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Abstract: The increased life expectancy of PLHIV (People Living with HIV) and the successful
highly combined antiretroviral therapy (cART) poses new clinical challenges regarding aging and
its co-morbid condition. It is commonly believed that HIV infection “accelerates” aging. Human
immunodeficiency virus type 1 (HIV-1) infection is characterized by inflammation and immune
activation that persists despite cART, and that may contribute to the development of co-morbid
conditions. In this regard, we aimed to compare current cART regimens in light of premature aging
to evaluate differences in their ability to reduce immune activation and inflammation in virologically
suppressed patients. We studied a panel of biomarkers (IFN-y, IL-1j3, IL-12p70, IL-2, IL-4, IL-5,
IL-6, IL-13, IL-18, GM-CSFE, TNF-«, C-reactive protein, D-dimer, soluble CD14), which could provide
a non-invasive and affordable approach to monitor HIV-related chronic inflammation. The results of
the current study do not provide hard evidence favoring a particular cART regimen, although they
show a less favorable regimen profile containing a protease inhibitor. Our data suggest an incomplete
reduction of inflammation and immune activation in terms of the effective cART. It is likely that the
interest in various biomarkers related to immune activation and inflammation as predictors of clinical

outcomes among PLHIV will increase in the future.

Keywords: aging; HIV-1; combined antiretroviral therapy; chronic inflammation

1. Introduction

In 2022, almost three-quarters (71%) of people living with HIV (PLHIV) have un-
detectable viral load thanks to cART. Viral suppression enables PLHIV to live long and
healthy lives [1]. The proportion of HIV-1 patients over the age of 50 has increased dramat-
ically due to improved survival and in relation to the higher number of infected people
in older age groups [2]. We must not forget that these patients still have increased mor-
bidity and mortality compared to the general population [3], even upon completion of
successful cART. PLHIV show progressive immune system dysfunction similar to that
observed in the elderly; that is why HIV infection is considered to be a model of accelerated
immunosenescence [4].

Viruses 2024, 16, 1205. https://doi.org/10.3390/v16081205

https:/ /www.mdpi.com/journal /viruses


https://doi.org/10.3390/v16081205
https://doi.org/10.3390/v16081205
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/viruses
https://www.mdpi.com
https://orcid.org/0009-0001-7360-4302
https://orcid.org/0000-0001-9053-6949
https://orcid.org/0009-0009-8456-8851
https://orcid.org/0000-0002-3186-1124
https://orcid.org/0000-0001-8563-5520
https://orcid.org/0000-0001-7711-6798
https://orcid.org/0000-0002-1282-8441
https://orcid.org/0000-0002-0095-263X
https://doi.org/10.3390/v16081205
https://www.mdpi.com/journal/viruses
https://www.mdpi.com/article/10.3390/v16081205?type=check_update&version=1

Viruses 2024, 16, 1205

2 of 15

All that raises new clinical issues regarding aging and its related co-morbid conditions
in PLHIV [5], which occur more frequently in them than in the general population [6,7]
and in relatively young HIV-1 patients even with persistent viral suppression. They
include neurocognitive disorders, cardiovascular disease (CV), metabolic syndrome, bone
abnormalities, and non-HIV cancers [8]. Most of these diseases are associated with chronic
inflammation and activation of the immune system [9].

A broad range of biomarkers has been proposed for the study of aging. For exam-
ple, telomere length, epigenetic clocks, mitochondrial DNA, apolipoprotein J/Clusterin,
proteasome subunits, NAD/NADH ratio, lipid alterations in plasma, plasma levels of
essential amino acids, soluble inflammatory markers, cell surface molecules, and MARK-
AGE. Future studies would focus on the optimization of biomarkers for use in routine
clinical practice [10].

Microbial translocation, continued production of HIV, co-infections, loss of regulatory
T cells, damage to the thymus and lymphoid infrastructure, smoking, obesity, alcohol
drinking, and low social status are indicated as causes of aging [11-14]. The progressive
mitochondrial damage induced by cART treatment likely contributes to senescence even in
the era of modern cART [15].

This made us set an objective to compare different cART regimens in PLHIV in the light
of residual immune activation and dysfunction by examining a panel of biomarkers (IFN-y,
IL-1B3, IL-12p70, IL-2, IL-4, IL-5, IL-6, IL-13, IL-18, GM-CSF, TNF-«, C-reactive protein,
D-dimer, soluble CD14—a part of proposed biomarkers for immune activation), which
could provide a non-invasive and affordable approach to monitor HIV-related chronic
inflammation in virologically suppressed patients and help us determine whether there is
a difference in the ability of cART regimens to correct immune activation in chronic HIV
infection. This will probably reduce morbidity and mortality resulting from non-HIV-1
related diseases and the burden on the health system.

2. Materials and Methods
2.1. Participants” Selection

It concerns a prospective cross-sectional study conducted in the Acquired Immunode-
ficiency Department at Infectious Disease Hospital “Prof. I. Kirov” EAD—Sofia, Bulgaria.

We involved a total of 80 individuals in the study: 17 of them taking Emtric-
itabine/Tenofovir alafenamide/Darunavir/Cobicistat (FTC/TAF/DRV/c); 17 of them
taking Lamivudine/Tenofovir disoproxil fumarate/Doravirine (3TC/TDF/DOR); 18 of
them taking Emtricitabine/Tenofovir alafenamide/Bictegravir (FTC/TAF/BIC); 18 of them
taking Lamivudine/Dolutegravir (3TC/DTG); and 10 of them taking Dolutegravir/Rilpivirine
(DTG/RPV). A description of the studied group is presented in Tables 1 and 2.

The following inclusion criteria were used: positive HIV status; age over 18 years;
all patients involved in the study are HIV-positive with persistent viral suppression
(VL <40 ¢/mL > 1 year).

The following exclusion criteria were used: age under 18 years; pregnancy; participants
who refuse to sign informed consent; administration of non-steroidal anti-inflammatory
drugs in the last 1 month; patients who do not have persistent viral suppression, i.e., who
do not have VL <40 ¢/mL > 1 year.

Each patient signs an informed consent approved by the research ethics committee at
Sofia Medical University (BK-455/31.03.2023).
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Table 1. A description of the studied group.

Mean Standard Deviation Median Percentile 25 Percentile 75
Age 41 8
Baseline CD4 count 370 252 537
Baseline CD8 count 1012 707 1290
Baseline CD4/CD8 count 0.37 0.23 0.55
Baseline VL copies/mL count 64,429 14,300 150,318
Baseline log10 4.69 0.92
Duration of cART (years) 35 25 6.8
Present CD4 740 336
Present CD8 836 297
Present CD4/CD8 0.86 0.63 1.22
PI (currently) 3 3 3
INI (currently) 25 2.0 3.0
NNRTI (currently) 3 2 3
NRTI (currently) 2.5 2.0 3.0
PI (previous) 5 4 7
INI (previous) 3 1
NNRTI (previous) 4 4 5
NRTI (previous) 4 3 5
PI (total) 4.5 3.0 7.8
INI (total) 3 3 4
NNRTI (total) 3 2 7
NRTI (total) 35 2.5 5.8
Table 2. A description of the studied group.
Count Column N %
Female 8 10.0%
Sex Male 72 90.0%
3TC/DTG 18 22.5%
3TC/TDF/DOR 17 21.3%
cART (Antiretroviral therapy) DTG/RPV 10 12.5%
FTC/TAF/BIC 18 22.5%
FTC/TAF/DRV/c 17 21.3%
. no 40 50.0%
Switched yes 40 50.0%
3TC/ZDV+LPV/r 1 2.5%
ABC/3TC/DTG 8 20.0%
ABC/3TC+ATV+RTV 1 2.5%
ABC/3TC+DRV/c 2 5.0%
ABC/3TC+DRV+RTV 2 5.0%
ABC/3TC+RAL 1 2.5%
. ABC/3TC+RPV 2 5.0%
Previous cART DDI+ZDV+LPV/r 1 2.5%
FTC/TDF+DRV/c 2 5.0%
FTC/TDF+DRV+RTV 5 12.5%
FTC/TDF+DTG 7 17.5%
FTC/TDF+RAL 1 2.5%
FTC/TDF+RPV 6 15.0%
TDF+EFV 1 2.5%
CD4 over 500 cells/uL 31 38.8%
HIV stages at cART initiation CD4 from 250 to 499 cells/puL 33 41.3%
CD4 under 250 cells/uL 16 20.0%
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Table 2. Cont.

Count Column N %
to 3 years 38 47.5%
Duration of VL < 40 from 3 to 5 years 14 17.5%
from 5 to 10 years 28 35.0%
A 48 60.0%
Clinical presentation B 18 22.5%
C 14 17.5%
no 72 90.0%
CVDs yes 8 10.0%
no 53 66.3%
STDs yes 27 33.8%
no 65 81.3%
Others yes 15 18.8%
Smokin no 48 60.0%
& yes 32 40.0%
. no 76 95.0%
Psychoactive drugs yes 4 5.0%
no 76 95.0%
Alcohol yes 4 5.0%
no 79 98.8%
Other harmful factors yes 1 1.3%
no 42 52.5%
Harmful factors yes 38 47.5%
IVDU 9 11.3%
Transmission group MSM 58 72.5%
unknown 13 16.3%
. no 63 78.8%
PIs in present therapy yes 17 21.3%
. no 34 42.5%
INIs in present therapy yes 46 57.5%
. no 53 66.3%
NNRTIs in present therapy yes 77 33.8%
. no 10 12.5%
NRTIs in present therapy yes 70 87.5%
. . no 27 67.5%
PIs in previous therapy yes 13 32.5%
. . no 23 57.5%
INIs in previous therapy yes 17 42.5%
. . no 31 77.5%
NNRTIs in previous therapy yes 9 22.5%
. . no 0 0.0%
NRTIs in previous therapy yes 40 100.0%

2.2. Collection of Biological Material

For the purposes of biomedical research, the following serological markers, such as
IFN-v, IL-1B, IL-12p70, IL-2, IL-4, IL-5, IL-6, IL-13, IL-18, GM-CSF, TNF-«, C reactive
protein, D-dimer, and CD14 soluble in venous blood, will be analyzed. A closed vacutainer
system was used for each participant in the study, following the standard sterility proce-
dures. We used vacutainers with a clot activator and 3-10 mL blood. To determine the viral
load (VL), we used EDTA tubes as an anticoagulant.
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Storage of biological material to study IFN-v, IL-13, IL-12p70, IL-2, IL-4, IL-5, IL-6,
IL-13, IL-18, GM-CSF, TNF-«, and soluble CD14: after collection and centrifugation, equal
aliquots of serum were frozen at a temperature of —80 °C until all samples were collected for
their overall analysis. C reactive protein, D-dimer, and VL were examined simultaneously.

2.3. Biomarkers Measurement

For the purposes of the study, we used a highly sensitive immunological Human
ProcartaPlex™ Kit (Termo Fisher, Vienna, Austria) to measure IFN-y, IL-1§3, IL-12p70,
IL-2, IL-4, IL-5, IL-6, IL-13, IL-18, GM-CSF, and TNF-« proteins in combination, in the
form of a multiplex panel that uses Luminex xXMAP technology for protein detection and
quantification. The ProcartaPlex immunological tests that we used were based on the
sandwich ELISA principles. The capture antibody in the ProcartaPlex assay is conjugated
to magnetic beads and is not adsorbed to the microplate well so that the ProcartaPlex assay
reagents are floating freely in the solution. Similarly, soluble CD14 was assayed with the
help of CD14 Human ProcartaPlex™ Simplex Kit (Thermo fisher), using the technology
described above.

The LLOQ (Limit of Quantitation) is listed for each analyte in the kit description. Due
to the fact that the LLOQ in pg/microl indicated by the manufacturer is “Determined in
cell culture medium”, but we are working with serum, where much lower concentrations
of the given analyte are expected, we have used the following analysis: Curve Fitting
Analysis Point-to-Point- interpolation between two adjacent points using a line (y = ax + b).
The parameter of the x-axis is concentration (in pg/mL), and the parameter of the y-axis
is given as MFI. The MFI of each standard point is blankcorrected by subtraction of the
Blank-MFI (MFI-MFI_Blank). This type of analysis allowed us to detect a value between
the concentration of the lowest standard and corrected Blank-MFI. The calculation of LLOQ
and ULOQ was based on the maximum acceptable Bias with a Cut-off at 30% Bias and Fit
100%. So, practically, we were able to detect values between 0 and the lowest standard
value (specified by the manufacturer).

We used the Finecare™ CRP Rapid Quantitative Test and Finecare™ D-Dimer Rapid
Quantitative Test, along with the Finecare™ FIA Meter—fluorescent immunoassay for
quantitative measurement of D-Dimer. We used whole human blood as a material. It is
based on fluorescence immunoassay technology. The Finecare™ D-Dimer Rapid Quan-
titative Test uses a sandwich immunodetection method. When the sample is added to
the sample well, the fluorescently labeled anti-D-Dimer/anti-CRP detector on the mem-
brane binds to the D-Dimer/CRP antigen in the blood. The mixture migrates onto the
nitrocellulose matrix of the test strip, and the detector antibody and D-Dimer/CRP com-
plexes are captured by the D-Dimer/CRP antibody that has been immobilized on the test
strip. Thus, if a larger amount of D-Dimer/CRP antigen is contained in the sample, more
complexes will accumulate on the test strip. The fluorescence intensity of the detector
antibody reflects the amount of captured D-dimer/CRP, and the Finecare™ FIA Meter
indicates the concentration of D-dimer/CRP. The result is displayed as XXX mg/L by the
Finecare™ FIA Meter.

2.4. Viral Load Measurement

We used the Abbott RealTime HIV-1 test. The Abbott RealTime HIV-1 Test is an in vitro
reverse transcription polymerase chain reaction (RT-PCR) test for quantification of human
immunodeficiency virus type 1 (HIV-1) on the m2000 automated system in human plasma
taken from HIV-1 infected individuals above 40 copies/mL Reverse transcription PCR is
a qualitative test for determination of HIV-1 RNA in plasma. Real-time PCR uses real-time
homogeneous fluorescence detection technology.

The design of the probes included in the test is partially double-stranded and allows
the detection of a variety of group M subtypes and group O isolates. The assay was
standardized based on a viral standard from the Virology Quality Assurance (VQA) system
of the Laboratory of AIDS Clinical Trial Group [(Yen-Lieberman, 1996)] and in accordance
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with the first international HIV-1-RNA (97-656) standard of the World Health Organization
(WHO) [(Holmes, 2001)]. HIV-1 viral load testing uses RT-PCR to generate an amplified
product of the HIV-1 RNA genome in clinical samples. A sequence unrelated to the HIV-1
target sequence was introduced into each tube at the beginning of sample preparation. This
unrelated RNA sequence was amplified along with the viral genome through RT-PCR and
served as an internal control (IC) to demonstrate that the process was properly conducted
in each sample. The amount of HIV-1 was measured at each cycle using fluorescently
labeled oligonucleotide probes. Probes do not produce a signal unless they are associated
with the target product.

The entire work process was performed according to the manufacturer’s recommendations.

2.5. Statistical Methods

The quantitative variables are presented with median and interquartile ranges (25th
and 75th percentiles) due to their non-Gaussian distribution. The distribution pattern was
evaluated using the Kolmogorov-Smirnov test. Spearman’s rank correlation coefficient
was used to evaluate relationships between quantitative variables.

The mean values of two groups were compared with those obtained upon completion
of the Mann-Whitney U test and mean values of more than two groups were compared with
those obtained upon completion of the Kruskal-Wallis test; p-values < 0.05 were considered to
be statistically significant. All analyses were performed using IBM SPSS Statistics 26.

3. Results
3.1. Relationship between the Studied Indicators and Some Variables

o IL-12p70 was weakly positively related to the age (Spearman’s rho = 0.237, p = 0.034).
A significant difference was found between the two sexes only for IL-4 (p = 0.002),
which was significantly higher in men.

e  The relationship between examined biomarkers and the baseline CD4 count and the
clinical category of HIV was evaluated with Spearman’s rank correlation coefficient.
No significantly different values of the indicators were proven depending on the
baseline CD4 count. The baseline clinical category of HIV was weakly positively
related to IL-18 (Sperman’s rho = 0.226, p = 0.044) and IL-4 (Sperman’s rho = 0.244,
p = 0.029).

e No significantly different values of the indicators were proven depending on the
presence of cardiovascular diseases (CVDs), sexually transmitted diseases (STDs), or
other diseases.

e No significantly different values of the indicators were proven depending on the
presence of smoking, although the differences in the values of sCD14 were higher in
smokers but with borderline significance (p = 0.058). No significantly different values
of the indicators were proven depending on the alcohol use.

e IFN-y was found to be related to the duration of cART through a weak and inverse
relationship, i.e., the increased duration of the therapy leads to a decreased value of
IFN-y (Spearman’s tho = —0.271, p = 0.015). IL-4 was moderately strongly positively
related to the duration of cART (Spearman’s rho = 0.306, p = 0.006). D-dimer was
weekly positively related to the duration of cART (Spearman’s rho = 0.228, p = 0.043).

e  Significantly different values of the indicators were proven depending on whether the
patient switched therapy in the values of IL-2 (p = 0.005) and IL-5 (p = 0.005)—patients
who switched had higher values.

e  We found some dependencies between the studied indicators and the duration of
taking some of the cART regimens. IFN-y was negatively related to the duration of
the previous intake of integrase inhibitors (Sperman’s rho = —0.485, p = 0.049) and
nucleoside analogs (Sperman’s rho = —0.404, p = 0.010). IL-2 was positively related to
the duration of current non-nucleoside analogs use (Sperman’s rho = 0.442, p = 0.019).
IL-2 was positively related to the total duration of nucleoside analogs use (Sperman’s
rho = 0.259, p = 0.020) (Table 3).
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Table 3. Dependencies between the studied indicators and the duration of taking some of the cART regimens (PIs—Protease inhibitors, INIs—Integrase inhibitors,
NNRTIs—Non-nucleoside reverse transcriptase inhibitors, NRTIs—Nucleoside reverse transcriptase inhibitors).

GM-CSF IFN-y IL-1B IL-12p70 IL-13 IL-18 IL-2 IL-4 IL-5 IL-6 TNF-alpha CRP d-dimer sCD14

?Xg}t‘(‘;gaogho pho 0.116 —0.271 0.030 —0.069 —0.087 —0.067 0.266 0.164 0.306 0.057 0.146 0.058 0.228 0.148
p 0.305 0.015 0.793 0.545 0.442 0.556 0.017 0.147 0.006 0.615 0.197 0.610 0.043 0.219

N 80 80 80 80 80 80 80 80 80 80 80 79 79 71

PI (currently) pho 0.459 0.266 —0.379 —0.017 0.149 0.190 0415 —0.224 —0.308 0.119 0.246 0.014 0.199 0.205
p 0.064 0.302 0.134 0.948 0.567 0.465 0.097 0.387 0.229 0.648 0.340 0.958 0.444 0.481

N 17 17 17 17 17 17 17 17 17 17 17 17 17 14

INI (currently) pho —0.194 —0.184 —0.044 —0.171 —0.115 —0.047 —0.140 —0.157 —0.008 —0.326 0.076 —0.101 0.107 —0.046
P 0.201 0.226 0.775 0.262 0.452 0.761 0.360 0.302 0.959 0.029 0.618 0.514 0.490 0.777

N 45 45 45 45 45 45 45 45 45 45 45 44 4 41

NNRTI (currently)  pho —0.201 —0.028 0.319 0.078 —0.113 0.069 0.442 0.247 0.099 0.239 0.438 0.046 0.254 0.004
P 0.306 0.886 0.098 0.691 0.566 0.726 0.019 0.205 0.617 0.220 0.020 0.815 0.193 0.983

N 28 28 28 28 28 28 28 28 28 28 28 28 28 26

NRTI (currently) pho —0.005 —0.097 —0.037 —0.101 —0.159 —0.048 —0.018 —0.053 —0.101 —0.081 0.109 —0.026 0.200 0.116
p 0.967 0.425 0.758 0.405 0.189 0.694 0.880 0.664 0.405 0.504 0.371 0.830 0.099 0.373

N 70 70 70 70 70 70 70 70 70 70 70 69 69 61

PI (previous) pho —0.207 —0.407 —0.212 0.020 0.342 ~0.180 0472 —0.083 —0.244 0.124 0.004 ~0.131 —0.231
P 0.477 0.149 0.467 0.945 0.232 0.539 0.089 0.778 0.400 0.673 0.988 0.656 0.427

N 14 14 14 14 14 14 14 14 14 14 14 14 14 14

INI (previous) pho 0.038 —0.485 0.015 —0.262 —0.165 —0.465 0.078 —0.174 0.132 —0.191 —0.250 -0.133 0.133 0.439
p 0.885 0.049 0.954 0.310 0.528 0.060 0.766 0.505 0.614 0.463 0.333 0.610 0.612 0.117

N 17 17 17 17 17 17 17 17 17 17 17 17 17 14

NNRTI (previous)  pho 0.210 —0.402 0.349 —0.112 —0.332 0.131 0.420 0.436 0.490 —0.152 —0.443 —0.004 —0.110
P 0.588 0.284 0.357 0.774 0.383 0.738 0.261 0.241 0.181 0.696 0.233 0.991 0.795

N 9 9 9 9 9 9 9 9 9 9 9 9 9 8

NRTI (previous) pho —0.076 —0.404 —0.030 —0.254 —0.043 —0.194 0.051 0.136 0.138 —0.107 —-0.179 —0.106 0.137 0.078
P 0.643 0.010 0.853 0.114 0.792 0.231 0.753 0.404 0.395 0.510 0.269 0.517 0.399 0.649

N 40 40 40 40 40 40 40 40 40 40 40 40 40 36

PI (total) pho —0.015 —0.029 0.043 0.010 0.316 0.139 0.102 0.352 0.115 0.007 0.161 —0.010 0.312 0.055
P 0.944 0.893 0.843 0.964 0.133 0.516 0.634 0.092 0.593 0.973 0.453 0.964 0.138 0.814

N 24 24 24 24 24 24 24 24 24 24 24 24 24 21

INI (total) pho 0.101 0.057 0.009 0.095 0.003 0.123 0.117 0.148 0.214 0.022 0.153 —0.072 0.077 0.179
P 0.503 0.707 0.952 0.532 0.984 0.414 0.438 0.328 0.154 0.886 0.309 0.639 0.613 0.256

N 46 46 46 46 46 46 46 46 46 46 46 45 45 42

NNRTI (total) pho 0.255 —0.249 0.197 —0.050 —0.371 —0.176 0.326 0.056 0.320 0.158 0.265 0.111 0.194 —0.172
0.200 0.211 0.325 0.804 0.057 0.380 0.097 0.783 0.103 0.431 0.181 0.581 0.333 0.411

N 27 27 27 27 27 27 27 27 27 27 27 27 27 25

NRTI (total) pho 0.123 —0.181 0.070 —0.011 —0.061 —0.003 0.259 0.195 0.270 0.099 0.153 0.055 0.252 0.160

0.278 0.108 0.537 0.924 0.590 0.979 0.020 0.083 0.015 0.384 0.177 0.632 0.025 0.184
80 80 80 80 80 80 80 80 80 80 79 79 71

zZ'<
®
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3.2. Distribution of Biomarkers Depending on the cART Regimen

e  Lower measured values (almost null) of IFN gamma (p < 0.001) and IL12p70 (p = 0.006)
were observed in DTG/RPV and FTC/TAF/DRV/c regimes compared to 3TC/DTG,
3RC/TDF/DOR, and FTC/TAF/BIC regimens (Figures 1 and 2).

58

200
50

150

IFN-y

100

50

71
*

3TC/DTG 3TC/TDF/DOR DTG/RPV FTC/TAF/BIC FTC/TAF/DRV/c

Figure 1. Distribution of IFN-y depending on the cART regimen. Patients following DTG/RPV and
FTC/TAF/DRV/c regimens had almost zero IFN-y levels. IQR (interquartile range) is narrower for
the FTC/TAF/BIC regimen than the 3TC/DTG and 3TC/TDF/DOR regimen, i.e., the values vary to
the smallest degree. * The symbol * means extreme values. The symbol © means outliers.

57

IL-12p70

2
42
*46
o
7180
: AN
0

3TC/DTG 3TC/TDF/DOR DTG/RPV FTC/TAF/BIC  FTC/TAF/DRV/c

Figure 2. Distribution of IL12p70 depending on the cART regimen. The lowest IL-12p70 values
were observed in DTG/RPV patients. They were followed by those following the FTC/TAF/DRV/c
regimen. * The symbol * means extreme values. The symbol ° means outliers.
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With regards to IL12p70, only in the FTC/TAF/BIC regimen is the median distinctly
higher, i.e., the patients from this group tend to show significantly higher values of this
indicator compared to all other groups. Regarding the 3TC/DTG and 3TC/TFF/DOR
regimens, the results are very similar (Figure 2).

IL-18 (p = 0.009) results showed that in patients following NRTIs+NNRTI (3TC/TDF/DOR)
and NRTIs+INI or NRTI+INI (FTC/TAF/BIC and 3TC/DTG) regimens, higher values
than in those following INI+NNRTI (DTG /RPV) and NRTIs+PI (FTC/TAF/DRV/c)
regimens were observed, although we reported increased values for the other two
regimens as well (Figure 3).

71

58

i =

3TC/DTG 3TC/TDF/DOR DTG/RPV FTC/TAF/BIC FTC/TAF/DRV/c

Figure 3. Distribution of IL-18 depending on the cART regimen. The FTC/TAF/BIC group falls
within the narrowest IQR. In this group, we observed the smallest variation in IL-18 values. * The
symbol * means extreme values. The symbol ° means outliers.

In FTC/TAF/BIC patients, the lowest variation in the IL-18 values was observed, and
in patients in the given group, close values of the studied parameter were observed,
with the range corresponding approximately to the mean values of the measured
parameter. Q3 (75th percentile) for the 3TC/TDF/DOR regimen is higher than that re-
ported in all other groups, i.e., 25% of the highest measured values of 3TC/TDF/DOR
were higher than that reported in the other groups (Figure 3).

Patients taking NRTIs+INI or NRTI+INI (FTC/TAF/BIC and 3TC/DTG) and NR-
TIs+NNRTI (3TC/TDF/DOR) showed the lowest IL-5 (p = 0.019) values (Figure 4).
There was a trend toward measurement of increased IL-5 values in the DTG/RPV and
FTC/TAF/DRV/c groups, with these values being slightly higher for the DTG/RPV
regimen (Figure 4).

The highest sCD14 (p = 0.082) values were reported in the NRTIs+PI (FTC/TAF/DRV/c)
regimen, i.e., in a regimen containing a protease inhibitor. We found the lowest values
in patients following NRTIs+INI or NRTI+INI (FTC/TAF/BIC and 3TC/DTG) and
NRTIs+NNRTI (3TC/TDF/DOR) regimens (Figure 5).
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sCD14
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Figure 4. Distribution of IL-5 depending on the cART regimen. FTC/TAF/BIC, 3TC/DTG, and
3TC/TDE/DOR had the lowest IL-5 levels. One patient in the FTC/TAF/BIC group of the patients
with significantly increased IL-5 values was found to be in advanced stages of immunodeficiency,
although, at the time of the study, he had a satisfactory value of CD4 221 and type II DM. One patient
in the FTC/TAF/BIC group was diagnosed with stage B of HIV infection and had very good values of
CD4 854 at the time of the study and a co-morbid condition, duodenal ulcers. Both patients continued
their treatment upon completion of another therapeutic regimen, and their ART regimen had a long
duration—7.5 and 6 years, respectively. All other patients with significantly increased values were in
stage A and had no known co-morbid conditions. * The symbol * means extreme values. The symbol
° means outliers.
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3TC/DTG 3TC/TDF/DOR DTG/RPV FTC/TAF/BIC FTC/TAF/DRV/c

Figure 5. Distribution of sCD14 depending on the cART regimen. Increased values were observed in
the regimen containing a protease inhibitor and in the two-drug regimen without nucleoside analog.
* The symbol * means extreme values. The symbol ° means outliers.
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TNF-alpha

e Inthe FTC/TAF/BIC regimen, the IQR is the widest, and the median is high, which
shows markedly higher values of TNF-« (p = 0.007) compared to all other groups
(Figure 6).

32

68 48 5 10
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64
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71
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3TC/DTG 3TC/TDF/DOR DTG/RPV FTC/TAF/BIC  FTC/TAF/DRV/c

Figure 6. Distribution of TNF-o depending on the cART regimen. 3TC/DTG and 3TC/TDF/DOR
regimens have the lowest values of TNF-«. * The symbol * means extreme values. The symbol °
means outliers.

3.3. Distribution of Biomarkers According to Drug Class

e  We found significantly lower levels of IFN-y (p < 0.001) in the protease inhibitor
(darunavir-containing regimen) patients in the current therapy, lower levels of IL-18
(p = 0.023), and higher levels of sCD14 (p = 0.08) (Table 3).

e  NNRTIs in current therapy are associated with lower levels of IL-13 (p = 0.048).

3.4. Relationships between the Studied Indicators

e ]L-6 was moderately strongly positively related to GM-CSF (Sperman’s rho = 0.329,
p = 0.003), IFN-y (Sperman’s tho = 0.387, p = 0.000), and IL-12p70 (Sperman’s rho = 0.35,
p = 0.004).

e No relationship between CRP, d-dimer, and sCD14 with any of the series (p > 0.05)
was proven.

4. Discussion

A lot of evidence on the presence of residual immune activation and inflammation
in PLHIV was accumulated despite the successful cART and the associated risks of co-
morbidity conditions and death. Evidence that despite cART, the levels of a number of
immune inflammation markers remain increased was also accumulated [16].

Statistically significant differences were observed in the levels of pro- and anti-inflammatory
circulating cytokines that stimulate and suppress the immune system, respectively, be-
tween HIV-infected and non-HIV-infected individuals [17]. The longitudinal assessment
of circulating cytokines in one study showed a worse cytokine profile for cART-naive
patients compared to cART-treated patients and healthy controls. The data indicate that
cART induces normalization of IL-4, IL-6, and IL-10. INF-y, TGF-$3, and TNF-« did not
fully respond to cART after 1 year of therapy [16]. The Biomarker Cohort study showed
a relationship between IL6, D-dimer, and soluble 14 (sCD14) and mortality in both HIV-
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positive and non-HIV-positive patients [18]. Data from other studies found that interleukin-
6 [IL-6], C-reactive protein [hsCRP], soluble CD14 [sCD14], and D-dimer correlated with
the overall mortality due to HIV-1 infection [19,20].

Studies comparing the modern cART regimens in light of the residual immune acti-
vation and dysregulation are of great interest [21]. For example, in one prospective study,
cART-naive patients started treatment with RAL, ATV /1, or DRV /r with TDF/FTC. Patients
who achieved viral suppression did not show a consistent pattern in terms of the studied
markers (hsCRP, D-dimer, sCD14, and IL-6) favoring any of the cART regimens [22].

Data from some sources show a reduction in the microbial translocation markers in
people randomized to raltegravir (RAL) compared to people randomized to non-nucleoside
reverse transcriptase inhibitors (NNRTIs) [23-25]. Data from other sources show that the
shift toward an intensification with RAL does not definitively demonstrate significant
changes in systemic inflammation and immune activation [26,27].

Of the 13 markers examined, GM-CSF, IL-13, IL-12p70, IL-2, IL-4, IL-5, IL-6, IL-13,
IL-18, D-dimer, CRP, TNF-alpha, and sCD14 at INF-y, IL12p70, IL-18, IL-5, TNF-alpha, and
sCD14 we established a dependence with the cART regimen. The data show a progressive
decrease, even not significant, in the baseline IFN-y production with immunodeficiency
progression [28]. cART significantly increased the plasma levels of IFN-y [29,30] relative
to the baseline levels. However, we found a reduction of IFN-y when the duration of
cART increased (Spearman’s rho = —0.271, p = 0.015), which we explained by the residual
immune activation and dysregulation that had led to immunosenescence over time. The
fact that regimens containing a protease inhibitor (DRV/c) or those without a nucleoside
analog as the basis of the therapy (DTG/RPV) showed lower IFN-y values in our study
could define some cART regimens as more effective than others, but further studies with
a larger number of participants need to be conducted. Of course, one biomarker is not
sufficient for such an evaluation.

Exposure of monocyte-derived dendritic cells to plasma from untreated HIV-infected
donors with chronic infection resulted in suppression of IL-12p70 secretion. Similar ob-
servations were made for TNFx. The suppressive effect was weaker in plasma donors
following the cART regimen [31]. Our explanation is that cART regimens with better
efficacy will have a weaker suppressive effect on IL-12 secretion. The regimens in our
study are FTC/TAF/BIC, 3TC/DTG, and 3TC/TDFE/DOR. According to other sources,
IL-12p70 is increased in HIV-positive patients compared to healthy controls [32] and is
more represented among patients taking a protease inhibitor compared to those taking
an integrase inhibitor [33], which is inconsistent with our results.

Markedly low levels of IL-18 were observed in cART patients who achieved viral
suppression [34], although our data did not establish such a dependence. The higher serum
levels of this indicator may be a useful marker in HIV-1-infected patients with metabolic
disorders and in fat redistribution, as well as a sensitive predictor of cardiovascular com-
plications in treated patients [35]. None of the regimens in the present study showed
complete normalization of IL-18 despite the observed success of cART. We report lower
values of IL-18 for patients following the DTG/RPV regimen, although, with regards to
the other markers, the relation for this regimen is inverse. This may be due to unreported
co-morbidity conditions, for example.

Data show that virological non-responders have significantly increased IL-5 levels
compared to cART responders. However, the values of this indicator do not completely
normalize even in the case of durable viral suppression with high CD4 T lymphocyte
levels [36]. According to our data, higher values of IL-5 are found in patients following
FTC/TAF/DRV/c and DTG/RPV regimens.

On the one hand, IL-6 values are significantly increased in the case of HIV but show
no significant difference compared to the control group participants after 1 year of therapy
(p > 0.05), on the other hand [17]. One study shows higher IL-6 levels in patients taking
a protease inhibitor compared to patients taking efavirenz and nevirapine, although this
relation is not significant for atazanavir. IL-6 does not show significant differences de-
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pending on the cART regimen in our study. The higher levels of hsCRP and D-dimer are
related to the higher levels of IL-6, according to some data [37]. According to our data,
IL-6 is moderately strongly related to GM-CSF (Sperman’s rho = 0.329, p = 0.003), IFN-y
(Sperman’s rho = 0.387, p = 0.000), and IL-12p70 (Sperman’s rho = 0.315, p = 0.004). We
do not prove any relationship between CRP, d-dimer, and sCD14 with any of the series
(p > 0.05).

After the beginning of the cART therapy, IL-4 values gradually decrease to those
comparable to the healthy controls [28]. We found that IL-4 was moderately strongly
positively related to the duration of cART (Spearman’s rho = 0.306, p = 0.006), and the
clinical category of HIV was weakly positively related to IL-4 (Sperman’s rho = 0.244,
p = 0.029). In this regard, this marker may be potentially useful for assessing HIV progression.

Macrophage activation markers, such as sCD14, are associated with the risk of car-
diovascular disease (CVD) in HIV-1-infected individuals [38-40]. We did not find such
a relationship, but we did find it in smokers, but with borderline significance (p = 0.058).
However, we did not find any relation between the studied markers and the presence
of CVD. Data show that sCD14 decreases more markedly in patients following the RAL
regimen compared to those following PI/r and NNRTI regimens [23,24]. These findings
are consistent with our data.

The results of the current study do not provide hard evidence favoring a particular
cART regimen, although they show a less favorable regimen profile containing a protease
inhibitor. Moreover, we have to take into account some restrictions, such as the predomi-
nance of the male gender among the participants in the study. The design, and in particular,
the cross-sectional study providing information on the tested group at a certain point in
time, may also be considered to be a disadvantage, although some data show a stable
level of various markers of systemic inflammation 1 year after starting HART therapy,
which suggests that their re-evaluation may not be necessary [41]. The small number of
participants and the lack of healthy controls, patients with VL > 40 ¢/mL but with a similar
therapy history, and patients who do not take cART are also disadvantages due to our
limited budget. All of the factors mentioned above may have influenced the results.

5. Conclusions

In general, our data suggest an incomplete reduction of inflammation and immune
activation under effective cART conditions. These results also highlight the need for further
study of different HART regimens to confirm whether a given regimen has a greater anti-
inflammatory effect as a possible means of effective prevention of long-term co-morbid
conditions in the cases of HIV-1 infection. It is likely that the interest in various biomarkers
related to immune activation and inflammation as predictors of clinical outcomes among
PLHIV will increase in the future.

Author Contributions: Conceptualization, N.Y. and R.G.; methodology, N.Y. and D.S ; software, EN;
validation, N.Y.; formal analysis, E.N.; investigation, S.M., A.G. (Atanaska Georgieva), .A.,L.G., AP,
R.D., A.G. (Anna Gancheva), and A.K; resources, R.G.; data curation, R.G. and D.I; writing—original
draft preparation, N.Y. and R.G.; writing—review and editing, N.Y. and S.M.; visualization, D.I. and
R.Y.; supervision, N.K. and D.I; project administration, R.G. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by Medical University Sofia grant number 8358/24.11.2022,
contract number /1-187/03.08.2023.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of the Ethics Commission (KENIMUS)
of the Medical University Sofia (BK-455/31.03.2023).

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: Data are contained within the article.



Viruses 2024, 16, 1205 14 of 15

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Joint United Nations Programme on HIV /AIDS. The Path That Ends AIDS: UNAIDS Global AIDS Update 2023; Joint United Nations
Programme on HIV/AIDS: Geneva, Switzerland, 2023.

Centers for Disease Control (CDC). Monitoring Selected National HIV Prevention and Care Objectives by Using HIV Surveillance Data:
United States and 6 Dependent Areas—2013; HIV Surveillance Supplemental Report; Centers for Disease Control (CDC): Atlanta, GA,
USA, 2018; Volume 20, pp. 1-70.

Guaraldi, G.; Orlando, G.; Zona, S.; Menozzi, M.; Carli, F.; Garlassi, E.; Berti, A.; Rossi, E.; Roverato, A.; Palella, F. Premature
age-related comorbidities among HIV-infected persons compared with the general population. Clin. Infect. Dis. 2011, 53,
1120-1126. [CrossRef] [PubMed]

Rickabaugh, T.M.; Baxter, R.M.; Sehl, M.; Sinsheimer, ].S.; Hultin, PM.; Hultin, L.E.; Quach, A.; Martinez-Maza, O.; Horvath,
S.; Vilain, E.; et al. Acceleration of age-associated methylation patterns in HIV-1-infected adults. PLoS ONE 2015, 10, e0119201.
[CrossRef] [PubMed]

Guaraldi, G.; Prakash, M.; Moecklinghoff, C.; Stellbrink, H.J. Morbidity in older HIV-infected patients: Impact of long-term
antiretroviral use. AIDS Rev. 2014, 16, 75-89. [PubMed]

Ferrucci, L.; Fabbri, E. Inflammageing: Chronic inflammation in ageing, cardiovascular disease, and frailty. Nat. Rev. Cardiol.
2018, 15, 505-522. [CrossRef] [PubMed]

Xia, S.; Zhang, X.; Zheng, S.; Khanabdali, R.; Kalionis, B.; Wu, J.; Wan, W,; Tai, X. An update on Inflamm-aging: Mechanisms,
prevention, and treatment. J. Immunol. Res. 2016, 2016, 8426874. [CrossRef] [PubMed]

Nasi, M.; Pinti, M.; Mussini, C.; Cossarizza, A. Persistent inflammation in HIV infection: Established concepts, new perspectives.
Immunol. Lett. 2014, 161, 184-188. [CrossRef]

McComsey, G.A.; Kitch, D.; Daar, E.S.; Tierney, C.; Jahed, N.C.; Melbourne, K.; Ha, B.; Brown, T.T.; Bloom, A.; Fedarko,
N.; et al. Inflammation markers after randomization to abacavir/lamivudine or tenofovir/emtricitabine with efavirenz or
atazanavir/ritonavir. AIDS 2012, 26, 1371-1385. [CrossRef]

Rodés, B.; Cadifianos, J.; Esteban-Cantos, A.; Rodriguez-Centeno, J.; Arribas, ].R. Ageing with HIV: Challenges and biomarkers.
EBioMedicine 2022, 77, 103896. [CrossRef] [PubMed]

Brenchley, ].M.; Price, D.A.; Schacker, TW.; Asher, T.E,; Silvestri, G.; Rao, S.; Kazzaz, Z.; Bornstein, E.; Lambotte, O.; Altmann, D.;
et al. Microbial translocation is a cause of systemic immune activation in chronic HIV infection. Nat. Med. 2006, 12, 1365-1371.
[CrossRef]

Schacker, TW.; Nguyen, PL.; Beilman, G.J.; Wolinsky, S.; Larson, M.; Reilly, C.; Haase, A.T. Collagen deposition in HIV-1 infected
lymphatic tissues and T cell homeostasis. J. Clin. Investig. 2002, 110, 1133-1139. [CrossRef]

Naeger, D.M.; Martin, J.N.; Sinclair, E.; Hunt, PW.; Bangsberg, D.R.; Hecht, F; Hsue, P.; McCune, ].M.; Deeks, S.G.
Cytomegalovirus-specific T cells persist at very high levels during long-term antiretroviral treatment of HIV disease. PLoS ONE
2010, 5, e8886. [CrossRef]

Tallah, N.; Adjibade, M.; Lelong, H.; Hercberg, S.; Galan, P.; Assmann, K.E.; Kesse-Guyot, E. How healthy lifestyle factors at
midlife relate to healthy aging. Nutrients 2018, 10, 854. [CrossRef]

Schank, M.; Zhao, J.; Moorman, J.P; Yao, Z.Q. The impact of HIV-and ART-induced mitochondrial dysfunction in cellular
senescence and aging. Cells 2021, 10, 174. [CrossRef]

Osuji, EN.; Onyenekwe, C.C.; Ahaneku, J.E.; Ukibe, N.R. The effects of highly active antiretroviral therapy on the serum levels of
pro-inflammatory and anti-inflammatory cytokines in HIV infected subjects. |. Biomed. Sci. 2018, 25, 88. [CrossRef]

Mugwe, J.N.; Gicheru, M.M.; Mwatha, J. Circulatory Cytokines and Hematological Profiles: Possible Biomarkers of HIV/AIDS
Disease Progression. . Health Life-Sci. 2019, 5, 105-118. [CrossRef]

So-Armah, K.A.; Tate, ].P.; Chang, C.H.; Butt, A.A.; Gerschenson, M.; Gibert, C.L.; Leaf, D.; Rimland, D.; Rodriguez-Barradas,
M.C.; Budoff, M.].; et al. Do biomarkers of inflammation, monocyte activation, and altered coagulation explain excess mortality
between HIV infected and uninfected people? J. Acquir. Immune Defic. Syndr. 2016, 72, 206-213. [CrossRef]

Boulware, D.R.; Hullsiek, K.H.; Puronen, C.E.; Rupert, A.; Baker, J.V.; French, M.A; Bohjanen, P.R.; Novak, R.M.; Neaton, ].D.;
Sereti, I.; et al. Higher levels of CRP, Ddimer, IL-6, and hyaluronic acid before initiation of antiretroviral therapy (ART) are
associated with increased risk of AIDS or death. ]. Infect. Dis. 2011, 203, 1637-1646. [CrossRef]

Sandler, N.G.; Wand, H.; Roque, A.; Law, M.; Nason, M.C.; Nixon, D.E.; Pedersen, C.; Ruxrungtham, K.; Lewin, S.R.; Emery, S.;
et al. Plasma levels of soluble 14 independently predict mortality in HIV infection. J. Infect. Dis. 2011, 203, 780-790. [CrossRef]
Szymariska, B.; Jurkowska, K.; Knysz, B.; Piwowar, A. Differences in Expression of Selected Interleukins in HIV-Infected Subjects
Undergoing Antiretroviral Therapy. Viruses 2022, 14, 997. [CrossRef]

Kelesidis, T.; Tran, T.T.T.; Stein, ].H.; Brown, T.T.; Moser, C.; Ribaudo, H.].; Dube, M.P.; Murphy, R.; Yang, O.O.; Currier, J.S.; et al.
Changes in inflammation and immune activation with atazanavir-, raltegravir-, darunavir-based initial antiviral therapy: ACTG
5260s. Clin. Infect. Dis. 2015, 61, 651-660. [CrossRef]

Asmuth, D.M.; Ma, Z.-M.; Mann, S.; Knight, T.H.; Yotter, T.; Albanese, A.; Melcher, G.P,; Troia-Cancio, P.; Hayes, T.; Miller, C.J.;
et al. Gastrointestinal-associated lymphoid tissue immune reconstitution in a randomized clinical trial of raltegravir versus
non-nucleoside reverse transcriptase inhibitor-based regimens. AIDS 2012, 26, 1625-1634. [CrossRef] [PubMed]


https://doi.org/10.1093/cid/cir627
https://www.ncbi.nlm.nih.gov/pubmed/21998278
https://doi.org/10.1371/journal.pone.0119201
https://www.ncbi.nlm.nih.gov/pubmed/25807146
https://www.ncbi.nlm.nih.gov/pubmed/24759453
https://doi.org/10.1038/s41569-018-0064-2
https://www.ncbi.nlm.nih.gov/pubmed/30065258
https://doi.org/10.1155/2016/8426874
https://www.ncbi.nlm.nih.gov/pubmed/27493973
https://doi.org/10.1016/j.imlet.2014.01.008
https://doi.org/10.1097/QAD.0b013e328354f4fb
https://doi.org/10.1016/j.ebiom.2022.103896
https://www.ncbi.nlm.nih.gov/pubmed/35228014
https://doi.org/10.1038/nm1511
https://doi.org/10.1172/JCI0216413
https://doi.org/10.1371/journal.pone.0008886
https://doi.org/10.3390/nu10070854
https://doi.org/10.3390/cells10010174
https://doi.org/10.1186/s12929-018-0490-9
https://doi.org/10.20319/lijhls.2019.51.105118
https://doi.org/10.1097/QAI.0000000000000954
https://doi.org/10.1093/infdis/jir134
https://doi.org/10.1093/infdis/jiq118
https://doi.org/10.3390/v14050997
https://doi.org/10.1093/cid/civ327
https://doi.org/10.1097/QAD.0b013e3283546595
https://www.ncbi.nlm.nih.gov/pubmed/22820612

Viruses 2024, 16, 1205 15 of 15

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Massanella, M.; Negredo, E.; Puig, J.; Puertas, M.C.; Buzén, M.].; Pérez-Alvarez, N.; Carrillo, J.; Clotet, B.; Martinez-Picado,
J.; Blanco, J. Raltegravir intensification shows differing effects on CD8 and CD4 T cells in HIV-infected HAARTsuppressed
individuals with poor CD4 T-cell recovery. AIDS 2012, 26, 2285-2293. [CrossRef] [PubMed]

Asmuth, D.M.; Ma, Z.M.; Hayes, T. Raltegravir (RAL) therapy is associated with reduced microbial translocation (MT) and
monocyte activation in HIV infected subjects naive to antiretroviral therapy (ART). AIDS 2014 [abstract WEPE013]. In Proceedings
of the 20th International AIDS Conference, Melbourne, Australia, 20-25 July 2014.

Hatano, H.; Hayes, T.L.; Dahl, V,; Sinclair, E.; Lee, TH.; Hoh, R.; Lampiris, H.; Hunt, PW.,; Palmer, S.; McCune, ].M.; et al. A
randomized, controlled trial of raltegravir intensification in antiretroviral-treated, HIV-infected patients with a suboptimal CD4+
T cell response. J. Infect. Dis. 2011, 203, 960-968. [CrossRef] [PubMed]

Lake, J.; McComsey, G.; Hulgan, T.; Wanke, C.; Mangili, A.; Walmsley, S.; Stramotas, S.; Tracy, R.; Currier, J. Switch to raltegravir
decreases soluble CD14 in virologically suppressed overweight women: The Women, Integrase and Fat Accumulation Trial. HIV
Med. 2014, 15, 431-441. [CrossRef] [PubMed]

Vecchiet, J.; Dalessandro, M.; Travasi, F.; Falasca, K.; Di Iorio, A.; Schiavone, C.; Zingariello, P; Di Ilio, E.; Pizzigallo, E.; Paganelli,
R. Interleukin-4 and interferon-gamma production during HIV-1 infection and changes induced by antiretroviral therapy. Int. J.
Immunopathol. Pharmacol. 2003, 16, 157-166. [CrossRef] [PubMed]

Watanabe, D.; Uehira, T.; Yonemoto, H.; Bando, H.; Ogawa, Y.; Yajima, K.; Taniguchi, T.; Kasai, D.; Nishida, Y.; Shirasaka, T.
Sustained high levels of serum interferon-y during HIV-1 infection: A specific trend different from other cytokines. Viral Immunol.
2010, 23, 619-625. [CrossRef] [PubMed]

Reuben, ].M.; Lee, B.-N.; Paul, M.; Kline, M.W,; Cron, S.G.; Abramson, S.; Lewis, D.; Kozinetz, C.A.; Shearer, W.T. Magnitude
of IFNgamma production in HIV-1-infected children is associated with virus suppression. J. Allergy Clin. Immunol. 2002, 110,
255-261. [CrossRef]

Miller, E.A.; Spadaccia, M.R.; O’'Brien, M.P,; Rolnitzky, L.; Sabado, R.; Manches, O.; Frleta, D.; Bhardwaj, N. Plasma factors during
chronic HIV-1 infection impair IL-12 secretion by myeloid dendritic cells via a virus-independent pathway. J. Acquir. Immune
Defic. Syndr. 2012, 61, 535-544. [CrossRef] [PubMed]

Mugwe, ].N.; Gicheru, M.M.; Mwatha, J. Plasma cytokine profiles as predictive biomarkers of HIV and AIDS progression among
HIV patients attending Nakuru Provincial General Hospital, Kenya. Am. |. Med. Biol. Res. Am. ]. Med. Biol. Res. 2016, 4, 20-25.
[CrossRef]

Maritati, M.; Alessandro, T.; Zanotta, N.; Comar, M.; Bellini, T.; Sighinolfi, L.; Contini, C. A comparison between different
anti-retroviral therapy regimes on soluble inflammation markers: A pilot study. AIDS Res. Ther. 2020, 17, 61. [CrossRef]
Balogun, O.; Shuaib, B.I;; Usman, A ; Yusuf, A.A.; Musa, B.O.P,; Reginald, O.O.; Babadoko, A.A. Effects of anti-retroviral therapy
on baseline serum interleukin-18 levels in HIV-T infected patients relative to viral suppression and CD4+ gain: A prospective
pilot study. BioMedicine 2023, 13, 24. [CrossRef] [PubMed]

Torre, D.; Pugliese, A. Interleukin-18: A proinflammatory cytokine in HIV-1 infection. Curr. HIV Res. 2006, 4, 423-430. [CrossRef]
[PubMed]

Shete, A.; Kurle, S.; Dhayarkar, S.; Patil, A.; Kulkarni, S.; Ghate, M.; Sangale, S.; Medhe, U.; Rajan, S.; Verma, V.; et al. High IL-5
levels possibly contributing to HIV viremia in virologic non-responders at one year after initiation of anti-retroviral therapy.
Microb. Pathog. 2020, 143, 104117. [CrossRef] [PubMed]

Borges, H.; O’Connor, J.L.; Phillips, A.N.; Rénsholt, EE; Pett, S.; Vjecha, M.].; French, M.A.; Lundgren, ].D. Factors associated
with plasma IL-6 levels during HIV infection. . Infect. Dis. 2015, 212, 585-595. [CrossRef]

Funderburg, N.T.; Zidar, D.A.; Shive, C.; Lioi, A.; Mudd, J.; Musselwhite, L.W.; Simon, D.I.; Costa, M.A.; Rodriguez, B.; Sieg, S.F,;
et al. Shared monocyte subset phenotypes in HIV-1 infection and in uninfected subjects with acute coronary syndrome. Blood
2012, 120, 4599-4608. [CrossRef] [PubMed]

Kelesidis, T.; Kendall, M.A.; Yang, O.O.; Hodis, H.N.; Currier, J.S. Biomarkers of microbial translocation and macrophage
activation: Association with progression of subclinical atherosclerosis in HIV-1 infection. J. Infect. Dis. 2012, 206, 1558-1567.
[CrossRef] [PubMed]

Burdo, T.H.; Lo, J.; Abbara, S.; Wei, J.; DeLelys, M.E.; Preffer, F.; Rosenberg, E.S.; Williams, K.C.; Grinspoon, S. Soluble CD163,
a novel marker of activated macrophages, is elevated and associated with noncalcified coronary plaque in HIV-infected patients.
J. Infect. Dis. 2011, 204, 1227-1236. [CrossRef]

Wada, N.I; Jacobson, L.P.; Margolick, ].B.; Breen, E.C.; Macatangay, B.; Penugonda, S.; Martinez-Maza, O.; Bream, ].H. The effect
of HAART-induced HIV suppression on circulating markers of inflammation and immune activation. Aids 2015, 29, 463—471.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1097/QAD.0b013e328359f20f
https://www.ncbi.nlm.nih.gov/pubmed/23018435
https://doi.org/10.1093/infdis/jiq138
https://www.ncbi.nlm.nih.gov/pubmed/21402547
https://doi.org/10.1111/hiv.12128
https://www.ncbi.nlm.nih.gov/pubmed/24506429
https://doi.org/10.1177/039463200301600210
https://www.ncbi.nlm.nih.gov/pubmed/12797907
https://doi.org/10.1089/vim.2010.0065
https://www.ncbi.nlm.nih.gov/pubmed/21142447
https://doi.org/10.1067/mai.2002.125979
https://doi.org/10.1097/QAI.0b013e31826afbce
https://www.ncbi.nlm.nih.gov/pubmed/22902724
https://doi.org/10.12691/ajmbr-4-2-2
https://doi.org/10.1186/s12981-020-00316-w
https://doi.org/10.37796/2211-8039.1406
https://www.ncbi.nlm.nih.gov/pubmed/37937297
https://doi.org/10.2174/157016206778559993
https://www.ncbi.nlm.nih.gov/pubmed/17073617
https://doi.org/10.1016/j.micpath.2020.104117
https://www.ncbi.nlm.nih.gov/pubmed/32135221
https://doi.org/10.1093/infdis/jiv123
https://doi.org/10.1182/blood-2012-05-433946
https://www.ncbi.nlm.nih.gov/pubmed/23065151
https://doi.org/10.1093/infdis/jis545
https://www.ncbi.nlm.nih.gov/pubmed/23066162
https://doi.org/10.1093/infdis/jir520
https://doi.org/10.1097/QAD.0000000000000545

	Introduction 
	Materials and Methods 
	Participants’ Selection 
	Collection of Biological Material 
	Biomarkers Measurement 
	Viral Load Measurement 
	Statistical Methods 

	Results 
	Relationship between the Studied Indicators and Some Variables 
	Distribution of Biomarkers Depending on the cART Regimen 
	Distribution of Biomarkers According to Drug Class 
	Relationships between the Studied Indicators 

	Discussion 
	Conclusions 
	References

