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Purpose of review

In 2010, the WHO updated HIV treatment guidelines for adults and children, expanding the eligibility of
HIV-infected individuals for antiretroviral therapy (ART) on the basis of immunological staging. We discuss
the barriers to HIV staging in under-resourced settings.

Recent findings

In industrialized countries, HIV-infected patients are immunologically staged using CD4 lymphocyte counts
measured using flow cytometry, but reliable and timely CD4 testing is still not readily available for all
patients in many poorly resourced countries. Often CD4 testing is only available in central hospitals and
clinics and depends upon availability of reagents. This leaves clinical staging as the standard of care in
many places. Significant discrepancies exist between clinical and immunologic staging. Lack of
immunologic staging can lead to delayed or inappropriate initiation of ART, increased attrition before ART,
and overall poorer outcomes as patients often initiate ART at lower CD4 cell count baselines. This has led
to intensive efforts to develop cost-effective laboratory testing, particularly for accurate low-cost CD4 testing.

Summary

Simplified, low-cost alternatives for immunologic staging are vital to continued scale up of ART programs
globally. Point-of-care CD4 testing in particular has shown promise in decreasing attrition rates before ART
and improving overall mortality in resource-limited settings.
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INTRODUCTION

Thirty years since the start of the HIV/AIDS epi-
demic, tremendous strides have been made from a
political, social, and financial standpoint resulting
in a remarkable expansion of HIV/AIDS prevention,
treatment, and support [1,2

&

]. Of the 34 million
people infected with HIV worldwide, over 6.5
million people receive antiretroviral therapy
(ART), which has led to improved survival of people
living with HIV [1]. Mother-to-child transmission
has also significantly decreased with an estimated
50% of pregnant women receiving antiretrovirals
[1,2

&

]. Access to HIV counseling and testing has
increased, and the global incidence of newly
acquired infections has decreased with an estimated
2.7 million new infections in 2010, 15% fewer than
the 3.1 new infections estimated in 2001 [1]. Most of
these improvements are due to expanded treatment
programs in sub-Saharan Africa [1].

Despite these remarkable advances, significant
barriers remain to the global provision of preven-
tion, treatment, and support for people living with
illiams & Wilkins. Unaut
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HIV/AIDS [3]. In particular, the success of pediatric
HIV prevention and management witnessed in
industrialized countries has not been realized in
the developing world [4]. Of the 2.5 million deaths
prevented with ART since 1995, only 4% were
amongst children under the age of 15 [1]. Extraordi-
nary discrepancies exist in treatment coverage
between adults and children with less than 25%
of eligible children receiving therapy [1]. In spite
of improved access to testing, vast majorities of
people in developing countries are unaware of their
HIV status, and there has been a significant increase
in incidence of new HIV infections and AIDS-related
horized reproduction of this article is prohibited.
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KEY POINTS

� Updated WHO adolescent and adult guidelines
recommend initiation of ART for any patient with a
CD4 cell count less than 350 cells/ml.

� Any child under the age of 12 months with a presumed
or definitive diagnosis of HIV should initiate ART. There
is also a conditional recommendation to initiate ART for
any presumptively or definitively HIV-infected child
aged 12–24 months, but this is left to the discretion of
individual countries to implement.

� Lack of reliable and timely CD4 testing can lead to
delayed or inappropriate ART initiation, increased
attrition before ART, and overall poorer outcomes and
mortality for patients initiating ART at lower
CD4 baselines.

� POC CD4 testing has been shown to improve retention
before ART and overall outcomes of HIV-infected
patients, and further research is needed in this area.

Tropical and travel-associated diseases
mortality in areas of eastern Europe and central Asia
[1].

The WHO and the joint United Nations program
on HIV/AIDS continue to work diligently toward
universal HIV testing and treatment resulting in
increased local scale-up campaigns for expanded
HIV testing and treatment [5]. In industrialized
countries initiation of ART is based upon immuno-
logic criteria, but in most developing countries
access to CD4 testing is limited and WHO clinical
staging is the standard of care [6,7]. Significant
discrepancies exist between clinical and immuno-
logic staging, leading to inferior outcomes in those
patients initiating ART based solely on clinical stag-
ing [8–11].

Recent evidence also indicates that lack of
reliable and timely CD4 testing may be associated
with decreased retention before ART [12

&&

], resulting
in increased loss to follow-up and mortality in
patients, especially those initiating ART with lower
baseline CD4 counts [1,11,13]. For successful scale
up of HIV/AIDS programs, particularly for ART
initiation, bolstering the connection between
pyright © Lippincott Williams & Wilkins. Unautho

Table 1. WHO criteria for antiretroviral therapy initiation

Age Less than 24 monthsa 24

CD4% All 25

Absolute CD4 All 75

Table from WHO. Antiretroviral therapy for HIV infection in infants and children: tow
(7). All children and adults with stage 3 or 4 clinical disease should be started on a
pulmonary tuberculosis is the first clinical presentation of HIV infection (and is consid
aImplementation of guidelines in 12–24-month age group is left to the discretion of
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testing and follow-up services, especially access to
CD4 testing, is critical.
CURRENT ADULT AND PEDIATRIC WHO
GUIDELINES

Revised adult and pediatric WHO guidelines were
published in 2010 and are expected to undergo
reevaluation this year (Table 1). One of the most
significant adolescent and adult guideline changes
is the recommendation for earlier initiation of ART,
at a CD4 cell count less than 350 cell/ml [6]. This
change was made based on evidence showing
improved morbidity and mortality outcomes in
asymptomatic, ART-naive patients who initiated
ART at a higher CD4 cell count of less than
350 cells/ml [14–18].

The landmark Comprehensive International
Program of Research on AIDS (CIPRA) was a random-
ized, open-label trial of early initiation of ART versus
standard initiation of therapy among two groups of
HIV-infected, ART-naive Haitian adults with con-
firmed CD4 T-cell counts less than 200 cells/ml
(standard treatment) or between 200 and
350 cells/ml (early treatment) at baseline with no
history of an AIDS-defining illness. Patients were
followed for 21 months with a primary study end-
point of survival. There were 23 deaths in the stand-
ard treatment group, as compared with six deaths in
the early treatment group [hazard ratio (HR) 4, 95%
confidence interval (CI) 1.6–9.8, P¼0.001]. There
were also 36 incident cases of tuberculosis (TB) as
compared with 18 cases in the early treatment group
(HR 2.0, 95% CI 1.2–3.6, P¼0.01). Both study out-
comes strongly favored the initiation of ART at a
higher CD4 threshold of 350 cells/ml [16]. Although
a follow-up evaluation of the CIPRA study by Koenig
et al. [19

&

] found cost-effectiveness evidence against
early initiation of ART, the study authors believed
that the long-term benefit was ultimately in favor
of earlier ART as patients in the study were only
followed over a 3-year period.

In the absence of CD4 testing, WHO clinical
staging should be applied and ART begun for any
patient with stage 3 or 4 disease. Updated guidelines
rized reproduction of this article is prohibited.

in children and adults

–59 months 5 years and older (includes adults)

% or less Not applicable

0 cells/ml or less 350 cells/ml or less

ard universal access. Recommendations for a public health approach. 2010
ntiretrovirals irrespective of CD4 counts. In many resource-poor settings,
ered a stage 3 diagnosis).

individual countries.
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also promote the use of simplified and less toxic
first-line and second-line ART regimens and recom-
mend initiation of ART in all patients with HIV
infection who are coinfected with TB after initiation
of anti-TB therapy. Patients who are coinfected with
HIV and hepatitis B who are to be started on
hepatitis B therapy should also receive ART [6].

More deliberate monitoring of treatment effi-
cacy and toxicity is also recommended, which may
be an area in which costs can be significantly low-
ered. Although the DART (Clinically driven labora-
tory monitoring of HIV anti-retroviral therapy in
Africa) trial showed that laboratory monitoring is
most beneficial in the second year of ART to help
guide switching to second-line therapy, routine
laboratory monitoring for adverse effects may not
be necessary. This information has considerable
financial implications as funding can potentially
be reallocated for diagnostics and drug delivery [20].

Compared with adults, absolute lymphocyte
counts in children under the age of 5 years old
exhibit considerable variation, making CD4 per-
centage the preferred immunologic parameter in
determining disease stage and when to initiate
ART in this age group [21]. Updated WHO pediatric
guidelines published in 2010 focus on determining
HIV exposure and infection status earlier – at birth
or soon after [7]. There are significant difficulties
with HIV diagnosis in children, particularly in
resource-limited settings, which may hamper timely
ART initiation. Because of the low sensitivity of the
HIV DNA PCR test at birth (<50% versus up to 99%
at 6 weeks), clinical practice in resource-poor setting
is often to test only at 6 weeks. Maternal HIV anti-
bodies can be present in infants up to 18 months of
age, making CD4 and viral load testing preferred but
not realistic in many developing countries. HIV
serologic testing should be confirmed at 18 months
of age in any patient with a presumptive diagnosis of
HIV [7].

Epidemiologic studies indicate unequivocally
that HIV-infected infants suffer extremely high mor-
bidity and mortality rates [22–25]. This has led the
WHO to recommend that any child under the age of
12 months with presumed or known HIV infection is
started immediately on ART irrespective of immuno-
logic or clinical status (Table 1). The WHO further
makes a conditional recommendation for children
age 12–24 months also to be initiated on ART regard-
less of clinical or immunologic status, but imple-
mentation of this recommendation has been left to
the discretion of individual country governments [7].

Similar to adult guidelines, an additional objec-
tive for children is more simplified first-line and
second-line ART regimens. There is also a suggestion
for increased attention to nutritional status in the
Copyright © Lippincott Williams & Wilkins. Unaut
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pediatric population receiving ART. For both adults
and children, total lymphocyte count is no longer
recommended to guide treatment initiation de-
cisions [6,7].

Even in resource-limited areas that have the
ability to implement current WHO guidelines,
critical decisions must be made about which recom-
mendations can be feasibly implemented. In a popu-
lated model using South African clinical and
resource utilization data, Walensky et al. [26] found
that for developing countries who cannot practi-
cally implement all of the new guidelines, the
initiation of ART at a CD4 cell count less than
350 cells/ml afforded the greatest survival and cost
benefit compared with all other guideline recom-
mendations.
RELIABILITY OF CLINICAL HIV STAGING

The WHO advises that all patients should have
access to immunologic testing in an effort to
improve retention before ART, initiation of ART,
and subsequent laboratory monitoring. In particu-
lar, patients classified as stage 1 or 2 should be tested
for a CD4 count to determine whether treatment
should be initiated based on immunologic criteria
[6]. Adequate laboratory access is critical for
improved classification of patients eligible for ART
as well as for monitoring of treatment efficacy and
toxicity [27,28]. Despite improved laboratory infra-
structure in many regions, access to CD4 testing
remains a significant barrier to the improvement
of ART programs [29]. As a result, clinical staging
remains the standard of care in most resource-lim-
ited settings. A number of studies, however, have
shown significant disagreement between clinical
and immunologic staging [30

&

,31
&

,32–36]. The dis-
cordance between clinical and immunologic staging
has considerable medical, public health, and finan-
cial implications in the developing world.

Carter et al. [37] evaluated an African cohort of
pregnant and recently postpartum HIV-positive
women who were clinically and immunologically
staged upon enrollment into a mother-to-child
transmission prevention program. The study
authors compared immunologic and clinical staging
criteria according to 2009 WHO treatment guide-
lines in identifying ART-eligible women (stage 3 and
4 or CD4þ cell count <350 cell/ml). Of the 6036
women enrolled, 2915 (48%) were ART eligible;
although only 23% of those ART-eligible patients
had WHO stage 3 or 4 disease, 94% of that group met
CD4 cell count thresholds. Furthermore, WHO stage
1 or 2 disease was identified in 5356 women (84%),
yet 2235 (42%) had CD4þ cell count less than
350 cells/ml. On the basis of these results, the study
horized reproduction of this article is prohibited.
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authors concluded that immunologic staging was
superior to clinical staging in accurately determin-
ing ART eligibility in pregnant and postpartum HIV-
infected women.

In a multicenter cross-sectional study done in
Uganda by Baveewo et al. [30

&

], the sensitivity and
specificity of clinical staging and immunologic stag-
ing both at CD4 cell counts less than 250 and
350 cells/ml were compared in ART-naive adult
patients. WHO clinical staging sensitivity at CD4
thresholds less than 250 and 350 cells/ml was 53.5
and 49.1% with specificities of 81.1 and 86.8%,
respectively. In this study, specific clinical findings
were also evaluated for a potential correlation with
immunologic staging. Angular chelitis and papular
eruptions were associated with a CD4 cell count less
than 250 cells/ml. Angular chelitis along with recur-
rent upper respiratory tract infections was a more
sensitive predictor of CD4 cell count less than
350 cells/ml.

Children pose additional challenges with
regards to discrepancies between clinical and immu-
nologic staging. Up to a third of children who are
deemed ineligible for ART on the basis of clinical
staging alone may actually have severely depressed
CD4þ T-cell counts [9]. Furthermore, in areas such as
sub-Saharan Africa, children experience higher rates
of TB, gastroenteritis, and pneumonia than their
counterparts in industrialized countries. Such acute
or chronic illnesses may contribute to underlying
malnutrition resulting in misclassification when
such children are clinically staged. In these instan-
ces, children may be starting ART too early as a
consequence of symptoms that are not reflective
of a suppressed immune system [9].

Despite limited resources, HIV/AIDS and ART
initiation programs have significantly improved
access to the testing and treatment of people living
with HIV/AIDS. Populations with advanced HIV
disease continue to decrease as ART becomes more
available globally. This will continue to lead to
clinical criteria being a less sensitive and less func-
tional screening method [10].
EFFECTS OF LACK OF ACCESS TO
IMMUNOLOGIC STAGING

The high costs associated with equipment purchase
and maintenance as well as lack of trained personnel
contribute to poor laboratory infrastructure in
resource-limited settings. These factors also limit
ART scale-up programs [38

&&

,39]. With clinical stag-
ing alone, stage 1 or 2 patients may not receive ART,
although immune suppression may be more
advanced than clinical symptoms suggest. Patients
who initiate ART later when CD4 counts are lower
pyright © Lippincott Williams & Wilkins. Unautho

480 www.co-infectiousdiseases.com
have poorer success rates compared with those
initiating therapy at a higher CD4 count [40

&

].
An analysis done of patients in multiple resource-
limited countries demonstrated that initiating ART
at a CD4 cell count below 25 cells/ml posed a more
than three-fold risk of death than starting ART at a
CD4 cell count greater than 50 cells/ml. This same
study also showed that patients with lower CD4
counts were less likely to return for further care [11].

Conversely, incorrectly classifying patients as
clinical stage 3 or 4 can lead to the inappropriate
early initiation of ART, which can increase risk for
adverse effects as well as resistance to first-line medi-
cations. There are also important cost implications
as placing patients on ART unnecessarily can
place heavy financial burdens on resource-limited
countries and local governments [35].

Lack of reliable and timely access to CD4 testing
may also contribute to high attrition rates prior to
initiation of ART [12

&&

]. Additional reasons for attri-
tion before ART includes the lack of patient symp-
toms, long distances for travel to clinic, transfer to a
different clinic, and death [41–44,45

&&

]. Over 40% of
patients on ART are lost to follow-up in the first year
[11,13,46]. Moreover, up to 80% of loss to follow-up
occurs between HIV diagnosis and initiation of ART,
with the majority of losses occurring between HIV
diagnosis and CD4 staging [42,43,47]. Thus, timely
CD4 testing upon HIV diagnosis is essential to
alleviating late ART initiation, high attrition, and
late presentation rates [45

&&

,48
&

].
ALTERNATIVES TO CLINICAL STAGING

In resource-limited settings in which CD4 testing is
not feasible, additional clinical and laboratory
parameters have been evaluated. Markers such as
degree of anemia or BMI have been studied with
variable results [34,35]. Boniphace et al. [31

&

] studied
the correlation of region-specific clinical symptoms
with immunologic and clinical staging and found
individual symptoms such as headache and periph-
eral neuropathy to be more sensitive predictors of
advanced immunosuppression. A number of inves-
tigators have studied the use of total lymphocyte
count as an alternative to CD4 absolute count,
however, total lymphocyte count is no longer
recommended by the WHO for staging or determi-
nation of ART initiation in children or adults
[6,7,49–51].

Flow cytometry can quickly evaluate cell surface
markers and determine cell lines within a blood
sample, making it the gold standard for immuno-
logic staging in the developed world [52]. Flow
cytometry, however, is expensive and requires
trained personnel. Strategies for improving access
rized reproduction of this article is prohibited.
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to CD4 testing throughout low-income countries
include lowering equipment costs, simplifying flow
cytometric procedures, and developing alternative
CD4 counting techniques [33]. Recently, a number
of studies evaluating simpler, more cost-effective
alternatives to flow cytometric CD4 counting
have produced results with comparable sensitivity
to traditional flow cytometry methods [27–
29,33,53–56]. Even in areas in which CD4 testing
is available, medical providers are still faced with
financial constraints, making additional research on
lower cost methods a priority. One potential cost-
saving measure is the use of capillary rather than
venous blood samples for both traditional flow
cytometry or alternative cytometry methods. Good
correlation between capillary and venous blood
samples has been shown and development of
standard procedures could diminish the need for
dedicated laboratory personnel to carry out testing
[57

&

].
Point-of-care (POC) CD4 testing is pivotal to the

scale up of ART programs and decentralization of
HIV care globally. The potential reduction in costs
associated with POC testing can lead to improve-
ment in access and quality of HIV care. Jani et al.
[12

&&

] found that compared with standard CD4 test-
ing, POC CD4 testing significantly improved patient
retention and rates of initiation of ART. Following
the implementation of POC CD4 testing, the per-
centage of patients lost to follow-up decreased from
57 to 21% (adjusted odds ratio 0.2, 95% CI 0.15–
0.27). Time to complete CD4 staging decreased from
32 to 3 days (P<0.0001), leading to a decrease in the
median time from enrollment to ART initiation
from 38 to 20 days (P<0.0001). POC testing can
be conducted by community healthcare workers,
requires less preparation and fewer ancillary
supplies, and provides results in real time [55,56].
CONCLUSION

The WHO 2015 strategic goals include achieving
‘universal access to comprehensive HIV prevention,
treatment, and care’ [58

&

]. With the expanded
recommendation to initiate ART at CD4 cell counts
less than 350 cells/ml or clinical stages 3 or 4,
approximately 49% more people will start ART lead-
ing to a 20% reduction in HIV-related mortality by
2015. Early ART initiation is projected to increase
costs by 57% [59]. Domestic and global HIV funding
decreased to $15 billion in 2010, significantly lower
than the predicted $22–24 billion needed in 2015 to
promote comprehensive global scale up of HIV/
AIDS care. Thus, governments and nongovernmen-
tal organizations face difficult decisions about how
best to allocate funds for diagnostics, monitoring,
Copyright © Lippincott Williams & Wilkins. Unaut
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and therapy [2
&

]. Improved access to CD4 testing has
potential cost benefits compared with clinical stag-
ing [8]. Reduction of costs associated with diagnosis
and monitoring as well as decentralization of serv-
ices is imperative in continued ART scale-up efforts
[28]. Alternative CD4 testing methods, especially
POC CD4 testing, will help lead to more timely
ART initiation, decreased attrition before ART, and
overall improved patient outcomes.
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