1980–2015
a

The black dashed line shows the mortality rates in the absence of an epidemic of HIV infection;
the black solid lines show the Demographic and Health Survey (DHS) continuous time-series; the
grey lines show the corrected time-series, accounting for HIV-related deaths among women; and
the circle points show the uncorrected DHS analogue rates that would be estimated in a 2005
cross-sectional survey for the periods 0–4, 5–9 and 10–14 years before the survey. No
intervention to prevent mother-to-child transmission is included.
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Fig. 2. Underestimatea in (A) infant and (B) under-5 mortality, as predicted
by a model for rural Zimbabwe, 1980–2015
a

The triangle and the square show the corresponding empirical results for infant and under-5
mortality from Table 1 (the horizontal whiskers show the survey period [1998–2005], with the
symbol at the midpoint [2002]). The dashed blue lines show the range of outcomes from 200
simulations using the same parameter distributions and indicate the uncertainty in the projections
due to interperson variability and measurement errors in observational studies used to
parameterize the model. No intervention to prevent mother-to-child transmission is included.
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Fig. 3. Estimated impacta on infant and under-5 mortality of interventions to
(A) reduce background child mortality by 30% or (B) prevent mother-tochild transmission in Botswana
ART, antiretroviral therapy; PMTCT, prevention of mother-to-child transmission.
a

% reduction 2010-2015 vs 2000-2005

% reduction 2010-2015 vs 2000-2005

The bars show the reduction in mortality over 10 years (2010–2015 versus 2000–2005), as
recorded in the corrected time-series. The white bars represent the true reduction; the light grey
bars represent the results with method 1 (comparison of standard estimates of mortality for the
period 0–4 years before each of two surveys in 2005 and 2015), and the dark grey bars represent
the results with method 2 (a comparison of standard estimates of mortality for the periods 0–4
and 10–14 years before one survey in 2015). The hypothetical interventions stipulate that, after
2005, all women will have access to therapy that will eliminates the risk of mother-to-child
transmission, and that 50% of all the HIV+ women eligible will receive antiretroviral therapy.
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