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Subnational mapping of HIV incidence and mortality amdﬁ@k
individuals aged 15-49 years in sub-Saharan Africa,
2000-18: a modelling study

Local Burden of Disease HIV Collaborators*

Summary

BackgroundHigh-resolution estimates of HIV burden across space and time provide an important tool for trackingancet Hiv 2021; 8: e363-75

and monitoring the progress of prevention and control e orts and assist with improving the precision and e ciencysee comment page 315

of targeting e orts. We aimed to assess HIV incidence and HIV mortality for all second-level administrative unitgocal Burden of Disease HIV

across sub-Saharan Africa. Collaborators are listed in the
appendix (pp 1-2)

MethodsIn this modelling study, we developed a framework that used the geographically speci c HIV prevaleng&grespondence to:

data collected in seroprevalence surveys and antenatal care clinics to train a model that estitdéeimcidence and ﬁ;ﬁﬁfﬁvﬁyee;ﬁlnﬁﬂiﬁ; and

mortality among individuals aged 15-49 years. We used a model-based geostatistical framework to estimagigiion, Seattle, WA 98195,

HIV prevalence at the second administrative level in 44 countries in sub-Saharan Africa for 2000-18 and sought data

on the number of individuals on antiretroviral therapy (ART) by second-level administrative unit. We then modi etdwyer@uw.edu

the Estimation and Projection Package (EPP) to use these HIV prevalence and treatment estimates to estirfggéniine for appendix

HIV incidence and mortality by second-level administrative unit.

FindingsThe estimates suggest substantial variation in HIV incidence and mortality rates both between and within
countries in sub-Saharan Africa, with 15 countries having a ten-times or greater di erence in estimated HIV incidence
between the second-level administrative units with the lowest and highest estimated incidence levels. Across all
44 countries in 2018, HIV incidence ranged from-B (95% uncertainty interval 21-3-8) in Mauritania to 15859
(13694-18248) cases per 10000 people inLesotho and HIV mortality ranged from 08 (0-7—0-9) in Mauritania

to 6765 (5136-888:0) deaths per 10000 people in Lesotho. Variation in both incidence and mortality was
substantially greater at the subnational level than at the national level and the highest estimated rates were
accordingly higher. Among second-level administrative units, Guija District, Gaza Province, Mozambique, had the
highest estimated HIV incidence (4661 [2544 8-81203]) cases per 100 people in 2018 and Inhassunge District,
Zambezia Province, Mozambique, had the highest estimated HIV mortality rate (1163679-0-18668]) deaths per
100000 people. Further, the rate of reduction in HIV incidence and mortality from 2000 to 2018, as well as the ratio
of new infections to the number of people living with HIV was highly variable. Although most second-level
administrative units had declines in the number of new cases (3316 [B¥] of 4087 units) and number of
deaths (3325 [814%]), nearly all appeared well short of the targeted 75% reduction in new cases and deaths between
2010 and 2020.

Interpretation Our estimates suggest that most second-level administrative units in sub-Saharan Africa are falling
short of the targeted 75% reduction in new cases and deaths by 2020, which is further compounded by substantial
within-country variability. These estimates will help decision makers and programme implementers expand access to
ART and better target health resources to higher burden subnational areas.

FundingBill & Melinda Gates Foundation.
Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction Declaration on HIV and AIDS calls for a 75% reduction
As the HIV pandemic enters its fth decade, several in new HIV infections and HIV deaths from 2010 to 2020.

indicators have been proposed to help describe theStudies have shown that geographical targeting of
burden of HIV, measure the e ectiveness of public resources can improve the e ciency and e ectiveness
health e orts, and guide decision making. Among of interventions and strategies intended to address HF¥.

the most useful and commonly cited indicators are To best aid resource targeting, HIV indicators need to be
the HIV incidence rate, the HIV mortality rate, the produced at a re ned spatial scale. Yet, for countries in
percentage reduction in the number of incident sub-Saharan Africa—those hardest hit by the HIV
HIV cases and HIV deaths, and the ratio of incident pandemic—collecting data on indicators of HIV incidence
HIV cases to people living with HI\VA The UN Political and mortality remains a challenge, particularly at
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Research in context

Evidence before this study Added value of this study
We searched PubMed with no language restrictions for Although many initiatives provide national estimates for
articles published since database inception until Dec 31, BD2@etrics (and at the administrative level in some countries),

using the following search terms: “hivi]MeSH] AND there are few HIV incidence and mortality estimates and
(“mortality” OR “incidence” OR “prevalence”) AND necessary methodological innovation at more detailed
“subnational” AND (trend*)”. Previous research has showsubnational scales. This study suggests substantial variation
that substantial local (spatial) variation exists in exists in HIV incidence and mortality rates both between and
HIV incidence, and modelling studies comparing within countries in sub-Saharan Africa, with highly variable rates

geographically targeted with non-geographically targetedof reduction in HIV incidence and mortality and the ratio of new
prevention strategies have suggested that geographicallynfections to the number of people living with HIV from
targeted strategies are more e cient in preventing new 2000 to 2018. Although most second-level administrative units
HIV infections under the same budgetary constraints. Trematsdeclines in the number of new cases and attributable deaths,
in HIV mortality and incidence have varied at both regionadarly all appeared well short of the targeted 75% reduction in
and country levels, resulting in di ering trends in new cases and deaths between 2010 and 2020.
HIV prevalen nd thi namic is further compli L . .

P evge ce., and this dynamic IS. u ther complicated Pt%pllcatlons of all the available evidence
the paucity of directly observed empirical data on . . . - .

L o . improving and extending existing HIV incidence and
HIV incidence and mortality in sub-Saharan Africa and otﬁ&r . - . . .

. . - - - mortality estimates in sub-Saharan Africa at a subnational

high-burden low-income and middle-income countries.

. . . hi rovi | | im hel
Renewed commitment is required to assess progress tov?g%g’ this study provides valuable estimates to help gauge

global targets at a subnational scale, to ensure no progre§s (TS CIEME R ]l G ULES b_y A .
sub-populations are left behind. and to supbort (Sustainable Development Goal 3) and provides an important
pop ’ PP tool to improve the precision and e ciency of targeting

sub-Saharan Africa in getting on track to bring HIV infection . L -
interventions within countries.
under control by 2030.

spatially granular levels, where weaknesses in civilRelief, and others have called for incorporating local data
registration and vital statistics systems are typicallyand estimates into country HIV response strategies,
beyond the capacity or funding for HIV programmes given subnational heterogeneity in the HIV epidemic.
alone to address. Historically, most data collectionAlthough subnational estimates of HIV prevalence and
systems for tracking HIV have focused on measuring antiretroviral therapy (ART) coverage are increasingly
HIV prevalence, partly because HIV prevalence iscommon, to our knowledge, estimates of HIV incidence
inherently more straightforward to measure than and mortality are not yet routinely available below the
HIV incidence or mortality, and partly driven by pre rst administrative level.
grammatic needs including daily patient management, Here, we present a modi ed version of the EPP model,
ensuring su cient drug supply, and managing loss to which combines developments in spatial demography,
follow-up. The Population-based HIV Impact Assessment ne-scale HIV prevalence mapping?and HIV pandemic
survey series and other household surveys havenodelling®**to produce estimates of HIV incidence and
attempted to include direct measures of HIV incidence mortality for rst-level (eg, provinces) and second-level
via recency assaysnd many countries are introducing administrative units (eg, districts) across 44 sub-
routine recency testing for newly diagnosed individuafs; Saharan African countries. Estimates of these indicators
however, these data are not yet as widespread as datd this ne spatial scale can assist in tracking and
related to HIV prevalence and concerns remain regardingaccelerating progress towards meeting the Sustainable
the validity and reliability of recency assays for accuratelyDevelopment Goal of “ending the AIDS pandemic as a
estimating HIV incidence’ public health threat by 2030™

Because trends in HIV incidence and mortality are
largely not directly observed at the national level inMethods
sub-Saharan Africa, estimates are developed by ttingStudy design
mathematical models to data on trends in HIV prevalence. Our study follows the Guidelines for Accurate and
The Estimation and Projection Package (EPRJeveloped Transparent Health Estimates Reporting (appendix
by UNAIDS and also used by the Global Burden ofpp 18, 19): We used a modied version of the EPP
Disease (GBD) stud$:° provides a well-tested structure mathematical compartmental model, tailored spectally
for leveraging the HIV prevalence data available fromto estimate HIV incidence and mortality, among indi
population surveys and antenatal care sentinel surveil viduals aged 15-49 years for rst-level and second-level
lance sites to estimate HIV incidence and mortality. administrative units in 44 countries in sub-Saharan
UNAIDS, the President's Emergency Plan for AIDS Africa. EPP ts the transmission rate to the prevalence
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using a series of assumptions about how the dierent the need to explicitly model migration and instead
epidemic indicators relate to each other within a givenrelies on the population count estimates in each
population. This tting is achieved using the Bayesian administrative unit. Our last major modi cation to EPP
incremental mixture importance sampling solver, which was to implement the r-hybrid model employed by
aligns the HIV prevalence output of each EPP simulation UNAIDS in 2018 and GBD in 2019, which has been
to the HIV prevalence from our model-based geostatisticalshown to work best for most geographical are&sln
prevalence model. Analyses were done using the PRorief, r-hybrid estimates the HIV transmission rate
(version 3.6.1) and C (version GNU99) programmingdi erently in the early versus later phases of the
languages. Further details of the methods, input dataHIV epidemic to better match observed data.

types and sources, and assumptions are provided in the

appendix (pp 20-30). Model inputs
The model has ve key inputs: (1) the boundaries (or
Modelling strategy shapes) used to de ne the second-level administrative

Rather than develop a methodology de nowse sought a units we are modelling; (2) the size of the population aged
tested modelling framework that (1) could leverage HIV 15-49 years over time that we used as the demographic
prevalence data to estimate HIV incidence and mortality; bases for the hypothetical epidemics; (3) the modelled
(2) could use available demographic data withoutHIV prevalence in each of the second-level administrative
requiring calibration of many behavioural parameters units; (4) the number of people on ART in each second-
that are rarely available at subnational resolutions; andevel administrative unit; and (5) the assumptions used
(3) had a history of producing reliable and widely usedabout how likely a person living with HIV is to die from
results. EPP meets these needs and this system hastheir infection.

been used by both UNAIDS* and GBD* to produce  To delineate the boundaries of the second-level admini
national and rst-administrative level estimates of HIV strative units we began with the second-level admini
incidence and mortality across sub-Saharan Africa. strative shape les that are publicly available from the

EPP is a compartmental epidemiological model, Database of Global Administrative AreasThese bOUR For thedatabase of Global
which is designed to estimate the HIV incidence and daries were modi ed to correct for known errors and to Administrative Areas see

mortality rates needed to produce a time trend speci ¢ accommodate recent boundary changes. A full list of't//www.gadm.org
to HIV prevalence The model functions by varying changes and the naming convention for rst-level and
model parameters to identify HIV incidence trends that second-level administrative units across the 44 countries
are most consistent with observed HIV prevalence,in sub-Saharan Africa can be found in the appendix
given the number of patients on ART (appendix (pp 49-51).

pp 20-30). The version of EPP that we present here is a To estimate populations in second-level administrative
modi ed version of that used to create the GBD 2017units, we used high-resolution gridded population
HIV estimates’ and operates on individuals aged estimates that were age specic and sex specic from
15-49 years of both sexes as one intermixing populationWorldPop!* To create a full time series from 1970
Developments in EPP have allowed UNAIDS and to 2020, we interpolated additional years of data using
GBD to use an age-speci ¢ and sex-speci ¢ version ofthe population growth rate at the pixel level observed in
EPP (EPP-ASM) for national models and, in somethe WorldPop dataset, assuming exponential growth, and
cases, at the rst administrative level. However, use ofscaled the total population in each country to match GBD
that model was not feasible for our spatially granular national population estimates. Finally, these gridded
implementation because of the additional compu population estimates were aggregated fractionally to the
tational burden of tting this more complex model and shape les as described, to create second-level admini
because EPP-ASM benets from age-specic and strative unit population estimates.

sex-speci ¢ HIV prevalence estimates, which are not We used an updated version of the model-based
yet widely available for second-level administrativegeostatistical methodology from our previous wotkto
units. We modi ed the GBD 2017 version of EPP to produce HIV prevalence estimates for all second-level
use the HIV prevalence time series produced usingadministrative units across sub-Saharan Africa from
a model-based geostatistical framewotkas opposed 1995 to 2018. This year range was chosen because we
to direct survey and antenatal care estimates ofwere able to extract geolocated sentinel surveillance data
HIV prevalence, which are typically used in EPP.for antenatal care and household survey estimates of
Because internal migration between second-levelHIV prevalence over this period. A full list of HIV
administrative units is potentially important for our prevalence data incorporated into this analysis can be
model but di cult to measure, we adopted the approach found in the appendix (pp 52-101). In summary,
now being used by UNAIDS and the GBD in the 145 surveys (80 surveys with microdata, 28 survey
EPP-ASM model to adjust the population at the end ofreports, and 37 surveys extracted from published
each timepointto the expected population in the next literature) and 134 sources of antenatal care sentinel
timepoint using a simple scalar. This method removes surveillance data, which in combination resulted in a
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systematic data-seeking exercise to extract all available
subnational ART data in the 44 countries included in this
analysis and successfully identied subnational-level
ART information in 29 countries (appendix pp 201-03).
In countries where subnational ART infomation was
available, we modelled these data to create a full time
series (appendix pp 27-29). In the 15 countries where we
were unable to locate subnational ART information, we
assumed that the national ART coverage rate was
consistent in all second-level admintsative units and
redistributed ART patients accordingly.

HIV mortality rates were calculated for individuals

with HIV of varying disease severity separately for

750 750 those who were and were not receiving ARTEPP
500 500 divides the population with HIV into seven CD4 cell
250 250 count categories as a proxy for disease severity and into
0 0 two treatment categories (on or o ART). We tracked

progression through the CD4 categories and onto
treatment so that at every time step of the EPP model,
we had an estimate of the size of the population for each
disease severity and treatment category (appendix p 30).
We then applied the estimated HIV mortality rate from
GBD that is speci ¢ to each CD4 and treatment category
to the population in these groups to estimate HIV
mortality.

E ect of ART

ART is a key input to this model because the treatment
substantially decreases viraemia and thus the probability
that an individual with HIV will die from or pass on

Incidence by second-level administrative unit their infection;* thus, ART fundamentally changes the

(cases per 1@DO population) relationship between HIV incidence, prevalence, and
1000 mortality. We were not able to identify and extract
750 subnational ART information in all countries, and so, to
500 assess the e ect of using these data, in the 29 countries
250 where we were able to extract subnational ART data we
0 ran EPP using both the extracted subnational ART data

and assuming the national ART coverage rate. We then
compared the two scenarios to ascertain the e ect of
ART on our models. As expected, ART coverage in each
second-level administrative unit had a substantial e ect
on the HIV incidence and mortality estimate in that
location (appendix pp 31, 32). Subnational variation in

Figure : HIV incidence among individuals aged 15-49 years in sub-Saharan Africa in 2018 o ; :
Incidence among individuals aged 15-49 years by (A) country, (B) rst-level administrative unit, and (C) s'é'::'é/rléﬂ'&}gence and morta“ty‘ however, was still present

administrative unit. Lakes and areas with fewer than ten peofilkpeadd classi ed as barren or sparsely in“countries where we assumed the national ART
vegetated are coloured light grey. Areas in dark grey were not included in the analysis. Estimates in area€@éeEage for all second-level administrative units, driven
crossed are based on national, rather than subnational, estimates of antiretroviral therapy coverage only.by variation in the level and trend of HIV prevalence.
Figures in the appendix (pp 33—-36) show the relationship
geopositioned data set of 2872 survey observations and between estimated HIV incidence, mortality, prevalence,
11710 site-years of antenatal care sentinel surveillanceand ART coverage.
formed the input for the HIV prevalence component.
We used several data sources to estimate the number dfJncertainty interval estimation
individuals on ART in each second-level admirtigtive To account for uncertainty in our model inputs, including
unit. The UNAIDS annual estimate les’ provide the the disease progression and mortality parameters, we ran
number of adults receiving ART in each country but this 100 simulations of EPP varying these parameters. Within
information is not su ciently granular to use at the each simulation, we generated 1000 draws from the
second administrative unit level. Therefore, we did aapproximated posterior distribution of HIV prevalence,
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HIV incidence, and HIV mortality. To create a single,

combined posterior distribution we sampled ten draws A B
from each of the 100 simulations and then combined

these draws. For consistency with national-level estimate

using much of the same underlying data, we calibrated

our results to match the estimates from the GBD 2019.

Further details are provided in the appendix (pp 24, 25).

To account for uncertainty in our estimates of HIV Mortality by
incidence and mortality when assessing progress towards rst-level
achievement of the UNAIDS target of a 75% reduction ngﬁigyptg country (agje“;'trr‘]':‘;‘r“’e unit
in new HIV infections and HIV deaths, we calculated | 100000 population) 100000 population)
the posterior probability of achieving these targets as the 1000 1000
percentage of draws from the estimated posterior| | | 759 750
distribution where these targets were achieved. 500 500

250 250

Role of the funding source
The funders of this study had no role in the study design, 0 0
data collection, data analysis, data interpretation, o c

writing of the report.

Results

We found marked regional di erences in HIV incidence
and mortality among individuals aged 1549 years from
Jan 1, 2000, to Dec 31, 2018. Across the entire modell
region in 2018, the HIV incidence rate was 21B
(95% uncertainty interval [Ul] 1964—-239-1) cases per
100000 people and the HIV mortality rate was 82
(76-6—1011) deaths per 10000 people. Athe national
level in 2018, HIV incidence ranged from -B
(2:1-3-8) cases per 10W0 people in Mauritania to
15859 (13694-18248) cases per 100 people in | Mortality by second-level administrative unit
Lesotho (gure 1A; appendix p 37), and HIV mortality (deallg;ger 10000 poputation)

ranged from 0-8 (0-7-0-9) deaths per 10000 people in

Mauritania and 6765 (5136-888:0) deaths per 750

100000 people in Lesothg gure 2A; appendix p 39). The 500

variation in both incidence and mortality was substantially 250

greater at the subnational compared with the national 0

level and the highest estimated rates were accordingly
higher. The rst-level administrative unit with the highest
estimated HIV incidence rate in 2018 was Gaza Province
in Mozambique, with an incidence rate of 280%
(21180-36112) cases per 10O people (gure 1B).

Among second-level administrative units, Guija District
in Gaza Province Mozambique had the highest Figure : HIV mortality among individuals aged 15-49 years in sub-Saharan Africa in 2018

. L . (A) HIV mortality among individuals aged 15-49 years by country, (B) rst-level administrative unit, and (C)
estimated HIV incidence, with 46617 (25448_81203) second-level administrative unit. Lakes and areas with fewer than ten pebdm@erdiclassi ed as barren or

cases per 10000 people in 2018 (gure 1C). Among sparsely vegetated are coloured light grey. Areas in dark grey were not included in the analysis. Estimates ir
second-level administrative units, Inhassunge District in that are crossed are based on national, rather than subnational, estimates of antiretroviral therapy coverage
Zambezia Province, Mozambique, had the highest HIV
mortality rate estimate at 1168 (6790-18668) deaths dierence in HIV incidence between the second-level
per 1000 people (gure 2C). administrative units with the lowest and highest
In addition to large-scale variation across the region,estimated incidence levels. Of those 15 countries, 11 also
we also found substantial within-country variation in had a greater than ten-times di erence in HIV mortality
HIV incidence and mortality. In 2018, 15 countries rates between their lowest and highest second-level
(Angola, Benin, Burkina Faso, Burundi, Cameroon, administrative units. Kenya was a particularly extreme
Democratic Republic of the Congo, Ethiopia, Kenya,example of this variability, with incidence rate esti
Mozambique, Nigeria, Senegal, Somalia, Tanzania,mates ranging from 14-2 (95% Ul 4-1-41-3) cases per
Uganda, and Zambia) had a greater than ten-times100000 people in Eldas Constituency, &jir County,
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A B
Incident cases by second-level Deaths by second-level
administrative unit administrative unit
2000 2000
1500 1500
1000 1000
500 500
0 0

Figure : Incident HIV cases and deaths among individuals aged 15-49 years in sub-Saharan Africa in 2018

(A) Number of incident HIV cases and (B) HIV deaths among individuals aged 15-49 years in 2018 by second-level administrative unit. Lakes and areas w
than ten people per1 km and classi ed as barren or sparsely vegetated are colouredAighisgregiark grey were not included in the analysis. Estimates in
areas that are crossed are based on national, rather than subnational, estimates of antiretroviral therapy coverage only.

to 1767-0 (939-7—295B) cases per 10WD0 people in  The UNAIDS fast-track goal$, which are designed
Rarieda Constituency, Siaya County, and HIV mortality to set measurable targets for public health action, call
rate estimates ranging from & (2:4-15-2) deaths per for a 90% reduction in both incident HIV cases and
100000 people in Eldas Constituency, &jir County, HIV deaths by 2030, as compared with 2010 levels. An
to 789-5 (524-9-1165-1) in Suba Constituency, Homaadditional intermediate target was set to a 75% reduction
Bay County, in 2018. in both indicators by 2020. Across our modelled region,
In absolute terms, incident HIV cases and HIV incident HIV cases reduced by 18% (95% Ul 6:8—-25-1)
deaths were highly concentrated in high-population and the HIV incidence rate reduced by 38%
locations. In 2018, we estimated 1B8327 (95% Ul (25-8-40-3) between 2010 and 2018, both falling well
1025447-248270) incident HIV cases across the short of the UNAIDS intermediate goal to reduce
44 modelled countries. 50% of these incident HIV casesHIV incidence by 75% by 2020. We estimated that no
in 2018 were located in just 148-(8%) of 4087 second- country has yet achieved the goal of a 75% reduction
level administrative units that collectively representedin new infections on a national scale gure 4D). Our
13-7% of the total population in this region fure 3A). estimates show wide variability among subnational areas
Most of these high-burden administrative units were in progress towards achieving this goal. We estimated
located in southern sub-Saharan Africa; in particular, that only six (0-9%) of 686 rst-level administrative
both Lesotho and South Africa had more than 50% ofunits (gure 4B) and 64 (1-6%) of 4087 second-level
their second-level administrative units in this category. administrative units (gure 4C) had already achieved a
Conversely, 2630 (64%) of 4087 second-level adminis 75% reduction in incident HIV cases by 2018.
trative units, representing 382% of the total popu Our estimates suggest that increases in the number of
lation, accounted for less than 10% of the total estimatedncident HIV cases are far too common. At the national
incident HIV cases. level, Angola (612% [95% Ul 492-739] increase),
In 2018, we estimated that 4554 (95% Ul Equatorial Guinea (773% [52-:1-1038]), Guinea (143%
399851-52712) HIV deaths took place in the [0-72-322]), Madagascar (59% [32:7-80-3]),
44 modelled countries. Only 224 (5%) of 4087 second- Mozambique (9-3% [0-7-195]), Sierra Leone (22.%
level administrative units, representing 223% of the [6-4-402]), and Sudan (627% [488-79:6]) all had an
total population, accounted for 50% of the estimatedincrease in incident HIV cases with greater than 95%
deaths (gure 3B). 2364 (58B%) of 4087 second- posterior probability ( gure 4A). Increases in estimated
level administrative units, representing 3% of the incident HIV cases occurred in 130 (19-0%) of 686 rst-
total popdation, contributed less than 10% of the total level administrative units that were distributed across
estimated HIV deaths in 2018. 18 countries ( gure 4B). 771 (18-9%) of 4087 second-level
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Figure : Percentage reduction in incident HIV cases in sub-Saharan Africa from 2010 to 2018

(A) Reduction in the number of incident HIV cases (%) between 2010 and 2018 among individuals aged 15-49 years by country, (B) rst-level administrative unit,
and (C) second-level administrative unit. Lakes and areas with fewer than ten pképbegper dassi ed as barren or sparsely vegetated are coloured light grey

Areas in dark grey were not included in the analysis. Estimates in areas that are crossed are based on national, rather than subnational, estimates of
antiretroviral therapy coverage only. A 75% reduction in HIV incidence by 2020 is a UNAIDSHestteask@waids this target by country highlighting the

best and worst performing subnational units is shown in panel D.

administrative units across 24 countries had an increasecorresponding changes in the number of new infections
in the estimated number of new infections between (appendix p 41), underscoring the e ect of population
2010 and 2018 (gure 4C). At the second-levebrowth on the pandemic.

administrative unit, the two districts with the largest We estimated reductions in HIV deaths that were
estimated increases in HIV incidence from 2010 to 2018more widespread. Across the modelled countries, HIV
were located in Mozambique and South Africa (gure deaths fell by 383% (95% Ul 346-415) from 2010
4D), with estimated increases in HIV incidence in to 2018. Although a substantial improvement, this
excess of 50% over this period. Fewer locations saw areduction was still well short of the 75% reduction
increase in the estimated HIV incidence rate and thosehoped to be achieved by 2020. Only one country,
increases were generally smaller in scale thanBurundi, achieved this benchmark at a national scale
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Figure : Percentage reduction in HIV deaths in sub-Saharan Africa from 2010 to 2018

(A) Reduction in the number of HIV deaths (%) between 2010 and 2018 among individuals aged 15-49 years by country, (B) rst-level administrative unit, ¢
second-level administrative unit. Lakes and areas with fewer than ten pebm@erdiclassi ed as barren or sparsely vegetated are colouredAiglasgrey

in dark grey were not included in the analysis. Estimates in areas that are crossed are based on national, rather than subnational, estimates of antiretrovire
coverage only. A 75% reduction in HIV deaths by 2020 is a UNAIDS faBrtgsgoalvards this target by country highlighting the best and worst performing
subnational units is shown in panel D.

(gure 5A, D). Conversely, Angola, Equatorial Guinea, seven countries: Burundi, Cbéte d'lvoire, Democratic
Madagascar, and Sudan had the largest increaseRepublic of the Congo, Kenya, Nigeria, Tanzania, and
in estimated HIV deaths at the national scale from 2010Uganda ( gure 5C).

to 2018 (gure 5D). 44 (6-4%) of 686 rst-level adminis  Angola (53:0% increase [95% Ul 4%-61-8]),
trative units had achieved the 75% reduction in HIV Chad (31-3% [12-6-51-4]), Equatorial Guinea (38:7%
deaths by 2018 (gure 5B) and 263 (6-4%) of 408719-1-59-3]), Guinea (11-9% [0-1-24-9]), Madagascar
second-level administrative units showed a 75% or(39-4% [26-0-55-8]), and Sudan (33% [24-1-42-4]) all
greater reduction in HIV deaths since 2010. Thesehad increases in the number of estimated HIV deaths
second-level administrative units were spread acrossetween 2010 and 2018 ( gure 5A, D). At the rst-level
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administrative unit scale, 129 (18%) of 686 units

showed an increase in HIV deaths ( gure 5B). Almost a A B

fth (18.6%; 762 of 4087) of second-level administrative

units had an estimated increase in HIV deaths over

the 2010-18 period. These units were spread acros

24 countries but Angola, Chad, Equatorial Guinea,

Madagascar, Mauritania, and Sudan had more than 75% o

their second-level administrative units show increases

in HIV deaths over the period( gure 5C). Population Incidence:

growth over the period 2010-18 meant that reductions il | cigence: E;e‘:;'ﬁg\f;

the HIV mortality rate were more common and generally | prevalence by country administrative unit

on a larger scale than reductions in the number of 0-15 0-15

HIV deaths (appendix p 42). oo 0,00
We found that very few locations had even a moderate | |-0-06 0-06

posterior probability of having had achieved the UNAIDS 8'03 003

targeted reduction in HIV incidence (appendix pp 43, 44).
More locations, in Burundi, Democratic Republic of c
Congo, Nigeria, Tanzania, and Uganda, had at leas
a 50% posterior probability of having achieved the
UNAIDS targeted reduction in HIV deaths (appendix
pp 45, 46).

Understanding the ratio of the number of new
infections to the number of people living with HIV
(IPR) provides critical information regarding how well
the HIV pandemic is being brought under control. An
IPR below 003 has been suggested as a benchmarl
value because the number of people living with HIV
is expected to shrink over time below this threshold.
At the national level, two countries (Burundi and
Zimbabwe) had achieved this goal in 2018(re 6A). Incidence: prevalence
66 rst-level administrative units in 19 countries had | by second-level administrative unit

0

estimated IPR values below @3 in 2018 ( gure 6B); 0-15

- . o : 0-12
583 second-level administrative units in 22 countries| | [ 5.9
also had estimated IPR values below-@3 in 2018 0-06
(gure 6C). To account for uncertainty in whether or 8'03

not an administrative unit had achieved this goal as a
result of uncertainty in our incidence and prevalence
estimates, we calculated the posterior probability that
the IPR in each administrative unit was below -@3
(appendix p 47).

DISCUSSIOI’] L Figure : HIV incidence to prevalence ratio in sub-Saharan Africa in 2018
Our estimates, the rst set of HIV incidence and Number of new infections among individuals aged 1549 years divided by the number of individuals living w
mortality estimates available for all second-levelHIV aged 15-49 years by (A) country, (B) rst-level administrative unit, and (C) second-level administrative u

administrative units across sub-Saharan Africa, Sugges‘L_akes and areas_wnh fewer than ten pe_zopbel;iemand classi gd as parren or sparsely vegetated are coloured
highl iable | | f HIV incid d I ight grey. Areas in dark grey were not included in the analysis. Estimates in areas that are crossed are base

ighly Va“a_ elevels o mc'_ ence and mortality as national, rather than subnational, estimates of antiretroviral therapy coverage only. Achieving a sustained
well as variable rates of reduction. Nonetheless, mosincidence to prevalence ratio of less than 0-03 by 2020 is a UNAIDS fast-track goal.

second-level administrative units in the region appear

to be falling well short of the targeted 75% reduction in to HIV incidence and mortality because these metrics
new cases and deaths by 2020. Previous spatial analysase more sensitive, timely indicators of the progression
of the HIV pandemic across sub-Saharan Africa haveof the HIV epidemic, compared with prevalence
mainly focused on prevalence because of the lack oéstimates. The estimates we present here, in con
spatially explicit HIV incidence and mortality data. HIV junction with the HIV prevalence estimate® on which
prevalence estimates and the corresponding estimateshey are based, provide a granular picture of how the
of the number of people living with HIV are useful for HIV pandemic is progressing in communities across
measuring the need for treatment and related services;sub-Saharan Africa. These estimates can be used for
nonetheless, most benchmarks and targets are relategorogrammatic targeting and subnational goal setting in
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the ght against HIV. Modelling studies have shown and data inputs used by UNAIDS, the present study,
improved programme e ciency when prevention and GBD (to which our estimates are calibrated) are
services are geographically targeted using an underbroadly similar, several dierences in the approach
standing of local epidemiology‘ Moreover, studies in exist nonetheless. Dierences include, for example,
South Africa have identied geographical hotspots di erences in the disease progression and mortality
as crucial to the spread of HIV more broadl.Our parameters used in EPP and in the data inputs used,
estimates provide a mechanism to identify second-levelwhich can lead to meaningful dierences in the
administrative units where HIV incidence rates are resulting estimates of HIV burden. More generally, in
predicted to be particularly high and might warrant some cases the underlying data are ambiguous and
further investigation as potential hotspots of HIV dierent analyses of these data might reasonably reach
infection as well as areas requiring additional invest di erent con clusions, although generally with sub
ment to improve both coverage and quality of servicesstantial uncertainty. In these cases, the dierences
Although the rapid scale-up of ART towards the between estimates generated using di erent approaches
UNAIDS 90-90-90 goals has already contributed toand by di erent research groups present an opportunity
substantial reductions in HIV incidence and mortality to compare estimates and to further interrogate the
in sub-Saharan Africa, there has been considerableunderlying data. Despite these di erences, comparison
debate as to whether universal test and treat can endvith available and recent estimates for Lesottiand
the epidemic in the region. A modelling study using Sierra Leone? for example, suggest that our estimates
Eswatini as a case study suggests that even whehave face validity.
assuming the most ideal scenarios, meeting ART Ourmethods for estimating subnational HIV incidence
coverage targets alone will be insucient to bring and mortality are subject to several limitations, as are
infections below epidemic control levels in the most most studies of this type. Estimates derived from EPP
intense HIV epidemic settings® This nding suggests are only as reliable as the inputs provided. We included
that highly endemic countries could achieve the no direct measures of HIV incidence or mortality in our
90-90-90 target thresholds but still have incidencemodelling process, primarily because of the rarity of
rates above the epidemic control threshold (incidencesuch data at local levels. This paucity of directly observed,
<1 infection per 1000 person-years) and further high gold-standard data makes validating our estimates
lights the need for incidence and mortality estimates at di cult and, as such, these estimates should be used
subnational scales to assess progress in addition to thevith caution and in conjunction with local HIV
universal test and treat targets. Lastly, these estimateprogramme information. Furthermore, large-scale
make it possible to identify areas where HIV mortality household surveys are generally powered to produce
rates are still predicted to be high, which similarly design-based estimates at the scale of the national or
warrant further investigation to identify and rectify rst-administrative level only.
the root causes of poor outcomes among people living A second limitation relates to migration. Human
with HIV. movement was an important driver of the early HIV
Despite substantial progress in reducing both HIV pandemic¢® and still remains one of the key features
incidence and mortality over the past decade—faster indriving HIV incidence.'** Subnational migration data
sub-Saharan Africa than in many other regiofis—neither  are scarce and limited in terms of geographical represen
the number of incident HIV cases nor the number of tativeness and generally do not capture di erential rates
HIV deaths has declined suciently to achieve the of migration among HIV-positive and HIV-negative
UNAIDS fast-track goals for 2020,and the world is not individuals, and so our model assumes that any in-
on track to achieve the Sustainable Development Goal ofigrant population has the same HIV prevalence as
ending the HIV and AIDS epidemic by 203@. Further that of the population already residing in that area.
progress might even be more challenging, given theFurthermore, data on circular migration for labour
stagnation of development assistance for health focusedare also scarce and limited in terms of geographical
on HIV# and the widespread disruptions of intervention coverageand di cult to model dynamically in space-
eorts due to the myriad detrimental inuences of time. Our modelled HIV incidence should be inter
COVID-19 on health system%.Renewed e orts and new preted as the number of new infections in the resident
tools are needed to ultimately bring HIV infection under population of a second-level administrative unit needed
control in sub-Saharan Africa and globally. The methodsto maintain the measured HIV prevalence in that
and resulting estimates described here provide one suchpopulation, thus, we make no claims about where HIV
tool to contribute to the monitoring and assessment of transmission took place among mobile populations.
these e orts. Future modelling e orts that can explicitly model long-
A comparison of our country-level estimates with term and circular human movement will be a substantial
those from UNAIDS, although largely similar, suggests improvement in this regard.
a few notable di erences, for example in Lesotho and A third limitation of our model is ART data with poor
Sierra Leone. Although the methodological approachspatial granularity. In 15 countries, we were only able to
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identify ART data at the national level and this lack of although the extent of this underestimation is di cult
subnational ART information has meaningful e ects to assess.
on our modelled estimates. Furthermore, even in caseScontributors
where ART data were available for each second-leveiease see the appendix (pp 13-17) for information about individual
administrative unit, these data were most often authors’ contributions. All authors had full access to all of the data in the
. tudy and had nal responsibility for the decision to submit for

tabulatgd b'y whc_ere ART was recelvgd, rather_than b¥$aub|ication.
the patient’s residence. Although evidence exists thatD aration of inferest

i - - . eclaration of interests
people I|V|ng with I_-”V in some cases cross internal R Ancuceanu reports consultancy or speakers’ fees from UCB, Sandoz,
borders when seeking treatment, we were not able to appvie, zentiva, Teva, Larophram, Cegedim, Angelini, Biessen
account for this in our analysis. ART coverage also ha®harma, Ho gal, AstraZeneca, and Stada. J W Eaton reports grants
limitations as a proxy e ect indicator because variations from Bill & Melinda Gates Foundation, the USNational Institutes of
. dh d retenti . lv ART ight Health, and UNAIDS, during the conduct of the study. J J Jozwiak
In adherence and reteéntion Imply prerage mig reports personal fees from Boehringer Ingelheim, Teva, Zentiva, and
only be a loose measure of actual clinical e cacy. amgen, outside the submitted work. K Krishan reports non- nancial
Further, ART is not the only intervention expected support from University Grants Commission Centre of Advanced
to aect HIV incidence and mortality and future Study, (CAS 1), awarded to the Department of Anthropology, Panjab

k should id . i th . tant University, Chandigarh, India, outside the submitted work. J F Mosser
WOork should consider Incorporating other importan reports grants from Bill & Melinda Gates Foundation, during the

interventions (eg, pre-exposure prophylaiis as data conduct of the study. S R Pandi-Perumal reports non- nancial support
allow. Moreover, incorporation of additional steps in from Somnogen Canada; and personal feesf rom royalties associated
the treatment cascade, particularly diagnosisinto the with editing volumes, during the conduct of the study. M J Postma

delli f K Id h h . reports grants and personal fees from MSD, GlaxoSmithKline, P zer,
moaeliing framework cou Strengt en the estimates Boehringer Ingelheim, Novavax, Bristol Myers Squibb, Astra Zeneca,

and provide additional useful indicators. Sano , IQVIA, and Segqirus; personal fees from Quintiles, Novartis,
A fourth limitation relates to the age groups modelled. and Pharmerit; grants from Bayer, BioMerieux, WHO, EU, Foundation

Speci caIIy EPP treats the entire population aged for Innovative New Diagnostics, Antilope, Ministry of Research,
’ chnology and Higher Education of the Republic of Indonesia,

. T
15_4_'9 years as a_ Smgle grpup, whereas EPP'AS'I\jdonesia Endowment Fund for Education, and Budi; stock options in
strati es the underlying population by age and sex. We Health-Ecore and PAG; and acting as advisor to Asc Academics, all
chose to use EPP for this analysis to limit computational outside the submitted work. A E Schutte reports personal fees from

burden and because we expected the bene ts of Epp§ervier, Takeda, Abbott, and Novartis, all outside the submitted work.
J A Singh reports personal fees from Crealta/Horizon, Medisys, Fidia,

ASM to be most apparent when t to prevalence data g japs, Adept Field Solutions, Clinical Care Options, Clearview
that are age speci c and sex speci ¢, which are not yetHealthcare Partners, Putnam Associates, Focus forward, Navigant
widely available at a ne subnational scale. However, weConsulting, Spherix, MedIQ, UBM, Trio Health, Medscape, WebMD,

; f ; ; : Practice Point Communications, Simply Speaking, the USational
have ong_omg work aimed at estimating age-_SpeCI_C and Institutes of Health, and the American College of Rheumatology;
Sex-speci ¢ prevalence on a local scale, which will helpcurrently or previously owning stock options in TPT Global Tech,
to Il this gap, and using these estimates and EPP-ASM Vaxart Pharmaceuticals, Charlotte’s Web Holdings, Amarin, Viking,
to produce age_strati ed and sex-strati ed estimates of and Moderna; and membership with OMERACT, an international

P . . .. organisation that develops measures for clinical trials and receives
HIV, incidence and morta“ty on a SUbnatlo,r?al scale is arm’s length funding from 12 pharmaceutical companies, the US Food
an important area for future research. Additionally, our ang prug Administration Arthritis Advisory Committee, the Veterans
study was limited to individuals aged 15-49 years andh airs Rheumatology Field Advisory Committee, and the University of
did not consider trends in paediatric HIV, although Alabama at Birmirll(gham Cocrl1rane Musculoskeletal Group Sle;tellit?
P . P P . Center on Network Meta-analysis. A C Tsai reports personal fees from
!OCf.il variation !n paedlatrlc HIV mCIdence_and m_ortallty Elsevier and the Public Library of Science, outside the submitted work.
is likely to exist. Future work should aim to include aj other authors declare no competing interests.
relevant paediatric glata sources to account for thISData sharing
potential heterogeneity. All national and subnational estimates can be explored via a
Finally, many of the inputs used in this analysis— customised visualisation tool (https://vizhub.healthdata.org/Ibd/hiv-
including HIV prevalence, ART coverage, population inc-mort) and are available to download from the Global Health Data

size and age and sex structure. and disease anéxchange (http://ghdx.healthdata.org/record/ihme-data/sub-saharan-
g ! frica-hiv-incidence-mortality-geospatial-estimates-2000-2018).

mortality progression parameters—are themselvesThe source code and study data, including full sets of estimates at the
estimates and are subject to error, which will likely be rst and second administrative levels, are available via the Global
propagated into our estimates of HIV incidence and Health Data Exghange (httlp://ghdx.healt‘hdata.org/rgcordllhme-datal
- . . sub-saharan-africa-hiv-incidence-mortality-geospatial-
mortality. Where possible (ie, for HIV prevalence estimates-2000-2018).
and the disease progression and mortality parameters)
. . . Acknowledgments

we have propagated the uncertainty inherent in theseThis work was primarily supported by the Bill & Melinda Gates
underlying inputs into the reported Uls for HIV inci-  Foundation (grant OPP1132415). Additionally, O Adetokunboh
dence and mortality. However, we could not quantify acknowledges the support of the Department of Science and
the uncertainty in ART coverage or population size Innovation, and National Researgh Foundatl|on of South Africa.

. . R M Ausloos, A Pana, and C Herteliu are partially supported by a grant
or structure and could not re ect this uncertainty in of the Romanian National Authority for Scienti ¢ Research and
our reported Uls. Consequently, the Uls are likely innovation, Executive Agency for Higher Education, Research,

to underestimate true uncertainty to some degree,Developmentand Innovation Funding (Romania; project number

www.thelancet.com/hivol 8 June 2021 e373



Articles

e374

PN-III-P4-ID-PCCF-2016-0084). T W Béarnighausen was supported by 3
the Alexander von Humboldt Foundation through the

Alexander von Humboldt Professor award, funded by the German
Federal Ministry of Education and Research. M J Bockarie is supported
by the European and Developing Countries Clinical Trials Partnership. 4
F Carvalho and E Fernandes acknowledge support from Portuguese
national funds (Fundagdo para a Ciéncia e Tecnologia and Ministério

da Ciéncia, Tecnologia e Ensino Superior; UIDB/50006/2020,
UIDB/04378/2020, and UIDP/04378/2020. K Deribe is supported by 5
the Wellcome Trust (grant 201900/2/16/Z) as part of his International
Intermediate Fellowship. B-F Hwang was partially supported by China
Medical University (CMU107-Z-04), Taichung, Taiwan. M Jakovljevic
acknowledges support of the Serbia Ministry of Education Science and
Technological Development (grant Ol 175 014). M N Khan 7
acknowledges the support of Jatiya Kabi Kazi Nazrul Islam University,
Bangladesh. Y J Kim was supported by the Research Management
Centre, Xiamen University Malaysia, Malaysia, (XMUMRF/2020-C6/ 8
ITCM/0004). K Krishnan is supported by University Grants

Commission Centre of Advanced Study, (CAS II), awarded to the
Department of Anthropology, Panjab University, Chandigarh, India. 9
M Kumar would like to acknowledge National Institutes of Health and
Fogarty International Centg K43TW010716). | Landires is a member of
the Sistema Nacional de Investigacién, which is supported by the
Secretaria Nacional de Ciencia, Tecnologia e Innovacion, Panama.

W Mendoza is a program analyst in population and development at the 10
UN Population Fund Country O ce in Peru, which does not

necessarily endorse this study. M Phetole received institutional

support from the Grants, Innovation and Product Development Unit,
South African Medical Research Council. O Odukoya acknowledges 11
support from the Fogarty International Center of the US National
Institutes of Health (K43TW010704). The content is solely the 12
responsibility of the authors and does not necessarily represent the
o cial views of the US National Institutes of Health. O Oladimeji is
grateful for the support from Walter Sisulu University, Eastern Cape,
South Africa, the University of Botswana, Botswana, and the
University of Technology of Durban, Durban, South Africa.

J R Padubidri acknowledges support from Kasturba Medical College,
Mangalore, Manipal Academy of Higher Education, India. G C Patton
is supported by an Australian Government National Health and
Medical Research Council research fellowship. P Rathi acknowledges 15
Kasturba Medical College, Mangalore, Manipal Academy of Higher
Education, Manipal India. A | Ribeiro was supported by National

Funds through Fundacao para a Ciéncia e Tecnologia, under the 16
programme of Stimulus of Scienti ¢ Employment-Individual Support
(CEECIND/02386/2018). A M Samy acknowledges the support of the
Egyptian Fulbright Mission Program. F Sha was supported by the
Shenzhen Social Science Fund (SZ2020C015) and the Shenzhen 17
Science and Technology Program (KQTD20190929172835662).

A Sheikh is supported by Health Data Research UK. N Taveira
acknowledges partial funding by Fundacéo para a Ciéncia e 18
Tecnologia, Portugal, and Aga Khan Development Network—Portugal
Collaborative Research Network in Portuguese-speaking countries in - 19
Africa (332821690), and by the European and Developing Countries
Clinical Trials Partnership (RIA2016MC-1615). C S Wiysonge is
supported by the South African Medical Research Council. Y Zhang

was supported by the Science and Technology Research Project of 20
Hubei Provincial Department of Education (Q20201104) and Open

Fund Project of Hubei Province Key Laboratory of Occupational

Hazard Identi cation and Control (OHIC2020Y01). 21

13

14

Editorial note: the Lancet Group takes a neutral position with respect to
territorial claims in published maps and institutional a liations. 22

References

1 Ghys PD, Williams BG, Over M, Hallett TB, Godfrey-Faussett P.
Epidemiological metrics and benchmarks for a transition in the
HIV epidemic. PLoS Med 2018; 15: e1002678.

2 UN General Assembly. Political declaration on HIV and AIDS:
on the fast track to accelerating the ght against HIV and to ending
the AIDS epidemic by 2030. 2016. https://www.unaids.org/sites/
default/ les/media_asset/2016-political-declaration-HIV-AIDS _
en.pdf (accessed Aug 31, 2020).

23

Anderson S-J, Cherutich P, Kilonzo N, et al. Maximising the e ect
of combination HIV prevention through prioritisation of the people
and places in greatest need: a modelling study. Lancet 2014;

384: 249-56.

McGillen JB, Anderson S-J, Dybul MR, Hallett TB. Optimum
resource allocation to reduce HIV incidence across

sub-Saharan Africa: a mathematical modelling study. Lancet HIV
2016; 3: e441-48.

Justman JE, Mugurungi O, El-Sadr WM. HIV population surveys—
bringing precision to the global response. N Engl J Med 2018;

378: 1859-61.

Kim AA, Behel S, Northbrook S, Parekh BSrdcking with recency
assays to control the epidemic: real-time HIV surveillance and
public health response. AIDS 2019; 33: 1527-29.

Kassanjee R, Pilcher CD, Keating SM, et al. Independent
assessment of candidate HIV incidence assays on specimens in the
CEPHIA repository. AIDS 2014; 28: 2439-49.

Ghys PD, Brown T, Grassly NC, et al. The UNAIDS Estimation and
Projection Package: a software package to estimate and project
national HIV epidemics. Sex Transm Infect 2004; 80 (suppl 1): i5-9.
Frank TD, Carter A, Jahagirdar D, et al. Global, regional, and
national incidence, prevalence, and mortality of HIV, 1980-2017,
and forecasts to 2030, for 195 countries and territories: a systematic
analysis for the Global Burden of Diseases, Injuries, and Risk
Factors Study 2017. Lancet HIV 2019; 6: e831-59.

Vos T, Lim SS, Abbafati C, et al. Global burden of 369 diseases and
injuries in 204 countries and territories, 1990-2019: a systematic
analysis for the Global Burden of Disease Study 2019. Lancet 2020;
396: 1204-22.

WorldPop. WorldPop dataset. http://www.worldpop.org.uk/data/
get_data/ (accessed July 24, 2017).

Dwyer-Lindgren L, Cork MA, Sligar A, et al. Mapping HIV
prevalence in sub-Saharan Africa between 2000 and 2017. Nature
2019; 570: 189-93.

Eaton JW, Brown T, Bckett R, et al. The Estimation and Projection
Package Age-Sex Model and the r-hybrid model: new tools for
estimating HIV incidence trends in sub-Saharan Africa. AIDS 2019;
33 (suppl 3): S$235-44.

UN. Goal 3: ensure healthy lives and promote well-being for all at all
ages. United Nations Sustainable Development Goals. https://www.
un.org/sustainabledevelopment/health/ (accessed Aug 31, 2020).
Stevens GA, Alkema L, Black RE, et al. Guidelines farodrate and
Transparent Health Estimates Reporting: the GATHER statement.
PL0S Med 2016; 13: €1002056.

Niu X, Zhang A, Brown T, Puckett R, Mahy M, Bao L. Incorporation
of hierarchical structure into estimation and projection package
tting with examples of estimating subnational HIVVAIDS

dynamics. AIDS 2017; 31 (suppl 1): S51-59.

UNAIDS. National HIV estimates le. UNAIDS Spectrum EPP.
https://www.unaids.org/en/dataanalysis/datatools/spectrum-epp
(accessed Aug 7, 2019).

Cohen MS, Chen YQ, McCauley M, et al. Antiretroviral therapy for the
prevention of HIV-1 transmission. N Engl J Med 2016; 375: 830-39.
Tanser F, Barnighausen T, Dobra A, Sartorius B. Identifying
‘corridors of HIV transmission’ in a severely a ected rural

South African population: a case for a shift toward targeted
prevention strategies. Int J Epidemiol 2018; 47: 537-49.

Akullian A, Morrison M, Garnett GP, et al. The e ect of 90-90-90 on
HIV-1 incidence and mortality in eSwatini: a mathematical
modelling study. Lancet HIV 2020; 7: e348-58.

Mahy M, Marsh K, Sabin K, Wanyeki I, Daher J, Ghys PD.

HIV estimates through 2018: data for decision-making. AIDS 2019;
33 (suppl 3): S203-11.

Micah AE, Su Y, Bachmeier SD, et al. Health sector spending and
spending on HIVVAIDS, tuberculosis, and malaria, and development
assistance for health: progress towards Sustainable Development
Goal 3. Lancet 2020; 39693—-724.

Lagat H, Sharma M, Kariithi E, et al. Impact of the COVID-19
pandemic on HIV testing and assisted partner noti cation services,
western Kenya. AIDS Behav 2020; 24: 3010-13.

Machekano R, Tiam A, Kassaye S, et al. HIV incidence among
pregnant and postpartum women in a high prevalence setting.
PL0S One 2018; 13: e0209782.

www.thelancet.com/hivol 8 June 2021



Articles

25 Yendewa GA, Poveda E, Yendewa SA, Sahr F, Quifiones-Mateu ME29
Salata RA. HIVAIDS in Sierra Leone: characterizing the hidden
epidemic. AIDS Rev 2018; 20: 104-13.

26 Piot P, Laga M, Ryder R, et al. The global epidemiology of
HIV infection: continuity, heterogeneity, and change. 30
J Acquir Immune De ¢ Syndr 1990; 3: 403-12.

27 Okano JT, Sharp K, Valdano Eak L, Blower S. HIV transmission
and source-sink dynamics in sub-Saharan Africa. Lancet HIV 2020; 31
7: €209-14.

28 Wolock TM, Flaxman SR, Eaton JW. Inferring HIV incidence trends
and transmission dynamics with a spatio-temporal HIV epidemic
model. Dec 3, 2019. http://arxiv.org/abs/1912.01590 (accessed
May 11, 2020).

www.thelancet.com/hivol 8 June 2021

Sikazwe |, Eshun-Wilson |, Sikombe K, et al. Retention and viral
suppression in a cohort of HIV patients on antiretroviral therapy in
Zambia: regionally representative estimates using a multistage-
sampling-based approach. PLoS Med 2019; 16: e1002811.

Fonner VA, Dalglish SL, Kennedy CE, et al. E ectiveness and safety
of oral HIV preexposure prophylaxis for all populations. AIDS 2016;
30: 1973-83.

Maheu-Giroux M, Marsh K, Doyle CM, et al. National HIV testing
and diagnosis coverage in sub-Saharan Africa: a new modeling tool
for estimating the ‘ rst 90’ from program and survey data. AIDS
2019; 33 (suppl 3): S255-69.

e375



	Subnational mapping of HIV incidence and mortality among individuals aged 15–49 years in sub-Saharan Africa, 2000–18: a modelling study
	Introduction


