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Background: Routine health system data are central to monitoring
HIV trends. In Mozambique, the reported number of women
receiving antenatal care (ANC) and antiretroviral therapy for
prevention of mother-to-child transmission (PMTCT) has exceeded
the Spectrum-estimated number of pregnant women since 2017. In
some provinces, reported HIV prevalence in pregnant women has
declined faster than epidemiologically plausible. We hypothesized
that these issues are linked and caused by programmatic over-
enumeration of HIV-negative pregnant women at ANC.

Methods: We triangulated program-reported ANC client numbers
with survey-based fertility estimates and facility birth data adjusted
for the proportion of facility births. We used survey-reported ANC
attendance to produce adjusted time series of HIV prevalence in
pregnant women, adjusted for hypothesized program double count-
ing. We calibrated the Spectrum HIV estimation models to adjusted
HIV prevalence data to produce adjusted adult and pediatric HIV
estimates.

Results: ANC client numbers were not consistent with facility birth
data or modeled population estimates indicating ANC data quality
issues in all provinces. Adjusted provincial ANC HIV prevalence in
2021 was median 45% [interquartile range 35%–52% or 2.3
percentage points (interquartile range 2.5–3.5)] higher than reported
HIV prevalence. In 2021, calibrating to adjusted antenatal HIV
prevalence lowered PMTCT coverage to less than 100% in most
provinces and increased the modeled number of new child infections
by 35%. The adjusted results better reconciled adult and pediatric
antiretroviral treatment coverage and antenatal HIV prevalence with
regional fertility estimates.

Conclusions: Adjusting HIV prevalence in pregnant women using
nationally representative household survey data on ANC attendance
produced estimates more consistent with surveillance data. The
number of children living with HIV in Mozambique has been
substantially underestimated because of biased routine ANC prev-
alence. Renewed focus on HIV surveillance among pregnant women
would improve PMTCT coverage and pediatric HIV estimates.
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INTRODUCTION
Mozambique has a generalized HIV epidemic with

a 12.4% prevalence among adults aged 15–49 years in 2021.1

HIV incidence and prevalence remain high, and antiretroviral
treatment (ART) coverage lags behind neighboring countries
in Eastern and Southern Africa.2 Estimates of HIV prevalence
and incidence trends are generated by fitting mathematical
models to data on HIV prevalence from national household
surveys, conducted every 5 years, and HIV prevalence among
pregnant women attending antenatal clinics (ANC) informing
prevalence trends during the presurvey, intersurvey, and
postsurvey periods.3,4 Therefore, routinely collected data
from ANC and ART programs are central to estimating
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population HIV incidence and prevalence in adults, which are
used to derive estimates of mother-to-child transmission and
the number of children living with HIV.

HIV prevalence measured among pregnant women
attending ANC has been used to monitor HIV epidemic
trends since the 1990s.5–11 In Mozambique, data collection
began at a single facility in Maputo City in 1990 and
expanded in the 1990s to biennial sentinel surveillance
(ANC-SS) using unlinked anonymous testing of women at
36 sentinel ANC clinics.12 Incorporating ANC HIV preva-
lence into mathematical models estimating population HIV
prevalence requires that HIV prevalence trends in pregnant
women are relatable to population trends. Several systematic
differences between HIV prevalence among pregnant women
and population HIV prevalence are adjusted for in mathe-
matical models, including different age distributions, selec-
tion for sexual activity, differential fertility by HIV and ART
status, and changing age-specific fertility over time.6,13–17 In
addition, health facilities selected for ANC-SS were often
high-volume sites in urban areas with HIV prevalence
20%–40% higher than prevalence from nationally represen-
tative household surveys,14,15 requiring statistical adjustments
to account for nonrepresentative sentinel site locations.

In 2015, WHO and UNAIDS recommended that
countries move away from ANC-SS to use ANC routine
testing data (ANC-RT) from all pregnant women nationwide
to monitor HIV trends,18 which was possible after imple-
mentation of routine HIV testing of all pregnant women to
identify women requiring antiretrovirals for prevention of
mother-to-child HIV transmission (PMTCT). This transition
increased the number of facilities included in ANC HIV
prevalence calculation from 36 ANC sentinel sites to nearly
1,600 facilities providing routine ANC testing and, therefore,
increased statistical precision of prevalence estimates, ensured
geographic representativeness, and enabled subnational HIV
estimation19,20. However, it required high-quality and con-
sistent reporting of programmatic data, incurring additional
workload on programs and clinic staff to report on all
pregnant women across paper and digital clinic reporting
systems.21–25 This could introduce nonsampling errors absent
from sentinel surveys, including ANC “double counting”
where multiple ANC visits from a single woman at one or
more clinics are recorded as first visits of multiple
women.19,26

Before the recently released INSIDA 2021 survey, the
most recent nationally representative household HIV survey in
Mozambique was in 2015, coinciding with the transition from
ANC-SS to ANC-RT. Since the transition, several issues have
persisted with key epidemic indicators calculated using routinely
collected program data. These include the following: reported
number of women seeking ANC exceeding modeled estimates
for the total number of pregnant women; the reported number of
women receiving ART for PMTCT exceeding the Spectrum-
estimated number of HIV-positive pregnant women; ANC-RT
HIV prevalence declining sharply, faster than could be plausibly
caused by outmigration, mortality, incidence, or fertility declines
among HIV-positive women; and population ART coverage
rapidly approaching or exceeding the estimated number of
people with HIV in several provinces.27 These discrepancies

may reflect potential errors in a number of programmatic data
inputs or interpretations thereof in the modeling process,
including inaccurate population and demographic assumptions,
duplicate reporting of patients, and transcription errors in data
reporting between paper and electronic registers.28–31

Owing to the central position of antenatal clinical data
within HIV estimation, the implausibly rapid declines in
reported HIV prevalence among pregnant women, and larger-
than-expected reported ANC clients and women receiving
PMTCT services, we hypothesized that these issues are linked
and stem from ANC data quality: (1) inflated reporting of
HIV-negative pregnant women artificially reduces ANC-RT
HIV prevalence; (2) calibrating to low ANC-RT HIV
prevalence causes underestimation of total population HIV
prevalence and number of PLHIV; and (3) underestimating
the number of PLHIV leads to overestimation of PMTCT and
ART coverage. We estimated the magnitude of reporting
errors and triangulated ANC data using routinely collected
programmatic birth data. We quantified the impact of ANC-
RT on estimates of adult HIV prevalence and ART coverage
and proposed HIV estimates using adjusted ANC data.

DATA AND METHODS
Our analysis consisted of 3 components: (1) assessing

whether recent trends in routinely reported ANC clients and
ANC-RT HIV prevalence were plausibly consistent with
other data sources or likely inconsistent because of systematic
reporting issues; (2) adjusting ANC-RT data for plausible bias
mechanisms to adjust estimated HIV prevalence trends
among pregnant women; and (3) analyzing the effect of
calibrating to adjusted ANC-RT HIV prevalence on adult and
pediatric HIV estimates in Mozambique.

Data

Routine ANC Data
Routine facility-aggregated antenatal care data for

2013–2022 were extracted from SISMA-DHIS2, the Mozam-
bique electronic health information system. Data elements
included the number of ANC clients, number of HIV-positive
women who know their status, number of women tested for
HIV at ANC, number of women tested HIV positive, and
number of women already on ART at the first ANC visit. The
number of HIV-positive pregnant women receiving PMTCT
was extracted from SISMA-DHIS2.4

The number of live births at health facilities was
extracted from SISMA-DHIS2 by district and month for
2017–2022. SISMA-DHIS2 does not link ANC visits with
subsequent delivery. Women are recorded as entering the
ANC cohort at their first visit and exiting the cohort 5 months
later, regardless of their gestation at first ANC visit. To
approximately align the recorded timing of first ANC visits
and deliveries, month of birth was brought forward in time by
5 months.

Household Survey Data
Data from 6 nationally representative household sur-

veys were used in this analysis: 2003 Demographic Health
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Survey (DHS),32 2009 Inquérito Nacional de Prevalência,
Riscos Comportamentais e Informação sobre o HIV e SIDA
em Moçambique (INSIDA),12 2011 DHS,33 2015 Inquérito
de Indicadores de Imunização, Malária e HIV/SIDA em
Moçambique (IMASIDA),34 2018 Malaria Indicator Survey
(MIS),35 and 2021 INSIDA survey.1 Provincial estimates of
HIV prevalence for ages 15–49 years were available from
2009 to 2015 surveys, and provincial ART coverage esti-
mates for ages 15–49 years were available from 2015 surveys.
Provincial estimates of HIV prevalence and ART coverage
for ages 15–49 years were unavailable from the 2021 INSIDA
survey. INSIDA 2021 survey of ages 15–49 years HIV
prevalence estimates were approximated using provincial
HIV prevalence estimates for ages older than 15 years and
the 15–49:15+ years HIV prevalence ratio at the national
level. INSIDA 2021 survey of ages 15–49 years ART
coverage estimates were approximated using provincial viral
load suppression (VLS) estimates for ages older than 15 years,
the 15–49:15+ years VLS ratio at the national level, and the
VLS:ART coverage ratio at the national level.1 The pro-
portion of women attending ANC for their past pregnancy
was available from 2007–2021, from 2011, 2015, and 2018.
The proportion of women giving birth in a health facility was
available for 2009–2011 and 2013–2015 from the 2011 and
2015 surveys, respectively. Total fertility rates (TFR) were
calculated from 2003 and 2011 DHS, 2015 IMASIDA, and
2018 MIS surveys.

For the DHS and AIS surveys, individual-level survey
data were extracted using the rdhs package in R.36 Point
estimates, variance, and 95% confidence intervals were
calculated using the survey package in R,37 accounting for
the 2-stage survey design.

Provincial Modeled HIV Estimates With Spectrum
Spectrum is a demographic and HIV epidemic pro-

jection model that uses HIV incidence trends to simulate the
HIV population over time by age, sex, CD4 cell count
category, and ART status and calculates the epidemiologic
and demographic impacts of HIV.4 Modeled estimates for
number of births were extracted from provincial Spectrum
HIV estimates files produced by the Mozambique Ministry of
Health HIV Estimates Technical Working Group and shared
by UNAIDS.4,38 Age-sex–stratified populations in the pro-
jection base year 1970 were manually adjusted to ensure the
projected male and female populations at the provincial level
in 2017 matched the 2017 Mozambique census results.39

National sex-age–stratified populations and TFR were ex-
tracted from the United Nations World Population Prospects
2022.40

Methods

Triangulating Reported ANC Clients With
Birth Trends

To assess the plausibility of reported ANC data relative
to population and demographic assumptions, we compared
trends in the reported number of ANC clients with estimates
of the number of births and fertility rates from multiple

sources. First, we compared census population estimates with
annual demographic estimates from Spectrum at the pro-
vincial level and from World Population Prospects 2022 at
the national level.

Second, we compared monthly facility births with
reported ANC clients in each province. Some births in
Mozambique occur outside health facilities and are not
recorded within the health information system. Household
survey data about the proportion of women who give birth
outside health facilities in each province were used to adjust
reported facility births. This provided an alternative estimate
of total births, comparable with modeled births, from which to
calculate an alternative estimate of ANC coverage. To
estimate the in-facility birth proportions by year in each
province, we fit a mixed-effects logistic regression model
with random slopes for each province to survey data spanning
2007–2015 and linearly projected annual estimates to 2022
(see Figure S1A, Supplemental Digital Content, http://links.
lww.com/QAI/C150).

Adjusted ANC-RT HIV Prevalence Accounting for
Potential Bias Mechanisms

The reported number of women receiving PMTCT
exceeded the model-estimated number of HIV-positive preg-
nant women, and the reported HIV prevalence in pregnant
women has declined implausibly rapidly in some provinces.
Consequently, we hypothesized that inflated reporting of
ANC clients occurs primarily in HIV-negative women, which
would cause underestimation of HIV prevalence. We calcu-
lated the expected number of first ANC visits for 2014–2022
by multiplying the modeled number of births from Spectrum
with survey-reported ANC attendance. Survey-reported ANC
attendance was available for up to 2018 and was projected to
2022 using a mixed-effect logistic regression model with
random slopes for each province (see Figure S1B, Supple-
mental Digital Content, http://links.lww.com/QAI/C150). The
number of excess-reported ANC visits was calculated by
subtracting the expected number of first ANC visits from the
reported number of visits. We created an adjusted time series
of ANC-RT HIV prevalence by subtracting excess ANC
visits from the HIV prevalence denominator.

To quantify the potential consequences of these biases
at the population level, we used the Estimates and Projection
Package (EPP), an HIV epidemic model that calibrates to
nationally representative household survey data and HIV
prevalence data from ANC.3 Since 2017, EPP has incorpo-
rated ANC-RT HIV prevalence in incidence trends.20 EPP
was calibrated in each province to 2009 and 2015 household
survey data, ANC-SS data up to 2013, and 3 ANC-RT
scenarios: (1) reported ANC-RT data as recorded in SISMA-
DHIS2 for 2013–2022, (2) no ANC-RT data, and (3) adjusted
ANC-RT data for 2014–2022 by subtracting excess ANC
visits from the HIV prevalence denominator. INSIDA 2021
survey data were withheld from model calibration and used to
validate model scenarios. Each scenario was used to create
estimates of adult HIV prevalence, ART coverage, and HIV
incidence, MTCT rate, PMTCT coverage, and new child HIV
infections with the Spectrum model.
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Finally, we conducted sensitivity analyses of the pro-
portion of excess visits allocated to HIV-negative and HIV-
positive women. Ten incremental scenarios assessed the
impact of assigning excess ANC visits to only HIV-
negative women (as assumed in the main results) up to
proportional HIV prevalence (ie, in a province with 10% HIV
prevalence, 10% of the excess ANC visits were presumed to
be HIV-positive. This results in unchanged HIV prevalence
derived from a smaller sample size).

Statistical analyses were conducted in R version 4.1.2.
This study received ethical review and approval from the
Imperial College London Research Governance and Integrity
Team (ICREC #6324189).

RESULTS

Reported ANC-RT HIV Prevalence, ANC
Coverage, and PMTCT Coverage

Using Spectrum-modeled birth estimates as denomina-
tors, program-derived ANC coverage exceeded 100% in all
provinces in 2015 and has continued to rise, with a median
provincial ANC coverage of 140% (IQR 129%–145%) in
2021 (Fig. 1A; see Figure S2, Supplemental Digital Content,
http://links.lww.com/QAI/C151). Across provinces, program-
derived ANC coverage was a median of 32 percentage points
(%-pt) (IQR 21–38%-pt) higher than survey estimates of
ANC attendance in 2015 and 32%-pt (IQR 26–41%-pt)
higher in 2018. PMTCT coverage exceeded 100% in all
provinces since 2017. In 2021, the median PMTCT coverage
was 126% (IQR 118%–129%).

From 2013 to 2014, ANC-RT HIV prevalence declined
sharply in all provinces, and HIV prevalence from 2013 was
excluded from further analyses. Between 2014 and 2021,
ANC-RT HIV prevalence declined in Southern Mozambique

(Maputo: 20.6%–13.4%; Gaza: 20.1%–11.8%; Inhambane:
9.6%–6.6%) while remaining relatively stable in provinces in
Central Mozambique and Northern Mozambique (Fig. 1B).

Triangulation of Reported ANC and PMTCT
Program Data With Births and Population

Spectrum estimates of total female population size and
adult female age distribution aligned closely to World
Population Prospects 2022 (WPP2022) estimates at the
national level and with the 2017 Mozambique census at the
provincial level (see Figure S3A–C, Supplemental Digital
Content, http://links.lww.com/QAI/C152). Total fertility rate
inputs to Spectrum were similar to nationally representative
survey data and WPP2022 (see Figure S3D, Supplemental
Digital Content, http://links.lww.com/QAI/C152). The
observed consistency of population and fertility estimates
indicated that ANC coverage exceeding 100% was unlikely to
be caused by underestimation of the number of births in
Spectrum.

Monthly trends in health facility births aligned well
with monthly ANC client trends in most provinces (Fig. 2).
However, trends differed in Cabo Delgado in 2020–2022
when ANC clients increased from 10,000 women per month
to 17,000 per month and in Nampula in 2019 when ANC
clients increased from 28,000 per month to 50,000 per month,
with no commensurate increase in facility births, and in
Nampula from 2020 to 2021 when ANC clients increased by
51% while births only increased 24%.

Adjusting facility live births for survey-reported birth
location increased births in 2021 by a median of 12% across
provinces (IQR 8%–20%), with larger adjustments in North-
ern and Central provinces where facility attendance was lower
(see Figure 1A, Supplemental Digital Content, http://links.
lww.com/QAI/C150). However, the reported number of ANC

FIGURE 1. A, Provincial estimates of ANC and PMTCT coverage from 2015 to 2021 colored by region. B, Provincial estimates of
HIV prevalence in pregnant women from 2013 to 2021 colored by region.

Antenatal HIV Data TriangulationJ Acquir Immune Defic Syndr � Volume 95, Supplement 1, January 1, 2024

www.jaids.com | S73

http://links.lww.com/QAI/C151
http://links.lww.com/QAI/C152
http://links.lww.com/QAI/C152
http://links.lww.com/QAI/C150
http://links.lww.com/QAI/C150


clients was substantially higher than the number of adjusted
live births in all provinces except Zambézia, and conse-
quently, ANC coverage calculated using program births or
adjusted program births as denominators remained above
100% in most provinces.

Adjusted ANC-RT HIV Prevalence Among
Pregnant Women

Across provinces, adjusted antenatal HIV prevalence
was median 45% (IQR 35%–52%) higher than the reported
HIV prevalence in 2021 or median 3.0 percentage points
(IQR 2.5–3.5%-pt) higher. Adjustment had little impact on
the rate of HIV prevalence decline. Reported HIV prevalence
declined by median 10% (IQR 5%–20%) or 0.9%-pt (IQR
0.4–1.3%-pt) between 2014 and 2021 compared with
adjusted HIV prevalence declined by median 9% (IQR
4%–15%) or 0.8%-pt (IQR 0.3–2.0%-pt).

Adult HIV Estimates Calibrated to Adjusted
ANC-RT HIV Prevalence

Figure 3 shows provincial estimates of HIV indicators
when fitting the EPP and Spectrum models to reported,
adjusted, and excluding ANC-RT HIV prevalence data.
Estimates for HIV prevalence trends and ART coverage were
similar for the reported and adjusted ANC-RT scenarios but
differed in 4 of 10 provinces when ANC-RT data were
excluded, and estimates were an extrapolation of the pre-2015
transmission rate. In those cases, HIV prevalence was higher
and ART coverage lower when ANC-RT data were removed.

Calibrating models to reported ANC-RT data produced 2021
HIV prevalence estimates closest to INSIDA 2021 data in 2
of 10 provinces and 1 of 10 provinces for ART coverage.
Using adjusted ANC-RT data produced estimates closest to
INSIDA prevalence and ART coverage in 4 of 10 provinces,
and models without ANC-RT data were closest in 3 of 10
provinces for HIV prevalence and 5 of 10 provinces for ART
coverage (Fig. 4; see Figure S4, Supplemental Digital
Content, http://links.lww.com/QAI/C153).

Across all provinces, calibrating to adjusted ANC-RT
data compared with reported ANC-RT resulted in small
changes to adult HIV prevalence (median +2%, IQR
0%–8%), HIV incidence (median +8%, IQR -4 to +34%),
and ART coverage (median -1%, IQR -3 to 0%). However,
estimates for HIV prevalence among pregnant women in
2021 were substantially higher (median +35%, IQR
25%–42%). Removing ANC-RT data increased 2021 adult
HIV prevalence by median 12% (IQR 7%–23%) and HIV
prevalence among pregnant women by median 52% (IQR
39%–84%).

While adult HIV estimates were minimally affected,
model fit to adjusted ANC-RT data was much better than to
reported data. The mean squared error (MSE) between
observed and estimated HIV prevalence in pregnant women
reduced from MSE = 1.59 when fitted to reported data to
MSE = 0.81 when fitted to adjusted data, indicating that
adjusted data were more consistent with underlying epidemic
dynamics. Demographic and HIV disease progression dynam-
ics in EPP constrain HIV prevalence and incidence trajecto-
ries. This can prevent estimated trends from fitting observed
data when epidemiologically inconsistent.

FIGURE 2. Comparison of reported antenatal clinic (ANC) clients [dark blue], raw [green dashed] and adjusted [orange solid]
number of live births at health facilities (brought forward in time by 5 months to align approximately with the timing of first ANC
visits), and modeled estimates for the number of births from Spectrum (light blue). Smoothed trends shown as bold lines, with
raw data as transparent points and lines.
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FIGURE 3. Estimates of adult HIV
prevalence (left), HIV prevalence in
pregnant women (middle left), adult
ART coverage (middle right), and
adult HIV incidence (right) in Cabo
Delgado, Inhambane, Gaza, and
Maputo. Models were calibrated to
nationally representative household
survey data and unadjusted ANC-RT
HIV prevalence data (green points
and line), adjusted ANC-RT data
(orange points and line), and no
ANC-RT data (blue points and line).
Modeled indicator estimates are
represented by lines without points.
INSIDA 2009 and 2015 IMASIDA
survey estimates of ART coverage
and HIV prevalence used in calibra-
tion are represented by black points
with uncertainty, and withheld IN-
SIDA 2021 survey estimates are rep-
resented by gray points.
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Pediatric and Vertical Transmission Estimates
Calibrated to ANC-RT Model Scenarios

The higher HIV prevalence among pregnant women when
calibrated to adjusted or no ANC-RT data resulted in lower and
more plausible PMTCT coverage. In models calibrated to
adjusted ANC-RT data, PMTCT coverage for 2021 was under
100% in all provinces except Niassa and Sofala (median 93%,
IQR 90%–98%) and lower when removing ANC-RT data entirely
(median 82%, IQR 73%–88%; Fig. 5A). This implied that higher
ANC prevalence was more consistent with the reported number of
HIV-positive women receiving PMTCT services.

Lower PMTCT coverage when calibrating to adjusted
ANC-RT data did not substantially change modeled rates of

mother-to-child transmission in 2021 (MTCT; Fig. 5B)
because the adjusted PMTCT coverage remained close to
100%. However, the larger estimated number of HIV-positive
pregnant women resulted in a 43% increase in new mother-to-
child infections in 2021, increasing from 12,400 to 17,700
(Fig. 5C). Removing ANC-RT data from model calibration
increased 2021 MTCT rates to 18% (+36% increase or 5%-pt)
and doubled the number of new mother-to-child infections to
26,400 (+112%).

Median provincial pediatric ART coverage in 2021 in
models calibrated to reported ANC-RT was 74% (IQR
64%–93%). This declined to 62% (IQR 56%–67%) in models
using adjusted ANC-RT and to 56% (IQR 44%–67%) in

FIGURE 4. Validation analysis against withheld 2021 INSIDA data by ANC-RT model scenario. A, Absolute difference and (B)
relative difference between provincial INSIDA 2021 survey estimate and 2021 estimates of HIV prevalence and ART coverage by
ANC-RT model scenario. Points are sized relative to the provincial HIV-positive population. The dotted line represents no dif-
ference between modeled estimate and INSIDA 2021 survey, and the solid black lines are the median difference by model
scenario.
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FIGURE 5. Vertical transmission and pediatric estimates by ANC-RT prevalence scenario. A, Prevention of mother-to-child
transmission (PMTCT) coverage. B, Mother-to-child transmission (MTCT) rate. C, Vertical new child HIV infections. D and E,
Comparison of Mozambique provincial adult female and pediatric ART coverage versus all other sub-Saharan African countries.
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models without ANC-RT data (Fig. 5D). Sensitivity analysis
of ANC excess allocation indicated that the smallest adjust-
ment to ANC HIV prevalence that keeps all provincial
PMTCT coverages under 100% would increase the number
of new mother-to-child infections by 21% in 2021 (see Figure
S5, Supplemental Digital Content, http://links.lww.com/QAI/
C154).

The lower pediatric ART coverage with the adjusted
ANC-RT prevalence was more consistent with the typical
relationship between pediatric and adult female ART cover-
age. Across sub-Saharan Africa, adult female ART coverage
is correlated with and is higher than pediatric ART coverage
(median difference 20%, IQR 8%–31%, R2 = 0.39; Figs. 5D
and 5E). However, with reported data in Mozambique, adult
female ART coverage was lower than pediatric ART
coverage (median difference 23%, IQR 211% to 1%).
Adjusting or removing ANC-RT data lowered pediatric
ART coverage compared with adult female ART coverage,
aligning the Mozambique estimates with other SSA countries
(adjusted data: 14%, IQR 4%–18%; no ANC-RT data: 16%,
IQR 4%–22%).

The default Spectrum region-specific fertility rates by
HIV status derived from a global analysis of survey data41 can
be fit to ANC-RT data to produce “locally adjusted” fertility
rates and internally consistent estimates of the number of
HIV-positive pregnant women. If ANC-RT data are consis-
tent with the global estimate of relative fertility in HIV-
positive women, the fitted local adjustment factor (LAF)
equals 0.93. The further the fitted LAF lies from 0.93, the
larger the deviation from the best available estimate of
relative fertility. Across all SSA Spectrum files, median-
fitted LAF was 0.93 (IQR 0.93–1.1). In Mozambique, when
calibrating to reported ANC-RT data, the LAF was 0.68 (IQR
0.56–0.79), the lowest in SSA. Calibrating to adjusted ANC-
RT increased the LAF to 0.85 (IQR 0.7–1.07), reducing the
fitted deviation from the global best estimate and aligning
Mozambique with other SSA countries (see Figure S6,
Supplemental Digital Content, http://links.lww.com/QAI/
C155).

DISCUSSION
Our data triangulation supports the hypothesis that

inconsistencies in Mozambique HIV estimates are due to
routinely collected antenatal clinic data and that inclusion of
these data in HIV estimates had important impacts on
estimates for HIV prevalence, treatment coverage, new
infections, and, especially, children living with HIV. Based
on a hypothesized bias adjustment mechanism, we proposed
a simple adjustment to ANC-RT prevalence data using
nationally representative household survey data. Calibrating
to adjusted ANC-RT prevalence data better reconciled
survey-reported fertility rates, modeled birth estimates, and
the number of women receiving PMTCT services. Adjusted
estimates decreased PMTCT coverage to plausibly high levels
below 100% in most provinces and increased mother-to-child
HIV infections by 35% in 2021. These resulted in estimates
for CLHIV more consistent with pediatric ART data and
typical coverage patterns.

Routinely collected data are central to monitoring the
HIV epidemic and tracking progress toward 95–95–95
targets, and their importance will continue to grow in the
shift toward case-based surveillance in sub-Saharan Afri-
ca.18,28 This analysis demonstrates that routinely collected
antenatal data are influential in HIV estimates in Mozambi-
que, particularly in Southern Mozambique where HIV
prevalence is highest. However, current routine data are
presently unable to track the Mozambique HIV epidemic and
led to substantial underestimation of the number of mother-to-
child infections. Studies conducted around the transition from
ANC-SS to ANC-RT, evaluating program quality and
readiness, focused on HIV test fidelity, availability of routine
testing, and nonresponse biases as recommended by the 2013
WHO guidelines.21,23,25,29 However, although some studies
noted further nonsampling errors,25,29 they were unable to
measure health system readiness for future programmatic
scale-up, including the ability to track patients between health
facilities or districts, quantify and record retesting, or assess
data flows from paper notes at facility level through national
electronic health systems.

Our hypothesized bias adjustment mechanism assumed
that all excess ANC clients were HIV-negative across all
years of data, producing a parallel upward shift in ANC-RT
HIV prevalence estimates. Incorrect apportionment of excess
ANC clients by HIV status would influence the magnitude of
the shift, but the trend would remain unchanged. Although
altering the level of the ANC-RT HIV prevalence trend had
a large impact on HIV prevalence in pregnant women and
pediatric estimates, the adult estimates were minimally
affected. In Cabo Delgado, Inhambane, Gaza, and Maputo,
where removing ANC-RT data altered adult HIV estimates,
the presence of adjusted or reported ANC-RT data produced
similar fits. This suggests that despite the long interval since
the last household survey used in model calibration, the adult
estimates are insensitive to the level of ANC-RT HIV
prevalence data and that the HIV prevalence trend is more
influential. This is because EPP is required to permit large
sampling and nonsampling errors in ANC-RT HIV preva-
lence data so that epidemiologically implausible trends may
be reconciled with HIV disease progression and mortality
parameters.17,20,42 This impedes precise estimation of adult
HIV incidence and HIV prevalence in pregnant women from
routine data. Routine data quality assessments would capture
evolving data quality issues over time to produce credible
HIV prevalence trends and improve adult HIV estimates.

Data quality issues are not restricted to Mozambique.
Seven other SSA countries reported ANC and/or PMTCT
coverage over 100% in UNAIDS 2022 estimates38 (Malawi,
Namibia, Zambia, Benin, Burkina Faso, Ghana, and Liberia).
However, in most, the magnitude of discrepancy was smaller
than that in Mozambique. Overall, discrepancies in these
countries, which also have smaller populations and lower
HIV prevalence than Mozambique, are unlikely to substan-
tially affect regional estimates of the pediatric HIV epidemic.
Implementing electronic medical registers and unique patient
identifiers in antenatal settings will enable more detailed
collation of retrospective data and efficient prospective over-
sight of data quality for HIV surveillance and program
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monitoring.28 However, because these will not be available in
the short-term, establishing data quality assessments as
a routine programmatic activity could both ensure high-
quality data for tracking HIV epidemic trends in modeled
estimates and ensuring accurate routine data for ANC and
PMTCT program monitoring. To the extent that discrepancies
arise through inaccurate recording of facility register data in
aggregate reporting, retrospective data extraction from ANC
registers at a representative selection of facilities could be
conducted rapidly, at low cost, and may improve estimates of
HIV prevalence in pregnant women and PMTCT coverage.
The exercise could also record additional indicators lost in
transitioning from sentinel surveys to routine aggregate
reporting such as age, parity, HIV testing history, and other
sociodemographic information that can be triangulated with
household survey data and are useful for monitoring program
equity. This will not address data issues, however, if
inaccurate data have been recorded in registers. A retrospec-
tive register extraction conducted at 22 antenatal clinics in
2022 produced similar HIV prevalence estimates as calcu-
lated from the routinely reported aggregates. Planning is
underway in Mozambique for further studies involving
prospective data collection beginning at care entry.

We hypothesized that calibrating to adjusted ANC-RT
data would increase adult HIV prevalence sufficiently to
reduce implausibly high ART coverage in Gaza, Inhambane,
and Tete from near, or exceeding, 100%. However, adjust-
ment had minimal impact on adult estimates. During the
COVID-19 pandemic, most patients on ART were transi-
tioned to differentiated service delivery, picking up antire-
troviral on a 3-month or 6-month basis instead of on
a monthly basis to reduce loss to follow-up caused by service
disruption.43,44 This has made measurement of loss to follow-
up more challenging because patients engage with clinics less
frequently and may underlie rapidly rising estimates of ART
coverage. Routine data review should be extended to
treatment programs and the impact of multimonth ART
dispensing on estimates of program lost to follow-up and
total numbers on treatment.

This analysis is subject to several limitations. We
concluded that data quality issues existed within the number
of ANC visits by triangulating with adjusted live facility
births. This relied on extrapolating the proportion of women
who gave birth in a facility over 7 years since the last
available survey. If the proportion is lower than estimated,
adjusted live facility births would be closer to the number of
observed ANC visits. Second, we have assumed that the
number of women receiving PMTCT services is unbiased. If
PMTCT double counting is occurring, this analysis will have
underestimated MTCT transmission and the number of new
child infections.

CONCLUSIONS
Adjusting ANC-RT HIV prevalence trends using

nationally representative household survey data on ANC
attendance produced estimates that were more consistent with
survey-reported fertility rates, modeled birth estimates, and
the number of women receiving PMTCT services than raw

data. We found that the number of children living with HIV in
Mozambique has likely been substantially underestimated.
Antenatal data quality improvements and renewed focus on
HIV surveillance in pregnant women would strengthen
routine reporting and guide adjustment to ANC-RT HIV
prevalence and subsequent HIV estimates.
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