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The interconnectedness of the global HIV and sexually transmitted infection (STI) epidemics necessitates integrated
strategies to address both. This Series paper highlights the biological link between HIV and STIs, and describes the
successful progress in HIV response versus STI response over the past decades. The concept of
undetectable=untransmissible (U=U) in HIV treatment has revolutionised HIV prevention by reducing stigma and
promoting early treatment. In line with this approach, we discuss the role of chronic suppressive therapy for herpes
simplex virus type 2 and the importance of the accurate diagnosis and treatment of curable STIs to prevent
transmission between sexual partners. This Series paper explores the potential of pre-exposure prophylaxis (PrEP) for
HIV in different forms (eg, daily oral PrEP, event-driven PrEP, and long-acting injectable PrEP), and highlights the
challenges of adherence to daily regimens and the promise of longer-acting agents, such as cabotegravir and
lenacapavir. The potential of doxycycline post-exposure prophylaxis for the prevention of bacterial STIs is also
discussed, with concerns about antimicrobial resistance. Although vaccine development for HIV and STIs is a key
biomedical advance, we discuss the challenges and possibilities of developing effective vaccines, including lessons
learnt from previous HIV vaccine trials, the potential of mRNA-based vaccines for herpes simplex virus, ongoing
trials for gonorrhoea and chlamydia vaccines, and the impact of existing human papillomavirus and mpox vaccines.
Diagnostic innovations emphasise the importance of point-of-care tests for HIV and STIs. This Series paper discusses
the benefits, landscape, and pipeline of rapid diagnostic tests (eg, lateral flow tests and molecular assays) and the
challenges of implementing these tests in low-resource settings, particularly the need for rapid results to inform
clinical decisions, promote convenience, and reduce cost. This Series paper also addresses innovations in service
delivery and advocates for integrated and person-centred approaches (eg, differentiated services) that combine HIV
and STI services, and highlights the potential of community-based and home-based models to improve access and
reduce stigma.

Introduction for the biomedical prevention, diagnosis, and management

As discussed in this Lancet Series on innovations in
sexual and reproductive health, the global HIV and
sexually transmitted infection (STI) epidemics are
connected by shared modes of transmission, risk factors,
populations, stigma, and discrimination. This Series
paper focuses on innovations in the prevention,
diagnosis, and service delivery of HIV and STIs.
Biologically, STIs increase a person’s susceptibility to
HIV infection when they are exposed to HIV, and people
living with HIV who are not virally suppressed have
higher concentrations of HIV in their blood and
increased genital tract shedding when co-infected with
STIs, thus increasing the infectiousness of HIV.!
Although the global response to HIV has progressed
over the past decades, responses to other STIs and sexual
health have not seen the same progress.? Lessons that were
learned from the HIV response can be used to strengthen
STI programmes and to increase synergy and integration
of HIV and STI services. To achieve the WHO’s Global
Health Sector Strategy’s goals to end these epidemics as
public health concerns by 2030, it is essential for the global
health community to invest in comprehensive strategies
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of HIV and STIs. This Series paper highlights innovations
in reducing the impact of HIV and other STIs, and
identifies opportunities for service delivery integration. We
review innovations in antimicrobial drug, vaccine, and
other prevention technologies for both HIV and STIs, and
the progress and gaps in diagnostic approaches.
Opportunities for integration highlight the potential value
of multipurpose technologies and service delivery
innovations that could centre the wusers of these
technologies, thereby having the potential to streamline
health systems and health delivery to improve outcomes.

Innovations in antimicrobial-based prevention

In the absence of effective vaccines for HIV or bacterial
STIs, antimicrobials have become the mainstay for HIV
and STI control. HIV and STI treatments prevent the
onwards transmission of infection, and drugs taken as
pre-exposure prophylaxis (PrEP) or post-exposure
prophylaxis (PEP) can prevent HIV or STI acquisition.
Although antiviral medications for HIV prevention do not
reduce the acquisition of other STIs, consequent
behavioural changes could occur that reduce or augment
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STI transmission.’ STI case management is highly
effective for the prevention of onwards transmission of
STIs, yet the impact of this management on HIV
acquisition was inconclusive in three trials in Africa
published in the 1990s and early 2000s.*” A randomised
controlled trial of strengthened STI syndromic treatment
services in the Mwanza region of Tanzania showed a
38% reduction in HIV incidence in communities that
received strengthened STI syndromic management
(health-care worker training, drug availability, and
supervision to ensure quality of care) with community
education.’ In contrast, two Ugandan trials did not show a
significant reduction in HIV incidence, with one trial
focusing on mass treatment at 10-month intervals
combined with health education in Rakai, and the second
examining a community-based behavioural intervention
(with or without strengthened STI syndromic treatment
services) in Masaka.®” Further analysis of these three trial
results showed that it was likely population-level
differences rather than differences in the intervention that
explained the contrasting findings.** High rates of bacterial
STIs were detected in the Mwanza trial and low rates of
sexual risk behaviour were reported in the Ugandan trials.
Furthermore, the Ugandan HIV epidemic was more
advanced than the Tanzanian epidemic during these trials,
meaning that a higher proportion of new HIV infections
occurred between stable partners without STIs as a
cofactor.® These trials were conducted before the
widespread use of antiretroviral therapy (ART) and
prevention. The potency of antiretrovirals in decreasing
HIV transmission and acquisition and the increasingly
wider use of these treatments makes it now unfeasible to
show an independent effect of STI treatment on HIV
acquisition.

Treatment as prevention

People with an undetectable HIV viral load due to ART
have negligable risk of transmitting HIV to sexual
partners.” This observation has led to the concept of
undetectable=untransmissible ~ (U=U), ~which  has
revolutionised HIV programmes by providing further
rationale for immediate HIV treatment after diagnosis.
People have said how awareness of U=U has reduced
internalised stigma, positively impacting their mental
health and sexual and reproductive outlook, and has been
used in settings with restrictive laws to provide
decriminalising evidence of HIV-serodiscordant sexual
activities.”" The decreased stigma and enhanced sexual
freedom has resulted in more condomless sex between
consenting HIV-serodiscordant couples, which could
increase the risk of STT acquisition."

The chronic suppressive therapy of herpes simplex
virus type 2 (HSV-2) with an antiviral agent such as
acyclovir also reduces—but does not completely
prevent—the transmission of HSV-2 to sexual partners.”
Chronic HSV-2 suppressive therapy is not widely
available in low-resource settings, and does not reduce

HIV acquisition or transmission from a sexual partner
who is also living with HIV.""* The hypothesis is that
HSV suppressive therapy does not fully resolve associated
mucosal genital inflammation.® For example, HSV-2
lesions are associated with a dense infiltrate of HSV-2-
specific CD8 and CCR5* CD4 cells that take up to 8 weeks
to resolve following short course acyclovir treatment of
genital ulcers due to HSV-2."

Accurate diagnosis and appropriate antimicrobial
treatment of curable STIs (eg, Chlamydia trachomatis,
Neisseria  gonorrhoeae, Trichomonas vaginalis, and
Treponema pallidum) ensures high cure rates and
prevents onwards transmission. Urethral discharge,
vaginal discharge, and genital ulcer are the main
syndromes associated with these infections, and
syndromic treatment (ie, combination of empirical
antibiotics that cover the most likely causes) is the
standard of care in most settings. Optimising syndromic
management by incorporating diagnostic tests in the
algorithm is essential to improve treatment outcomes,
reduce unnecessary antibiotic usage, and facilitate
targeted partner management.” The increased access to
and availability of diagnostic STI tests will support the
switch from the syndromic to aetiologic treatment of
STIs associated with these symptoms, including partner
services, and increase the impact of STI treatment and
prevention.”

However, most STIs are asymptomatic. Consequently,
screening with a diagnostic test is required to identify
and successfully treat asymptomatic infections. For
example, screening for syphilis in pregnant women
during antenatal care is strongly recommended by WHO,
given its efficacy in preventing vertical HIV transmission
and congenital syphilis, and its high cost-effectiveness.”**
In contrast to syphilis screening programmes, the
benefits of screening programmes for C trachomatis and
N gonorrhoeae vary between settings (high vs low
prevalence), programme use (uptake, coverage, and
reinfection), and population groups (eg, adolescent
women, pregnant women, and men who have sex with
men [MSM]), with most data about impact coming from
high-income settings.”* The value of STI screening
among asymptomatic populations is therefore unclear,
but, if beneficial, would most likely be in settings with
high HIV and STI prevalence, such as among MSM, sex
workers, pregnant women, and southern African young
women.”* This absence of clarity underpins the need to
better understand the local epidemiology and sequelae of
these infections globally (see the first paper in this
Series”).

PrEP

HIvV

In the absence of an affordable and effective HIV vaccine,
antiretroviral-based prevention options (both before and
after exposure) have become key approaches in HIV
prevention. Advances in HIV prevention have been seen
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in studies such as the landmark global iPrex,” African-
based PartnersPrEP,” the TDF2 study in Botswana,” and
Bangkok PrEPtrials of emtricitabine—tenofovir (FTC-TDF)
taken as daily oral PrEP.” These trials showed nearly
100% efficacy among the subsets of cisgender women
and men, cisgender MSM, transgender women, and
people who inject drugs, all of whom had high levels of
adherence (table 1). Efficacy has also been shown for
event-driven oral FTC-TDF among MSM and transgender
women,®* and daily oral FTC-tenofovir alafenamide
(TAF) among MSM,* yet low adherence to daily FTC-TDF
and FTC-TAF led to minimal impact on HIV incidence
among cisgender African women in the PURPOSE-1
study.”

Despite the high efficacy of daily oral PrEP, real-world
effectiveness is substantially lower as there is a strong
association between adherence and efficacy. A pooled
analysis of 11 studies showed an HIV incidence rate of
0-13 per 100 person-years in the high adherence group,
0-49 per 100 person-years in the high but declining
adherence group, and 1-27 per 100 person-years in the
consistently low adherence group.” Barriers to PrEP use
include social stigma, fear of side-effects, long travel to
clinics, waiting times, inconvenient clinic operating
hours, pill fatigue, product storage, and drug costs.**
The challenges of adherence to daily pill-taking and
persistence with oral PrEP might be partly overcome by
longer-acting, less frequently dosed PrEP formulations,
including the monthly dapivirine ring and long-acting
injectable formulations, such as cabotegravir and
lenacapavir.

The dapivirine ring had modest efficacy (27% in the
ASPIRE trial and 31% in The Ring Study) in two trials of
African cisgender women with low use, lower adherence,
and no efficacy among women younger than 21 years.**
However, in the MTN-034 and REACH crossover study
of the dapivirine ring and daily oral PrEP among women
younger than 21 years, adherence to both the dapivirine
ring and oral PrEP was high and 67% of participants

chose the dapivirine ring after use of each product for
6 months (participants were randomly assigned to the
order of product use),” indicating that both oral PrEP
and the dapivirine ring can be effectively used by young
women in the context of access to various adherence
support options.

Cabotegravir—an integrase strand transfer inhibitor
delivered every 2 months by intragluteal injection—was
the first long-acting product to be shown to be superior to
oral FTC and TDF in trials among MSM and transgender
women and highly effective in cisgender women, due to
high adherence.*** An implementation study in Uganda
and Kenya showed that offering participants a choice of
PrEP products with cabotegravir and oral PrEP
substantially increased overall PrEP uptake and HIV
exposure coverage.”

Lenacapavir, a capsid inhibitor, is administered twice
yearly by subcutaneous injection. High efficacy and
adherence to lenacapavir were shown in the PURPOSE 1
trial of adolescent girls and young women in South Africa
and Uganda, with no new HIV infections reported
among the 2134 participants who received lenacapavir.”
In the PURPOSE-2 trial of long-acting lenacapavir for
PrEP among cisgender men, transgender women, men,
and non-binary people, efficacy was 99-2% with two HIV
infections detected in the group of 2195 participants who
received lenacapavir.” Tolerability issues have been
injection site pain, nodules, and redness, but these
factors have not been associated with product
discontinuation.

It is anticipated that these longer-acting agents could
be revolutionary for individuals who struggle with taking
daily PrEP, but there are important implementation
challenges to long-acting injectable PrEP formulations.
One of these concerns could be the long drug tail in
which users could be susceptible to becoming infected
with resistant HIV when drug levels are subtherapeutic,
but this is a hypothetical concern and has not been
extensively observed. The potential need for expensive

Landmark trial

Efficacy in cisgender women

MSM and transgender People who inject
women drugs

Oral daily FTCand TDF Partners PrEP Study;” TDF2

Study;* iPrEx;”* Bangkok
Tenofovir Study®

Event-driven FTCand TDF  IPERGAY*
Daily oral FTC and TAF DISCOVER;** PURPOSE-1%*

Not studied

context

Dapivirine vaginal ring
Ring Study**

incidence

HPTN-083;* HPTN 084%* 88%
PURPOSE-1;* PURPOSE-2* 100%

Cabotegravir injection

Lenacapavir injection

75% (Partners PrEP Study; high reduction  44% (73% among menwith ~ 49%
in HIV incidence among women who took  >90% adherence)

4-7 doses per week in implementation

studies);”” 62% (TDF2 Study)*®

TDF and background in low adherence

MTN-ASPIRE Ring Study;*The ~ 27% (MTN-ASPIRE Ring Study);*
31% (The Ring Study)*reduction in HIV

86% Not studied
HIV incidence did not differ from FTCand  Non-inferior efficacy to daily ~ Not studied

FTCand TDF

Not applicable Not studied

66% Not studied

96% Not studied

FTC=emtricitabine. MSM=men who have sex with men. TAF=tenofovir alafenamide. TDF=tenofovir disoproxil fumarate.

Table 1: Summary of landmark trials of drug-based HIV pre-exposure prophylaxis options
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HIV RNA monitoring to identify acute or breakthrough
HIV infections that might be missed by HIV serologic
testing is also a concern, although standard antibody and
antigen testing approaches are considered sufficient
from the public health perspective.** Barriers to
widespread access include high cost, logistical issues,
and insurance coverage in high-income countries, and in
low-income and middle-income countries (LMICs) these
barriers include the low availability and affordability of
drugs. Feasibility and acceptability trials are investigating
lenacapavir for PrEP among people who use and inject
drugs (NCT06101342) and American and European
women (NCT06101329 and NCT06513312).

Development of islatravir (a nucleoside reverse
transcriptase and translocation inhibitor; NCT04644029;
NCT04652700) for monthly oral PrEP was suspended
when the antiretroviral was found to decrease subclinical
lymphocyte count. As the less frequent dosing of PrEP in
a small pill form is believed to be attractive to PrEP users,
MK8527 (a nucleoside reverse transcriptase and
translocation inhibitor agent; NCT06045507) is being
developed for monthly oral PrEP. This drug will enter
phase 3 trials in cisgender women and adolescent girls in
sub-Saharan Africa (EXPrESSIVE-10; MK-8527-010;
NCT07071623) and sexually active individuals at high risk
of HIV including MSM, transgender people, and non-
binary  people (EXPrESSIVE-11; MK-8527-011;
NCT07044297). Other topical PrEP options are being
developed, including a fast-dissolving TAF and
elvitegravir vaginal insert; an intravaginal dapivirine
vaginal film and reusable vaginal ring with
interchangeable compartments for STI, contraceptive, or
HIV prevention inserts;* and a tenofovir rectal douche.”
An intramuscular injection of cabotegravir once every
4 months and an annual intramuscular injection of
lenacapavir for PrEP are currently in development.®*

The expanding availability of different forms of HIV
PrEP is similar to that of modern contraceptives. The
increased variability of HIV PrEP recognises that people
might have preferences for different modalities
throughout their reproductive or sexual lives. As has been
shown in the uptake of different contraceptive options
and discussed in the second paper in this Series,” when
people are given a choice and are able to match their
preference to their lifestyle needs, uptake and adherence
are increased with improved reproductive outcomes.
Emerging evidence suggests that dynamic prevention
choices lead to more effective HIV prevention.’*

STls

Several small studies have shown a potential role for
daily doxycycline PrEP in the prevention of STIs.**** An
ongoing Canadian trial (DISCO study; CTN 329) of
doxycycline PrEP (100 mg daily) versus doxycycline PEP
(200 mg post-sex) among MSM and transgender women
is assessing the relative efficacy, tolerability, and impact
of these prevention approaches on increasing

antimicrobial resistance in STIs and other pathogens.
The Adolescent Trial Network announced the foXXy doxy
study of 200 mg doxycycline once per week compared to
on-demand doxycycline PEP and standard of care in
cisgender women to start in late 2025 (ATN-173/HPTN-
115). PrEP might be more feasible and acceptable to
some people than PEP,* but the efficacy and effectiveness
of these prophylaxes have to be balanced with additional
data needed regarding increased antimicrobial resistance
in STIs, other pathogens, and the microbiome and the
cost-effectiveness of this approach.”

PEP

HIV

PEP is a globally accepted and endorsed intervention to
prevent the onset of HIV infection in people who are
HIV seronegative after they are unexpectedly exposed to
HIV. Most guidelines recommend at least 28 days of
three antiretroviral agents administered within 72 h of
exposure. The efficacy of PEP is derived from a case-
control study into zidovudine monotherapy after
needlestick injuries in health-care workers.”® Animal
studies and epidemiologic studies in sexual assault and
occupational health settings have provided further
evidence that PEP is effective, especially if commenced
within 72 h after exposure.®* With the advent of safer
and more tolerable agents (ie, integrase inhibitors), PEP
is more widely recommended than with previous
regimens, including after unanticipated sexual
exposure.® PEP might also be used as a bridging
approach to PrEP in cases where recent sexual exposure
or symptoms and signs suggest acute HIV infection and
initial RNA testing is negative or unavailable, as a
three drug PEP regimen is considered more stringent
than a two drug PrEP regimen from the perspective of
potential antiviral resistance and breakthrough infection.
PrEP can then be introduced if the person continues to
test as negative for HIV infection.

STls

Doxycycline has been the antibiotic of choice for STI PEP
due to its low cost in generic formulations, safety,
tolerability, and high effectiveness against C trachomatis
and T pallidum infection with no reported resistance.
Activity against N gonorrhoeae is variable due to
doxycycline pharmacokinetics and pre-existing resistance
levels that vary by geography and explain the different
effects observed for doxycycline PEP for N gonorrhoeae
prevention between studies.*

Doxycycline PEP is administered as 200 mg and should
be taken within 24 h of condomless sex (maximum within
72 h). Three trials among MSM and transgender women
in France and the USA have shown high overall efficacy
of 47-66% reduction in incident STIs, with approximately
80% reductions in chlamydia and syphilis, and
17-55% reduction in gonorrhea (table 2).”* Doxycycline
PEP was safe and well tolerated, with rare discontinuations
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in these studies. Open-label extension data of the
DoxyPEP trial have confirmed these findings.*

In contrast, the dPEP trial of doxycycline PEP in
Kenyan cisgender women did not show efficacy for the
prevention of chlamydia, gonorrhoea, and syphilis in the
context of high STI rates (overall STI incidence of
27 per 100 person-years).” Among a random subset of
participants in the doxycycline PEP group, only
58 (29%) of 200 patient hair samples (taken every
3 months) had detectable drug levels, suggesting that low
adherence to doxycycline PEP was the most likely cause
of the null effect. Women who took part in the trial
reported issues with stigma, product storage, lack of
awareness about STIs, and forgetting dosing.”* Many of
these challenges have also been cited as barriers to daily
oral PrEP use for HIV prevention in African women.**
Given the important reproductive health sequelae of
STIs among cisgender women, other trials of doxycycline
PEP are planned with fixed dosing (eg, once per week in
the foXXy doxy study).

An important concern about doxycycline PEP is its
impact on the antimicrobial resistance of STIs
(eg,  Mycoplasma  genitalium), other pathogens,
commensals, and the microbiome and resistome.® The
DoxyPEP and DoxyVac trials both reported increases in
tetracycline resistance in incident N gonorrhoeae
strains.”* A decrease of Staphylococcus aureus
colonisation and an increase in doxycycline resistance in
those who remained colonised was also observed.®
Analysis of surveillance data from King County
(Washington, USA), showed a rapid increase in
tetracycline  resistance among MSM following
introductions of doxycycline for STI prevention and for
chlamydia treatment.” This study also observed higher
colonisation rates, but below 20%, of tetracycline-
resistant Group A streptococcus and S aureus among
doxycycline PEP users compared with non-users. The

clinical significance of these findings remains to be
elucidated. Even though doxycycline is not used for the
treatment of N gonorrhoeae, it is anticipated that the
efficacy of doxycycline PEP for N gonorrhoeae prevention
could wane in doxycycline PEP settings, making it an
impermanent solution for this STI, and raising further
concerns about the co-selection of antimicrobial
resistance.” Co-selection refers to the principle that
selection for doxycycline resistance might also select for
other unrelated antimicrobial drugs (eg, ceftriaxone), as
resistance genes can be located close together.”

Real-world data on doxycycline PEP use among MSM
from early adopter settings showed reductions in
chlamydia and syphilis among MSM and transgender
women in STI programmes in the USA and Italy*”
Research on the implementation of doxycycline for STI
prevention is a high priority in guiding the use of these
therapies, establishing effectiveness in different population
groups and length of use, and assessing and monitoring
antimicrobial resistance in STIs, other common bacteria
that have pathogenic potential, and the microbiome.

Vaccines to prevent HIV and other STls

The ability of vaccines to manage infectious disease
outbreaks and epidemics and eradicate diseases has been
evident since the development of the smallpox vaccine
in 1796. In regions where effective vaccines have been
implemented, these vaccines are beginning to have an
impact on the prevalence of sexually transmitted
infections such as human papillomavirus (HPV) and
hepatitis B virus (HBV).

HIV vaccines

The elimination of the HIV epidemic requires an
effective, affordable, and deployable preventive vaccine,
but this remains elusive.” The unsuccessful results of the
most recent large-scale efficacy trials have prompted

Participating population STl rate or outcome STl rate or outcome Relative risk Absolute risk
(with doxycycline PEP)  (without doxycycline reduction reduction
PEP)
IPERGAY (France, 232 MSM taking HIV PrEP 37-7 per 100 person-years  69-7 per 100 person- 47% (15 to 67%) 32 per 100 person-
2015-16)% years years
DoxyPEP (Seattleand 174 MSM and transgender 11-8% per 3 months 30-5% per 3 months 52% (17 to 72%) 18-7% per 3 months
San Francisco, women with HIV who have
2020-22)% had a recent bacterial STI
DoxyPEP (Seattleand 327 MSM and transgender 10-7% per 3 months 31-9% per 3 months 66% (49 to 77%) 21-2% per 3 months
San Francisco, women taking HIV PrEP who
2020-22)% have had a recent bacterial
STI
DoxyVac (France, 502 MSM taking HIV PrEP 5-6 per 100 person-years  35-4 per 100 person- 84% (70to 92%) 30 per 100 person-
2021-22)% who have had a recent years years
bacterial STI
dPEP (Kenya, 449 cisgender women taking  25-1 per 100 person-years 29-0 per 100 person- 12% (-29 to 40%) 3-9 per 100 person-
2020-22)% HIV PrEP years years
Recent bacterial STl was defined as any bacterial STl in the previous 12 months. MSM=men who have sex with men. PEP=post-exposure prophylaxis. PrEP=pre-exposure
prophylaxis. STI=sexually transmitted infection.
Table 2: Clinical trials of doxycycline PEP for bacterial sexually transmitted infections
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researchers in HIV vaccine development to consider new
approaches to developing safe and effective HIV
vaccines.®”” Clinical and laboratory research has moved
from the empirical approach of vaccine discovery to a
more deductive or experimental medicine approach,
which allows for rapid hypothesis testing to support and
accelerate the development of better vaccine candidates
by taking several key principles into account.

An effective vaccine will need to elicit cross-reactive
and potent neutralising antibodies and cellular
(CD8 T cell) responses to eliminate HIV virions or
intracellular viruses.® As the immune system does not
naturally mount an effective defence against HIV, an
HIV vaccine needs to prompt a preventive immune
response from the human immune system that has no
natural equivalent. Evidence can be gathered from people
with HIV who—following natural infection—produce
broadly neutralising antibodies (bNAbs) against HIV,
which can counteract a broad array of viral variants.®
HIV is also highly mutable, and so a vaccine needs to
target conserved parts of the viral envelope.

The current new vaccine approach uses a phased
process of specific priming and boosting vaccinations to
prompt specific B-cell precursors to multiply and then,
by modulating these precursors, encourages their
maturation into potent bNAb production to give rise to
an array of bNADs.® Several early-stage human clinical
trials of HIV-vaccine components are under way that use
the mRNA vaccine platform, which was popularised
during the COVID-19 pandemic. This platform is
considered preferable because mRNA vaccines are easier
to develop and adjust based on biological findings, which
is key to the deductive approach. A complementary
strategy that is currently under investigation seeks to
promote the development of killer CD8 T cells that might
be primed to kill off any immune cells that are not saved
from infection by the antibodies.

Passive immunisation with bNADbs as a pre-exposure
infusion or injection for the prevention of HIV has long
been considered. New technology has led to the
identification of a new generation of potent bNAbs.®
These bNADs target various sites of vulnerability on the
HIV envelope and are up to 100% more potent than
first-generation  antibodies, exhibiting substantial
neutralisation breadth against cross-clade HIV-1 strains.
Two large efficacy trials in diverse global populations
(Antibody Mediated Prevention trials) provided proof-of-
concept evidence that this approach could be feasible.*
Infusions (given every 8 weeks for 48 weeks) of the
antibody (VRCO1) did not prevent overall HIV-1
acquisition in either trial, but prespecified sub-analyses
that focused on VRCOl-sensitive HIV isolates provided
proof of concept for bNADs to prevent HIV-1 acquisition.*
A single bNADb was not sufficiently broad enough to
neutralise diverse virus exposure, which suggests that
evaluating the efficacy of bNAb combinations or
multispecific antibodies is the logical next step in

advancing antibodies as an HIV-1 prevention strategy.
Trials of multiple antibodies are in early development.

STlvaccines

Given the limitations of current approaches to STI
control, such as the inaccessability of diagnostic testing,
large burden of asymptomatic infection, and stigma, STI
vaccines are crucial for reaching and sustaining the global
targets for reducing STI incidence by 2030.* Vaccine
development for gonorrhoea is a particular priority given
the increasing threat of antimicrobial resistance to
ceftriaxone, which is the last line of treatment for
gonorrhoea. Observational studies with an outer
membrane vesicle vaccine against meningococcal
serogroup B invasive disease (4CMenB or Bexsero) have
shown potential for use as a gonorrhoea vaccine, with
reductions in gonorrhoea incidence of 30-40% in
vaccinated populations, including among people with
HIV.2**% Neisseria meningitidis and N gonorrhoea share
80-90% sequence homology, so cross-protection is
biologically plausible. Data from oestradiol-treated female
mice (Mus musculus) models provide additional support
for this hypothesis, with an accelerated clearance of
N gonorrhoea and reduced bacterial load observed in
4CMenB immunised mice.” Despite these observations,
a trial of 544 MSM without HIV in France did not show a
statistically significant reduction in time to first
gonorrhoea infection in those who received the vaccine
compared with placebo (adjusted hazard ratio 0-78,
95% CI 0-60-1-01).* Additional data from women and
MSM in diverse settings are awaited, with several phase 3
clinical ~ trials  (Australia =~ [NCT04415424  and
ACTRN12619001478101]; the USA, Thailand, and Malawi
[NCT04350138]; and South Africa [NCT06446752]) are
evaluating 4CMenB vaccine for prevention of gonorrhoea,
with results expected in 2026. Irrespective of outcome,
the data from these trials will provide important insights
for gonorrhoea-specific ~vaccines in  pre-clinical
development that are about to enter clinical trials.”

Although chlamydia vaccines are less advanced in
clinical development, a recombinant vaccine against the
C trachomatis major outer membrane particle is likely to
advance to phase 2 trials after it was shown to be safe,
well tolerated, and immunogenic against urogenital and
ocular chlamydia serovars.” Additional studies
comparing immune signatures from human and animal
models have shown the potential for vaccine-induced
antibodies to provide sustained protection against
ascending genital infection.” Several other vaccines
against different antigen targets are in pre-clinical
development.”

An HSV vaccine could provide notable global health
benefits. An estimated 200 million people had at least
one symptomatic genital herpes episode in 2020, with
herpes estimated to cost US$35 billion in health-care
expenditures and productivity loss globally.”** HSV could
also account for a third of new HIV infections,
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particularly in women and in Africa.” Despite previous
challenges to vaccine development, two mRNA-based
vaccine candidates developed by BioNtech (BNT163) and
Moderna (mRNA-1608) have entered phase 1 trials.
BNT163 encodes three HSV-2 glycoproteins with the aim
of preventing HSV cellular entry and spread and is
currently being evaluated for both a prophylactic and
therapeutic indication (NCT05432583). The first in
human phase 1/2 trial of mRNA-1608 (NCT06033261)
has 300 participants from the USA and will establish
proof of concept for a therapeutic vaccine to reduce HSV
reactivation and recurrence. A therapeutic vaccine with
80% effectiveness (equivalent to daily suppressive
therapy with acyclovir) and lifetime protection with
40% coverage of symptomatic individuals could reduce
HSV-2 incidence by 30% and HIV incidence by 26% after
40 years, emphasising the potential benefits of these
vaccines for both HSV and HIV prevention.”

Three vaccines are currently licensed for mpox:
modified vaccinia Ankara-BN (eg, Modified Vaccinia
Ankara-Bavarian Nordic [MVA-BN] or JYNNEOS and
Imvamune or Imvanex), which is a two-dose third-
generation smallpox vaccine that is a highly attenuated
replication-deficient vaccinia virus vaccine and has been
approved in the USA, Canada, and the EU; LC16-KMB
(licensed in Japan); and OrthopoxVac (licensed in
Russia). Due to the well characterised and sometimes
serious adverse effects of first-generation vaccinia virus
vaccines, subsequent generations of vaccines were
developed to protect laboratory workers who handle
orthopoxviruses.” These later vaccines were mobilised
to protect against mpox during the global mpox outbreak
that began in 2022. A second-generation vaccine
(ACAM2000) is licensed by the US Food and Drug
Administration (FDA) for protection against smallpox
based on cross-protective immunity against mpox.

A systematic review of the effectiveness of third-
generation mpox vaccines showed 76% effectiveness of
single-dose and 82% effectiveness of two doses of the
MVA-BN vaccine against mpox, and 67% of any vaccine
type against hospitalisation for mpox.”"™ The real-world
effectiveness of the mpox vaccination as a PEP strategy is
difficult to establish due to the immortal time bias related
to the short incubation period of mpox and challenges in
administrating PEP vaccination quickly following mpox
exposure.™™ Further studies are needed to assess the
vaccine effectiveness of PEP (and in other populations,
such as children [aged 12 years and younger]), the use of
vaccines other than MVA-BN, and to better understand
the longevity of vaccine effectiveness, including the need
for booster doses."

T pallidum presents unique biological challenges for
vaccine design, with no vaccines having reached clinical
development."” Challenges have included an absence of
an optimal animal model and slow replication time of
the pathogen. Current efforts are focused on ongoing
translational work to identify vaccine targets.
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Several sub-Saharan African countries (eg, Kenya,
South Africa, and Uganda) have licensed and adopted the
bivalent HPV vaccine (Cervarix), which protects against
HPV16 and HPVI8 genotypes, and the quadrivalent
vaccine (Gardasil), which protects against HPV6, HPV11,
HPV16, and HPV18 genotypes. These bivalent and
quadrivalent prophylactic vaccines, which contain the
genotypes that are responsible for about 70% of cervical
cancers globally, constitute a breakthrough for primary
prevention. Furthermore, the bivalent HPV vaccine
offers substantial cross-protection against the HPV31,
HPV33, and HPV45 genotypes. A nonavalent vaccine
that promotes the immune system to generate antibodies
to the nine most common genotypes that cause invasive
cervical cancer worldwide could have direct implications
for cervical cancer incidence and prevention, and possibly
prevent almost 90% of cervical cancers cases worldwide."”

WHO recommends including the HPV vaccination in
national immunisation programmes in settings where
HPV is a public health priority and vaccination is feasible
and cost-effective. As of 2025, a total of 149 (76% of WHO
member states) countries have introduced HPV
vaccination.” To eliminate cervical cancer by 2030, the
WHO target is to have 90% of girls fully vaccinated with
the HPV vaccine by age 15 years." Currently, full-dose
coverage is below target at 52% and investment is
required.” The 2022 WHO recommendation of single-
dose vaccination for girls age 9-14 years will go some way
to reaching global targets, but questions remain
regarding whether a single-dose HPV vaccine will be
sufficient for women living with HIV."” Gender-neutral
immunisation programmes will provide additional
protection against other HPV-associated cancers,
particularly in settings where screening programmes are
sparse or non-existent. A 2023 review concludes that
there is strong vaccine efficacy against anal HPV
infection and anal intraepithelial lesions in HPV-
vaccinated young people (aged 26 years and younger)
who do not have HIV."®

The opportunity and uses of combining HIV and STI
vaccine deployment programmes have been widely
suggested. A modelling study has shown the benefit of
combining the HPV vaccine with HIV treatment in
Kenya, where young women with HIV have a high risk of
invasive cervical cancer secondary to persistent HPV
infection." There is also a global push to eliminate the
vertical transmission of syphilis, HBV, and HIV.

Other prevention options

Medical male circumcision (MMC) provides approximately
60% protection to men against HIV infection and partial
protection against some STIs (eg, HSV-2 with 34%
reduction).”™™ Voluntary MMC is a tailored service
package that includes foreskin removal, HIV testing and
counselling, STI screening and referral, and condom
provision. Recent studies have shown that MMC is
associated with a reduced risk of STIs in female partners,
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including syphilis, chlamydia, cervical cancer and
dysplasia, and HSV-2.® Although the biological
mechanisms behind these protective effects are not well
understood, differences in STI prevalence, duration of
infection, and microbial clearance could play a role—yet
different behavioural characteristics (eg, increased
condom use) between circumcised and uncircumcised
men cannot be ruled out.™"

Multipurpose prevention technologies

Multipurpose prevention technologies (MPTs) are
products designed to simultaneously prevent HIV, other
STIs, or pregnancy (discussed in the second, fourth, and
fifth papers of this Series).”"*"” Multiple studies confirm
that many end users prefer MPTs over single prevention
technologies, especially MPTs that combine the
prevention of HIV and of pregnancy."s"

Over 20 MPT products are in clinical or pre-clinical
stages of development, including the dual prevention
pill, injectables, vaginal ring, vaginal films, intrauterine
devices, implants, vaginal gels, and microarray patches.
The most developed of these MPTs are a dual prevention
oral pill that combines FTC-TDF as HIV PrEP with an
ethinylestradiol-levonorgestrel oral contraception in a
28-day tablet regimen, and tenofovir-levonorgestrel
intravaginal rings.”™"”  Safety, acceptability, and
tolerability have been shown for both products and the
results of ongoing clinical trials are awaited.

The ABC (Abstain, Be faithful, Condomise) campaign
was widely promoted in the 1990s when few other
biomedical HIV prevention options existed. Over time,
condoms have continued to be a primary prevention
method in sexual health, and are the only widely accessible
MPT that offers dual protection against STIs, HIV, and
pregnancy. Several barriers hinder the widespread adoption
and consistent use of both male and female condoms,
including stigma, misinformation, cultural norms that
discourage condom use (especially among young people),
and persistent gaps in condom availability in low-resource
settings.”” Additionally, factors such as incorrect use, which
can lead to slippage or breakage, contribute to reduced
effectiveness. A randomised trial showed that adding
water-based lubricants could substantially reduce male
latex condom failure rates, particularly among partners
who had previously experienced condom failures.”

Sex-positive messaging is the preferred public health
approach that considers sexuality and pleasure to be a
natural, healthy, and integral part of human behaviour
and wellbeing.” Sex positivity has proven most effective
when culturally tailored to different populations.” The
sex-positive approach combines the absence of physical
and emotional harm and risk reduction with the
presence of pleasure and meaningful experiences.
This approach has been adopted by various HIV and
STI programmes to promote engagement and to
increase prevention uptake, including the revitalising
of condom use."*

Innovations in diagnosis of HIV and other STls
Reliable and simple diagnostics are the gateway to the
effective prevention and treatment of both HIV and STIs.
Improving methods to detect infection means that
symptomatic and asymptomatic individuals can be
appropriately treated and shortterm and long-term
complications can be averted. Further benefits include
the strengthened antimicrobial stewardship and
facilitation of partner services with prevention of onwards
transmission to sexual partners. Widespread HIV testing
and treatment has substantially reduced the burden of
HIV. Prevention for positives is another evidence-based
strategy that encourages people with HIV to engage in
safer sexual practices, such as including serosorting
(ie, selecting sexual partners based on shared HIV status
to minimise risk).”” However, this practice relies on
readily available accurate HIV screening or point-of-care
testing.”%"”

Diagnostic test principles

Targeted molecular amplification and antigen and
antibody detection are the main technologies used for
HIV and STI diagnostics (table 3). The direct detection of
microorganism components (eg, nucleic acid and
antigens) can provide the earliest diagnosis of HIV and
STIs. The indirect detection of infection based on
measuring an immune response takes more time as
sufficient antibody levels need to be generated, which
has been termed the window period. Furthermore, due
to the complexity of the immune response, high-quality
antibody assays are currently only available for the
diagnosis of HIV, HSV, and syphilis.

Diagnostic tests can target single or multiple
microorganisms simultaneously. Recent advances have
focused on the development of multidisease platform
technology and multiplex and combination diagnostic
tests, but the widescale distribution of new diagnostics
has been limited by cost.” These initiatives are driven by
clinical relevance (eg, differential diagnosis of the causes
of genital discharge), programme synergy, and
integration (eg, the elimination of mother-to-child
transmission of HIV, syphilis, and HBYV), existing
infrastructure ~ for  other  infectious  diseases
(eg, tuberculosis), feasibility, and affordability.

Point-of-care tests

Point-of-care (POC) diagnostic tests for HIV and STIs
have several advantages over laboratory testing, which is
often the standard of care.” Rapid POC test results can
provide immediate diagnosis, impact treatment
decisions, and trigger follow-up laboratory testing.
Furthermore, POC testing increases accessibility, as
most tests can be performed in settings without a
laboratory and by non-laboratory staff. Key benefits are
the scale-up of testing programmes, inclusion of remote
and vulnerable populations, and mitigation of existing
infrastructure and logistic barriers and challenges.™
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Some platforms also provide the opportunity for
integrated multipurpose testing. For maximum impact
in LMICs, POC tests should meet the REASSURED
criteria: Real-time connectivity; Ease of specimen
collection; Affordable; Sensitive; Specified; User-friendly;
Rapid and robust; Equipment free and environmentally
friendly; and Deliverable to the end-user.”

Lateral flow assays that provide a result within 15 min
have been instrumental in the global HIV response, with
over 500 million tests performed annually. Important
technical advancements over the years have been the
expansion of antibody type detected from IgG (first
generation) to the inclusion of IgM (second generation),
IgA (third generation), and p24 antigen (fourth and fifth
generation) resulting in increased sensitivity and reduced
window period.” The subsequent integration of lateral
flow assays in global and country guidelines resulted in the
large-scale implementation of routine HIV testing. The
advent of long-acting injectable PrEP has introduced the
complication that the administration of single antiretroviral
agents as PrEP in the face of asymptomatic acute HIV
infection could lead to the suppression of HIV antibody
seroconversion and masked infections (ie, clinically silent
infections with unusually low or undetectable viral load
and diminished antibody production) now called the
LEVI (Long-acting Early Viral Inhibition) syndrome.” This
concern has led to some regulatory bodies requiring that
HIV nuclear antigen testing should precede injectable

PrEP. The added cost and complexity of this is not feasible
or cost-effective in most LMIC settings. Recently, WHO
has recommended a public health approach to HIV testing
using HIV rapid diagnostic tests for people starting or
continuing to use long-acting injectable PrEP."

Syphilis lateral flow assays detect IgM and IgG
antibodies, but these take time to mount to detectable
levels, meaning that a negative test does not rule out
syphilis in symptomatic individuals. As with the history
of HIV POC tests, developments in syphilis antibody
tests focus on increasing test sensitivity and reducing the
window period.”” Lateral flow assays for N gonorrhoeae
and T vaginalis detect microbial antigens rather than
antibodies, and provide direct and rapid evidence of
infection.”®™ The sensitivity of these assays is lower than
the sensitivity of a nucleic acid amplification test, but
meets the WHO target product profile criteria for a
useful test in settings that do not have access to laboratory
testing. Sensitivity is higher in symptomatic than
asymptomatic people, suggesting that the usefulness of
these lateral flow assays is predominantly for the
optimisation of syndromic management.**** Therefore,
despite their slightly lower performance characteristics,
lateral flow assays can be an invaluable tool in settings
with poor or no access to laboratory-based technologies.

Molecular tests have become available in recent years,
including POC HIV viral load testing and HIV DNA PCR
tests for early infant diagnosis. Implementation of these

Molecular  Antigentest  Antibody test Microscopy Antimicrobial
test resistance test
Bacteria
Chlamydia trachomatis NAAT DFAnotused  ELISA notdone Not done Not indicated
(low sensitivity) (low sensitivity) (difficult to visualise)
Haemophilus ducreyi NAAT Not available Not available Not done Culture and AST;
(low sensitivity) NGS including WGS
Mycoplasma genitalium ~ NAAT Not available Not available Not done Targeted PCR;
(difficult to visualise) NGS including WGS
Neisseria gonorrhoeae NAAT Lateral flow Not available Gram-stained smear of Culture and AST;
assay urethral discharge; vaginal ~ NGS including WGS
discharge smear not done
(low sensitivity)
Treponema pallidum NAAT Notavailable T pallidum-specific antibodies (eg, enzyme Darkfield examination of ~ Targeted PCR;
immunoassay, chemiluminescent assay, and  lesion exudate NGS including WGS
T pallidum haemagglutination assay); lipoidal
antibodies (eg, rapid plasma reagin test or
venereal disease research laboratory)
Protozoa
Trichomonas vaginalis NAAT Lateral flow Not available Wet mount examination  Culture and AST;
assay of vaginal smear NGS including WGS
Viruses
Herpes simplex virus NAAT Not done ELISA for purpose of latent infection Not done Target PCR;
type 1and 2 (low sensitivity) screening NGS including WGS
HIV NAAT Lateral flow Lateral flow assay Not done NGS including WGS
assay
AST=antimicrobial susceptibility testing. DFA=direct fluorescence assay. ELISA, enzyme-linked immunosorbent assay. NAAT=nucleic acid amplification test. NGS=next-
generation sequencing. WGS=whole-genome sequencing.
Table 3: Diagnostic tests for HIV and sexuvally transmitted infections in clinical practice
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HIV tests at POC has shown positive impact on clinical
and public health outcomes.” For STIs, three FDA-
cleared POC tests are available for the molecular detection
of C trachomatis, N gonorrhoeae, and T vaginalis. Binx
health io CT/NG assay, and the Visby Medical Sexual
Health test provide rapid (<30 min) and reliable results,
but the assay cost is a barrier to widespread use in
LMICs."* Xpert CT/NG and Xpert TV have been used in
many research studies in LMICs showing good and
reliable performance for in-facility and near-patient
testing.**'* However, the time to results (<90 min) of this
assay is generally considered too long to impact on
treatment decisions in symptomatic patients and for
asymptomatic people to wait for their results."s"
Additional barriers to widespread use in low-resource
settings are the cost, electricity dependence, and other
requisites (eg, requirement for bench space and waste
management). There is a substantial pipeline of rapid
molecular tests for N gonorrhoeae and C trachomatis, some
of these combined with T vaginalis detection, that is
largely built on technology developed for COVID-19, but

most of these tests are in the pre-clinical stages of
development and clinical performance evaluation data
are not yet available.

Gaps exist in the diagnostics pipeline for HIV and
STIs (table 4). Driving factors include cost, infrastructure
and equipment dependency, turnaround time, and the
benefits of multiplex testing for aetiological diagnosis of
STI-associated syndromes. There are also key diagnostic
gaps in syphilis, especially the lack of diagnostic tests to
reliably distinguish between active and previous syphilis
in asymptomatic individuals and to confirm or exclude
active syphilis in exposed newborns. A focus in HIV
research will be on the performance of current and new
(eg, microfluidic and nanofluidic HIV tests) diagnostic
tests in the context of long-acting HIV PrEP. Another
expansion in this field is the development of a lateral
flow test (Genital InFlammation Test) to detect cytokine
biomarkers for the identification of genital inflammation
associated with STIs or bacterial vaginosis."

Which HIV and STI tests should be used, in which
combination, and at what frequency to have an impact on

Current limitations

Diagnostic gap

Treatment of patients with genital discharge

Microscopy for Neisseria gonorrhoeae
in men

Low sensitivity in women; not widely
available due to skill and infrastructure

Lateral flow assay for N gonorrhoeae
and T vaginalis

NAAT for C trachomatis,
N gonorrhoeae, and T vaginalis

Lower sensitivity compared with NAAT

High cost; not affordable in LMICs;
infrastructure requirement and electricity
dependency

Treatment of patients with genital ulcer

Darkfield microscopy
and laboratory infrastructure

Treponemal antibody detection Insufficient sensitivity to rule out syphilis

Not available Not available
Screening asymptomatic individuals for curable STis

Lateral flow assay for N gonorrhoeae
and T vaginalis than in symptomatic people
NAAT for C trachomatis,

N gonorrhoeae, and T vaginalis

High cost; not affordable in LMICs; health
infrastructure requirement and electricity
dependency

Screening asymptomatic individuals for viral STIs

Lateral flow assay for treponemal
antibody detection

Not informative in people with previous

syphilis (maternal antibodies)

Multiplex test for T pallidum, HIV, Not available
and hepatitis B and C virus

antibodies

Not widely available due to skill and health

Management of newborns who are symptomatic and have been exposed to syphilis

Lower sensitivity than for NAAT and lower

infection (antibody persistence); cannot be
used in newborns who have been exposed to  distinguishes between active and previous T pallidum infection;

HSV=herpes simplex virus. LMIC=low-income and middle-income country. NAAT=nucleic acid amplification test. STI=sexually transmitted infection.

Affordable rapid test with high sensitivity and specificity; preferably
multiplex for Chlamydia trachomatis and N gonorrhoeae; possibly
combined with Trichomonas vaginalis; inclusion of antimicrobial
resistance markers for N gonorrhoeae would be preferable

As above

As above

Affordable rapid test with high sensitivity and specificity; preferably
multiplex with Treponema pallidum and HSV-1 and HSV-2;
Haemophilus ducreyi for populations at risk in endemic settings

As above

Affordable rapid test that reliably provides diagnosis of T pallidum
infection in symptomatic and exposed newborns

Affordable rapid test with high sensitivity and specificity; preferably
multiplex for C trachomatis and N gonorrhoeae; possibly combined with
Tvaginalis

As above

Affordable rapid test for T pallidum that can be used regardless of
previous syphilis history; affordable rapid antibody test that

affordable rapid test that reliably provides diagnosis of T pallidum
infection in asymptomatic but exposed newborns

Affordable rapid multiplex test combining HIV and T pallidum with
hepatitis B virus and hepatitis C virus

Table 4: Diagnostic gaps for point-of-care STl tests
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significant reproductive health outcomes (eg, pelvic
inflammatory disease and infertility) remain topics for
implementation research. The worldwide adoption of
HIV PrEP has brought this into sharp focus with the
need for guidance and ongoing improvement in available
diagnostics.

Artificial intelligence for diagnosis of HIV and other STis
Artificial intelligence (Al) initiatives have been developed
for settings that do not have access to diagnostic tests
and to triage diagnostic test strategies (table 5).**"* For
example, a machine learning generated telephone
application could distinguish between mpox and

Data source and population

Purpose and methods

Findings

ChatGPT (version 3-5) was instructed to answer
frequently asked questions by people with HIV and
counsel about ART; questions were derived based on
the combined experience of HIV clinicians and
pharmacists; the accuracy and appropriateness of
responses were assessed qualitatively and compared
with the most recent WHO and other HIV

Beta testing of this study aimed to test the
feasibility and acceptability of an Al chatbot in
promoting the uptake of HIV testing and PrEP in

This study deemed that ChatGPT answered all questions accurately and
comprehensively; ChatGPT provided detailed answers on treatment options
(eg, single-pill regimens and injectables), the timing of ART initiation with
considerations for individual preferences and readiness to start, and adherence
and side-effects; ChatGPT also recognised warnings (eg, abacavir
hypersensitivity reaction and potential drug-drug interactions); ChatGPT
accurately described treatment as prevention

The majority of participants (13 of 14; 93%) reported that the chatbot was
useful and provided comprehensive information on HIV testing and PrEP
(performance expectancy); around 79% of respondents reported that they
would continue to use the chatbot, and 14 (100%) respondents felt that the
chatbot was easy to use due to its simple, straightforward design and quick,
friendly responses (effort expectancy); 13 (94%) participants rated the overall
chatbot quality as high, and 14 (100%) respondents would refer the tool to
others

trained on historical patient data to predict viral

The models used in this study were able to correctly predict viral load (ie,
suppressed or detectable) with 78- 96% accuracy and CD4 classification
(<200 cells per mL) with 79% accuracy; the eXtreme gradient boosting

2008-15in MA, USA

Nadarzynski A chatbot was evaluated in minoritised
etal ethnic groups (n=548; 54% were women,

(2024)= 66% were Black, average age of 30 years)
recruited via social media platforms using
relevant hashtags
(eg, #BlackSexualHealth)

Kohetal Not available

(2024)

Elder et al The dataset was made of structured data

(2021)™* from patients aged 15 years and older who

acquired an incident STI diagnosis in

This study assessed the Al-based interpretation of
HIV self-testing results using photographs of tests

determinations of HIV test results by an expert
panel were used as ground truth; a total of 854 HIV
test images were of sufficient quality to be

HIV
Koh etal Not available
(2024)
management guidelines
Cheahetal 14 participants evaluated the acceptability
(2024) of an Al-based chatbot
MSM
Sebokaetal  The dataset was made of historical patient 8 machine learning classifier algorithms were
(2023)™° data (eg, demographics, clinical, and
laboratory data) from an ART registry load from patient data
database in Ethiopia (2907 patients
aged 15 years and older)
Rocheetal  Thedataset included images of blood-
(2024)= based HIV rapid tests from 1500 adult
clients of 20 private pharmacies in uploaded to a web-based platform; the
Kisumu, Kenya who purchased products
indicative of sexual activity; the training
set had 6074 images and the testing set
had 5000 images interpreted by the Al algorithm
STls

This study investigated the impact of CASA on the
intentions for sexual health screening, attitudes
about screening, and level of information disclosure
in minoritised ethnic groups and the subsequent
use of the chatbot for booking STl screening
(screening intentions vs demographic and
behavioural risk factors for STl and HIV)

ChatGPT (version 3-5) was evaluated as a tool to
improve access to knowledge on STls; ChatGPT was
instructed to answer STl questions from three
domains: general risk factors, access to care and
diagnosis, and management of STls and HIV PrEP;
responses were compared with the US Centers for
Disease Control and Protection STl guidelines

Machine learning models (including over

180 variables) were developed to assess whether
routine data could predict the risk of acquiring at
least 1 or 2 additional STIs diagnoses 1 or 2 years
after initial diagnosis (ie, risk of recurrence); a
sensitivity analysis incorporated health department
surveillance data to assess whether improving the
accuracy of identifying STl cases improved model
performance

classifier had 96% accuracy and the random forest classifier had 95% accuracy
in viral load prediction, and the gradient boosting classifier was the most
accurate (79%) for predicting participants with a CD4 cell count

<200 cells per mL

The Al algorithm showed 100% sensitivity (ie, true positives) and

98-8% specificity (ie, 7 negative tests were classified as positive and 3 as
indeterminant); pharmacy clients (93-2% specificity) and providers

(97-7% specificity) did not interpret HIV test results as accurately as the Al
algorithm; the Al tool could be used to support differentiated HIV service
delivery and with human interpreters to improve the accuracy of interpreting
HIV test results

CASA had a statistically significant positive effect on screening intentions,
concerns about STls, and attitudes towards sexual health screening (p<0-001);
attitudes regarding CASA were generally positive but differed by race and
ethnicity (Asian participants had the highest score, followed by Black
participants, and then Latino participants), current STl symptoms, native
language, and condom use; around 11% booked appointments directly
through the chatbot, 72% of whom were from minoritised ethnic groups;
CASA appeared to foster an environment conducive to changing behavioural
intentions, highlighting the potential for use in digital health interventions

ChatGPT responses were mainly concise and accurate; for STI prevention,
ChatGPT recommended measures such as safe sex practice and HPV
vaccination but failed to recommend HIV PrEP; when individuals queried
about symptoms, ChatGPT advocated for testing; for treatment, ChatGPT
consistently conveyed the importance of testing and follow-up testing for
sexual partners but was inconsistent on conveying the importance of testing
for other STls

8723 incident episodes of laboratory-confirmed gonorrhoea, chlamydia, or
syphilis were identified between 2008 and 2015; the best performing model
was Bayesian additive regression trees (AUC=0-75), but this model showed
poor balance between sensitivity and positive predictive value, possibly owing
to the low rate of recurrence (11-3% for 1 repeat diagnosis and 2-6% for

=2 repeat diagnoses); incorporating health department surveillance data did
not affect cross-validated AUC-receiver operating characteristic; the machine
learning models did not differentiate well between patients with and without
repeat STls diagnoses

(Table 5 continues on next page)
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Data source and population

Purpose and methods

Findings

(Continued from previous page)

Soeetal
(2024)

The dataset consisted of 4913 clinical
images of genital lesions (1583 STl images
and 3330 non-STl images) and metadata
from MSHC (Melbourne, Australia)

HIV and other STIs

Lattetal
(2024)

Mpox
Soeetal
(2023)157

Thieme et al
(2023)*¢

The dataset included demographic,
behavioural, and diagnostic data from
216252 HIV, 227 995 syphilis,

262599 gonorrhoea, and

320355 chlamydia consultations at MSHC
(Melbourne, Australia)

The dataset included 86 mpox and

1565 non-mpox images from MSHC
(Melbourne, Australia), 260 images
gathered from the internet using data
scraping and verified by pathologists, and
277 mpox images from the Kaggle dataset
for external validation; after
augmentation, 902 additional mpox
images were included

After deduplication and image filtering,
the dataset had 676 images of mpox skin
lesions and 138 522 non-mpox images,
representing both people from across the
globe and various body regions; images
were acquired from public sources and
clinical images of confirmed mpox cases
from Stanford University Medical Center
(California, USA)

Mpox and other STls

Tanetal
(2024)°

Al=artificial intelligence. ART=antiretroviral therapy. AUC=area under the curve. CASA=chatbox-assisted self-assessment. CNN=convolutional neural network. HPV=human papillomavirus. HSV=herpes simplex
virus. MSHC=Melbourne Sexual Health Centre. MSM=men who have sex with men. PrEP=pre-exposure prophylaxis. STl=sexually transmitted infection.

An existing Al-based tool was trained on
5000 images from a global population
(n=2600 with penis pathologies such as
syphilis, HSV, and HPV; n=2400 without)
and subsequently trained on 1000 mpox-
related images and 1000 images of
penises without mpox (n=600 with no
skin pathologies and n=400 with
mimickers)

This study evaluated two binary classification
models to differentiate STls from non-STls based on
clinical images of genital lesions; one model was a
CNN trained on images only and the other was an
integrated model that combined images and
patient metadata

An Al-based risk assessment tool (MySTIRisk) was
used to estimate infection risk scores with Youden’s
Index to determine optimal cutoffs for determining
people who were at high risk of HIV and other STls
in a clinical setting; MySTIRisk uses machine
learning models trained on demographic,
behavioural, and diagnostic data to estimate risk
scores from 0 to 1, where 1 is the highest risk

This study developed and evaluated an Al-based
tool to differentiate mpox lesion images from other
skin lesions seen in a sexual health clinic; the study
assessed six deep learning architectures using a
hold-out testing set and external validation;
generalisability and robustness were improved
using 5-fold cross-validation

This study developed and evaluated an image-based
deep CNN (MPXV-CNN) to identify skin lesions
caused by mpox; the dataset was split into

training (n=518, exclusively laboratory-confirmed
cases), testing (n=158), and internal validation sets
(80:20 split training:validation); cross validation
was performed five times; data augmentation was
used to overcome issues related to imbalanced class
distribution (mpox vs non-mpox images)

The HeHealth smartphone app, which is an existing
digital screening tool for STls, was adapted to screen
for symptomatic mpox using Al; after training,
internal validation of the tool included calculating
specificity using a dataset comprising 100 patient
observations who received a risk score of at

least 80% (high likelihood of mpox) and sensitivity
based on 100 patient observations who received a
risk score of 40% or less (unlikely to be mpox)

Although the image-only model had acceptable performance (AUC=0-859),
the image and metadata model achieved a statistically significantly higher
AUC (0-893; p<0-01), outperforming the image-only model; of 21 metadata
labels extracted from protected health information, integrating demographic
and dermatological metadata led to the largest improvement in the
performance of the image and metadata model

The high-risk score cutoffs were predicted as follows: HIV (86-0% sensitivity),
syphilis (77-6% sensitivity), gonorrhoea (78-3% sensitivity), and chlamydia
(68-8% sensitivity); high-risk groups identified using these thresholds
accounted for 85% of HIV, 78% of syphilis, 78% of gonorrhoea, and 69% of
chlamydia cases; the odds of HIV or STI positivity were statistically significantly
higher in the high-risk group than non-high-risk groups across all infections;
the determined thresholds could assist in identifying individuals for screening
and prevention

The DenseNet-121 model outperformed other models (AUC=0-928) and had
84-8% accuracy; cropping images in the external validation set to the region
of interest significantly improved the performance of all models, increasing
the AUC of the DenseNet-121 model to 0-982; this approach increased the
correct classification of mpox images from 79% (55 of 70) to 94% (66 of 70);
in the external validation dataset, ResNet-18 (AUC=0-990, accuracy=94-7%)
and DenseNet-121 (AUC=0-982, accuracy=92-6%) had the highest
performance

The sensitivity of MPXV-CNN was 91-0% (AUC=0-966) for the testing cohort
and 83:0% (AUC=0-967) for the validation cohort; the sensitivity was 89-0%
in the prospective cohort; MPXV-CNN performed well in classifying mpox
versus acute and chronic skin lesions, and across various skin tones and body
regions; the lowest performance was in Fitzpatrick type Ill skin (ie, light to
medium), with higher false positive rates in darker skin tones (ie, Fitzpatrick
types V and VI); a web-based app was developed to guide patients in using the
CNN

After refining the tool based on user feedback, an internal validation study
showed that the Al-based symptom checker tool had high specificity (87%)
and sensitivity (90%) for symptomatic mpox; issues around generalisability
were addressed by being inclusive of all skin colours, training the tool on other
areas of the body, and training the model to focus on colour-neutral skin
atypicalities

Table 5: Advances in Al in HIV and STl care
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non-mpox causes of genital ulcer lesions.” Other
applications are risk stratification based on machine
learning to guide testing strategies, and to interpret
laboratory results (eg, improve accuracy of HIV rapid
testing).™ Although these applications have been
successfully designed, evaluation of clinical application
is crucial to inform usability and acceptability. Machine
learning that includes all skin types is important for use,
as seen in an mpox ulcer application that was successfully
evaluated in the USA but had unclear performance
results in central Africa. Furthermore, important
medicolegal questions need to be addressed about the
use of these applications in practice, including legal

accountability, confidentiality, and data storage. Al is
only one aspect of the oncoming digital health revolution.

Innovations in HIV and STl service delivery

The HIV field supported by WHO and the International
AIDS Society first introduced differentiated service delivery
in the context of person-centred ART, with an aim of
ensuring that people with HIV are retained in care and
virally suppressed for both individual and public health
benefit. Differentiated service delivery is a client-centred
approach that simplifies and adapts HIV services across
the cascade in ways that better serve the needs of people
with HIV and reduces avoidable burdens to the health-care
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system.” Differentiated service delivery suggests that
country programmes can choose the who, what, where,
and how of HIV treatment delivery.” This serves to not
only provide quality, person-centred care, but also to find
efficiencies within the health system, especially in countries
with large treatment programmes.

With the advent of more prevention options
(eg, long-acting PrEP), this service delivery approach has
now been extended to prevention.* Country programmes
can choose which prevention package to offer and which
prevention components can be offered together. The
effective integration of HIV and STI services within
health-care systems provides an important opportunity
to address both epidemics synergistically. In recent years,
focus has increasingly shifted from facility-based to
community-based and home-based models of care
(figure). Out-of-facility services can be delivered through
community-based and outreach programmes, in non-
clinical facilities, and at specific venues (eg, mobile
clinics).”* These services can be more convenient,
discrete, and potentially less stigmatising, which might
remove barriers to access and reach marginalised groups
at higher risk of HIV than facility-based services would."
Other examples include rapid service sexual and HIV
health clinics that emphasise self-testing, self-care, and
rapid diagnosis and offer same day treatment."
Integration of other services might be included in these
models, such as HIV and STT testing alongside menstrual
health and contraceptive services, or in combination with
mpox vaccination.'”

In a 2023 systematic review, 96 studies provided data on
effectiveness, acceptability, feasibility, barriers, facilitators,
economic evaluation, and social harms of concurrent
HIV and STI testing."* The review found poor concurrent
HIV and STI testing among people who had already been
diagnosed with an STI or who had symptoms of STIs.
Additionally, concurrent HIV and STI testing among
those tested for STIs varied substantially according to the
testing location, country income level, and region of the
world. A few potential reasons for these observations
include differences in national STI-related policies, lack
of standard operation procedures, clinician-level factors,
poor awareness and adherence to HIV indicator
condition-guided HIV testing, and stigma associated with
HIV compared with other curable STIs. However,
strengthened sexual and reproductive health services
(eg, STI screening) could increase the demand for HIV
prevention services and vice versa.'”"™

On a service level, the provision of services, ease of
access, stigmatising features, privacy and confidentiality,
and bureaucracy were barriers. Service factors that
improved ease of access included the implementation of
a dual HIV and syphilis testing strategy, express testing
services for people at low risk of HIV and STIs, and
convenient testing locations. Internet-based HIV and
STI testing—either through self-collection or allowing
clients to present to designated specimen collection
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practitioner Mobile clinics over-the-counter treatment

Figure: HIV and STl service delivery models

Advances in service delivery, with traditional approaches shown on the left (ie, facility-based services) moving

through out-of-facility services in the middle to home-based services on the right.
infection.

sites—that is integrated with existing clinic-based
services increased HIV testing rates. Clients being tested
or diagnosed with STIs at both general practitioner and
STI clinics also felt that a routine offer of HIV testing
would increase testing uptake. Raising awareness of
sexual health in a non-judgemental and professional
manner and maintaining confidentiality was reported to
increase trust and improve the acceptability of HIV
testing. Additionally, positive sex messaging shifts away
from risk-based approaches, focusing on pleasure,
consent, and empowerment. This messaging promotes
sexual health as part of overall wellbeing, encourages
informed choices and routine STI care, and helps reduce
stigma through open and respectful communication.

The routine offer of HIV testing in antenatal settings
and emergency departments has been implemented
successfully in many countries, and rapid POC HIV
testing has markedly increased concurrent HIV and STI
testing. This approach has now been expanded to broader
sexual and reproductive health services in some countries,
such as South Africa.™ The integration of HIV testing
into standard STT care protocols, including PrEP services,
has resulted in more consistent programme performance
across clinics.

Home-based testing as part of self-care includes self-
testing (eg, for HIV testing), self-sampling (eg, for
C trachomatis and N gonorrhoeae testing), and self-
treatment of symptoms using over-the-counter obtained
medication (eg, from a pharmacy or retail outlet,
unregulated distribution channels, or online); these
approaches are often supported by mobile apps on mobile
phones. These services might be offered as a telehealth
tool (ie, to provide screening and medical consultation
from a distance) or through direct-to-consumer models,
where medical professionals are not typically involved.”
In direct-to-consumer models, consumers independently
acquire the medication or testing device or submit a

. STI=sexually transmitted
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sample to a non-medical laboratory, receiving the test
results directly and bypassing traditional clinical
oversight.”” Home-based testing services could remove
geographical inequalities in access, offer autonomy and
privacy, and address concerns about confidentiality and
stigma.”" This provision of care needs to be balanced
against concerns about the lack of appropriately licensed
professionals, quality of testing, linkage to care for those
with positive results, and low regulatory and antimicrobial
stewardship oversight.

Conclusion

The HIV and STI epidemics are linked together in
epidemiological, behavioural, and biological ways. It is
therefore imperative that sexual health programmes are
developed and implemented that offer various
prevention, diagnostic, and treatment options for
different populations and include comprehensive HIV
and STT care.

Innovation and research have been key components
and drivers of the global HIV response. Different ART
regimens and HIV prevention options have been
developed based on individual values and preferences
and have focused on addressing individual and system-
related barriers to successful use. Long-acting treatment
options, which can offer an increased duration of activity
and improved ease of use, are a major step towards
equitable access and use if implementation issues and
cost challenges can be addressed. Furthermore, given the
scale of the HIV programme, service delivery models will
continue to evolve with a focus on self-care, person-
centredness, and differentiated care. It is essential that
these approaches are designed with an inductive
approach (ie, driven by end users, the community, and
service providers) and maintain regulatory and quality
assurance oversight. In that light, further development of
MPTs, digital technologies, and AI will likely play a major
role.

Unlike in HIV research, innovations in the STT field
have been sparse over the past two decades. Doxycycline
PEP is the first efficacious biomedical intervention to
offer to people who have had recent bacterial STIs, and
needs additional research among cisgender women and
to evaluate the selection of antimicrobial resistance.
The development of affordable diagnostic tests
(preferably used at point of care) is imperative to reduce
the burden of infection and associated complications,
but effective vaccines will be required to end both the
HIV and STI epidemics. The present size and diversity
of the diagnostic and vaccine pipelines is encouraging,
although most products are still in the early stages of
development. Investment in these pipelines is
imperative to advance the field of HIV and STI
innovation. Questions on how and if these innovations
(ie, interventions, products, and diagnostics) are
integrated at a service level to ensure optimal health
system use, better user experience, and cost-effective

and favourable HIV and sexual health outcomes need
to be resolved by well-constructed health service
research.

Ultimately, given the real-world effectiveness of
existing interventions and in the context of increasing
global health challenges, the successful development of
HIV and STI vaccines is essential to end these epidemics
as a global health threat. Major progress has been made
to date, but continued investment, commitment, and
support for innovation towards optimised integration is
an ongoing imperative.
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