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s u m m a r y

Objectives: Four-class drug-resistant (4DR) people living with HIV (PLWH) are a fragile population with a 
high burden of disease. No data on their inflammation and T-cell exhaustion markers are currently available.
Methods: Inflammation, immune activation and microbial translocation biomarkers were measured through 
ELISA in 30 4DR-PLWH with HIV-1 RNA ≥ 50 copies/mL, 30 non-viremic 4DR-PLWH and 20 non-viremic non- 
4DR-PLWH. Groups were matched by age, gender and smoking habit. T-cell activation and exhaustion markers 
were assessed by flow cytometry in 4DR-PLWH. An inflammation burden score (IBS) was calculated from 
soluble marker levels and associated factors were estimated through multivariate regression.
Results: The highest plasma biomarker concentrations were observed in viremic 4DR-PLWH, the lowest 
ones in non-4DR-PLWH. Endotoxin core immunoglobulin G showed an opposite trend. Among 4DR-PLWH, 
CD38/HLA-DR and PD-1 were more expressed on CD4+ (p = 0.019 and 0.034, respectively) and CD8+ 

(p = 0.002 and 0.032, respectively) cells of viremic compared to non-viremic subjects. An increased IBS was 
significantly associated with 4DR condition, higher values of viral load and a previous cancer diagnosis.
Conclusions: Multidrug-resistant HIV infection is associated with a higher IBS, even when viremia is un
detectable. Therapeutic approaches aimed to reduce inflammation and T-cell exhaustion in 4DR-PLWH need 
to be investigated.

© 2023 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 

Introduction

Nowadays, the vast majority of individuals living with human 
immunodeficiency virus (HIV) with access to antiretroviral therapy 
(ART) achieve virologic suppression, although drug resistance is still 

an unsolved problem that may dramatically reduce therapeutic op
tions for this population.

In a European multicenter cohort study, the cumulative propor
tion of people living with HIV (PLWH) who had developed triple 
class virologic failure [i.e. virologic failure of two nucleoside reverse 
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transcriptase inhibitors (NRTIs), one non-nucleoside reverse tran
scriptase inhibitor (NNRTI), and one boosted protease inhibitor (PI)] 
by 9 years from the start of ART was 8.6%.1 According to more recent 
Italian epidemiological data, the prevalence of multidrug resistance 
[defined as at least one major resistant mutation in at least three 
different drug classes among NRTIs, NNRTIs, PIs and integrase strand 
transfer inhibitors (INSTIs)] among ART-experienced subjects with 
HIV was estimated at approximately 9% in the period 2011–2018.2 

Individuals with multidrug-resistant (MDR) strains are usually 
characterized by a complex clinical history with previous or current 
uncontrolled viral replication, determining adaptive immune re
sponse depletion and occurrence of opportunistic infections. Actu
ally, the incidence of acquired immunodeficiency syndrome (AIDS) 
defining events and the mortality rate in this population are parti
cularly elevated [1.2/100 person-years of follow-up (PYFU) and 1.4/ 
100 PYFU, respectively].3 Among MDR-PLWH, it is possible to iden
tify individuals with four-class drug-resistant [(4DR) resistant to 
NRTIs, NNRTIs, PIs and INSTIs] viruses, that were quantified as about 
2% of treatment-experienced PLWH in Italy in 2011–2018.2 These 
subjects show a further increased risk of developing AIDS-related 
events (2.65/100 PYFU) or death for any cause (1.76/100 PYFU), to
gether with a high incidence of non-AIDS-related events (4.71/100 
PYFU).4 

In non-4DR-PLWH on ART, morbidity and mortality remain 
higher, as compared to HIV-uninfected individuals;5,6 this may be 
partially explained by inflammation and immune activation, whose 
plasma biomarker levels are associated with the rate of non-AIDS- 
related events7–14 and decrease but do not revert to normal, once 
viremia has been suppressed.14–17 Therefore, the proinflammatory 
environment recognizes a multifactorial origin, including not only 
viral replication, but also herpes and hepatitis coinfections18–20 and 
microbial translocation, due to increased gut permeability and re
duced gut-associated lymphoid tissue response.21–24 Furthermore, in 
non-4DR-PLWH the inefficient antiviral T-cell response results in an 
aberrant expression of immune checkpoint molecules,25–27 de
termining an impairment in cytokine production, in order to prevent 
immune-mediated tissue damage. 

In 4DR-PLWH, major drivers of inflammatory burden may include 
episodes of virologic failure, AIDS events, and long-term exposure to 
antiretroviral drugs, including currently no longer used compounds 
with high toxicity. Nevertheless, to our knowledge, there are no 
available data on the effects of HIV multidrug resistance on in
flammation. 

The main objective of the current study was to evaluate the 
impact of four-class drug resistance on inflammation, immune ac
tivation, microbial translocation, and T-cell exhaustion markers, in 
PLWH included in the PRESTIGIO Registry. Thus, we compared 
plasma levels of soluble biomarkers among 4DR-PLWH with sup
pressed or unsuppressed viral load and individuals with non-4DR 
HIV. We also evaluated the expression of exhaustion and activation 
markers on T cells in the 4DR groups and factors associated with 
global inflammatory burden in the overall study population. 

Materials and methods 

Study design and population 

This is a matched-cohort study on PLWH, on ART, with ≥18 years 
of age. 

Inflammatory burden was evaluated in 80 individuals, classified 
into three groups: i) 30 4DR-PLWH with HIV-1 RNA ≥ 50 copies/mL, 
from the PRESTIGIO Registry; ii) 30 4DR-PLWH with HIV-1 RNA <  50 
copies/mL, from the PRESTIGIO Registry; iii) 20 non-4DR-PLWH with 
HIV-1 RNA <  50 copies/mL. In order to minimize the possible role of 
confounding factors on evaluated markers, exclusion criteria for this 
study included the presence of opportunistic diseases (except for 

Kaposi’s sarcoma) or intercurrent infections at the time of sampling, 
according to clinical evaluation and standard diagnostic criteria, and 
the assumption of non-steroidal anti-inflammatory drugs, anti-cy
tomegalovirus antivirals or trimethoprim/sulfamethoxazole (except 
for the dosage 160/800 mg 3 times/week) at the time of sampling. 
Groups were matched by age ( ±  5 years), gender, and smoking habit. 

The PRESTIGIO Registry is an Italian, observational, prospective, 
multicenter, annual collection of demographic, clinical, laboratory, 
virological, and treatment data of heavily treatment-experienced 
individuals with 4DR HIV. It includes PLWH with the following 
characteristics: i) age >  14 years; ii) documented genotypic re
sistance to NRTIs, NNRTIs and PIs; iii) either genotypic resistance to 
INSTIs or a history of virologic failure to an INSTI-based regimen, in 
the absence of an integrase genotype. Genotypic resistance to a drug 
class was defined as at least intermediate resistance to at least one 
drug in the class, according to the Stanford HIV database algorithm 
(version 9.0, hivdb.stanford.edu). 

The establishment of the PRESTIGIO Registry was approved 
(protocol number: 41/int/December 2017) by the San Raffaele 
Scientific Institute Ethical Committee. Thirty-five Infectious Diseases 
clinical centers, well distributed across Italy, are actively partici
pating following approval of the study protocol by the local ethical 
committees. This data collection is registered into the clinical
trial.gov website (identifier: NCT04098315). The use of anonymized 
cryopreserved samples and personal data for research studies is 
regulated by a patient informed consent. 

The control non-4DR individuals had been enrolled in the MODAt 
study,28,29 a prospective, multicenter, open-label, non-inferiority, 
randomized, 96-week trial comparing efficacy of atazanavir/rito
navir monotherapy versus atazanavir/ritonavir-based triple therapy. 
These subjects had signed a written informed consent to collect and 
analyze cryopreserved plasma samples and to use personal data for 
research purposes. An inclusion criterion of the MODAt trial was the 
absence of virologic failure in the clinical history of PLWH included 
in the analysis. Only samples collected at the baseline (before the 
ART switch) or from individuals in the triple therapy arm (the con
trol group) were used for our study. 

Enzyme-linked immunosorbent assays 

Cryopreserved plasma samples were thawed and analyzed for 
the following soluble biomarkers: i) high sensitivity C-reactive 
protein [(hs-CRP) R&D Systems, Minneapolis, MN, catalog number 
DCRP00], an acute phase reactant whose concentrations are sig
nificantly higher in individuals with acute and, particularly, chronic 
HIV infection, as compared to uninfected controls, even after ART 
start;16 ii) interleukin 6 [(IL6) R&D Systems, HS600B], a pro-in
flammatory cytokine increased in PLWH, that seems to reduce 
without normalizing with ART;13,30 iii) tumor necrosis factor α 
[(TNF-α) R&D Systems, DTA00C], another inflammatory cytokine 
produced by several cell types, including monocytes/macrophages 
and T lymphocytes, whose levels are elevated in subjects with 
HIV;10,16 iv) D-dimer (Diagnostica Stago, Asnières sur Seine, France, 
reference Asserachrom D-Di), an indicator of coagulation cascade 
activation, strictly intertwined with inflammation, with known in
creased concentrations in chronic HIV infection, even during 
ART;10,14,16,17 v) soluble CD163 [(sCD163) R&D Systems, DC1630], a 
marker of monocyte/macrophage activation, whose levels are ele
vated in PLWH and do not normalize with therapy;17 vi) CXCL13 (R& 
D Systems, DCX130), a chemokine involved in B-cell activation, 
whose concentrations are increased in individuals with chronic HIV 
infection and tend to reduce after ART start;15 vii) sCD14 (R&D 
Systems, DC140), a soluble form of a receptor involved in response to 
lipopolysaccharide [(LPS), a microbial by-product that is released in 
several processes, including bacterial translocation], whose levels 
are elevated in PLWH and maybe influenced by the ART;10,16,17,30 viii) 
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endotoxin core immunoglobulin G [(EndoCAb) Fine Test, Wuhan, 
China, catalog number EH4142], an antibody elicited by LPS, whose 
concentrations are interestingly reduced in chronic HIV infection as 
a probable result of B-cell dysfunction, favoring uncontrolled gut 
translocation;22 and ix) (1,3)-β-D-glucan [(BDG) MyBioSource, San 
Diego, CA, catalog number MBS756415], recently proposed as spe
cific indicator of fungal translocation,23 a process that requires fur
ther studies in PLWH. 

All plasma samples were ethylenediamine tetraacetic acid 
(EDTA)-anticoagulated and stored at − 80 °C without freeze-thaw 
cycles until the analysis, in order to perform an accurate cytokine 
measurement31,32. 

An inflammation burden score (IBS) was defined using a meth
odology similar to previous investigations about inflammation 
among PLWH.9,10,13,30,33–35 In the current study, it was a composite 
score, equal to the number of plasma biomarkers with an abnormal 
level. An abnormal level was defined as a value at or above the 75th 
percentile (elevated) for inflammation (hs-CRP, IL6, TNF-α, D-dimer), 
immune activation (sCD163, CXCL13) and microbial translocation 
(BDG, sCD14) biomarkers; for EndoCAb, an abnormal level was 
considered equivalent to a concentration at or below the 25th per
centile (reduced). The 25th and the 75th percentiles were calculated 
by non-transformed biomarker values, obtained from the whole 
study population. All the considered biomarkers had an equal 
weight in IBS calculation. The IBS had a range of 0–9, with 0 corre
sponding to no abnormalities in indicator levels and 9 corresponding 
to having all the biomarkers with an abnormal value. 

Multiparameter flow cytometry 

In 4DR-PLWH, multiparameter flow cytometry was performed to 
quantify the expression of markers of activation [human leukocyte 
antigen DR (HLA-DR) and CD38] and exhaustion [programmed cell 
death protein 1 (PDCD1, also known as PD-1), cytotoxic T-lympho
cyte-associated protein 4 (CTLA4) and hepatitis A virus cellular re
ceptor 2 (HAVCR2, also known as Tim-3)] on CD4+ and CD8+ T 
lymphocytes, which are known to be elevated in PLWH.25–27,36–38 

Cryopreserved peripheral blood mononuclear cells (PBMCs) were 
snap-thawed and washed with Dulbecco’s Modified Eagle Medium 
(Lonza, Basel, Switzerland) supplemented with 10% fetal bovine 
serum (Euroclone, Pero, Italy). The cells were counted and incubated 
for 16 h at 37 °C in a 5% CO2 incubator. Cells were then stained with 
fluorescently conjugated monoclonal antibodies (Supplementary 
Table 1). Surface staining was done at room temperature for 15 min 
with saturating concentrations of antibodies. Stained cells were 
washed, fixed and run on CytoFLEX S flow cytometer (Beckman 
Coulter, Miami, FL). At least 50 000 lymphocytes were collected for 
each sample. Data were compensated (Supplementary Fig. 1) and 
analyzed using FCS Express 6 (De Novo Software, Pasadena, CA), to 
determine the proportion of CD4+ and CD8+ T cells expressing each 
of T-cell markers (CD38, HLA-DR, PD-1, CTLA4, Tim-3) and to eval
uate co-expressions (CD38/HLA-DR, PD-1/CTLA4, PD-1/Tim-3). 

Statistical methods 

The characteristics of the enrolled population at the time of 
sample collection were described using median [interquartile range 
(IQR)] or frequency (percentage), both overall and in each group. 
Comparisons among groups were calculated with Kruskal-Wallis test 
or Wilcoxon rank-sum test for continuous variables, Chi-square test 
or Fisher’s exact test for categorical ones, as appropriate. 

Multivariate linear regression was fitted to determine factors 
associated with IBS; slopes and 95% confidence interval (95%CI) were 
reported for factors with a significant effect on IBS. The model in
cluded demographic (age) and clinical [hepatitis C virus (HCV) ser
ostatus, use of statin, previous major adverse cardiovascular events 

(MACEs), previous cancer diagnosis] characteristics with a potential 
effect on IBS, in addition to ART duration, CD4+ nadir, 4DR status, 
viral load and CD4+ T-cell count at the time of sampling. MACEs 
included stroke, acute myocardial infarction, coronary disease re
quiring revascularization, and congestive heart failure. 

Two-sided p-values <  0.05 were considered significant. Statistical 
analyses were carried out using the SAS software (SAS Institute, Cary, 
NC, release 9.4), and the SPSS software (Statistical Package for the 
Social Sciences, SSPS Inc., Chicago, IL, release 26). 

Results 

Characteristics of the subjects 

Overall, 80 PLWH were evaluated: at the time of sampling, 
median (IQR) age was 51.7 (45.9–55.2) years, 11 (13.8%) were female 
and 48 (60%) were smokers. Their first HIV positive test dated back 
to 21.4 (11.8–27.3) years before sampling and they had been on ART 
since 17.8 (8–23.7) years; a previous AIDS diagnosis occurred in 21 
(26.3%) individuals. Median (IQR) CD4+ and CD8+ T cells were 472 
(237−766) and 817 (509–1064) cells/mm3, respectively, with a 
median (IQR) CD4+ nadir of 156 (47−260) cells/mm3. Viremic 4DR- 
PLWH had an HIV-1 RNA of 3.78 (2.1–4.69) log10 copies/mL. In terms 
of comorbidities, 21 (26.3%) had a positive serology for HCV and 3 
(3.8%) had a positive hepatitis B surface antigen (HBsAg), 10 (12.5%) 
had a previous cancer diagnosis, 5 (6.3%) had previous MACEs, and 
17 (21.3%) were using statin. Other characteristics are reported in  
Table 1. ART regimens at the time of sampling are reported in Table 2 
and Supplementary Table 2. 

Inflammatory burden 

Inflammation (hs-CRP, IL6, TNF-α, and D-dimer), immune acti
vation (sCD163 and CXCL13) and microbial translocation (sCD14 and 
EndoCAb) biomarker levels showed a significant difference among 
4DR-PLWH with HIV-1 RNA ≥ 50 copies/mL, virologically suppressed 
4DR-PLWH and the non-4DR group (Fig. 1 and Supplementary 
Table 3). Generally, the highest marker levels were observed among 
viremic 4DR-PLWH and the lowest ones in non-4DR subjects, even if 
not all the biomarkers followed this pattern (Fig. 1 and  
Supplementary Table 3). Remarkably, EndoCAb showed the highest 
concentrations in non-4DR-PLWH with HIV-1 RNA <  50 copies/mL 
and the lowest ones in viremic 4DR individuals (Fig. 1D and  
Supplementary Table 3). Only BDG concentrations were not sig
nificantly different among the three groups (Supplementary Table 3). 

The proportions of people with abnormal levels of IL6, TNF-α, D- 
dimer, CXCL13 and sCD14 significantly differed among 4DR-PLWH 
with HIV-1 RNA ≥ 50 copies/mL, non-viremic 4DR individuals and 
the non-4DR group (Supplementary Table 3). Furthermore, in
dividuals with an abnormal EndoCAb concentration were sig
nificantly more prevalent in the first group, as compared to 
virologically suppressed subjects, with or without 4DR strains 
(Supplementary Table 3). 

The IBS was significantly higher in 4DR-PLWH with HIV-1 RNA 
≥ 50 copies/mL than in those virologically suppressed (p = 0.006); 
however, non-viremic 4DR-PLWH showed a more elevated IBS, as 
compared to the non-4DR group (p = 0.027). Twenty-one (70%) 
viremic 4DR-PLWH had >  2 plasma soluble biomarkers with an ab
normal level, against 9 (30%) 4DR-PLWH with HIV-1 RNA <  50 co
pies/mL and 1 (5%) individual with a non-4DR virus (Fig. 2). 

T-cell activation and exhaustion 

Among individuals with 4DR HIV, CD38/HLA-DR co-expression 
on CD4+ and CD8+ T cells was significantly higher in viremic subjects 
than in those virologically suppressed (Table 3). Furthermore, CD8+ T 
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Table 2 
Antiretroviral therapy regimens taken by the study population at the time of sampling.        

ART regimen Overall 4DR with HIV-1 RNA ≥  
50 copies/mL 
(Group 1; n = 30) 

4DR with HIV-1 RNA  <   
50 copies/mL 
(Group 2; n = 30) 

Non-4DR with HIV-1 RNA  <   
50 copies/mL 
(Group 3; n = 20) 

p-value  

2-drug regimen 13 (16.25%) 2 (6.67%) 11 (36.67%) 0 (0%)   <  0.0001 
1 boosted PI + 2 NRTIs 22 (27.5%) 2 (6.67%) 0 (0%) 20 (100%) 
1 INSTI + 2 NRTIs 2 (2.5%) 1 (3.33%) 1 (3.33%) 0 (0%) 
Complex regimen 43 (53.75%) 25 (83.33%) 18 (60%) 0 (0%) 

Results described by frequency (percentage). Statistical analyses were performed by Chi-square test. A complex regimen was defined as ≥ 3-drug combination different from 1 
boosted PI + 2 NRTIs or 1 INSTI + 2 NRTIs or 1 NNRTI + 2 NRTIs. Abbreviations: ART: antiretroviral therapy; HIV: human immunodeficiency virus; INSTI: integrase strand transfer 
inhibitor; NNRTI: non-nucleoside reverse transcriptase inhibitor; NRTI: nucleoside reverse transcriptase inhibitor; PI: protease inhibitor; 4DR: four-class drug-resistant.  

Fig. 1. Plasma levels of inflammation, immune activation and microbial translocation soluble biomarkers in viremic 4DR-, non-viremic 4DR-, and non-4DR-PLWH. Groups were 
matched by age ( ±  5 years), gender and smoking habit. The boxes represent the middle 50% of the data values for each group. The horizontal line across the box marks the median 
value. The error bars identify the minimum value and the maximum, excluding outliers. Mild outliers (circles) are defined as (> 3rd quartile + 1.5 *IQR) or (< 1st quartile - 1.5 *IQR). 
Extreme outliers (stars) are defined as (> 3rd quartile + 3 *IQR) or (< 1st quartile - 3 *IQR). Statistical analyses were performed by Kruskal-Wallis test and Wilcoxon rank-sum test, 
with statistical significance at p  <  0.05. Group 1: people living with four-class drug-resistant HIV with HIV-1 RNA ≥ 50 copies/mL. Group 2: people living with four-class drug- 
resistant HIV with HIV-1 RNA  <  50 copies/mL. Group 3: people living with non-four-class drug-resistant HIV with HIV-1 RNA <  50 copies/mL. Abbreviations: CRP: C-reactive 
protein; EndoCAb: endotoxin core immunoglobulin G; hs: high sensitivity; HIV: human immunodeficiency virus; IL: interleukin; IQR: interquartile range; PLWH: people living 
with human immunodeficiency virus; s: soluble; TNF: tumor necrosis factor; 4DR: four-class drug-resistant. 
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cells expressing CD38 or HLA-DR and CD4+ T cells expressing HLA- 
DR were significantly higher in the first group compared to the 
second one (Table 3). 

Similar results were obtained for T-cell exhaustion: PD-1 was 
significantly more expressed on CD4+ and CD8+ T lymphocytes of 
4DR-PLWH with HIV-1 RNA ≥ 50 copies/mL (Table 3). Other markers 
of immune exhaustion did not show the same results, even if CTLA4 
expression and PD-1/CTLA4 co-expression on CD8+ T cells were 
marginally higher in the same group (Table 3). 

Factors associated to inflammatory burden 

After adjusting for age, ART duration, CD4+ T-cell count, CD4+ 

nadir, HCV serostatus, use of statin and previous MACEs, higher 

values of the IBS were significantly associated with the 4DR condi
tion (slope = +1.65, 95%CI = 0.02–3.06, p = 0.023), increasing values of 
viral load (per 1 log10 copies/mL higher: slope = +0.66, 
95%CI = 0.23–1.09, p = 0.003) and the presence of a previous cancer 
diagnosis (slope = +2.04, 95%CI = 0.76–3.33, p = 0.002). 

Discussion 

Our findings showed that individuals with four-class drug-re
sistant HIV-1, including those virologically suppressed, were char
acterized by a higher inflammatory burden, as compared to subjects 
with a non-4DR virus. 

Plasma concentrations of all the examined inflammation and 
immune activation indicators were significantly different among 

Fig. 2. Inflammation burden score distribution in viremic 4DR-, non-viremic 4DR-, and non-4DR-PLWH. Groups were matched by age ( ±  5 years), gender and smoking habit. Data 
are shown as frequency (percentage). Statistics were performed by Kruskal-Wallis test and Wilcoxon rank-sum test, with statistical significance at p  <  0.05. Group 1: people living 
with four-class drug-resistant HIV with HIV-1 RNA ≥ 50 copies/mL. Group 2: people living with four-class drug-resistant HIV with HIV-1 RNA <  50 copies/mL. Group 3: people 
living with non-four-class drug-resistant HIV with HIV-1 RNA <  50 copies/mL. Abbreviations: HIV: human immunodeficiency virus; IBS: inflammation burden score; PLWH: 
people living with human immunodeficiency virus; vs.: versus; 4DR: four-class drug-resistant; %: percentage. 

Table 3 
T-cell activation and exhaustion markers in 4DR-PLWH.      

Biomarkers 4DR with HIV-1 
RNA ≥ 50 copies/mL 
(Group 1; n = 30) 

4DR with HIV-1 RNA  <  50 copies/mL (Group 2; n = 30) p-value  

CD38+, % of CD4+ T cells 35.29 (12.38–39.03) 20.28 (11.72–41.08)  0.514 
HLA-DR+, % of CD4+ T cells 12.32 (5.41–14.75) 4.99 (3.53–7.74)  0.037 
CD38+HLA-DR+, % of CD4+ T cells 4.41 (2.32–5.32) 1.88 (0.82–2.76)  0.019 
PD-1+, % of CD4+ T cells 47.68 (40.83–62.51) 35.78 (28.22–46.89)  0.034 
CTLA4+, % of CD4+ T cells 1.47 (0.49–2.32) 0.85 (0.42–1.52)  0.382 
Tim-3+, % of CD4+ T cells 0.98 (0.4–1.54) 1.23 (0.85–1.77)  0.279 
PD-1+CTLA4+, % of CD4+ T cells 0.49 (0.17–1.23) 0.43 (0.32–0.75)  0.849 
PD-1+Tim-3+, % of CD4+ T cells 0.49 (0.17–1.23) 0.43 (0.32–0.75)  0.849 
CD38+, % of CD8+ T cells 33.48 (8.68–40.49) 10.24 (6.57–18.06)  0.034 
HLA-DR+, % of CD8+ T cells 13.84 (10.93–18.2) 8.14 (4.92–14.75)  0.018 
CD38+HLA-DR+, % of CD8+ T cells 6.1 (3.9–7.52) 1.86 (0.98–3.46)  0.002 
PD-1+, % of CD8+ T cells 48.94 (44.71–59.56) 39.63 (29.75–51.6)  0.032 
CTLA4+, % of CD8+ T cells 1.09 (0.6–1.72) 0.37 (0.25–0.97)  0.077 
Tim-3+, % of CD8+ T cells 0.95 (0.69–1.78) 1.31 (0.88–1.63)  0.474 
PD-1+CTLA4+, % of CD8+ T cells 0.3 (0.22–0.64) 0.08 (0.01–0.28)  0.057 
PD-1+Tim-3+, % of CD8+ T cells 0.51 (0.32–0.7) 0.47 (0.34–0.79)  0.738 

Results described by median (interquartile range). Statistical analyses were performed by Wilcoxon rank-sum test. Abbreviations: CTLA4: cytotoxic T-lymphocyte-associated 
protein 4; HIV: human immunodeficiency virus; HLA: human leukocyte antigen; PD-1: programmed cell death protein 1; PLWH: people living with HIV; Tim-3: hepatitis A virus 
cellular receptor 2; 4DR: four-class drug-resistant.  
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4DR-PLWH with HIV-1 RNA ≥ 50 copies/mL, virologically suppressed 
4DR-PLWH and the non-4DR group. In particular, TNF-α, sCD163, 
CXCL13 and marginally IL6 and D-dimer levels were higher in viremic 
4DR-PLWH than in those with HIV-1 RNA <  50 copies/mL. These 
results are in line with other clinical studies highlighting that levels 
of these markers show an improvement in individuals with HIV on 
effective ART,14–17 even if not attaining normal levels. However, we 
found higher concentrations of hs-CRP, D-dimer, sCD163 and mar
ginally IL6 and CXCL13 among individuals with HIV-1 RNA <  50 co
pies/mL harboring a 4DR virus, as compared to non-4DR-PLWH. This 
is consistent with the complex clinical history of 4DR-PLWH: by 
definition, antiretroviral drug resistance selection is strictly linked to 
prolonged and uncontrolled viral replication in the presence of ART. 
HIV reservoir is known to be associated with the previous pattern of 
viral load, including periods of viral suppression or active replica
tion,39 so it is expected to be elevated in individuals with MDR HIV; 
an association between inflammation and latent and active viral 
reservoir had been previously described.40 Furthermore, non- 
viremic 4DR-PLWH had a lower CD4+ nadir, as compared to the non- 
4DR group; in previous studies, this immunological parameter had 
been shown as related to a faster premature inflamm-ageing.41 

We obtained similar findings for sCD14, an indirect indicator of 
gut translocation, whose concentrations were significantly lower in 
non-viremic non-4DR-PLWH. By contrast, among groups with four- 
class drug resistance, there was not a significant difference due to 
the viral load; actually, prior studies did not unanimously prove the 
reduction of sCD14 levels after the initiation of ART.16,17 

In our analysis, endotoxin core immunoglobulin G, another in
direct biomarker of microbial translocation, was differently ex
pressed among the enrolled groups: in this case, the highest levels 
were detected in non-4DR-PLWH and the lowest ones in viremic 
subjects with a 4DR virus. In line with our results, a reduction in 
plasma EndoCAb concentrations had been observed in PLWH com
pared to HIV-negative subjects22: in case of acute infection, these 
decreased levels could be due to binding and neutralization of cir
culating LPS, similarly to what happens during acute microbial 
translocation [such as sepsis42]; in chronic HIV infection, this re
duction is opposite to the increase observed in other conditions of 
chronic microbial translocation [for instance, inflammatory bowel 
diseases43] and might be justified, partially at least, by a dysfunc
tional and exhausted B-cell response.44,45 Multidrug resistance, as
sociated with complex clinical history, may be involved in enhancing 
B-cell exhaustion. Moreover, the aforementioned increase of CXCL13, 
that we observed in 4DR-PLWH, suggests that a T-follicular-helper- 
cell dysfunction may contribute to this process, especially in the 
viremic group. These events could result in a further demodulation 
of response to bacterial translocation, exacerbating its role of con
tributor to inflammation and immune activation. 

The only analyzed soluble marker whose levels did not vary 
significantly among the three groups was (1,3)-β-D-glucan, an in
dicator of fungal translocation. Previous studies were also incon
clusive, by reporting both increased46 and decreased23 

concentrations of this marker in PLWH, as compared to HIV-unin
fected controls. 

Our multivariate linear regression analysis showed a significant 
association between HIV four-class drug resistance and IBS. 
Apparently, this could be justified by the lower CD4+ T-cell count and 
nadir reported for viremic 4DR-PLWH. By definition, viremic 4DR- 
PLWH have an active viral replication and a concurrent reduction in 
CD4+ T-cell count. Moreover, the long history of virologic failures in 
4DR population may explain a lower CD4+ nadir, as aforementioned. 
However, these factors were included in our model and the 4DR 
status remained significantly related to an increase of IBS, reinfor
cing the hypothesis about a pro-inflammatory role of previously 
uncontrolled viral replication. Intriguingly, a higher inflammatory 
burden in individuals with a MDR virus might partially account for 

the premature ageing process and the high risk of AIDS- and non- 
AIDS-related events or deaths, observed in this population.4 In
flammatory burden was also found to be associated with higher HIV- 
1 RNA levels and a previous cancer diagnosis. Many studies showed a 
correlation between HIV-1 viremia and inflammatory marker levels, 
that are particularly reduced after virologic suppression.14–17 For 
what regards the association between cancer and inflammatory 
burden, inflammation is recognized as a hallmark feature of cancer 
development and progression47,48 and many trials have suggested 
the efficacy of anti-inflammatory therapy in neoplastic patients.48 

In line with soluble marker findings, among 4DR-PLWH, also 
cellular biomarkers of immune activation (HLA-DR and CD38/HLA- 
DR co-expression on CD4+ and CD8+ T cells, and CD38 on CD8+ T 
cells) were significantly more expressed in individuals with HIV-1 
RNA ≥ 50 copies/mL. Similarly, previous studies showed that the 
expression of these cellular molecules is elevated in PLWH, com
pared to HIV-uninfected individuals, and tends to diminish with 
virologic suppression and to increase with virologic failure.36–38 

We also found that, among 4DR-PLWH, the expression of im
mune checkpoint molecules on CD8+ (PD-1 and, marginally, CTLA4 
and PD-1/CTLA4 co-expression) and CD4+ (PD-1) T cells was in
creased in viremic subjects, as a probable consequence of excessive 
T-cell activation. PD-1, probably the best-known immune exhaustion 
receptor, had been previously reported to be up-regulated on T 
lymphocytes in individuals with chronic HIV infection and asso
ciated with viral load.25,49 A similar trend had been shown for 
CTLA4, especially on CD4+ T cells, although its decrease after ART 
initiation seemed to be modest and slow.50 As for new inhibitory 
pathways, we studied the expression of Tim-3, known as a marker of 
activated but dysfunctional T-cell population in PLWH,27 but we did 
not find any significant difference in the two groups of 4DR-PLWH. 

Considering the particularly elevated IBS and the higher immune 
exhaustion that we observed in viremic 4DR-PLWH, an integrated 
therapeutic approach, including drugs that reduce inflammation (for 
instance, anti-TNF-α molecules) and microbial translocation (e.g., 
probiotics or trimethoprim/sulfamethoxazole) or revert T-cell ex
haustion (immune checkpoint inhibitors), might be hypothesized for 
this population with very limited treatment options. However, fur
ther studies are required to validate this possible therapeutic 
strategy. 

The current investigation has some limitations that need to be 
mentioned. Firstly, given the small sample of 4DR-PLWH enrolled, 
findings from this study are difficult to be generalized to other MDR- 
PLWH. This constraint is mainly due to the low prevalence of four- 
class drug resistance among individuals with HIV and the rigorous 
matching criteria. However, matching by age, gender and smoking 
habit allowed us to avoid these factors from affecting the analysis of 
immune dysregulation biomarkers. Furthermore, the absence of data 
on T-cell activation and exhaustion markers in virologically sup
pressed non-4DR-PLWH limits the strength of our observations on 
cellular marker trend, although it has no substantial implications in 
possible future treatment strategies for viremic 4DR-PLWH. The 
unavailability of direct measures of gut-epithelial disfunction in the 
current study can be added to the constraints; nonetheless, we 
considered indirect indicators (sCD14 and EndoCAb) as appropriate 
surrogate markers of bacterial translocation, underlying inflamma
tion and immune activation. The lack of a control viremic non-4DR 
group can be considered another limitation, but in our country this 
population includes mainly ART-naïve PLWH with younger age, so 
the baseline characteristics of this group would be extremely dif
ferent from the three others. Finally, the absence of information on 
comorbidities (except for HCV, HBV, MACEs, arterial hypertension, 
use of statin, and cancer) was another constraint; in particular, cy
tomegalovirus coinfection is recognized as an important contributor 
to inflammation in PLWH. The role of herpes coinfection in inflamm- 
ageing is still debated in case of low CD4+ T-cell count,18,51,52 so it 
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was not correctly evaluable in viremic 4DR-PLWH, due to their 
compromised immune response (median CD4+ T-cell count <  200 
cells/mm3). However, in non-viremic groups that had median CD4+ 

T-cell count >  500 cells/mm3, the unknown serostatus and viremia 
did not allow us to exclude a role of cytomegalovirus in the increase 
of inflammatory burden. 

In conclusion, the current study contributes to our knowledge on 
the effects of HIV multidrug resistance on inflammatory burden. 
Actually, we provide evidence that people living with MDR HIV-1, 
especially when viral replication is uncontrolled, are characterized 
by a higher inflammation burden score compared with non-4DR- 
PLWH. This potentially offers the opportunity for new therapeutic 
options aimed at reducing excessive inflammation or reverting T-cell 
exhaustion, in order to improve the survival and the quality of life of 
this fragile population. 

Author contributions 

AC, VS, LG, AP, and TC had full access to all the data in the study 
and took final responsibility for the integrity of the data, the accu
racy of the data analysis, and the decision to submit for publication. 
AC and VS conceived the study. LG and TC helped in the study design. 
RC and TC performed the experiments. RC performed flow cyto
metric data analyses, LG and AP performed statistical analyses. AG, 
AP, PC, GCM, AB, MZ, and MMS contributed in data collection, ad
ministrative or material support. TC, VS and LG wrote the first draft 
of the manuscript. All the authors contributed in data interpretation 
and critical revision of the manuscript. 

Funding 

The PRESTIGIO Registry was supported by ViiV Healthcare and 
Theratechnologies. The funding source had no involvement in the 
study. 

Availability of data and materials 

The datasets used and analyzed during the current study may be 
available from the corresponding author upon reasonable request. 

Declaration of interest 

None. 

Acknowledgements 

The authors wish to thank the PRESTIGIO Study Group. 
Steering committee: Antonella Castagna (Coordinator), Nicola 

Gianotti, Laura Galli, Franco Maggiolo, Leonardo Calza, Emanuele 
Focà, Gaetana Sterrantino, Giovanni Cenderello, Antonio Di Biagio, 
Stefano Rusconi, Cristina Mussini, Marianna Menozzi, Andrea 
Antinori, Roberta Gagliardini, Stefano Bonora, Micol Ferrara, 
Maurizio Zazzi, Maria Santoro, Giulio Maria Corbelli. 

Virology team and biological bank: Maurizio Zazzi, Maria 
Mercedes Santoro, Andrea Galli. 

Study coordinators: Elisabetta Carini, Maria Rita Parisi. 
Statistical and monitoring team: Laura Galli, Andrea Poli, Alba 

Bigoloni. 
Participating centers: Ancona: Marcello Tavio, Luca Butini, 

Andrea Giacometti; Aviano: Emanuela Vaccher, Ferdinando 
Martellotta, Valentina Da Ros; Bari: Gioacchino Angarano, Annalisa 
Saracino, Flavia Balena; Bergamo: Franco Maggiolo, Laura Comi, Elisa 
Di Filippo, Daniela Valenti, Claudia Suardi, Barbara Mazzola; 
Bologna: Pierluigi Viale, Leonardo Calza, Elena Rosselli del Turco, 
Marta Vacas Ramirez; Brescia: Francesco Castelli, Emanuele Focà, 

Anna Celotti, Francesca Brognoli; Busto Arsizio: Guido Bonoldi, 
Barbara Menzaghi, Clara Abeli, Maddalena Farinazzo; Cagliari: 
Francesco Ortu, Marco Campus; Catania: Bruno Cacopardo, Maurizio 
Celesia; Cremona: Angelo Pan, Chiara Fornabaio; Firenze: Alessandro 
Bartoloni, Gaetana Sterrantino, Francesca Rinaldi, Susanna Giachè, 
Blanc Pierluigi, Francesca Vichi, Francesco Maria Fusco; Foggia: 
Teresa Santantonio, Sergio Ferrara, Serena Rita Bruno; Genova: 
Giovanni Cassola, Giovanni Cenderello, Feasi Marcello, Francesca 
Calautti, Matteo Bassetti, Antonio Di Biagio, Bianca Bruzzone; La 
Spezia: Stefania Artioli; Milano: Adriano Lazzarin, Antonella 
Castagna, Nicola Gianotti, Elisabetta Carini, Maria Rita Parisi, Laura 
Galli, Andrea Poli, Andrea Galli, Diana Canetti, Massimo Galli, Stefano 
Rusconi, Tiziana Formenti, Valentina Morena, Arianna Gabrieli, 
Antonella d'Arminio Monforte, Lidia Gazzola, Esther Merlini, 
Valentina Minieri, Andrea Gori, Alessandra Bandera, Valeria Pastore, 
Valentina Ferroni, Massimo Puoti, Cristina Moioli; Sara Vassalli; 
Modena: Cristina Mussini, Marianna Menozzi, Roncaglia Enrica, 
Nardini Giulia, Barbara Beghetto; Napoli: Elio Manzillo, Alfredo 
Franco; Padova: Anna Maria Cattelan, Serena Marinello, Silvia 
Cavinato, Annamaria Macario; Palermo: Antonio Cascio, Giovanni 
Mazzola; Parma: Anna Maria degli Antoni, Carlo Ferrari, Diletta 
Laccabue; Pavia: Gaetano Filice, Roberto Gulminetti, Layla Pagnucco, 
Annalia Asti; Perugia/Terni: Daniela Francisci, Pasticci, Elisabetta 
Schiaroli, Chiara Papalini, Francesca Italiani; Pistoia: Massimo Di 
Pietro; Reggio Emilia: Giacomo Magnani, Garlassi Elisa, Enrico 
Barchi, Romina Corsini; Roma: Andrea Antinori, Roberta Gagliardini, 
Alessandra Vergori, Stefania Cicalini, Giovanna Onnelli, Alberto 
Giannetti, Roberto Cauda, Arturo Ciccullo, Silvia La Monica, Vincenzo 
Vullo, Gabriella Dettorre, Eugenio Nelson Cavallari, Massimo 
Andreoni, Vincenzo Malagnino, Laura Ceccarelli; Rovigo: Filippo 
Viviani, Lolita Sasset; Sanremo: Chiara Dentone; Siena: Barbara 
Rossetti, Sara Modica, Valentina Borgo; Torino: Giovanni Di Perri, 
Stefano Bonora, Micol Ferrara, Chiara Carcieri; Trieste: Roberto 
Luzzati, Sandro Centonze, Romina Valentinotti; Verona: Marina 
Malena, Marta Fiscon, Barbara Padovani. 

Prior presentations 

Preliminary results of this work were presented at AIDS 2020: 
23rd International AIDS Conference, July 6–10 2020 (PEB0250), and 
at ICAR 2020: 12th Italian Conference on AIDS and Antiviral 
Research, October 12–16 2020 (Abstract 182; OC 55). 

Appendix A. Supporting information 

Supplementary data associated with this article can be found in 
the online version at doi:10.1016/j.jinf.2023.03.011. 

References 

1. Lodwick R, Costagliola D, Reiss P, Torti C, Teira R, Dorrucci M, et al. Triple-class 
virologic failure in HIV-infected patients undergoing antiretroviral therapy for up to 
10 years. Arch Intern Med 2010;170:410–9. https://doi.org/10.1001/archinternmed. 
2009.472 

2. Lombardi F, Giacomelli A, Armenia D, Lai A, Dusina A, Bezenchek A, et al. 
Prevalence and factors associated with HIV-1 multi-drug resistance over the past two 
decades in the Italian ARCA database. Int J Antimicrob Agents 2021;57:106252. 
https://doi.org/10.1016/j.ijantimicag.2020.106252 

3. Costagliola D, Lodwick R, Ledergerber B, Torti C, van Sighem A, Podzamczer D, 
et al. Trends in virological and clinical outcomes in individuals with HIV-1 infection 
and virological failure of drugs from three antiretroviral drug classes: a cohort study. 
Lancet Infect Dis 2012;12:119–27. https://doi.org/10.1016/S1473-3099(11)70248-1 

4. Galli L, Parisi MR, Poli A, Menozzi M, Fiscon M, Garlassi E, et al. Burden of disease 
in PWH harboring a multidrug-resistant virus: data from the PRESTIGIO Registry. 
Open Forum Infect Dis 2020;7:ofaa456. https://doi.org/10.1093/ofid/ofaa456 

5. Samji H, Cescon A, Hogg RS, Modur SP, Althoff KN, Buchacz K, et al. Closing the 
gap: increases in life expectancy among treated HIV-positive individuals in the United 
States and Canada. PLoS One 2013;8:e81355. https://doi.org/10.1371/journal.pone. 
0081355 

T. Clemente, R. Caccia, L. Galli et al. Journal of Infection 86 (2023) 453–461 

460 



6. Legarth RA, Ahlström MG, Kronborg G, Larsen CS, Pedersen C, Pedersen G, et al. 
Long-term mortality in HIV-infected individuals 50 years or older: a nationwide, 
population-based cohort study. J Acquir Immune Defic Syndr 2016;71:213–8. 
https://doi.org/10.1097/QAI.0000000000000825 

7. Hunt PW, Lee SA, Siedner MJ. Immunologic biomarkers, morbidity, and mortality in 
treated HIV infection. J Infect Dis 2016;214(Suppl 2):S44–50. https://doi.org/10. 
1093/infdis/jiw275 

8. Erlandson KM, Allshouse AA, Jankowski CM, Lee EJ, Rufner KM, Palmer BE, et al. 
Association of functional impairment with inflammation and immune activation in 
HIV type 1-infected adults receiving effective antiretroviral therapy. J Infect Dis 
2013;208:249–59. https://doi.org/10.1093/infdis/jit147 

9. Mooney S, Tracy R, Osler T, Grace C. Elevated biomarkers of inflammation and 
coagulation in patients with HIV are associated with higher Framingham and VACS 
Risk Index Scores. PLoS One 2015;10:e0144312. https://doi.org/10.1371/journal. 
pone.0144312 

10. Montoya JL, Campbell LM, Paolillo EW, Ellis RJ, Letendre SL, Jeste DV, et al. 
Inflammation relates to poorer complex motor performance among adults living with 
HIV on suppressive antiretroviral therapy. J Acquir Immune Defic Syndr 
2019;80:15–23. https://doi.org/10.1097/QAI.0000000000001881 

11. Kuller LH, Tracy R, Belloso W, De Wit S, Drummond F, Lane HC, et al. Inflammatory 
and coagulation biomarkers and mortality in patients with HIV infection. PLoS Med 
2008;5:e203. https://doi.org/10.1371/journal.pmed.0050203 

12. Hunt PW, Sinclair E, Rodriguez B, Shive C, Clagett B, Funderburg N, et al. Gut 
epithelial barrier dysfunction and innate immune activation predict mortality in 
treated HIV infection. J Infect Dis 2014;210:1228–38. https://doi.org/10.1093/infdis/ 
jiu238 

13. So-Armah KA, Tate JP, Chang CH, Butt AA, Gerschenson M, Gibert CL, 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;72:206–13. https://doi.org/10.1097/QAI.0000000000000954 

14. Freiberg MS, Bebu I, Tracy R, So-Armah K, Okulicz J, Ganesan A, et al. D-dimer 
levels before HIV seroconversion remain elevated even after viral suppression and are 
associated with an increased risk of Non-AIDS events. PLoS One 2016;11:e0152588. 
https://doi.org/10.1371/journal.pone.0152588 

15. Widney DP, Breen EC, Boscardin WJ, Kitchen SG, Alcantar JM, Smith JB, et al. 
Serum levels of the homeostatic B cell chemokine, CXCL13, are elevated during HIV 
infection. J Interferon Cytokine Res 2005;25:702–6. https://doi.org/10.1089/jir. 
2005.25.702 

16. Sereti I, Krebs SJ, Phanuphak N, Fletcher JL, Slike B, Pinyakorn S, et al. Persistent, albeit 
reduced, chronic inflammation in persons starting antiretroviral therapy in acute HIV 
infection. Clin Infect Dis 2017;64:124–31. https://doi.org/10.1093/cid/ciw683 

17. O'Halloran JA, Dunne E, Gurwith M, Lambert JS, Sheehan GJ, Feeney ER, et al. The 
effect of initiation of antiretroviral therapy on monocyte, endothelial and platelet 
function in HIV-1 infection. HIV Med 2015;16:608–19. https://doi.org/10.1111/hiv. 
12270 

18. Hunt PW, Martin JN, Sinclair E, Epling L, Teague J, Jacobson MA, et al. 
Valganciclovir reduces T cell activation in HIV-infected individuals with incomplete 
CD4+ T cell recovery on antiretroviral therapy. J Infect Dis 2011;203:1474–83. 
https://doi.org/10.1093/infdis/jir060 

19. Freeman ML, Mudd JC, Shive CL, Younes SA, Panigrahi S, Sieg SF, et al. CD8 T-cell 
expansion and inflammation linked to CMV coinfection in ART-treated HIV infection. 
Clin Infect Dis 2016;62:392–6. https://doi.org/10.1093/cid/civ840 

20. Gonzalez VD, Falconer K, Blom KG, Reichard O, Mørn B, Laursen AL, et al. High 
levels of chronic immune activation in the T-cell compartments of patients coinfected 
with hepatitis C virus and human immunodeficiency virus type 1 and on highly active 
antiretroviral therapy are reverted by alpha interferon and ribavirin treatment. J Virol 
2009;83:11407–11. https://doi.org/10.1128/JVI.01211-09 

21. Nazli A, Chan O, Dobson-Belaire WN, Ouellet M, Tremblay MJ, Gray-Owen SD, 
et al. Exposure to HIV-1 directly impairs mucosal epithelial barrier integrity allowing 
microbial translocation. PLoS Pathog 2010;6:e1000852. https://doi.org/10.1371/ 
journal.ppat.1000852 

22. Brenchley JM, Price DA, Schacker TW, Asher TE, Silvestri G, Rao S, et al. Microbial 
translocation is a cause of systemic immune activation in chronic HIV infection. Nat 
Med 2006;12:1365–71. https://doi.org/10.1038/nm1511 

23. Weiner LD, Retuerto M, Hager CL, El Kamari V, Shan L, Sattar A, et al. Fungal 
translocation is associated with immune activation and systemic inflammation in 
treated HIV. AIDS Res Hum Retrovir 2019;35:461–72. https://doi.org/10.1089/AID. 
2018.0252 

24. Marchetti G, Tincati C, Silvestri G. Microbial translocation in the pathogenesis of HIV 
infection and AIDS. Clin Microbiol Rev 2013;26:2–18. https://doi.org/10.1128/CMR. 
00050-12 

25. Trautmann L, Janbazian L, Chomont N, Said EA, Gimmig S, Bessette B, et al. 
Upregulation of PD-1 expression on HIV-specific CD8+ T cells leads to reversible im
mune dysfunction. Nat Med 2006;12:1198–202. https://doi.org/10.1038/nm1482 

26. Leng Q, Bentwich Z, Magen E, Kalinkovich A, Borkow G. CTLA-4 upregulation during 
HIV infection: association with anergy and possible target for therapeutic intervention. 
AIDS 2002;16:519–29. https://doi.org/10.1097/00002030-200203080-00002 

27. Jones RB, Ndhlovu LC, Barbour JD, Sheth PM, Jha AR, Long BR, et al. Tim-3 ex
pression defines a novel population of dysfunctional T cells with highly elevated 
frequencies in progressive HIV-1 infection. J Exp Med 2008;205:2763–79. https:// 
doi.org/10.1084/jem.20081398 

28. Castagna A, Spagnuolo V, Galli L, Vinci C, Nozza S, Carini E, et al. Simplification to 
atazanavir/ritonavir monotherapy for HIV-1 treated individuals on virological 

suppression: 48-week efficacy and safety results. AIDS 2014;28:2269–79. https:// 
doi.org/10.1097/QAD.0000000000000407 

29. Galli L, Spagnuolo V, Bigoloni A, D'Arminio Monforte A, Montella F, Antinori A, 
et al. Atazanavir/ritonavir monotherapy: 96 week efficacy, safety and bone mineral 
density from the MODAt randomized tria. J Antimicrob Chemother 2016;71:1637–42. 
https://doi.org/10.1093/jac/dkw031 

30. Armah KA, McGinnis K, Baker J, Gibert C, Butt AA, Bryant KJ, et al. HIV status, 
burden of comorbid disease, and biomarkers of inflammation, altered coagulation, 
and monocyte activation. Clin Infect Dis 2012;55:126–36. https://doi.org/10.1093/ 
cid/cis406 

31. Simpson S, Kaislasuo J, Guller S, Pal L. Thermal stability of cytokines: a review. 
Cytokine 2020;125:154829. https://doi.org/10.1016/j.cyto.2019.154829 

32. Liu C, Chu D, Kalantar-Zadeh K, George J, Young HA, Liu G. Cytokines: from clinical 
significance to quantification. Adv Sci 2021;8:e2004433. 

33. Armah KA, Quinn EK, Cheng DM, Tracy RP, Baker JV, Samet JH, et al. Human im
munodeficiency virus, hepatitis C, and inflammatory biomarkers in individuals with 
alcohol problems: a cross-sectional study. BMC Infect Dis 2013;13:399. https://doi. 
org/10.1186/1471-2334-13-399 

34. Višković K, Židovec Lepej S, Gorenec A, Grgić I, Lukas D, Zekan Š, et al. 
Cardiovascular markers of inflammation and serum lipid levels in HIV-infected pa
tients with undetectable viremia. Sci Rep 2018;8:6113. https://doi.org/10.1038/ 
s41598-018-24446-4 

35. Fuster D, Cheng DM, Quinn EK, Armah KA, Saitz R, Freiberg MS, et al. Inflammatory 
cytokines and mortality in a cohort of HIV-infected adults with alcohol problems. 
AIDS 2014;28:1059–64. https://doi.org/10.1097/QAD.0000000000000184 

36. Levacher M, Hulstaert F, Tallet S, Ullery S, Pocidalo JJ, Bach BA. The significance of 
activation markers on CD8 lymphocytes in human immunodeficiency syndrome: 
staging and prognostic value. Clin Exp Immunol 1992;90:376–82. https://doi.org/10. 
1111/j.1365-2249.1992.tb05854.x 

37. Tanko RF, Soares AP, Masson L, Garrett NJ, Samsunder N, Abdool Karim Q, et al. 
Residual T cell activation and skewed CD8+ T cell memory differentiation despite 
antiretroviral therapy-induced HIV suppression. Clin Immunol 2018;195:127–38. 
https://doi.org/10.1016/j.clim.2018.06.001 

38. Steel A, John L, Shamji MH, Henderson DC, Gotch FM, Gazzard BG, et al. CD38 
expression on CD8 T cells has a weak association with CD4 T-cell recovery and is a 
poor marker of viral replication in HIV-1-infected patients on antiretroviral therapy. 
HIV Med 2008;9:118–25. https://doi.org/10.1111/j.1468-1293.2007.00528.x 

39. Avettand-Fènoël V, Hocqueloux L, Ghosn J, Cheret A, Frange P, Melard A, et al. 
Total HIV-1 D.N.A., a marker of viral reservoir dynamics with clinical implications. 
Clin Microbiol Rev 2016;29(4):859–80. https://doi.org/10.1128/CMR.00015-16 

40. Massanella M, Fromentin R, Chomont N. Residual inflammation and viral re
servoirs: alliance against an HIV cure. Curr Opin HIV AIDS 2016;11:234–41. https:// 
doi.org/10.1097/COH.0000000000000230 

41. De Francesco D, Wit FW, Bürkle A, Oehlke S, Kootstra NA, Winston A, et al. Do people 
living with HIV experience greater age advancement than their HIV-negative counter
parts. AIDS 2019;33:259–68. https://doi.org/10.1097/QAD.0000000000002063 

42. Strutz F, Heller G, Krasemann K, Krone B, Müller GA. Relationship of antibodies to 
endotoxin core to mortality in medical patients with sepsis syndrome. Intensive Care 
Med 1999;25:435–44. https://doi.org/10.1007/s001340050877 

43. Barclay GR. Endogenous endotoxin-core antibody (EndoCAb) as a marker of en
dotoxin exposure and a prognostic indicator: a review. Prog Clin Biol Res 
1995;392:263–72. 

44. Titanji K, De Milito A, Cagigi A, Thorstensson R, Grützmeier S, Atlas A, et al. Loss of 
memory B cells impairs maintenance of long-term serologic memory during HIV-1 
infection. Blood 2006;108:1580–7. https://doi.org/10.1182/blood-2005-11-013383 

45. Nicholas KJ, Zern EK, Barnett L, Smith RM, Lorey SL, Copeland CA, et al. B cell 
responses to HIV antigen are a potent correlate of viremia in HIV-1 infection and 
improve with PD-1 blockade. PLoS One 2013;8:e84185. https://doi.org/10.1371/ 
journal.pone.0084185 

46. Mehraj V, Ramendra R, Isnard S, Dupuy FP, Ponte R, Chen J, et al. Circulating (1→3)- 
β-D-glucan is associated with immune activation during human immunodeficiency 
virus infection. Clin Infect Dis 2020;70:232–41. https://doi.org/10.1093/cid/ciz212 

47. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell 
2011;144:646–74. https://doi.org/10.1016/j.cell.2011.02.013 

48. Zappavigna S, Cossu AM, Grimaldi A, Bocchetti M, Ferraro GA, Nicoletti GF, et al. 
Anti-inflammatory drugs as anticancer agents. Int J Mol Sci 2020:21. https://doi.org/ 
10.3390/ijms21072605 

49. Day CL, Kaufmann DE, Kiepiela P, Brown JA, Moodley ES, Reddy S, et al. PD-1 
expression on HIV-specific T cells is associated with T-cell exhaustion and disease 
progression. Nature 2006;443:350–4. https://doi.org/10.1038/nature05115 

50. Kaufmann DE, Kavanagh DG, Pereyra F, Zaunders JJ, Mackey EW, Miura T, et al. 
Upregulation of CTLA-4 by HIV-specific CD4+ T cells correlates with disease pro
gression and defines a reversible immune dysfunction. Nat Immunol 
2007;8:1246–54. https://doi.org/10.1038/ni1515 

51. Naeger DM, Martin JN, Sinclair E, Hunt PW, Bangsberg DR, Hecht F, et al. 
Cytomegalovirus-specific T cells persist at very high levels during long-term anti
retroviral treatment of HIV disease. PLoS One 2010;5:e8886. https://doi.org/10.1371/ 
journal.pone.0008886 

52. Appay V, Fastenackels S, Katlama C, Ait-Mohand H, Schneider L, Guihot A, et al. 
Old age and anti-cytomegalovirus immunity are associated with altered T-cell re
constitution in HIV-1-infected patients. Sep 24 AIDS 2011;25(15):1813–22. https:// 
doi.org/10.1097/QAD.0b013e32834640e6  

T. Clemente, R. Caccia, L. Galli et al. Journal of Infection 86 (2023) 453–461 

461 


	Inflammation burden score in multidrug-resistant HIV-1 infection
	Introduction
	Materials and methods
	Study design and population
	Enzyme-linked immunosorbent assays
	Multiparameter flow cytometry
	Statistical methods

	Results
	Characteristics of the subjects
	Inflammatory burden
	T-cell activation and exhaustion
	Factors associated to inflammatory burden

	Discussion
	Author contributions
	Funding
	Availability of data and materials
	Declaration of interest
	Acknowledgements
	Prior presentations
	Appendix A. Supporting information
	References




