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Mathematical models and recent data from ecological, observational, and experimental studies show that anti-
retroviral therapy (ART) is effective for both treatment and prevention of HIV, validating the treatment as
prevention (TasP) approach. Data from a variety of settings, including resource-rich and -limited sites, show
that patient attrition occurs at each stage of the human immunodeficiency virus (HIV) treatment cascade, start-
ing with the percent unaware of their HIV infection in a population and linkage to care after diagnosis, assess-
ment of ART readiness, receipt of ART, and finally long-term virologic suppression. Therefore, in order to
implement TasP, we must first define practical and effective linkage to care, acceptability of treatment, and ad-
herence and retention monitoring strategies, as well as the cost-effectiveness of such strategies. Ending this pan-
demic will require the combination of political will, resources, and novel effective interventions that are not only
feasible and cost effective but also likely to be used in combination across successive steps on the HIV treatment
cascade.
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The debate about the prioritization of treatment vs pre-
vention for human immunodeficiency virus (HIV) in-
fection has ended. Beyond observational evidence, the
landmark HIV Prevention Trial Network (HPTN) 052
study indicates that earlier initiation of antiretroviral
therapy (ART) can decrease plasma HIV viral load
and dramatically reduce the likelihood of sexual trans-
mission [1]. HIV testing and immediate ART initiation
for infected individuals is known as the treatment as
prevention (TasP) strategy. Mathematical models [2]

and ecological studies from North America [3, 4], the
United Kingdom [5], and Africa [6] postulate effective
control of the spread of the disease and ultimately the
end of the HIV pandemic if a large number of infected
persons can be effectively engaged on ART and kept
virologically suppressed. However, data from devel-
oped and developing countries demonstrate that a sub-
stantial reduction in patient retention occurs between
each stage of the HIV treatment continuum—from di-
agnosis and assessment of ART readiness to accept-
ability, receipt of initial ART, adherence, long-term
retention in care, and treatment success as reflected
by virologic suppression (Figure 1). It is essential
that the treatment cascade challenges of TasP be ad-
dressed so as to achieve the goal of an AIDS-free gen-
eration. In this paper we provide an overview of
selected challenges and discuss possible approaches
to overcome them.
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EARLY HIV TESTING AND LINKAGE TO CARE

For maximum clinical and public health benefits, ART should
be initiated at an early stage of infection. Although it is chal-
lenging to identify patients during acute and early stages of
HIV infection, novel testing strategies such as fourth generation
HIV testing, which incorporates antigen to antibody testing,
will increase the number of patients who are diagnosed early
in HIV infection [11]. Late diagnosis and late ART initiation
are major challenges as the majority of patients start ART late
when the immune system is already compromised. In 2010, the
median CD4+ T-cell count (cells/microliter) at ART initiation
was <200 cells/μL in resource-limited settings and only around
200 cells/μL in resource-rich settings [12], and in contrast with
the latest recommendations by the World Health Organization
and European AIDS Clinical Society (CD4+ T-cell count
>500 cells/µL), the International AIDS Society-USA, the US De-
partment of Health and Human Services, and the French HIV
treatment guidelines (irrespective of CD4+ T-cell count) [13–
17]. Novel and emerging strategies to engage infected individu-
als early include point-of-care testing, self-testing, and home-
based testing visits. A study in Kenya found that patients who
accepted home testing had CD4+ T-cell counts that were 100
cells/µL or higher, on average, than those who visited voluntary
testing centers [18]. As with all healthcare programs, wide-
spread testing requires resources and trained individuals, and
it is essential that testing programs consider and plan linkage
to care, which is the next step in the treatment cascade.

HEALTH SYSTEMS AND HUMAN RESOURCES
STRENGTHENING

Many countries that are greatly affected by HIV also have
healthcare systems with limited financing and severe human
resource constraints. Basic AIDS services include counseling
and testing, HIV/tuberculosis treatment, prevention of mother-
to-child transmission (PMTCT), and pediatric services. The
efforts required to ensure ART education and adherence, safety,
and retention in care further strain human resource capacity.
Maintaining the drug and diagnostic supply chain is inherently
challenging, particularly in low-income countries, and the in-
creased demand resulting from TasP may exacerbate this [19].
With declining financial support from development partners,
lower-income countries will have to determine if TasP merits
more resource allocation than other health priorities. Simplifi-
cation of the services and decentralization of care represents im-
portant steps toward reducing human resource limitations.
Even in more affluent countries, it is unclear whether the
healthcare systems have the human resources needed to meet
contemporary HIV treatment and prevention service needs. It
remains to be seen whether required resources can be allocated
globally to achieve the promise of TasP.

Task-shifting initiatives that include community health
workers or paraprofessionals can help when dealing with chal-
lenges related to healthcare shortages and in turn optimize ART
adherence, retention in care, psychological concerns, and even
income generation. Indeed, 3 randomized controlled trials

Figure 1. The spectrum of engagement in HIV care in United States, United Kingdom, France and Mozambique traversing from HIV acquisition to achieve-
ment of complete viral suppression [5, 7–10].
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(RCTs) reported noninferiority of ART care compared with
physician in South Africa and Uganda [20–22].Also, communi-
ty-based workers who provide treatment and adherence support
for people living with HIV/AIDS and tuberculosis [23] and who
improve maternal and child health [24] have been documented.
Finally, patient-nominated treatment supporters or HIV support
groups can help others by serving as peer mentors, relating per-
sonal experiences and strategies for coping with individual, struc-
tural, and social barriers related to HIV/AIDS and its treatment
[25–27]. Harnessing the HIV-infected community will be neces-
sary to keep human resource costs low and to maximize the on-
going involvement of patients in care [19].

TREATMENT ACCEPTANCE, ADHERENCE,
AND RETENTION IN HIV CARE

ART adherence is a strong predictor of virological, immunolog-
ical, and clinical outcomes. In the HPTN 052 trial, virological
suppression was near universal in the intervention group,
reflecting intensive strategies to optimize adherence [1], which
may not be the case outside the clinical trial setting [28]. Of 1.1
million people infected with HIV in the United States, only
328 000 (28%) have their viral loads sufficiently suppressed, large-
ly due to inconsistent access tomedical care and to ART and poor
ART adherence and retention in care [7, 29]. Similar suboptimal
HIV treatment cascades have been reported in France, United
Kingdom, and Mozambique [5, 8–10] (Figure 1). These studies
underscore the critical need to optimize linkage and retention
in care and to maximize patient ART adherence as the critical
determinants for the success of the test-and-treat strategy.

Active and continuing patient education as well as proactive
monitoring of adherence will be critical, especially in the con-
text of TasP where patients are in relatively good health and may
question the need to take medicines, making them at high risk
of treatment fatigue. Indeed, about 1 in 5 treatment-eligible
HIV-infected individuals refused to initiate ART at a voluntary
counseling and testing center in Soweto, South Africa. Interest-
ingly, “feeling healthy” was given as the most common reason
for refusing ART initiation [30].Of more concern, recent obser-
vational data from Uganda [31] showed that individuals who
start ART with a CD4+ T-cell count ≥250 cells/μL were more
likely to experience treatment interruptions in the first 3
months of therapy and were more likely to have persistent vire-
mia at 3 months compared with those who start with a CD4 cell
count <250 cells/μL. Such treatment interruptions predispose
patients to develop resistance to nonnucleoside reverse tran-
scriptase inhibitors [32], which continue to be first-line therapy
in middle- and low-income countries. While there are no pub-
lished interventions aimed at improving ART adherence and
retention in the explicit context of TasP, selected evidence-
based interventions published in International Association of

Physicians in AIDS Care (IAPAC) guidelines [26] have been
proven effective and should be evaluated under TasP condi-
tions, specifically for relatively healthy individuals who are
being started on ART at higher CD4 T-cell count thresholds.
Two RCTs in Kenya [33,34]demonstrated that weekly text mes-
sages were efficacious in improving ART adherence. Simplifica-
tion of ART regimens by reducing pill burden and frequency
(eg, once-daily single-tablet regimen) should also be considered
[35] as well as targeted ART adherence counseling [36, 37].

Of note, there are no gold standard tools for monitoring ART
adherence as each method has its own advantages and limita-
tions. Patient self-reporting tends to overestimate actual adher-
ence compared with objective measures such as pill count,
pharmacy refills, and electronic devices (eg, MEMScaps,
Medi-Monitors). The assessment of therapeutic drug levels is
not realistic in routine clinical practice and is costly. Despite
these caveats, the IAPAC guidelines recommend the routine
use of self-report or pharmacy refill records and maintains
that other emerging techniques, such as real-time electronic
monitoring, need further validation, refinement, or replacement
in order to make them affordable for use in routine care [23].
There is also a need for monitoring entry into care. This is
done by collating the data sources, establishing responsibilities
for linkage, and monitoring retention in care using clinic-based
administrative records and community outreach where feasible
[23]. Similar to ART adherence, there is no gold standard for
measuring retention in care. Commonly used measures include
tracking missed visits or appointments, visit constancy, and
gaps in care. The Human Resources and Services Administra-
tion HIV/AIDS Bureau performance measure captures whether
a patient had 2 or more completed clinic visits separated by 3 or
more months during a 12-month observation period [38]. Also,
there are the Institute of Medicine recommendations for stan-
dardized cascade-related measures. These include the following:
linkage—the proportion of people newly diagnosed with HIV
who are linked to care within 3 months of diagnosis; retention
in care—the proportion of people with diagnosed HIV infection
who are in continuous care (2 or more visits for routine HIV
care in the preceding 12 months at least 3 months apart); and
viral suppression—the proportion of people with diagnosed
HIV infection who have been on ART for 12 or more months
and have a viral load below the level of detection [39].Rosen and
colleagues defined retention in resource-limited settings as the
proportion of participants retained in care at 6, 12, and 24
months from baseline, measured by whether or not the partic-
ipant attended a follow-up appointment within 1 to 3 months of
the scheduled date [28].

Because there is limited published evidence on interventions
to improve linkage and retention in care, in general, and even in
the context of TasP, further research is critically needed in this
area. The Antiretroviral Treatment and Access Study evaluated
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entry into and retention in care as part of a multisite RCT at sev-
eral US care sites. Strengths-based case management sessions (up
to 5 in a 90-day period) were compared with passive referrals for
local care among patients with recently diagnosed HIV infection
[40]. This resource-intense intervention showed that a signifi-
cantly larger proportion of the case-managed participants visited
an HIV clinician at least once during a 6-month period (78% vs
60%) and at least twice during a 12-month period (64% vs 49%).
Another intervention evaluated patient navigators who were
trained to help HIV-infected patients facilitate interactions with
the healthcare system in the United States. An analysis of 4 pa-
tient navigation interventions showed that the proportion who
had at least 2 visits in the previous 6 months increased from
64% at baseline to 87% at 6 months and to 79% at 12 months
in the intervention group. In addition, the proportion of pa-
tients with undetectable HIV-1 RNA was 50% larger at 12
months than at baseline [41]. Of note, the Test and Link
to Care-Plus (HPTN 065) study (Washington, DC, and
New York City, NY [intervention communities] vs Chicago,
IL; Miami, FL; Philadelphia, PA; and Houston, TX) is evalu-
ating the feasibility of an enhanced community-based HIV
testing, link-to-care and treat strategy and whether patient
incentives are effective for linkage to care. Specifically, this
study is investigating the effectiveness of financial incentives
to improve the HIV care continuum at all steps: HIV testing
($25); linked to care ($125); completed initial visit and laboratory
tests ($100); and plasma HIV-1 RNA level <400 copies/mL ($70)
at 3-monthly visit [42]. This Pay-for-Performance-for-Patient
(P4P4P) intervention using cash or cashlike incentives has
been shown to be effective for smoking cessation [43] and
weight loss [44], improving adherence to chronic medication
in substance using patients [45], hepatitis [46], latent tuberculo-
sis infection [47], and HIV infection [48, 49]. But, most of these
studies were small and raised more questions about generaliz-
ability, feasibility, sustainability in real-life setting, ethical con-
cerns, and cost-effectiveness, therefore calling for further
research in HPTN 065.

ADDRESSING VULNERABLE POPULATIONS

The maximum benefits of a test-and-treat strategy are likely to
be achieved by targeting those most at risk of transmitting the
virus (Table 1). The WHO is now recommending that couples
receive HIV testing and counseling, with support for disclosure,
and that infected partners in serodiscordant couples be offered
immediate ART, regardless of CD4+ T-cell count [16]. This
guidance assumes that identification and retention in care of
discordant couples are feasible, yet in many settings this strategy
is challenging. In antenatal clinics, rates of serodiscordance
range from 10% to 50%, but it is often difficult to identify
and retain discordant couples in care.

Also, as PMTCT programs move toward universal lifetime
use of triple ART for all pregnant women regardless of CD4+
T-cell count (option B+), it will be crucial that women receive
special assistance with adherence, retention in care, and main-
tenance of the uninterrupted provision of ART during pregnan-
cy and postpartum while breastfeeding [7–9]. In a metaanalysis
that involved 20 153 HIV-infected pregnant women, ART
adherence during pregnancy and postpartum was significantly
below levels recommended for adequate virological suppres-
sion. This pooled analysis of 52 studies estimated that only
73.5% of pregnant women had adequate ART adherence
(>80%) and that the proportion of women with adequate adher-
ence levels was larger during antepartum than postpartum
[50–52]. A recent study from Malawi by Tenthani and colleagues,
showed that of all women starting ART under Option B+

(N = 21 939) in Malawi, 17% were lost to follow-up 6 months
after start ART.Most loss occurred in the first 3months of therapy.
Option B+ women starting ART during pregnancy were 5 times
more likely (OR 5.0; 95% CI 4.2–6.1) than those meeting treat-
ment criteria to not return after 1 clinic visit. Option B+ women
starting ART during breast-feeding were 2 times more likely (OR
2.2; 95% CI 1.8–2.8) to miss first follow-up visit [53]. Innovative
interventions on how to retain in care and improve ART adher-
ence in HIV-infected pregnant women are sorely needed [9].

Other priority populations, including sex workers, injecting
drug users, and men who have sex with men (MSM), will be
more challenging to engage in settings where they experience
stigma or legal problems (Table 1). Recent data from the United
Kingdom shows that between 2006 and 2010, high and increas-
ing ART coverage reduced the proportion of all diagnosed or
undiagnosed infectious men from 47% to 35%. However, over
the same period, the number of MSM living with HIV rose
from 30 000 to 40 100 and the absolute number of infected
MSM was unchanged. In 2010, an estimated two-thirds of the
infected population was undiagnosed, suggesting that HIV
transmission is largely driven by this population [5]. In the clin-
ical trial setting, test-and-treat had the largest preventive effect
of any intervention from the outset of the HIV pandemic; how-
ever, the real effectiveness of test-and-treat in communities is
unknown. It is anticipated that test-and-treat in combination
with male circumcision, condom promotion, and PMTCT has
the potential to be a powerful prevention tool and is currently
being evaluated through cluster community–randomized trials
in Africa, notably the PopART Study in Zambia and South
Africa [54], the TasP trial in Kwa-Zulu Natal, South Africa [55],
and an HIV prevention program for Mochudi, Botswana [56].

COST AND COST EFFECTIVENESS

Resources for treatment of HIV-infected people remain limited,
and 10 million individuals worldwide are eligible but cannot yet
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access ART. Therefore, the highest priority must be to ensure
that eligible patients receive ART, while at the same time guar-
anteeing sustainable access for those initiated early. Cost-effec-
tiveness evaluations of the global TasP strategy as a single
intervention have been controversial, but a combination of mul-
tiple component interventions may prove more cost effective
and is being evaluated in both developed and developing coun-
tries [57, 58].Walensky and colleagues recently reported that in
South Africa, early ART provided cost savings over a 5-year pe-
riod, while in both South Africa and India, early ART was pro-
jected to be very cost effective over a lifetime in serodiscordant
couples [59]. Therefore, with individual, public health, and eco-
nomic benefits, there is a compelling case for early ART in high-

risk HIV transmission groups as well as other vulnerable groups
(Table 1).

CONCLUSIONS

While there is much advocacy for an AIDS-free gene-
ration, many important challenges lie ahead. With shifting in-
ternational priorities, a TasP strategy may be feasible in settings
with enthusiastic and sustained local political support but less
realistic in other settings. In a well-resourced setting with
matching political support, vibrant social involvement, and sub-
stantial health infrastructure, an AIDS-free generation may be-
come a reality. The history of HIV has already taught us that

Table 1. Test-and-Treat: Target Population, Challenges, and Possible Solutions

Population
Targeted Health

Service Challenge Possible Intervention/Solution

General Scale-up testing
opportunities

Increasing early-stage testing and diagnosis;
suboptimal linkage, adherence, and
retention in care in real life; constraints on
health systems and human resources

House-to-house testing in high-prevalence settings
and opportunistic testing elsewhere; mobile
phones weekly 2-way text messages reminders,
targeted counseling, single-tablet-regimen to
improve adherence; task shifting and possibly
expansion of health staff to allow provision of
ART in primary healthcare facilities, which house
the majority of patients in need; maintaining the
drug supply chain and uninterrupted provision of
ART

Pregnant
women

Antenatal care services Poor adherence, especially postpartum, and
poor retention in care; safety of efavirenz
and tenofovir-based ART during
pregnancy and while breastfeeding

Counseling; support for adherence as for general
population, screening for mental health (e.g. post-
partum depression), substance abuse, social
support, and ART regimen simplification; case
management. ART pharmacovigilance registries

Young women Family planning
services

One-third of pregnancies are among
teenagers; many women with first
pregnancy have not used contraception
previously

Increased access to family planning services for
young women; integration of HCT into family
planning services

Men Work places Poor linkage, adherence, and retention in
care

ART adherence support as per general population;
male role models

Discordant
couples

HCT Family planning and early initiation of ART Increased access to family planning services; early
ART

Men who have
sex with men

Special services Stigma; criminalization in selected countries Advocacy for human rights; specialized clinics for
testing and treatment, ART adherence support as
per general population

Female sex
workers

Special services Stigma; gender violence; illegal in selected
countries

Advocacy for human rights; specialized clinics that
include outreach services for testing and
treatment; peer educators and expert patients

Intravenous
drug users

Not prioritized in many
countries with high
HIV endemicity

Stigma; illegal in selected countries Advocacy for human rights; specialized clinics that
include outreach services for testing and
treatment; directly administered antiretroviral
therapy and similar services

Refugees Not prioritized in many
countries with high
HIV endemicity

Not commonly supported through national
healthcare systems

Advocacy for human rights; specialized clinics that
include outreach services for testing and
treatment

Prisoners Not prioritized in many
countries with high
HIV endemicity

Stigma; poorly resourced health services HCT services in prisons with linkage to care

Abbreviations: ART, antiretroviral therapy; HCT, HIV counseling and testing.
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with innovative research, dedicated resources, and focused am-
bition, challenges can be overcome. Ending this pandemic will
take extreme dedication and the combination of of political will,
resources, and novel effective interventions. These interventions
must be cost effective, amenable to widespread dissemination
and implementation, and tailored to a wide range of global
communities.
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