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Abstract
Introduction: An efficient HIV response requires that resources be focussed on effective interventions for those most at risk
of acquiring and transmitting infection. As HIV epidemics evolve the distribution of HIV across key and other populations will
change. Here, the epidemiological concepts underpinning these changes are described and the importance of appropriate allo-
cation of effective interventions is discussed.
Discussion: In many sub-Saharan African countries HIV epidemics have been categorized as “generalized,” and HIV testing,
treatment and prevention interventions have focussed on the “general” population. As HIV epidemics are better controlled the
relative importance of “key” populations will increase, dominating the ongoing burden of disease and providing the potential
for repeated outbreaks of HIV if interventions are relaxed. The basic reproductive number (R0) describes the potential for an
infectious disease to spread at the boundary of invasion or elimination, whereas the effective reproduction number (Rt)
describes the current potential for spread. Heterogeneity in risk means that while Rt is temporarily below one and prevalence
declining, the R0 can remain above one, preventing eventual elimination. Patterns of HIV acquisition are often used to guide
interventions but inadequately capture the transmission dynamics of the virus and the most efficient approach to controlling
HIV. Risks for HIV acquisition are not identical to risks for HIV transmission and will change depending on the epidemiological
context. In addition to the challenges in measuring HIV transmission dynamics, there is a tension between using epidemiology
to drive the HIV response and the social and political realities constraining how programmes and providers can practically and
appropriately focus on key populations and maintain political support. In addition to being well focussed, interventions need to
be effective and cost-effective, which requires a better understanding of packages of interventions rather than specific tools.
Conclusions: Continued control of HIV will increasingly rely on resources, programmes and interventions supporting key pop-
ulations. Current epidemiological and programmatic approaches for key populations in sub-Saharan Africa are insufficient with
a need for an improved understanding of local epidemiology and the effectiveness of interventions.
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1 | INTRODUCTION

The salience of “key populations” in HIV epidemics in sub-
Saharan Africa has shifted over time. Over the first decade of
the AIDS pandemic it became clear that HIV could be hetero-
sexually transmitted and that the virus was particularly wide-
spread in the “general population” in some regions of sub-
Saharan Africa [1,2]. The categorization of HIV epidemics as
nascent, concentrated or generalized was introduced to help
design surveillance using serological surveys from antenatal
clinic attendees in generalized epidemics, and purposive sam-
ples of identifiable “high-risk groups” in concentrated epi-
demics [3]. Unfortunately, categorizing epidemics as

generalized has allowed neglect of the key populations that
are particularly affected by HIV: men who have sex with men
(MSM), transgender women, people who inject drugs (PWID),
sex workers and prisoners [4]. In the “generalized epidemics”
of Southern and Eastern Africa substantial resources have
been directed in an undifferentiated manner with mass testing
and treatment and much less attention has been paid to epi-
demics among key populations, particularly MSM and trans-
gender women [5].
Throughout the course of the HIV pandemic there have

been barriers to acknowledging epidemiological insights about
patterns of HIV acquisition and transmission and providing
appropriate support for key populations. Blame, stigma,
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discrimination and criminalization threaten the rights of key
populations and political calculus often directs resources to
those with less risk [6]. Key populations have likely been dis-
proportionately affected and at risk of HIV, but there has
been a failure in much of sub-Saharan Africa to understand
their size, the levels of risk of both acquisition and transmis-
sion, and how best to intervene for their benefit. An effective
response to HIV, minimizing the morbidity and mortality
across populations, depends upon an understanding of HIV
epidemiology and effective interventions, and programming of
resources to follow that evidence. Effective coverage of key
populations also requires that interventions meet the popula-
tions’ needs, and that they avoid discrimination and intoler-
ance [7]. With overall reductions in HIV incidence the need to
address the problems experienced by key populations only
increases.
Initial declines in HIV incidence in some countries of South-

ern and Eastern Africa occurred around the year 2000, before
the scale-up of antiviral treatment, and were associated with
reductions in numbers of sex partners and increased condom
use [8-10]. More recently, voluntary medical male circumcision
(VMMC), and antiviral treatment have further reduced HIV
incidence [11,12]. In Southern and Eastern Africa new HIV
infections per year have declined by 38% over the last dec-
ade, and in Western and Central Africa they have declined by
25% [13]. These recent declines have been achieved mainly
through the scale-up of antiviral treatment, which on aggre-
gate by 2019 had reached 78% of adult women and 65% of
adult men living with HIV in Southern and Eastern Africa, and
67% and 49%, respectively, in Western and Central Africa
[13]. However, aggregate data likely mask a failure to treat
some subpopulations, which may explain the mismatch
between predicted and observed reductions in HIV [14]. In a
recent systematic review of data on HIV treatment cascades
there were insufficient data regarding treatment coverage in
key populations [15]. Unfortunately, as HIV incidence declines
in the “general” population it is likely that the relative risk
experienced by key populations compared to other group will
increase, since HIV will concentrate in “core” groups [16], In
addition, there may be perverse consequences of success in
reducing the HIV burden, since fewer resources may be allo-
cated when the general trends are perceived to be going in
the right direction. It is important that resources and inter-
ventions are appropriately focussed on key populations in the
region.

2 | DISCUSSION

Infectious diseases, like HIV, spread through a network of con-
tacts with a likelihood of transmission and acquisition and the
extent of that spread depends upon the characteristics of the
network of contacts, the course of infection and biology of
transmission. Contacts are embedded in a social, cultural and
political context. The interaction of these factors determines
the basic reproductive number of infection (R0), which is the
average number of new infections generated by an infection in
an entirely susceptible population (Table 1) [17]. Only if R0 is
greater than one is a sustained epidemic possible. Once an
epidemic takes off, some contacts will already be infected and
the basic reproductive number is reduced to an effective

reproductive number (Rt) [17]. Eventually, the number of
infections will saturate in a population so that with each new
infection replicating itself, an endemic steady state is reached.
Changes in patterns of contact or in the biology of the infec-
tion could change the R0, while interventions reducing infec-
tiousness or risky contacts reduce the Rt [18]. Interventions
can reduce the Rt below one, driving down incidence and, in
an idealized “homogenous population,” eventually eliminate
infection.
Populations, though, are not homogeneous, and this is par-

ticularly true for HIV and other sexually transmitted infec-
tions, where patterns of contact and likelihood of transmission
can vary greatly. Heterogeneity in the pattern of contacts and
the likelihood of transmission between contacts can dramati-
cally alter the potential for epidemic spread, the eventual
scale of an epidemic and the impact of interventions [19].
Some of the heterogeneity relevant to HIV is captured in the
concept of “key populations.” If some have a greater risk of
acquiring and transmitting infection, R0 is increased, making it
easier for an epidemic to take off, but limiting the prevalence
at which the epidemic will saturate as Rt rapidly falls [17].
Those with a greater likelihood of transmission have been
described as a core group [20]. The network of contacts can
be described by a pattern of mixing: if those with a higher
likelihoods of transmission mix regularly with those of lower
likelihoods the infection can spread further, whereas if mixing
is more constrained then the infection will likewise be con-
strained to those with a higher risk [21,22]. If interventions
further reduce Rt and prevalence declines, infections will
increasingly concentrate among those with the greatest likeli-
hood or acquisition and transmission, where chains of trans-
mission can be maintained. Rt will eventually rise back to one
with a new, lower steady-state incidence and prevalence. An
Rt of one is the situation where the incidence of new HIV
infections equals deaths from HIV, which has been defined by
some as a threshold for “epidemic control” [23]. However, this
threshold does not imply that prevalence will continue to fall
indefinitely unless the R0 is also less than one, nor does it
imply that continued interventions are unnecessary.
In Southern and Eastern Africa, HIV spread widely through

the community reaching levels in some districts where half of
young adults were living with HIV [8]. In Central and Western
Africa, HIV spread was more limited with a greater fraction of
infections being among sex workers and their clients [24].
Across Africa, the importance of key populations to HIV was
underestimated by models looking at only risks for the hetero-
sexual acquisition of HIV, or short-term patterns of transmis-
sion [25-27]. From its peak, HIV incidence has declined
through a mixture of natural epidemic dynamics (through satu-
ration of the network of contacts and differential mortality of
those with the greatest risk of acquiring and transmitting
infection), sexual behaviour modification in response to HIV,
and the improved coverage of interventions, particularly
antiretroviral treatment [8,10,28].
The decline in HIV incidence likely means that Rt is below

one. If Rt is less than one HIV is only headed towards elimina-
tion if R0 is also less than one. This may happen if interven-
tions are maintained and continue to suppress the
reproduction of HIV cases, even as the infections become
more concentrated, making elimination over many decades
possible. However, other scenarios are more likely, with a
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resurgence of HIV epidemics if a prior decline in incidence
leads to investments and efforts to intervene being scaled
back, or populations taking fewer precautions against HIV
transmission. However, it is also possible to focus investments
and interventions on the populations most at risk, thereby
efficiently preventing the resurgence of epidemics.
The underlying changes in the basic and effective reproduc-

tion numbers have consequences for policy. First, the fact that
HIV prevalence is declining and the spread of HIV is con-
trolled does not mean there can be a let up on interventions;
second, when HIV transmission is concentrated in key popula-
tions it should be possible to maintain control of HIV epi-
demics through interventions among key populations and
relax more defuse efforts; third, failure to intervene effectively
among key populations will likely undermine any hope of elimi-
nating HIV.
The mathematical observations described above are rele-

vant for the current state of HIV control in sub-Saharan
Africa, but they have not been without controversy [20]. Long
before the mathematical description of “core groups” for sexu-
ally transmitted infections [29] blame was placed on the
marginalized populations of sex workers and campaigns

criminalized and stigmatized these populations [30]. This
stigmatization and discrimination continued with HIV, with
those at most risk vilified, and others with more risk of acqui-
sition than transmission (transfusion recipients and neonates)
described as “innocent victims.” Messages were tailored to
suggest everyone was at risk, which had the advantage of
making HIV everyone’s concern, but the disadvantage of
steering resources away from those most in need [6]. It is
axiomatic that for HIV epidemics to grow R0 had to exceed
one. Furthermore, if there is heterogeneity in contacts and
likelihood of transmission then some people living with HIV
(PLHIV) will transmit to more than one other person, and
some will transmit to fewer than one, but to infer fault is mis-
guided both morally and practically.
The variables that determine someone’s risk of acquiring

and transmitting HIV are not synonymous with the variables
representing someone’s cultural, social and psychological iden-
tity. Key populations and their members may be mischaracter-
ized as at risk of HIV depending upon behavioural and
epidemiological context. Additionally, they may misperceive
their own risk. Heterogeneities in risk and in correlations
between risk and perceptions of identity may compromise the

Table 1. Key terms and concepts in infectious disease transmission dynamics and how they are likely to change as HIV epidemics

progress in sub-Saharan Africa

Definition

Significant

value Expected change as HIV is better controlled

Basic Reproductive

number (R0)

The average number of new infections

generated by one infection in an entirely

susceptible population

Above one

infection can

lead to

epidemics

If it remains below one epidemics will be eliminated, but

despite current declines in infection, it may still be

above one especially in “key” populations and a new

steady-state incidence could emerge

Effective

Reproductive

Number (Rt)

The current average number of new

infections generated by one infectiona
One in the

endemic

steady state

Currently less that one with prevalence declining. Is

likely to increase again to one and a new endemic

steady state emerge

Incidence/mortality

ratio

The net change in infection numbers If less than one

prevalence is

declining

The lower the incidence/mortality ratio the faster

numbers of people living with HIV will decline

Core group That part of the population where someone

infected with HIV will on average transmit

to more than one other person

Necessary for epidemics to be sustained. As average

risk declines (e.g. antiviral reduces transmission

likelihood) then the core group will reduce in size and

involve more “risky” behaviour

Risk factor A variable that is associated either causally or

through correlation with a change in the

chances of acquiring HIV

As HIV prevalence declines the chances of HIV

acquisition associated with a given level of a risk

factor will decline. The relative risk is likely to

increase in relation to a none “exposed” group where

chances of acquisition also decline

Population

attributable

fraction (PAF)

The proportion of infections that would not

occur if a risk factor is not present

For HIV one needs to account for transmission as well

as acquisition so transmission population attributable

fractions (tPAFs) over time can be modelled by

comparing HIV epidemics with and without a risk

factor. As HIV is controlled remaining risk factors will

have a higher tPAF

a

It is ambiguous as to whether this is an average of extant infections over their past and future course or infections starting at the given time
point.
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ability of programmes to reach some segments of the popula-
tion, sometimes including those most at risk. An important
programmatic goal for HIV control in sub-Saharan Africa
should be to match interventions to practical social and cul-
tural descriptors and locations that will allow those at most
risk to be reached by effective interventions.
Risk in epidemiology is often measured as the relationship

for the individual between genetic, behaviour and environmen-
tal factors and the incidence of disease. This approach, which
works for non-communicable disease assumes a stable rela-
tionship between risk factors and disease and focuses on indi-
vidual risks. For infectious diseases, like HIV, the importance
of risk factors depends on the spread of infection within the
network of contacts of the individuals, which in turn depends
upon the (different) risks for acquisition and for transmission.
Measuring who acquires HIV and focusing solely on that to
guide programmes, overemphasizes risks of acquisition and
underestimates the importance of risks of transmission. With
heterogeneity in risks, the majority of those acquiring infec-
tion are likely to have only moderate risk. Preventing infection
among those with a higher risk of acquisition and transmission
could eliminate infections in those with moderate risk. For
example, although young women in sub-Saharan Africa are
more likely to acquire HIV, they are less likely to transmit the
infection than the older men they have contact with [31].
Preventing these men from acquiring HIV would also prevent
the young women from acquiring HIV. Likewise, preventing
infections among key populations is in theory likely to dispro-
portionately reduce HIV incidence among other groups in the
population. However, due to a lack of data, there has been
uncertainty about the role of key populations in the high
prevalence epidemics of rural sub-Saharan Africa [32]. The
role of key populations in the spread of HIV to other groups
could be clarified using sequencing data and phylogenetics.
There are two ways of identifying the importance of key

populations in the ongoing spread of HIV, but both rely on
good data on the numbers in the key populations and their
risk behaviours either through surveys or contact tracing/part-
ner notification. Such data along with representative samples
of the virus and phylogenetic analysis can help reconstruct
transmission pathways and understand the importance of key
populations [32]. Alternatively, detailed models of the network
of sexual contacts and the transmission patterns of the virus
can reconstruct the observed trends in HIV and identify the
importance of key populations [26]. Models so constructed
can also predict the future spread of HIV and the impact of
HIV interventions, both focused on key populations and more
diffuse populations.
If HIV becomes concentrated among key populations, then

to be efficient HIV programmes will need to focus on working
with them to prevent HIV, which will only be successful if
both the efficacy and effective coverage of interventions are
emphasized. To be effective, interventions need to include a
mechanism that directly prevents HIV transmission. These can
be to reduce the risk of viral transmission through antiviral
treatment or condom use, to reduce the chances of exposure
through HIV testing and serosorting, or to prevent acquisition
using pre- or post-exposure prophylaxis [33]. In addition, for
effective programmes, the environment, both legal and social,
needs to be favourable for the adoption of safe behaviours,
and the user-provider interface needs to be attractive [34].

Interventions are needed to ensure that the political and
human rights environment allow effective programming for
key populations. In determining the cost-effectiveness of
interventions we consider the costs, which can be greatly
reduced if they cover only those most at risk, and the effec-
tiveness. Effective interventions to reach key populations
might be more expensive per person reached but may also
be more affordable if fewer people have to be reached. Inter-
ventions spread across the entire population may be less
expensive per person reached, and better integrated into rou-
tine healthcare delivery, but if they fail to reach those most
at risk or are infective among them, they will be a waste of
resources.
In responding to HIV as a public health emergency much of

the success has been achieved by treating HIV as being
exceptional and funding HIV-specific interventions in parallel
to the existing health system. However, to maintain the HIV
response efforts are being made to integrate HIV care within
universal health care (UHC), reducing AIDS exceptionalism
[35]. With large numbers in need of long-term treatment such
an effort makes sense, but is unlikely to meet the needs of
key populations, particularly for treatment assisted manage-
ment of drug use disorders, and provision of pre-exposure
prophylaxis. In moving away from AIDS exceptionalism there
is a risk that key population interventions will be further
neglected leading to resurgent HIV epidemics. Either the
needs of key populations must be considered and included in
UHC, and extra elements included in health insurance
schemes, or other funding mechanisms, or needs of key popu-
lations with respect to HIV need to be provided for in addi-
tion to UHC and HIV exceptionalism be maintained.

3 | CONCLUSIONS

As HIV incidence declines across sub-Saharan Africa, HIV
spread in high-risk key populations is likely to be maintained
unless more emphasis and resources are placed on interven-
tions for these populations. We currently lack data on the care
cascade for key populations, and too few resources from the
HIV response are focused on the needs of key populations.
There is a need for better epidemiological data describing key
populations, more support for services directed at key popula-
tions, and more effective intervention packages for key popu-
lations. If control of HIV is maintained in key populations, then
more general interventions will become redundant and allow
for cost savings over time. As PLHIV will need to be treated
for the long term, reducing expenditure on HIV will take dec-
ades to play out. A reliance on historic patterns of HIV acqui-
sition and a focus on acquisition (rather than transmission)
provides only a partial picture of where resources can be used
most cost-effectively to control the future spread of HIV, and
is currently over-emphasizing the importance of some low-risk
groups compared to key populations.

AUTHORS ’ AFF I L IAT IONS

Tuberculosis and HIV Strategic Team, Bill & Melinda Gates Foundation, Seattle,
WA, USA

COMPET ING INTERESTS

GPG is an employee of the Bill and Melinda Gates Foundation.

Garnett GP. Journal of the International AIDS Society 2021, 24(S3):e25727
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25727/full | https://doi.org/10.1002/jia2.25727

8

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25727/full
https://doi.org/10.1002/jia2.25727


AUTHORS ’ CONTR IBUT IONS

GPG wrote this commentary.

ACKNOWLEDGEMENTS

GPG thanks the many colleagues from whose discussions he has benefited, in
particular David Barr, Kenneth Meyer and Michelle Morrison, and thanks three
excellent anonymous referees.

FUNDING

There was no specific funding for this commentary.

DISCLA IMER

The views in this commentary are of the author and do not necessarily reflect
the official positions or policies of the Bill & Melinda Gates Foundation.

REFERENCES

1. Piot P, Quinn TC, Taelman H, Feinsod FM, Minlangu KB, Wobin O, et al.
Acquired immunodeficiency syndrome in a heterosexual population in Zaire.
Lancet. 1984;2(8394):65–9.
2. Anderson RM, May RM, Boily MC, Garnett GP, Rowley JT. The spread of
HIV-1 in Africa: sexual contact patterns and the predicted demographic impact
of AIDS. Nature. 1991;352(6336):581–9.
3. World Bank. Confronting AIDS: public priorities in a global pandemic. New
York: 1997.
4. Makofane K, van der Elst EM, Walimbwa J, Nemande S, Baral SD. From gen-
eral to specific: moving past the general population in the HIV response across
sub-Saharan Africa. J Int AIDS Soc. 2020;23(S6):e25605.
5. Institute of Medicine. Evaluation of PEPFAR. Washington DC: 2013.
6. Merson M, Inrig S. The AIDS pandemic: searching for a global response.
Switzerland: Springer; 2018.
7. Blanchard AK, Mohan HL, Shahmanesh M, Prakash R, Isac S, Ramesh BM,
et al. Community mobilization, empowerment and HIV prevention among female
sex workers in south India. BMC Public Health. 2013;13(1):234.
8. Hallett TB, Aberle-Grasse J, Bello G, Boulos LM, Cayemittes MP, Cheluget B,
et al. Declines in HIV prevalence can be associated with changing sexual beha-
viour in Uganda, urban Kenya, Zimbabwe, and urban Haiti. Sex Trans Infect.
2006;82 Suppl_1:i1–i8.
9. Hallett TB, Gregson S, Mugurungi O, Gonese E, Garnett GP. Assessing evi-
dence for behaviour change affecting the course of HIV epidemics: a new math-
ematical modelling approach and application to data from Zimbabwe. Epidemics.
2009;1(2):108–17.
10. Johnson LF, Hallett TB, Rehle TM, Dorrington RE. The effect of changes in
condom usage and antiretroviral treatment coverage on human immunodefi-
ciency virus incidence in South Africa: a model-based analysis. J R Soc Interface.
2012;9(72):1544–54.
11. Korenromp EL, Bershteyn A, Mudimu E, Weiner R, Bonecwe C, Loykissoon-
lal D, et al. The impact of the program for medical male circumcision on HIV in
South Africa: analysis using three epidemiological models. Gates Open Res.
2021;5:15.
12. Grabowski MK, Serwadda DM, Gray RH, Nakigozi G, Kigozi G, Kagaayi J,
et al. HIV Prevention efforts and incidence of HIV in Uganda. N Engl J Med.
2017;377(22):2154–66.
13. UNAIDS. Seizing the moment: tackling entrenched inequalities to end epi-
demics. Geneva, Switzerland: UNAIDS; 2020.
14. Baral S, Rao A, Sullivan P, Phaswana-Mafuya N, Diouf D, Millett G, et al.
The disconnect between individual-level and population-level HIV prevention
benefits of antiretroviral treatment. Lancet HIV. 2019;6:e632.

15. Green D, Tordoff DM, Kharono B, Akullian A, Bershteyn A, Morrison M,
et al. Evidence of sociodemographic heterogeneity across the HIV treatment
cascade and progress towards 90-90-90 in sub-Saharan Africa – a systematic
review and meta-analysis. J Int AIDS Soc. 2020;23:e25470.
16. Ortblad KF, Baeten JM, Cherutich P, Wamicwe JN, Wasserheit JN. The arc of
HIV epidemics in sub-Saharan Africa. Curr Opin HIV AIDS. 2019;14(5):354–65.
17. Anderson RM, May RM. Infectious diseases of humans: dynamics and con-
trol. Oxford, UK: Oxford University Press; 1991.
18. Garnett GP. The geographical and temporal evolution of sexually transmit-
ted disease epidemics. Sex Trans Infect. 2002;78 Supplement 1:i14–9.
19. Anderson RM, Medley GF, May RM, Johnson AM. A preliminary study of
the transmission dynamics of the human immunodeficiency virus (HIV), the cau-
sative agent of AIDS. Mathematical Med Biol. 1986;3(4):229–63.
20. Thomas JC, Tucker MJ. The development and use of the concept of a sexu-
ally transmitted disease core. J Infect Dis. 1996;174 Suppl 2:S134–43.
21. Garnett GP, Anderson RM. Strategies for limiting the spread of HIV in devel-
oping countries: conclusions based on studies of the transmission dynamics of the
virus. J Acquir Immune Defic Syndr Human Retrovirol. 1995;9(5):500–13.
22. Garnett GP. The transmission dynamics of sexually transmitted infections.
In: Holmes KK, Sparling PF, Stamm WE, Piot P, Wasserheit JN, Cory L, editors.
Sexually transmitted diseases, 4th edn. New York: McGraw Hill; 2008.
23. Ghys PD, Over M, Hallett TB, Mahy M, Godfrey-Faussett P. Metrics and
benchmarks for HIV transition. Lancet HIV. 2019;6:e150.
24. Boily MC, Pickles M, Alary M, Baral S, Blanchard J, Moses S, et al. What
really is a concentrated HIV epidemic and what does it mean for West and Cen-
tral Africa? Insights from mathematical modeling. J Acquir Immune Defic Syndr.
2015;68 Suppl 2:S74–82.
25. Stone J, Mukandavire C, Boily MC, Fraser H, Mishra S, Schwartz S, et al.
Estimating the contribution of key populations towards HIV transmission in
South Africa. J Int AIDS Soc. 2021;24:e25650.
26. Mukandavire C, Walker J, Schwartz S, Boily MC, Danon L, Lyons C, et al.
Estimating the contribution of key populations towards the spread of HIV in
Dakar, Senegal. J Int AIDS Soc. 2018;21:e25126.
27. Mishra S, Pickles M, Blanchard JF, Moses S, Shubber Z, Boily MC. Valida-
tion of the modes of transmission model as a tool to prioritize HIV prevention
targets: a comparative modelling analysis. PLoS ONE. 2014;9:e101690.
28. Maheu-Giroux M, Vesga JF, Diabate S, Alary M, Baral S, Diouf D, et al.
Changing dynamics of HIV transmission in cote d’ivoire: modeling who acquired
and transmitted infections and estimating the impact of past HIV interventions
(1976-2015). J Acquir Immune Defic Syndr. 2017;75(5):517–27.
29. Yorke JA, Hethcote HW, Nold A. Dynamics and control of the transmission
of gonorrhea. Sex Trans Dis. 1978;5(2):51–6.
30. Brandt AM. No Magic Bullet: A social history of venereal disease in the
United Sates since 1880. New York: Oxford University Press; 1987.
31. Gregson S, Nyamukapa CA, Garnett GP, Mason PR, Zhuwau T, Carael M,
et al. Sexual mixing patterns and sex-differentials in teenage exposure to HIV
infection in rural Zimbabwe. Lancet. 2002;359(9321):1896–903.
32. Ratmann O, Kagaayi J, Hall M, Golubchick T, Kigozi G, Xi X, et al. Quantify-
ing HIV transmission flow between high-prevalence hotspots and surrounding
communities: a population-based study in Rakai, Uganda. Lancet HIV. 2020;7(3):
e173–83.
33. Hargreaves JR, Delany-Moretlwe S, Hallett TB, Johnson S, Kapiga S, Bhat-
tacharjee P, et al. The HIV prevention cascade: integrating theories of epidemio-
logical, behavioural, and social science into programme design and monitoring.
Lancet HIV. 2016;3(7):e318–22.
34. Schaefer R, Gregson S, Fearon E, Hensen B, Hallett TB, Hargreaves JR.
HIV prevention cascades: a unifying framework to replicate the successes of
treatment cascades. Lancet HIV. 2019;6(1):e60–6.
35. Bekker LG, Alleyne G, Baral S, Cepeda J, Daskalakis D, Dowdy D, et al.
Advancing global health and strengthening the HIV response in the era of the
Sustainable Development Goals: the International AIDS Society—Lancet Com-
mission. Lancet. 2018;392(10144):312–358.

Garnett GP. Journal of the International AIDS Society 2021, 24(S3):e25727
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25727/full | https://doi.org/10.1002/jia2.25727

9

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25727/full
https://doi.org/10.1002/jia2.25727

	Outline placeholder
	jia225727-tbl-0001
	jia225727-bib-0001
	jia225727-bib-0002
	ji�a225727-bib-0003
	jia225727-bib-0004
	jia225727-bib-0005
	jia225727-bib-0006
	jia225727-bib-0007
	jia225727-bib-0008
	jia225727-bib-0009
	jia225727-bib-0010
	jia225727-bib-0011
	jia225727-bib-0012
	jia225727-bib-0013
	jia225727-bib-0014
	jia225727-bib-0015
	jia225727-bib-0016
	jia225727-bib-0017
	jia225727-bib-0018
	jia225727-bib-0019
	jia225727-bib-0020
	jia225727-bib-0021
	jia225727-bib-0022
	jia225727-bib-0023
	jia225727-bib-0024
	jia225727-bib-0025
	jia225727-bib-0026
	jia225727-bib-0027
	jia225727-bib-0028
	jia225727-bib-0029
	jia225727-bib-0030
	jia225727-bib-0031
	jia225727-bib-0032
	jia225727-bib-0033
	jia225727-bib-0034
	jia225727-bib-0035


