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Abstract

Modern antiretroviral therapy safely, potently, and durably suppresses hu-
man immunodeficiency virus (HIV) that, if left untreated, predictably causes
acquired immunodeficiency syndrome (AIDS), which has been responsi-
ble for tens of millions of deaths globally since it was described in 1981.
In one of the most extraordinary medical success stories in modern times,
a combination of pioneering basic science, innovative drug development,
and ambitious public health programming resulted in access to lifesaving,
safe drugs, taken as an oral tablet daily, for most of the world. However,
substantial challenges remain in the fields of prevention, timely access to di-
agnosis, and treatment, especially in pediatric and adolescent patients. As
HIV-positive adults age, treating their comorbidities will require under-
standing the course of different chronic diseases complicated byHIV-related
and antiretroviral toxicities and finding potential treatments. Finally, new
long-acting antiretrovirals on the horizon promise exciting new options in
both the prevention and treatment fields.
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INTRODUCTION

The development of antiretroviral therapies that are effective against human immunodeficiency
virus (HIV), paired with the infrastructure to enable the diagnosis, monitoring, and treatment of
HIV and its complications, has been one of the most remarkable success stories of public health in
the last 30 years. This success, coupling sophisticated diagnosis and case finding, more potent and
safer treatments, and better monitoring, may extend to a future HIV cure. Addressing each aspect
of HIV diagnosis, linkage to care, and treatment, or the so-called cascade of care, was accelerated
by the huge injection of financial aid by donor organizations such as the Global Fund and the
US President’s Emergency Plan for AIDS Relief (PEPFAR), as well as by significant domestic
support in many countries. This approach ultimately allowed HIV programs to include the use
of antiretrovirals across the globe (1–5). Creative approaches allowed these cascade points to be
addressed in many countries, which resulted in large reductions in incident infections (6).

Modern antiretroviral therapy (ART), now available in most areas of the world, has been the
bedrock of the HIV response program. After a period in which HIV treatment was well known for
its complicated dosing regimens and toxicities, the newest antiretroviral therapies, almost always
requiring only a single pill daily, are extremely well tolerated after the first few weeks. Remarkably,
life expectancy in successfully treated HIV-positive people in many parts of the world is now
approaching normal.While this is likely partly due to a channeling bias, the transition from being
a universally fatal condition just 25 years ago is another marker of how rapidly HIV therapy has
been transformed at both the individual and population levels.

Challenges remain, including the persistently high incidence of HIV infection in many ar-
eas due to the failure of prevention programs and the issues for health systems in retaining and
supporting individuals in lifelong therapy. Some countries, from diverse parts of the world, have
achieved universal access—the 90-90-90 target of 90% knowing their HIV status, 90% on treat-
ment, and 90% virally suppressed, which modelers believe will allow for epidemic control. Indeed,
the incidence of infection is dropping in most areas of the world, including in southern Africa,
where the burden of disease is the highest.

In this review, we briefly discuss how modern ART has evolved around these cascade innova-
tions and our understanding of complex areas such as viral resistance.We then address challenges
to the achievement of universal health and well-being for people with HIV through reducing
noncommunicable disease risks among those who are successfully ageing.

HIV DIAGNOSIS

Development of diagnostic tests forHIV infection had sensitivity hurdles to clear during the 1980s
and 1990s, but the current generation of tests is reliable, widely available, and affordable, with
home self-testing well established in many parts of the world (7). This expansion in self-diagnosis
has helped guide recent policy discussions around the expansion of COVID-19 self-sampling and
home antigen testing strategies. Current programs are well served by these HIV tests, and now
focus is largely on the cost effectiveness of fourth-generation tests, which add antigen testing to
antibody detection, thereby narrowing the window period during which the patient tests negative
with the disease early after infection, but at increased cost.

There are other diagnostic needs in the field as well (8).One area of complexity is breakthrough
HIV infections in patients who are taking pre- and postexposure prophylaxis (PrEP and PEP) (9,
10) where, in some patients, antibody and antigen responses may appear blunted, delaying test
positivity, and where alternative strategies around testing may be required (11). PrEP is discussed
in more detail below, but as its use is expanded, the dilemma around diagnosis poses a challenge to
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large-scale public health programs that have little tolerance for complexity. Another area of active
diagnostics research involves testing in the setting of HIV cure therapeutics, either full eradica-
tion of the virus or a functional cure, in which the virus remains in permanent remission without
continued antiviral drug pressure (10, 12, 13). Diagnosis in these patients has become the primary
challenge to test success, as withdrawal of suppressive ART is the only way to establish an actual
cure, and establishing eradication of viral reservoirs in inaccessible deep tissue is currently not pos-
sible (14–16). The ability to reliably diagnose the presence of residual replication-competent virus
would be of substantial benefit, as withdrawal of ART is theoretically associated with significant
immune destruction in patients already exposed to immunosuppressive drugs (17). There is still
a need to focus on improved assays for early infant HIV diagnosis, which is key to securing early
treatment, and there are similar issues related to suppression of antibodies and low viral reservoirs
after very early treatment initiation (10, 18, 19). There is additional interest in recency assays,
which differentiate HIV acquired within the last 12 months from more longstanding infection, to
establish hot spots for public health interventions (20).

Late diagnosis remains a programmatic issue that relates to complex social determinants of
health (21). A significant minority of patients with HIV present to care with severe levels of im-
munosuppression, often when they are ill or hospitalized. Late diagnosis remains a public health
issue everywhere HIV is common (22, 23). Even the best-performing HIV testing programs are
unable to reach many of these patients or link them to care after the diagnosis of HIV has been
made (24). Men are heavily overrepresented in this group, and it is likely that complex issues
around denial and stigma play a role, requiring the creative implementation of research (21).

TREATMENT

Modern first-line ART almost universally consists of a combination of three antiretrovirals in a
daily oral tablet, or, occasionally in high-income countries, a combination of two drugs (25–28).
Some patients, having failed older regimens with lower resistance barriers and requiring medi-
cations that can overcome this resistance, are still on legacy or second- and third-line therapies,
comprising multiple tablets that are more toxic and more expensive than first-line therapies. Even
here, many patients have been moved successfully to these new first-line therapies that have high
resistance barriers, simplifying their regimens.

Since the early 2000s, oral first-line ART combinations have consisted of two nucleoside
reverse transcriptase inhibitors (NRTIs) and a nonnucleoside reverse transcriptase inhibitor
(NNRTI). This combination has been the bedrock of therapy in low-income countries (and,
for most of that time, in high-income countries in similar forms), with excellent efficacy in key
populations that include pregnant women and those requiring rifampin-based tuberculosis (TB)
therapy (25, 29). In the last 5 years, oral therapy has globally evolved by replacing the NNRTI
with a second-generation integrase inhibitor (INSTI). This change has resulted in benefits in
terms of both reduced toxicity and significantly increased barrier to resistance when compared to
the NNRTI class of therapies (30).

Current first-line therapy combinations vary slightly between and within high- and middle-/
lower-income countries. Some tinkering is occurring with the current oral three-drug therapy
by switching between or removing tenofovir disoproxil fumarate (TDF) or tenofovir alafenamide
(TAF) from the combination (both are featured in almost all ART worldwide) on the basis that
the renal and bone toxicity associated with these two drugs would be minimized. Two- (or one-)
drug simplification regimens have traditionally been unpopular, with prior iterations failing due
to inadequate potency, but the combination of dolutegravir, a second-generation INSTI, with
lamivudine has been shown to be durable in clinical trials and in limited real-world use (31–33).
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However, this combination, as well as other dual combinations, has not proved popular in wealthier
countries, probably due to the earlier experiences with potency. TDF and TAF have potent anti–
hepatitis B properties when combined with lamivudine—hepatitis B is a common coinfection with
HIV in many low- and middle-income countries—offering a welcome free cotreatment without
the need for screening for hepatitis B; hence, the move to dual therapy by dropping TDF or TAF,
both of which add minimal additional cost or toxicity, has been met with resistance in these areas
of the world (34, 35).

There are differences in renal, bone, and lipid toxicities between regimens, alternately favoring
either TAF (renal/bone) or TDF (lipid), but the clinical implications of these markers are unclear
and are likely to need years or even decades of follow-up to establish whether these effects result
in significant end-organ disease (30, 35–38). Obesity is a major side effect of treatment for peo-
ple with HIV, but it appears that changing between drugs is unlikely to significantly change the
weight gain trajectory (39–42). Other side effects associated with INSTI-based regimens include
neuropsychiatric and sleep issues, but these are rarely significant and usually resolve. Drug-drug
interactions are relatively limited with INSTIs and NRTIs, meaning that first-line therapy is
relatively simple to administer (27, 28, 43).

New Therapeutic Developments

Recently, much excitement has been generated by the promise of longer-acting HIV drugs (44,
45). HIV agents with longer durations of action have been developed in oral, injectable, and
implantable formulations and as infusions. The first-generation dual-therapy treatment combi-
nations are given as two intramuscular injections every two months and were recently licensed by
the US Food and Drug Administration (FDA). Newer drugs are emerging, although two of the
most promising candidates, islatravir (being explored as a long-acting oral or implantable formula-
tion) and lenacapavir (used as a long-acting subcutaneous injection), had development difficulties
due to concerns around toxicity (lymphopenia in islatravir) or manufacturing issues (glass packag-
ing with lenacapavir) (46, 47). However, there is little doubt that these, or others in development,
will make their way into use. Initial candidates have demonstrated high resistance barriers, similar
to the second-generation INSTIs. Additional safety data, as well as evidence of safety in pregnancy
and a better understanding of drug-drug interactions, especially with hormonal contraception,will
be needed before widespread use in the public health setting (48, 49). Some of these medications
lack activity against hepatitis B and cannot be used with rifampin, previously both deal-breakers
for public health programs.

The introduction of these new antiretrovirals into guidelines and large global public health
programs entails a series of challenges that are not part of the registration process and often mean
that these medications take several years before they are available for widespread use. For ex-
ample, antiretroviral originator companies overwhelmingly test medications in white males, who
are usually in good socioeconomic circumstances (50). Women who become pregnant are usu-
ally immediately excluded from these studies. Safety in women and during pregnancy is often
only ascertained years after a drug is registered, through pregnancy registries or observational
studies, posing a challenge for sub-Saharan Africa, where women of reproductive age make up
most of the HIV-positive population. Guideline committees must consider the prevalence of dis-
eases such as hepatitis B and C and of TB, since rifampin and other drugs used to treat TB have
major drug interactions with many classes of antiretrovirals. The number of these conditions
is often higher in Africa and Asia when compared to North America and Europe, and hepa-
totoxicity is a difficult clinical complication when it occurs during antiretroviral initiation (25,
49).
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Children and HIV

Another challenge to the widespread adoption of long-acting injectables is that current first-line
oral daily therapy is so effective. These regimens are extremely well tolerated, have a formidable
resistance barrier and an acceptable safety profile for pregnant women, can be used in TB, and
are very affordable in low- and middle-income countries, with multiple generic options. Because
of these factors, the bar is very high, and it may take generations of long-acting agents to replace
the current daily offerings.

The field of pediatric HIV is in a curious and complex position (51). Effective therapy for
pregnant women with HIV has meant that HIV-positive births are rare in well-functioning HIV
programs; for instance, in South Africa, cases have dropped from a peak of 70,000 children born
with HIV every year to just under 2,000 a year (52–55). This, however, creates downstream pro-
gram issues. First, case finding becomes much harder, especially as pediatric HIV patients require
definitive diagnosis months after birth, when they may be lost to follow-up (19). Secondly, chil-
dren require dose titration as their weight changes (and switches from liquid to oral formulations,
and from protease to integrase inhibitors), which requires a level of experience unavailable at most
primary care facilities. Next, the lower numbers of children born with HIV means that there is
no commercial impetus for pharmaceutical companies to develop new formulations, and fewer
patients are available for participation in clinical trials (the FDA has recently issued alternative
development guidance in recognition of this) (56). Finally, the complexity of managing children,
with secondary caregivers, issues around disclosure, and transition to adolescence and subsequent
impact on adherence,means that this population will need continued focus in the future.However,
the benefits are profound if these complications are managed, with the first children born with
HIV starting to see their grandchildren entering the world, a further testimony to the long-term
efficacy of ART (57).

Treatment, Drug Sequencing, and Antiretroviral Resistance

Philosophically, modern ART has undergone a major shift in thinking in the last decade. One
of the most debated research issues in the HIV field is suddenly in a peculiar pause, as the new
generation of integrase inhibitors and new classes of drugs have introduced resistance barriers
that have thus far proven nearly insurmountable, completely overturning previous treatment and
monitoring paradigms (58–60).

Confronting antiretroviral resistance has occupied the HIV world since the development of
polymerase chain reaction (PCR) technologies to measure HIV viral load and, subsequently,
the development of HIV resistance genotyping (61). HIV is highly mutagenic, generating every
known resistance mutation in viral progeny in untreated patients every day, meaning that non-
suppressive regimens select resistant strains of HIV within the patient, with resultant viremia and
continued immune dysfunction, as well as potential community spread of resistance (1, 15, 62,
63). Genotyping has been done in many high-income countries in newly diagnosed patients to
guide the initial selection of ART, although data to support this approach have been lacking in
recent years (15, 64). NNRTIs were used routinely in first-line therapies until the availability of
INSTIs, as they were the best tolerated but had the lowest barrier to resistance and failed with
resistance when adherence was even slightly compromised (65). Other drugs with more robust
resistance barriers, mainly the protease inhibitor class, had more side effects, twice daily dosing,
greater tablet burdens, drug-drug interactions, food restrictions, and greater metabolic toxicity,
and they were often more expensive (65).

As a result, the notion of sequencing antiretrovirals has been an integral part of ART for
two decades, putting the safest (but most fragile) NNRTI-based regimen up front, with tailored
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offerings that include later use of the protease inhibitors (29, 65). In high-income countries, geno-
typing was used to guide these choices, but in most of the world, resistance selection was relatively
predictable, with blind cycling based on either clinical, immunological (CD4 lymphocyte), or vi-
rological criteria that marked failure. The World Health Organization (WHO) and guideline
groups used this knowledge about resistance to select best-guess regimens once failure was es-
tablished, depending on the resources available. This approach, first used in WHO guidelines in
2003, involved replacing NRTIs (later maintaining lamivudine) while changing the NNRTI to a
protease inhibitor, and it was very effective, with subsequent large randomized controlled trials
(RCTs) confirming the approach, showing that viral suppression was possible in the large majority
of cases (65–68).

These RCTs and other studies contributed data to the increasing recognition that standard
genotyping algorithms did not always accurately predict responses to future regimens. This find-
ing built on the long-standing recognition that resistance to cytosine analogs such as lamivudine
conferred additional potency to partner antiretrovirals, paradoxically strengthening combinations
(69). The original genotyping scoring system was built for antiretroviral monotherapy and subse-
quently adapted to accommodate dual and triple therapy, but validation was complex (63). These
prediction scores, when applied retrospectively to samples used in these RCTs, suggested that
blind sequencing should not work, as many of the drugs, specifically the NRTIs, should have no
activity against HIV. In fact, almost all the patients were suppressed despite having, in theory, no
functional NRTIs (66, 67). The mechanism of this residual activity of the NRTIs and the potency
of the overall regimen functions are the subjects of much speculation in the resistance world, and
they have led to more confidence in designing studies that recycle drugs that were previously
assumed to have been lost to resistance.

Even as this resistance conundrumwas playing out around recycled NRTIs, the wealthier parts
of the globe saw the rapid ascent of the second-generation INSTIs, specifically dolutegravir and
bictegravir, initially due to their significant tolerability benefits over NNRTIs (70). However, it
became apparent that these drugs conferred remarkable barriers to resistance in all lines of therapy.
Confirmed INSTI resistance has been documented in only a handful of cases despite use in tens
of millions of first-line patients (71). Introduction of these drugs into legacy patients, on various
second, third, and salvage regimens, has similarly meant that many have seen their virus controlled
and their treatments simplified. Virological control in the INSTI era is almost routine, even in
patients with significant previous treatment histories and documented resistance. However, occa-
sional failure with these INSTIs has been documented in people previously failing older integrase
inhibitors such as raltegravir (34). This is of concern with the introduction of cabotegravir, also an
INSTI, but used as an injectable formulation in PrEP and treatment programs. Cabotegravir has
an exceedingly long tail, which means that significant plasma levels are detectable for months or
even up to a year after discontinuation and may be able to induce resistance in seroconverting pa-
tients, especially as cabotegravir has a lower resistance barrier than dolutegravir or bictegravir (44,
72, 73). Cabotegravir has only been used in prevention registration studies and only very recently
in treatment studies, so use in less-monitored arenas may see more cases of resistance (74–76).

Circulating resistance has been steadily dropping in wealthier countries, and despite the almost
universal use of INSTIs in some countries for nearly 10 years (including the use of first-generation
INSTIs), little circulating INSTI resistance has been seen (27). In low- and middle-income coun-
tries,NNRTI resistance has been steadily rising, a by-product of NNRTI-based first-line therapy,
since large-scale public health programs started in the early 2000s (77). However, this issue is
likely to recede with the mass replacement in first-line and much of subsequent-line patients, with
fixed dose combinations with dolutegravir replacing efavirenz-based NNRTI combinations (34,
71, 78–80). Interest is now focused on whether this transition will lead to resistance in viremic
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RESEARCH THAT SHIFTED HIV PRACTICE

Arguably the most important HIV study of the last 12 years was the National Institutes of Health–funded HPTN
052 randomized control study (136). Breathtaking in its ambition, budget, scale, and geographic scope, and nego-
tiating the roller coaster of rapidly evolving HIV guidelines, the study allocated serodiscordant couples to arms
deferring antiretroviral therapy (ART) in the HIV-positive partner versus immediate initiation of treatment be-
tween 2007 and 2010. At the time, it was not recommended that people initiate ART at high CD4 counts, as
therapy was toxic, benefits appeared marginal at best, and options after developing resistance were toxic. Essen-
tially, HIV-positive people were being called on to take treatment to protect their partners. The initial report was
astonishing—28 infections occurred in the deferred arm linked to their partner, and only one case occurred in
the treatment arm, probably due to an undiagnosed seroconversion at study entry. The results were confirmed in
subsequent follow-up, along with a modest morbidity benefit for those starting therapy. The morbidity and then
mortality benefits were proven to bemuch larger by the subsequent highly influential START study and others once
safer ART was used (144). However, the transmission benefit confirmed earlier observational studies and provided
major impetus for the international treatment movement over the next decade.

patients—with accumulating information from two sources, the NADIA and ARTIST studies,
that recycling of TDF and lamivudine is effective (77, 81–83).

In 2022, where does the resistance landscape stand (60, 84)? It may be less of a clinical concern,
at least in the medium term, than it was in the past. Patients routinely achieve viral suppression,
and if this is not so, the only plausible reason, if they are using second-generation INSTIs, is
nonadherence, as opposed to previous regimens where viral resistance may have been a cause.
Interventions are no less complex—adherence can be notoriously difficult to achieve—but the
root cause of viremia does not require genotyping. New candidate drugs under development
are unlikely to return us to the old paradigm of sequencing (84). In the process, we are seeing
the steady extinction of a range (and even whole classes) of older antiretrovirals in the face of the
integrase inhibitor era, including efavirenz and other NNRTIs, azidothymidine (AZT), the older
integrase inhibitors, and, probably soon, all the protease inhibitors, at least for adults (pediatric
HIV has a far more limited formulary) (see the sidebar titled Research that Shifted HIV Practice).

STAGING AND MONITORING OF HIV DISEASE

Initial attention focused on identifying biomarkers of disease progression, and then, as increasingly
effective ART evolved, on the use of biomarkers to monitor treatment (85). The identification of
the now ubiquitous CD4 count, a subset of lymphocytes that when depleted correlate well with
immune suppression and risk of opportunistic illness, was a major breakthrough in the pre-ART
era. The CD4 count allowed clinicians to develop differential algorithms for complex clinical
presentations and for both the initiation and discontinuation of infection prophylaxis.

The next breakthrough was the development of quantitative viral load monitoring, using PCR,
which initially allowed for a more nuanced understanding of HIV disease pathogenesis and trans-
mission risk and for the impact of ART. A still widely used pathogenesis metaphor introduced by
John Mellors in 1996 is a train on a track, heading for disaster, with the train being the patient,
the length of track the CD4 count, and the viral load the speed of the train (86). As antiretrovirals
came into development, the metaphor was adapted to include the impact on viral load (slow-
ing the decline and eventually allowing the CD4 count to recover, reversing the train) and even
nonadherence and the development of resistance. Viral load thresholds serve two purposes—they
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serve as a level at which transmission occurs and at which triggers for switching occur before the
accumulation of significant resistance. WHO uses 1,000 copies/mL as a compromise to balance
unnecessary switching with the ongoing development of resistance; however, recent work, which
was done on NNRTI-based regimens that are now being phased out, suggests significant pred-
icative failure below this threshold (87). Viral loads remain the cornerstone of HIV therapeutic
monitoring in modern guidelines, but the expense and complexity of testing mean that poorer
countries still do not routinely have access to this technology. Hence, strategies to either simplify,
replace, or expand testing continue to be a focus of universal roadmap strategies. In addition, the
quantitative aspect of testing is being interrogated; absolute numbers at the lower thresholds of
detection trigger drug switches in lower-income countries, and any levels of detectability may trig-
ger expensive genotyping testing in richer areas.With the onset of modern INSTI regimens that,
as yet, do not select for resistance in first-line treatment, it is unclear what value these thresholds
serve or, indeed, whether genotyping is required at all.

The future steps in staging and monitoring are, paradoxically, how to simplify the above. As
ART has become more predictably effective and immune reconstitution routine, guidelines have
begun dropping the monitoring of CD4 count. There is strong interest in developing screening
tests for use before doing viral load or point-of-care testing or developing complete alternatives
to viral load testing. Ultimately, the goal for large public health programs, which often treat many
millions of patients in the public sector, will be to develop effective differentiated models of care
(88). In such models, the vast majority of patients who are doing well with virologic control can
be offered long-term treatment prescriptions and few clinic visits, with resources focused on the
few high-risk patients who struggle with treatment.

AGEING AND HIV

Predictably, as HIV-positive people age, they develop the complications of growing older, includ-
ing a whole range of noncommunicable diseases and cancers (89, 90). On top of this, HIV and
antiretrovirals play a complex and evolving (albeit controversial) role in this ageing process.

In many countries, people with HIV are drawn from communities that exhibit behaviors that
put them at risk for these diseases. In many northern-hemisphere countries, HIV-positive com-
munities have a very high prevalence of smoking and associated frailty, and in areas where needle
sharing is the main route of transmission, untreated hepatitis C causes a large amount of chronic
liver diseases (91). In sub-Saharan Africa, smoking and chronic lung disease as a result of treated
tuberculosis are common problems (92, 93).

HIV itself, even when successfully treated with viral levels below the point of detection, appears
to be associated with low-level continued inflammation. This inflammation is a concern, as it
appears to be associated with long-term endothelial dysfunction and increased cardiovascular and
other diseases (94–98). Large studies are currently looking at the routine use of statins in HIV-
positive populations, utilizing their anti-inflammatory and lipid effects, and the results of these
studies may signal a new frontier in primary prevention strategies in this patient population (99).

Since 2017, obesity has emerged as a major issue within modern ART. Debates rage as to
whether specific antiretrovirals impact weight gain as either facilitators or mitigators, but it ap-
pears that weight gain may be a feature of all modern antiretroviral therapies, a major concern in a
world where the obesity epidemic is emerging as the next major health challenge across the globe,
especially in middle- and low-income countries (40, 41, 100–105). Few options currently exist for
addressing weight gain in treatment guidelines and essential drug lists, and the few pharmaceu-
tical agents available are rarely used (106). However, promising agents are rapidly emerging, and
integrating these within HIV care, for a priority population at very high risk of new-onset obesity,
is likely to be a therapeutic priority for new research (107, 108).
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To make this picture even more complex, antiretrovirals may play a role, by class and even by
individual drugs within classes, in metabolic outcomes (109). Older antiretrovirals have impacted
metabolic outcomes as diverse as glucose, lipid, and bone metabolism. Currently used NRTIs are
implicated in renal and bone changes, as discussed above, and some INSTIs can increase inflam-
mation (94).Most HIV-positive patients live in low- and middle-income countries, and traditional
risk factors such as increases in glucose, lipids, blood pressure, and weight, as well as other factors,
are correlated with verified cardiovascular and other outcomes seen in rich countries. Even within
the richest countries there is concern that simply applying these risk factors from HIV-negative
populations may not give a true picture of future risk for HIV patients, specifically with calculators
being adapted for people living with HIV (110–112).

TREATMENT STRATEGIES

Initially, patients infected with HIV were treated with antiretrovirals, given as often as every four
hours, in handfuls of tablets, with many causing significant side effects, requiring doctors with
significant expertise. Treatment has since evolved to the point where most patients can adequately
self-manage themselves within the context of primary care, with occasional visits to a facility and
obtaining annual blood draws, and physician expertise is only required as needed. While modern
treatment is very well tolerated, adherence remains an issue, and social determinants have steadily
becomemore common reasons for patients’ poor adherence. Poverty, lack of access to care,mental
health issues, substance use, unstable living conditions, changing employment, and a range of
other factors impact adherence and often are far more complex for clinicians to solve (113–116).
In much of the world, especially in rich countries such as the United States, simply having access
to affordable health care is highly predictive of successful virological suppression. As discussed
above,maintaining adequate adherence in adolescents is particularly difficult, resulting in far lower
suppression rates than in adults or pediatric preadolescent populations.

Same-day initiation has been the most recent programmatic innovation, in which treatment is
started, if patients are deemed ready, on the day anHIV diagnosis is made (117, 118).This strategy
was found to be safe in randomized clinical trials using a simple screening algorithm that excluded
comorbidities that could make rapid induction with ART risky.This approach resulted in a greater
proportion of patients being retained in care in themedium term,with similar viral suppression be-
tween treatment arms. In countries with PEPFAR programs, this policy has been rapidly rolled out
and has been largely successful, despite significant clinician discomfort around patient prepared-
ness for this rapid induction.Other innovations in treatment strategies have focused on delivery of
services, including drug delivery to localities closer to patients’ homes and including multimonth
prescriptions (119, 120). Patient tracking and electronic systems that capture patient details and
data from pharmacy and laboratory systems have been frustratingly difficult to implement, even
in rich countries, and not just for HIV management. However, efforts continue to be made to
scale these systems beyond pilot projects, recognizing the enormous need for better monitoring
and evaluation of these programs (121). The use of digital platforms/mHealth to maintain patient
engagement and communication for retention has had mixed success globally and has been hard
to achieve in most settings, largely due to data safety and security acts imposed by countries, as
well as the cost of collecting and maintaining the data (122). Innovative decentralized care models
using private pharmacies to initiate PrEP, PEP, and therapy are being explored in several areas of
the world (123, 124).

Prophylaxis against HIV-linked opportunistic disease, both primary and secondary, as well
as treatment, has largely remained the same for the last decade, except for progress in the
treatment of cryptococcal meningitis, where more abbreviated and simpler forms of treatment
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with amphotericin B are being tested, and the judicious use of steroids in hospitalized patients
with immune reconstitution tuberculosis (28, 125–127).

HIV CURE

Utilization of stem cell techniques to introduce genetic subtypes associated with cellular immunity
to HIV infection into HIV-positive patients, altering the host genome, has now been shown to be
possible (62, 128–130). Ironically, HIV treatment has evolved to the extent that the strategies to
effect a cure are far more toxic than current ART and can only be implemented when addressing
a concomitant severe disease. As a result, only four people thus far have been cured (and most
have had significant side effects) (131). However, these gene therapies and other proofs of concept
provide a parallel roadmap to possible future cure strategies, and the National Institutes of Health
and others have provided significant resources to encourage research in this area. Whereas many
cure strategies, ranging from the use of monoclonal antibodies to HIV latency reversal, are under
study, this field of research remains years away from an effective, scalable option, which reinforces
the need for further strengthening HIV cascade programs and HIV prevention methods (132).

HIV PREVENTION

Any roadmap to treatment necessarily needs to include approaches to HIV prevention. Popula-
tions vulnerable to HIV vary widely between and even within geographical areas and evolve over
time. Heterosexual transmission is still prominent in much of southern Africa, which contains
over 70% of the global burden of disease. A significant proportion of transmission is found among
young women and sex workers. In much of the rest of the world, incidence is high among men
who have sex with men, injecting drug-using populations, transgender populations, and sex work-
ers (2, 133). Overall, HIV incidence is declining globally, but this figure conceals huge complexity,
with large drops in incidence in women in southern Africa, but with a large epidemic in some
eastern European countries. A recent switch in the United Kingdom to heterosexual transmission
of new infections is testament to how HIV epidemiology can change (134). The decline in global
infection rates is complex and probably due to a combination of the natural dynamics seen with
infectious diseases more generally affecting the most vulnerable initially, antiretroviral access, and
behavioral factors such as access to condoms and circumcision, all of which vary markedly by area
(2). A new hypertransmissable variant of HIV identified in Holland has sounded alarms, probably
based on the concomitant COVID-19 epidemic and hyperawareness of variants such as Omicron,
and it is uncertain whether this has any real impact on HIV transmission dynamics (135).

The recognition that full viral suppression in HIV-positive people eliminates onward trans-
mission has further renewed the impetus for addressing increased access to ART, and the test and
treat focus of the last few years has been a major thrust of donor agencies such as PEPFAR in the
quest for epidemic control (136).

Existing prevention modalities, such as medical male circumcision and condoms, have recently
been supplemented by PrEP, which provides high levels of protection to both men and women
when taken orally. New prevention options, including a vaginal ring and injectable cabotegravir,
both of which are poised to enter the market, along with other forms of oral, injectable, and im-
plantable agents, are being explored in preregistration and registration studies (44, 137, 138). PrEP
uptake has been poor outside of a few major cities and within some verticalized key population
programs, but even this limited uptake has been associated with profound drops in incidence in
certain countries in Europe and in cities in the United States (138, 139).

HIV vaccine andmicrobicide research efforts continue, although recent efforts have again been
unsuccessful (137, 140). There is renewed optimism and enthusiasm for research in the vaccine
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field, some related to the success of the messenger RNA vaccines and the sheer speed of clinical
trial results seen during the SARS-CoV-2 pandemic.

Prevention efforts continue to be constrained in many parts of the world, as evidence-based
interventions are thwarted by legal frameworks that prevent access to stigmatized populations at
high risk forHIV.Harm reduction programs have been shown to work in a wide range of scenarios
but are often denied to people who inject drugs, while ongoing criminalization of sex work and
homosexuality in some countries hampers efforts to access certain populations (141). Different
strategies to monitor the epidemic, including the use of recency assays, are challenging, espe-
cially when interventions lack precision or focus, requisite evidence of efficacy, or the resources
to make a difference (142). Finding a hot spot of infections in a community is appealing to public
health outbreak workers, but there are few successful models that address effective methods to
intervene, other than perhaps renewed efforts to improve access to testing and antiretroviral care.
Increasingly, it appears that a kitchen-sink approach—combining multimodal prevention strate-
gies that target many different populations and individual preferences—will be the most effective
prevention strategy from a public health perspective (56).

ACCESS TO MEDICINES AND INNOVATIONS

HIV medicine does offer some lessons to the rest of the medical field—with enough ambition,
focus, and resources, remarkable achievements are possible, especially when everyone with a stake
in the outcome, including patients and communities, is involved meaningfully in the discussions
around how to make this happen (143). It is interesting to see that some of these lessons are being
applied to the diagnosis and treatment of tuberculosis, for which significant gains are being made
(125, 133).

HIV therapy has become the benchmark for achieving improved adherence. Older antiretro-
viral combinations had very little forgiveness, so adherence rates of around 90% were required,
and strategies to routinely attain this were required from both clinicians and patients. Importantly,
this high level of adherence was required outside of specialist clinics and at scale, even in the poor-
est areas of the globe. Meaningful patient buy-in was paramount and has been successful in most
cases, compared with lower success rates seen in routine hypertension, diabetes, and other chronic
care situations (88).However,HIV clinics have been less effective at integration of other beneficial
services such as TB screening, and other screening services, such as for contraception, are almost
nonexistent (116, 120). A fully integrated clinic, in which all chronic diseases and health needs are
screened consistently, needs to be the new model. Whereas the PEPFAR program has become a
global model of effective public health funding and implementation in response to a global epi-
demic, it has also reinforced our understanding that additional programs, funding, and attention
to other conditions will be needed to combat the changing priorities for people with HIV. The
program might also serve as a model for combatting the next generation of health priorities, such
as noncommunicable diseases, which will also benefit from sustained support for chronic disease
care strategies.

CONCLUSION

The road map looks promising from afar: excellent diagnostic tools, with results available in min-
utes, followed by same-day initiation with very safe, highly potent single daily tablets that appear
to have the ability to suppress the virus for years, possibly forever, while completely blocking on-
ward transmission, and the virus in retreat in terms of global incidence. Millions of people are
alive today due to the success of the global HIV care program, and people with HIV can look
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forward to living normal or near-normal life spans, with no restrictions on their ability to work,
have families, play sports, or participate in society in any way.

However, as people on these antiretroviral therapies age, a whole series of new challenges are
facing them, as the unknowns of chronic viral infection and its impact on other diseases associated
with ageing manifest themselves. Obesity and its associated complications, a particular feature of
successfully treated HIV, may prove to be one of the most difficult clinical issues to address in
a world in which obesity remains a growing and poorly addressed issue. Aggressively addressing
associated factors—smoking, frailty, poor diet, and substance abuse that may contribute to ill-
health—is a key issue for HIV clinicians going forward.

At a public health level, continued focus on prevention and case finding, using effective but
underutilized interventions such as harm-reduction interventions and PrEP, will allow for further
incidence reductions. There are still populations that need more attention; pediatric HIV is rare
but requires focused attention to ensure that they get the complex health care they require for
good outcomes, and adolescent care is especially fraught with adherence challenges.

While cure strategiesmay figure in the distant future, the immediate therapeutic breakthroughs
are more likely to be found in long-acting medications, accompanied by therapeutics addressing
inflammatory and chronic diseases, as either primary or secondary prevention.
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RELATED RESOURCES

WHO (World Health Organ.) HIV/AIDS: https://www.who.int/health-topics/hiv-aids#tab=tab_1.
WHO produces exhaustively reviewed guidelines that assist countries throughout the world to adapt
to their local circumstances.

UNAIDS AIDSinfo: https://aidsinfo.unaids.org/. UNAIDS provides updates on the global, regional, and
country-specific state of the epidemic.

HIV Treatment Bulletin: https://i-base.info/htb/. This website, compiled by independent activists, is a
remarkable compilation of HIV new diagnostics and medications in development, with reviews of break-
ing conference data and an annual overview of each candidate medication and the current state of
development.

Clinical Care Options: https://www.clinicaloptions.com/?q&sortBy&sortOrder=asc&page=1. USA-
based Clinical Care Options provides excellent slide decks, podcasts, webinars, and discussion blogs,
among others.

Academic Medical Education: https://academicmedicaleducation.com/about-ve. A Europe-based and
more global speaker bureau.

SouthernAfricanHIVClinicians Society:https://sahivsoc.org/Subheader/Index/sahcs-guidelines.A large
repository of resources focused on southern Africa.

AVAC: https://www.avac.org/. An up-to-date collection of reliable resources on the state of HIV prevention.
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