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Objectives: The aim of this study was to evaluate the effect on immune activation

of switching from a triple-drug to a dual-drug regimen in HIV-1 infected patients on

successful combination antiretroviral treatment (cART). Immunadapt is a prospective

study evaluating the impact of cART simplification on immune activation.

Methods: We prospectively collected blood samples in HIV-1 infected patients on stable

and successful cART switching from triple to dual regimens as a simplifying strategy.

We compared immune activation markers: high sensitivity CRP, IL-1, IL-6, IL-8, IP-10,

MCP-1, TNF-alpha, soluble CD14 (sCD14), soluble CD163 (sCD163), lipopolysaccharide

binding protein, and D-dimer before cART change and at least 6 months after the switch.

Patients were stratified according to low or high risk factors of immune activation (low

CD4 nadir, previous AIDS-defining condition or very-low-level viremia during follow-up).

Results: From April 2019 to May 2020, 20 subjects were included (mean age 57 years,

25 years since HIV infection, CD4 666 cells/mm3, CD8 766 cells/mm3, CD4/CD8 0.94,

CD4 nadir 326 cells/mm3, 15%with AIDS, 18 years on cART, 6 cART regimens received,

current cART duration: 56 months). Fourteen patients were prescribed Dolutegravir +

Rilpivirine and six received Dolutegravir + Lamivudine. After 6.9 months, a significant

sCD163 increase (+ 25.5% vs. + 0.5%, p = 0.02) was observed in subjects with high

risk factors, despite maintaining a viral load <50 cp/ml.

Conclusion: cART simplification in favor of dual therapy is associated with macrophage

activation in patients at risk of immune activation despite sustained virological control.

Risk factors should thus be considered before generalizing such strategies.
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INTRODUCTION

Triple-drug antiretroviral regimens are the standard of care for
controlling HIV viral replication. Thanks to such strategies, life
expectancy has dramatically increased in HIV+ patients (1).

These regimens typically include two nucleoside reverse
transcriptase inhibitors (NRTI), associated with one of the
following drug classes: a non-nucleoside reverse transcriptase
inhibitor (NNRTI), an integrase strand transfer inhibitor (INSTI)
or a protease inhibitor (PI) (2, 3).

However, the increasing prevalence of aging-related
comorbidities, i.e., cardiovascular, renal and metabolic disorders,
(4), requires risk-reduction strategies in view of potential adverse
effects of long-term combination antiretroviral therapies (cART)
(5, 6).

In successfully treated patients, simplification of cART in
favor of certain dual-drug regimens has been shown to maintain
virological control, with potential reduction of long-term adverse
effects (7, 8). Several dual drug regimens have thus been
introduced, generally with a NRTI-sparing cART or with a single
NRTI associated with another HIV drug class.

Even in naïve patients, dual therapy with Lamivudine, a NRTI,
and Dolutegravir, an INSTI, has been approved and proven non-
inferior in terms of virological control in plasma and semen when
compared with standard triple-drug regimens (9).

However, as triple-drug regimens have the potential to achieve
adequate penetration in tissue and cellular reservoirs, concerns
have been raised about the effects of dual therapies on immune
activation, which is a well-known predictor of clinical events
and mortality in HIV-infected patients (10). In particular, a
low CD4 nadir, previous AIDS-defining conditions and residual
viremia have been identified as risk factors for immune activation
(11, 12).

Few studies have investigated markers of immune activation
in patients simplifying their treatment (13, 14).

Our aim was to measure trends in immune activation markers
according to risk factors for immune activation in patients
simplifying their treatment from a 3-drug- to a 2-drug regimen.

METHODS

Study Design and Participants
Immunadapt is a single-arm prospective study, aiming to assess
the impact on immune activation markers of switching from a
triple-drug to a dual-drug therapy in people living with HIV on
stable cART. Patients were selected among those followed in the
Department of Internal Medicine in Cannes General Hospital
and the Infectious Diseases Department in Nice University
Hospital, France. Each individual routinely followed in our
Departments and filling the inclusion criteria received a proposal
to participate to this study. Therefore, the decision of the
antiretrovirals prescribed did not depend from the researchers
of the study, but only from the physician who took in care each
subject for its routine follow-up. Recruitments were continued
until attempting the goal of 20 inclusions, which was the
estimated sample size necessary for the analysis.

Inclusion criteria were HIV-1 infected subjects on stable and
successful cART (viral load <50 copies/ml for at least 6 months,

measured with Xpert© viral load or Aptima HIV Quant Dx,
Hologic), switching from a triple-drug to a dual-drug regimen as
a simplification strategy.

Exclusion criteria were subjects who were not on stable and
successful cART, or those whose treatment included a different
number of compounds, such as those switching from a quadruple
to a triple-drug regimen.

This study was approved by the Paris Ethics Committee
(Comité de Protection des Personnes, Ile de France IV) and
patients gave written informed consent to participate.

Plasma Markers of Immune Activation and
T-Cell Activation Measurements
Measurement of immune activation was performed just before
cART switch and at least 6 months later. In case of viral
replication >50 copies/ml during follow-up, patients were
excluded from the analysis. IL-1, IL-6, IL-8, IP-10, MCP-1 and
TNF-alpha were measured using ProcartaPlex ImmunoAssays
(Life Technologies SAS), while sCD163 and sCD14 (Quantikine
ELISA kit, Biotechne) and lipopolysaccharide binding protein
(LBP, Enzo Life Sciences) were measured with ELISA kits. T-cell
activation markers were quantified via flow cytometry.

Demographic Parameters and Background
Measurements
Demographic and main viro-immunological characteristics
were recorded.

During follow-up, plasma viral load was quantified 2 months
after the switch. Viro-immunological parameters were measured
at the end of follow-up, i.e., at least 6 months after treatment
simplification, together with immune activation markers.

Viral blips were defined as transient low-level viremia (LLV),
between 50 and 500 copies/ml, preceded and followed by
suppression, i.e., below the quantification limit of the assay (13).
To assess the impact on immune activation, we also checked for
very-low-level viremia (VLLV) detected at inclusion or during
follow-up. VLLV was defined as viremia <50 copies/ml detected
by clinical assays with quantification cut-offs of <50 copies/ml
(15). LLV and VLLV were also checked in the last 2 years prior
to inclusion, according to patient’s files, in order to evaluate the
impact of previous residual viremia on immune activation.

During follow-up, clinical events and newly prescribed co-
medications were also recorded.

Statistical Analysis
The main demographic and viro-immunological characteristics
of the population are described.

We firstly measured changes from the baseline to the end
of follow-up for the entire population. Considering the small
sample of the study size and that CD4/CD8 at inclusion and
IP-10, MCP-1 and LBP trajectories did not follow a normal
distribution (Shapiro-Wilk test of normality), variables were
compared using matched Wilcoxon-Mann-Whitney test.

Patients were then stratified into those at low and high risk of
immune activation, the latter defined by at least one the following
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parameters: low CD4 nadir, prior AIDS-defining condition or
VLLV during follow-up (16). Differences were measured with
Wilcoxon-Mann-Whitney. Statistical analyses were performed
using R 4.0.3 software.

RESULTS

Population Characteristics
Between April 2019 and May 2020, 20 individuals were included
in the study (90% men, mean age 57 years, 25 years since
knownHIV infection, CD4 cell count at inclusion 666 cells/mm3,
CD8 count 766 cells/mm3, CD4/CD8 ratio 0.94, CD4 nadir 326
cells/mm3, 18 years on cART, 15% with prior history of AIDS,
6 cART regimens received). Main comorbid conditions were
hypertension (55% of subjects), dyslipidemia (30%), hepatitis C
(15%) and diabetes (10%).

Reasons for switching antiretroviral therapy were either
reducing the number of pills or limiting potential long-term side
effects of antiretrovirals. Mean duration of current antiretroviral
regimen at switch was 55.7 months (SD 40.6). In the 2 years
prior to inclusion, VLLV was detected at least once in 9 patients
and a viral blip in one patient with a viral load of 100 copies/ml
17 months before inclusion. Nine subjects had been receiving a
combination of 2 NRTIs and 1 NNRTI, nine had been treated
with 2 NRTIs and 1 INSTI, while the remaining two patients had
been receiving either 1 NRTI, 1 NNRTI and 1 PI or 1 NRTI, 1
INSTI and 1 NNRTI.

Prescribed dual cART consisted in a combination of
Dolutegravir and Rilpivirine for 14 patients, and Dolutegravir
and Lamivudine for the remaining 6 patients.

Follow-Up and Trends in Immune
Activation Markers According to Risk
Factors for Virological Failure
The mean follow-up period was 6.9 months. Each subject
maintained a viral load below 50 copies/ml from the start to
the end of follow-up. However, 3/20 individuals had VLLV at
inclusion, while at the end of follow-up there were 7/20 subjects
with VLLV.

No significant co-medications with potential interference
on immune activation were prescribed during follow-up. One
individual suffered an ischemic stroke and one a pulmonary
embolism, both just before the end of follow-up. No clinical event
nor intolerance to treatment occurred among the remaining
18 individuals.

From the inclusion to the end of follow-up, switching from
a triple to a dual regimen was associated with IP-10 and sCD14
values decrease (38.3 vs. 22.8 pg/mL, p< 0.05, 3.6 vs. 3.0 pg/mL, p
< 0.05, respectively) and sCD163 increase (371.9 vs. 416.0 ng/mL,
p= 0.09).

A significant increase in sCD163 levels was detected in
individuals at risk for immune activation [+ 25.5% (SD = 19.3)
vs. +0.5% (SD = 24.6), p = 0.02, Figure 1] despite maintaining
their viral load <50 cp/ml. No changes were observed for
the other immune activation markers (Table 1). No differences
in the sCD163 trajectory were found between individuals

switching to Dolutegravir and Rilpivirine and those switching
to Dolutegravir and Lamivudine (data not shown). Moreover,
comorbid conditions were not associated with macrophage
activation and sCD163 trajectory did not correlate with the other
immune activation markers (data no shown).

Besides, neither abacavir- nor tenofovir- containing regimen
before the switch were associated with the trajectory of
inflammatory markers (data not shown). The prescription of
integrase-inhibitor also did not correlate with such markers (data
not shown).

In a subgroup of 11 individuals in whom T-cell activation
subsets were also available, neither CD4+CD38+HLA-DR+ nor
CD8CD38+HLA-DR+ cells differed between the group at low
and high risk of immune activation (+ 23.4 vs.+ 86.1%, p= 0.17,
+ 28.3 vs. 346.8%, p= 0.35, respectively).

DISCUSSION

In a population of successfully treated individuals living with
HIV switching from a triple-drug to a dual-drug regimen as
a simplification strategy, we found that sCD163, a well-known
marker of macrophage activation (17), increased in patients
with a low CD4 nadir, a previous AIDS-defining event or
detectable residual viremia during follow-up, despite sustained
virological control (18). Interestingly, in line with our previous
observation that sCD163 and sCD14 are distinct markers of
monocyte activation (19), there was no difference for sCD14
between the two groups we analyzed. However, when comparing
changes from baseline to the end of follow-up for the entire
population, sCD14 and IP-10 even improved. Reasons for such
improvement need to be elucidated. Although the clinical design
of our study was different, Gonzalez-Cordon et al. previously
observed sCD14 decrease in patients switching from boosted PI
to Dolutegravir (20).

To our knowledge, our study investigated the broadest range
of inflammatory markers in HIV-infected patients simplifying
their treatment.

Dual cART regimens showed their non-inferiority in terms
of plasmatic virological control, and data on the genital
compartment are also encouraging (21). However, data about
the impact of dual therapy on immune activation and systemic
inflammation are still scarce. Our results confirm that the
majority of inflammatory markers do not change after treatment
simplification. However, we found that a significant macrophage
activation could be observed. The clinical impact of such
monocyte/macrophage activation needs to be elucidated, but
sCD163 has been shown as a risk factor for several non-
AIDS-defining events, such as HIV-associated neurocognitive
disorders, cardiovascular disease or liver fibrosis (22–24). In
particular, it probably represents one of the best marker of
the atherosclerotic plaque formation in HIV-infected individuals
but also in the general population (25). Moreover, as ADAM-
17 and TNF-alpha, the major stimuli for sCD163 shedding,
are implicated in the replication of quiescent CD4+ T cells,
sCD163 could also be associated with residual viremia originating
from a reservoir of long lived cells (26). Castley et al. did not
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FIGURE 1 | Patients at low risk of immune activation had only modest increase in sCD163 trajectory while those at high risk had over 25% increase in sCD163 values.

TABLE 1 | Comparison between subjects at low and high risk of immune activation.

At risk-group

No – n = 11 Yes – n = 9

Mean [SD] Mean [SD] p-value*

Age (years) 55.1 [5.5] 58.9 [11.1] 0.503

Years since HIV infection 26.8 [6.3] 22.1 [7.4] 0.119

CD4/CD8 ratio at inclusion 0.9 [0.4] 1.0 [0.4] 0.456

Years on cART 19.0 [5.0] 17.8 [6.6] 0.712

Number of regimens received 6.3 [3.8] 6.0 [2.5] 1.000

CD4/CD8 trajectory (%) −1.5 [9.8] 5.4 [20.4] 0.657

CD4+CD38+HLADR+ cells trajectory (%) 23.4 [52.4] 86.1 [88.1] 0.256

CD8+CD38+HLADR+ cells trajectory (%) 28.3 [99.7] 346.8 [581.4] 0.130

C-reactive protein trajectory (%) −8.0 [37.2] 447.6 [1277.0] 0.958

IP 10 trajectory (%) −35.8 [12.5] 43.1 [247.6] 0.201

MCP 1 trajectory (%) −11.8 [21.7] 31.9 [153.8] 0.766

sCD14 trajectory (%) −18.4 [15.7] −12.7 [9.6] 0.456

sCD163 trajectory (%) 0.5 [24.6] 25.5 [19.3] 0.031

LBP trajectory (%) −11.5 [29.6] 31.1 [76.6] 0.175

*Wilcoxon-Mann-Whitney test.

Group at risk: at least one parameter between low CD4 nadir, previous AIDS stage or very low level viremia during the follow-up.

cART, combination antiretroviral treatment; IP 10, Interferon γ protein 10; MCP 1, Monocyte Chemo-attractant Protein-1; LBP, Lipopolysaccharide Binding Protein.
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find such association with cardiovascular diseases and residual
viremia for sCD14, thus confirming that these markers have
distinct pathways and potentially explaining the differences
in their trajectories we found in our study (26). In other
terms, sCD163 seems to offer better information regarding
cardiovascular inflammation as well as HIV treatment responses
beyond the detection threshold of viral load measurements.

If confirmed by larger and controled studies, our results
suggest that switching to a dual-drug regimen could increase the
risk of immune activation and thereby of potential non-AIDS
events despite virological control. Consequently, in patients with
prior severe HIV disease, i.e., AIDS-defining condition and/or
low CD4 nadir, treatment should not be simplified in favor of
dual-drug regimens, while the occurrence of residual replication
after treatment simplification could jeopardize the continuation
of such dual-drug therapies.

Our results are in line with those presented by Serrano-Villar
et al. who recently showed that in patients switching to dual
cART, a delayed increase in 3 plasmatic markers of inflammation
was observed (14). However, our study suggests that the effects on
macrophage activation could appear much earlier, i.e., during the
first year following the switch. Moreover, Belmonti et al. did not
find any change in inflammatory markers in patients switching
to a dual therapy, but signals of macrophage activation did not
include sCD163 (13).

Causes of such immune activation when reducing the number
of effective molecules are still unknown. We suggest this
might be due to diminished drug pressure on either tissue
or cellular reservoirs. Indeed, it has been shown that INSTI
diffusion in lymph nodes, with the exception of Elvitegravir,
is generally poor (27), thus potentially exposing the virus
to sub-optimal concentrations of antiretroviral compounds in
this reservoir. Besides, the fact that the percentage of patients
with VLLV increased after cART simplification could be in
favor of an association between immune activation and poorer
pharmacological control in reservoirs.

Unfortunately, we did not measure HIV-DNA nor cellular
markers of monocyte/macrophage activation, which could,
respectively, improve our understanding of viral replication
mechanisms in the cellular reservoir and identify which subsets
of peripheral blood mononuclear cells are most activated.

One of our study limitations, aside from the small number
of patients, is its single arm design. However, although we

did not include a comparative arm with patients continuing a
triple-drug regimen, it is very unlikely in our view that in a
population of successfully treated subjects on stable therapy and
no other clinical events ormedical interventions, such differences
in macrophage activation could be explained by other factors
than treatment simplification.

In conclusion, cART simplification in favor of dual-
drug therapy could be associated with increased macrophage
activation. The clinical consequences of long-term immune
activation are still unknown, but further prospective studies
are urgent before generalizing the prescription of dual-
drug regimens.
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