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Background. Thymic function has been mainly analyzed with surrogate peripheral markers affected by peripheral T-cell expan-
sion, making it difficult to assess the role of thymic failure in human immunodeficiency virus (HIV) disease progression. The assay 
of signal-joint/DβJβ T-cell rearrangement excision circles (sj/β-TREC ratio) overcomes this limitation but has only been assayed in 
small cohorts. Thus, the aim of this study was to determine the role of thymic function, measured by the sj/β-TREC ratio, on CD4 
T-cell maintenance in prospective HIV cohorts that include patients with a wide age range and different immunological phenotypes.

Methods. Seven hundred seventy-four patients including typical progressors, long-term nonprogressors (LTNPs), and verti-
cally HIV-infected subjects were analyzed. Thymic function was quantified in peripheral blood samples using the sj/β-TREC ratio. 
Associations between thymic function and CD4 T-cell dynamics and combination antiretroviral therapy (cART) onset were ana-
lyzed using linear, logistic, and Cox proportional hazard models.

Results. Thymic function failure (sj/β-TREC ratio <10) was independently associated with HIV progression. In agreement, 
patients with distinctive high CD4 T-cell levels and low progression rates (vertically HIV-infected patients and LTNPs, including 
HIV controllers) had significantly higher thymic function levels whereas patients with thymic function failure had lower CD4 T-cell 
levels, lower nadir, and faster CD4 T-cell decay.

Conclusions. This work establishes the relevance of thymic function, measured by sj/β-TREC ratio, in HIV disease progression 
by analyzing a large number of patients in 3 cohorts with different HIV disease progression phenotypes. These results support and 
help to understand the mechanisms underlying the rationale of early cART onset.
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The thymus is the major organ involved in T-cell generation. 
Thymic involution, which peaks at puberty [1], leads to a 
decreased but heterogeneous thymic function during adulthood 
and old age [2]. The relevance of the thymus in T-cell regenera-
tion became evident in severe lymphopenic scenarios as inten-
sive chemotherapy and human immunodeficiency virus (HIV) 
infection [3, 4]. In this scenario we have previously reported that 
thymic function, as measured by thymic volume, is the best pre-
dictor of CD4 T-cell reconstitution in patients on highly active 
antiretroviral therapy [5, 6]. In addition, signal-joint T-cell 

rearrangement excision circles (sj-TRECs) and CD4+CD31+ 
cells, referred as thymic output and recent thymic emigrants, 
respectively, have been associated with HIV disease progression 
in adults [7] and perinatally infected patients [8].

However, these measurements are highly impacted by 
peripheral T-cell proliferation and the results derived from 
these techniques may reflect changes on T-cell proliferation 
and activation rather than the real impact of thymic func-
tion [9]. This limitation is especially relevant in diseases with 
a high reshaping of the peripheral T-cell pool, such as HIV 
infection. The signal-joint/DβJβ T-cell rearrangement excision 
circle (sj/β-TREC) ratio, when used as a surrogate marker of 
thymic function, has been shown to overcome these limitations 
[10–12]. Therefore, the impact of the thymic function, as meas-
ured by the sj/β-TREC ratio, in the maintenance of stable CD4 
T-cell levels, is still unknown. For this reason we quantified the 
sj/β-TREC ratio in large cohorts including (1) middle-aged and 
elderly adults, who usually show a more advanced thymic invo-
lution; (2) vertically HIV-infected individuals; and (3) subjects 
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with low rates of progression, as long-term nonprogressors 
(LTNPs).

Thus, the aim of this study was to determine the role of 
thymic function levels, assayed by sj/β-TREC ratio, on CD4 
T-cell maintenance in diverse prospective cohorts including a 
wide age range and different immunological phenotypes associ-
ated with HIV disease progression.

METHODS

Patients and Cohorts

Peripheral blood samples were obtained from the Spanish 
HIV Hospital Gregorio Marañon (HGM) BioBank integrated 
in the Spanish AIDS Research Network (RIS) [13]; participant 
centers are shown in Supplementary Annex 1. Samples from 
a total of 774 donors were analyzed. Cohorts were as follows: 
(1) Progressors cohort: 483 patients were randomly selected 
from the cohort of adults with HIV infection of RIS (CoRIS), 
an open multicenter cohort of newly diagnosed patients naive 
to antiretroviral treatment at inclusion in the cohort. LTNPs 
and HIV controllers (see below) were excluded from this group. 
(2) LTNP cohort: 169 patients, defined exclusively based on 
immunological criteria, with CD4+ T-cell counts >500 cells/µL 
for >10 years after HIV diagnosis in the absence of antiretrovi-
ral treatment. Within this cohort, we identified 123 HIV con-
trollers based on the following virological criteria: individuals 
who maintained, for at least 1 year in absence of antiretroviral 
treatment, plasma HIV loads between 50 and 2000 HIV-RNA 
copies/mL, “relative controllers” (RCs; n = 46); or undetectable 
viral load (<50 HIV-RNA copies/mL), “elite controllers” (ECs; n 
= 77). (3) Pediatric cohort: Samples from 122 vertically infected 
patients were obtained from the pediatric cohort (CoRISpe) 
fulfilling the inclusion criteria previously reported [14], in brief, 
individuals <18 years of age at diagnosis, with laboratory-con-
firmed HIV diagnosed, with at least 1 visit to the pediatrician 
since January 1995 and with predicted follow-up. Overall, the 
study was reviewed and approved by the scientific and ethic 
committee of the RIS Spanish HIV-HGM Biobank.

Thymic Function Quantification

The sj/β-TREC ratio [10–12] was analyzed from frozen periph-
eral whole blood samples, as a surrogated quantification marker 
of thymic function as previously reported [12]. In brief, 6 rep-
resentative β-TRECs were quantified in the same multiplexed 
polymerase chain reaction (PCR) reaction and the sj-TREC in 
another PCR reaction. Both β- and sj-TREC amplicons from 
the first PCR round were reamplified together in a quantitative 
PCR assay using the LightCycler 480 system (Roche, Germany). 
Quantification was performed using highly sensitive specific 
probes as previously described [12]. Thymic function failure 
was considered when the sj/β-TREC ratio was <10, as previ-
ously reported [15].

Statistical Analysis

For linear and logistic regression tests, regression coefficient (β) 
or hazard ratio, respectively, and 95% confidence intervals were 
calculated first in a bivariate analysis for all explanatory varia-
bles, followed by a multivariate regression including all variables 
reaching a significant trend (P < .1). The relationship between 
time to event (CD4 T-cell count decline to <350 cells/µL and 
combination antiretroviral therapy [cART] onset) and thymic 
function failure was quantified using Kaplan-Meier curves and 
log rank-test bivariate analysis. Cox proportional hazards mul-
tivariate regression was performed in all variables reaching a 
significant level (P < .1) in the bivariate analysis. In all tests, a 
P value < .05 was considered to indicate statistical significance. 
All statistical procedures and graphs were performed using the 
IBM Statistical Package for the Social Sciences and GraphPad 
Prism software, respectively.

RESULTS

Characteristics of the Cohorts

As shown in Table  1, the progressor cohort had a median of 
365 (interquartile range [IQR], 200–548) CD4 T-cells/µL and 
a nadir of 246 (IQR, 126–337) CD4 T-cells/µL. These patients 
were diagnosed for 0.4 (0.1–1.0) years, had a median age of 37 
(IQR, 31–43) years, and had a median viral load of 4.5 (IQR, 
3.7–5.1) log10 HIV-RNA copies/mL. In the LTNP cohort, after 
a median of 15 (IQR, 13–19) years since diagnosis, patients had 
a median of 721 (IQR, 552–966) CD4 T-cells/µL and were 42 
(IQR, 39–42) years old at the sample collection. The pediatric 
cohort, composed of vertically infected patients, had a median 
of 14 (IQR, 9–17) years of age and infection, and 843 (IQR, 
653–1166) CD4 T-cells/µL.

Table 1. Characteristics of the Study Cohorts

Characteristic Progressors LTNP Pediatric

No. 483 169 122

Age, y, median (IQR) 37 (31–43) 42 (39–42) 14 (9–17)

Age at diagnosis, y, median 
(IQR)

35 (29–42) 25 (22–31) 0

Sex (male) 383 (79) 111 (66) 51 (42)

Transmission risk (sexual) 389 (81) 35 (21) 0

Time since diagnosis, y, 
median (IQR)a

0.4 (0.1–1.0) 15 (13–19) 14 (9–17)

CD4 T-cell count, cells/µL, 
median (IQR)

365 (200–548) 721 (552–966) 843 (653–1166)

CD4 nadir, cells/µL, median 
(IQR)

246 (126–337) 521 (390–657) 418 (205–636)

Viral load, log10 HIV-RNA  
copies/mL, median (IQR)

4.5 (3.7–5.1) 2.0 (1.7–3.2) 1.5 (1.3–1.7)

Naive for antiretroviral 
treatment

337 (70) 169 (100) 0 (0)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range; LTNP, long-
term nonprogressor.
aTime since diagnosis is time since infection in the pediatric cohort.
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Thymic Failure Is Independently Associated With CD4 T-Cell Maintenance 
and CD4 T-Cell Nadir in Viremic Progressors

Thymic function, quantified by the sj/β-TREC ratio, was deter-
mined in 774 HIV-infected patients from the different cohorts. 
First, we analyzed all the patients (aged 1–75 years), to include 
different stages of thymic involution. Thymic function levels 
were overall associated with age (r  =  –0.354, P  <  .0001) and 
baseline CD4 T-cell level (r = 0.320, P < .0001). Afterward we 
selected progressor HIV-infected patients naive to antiretrovi-
ral treatment (viremic progressors, n = 337; Table 1). In these 
patients, CD4 T-cell levels were significantly associated with 
viral load (r = –0.324, P < .0001), age (Figure 1A), and thymic 
function (Figure 1B). Moreover, individuals with thymic func-
tion failure (sj/β-TREC ratio <10) had significantly lower CD4 
T-cell levels (Figure 1C).

A bivariate regression analysis showed a significant associ-
ation between CD4 T-cell levels and age, time since diagnosis, 
viral load, and thymic function, while age and viral load were the 
only variables independently associated in the multivariate anal-
ysis (Table 2). However, when thymic function failure was intro-
duced as the categorical variable [15], age, time since diagnosis, 
viral load, and thymic function were independently associated 
with CD4 T-cell levels. In addition, thymic function and thymic 
function failure were independently associated with the CD4 
T-cell nadir together with sex, age, and viral load (Table 2). These 
data strongly suggest that thymic failure has a direct impact in 
HIV progression in terms of CD4 T-cell level maintenance.

Thymic Failure Is Associated With Faster CD4 T-Cell Loss and Early 
cART Onset

In another approach we first analyzed the risk of CD4 T-cell 
loss to reach 350 cells/µL, a common threshold to start cART. 
Individuals with baseline CD4 T-cell levels >350 cells/µL and 
>1 year of follow-up were selected from the viremic progressor 
group (120/337 [35.6%]) for this analysis. Fifty of 120 patients 
reached CD4 levels <350 cells/µL in 1 year. Despite the low num-
ber of events, individuals with thymic function failure at base-
line showed a steeper CD4 decline after adjusting by baseline 
viral load, sex, age, and time since diagnosis. This association 

was not observed when thymic function was considered as a 
continuous variable (Figure 2A; Supplementary Table 1). Then 
we analyzed the time to the cART onset, independent of the 
CD4 T-cell levels. On the first year of follow-up, 288 patients 
started cART. Patients with thymic function failure at baseline 
started cART significantly earlier (Figure 2B). After adjusting 
for sex, age, time since diagnosis, and viral load, this association 
remained in a trend (Supplementary Table 2).

LTNPs and HIV Controllers Maintain Higher Thymic Function Levels Than 
Do Progressors

As expected, patients from the LTNP cohort had significantly 
higher CD4 T-cell counts than the general progressors cohort, 
and this difference was maintained after categorizing the 
patients into different age groups (Figure 3A). Thymic function 
was maximal in the pediatric cohort, and these levels were used 
as a reference [16] (Figure 3B). Within the progressors, thymic 
function was maximal in young adults (19–29 years of age) and 
significantly decreased with age (Figure 3B). LTNPs had higher 
thymic function than did progressors (Figure 3B), despite being 
older (P  <  .0001), and had been diagnosed for a longer time 
(P < .0001) (Table 1).

Next, to further study the role of thymic function in CD4 
T-cell maintenance, we pooled together viremic progressor 
and LTNP cohorts and observed that thymic failure was inde-
pendently associated with CD4 T-cell levels after adjusting by 
time since diagnosis, viral load levels, and inclusion or nonin-
clusion in the LTNP cohort (Table 3).

We then analyzed thymic function in a subgroup of LTNPs 
with spontaneous control of the viral load. The viremic progres-
sors were now compared with RCs (n = 46) or ECs (n = 77). 
CD4 T-cell levels were similar between RCs and ECs, whereas 
progressors had significantly lower CD4 cell counts (Figure 
3C). Following a similar trend, thymic function was similar 
between RCs and ECs, while thymic activity was always lower 
in progressors, independent of age group but especially in 
those 30–39 years old (Figure 3D). In the same way as with the 
whole LTNP cohort, pooling HIV controllers and viremic pro-
gressor cohorts, thymic failure was independently associated 

Figure 1. Relationship between baseline CD4 T-cell numbers and age (A) and thymic function levels (B) in viremic progressors (n = 337); Spearman correlation. C, CD4 T-cell lev-
els in patients with thymic function failure (thymic function failure threshold, signal-joint/DβJβ T-cell rearrangement excision circle (sj/β-TREC ratio <10); Mann-Whitney U test.
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with CD4 T-cell levels after adjusting by time since diagnosis, 
viral load levels, and having or not having a controller profile 
(Supplementary Table 3).

Vertically HIV-Infected Patients Maintain the Highest Thymic Function 
Levels After Long-term Infection

Patients of the pediatric cohort (n = 122) showed the lowest fre-
quency of thymic function failure (28.7% of patients with sj/β-
TREC ratio <10, compared to 72% in progressors and 71.6% 

in LTNPs; P < .0001) despite being infected for a median of 14 
(9–17) years (Table  1 and Figure  3B–D). In addition, thymic 
function in these patients was associated with CD4 T-cells levels 
after adjusting by viral load and age (Supplementary Table 4). 
Pooling together data from the 3 cohorts, only the age at diag-
nosis was independently associated with sj/β-TREC ratio lev-
els (Supplementary Table 5). These results suggest that the age 
at infection is important to preserve thymic function. The age 
of diagnosis in the pediatric cohort was zero and, to avoid this 

Figure 2. Thymic failure, CD4 T-cell drop, and combination antiretroviral therapy (cART) onset. Kaplan-Meier curves and log-rank test for all time-to-event analyses for a 
1-year follow-up. A, Risk of decreasing CD4 T-cell levels <350 cells/µL in patients with or without thymic failure at baseline. Only patients with baseline CD4 T-cell counts 
>350 cells/µL and at least 1 year of follow-up were included (n = 120). B, Risk of starting cART in patients with or without thymic failure at baseline (n = 288). Thymic failure 
threshold: signal-joint/DβJβ T-cell rearrangement excision circle ratio <10.

Table 2. Linear Regression Analysis Between Baseline Variables and CD4 T-Cell Counts or CD4 T-Cell Nadir in Viremic Progressorsa (n = 337)

Variable

Bivariate Multivariateb Multivariatec

P Value; β (95% CI)d

CD4 T-cell levels

 Sex, male .531; –19.1 (–79.0 to 40.8)

 Age, y <.001; –5.3 (–7.7 to –2.9) <.001; –4.3 (–6.8 to –1.9) .01; –3.9 (–6.3 to –1.5)

 Time of diagnosis, y .029; –9.0 (–17.1 to –0.9) .082; –6.9 (–14.6 to –.9) .01; –10.3 (–18.1 to –2.5)

 Log10 VL, HIV-RNA copies/
mL

<.001; –60.7 (–86.0 to –35.3) <.001; –53.2 (–78.3 to –28.1) <.001; –48.2 (–73.2 to –23.3)

 sj/β-TREC ratio .092; 0.4 (–.1 to .9) .565; 0.14 (–.34 to .62)

 sj/β-TREC ratio <10e <.001; –114.7 (–168.2 to –61.2) .002; –81.9 (–134.5 to –29.2)

CD4 nadir

 Sex, male .085; –29.1 (–62.3 to 4.0) .011; –42.4 (–74.9 to –9.8) .011; –41.5 (–73.5 to –9.4)

 Age, y <.001; –2.8 (–4.1 to –1.4) .001; –2.3 (–3.7 to –.9) .001; –2.2 (–3.6 to –.9)

 Time since diagnosis, y .400; –1.9 (–6.4 to 2.6)

 Log10 VL, HIV-RNA copies/
mL

<.001; –25.9 (–40.2 to –11.6) .001; –23.6 (–37.8 to –9.5) .003; –21.7 (–35.9 to –7.6)

 sj/β-TREC ratio .007; 0.4 (.1–.7) .035; 0.3 (.02–.6)

 sj/β-TREC ratio <10e <.001; –61.9 (–91.7 to –32.2) .001; –48.9 (–19.2 to –78.5)

Dependent variables are shown underlined. Significant covariates are shown in bold. 

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus; sj/β-TREC, signal-joint/DβJβ T-cell rearrangement excision circle; VL, viral load.
aNaive patients for antiretroviral treatment in the progressor cohort.
bAge, time of diagnosis, log10 VL, and sj/β-TREC ratio were used as covariates.
cAge, time of diagnosis, log10 VL, and sj/β-TREC ratio <10 were used as covariates.
dRegression coefficient and 95% confidence interval.
eThymic failure threshold.
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bias, we repeated the analysis considering only the adult cohorts 
(progressors together with LTNPs). The results were reproduc-
ible in the cohort of adults, and age at diagnosis together with 
sex were the only variables independently associated with sj/β-
TREC ratio levels (Supplementary Table 5).

DISCUSSION

Altogether, our results show that the thymic function has an 
active role in HIV progression by contributing to the mainte-
nance of CD4 T-cell levels in different HIV-infected patients’ 
immunological phenotypes. In agreement, patients with dis-
tinctive high CD4 T-cell levels, as survivors infected by vertical 
transmission or with low progression rates for >10 years, have 
significantly higher thymic function levels compared with typi-
cal progressors naive for antiretroviral treatment.

In this work we present the largest collection of thymic func-
tion data in HIV-infected patients with a wide range of ages 
(1–75 years) by compiling sj/β-TREC ratio results from 3 prospec-
tive cohorts. We firmly associated this measurement of thymic 
function with different HIV disease-progression phenotypes. The 

sj/β-TREC ratio is, so far, the more accurate technique to meas-
ure thymic function [10]. The most used techniques to measure 
thymic output—the sj-TRECs [4, 17, 18] and CD31- and protein 
tyrosine kinase (PTK7)–naive T-cells are enriched in recent thymic 
emigrants (RTEs) [19]—are deeply affected by T-cell proliferation 
[9]. Peripheral T-cell proliferation and T-cell redistribution from 
tissues, especially in lymphopenic situations as HIV infection 
or aging, make difficult the interpretation of these techniques as 
accurate thymic function–related markers. Likewise, thymic vol-
ume measurement has the caveat of fat tissue infiltration, which 
makes difficult the discrimination of true thymic tissue and sub-
sequent data analysis [5]. Hence, the sj/β-TREC ratio circumvents 
limitations of other works that have linked measurements asso-
ciated with thymic function and HIV disease progression [7, 8].

Despite the fact that peripheral T-cell proliferation seems to 
contribute to the majority of naive T-cell levels in humans [20], 
this work shows the importance of thymic function in the mainte-
nance of the CD4 T-cell pool in the lymphopenic scenario of HIV 
infection. We confirm that the thymic function failure threshold 
(sj/β-TREC ratio <10), which we showed to be independently 
associated with survival in elderly non-HIV-infected subjects 

Figure 3. Baseline CD4 T-cell (A) and thymic function (B) distribution among normal progressors (Pr; n = 483) and long-term nonprogressors (LTNP; n = 169). Patients 
from both groups are categorized into different age segments, including young adults (19–29 years old [yo]; n = 105 [16.1%]), middle-aged adults (age 30–39 years; n = 238 
[36.5%]), and seniors (age ≥40 years; n = 309 [47.4%]). Pediatric samples (Pe; n = 122) are shown as a reference of high thymic function [14]. *P < .05, ***P < .0001; Mann-
Whitney U test. CD4 T-cell (C) and thymic function (D) distribution among viremic patients (Vi; viral load [VL] >2000 copies/mL), relative controllers (RC; VL <2000 copies/mL), 
and elite controllers (EC; VL <50 copies/mL). Patients were categorized into different age segments. Pediatric samples (Pe) are shown as comparison. *P < .05, ***P < .0001, 
Mann-Whitney U test; ***P < .0001, analysis of variance nonparametric (Kruskal-Wallis test).
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[15], was a useful tool to categorize individuals with higher pro-
gression rates. In fact, thymic function failure was independently 
associated not only with CD4 T-cell levels, but also with the CD4 
T-cell nadir in viremic progressors. These results may suggests 
that thymic function failure is a consequence of advanced disease 
and, although this analysis cannot assure causality, is more plau-
sible that thymic function failure may establish the lowest CD4 
T-cell level one individual can reach. Afterward, this threshold 
may predict the subsequent CD4 T-cell recovery after antiretrovi-
ral treatment onset [21]. In these sense, we have shown that base-
line thymic function, as measured as thymic volume, predicts 
the magnitude of the CD4 T-cell reconstitution in the first year 
of highly active antiretroviral therapy [5, 6]. In fact, in the pres-
ent study, thymic function failure was independently associated 
with CD4 T-cell decline, as well as a higher risk to start cART 
although, probably due to the heterogeneous incentives lead-
ing to the clinical decision for treatment onset, this association 
remained in a borderline statistical significance. All these results 
are in accordance with seminal works [7] showing the association 
of thymic output, measured by sj-TRECs, with HIV disease pro-
gression referred by time to AIDS and death in a seroconverter 
cohort of patients with hemophilia. However, the use of sj-TRECs 
in that work may be confounded or be parallel to T-cell activation 
and proliferation, which have also been factors associated with 
HIV disease progression [22].

Likewise, the role of thymic function in HIV progression is 
patent in the analysis of sj/β-TREC ratio in extreme phenotypes. 

In the larger dataset of thymic function analyzed in LTNPs to 
date, we observed that the ability of this rare group of subjects, 
able to naturally maintain normal CD4 T-cell levels (>500 cells/
µL) for long periods of time even with active viral replication, 
was associated with higher thymic function. This result remained 
true for the subgroup of subjects able to spontaneously control 
viral replication, pointing out that high CD4 T-cell maintenance 
is independent of viral load levels. These results are in accordance 
with data in small cohorts of ECs [23] and LTNPs [11]. Hence, 
a supranormal thymopoiesis in LTNPs and HIV controllers, as 
a consequence of unknown genetic determinants [24], supports 
the production of naive T cells [11], which enables total CD4 
T-cell maintenance and subsequently high CD4 T-cell nadir. 
This enhanced naive T-cell supply favors a more diverse and sta-
ble T-cell pool, perhaps accounting for the low rate of AIDS- and 
non-AIDS-defining events observed in these immunologically 
privileged patients [25]. Consistent with this hypothesis, HIV-
infected patients with a low level of T-cell reconstitution have the 
lowest levels of thymic function [26, 27], lower CD4/CD8 ratio 
[28], and frequent nonAIDS-defining events [29].

This phenomenon of supranormal thymic function is even 
enhanced in subjects who had been infected by vertical trans-
mission for a median of 14 years. This result is also in agreement 
with previous works showing that CD4+CD31+, as a measure of 
RTEs, is associated with preserved CD4 T-cell levels in a longi-
tudinal prospective study [8] and even after 15 years of infection 
in cross-sectional designs [30]. In addition, a group of verti-
cally infected patients showed similar thymic function levels as 
age-matched healthy controls after 20 years of infection [16]. 
However, as previously indicated, all these works have the caveat 
of putting at the same level CD31+ measurement with thymic 
function in conditions of heightened T-cell proliferation and 
activation, which makes it difficult to ascribe the weight of pro-
gression to thymic function based only on CD31+ measurement.

This high thymic function in vertically HIV-infected patients 
may be biased due to a selection process of patients included in 
this cohort (“survivors”; all samples were collected after 2005) in 
which individuals with lower thymic function die before or 
shortly after birth (“nonsurvivors”) and were not included. It 
may be also the case that this situation is the reflection of age 
at infection. This means that being infected at a younger age, as 
soon as birth, preserved the thymus from a higher damage. This 
later hypothesis is supported by the fact that, pooling together 
all the study cohorts but also restricting the analysis to the adult 
subgroup, the age at diagnosis is independently associated with 
thymic function. Interestingly, we found that thymic function 
is lower in males. This result needs further investigation but 
could be related to hormone levels as previous studies showed 
enhanced thymic function after sex steroid ablation [31].

This work has some limitations. The seroprevalent nature of 
the cohorts did not allow us to analyze thymic function during 
acute or early infection. Concerning the HIV controllers, all were 

Table  3. Linear Regression Analysis of Factors Associated With CD4 
T-Cell Counts in Viremic Progressorsa and Long-term Nonprogressorsb 
(n = 506)

Variable

Bivariate Multivariate

P Value; β (95% CI)c

Sex, male .450; 25.6 (–40.9 to 92.1)

Age, y  .833; 0.33 (–2.8 to 3.5)

Time since 
diagnosis, y

<.0001; 22.8 (19.5–26.1) .003; –9.9 (–16.3 to –3.4)

Log VL, HIV- 
RNA copies/ 
mL

<.0001; –145 (–162 to –128) <.0001; –72.1 (–95.3 to –48.9)

Cohort, viremic 
progressors 
vs LTNPd

<.0001; 445 (397–493) <.0001; 423 (308–538)

sj/β-TREC ratio 
<10e

.001; –107 (–171 to –43) .001; –85 (–133 to –37)

Significant covariates are shown in bold. 

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus; LNTP, long-
term nonprogressor; sj/β-TREC, signal-joint/DβJβ T-cell rearrangement excision circle; VL, 
viral load.
aNaive patients for antiretroviral treatment in the progressor cohort (n = 337).
bLong term-nonprogressors (n = 169).
cRegression coefficient and 95% confidence interval. 
dCD4+ T-cell levels were adjusted by patient cohort (viremic progressors vs LTNP). LTNP 
cohort was taken as the reference. Previously we also included an interaction term 
((Cohort) × sj/β-TREC ratio <10)) that was finally excluded of the analysis because it was 
not statistically significant (.894; 6.88 [–94.0 to 107.7]).
eThymic failure threshold.
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extracted from the LTNP cohort, preventing us from analyzing 
whether thymic function failure is associated with low CD4+ 
T-cell levels in a subgroup of HIV controllers [23, 32]. Moreover, 
although all pediatric patients were treated with antiretrovirals at 
some point, we did not have the story and length of different treat-
ments, which are known to affect thymic function in young sub-
jects [33]; however, a reassuring result is that sj/β-TREC ratio was 
associated with CD4 T-cell levels even after adjusting by viral load.

In conclusion, this work definitely establishes the relevance of 
thymic function, measured by sj/β-TREC ratio, in HIV disease 
progression by the analysis of a large number of patients of 3 
different cohorts with different progression phenotypes. These 
results greatly encourage the routine establishment of early 
cART onset in daily clinical practice and help to identify the bio-
logical mechanisms underlying the rationale for this procedure.
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