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Abstract
Background The main cause of the persistently high levels of immune activation in HIV positive patients
undergoing suppressive chronic cART is still unknown. Previous �ndings have suggested a link between
ongoing residual viral replication originating from the HIV reservoir and the immune activation levels.
However, there is no clear evidence of this assumption. The aim of this study was to investigate the
correlation between the reservoir and the levels of immune activation in chronic patients under fully
suppressive cART. 

Methods We conducted a prospective longitudinal study in a cohort of HIV positive patients undergoing
cART for more than 5 years without any documented blips. We quanti�ed the HIV proviral DNA and the 2-
LTR circles loads from PBMCs, the levels of immune activation and proliferation markers of T-cells
(CD38+, Ki-67+), and the levels of plasmatic IL-7 at enrollment and 1-year of follow-up. Correlation
analysis and group comparison were performed. 

Results 29 participants with a median of 8 years (IQR, 6.9-9.4) under suppressive cART were enrolled and
successfully followed at 1 year. In this cohort, we found higher levels of CD8+ T-cell activation (CD38+)
after 1-year (P = .000). There was a very weak correlation between the levels of immune activation and
the proviral DNA of CD4+ T-cell and CD8+ T-cell. The levels of Ki-67+ T-cells declined on time without
signi�cant differences, and there was no signi�cant correlation with the proportion of activated T-cells.
The plasmatic levels of IL-7 decreased at the follow-up observation (P = .094), but there was no
correlation with the levels of immune activation either. 

Conclusions We found a weak correlation of the levels of CD4+ and CD8+ T-cell activation with the
proviral DNA and 2-LTR circles. This suggests the likely occurrence of further mechanisms driving chronic
versus early immune activation other than viral replication by itself in subjects under chronic suppressive
cART. More importantly, we highlight the relevance of decreasing T-cell activation in chronic patients to
lower the risk of morbidity and early mortality by investigating other activation pathways in speci�cally
chronic phases.

Background
Combined antiretroviral therapy (cART) is the milestone treatment for HIV infection and AIDS. cART has
demonstrated to be the most effective treatment that can successfully control the levels of viral
replication, as clinically determined by maintaining viraemia under the levels of detection on routine and
follow-up testing. Yet, even in the presence of effective treatment, highly abnormal levels of immune
activation can be detected in HIV-1 positive patients, a phenomenon that has been associated with
disease progression and higher levels of morbidity as compared with those of the general population (1–
5).

The control of abnormally high levels of immune activation is crucial to prevent morbidity, especially in
chronic patients under cART.
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The viral and immunological mechanisms driving immune activation are not completely understood, and
the main cause has not been established. Some of the proposed potential causes are; the HIV replication
by itself, the loss of mucosal integrity and microbial translocation, the immune response to other
concurrent infections and the altered balance of CD4 + T-cell subsets among others (6–11). On the other
hand, it has been proposed that immune activation in HIV positive patients could potentially have
different origins in the early versus chronic phases of the infection.

Data showing the increase of immune activation markers rising from acute HIV infection has directed to
consider that it could be directly triggered or caused by the presence of viral replication (6,12).

Also, it has been described in previous �ndings an association between the viraemia and the levels of
activation of CD8 + T-cells in the absence of treatment (13). Moreover, data shows that immune activation
decreases following initiation of cART, but it fails to return to levels found in HIV negative subjects
(12,14). Therefore, it has been suggested a potential association between the levels of immune activation
and residual viral replication originating from the reservoir despite effective cART. Furthermore, higher
levels of activation have been linked to transient viraemia and blips, which suggests that ongoing
residual replication originating from the HIV reservoirs could be driving immune activation despite the
presence of cART (15,16). However, there is no clear evidence to support this association, particularly in
subjects undergoing chronic cART.

Data shows that a larger reservoir is responsible for proportionally more viral replication and a faster
rebound of the viral load in patients stopping cART (17,18). The detection of episomal 2-LTR circles is
commonly accepted as a marker of ongoing viral replication, while the quanti�cation of HIV-1 proviral
DNA from peripheral blood mononuclear cells (PBMCs) has been described as a representative marker of
the size of the reservoir in the human body.

This study aimed to assess the correlation between the immune activation levels and the reservoir in a
cohort of HIV-1 infected subjects undergoing chronic cART with fully suppressed viraemia.

Material And Methods

Study design
We conducted a prospective study including HIV-1 infected patients attending the HIV clinic of the
Infectious Diseases Department at the Instituto Nacional de Ciencias Médicas y Nutrición Salvador
Zubirán (INCMNSZ) in Mexico City between January-August of 2018. Subjects over 18 years of age,
under long-term suppressive cART (de�ned as HIV-1 RNA viral load measurements < 50 copies/mL by
commercial assays without documented blips during at least 5 years of follow-up) and currently on their
�rst cART regimen were included to be followed after 1 year. Enrolled participants also had to have no
comorbidities, nor documented co-infections in their clinical record, or any other active disease for at least
two months prior to inclusion. We collected in a database the age, birth sex, cART regimen, HIV RNA viral
load history, CD4 + T-cell count nadir and CD4 + and CD8 + T-cell count at inclusion and follow-up visits.
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The laboratory testing for the HIV-1 proviral load (proviral DNA), 2-LTR circles, markers of activation and
proliferation (CD38 + and Ki-67+), as well as interleukin 7 (IL-7) were performed after screening and at one
year of follow-up. The study was approved by the research and bioethics boards of the INCMNSZ, and
was conducted in accordance with the Helsinki Declaration. All participants provided written informed
consent prior to recruitment.

Laboratory assays
Plasma was obtained by centrifugation and PBMCs were isolated by density gradient media from blood
samples collected from the patients. HIV-1 proviral DNA was measured by Real-time PCR and 2-LTR
circles were measured by SYBR Green Real-time PCR. Immune activation CD38 + and proliferation Ki-67 + 
biomarkers were analysed in PBMCs by �ow-cytometry and plasma IL-7 levels by a commercial ELISA
assay. Complete laboratory methods are detailed in the supplemental material.

Statistical analysis
Data analysis was performed using descriptive and central tendency statistics expressed as median and
inter-quartile range (IQR). For certain analysis, subjects were strati�ed in sub-groups: by years under
suppressive cART (≤ 10 and > 10 years) and by type of third cART-component (Protease inhibitor [PI] and
non-nucleoside reverse transcriptase inhibitor [NNRTI]). We employed the non-parametric Spearman
correlation test for quantitative variables, the Wilcoxon-signed rank test and the Mann-Whitney U test for
independent groups comparisons with the PRISM v7 software (GraphPad Software Inc., La Jolla, CA,
USA). A P < .05 was considered statistically signi�cant.

Results

Study population
A total of 104 patients were evaluated for eligibility. Of these, 38 participants were �rst enrolled. A total of
9 subjects were excluded from the study after 1 year of follow-up: 4 failed to attend the follow-up visit, 2
were excluded due to an HCV infection of recent diagnosis and 3 for incomplete data. Pre-treatment and
baseline characteristics of the participants are summarized in Table 1. Our participants had a median age
of 47 years at recruitment and most of them were men. The median pre-treatment viral load (plasma HIV
RNA) was 5 Log10 copies/mL (IQR, 4.9–5.2 Log10 copies/mL) and the nadir of CD4 + T-cell count was

119 cells/mm3 (IQR, 31.5–266 cells/mm3). Most participants were under a cART regimen based on a
NNRTI (89.7%), while the others were on a PI-based regimen (10.3%).
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Table 1
Pre-treatment and baseline features

Feature Median IQR

Age at enrollment (years) 47 41.5–52

Age at HIV diagnosis (years) 36 30.5–43

Time under cART at enrollment (years) 8 6.9–9.4

Pre-treatment viral load (Log10 c/mL) 5 4.9–5.2

Nadir of CD4 + T-cells (cell/mm3) 119 31.5–266

Pre-treatment CD4 + T-cell count (cell/mm3) 168 44.5–271

Pre-treatment CD8 + T-cell count (cell/mm3) 785 377-1128.5

Pre-treatment CD4/CD8 ratio 0.19 0.09–0.34

IQR, interquartile range; N = 29.

As expected, due to cART e�cacy, we observed in our participants a signi�cant recovery of the CD4 + T-
cell as shown in Fig. 1A. Likewise, we also observed an increase of the CD4/CD8 ratio and a slight
increase of the CD8 + T-cell count at follow-up compared to that at enrollment (Fig. 1B and 1C).

HIV proviral DNA and 2-LTR circles
To study the size of the HIV reservoir, we were able to measure the HIV proviral DNA along with the other
variables at the enrollment point and 1-year follow-up in our participants (Table 2).
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Table 2
CD4+, CD8+, immune activation and HIV reservoir markers

Measure Enrollment Follow-up N= P *

Median IQR Median IQR

CD4 + CD38+ (%) 3.2 1.68–5.03 2.99 2.1–4.61 29 .754

CD4 + Ki-67+ (%) 5.43 3.64–7.71 5.13 3.82–6.32 29 .417

CD8 + CD38+ (%) 0.82 0.43–2.08 3.25 2.5–4.6 29 < .001

CD8 + Ki-67+ (%) 4.37 2.19–5.27 2.66 2.15–4.17 29 .194

IL-7 (pg/ul) 13.35 9.15–16.95 10.43 8.23–13.48 29 .094

Proviral DNA (Log10 c/106) 2.66 2.4–3.44 3.18 2.77–3.36 29 .003

2-LTR circles, n (Log10

c/106)
12
(1.47)

12 (1.31–
1.67)

13
(1.63)

13 (1.44–
1.84)

29 .372**

CD4+ (cell/mm3) 546 364.5-679.5 566 402–720 29 .424

CD8+ (cell/mm3) 765 592.5–909 757 628.5–902 29 .966

CD4/CD8 ratio 0.73 0.73–0.99 0.82 0.51–0.99 29 .114

IQR, interquartile range; N = 29.

* Related samples Wilcoxon signed rank test.

** To perform this test, we assigned undetectable 2-LTR observations with a value of 1.

As shown in Fig. 1D and 1E, we found a positive correlation between the pre-treatment RNA viral load and
the proviral DNA at enrollment (r = .216, P = .260) and at 1-year follow-up (r = .208, P = .277). Although
these correlations were not statistically signi�cant, they were consistent and the trend suggests that the
size of the reservoir in our chronically infected participants was still in�uenced by the pre-treatment
viraemia, despite many years of suppressive cART. Conversely, there was no signi�cant correlation
between the proviral DNA and the nadir CD4 + T-cell count at enrollment and at 1-year follow-up (r = − .065,
P = .739; r = .048, P = .804).

Based on the evidence that has demonstrated a slow decay of the reservoir overtime, we investigated the
correlation between the proviral DNA and the number of years that the participants were on cART. We
found a very weak and not statistically signi�cant correlation (r = .141, P = .465 at enrollment; r = .148, P 
= .442 at follow-up). Furthermore, we investigated the levels of the proviral DNA by subgroups of
participants with ≤ 10 and > 10 years under cART, but they were similar at enrollment (2.6 versus 2.8
Log10 copies/106, P = .976) and at follow-up (3.1 versus 3.3 Log10 copies/106, P = .429).
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For the analysis of sub-groups by third-component of cART, NNRTI vs PI, there were only 3 participants in
the latter group. Still, no signi�cant differences were observed between these sub-groups at the observed
points (data not shown).

To examine the presence of ongoing viral replication in the clinical conditions and undetectable viraemia
of our participants, we investigated the presence of 2-LTR circles. We were able to detect 2-LTR circles in
12 and 13 participants at enrollment (1.47 Log10 copies/106; IQR, 1.31–1.67 Log10 copies/106) and at 1-

year follow-up (1.63 Log10 copies/106; IQR, 1.44–1.84 Log10 copies/106), respectively. The participants
with detectable 2-LTR circles at enrollment were not the same that the ones at follow-up. Some of those
became undetectable while others became detectable. The correlation between the levels of the proviral
DNA load and the 2-LTR circles load was not statistically signi�cant for both observed points (r = .21; P 
= .274 at enrollment; and r = − .124, P = .521 at follow-up).

CD4 + and CD8 + T-cell activation
The prospective analysis revealed that the proportion of activated CD4 + T-cells (expressing CD38+),
remained without statistically signi�cant changes when comparing both observed points (P = .754); 3.2%
(3.34%; IQR, 1.69–5.03%) and 2.99% (2.55%; IQR, 2.07–4.61%) at enrollment and follow-up, respectively
(Fig. 2A).

Remarkably, we found a signi�cant increase of the levels in CD8 + T-cell activation at follow-up as
compared to those at the enrollment observations (0.82% versus 3.25%; P < .001), as shown in Fig. 2A.
Furthermore, in the sub-group analysis, we also found higher levels of CD8 + T-cell activation at follow-up
than those at enrollment. This increase was signi�cant for the participants with ≤ 10 years of viral
suppression (P = .003) (Fig. 3A).

To study the increasing levels of immune activation through time, we next examined the correlation
between the levels of T-cell activation and the time that the participants have been on cART. Interestingly,
we found a positive correlation between the time that the participant had been under cART and the
proportion of CD4 + T-cell activation (r = .399, P = .032) (Fig. 4A). Equally, we observed a similar correlation
for the CD8 + T-cell activation, although this was not statistically signi�cant (r = .206, P = .283) (Fig. 4B).

Correlation between the reservoir and the levels of T-cell
activation
To investigate the in�uence of the reservoir on the immune activation levels, we sought to measure the
correlation between the size of the reservoir and the immune activation markers. As shown in Fig. 5, the
correlations that we found between the proviral DNA load and both the CD4 + and CD8 + T-cell activation
levels were very low and not statistically signi�cant.

Likewise, the correlation between the proportion of T-cell activation and the 2-LTR load was not signi�cant
(data is not shown). Remarkably, we found converse proportions of activated CD4 + T-cells in subjects
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who had undetectable versus those with detectable 2-LTR circles at enrollment (3.73% versus 2.04%, P 
= .03) compared to those at follow-up (2.74% versus 3.75%, P = .682), respectively.

Ki-67 + proliferation marker
The proportion of T-cells that were expressing Ki-67 + declined at follow-up for both CD4 + and CD8 + T-
cell subsets when compared to those at the enrollment, but remained without statistically signi�cant
differences (5.43% versus 5.13%, P = .417 for CD4+; and 4.37% versus 2.66%, P = .194 for CD8+) (Fig. 2B).
Despite the signi�cant increase of the CD4 + T-cell count, no signi�cant correlation was observed between
CD4 + Ki-67 + T-cells and the nadir CD4 + T-cell count (r = .049, P = .802 at enrollment; and r = − .193, P 
= .316 at follow-up). Furthermore, we did not found signi�cant differences when we compared the Ki-67 + 
expression between groups of time under suppressive cART (≤ 10 versus > 10 years) (Fig. 3B).

To examine the link between proliferation and T-cell activation, we investigated the correlation between
CD38 + and Ki-67 + T-cells among CD4 + and CD8 + T-cell subsets. In this analysis, we found a positive
correlation that was stronger at follow-up compared to that at the enrollment in CD4 + T-cells (r = .008, P 
= .966 at enrollment; and r = .329, P = .082 at follow-up), but remained very similar in CD8 + T-cells (r 
= .327, P = .084 at enrollment; and r = .339, P = .072 at follow-up).

We next investigated the correlation between the proviral DNA and 2-LTR loads with the proportion of
CD4 + T-cells expressing Ki-67+, to test if the size of the reservoir was associated with the levels of T-cell
proliferation in our participants. Nonetheless, the correlation between the proviral DNA load and the
proportion of CD4 + Ki-67 + T-cell was not statistically signi�cant in the analysis at enrollment (r = − .309,
P = .103) and neither at follow-up (r = .181, P = .348). Interestingly, we found a higher proportion of CD4 + 
Ki-67 + T-cells in the group of participants in which we observed an increase of the proviral DNA load at
follow-up, as compared to that in the group in which it declined (5.24% versus 3.83%, P = .636).

Correspondingly, there was no clear correlation between the proportion of proliferating CD4 + Ki-67 + T-
cells and the 2-LTR circles load (r = .007, P = .972 at enrollment; and r = − .167, P = .386 at follow-up).

Additionally, the proportion of CD4 + Ki-67 + T-cells was higher in the participants who had undetectable
versus detectable 2-LTR circles at enrollment (5.45% versus 4.98, P = .679) and at follow-up (5.42% versus
4.32%, P = .398).

IL-7
IL-7 has an important role in T-cell homeostasis and has been used to boost the increase of the CD4 + T-
cell count in HIV positive subjects. Also, in vivo stimulation with IL-7 has shown to promote the increase
of the absolute number of CD4 + T-cells harbouring integrated HIV DNA (19,20).

To investigate if the levels of T-cell immune activation were associated with a proliferative stimulus, we
measured the levels of plasmatic IL-7 at both observed points. As shown in Table 2, we found a slight
decay in the levels of plasmatic IL-7 after 1-year follow-up, but without a signi�cant variation (P = .094).
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Although the differences were not statistically signi�cant, IL-7 levels were higher in those participants
with ≤ 10 versus those with > 10 years under suppressive cART (13.8 versus 9.8 pg/µl, P = .181 at
enrollment; and 11.7 versus 9.2 pg/µl, P = .279 at follow-up). Remarkably, there was a positive correlation
between the proportion of CD4 + CD38 + T-cell and the levels of plasmatic IL-7 at the enrollment point (r 
= .41, P = .834), but not at 1-year follow-up (r = − .284, P = .135).

Likewise, we found a signi�cant positive correlation between the levels of IL-7 and the proportion of CD4 
+ Ki-67 + T-cell at enrollment (r = .52, P = .004), but not at 1-year follow-up (r = − .136, P = .482).

Discussion
The origin of the abnormally high levels of immune activation persisting overtime in HIV positive
individuals remains unclear. Under the hypothesis of residual low-level viral replication originating from
the HIV reservoir, we aimed to investigate the correlation between the levels of immune activation and the
size of the reservoir.

In our cohort of patients undergoing long-term effective cART (as determined by the signi�cant recovery
of the CD4 + T-cell count, the absence of blips and documented comorbidities) we observed a positive
correlation between the CD4 + T-cell activation and the time under cART at 1-year of follow-up, as well as
a signi�cant increase of the levels of CD8 + T-cell activation.

In the present study, we found a very weak correlation of the proviral DNA and 2-LTR circles loads with the
levels of T-cell activation and proliferation. Studies have described stronger correlations of the proviral
DNA during the early stages of infection (21,22). Furthermore, it has been described a progressive
reduction of the proviral DNA overtime after the primary infection and thus, it is possible that any
previous stronger correlation in our participants could have been lost at some point during their treatment
history. Unfortunately, we cannot explore this hypothesis due to the lack of available retrospective
samples in our cohort. Still, we believe that this might be the case of our participants, since they have
been under a median of 8 years under suppressive cART. In support of this hypothesis, a prospective
study has documented the loss of a similar foregoing correlation between the reservoir and immune
activation after 4 years of cART in a cohort of HIV positive subjects (23).

On the other hand, the absence of a strong correlation with the proviral DNA in our participants is relevant
since we found increasing levels of immune activation (predominantly in CD8 + T-cell), which suggest
ongoing indirect or independent mechanisms to the reservoir are in�uencing immune activation in the
long term, despite chronic cART, and the absence of clinical evidence of replication and comorbidities. In
this regard, the absence of blips was important for excluding potential viral replication coming from the
reservoir under the real-life clinical settings of HIV positive patients. Furthermore, a progressive increase
of CD8 + CD38 + T-cell can be concerning and becomes clinically relevant since higher levels have been
associated with higher risk of virological failure, increased morbidity and early mortality (11,24–28). It
would be noteworthy to further investigate the presence of other markers in subjects with even more
years on cART than our participants (with increasing immune activation and even in the presence of
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associated morbidity), to identify underlying mechanisms driving immune activation other than the HIV
reservoir and residual viral replication by themselves.

The stable presence of the reservoir was evidenced by the steady levels of the proviral DNA (in subjects
with ≤ 10 versus those with > 10 years of cART) and the lack of correlation with the number of years
under cART.

Of note, our �ndings revealed a consistent positive correlation between the HIV proviral DNA and the
levels of pre-treatment viral load, highlighting the in�uence of the viraemia for the establishment of the
reservoir (even after at least 5 years of cART), and the critical role that early initiation of cART will have in
future HIV cure trials.

In the present study, we were able to detect 2-LTR circles without overall signi�cant variations over the
period of 1 year. Though there was no correlation of the 2-LTR circles with the proviral DNA nor with the
immune activation, we consider that the variations of the 2-LTR circles within the participants show that
some underlying ongoing viral activity might be present, however, its impact is not yet clear.

The stable levels of T-cells expressing Ki-67 + overtime, and the lack of correlation with the levels of
immune activation, indicate that the expression of immune activation markers is not entirely associated
with the proliferative activity of T-cells. This suggest that other factors might be stimulating the
expression of immune activation markers on T-cells. Of note, we observed that the proportion of T-cells
expressing Ki-67 + was higher in the participants in which we observed an increase of the proviral DNA
load at follow-up. Although we did not �nd a correlation between Ki-67 + and the proviral load, we believe
that the study of the role of cell to cell HIV transmission and clonal expansion of infected cells could
provide a more comprehensive view of the dynamics of the reservoir in the context of chronic effective
cART and immune activation.

In HIV positive patients IL-7 can be found in higher levels than in negative subjects, which has been
explained as a homeostatic effort to restore the T-cell count. Furthermore, the decrease of the plasmatic
levels of IL-7 has been associated with the increase of the T-cell count in HIV positive patients (29). In our
cohort, we documented lower IL-7 plasmatic levels at the follow-up observation. Remarkably, we found
lower levels in the group of subjects with > 10 years on cART. However, we do not �nd a correlation with
the T-cell count, nor with the levels of immune activation. Interestingly, we found a signi�cant positive
correlation at the enrollment point between CD4 + Ki-67 + T-cells and the levels of IL-7, that was lost at the
follow-up.

Limitations
We acknowledge some limitations of the present study. We quanti�ed the proviral DNA and 2-LTR circles
from PBMCs as markers of the reservoir, which do not necessarily re�ect the number of cells with
replication-competent virus that can be found in the actual anatomical reservoirs. However, PBMCs have
been effectively used in previous studies to extrapolate the size of the reservoir, given the di�culty to
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obtain cells directly from the lymph nodes in human subjects. On the other hand, this approach also
limited the number of available cells to investigate the impact of the reservoir present in speci�c T-cell
sub-populations.

We are aware that DNA PCR methods detect all HIV genomes irrespectively of whether they are fully
infectious or not. Defective proviruses may still be producing viral antigens, stimulating the immune
system. However, there is still no consensus about the technique for the exact quanti�cation of the
reservoir.

Also, we do not exclude the potential presence of underlying undiagnosed conditions in some of our
participants. However, we believe that the characteristics and settings of our participants (suppressive
chronic cART, the absence of blips, the signi�cant recovery of the CD4 + T-cell count and the lack of
clinical evidence of other diseases) reduce the probability of major bias.

Conclusion
The �ndings from this study do not support the existence of a strong correlation of the proviral DNA and
2-LTR circles load with the levels of immune activation in PBMCs of HIV-1 positive subjects under
suppressive chronic cART settings. Still, we do not rule out the possible in�uence of residual replication
from replication-competent T-cells on anatomical reservoirs. It will be challenging and important to further
investigate if the reservoir in the lymph nodes (the principal source of the most virally competent virus
after cART discontinuation) are responsible for the abnormally high immune activation levels in virally
suppressed subjects. Also, in the absence of detectable viral replication, the role of cell to cell
transmission and T-cell expansion of infected cells in�uencing immune activation should be examined.

At this point, in the absence of viral replication in chronic subjects on cART, we believe that other
unknown immunological mechanisms driving immune activation are likely involved, which might have
been triggered since the early stages of the infection.

Even after long-term suppressive cART (at least 5 years without any blips) we were able to quantify the
proviral DNA and to detect 2-LTR circles from PBMCs. In our study, the pre-treatment RNA viral load
appeared to correlate with the size of the reservoir. This �nding supports the critical role of the acute
viraemia for the establishment of the HIV reservoir and the importance of initiating cART as early as
possible anticipating future eradication trials.

After our data, we believe that in homeostatic conditions (other than cART) in chronic patients, IL-7 is not
likely to be a determinant factor involved with the increase of immune activation solely. However, we
believe that the potential of modulating IL-7 in vivo should be tested given the evidence from previous
studies.

Most importantly, we highlight the presence of increasing levels of immune activation overtime
(especially in CD8 + T-cells), which is concerning in the context of viral suppression, CD4 + T-cell count
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recovery and the absence of other risk factors for its future impact on the morbidity of patients in the long
term, a subject that should be further investigated and addressed.

In summary, our study supports the important role of early cART in limiting the reservoir, the limited role of
the reservoir in�uencing the increasing levels of immune activation in the context of chronic effective
cART and the need to further investigate underlying origins and immunological pathways for the design
of effective interventions, especially in the era of chronically treated patients.
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Figures
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Figure 1

CD4+ and CD8+ T-cell count overtime and the correlation between the viral load and the reservoir The
CD4+ T-cell count signi�cantly recovered after at least 5 years of effective treatment (P <.001) (A). The
CD8+ T-cell count remained stable during the follow-up (B), while the CD4/CD8 ratio increased at
expenses of the CD4+ T-cell count (C). The positive correlation between the pre-treatment viral RNA load
and the proviral DNA load was very consistent at both observed times (Spearman correlation and linear
regression analysis [thick lines] with 95% con�dence intervals [dotted lines]) (D, E).
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Figure 2

T-cell activation and proliferation levels after 1-year The difference of the levels of expression of CD38+
and Ki-67+ after 1-year follow-up were examined using the Mann–Whitney U test. (A) The left graph
shows the levels of CD4+ T-cell activation at enrollment and after 1 year of follow-up. The right graph
shows a signi�cant increase in the levels of CD8 T-cell activation at follow-up (P <.001). (B) The left graph
shows the levels of CD4+ T-cell proliferation at enrollment and at follow-up, while the right one shows the
levels of CD8+ T-cell proliferation at both observed times. In this case, the levels of Ki-67+ remained
without signi�cant variations.
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Figure 3

Analysis by groups of time under suppressive treatment and the levels of T-cell activation and
proliferation (A) The overall levels of immune activation are higher in the participants with more than 10
years under cART, also, in CD4+ T-cells the levels of activation were higher than CD8+ T-cells. There was a
signi�cant increase in the levels of CD8+ T-cell activation in the subset with ≤10 years under suppressive
cART after 1 year of follow-up (P =.003, Wilcoxon signed-rank test). (B) The levels of expression of Ki-67+
were higher in CD8+ T-cells compared to CD4+ T-cells but remained without signi�cant changes among
groups. Four subjects moved to the group with >10 years at the time of the follow-up visit.
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Figure 4

The correlation between the levels of T-cell activation and the time on cART The positive correlation
suggest that the levels of immune activation increase overtime during suppressive treatment (Spearman
correlation and linear regression analysis [thick lines] with 95% con�dence intervals [dotted lines]). The
correlation of the CD4+ T-cell and the time that the subjects have been under cART was stronger and
statistically signi�cant (P =.032) (A) when compared to the correlation of CD8+ T-cell (B) at the follow-up
visit.
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Figure 5

Correlation between the HIV-1 reservoir and the levels of T-cell activation The correlation of CD4+ and
CD8+ T-cell activation with the HIV-1 proviral DNA was not strong and neither statistically signi�cant at
enrollment (A), and follow-up (B) (Spearman correlation and the linear regression (thick lines) analysis
with 95 con�dence intervals (dotted lines).
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