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Abstract
Background and Objective  Despite integrase strand transfer inhibitor (INSTI)-containing regimens now being considered a 
preferred option for both initial therapy and switching strategies in virologically suppressed patients, their effects on lymphocyte 
phenotypes and functions in the course of effective combination antiretroviral therapy (cART) are still unclear. Thus, we investi-
gated the effect of a 24-week elvitegravir/cobicistat/emtricitabine/tenofovir disoproxil fumarate (EVG/c/FTC/TDF) regimen on the 
T cell compartment and HIV reservoirs in HIV-infected patients switching from a suppressive protease inhibitor-based regimen.
Methods  Thirty HIV-positive patients receiving suppressive tenofovir disoproxil fumarate/emtricitabine (TDF + FTC) (for a 
median of 5 years) in association with either darunavir/ritonavir (DVR/r) (47%) or atazanavir/ritonavir (ATV/r) (53%) were 
followed up for 24 weeks after switching to EVG/c/FTC/TDF. At baseline (week 0 [W0]) and after 12 (W12) and 24 (W24) 
weeks we analyzed HLA-DR (human leukocyte antigen–DR isotype)/CD38/Ki67/CCR7 (C-C chemokine receptor type 7)/
CD45RA/CD127/PD-1 (programmed cell death-1) on CD4/CD8, interferon (IFN)-γ/interleukin (IL)-2 after HIV/Staphylo-
coccal enterotoxin B (SEB) exposure (flow cytometry); total, integrated, and unintegrated HIV-DNA; and residual low-level 
HIV viremia (quantitative polymerase chain reaction [qPCR]).
Results  While EVG/c/FTC/TDF introduction resulted in a stable CD4+ and CD8+ count, residual low-level HIV-RNA viremia, 
and HIV reservoirs, we observed a significant reduction in both activated CD4+ (p = 0.016) and CD8+ (p = 0.048) T cells, coupled 
with an increase in IL-2 and IFN-γ release by CD4+ and CD8+ effector memory T cells, and a decrease in cytokine production 
by terminally differentiated CD8+ T cells following SEB exposure. Furthermore, the magnitude of the reduction of activated 
HLA-DR + CD38 + CD8+ T cells (r = − 0.63, p = 0.014) inversely correlates with the amount of total HIV-DNA at W24.
Conclusions  Our data show a favorable effect of EVG/c/FTC/TDF switch to preserve immune activation-driven damage to 
T cell homeostasis, restore the multifunctional properties of effector T cells, and possibly contain cell-associated HIV viral 
burden in already virologically suppressed patients.
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Key Points 

Elvitegravir/cobicistat/emtricitabine/tenofovir disoproxil 
fumarate (EVG/c/FTC/TDF) switch significantly reduces 
residual immune activation, while maintaining HIV viral 
suppression.

EVG/c/FTC/TDF switch partially restores T cell antibac-
terial properties.

In the long-term treatment strategy of HIV infection, 
switching to EVG/c/FTC/TDF might reduce the fre-
quency of non-infectious co-morbidities by lowering the 
burden of residual activation/inflammation.
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1  Introduction

Given the viral efficacy coupled with improved tolerability 
and greater reported patient satisfaction [1], integrase strand 
transfer inhibitor (INSTI)-containing regimens are now rec-
ognized as the preferred first-line and switching strategies 
[2, 3].

The full control over HIV replication obtained by com-
bination antiretroviral therapy (cART) [4, 5] has largely 
been proven not sufficient to completely reverse HIV-
driven immune abnormalities such as heightened immune 
activation/inflammation and impaired immune function-
ality [6–10]. Some authors have suggested that regimens 
including an integrase inhibitor may reduce inflammation 
more effectively than other antiretroviral agents [11–17]. In 
particular, the AIDS Clinical Trials Group (ACTG) study 
A5248 reported a tentative normalization of monocyte acti-
vation markers (HLA-DR [human leukocyte antigen–DR 
isotype], CD86) following the initiation of open-label 
raltegravir plus tenofovir disoproxil fumarate/emtricitabine 
(TDF + FTC) [11]. A randomized clinical trial of elvite-
gravir/cobicistat/tenofovir disoproxil fumarate/emtricit-
abine (EVG/c/FTC/TDF) versus efavirenz/tenofovir diso-
proxil fumarate/emtricitabine (EFV/TDF/FTC) showed 
that initiation of the INSTI-based regimen was associated 
with a greater decline in highly sensitive C-reactive protein 
(hsCRP), soluble CD14 (sCD14), and lipoprotein-associated 
phospholipase A2 (Lp-PLA2) [12]. In contrast, Kelesidis 
et al. [13] did not find a clear pattern of changes in immune 
activation (both monocyte and lymphocyte) and inflamma-
tion markers, according to initial protease inhibitor (PI)- or 
INSTI-based regimens, suggesting an incomplete reversal of 
inflammation and immune activation in the setting of effec-
tive treatment, irrespective of the antiviral regimen.

The diverse effects on inflammation/activation between 
INSTI and other antiretroviral therapy (ART) classes seem 
to be even more evident in ART switch studies. Indeed, 
the SPIRAL (Switching From PI to RALtegravir in HIV 
Stable Patients) study showed an amelioration in levels of 
hsCRP, interleukin (IL)-6, tumor necrosis factor (TNF)-α, 
and D-dimer in the switch arm [14]. Similarly, in the 
ANRS (French National Agency for AIDS Research) 138 
trial, switch to raltegravir from an enfuvirtide-based regi-
men resulted in improvements of pro-inflammatory mark-
ers IL-6, hsCRP, and D-dimer [15]. Lastly, the switch to 
raltegravir has been demonstrated to significantly reduce 
sCD14 in virally suppressed overweight women [16]. More 
recently, Villanueva-Millán et al. [17] have demonstrated 
that raltegravir-containing regimens are associated with 
lower inflammation, microbial translocation, and minor 
loss of bacterial species in the gut microbiota, as compared 
to both PI- and non-nucleoside reverse-transcriptase inhibi-
tor (NNRTI)-based regimens, suggesting an involvement of 

INSTI-based cART in gut health, possibly contributing to 
the lower inflammation [17].

Given that the residual pro-inflammatory milieu in the 
course of virally suppressive cART has been associated with 
the onset of HIV-related non-communicable co-morbidities 
[18, 19], deep comprehension of the impact of specific ARV 
drug classes/regimens in containing excessive immune acti-
vation/inflammation is of the utmost importance. We there-
fore investigated the impact of a 24-week elvitegravir/cobi-
cistat/emtricitabine/tenofovir disoproxil fumarate (EVG/c/
FTC/TDF) regimen on T lymphocyte phenotype and func-
tion and HIV reservoirs in HIV-infected patients switching 
from a suppressive PI-based regimen.

2 � Patients and Methods

2.1 � Study Design

This was a monocentric observational cohort study. HIV-
infected patients on suppressive cART were consecutively 
enrolled to switch to (EVG/c/FTC/TDF) regimen. All 
patients were followed for 24 weeks post-switch. No control 
group was enrolled.

2.2 � Patients

We consecutively enrolled 30 HIV-infected patients at the 
Clinic of Infectious Diseases, ASST Santi Paolo e Carlo, 
Department of Health Sciences, University of Milan, Milan, 
Italy. Patients were on stable tenofovir disoproxil fuma-
rate/emtricitabine (TDF+FTC) + PI/ritonavir (PI/r)-based 
cART for at least 36 months, with undetectable plasma 
HIV-RNA viral load (< 40 cp/mL) in at least three consecu-
tive assessments. The inclusion criteria were as follows: 
(1) TDF + FTC + PI/r-based cART for at least 3 years; (2) 
any CD4 count; and (3) HIV-RNA < 40 cp/mL for at least 
6 months. The exclusion criteria were as follows: (1) acute 
HIV infection; (2) patients enrolled in trials with drugs that 
might influence the immune response; (3) subjects who in 
the investigator’s judgment are non-compliant; (4) pregnant 
or breastfeeding women; (5) any serious illness that might 
affect survival; (6) creatinine clearance < 50 mL/min; (7) 
patients with glomerular filtration rate < 70 mL/min; (8) 
ALT > 5 above the range of normality; (9) treatment with 
an HIV-1 immunotherapeutic vaccine; (10) allergic reac-
tions to the drug itself and/or to one of the excipients; or 
(11) evidence of viral resistance based on the presence of 
any resistance-associated exclusionary PI, INSTI, nucleoside 
reverse-transcriptase inhibitor (NRTI), or NNRTI mutation.

All of the enrolled patients provided written informed 
consent according to the Ethical Committee of our insti-
tution (Comitato Etico, ASST Santi Paolo e Carlo, Milan, 
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Italy). The ethics committee specifically approved this study 
(protocol no. 4386 10 April 2015 and approval no. 238 2 
April 2015). All subjects gave written informed consent in 
accordance with the Declaration of Helsinki.

Peripheral blood samples were collected for subsequent 
analyses at baseline (week 0 [W0]) and after 12 (W12) and 
24 (W24) weeks of EVG/c/FTC/TDF (1 tablet once daily).

2.3 � Immunophenotype Analysis

Lymphocyte surface phenotypes were evaluated by flow 
cytometry on fresh peripheral blood, using the following 
fluorochrome-labeled antibodies: CD4-PE-Cy7, CD8-PE-
Cy5, CD38-PE, HLA-DR-FITC, CD45RA-FITC, CCR7-
PE, 7AAD, and PD-1-PE (BD Biosciences, San Jose, CA, 
USA), and CD127-PE (Beckman Coulter, Pasadena, CA, 
USA). The following combinations were used: CD4/CD8/
CD38/HLA-DR (T cell activation), CD4/CD8/Ki67/CD127 
(T cell proliferation/maturation), CD4/CD8/CD45RA/CCR7 
(T cell maturation), and CD4/CD8/PD-1 (programmed cell 
death-1) (T cell exhaustion). T cell subsets were defined as 
naïve CCR (C-C chemokine receptor)7+CD45RA+, central 
memory (CM) CCR7+CD45RA−, effector memory (EM) 
CCR7−CD45RA−, and terminally differentiated (TD) 
CCR7−CD45RA+ subsets.

Briefly, 1 × 106 peripheral blood mononuclear cells 
(PBMCs) were stained with the appropriate antibodies for 
20 min at 4 °C in the dark, and then washed and acquired 
using FACSVerse™ cytometer (BD Biosciences).

2.4 � Antigen Stimulation

Ficoll-isolated PBMCs (1 × 106) were incubated in the pres-
ence of a pool of gag-env peptides (5 μM) or Staphylococ-
cal enterotoxin B (SEB: 2.5 μg/mL; Sigma-Aldrich, Saint 
Louis, MO, USA). Brefeldin A (10 μg/mL, Sigma-Aldrich) 
and the co-stimulatory antibody CD28 (1 μg/mL, BD Bio-
sciences) were added and cells were incubated over night 
at 37 °C with 5% CO2. Intracellular detection of IL-2 and 
interferon (IFN)-γ was assessed by flow cytometry. The fol-
lowing antibodies were used: CD4-APC, CD3-APC-H7, 
CD45RA-PerCP-Cy5.5, CCR7-PE-Cy7, IL-2-PE, IFN-γ-
FITC (BD Biosciences) and ViobilityTM 405/520 Fixable 
Dye (Miltenyi Biotec, Bergisch Gladbach, Germany). Cells 
were harvested and stained with surface antibodies (CD3/
CD4/CD8/CCR7/CD45RA/L/D/IL-2/IFN-γ). After para-
formaldehyde (PFA) fixation (1%, Sigma-Aldrich), cells 
were permeabilized with Saponin 0.2% (Sigma-Aldrich) and 
stained with IL-2 and IFN-γ for 30 min at Room Tempera-
ture (RT). The percentage of IL-2- and IFN-γ-producing T 
cells assessed in medium alone were subtracted from SEB 
or HIV stimulation in order to reduce any possible bias due 
to the experimental procedure.

2.5 � Soluble CD14 Quantification

Plasma levels of sCD14 were measured by an enzyme-linked 
immunosorbent assay (ELISA; R&D Systems, Minneapolis, 
MN, USA), according to the manufacturer’s instructions.

2.6 � CD4 Isolation

CD4 T lymphocytes were purified from freshly isolated 
PBMCs by negative selection using immuno-magnetic 
beads, according to the manufacturer’s instructions (Stem-
Cell Technologies, Vancouver, BC, Canada).

2.7 � HIV‑RNA Quantification

Plasma HIV-RNA was quantified using the Abbott Real-
Time HIV-1 assay, with a detection limit of 40 cp/mL, 
according to the manufacturer’s instruction. HIV-RNA 
copy numbers between 1 and 40 (residual low-level HIV 
viremia) were extrapolated from the standard curve of the 
assay (Abbott Laboratories, Princeton, NJ, USA).

2.8 � Total, Unintegrated, and Integrated HIV‑DNA 
Quantification

Cellular DNA was isolated from 2 × 106 CD4 and total, unin-
tegrated, and integrated HIV-DNA forms were analyzed by a 
SYBR® (Diatheva s.r.l., Cartoceto [PU], Italy) Green I real-
time quantitative polymerase chain reaction (qPCR) method 
using specific primers in the LTR-GAG highly conserved 
region of HIV-1 genome, as described in Casabianca et al. 
[20]. All polymerase chain (PCR) reactions were carried 
out in a 7500 Real-Time PCR system (Life Tech, Thermo 
Fisher Scientific Inc., Carlsbad, CA, USA) in a final volume 
of 100 µL using the HIV-1 DNA qPCR kit (Diatheva s.r.l., 
Cartoceto [PU], Italy) and according to the SYBR® Green I 
real-time qPCR [20] assay testing 0.5 µg (at least in dupli-
cate) and 1.0 µg of cellular DNA. The HIV-1 DNA copy 
number was estimated by interpolation of the experimentally 
determined threshold cycle (Ct) on the standard curve (gen-
erated from 104 to 10, and 2-copy numbers). Values < 2 cop-
ies were arbitrarily considered to be 1 for statistical analyses. 
Total/unintegrated/integrated HIV-DNA copy numbers were 
normalized to 104 CD4 cells.

2.9 � Statistical Analysis

Continuous variables were expressed as median and inter-
quartile range (IQR), whereas categorical variables were 
expressed as absolute numbers and percentages. The Fried-
man test with Dunn’s multiple comparison tests was used for 
statistics: a line below the p value showing which groups are 
being compared and for which the results were significant 
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has been added in each graph. The correlations among vari-
ables were tested by simple regression analysis (Spearman 
rank correlation). p values < 0.05 were considered statisti-
cally significant. Data were analyzed with GraphPad Prism 
version 6.2 (GraphPad Software Inc., San Diego, CA, USA).

3 � Results

3.1 � Patient Population

Patients were predominantly males (21/30; 70%), with a 
median age of 44 years (IQR 38–51), median HIV-infec-
tion duration of 8 years (IQR 5–20), and median time of 
HIV-RNA suppression and cART duration of 5 years (IQR 
4–8.5) and 6 years (IQR 4.5–9), respectively (Table 1). 
At baseline, all patients were receiving TDF + FTC (for a 
median of 5 years) in association with either darunavir/rito-
navir (DVR/r) (14/30; 47%) or atazanavir/ritonavir (ATV/r) 
(16/30; 53%) (Table 1). No hepatitis C virus (HCV)/hepati-
tis B virus (HBV) co-infections were found (Table 1). One 
patient dropped out due to adverse events (dizziness).

3.2 � Modification of T Cell Compartment 
Following 24 Weeks of Elvitegravir/Cobicistat/
Emtricitabine/Tenofovir Disoproxil Fumarate 
(EVG/c/FTC/TDF)

After 24 weeks the switch to EVG/c/FTC/TDF resulted in 
stable CD4+ and CD8+ counts, HIV reservoirs, and lipid 
profile over time (Table 2).

We next evaluated the impact of 12 and 24 weeks of 
EVG/c/FTC/TDF on T cell activation, finding a significant 
reduction in activated CD38+CD8+ T cells (p = 0.018; 
Fig. 1a), as well as HLA-DR+CD4+ (p = 0.006; Fig. 1b). 
Similarly, when we defined T cell activation as the co-
expression of HLA-DR and CD38 on T lymphocytes, we 
found a significant decrease (CD8+ : p = 0.048 (Fig. 1c); 
CD4+ : p = 0.016 (Fig. 1d)). In contrast, we failed to observe 
any modification in circulating sCD14, a marker of mono-
cyte activation (p = 0.630; Fig. 1e).

Interestingly, the decrease in T cell activation was asso-
ciated with circulating HIV reservoirs. Indeed, the amount 
of total HIV-DNA after 24 weeks of EVG/c/FTC/TDF was 
inversely correlated with the magnitude of the reduction 
in activated HLA-DR+CD38+CD8+ T cells (r = − 0.63, 
p = 0.014; Fig.  1f), supporting the close link between 
immune activation and circulating HIV viral reservoir.

Finally, we investigated T cell maturation, finding no 
major differences in both the CD4+ and CD8+ compart-
ments (Table 3), with the exception of a modest decrease 
in CM CD4+ T cells (p = 0.03; Table 3). Also, no major 
changes in the proportion of proliferating, exhausted, and 

CD127-expressing CD4+ and CD8+ T cells were observed 
(Table 3).

Similar results were obtained stratifying the patients 
according to pre-switch PI/r exposure. Indeed, we observed 
a significant reduction of CD38+CD8+ (p < 0.0001) in 
patients previously exposed to ATV/r after 24 weeks of 
EVG/c/FTC/TDF (Fig. 2a–d). Similarly, patients taking 
DVR/r before the switch displayed a significant reduction 
of both CD4 (HLA-DR: p = 0.007; HLA-DR+CD38+: 
p = 0.030) and CD8 (CD38: p = 0.038; HLA-DR+CD38+: 
p = 0.001) T cell activation (Fig.  2e–h), with no other 

Table 1   Clinical, epidemiological and viro-immunological features of 
the study population (n = 30)

Data are presented as median (IQR) or absolute numbers (%)
ATV/r atazanavir/ritonavir, cART​ combination antiretroviral therapy, 
DVR/r darunavir/ritonavir, EVG/c/FTC/TDF elvitegravir/cobicistat/
emtricitabine/tenofovir disoproxil fumarate, FTC emtricitabine, HBV 
hepatitis B virus, HCV hepatitis C virus, IDU intravenous drug users, 
IQR interquartile range, TDF tenofovir disoproxil fumarate
a Concomitant medications include statins (HMG-CoA reductase 
inhibitors), fibrates, antihypertensives, and anticoagulants

Patients’ characteristics Value

Sex (male) 21 (70)
Age (years) 44 (38–51)
Risk factors
 Homosexual/bisexual 12 (40)
 Heterosexual 16 (53)
 IDU 2 (6)

HCV/HBV co-infection (yes) 0 (0)
Concomitant medications (yes)a 6 (20)
Time since first HIV diagnosis (years) 8 (5–20)
AIDS diagnosis (yes) 8 (27)
CD4 T cell count/mm3

 Nadir 224.5 (53–297)
 At time of analysis 573 (378–739)

HIV-RNA (Log copies/mL)
 Before cART​ 5.17 (4.19–5.81)
 At time of analysis 1.59 (1.59–159)

Low-level HIV viremia (copies/mL) 12 (10–22)
cART duration (years) 6 (4.5–9)
HIV-RNA suppression duration (years) 5 (4–8.5)
Type of cART pre-switching to EVG/c/FTC/TDF
 Backbone
  TDF + FTC 30 (100)

 Third drugs
  DVR/r 14 (47)
  ATV/r 16 (53)

N of cART regimen pre-switching to EVG/c/FTC/TDF
 1 16 (53)
 2 8 (27)
 ≥ 3 6 (20)
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differences in the remaining immunological markers (data 
not shown).

3.3 � T Cell Cytokine Secretion upon Staphylococcal 
Enterotoxin B and HIV Challenge Following 24 
Weeks of EVG/c/FTC/TDF

Given the data on persisting impairment of T cell responses 
upon cART initiation [21–24], we decided to further investi-
gate IL-2 and IFN-γ production by different memory CD4+ 
and CD8+ T cell subsets, following ex vivo stimulation by 
HIV and SEB, known proxies of broad microbial challenge.

Figure 3a shows the gating strategy for the identification 
of cytokine production upon viral or bacterial challenge by 
flow cytometry.

Interestingly, upon SEB stimulation, EVG/c/FTC/
TDF resulted in a restoration of IL-2-secreting, IFN-γ-
secreting, and multifunctional IL-2/IFN-γ-secreting EM 
CCR7–CD45RA–CD4+ T cells (p = 0.011, p = 0.0001, 
p = 0.0001, respectively; Fig. 3b). Similarly, after EVG/c/
FTC/TDF switch, we found a rise in IFN-γ-secreting 
(p = 0.0001) and IL-2/IFN-γ-secreting (p = 0.0001) EM 
CCR7–CD45RA–CD8+ T cells (Fig. 3b), coupled with a 
parallel decrease of IFN-γ- and IL-2/IFN-γ-secreting TD 
CCR7–CD45RA+CD8+ T cells (p = 0.003 and p = 0.0003, 
respectively; Fig. 3b). No differences in cytokine produc-
tion were found in the remaining CD4+ and CD8+ memory 
subsets following SEB exposure (data not shown)(Fig. 3).

Conversely, 24 weeks of EVG/c/FTC/TDF resulted in a 
very limited effect on HIV-specific response. Indeed, the 
initial cytokine production was very feeble, and was not 
restored after EVG/c/FTC/TDF introduction, aside from 
a modest increase (median [IQR]) of IFN-γ-secreting TD 

Table 2   Immune recovery, HIV reservoirs, and lipid profile following 12 and 24 weeks of elvitegravir/cobicistat/emtricitabine/tenofovir diso-
proxil fumarate switch

Data are presented as median (IQR). Statistical analyses: Friedman test with Dunn’s multiple comparison test
HDL high-density lipoprotein, IQR interquartile range, LDL low-density lipoprotein

Variable Week 0 Week 12 Week 24 p value

CD4+ T cell count (cell/mm3) 634 (362–748) 614 (455–674) 582 (460–774) 0.456
CD8+ T cell count (cell/mm3) 746 (668–903) 856 (571–1008) 829 (581–1049) 0.940
CD4/CD8 ratio 0.77 (0.54–1.03) 0.71 (0.56–0.89) 0.76 (0.58–0.97) 0.970
Low-level HIV-RNA viremia (copies/mL) 12 (10–22) 19 (0–39) 27 (24–39) 0.081
Total HIV-DNA (copies/104 CD4) 2 (1–4) 2.5 (1–5) 1 (1–5) 0.101
Integrated HIV-DNA (copies/104 CD4) 2 (1–5) 2 (1–3) 1 (1–3) 0.149
Unintegrated HIV-DNA (copies/104 CD4) 1 (0–1) 1 (0–1) 1 (1–1) 0.042
Total cholesterol (mg/dL) 185 (158–194) 183 (163–207) 180 (160–207) 0.147
HDL cholesterol (mg/dL) 46 (34–55) 48 (41–54) 50 (40–59) 0.309
LDL cholesterol (mg/dL) 112 (95–126) 109 (90–139) 107 (90–134) 0.555
Triglycerides (mg/dL) 102 (79–168) 96 (71–141) 85 (72–182) 0.254

Fig. 1   T cell and monocyte activation following 24  weeks of EVG/c/
FTC/TDF. In each graph the columns represent the median values, while 
the error bars indicate the interquartile range. Dots represent the patients’ 
baseline values, squares represent the week 12 post-switch values, and 
triangles represent the week 24 post-switch values. The lines indicate a 
significant comparison between two groups. 12 and 24 weeks of EVG/c/
FTC/TDF significantly reduced CD38+CD8+ T cells (p = 0.018) (a), as 
well as HLA-DR+CD4+ (p = 0.006) (b). We next defined T cell acti-
vation as the co-expression of HLA-DR and CD38 on T lymphocytes, 
finding a significant decrease in CD8+ (p = 0.048) and CD4+ (p = 0.016) 
(c–d). e We failed to observe any modification in circulating sCD14, a 
marker of monocyte activation (p = 0.630). f Total HIV-DNA at week 24 
was inversely correlated with the magnitude of the reduction of activated 
HLA-DR+CD38+CD8+ T cells (r = − 0.63; p = 0.014). EVG/c/FTC/
TDF elvitegravir/cobicistat/emtricitabine/tenofovir disoproxil fumarate, 
HLA-DR human leukocyte antigen–DR isotype, sCD14 soluble CD14, W 
week, *p < 0.05 for each pair of timepoints
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CD4+ (W0: 0 [0–0] vs. W12: 0.21 [0–1.05] vs. W24: 
0.04 [0–0.35]; p = 0.038) and IL2-secreting CM CD4+ T 
cells (W0: 0 [0–0.07] vs. W12: 0 [0–0.10] vs. W24: 0.27 
[0.03–0.81]; p = 0.0001). No changes in cytokine produc-
tion by the remaining CD4+ and CD8+ T cell subsets were 
observed upon HIV stimulation (data not shown).

An analogous behavior was observed according to pre-
switch PI/r exposure (data not shown).

4 � Discussion

Despite the reduced risk of death following cART intro-
duction, HIV-positive subjects continue to have increased 
morbidity and mortality, as compared with the general 
population, often due to non-AIDS-related events [4, 25]. 
Persistently heightened systemic inflammation and immune 
activation that endure full viral suppression by cART have 
been described as key pathogenic players of non-AIDS co-
morbidities [10, 26].

Following their well-founded potency in gaining and 
maintaining optimal viral success [1], INSTI-based regi-
mens are now widely recommended as both first-line and 
switching strategies. This in turn would raise the question 
on whether such potent regimens might also provide an 
added value in terms of immune activation/inflammation 

containment. Along this line, few data have been produced 
describing the immunological effects of INSTI-based regi-
mens currently recommended as switching strategies in 
virally suppressed individuals [14–17, 27, 28] and the major-
ity of these studies have focused on raltegravir. With this in 
mind, we decided to investigate the impact of 24 weeks of 
EVG/c/FTC/TDF on T cell compartment and HIV reservoirs 
in HIV-infected patients switched from a virally effective 
PI-based regimen.

In our cohort of HIV-infected patients with a long history 
of suppressive cART, 12 and 24 weeks of EVG/c/FTC/TDF 
resulted in substantial further reduction of T cell activation. 
These observations have important clinical implications 
given the involvement of immune activation in HIV disease 
progression [29]. The reasons behind this further decline in 
T lymphocyte activation burden in patients with long-term 
viral suppression are still unclear. One hypothesis is that 
the INSTI class may decrease inflammation and immune 
activation more than other antiretroviral classes because of 
their positive effects on lipid profiles, in particular on high-
density lipoprotein cholesterol efflux capacity and oxidized 
low-density lipoprotein [30], known to be related to mark-
ers of monocyte activation that predict mortality [31]. This 
hypothesis, however, seems unlikely in our cohort because 
(1) we failed to find changes in lipid metabolism; and (2) 
we did not observe any modification in sCD14. In addition 

Table 3   Immune phenotypes in a cohort of HIV-infected patients following 12 and 24 weeks of elvitegravir/cobicistat/emtricitabine/tenofovir 
disoproxil fumarate switch

Data are presented as median (IQR). Statistical analyses: Friedman test with Dunn’s multiple comparison test
CCR7 C-C chemokine receptor type 7, CM central memory CCR7+CD45RA−, EM effector memory CCR7−CD45RA−, IQR interquartile 
range, PD-1 programmed cell death-1, TD terminally differentiated CCR7−CD45RA+

Phenotypes (%) Week 0 Week 12 Week 24 p value

T cell maturation
 Naïve+CD4+ 5.43 (2.3–7.28) 4.52 (1.49–6.49) 1.72 (0.53–6.92) 0.256
 CM+CD4+ 3.26 (2.25–6.40) 3.21 (2.09–5.08) 2.09 (0.32–6.65) 0.030
 EM+CD4+ 53.5 (44.2–67.7) 53.5 (41–63) 54.7 (45.2–61.1) 0.482
 TD+CD4+ 32.2 (15.4–40) 34.75 (24.4–44.4) 39.6 (24.3–49.2) 0.405
 Naïve+CD8+ 11.3 (2.9–22.3) 13.2 (3.03–21.4) 7.98 (4.54–18.9) 0.657
 CM+CD8+ 0.84 (0.31–3.01) 2.01 (0.64–4.41) 1.47 (0.54–2.64) 0.482
 EM+CD8+ 33.2 (22.3–43.8) 33.4 (25.6–47.2) 37.1 (27.5–43.5) 0.857
 TD+CD8+ 52.6 (34.7–60.3) 46.2 (29.4–61.0) 47.4 (35.3–58.6) 0.962

T cell proliferation
 Ki67+CD4+ 2.12 (1.59–3.74) 2.44 (1.84–4.65) 3.34 (0.87–5.21) 0.846
 Ki67+CD8+ 1.83 (1.22–2.22) 1.91 (1.17–2.98) 1.81 (0.77–4.65) 0.747

T cell exhaustion
 PD-1+CD4+ 3.84 (2.25–5.35) 2.84 (1.47–6.01) 2.79 (2.04–3.68) 0.289
 PD-1+CD8+ 4.15 (1.48–6.36) 3.16 (1.6–5.76) 3.29 (1.62–3.64) 0.339

T cell homeostasis
 CD127+CD4+ 26.2 (20.5–35.9) 21.4 (10.2–33.1) 28.6 (20.1–34.5) 0.129
 CD127+CD8+ 18.6 (15.6–25.3) 21.8 (11.3–27.1) 23.3 (17.9–27.9) 0.072
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to the metabolic benefits of INSTI, an alternative explana-
tion for the decreased activation in these patients might be 
related to the better tissue penetration of these compounds 
[32]. Furthermore, integrase inhibitor-based regimens have 
been shown to more effectively reconstitute mucosal immu-
nity, possibly reducing microbial translocation and the sub-
sequent T cell immune activation [33].

Recently, an interesting in vitro model has been pro-
posed, showing different kinetics of viral replication in 
macrophages and CD4 T cells according to the presence or 
absence of integrase inhibitors [34]. Several studies have 
described the effects of dolutegravir switching strategies on 
HIV reservoirs [28, 35], while treatment intensification stud-
ies have shown differential effects of raltegravir intensifica-
tion on residual viremia and HIV reservoirs [36–40].

To date, aside from the study of Ngo Bell et al. [41], 
which demonstrated a high decay of blood HIV reservoirs 
with an elvitegravir-containing regimen in acute HIV infec-
tion, the understanding of the effects of elvitegravir-based 
switching strategies on HIV reservoirs is still lacking. In our 
cohort, we found that 24 weeks of EVG/c/FTC/TDF resulted 

in stable total, integrated, and unintegrated HIV-DNA forms 
and residual viremia, supporting the efficacy of this regimen 
in maintaining viral suppression. Interestingly, the inverse 
association between total HIV-DNA content and the mag-
nitude of T cell activation reduction suggests that persistent 
immune activation in CD8+ T cells is driven, at least in part, 
by residual viral infection.

Aside from a higher risk of activation-mediated non-
communicable diseases, HIV-infected individuals have 
a dramatic impairment of the antimicrobial defenses, 
exposing them to higher susceptibility to serious bacterial 
infections [42–45], and highlighting the need of antiretro-
viral strategies able to potentially improve T lymphocyte 
functions. To date, no data are available on the effects 
of EVG/c/FTC/TDF on T cell function. To fill this gap, 
we measured the production of IL-2 and IFN-γ by differ-
ent memory CD4+ and CD8+ T cell subsets, following 
ex vivo SEB and HIV stimulation. Interestingly, while 
24 weeks of EVG/c/FTC/TDF translated into a recovery 
of IL-2 and IFN-γ production by both CD4+ and CD8+ 
EM T cells following bacterial stimulation, no substantial 

Fig. 2   T cell and monocyte activation following 24 weeks of EVG/c/
FTC/TDF according to pre-switch PI/r-based regimen. In each graph 
the columns represent the median values, while the error bars indi-
cate the interquartile range. Dots represent the patients baseline val-
ues, squares represent the week 12 post-switch values, and triangles 
represent the week 24 post-switch values. The lines indicate a signifi-
cant comparison between two groups. a–d Modification of T cell acti-
vation in patients on TDF/FTC + ATV/r before the switch. a 12 and 
24  weeks of EVG/c/FTC/TDF significantly reduced CD38 + CD8+ 
T cells (p < 0.0001). b No changes in HLA-DR + CD4+ T cells after 
12 and 24  weeks of EVG/c/FTC/TDF. c Similar levels of HLA-
DR+CD38+ expressing CD8 T cells at W12 and W24 post-EVG/c/
FTC/TDF. d Not significant reduction in HLA-DR+CD38+CD4 
T cells after 12 and 24  weeks of EVG/c/FTC/TDF. e–h Changes 

in T cell activation in patients receiving TDF/FTC+DVR/r before 
the switch. e 12 and 24  weeks of EVG/c/FTC/TDF significantly 
reduced CD38+CD8+ T cells (p = 0.038). f Significant reduction in 
HLA-DR+CD4+ T cells after 12 and 24 weeks of EVG/c/FTC/TDF 
(p = 0.007). g HLA-DR+CD38+ expressing CD8 T cells were signifi-
cantly reduced at W12 and W24 post-EVG/c/FTC/TDF (p = 0.001). h 
Significant reduction in HLA-DR+CD38+CD4 T cells after 12 and 
24 weeks of EVG/c/FTC/TDF (p = 0.030). ATV/r atazanavir/ritonavir, 
DVR/r darunavir/ritonavir, EVG/c/FTC/TDF elvitegravir/cobicistat/
emtricitabine/tenofovir disoproxil fumarate, HLA-DR human leuko-
cyte antigen–DR isotype, PI/r protease inhibitor/ritonavir, TDF/FTC 
tenofovir disoproxil fumarate/emtricitabine, W week, *p < 0.05 for 
each pair of timepoints
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modifications in HIV-specific response were seen. The 
increase in IL-2 and IFN-γ release by EM T cells, coupled 
with a decrease in cytokine production by TD CD8+ T 
cells, may suggest a role of EVG/c/FTC/TDF in restoring 
the multifunctional properties of effector T cells. In con-
trast, the persistent impairment of HIV-specific response 
seems to imply profound damage to antiviral immune 
function, possibly early during the infection, that is not 
restored by suppressive cART.

Several limitations in the present study need to be 
acknowledged, such as the lack of a control group, lim-
ited sample size, and short follow-up period. Indeed, our 
findings should be corroborated in larger patient cohorts 
and with the appropriate controls.

5 � Conclusion

Our data suggest a favorable effect of EVG/c/FTC/TDF 
on preserving immune activation-driven damage to T cell 
homeostasis, restoring the multifunctional properties of 
effector T cells, and possibly containing cell-associated HIV 
viral burden in virologically suppressed patients. As long as 
viral suppression remains the goal of HIV treatment, choos-
ing the cART with the least long-term toxicity and highest 
benefit is a priority in the management of this chronic ill-
ness. However, viral persistence and residual inflammation 
are interdependent and fuel each other in a vicious cycle that 
seems difficult to interrupt [46]. For this reason, reducing 
activation/inflammation may be an efficient way to interfere 

with the maintenance of the HIV reservoir in virally sup-
pressed individuals on ART.

The potential benefits of the EVG/c/FTC/TDF regimen, 
which maintained virologic efficacy and further decreased 
immune activation, warrant further investigation to 
uncover the association of this therapy with the potential 
decrease in the morbidity and mortality of HIV-infected 
patients due to non-AIDS-related illnesses.

Acknowledgements  We are very thankful to all of the patients who 
participated in the study and the staff of the Clinic of Infectious Dis-
eases and Tropical Medicine at ASST Santi Paolo e Carlo, Milan who 
cared for the patients. This study was presented at HIV Glasgow 2016, 
23–26 Oct 2016, Glasgow, UK [poster no. P100]. All data generated 
or analyzed during this study are included in this published article.

Compliance with Ethical Standards 

Funding  This study was supported by Unrestricted Educational Grant 
no. IN-IT-236-1320 from Gilead Italia to Giulia Marchetti.

Conflict of interest  EM., F.A.C., A.C., C.O., M.M., G.A., C.T., and 
A.D.M. declare that they have no conflict of interests. G.M. received 
Unrestricted Educational Grant no. IN-IT-236-1320 from Gilead Italia.

Ethics approval  All procedures in this study were in accordance with 
the 1964 Helsinki Declaration (and its amendments). The ethics com-
mittee of ASST Santi Paolo e Carlo specifically approved this study 
(protocol no. 4386 10 April 2015 and approval no. 238 2 April 2015).

Informed consent  All subjects gave written informed consent in 
accordance with the Declaration of Helsinki.

Open Access  This article is distributed under the terms of the Crea-
tive Commons Attribution-NonCommercial 4.0 International License 
(http://creativecommons.org/licenses/by-nc/4.0/), which permits any 
noncommercial use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons license, and indicate 
if changes were made.

References

	 1.	 Raffi F, Esser S, Nunnari G, Perez-Valero I, Waters L. Switch-
ing regimens in virologically suppressed HIV-1-infected patients: 
evidence base and rationale for integrase strand transfer inhibitor 
(INSTI)-containing regimens. HIV Med. 2016;17(Suppl 5):3–16.

	 2.	 European AIDS Clinical Society. Guidelines. Version 9.0, October 
2017. 2017. http://www.eacso​ciety​.org/files​/guide​lines​_9.0-engli​
sh.pdf. Accessed 9 Aug 2019.

	 3.	 Panel on Antiretroviral Guidelines for Adults and Adolescents. 
Guidelines for the use of antiretroviral agents in HIV-1-infected 
adults and adolescents (DHHS Antiretroviral Treatment Panel). 
2018. Department of Health and Human Services https​://aidsi​nfo.
nih.gov/conte​ntfil​es/lvgui​delin​es/Adult​andAd​olesc​entGL​.pdf. 
Accessed 9 Aug 2019.

	 4.	 Samji H, Cescon A, Hogg RS, Modur SP, Althoff KN, Buchacz K, 
et al. Closing the gap: increases in life expectancy among treated 
HIV-positive individuals in the United States and Canada. PLoS 
One. 2013;8(12):e81355.

Fig. 3   T cell cytokine secretion upon SEB challenge follow-
ing 24  weeks of EVG/c/FTC/TDF. a Lymphocytes were gated 
from FSC and SSC, doublets were removed, and live cells were 
selected, segregated for CD3+ T cells and subsequently for CD4+ 
T cells (or CD8+). CD4+ T cell subsets were defined as naïve 
CCR7+CD45RA+, central memory CCR7+CD45RA−, effector 
memory CCR7−CD45RA−, and terminally differentiated CCR7−
CD45RA+ subsets. Within each subset, IL-2 and/or IFN-γ release 
was assessed. The gates were set up based on positive versus negative 
peak. b SEB stimulation. a.I, a.III, and a.V show pie charts represent-
ing the cytokine production following bacterial stimulation by T cells 
(− indicates non-producing and + indicates producing cells). a.II, 
a.IV, and a.VI detail the percentage of cytokine-producing T cell sub-
sets (− indicates non-producing and + indicates producing cells). At 
week 0, the proportion of cytokine-producing T cells was negligible. 
Interestingly, 24 weeks of EVG/c/FTC/TDF resulted in a partial res-
toration of IL-2-secreting, IFN-γ-secreting, and multifunctional IL-2/
IFN-γ-secreting CD4+ and CD8+ effector memory, as well as CD8+ 
terminally differentiated T cells. APC allophycocyanin, CCR​ C-C 
chemokine receptor, Comp compensated, EVG/c/FTC/TDF elvite-
gravir/cobicistat/emtricitabine/tenofovir disoproxil fumarate, FSC 
forward scatters, FITC fluorescein isothiocyanate IFN-γ interferon-γ, 
IL-2 interleukin-2, PerCP peridinin chlorophyll protein complex, PE 
phycoerythrin, SEB staphylococcal enterotoxin B, SSC side scatter, 
W week

◂

http://www.eacsociety.org/files/guidelines_9.0-english.pdf
http://www.eacsociety.org/files/guidelines_9.0-english.pdf
https://aidsinfo.nih.gov/contentfiles/lvguidelines/AdultandAdolescentGL.pdf
https://aidsinfo.nih.gov/contentfiles/lvguidelines/AdultandAdolescentGL.pdf


1248	 E. Merlini et al.

	 5.	 Teeraananchai S, Kerr SJ, Amin J, Ruxrungtham K, Law MG. 
Life expectancy of HIV-positive people after starting com-
bination antiretroviral therapy: a meta-analysis. HIV Med. 
2017;18(4):256–66.

	 6.	 Deeks SG, Tracy R, Douek DC. Systemic effects of inflam-
mation on health during chronic HIV infection. Immunity. 
2013;39(4):633–45.

	 7.	 Hunt PW, Sinclair E, Rodriguez B, Shive C, Clagett B, Funderburg 
N, et al. Gut epithelial barrier dysfunction and innate immune 
activation predict mortality in treated HIV infection. J Infect Dis. 
2014;210(8):1228–38.

	 8.	 Funderburg NT, Lederman MM. Coagulation and morbidity in 
treated HIV infection. Thromb Res. 2014;133(Suppl 1):S21–4.

	 9.	 Lederman MM, Calabrese L, Funderburg NT, Clagett B, Med-
vik K, Bonilla H, et al. Immunologic failure despite suppressive 
antiretroviral therapy is related to activation and turnover of mem-
ory CD4 cells. J Infect Dis. 2011;204(8):1217–26.

	10.	 Hileman CO, Funderburg NT. Inflammation, immune activa-
tion, and antiretroviral therapy in HIV. Curr HIV/AIDS Rep. 
2017;14(3):93–100.

	11.	 McCausland MR, Juchnowski SM, Zidar DA, Kuritzkes DR, 
Andrade A, Sieg SF, et al. Altered monocyte phenotype in HIV-1 
infection tends to normalize with integrase-inhibitor-based antiret-
roviral therapy. PLoS One. 2015;10(10):e0139474.

	12.	 Hileman CO, Kinley B, Scharen-Guivel V, Melbourne K, 
Szwarcberg J, Robinson J, et al. Differential reduction in mono-
cyte activation and vascular inflammation with integrase inhibitor-
based initial antiretroviral therapy among HIV-infected individu-
als. J Infect Dis. 2015;212(3):345–54.

	13.	 Kelesidis T, Tran TT, Stein JH, Brown TT, Moser C, Ribaudo 
HJ, et al. Changes in inflammation and immune activation with 
atazanavir-, raltegravir-, darunavir-based initial antiviral therapy: 
ACTG 5260s. Clin Infect Dis. 2015;61(4):651–60.

	14.	 Martinez E, D’Albuquerque PM, Llibre JM, Gutierrez F, 
Podzamczer D, Antela A, SPIRAL Trial Group, et al. Changes 
in cardiovascular biomarkers in HIV-infected patients switching 
from ritonavir-boosted protease inhibitors to raltegravir. AIDS. 
2012;26(18):2315–26.

	15.	 Silva EF, Charreau I, Gourmel B, Mourah S, Kalidi I, Guillon B, 
ANRS 138 EASIER Study Group, et al. Decreases in inflamma-
tory and coagulation biomarkers levels in HIV-infected patients 
switching from enfuvirtide to raltegravir: ANRS 138 substudy. J 
Infect Dis. 2013;208(6):892–7.

	16.	 Lake JE, McComsey GA, Hulgan T, Wanke CA, Mangili A, 
Walmsley SL, et al. Switch to raltegravir decreases soluble CD14 
in virologically suppressed overweight women: the Women, Inte-
grase and Fat Accumulation trial. HIV Med. 2014;15(7):431–41.

	17.	 Villanueva-Millán MJ, Pérez-Matute P, Recio-Fernández E, 
Lezana Rosales JM, Oteo JA. Differential effects of antiretrovi-
rals on microbial translocation and gut microbiota composition of 
HIV-infected patients. J Int AIDS Soc. 2017;20(1):21526.

	18.	 Anzinger JJ, Butterfield TR, Angelovich TA, Crowe SM, Palmer 
CS. Monocytes as regulators of inflammation and HIV-related 
comorbidities during cART. J Immunol Res. 2014;2014:569819.

	19.	 Duffau P, Ozanne A, Bonnet F, Lazaro E, Cazanave C, Blanco P, 
et al. Multimorbidity, age-related comorbidities and mortality: 
association of activation, senescence and inflammation markers 
in HIV adults. AIDS. 2018;32(12):1651–60.

	20.	 Casabianca A, Orlandi C, Canovari B, Scotti M, Acetoso M, Val-
entini M, et al. A real time PCR platform for the simultaneous 
quantification of total and extrachromosomal HIV DNA forms in 
blood of HIV-1 infected patients. PLoS One. 2014;9(11):e111919.

	21.	 Harari A, Petitpierre S, Vallelian F, Pantaleo G. Skewed represen-
tation of functionally distinct populations of virus-specific CD4 T 
cells in HIV-1-infected subjects with progressive disease: changes 
after antiretroviral therapy. Blood. 2004;103(3):966–72.

	22.	 Harari A, Vallelian F, Pantaleo G. Phenotypic heterogene-
ity of antigen-specific CD4 T cells under different condi-
tions of antigen persistence and antigen load. Eur J Immunol. 
2004;34(12):3525–33.

	23.	 Harari A, Cellerai C, Bellutti Enders F, Kostler J, Codarri L, 
Tapia G, et al. Skewed association of polyfunctional antigen-
specific CD8 T cell populations with HLA-B genotype. Proc 
Natl Acad Sci USA. 2007;104(41):16233–8.

	24.	 Betts MR, Nason MC, West SM, De Rosa SC, Migueles SA, 
Abraham J, et  al. HIV nonprogressors preferentially main-
tain highly functional HIV-specific CD8+ T cells. Blood. 
2006;107(12):4781–9.

	25.	 Hunt PW. HIV and aging: emerging research issues. Curr Opin 
HIV AIDS. 2014;9(4):302–8.

	26.	 Hunt PW, Lee SA, Siedner MJ. Immunologic biomarkers, 
morbidity, and mortality in treated HIV infection. J Infect Dis. 
2016;214(Suppl 2):S44–50.

	27.	 Moure R, Domingo P, Gallego-Escuredo JM, Villarroya J, 
Gutierrez Mdel M, Mateo MG, et al. Impact of elvitegravir on 
human adipocytes: alterations in differentiation, gene expres-
sion and release of adipokines and cytokines. Antivir Res. 
2016;132:59–65.

	28.	 Moron-Lopez S, Navarro J, Jimenez M, Rutsaert S, Urrea V, Puer-
tas MC, et al. Switching from a protease inhibitor-based regimen 
to a dolutegravir-based regimen: a randomized clinical trial to 
determine the effect on peripheral blood and ileum biopsies from 
ART-suppressed HIV-infected individuals. Clin Infect Dis. 2018. 
https​://doi.org/10.1093/cid/ciy10​95 (Epub 2018 Dec 24).

	29.	 Longenecker CT, Sullivan C, Baker JV. Immune activation and 
cardiovascular disease in chronic HIV infection. Curr Opin HIV 
AIDS. 2016;11(2):216–25.

	30.	 Funderburg NT, Xu D, Playford MP, Joshi AA, Andrade A, 
Kuritzkes DR, et al. Treatment of HIV infection with a raltegravir-
based regimen increases LDL levels, but improves HDL choles-
terol efflux capacity. Antivir Ther. 2017;22(1):71–5.

	31.	 Sandler NG, Wand H, Roque A, Law M, Nason MC, Nixon DE, 
et al. Plasma levels of soluble CD14 independently predict mortal-
ity in HIV infection. J Infect Dis. 2011;203(6):780–90.

	32.	 Patterson KB, Prince HA, Stevens T, Shaheen NJ, Dellon ES, 
Madanick RD, et  al. Differential penetration of raltegravir 
throughout gastrointestinal tissue: implications for eradication 
and cure. AIDS. 2013;27(9):1413–9.

	33.	 Serrano-Villar S, Sainz T, Ma ZM, Utay NS, Chun TW, Mann 
S, et al. Effects of combined CCR33/integrase inhibitors-based 
regimen on mucosal immunity in HIV-infected patients naive 
to antiretroviral therapy: a pilot randomized trial. PLoS Pathog. 
2016;12(1):e1005381.

	34.	 Surdo M, Cortese MF, Orlandi C, Di Santo F, Aquaro S, Magnani 
M, et al. Different kinetics of viral replication and DNA integra-
tion in the main HIV-1 cellular reservoirs in the presence and 
absence of integrase inhibitors. Antivir Res. 2018;160:165–74.

	35.	 Sculier D, Doco-Lecompte T, Yerly S, Metzner KJ, Decosterd LA, 
Calmy A. Stable HIV-1 reservoirs on dolutegravir maintenance 
monotherapy: the MONODO study. HIV Med. 2018. https​://doi.
org/10.1111/hiv.12626​ (Epub 2018 Jun 22).

	36.	 Buzon MJ, Massanella M, Llibre JM, Esteve A, Dahl V, Puertas 
MC, et al. HIV-1 replication and immune dynamics are affected 
by raltegravir intensification of HAART-suppressed subjects. Nat 
Med. 2010;16:460–5.

	37.	 Llibre JM, Buzon MJ, Massanella M, Esteve A, Dahl V, Puer-
tas MC, et al. Treatment intensification with raltegravir in sub-
jects with sustained HIV-1 viraemia suppression: a randomized 
48-week study. Antivir Ther. 2012;17(2):355–64.

	38.	 Besson GJ, McMahon D, Maldarelli F, Mellors JW. Short-course 
raltegravir intensification does not increase 2 long terminal repeat 

https://doi.org/10.1093/cid/ciy1095
https://doi.org/10.1111/hiv.12626
https://doi.org/10.1111/hiv.12626


1249Effects of EVG/c/FTC/TDF Switch on the T Cell Compartment

episomal HIV-1 DNA in patients on effective antiretroviral ther-
apy. Clin Infect Dis. 2012;54:451–3.

	39.	 Yukl SA, Shergill AK, McQuaid K, Gianella S, Lampiris H, 
Hare CB, et al. Effect of raltegravir-containing intensification 
on HIV burden and T-cell activation in multiple gut sites of 
HIV-positive adults on suppressive antiretroviral therapy. AIDS. 
2010;24(16):2451–60.

	40.	 McMahon D, Jones J, Wiegand A, Gange SJ, Kearney M, Palmer 
S, et al. Short-course raltegravir intensification does not reduce 
persistent low-level viremia in patients with HIV-1 suppression 
during receipt of combination antiretroviral therapy. Clin Infect 
Dis. 2010;50(6):912–9.

	41.	 Ngo Bell EC, Vandenhende MA, Caldato S, Saunier A, Bellecave 
P, Tumiotto C, et al. High decay of blood HIV reservoir when 
tenofovir/emtricitabine/elvitegravir/cobicistat is initiated dur-
ing the acute primary HIV infection. J Antimicrob Chemother. 
2017;72(9):2681–3.

	42.	 Tumbarello M, Tacconelli E, Donati KG, Citton R, Leone F, 
Spanu T, et al. HIV-associated bacteremia: how it has changed 
in the highly active antiretroviral therapy (HAART) era. J Acquir 
Immune Defic Syndr. 2000;23(2):145–51.

	43.	 Silva JM Jr, dos Santos Sde S. Sepsis in AIDS patients: clini-
cal, etiological and inflammatory characteristics. J Int AIDS Soc. 
2013;16:17344.

	44.	 Taramasso L, Tatarelli P, Di Biagio A. Bloodstream infections in 
HIV-infected patients. Virulence. 2016;7(3):320–8.

	45.	 Chiang HH, Hung CC, Lee CM, Chen HY, Chen MY, Sheng WH, 
et al. Admissions to intensive care unit of HIV-infected patients in 
the era of highly active antiretroviral therapy: etiology and prog-
nostic factors. Crit Care. 2011;15(4):R202.

	46.	 Massanella M, Fromentin R, Chomont N. Residual inflammation 
and viral reservoirs: alliance against an HIV cure. Curr Opin HIV 
AIDS. 2016;11(2):234–41.


	Reduction of Immune Activation and Partial Recovery of Staphylococcal Enterotoxin B-Induced Cytokine Production After Switching to an Integrase Strand Transfer Inhibitor-Containing Regimen: Results from an Observational Cohort Study
	Abstract
	Background and Objective 
	Methods 
	Results 
	Conclusions 

	1 Introduction
	2 Patients and Methods
	2.1 Study Design
	2.2 Patients
	2.3 Immunophenotype Analysis
	2.4 Antigen Stimulation
	2.5 Soluble CD14 Quantification
	2.6 CD4 Isolation
	2.7 HIV-RNA Quantification
	2.8 Total, Unintegrated, and Integrated HIV-DNA Quantification
	2.9 Statistical Analysis

	3 Results
	3.1 Patient Population
	3.2 Modification of T Cell Compartment Following 24 Weeks of ElvitegravirCobicistatEmtricitabineTenofovir Disoproxil Fumarate (EVGcFTCTDF)
	3.3 T Cell Cytokine Secretion upon Staphylococcal Enterotoxin B and HIV Challenge Following 24 Weeks of EVGcFTCTDF

	4 Discussion
	5 Conclusion
	Acknowledgements 
	References




