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Abstract
Purpose of the Review Early diagnosis and treatment of HIV following seroconversion improves individual and population
health. Using published data on pre-treatment CD4 cell counts, we benchmarked the level of immunodeficiency at HIV diagnosis
and ART initiation in the “real world” against those of the treatment and control arms of landmark controlled trials that
successfully reduced HIV-related deaths (INSIGHT/START) and onward HIV transmission (HPTN 052).
Recent Findings The median CD4 count in the treatment vs. control arms of the INSIGHT/START trial and HPTN 052 were 650
vs. 408 cells/μL and 442 vs. 221 cells/μL, respectively. In the real world, recent global estimates of the median CD4 count at start
of ART range from 234 to 350 cells/μL, and only 25% of those initiating ART do so early (i.e., with CD4 > 500 cells/μL). Recent
global data on trends in the median CD4 count at diagnosis and ART initiation are not encouraging.
Summary We identify a critical need for new targets and metrics for persons newly diagnosed with HIV, newly enrolling in HIV
care, and newly initiating ART, based on pre-treatment CD4 counts, to help increase the focus of implementation efforts on
achieving earlier diagnosis, linkage to care, and ART initiation.
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Introduction

A key tenet of implementation science is improving the uptake,
engagement, and ultimately the impact of evidence-based inter-
ventions. All large-scale programmatic implementation, such as
HIV care and treatment scale-up, should be tied to metrics that
reflect both implementation outcomes and health outcomes.
Moreover, these metrics should reflect, as closely as possible,
the overarching goals of the implementation activities.

The Goals of the Response to the HIV Epidemic Are
to Diagnose and Treat All Persons with HIV As Soon
as Possible After Seroconversion

The overarching goals of the public health response to the
HIV epidemic are to reduce, control, or eliminate: (1) HIV-
related morbidity and mortality and (2) the onward spread
of HIV infection. These goals are informed by evidence
from landmark randomized controlled trials that have dem-
onstrated a fundamental premise underlying the public
health response to the HIV epidemics around the globe:
diagnosing and treating all persons with HIV as soon as
possible after seroconversion is the most effective way to
reduce both the risk of HIV-related morbidity/mortality
and onward transmission of the HIV virus. However, in
this current era of universal test and treat [1] with millions
of people on lifesaving antiretroviral therapy (ART) [2],
still millions have undiagnosed or untreated HIV [3], and
trends in pre-treatment CD4 count (i.e., at diagnosis and at
ART initiation) are problematic [4–9], raising concerns
about suboptimal impact of implementation activities and
the public health response to the global HIV epidemic on
HIV incidence and death. [2, 3].
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Unpacking the Evidence That Supports This Fundamental
Premise

Early effective combination antiretroviral treatment (ART)
improves the prognosis of HIV-infected persons, reduces
HIV morbidity and mortality [10–12], and also dramatically
reduces the likelihood of onward HIV-transmission [13]. In
the HIV Prevention Trial Network (HPTN) 052 trial [13],
early initiation of ART (median CD4+ cell count 442 cells/
μL) reduced HIV sexual transmission by 93% among HIV
serodiscordant couples as compared with delayed ART initia-
tion (median CD4 count 221 cells/μL) [14]. Because of this
and compelling data from observational and modeling studies,
the CD4 cell count threshold for ART initiation has increased
from 200 cells/μL in 2006 to 350 cells/μL in 2010 to 500
cells/μL in 2013[15, 16]. Ample evidence supports early
ART as an essential strategy for controlling HIV epidemic
spread (i.e., treatment as prevention) [12, 13, 17–19].

More recently, the first evidence from randomized trials (i.e.,
strategic timing of antiretroviral therapy (START) and
TEMPRANO) has shown that even earlier initiation of ART,
specifically at a high baseline CD4 count > 500 cells/μL (me-
dian CD4 count 650 cells/μL), yields substantial clinical bene-
fits, including major reductions in the risk of serious AIDS
events, serious non-AIDS events, and death compared with
delayed treatment initiation (median CD4 count 408 cells/μL)
[10, 11]. As a result of this evidence, universal voluntary HIV
counseling and testing followed by immediate initiation of ART
for all persons diagnosed with HIV (universal testing and treat-
ment, Universal Test and Treat (UTT)), irrespective of clinical
stage or CD4 count, is now the global standard [3, 20–22] and
increasingly the global norm in practice [3, 23••–25].

Despite Their Central Importance, the Timeliness
of HIV Diagnosis and ART Initiation Are Not Reflected
in the Status Quo Metrics Used to Monitor and Inform
the Implementation Activities and Public Health
Response to the HIV Epidemic

Efforts aimed at achieving substantial reductions in HIV
incidence and mortality requires high coverage of early
ART initiation [10, 11, 18, 20, 26]. Thus, it is not enough
to strive for high population-level coverage of HIV diagno-
sis and ART initiation. Targets and metrics should also push
initiatives to strive towards high population-level coverage
of early diagnosis and ART initiation, outcomes for which
targets or metrics do not yet exist. Metrics commonly used
to monitor and inform the public health response include
the following.

Epidemiologic Metrics Global and national metrics include
HIV incidence, overall HIV prevalence, the prevalence of un-
diagnosed HIV, and deaths (all cause and HIV-related),

including year-specific estimates and trends over time for
these metrics, disaggregated by sex, population (e.g., pregnant
women and key populations) and broad age categories [2,
27–29]. These estimates are usually generated through a com-
bination of surveillance and modeling. In some places with
HIV case surveillance, epidemiologic metrics include individ-
ual-level, population-based data on the number with newly
diagnosed HIV, number with newly diagnosed AIDS, and
the ability to finely stratify indicators by age, sex, geography,
and risk factor or key population group [30]. Measuring HIV
serologic status is now standard on many population-based or
household surveys like the demographic and health surveys
(DHS) with HIV serologic testing and AIDS Indicator
Surveys (AIS), making them useful for estimating HIV prev-
alence, including the prevalence of undiagnosed HIV, with
disaggregation by sex and age [31, 32]. More recently,
AIDS Indicator Surveys [33] and even prospective studies
[34] have been used to generate national estimates of HIV
incidence.

Programmatic and Implementation Metrics Normative
bodies—such as WHO and the Joint United Nations
Programme on HIV/AIDS (UNAIDS)—and programmatic
initiatives—such as President’s Emergency Plan For AIDS
Relief (PEPFAR), the global fund, and national and local
HIV/AIDS programs–produce global, national, and subna-
tional metrics reflecting their programmatic coverage, outputs,
and accomplishments [35]. These metrics are often limited to
those diagnosed and/or receiving care and other HIV-related
prevention or treatment services. Typical programmatic met-
rics include the number of clinics offering HIV services, the
number of pregnant women tested for HIV, the number of
people living with HIV (PLWH) in care, and the number of
PLWH on ART. In some places where viral load testing is
routine, metrics are available on the number of PLWH in
HIV care with viral suppression. These metrics are often dis-
aggregated by geography, sex, and broad age categories (see,
for example, amfAR’s interactive version of PEPFAR’s mon-
itoring, evaluation, and reporting database [36]).

Hybrid Metrics We refer to the combination of epidemiologi-
cal and programmatic or implementation metrics as “hybrid
metrics.” The HIV care continuum [37–39] and metrics used
to track progress towards UNAIDS 90-90-90 targets [40] are
examples of hybrid metrics. The HIV care continuum, a mod-
el that depicts the sequential steps of HIV medical care for
persons living with HIV, illustrates the number or proportion
of persons who are estimated to be HIV infected, diagnosed,
receiving medical care, prescribed ART, and virally sup-
pressed. The UNAIDS 90-90-90 initiative is essentially a
targeted care continuum, incorporating goals of 90% achieve-
ment at certain steps of the continuum. Targeted care continua
have strengths from a public health perspective, since the
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continuum and 90-90-90 incorporate the entire denominator
of people living with HIV, including those with undiagnosed
HIV. Arguably, hybrid metrics are the most commonly used
metrics for monitoring the status and the progress of the re-
sponse to the HIV epidemic.

Other examples of hybrid metrics include those generated
fromAIDS Indicator Surveys with additional HIV-related bio-
markers [41] and, more recently, the PEPFAR-funded popu-
lation-based HIV Impact Assessments (PHIAs), which are
cross-sectional household surveys that measure both epidemi-
ologic and programmatic metrics [42].

The Problem With the Status Quo Metrics

All of the above metrics are useful for epidemiologic surveil-
lance of the HIVepidemic, tracking HIV prevention and treat-
ment cascade milestones, and, assessing the progress, and in
some cases, the impact, of programmatic efforts. However, for
the most part, these metrics do not reflect the fundamental
public health implementation goal of diagnosing and treating
all persons with HIVas soon as possible after seroconversion.

The hallmark of HIV infection and disease progression is
continuous and progressive decline of CD4 cells in the ab-
sence of treatment [43–45]. The factors that determine disease
progression depend on the individual and virus, and signifi-
cant heterogeneity in CD4 decline has been documented
[46–48] However, pre-treatment CD4 counts, on average,
are reflective of both current immunodeficiency and time
elapsed since HIV seroconversion [47]. The level of immuno-
deficiency reflects the risk of opportunistic illness and death;
the time elapsed since seroconversion, and prior to ART initi-
ation, reflects the period of time during which there is a risk of
onward transmission of HIV.

Using data on pre-treatment CD4 counts from population-
based surveillance data in the USA, the Centers of Disease
Control and Prevention (CDC) estimated that the 44,450 per-
sons diagnosed with HIV in 2011 [49] were infected with HIV
for an average of 5.6 years (95% CI 5.5–5.6 years) by the time
they were diagnosed [50]. Investigators in France estimated
the time between steps of the HIV care cascade in 2010 and
found that a median of 3.4 years (inter-quartile range (IQR)
1.1–5.7 years) elapsed between infection and viral suppres-
sion [51]. In a representative sample of patients initiating ART
in Cameroon from 2007 to 2010, patients had been infected
for an average of 9–10 years before starting ART. Data from
seroconverter cohorts indicate that, in the absence of treat-
ment, the average time from seroconversion to a CD4 count
of 350 cells/μL is 2.8 to 4.2 years, and that that the average
time from seroconversion to a CD4 count of 500 cells/μL is 1–
2 years [39, 46–48, 52, 53]. CD4-based metrics that reflect
both immunodeficiency (risk of morbidity/mortality) and time
since seroconversion (risk of onward transmission) are valu-
able because they contain longitudinal information. Yet, they

are largely absent among the metrics used to track and inform
implementation activities and the public health response to the
HIVepidemic. We argue below that suchmetrics are critical to
the future success of the response to the HIVepidemic.

Discussion

In the remaining discussion, we: (1) review available global data
on the typical levels of immunodeficiency at HIV diagnosis and
ART initiation using published estimates of pre-treatment CD4
count information from the “real world,” (2) benchmark these
“real world” pre-treatment CD4 counts against those from the
most recent WHO recommendations for when to start ART
prior to their “treat all” recommendation in late 2015 as well
as landmark randomized controlled trials that serve as the
evidence-base for the programmatic implementation and the
global response to the HIVepidemic, and (3) conclude by pro-
posing new CD4-based targets and metrics that can help steer
global initiatives towards an even more effective, evidence-
aligned response to the HIV epidemic, by increasing the focus
of implementation efforts on early diagnosis and ART initiation.

For the purposes of this paper, we define early diagnosis,
linkage, and ART initiation as having a CD4 > 500 cells/μL at
the time when these events occur, and “coverage” of early
outcomes as the proportion of PLWH experiencing these
events with CD4 > 500 cells/μL. We chose 500 cells/μL as
the threshold because: (a) the current median CD4 at ART
initiation is much lower globally, and evidence suggests
“higher CD4 is better”; (b) 500 cells/μLwas the last treatment
guideline (WHO 2013), prior to which ART should be initiat-
ed; (c) the median time from seroconversion to a CD4 of 500
cells/μL is 1–2 years, which seems like an achievable time
period during which anHIV diagnosis could bemade for most
people with HIV, assuming appropriately targeted HIV test-
ing; and (d) 500 cells/μL is below the median cell count in
between the median CD4 counts of the treatment (650 cells/
μL) and control (408 cells/μL) arms of INSIGHT/START.

CD4 Counts at HIV Diagnosis and ART Initiation
in the Real World

CD4 Counts at HIV Diagnosis/Linkage to Care

The median CD4 count at diagnosis and/or linkage to care is a
useful metric because it represents a ceiling for the median
CD4 count at ART initiation, given continuous and progres-
sive decline of CD4 cells after seroconversion in the absence
of treatment. When available, population-based (or otherwise
representative) data on CD4 counts at HIV diagnosis and link-
age to care are extremely useful for monitoring the timeliness
of diagnosis or care enrollment and for identifying potential
for improvements in earlier ART initiation that could be
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ach i eved th rough more focused , me t r i c -d r iven
implementation.

A systematic review of the median CD4 count at pre-
sentation to care in developed countries during 1992–2011
reported an increase of only 1.5 cells/μL per year, from
307 cells/μL in 2006 to 336 cells/μL in 2011 [54]. In
New York City, which is an epicenter of the epidemic in
the USA and where concerted efforts to “End the
Epidemic” are underway, population-based data show that
only 35% were diagnosed with CD4 > 500 cells/μL as re-
cently as 2015 [55], and the median CD4 count at diagno-
sis has increased from 326 cells/μL in 2006 to 385 cells/μL
in 2017, and the already slow trend has plateaued in recent
years [56]. In New York, the median CD4 of 385 at diag-
nosis is the “ceiling,” meaning that at least half of New
Yorkers diagnosed with HIV in 2017 will initiate ART at
a CD4 count of 385 cells/μL or lower, indicative of much-
needed improvements in the coverage of early HIV diag-
nosis (the prerequisite to improvements in early ART ini-
tiation). A meta-analysis of studies from sub-Saharan
Africa of the median CD4 count at presentation to care
and ART initiation during 2002–2013 estimated that the
mean CD4 count at care entry (251 cells/μL) in 2002 did
not increase materially over the subsequent 11-year period
[57].

Population-based HIV surveillance systems, such as
those in New York City [58, 59] and around the USA
[30], are well positioned to monitor and report on trends
in CD4 counts at diagnosis. Yet, beyond tracking immuno-
logically defined AIDS (CD4 < 200 cells/μL), CD4 infor-
mation is rarely disseminated by health authorities or used
to evaluate or inform implementation activities or policies.
For example, in the latest annual report from the US
Centers for Disease Control and Prevention [30], CD4
count information at diagnosis was not presented at all,
even though all jurisdictions in the USA report this infor-
mation to the CDC. NYC has recently begun to include
information on median CD4 counts in HIV annual reports
and on their Ending the Epidemic (ETE) Dashboard system
[56]; however, reporting on or disseminating such informa-
tion remains the exception [60], despite the fact that low
coverage of early diagnosis and linkage to care limits our
ability to improve the coverage of early ART initiation
(i.e., % with CD4 > 500 cells/μL at ART initiation) [6, 7,
61–64].

CD4 Counts at ART Initiation

Trends in median CD4 count at or immediately prior to ART
initiation suggest that PLWH are increasingly starting ART
earlier in the course of HIV infection, but these median CD4
counts remain low and their rate of increase, being limited by
concomitant lack of improvements in median CD4 counts at

diagnosis/linkage, is quite slow [4, 5, 8, 54, 57, 65–70]. In a
recent global analysis of temporal trends in adult CD4 cell
counts at treatment initiation among nearly 1 million patients
initiating ART in the 55 countries represented in the IeDEA
and COHERE cohorts, the estimated median CD4 cell count
at the start of ART increased during 2002 to 2015 [5]. The rate
and magnitude of increase in the median CD4 count at ART
initiation varied by country income group, but notably, the
median CD4 counts at ART initiation in the most recent year
of the analysis (2015) were below 350 cells/μL in all settings;
in other words, about 50% of people starting ART globally do
so at levels below 350 cells/μL, where they are at high risk of
death before and, for a time [71], after starting treatment. The
coverage of early ART initiation —the proportion of patients
initiating ARTwith CD4 > 500 cells/μL— in 2015 was < 25%
for all groups except men in high income countries (for whom
it was only slightly higher) [5].

The most recent analysis of median CD4 at ART initiation
in New York City found an increase from 199.5 cells/μL in
2006 to 352 cells/μL in 2012 (21.8 cells per year) [9], and
only 77% of persons diagnosed in 2015 initiated ARTwithin
6 months [55]. If this CD4 trend continues to prevail, the
coverage of early ART initiation should reach 50% in NYC
in 2019. Though the timeliness of ART initiation relative to
seroconversion (as measured by CD4 at ART start) has im-
proved, progress is slow.

Benchmarking Estimates of Pre-Treatment CD4
Counts from the “Real World” Against Treatment
Guidelines and Efficacy Studies that Successfully
Reduced Onward HIV Transmission and HIV-Related
Deaths

Meaningful evidence, policy, and practice benchmarks against
which to compare the actual CD4 count at ART initiation in
the real world to assess the progress of the response to the HIV
epidemic using pre-treatment CD4 counts include: (1) the
CD4 thresholds of global HIV treatment guidelines (prior to
‘treat all’ recommendations) and (2) the median CD4 counts
in the treatment and control arms of the above landmark ran-
domized controlled trials that showed substantial reductions in
onward HIV transmission and risk of HIV-related death.

We took the published data from the real world on the
median CD4 count at diagnosis and ART initiation from the
prior section and plotted them in relation to these benchmarks,
which included the CD4 counts at ART initiation in the treat-
ment vs. control arms of the INSIGHT/START (650 vs. 408
cells/μL) and HPTN 052 (442 vs. 221 cells/μL), and the
WHO treatment guideline threshold prior to expansion to
“Treat all” in late 2015 (i.e., 500 cells/μL). In the real world,
median CD4 counts, especially those at ART initiation, were
much lower (234–327 cells/μL) than that of the control arm of
the INSIGHT/START trial (408 cells/μL), but higher than the
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control arm of HPTN 052 (221 cells/μL). This suggests that
tremendous opportunity remains to more fully realize the clin-
ical and public health benefits of ART promised by these
controlled trials; this requires diagnosing and initiating ART
much earlier among people living with HIV. Benchmarking
real world data against the trials and previous treatment
thresholds may provide insights about why we continue to
observe suboptimal improvement in trends in incidence rates
and death rates globally [2, 3].

Interpreting the Recent Results of Universal Test and Treat
Intervention Trials

Four large-scale community-based randomized controlled
intervention trials (ANRS, Ya Tse, SEARCH and
PopART) aimed to assess the impact of Universal Test
and Treat (UTT) strategies, and all examined HIV inci-
dence in the community as a primary outcome. All four
trials were set in sub-Saharan Africa (SSA). The prelimi-
nary evidence from these trials relating to the impact of
UTT on HIV incidence is mixed [3], with Ya Tse and
PopART showing reduced incidence under UTT [72, 73]
and ANRS/TasP and SEARCH showing no effect [74].
The reasons are not yet clear. Importantly, no information
on the CD4 count at diagnosis and/or treatment initiation
has been reported as yet from these trials. Comparing the
CD4 count at ART initiation between study arms and
benchmarking, the median CD4 count at ART initiation
in the intervention and control arms of these trials with
those of the HPTN 052 and INSIGHT/START studies (as
we have done in Fig. 1) could provide useful insights as
to why the intervention trials were or were not effective at
reducing HIV incidence and/or mortality.

Proposed CD4-Based Targets and Metrics That Can
Help Increase the Coverage of Timely Diagnosis,
Linkage, and ART Initiation

Among the status quo HIV metrics there is an absence of
measures related to the critical component of timely achieve-
ment (i.e., CD4 > 500 cells/μL) of key programmatic mile-
stones relative to HIV seroconversion. In part, this may be
because events like HIV seroconversion are not generally ob-
servable. However, pre-treatment CD4 counts are both ob-
servable and routinely measured. Moreover, pre-treatment
CD4 counts are often captured in the population-based sur-
veillance systems of many resource-rich settings that are now
actively focused on ending their HIVepidemics.We argue that
it is not only possible, but essential to construct and/or model
new and equally useful metrics for monitoring the coverage of
timely achievement of programmatic outcomes, milestones,
and targets relative to the time of seroconversion.

Specifically, we propose that data on pre-treatment CD4
counts be systematically leveraged for top line indicators ca-
pable of reflecting the timeliness of achievement of HIV care
continuum milestones, especially early treatment initiation.
The best available evidence dictates that the public health goal
should be to diagnosis and initiate ARTwhen the CD4 count
is > 500 cells/μL [10, 11], and the threshold of the 2013WHO
guidelines suggested that all persons with HIV should start
treatment before the CD4 drops below 500 cells/μL [15].

Therefore, we propose an analog to the UNAIDS 90-90-90
targets that will better align implementation targets and metrics
with the public health goals of the response to the HIVepidem-
ic: 90% of all persons with a new diagnosis of HIV should have
a CD4 count > 500 cells/μL at diagnosis; 90% of all persons
enrolling into HIV care should have a CD4 count > 500 cells/
μL; and 90% of all people initiating ART should have a CD4

Fig. 1 Median CD4 count at ART initiation in landmark controlled trials (left side of Figure) and at diagnosis or ART initiation in the real world (right
side of Figure)
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count > 500 cells/μL at treatment initiation. In 2015, if a thresh-
old of a CD4 count of 500 cells/μL was used as a target for
early ART initiation, we would be at 25% of the target globally
(with the exception of men in high income countries who are at
26%) [5, 75]. We further recommend that whenever possible,
initiatives and jurisdictions strive to routinely monitor the per-
cent of PLWHwith CD4 < 200 cells/μL prior to treatment (im-
munologically defined AIDS), and the median pre-treatment
CD4 counts in their populations at the time they reach key care
continuum milestones (i.e., CD4 count at diagnosis, linkage,
andART initiation). Proposed indicator definitions are provided
in Table 1.

For the New Metrics Skeptics

There may be reluctance to consider adding new metrics
and targets for the global HIV response. The HIV care
continuum and 90-90-90 targets have been embraced and
have helped to simplify metrics (making them more ac-
cessible to stakeholders in the response) and to greatly
enhance comparative assessment of progress across set-
tings. We hope to create a healthy dialog around the ad-
dition of new metrics and targets and have endeavored to
address some potential concerns about the addition of new
metrics into the mix:

1) Why add new metrics and targets when we already have
good ones that are serving us well? Our review has clear-
ly highlighted that the coverage of early diagnosis and
ART initiation are suboptimal, arguably in part because
we have not been monitoring the timeliness with which
these outcomes are achieved and do not have related tar-
gets. We need metrics and targets that better align our
response with its fundamental scientific premise. We be-
lieve adding newmetrics is important when the status quo
metrics will not suffice. The key concept of timeliness
relative to seroconversion is unequivocally missing from
our current metrics.

2) Pre-treatment CD4 testing for ARTeligibility is no longer
necessary because of “treat all.” CD4 testing is no longer
needed when there is viral load testing. There is a high
degree of consensus that CD4 monitoring after ART ini-
tiation is not needed, when routine viral load testing is
being done [76]. This could result in a decline in the
routine use of post-treatment CD4 monitoring in some
settings. One recent study from SSA prior to the “treat
all” era reported that nearly 30% of patients initiating
ART during 2005–2015 had no pre-treatment CD4 count
with 3 months before or one month after ART initiation
[77]. More recent data from SSA suggest that pre-
treatment CD4 counts are becoming rare [78, 79]. While

Table 1 Recommended new priority implementation metrics based on pro-treatment CD4 counts to inform, monitor, and evaluate progress towards
achieving key goals of the public health response to the HIVepidemic

Metrics reflecting Notes

Timeliness of diagnosis/care linkage

Number and % with a CD4 count Denominator. All persons newly diagnosed with HIV; Useful when population-based data on HIV
diagnoses are available; Useful as an outcome for community testing intervention studies aimed at
earlier diagnosis: Target: 90% of all persons newly diagnosed with HIV should have a
pre-treatment CD4 > 500 cells/μL

Number and percent with CD4 > 500 cells/μL
(timely diagnosis)

Number and percent with CD4 < 500 cells/μL

Number and percent with CD4 < 200 cells/μL

Median CD4 count

Timeliness of enrollment into HIV care

Number and % with a CD4 count Denominator: All persons newly enrolling in HIV care; Useful when population-based data on HIV
diagnoses are not available; Useful as an outcome for community intervention studies aimed at
earlier diagnosis and linkage; Target:. 90% of all persons newly enrolling in HIV care should have a
pre-treatment CD4 > 500 cells/μL

Number and percent with CD4 > 500 cells/μL
(timely care enrollment)

Number and percent with CD4 < 500 cells/μL

Number and percent with CD4 < 200 cells/μL

Median CD4 count

Timeliness ART initiation

Number and % with a CD4 count Denominator: All persons initiating ART; Useful when population-based data on HIV diagnoses are
not available; Useful as an outcome for community intervention studies aimed at earlier diagnosis.
Linkage and ART initiation; Target: 90% of all persons newly initiating ART should have a
pre-treatment CD4 > 500 cells/uL

Number and percent with CD4 > 500 cells/μL
(timely ART initiation)

Number and percent with CD4 < 500 cells/μL

Number and percent with CD4 < 200 cells/μL

Median CD4 count
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“treat all” policies have eliminated the need to assess el-
igibility for treatment, assessing pre-treatment
immunodeficiency remains a critical standard of care
[80–82] and a prerequisite to differentiated care [77, 80,
83]. It is very concerning, therefore, that PEPFAR has
steadily and progressively reduced its support of CD4
testing in favor of viral load monitoring [84]. Pre-
treatment CD4 count monitoring that does not delay
ART initiation must continue to support differentiated
care (i.e., identification and management of advanced
HIV disease), while viral load testing without CD4 is
adequate for monitoring patients on treatment;

3) New metrics likely will not tell us anything we do not
already know. CD4 counts at diagnosis and ART initia-
tion are improving globally, albeit slowly. How will new
metrics and targets help? With declines in incidence and
mortality slowing considerably in recent years, both glob-
ally [75] and in some of the hardest hit areas [3], there are
recent concerns about a potentially suboptimal public
health impact of the response to the global HIVepidemic,
despite rapid scale-up of HIV treatment [3, 85]. This may
be precisely because there have not been targets or met-
rics that systematically monitor progress towards the cen-
tral goal of increasing the coverage of timely ART initia-
tion. Further, we should not assume that the current, in-
adequately improving trends could not level off complete-
ly or even reverse (e.g., as global financial commitment
wanes). The proposed metrics would likely represent use-
ful early warning systems, signaling well before increases
in incidence and HIV-related deaths would be detected.

Conclusion—Breaking the Spell of the Red
Queen

In a 2013 editorial entitled, Under the spell of Red Queen [4],
the late Joep Lange lamented the stubbornly slow increasing
trend in the median CD4 count at presentation to care, which
he characterized with this quote from the Red Queen in Lewis
Carroll’s Through the Looking Glass [86]: “It takes all the
running you can do, to keep in the same place.” Our review
highlights that this situation has not materially improved since
he penned those words, making Lange’s apt characterization
and concerns as relevant and sobering today as they were five
years ago. However, we hold out hope that we can “break the
spell of the Red Queen” by making key changes to our targets
and metrics that explicitly call on policy makers and imple-
menters to strive for earlier, more timely diagnosis and ART
initiation, as these are fundamental prerequisites to securing
future improvements in HIV-related deaths and HIV inci-
dence. Combined with existing global and national ART cov-
erage targets and metrics, coverage metrics for timely

diagnosis, care enrollment, and ART initiation— with targets
of 90% > 500 cells/μL—will be highly useful in maximizing
progress and potential impact of today’s programmatic imple-
mentation on tomorrow’s HIV incidence and mortality.
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