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The natural course of HIV infection is
characterized by progressive and, ulti-
mately, profound loss of CD4" T lympho-
cytes, the primary target of this virus that
essentially infects the immune system.
During peak viremia, in the acute phase
of infection, CD4" cells are dramatically
depleted in the gut, where the vast ma-
jority of them reside [1]. When the HIV
load reaches a subsequent quasi—set point,
circulating CD4" cells experience a tran-
sient recovery. However, over the course
of infection, progressive CD4" cell loss
leads to increasing immunodeficiency, re-
sulting in opportunistic diseases and, fi-
nally, death [2]. CD4" cell counts, there-
fore, represent the principal surrogate
marker for clinical symptoms and AIDS-
defining illnesses.

With the advent of effective antiretro-
viral therapy, it became clear that decreases
in CD4" cell counts can be drastically re-
versed. After treatment initiation, the fre-
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quency of opportunistic infections dra-
matically decreases as the CD4" cell count
increases, and the extent of CD4" cell
count increase is associated with the de-
gree of overall immune system recovery
[3]. Therefore, CD4" cell count restoration
has become a principal criteria for deter-
mining the efficacy of treatment strategies
[4].

With some persons having now re-
ceived effective antiretroviral therapy for
more than a decade, marked heterogeneity
in the course of treatment-associated
CD4" cell count restoration has been
noted. Typically, the CD4" cell count in-
creases rapidly during the first 3-6 months
after the initiation of treatment, which is
comparable to what is seen in HIV-neg-
ative individuals after chemotherapy [5].
In a second phase, a more gradual increase
is observed until a CD4" cell count >500
cells/mm’ is reached [6, 7]; this is achieved
by the majority of patients who have un-
detectable plasma HIV RNA levels while
receiving antiretroviral therapy. Rates of
CD4" cell count restoration have been de-
scribed to be dependent on multiple fac-
tors, including age, baseline CD4" cell
count, previous AIDS-defining events,
coinfections, history of antiretroviral ther-
apy, and duration of suppressive antiret-
roviral therapy [8-11]. However, a sub-

population of HIV-infected individuals do
not recover CD4" cell counts to >500 cells/
mm’ [9]; this lack of increase in CD4" cell
count has been associated with increased
risk of both AIDS and non—AIDS-related
events (e.g., cardiovascular disease, liver
disease, and cancer) [12, 13]. Some of
these patients appear to reach a “plateau”
at a CD4" cell count <500 cells/mm’ [7—
10], but short follow-up periods in pre-
vious studies have limited the ability to
define the extent of this phenomenon or
the factors that predict this suboptimal re-
sponse to treatment.

In this issue of Clinical Infectious Dis-
eases, Kelley et al. [14] provide the most-
extensive data to date on CD4" cell count
restoration in antiretroviral-treated HIV-
infected individuals. They examined 366
patients from 5 clinical cohorts who main-
tained plasma HIV RNA levels <1000
copies/mL for at least 4 years after therapy
initiation. The authors show data for a
median follow-up period of 7.5 years (in-
terquartile range, 5.5-9.7 years). Almost
one-quarter of these patients were fol-
lowed up for >10 years. The good news is
that nearly all patients (95%) who started
therapy with CD4" cell counts >300 cells/
mm’ achieved a CD4" cell count >500
cells/mm’, which suggests strong immune
reconstitution. In contrast, 44% of pa-
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tients who initiated antiretroviral therapy
with a CD4" cell count <100 cells/mm’
and 25% of patients who started therapy
with a CD4" cell count of 100-200 cells/
mm’ were unable to achieve a CD4" cell
count >500 cells/mm”’ over the same fol-
low-up period; a large subset of patients
had their CD4" cell count remain below
this threshold for up to 10 years.

Of importance, these data show that a
significant subset of individuals who did
not achieve a CD4" cell count >500 cells/
mm’ at year 4 appeared to have their CD4"
cell count plateau below normal levels.
These individuals pose a major challenge
in treatment, because current therapies
appear to be unable to increase these pa-
tients’ immunity to normal levels. Often,
treatment is switched to a second-line
therapy for these patients, with the as-
sumption that the lack of CD4" cell count
recovery is associated with direct cyto-
myelotoxic effects of certain antiretroviral
drugs [15, 16]. However, in a recent study
published in Clinical Infectious Diseases
[11], this presupposition was contra-
dicted, because the data showed that the
composition of antiretroviral drug regi-
mens had no impact on immunological
recovery in a cohort of >3000 patients.

In a study by Kelley et al. [14], the au-
thors showed that lack of complete CD4"
cell count restoration is more common
among persons starting therapy with a low
CD4" cell count, and the large size of this
cohort allowed for analysis of factors
modulating CD4" cell count recovery.
Many theoretical mechanisms underlying
poor immunological outcomes during
therapy have been proposed, including in-
sufficient thymic T cell output, reduced T
cell proliferative capacity, higher rates of
T cell apoptosis, and other potential un-
known host factors. Interestingly and con-
trary to previous reports, Kelley et al. [14]
demonstrated that age was the only factor
evaluated in their study that was consis-
tently associated with continued CD4" cell
count increases after 4 years of treatment,
whereas hepatitis C virus coinfection, sex,
and pre-HAART nucleoside analogue ex-

posure were not significant predictors of
CD4" cell count increases during this
period.

A caveat in the study by Kelley et al.
[14] relates to the remarkable improve-
ments that have been achieved with regard
to the ability to quantitate viral load, be-
cause the current highly sensitive assays
were not available at the start of their
study. Samples acquired early were de-
tected with a lower HIV RNA cutoff level
of 1000 copies/mL. Patients who main-
tained HIV RNA levels <1000 copies/mL
were included in the study. Maintaining a
viral load <1000 copies/mL would be ex-
pected to have a very different impact on
disease than would maintaining a viral
load <50 copies/mL. Additional long-term
follow-up studies involving persons who
maintain viral loads <50 copies/mL will be
needed to know the effect of potentially
more-profound viral containment on im-
munological recovery. Furthermore, it
should be taken into consideration that
approximately one-half (49%) of the co-
hort in the study was not treatment naive
when their first HAART regimen was ini-
tiated. The true nadir CD4" cell count and
the magnitude of increase in CD4" cell
count in these individuals therefore re-
mains unknown.

Despite these caveats, the important
study by Kelley et al. [14] strongly sup-
ports the early initiation of HAART—a
doctrine that is reflected in recent changes
in the major US and European treatment
guidelines. Both guidelines recommend
initiation of antiretroviral therapy in pa-
tients with a history of an AIDS-defining
illness or a CD4" cell count <350 cells/
mm® [17, 18]. these
changes have yet to be implemented in

Unfortunately,

many parts of the world, particularly in
resource-constrained countries, where the
epidemic of HIV infection continues to
have the greatest impact. Changes in treat-
ment guidelines globally would carry a
large additional financial burden because
of the increase in the numbers of patients
needing HAART. However, adequate early
therapy, leading to more-complete im-

mune reconstitution, may save resources
because of the resulting lower incidence
of opportunistic infections and reduced
need for medical care. This will be an im-
portant issue to address as treatment ac-
cess fortunately continues to expand.
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