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Background: The failure to increase CD4þ T-cell counts in some antiretroviral therapy
suppressed participants (immunodiscordance) has been related to perturbed CD4þ

T-cell homeostasis and impacts clinical evolution.

Methods: We evaluated different definitions of immunodiscordance based on CD4þ

T-cell counts (cutoff) or CD4þ T-cell increases from nadir value (DCD4) using super-
vised random forest classification of 74 immunological and clinical variables from 196
antiretroviral therapy suppressed individuals. Unsupervised clustering was performed
using relevant variables identified in the supervised approach from 191 individuals.

Results: Cutoff definition of CD4þ cell count 400 cells/ml performed better than any
other definition in segregating immunoconcordant and immunodiscordant individuals
(85% accuracy), using markers of activation, nadir and death of CD4þ T cells.
Unsupervised clustering of relevant variables using this definition revealed large
heterogeneity between immunodiscordant individuals and segregated participants into
three distinct subgroups with distinct production, programmed cell-death protein-1
(PD-1) expression, activation and death of T cells. Surprisingly, a nonnegligible number
of immunodiscordant participants (22%) showed high frequency of recent thymic
emigrants and low CD4þ T-cell activation and death, very similar to immunoconcor-
dant participants. Notably, human leukocyte antigen - antigen D related (HLA-DR)
PD-1 and CD45RA expression in CD4þ T cells allowed reproducing subgroup segre-
gation (81.4% accuracy). Despite sharp immunological differences, similar and
persistently low CD4þ values were maintained in these participants over time.

Conclusion: A cutoff value of CD4þ T-cell count 400 cells/ml classified better
immunodiscordant and immunoconcordant individuals than any DCD4 classification.
Immunodiscordance may present several, even opposite, immunological patterns that
are identified by a simple immunological follow-up. Subgroup classification may help
clinicians to delineate diverse approaches that may be needed to boost CD4þ T-cell
recovery. Copyright � 2016 Wolters Kluwer Health, Inc. All rights reserved.
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Introduction
Antiretroviral therapy (ART) leads to a rapid and
sustained suppression of HIV-1 replication that allows
for a reduction of T-cell activation and associated cell
death favoring CD4þ T-cell recovery [1]. Despite this,
some HIV-treated participants have a paradoxical
response to ART, showing low increases of CD4þ

T cells despite complete viral suppression [2,3]. These
individuals are referred to as immunological nonrespon-
ders or immunodiscordant participants. In contrast,
immunological responders or immunoconcordant indi-
viduals are able to recover CD4þ T-cell levels, even if
ART is started with low CD4þ T-cell counts [4,5]. The
suboptimal CD4þ T-cell recovery is a clinical concern as
immunodiscordant participants show higher mortality
rates and increased risk of clinical progression to AIDS-
related and non-AIDS-related illnesses [6–11]. Several
strategies have attempted to heighten CD4þ T-cell
recovery in immunodiscordant participants; however,
ART intensification with new antiretrovirals or com-
plementation with immunomodulatory drugs has shown
limited effects in increasing CD4þ T-cell counts [12–15].

Despite the clinical relevance of immunodiscordance, the
lack of a consensus definition hampers the identification
of immunodiscordant individuals, their clinical follow-up
and ultimately the assessment of prevalence of immuno-
discordance among HIV-treated individuals [16,17].
Under restrictive definitions, an absolute CD4þ T-cell
count under 200 cells/ml after suppressive ART is
considered an immunodiscordant response, although
higher cutoff values of 350 and 500 cells/ml are also
commonly used in the literature [16,17], as immune
restoration above 500 cells/ml is associated with
morbidity and mortality rates comparable with the ones
observed in uninfected individuals [7]. An additional
criterion for immunodiscordance considers CD4þ T-cell
increases from ART initiation.

In the absence of standard definitions, multiple analyses
have explored the immunological basis for immunodis-
cordance, that are strongly related to CD4þ T-cell
homeostasis, in particular with poor thymic output, high
cell turnover and sensitivity to ex-vivo cell death [16,17].
We considered that immunological features could be
helpful to define a cutoff value for CD4þ T-cell recovery
that in turn would help both to quantify the clinical
impact of immunodiscordance and to explore new
clinical interventions to reverse it. We approached this
issue by using supervised random forest classification, a
powerful machine learning algorithm characterized by
high classification accuracy and the capacity to rank
variables according to their importance for classification
[18]. Our data suggest that CD4þ T-cell count of 400
cells/ml is the best immunological cutoff for classification.
Importantly, after variable selection, unsupervised hier-
archical clustering showed that immunodiscordant
participants could be subgrouped according to three
different immunological patterns that will probably
require specific clinical interventions to reverse
immunodiscordance.
Materials and methods

Individuals
We analyzed immunological data from 196 participants
on suppressive ART (HIV RNA levels <50 copies/ml)
for at least 2 years. All participants having the full
immunological dataset were selected from a larger
previous cross-sectional, descriptive and comparative
study (n¼ 230) performed to analyze the immune status
of participants with paradoxical immune response
[19,20]. The Institutional Review Board approved the
study (EO code: EO-07-024). Written informed consent
was obtained from all participants before study enroll-
ment. Clinical and demographic data for cross-sectional
samples and for longitudinal analyses of CD4þ and viral
load (VL) were collected from medical records.

Immunological datasets
Most of collected data were generated in previous studies
[19–22]. Previously reported immunological data were
obtained using the following antibody combinations:
CD45RA-FITC, CD31-PE, CD38-PerC-Cy5.5, CD3-
APC-Cy7, CD4þ-APC and CD8þ-PE-Cy7; CD95/
FAS-FITC, PD-1-PE, human leukocyte antigen -
antigen D related (HLA-DR)-PerCP-Cy5.5, CD3-
APC-Cy7, CD4þ-APC and CD8þ-PE-Cy7; and
HLA-DR-FITC, CD38-PerCP-Cy5.5, CD45RO-
APC, CD3-APC-Cy7 and CD8þ-PE-Cy7. CD4þ and
CD8þ T-cell death data from fresh peripheral blood
mononuclear cells and data from soluble CD14 in plasma
samples had been also previously reported [19,21]. A total
of 57 immunological and cell-death parameters were
collected for each participant (Supplementary Table 1,
http://links.lww.com/QAD/A954). Unpublished data
on cytomegalovirus (CMV)-specific IgG and IgM
antibodies were measured using the semiquantitative
BIO-FLASH CMV IgG and the qualitative BIO-FLASH
CMV IgM chemiluminescent immunoassays, respect-
ively (Biokit, Barcelona, Spain). Additional immuno-
logical parameters were available from a subset of
participants of the initial cohort (n¼ 50) ([22] and
unpublished data). Antibody combination were designed
for regulatory T cells (Treg) and cell proliferation by flow
cytometry as follows: Ki67-FITC, FOXP3-PE, CD25-
PE-Cy7, CD5-PerC-Cy5.5, CD127-Alexa Fluor 647,
CD3-APC-Cy7, CD4-V450 and CD8-V500; and T-cell
maturation and immunosenescence as follows: CD3-
APC-Cy7, CD4-PerCP-Cy5.5, CD8-V500, CD57-
FITC, CD27-APC, CD28-PE, CCR7-PE-Cy7 and
CD45RA-V450. A further collection of 48 parameters
was available for this subset of participants (Supple-
mentary Table 1, http://links.lww.com/QAD/A954).

http://links.lww.com/QAD/A954
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Statistical analysis
Participants were grouped as immunodiscordant or
immunoconcordant based on either the CD4þ T-cell
counts at the time of visit (using different cutoff values
ranging from 200 to 600 cells/ml) or based on the increase
in CD4þ cell counts from recorded CD4þ nadir values to
CD4þ T-cell counts at the time of visit (DCD4, using
different values ranging from 50 to 500 cells/ml).
Participants below or above the indicated values were
considered as discordant (unfavorable immunologic
response) or concordant (favorable immunologic
response), respectively.

Supervised random forest classification was performed
using all sociodemographical, clinical and immunological
variables collected as predictors using R Statistical
Software (Free Software Foundation) [23] using the
package randomForest [24]. Validation, classification
performance and overfitting assessments were evaluated
using a 10-fold cross-validation. The importance of
predictors for classification was measured using the mean
decrease in Gini index. Cutoff and DCD4 classificatory
values were selected according to the classification
accuracy evaluated by the combination of sensibility
and specificity and the unbiased estimation of the
misclassification error by the OOB (out-of-bag measure)
error rate provided by random forest.

Using the variables with the highest contribution to
sample discrimination (according to Gini’s index),
unsupervised hierarchical clustering in conjunction with
heatmaps were performed to find patterns in our data in
an unbiased fashion. Each variable was centered with
respect to the mean and scaled by the SD. The distance
between samples and variables was measured by means of
Euclidean distance, and hierarchical clustering was
performed using the Ward method. Principal component
analysis (PCA) was performed to visualize the behavior of
the cluster groups regarding different cellular processes.

Continuous variables were expressed as the median
(interquartile range) and compared using Kruskal–Wallis
(for multiple comparisons), Mann–Whitney U with
permutation (for unbalanced groups) or signed-rank test
(for paired analyses). Discrete variables were described as
percentages and compared using the Fisher’s exact test.
Multiple comparisons were adjusted for false discovery
rate. Statistical analyses were also performed using R
Software version 3.0.2 [23] with two-tailed significance
levels of 5%.
Results

Participant characteristics
Participants included in this analysis have been previously
characterized [19,20]. The initial cohort contained 230
virologically suppressed HIV-infected individuals with a
wide range of CD4þ T-cell recovery defined by CD4þ

T-cell counts at the sampling time. However, the full set
of immunological parameters for random forest analysis
was available for 196 participants (Supplementary Fig. 1,
http://links.lww.com/QAD/A954). The main charac-
teristics of the analyzed cohort are shown in Table 1.
Different CD4þ T-cell count strata showed similar sex
representation, ART composition, hepatitis C virus
(HCV) or hepatitis B virus (HBV) coinfection, time
from diagnosis and time on ART; however, participants
with poorer CD4þ T-cell recovery tended to be older
(P¼ 0.02, one-way Kruskal–Wallis test). In addition,
differences in CD4þ T-cell counts and CD4/CD8 ratio,
individuals with poorer CD4þ T-cell recovery showed
lower nadir CD4þ T-cell count values and lower CD8þ

T-cell counts (P< 0.0001 in both cases, one-way
Kruskal–Wallis test).

A wider range of immunological data, including Treg
(CD25þFOXP3þ cells), proliferation (Ki67 expression),
differentiation and immunosenescence [22] were avail-
able for 50 participants of the original cohort. The CD4þ

T-cell stratification of this subset of individuals is also
shown in Supplementary Fig. 1, http://links.lww.com/
QAD/A954.

Analysis of CD4R cutoff values and DCD4R as
classifiers for immune recovery
To define the main immunological features that
distinguish immunodiscordant and immunoconcordant
participants, we analyzed the performance of different
definitions of immunodiscordance using a random forest
approach in which 74 immunological and clinical
parameters were analyzed (Supplementary Table 1,
http://links.lww.com/QAD/A954). Definitions were
based on the CD4þ T-cell counts by establishing different
cutoffs of immunodiscordance (CD4þ T-cell counts from
200 to 600 cells/ml) or based on the increase of CD4þ

T-cell counts from nadir values (DCD4 values were set
from 50 to 500 cells/ml). For cutoff values, the best
classification was achieved using a value of 400 cells/ml
that provided a specificity of 83% and a sensitivity of 88%,
resulting in an OOB error of 15%. For DCD4 values, the
best classifier was 350 cells/ml; although this classification
showed a 84% of specificity, the sensitivity was
significantly lower (76%), resulting in a OOB error of
20%, failing to achieve better classification than the cutoff
values (Fig. 1a). Area under the curve (AUC) values
confirmed these analyses and showed better classification
for CD4þ T-cell count cutoff value 400 cells/ml (AUC
90%) than for DCD4 value 350 cells/ml (AUC 84%).

The analysis of relevant variables that might contribute to
the immunodiscordant phenotype in each definition is
shown in Fig. 1b. These results highlight different
immune characteristics depending on the threshold of
CD4þ T-cell counts analyzed. Restrictive definition of
discordance (cutoffs CD4þ T-cell count 200 cells/ml)

http://links.lww.com/QAD/A954
http://links.lww.com/QAD/A954
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showed relevant contributions of nadir, recent thymic
emigrants (RTE, CD4þCD45RAþCD31þ) and PD-1
expression, activation (CD38) and cell death in CD4þ

T cells to immunodiscordance. However, at higher cutoff
values, the parameters related to activation (HLA-DR
expression) and death of CD4þ T cells as well as nadir
increased their relevance for classification. Activation and
death of CD4þ T cells also showed importance for
classification in DCD4 classification, although the
absolute CD8þ T-cell count was unexpectedly relevant
for lower and intermediate DCD4 values, and the
coexpression of CD95 and HLA-DR in CD4þ T cells
were highly relevant for DCD4 values above 250 cells/ml.
In summary, immunological parameters seem to better
classify participants according to the value of circulating
CD4þ T cells achieved, rather than to the global increase
of CD4þ T-cell counts.

Unsupervised clustering of data
Variables of importance obtained from the optimal cutoff
value (CD4þ T-cell count 400 cells/ml) random forest
approach (highest Gini score) were used in an unsu-
pervised hierarchical clustering analysis (Fig. 2). Two
main clusters were clearly identified: a smaller one (Group
I) containing exclusively immunodiscordant participants
with high activation and death of CD4þ T cells and a low
naive (CD45RAþ) CD4þ T cells, and a larger cluster
including all concordant individuals with intermingled
immunodiscordant participants. This cluster can be
subdivided in two groups, one of them (Group II)
encompassing mostly immunodiscordant participants
and the other one (Group III) that included mostly
immunoconcordant individuals. Main differences
between these latter groups were lower naı̈ve CD4þ

T cells, higher activation and death of CD4þ T cells in
Group II compared with Group III. A similar cluster
structure was obtained using parameters of importance for
the DCD4 350 cells/ml classification (Supplementary Fig.
2, http://links.lww.com/QAD/A954).

We further explored whether information on T-cell
differentiation, proliferation and Treg frequency (Supple-
mentary Fig. 2 and Table S1, http://links.lww.com/
QAD/A954) could modify the classification of immu-
nodiscordant individuals. The analysis of variables of
importance and the resulting heatmap for the cutoff
CD4þ T-cell count 400 cells/ml show again a relevant
weight of activation and proliferation markers (Supple-
mentary Fig. 3, http://links.lww.com/QAD/A954),
with a low segregation performance for the frequency
of naı̈ve cells or the differentiation status of T cells. In
contrast, the frequency of Tregs and specifically the
proliferation of this subset appears as a major contributor
to segregation.

Immunological patterns of clustered individuals
To evaluate the immunological and clinical differences
among clustered individuals, we defined and compared
immunoconcordant and immunodiscordant groups in
each cluster (Fig. 2). Data summarized in Table 2 and
Fig. 3a show that immunodiscordant individuals clustered
in Group I, II and III (D-I, D-II and D-III, respectively)
and immunoconcordant individuals clustered in Groups
II and III (C-II and C-III, respectively) showed similar
time of infection, time on ART, ART composition
(protease inhibitor vs non-nucleoside reverse transcrip-
tase inhibitors) and coinfections (HVB, HCV). However,
differences were observed in age and sex. Immunocon-
cordant tended to be younger than immunodiscordant
(irrespective of the cluster), whereas the frequency of
women was higher in Group III, and no women were
found in Group I. Importantly, no differences in nadir,
absolute CD4þ T-cell counts or CD4þ T-cells increases
were observed among immunoconcordant subgroups.
A detailed analysis of immunological features of each
subset confirmed previous data associated with poor
CD4þ T-cell recovery but also revealed surprising
features in some groups. Among immunoconcordant
participants, Group C-II showed lower CD4/CD8 ratio,
lower RTE frequency but higher activation in both
CD4þ and CD8þ T cells compared with Group C-III.
Among immunodiscordant groups, Group D-I showed
the expected profile with lowest RTE frequency, highest
levels of CD4þ T-cell activation (HLA-DRþ), PD-1
expression and cell death, both caspase-dependent or
caspase-independent (Fig. 3a and Table 2). Cluster D-III
showed an unexpected high RTE frequency with low
values of CD4þ T-cell activation, PD-1 expression and
death, although the latter parameters were still signifi-
cantly higher when compared with immunoconcordant
participants clustered in Group C-III (Fig. 3a and
Table 2). Importantly, cluster D-III showed additional
specific features: low platelecrit, leukocyte and lympho-
cyte count, low CD8þ T-cell count and low levels of
activation (as measured by HLA-DR expression, Supple-
mentary Fig. 4, http://links.lww.com/QAD/A954).
Immunodiscordant individuals clustered in Group D-II
showed an intermediate pattern and were characterized
by low RTE frequency, intermediate cell death and a
relatively low activation in the CD4þT-cell compartment
(Fig. 3 and Table 2). The full set of variables was analyzed
in a PCA approach showing that, although irrelevant for
immunodiscordant identification, CD8þ T-cell variables
also contribute to subgrouping of participants (Supple-
mentary Fig. 5, http://links.lww.com/QAD/A954).
Importantly, from a clinical point of view, a simple
combination of three parameters measuring CD45RA,
HLA-DR and PD-1 expression in CD4þT cells is able to
classify immunodiscordant participants in Groups D-I, D-
II and D-III with an overall 81.4% accuracy, suggesting
that a much simpler strategy using a single panel of flow
cytometry staining could be easily implemented in the
routine clinical follow-up (Supplementary Fig. 6, http://
links.lww.com/QAD/A954). In summary, our data
provide immunological evidence for a subclassification
of HIV-infected individuals (both immunodiscordant and

http://links.lww.com/QAD/A954
http://links.lww.com/QAD/A954
http://links.lww.com/QAD/A954
http://links.lww.com/QAD/A954
http://links.lww.com/QAD/A954
http://links.lww.com/QAD/A954
http://links.lww.com/QAD/A954
http://links.lww.com/QAD/A954
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Fig. 1. Comparison of CD4R T-cell counts and increase cutoff values as classifiers for immune recovery. (a) The performance of
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by analyzing the out-of-bag error. The best classifier in each case is highlighted. (b) Summary of variables of importance for each
classification (panel b1 cutoff values, panel b2 increase in CD4þ T-cell count values). For each classifier, the size of the
symbol indicates the Gini index. The highest Gini index for each classification is highlighted. Abs, absolute counts; CMV,
cytomegalovirus.



Immune responses to antiretroviral therapy Pérez-Santiago et al. 2281
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immunoconcordant) and underscores the existence of a
subset of immunodiscordant individuals with a paradox-
ical immune profile comparable with immunoconcordant
(low activation and cell death, and high RTE frequency),
suggesting that the immunodiscordant phenotype
defined by CD4þ T-cell counts below 400 cells/ml
may accommodate very different, even opposite
immunological profiles.
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Evolution of CD4R T-cell counts in
immunodiscordant subgroups
To address the clinical evolution of the different
subgroups of participants, we collected CD4þ T-cell
counts and VL data from sampling time (2007–2008) to
April 2015. Follow-up criteria were similar to inclusion
criteria; individuals analyzed showed undetectable VL
(one blip <500 copies/ml was allowed) and did not
receive pegylated Interferon (PEG-IFN) or chemother-
apy treatment. Data were available for 67 immunodis-
cordant individuals (26 from subgroup D-I, 28 from D-II
and 13 from D-III). Collected data showed a median
follow-up time of 6.4 years and were similar for all three
subgroups (Fig. 3b). Surprisingly, no significant differ-
ences could be detected among immunodiscordant
subgroups in the CD4þ zenith or the percentage of
participants reaching CD4þ T-cell counts greater than
400 cells/ml over the follow-up period (Fig. 3b).
Furthermore, the slope of CD4þ T-cell count over the
follow-up period was similar for all three groups (Fig. 3c),
with a median increase (slope) of CD4þT cells during the
period of 6.9 (�7 to 23.8), 8.3 (0.3–23.0) and 2.6 (�4.3
to 21.7) cells/year for Groups D-I, D-II and D-III,
respectively. Taking all together, our data demonstrate
that a similar blunted CD4þ T-cell recovery may be
observed in different immunological scenarios,
suggesting that different causes could be behind a poor
response to ART.
Discussion

Few reports have attempted a comprehensive analysis of
the contribution of CD8þ T-cell immune activation,
immunological checkpoint molecules and CD4þ T-cell
homeostasis to the pathogenesis of HIV infection [25–
28]. In the present analysis, we took advantage of a large
dataset of immunological data from HIV-infected ART-
suppressed individuals to evaluate the goodness of
different definitions of immune recovery by different
machine learning and statistical approaches.

The lack of proper immune recovery in immunodiscor-
dant individuals, defined by a poor CD4þT-cell recovery,
is a relevant clinical concern. Immunodiscordance is
associated with adverse events occurring before ART
initiation such as rapid progression [29] or late
presentation [30], two phenomena that are relevant in
developed and developing countries [31,32]. Further-
more, immunodiscordance determines the risk of clinical
progression and death [9] and seems to be one of the main
roadblocks to eliminate the differences in life expectancy
between ART-treated and uninfected individuals [33].

Our results reveal that the CD4þT-cell count 400 cells/ml
cutoff segregates better immunological profiles of immu-
noconcordant and immunodiscordant individuals, high-
lighting differences principally in CD4þ T-cell death and
activation between groups. In several studies, a cutoff of
CD4þ T-cell count 200 cells/ml has been defined as a
critical threshold for the risk of AIDS events or death [34–
36]. However, a recent analysis has shown that risk of death
or AIDS events follow a CD4þ T-cell count gradient in
ART-treated participants, with clear risk for counts below
200 cells/ml but still some benefit for those individuals with
a CD4þT-cell count at least 500 cells/ml [9]. The persistent
elevated levels of immune activation and death of CD4þT
cells in participants with lower CD4þ T-cell counts might
explain this increased risk. In our analysis, the segregation
of immunoconcordant and immunodiscordant individuals
is better achieved by cutoff definitions rather than by
increases in CD4þ T cells. This is probably associated with
the structure of our cohort in which participants starting
therapy a relatively high CD4þT-cell count may show low
cell increase, despite showing a fully immunoconcordant
phenotype [17]. Adjusting for nadir CD4þ T-cell counts,
or including a low nadir count as inclusion criteria would
make both definitions (cutoff and increase) much
more similar.

Our data also underscore the previously unnoticed
existence of immunodiscordant participants with differ-
ent immunological pattern. In fact, our data indicate
that only a subgroup of immunodiscordant individuals
(D-I, 31% of all immunodiscordant) fulfill all the
previously defined features of these participants, that is
low RTE frequency, high activation/cell death and high
frequency and turnover of Treg cells [19,37–42]. On the
other hand, the larger group of immunodiscordant
individuals (D-II) showed low RTE frequency and a
more modest contribution of activation and PD-1
expression. Finally, 22% of all immunodiscordant
participants (D-III) showed an immunological profile
closer to immunological full responders, with low
activation, PD-1 expression, cell death and surprisingly
a high frequency of naı̈ve cells. We have ruled out a
major role of HCV coinfection and cirrhosis in this
phenotype. However, this group shows the lowest
number of circulating CD8þ T cells, platelets, hematies,
leukocytes and lymphocytes (Table 2 and Supple-
mentary Fig. 4, http://links.lww.com/QAD/A954),
suggesting that this particular phenotype could be the
result of genetic or environmental factors altering
lymphocyte distribution in the body rather than HIV-
driven [43]. Moreover, lymphopenic status has been also
observed in HIV-uninfected individuals [44]. Despite
these immunological differences, all immunodiscordant
groups showed similar evolution of CD4þ T-cell counts
over time. A major limitation of our study is that the
number of individuals analyzed is limited for subgroup-
ing analyses, and this fact impedes to assess the impact of
immunological profile on clinical events (AIDS related
or not). However, the well described association of
immunological alterations and CD4þ T-cell counts with
clinical evolution [8,25] might suggest a better clinical
evolution of Group III individuals, which will require

http://links.lww.com/QAD/A954
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further confirmation. An additional limitation of this
study is the cross-sectional nature of the supervised/
unsupervised analyses that impedes a proper longitudi-
nal analysis from baseline (pre-ART) to address
predictors of CD4þ T-cell recovery and early CD4þ

T-cell redistribution events.

Classifying immunodiscordance could be particularly
relevant in clinical settings, as distinct clinical approaches
could be needed to reverse immunodiscordance in these
subgroups. Noteworthy, such subclassification can be
easily achieved with only three parameters
(CD4þCD45RAþ, CD4þHLA-DRþ and CD4þPD-
1þ cells) with an overall 81% accuracy. ART intensifica-
tion or immunomodulating approaches have been already
tested to improve CD4þ T-cell recovery with limited
effects [12–15,45–47]. A better participant selection and
interventions more focused on specific immune altera-
tions may help to succeed in this challenge. For instance,
our data suggest that interventions aimed at improving
thymic output may be useful in Group D-II but would be
insufficient for Group D-I and may be unavailing in
Group D-III.

In addition to classifying immunodiscordant partici-
pants, our approach also identified two subgroups of
immunoconcordant individuals. Interestingly, main
differences among groups were RTE frequency,
activation and cell-death levels in both CD4þ and
CD8þ T cells. Lower frequencies of CD4þ naive cells
were accompanied by higher activation, PD-1
expression and death of CD4þ T cells and also by
higher activation of CD8þ T cells. Potential expla-
nations for this clustered phenotypes could be related to
viral tropism, as X4 viruses are more tropic for naı̈ve
cells and may cause preferential depletion of these cells
[48], or to the existence of residual viral replication
in some individuals, that may drive both CD4þ and
CD8þ T-cell activation [49]. Further characterization
of individuals in subgroup C-II will provide the clues
to explain suboptimal recovery of immune parameters
and may contribute to define clinical strategies to
improve them, such as ART intensification, drug
switch or complementation with anti-inflammatory
drugs.

In conclusion, our data show that complementing
absolute cell count follow-up with measures of naive
T-cell production and immune activation (in both
CD4þ and CD8þ T cells) may help to segregate
participants, especially those with immunodiscordant
responses to optimize treatments aimed to increase
their CD4þ T-cell counts. However, our data also
suggest that the quality of CD4þ T cells is relevant.
Therefore, increasing CD4þ T-cell counts may
not be sufficient, in the absence of functional
improvement, to impact clinical output as shown for
IL-2 treatment [50].
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Ciències de la Salut Germans Trias i Pujol supported
by the ISCIII and the Health Department of the Catalan
Government (Generalitat de Catalunya). M.M. is
supported by BP-DGR AGAUR Postdoctoral
Fellowship.

Author’s contributions: M.M., J.C. and C.C. designed and
performed immunophenotyping, cell death and ELISA
assays. J.P.S., D.O., V.U. and J.V.F. performed statistical
analyses. E.N., J.P. and B.C. recruited participants and
collected clinical data. M.M., R.P., E.N., B.C. and J.B.
interpreted the data. J.P.S., M.M. and J.B. coordinated the
work and wrote the manuscript. All authors read and
approved the final version of the manuscript.

Conflicts of interest
There are no conflicts of interest.
References

1. Autran B, Carcelain G, Li TS, Blanc C, Mathez D, Tubiana R,
et al. Positive effects of combined antiretroviral therapy on
CD4R T cell homeostasis and function in advanced HIV
disease. Science 1997; 277:112–116.

2. Kelley CF, Kitchen CMR, Hunt PW, Rodriguez B, Hecht FM,
Kitahata M, et al. Incomplete peripheral CD4R cell count
restoration in HIV-infected patients receiving long-term anti-
retroviral treatment. Clin Infect Dis 2009; 48:787–794.

3. Piketty C, Castiel P, Belec L, Batisse D, Si Mohamed A, Gilquin J,
et al. Discrepant responses to triple combination antiretroviral
therapy in advanced HIV disease. AIDS 1998; 12:745–750.

4. Hunt PW, Deeks SG, Rodriguez B, Valdez H, Shade SB, Abrams
DI, et al. Continued CD4 cell count increases in HIV-infected
adults experiencing 4 years of viral suppression on antiretro-
viral therapy. AIDS 2003; 17:1907–1915.

5. Pacheco YM, Jarrı́n I, Del Amo J, Moreno S, Iribarren JA, Viciana
P, et al. Risk factors, CD4 long-term evolution and mortality of
HIV-infected patients who persistently maintain low CD4
counts, despite virological response to HAART. Curr HIV Res
2009; 7:612–619.

6. Baker JV, Peng G, Rapkin J, Krason D, Reilly C, Cavert WP, et al.
Poor initial CD4R recovery with antiretroviral therapy pro-
longs immune depletion and increases risk for AIDS and non-
AIDS diseases. J Acquir Immune Defic Syndr 2008; 48:541–546.

7. Kaufmann GR, Furrer H, Ledergerber B, Perrin L, Opravil M,
Vernazza P, et al. Characteristics, determinants, and clinical
relevance of CD4 T cell recovery to <500 cells/microL in HIV
type 1-infected individuals receiving potent antiretroviral ther-
apy. Clin Infect Dis 2005; 41:361–372.

8. Pacheco YM, Jarrin I, Rosado I, Campins AA, Berenguer J,
Iribarren JA, et al. Increased risk of non-AIDS-related events
in HIV subjects with persistent low CD4 counts despite cART in
the CoRIS cohort. Antiviral Res 2015; 117:69–74.



2286 AIDS 2016, Vol 30 No 15
9. Young J, Psichogiou M, Meyer L, Ayayi S, Grabar S, Raffi F, et al.
CD4 cell count and the risk of AIDS or death in HIV-Infected
adults on combination antiretroviral therapy with a suppressed
viral load: a longitudinal cohort study from COHERE. PLoS Med
2012; 9:e1001194.

10. Lewden C, Chene G, Morlat P, Raffi F, Dupon M, Dellamonica
P, et al. HIV-infected adults with a CD4 cell count greater than
500 cells/mm3 on long-term combination antiretroviral ther-
apy reach same mortality rates as the general population. J
Acquir Immune Defic Syndr 2007; 46:72–77.

11. Moore RD, Gebo KA, Lucas GM, Keruly JC. Rate of comorbid-
ities not related to HIV infection or AIDS among HIV-infected
patients, by CD4 cell count and HAART use status. Clin Infect
Dis 2008; 47:1102–1104.

12. Massanella M, Negredo E, Puig J, Puertas MC, Buzón MJ, Pérez-
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45. Kolber MA, Saenz MO, Tanner TJ, Arheart KL, Pahwa S, Liu H.
Intensification of a suppressive HAART regimen increases CD4
counts and decreases CD8R T-cell activation. Clin Immunol
2008; 126:315–321.

46. Hatano H, Hayes TL, Dahl V, Sinclair E, Lee T-H, Hoh R, et al. A
randomized, controlled trial of raltegravir intensification in
antiretroviral-treated, HIV-infected patients with a suboptimal
CD4R T cell response. J Infect Dis 2011; 203:960–968.

47. Byakwaga H, Kelly M, Purcell DFJ, French MA, Amin J, Lewin
SR, et al. Intensification of antiretroviral therapy with ralte-
gravir or addition of hyperimmune bovine colostrum in HIV-
infected patients with suboptimal CD4R T-cell response: a
randomized controlled trial. J Infect Dis 2011; 204:1532–1540.
48. Delobel P, Nugeyre M-T, Cazabat M, Sandres-Sauné K,
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