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Background.  Human immunodeficiency virus controllers (HICs) form a heterogeneous group of patients with regard to formal 
definitions, immunologic characteristics, and changes over time in viral load.

Patients and Methods.  The HICs with undetectable viral load ([uHICs] ie, for whom a viral load had never been detected with 
routine assays; n = 52) were compared with 178 HICs with blips during the follow up (bHICs). Clinical characteristics, ultrasensitive 
HIV-ribonucleic acid (RNA) and HIV-deoxyribonucleic acid (DNA) loads, HIV1-Western blot profiles, and immune parameters 
were analyzed.

Results.  Relative to bHICs, uHICs had significantly lower ultrasensitive plasma HIV-RNA loads (P <  .0001) and HIV-DNA 
levels in peripheral blood mononuclear cells (P = .0004), higher CD4+ T-cell count (P = .04) at enrollment, and lower T-cell activa-
tion levels. Between diagnosis and inclusion in the cohort, the CD4+ T-cell count had not changed in uHICs but had significantly 
decreased in bHICs. Twenty-one percent of the uHICs lacked specific anti-HIV immunoglobulin G antibodies, and these individuals 
also had very low levels of HIV-DNA. Half of the uHICs had a protective human leukocyte antigen (HLA) allele (-B57/58/B27), a 
weak CD8+ T-cell response, and very small HIV-DNA reservoir.

Conclusions.  We suggest that an interesting HIC phenotype combines protective HLA alleles, low level of HIV blood reservoirs, 
and reduced immune activation. Prospective studies aimed at evaluating the benefit of combined antiretroviral therapy in HICs 
might take into account the identification of uHICs and bHICs.
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A small proportion of human immunodeficiency virus (HIV)-
infected patients (“HIV controllers” [HICs]) present with a 
spontaneous control of HIV replication [1]. Since the initial 
description of HICs [2, 3], a variety of definitions have been 
suggested. These definitions differ in terms of the length of 
follow up, the threshold for the HIV-ribonucleic acid (RNA) 

load (viral load [VL]), and the number of VL measurements 
required [4].

The mechanisms that underlie spontaneous viral control in 
HICs have not been fully characterized. Viral control is a com-
plex phenomenon that combines several host and/or viral fac-
tors. Most HICs harbor replication-competent viruses [5, 6]. 
The genetic background is probably involved in HIC status, 
because the human leukocyte antigen (HLA)-B57/B58 and 
-B27 protective alleles are overrepresented among HICs [7, 8]. 
The HICs exhibit strong antiviral immune responses mediated 
by polyfunctional CD4+ and CD8+ T cells [9, 10]. Some HICs 
exhibit a peculiar activation phenotype, with low CD38 and 
high HLA-DR expression [9]; this might generate HIV-specific 
CD8+ T cells that are capable of rapid viral suppression [11]. We 
have shown that the HICs’ HIV-suppressing capacity is related 
to the magnitude of HIV-specific CD8+ T-cell responses [12]. 
However, some HICs with weak CD8+ T-cell HIV-suppressive 
responses are still able to sustainably control the viral infection 
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[12]. Based on their CD8+ T cells’ ability to suppress HIV 
infection ex vivo, HICs can be classified into strong and weak 
responders (SRs and WRs); the level of response is closely 
related to the size of the viral reservoir and the probability of 
viral reactivation [12, 13]. Indeed, HICs have lower total HIV-
deoxyribonucleic acid (DNA) levels than patients on combined 
antiretroviral therapy (cART), and the size of blood reservoirs 
levels seems to be associated with the risk of viral progression 
[14, 15]. It was recently shown that HICs had significantly higher 
levels of antibody-dependent cellular cytotoxicity (ADCC) than 
viremic subjects, which suggests that ADCC has a role in HLA-
B57-negative HICs [16].

Although HICs have a number of common features, they 
are heterogeneous with regard to some immunologic charac-
teristics and changes over time in the VL levels. Indeed, some 
HICs display a fall over time in their CD4+ T-cell count or 
lose the ability to control HIV [14, 17, 18]. These changes may 
be subtended by excessive immune activation [14, 18–20]. 
Recent studies of HICs with different VL cutoff levels have 
highlighted the presence of various virologic and immuno-
logic profiles [4, 21, 22]. In this study, our objective was to 
describe HICs with the most extreme phenotype of viral con-
trol measuring residual replication and blood reservoir levels 
in association with the levels of immune activation and HIV 
antibody responses.

PATIENTS AND METHODS

The study population comprised 230 HICs from the ongoing 
ANRS CO21 CODEX cohort enrolled from 2009 to 2012 in 
different French sites. Human immunodeficiency virus con-
trollers were defined as ART-naive, HIV-1-infected patients 
with at least 5 consecutive VL measurements below 400 cop-
ies/mL over a period of at least 5 years [20]. We retrospectively 
recorded all previous CD4+ and CD8+ T-cell counts, plasma 
HIV-RNA (VL) loads, and demographic, epidemiologic, and 
other clinical data. The subjects had HLA genotyping at inclu-
sion in the cohort using a complement-mediated lymphocy-
totoxicity test (InGen Biosciences, Chilly Mazarin, France). 
Patients were followed up every 6 to 12 months. For CD4 and 
CD8 T-cell activation parameters, data from uninfected donors 
([HD] n = 29) were analyzed on blood samples available for the 
Etablissement Français du Sang. For inflammatory biomarkers, 
data from patients on ART (defined by >2 years of HIV VL <40 
copies/mL on therapy) were extracted from our previous study 
[20]. The study protocol was approved by the regional investi-
gational review board (Comité de Protection des Personnes Ile-
de-France VII [Paris, France]; approval reference: 05–22) and 
performed in compliance with the tenets of the Declaration of 
Helsinki.

The HIV-RNA loads were measured on sites with differ-
ent real-time polymerase chain reaction (PCR)-based assays; 
depending on the date of enrollment in the cohort and the assay 

routinely used on each site, the VL detection limit varied from 
500 to 10 copies/mL. We defined 2 different HIC phenotypes as 
a function of the routinely measured VLs. The first group com-
prised HICs in whom the VL had never exceeded the detection 
threshold of the routine assay until last follow up (December 31, 
2013). We referred to these patients with stringent undetectable 
VL as uHICs (n = 52). Detectable VLs were allowed if detected 
within the 12 months after the diagnosis of HIV infection (pre-
sumably corresponding to the primary infection period), if they 
were followed by a spontaneous control to undetectable levels. 
This was observed in 3 of the 52 uHICs. The remaining HICs 
(meeting the ANRS CODEX criteria but with 1 or more VL 
blips above the assay’s threshold) were referred to as HICs with 
“blips” ([bHICs] n = 178).

Whole blood samples and peripheral blood mononuclear 
cells ([PBMCs] isolated on a Ficoll-Hypaque gradient) were 
cryopreserved at enrollment. Total cell-associated HIV-DNA 
levels in PBMC were quantified using the real-time PCR 
Generic HIV DNA cell assay (Biocentric, Bandol, France) 
[23]. The threshold of the ultrasensitive technique was below 
10 copies/106 PBMCs. To better quantify low-level viral repli-
cation, plasma HIV-RNA loads were assayed using an ultra-
sensitive, real-time PCR technique (Generic HIV Charge 
Virale; Biocentric, Bandol, France) [23] with a threshold rang-
ing from 1 to 13 copies/mL, depending on the available plasma 
volume. CD4+ cell counts were determined by flow cytometry, 
using standard procedures.

Levels of cytokines and chemokines (interferon [IFN]-
γ-inducible protein-10 [IP10], soluble [s]CD14, sCD163, 
and ultrasensitive C-reactive protein), surface expression 
of T-lymphocyte activation markers (HLA-DR and CD38), 
levels of IFN-γ, and ADCC activity were determined accord-
ing to published protocols [12, 16, 20, 24]. The method used 
to measure CD8+ T cells’ ability to suppress HIV-1 infec-
tion of autologous CD4+ T cells ex vivo has been previously 
described [25]. In brief, this index corresponded to the log 
drop in p24 production when superinfected CD4+ T cells 
were cultured in the presence of autologous CD8+ T cells. If a 
2 log or greater decrease was observed (relative to baseline), 
HICs were classified as SRs. If the decrease was less than 2 
log units, they were classified as WRs [12]. Serum levels of 
immunoglobulin (Ig)G directed against HIV-1 antigens were 
analyzed by HIV-1 Western blot (WB) (Bio-Rad, Hercules, 
CA). Semiquantification was performed by scanning bands 
using the Azurespot Software.

Continuous variables were expressed as the median (inter-
quartile range [IQR]), and categorical variables were expressed 
as the frequency (n) and percentage. Intergroup differences in 
continuous variables were assessed using a Mann-Whitney 
U test, Kruskall-Wallis test, or Student’s t test, depending on 
the data distribution. For intergroup comparisons, a Dunn’s 
correction was performed after Kruskal-Wallis analysis to 
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take into account multiple comparisons when applicable. 
Categorical variables were compared using a χ2 test or Fischer’s 
exact test, as appropriate. A  linear mixed-effects model was 
used to estimate changes over time in the CD4+ T-cell count. 
T0 was defined as the date of inclusion in the cohort, and we 
back-modeled the changes in CD4+ T-cell counts until the first 
available measurement. The model took account of the fact 
that patients had undergone repeated CD4+ T-cell counts. The 
threshold for statistical significance was set to P  <  .05. Data 
were stored and analyzed using PRISM software (version 5; 
GraphPad Software, La Jolla, CA) and Stata software (version 
14.0, 2015; StataCorp, College Station, TX).

RESULTS

By assessing the 230 HICs included in the ANRS CO21 CODEX 
cohort at the time of the study, we identified 52 uHICs and 178 
bHICs. There were no significant differences between the uHIC 
and bHIC groups in terms of age, gender, the year of HIV diag-
nosis (Table 1), hepatitis C virus/hepatitis B virus coinfections, 
and the route of infection (data not shown). The median year 
of enrollment of uHICs and bHICs in the CODEX cohort was 
2010, and they had been followed up for a median (IQR) of 18 
[12–24] and 16 [10–24] years, respectively, after HIV diagno-
sis (P =  .15). The proportion of patients with protective HLA 
alleles was higher in the uHIC group than the bHIC group; this 
was true for B57/B58/B27 alleles overall (uHICs, 70%; bHICs, 
55%; P  =  .05) and the B57 allele in particular (uHICs, 50%; 
bHICs, 33%; P = .03).

Undetectable Human Immunodeficiency Virus (HIV) Controllers (HICs) 
Have Lower Residual Replication and Total Cell-Associated HIV-
Deoxyribonucleic Acid Loads Than HICs with Blips  

In addition to the routinely determined HIV-RNA loads, 
uHICs and bHICs differed significantly in terms of the median 
ultrasensitive HIV-RNA load (<4 [IQR, <2 to <4] vs 21 [IQR, 
7–84] copies/mL, respectively; P < .0001) and the proportion 
of patients with an undetectable ultrasensitive HIV-RNA at 
enrollment (80% vs 24%, respectively; P < .0001). Moreover, 
uHICs had significantly lower levels of HIV blood reservoirs 
than the bHICs, as measured by total cell-associated HIV-
DNA load (<10 [IQR, <10–11] vs 21 [IQR, <10–52] copies/106 
PBMCs, respectively; P = .0004) and the proportion of patients 
with an undetectable HIV-DNA level at enrollment (60% vs 
26%, respectively; P = .0006).

Immunologic Characteristics of Undetectable Human Immunodeficiency 
Virus Controllers (HICs) and HICs With Blips 

As shown in Table 1, uHICs had a higher CD4+ T-cell count at 
enrollment than bHICs. At that time, the median percentage 
of CD4 in circulating lymphocytes was 43 [36–49] % in uHICs 
and 37 [30–45] % in bHICs (nonsignificant difference). To ana-
lyze the changes over time in the CD4+ T-cell count (from the 
first available measurement to enrollment in the cohort), we 
estimated the slope of the decrease in the CD4+ T-cell counts 
(Figure 1). In the bHIC group, the slope was −5.16 CD4/μL per 
year; this value differed significantly from zero (P =  .001). In 
contrast, the slope in the uHICs group did not differ signifi-
cantly from zero (−3.08 CD4/μL per year; P = .28). Moreover, the 
percentage of CD4 T cells remained above 40% all throughout 

Table 1.  Characteristics of the Study Population at Enrollment in the CODEX Cohorta

Characteristics uHICs (n = 52) bHICs (n = 178) P

Male, n (%) 18 (35) 88 (49) .06

Age at HIV diagnosis (years) 29 [25–35] 31 [26–37] .29

Year of HIV diagnosis 1996 [1989–2002] 1998 [1990–2004] .21

Age at enrollment in the CODEX cohort (years) 45 [40–52] 46 [39–51] .83

Year of enrollment 2010 [2009–2011] 2010 [2009–2012] .37

Duration of follow up (years) since HIV diagnosis 18 [12–24] 16 [10–24] .15

Protective HLA alleles

  HLA-B57, n (%) 25 of 50 (50) 58 of 175 (33) .03

  HLA-B27/57/58, n (%) 35 of 50 (70) 90 of 165 (55) .05

HCV coinfection, n (%) 19 (31.7) 34 (21.0) .10

HBV coinfection, n (%) 0 1 (0.6) 1

CD4+ T-cell count (cells/µL) at enrollment 790 [638–1038] 711 [520–920] .04

Ultrasensitive HIV-RNA (copies/mL), n = 168 <4 [<2 to <4] 21 [7–84] <.0001

%undetectable ultrasensitive HIV-RNA VL, n = 168 33 of 41 (80) 30 of 127 (24) <.0001

HIV-DNA (copies/106 PBMCs), n = 136 <10 [<10 to 11] 21 [<10 to 52] .0004

%undetectable HIV-DNA 18 of 30 (60) 28 of 106 (26) .0006

WRs (%) 31 of 44 (70) 105 of 156 (67) .69

WR + protective HLA alleles (%) 23 of 44 (52) 51 of 156 (33) .02

Abbreviations: bHICs, human immunodeficiency virus controllers with blips; DNA, deoxyribonucleic acid; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; 
HLA, human leukocyte antigen; IQR, interquartile range; PBMCs, peripheral blood mononuclear cells; RNA, ribonucleic acid; uHICs, undetectable HIV controllers; VL, viral load; WR, weak 
responder. 
The text in bold is related to significant differences (P < .05).
aData are presented as median [IQR] or n (%), respectively. The HCV and HBV statuses were determined by antihepatitis C antibody and hepatitis B surface antigen.
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Figure 2.  Immunologic characteristics of the study population, as a function of undetectable human immunodeficiency virus (HIV) controller (uHIC) or HIC with blip (bHIC) 
status. (A and B) Frequencies of HLA-DR+ CD38+-activated CD8+ T cells and CD4+ T cells, respectively, at enrollment in the cohort (n = 34 uHICs and 116 bHICs for CD4+ T cells, 
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immune activation in uHICs (between x-axis and the full line) in the time is depicted in the gray zone, whereas the area of immune activation in bHICs is comprised between 
the x-axis and the dotted line. (C and D) Correlations between HLA-DR+CD38+CD4+ (C) and CD8+ (D) T cells and ultrasensitive HIV ribonucleic acid (RNA) load (Spearman).
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the history of uHICs and below 40% in bHICs using a linear 
mixed-effects model (Supplemental Figure 1).

We compared the frequencies of activated HLA-DR+/
CD38+CD4+ and CD8+ T cells in uHICs and bHICs during 
their longitudinal follow-up. As shown in Figure 2A–B, uHICs 
had lower proportion of activated HLA-DR+CD38+CD8+ T 
cells than bHICs at enrollment in the cohort and then 12 and 
24  months thereafter. There was no intergroup difference in 
CD4+ T-cell activation. When comparing these parameters 
with uninfected donors (non-parametric Kruskal-Wallis test 
followed by Dunn’s corrections for multiple comparisons), both 
uHICs had higher CD4+ and CD8+ T-cell activation (P = .046 
and P  =  .005, respectively) as well as bHICs (P  =  .0009 and 
P  <  .0001, respectively) (Supplemental Figure  2), as already 
suggested by our group and others [11, 18]. We then analyzed 
the correlation between immune activation and ultrasensitive 
HIV-RNA or -DNA VL. As shown in Figure 2C–D, the immune 
activation was significantly correlated with ultrasensitive RNA 
load for all HICs (Spearman’s r = 0.41, P < .0001 for CD4+ T-cell 
activation; and r = 0.46, P < .0001 for CD8+ T-cell activation). 
These correlations were preserved for both uHICs (r  =  0.54, 
P = .0028 and r = 0.56, P = .0017 for CD4+ and CD8+ T-cell acti-
vation, respectively) and bHICs (r = 0.36, P = .0016 and r = 0.31, 
P = .0064 for CD4+ and CD8+ T-cell activation, respectively).

We also analyzed the levels of sCD14, IP10, and interleukin 
(IL)6 among HD, uHICs, bHICs, and patients on cART. Data 
were extracted from our previous studies [20], and HICs were 
reclassified into uHICs and bHICs according to the current 
definition. Data were available for 13 uHICs (12 for sCD14), 
56 bHICs, 40 HD, and 30 patients on cART. Using Kruskall-
Wallis non-parametric analyses for intergroup comparison 
followed by Dunn’s correction to take into account the multi-
ple comparisons, we observed that sCD14 levels were signif-
icantly higher in bHICs and in cART than in HD (P = .0001 
and P  <  .0001, respectively), and IL6 was higher in cART 
than in uHICs or bHICs (P = .002 for both). As already pub-
lished, IP10 levels were higher in uHICs, bHICs, and cART 
than in HDs (P = .002, P < .0001, and P < .0001, respectively) 
(Supplemental Figure  2C–E). Taken together, these results 
underline the fact that if present, immune activation in HICs 
is correlated with levels of ultrasensitive HIV-RNA levels and 
that uHICs have lower CD8+ T-cell activation than bHICs. 
Moreover, the analysis of inflammatory biomarkers shows that 
uHICs and bHICs have similar or reduced inflammation than 
patients on cART, depending on the biomarker considered.

We observed a trend towards lower ADCC activity in uHICs 
than in bHICs (median: 2829 units [IQR, 586–24 570] vs 15 390 
[IQR, 2858–34 200], respectively; P =  .07). There was no sta-
tistically significant intergroup difference in specific anti-HIV 
CD8+ T-cell responses (measured in IFN-γ ELISpot assays), 
although a trend was observed for reduced ELISpot responses 
in uHICs with median values of 530 [IQR, 16–3533] and 1493 

[IQR, 232–3690] spot-forming cells/106 PBMCs in the uHIC 
and bHIC groups, respectively (P = .10).

When considering the CD8+ T cells’ ability to control viral 
replication in vitro, no differences were observed between 
uHICs and bHICs at enrollment (median decrease in p24 pro-
duction: 0.65 [IQR, 0.19–2.39] vs 1.01 [IQR, 0.35–2.79]; P = .21), 
and the proportions of WRs and SRs were also similar in both 
groups (Table 1). Among patients with a protective HLA allele 
(ie, -B57/58 and/or -B27), the proportion of WRs was higher in 
the uHIC group than in the bHIC group (52% vs 33%, respec-
tively; P = .02). All of the WR uHICs carrying a protective HLA 
allele had no detectable viral replication with an ultrasensitive 
VL level below the threshold. Moreover, 70% of these patients 
had HIV-DNA level below the threshold; the median value of 
<10 [IQR, <10–11] copies/106 PBMCs was much lower than in 
other groups of HICs (P = .0004) (Supplemental Figure 3).

Human Immunodeficiency Virus (HIV) Controllers Lacking HIV-Specific 
Antibodies Have a Low Level of HIV-Deoxyribonucleic Acid 

To further investigate the uHIC group, we used semiquantita-
tive HIV-1 WB to detect IgG antibodies against HIV proteins. 
Plasma samples collected at enrollment were available for 47 
uHICs. As shown in Figure 3, we found that 10 of the 47 uHICs 
(21%) lacked at least 1 HIV-specific antibody by semiquantita-
tive analysis and were described as having weak IgG responses. 
Seven of these 10 uHICs lacked either anti-p68 or anti-p34 anti-
bodies. Overall, these 10 patients had very low HIV-DNA lev-
els (median: <10 copies/106 PBMCs [IQR, <9–10] vs <10 [IQR, 
<10–15] copies/106 PBMCs for uHICs who were seropositive 
for all the tested anti-HIV antibodies; P  =  .09). Most impor-
tantly, 83% of these patients had both undetectable HIV-DNA 
and ultrasensitive HIV-RNA, compared with 40% of uHICs 
with full anti-HIV IgG responses (Figure 3).

Finally, we identify a subgroup of HIC patients with sustained 
viral control characterized by low-to-undetectable blood reser-
voirs and HIV replication based on ultrasensitive techniques. 
These patients did not experience any significant CD4+ T-cell 
decline in the long term and had low T-cell activation and anti-
HIV IgG responses.

DISCUSSION

Although HICs share certain features, they form a heterogene-
ous group with regard to virologic and immunologic character-
istics [4, 19, 21]. It has been shown that the magnitude of VLs, 
thresholds, and blips are predictive of viral progression in HICs 
[14, 26]. In this study, we performed an extensive analysis of 
HICs with the most stringent viral control phenotype in one of 
the largest published cohorts and over a long follow-up period 
(more than 16 years in median). The present study is the first to 
have focused on HICs with undetectable VL throughout their 
follow up.

We showed that in addition to routinely determined HIV 
loads, uHICs and bHICs differed in terms of ultrasensitive 
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RNA VL and cellular HIV-DNA levels. We and others have 
suggested that in some HICs for whom VLs cannot be 
detected using commercial assays, the use of ultrasensitive 
HIV-RNA assays can reveal a low level of viral replication 
[19, 27]. The magnitude of low replication level was associ-
ated with the likelihood of disease progression [19, 27]. Our 
results are also consistent with reports showing that the level 
of HIV-DNA in PBMCs is associated with disease progres-
sion [15, 23, 28]. Here, we found that the cellular HIV-DNA 
level in PBMCs was lower in uHICs than in bHICs at the time 
of inclusion in the cohort (ie, a median of 16 to 18 years after 
HIV diagnosis). In the present study, we were only able to 
explore the HIV reservoirs in blood. It is known that infected 
cells may also reside in the lymph nodes, gut-associated lym-
phoid tissue, adipose tissue, and/or central nervous system of 
HIV-infected patients [29–31]. These reservoirs may contrib-
ute to the persistence of low-level HIV replication and disease 
progression in some HICs.

Human immunodeficiency virus reservoirs are established 
very early at the time of primary infection and then slowly 
diminish during the chronic infection stage in treated patients 
[15]. In HICs, it is possible that innate mechanisms (such as 
reduced susceptibility to infection) and/or an optimal peptide 
presentation via protective HLAs to CD8+ T cells limit the size 
of HIV reservoirs and slow viral replication in the first months 
or years postinfection [11, 13, 32, 33]. We found that half of the 
uHICs had a protective HLA allele associated with weak CD8+ 
T-cell responses, which suggests that they were experiencing 
little antigenic stimulation at the time of the analyses. Indeed, 
these uHICs had the lowest ultrasensitive HIV-RNA loads and 
the lowest HIV-DNA levels (Supplemental Figure 3). Although 
the role of cell susceptibility to infection and viral replicative 
capacity could not be investigated in the present study, we and 
others previously showed that HICs are infected with repli-
cation-competent viruses [5, 6]. In these patients, long-term, 
sustained, spontaneous viral control (with no viral replication 
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Figure 3.  (A) Heat map representation of serum human immunodeficiency virus (HIV) immunoglobulin (Ig)G status (Western blot [WB] analysis testing reactivity for gp160, 
gp110/120, p68/66, p55, p52/51, gp41, p40, p34/31, p24/25, p18/17) at enrollment for undetectable human immunodeficiency virus controllers (uHICs) (n = 47). (B) Repartition 
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defined in the text, patients with at least 1 absent band on semiquantitative analysis of the WB were defined as having weak IgG responses.
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detected in blood) could have reduced levels of T-cell activa-
tion and allowed the shrinkage of the CD8+ T-cell response to a 
small pool of quiescent HIV-specific memory CD8+ T cells. We 
recently showed that the long-term spontaneous control of HIV 
infection in HICs might be related to (1) inefficient reactivation 
of viruses in a limited number of infected cells and (2) the HIV-
specific CD8+ T cells’ ability to activate rapidly and thus limit 
viral reactivation in this context [13]. In the present study, we 
found that 21% of the uHICs lacked at least 1 of the tested anti-
HIV antibodies (according to WBs) at the time of enrollment in 
the cohort (ie, a median of 18 years after diagnosis of the HIV 
infection), further supporting the lack of recent antigenic stim-
ulation in these patients [34].

A major question remains: are HICs and HIV-infected 
patients on ART exposed to the same levels of potentially harm-
ful, chronic inflammation? Patients on ART with high CD4+ 
T-cell counts and long-term undetectable plasma VLs seem to 
be less exposed than bHICs to chronic inflammation and its clin-
ical consequences [35]. Although the true frequency of non-ac-
quired immune deficiency syndrome (AIDS)-related diseases 
in HICs is subject to debate, these comorbidities undoubtedly 
increase after exposure to blips and the subsequent immune 
activation [36]. Dominguez-Molina et al [37] recently described 
an elevated risk of non-AIDS-defining events (notably a car-
diovascular risk) during loss-of-control periods in HICs. The 
persistent, low-grade inflammation observed in some HICs [18, 
38] might be related not only to the persistence of extremely low 
tissue levels of viral replication [27, 39] but also to other param-
eters—such as CMV reactivation, microbial translocation due 
to nonhealed epithelial gut lesions having developed early in the 
course of primary infection, and defects in Th17/Treg subsets—
that were not explored in the present study. Levels of monocyte/
macrophage activation should be investigated in more detail. 
In fact, uHICs exhibited similar levels of sCD14 (a marker of 
monocyte activation in the course of HIV infection) than unin-
fected donors, whereas these levels were higher in bHICs and 
patients on cART [20]. It is now essential to evaluate the clinical 
consequences of chronic monocyte inflammation in HICs.

This raises the question of the need for cART in HICs. It has 
recently been suggested by Bansal et al [40] that HICs with over 
40% of CD4+ T-cell count had reduced T-cell activation and that 
high CD4 percentage could be included in the determination 
of HICs that may have limited benefit from ART. Our results 
further redound on this sense. CD4% T cells from uHICs 
remained above 40% in median, and CD4+ T-cell count slope 
did not differ significantly from zero throughout all their clini-
cal follow up. In contrast, bHICs had %CD4+ T cells below 40% 
and significantly declined, albeit slowly, overtime. The uHICs 
had lower T-cell activation than bHICs, and T-cell activation 
was correlated with ultrasensitive HIV-RNA, which was unde-
tectable in 80% of uHICs. Lastly, inflammatory biomarkers 
were similar or lower in uHICs and bHICs than in patients on 

cART. Combination ART could help to reduce the inflamma-
tion related to detectable residual replication in bHICs, but the 
indication of treating the uHICs remains largely questionable.

CONCLUSIONS

This study suggests that HICs combining protective HLA alleles, 
sustained undetectable plasma HIV-RNA loads, low HIV-DNA 
levels, and reduced immune activation present an interesting phe-
notype of durable control in the absence of therapy. Prospective 
studies aimed at evaluating the benefit of cART in HICs might 
take into account the identification of uHICs and bHICs.
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