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The researchers envision that one day people will 
be able to draw a blood sample into a chip the 
size of a medium-sized coin, which could then be 
inserted into a LUCAS-equipped cell phone that 
would quickly identify and count the cells within the 
sample. The read-out could be sent wirelessly to a 
hospital for further analysis.

Rapid diagnosis of sexually  
transmitted infections

Sexually transmitted infections increase HIV 
transmission and vulnerability, and there is a 
continuing need for the development of rapid 
diagnostic tests for gonorrhea, HSV-2, and other 
sexually transmitted infections suitable for use in 
women and men, similar to the rapid diagnostics 
already developed for syphilis.12

Diagnosis of acute HIV infection

There is also a need for low-cost tests to serve two 
purposes: earlier detection of HIV in acutely infected 
individuals, and identification of incident HIV 
infections in clinical trials.

Current antibody tests typically begin to detect 
antibodies to HIV an average of 25 days after 
infection; combined antibody-antigen assays 
usually detect HIV infection around 11–16 days after 
infection, and HIV viral load tests (HIV RNA PCR) 
usually detect HIV infection within 9–14 days of 
infection.13 

The high risk of HIV transmission during acute 
HIV infection, due to high virus levels, and the 
substantial proportion of new infections attributable 
to individuals in the primary phase of HIV infection, 
together make the earliest possible diagnosis of 
HIV infection an important public health goal. 
Future prevention strategies based on the use of 
antiretroviral drugs (such as PrEP and microbicides) 
will depend on an accurate diagnosis of HIV status 
in order to limit the risk of giving suboptimal 
treatment regimens to people that might lead to 
drug resistance. 

Current antibody-antigen assays require shipping of 
samples of central laboratories; they are not rapid 
tests administered at the point of care. Low‑cost 
point-of-care tests to enable earlier diagnosis 
of HIV infection would be of benefit not only in 
resource‑limited settings but in the developed 
world, too.

We also need better biomarkers of inflammation 
and exposure for use in prevention efficacy and 
safety studies, in order to monitor potential negative 
effects of products, to assess the frequency of 
HIV exposure without infection, and to determine 
exposure to semen and to trial products.14,15 New 
biomarkers for protection against TB exposure and 
active disease would contribute to the development 
of TB vaccines, treatments, and diagnostics.

Development of markers of HIV incidence and 
exposure could also contribute toward the design of 
new diagnostic and monitoring tools.

Infant HIV diagnosis

We also need to improve the ways in which HIV is 
diagnosed in infants. HIV diagnosis is technically 
complex in infants because they may retain maternal 
antibodies until they are 18 months old, posing the 
risk of a false-positive diagnosis if an HIV antibody 
test is used during this period. The current gold 
standard, HIV DNA PCR testing at six to eight weeks 
of age, can be conducted only in central laboratories 
in many countries. Programs often use dried blood 
spots on filter paper, dispatched to the central 
testing laboratory for HIV DNA testing, in order to 
diagnose infants, but the delay in diagnosis means 
that infants are frequently lost to follow-up.

Limited access to early infant diagnosis remains a 
problem despite the introduction of dried blood 
spots, and is limiting the ability to ensure that 
infants with HIV are retained in care and initiated 
on treatment. The development of a point-of-care 
test for infant HIV diagnosis needs to be treated 
as a venture separate from efforts to develop a 
test to distinguish between true HIV infection and 
vaccine-induced seroconversion among vaccine trial 
participants, and prioritized by research agencies 
and donors.16 
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Develop better products to treat HIV, 
with the eventual aim of finding a cure.
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Curing HIV infec tion

Despite the dramatic improvements that 
have resulted from combination antiretroviral 
treatment, long-term efficacy, toxicity, cost, and 
the requirements for life-long adherence remain 
formidable challenges. Also, there is emerging 
consensus that persistent HIV-associated harm 
continues to occur among patients who have 
achieved an optimal virologic response to 
antiretroviral therapy. Hence, strategies aimed 
at achieving complete viral eradication may be 
needed in order to fully restore health among 
people with HIV.

The development of an effective and scalable cure 
for HIV would also have obvious public health 
benefits. Given the challenges in developing an 
effective HIV vaccine, perhaps the only way to truly 
curtail the global pandemic is to cure the disease. 

In the past few years, there has been renewed 
interest among the scientific community in the 
possibility of eradicating HIV infection, and a 
growing consensus that greater funding priority 
needs to be given to research which attempts 
to answer the critical questions that need to be 
explored if a cure is to be realized.1,2

What do we mean by cure? The most desirable 
outcome is complete eradication of replication-
competent HIV from the body—a sterilizing cure. 

Even if complete eradication of all virus in an 
individual proves impossible—as most believe to be 
the case—a less rigorous but still desirable outcome 
might be achieving durable control of the virus in 
the absence of therapy over a number of years. This 
“functional” cure would likely dramatically reduce 
the risk of subsequent transmission.

What are the key obstacles to a cure? The 
fundamental obstacle to either a sterilizing or 
functional cure is the existence of long-lived 
reservoirs of cells latently infected with HIV. The 
nature of these reservoirs is still not fully understood, 
so a primary challenge is mapping all the cellular 
reservoirs in which the HIV DNA provirus persists in a 
latent state.

Current antiretroviral regimens are highly 
suppressive, almost completely shutting down 
ongoing rounds of viral replication. Recent 
experiments suggest that the reservoir of latently 
infected cells is not substantially replenished over 
time by ongoing viral replication, indicating that a 
stable pool of latently infected cells exists.3

The key questions concerning the nature of this 
reservoir include: (1) what cells contribute to this 
reservoir? (2) where are these cells located? (3) how 
long do these cells persist?, and (4) what can be done 
therapeutically to accelerate the decay of these cells?

Mapping the reservoirs will be a formidable 
challenge that will require intensive longitudinal 
sampling of the known reservoirs of latently infected 
cells, tissues such as the gut mucosa, bone marrow, 
and lymph nodes. These investigations will be 
expensive, technically challenging, and potentially 
risky to study participants, and it will be important 
to establish the extent to which primate models can 
contribute to this work. 

Accelerating the decay of the identified reservoirs 
will be the next step in the quest for a cure. 
Intensification of antiretroviral regimens with new 
classes of antiretroviral drugs has not been shown 
to shrink the size of the latent reservoir.4,5 Therefore, 
further work will be needed to understand the 
mechanisms that maintain HIV in a latent state 
within cells, and how HIV—or its host cells—can be 
“switched on” safely in order to allow antiretroviral 
drugs to halt the resulting rounds of HIV replication.

There are several avenues that might be pursued in 
order to speed the decay of the reservoirs:

•	 Activation of T-cells should stimulate the 
replication of HIV integrated into those 
cells. Activation would clear these cells and 
antiretroviral therapy would drastically restrict 
the ability of viral progeny from these cells 
to infect other T-cells. However, immune 
pan-activation using the currently available 
cytokine-based experimental approaches could 
theoretically lead to a severe life-threatening 
inflammatory reaction, so it will be necessary to 
proceed with extreme caution in this direction.

•	 Activation of HIV transcription without T-cell 
activation: After infection of a susceptible 
target cell (i.e., an activated CD4+ T-cell), reverse 
transcription occurs. The HIV DNA is then 
transferred to the nucleus and integrated into 
the host genome. Some activated cells return 
to resting state after HIV DNA integration but 
before transcription and the production of 
new virions occurs. These resting cells become 
transcriptionally silent and probably do not 
express any HIV proteins; they are hence invisible 
to the immune system and beyond the reach of 
current therapeutic strategies. Transcription is 
impaired by the presence of histone deacytelases 
(e.g., HDAC1) and other enzymes, and it is 
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hypothesized that HDAC inhibitors may permit 
the activation of transcription, permitting 
subsequent clearance of virus by HAART.

•	 Other factors that limit transcription include 
cellular factors and microRNAs expressed in 
human cells, indicating the need for greater 
research into both cellular restriction factors and 
microRNAs that promote latency.

•	 HIV expression in latently infected cells may also 
be stimulated by agents that stimulate P-TEFb 
kinase (such as the cancer drug HMBA) or nuclear 
factor κB (such as prostratin).

•	 Development of antiretroviral drugs that target 
virus in the macrophage compartment more 
effectively and which penetrate into other 
anatomically protected compartments such as 
the central nervous system and the testes.

•	 Developing a viral recombinase—a form of 
molecular robot—that can “crawl” the genetic 
code of cells to excise HIV’s genetic material. 6

Therapeutic vaccination: Perhaps the ideal 
approach to eradicating or controlling HIV is the use 
of interventions that activate transcription of the 
proviral DNA (leading to expression of viral proteins) 
while enhancing the capacity of the immune system 
to rapidly clear infected cells once they begin to 
express HIV antigens. Since patients on long-term 
HAART do not have sufficient viral replication to 
stimulate strong HIV-specific T-cell response, host 
mechanisms for viral immune clearance may be 
insufficient. It has therefore been proposed that 
therapeutic vaccination with an HIV vaccine may 
be an ideal complement to immune-activating 
approaches. Most therapeutic vaccine studies 
to date have had limited effectiveness despite 
measurable immunogenicity. Stronger and more 
effective vaccines are being developed for the 
prevention of HIV transmission; these in theory could 
also be used in eradication studies. An alternative 
is to use passive immunization with broad, potent 
antiviral monoclonal antibodies.

Studies of “elite controllers” may have particular 
relevance to the development of therapeutic 
vaccination strategies. Elite controllers are 
defined as individuals who have maintained an 
undetectable viral load without treatment for at 
least one year after infection. Approximately 50% 
of` elite controllers  have clear evidence of strong 
HIV-specific CD8 responses or the presence of high 
numbers of HIV-specific CD8+ T-cells.

Gene therapy and bone marrow transplantation: 
A number of gene therapy approaches for HIV 
eradication have either already been attempted, 

or are in the advanced stages of development.7 
Most may not be appropriate for eradication 
approaches as they are aimed at either protecting 
cellular infection or at controlling high-level viral 
replication. A more optimal approach would be the 
development of approaches that specifically target 
and kill already-infected cellular reservoirs. There are 
many daunting challenges regarding the potential 
utility of gene therapy in HIV infection.

The fact that HAART in general works well suggests 
that any potential intervention will need to be 
safe and well-tolerated. Short-term and long-term 
toxicities associated with myeloablation might 
preclude the use of this approach in the vast 
majority of patients. Insertional oncogenesis is a 
major concern associated with any approach that 
utilizes retroviruses to deliver the relevant gene. 
Finally, and perhaps most importantly, the lack of 
“scalability” for these technically challenging and 
expensive approaches suggests that even if effective 
at viral eradication, their impact on the global 
pandemic will be limited.

What are the structural barriers to performing 
work on HIV eradication? Based on current 
knowledge, there appear to be many biological 
barriers to achieving a cure for HIV infection. The 
same is true for the development of a vaccine 
against HIV infection, however.

Why have there been very few hypothesis-driven 
clinical studies aimed at viral eradication, and 
why is basic science discovery research currently 
under‑funded in this area?

Regulatory hurdles: As outlined above, several 
groups have attempted to accelerate the clearance 
of HIV from an infected person. Some of these 
interventions have involved complex and costly 
interventions (e.g., gene therapy) while others 
have had high potential for harm to the study 
volunteer. The number of these studies seems to be 
waning. Although this decline may reflect growing 
pessimism over the potential for a cure, it is likely 
that the increasing regulatory barriers to performing 
clinical research may have resulted in such a harsh 
environment that few groups have the time and 
resources to perform the necessary clinical trials.8,9 

The number of groups involved in overseeing clinical 
trials continues to grow; since each group has its 
own agenda and regulatory needs, it can take years 
for a clinical researcher to gain the appropriate 
approvals to begin a study.

The growing perception that treatment is highly 
effective in preventing disease should make it 
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even harder to perform high risk/high gain studies 
in vivo. For an agent to be tested in vivo, the FDA and 
other groups will understandably want to see clear 
evidence that the drug is safe and well-tolerated.

This might preclude the use of a number of HDAC 
inhibitors, since these drugs often have significant 
toxicity (most are being developed for the treatment 
of cancer). This may also preclude attempts at using 
immune-activating drugs. The “cytokine storm” 
and its associated morbidity that was observed in a 
recent phase I study of TGN1412 (a potent anti-CD28 
monoclonal antibody) raises a number of legitimate 
concerns for using pro-inflammatory drugs in 
otherwise healthy subjects. 

Since eradication studies generally require patients 
to have fully suppressed virus, and since such 
patients generally have a good prognosis, the 
risk/benefit ratio for potential study volunteers 
may make it difficult to justify anything but the 
safest interventions.

Clinical trial design: Given the difficulty in 
performing these types of studies, most have 
abandoned the more rigorous and methodical 
approach of studying one unique intervention at 
a time in a controlled manner. The more typical 
approach is to use as many interventions as possible 
in the hope of maximizing the chances of success. 
For example, Pomerantz and colleagues—who 
pioneered much of the clinical trials work outlined 
here—recently advocated for a study of IL-2, 
low-dose OKT3 (both to induce T-cell activation), 
interferon (to induce macrophages/monocytes), 
valproic acid (to inhibit HDAC), and intensified HAART 
using more recently developed antiretroviral drugs 
(e.g., raltegravir, maraviroc). It is unclear if these 
“homerun” approaches are the most informative.

Nevertheless, given the complexity of the 
mechanisms that maintain latency, it is likely that 
combination approaches will be necessary. The 
challenge will be to balance the need to validate the 
contributions of particular agents against the need to 
protect scarce volunteers against avoidable toxicities.

Lack of acceptable biomarker/endpoint: Another 
major barrier is the lack of clear well-validated 
outcome measures. The most optimal method to test 
efficacy in any eradication protocol is to stop therapy 
(an “analytic” treatment interruption). Long-term 
interruption of therapy in patients with moderately 
advanced disease is unquestionably risky and no 
longer recommended.10 Short-term interruptions 
with careful viral load monitoring may still be 
feasible, particularly among patients with early HIV 

disease, but the field is clearly moving away from 
treatment interruption studies. 

Most current and future studies will likely focus 
on measures of viral burden, but all have practical 
limitations. Many patients have too little plasma 
HIV RNA to detect a real change (even using very 
sensitive techniques). Proviral DNA levels are more 
readily detectable, but much of the cell-based DNA is 
probably replication-defective and hence of unclear 
significance. Co-culture techniques to quantify 
the level of replication-competent HIV are readily 
interpretable, but require access to large volumes of 
blood and are technically challenging. Tissue-based 
studies are also feasible, but are expensive, difficult 
to perform, and risky.

Further work will be needed to improve the 
sensitivity of proviral DNA measurements.

Funding and coordination: Research to identify 
a cure will require both public- and private-sector 
involvement and finance: private-sector drug 
discovery skills and public-sector investigational 
talent. Research toward an HIV cure should be 
considered a priority for US National Institutes of 
Health funding from 2011 onward, with a stable, 
long-term commitment, together with an Office of 
AIDS Research peer review system that encourages 
innovative research in this area. In particular, the 
OAR needs to increase the confidence of internal 
reviewers in dealing with proposals relating to 
eradication science.

Other donors also need to become involved in 
support for a coordinated package of activities 
directed toward a cure for HIV infection.

New drug cl asses and bet ter , 
affordable drugs for  
the developing world

We need to expand the incentives for innovation 
in order to encourage the development of new 
drug classes and better, affordable drugs for the 
developing world. Current regimens are highly 
effective and durable, resulting in less treatment 
failure as time goes on in the developed world, and 
fewer incentives to develop new products for the 
market. We are concerned that the pipeline of new 
drugs is becoming less well-stocked at a time when 
it is becoming clear that constructing affordable, 
safe, and effective second-line regimens for the 
developing world is likely to remain challenging 
for years to come. We need new drugs and new 
fixed‑dose combinations designed with the 
developing world in mind.
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Since the introduction of HAART in 1996, the 
development of antiretroviral products has gone 
through a trajectory typical of new pharmaceutical 
markets—a proliferation of drug discovery programs 
during the 1990s led to the testing and eventual 
licensing of agents in five drug classes that today 
constitute the basic components of antiretroviral 
therapy worldwide—and further classes of 
antiretroviral drugs began to yield new agents, too. 
But now innovation appears to be slowing as the bar 
for new entrants to the market gets higher.

Yet the need for new drugs has not diminished. 
There is a need for drugs tailored to the needs of the 
global pandemic. There is also a need for products 
that can overcome resistance to currently available 
agents, in order to provide long-term options for 
heavily pre-treated patients.

However, there is considerable disagreement 
about the long-term future of drug discovery for 
HIV treatment.

Pessimists say that it will be increasingly difficult 
to justify large-scale investment in clinical trials 
for agents that offer only small incremental 
improvements on the current standard of care in 
first-line treatment. They point to recent comments 
by the European Medicines Agency, which indicated 

that the regulatory authority sees no unmet need 
in the area of first-line therapy, and may therefore 
require much longer clinical trials before licensing 
first-line products. In addition, cost will become 
an increasingly critical factor in the developed-
world markets as drugs that are the recognized 
comparators in any trial of first-line therapy go 
off patent over the next decade, thus falling in 
price. New entrants to the market would have to 
demonstrate very significant advantages in order 
to compete with existing regimens if costs decline 
over time.11 The need for third-line drugs tailored 
to overcome drug resistance is also perceived to be 
diminishing as drugs used in first- and second-line 
regimens become more durable and better tolerated. 

Optimists point to significant changes in the revenue 
structure of the pharmaceutical industry over the 
next five years as a key explanation for why HIV 
drug discovery will continue to be a vital activity 
for many companies. As the most profitable drugs 
in areas such as cholesterol and hypertension 
management go off patent over the next few years 
and pharmaceutical profits fall, the profits derived 
from current HIV products will form a substantially 
greater part of the total profits of the pharmaceutical 
industry, along with new drugs for hepatitis C. 
Companies are likely to continue the current 
development path favored by industry, in which 
products are developed to address the needs of 
patients who have failed first-line therapy and then 
tested in further populations in order to expand 
the market and extend the product life cycle. A 
strategy of premium pricing at introduction followed 
by price reductions as the indication expands 
might be favored. The HIV market will continue to 
be attractive to industry, they argue, because the 
market will continue to grow, both in the developed 
world and in developing countries, due to increased 
life expectancy of people with HIV, earlier treatment, 
and a continuing high rate of new infections.12 
Optimists believe there is long-term potential for 
companies to build profitable businesses in lower- 
and middle-income countries using tiered pricing, 
and to develop agents which are better suited for 
use in resource-limited settings.

The current pipeline of antiretroviral agents suggests 
that the likely outcome lies somewhere between 
these two perspectives.

Numerous companies are investigating entry 
inhibitors and several companies have programs 
to develop HIV integrase inhibitors. But in today’s 
economic climate, scarce capital in companies 
with antiviral drug development expertise is 

The ideal characteristics of agents 
for use in antiretroviral therapy in 
developing countries 

•	 Lack of cross-resistance with agents being 

used in microbicides & PrEP

•	 Low risk of resistance and/or forgiving of 

lapses in adherence

•	 Oral dosing, preferably once-daily 

•	 Well-tolerated with minimal requirements 

for safety monitoring 

•	 Safe in pregnancy and breastfeeding

•	 Lack of interactions with TB drugs or other 

major medications commonly used in 

people with HIV 

•	 Heat-stable

•	 Flexible intellectual property rights that 

permit low-cost production

•	 Low production cost and technically 

feasible to coformulate with other 

products
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increasingly being devoted to hepatitis C drug 
development.13 Very few companies are risking 
capital on the investigation of agents that inhibit 
completely new targets in the viral life cycle, such 
as the maturation stage. Pipeline development is 
almost entirely focused on new agents in existing 
drug classes. In addition, the incubators of many new 
antiviral agents, small biotechnology companies, 
are facing very challenging economic circumstances 
that are likely to lead to termination of many drug 
development programs and the disappearance of 
numerous companies. The duration of the credit and 
capital squeeze is likely to dictate the health of the 
HIV drug pipeline.

Discovery and development of new drug classes 
requires commitment and luck. Research on the 
newest classes of antiretroviral agents—integrase 
inhibitors and CCR5 inhibitors—was led by Merck & 
Co and by Pfizer, two companies with the resources 
to sustain their research programs through a 
variety of setbacks before they reached the goal 
of a licensed product. In both cases it took nearly 
ten years to achieve the goal, during a period when 
pharmaceutical profits were healthy and the HIV 
market was still perceived as ripe for innovative, 
well-tolerated agents. Sustaining long-term drug 
development programs may prove more difficult in 
the future.

Unraveling the host-virus interaction as a 
platform for future innovation

Painstaking basic science research and extraordinary 
advances in bioinformatics over the past five years 
are combining to build a body of knowledge about 
the complex cellular interactions between HIV and 
its host. This information has the potential to identify 
new targets for HIV therapeutics and preventive 
technologies, although the potential impact of 
this endeavor is unlikely to become evident in new 
products and diagnostics for at least a decade. 

Until recently, research on virus-host interactions 
focused on the ways in which the immune system 
responded to HIV infection. As genomic and 
proteomic sequencing capacity has increased, 
researchers have begun to learn more about 
genetic profiles associated with a lower risk of HIV 
disease progression or infection, and have begun 
to identify a large number of host cell proteins that 
interact with HIV.

Some of the earliest research on host factors has 
already yielded a new class of antiretroviral drugs, 
following the observation that if individuals inherit 

from both parents a natural variation in the CCR5 
gene (Δ32) that results in down-regulation of 
expression of the CCR5 receptor, they are highly 
resistant to HIV infection.14 CCR5 inhibitors are being 
developed in order to block the CCR5 receptor. 
Maraviroc, the first of this class, was licensed in 2007.

Whole genome sequencing is beginning to identify 
a growing number of genetic factors associated 
with risk of HIV acquisition, faster or slower HIV 
disease progression, and responses to treatment.15 
This information may have applications in vaccine 
development, development of diagnostics for 
assessing disease progression, and response 
to treatment or susceptibility to potential drug 
side‑effects, and development of new therapeutics, 
but considerable further research will be needed 
in order to understand the potential contribution 
that genomic screening could make to controlling 
the pandemic.

Further mapping could allow the development 
of “personalized medicine”—the selection and 
dose optimization of antiretroviral regimens 
based on one’s pharmacogenomic profile. This 
is already occurring in patients treated with the 
antiretroviral abacavir.

Hundreds of host cell proteins which restrict viral 
activity are beginning to be identified and mapped 
as potential therapeutic targets.16,17 APOBEC-3G, 
a protein present in all human cells, is one of the 
first to be identified. When incorporated into viral 
RNA or DNA it renders the virus non-functional 
unless APOBEC-3G is inactivated by HIV’s Vif protein. 
Identifying how to inhibit the interaction between 
Vif and APOBEC-3G could result in a new class of 
drug that has a lower potential for developing 
resistance, in the view of some researchers, and 
small-molecule candidates that act as Vif antagonists 
are already being identified.18

Another example is tetherin, a human protein 
which inhibits the release of mature viral particles. 
This protein interacts with HIV’s Vpu protein. In 
viruses where the Vpu protein is absent or defective, 
tetherin rapidly destroys new viral particles.19

Another virus-host interaction recently uncovered, 
between HIV integrase and lens epithelium-derived 
growth factor (LEDGF), could potentially give rise 
to a new class of HIV integrase inhibitors, possibly 
based on short-interfering RNAs (siRNA) targeting 
the interaction between this host protein and HIV 
integrase.20
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HIV must also utilize cellular proteins when budding 
from an infected cell, and high-throughput 
screening has already begun to identify potential 
inhibitors of one particular interaction, between 
HIV’s Gag protein and the cellular protein Tsg101.21

Over the past few years, hundreds of potential 
host-restriction factors have been identified, each 
offering the potential to inhibit HIV infection. 
Identifying which ones offer the best targets for 
therapeutic intervention or the development of 
prevention technologies will require painstaking 
analysis of the role of each of these host cell proteins 
in inhibiting HIV, and the consequences for the host 
of therapeutic modulation of the protein. Studies of 
host proteins will be needed in African populations 
to determine the degree of variation among 
ethnic groups on the continent, and genomic and 
proteomic studies should be nested within as many 
large prevention and treatment studies as possible in 
order to build a better picture of variation.

RNA interference and silencing also offer potential 
avenues for new therapeutics and prevention 
technologies. Micro-RNAs (miRNAs) are very small 
sequences of RNA produced by human cells that 
regulate gene expression and act to “silence” 
genes. MiRNAs interact with viral RNA through 
multiple pathways that are still in the early stages 
of definition, but some research groups believe 
that miRNAs have implications for HIV viral latency, 
the immune response to viral infection and other 
virus-cell interactions, and are beginning to explore 
how therapeutics and prevention technologies—
particularly microbicides—could be developed 
using short-interfering RNAs (siRNAs).22,23

However, development of therapeutics in these 
areas will require scientific commitment—and a 
compelling business case for new agents.

How c an we move away from  
daily pill‑taking and its adherence 
challenges? 

A move toward once-weekly or monthly dosing 
should be encouraged in order to assist adherence, 
and greater collaboration between companies is 
necessary in order to put multiple drugs into one pill, 
in particular to simplify pediatric treatment.

Daily pill-taking poses significant long-term 
challenges to adherence for people with HIV, 
and it is hypothesized that less frequent dosing 
intervals could improve the prospects for long-term 
adherence.24 A high level of adherence is critical 

for the long-term durability of HIV treatment, and 
adherence below 95% is associated with poorer 
virological outcomes.25 Adherence will also be critical 
for the use of PrEP and ARV-containing microbicides.

Less frequent dosing intervals could be facilitated by 
a number of routes:

•	 Identifying antiretroviral agents with longer 
half-lives in order to facilitate weekly or biweekly 
dosing.

•	 Extending the half-lives of existing agents by 
reformulation of the product.

•	 A mixture of both approaches.

Patch formulations could deliver slow-release 
antiretrovirals for treatment or prevention purposes. 
A patch formulation that could deliver antiretrovirals 
to HIV-negative infants during the breastfeeding 
period would simplify prevention of mother‑to‑child 
transmission and handling of drug supplies 
enormously, for example.

Nanotechnology is already being tested as a 
means of extending the drug dosing interval for 
antiretrovirals from once-a-day to once-a-month, 
and for the developed world it is likely that market 
incentives will be sufficient to encourage the 
development of new formulations that relieve 
people with HIV of the need for daily pill-taking.

Fixed-dose combinations have also been proposed 
as a means of improving adherence. Several 
companies have developed fixed-dose combinations 
of their own products, including Combivir (GSK), 
Truvada (Gilead) and Kaletra (Abbott), and Gilead 
has partnered with Bristol-Myers Squibb to 
produce Atripla, the first once-daily combination 
of three drugs in one pill. Collaborations between 
originator companies are likely to grow, with new 
coformulations designed to address needs in 
first‑line, second-line and even third-line treatment 
for developed-world markets.

Fixed-dose combinations of generic products have 
been critical in ensuring wider access to antiretroviral 
drugs in the developing world, but there is concern 
that future opportunities to create fixed-dose 
combinations may be compromised if newer 
products are patented in India and other countries 
capable of high-quality generic manufacturing. 
Proposals for a patent pool for HIV technologies are 
intended to facilitate ease of licensing, coformulation 
of products, and affordable access, and could have 
a significant impact on the range of manufacturers 
able to compete in the generic market. The patent 
pool proposal is discussed in more detail in Part Two.
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Pediatric treatment is also a challenge due to the 
restricted range of formulations suitable for children, 
particularly for infants. 

Pediatric fixed-dose combination formulations are 
a particular challenge due to the need to tailor drug 
dosages to constantly changing body weight and 
metabolism. Pediatric dosing is also complicated by 
the fact that the rate at which drugs are processed 
in children changes as they grow, and it is not 
safe to infer pediatric doses from adult-dosing 
recommendations.  

Several Indian generic companies have developed 
pediatric fixed-dose combinations. Cipla has 
developed a pediatric version of stavudine/
lamivudine/nevirapine (Triomune) that is now licensed 
for PEPFAR use. Ranbaxy continues development 
of a d4T/3TC/nevirapine tablet for children. All of 
these tablets are scored to provide dosing flexibility; 
pediatric fixed-dose combination tablets are also 
crushable and dispersible for ease of dosing.

In 2006, a WHO expert panel highlighted the need 
for fixed-dose combinations for children as urgent, 
requesting AZT/3TC and d4T/3TC tablets, together 
with the need for international agreement on the 
ratios of drugs that need to be included in fixed-dose 
combinations for children.26

This type of innovative approach is crucial to ensure 
that pediatric treatment is decentralized in the health 
system. Pediatric FDCs represent a significant advance 
that simplify treatment for providers and make it 
easier for children to remain adherent to treatment.

HIV- induced comorbidities

A range of comorbidities that are the 
consequences of HIV infection or long-term 
treatment need further research and attention, 
including cardiovascular disease, accelerated aging, 
cancers, and other non-AIDS defining serious 
illnesses. This research also has the potential to 
teach us more about HIV pathogenesis, the immune 
system, and the human aging process.

In its early years, HIV was characterized as a young 
person’s disease, with the potential to kill people in 
the prime of life due to the lack of treatment.

Since the introduction of HAART, it has become 
apparent that people diagnosed in early adulthood 
have the potential to live a near-normal lifespan due 
to the durability of current treatment.27 Nevertheless, 
the life expectancy of a person with HIV diagnosed 
at the age of 25 is still projected to be foreshortened 

by at least 10 years compared to the general 
population. 

We are now beginning to experience the emergence 
of a generation of adults who are aging with HIV, but 
the long-term consequences of aging with HIV are 
still unclear.

One of the major emerging concerns among 
the scientific community is the effect of HIV on 
aging—and what can be learned about the human 
aging process through studying the effects of HIV 
on aging.28

There is evidence, for example, that untreated HIV 
infection is associated with elevations in markers 
of cardiovascular risk.29,30 How the duration 
of untreated HIV infection affects subsequent 
cardiovascular risk is unclear.

HIV-positive people also display deficiencies 
in immune function even when receiving fully 
suppressive antiretroviral therapy. These include 
failures of immune reconstitution in patients with 
advanced HIV disease that leave HIV-positive 
people with immune profiles of adults in advanced 
old age,31 and a process whereby chronic immune 
activation caused by HIV leads to immune 
replicative senescence, implying the eventual loss 
of responsiveness to common infectious diseases of 
aging, notably influenza, pneumococcal pneumonia, 
sepsis and herpes zoster, among others. The long-
term consequences of this phenomenon on the 
development of cancers are still unclear.

Tuberculosis: TB was the cause of death in 
one‑quarter of people with HIV in 2007,32 and 
there are numerous technological needs for the 
management of TB:

•	 Point-of-care diagnostics (discussed in The current 
problem—the diagnostic divide in Part Four of this 
report).33

•	 Reduce the length of the induction phase and 
reduce the total length of TB treatment. The 
current first-line regimen for drug-sensitive TB 
requires a 6–8 months course of treatment. This 
treatment course needs to be shortened in order 
to improve adherence, completion, and cure 
rates, thus lowering the risk of multidrug‑resistant 
TB, and to expand the capacity of national 
TB programs to provide directly observed 
treatment (DOT).

•	 Identify drugs for the induction and maintenance 
phases of treatment that do not interact with ART. 

•	 Expand the range of drugs suitable for use in 
treatment of multidrug-resistant and extensively 
drug-resistant TB.34 
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•	 Find a shorter, equally effective preventive 
regimen to replace 6–9 months of isoniazid in 
individuals with latent TB.

•	 A preventive vaccine against TB that is effective 
in adults.35

Hepatitis B and C

Hepatitis B and C virus are bloodborne viruses 
predominantly transmitted through shared injecting 
equipment. WHO estimates that approximately 180 
million people worldwide are chronically infected 
with hepatitis C, but no reliable estimate exists 
for the numbers coinfected with hepatitis C and 
HIV. Coinfection with hepatitis C and HIV increases 
the risk of a spectrum of hepatitis C-related liver 
damage (fibrosis, cirrhosis, or cancer), especially in 
untreated individuals with CD4 counts below 350. 
The global burden of morbidity and mortality in 
people with HIV attributable to untreated hepatitis 
C is unquantified, but likely to be considerable in 
settings where injecting drug users are the major risk 
group for HIV infection.

Current treatment for hepatitis C infection consists 
of pegylated interferon plus ribavirin, an antiviral. 
A variety of new antiviral products including HCV 
protease and polymerase inhibitors are currently 
in development, 36 but it is unclear if these will 
become available at affordable prices in resource-
limited settings over the next two decades due to 
intellectual property restrictions that will limit low-
cost production in India. It is still unclear whether 
these will be effective without the concomitant use 
of interferon alpha.

Modified forms of pegylated interferon that do not 
rely on the intellectual property of current patent 
holders may be possible, but further research is 
needed to demonstrate efficacy.

Diagnostic needs for hepatitis C are complex, 
requiring both antibody testing and HCV RNA 
testing in people with previous risk exposures, 
HCV genotyping and quantitative HCV RNA prior to 
treatment, with HCV RNA testing also required to 
monitor treatment outcomes. 
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Conclusion

Scientific discovery and new technologies have 
historically played an important role in combating 
diseases of public health significance. A great 
deal has been accomplished by the science and 
technology communities in the fight against HIV/
AIDS since the first case of AIDS was reported in 
1981, but considerable work—alongside significant 
barriers—remains. 

As we look toward the year 2031 and the future of 
the HIV/AIDS pandemic, it is clear that the world 
will desperately need new tools to fight HIV/AIDS, 
and that those involved in the fight must create 
an environment which enables the discovery, 
development, and delivery of these new tools. To 
accomplish this, we must scale up the use of existing, 

effective interventions and promote incremental 
improvements in their use so they reach all those in 
need. We must foster an environment that facilitates 
the development of transformational innovations 
by attracting new players—including young 
researchers and private industry—to the field of 
HIV/AIDS research and the production of affordable 
products. We must ensure that long-term, sustained 
support for organized product development efforts 
continues while we advance our efforts in previously 
under-resourced research areas, with a special focus 
on diagnostic and monitoring tools. Finally, we 
must develop better treatments for HIV/AIDS with 
an eventual goal of finding a cure. It is through such 
efforts that we will achieve great progress against 
the pandemic over the next quarter century. 
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