Estimating district-level HIV incidence among women in Malawi using antenatal care (ANC) data
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Background

Sub-Saharan Africa (SSA) has a high HIV burden with 25.6 million people living with HIV (PLHIV) and
890,000 new HIV infections in 2021, accounting for two-thirds of PLHIV and 59% of new infections
worldwide.! Monitoring trends in HIV incidence is essential to evaluate effectiveness of HIV prevention
programs and tracking progress towards the UNAIDS goal of reducing new HIV infections and AIDS-
related deaths by 90% between 2010 and 2030. 2

Population HIV incidence is challenging to estimate due to limited longitudinal and representative samples
of the general public undergoing routine HIV testing. Since the early 2010s, many SSA countries have
consistently routinely ascertained HIV status among all pregnant women who attend antenatal care (ANC)
health facilities in order to identify women needing antiretroviral medication to prevent mother-to-child
HIV transmission.® For example, ANC uptake rate in Malawi exceeded 98% in 2015 and HIV testing
coverage during ANC visits exceeded 95% in 2017.4°

Pregnant women attending ANC have long been an important sentinel population for monitoring
population HIV trends because women attend ANC irrespective of HIV status or specific HIV risk
factors.® Fitting mathematical models to HIV prevalence among pregnant women, along with national
household survey data, has been the main strategy to estimate national HIV incidence trends since the
1990s.” The large increase in HIV data through routine HIV status ascertainment of all pregnant women
provides opportunities to more granularly quantify HIV infection patterns, including subnational trends
and variation (e.g. district) and with finer temporal resolution. District-level estimates are important to
understand the differential impact of programmes and for resource allocation in identifying areas that have
the greatest need for a tailored HIV prevention strategy and will benefit the most from it.

Using the routinely-collected HIV data from ANC facilities, we developed a mathematical model to
estimate incidence in the general women aged 15 to 49 years old in 28 districts of Malawi, 2011-2020.
Among SSA countries, Malawi has consistently high HIV testing coverage in the ANC facilities since
2011 (=78%) and was selected as the first country for which we will estimate HIV incidence using our
model. ¥ In future, we aim to apply the model to estimate HIV incidence in other SSA countries as well.

Methods

Data. We analysed routinely-collected ANC data captured by the Department of HIV and AIDS
Management Information System (DHA-MIS) in Malawi. Malawi is a southeastern African country with
20.9 millions individuals living in 28 districts.” DHA-MIS covers all ANC health facilities with HIV
services under the Ministry of Health of Malawi.  HIV testing data are available by quarter from 3™
quarter 2011 to 4™ quarter 2020. Data consist of aggregate counts of the final HIV status for pregnant
women who had their final ANC visit before birth during the quarter. HIV status was classified as HIV
negative, newly diagnosed HIV positive during pregnancy, already known HIV positive before pregnancy,
or HIV status unknown; among women diagnosed with HIV, it is further recorded whether they were on
ART before pregnancy or initiated ART during pregnancy. We calculated the HIV prevalence among
ANC attendees for each district i at quarter g (ANC Prevalence; ), defined by the total number of HIV

positive ANC attendees (V; ;) divided by the total number of ANC attendees with status ascertained (N; 4 ).



Model. We developed an age-stratified compartmental model to simultaneously track HIV acquisition and
fertility processes. We fitted it to district-level ANC prevalence data from DHA-MIS to estimate yearly
HIV incidence (new infections per 1,000 person-year) among women aged 15-49 in Malawi from 2011 to
2021. Model structure is shown in Figure 1. In brief, women transitioned from sexually non-active to
active, then to pregnant and lastly post-partum compartments. At any point, they could acquire HIV and
move from susceptible to infection compartments. Recently infected are those receiving a test positive test
during the first six months after infection, while the undiagnosed women progress into latent infection
until later diagnosis. Diagnosed patients were assumed to be on ART without dropout.
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Figure 1 | Model flowchart. Pregnant women are assumed to attend antenatal care (ANC) facilities and
test for HIV at their 2™ trimester and 2" trimester only, as represented by the bolded arrows. We
assumed that they are ANC that were observed in the DHA-MIS data.

For each district i and quarter g, we estimated the rate of infection (4; 4) and the initial HIV prevalence in
the general population (Prev,g11,4). A; 4 Was assumed to follow a log linear trend with district-specific
intercept f; o and slope f; ;:
Aiq =exp (Bio + Pi1*q)
for quarter g= 2011 Q3, 2011 Q4, ..., 2020 Q4. We used a maximum-likelihood approach to estimate the
parameters. Given an observed N; , number of ANC attendees with ascertained HIV status and Y; ; total
positives, the likelihood is
Y, 4 ~ Beta — Binomial(N; 4, @; 4, Bi )
_ pig(1-0y) _a(l-piq)
a= = o B
ANC Prevalence; 4. For the initial conditions of the model at 2011, the initial HIV prevalence
Prev,gq1,4 were estimated from the data, and the proportion sexually debuted was obtained by fitting a
skewed logistic model to the Demographic and Health Survey (DHS) 2017 indicator.!? For the
compartments within the HIV-positive, sexually active women, we assumed that the distribution of

, Where a; , 0; = over-dispersion parameter, p; ; = model-predicted



PLHIV was in equilibrium when the model was initialized in 2011. Similarly, for the compartments
within HIV-negative women, the distribution is assumed to be at equilibrium in 2011.

Results

Figure 2A displays the observed HIV prevalence among pregnant women at ANC by quarter in three
selected districts in southern Malawi, and the HIV prevalence trend among pregnant women from
modelled results. Figure 2B displays the corresponding HIV incidence estimated by the model for
women aged 15-49 years, with comparison to national incidence estimates derived from the Spectrum
model and reported by UNAIDS.!! The model reflected the trend in ANC prevalence over time and the
model generated prevalence is similar to the observed data in magnitude.
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Figure 2 | (A) Modelled HIV prevalence among pregnant women (red) compared to observed ANC
prevalence (black); (B) Modelled HIV incidence (solid) compared to nationwide HIV incidence estimate
from the Spectrum model (dash) !2

Figure 3 shows the estimated incidence in all districts in 2011 and 2020. Incidence is heterogeneous
across districts. For example, the district with the highest incidence (Mulanje) in 2020 has more than 20-
fold incidence than the district with lowest incidence (Nkhotakota). The three regions have starkly
different incidence: in 2020, the estimated incidence was highest in Southern districts (grey bars) and
lowest in Central districts (orange bars).
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Figure 3 | Estimated incidence among women aged 15-49 by districts in Malawi in 2011 and 2021.
Districts in the northern region are colored in blue, central region in orange, and southern region in grey.

Bars are labeled with the percentage change in incidence from 2011 to 2020.

Regarding incidence declines from 2011 to 2020, incidence decreased most in Southern and Central
districts. Majority of Southern district decreased close to a half or more (inter-quartile range [IQR]: -
40% to -60%), while the majority of Central districts decreased by a quarter or more (IQR: -25 to -70%).
Majority of Northern districts also decreased but not as much as the South and Central districts, some
Northern districts even increased in incidence.

Among all the districts, Nkhotakota, Ntchisi, Machinga, Liongwe City, and Thyolo, had largest declines
in incidence, all of which are in the Southern or Central region. Mzimba North, Rumphi and Dowa had
incidence increased.

There are several limitations of the analysis. First, the model should reflect the test-and-treat cascade
under Option B+. Although this may have little impact on the current analysis using the total positives
(Y, 4) to estimate incidence, since both treated and untreated women are included in the data on Y; 4, the
lower assumed proportion on ART will impact the estimate if the model is fitted to the number of treated
ANC attendees, which is one of our next steps. Second, the model was parameterized by assuming that
age-specific sexual debut rate was constant for all districts. In reality, some districts may have higher
sexual debut rate than others, which will impact the incidence estimate. Similarly, we do not have the
number of vertically-transmitted individuals by districts and approximate the numbers of vertically-
transmitted individual by scaling the national total with the relative population sizes of the districts. If a
district has a high proportion of vertically-transmitted individuals (i.e., our assumption that every district
has the same percentage vertically-transmitted does not hold), fitting the model to the ANC prevalence
data would over-estimate the HIV incidence, since a larger percentage of the observed new positives
were in fact not recently infected but were long-term survivors.



In conclusion, we estimated HIV incidence among women in Malawi using routinely-collected ANC
data. Our results echo with others that incidence was higher in the Southern region. !*!* Most districts
had incidence decreased from 2011 to 2020, with reductions being more pronounced in the Southern and
Central districts.
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