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Abstract

Objective—National estimates of HIV trends in generalised epidemics rely on HIV prevalence
data from antenatal clinic (ANC) surveillance. We investigate whether HIV prevalence trends in

ANC data reflect trends in men and women in the general population during the scale-up of anti-
retroviral treatment (ART) in Manicaland, Zimbabwe.

Methods—Trends in HIV prevalence in local ANC attendees and adults aged 15-49yrs in towns,
agricultural estates, and villages were compared using five rounds of parallel ANC (N~1,200) and
general-population surveys (N~10,000) and multi-variable log-linear regression. Changes in the
age-pattern of HIV prevalence and the age-distribution of ANC attendees were compared with
those in the general population. Age-specific pregnancy prevalence rates were compared by HIV
infection and ART status.

Results—Cumulatively, from 1998-2000 to 2009-2011, HIV prevalence fell by 60.0% (95% ClI,
51.1%-67.3%) in ANC surveillance data and by 34.3% (30.8%-37.7%) in the general population.
Most of the difference arose following the introduction of ART (2006-2011). The estates and
villages reflected this overall pattern but HIV prevalence in the towns was lower at local ANCs
than in the general population, largely due to attendance by pregnant women from outlying (lower
prevalence) areas. The ageing of people living with HIV in the general population (52.4% aged
>35yrs, 2009-2011) was under-represented in the ANC data (12.6%) due to lower fertility in older
and HIV-infected women.

Conclusion—After the introduction of ART in Manicaland, HIV prevalence declined more
steeply in ANC surveillance data than in the general population. Models used for HIV estimates
must reflect this change in bias.
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Introduction

Reliable estimates of trends in HIV prevalence continue to be of great importance for HIV
control in sub-Saharan African populations. These estimates provide key information on
healthcare needs in the population, and form the principal inputs to mathematical models
used by UNAIDS and others to estimate levels and trends in the incidence of new infections,
programme coverage, AIDS mortality, and orphanhood [1].

Since the late 1980s, data from pregnant women attending for routine check-ups at antenatal
clinics (ANC) have been used to estimate levels and trends in HIV prevalence in generalised
epidemics [2]. Early comparisons with general population data from local community
studies suggested that HIV prevalence in pregnant women provided a reasonable
approximation to prevalence in men and women combined [3, 4]. However, subsequent
comparisons with national population sero-surveys showed that ANC surveillance data can
over-estimate HIV prevalence in adults [5, 6], largely because ANC sites included in
countries’ surveillance systems are more urban than the areas they are taken to represent [7].
Based on these findings, in 2007, UNAIDS recommended that ANC data for both urban and
rural areas should be adjusted downwards by 20% when used in national estimates of HIV
prevalence [6].

Today, most countries in sub-Saharan Africa have at least one national sero-survey that can
be used to calibrate the level of HIV prevalence in the general population but data from
pregnant women — increasingly in the form of data from routine PMTCT programme records
— continue to be the main source of information on temporal trends in HIV prevalence [6].
The latter is a subject of growing concern since data from pregnant women attending
antenatal clinics may over-state declines in HIV prevalence in the general population [8, 9]
as populations of people living with HIV (PLHIV) age [10, 11], due to falling incidence of
new infections and increasing survival on antiretroviral therapy (ART) [12]. Discrepancies
between trends in pregnant women and in the general population may arise as more HIV-
positive women experience the lower fertility associated with older age and if ART alters
their fertility [13, 14] through reduced widowhood, reductions in the biological infertility
associated with untreated HIV infection [15], and changes in fertility intentions and
behaviour following increases in knowledge of infection status [16, 17].

In this paper, we compare trends in HIV prevalence in local ANC attendees with trends in
men and women in the general population in a sub-Saharan African population over a period
spanning the scale-up of ART services (1998-2011), and investigate reasons for observed
discrepancies.
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The data for the study were collected in a longitudinal general-population survey and
parallel ANC surveillance conducted for research purposes in east Zimbabwe [13]. The
study areas for both surveys comprised 12 geographically-distinct sites in Manicaland
Province (four subsistence farming areas, two roadside trading settlements, four large-scale
commercial farming estates, and two small towns) which were enumerated in a set sequence.
In each case, a baseline survey was carried out between July 1998 and January 2000,
followed by four surveys, conducted at approximately two- or three-year intervals (July
2001 to March 2003, July 2003 to August 2005, July 2006 to September 2008, and
September 2009 to July 2011).

In each round of the general-population survey, all households and residents were
enumerated, and eligible adults were invited to join the study. In the first two rounds, one
eligible adult (a male aged 17-54 years or a female aged 15-44 years who was a regular
member of the household and had stayed in the household for at least 4 nights in the last
month) per marital relationship was selected at random to avoid non-independence in the
sample. From the third round, all adults aged 15-54 years (including visitors) were eligible;
however, in the fourth and fifth rounds, adults were only interviewed in a random selection
of two-thirds of households, owing to funding constraints. Study participants undertook a
face-to-face interview and provided dried blood spots for anonymous HIV testing. In the
interview, the data collected included information on socio-demographic characteristics,
pregnancies in the last three years, and uptake of HIV treatment services.

For the ANC surveillance, in each round, the principal clinics in each study area were visited
at the same time that the general-population survey was conducted in that area. Up to 100
(120 from round three) pregnant women per site were enrolled for the ANC survey. A short
face-to-face interview was conducted and dried blood spots were collected for anonymous
HIV testing. The interview data included information on socio-demographic characteristics
and uptake of HIV treatment services. HIV surveillance testing (for both surveys) was
conducted at the Biomedical Research and Training Institute laboratory in Harare following
a previously-described algorithm [18].

In both surveys, written informed consent was sought as a condition of enrolment and, at
each round, a parallel free voluntary counselling and testing service was provided for study
participants. In the two most recent rounds, clinical staging was undertaken in accordance
with World Health Organisation guidelines and referrals were made for CD4 count testing
and initiation on ART where appropriate. Prior ethical approval for the study was obtained
from the Medical Research Council of Zimbabwe (MRCZ/A/681) and the Imperial College
Research Ethics Committee (ICREC_9 3 13).

Household participation rates in the general population survey ranged from 93.7%
(11865/12668) in round four (2006-2008) to 98.2% (8233/8386) in round one (1998-2000).
Participation rates in the general-population survey, amongst members of enumerated
households eligible for the current study, were 80.3% (9368/11661), 86.7% (6483/7480),
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82.4% (14309/17371), 79.7% (10463/13136) and 77.6% (12357/15914) in the five survey
rounds. Uptake of the free VCT service was low (<5%) in all rounds.

A total of 43 clinics were included in the ANC surveillance, of which 30 were visited in all
five rounds of the survey. Clinics not visited in all rounds were mainly either small clinics or
clinics that were not open at the time of the survey. 90.7% (5786/6380) of pregnant women
interviewed in the ANC surveillance were interviewed in clinics that were visited in all
rounds. 94% (1215/1289) of women attending ANCs in the study areas participated in the
first round of ANC surveillance; no refusals were recorded in subsequent rounds.

Data analysis

The analysis was restricted to 15-49 year-olds interviewed in each survey. To improve
comparability over time and the generalizability of the results, men and women interviewed
in the general-population survey who were not regular members of the study households
were excluded from the analysis.

HIV prevalence rates (with 95% exact confidence intervals) for each survey round for men
and women aged 15-49 years (men aged 17-49 years and women aged 15-44 years in the
first two rounds) in the general-population survey and for pregnant women aged 15-49 years
participating in the ANC surveillance (including and excluding clinics not visited in all
rounds) were calculated and plotted. Log-linear regression was used to calculate sex- and
age-adjusted risk ratios for reductions in HIV prevalence relative to prevalence at baseline at
each subsequent survey round. Differences in the extent and timing of declines in HIV
prevalence between the two data sources were assessed by comparing the risk ratios and
their associated 95% confidence intervals. HIV prevalence rates in the general-population
survey were disaggregated by sex, recent pregnancy status (defined as currently pregnant or
having completed a pregnancy in the last six months), and ANC attendance to investigate
whether these factors contributed to the differences in the levels and trends over time
observed between adults in the general population and pregnant women attending for check-
ups at the local ANCs.

Levels and trends in HIV prevalence estimated using the ANC surveillance data were also
compared with those for the general population after disaggregating by study location
(towns, estates and villages) to assess whether differences between the data sources differed
by location. The roadside settlement and subsistence farming sites were combined for this
purpose because they both primarily comprised rural villages. Standardisation was used to
explore whether spatial patterns of ANC attendance could account for differences in HIV
prevalence observed between pregnant women living in the towns and pregnant women
attending for antenatal check-ups at clinics in the towns.

To investigate the possibility that ageing of PLHIV contributed to the faster declines in HIV
prevalence observed in ANC attendees than in the general population, age-patterns of HIV
prevalence were plotted and compared between the two data sources for three time points —
at the peak of the epidemic (1998-2000), at the introduction of ART services in Manicaland
(2006-2008), and shortly after the scale-up of ART services (2009-2011). The age-
distribution of PLHIV was also compared for each of these time-points and with the age-
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distributions of ANC attendees, pregnant women, and men and women in the population as a
whole. Patterns of age- and HIV-associated sub-fertility were assessed by calculating age-
specific pregnancy prevalence ratios (2009-2011) for HIV-infected women (with and without
ART) relative to uninfected women using log-linear regression.

All data analyses were conducted using Stata version 12 (800-STATA-PC, College Station,
Texas, USA; copyright 1985-2011).

Comparison of HIV prevalence declines in ANC surveillance and the general population

The first two rounds of the general-population survey, covering the late 1990s and early
2000s, were restricted to men aged 17-49 years and women aged 15-44 years. Since HIV
prevalence, generally, is low in young men and in older women compared to intermediate
ages, the survey data may yield slight over-estimates of HIV prevalence in 15-49 year-olds.
Taking this into consideration, the ANC surveillance data provided reasonable estimates of
HIV prevalence in men and women in the general population (Figure 1a). Both data sources
indicated a decline in HIV prevalence over this period although the decline in the ANC data
was not statistically significant (p=0.2). In subsequent periods — and especially after the
scale-up of ART (2006-2011) — HIV prevalence declined more rapidly in the ANC
surveillance data than in the general population (Figure 1a). Cumulatively, between
1998-2000 and 2009-2011, HIV prevalence fell by 60.0% (95% CI, 51.1%-67.3%) in the
ANC data but by only 34.3% (30.8%-37.7%) in the general population (Table 1). Between
2003-2005 (the last survey before introduction of ART services) and 2009-2011, HIV
prevalence fell by 46.7% (33.9%-57.0%) in the ANC data compared to 19.5%
(15.3%-23.5%) in men and women in the general population.

In the general-population survey, the HIV prevalence decline was greater in men (42.5%;
95% Cl, 37.0%-47.5%) than in women (32.0%; 27.5%-36.2%) (Table 1). However, the
reduction in pregnant women (55.3%; 45.1%-63.6%) was much greater than the reductions
in women overall (32.0%) and in both sexes combined (34.3%). Whilst the levels and
decline in HIV prevalence in pregnant women were similar to those in women overall in the
first two rounds of the survey, the subsequent decline was considerably steeper. By
2009-2011, HIV prevalence in pregnant women (12.5%, 10.6%-14.6%) was almost a third
lower than prevalence in women overall (18.0%, 17.1%-18.9%).

ANC attendance amongst pregnant women was high — 76.3% in all survey participants;
90.4% in women who had delivered — and differences in HIV prevalence between pregnant
women who had and who had not attended for ANC check-ups (locally or elsewhere) were
small (Table 1).

The extent and pattern of HIV prevalence decline in pregnant women in the general-
population survey were similar to those measured in the surveillance data from local
antenatal clinics (Figure 1e). However, except in 2003-2005, the level of HIV prevalence
was consistently lower in the ANC surveillance data than in pregnant women in the general
population. This difference was particularly noticeable in the towns (Figure 1f).
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Geographical participation bias in the ANC surveillance data

The pattern of HIV prevalence decline over time observed in the commercial farming estates
reflected the overall pattern (Figure 1c) whilst, in the rural villages, the ANC surveillance
estimates matched those for the general population until 2006-2008 but declined rapidly
following the scale-up of ART when HIV prevalence in the general population was stable
(Figure 1d). In the towns, the ANC surveillance data showed remarkably similar trends to
those in the general population (Figure 1b). However, the ANC estimates were considerably
lower than the direct estimates for HIV prevalence in both sexes combined in the general
population throughout the survey.

The discrepancies in HIV prevalence between local ANC attendees and men and women as
a whole (and pregnant women in particular) living in the general population in the towns
were largely accounted for by use of urban antenatal clinics by pregnant women from the
surrounding rural areas where HIV prevalence is lower. For example, in 2001-2003, 60% of
attendees at the urban ANCs reported living in outlying villages, and HIV prevalence was
considerably lower in these women (16.7%) than in women attending the same clinics who
lived in the town (33.9%) (Table 2). The proportion of urban ANC attendees who were
resident in outlying villages increased over time but the bias was little affected because the
proportion resident in surrounding farming estates (where HIV prevalence was also lower)
fell over the same period. This form of participation bias accounted for between 74.5% and
94.6% of the discrepancy between HIV prevalence in urban ANC attendees and pregnant
women across the last four rounds of the survey.

Effects of the ageing of the HIV epidemic and low fertility in older and HIV-infected women

Figures 2a-c compare the age-patterns of HIV prevalence in the ANC surveillance data with
those in the general population. Large declines in prevalence over time can be seen at
younger ages, most likely reflecting reductions in HIV incidence [19]. These declines are
somewhat greater in the ANC surveillance data, such that the initial over-estimation of
prevalence at younger ages in this data source disappears by 2009-2011. At older ages, HIV
prevalence is relatively stable, particularly between 2006 and 2011 (the period of ART scale-
up), in both data sources, and the substantial under-estimation of general population
prevalence evident in the ANC surveillance data persists. A similar picture is seen when
comparing recently pregnant women with all adults in the general population (Figure 2d),
although HIV prevalence at older ages is somewhat closer to that in the general population
as a whole. ART coverage in all HIV-infected individuals aged 30 years and above increased
from 3.5% (40/1148) in 2006-2008 to 31.2% (445/1428) in 2009-2011 (Figures 2b-d).
Whilst the population of PLHIV overall aged considerably over time with more than half
(52.4%) now being 35-49 years old (Figure 2e), ANC attendees remain primarily women
under 30 years of age (Figure 2f).

Biological sub-fertility associated with HIV is particularly severe after longer periods of
infection [20] and therefore affects older women disproportionately. In the most recent round
of the general population survey (2009-2011), pregnancy rates in uninfected women peaked
at ages 25-29 years and then declined steadily at older ages (Table 3). In HIV-infected
women, pregnancy rates were highest in 15-24 year-olds and fell sharply thereafter.
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Pregnancy rates in 30-34 year-old and 35-49 year-old HIV-infected women — the age-groups
in which women with HIV are now concentrated (Figure 2e) — were 40% and 50% lower,
respectively, than those in uninfected women of the same age. Whilst the numbers of
younger women on ART are small, this pattern was observed for HIV-infected women
irrespective of ART status.

Discussion

HIV prevalence fell substantially in eastern Zimbabwe from the late 1990s. Despite ART-
associated reductions in AIDS mortality, this decline continued through to 2011 due to
further reductions in prevalence at younger adult ages which, in turn, reflect earlier and
sustained declines in HIV incidence [19, 21]. However, the results of this analysis show that
local ANC surveillance data have exaggerated this decline since the mid-2000s by a factor of
1.8.

Our findings also suggest that this divergence in trends was caused largely by the ageing of
the HIV epidemic due to falling HIV incidence and increased survival on ART. Several
interwoven factors probably contributed. We found that the ageing of the population of
PLHIV was only partially reflected in data on pregnant women mainly because HIV-infected
women (=25 years) continued to have lower fertility than uninfected women. Almost half
(380/805) of these women were not on ART so could still be subject to the biological sub-
fertility found previously in untreated infected women [20]. The degree and age-pattern of
reduced fertility (compared to uninfected women) were similar to the pre-ART era [22],
suggesting that substantial changes in fertility intentions and behaviour have not occurred in
this group. HIV-infected women who were on ART also had lower fertility than uninfected
women [15], although numbers of cases at young ages were small. An early study in Uganda
also found that ART did not increase fertility in infected women despite finding an
association between ART and greater fertility desire [17]. Reductions in widowhood might
also increase fertility disproportionately in infected women including those on ART;
therefore, any effect of ART in reversing or preventing biological sub-fertility may be small
or slow to take effect.

An important further factor contributing to the divergence in HIV prevalence trends in ANC
and general population data in the current study was the disappearance over time in the over-
statement of HIV prevalence at young ages (<25 years) in the ANC data. Possible
explanations include the rise in age at first sex noted in the study population [18, 23] and
(more speculatively) reductions in the risks of early sexual activity due to fewer partners
being infected and reduced transmission from (often older [24]) infected partners now on
ART [25]. Finally, introduction of new and enhanced PMTCT/ART services could alter
spatial patterns of ANC attendance and distort trends in surveillance data. However, we
found little evidence in the current study that changes of this nature contributed to the
divergence in HIV prevalence trends.

The results from this in-depth community study in eastern Zimbabwe are consistent with
findings from a recent analysis of national survey data. In a comparison of changes in HIV
prevalence between the pre- / early ART scale-up period (2003-2008) and the ART period
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(2008-2012) in 13 countries, Eaton and colleagues found that HIV prevalence fell by 19% in
pregnant women but remained unchanged amongst all women. The results of this study also
confirm findings from an earlier analysis of data from the baseline survey in Manicaland
which showed evidence of lower HIV prevalence in ANC surveillance data than in pregnant
women in the general population [26]. Here we found that this pattern has persisted over
time and is strongest in small towns, where the majority of pregnant women attending the
local ANCs live in outlying villages and estates where HIV prevalence is lower. These
findings conflict with results from an analysis of five national surveys in which HIV
prevalence in ANC sentinel sites close to survey clusters was similar to prevalence in adults
living in or close to these clusters [27]. However, in a study in Zimbabwe, HIV prevalence
was non-significantly lower at urban ANC surveillance sites (18.6%) than in recently
pregnant women living in the clinic catchment areas (20.9%) [28]; a finding which may
reflect similar spatial patterns of ANC attendance to those observed in the current study.
Under-estimation of HIV prevalence in towns in ANC surveillance data could be important
if these data are used in targeting resources to areas of high prevalence [29].

The Manicaland study is unique in having collected parallel HIV surveillance data from
local ANCs and from the general population in the same areas over a 14-year period
spanning the introduction and scale-up of ART services. Participation in the general
population survey was close to 80% in all rounds but temporal changes in participation rates
amongst, for example, high-risk groups such as commercial sex workers could still have
distorted observed trends in HIV prevalence. Generally, in the ANC-based HIV surveillance,
it is preferable to measure trends in a consistent set of clinics [30]. We found similar HIV
prevalence in all clinics and in clinics visited in all rounds, possibly because changes largely
reflected changes in the main clinics operational within the study sites. To maintain
representativeness of the study sites and a reasonable sample size, we included all clinics in
subsequent analyses. PMTCT services were introduced in ANCs in Zimbabwe in 2002 and
the national HIV testing policy changed from opt-in to opt-out testing from 2007. These
developments might have affected HIV prevalence trends measured using routine
surveillance or programme data but we were unable to investigate effects of this nature
because these data were not available for the study.

These limitations notwithstanding, the finding of faster HIV prevalence declines in pregnant
women attending ANCs than in the general population is important because ANC
surveillance data are relied upon extensively in models of trends in national and regional
HIV estimates, which, in turn, are used in planning and evaluating services. For countries
without national population surveys, our findings suggest that HIV prevalence in pregnant
women is less likely than in the past to provide a reasonable estimate for prevalence in the
general population, even at local level. Further comparisons of data from longitudinal
general population surveys with information on recent pregnancies could be conducted to
test the generalizability of these findings.
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Figure 1. Comparison of HIV prevalencetrendsin ANC surveillance with trendsin the general

population, Manicaland, Zimbabwe, 1998 to 2011.

HIV prevalence (whiskers show 95% confidence intervals) in pregnant women attending
local ANCs versus all males and females aged 15-49 years in the general population, for all
sites combined (graph (a)), towns (b), agricultural estates (c) and rural villages (d). Recently
pregnhant women in the general population survey versus pregnant women attending local

ANC:s for all sites combined (e) and towns (f).
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Figure 2. Changesin the age-pattern of HIV prevalence over time and differences between the
age-distributions of pregnant women attending local ANCs and the general population (aged

15-49 year s), Manicaland, Zimbabwe, 1998 to 2011.

Age-specific HIV prevalence rates in local ANC attendees and males and females in the
general population in 1998-2000 (graph (a)), 2006-2008 (b) and 2009-2011 (c). Age-specific
HIV prevalence rates in local ANC attendees and locally-resident pregnant women in
2009-2011 (d). Dashed lines in graphs (b)-(d) show HIV prevalence in people not on anti-
retroviral therapy (before the pregnancy for ANC attendees). Changes over time in the age-
distribution of HIV-positive adults in the general population (e); and comparison of the age-
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distributions of local ANC attendees and all adults and locally-resident pregnant women in
the general population, 2009-2011 (f).
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Table 3
Pregnancy prevalencerates® by HIV infection and ART status, Manicaland, Zimbabwe,
2009-2011.
HIV- HIV+
All ART no ART

Age-group % N alRR  (9%B5%Cl) % N aRR (5% Cl) % N alRR (5% Cl) % N

15-24 172 2619 114 (0.87-149) 27.0 148 - - 500 10 105 (0.79-1.40) 254 138
25-29 239 1027 071 (052-097) 17.0 224 042 (0.14-1.24) 100 30 075 (0.55-1.04) 18.0 194
30-34 181 720 060 (0.42-0.86) 109 302 057 (0.30-1.08) 103 87 062 (041-093) 112 215
35-49 58 1712 050 (0.31-0.78) 32 659 052 (0.26-1.05) 3.0 263 048 (027-0.84) 33 3%
15-49 152 6078 075 (0.63-0.90) 9.9 1333 063 (043-093) 64 390 078 (0.64-0.94) 113 943

a . .
Prevalence of a current pregnancy or a pregnancy which ended in the last 6 months.

IRR, Risk ratio adjusted for 5-year age-group (or single year within 5- and 10-year age-groups) and place of residence (town, estate or village). Cl,
confidence interval.
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