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Abstract
Introduction: Elite controllers (EC) are a rare group of HIV-1-positive individuals who suppress viral loads (VL) to unde-
tectable levels with elevated CD4 T-cell counts in the absence of ART. While rates of short- and mid-term progression have
been described in these patients, few studies have focused on their long-term outcome This study aims to describe the viro-
logical and immunological behaviour in a cohort of elite controllers followed up for a median of 17 years in the University
Hospital, and to identify factors that may be related to disease progression.
Methods: We conducted a descriptive, prospective and single-centre study of all HIV-positive adults recorded in the Univer-
sity Hospital database who met the definition criteria for EC. EC were defined as patients having two consecutive unde-
tectable VL without ART for at least one year. Patients were followed from baseline up to December 2019, to the
development of a progression event (loss of VL control, CD4+ T cell decline, AIDS or death) or to the censoring date (lost to
follow-up or initiation of ART). Predictive models of progression were calculated.
Results: Fifty-nine EC were identified with a median follow-up of 17 years contributing 1033 PYFU. The median (95% CI)
time duration from HIV-1 diagnosis to disease progression was four (1.7 to 6.3) years. Forty-nine (83%) presented progression
to the composite end-point, 44 (74.6%) lost viral control, 39 (66.1%) lost immunological control, two developed AIDS and two
died. Only 10 patients (16.9%) did not show progression of any kind. Independent predictors of virological progression were
sexual risk of HIV-1 acquisition and VL blips during the first year of follow-up (baseline). The only independent predictor
detected for progression to a composite end-point was VL blips during the first year of follow-up (baseline).
Conclusions: The rate of long-term progression in EC was very high. Only a minority of patients did not show clinical progres-
sion after a median of 17 years of follow-up. These results should be taken in account when considering EC as a model of
HIV-1 remission.
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1 | INTRODUCTION

The success of combination antiretroviral therapy (ART) in
relation to survival and quality of life in patients with HIV
has led HIV researchers to pursue new avenues toward
finding a cure. Although the ultimate elimination of HIV
reservoirs remains a distant goal, the existence of elite con-
trollers (EC) has guided the creation of a plausible model of
functional cure. Elite controllers are HIV-1-positive individu-
als who spontaneously suppress viraemia to undetectable
viral loads (< 50 copies/mL) while maintaining elevated CD4
cell counts without receiving antiretroviral therapy. These
patients are rare, representing only 0.2 - 0.5% of HIV-1-pos-
itive cases [1].
EC follow a heterogeneous pattern of evolution and their

clinical outcomes are diverse. Among them, one subgroup dis-
plays prolonged control of clinical progression without ART.

Previous reports have described several selected cases of dur-
able control over HIV-1 replication without ART, who are
probably the closest to achieving spontaneous functional HIV-
1 cure [2-4]. In a significant number of individuals, however,
progression is less positive. In a cohort study comprising 204
elite controllers, 23% showed a loss of viral control over time
[5]. Factors related to virological failure have not yet been
well established, due to the diversity of study designs and the
lack of longitudinal studies [6]. However, some cohorts have
shown evidence of certain predictors [5], and proteomic stud-
ies have stressed the potential of biomarkers, which have
been associated with higher levels of inflammation,
transendothelial migration and coagulation [7-10]. Understand-
ing the process of viral control would enable practitioners to
offer appropriate medical care to those EC who will undergo
virological failure in the near future, and may also guide the
design of strategies for developing a functional cure.
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Some elite controllers experience non-AIDS defining events,
which are the main cause of morbidity and mortality among
HIV-positive patients on ART [11]. The prevalence of
atherosclerosis is increased in EC compared to HIV-negative
controls, as are markers of immune activation [12]. However,
some authors report similar rates of non-AIDS events in EC
and immunopreserved HIV-positive patients [13], whereas
others have found that EC showed higher rates of hospitaliza-
tion than patients on ART [14]. In general, more standardized
research projects are needed in order to understand the fac-
tors associated with the loss of EC status, as well as the role
of spontaneous control of viraemia in the development of
non-AIDS events.
Although several studies have analysed the rate of progres-

sion in EC, most of them have reported data with short- or
mid-term follow-up only [5,15-19]. This study aims to describe
the virological and immunological behaviour of a cohort of
elite controllers followed up for a median of 17 years at the
University Hospital and to identify factors that may be related
to disease progression.

2 | METHODS

2.1 | Patients and data collection

We conducted a descriptive, prospective, single-centre study of
all HIV-positive adults recorded in the University Hospital data-
base who met the definition criteria for elite controllers. Elite
controller status was described as the maintenance of at least
two consecutive undetectable plasma viral loads (under 50
copies/mL) during a period no shorter than 12 months, in the
absence of any ART. All these patients were identified in the
chronic phase of infection. The criteria used are those included
in the most frequent definition of EC in the literature [20]. In
addition, a CD4 T cell count above 500 cells/mm3 was also con-
sidered as a definition criterion. Assessing old HIV-1 viral load
determinations with a detection level below 200, 49 and 36
copies/mL, patients with viral load (VL) under this cutoff point
were also considered EC. All patients were tested three or four
times during the first year of follow-up. Thereafter, viral load
and CD4 T cell count determinations were performed every six
months. Written consent and all necessary data were prospec-
tively and routinely collected in this cohort using predefined
questionnaires so as to allow the identification of HIV-1 con-
trollers. Each participant signed an informed consent document.
The programme was approved by the Institutional Review
Boards of the Hospital Cl�ınic of Barcelona.
EC were followed from their initial visit to the Hospital

Cl�ınic since 1987 to December 2019, to loss to follow-up or
initiation of ART, or to the development of a progression
event. Progression events were as follows. Virological: defined
by Lambotte O et al. [21] as a failure to maintain more than
90% of HIV-1-RNA determinations below the VL thresholds
used to define controllers, throughout follow-up and without
ART; immunological: a reduction in CD4+ cell count below
500 cells/mm3; and clinical: defined as a new AIDS event
(grade C according to the Centers for Disease Control and
Prevention) or death. The combined endpoint of HIV disease
progression was defined as the presence of at least one of
these virological, immunological or clinical progression out-
comes.

2.2 | Statistical methodology

For the demographic description, characteristics of the study
population were reported as median [interquartile range:
IQR]. Models for predicting baseline markers associated with
virological, immunological or combined HIV-1 disease progres-
sion included all the available baseline characteristics of the
patients: age, sex, risk for HIV-1 acquisition, hepatitis C virus
(HCV) serology, HCV cure during the follow-up (defined as a
sustained virological response) or no detectable HCV replica-
tion after 12 weeks of treatment, nadir CD4+ T-cell count,
zenith viral load (VL), baseline CD4+ cell count and baseline
VL defined as the first measurement during follow-up at our
centre, and total years of follow-up. The years of follow-up
were estimated using the date of diagnosis as the starting
point.
A univariate analysis by Kaplan–Meier estimates, log-rank

tests and proportional hazard models was performed to anal-
yse the influence of the different variables on the time to
study end-points (time to the increase in VL above detectable
levels, time to the decline of CD4+ cell counts below 500
cells/mm3 or time to combined progression, involving an
AIDS-defining event, death, starting ART, and virological or
CD4 progression). To calculate time to combined progression,
the limiting factor was set as the first of the progression
events to occur. Subsequently, potential determinants of clini-
cal events were studied using Cox regression models. The sig-
nificant variables selected in the univariate analysis were
included in the multivariate analysis using a stepwise forward
(Wald Chi-squared test) method. All statistical analyses were
performed using SPSS software version 25 (SPSS Inc., Chi-
cago, IL, USA).

3 | RESULTS

3.1 | Characteristics of participants

Among the 863 patients included in the first search for two
undetectable viral loads without ART in the Hospital Cl�ınic
HIV database, 59 elite controllers were identified. Patients
were followed up for a median of 17 years (IQR 9 to 25), thus
contributing 1033 PYFU. The main characteristics of the EC
in this study are summarized in Table 1. The median (95% CI)
time from HIV-1 diagnosis to disease progression was 4 (1.7
to 6.3) years. As regards disease development, 49 patients
(83%) experienced progression, of whom 39 (66.1%) pre-
sented a CD4 cell count drop under 500 cells/mm3, 44
(74.6%) lost virological control and two (3.4%) died. As various
VL tests and detection limits had been used, we standardized
the blipping using 200 copies/mL as the definition in a sensi-
tivity analysis, which confirmed the results (data not shown).
In the two patients who died, the cause of death was cirrhosis
in one and unknown in the other. Of the 44 patients who
experienced virological failure, 36 (81.9%) also presented con-
comitant immunological failure, two of whom presented AIDS-
defining events (one pulmonary tuberculosis and the other
lymph node tuberculosis). Only 10 patients (16.9%) did not
show progression of any kind during the follow-up. Fifty per-
cent of the patients without progression were males with a
median (IQR) age of 55 years old (40 to 60), 60% were coin-
fected by HCV, and the medians (IQR) of baseline and nadir

Borrell M et al. Journal of the International AIDS Society 2021, 24:e25675
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25675/full | https://doi.org/10.1002/jia2.25675

2

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25675/full
https://doi.org/10.1002/jia2.25675


CD4 T cell count were 872 (678 to 1066) and 736 (524 to
835) respectively. In these patients the median (IQR) length
of follow-up was 20 years (5 to 29); five had been followed
up for more than 25 years (range 25 to 35 years).

3.2 | Virological progression

The univariate analysis reflected that the age below the med-
ian (≤38 years old), parenteral group risk for HIV-1 acquisi-
tion, HCV infection, baseline CD4+ T cell levels above the
median and the absence of viral load blips in the first year of
follow-up (baseline) had a significant impact on virological pro-
gression. All these variables were associated with a longer
maintenance of undetectable viral load levels. Nadir CD4+ T
cell levels above the median showed a trend towards persis-
tent viral control. In the multivariate analysis, variables which
proved to be independent predictors of VL progression were
sexual group risk for HIV-1 acquisition [HR 2.2 (1.1 to 4.2)]
and the presence of viral load blips in the first year of follow-
up (baseline) [HR of 2.1 (1.1 to 4.0)]. All the results are dis-
played in Tables 2 and 3, and Kaplan–Meier diagrams for
independent predictors are shown in Figure 1.

3.3 | Immunological progression

Regarding the loss of immunological control over time,
patients with cured HCV infection showed a propensity for an
earlier CD4+ reduction. In addition, there was a trend
towards a slower decline in immunological control in patients

with the absence of viral load blips in the first year of follow-
up (baseline). No independent risk factors were detected for
immunological progression. Six individuals with only one spo-
radic drop in CD4+ T cell levels under 500 cells/mm3 met our
criteria for progression. This isolated CD4+ reduction lasted
for less than one year, was not lower than 400 cells/mm3 and
was not recorded in any of the subsequent determinations.
Removal of these six patients from the progression group
reduced the immunological failure rate to 55.9%, closer to the
48% reported in the literature [22]. The results are summa-
rized in Table 2.

3.4 | Combined progression

When combining virological and immunological failure rates, a
significant gain in progression-free years was found in
patients with no viral load blips in the first year of follow-up
(baseline). Ultimately, the only variable that proved to be an

Table 1. Demographic characteristics of the EC cohort in this

study

Variable Elite controllers

N 59

Agea 38 (31 to 44)

Sex

Male 35 (59.3%)

Female 24 (40.7%)

Risk for HIV acquisition

Parenteral 31 (52.5%)

MSM 15 (25.4%)

HET 11 (18.6%)

Unknown 2 (3.4%)

HCV

Negative serology 26 (44%)

Positive serology 33 (55.9%)

Cured 18 (30.5%)

Not cured 15 (25.4%)

Baseline CD4+ T cells/mma 699 (544 to 864)

Nadir CD4+ T cells/mma 414 (275 to 536)

Zenith viral load (log10 copies/mL)b 3.05 (0.13)

Years of follow-upa 17 (9 to 25)

HCV, Hepatitis C Virus evaluated at baseline; HET: Heterosexual;
MSM, Men who have sex with men.
a

Median (Interquartile Range);
b

mean (Standard Error).

Table 2. Univariate analysis for variables that predict persistent

control regarding virological p and immunological progression

Variable

Years to

viral failurea p value

Years to

CD4 failurea p value

Age

≤38 18 (13 to 23) 0.007 9.5 (1.9 to 17) 0.13

>38 11 (7 to 15) 5.5 (1.8 to 9.2)

Sex

Male 12 (7.7 to 16.3) 0.56 7.5 (0 to 15.7) 0.76

Female 13 (8.6 to 17.4) 4 (0.7 to 7.3)

Risk for HIV acquisition

Parenteral 16 (12.7 to 19.3) 0.037 5.5 (2.8 to 8.2) 0.96

MSM 8 (6.9 to 9.1) 4 (0 to 8.6)

HET 12 (7.6 to 16.4) 9.5 (0.8 to 18.2)

HCV

Negative

serology

8 (5.2 to 10.8) 0.007 7.5 (1.5 to 13.5) 0.77

Positive

serology

15 (11 to 18.9) 5.5 (2.1 to 8.9)

HCV cure

Cured 16 (7.7 to 24.3) 0.8 4 (0.9 to 7) 0.06

Not cured 14 (10.8 to 17.2) 6 (2.1 to 14)

Nadir CD4+ T cells

<414 12 (9.3 to 14.7) 0.12 N/A N/A

>414 14 (8.2 to 19.8)

Baseline CD4+ T cells

<699 10 (6.7 to 13.4) 0.035 N/A N/A

>700 16 (11.7 to 20.3)

Viral load blips 1st year

No 16 (11.4 to 20.6) 0.004 7.5 (0.9 to 14.1) 0.1

Yes 8 (4.2 to 11.8) 3 (0 to 6.2)

A univariate analysis using Kaplan–Meier estimates and log-rank tests
was performed. HCV, Hepatitis C Virus evaluated at baseline; HET,
Heterosexual; MSM, Men who have sex with men.
a

Estimated median (95% confidence interval).
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independent predictor for progression after Cox regression
was the presence of viral load blips in the first year of fol-
low-up (baseline) [OR 2.5 (95% CI 1.3 to 4.6)] showing that
patients with viral load blips in the first year of follow-up
(baseline) were more likely to present progression of HIV
infection. Specific data are shown in Table 3 and the Kaplan–
Meier graph regarding baseline viral load as a predictor is
shown in Figure 2.

4 | DISCUSSION

In this study, we outline the main demographic characteristics
of elite controllers at the University Hospital, the evolution of
their viral, immunological and combined infection control, and
also the evolution of the variables that predicted disease pro-
gression. In our cohort, rates of loss of spontaneous HIV-1
control due to an increase in viral load or a reduction in
CD4+ T cell count were notably higher than in previous stud-
ies, even though we used the same definition for elite control.
While one study report incidence rates for viral and combined
progression of 24% and 53%, respectively, with a median of
7 years of follow-up [5], the rates in our patients were 74.6%
and 83% after a median of 17 years of follow-up. In previous
studies that used alternative definitions, incidence of virologi-
cal failure for EC was around 15% [17] after a median of
13 years of follow-up. Regarding immunological progression,
the rate in our patients was 66.1%, which is comparable to
the 48% reported in the literature [5]. A possible explanation
for these differences might be the longer period of follow-up
in our study; others might be the heterogeneity in EC defini-
tions or the use of different thresholds to define progression.
Nevertheless, the development rate of AIDS-defining events
remained low (3.4%), in agreement with previous studies [5].
Interestingly, 10 patients (16.9%) did not show progression

of any kind and five of these were followed up longer than
25 years. Casado et al. [2] recently defined exceptional EC
(EEC) as HIV-1 subjects who maintain EC characteristics with-
out disease progression for more than 25 years; they found
that these individuals simultaneously exhibited ≥ 3 described
host protective alleles, low levels of total HIV-1 DNA without
evidence of replication-competent viruses consistent with high
levels of defective genomes, strong cellular HIV-1-specific
immune responses, and a high poly-functionality index. Inflam-
mation levels of EEC were similar to HIV-1-negative donors.
They also showed a notable lack of viral evolution and an
eightfold lower genetic diversity in the env gene than other
EC. These EEC may represent cases of spontaneous functional
HIV-1 cure and deserve further investigation.
Regarding the variables that predicted persistent viral load

control, elite controllers with a sexual risk of HIV-1 acquisition
or with the presence of viral load blips in the first year of fol-
low-up (baseline) were twice as likely not to maintain long-
term virological control. Previous studies of these variables
have reported similar results [5,18]. It might be speculated
that patients with sexual risk of HIV-1 acquisition have as a
higher risk of HIV-1 superinfection or of acquiring sexually
transmitted disease; as suggested by Noel et al [18], this
might influence the viral load increase. However, the reason
for these differences in virological progression compared with
patients with parenteral risk needs further research. If con-
firmed, the observation that a lack of blipping in the first year
was associated with long-term suppression could be helpful to
determine when to initiate an EC on ART.
Our immunological failure rates did not identify any inde-

pendent risk factors for control maintenance. However, there
was a trend for patients with an absence of viral load blips in
the first year of follow-up (baseline) and for those who were
not cured of HCV to maintain CD4+ T cell counts above 500
cells/mm3 for longer. The latter result can be attributed to the
effect of interferon alpha, the first treatment to appear for

Table 3. Univariate and multivariate analysis for predictors of

combined HIV persistent control and independent predictors of

persistent virological and combined control respectively

Univariate analysis

Variable

Years to combined

progressiona PYFU

Events

(N)/

total p value

Age

≤38 4 (0.7 to 7.3) 633 23/31 0.09

>38 4 (1.6 to 6.4) 400 25/28

Sex

Male 4 (0.7 to 7.3) 576 30/35 0.78

Female 4 (0.2 to 7.8) 457 18/24

Risk for HIV acquisition

Parenteral 5.5 (3.5 to 7.5) 611 24/30 0.15

MSM 3 (0 to 6.1) 213 15/16

HET 3 (1.6 to 4.4) 182 7/11

HCV

Negative

serology

3.5 (1.6 to 5.4) 332 22/26 0.1

Positive

serology

5 (2.2 to 7.8) 701 26/33

HCV cure

Cured 4 (0.9 to 7) 450 16/18 0.16

Not cured 11 (0 to 24.8) 251 10/15

Viral load blips 1st year

No 6 (1.4 to 10.6) 824 33/44 0.003

Yes 2 (1 to 2.9) 209 15/15

Multivariate analysis

Independent predictors

Hazard Ratio

(95% CI) p value

Virological progression

Sexual risk for HIV acquisition 2.2 (1.1 to 4.2) 0.020

Viral load blips 1st year 2.1 (1.1 to 4.0) 0.026

Combined progression

Viral load blips 1st year 2.5 (1.3 to 4.6) 0.005

A univariate analysis using Kaplan–Meier estimates and log-rank tests
was performed. Potential determinants of clinical events in the multi-
variate analysis were analysed using Cox regression models. HCV,
Hepatitis C Virus evaluated at baseline; HET, Heterosexual; MSM,
Men who have sex with men; PYFU, Person-years of follow-up.
a

Estimated median (Interquartile Range).
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HCV, which caused a temporary reduction in CD4+ T cell
levels and thus affected our results [23].
With regard to the combined loss of EC status the only

independent risk factor observed was the absence of viral
load blips in the first year of follow-up (baseline). Patients with
undetectable viral loads since the beginning of follow-up had
an OR of 2.5 (1.3 to 4.6) for a longer survival time until all-
cause progression. A longer period of viral suppression was
related to lower rates of disease progression, in agreement
with previous studies [1,5].
Several limitations of this study should be noted. First,

because the date of HIV infection was not known, we
assumed that patients had been elite controllers since the
year of diagnosis. This same assumption was made for
patients with the absence of viral load blips in the first year
of follow-up (baseline). Second, despite our rigorous efforts

to record CD4+ T cells and VL determinations every six
months, not all HIV patients regularly attended their medical
appointments. However, as this was not the case for most
measurements, we were able to assume that the data col-
lected were representative of six-month sequences. Finally,
with regard to HCV IgG-positive patients with negative RNA,
no distinction between spontaneous clearance or medical
treatment was made at the time of analysis. This was the
case in four out of 16 cured patients who did not undergo
HCV treatment.

5 | CONCLUSIONS

The frequency of disease progression in elite controllers was
much higher than expected. After a median of 17 years of

Figure 1. Kaplan–Meier plot of survival free of virological progression according to (a) Risk of HIV-1 acquisition, (b) Viral load blips 1st year
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follow-up, only 17% of patients did not present combined dis-
ease progression. Our study raises the question of whether
this proportion will decrease further with longer follow-up fur-
ther. However, it seems that a small proportion of patients
maintain EC status for more than 25 years and may represent
cases of spontaneous functional HIV-1 cure. These data should
be taken in account when considering EC as a model of HIV-1
remission.
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