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Núria Amigó4,7,8, José Alcamı́5,9,10, Santiago Moreno5,11, Josefa Girona4,8,12,
Graciano Garcı́a-Pardo2,3,4, Rosaura Reig2, Francesc Vidal2,3,4,5, Antoni Castro1,4,12,
Lluı́s Masana1,4,8,12*‡ and Anna Rull2,3,4,5*‡

1 Vascular Medicine and Metabolism Unit, Hospital Universitari Sant Joan, Reus, Spain, 2 Hospital Universitari de Tarragona
Joan XXIII, Tarragona, Spain, 3 Infection and Immunity Research Group (INIM), Institut d’Investigació Sanitària Pere Virgili
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Elite controllers (ECs) are an exceptional group of people living with HIV (PLWH) who
maintain undetectable viral loads (VLs) despite not being on antiretroviral therapy (ART).
However, this phenotype is heterogeneous, with some of these subjects losing virological
control over time. In this longitudinal retrospective study, serum acute-phase glycoprotein
profile assessed by proton nuclear magnetic resonance (1H-NMR) was determined in 11
transient controllers (TCs) who spontaneously lost virological control and 11 persistent
controllers (PCs) who persistently maintained virological control over time. Both PCs and
TCs showed similar acute-phase glycoprotein profiles, even when TCs lost the virological
control (GlycB, p = 0.824 and GlycA, p = 0.710), and the serum acute-phase glycoprotein
signature in PCs did not differ from that in HIV-negative subjects (GlycB, p = 0.151 and
GlycA, p = 0.243). Differences in serum glycoproteins A and B were significant only in ECs
compared to HIV-typical progressors (TPs) with < 100 CD4+ T-cells (p < 0.001). 1H-NMR
acute-phase glycoprotein profile does not distinguish TCs form PCs before the loss of viral
control. ECs maintain a low-grade inflammatory state compared to TPs. PCs revealed a
closer serum signature to HIV-negative subjects, reaffirming this phenotype as a closer
model of functional control of HIV.
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INTRODUCTION

Elite controllers (ECs) are a select group of people living with
HIV (PLWH) who maintain a circulating viral load (VL) at
undetectable levels without antiretroviral treatment (ART) (1, 2).
This exceptional characteristic makes ECs a good pathogenic
model for the functional control of HIV (3, 4). However, ECs
consist of a heterogeneous population in terms of virological,
immunological and clinical outcomes over time (5–7). Some of
them maintain strong virological and immunological control for
years and are called persistent controllers (PCs) while others lose
virological control over time and are known as transient
controllers (TCs).

Although it was once thought that ECs could have a favorable
short- and long-term prognosis, recent real-life data have
revealed that ECs are at increased risk of several non-AIDS
events (7). Notably it is that most of these events have been
pathogenically related to the subclinical low-level inflammatory
state due to HIV itself (8). This fact provides the rationale behind
the recommendation for initiating ART in ECs suggested by
some authorities to reverse this subclinical inflammatory state
(5). With respect to this issue, a major weakness is the lack of
appropriate inflammatory biomarkers that could predict low-
level inflammation in the long term. The inflammatory state in
PLWH is usually assessed through the determination of C-
reactive protein (PCR) or IL-6 in plasma, among other
biomarkers (9). These molecules are easy to assess but are
labile and subject to large variations if new conditions occur;
hence, although useful, several limitations do exist that decrease
their value.

In recent years serum glycoproteins have emerged as
potential markers of inflammation-associated diseases (10–
13). The composite nature of 1H-NMR serum glycoprotein
measurement encompasses the systemic inflammatory process
more comprehensively than other individual biomarkers (14,
15). It is a technique that globally identifies glycosylated proteins,
which increase their concentration and modify their structure
during inflammatory processes. Thus, a small subset of various
acute phase glycoproteins that are more abundant in circulation
(16, 17) makes meaningful contributions to the glycoprotein A
(GlycA) signal and glycoprotein B (GlycB) signal. Of note,
previous studies suggested that GlycA better captures systemic
inflammation even more than C-reactive protein (CRP), a widely
used classical inflammatory marker (18). Circulating GlycA
elevations in inflammatory states could reflect the increased
concentrations of 1-acid glycoprotein, haptoglobin, 1-
antitrypsin, 1-antichymotrypsin, and transferrin. Hence, the
advantage offered by Glyc A than the conventional CRP is that
it may integrate more multiple inflammatory pathways by
capturing the global signal of several proteins and, therefore,
better captures the degree of systemic inflammation. On the
other hand, the measurement of GlycA presents higher reliability
and lower intra-individual variability because its measures are
similar in both serum and plasma samples, in fasting and non-
fasting states, and also after short or long-term storage (18).

We and others have previously shown serum glycoproteins to
be useful diagnostic biomarkers in PLWH (19–21). The baseline
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serum glycoprotein signature by 1H-NMR predicted the
immunological response to ART in typical HIV progressors,
emphasizing the role of inflammation mediators in poor
recovery status (19). Here, we analyze the evolution of serum
acute-phase glycoproteins in a cohort of ECs containing both
PCs and TCs, compared to a group of HIV-typical progressors
and a group of healthy HIV-negative participants. We aimed to
evaluate whether there is altered expression of these
inflammation-related molecules associated with phenotypic
evolution in ECs. Understanding the molecular pathways
associated with ECs heterogeneity would be crucial to balance
the risks and benefits of ART in ECs.
MATERIALS AND METHODS

Study Design and Participants
According to the study design, frozen serum samples from
the Spanish HIV HGM biobank belonging to the AIDS
Research Network (RIS) (22) were included and the data were
recorded in the RIS cohort of the HIV Controllers Study Group
(ECRIS) (5).

Twenty-two elite controllers (ECs) were selected, defined as
subjects who in the absence of prior or current ART since HIV
diagnosis and during the 36 months of the follow-up maintained
an undetectable VL. Two groups were distinguished: 11 ECs who
lost spontaneous viral load control, defined by detection at least
two consecutive measurements above 50 HIV-RNA copies/mL
within a year (TCs); and 11 ECs who maintained virological
control throughout the follow-up (PCs), as previously
described (23).

Regarding the glycoprotein profile, repeated analyses
were performed during the follow-up in TCs: two years before
the loss of virological control, one year before the loss of
virological control (T-1), 6 months before the virological
control, at the moment when viral load was detected (T0) and
subsequently at one year after the spontaneous loss of control
(T+1). In PCs, repeated analyses were also performed at least at
two different time points, but no differences were found in the
glycoprotein profiles during any of the follow-ups. Thus, median
values were calculated and identified as T0 for the PC
group (Figure 1).

Two other cohorts of patients were included in the study:
healthy HIV-negative-subjects and PLWH with a typical disease
progression pattern (TP), matched by sex and age with ECs (24).
For the PLWH-TP group, eleven patients were defined as HIV-
typical progressors with severe immunosuppression (< 100 CD4+

T-cells at starting ART) and HIV-typical progressors with non-
severe immunosuppression (> 350 CD4+ T-cells at starting
ART) (Figure 1) (24). Serum glycoproteins for PLWH-TP
were analyzed at baseline before ART onset (T0).

All the selected patients had be age over 18 years and no had
concomitant acute or chronic conditions or was taking drugs
(NSAID, steroids, immunomodulators) that could eventually
modify the inflammatory status when the blood samples
were collected.
September 2021 | Volume 12 | Article 730691
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Glycoprotein Analysis by 1H-NMR
Samples were prepared and analysed by 1H-NMR for
glycoprotein profiling as previously reported (12, 19). The
resonance spectra were recorded at 310 K in a Bruker Avance
III 600 spectrometer at a proton frequency of 600.20MHz (14.1 T).
GlycA and GlycB are different functions depending on the
chemical changes in the glycoproteins that resonate in a region
of the spectrum analysed at 2.15-1.90 ppm. The total area of each
function, which is translated into a concentration according to
the number of sugar-protein bonds, was analysed. The number
of acetyl groups of the bonds of N-acetylglucosamine and
Frontiers in Immunology | www.frontiersin.org 3
N-acetylgalactosamine, and N-acetylneuraminic acid is reflected
by the concentration of Glyc A and GlycB, respectively. The
associated height/width ratios of GlycA and GlycB (H/W) were
also calculated. They are associated with the peaks of the signals
that are generated by 1H-NMR and that reflect the state of
aggregation or the flexibility of the sugar-protein bonds (12).

Statistical Analysis
The continuous variables presented a non-normal distribution
due to the small sample size. Data are expressed as medians and
25th and 75th percentiles. Categorical variables are expressed as
A

B

FIGURE 1 | Study design. (A) Flow chart illustrating subject cohort enrolment and analysis. People living with HIV (PLWH), grouped into elite controllers (PLWH-EC)
and typical progressors (PLWH-TP), were compared to a group of healthy non-HIV subjects. The PLWH-EC group was grouped according to their virological
progression as persistent controllers (PCs) if they maintained virological control over time or as transient controllers (TCs) when they lost the spontaneous viral load
during at least two consecutive measurements during one year. The PLWH-TP group was also categorized according to their pre-cART CD4+ T-cell counts in
subjects presenting nonsevere immune damage (>350 CD4+ T-cells) or subjects with severe immune damage (<100 CD4+ T-cells). (B) Schematic representation
indicating the follow-up time point of the study design in PLWH-EC. The arrow indicates T0, the time point closest the time when TCs lost the virological control,
which was considered the baseline.
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percentages. Differences between two groups were analysed using
the nonparametric Mann-Whitney test, and for multiple
comparisons one- way ANOVA followed by Bonferroni’s post
hoc test was applied. A p value less than 0.05 was considered
statistically significant. Statistical analyses were performed with
SPSS software, version 25 (IBM, Madrid, Spain), and graphical
representations were generated with GraphPad Prism software
(version 5.0, GraphPad Inc., San Diego, CA, USA).

Ethics
The study and all of the research protocols were conducted in
accordance with the recommendations of the Ethical and Scientific
Committees, and all of them were approved by the Committee for
Ethical Clinical Research by following the rules of Good Clinical
Practice from the Institut d’Investigació Sanitària Pere Virgili
(CEIM 041/2019). The CEIm IISPV is an independent
committee, consisting of health and non-health professionals
that supervise the correct compliance to the ethical principles
governing clinical trials and research projects that are performed
in our region, specifically in terms of methodology, ethics and
laws. An informed consent form signed by each participant was
obtained in accordance with the Declaration of Helsinki and
which includes the allowance to use the samples stored in the
Biobank for related biomedical research projects.
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RESULTS

Patient Characteristics
A flow chart illustrating patient enrolment and categorization
is shown in Figure 1A. Figure 1B details a schematic
representation of the study design and categorization in
PLWH-EC. Clinical characteristics at T0 are presented in
Table 1. At that time, defined by the loss of control in TC
subjects, no differences were observed in age, sex, transmission
route, HCV coinfection, CD4+ T-cell or CD8+T-cell counts
between TCs and PCs. The T0 since HIV diagnosis was not
statistically significance between TCs than PCs (P=0.061).

Stability in the Serum Glycoprotein Profile
Before the Loss of Viral Control
To predict the loss of control in TCs, serum glycoprotein
concentration and H/W ratios analyzed at 24 months, 12
months and 6 months before the loss of control in TCs were
compared to T0 values in the PC group. No differences were
observed among the groups of studies and thus, we selected data
from 12 months before the loss of control (T-1) as the
representative value for TCs (Table 2). Then, the serum
glycoprotein profile at time when viral load was detected in
TCs (T0) was also compared to T0 from the PC group. Acute-
TABLE 1 | Clinical characteristics of the study cohort.

PLWH-EC P-value* PLWH-TP Non-HIV (n = 11) P-value**

PCs (n = 11) TCs (n = 11) >350 (n = 11) <100 (n = 11)

Age (years) 47 [43-50] 45 [38-56] 0.605 43 [37-47] 42 [34-48] 52 [36-53] 0.502
Male, n (%) 6 (55) 6 (55) 0.612 8 (73) 7 (63) 7 (63) 0.898
Risk factor, n (%) 0.370 – 0.012
Heterosexual 3 (27) 4 (36) 5 (45) 8 (73)
Homo/Bisexual 2 (18) 2 (18) 6 (55) 2 (18)
Intravenous drug abuse 6 (55) 3 (27) – 1 (9)
Other/Unknown – 2 (18) – –

Time since diagnosis (years) 18 [13-23] 10 [5-19] 0.061 – – – –

HCV RNA detected, n (%) 4 (36) 5 (45) 0.856 – 2 (18) – 0.001
CD4+ T-cell count (cells/µL) 651 [442-950] 720 [414-951] 0.748 408 [371-578] 38 [7-62] – <0.001
CD8+ T-cell count (cells/µL) 768 [553-1082] 743 [945-1224] 0.387 1217 [900-1570] 669 [400-925] – <0.001
CD4:CD8 ratio 1.1 [0.5-1.4] 0.8 [0.6-1.2] 0.557 0.5 [0.3-0.6] 0.1 [0.1-0.2] – <0.001
September 2
021 | Volume 12 | Arti
T0 in PLWH-ECs is defined by the loss of control in transient controllers (TCs) and the initiation of ART in PLWH-TP. Data are presented as n (%) or median (interquartile range). *Categorical
data were compared by means of a c2 test, whereas continuous data were compared using non-parametric Mann-Whitney test between PCs and TCs*, and between all PLWH-EC,
PLWH-TP and non-HIV subjects with nonparametric Kruskal-Wallis (KW) adjusted by Bonferroni post-hoc approach **. P value < 0.05 was considered significant. EC, Elite controller; Glyc,
glycoprotein; H/W, height/width glycoprotein ratio; PC, Persistent controller; PLWH, Person living with HIV; TC, Transient controller.
TABLE 2 | Plasma glycoprotein analysis in PLWH-EC.

PC TC P-value*

T0 (n = 11) T-1 (n = 10) T0 (n = 11) PC T0 vs TC T-1 PC T0 vs TC T0

Glyc B (µmol/L) 400.8 [356.0-443.5] 410.9 [375.1-455.5] 404.0 [373.6-462.5] 0.756 0.824
Glyc A (µmol/L) 746.2 [638.7-887.8] 795.3 [706.2-848.5] 789.1 [718.9-914.2] 0.918 0.710
H/W Glyc A 5.0 [4.5-5.6] 5.2 [4.7-5.7] 5.1 [4.7-5.8] 0.756 0.824
H/W Glyc B 18.3 [15.9-20.8] 18.7 [17.7-20.8] 20.1 [17.8-20.8] 0.426 0.331
T0 in PC shows median values from at least two different time-points during the follow-up in this group of study. In TC, T-1 corresponds to one year before the loss of viral control and T0 is
defined by the closest moment where viral load was detected. *Data was compared using non-parametric Mann-Whitney test between PC and TC in each different time-point for TC.
Glyc, glycoprotein; H/W, height/width glycoprotein ratio; PC, Persistent controller; PLWH-EC, Person living with HIV defined as elite controller; TC, Transient controller.
cle 730691
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phase glycoprotein analysis revealed similar serum glycoprotein
A (Glyc A) and B (Glyc B) concentrations, as well as H/W ratios,
in TCs and PCs (Table 2). However, at the point when TCs
revealed viral rebound, the H/W GlycA ratio showed a
significant, positive association with VL in this group of
patients (r=0.683, P= 0.042).
Serum Glycoprotein Signature in PCs
Closer to Healthy HIV-Negative Individuals
Next, serum acute-phase glycoproteins in PCs and TCs at T0
were compared to a control group of healthy HIV-negative
individuals (n=11), matched by sex and age (Figure 2 and
Supplemental Table 1). Serum Glyc B and Glyc A
concentrations and H/W Glyc B and Glyc A ratios were lower
in HIV-negative subjects than in the PLWH-EC group (GlycB,
358.8 vs. 402.4, respectively, P = 0.044; GlycA, 691.4 vs. 757.5,
respectively, P= 0.054; H/W Glyc B, 4.5 vs. 5.1, respectively, P =
0.049; H/W Glyc A, 15.7 vs. 18.7, respectively, P = 0.002).
However, when the serum glycoprotein signature in healthy
HIV-negative subjects was separately compared to each group
of PLWH-EC, only the difference in TCs remained significant
compared to the group of healthy HIV-negative subjects
(Figure 2 and Supplemental Table 1). PC did not show a
Frontiers in Immunology | www.frontiersin.org 5
glycoprotein profile significantly different from HIV-
negative subjects.

Similar Glycoproteins for PLWH-EC and
Typical Progressors With > 350 CD4+

T-Cells
We included in the present work 22 PLWH-TPs coming from a
previously described cohort (24). For this study, a group of
typical HIV-progressors (PLWH-TP) were matched by sex (68%
male, P = 0.268) and age (42 [37-47], P = 0.78) with the study
cohort of PLWH-EC at T0. As expected, PLWH-TP showed
lower CD4+ T-cell counts and increased VL compared to
PLWH-EC (CD4+ T-cell counts 272.0 [31.5-443.0] cells/µL in
TPs, P= 0.001 and 5.46 [4.61-5.60] log copies/mL in TP,
P<0.001). PLWH-TP showed higher serum glycoprotein
concentrations and H/W ratios than the PLWH-EC group
(Figure 2): GlycB, 478.9 vs. 402.4, respectively, P <0.001;
GlycA, 1007.9 vs. 757.5, respectively, P < 0.001; H/W Glyc B,
6.02 vs. 5.06, respectively, P < 0.001; H/W Glyc A, 22.05 vs. 18.68,
respectively, P = 0.001.

When PLWH-TP were grouped according to their CD4+

T-cell counts at T0 (starting cART), serum Glyc A and Glyc
B concentration and H/W Glyc A and Glyc B ratios
resulted significantly higher in TP with < 100 CD4+ T-cells
A B

DC

FIGURE 2 | Serum acute-phase glycoprotein profile in PLWH. (A) Serum glycoprotein B and (B) glycoprotein A concentrations, and (C) height/width ratios for
glycoprotein B and (D) glycoprotein A are represented for HIV-elite controllers (ECs) and HIV-typical progressors (TPs) and healthy HIV-negative individuals (n=11),
matched by sex and age. PLWH in each different cohort of HIV studies (PLWH-EC and PLWH-TP) were also classified according to the viral control or the pre-cART
CD4+ T-cell counts, respectively. For PLWH-EC, data for PCs corresponded to median values from at least two different time points (T0), and data for TCs
corresponded to the closest moment to the loss of viral control. For PLWH-TP, data from T0 corresponded to the moment when subjects were enrolled in the study
and started their first ART (pre-ART). Thus, PLWH-TP were classified in subjects presenting nonsevere immune damage (>350 CD4+ T-cells) or subjects with severe
immune damage (<100 CD4+ T-cells). Statistical analysis was performed by one-way ANOVA followed by Bonferroni’s post hoc test. Data are re-presented as
boxes and whiskers (min to max values). EC, elite controller; Glyc, glycoprotein; H/W, height/width glycoprotein ratio; non-HIV, healthy HIV-negative individuals; PC,
persistent controller; PLWH, people living with HIV; TC, transient controller; TP, typical progressor.
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compared to both, PC and TCs (Figure 2). This was not the
case for the group of TP with > 350 CD4+ T-cells, in which
no differences were found in serum glycoprotein profile
except for GlycA concentration when compared with PC
P = 0.020 (Figure 2).

Longitudinal Glycoprotein Profile in TC,
From Viral Control to Viral Rebound
Serum glycoprotein evolution in TC, from 24 months before to
one year after the loss of virological control (T+1), was also
evaluated in a longitudinal analysis. VL evolution from TC after
one year of loss of control was not significantly different from
baseline (T0) (3.24 [2.30-4.00] log copies/mL at T+1, P =0.612)
or the decrease in the CD4+ T-cell counts (516.0 [407.5-835.0]
log copies/mL at T+1, P =0.499). However, TC showed a slightly
decreased acute-phase glycoprotein profile at one year compared
to T0, although the results were only significant for serum GlycA
concentrations (P = 0.05). In fact, after one year of viral rebound
(T+1), the serum glycoprotein profile in TCs (716.7 [671.4-
835.5] µmol/L) became more similar to the serum glycoprotein
profile of PCs at T0 (746.2 [638.7-887.8] µmol/L), although
maintained a sustained low-grade inflammation in PLWH-EC
compared to HIV-negative individuals (691.4 [664.8 – 755.5]
µmol/L) (Figure 3).
DISCUSSION

The loss of spontaneous viral control in TC has been extensively
investigated. According to different publications, it seems that
there is no single mechanism responsible for controlling viral
replication. This situation could be associated with genetic
factors in the host (mainly HLA class I, such as HLA-B * 57)
(25), low polyfunctionality of Gag-specific T cells (26) alteration
of T cell homeostasis (6), high viral diversity (26), the suppressive
capacity of HIV-1 (27) and immunological mechanisms
(elevated inflammatory cytokines (28), and chemokines
and cytolytic enzymes as a response of the specific T cells of
HIV-1). In this sense, a specific proteomic signature that
analysed proteins involved in pro-inflammatory pathways
(clotting factor XI, alpha-1-antymotrypsin, ficolin-2, protein
14-3-3, and galectin-binding protein-3 were considered potential
biomarkers) predicted that PLWH-EC would lose control over
viral load (29).

In this work, we studied the serum glycoprotein profile
determined by 1H-NMR in PLWH-EC. Low-grade
inflammation seems to remain present in PLWH-EC and is
one of the reasons why the use of antiretrovirals is debated
despite spontaneous suppression of the virus. In our previous
work, glycoproteins were prognostic of immune recovery in
PLWH (19) and were shown to be a true reflection of the
inflammatory state. This finding is based on an increase in the
concentration and structure of glycosylated proteins in
inflammatory states, increasing the branching and number of
monosaccharide residues, including N-acetylglucosamine, N-
acetylgalactosamine (GlycA) and N-acetylneuraminic acid
Frontiers in Immunology | www.frontiersin.org 6
(GlycB) among others (29). They are considered more stable
inflammatory markers since they are compounds of several
different acute phase proteins (transferrin, haptoglobin, a1 acid
glycoprotein, a1 antitrypsin, a1 antitrypsin) (18). In fact, the
measurement of glycoproteins presents high reliability and low
intra-individual variability because its measures are similar in
both serum and plasma samples, in fasting and non-fasting
states, and also after short or long-term storage (30).

In the present study, we observed that the glycoprotein profile
remained the same between PC and TC individuals prior to the
spontaneous loss of viral control. However, a significant
association of H/W GlycA was observed with viral load in TCs
once they lost viral control (T0). This finding is in line with
previous publications (19) in which glyco-proteins showed a
marked association with viral load. PLWH-EC presented
glycoprotein levels higher than those of healthy non-HIV
individuals. However, when compared separately, PC and
healthy non-HIV individuals did not show differences in the
glycoprotein profiles, demonstrating an inflammatory status of
PCs similar to that of uninfected individuals. Only TCs showed
differences in glycoprotein levels compared to healthy patients.
This finding reflects the low-grade inflammation that occurs in
A B

DC

FIGURE 3 | Serum glycoprotein evolution in TCs compared to PCs.
(A) Serum glycoprotein B and (B) glycoprotein A concentrations and height/
width ratios for (C) glycoprotein A and (D) glycoprotein B are represented for
transient controllers (TCs) during their follow-up. Values from PCs obtained in
Figure 2 at T0 were also included as reference values for TCs. Data were
compared using the Wilcoxon’s non-parametric test for paired samples.
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parallel with the loss of spontaneous viral control and is
responsible for non-AIDS comorbidities (8). The presence of
low-grade inflammation in the absence of suppression of viral
replication is also evidenced when comparing PLWH-TP with
PLWH-EC, in which the concentration of glycoproteins and
their proportions were higher in the PLWH-TP (the latter had
higher CV and lower CD4+ levels). In short, as seen in previous
publications, a higher level of glycoproteins will be associated
with decreased CD4 counts and higher viral load. This outcome
is also reflected when separating the TPs into subgroups, in
which the subgroup with the best immune status (CD4+ T-cell>
350) presented a glycoprotein profile more similar to the PLWH-
EC compared to the group of PLWH-TP with severe immune
damage (CD4+ T-cell <100 cells/µL).

The main limitation of the study is the small number of
subjects in each arm of the study design which probably means
there was insufficient power to detect significant predictive value
of the GlycA and B measures, since in previous studies they did
predict immune recovery (19). However, elite controllers are an
exceptional population within PLWH, and small sample sizes are
common in these population studies. The relation to other HIV
cohorts and HIV negatives (healthy volunteers) was used to
enhance the information regarding the ECs. And since the
statistical power is highest when the groups have equal sample
sizes, we selected the same number of participant for the other
subsets. But larger cohort studies are needed to establish whether
1H-NMR glycoproteins might be of value in predicting loss of
spontaneous viral control. Another limitation was lack of data
presented on potential confounders for measures of inflammation,
particularly tobacco use (31).
CONCLUSIONS

High concentrations of glycoproteins determined by 1H-NMR
have been associated, within the same disease, with worse states
(29). To the best of our knowledge, this study is the first with elite
controllers that provides an insight into their inflammatory
status using this novel method of 1H-NMR glycoprotein
determination. In this work, we observed that glycoproteins
remain at normal levels or are elevated depending on the viral
control and immunological status of the patients.
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Glycoprotein Profile Assessed by 1H-NMR as a Global Inflammation Marker
in Patients With HIV Infection. A Prospective Study. J Clin Med (2020)
9:1344. doi: 10.3390/jcm9051344

19. Otvos JD, Shalaurova I, Wolak-Dinsmore J, Connelly MA, Mackey RH, Stein
JH, et al. GlycA: A Composite Nuclear Magnetic Resonance Biomarker of
Systemic Inflammation. Clin Chem (2015) 61:714–23. doi: 10.1373/
clinchem.2014.232918

20. Kelesidis T, Tran TTT, Stein JH, Brown TT, Moser C, Ribaudo HJ, et al.
Changes in Inflammation and Immune Activation With Atazanavir-,
Frontiers in Immunology | www.frontiersin.org 8
Raltegravir-, Darunavir-Based Initial Antiviral Therapy: ACTG 5260s. Clin
Infect Dis (2015) 61:651–60. doi: 10.1093/cid/civ327

21. Tibuakuu M, Fashanu OE, Zhao D, Otvos JD, Brown TT, Haberlen SA, et al.
GlycA, a Novel Inflammatory Marker, Is Associated With Subclinical
Coronary Disease. AIDS (2019) 33:547–57. doi: 10.1097/QAD.
0000000000002079
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