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Abstract

Background People living with HIV (PLHIV) demonstrate accelerated aging and immunosenescence in spite

of immune-restoration following long-term antiretroviral treatment (ART). Low level inflammation leading to
inflammaging plays an important role in mediating premature immunosenescence. Ongoing viral replication,
antiretrovirals and subclinical infections with the common viruses like Cytomegalovirus (CMV) are known to
induce inflammaging. However such data is scarce in India where persistent low level inflammation is common in
general population due to various subclinical infections. Hence we conducted a study to determine the extent of
immunosenescence in asymptomatic PLHIV on long term ART in comparison with their age-matched controls.

Results The study was conducted in asymptomatic virally suppressed PLHIV on ART for more than 5 years [n=70,
M: F=36:34] and HIV uninfected controls [n=68, M: F=31:37] belonging to the age-group of 40-55 years. Blood
samples were collected for assessing levels of immunosenescence markers on CD4 T cells by flow cytometry and
anti-CMV antibodies as well as soluble CD14 (sCD14) levels by ELISA. The levels were compared between cases and
controls and correlated with the levels of anti-CMV antibody and sCD14. PLHIV had significantly lower levels of naive
T cells and higher levels of activated and immunosenescent T cells than controls as indicated by CD38, CD57, CD28
expressing CD4 and CD8T cells. PLHIV had higher levels of anti-CMV antibodies, but lower levels of sCD14 levels and
HLADR+CD8T cells than those in controls. Immunosenescent T cells correlated positively with anti-CMV antibody
levels and negatively with sCD14 levels. Duration of dolutegravir based therapy correlated negatively with sCD14
levels.

Conclusions Thus, higher levels of immune activation and immunosenescence in the cases possibly indicate their
compromised immune status predisposing PLHIV to infections and cancers. The study indicated a need for CMV
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treatment regimens even in asymptomatic individuals for preventing immunosenescence. The study also indicated a
role of dolutegravir induced loss of sCD14 levels in predisposing PLHIV to immunosenescence.

Keywords HIV, Immunosenescence, anti-CMV antibodies, Soluble CD14, Dolutegravir

Background

Human Immunodeficiency Virus (HIV) infection is a
major public health problem in India with 2.14 million
estimated people living with HIV (PLHIV) in India and
1.18 million are on treatment under the national program
[1]. Anti-retroviral treatment (ART) has significantly
improved the survival of HIV patients and helped to
reduce Acquired immunodeficiency syndrome (AIDS)-
related mortality. About 50% of all deaths among the
PLHIV taking ART are not due to AIDS [2]. Many stud-
ies have reported an increase in HIV-associated non—
AIDS-defining age-associated comorbidities. Higher
occurrence of age associated diseases like cardiovascular
diseases, kidney diseases, neurocognitive impairment,
and cancer at earlier ages suggest premature aging in this
population [3]. Multiple geriatric conditions have been
shown to occur more frequently among PLHIV aged in
their 30s and 40s compared with uninfected controls [4].
HIV infection has been suggested as a model of accel-
erated immunosenescence [5]. Although ART reverses
the aging process partially [6], these patients continue
to demonstrate premature immunosenescence possibly
caused by chronic low grade immune activation. Some of
the antiretroviral drugs like nucleoside reverse transcrip-
tase inhibitors have shown to inhibit telomerase activity
possibly contributing to accelerated immunosenescence
[7]. Integrase inhibitors, which are recently introduced as
a part of first-line ART regimen under the national pro-
gram of India, have shown to have safer effect on lipid
profile as well as anti-inflammatory actions including
causing reduction in the levels of soluble CD14 [8-10].
However dolutegravir has been shown to exert opposing
effects on the aging related morbidities [11, 12].

Low grade chronic inflammation might persist
in PLHIV in spite of viral suppression by long term
ART because of ongoing viral replication, incomplete
immune-restoration and anti-retroviral drugs them-
selves [13]. Plasma levels of inflammatory markers such
as high sensitivity C-reactive protein (hs-CRP), D-dimer,
IL-6, Galectin-9 have been shown to be biomarkers of
non-AIDS comorbidities in PLHIV, even in those on
ART [14, 15]. Markers of microbial translocation such as
lipopolysaccharide (LPS), bacterial DNA, and markers of
monocyte activation contributing to persistent immune
activation do not completely normalize under ART and
strongly associate with mortality [16, 17]. Soluble CD14
(sCD14), a marker of monocyte activation, is released
upon stimulation of cells of monocyte-macrophage lin-
eage. It has been shown to possess dual activities by

promoting proinflammatory responses to LPS at the site
of infections on one hand and mediate anti-inflammatory
actions by interfering in interaction between membrane
bound CD14 and LPS on the other [18]. In addition to
HIV induced immune activation, coinfections with Hep-
atitis B virus, Hepatitis C virus, Cytomegalovirus (CMV)
and Epstein-Barr virus are known to sustain immune
activation and might induce age related changes. HIV,
CMV infections and older age act synergistically to cause
immune senescence as determined by expression of
CD57 or decline in naive T cells [19].

Seroprevalence of CMV has been shown to increase
with age and is higher in developing than developed
countries [20]. Further, India has also reported a very
high seroprevalence of CMV infection among normal
healthy blood donors [21] indicating their risk for devel-
oping premature immunosenescence, while the risk of
CMV infections is known to decrease in PLHIV with the
advent of ART [22]. Hence it is important to determine
if PLHIV on long-term ART are still predisposed to the
higher risk of immunosenescence in comparison to their
healthy uninfected peers and whether the increased risk
is attributable to CMV seropositivity. We conducted a
case control study to investigate the risk of immunose-
nescence in PLHIV on virally suppressive ART and to
determine the attributes of immunosenescence in the
study participants.

Methodology

Ethics Statement

The study was conducted in accordance with the Declara-
tion of Helsinki, and approved by the Institutional Ethics
Committee of ICMR-National Institute of Translational
Virology and AIDS Research (formerly National AIDS
Research Institute), protocol code: NARI-EC/2020-23.

Study population

This case control study was conducted at ICMR-National
Institute of Translational Virology and AIDS Research,
India after approval by the Institutional Ethics com-
mittee. Study participants were enrolled in clinics after
obtaining written informed consents. Eligibility criteria
for cases were PLHIV with age between 40 and 55 years,
on continuous first line ART for more than 5 years and
virally suppressed. Age and sex matched healthy, HIV
uninfected volunteers were invited to participate in
the study as controls. Both cases (#=70) and controls
(n=68) were asymptomatic at the time of enrolment and
were free from known symptomatic acute or chronic
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Table 1 List of antibodies used in flow cytometry assays
Fluorochrome Catalogue No.

Name of antibody

Anti-CD3 APCH7 560176
Anti-CD8 BUV737 612754
Anti-CD45 BV786 563716
Anti-CCR7 BUV395 563977
Anti-CD25 APC 567316
Anti-HLA-DR PerCP-Cy5.5 339194
Anti-CD38 PE 555460
Anti-CD57 PECF594 562488
Anti-CD28 PECy7 560684

infections other than HIV. Clinical, demographic data
as well as blood samples were collected from the par-
ticipants at the time of enrolment. PBMCs and plasma
samples were separated and cryopreserved for the subse-
quent analysis.

Flow cytometry
PBMCs were revived for flow cytometer analysis. The
cells were stained with fluorochrome labelled antibodies

b
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against CD3, CD8, CD25, CD38, HLA-DR, CD28, and
CD57 for identifying activated and immunosenescent
CD4 and CD8 T cells. The cells were also stained with
fluorochrome labelled antibodies against CD45RA and
CCR?7 for identifying memory subsets of CD4 and CD8
T cells. List of antibodies (BD biosciences, USA) used for
the flow cytometry analysis is as given in Table 1. Stained
cells were acquired using BD-FACS Fusion (BD biosci-
ences, USA). Flow cytometry analysis was done using
FlowJo version 8.0.3. Gating strategy used for identifying
different cell populations is elaborated in Fig. 1.

Semi quantitative estimation of anti-CMV antibodies by
ELISA

Anti-CMV antibodies were estimated with a commer-
cially available ELISA kit (BioCheck, Inc, USA). The
ELISAs were performed as per the protocol given in
manufacturer’s manual after diluting plasma samples to
1:40 by the sample diluent supplied with the kit. CMV
IgG Index for each sample was determined by dividing
optical density (OD) value of the sample by the OD value
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Fig. 1 Gating strategy: Representative flow cytometry plots showing gating strategy used for analysis of the flow assays. Lymphocytes identified by
forward and side scatter (a) were further gated for identification of CD3, CD4 and CD8T cells (b, ). Maturation phenotypes of CD4 and CD8 T cells were
identified based on CCR7 and CD45RA expression (d, e). All other markers were plotted on CD4 (f-j) and CD8 (k-0) T cells as shown in the plots. FMT
controls which is full minus 3 were used to distinguish the population in the gating strategy. FMT controls were stained with surface markers for T cells.
Gated CD3, CD4 and CD8T cells, unstained for other markers, were further used for placing the gates
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of the calibrator supplied with the kit as mentioned in the
kit insert. Lower limit of detection of the analyte was 1.2
IU/ml.

Estimation of soluble CD14 (sCD14) levels by ELISA

Soluble CD14 levels were estimated using commercially
available ELISA kit (R&D systems, Minneapolis, USA).
The ELISA was performed as described previously [23]
and according to the kit insert. sCD14 levels in the sam-
ples were determined by plotting standard curve as per
the manufacturer’s instructions. Sensitivity of detection
of the analyte was 125 pg/mL.

Statistical analysis

GraphPad Prism software version 9 was used for per-
forming data analysis and plotting graphs. Unpaired data
from the cases and controls enrolled in the study were
compared using Mann Whitney test. Correlation analy-
sis was performed to calculate Spearman’s rank correla-
tion coefficient. P-values less than 0.05 were considered
significant.

Results

Study participants

Demographic and clinical characteristics of cases (n=70)
and controls (n=68) enrolled in the study are given in
Table 2. Cases were virally suppressed PLHIV on ART for
more than 5 years (median: 9 years; IQR:7-10 years). Age
criteria for enrolling cases and controls was 40 to 55 years
and there was no significant difference in their ages. 90%
PLHIV enrolled in the study were shifted to dolutegravir
based regimen at the time of the enrollment as per the
national guidelines with the median duration of switch to
the regimen of 11 months (IQR: 9-12 months).

Higher expression of immune activation markers on T cells
in PLHIV

Expression of activation markers such as CD25, CD38
and HLA-DR were assessed on CD4 and CD8 T cells by
flow cytometry and the results are presented in Fig. 2.
PLHIV had significantly higher levels of activated CD4
and CD8 T cells than controls as indicated by CD38
expression (p=0.0031 & <0.0001, respectively). Fre-
quencies of CD4 T cells expressing HLA-DR and CD25

Table 2 Characteristics of study participants
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were also higher in PLHIV than the controls (p=0.001 &
<0.0001, respectively). However, surprisingly CD8 T cells
expressing HLA-DR (p<0.0001) were significantly lower
in cases than the controls. Frequency of CD25 expressing
CD8 T cells did not differ significantly between cases and
controls.

Higher frequency of immunosenescent cells in PLHIV
Frequency of CD28neg T cells and expression of CD57
were assessed to determine the immunosenescent status
of CD4 and CD8 T cells. Frequency of CD4 and CD8 T
cells expressing CD57 (p=0.0149 & <0.0001, respectively)
was higher in PLHIV than the controls as shown in Fig. 3.
Similarly CD28neg CD4 and CD8 T cells were higher in
the cases (p=0.0004 & <0.0001, respectively).

Lower frequency of naive T cells in PLHIV

We also analyzed maturation phenotypes of CD4 and
CD8 using CD45RA and CCR7 expressions. Both posi-
tive cells were labelled as naive, CD45RA +CCR7- were
terminal effector memory T cells (TEMRA cells),
CD45RA-CCR7+cells were central memory and both
negative were labelled as effector memory CD4 cells.
Naive CD4 and CD8 T cells (p=0.0114 & 0.0102, respec-
tively) were lower in the cases as compared to controls as
shown in Fig. 4. Contrarily central memory CD4 T cell
population was higher in the cases than in the controls.
There were no significant differences in the other cell
populations.

Higher CMV IgG index, but lower sCD14 levels in PLHIV

We measured CMV IgG index and sCD14 levels in
plasma samples of PLHIV and uninfected controls. CMV
IgG index was significantly higher in cases than the con-
trols, while sCD14 levels were significantly lower in cases
than those in the controls as shown in Fig. 5.

Correlation of immunosenescent CD4 T cells with immune
activation markers in PLHIV and HIV uninfected controls
Correlation analysis of immunosenescent CD4 T cells
with immune activation markers in PLHIV and HIV
uninfected controls is shown in the form of heat-map
in the Fig. 6. CD28 negative CD4 T cells in cases were
found to significantly correlate positively with TEMRA

Controls (n=68) Cases (n=70) p value
Age (years); Median (IQR) 47(42-52) 47(45-51) NS
Sex; Male: Female 31:37 36:34 NS
CD4 Abs Count (cells/crnm); Median (IQR) 808.5(665.5-1019) 611.5(448-730.5) <0.0001
CD4% Count; Median (IQR) 41.5(37-46.75) 30(25.75-35.25) <0.0001
Number on DTG based therapy - 63 (90%)
Duration of DTG based therapy (months); Median (IQR) 11(9-12)

*IQR- Interquartile ranges; NS- Not significant
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Fig. 2 T cells expressing activation markers: Percent CD4 and CD8 T cells expressing activation markers such as CD25 (a and d, respectively), CD38 (b and
e, respectively) and HLA-DR (c and f, respectively) are shown on'Y axis in controls and cases (X-axis) in the bar graphs. Horizontal lines in each data set
represent medians for the values. P values of the unpaired data were calculated using Mann Whitney test and p values showing significant differences in
the frequencies are indicated as ** (p <0.01), **** (p <0.0001). NS- not significant

and negatively with central memory CD4 T cells. While
CD57+CD4 T cells in cases correlated positively with
CD4 T cells expressing activation markers such as CD25,
HLA-DR and CD38 as well as with central memory CD4
T cells.

CD28 negative CD4 T cells in controls correlated posi-
tively with CD57+CD4 T cells and negatively with and
HLA-DR expression on CD4 cells as well as sCD14 levels.
CD57+CD4 cells correlated positively with CD25+CD4
T cells.

Significant correlations observed in controls (a) with
respect to CD4 T cells were as follows CD28 neg and
CD57+, CD28 neg and CD25+, CD28 neg and HLA-DR+,
CD28 neg and sCD14; CD57+and CD25; CD25 and
sCD14; HLA-DR+and TEMRA; HLA-DR+and naive
cells; HLA-DR +and sCD14; CD38+and central memory;
CD38 and effector memory; TEMRA and central mem-
ory; naive and effector memory cells.

Significant correlations observed in cases (b) with
respect to CD4 T cells were as follows CD28 neg and
TEMRA; CD28 neg and central memory; CD57+and
CD25; CD57+and HLA-DR; CD57+and CD38;
CD57+and central memory; CD25 and HLA-DR+

CD25 and CD38; CD25 and naive cells; CD25 and central
memory; CD25 and effector memory; CD25 and sCD14;
HLA-DR+and TEMRA; HLA-DR+and effector mem-
ory; CD38+and naive cells; CD38+and central memory;
CD38 and effector memory; TEMRA and central mem-
ory; naive and effector memory cells.

Correlation of immunosenescence markers expressed on
CD8 with immune activation markers in PLHIV
Correlation analysis of immunosenescent CD8 T cells
with immune activation markers in PLHIV and HIV
uninfected controls is shown in the form of heat-map in
the Fig. 7. CD28 negative CD8 T cells in cases were found
to significantly correlate positively with CD57+CD8
T cells, TEMRA, effector memory CD8 T cells and
negatively with central memory as well as naive CD8 T
cells. CD57+CD8 T cells in cases correlated positively
with CD38+and TEMRA CD8 T cells and negatively
with naive CD8 T cells. Both CD28 negative as well as
CD57+T cells correlated positively with CMV IgG index.
HLA-DR+CD8 T cells correlated positively with effec-
tor memory CD8 T cells and sCD14 levels, but negatively
with central memory CD8 T cells.

CD28 negative CD8 T cells in controls correlated
positively with CD57+and CD38+CD8 T cells as well
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as TEMRA. While a negative correlation was observed
between CD28 negative CD8 T cells and central mem-
ory CD8 T cells as well as sCD14 levels. Similarly
CD57+CD8 cells correlated positively with CD38+and
TEMRA CD8 T cells as well as with CMV IgG index. A
negative correlation was observed between CD57+CD8
T cells and naive CD8 T cells. A positive correla-
tion was also observed between CD25+CDS8 T cells,
HLADR+CDS8 T cells and sCD14 levels. CMV IgG index
correlated positively with CD38+and TEMRA CD8 T
cells.

Significant correlations observed in controls (a) with
respect to CD8 T cells were as follows CD28 neg and
CD57+, CD28 neg and CD38+, CD28 neg and TEMRA;
CD28 neg and effector memory; CD28 neg and sCD14;
CD57+and CD38; CD57+and TEMRA; CD57+and
naive cells; CD57+and CMV IgG index; CD25+and
HLA-DR+; CD25+and sCD14; HLA-DR +and naive cells;
HLA-DR+and effector memory; HLA-DR+and sCD14;
CD38+and TEMRA; CD38+and central memory; CD38
and CMV IgG index; TEMRA and naive cells; TEMRA
and central memory; TEMRA and CMV IgG index; cen-
tral memory and effector memory cells.
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Fig. 7 Heat map of correlation analysis of immunosenescent CD8 T cells: The heat maps show correlation analysis between different phenotypes of CD8
T cells, anti-cytomegalovirus IgG index and sCD14 levels in (a) HIV uninfected controls and (b) PLHIV on long term ART. The correlation coefficient (Spear-
man r) values are shown in each cell and as shades of gray as indicated in the scale shown in the figure. * (p <0.05); ** (p <0.01), *** (p <0.001)

Table 3 Correlation of Dolutegravir duration with systemic
immune inflammatory markers

Correlation of Dolutegravir  rvalue Confidence p

duration with interval value

sCD14 concentration (ng/ml)  -0.2177 -0439%4 to 0.0373
0.02907

CMV IgG Index -0.1692 -0.3978 to 0.0840
0.07933

Significant correlations observed in cases (b) with
respect to CD8 T cells were as follows CD28 neg
and CD57+, CD28 neg and HLA-DR; CD28 neg and
TEMRA; CD28 neg and naive cells; CD28 neg and cen-
tral memory; CD28 neg and effector memory; CD28
neg and CMV IgG index; CD57+and CD38; CD57+and
TEMRA; CD57+and central memory; CD57+and CMV
IgG index; CD25+and CD38; CD25 and TEMRA; HLA-
DR+and naive cells; HLA-DR+and effector memory;
HLA-DR+and sCD14; CD38+and TEMRA; TEMRA
and naive cells; TEMRA and central memory; naive and
central memory; naive and effector memory; naive and
sCD14; central memory and effector memory cells.

Correlation of duration of dolutegravir based antiretroviral
therapy with anti-CMV antibody titres and sCD14 levels

PLHIV in our study were in the phase of transition
to dolutegravir based ART. We assessed correlation
between duration of dolutegravir based ART in months
with anti-CMV antibody titres and sCD14 levels to
determine if dolutegravir had any effect on the levels.
Both anti-CMV IgG index and sCD14 levels negatively
correlated with the duration of dolutegravir based ART
(Table 3). Although this correlation was significant for

sCD14 levels, only a trend of negative correlation was
observed for CMV IgG index. No significant correlations
were observed between dolutegravir duration and any of
the immunosenescence markers and hence that data is
not shown.

Discussion

Premature inflammaging is a serious problem in HIV
infection predisposing PLHIV to an enhanced risk of
infections, autoimmune diseases, cancers etc. Inflam-
maging is mainly contributed by immune activation
which is elevated in HIV infection. Long term ART has
been shown to alleviate immune activation to some
extent by lowering levels of many immune activation
markers. However, levels of these markers may not reach
the levels seen in HIV uninfected individuals. Inflam-
maging also occurs in elderly HIV uninfected individu-
als as a part of the aging process [24]. People residing in
India share almost 27.5% of global burden of the infec-
tious diseases [25] and hence are known to have higher
levels of immune activation markers owing to the con-
stant exposure to different chronic infectious diseases
[26]. Hence it is important to determine levels of immune
activation and immunosenescence markers in PLHIV
under treatment as compared to their uninfected peers
so as to understand if they are at a higher risk of age
related conditions.

T cell Immune activation markers assessed cases and
controls enrolled in our study were HLA-DR, CD38
and CD25. CD4 T cells expressing the markers were
significantly higher in cases than the controls indicat-
ing increased CD4 T cells activation. CD38 expressing
CD8 T cells were also significantly higher in cases than
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the controls indicating increased CD8 T cell activation.
CD4 and CD8 T cell activation as assessed by CD38 and
HLA-DR expression has been previously reported to be
higher in PLHIV on virally suppressive ART than HIV
uninfected controls [27]. Such persistently high immune
activation is thought to be multifactorial being contrib-
uted by co-morbidities, chronic coinfections, residual
viral expression, etc [28]. Interestingly CD8 expressing
CD25 and HLA-DR markers were lower in the cases than
the controls. A loss of HLA-DR expressing CD8 T cells
after cryopreservation had been reported by us previ-
ously [29]. HLA-DR expressing CD8 cells are shown to
expand in HIV infection as well as during the aging pro-
cess [30, 31]. HLA-DR+CD8+T lymphocytes have been
shown to constitute a subset of regulatory T cells [32]
and their reduced frequency might indicate an altered
state of immunoregulation in PLHIV. On the flip side,
these regulatory T cells might interfere in elimination
of HIV reservoirs by suppressing immune responses
through IL-10 dependent or independent mechanisms
[33, 34]. HLA-DR+CD8+T lymphocytes were found to
be positively correlated with HIV DNA in one of the pre-
vious studies [35] indicating their possible interference
in the elimination. Dolutegravir is thought to be able to
reduce HIV reservoirs because of its high genetic barrier
[36]. Effect of dolutegravir therapy on the size of viral res-
ervoirs needs to be further investigated. We did not ana-
lyze HLA-DR and CD38 double positive T cells for their
association with the other reported markers as they are
mainly found to correlate with viremia in PLHIV [37]
and were shown to be correlated differentially with the
various markers reported in the study. Their expression
in inflammation and morbidities associated with aging is
also reported to vary on various T cell subsets [38].

We categorized CD4 and CD8 T cells as naive, effec-
tor memory, central memory and TEMRA based on the
expression of CD45RA and CCR7. Naive CD4 and CD8
T cells were significantly lower in cases than the controls.
Conversely PLHIV showed higher frequency of central
memory CD4 T cells while all other subset did not differ
significantly between cases and controls. Lower percent-
age of naive CD4 cells and resultant increase in the per-
centages of memory CD4 T cells than reference ranges
determined in healthy controls has been reported after
long term ART in PLHIV [39]. Naive T cells are mainly
important in mounting immune responses against new
antigens. Hence their decreased frequency makes these
individuals susceptible to newer infections and also com-
promises their response to vaccine candidates.

Further the frequencies of immunosenescent CD4 and
CD8 T cells identified by CD57 expression as well as
negative for CD28 expression were significantly higher
in PLHIV as compared to their controls. Immunosenes-
cent T cells as identified by CD57 expression and lacking
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CD28 expression are shown to expand in HIV infec-
tion in spite of well controlled HIV replication [40, 41].
Chronic immune activation is thought to expand popu-
lations of TEMRA T cells having immunosenescent fea-
tures, leading to premature aging of the immune system
[41, 42]. Hence we looked for associations between T cell
activation and immunosenescence markers. Positive cor-
relations between immunosenescent T cells with T cells
expressing either of the activation markers such as CD25,
HLA-DR and CD38 in the study in both controls as well
as cases, although the correlations were not consistent.
CD4+T-cell activation (i.e., percentage of CD38+HLA-
DR +cells) was strongly associated with the proportion
of CD4+CD57+T cells in PLHIV receiving ART [27].
Immunosenescent T cells also correlated positively with
TEMRA as was reported previously [41, 42].

We further performed correlation analysis to deter-
mine association of the immunosenescence markers with
different inflammatory markers to understand if any of
the markers could have contributed to their increased
expression. We found that the CMV IgG index was higher
in PLHIV than the controls and it correlated significantly
with CD57 and /or CD28 negative CD8 T cells in cases as
well as control. Impact of CMV infection on immunose-
nescence is well known. CMV infection leads to expan-
sion of CD8+TEMRA that re-express CD45RA [43].
We also found a positive correlation with CD8 TEMRA
and CMV seropositivity in cases as well as controls. We
also found higher CMV IgG index in cases than those in
the controls as was also reported previously [27]. Anti
CMYV antibody levels have been shown to be associated
with viral DNA levels or reactivation [44—46] indicat-
ing the role of CMV infection in enhancing risk of CD8
immunosenescence. Conditions like inflammation, car-
diovascular disease, stroke, endothelial dysfunction are
associated with the CMV sero-positivity and high anti-
body levels [47]. Our cases and controls were asymptom-
atic for CMV infection and the direct evidence of viral
reactivation in the participant was lacking. However, cor-
relation of CMV antibody levels with immunosenescence
highlights the need for determining CMYV viral loads for
providing evidence of subclinical CMV reactivation.

We observed contrasting results with sCD14 levels.
The levels were significantly lower in PLHIV than the
controls. Dolutegravir is known to exert beneficial effects
on inflammatory markers by reducing sCD14 levels [10].
Reductions in sCD14 levels have been reported after
switch to integrase based regimen from protease as well
as non-nucleoside reverse transcriptase inhibitors based
regimens [10, 48]. Our cases were in transition to dolute-
gravir based therapy and this could be one of the reasons
for lower sCD14 levels observed in our study. sCD14
levels correlate negatively with the duration of dolute-
gravir based therapy in the cases indicating the role of
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dolutergavir use in lowering sCD14 levels. Moreover
sCD14 levels are also shown to be subtype dependent
with lower levels associated with subtype C infections
owing to reduced ability of HIV-1 C Tat in inducing
inflammatory markers in monocytes [49]. This might also
be a reason for the observed discrepancy in our findings
in comparison to the reports from western countries with
predominance of subtype B infections. We also observed
a negative correlation of duration of dolutegravir based
regime with CMV IgG index suggesting a need to deter-
mine the role of dolutegravir in controlling CMV infec-
tion. Since the correlation was weak and not significant,
it needs to be interpreted with caution.

Negative correlation observed between immunosenes-
cence markers with sCD14 levels was also a surprising
finding. sCD14 is considered to be a monocyte activation
marker and hence is thought to contribute to accelerated
aging. However, one of the mechanisms by which sCD14
would act is by competing with the CD14 receptor for
binding LPS reducing LPS-induced monocyte activa-
tion [18]. Soluble CD14 also acts as a negative regula-
tor of human T cell activation [50]. The soluble form of
CD14 protects against experimental inflammatory bowel
disease in mice by promoting the integrity of the gut
epithelium [51]. However, regulatory action of sCD14
is under-reported and needs to be further explored to
understand its possible role in inducing immunosenes-
cence. Interestingly levels of sCD14 and CD8 HLA-DR
have been reported to be associated with size of inte-
grated HIV DNA load and both these markers were sig-
nificantly lower in our PLHIV indicating a need to study
the size of viral reservoir in these participants [52].

Conclusion

Virally suppressed PLHIV showed higher levels of
immune activation and impaired CD8 T cell mediated
immune regulation despite being on long-term ART.
They also had higher levels of immunosenescence mark-
ers possibly indicating their compromised immune
responses against infections and cancers. Associations
between anti-CMV antibody titres and immunosenes-
cence markers indicated a need for intervention strate-
gies for managing even subclinical CMV infection in
PLHIV for countering immunosenescence in HIV infec-
tion. sCD14 levels, although considered as the marker of
immune activation, were negatively associated with T cell
immunosenescence questioning the protective effect of
dolutegravir-induced reduction in sCD14 levels on aging
related comorbidities.

Abbreviations

HIV Human Immunodeficiency Virus

PLHIV People living with HIV

ART Antiretroviral treatment

AIDS Acquired immunodeficiency syndrome
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(@Y% Lipopolysaccharide

LPS Cytomegalovirus

sCD14 soluble CD14

oD Optical density

IQR Interquartile ranges

NS Not significant

TEMRA cells  Terminal effector memory T cells
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