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Abstract

Background: Understanding telomere length (TL) dynamics may shed light on mechanisms influencing immunological

health and inform treatment strategies for children with perinatally-acquired HIV.

Methods: TL was assessed through PCR using DNA extracted from peripheral blood mononuclear cells from South African
children without HIV recruited from an observational study, and participants from the randomised Children with HIV Ear-
ly antiRetroviral (CHER) trial, where infants aged <12 weeks with HIV were randomised to early limited versus deferred
continuous antiretroviral therapy (ART). TL determinants were evaluated alongside clinical and immunological data using

Spearman’s using multi-linear regression models.

Findings: TL was measured in 160 children without HIV (median age = 1.95 [0.98-3.56] years), and 106 children with HIV
(n =79 samples at 2 years, n = 50 at 5 years). At 2 years, the shorter TL negatively correlated with higher thymic output (cor-
relation coeflicient = -0.554 (95% CI: -0.824/-0.081), p = 0.026) in children with HIV, who also had shorter TL than age--
matched controls (p<0.0001), but not at 5 years. Early and longer ART duration correlated with longer TL. At 5 years, all
children in CHER had TL similar to those without HIV. No relationship between TL and cytomegalovirus or Epstein-Barr
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virus co-infection, HIV-serostatus or HIV proviral DNA reservoir was identified.

Interpretation: Our findings illustrate the dynamic activity of the thymus in early childhood years, suggesting a positive
feedback mechanism in response to immunological stress, as reflected by TL shortening. However, TL is preserved after ear-

ly HIV diagnosis and ART initiation as recommended in current guidance.
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Introduction

The survival of children with perinatally-acquired
HIV (HIV) has improved significantly with the introduc-
tion of antiretroviral therapy (ART) in the past two decades.
Longitudinal studies show a substantial decrease in mortali-
ty, from 7.2-6.9 (mono-/dual-therapy) to 0.8 deaths per 100
person-year following ART implementation; AIDS-related
mortality has similarly declined [1]. Nevertheless, children
with HIV experience chronic inflammation leading to non-
AIDS related complications, including cardiovascular and
respiratory diseases, and non-AIDS related cancers [2]. De-
spite ART, mortality rates are higher, and lifespan is shorter
for those with HIV. These challenges may be linked to pre-
mature aging and immunosenescence [2,3], defined by a de-
cline in the immune system’s effectiveness and function,
with decreasing ability to recognise and respond to patho-
gens. While CD4 counts, CD4/CD8 ratios, and HIV viral
loads monitor virological control and disease progression,
few immunological markers reflect the impact of HIV and

ART on immunosenescence.

Co-infections such as cytomegalovirus (CMV)
and Epstein-Barr Virus (EBV) are prevalent among individ-
uals with HIV [4,5]. These co-infections are associated with
increased cytokine expression, potentially influencing HIV
viraemic control, disease progression, and the risk of HIV-
related co-morbidities [6]. Nonetheless, it remains unclear
whether CMV and EBV co-infection directly contribute to
immunopathogenesis, or if their presence reflects more se-

vere compromise in immune function.

Telomeres are genomic repeat sequences (3’-T-
TAGG-5’) the ends of chromosomes that serve as protective
caps, preventing genomic instability [7]. Telomeres shorten

after every cell division, until reaching a length where cells
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become senescent or apoptotic. The association between TL
shortening, immunosenescence and ageing is well-recog-
nized [7,8]. Shorter TL and increased telomere attrition are
linked with poorer outcomes in adults with chronic lung dis-
ease, cardiovascular diseases and age-related [9], prevalent
in HIV [3,10]. Therefore, analysing TL dynamics in Sub-Sa-
haran African children with HIV may be key to understand-
ing which strategies will optimise immunological health of

this population.

TL decreases with age, yet its dynamics through-
out early childhood is not fully explored [11]. It has been
suggested that changes in TL exhibit a non-linear trend as
one ages [12,13], characterised by a more significant short-
ening in the first 3 years of life, followed by a relatively
steady decline thereafter. Cowell et al [12] attribute the ini-
tial TL decline to the rapid expansion of the haematopoietic
stem cell pool during the immune system’s development,
supporting the role of TL as a marker of immunological

age.

In children, the haematopoietic stem cell pool can
be assessed through two key parameters: the thymic and
naive B-cell output. These, representing the generation of
naive T- and B-cells from the thymus and bone marrow re-
spectively, play a crucial role in immune system maturation
and maintaining immunological health [14]. They influence
the proportion of naive/memory immune cells, consequent-
ly impacting the overall TL. Additionally, demographic char-
acteristics such as biological sex and ethnicity can also influ-
ence TL [15].

HIV is associated with chronic immune activation
and inflammation, contributors to heightened T-cell differ-
entiation and proliferation2. Consequently, memory and dif-

ferentiated T-cell percentages increase, characterised by in-

J HIV AIDS Infect Dis 2024 | Vol 11: 104



creased expression of CD57, lack of CD28 expression (both
markers of cellular senescence) and shorter TL [8,16] The
impact of HIV extends to the thymus, a crucial source of
naive T-cells [17]. The repercussions of HIV on the thymus
further alter the naive/memory T-cell balance [16]. Overall,
HIV infection leads to an aged immunophenotype, with in-

creased immunosenescence and TL attrition8.

Patterns of T-cell exhaustion seen in children with
HIV are comparable to those of the elderly [3,18], highlight-
ing premature ageing of the immune system. Notably, chil-
dren with HIV have shorter TL than age-matched children
without HIV. Conflicting results have been found on the im-
pact of ART on TL. Some studies report shorter TL in ART--
naive compared to ART-treated children, while others show
an inhibitory action of NRTIs on telomerase [10,19]. The
shortened TL in these children is linked with higher differ-
entiation of T-cell subsets, a lower CD4+/CD8+ ratio, and
increased HIV viremia [10,19]. However, there still is a lack
of data regarding TL in children with HIV, particularly in
high burden settings [4,5].

Recognising the importance of early and sustained
ART has been pivotal to reduce mortality and morbidity, as
well as lowering the size of the HIV proviral DNA reservoir
[20-23]. However, there is a gap in research focusing on op-
timising the immunological health of these children and rev-

ersing immunosenescence.

This study examines factors that influence TL in
childhood, including children with and without HIV, to pro-
vide insight into mechanisms that determine immunologi-
cal health, and identify individuals at risk of developing pre-

mature age-related co-morbidities.

Methods
Study Populations

The study used stored samples from two South
African populations: children from the Children with HIV
Early antiRetroviral (CHER) trial [22,23] and children with-
out HIV from a Child Wellness Clinic (CWC).
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The CHER trial was a phase 3, randomised, open-
label, 3-arm study conducted at the Perinatal HIV Research
Unit (PHRU), Johannesburg and the Children’s Infectious
Diseases Clinical Research Unit (KIDCRU), Cape Town be-
tween 2005 and 2011. The trial aimed to prove the superiori-
ty of early limited ART (within 12 weeks of life) in delaying
disease progression over deferred continuous ART. During
ART-free periods, children were monitored clinically and
with CD4 counts and percentages. Three hundred and sev-
enty-seven children with HIV under 12 weeks of age were
randomised to the three arms (Figure 1): deferred ART start
(ART-Def) and early ART start followed by treatment inter-
ruption at 40 or 96 weeks (Early-40W and Early-96W, re-
spectively). Participants would restart ART in the event of

clinical or immunological deterioration.

The CWC was a research clinic located in an infor-
mal settlement in Cape Town which focused on establishing
haematological and immunological reference ranges for
South African children without HIV aged 0 tol3 years; 487
infants were recruited [24,25]. Children were required to be
clinically well at enrolment and without any chronic medi-
cal condition, and to attend in the presence of their biologi-

cal mother and hand-held health record.

Blood Sampling

Peripheral blood mononuclear cells (PBMCs)
were isolated from whole blood from CWC and CHER trial
participants at enrolment. Further samples were taken in
the CHER trial. Samples at 96 and 248 weeks from ART in-
troduction, equivalent to 2 and 5 years of age, were used in
this study. Genomic DNA (gDNA) extracted from total
PBMCs was stored at -20°C until TL analysis.

Immunophenotyping

Immunophenotypic analysis of CHER and CWC
samples was done by flowcytometry batch analysis on cryop-
reserved PBMCs. The data included measurements of
helper (CD4") and cytotoxic (CD8") T-cell, as well activated
(HLADR") and proliferating (Ki67") T-cells at 2 and 5 years

of age.
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Figure 1: CHER trial median time of ART received by treatment arm from participants of this study. Light green marks early

ART start, orange indicates median time off ART (either before initiation in the deferred arm, or during interruption in the ear-

ly treatment arms), and dark green represents ART restart after planned treatment interruption or ART start of continuous
ART in the deferred arm. The data reflects that of the substudy only, not the CHER trial overall. Median ART interruption
time was 13 weeks (IQR = 9.3-248) for Early 40W, and 92 weeks [IQR = 14.3-152] for Early 96W arms. Median deferred time
of ART start was 26.1 weeks for Deferred arm [22,23].

Thymic and Naive B-Cell Output

Thymic and naive B-cell output measures were ob-
tained using a mathematical model combining real-time
quantitative PCR (qQPCR) measurements of T-cell excision
circles (TRECs) and kappa-deleting recombination excision
circles (KRECs) respectively, and flowcytometry measure-
ments for naive and proliferating naive T- or B-cells
[11,26].

Telomere Length Measurement

TL were measured using the ScienCell’s Absolute
Human Telomere Length Quantification qPCR Assay
(AHTLQ) kit on PBMCs gDNA, following the manufactur-
er’s instructions. The assay simultaneously amplifies a
telomere sequence and a single-copy reference (SCR) gene
on human chromosome 17. SCR gDNA serves for data nor-
malisation; known TL from the SCR was employed to ex-
trapolate measurements for target samples. Testing includ-
ed sample duplicates, and triplicates of reference DNA and

non-template controls to monitor contamination. Both

qPCR reactions were performed on a Bio-Rad CFX96 instru-
ment: 95°C for 10 min, 32 cycles of 20-sec denaturation at
95°C, 20-sec annealing at 52°C and 45-sec extension at
72°C, followed by an infinite hold at 20°C. TL were deter-

-AACq

mined by the 2 method, reported as TL per chromo-

some end in kilobases (kb).

CMYV and EBYV Cell-Associated DNA

CMYV and EBV cell-associated DNA (CA-DNA)
was measured in PBMCs gDNA by QX200 Droplet Digital
PCR (ddPCR) System using supermix for probe (no dUTP;
BioRad). The reaction mix included 2X ddPCR supermix
for probe (1X), CMV- and EBV-specific primers (0.9uM),
CMV/EBV probes (HEX, 0.7uM), RPP30 (FAM, 0.9uM)
and 150 ng of template DNA. Droplets were generated with
a QX200™ droplet generator (Bio-Rad), transferred to a 96-
well plate, and amplified by PCR. The plate was transferred
to a QX200™ Droplet Reader (Bio-Rad) and analysed using
QuantaSoft Version 1.7.4.0917.
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Statistical Analysis

Statistical analyses were conducted using RStudio
2021.09.2, Build 382. Frequencies were calculated for cate-
gorical variables, i.e. gender, ethnicity, z-score for weight
measured using WHO approach. Medians and interquartile
range (IQR) values were calculated for continuous vari-
ables, i.e. age at sample collection, birthweight, thymic and
naive B-cell output - further log transformed. TL trends in
healthy children across age-groups were examined using
multi-linear regression. Relationships between TL, sex, eth-
nicity, and weight were explored for both CWC and CHER
groups. The impact of factors such as HIV-seroreversion,
HIV proviral DNA (pvDNA) and CMV/EBV CA-DNA on
TL was assessed through comparisons using non-paramet-
ric tests (Kruskal-Wallis and Dunn's tests) and correlation
analysis (Spearman’s linear regression). Age-adjusted TL
measures were derived from the difference between ob-
served and expected TL. Boxplots represent median values,
with error bars representing the 95% confidence intervals
(CI). Statistical significance determined with a threshold of
p-values < 0.05.

Results

Stored PBMCs from 160 South African children
without HIV from the CWC, and 129 samples from 106 chil-
dren in the CHER trial were used to analyse the impact of
HIV on TL. The characteristics of the study populations
grouped by age at the time sample was taken are shown in
Table 1. No significant differences were seen between the
CWC versus CHER participants for sex, age or thymic out-
put. Grouping children with HIV by age showed no differ-
ences between groups for birthweight, age at ART start, pro-
portion of lifetime on ART, seroreversion or estimates of
HIV reservoir by pvDNA. The distribution of children
across different weight-for-age z-scores varied significantly
between the CWC and CHER groups at both 2 and 5 years
of age, as indicated in Table 1. Specifically, at 2 years, there
was a notable difference in the number of children between
the two groups across z-scores of -2, -1, 0 (p < 0.0001), and
1 (p < 0.001). Similarly, at 5 years, significant differences
were observed for z-scores of -2 (p = 0.045), -1, 0 (p <
0.0001), and 1 (p = 0.002).
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Telomere Length in Children without HIV
in a High Disease Burden Setting

Dynamic change in TL, thymic and naive B-cell out-

put with age

Reference values for TL, thymic and naive B-cell
output in children without HIV in high disease burden sett-
ing in relation with age are indicated using the CWC sam-
ples. TL peaked at 2.5 years (Figure 2.A), with 0.5-1-year-
olds having significantly shorter TL than children aged
1.5-2 and 2-3 years (p < 0.001 and p < 0.0001, respectively;
median TL = 10.07, 11.93 and 14.83 at 0.5-1, 1.5-2 and 2-3
years-old). Differences were also significant between 1-1.5
and 2-3 years (median TL = 9.08 and 14.83 respectively, p =
0.009). After age 2-3, TL significantly decreased (p = 0.042).
The highest point of thymic output was seen at around 3
years (Figure 2.B). Naive B-cell output peaked before age 1,
followed by a steady decline (Figure 2.C).

Demographics and TL

No difference was seen in TL of healthy children
based on gender or ethnicity, at either age group, however
shorter TL were seen in children with a z-score for weight
of 1 compared to those with a z-score of -1 (p = 0.047; Fig-
ure 2.D); no difference was seen in the CHER cohort regard-

ing weight for age z-score.

Telomeres in Children with Perinatally-Ac-
quired HIV

TL difference at 2 years is corrected by the age of 5

years

At 2 years, children with HIV had significantly
shorter TL than children without HIV (median = 13.74 and
8.86 respectively, p < 0.0001); no difference was seen at 5
years (Figure 3.A). However, no difference in TL was seen at
2 or 5 years of age between children randomized to deferred
or early ART (Figure 3.B and 3.C). Thymic output has a sig-
nificant negative correlation with TL at 2 years (correlation
coefficient = -0.554 (95% CI: -0.824/-0.081), p-value =
0.026).
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Table 1: Demographic and clinical characteristics of South African Children without HIV from the Child Wellness Clinic
(CWC) and children from the CHER trial with HIV. 160 children without HIV conformed the CWC group, age category refers
to age at enrolment. Of these, 63 were age-matched to the CHER participants when grouping the individuals based on age at

the time of sample collection; 41 aged 2 and 12 aged 5. * Infants who lost HIV-antibody status by 2 years of age.

Group CWC CHER
Subgroup All participants | 2 Years Old 5 Years Old 2Years Old | 5 Years Old
N (total) 160 41 12 79 50
Gender - female, n (%) 82 (51.8) 22 (53.6) 6 (50) 48 (60.8) 23 (46)
Ethnicity - black, n (%) 37 (23.1) 9(21.9) 2(16.7) 77 (97.5) 49 (98)
Age at time of sampling - weeks [IQR] [0.92?;56] [1.17.-924.1] [4.55?53.4] [1.92?;01] [4.8%—?.97]
Birthweight, grams- [IQR] Unknown Unknown 2 662091302 00] | [27 22 59_53(; 00]
Age category In years, n 0-0.5 21 (13.1) NA NA
(%)
0.5-1 19 (11.9)
1-15 19 (11.9)
1.5-2 24 (15)
2-3 26 (16.3)
3-5 25 (15.6)
5-13 26 (16.3)
Weight age Z Score, n (%) -3 5(3.1) 0 0 2(2.5) 2 (4)
-2 31(194) 13 (31.7) 1(8.3) 9(11.4) 1(2)
1 52 (32.5) 13 (31.7) 8 (66.7) 21 (26.6) 7 (14)
0 50 (31.3) 11 (26.8) 2(16.7) 33 (41.8) 11(22)
1 20 (12.5) 2 (4.9) 1(8.3) 11 (13.9) 7 (14)
2 1(0.6) 1(2.4) 0 2(2.5) 1(2)
3 1(0.6) 1(2.4) 0 0 0
Thymic Output, log [IQR] [7.6%1'?82.82] [7.8%1'?81.21] [7?6'?;.5] [7.686.—1;.32] [8.0%—284.52]
Naive B-cell output, log [IQR] [7.785'_382. 83] [ 5_219] [77_' 387] Unknown Unknown
Treatment ARM, n (%) Deferred NA NA 22 (28) 24 (48)
Early, 40W 8 (10) 10 (20)
Early, 96W 49 (62) 16 (32)
Age at ART start - weeks [IQR] NA NA [7.12:212.43] [7.33:2).36]
Percentage of lifetime on ART, n (%) NA NA 86.50 91.34
[IQR] [80.72-90.73] | [41.21-94.61]
Seroreversion * - n (%) NA NA 44 (55.7) 26 (52)
pvDNA, copies per 10E+06 PBMCs NA NA 38.00 91.00
[IQR] [15.25-71.75] |  [19-224]
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Figure 2: Median telomere length, thymic and naive B-cell output of South African children from the CW Clinic, from birth to

10 years of age. Dynamic change of telomere length (A; n = 152), thymic (B; n = 149) and naive B-cell output (C; n = 117).

Weighted best-fit lines generated using R, with a 95% confidence interval. Telomere length based on the z-score for weight (D).

Error bars represent the 95% confidence intervals. Kruskal-Wallis test, Bonferroni-adjusted p-value marked with an asterisk in-

dicate statistical significance (<0.05%; <0.01**)

TL change from 2 to 5 years

The progression of TL from 2 to 5 years of age was
studied by comparing measurements of the same individual
at both time points (n = 21). No clear trend was seen in TL
change when analysing all individuals together, nor when
stratifying by treatment arm (Figure 3.D) or duration of
ART interruption. We found no evidence that age at ART

start is associated with TL, in any study arm.

Impact of time of ART on TL

Age-adjusted TL, derived from the difference be-

tween observed and expected TL, was used to examine
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other TL determinants. At 2 and 5 years, 80 and 50 percent
of children with HIV had shorter TL than expected in peers
without HIV. While not statistically significant, at 2 years,
age-adjusted TL correlated positively with the percentage of
lifetime on ART in the “HIV, Deferred” arm (correlation co-
efficient = 0.286, (95% CI: -0.225/0.674), p = 0.27), with no
correlation in the “HIV, Early” arms (Figure 3.E). At 5
years, no correlation was seen in the “HIV, Deferred” arm,
while a positive correlation existed in both “HIV, Early”
arms (correlation coefficient = 0.48 and 0.29 (95 CI:
-0.272/0.867 and -0.376/0.758), p = 0.19 and 0.39; in Early
40W and Early 96W, respectively; Figure 3.F).
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Figure 3: Telomere length per chromosome end (kb) in South African children without HIV (CWC) and children with HIV
(CHER). A) Comparison between groups based on age (2 or 5 years old). Difference in TL between CWC and CHER based on

ART regime, at 2 (B) and 5 (C) years old. D) Progression of TL from 2 to 5 years of age in CHER participants under different

arm treatments. Correlation between the age-adjusted TL with the percentage of lifetime on ART in CHER study participants
on the ART-deferred (orange), Early-40W (light blue) and Early-96W (dark blue) groups, at 2 (E) and 5 (F) years old. Error
bars represent the 95% confidence intervals. Kruskal-Wallis test, Bonferroni-adjusted p-value marked with an asterisk indicate

statistical significance (<0.05*; <0.01**; <0.001***; <0.0001****).

HIV-serostatus and proviral DNA

TL in children with HIV at 2 and 5 years did not
appear related to HIV pvDNA levels as measured in
111/129 samples, or HIV-seroreversion, with 58% (27/46)

seropositive, of data available.
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Telomer length and immune activation/proli-
feration

At age 2, children with HIV had shorter TL than
those without HIV, regardless of CD4" and CD8" immune
activation levels (Figure 4.A and 4.B; p = 0.029 and 0.025 in
CD4" T-cells with normal and high immune activation re-
spectively; p = 0.008 in CD8" T-cells with high immune acti-
vation). TL were also shorter compared to children with
high CD4" and CD8" immune proliferation (Figure 4.C and
4.D; p = 0.034 and 0.013 for CD4" and CD8" T-cells respec-
tively).
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Figure 4: Telomere length per chromosome end (kb) in South African children at 2 years of age based on the helper (CD4) and
cytotoxic (CD8) T-cell immune activation (HLADR) and proliferation (Ki67) levels. Comparison between children without
HIV (CWC) with normal or high immune activation/proliferation and children with perinatally acquired HIV (CHER). TL

based on the immune activation levels in CD4" (A) and CD8" (B) T-cells; and based on the immune proliferation levels in

CD4" (C) and CD8" (D) T-cells. Error bars represent the 95% confidence intervals. Kruskal-Wallis test, Bonferroni-adjusted p--

value marked with an asterisk indicate statistical significance (<0.05*; <0.01**; <0.001***; <0.0001****).
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Figure 5: Percentage of immune activated (HLADR) and proliferating (Ki67) T-cells in South African children at 2 years. Com-
parison between children without HIV (CWC) with normal or high immune activation/proliferation and children with perina-
tally acquired HIV (CHER). Percentage of immune activated helper (CD4"; A) and cytotoxic (CD8"; B) T-cells. Percentage of
immune proliferating helper (C) and cytotoxic (D) T-cells. Error bars represent the 95% confidence intervals. Kruskal-Wallis
test, Bonferroni-adjusted p-value marked with an asterisk indicate statistical significance (<0.05%; <0.01**; <0.001***;
<0.0001++%),

JScholar Publishers J HIV AIDS Infect Dis 2024 | Vol 11: 104



Children with HIV exhibited higher percentage of
activated (HLADR") and proliferating (Ki67") CD4" and
CD8" T-cells than children without HIV with normal activa-
tion (p = 0.045 in CD4" T-cells, and p < 0.001 in CD8" T--
cells; Figure 5.A and 5.B) and normal proliferation (p =
0.033 in CD4" T-cells, and p < 0.0001 in CD8" T-cells; Fig-
ure 5.C and 5.D), and lower than those with high activation
(p <0.0001 in CD4" T-cells, and p = 0.07 in CD8" T-cells) or
proliferation (p = 0.02 in CD4" T-cells).

At 5 years, no significant difference existed on TL
nor percentage of activated or proliferating CD4" T-cells
based on HIV infection. Percentage of proliferating CD8"
T-cells was higher in children with HIV than those without
HIV with normal proliferation (p = 0.005), and interesting-
ly in children with HIV on ART, TL correlates positively
with percentage of proliferating CD8" T cells (CD8'Ki67")
at 5 years (correlation coefficient = 0.638 (95% CI:
0.015/0.904), p = 0.047).

Presence of CMV and EBV CA-DNA and

telomere length

TL from 63 children from the CHER trial and 20
CWOC children at 2 years were compared, considering detec-
tion of CMV and/or EBV cell-associated (CA) DNA. CMV
CA-DNA was detected in eight (12.7%) children with HIV
(177.46 [100.56 — 950] copies per million PBMCs) and three
(15%) CWC children (40.69 [33.3-50.1] copies per million
PBMCs); children with HIV had significantly higher CMV
CA-DNA (p = 0.012). EBV CA-DNA was found in 61
(96.8%) children with HIV (735.58 [363.53 — 1383.41]
copies per million PBMCs) and 19 (95%) CWC children
(425.45 [326.2 — 841.16] copies per million PBMCs); chil-
dren with HIV had non-significantly higher EBV CA-DNA
values. All participants with CMV CA-DNA also had EBV
CA-DNA detected (12.7% CHER; 15% CWC). No TL differ-
ence existed between those with/without CMV/EBV CA-D-
NA in either CHER or CWC children, and no correlation
was found between TL and CMV/EBV CA-DNA levels.
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Discussion

This is the first study to examine the association
between TL and HIV in South African children, providing
important insights in a high disease burden setting, and rep-
resents one of the largest analyses of TL data, including data
from a randomised controlled trial. We demonstrated that,
at 2 years of age, children with HIV exhibit shorter TL than
their peers. However, early ART initiation and an extended
proportion of lifetime on ART seem to preserve TL, align-
ing to levels observed in children without HIV by the age of
5. It appears that the childhood peak in TL may coincide
with the peaks of thymic and naive B-cell output, likely sig-
nificant TL determinants. Current literature reports on the
impact of HIV on telomere shortening, but not on the bene-
fits of early ART.

The TL fluctuation across ages observed in chil-
dren without HIV from a high disease burden setting pro-
vides insight into the factors influencing it. Shorter TL from
6 months to 1 year of age compared to older children might
reflect heightened cell division, corresponding with in-
creased environmental antigen-exposure as maternal anti-
bodies wane [27]. As infants lose maternal immune protec-
tion, they become more susceptible to infections, which
leads to heightened immune activation and proliferation.
This, in turn, results in the shortening of leukocyte telom-
eres, as evidenced by the observed increase in naive B-cell

output.

Between 2 and 3 years of age, corresponding to the
cohort’s longest TL, we noted the highest point in thymic
output, with a significant TL correlation. Early childhood
TL variations are likely due to sample composition differ-
ences, as the TL averages all cells in the sample. Increased
thymic and naive B-cell output yield a greater proportion of
naive B- and T-cells, contributing to an overall longer TL in

the sample [7,16].

After the initial 2-3 years, thymic and naive B-cell
output plateau [14,26]. Contrary to some studies [12], TL in
our population does not notably decrease with age there-
after. This implies potential involvement of other factors,
such as a positive feedback mechanism of the thymus and

bone-marrow. In an antigen-rich environment due to infec-
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tious diseases burden, these organs may continue supplying

the immune system with naive B- and T-cells [17].

Shorter TL observed in children with HIV at 2
years supports findings in American and European cohorts
[18,19]. However, by 5 years, the ART strategies used by
CHER sustained TL to match the local CWC cohort, regard-
less of deferred or interrupted therapy. This analysis is limit-
ed by fewer numbers of CWC children over 2 years. More-
over, TL variation among CHER participants from 2 to 5
years suggests diverse responses to ART interruption; al-
most half of individuals show increased TL despite ART in-
terruption. It is plausible that thymic contribution plays a
role in maintaining TL, however TL can be influenced by
factors such as diet, genetics and psychological stress and th-
ese were not assessed in our study [9]. Although literature
suggests TL is usually positively associated with nutritional
status, no clear association was seen from our analysis using
weight-for-age z-score. This may be because weight-for-age
z-score do not adequately reflect nutritional status, and
there was not a broad distribution for weight-for-age z-s-
core, as most children had a z-score below zero. Immuno-
logical follow-up is crucial to understand the relevance of
TL and thymic output on the children’s health, given the
link between ART interruption and late initiation with high-

er mortality and larger HIV reservoir.

Our findings underscore the importance of early
and prolonged ART, showing an association between early
and extended ART with longer TL in the ART-Deferred
arm, aligned with existing literature [19-21,23]. Further-
more, the lack of correlation between age at ART start and
TL in the early-ART arms suggests that, despite the poten-
tial preventive effects of early ART on TL attrition, treat-
ment interruption may still disrupt TL. However, early 40-
and 96-weeks ART arms started treatment at a median of
7.3 and 7.8 weeks, respectively. Given that HIV viral load
peaks within the first two months of life without ART [28],
initiating ART at 7 weeks may not be early enough to halt vi-
ral replication and reservoir establishment. Instead, initia-

tion within hours or days of birth would be necessary.

Low-level chronic inflammation and immune acti-
vation is recognised in people with HIV, even with virologi-

cal control on ART [3,10,19], and increased immune activa-
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tion/proliferation are associated with shortened TL [8]. In
our study, we did not link immune activation/proliferation
with TL, possibly due to the immunophenotyping being
done at the same timepoint as TL measurement, failing to
reflect past immune activity that may have caused TL short-
ening. Additionally, no differences on TL were noted be-
tween children with and without CMV/EBV co-infection,
hypothesised to contribute to immune activation and TL
shortening [30,31]. This might be explained by thymus plas-
ticity, enhancing thymic activity in response to co-infection,
replenishing the T-cell repertoire with naive circulating T--
cells and collectively maintaining longer TL. Mechanistic ex-
ploration of thymic activity in children with HIV could un-
veil compensatory mechanisms and potential therapeutic
strategies for TL maintenance. Furthermore, investigations
into telomerase activity in HIV children may provide in-
sights into the impact of HIV on TL shortening, given the

role of telomerase in telomere elongation.

Our study had several limitations, including un-
even sample size and distribution between groups, potential-
ly influencing statistical analysis. Most samples were from
single time-point assessments, suggesting that the dynamic
TL trend seen across age in South-African children without
HIV might reflect variation between individuals rather than
depict the trajectory of the same individuals over time. Simi-
larly, only about a quarter of the children with HIV studied
at 2 years had subsequent samples at 5 years, and there was
a notable high variability in the data amongst individuals
from the same study group. The selection was determined
by another CHER sub-study selecting children with HIV vi-
raemic control for at least 3 months, limiting the assessment
of recent HIV viremia’s impact on TL [20]. Furthermore,
TL measurements were done on PBMCs DNA, without
knowledge of naive and memory T-cell subsets proportions.
Further work on TL in memory and naive subsets would
likely increase understanding of any interaction between

HIV reservoir size and immunosenescence.

Our study is one of the largest data sets analysing
the factors that influence TL in children with and without
HIV in an African setting. Earlier and longer duration of
ART is associated with longer TL, reinforcing current strate-
gies for early diagnosis and effective ART. We demonstrate

a potential relationship between TL and lymphoid progeni-
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tor organ activity and provide insight into potential feed-
back mechanisms facilitating immune reconstitution after
ART initiation [29]. Moreover, our study found no implica-
tion of CMV/EBV co-infection on TL biology. Further lon-
gitudinal clinical outcome analysis and prospective TL mea-
surement may contribute to understanding HIV immuno-

pathogenesis.
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