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Objectives: Despite successful human immunodeficiency virus (HIV) control with combination antiretro- 

viral therapy (cART), individuals with HIV still face health risks, including cancers, cardiovascular and 

neurocognitive diseases. An HIV protein, Tat, is potentially involved in these HIV-related diseases. Previ- 

ous studies demonstrated circulating Tat in the blood of untreated people with HIV. Here, we measured 

Tat levels in the serum of cART-treated people with HIV to examine the effect of cART on Tat production. 

Methods: Serum samples from 63 HIV-positive and 20 HIV-seronegative individuals were analyzed using 

an ELISA assay that detected Tat concentrations above 2.5 ng/mL. 

Results: Among HIV-positive individuals, the Tat level ranged from 0 to 14 ng/mL. 25.4% (16 out of 63) 

exceeded the 2.5 ng/mL cut-off, with a median HIV Tat level of 4.518 [3.329-8.120] ng/mL. No correlation 

was revealed between Tat levels and CD4 + T cell counts, serum HIV RNA, p24 antigen, or anti-Tat levels. 

Conclusions: Despite cART, circulating HIV Tat persists and may contribute to HIV-related diseases. This 

emphasizes the need for further research on the mechanisms of Tat action in non-infected cells where it 

can penetrate upon circulation in the blood. 

© 2024 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Human immunodeficiency virus (HIV) infection affects ∼38.4 

illion people worldwide ( http://www.who.int/hiv/en/ ). The im- 

lementation of combination antiretroviral therapy (cART) largely 

ecreased mortality and prolonged the lifespan of individuals with 

IV [1] . However, people with HIV still face increased risks of 

ifferent comorbidities. cART effectively controls viral replication 

ut does not eliminate latently infected cells, posing challenges in 

chieving a cure [1] . 

HIV Tat is needed for viral transcription and pathogenesis [2] . 

eyond its classical role in transcriptional activation, Tat is effi- 

iently secreted from HIV-infected cells and can penetrate nonin- 
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ected cells [2] . Emerging evidence suggests that Tat is involved 

n various aspects of HIV-associated comorbidities [2 , 3] . Tat cir- 

ulates in the blood of people with HIV [3–6] . Pre-cART era re- 

orts indicated Tat serum concentrations from 0.1 to 40 ng/mL 

4 , 5] . In individuals with low to undetectable viral loads, one study 

eported high serum Tat levels, in the 250-550 ng/mL range [6] , 

hile we observed 0.2-9 ng/mL serum Tat [3] . To clarify this issue, 

his prospective multicentre study aimed to quantify Tat serum 

oncentrations in a larger cohort of cART-treated people with HIV 

sing a quantitative enzyme-linked immunosorbent assay (ELISA). 

aterials and methods 

lood collection 

Blood samples from individuals who signed a written informed 

onsent were collected at the Hôpital Saint-Louis, Paris, or Mont- 
iety for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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ellier University Hospital Center, Montpellier (agreements 2016- 

01316–45 [3] , 14/EFS/033, VIHEBV and 233–2018-SR). 

LISA 

Tat concentration was determined by ELISA as described pre- 

iously [7] , with minor modifications. Tat concentrations above 2.5 

g/mL were detected. HIV-1 p24 concentration was determined us- 

ng an HIV-antigen mAb ELISA kit (Innotest, cat.#80,564), follow- 

ng the manufacturer’s instructions, detecting p24 concentrations 

bove 5 pg/mL. 

tatistical analysis 

Tat and p24 concentrations were calculated from linear stan- 

ard curves using reference dilutions. Data are presented as indi- 

idual values, median [interquartile range]. 

esults 

This study used serum samples from cART-treated people with 

IV ( n = 63) and HIV-seronegative individuals ( n = 20). Most 

ndividuals with HIV had viral levels < 20 HIV RNA copies/mL 

 Table 1 ). To confirm this lack of circulating virus, we per- 

ormed a p24 ELISA test. Capsid protein p24 is a viral antigen, 

idely used to assess HIV infection. Only one HIV-positive in- 

ividual (1.6%) had detectable p24 antigen in the serum (5.91 

g/mL) ( Figure 1A ), confirming that the majority of the cohort 

chieved effective viral suppression. As expected, HIV-seronegative 

ndividuals showed no detectable p24 antigen in their serum 

 Figure 1A ). 

To establish a specificity cut-off for the Tat ELISA, we analyzed 

he serum samples from HIV-seronegative individuals ( Figure 1B ). 

n this group, 10 (50%) subjects had undetectable Tat levels (0 

g/mL), as expected. For 10 others, the range of background Tat 

oncentrations spanned from 0.280 to 2.290 ng/mL. Tat median 

oncentration in this group was 0.140 [0-1.531] ng/mL. Based on 

hese values, a specificity cut-off of 2.5 ng/mL was chosen for the 

est. 

In the HIV-positive group, the median concentration of circu- 

ating Tat was found to be 0.059 [0-2.970] ng/mL, ranging from 

 (for 31 subjects) to 14.00 ng/mL ( Figure 1B ). Among the HIV-

ositive individuals, 16 (25.4%) displayed Tat concentrations above 

he established specificity cut-off ( > 2.5 ng/mL). The median con- 

entration of Tat in this subgroup was 4.518 [3.329-8.120] ng/mL, 

ith a minimum of 2.97 ng/mL and a maximum of 14.00 ng/mL. 
Table 1 

Demographic and clinical characteristics of HIV-positive individuals en- 

rolled in the study. 

Characteristic HIV-positive individuals ( n = 63) 

Age 56 [48-77] 

Female 17 (27%) 

Male 46 (73%) 

CD4 + T cell count/μL in plasma 535.5 [423.5-754.5] 

HIV viral load copies/mL 

NA 7 (11%) 

< 20 46 (73%) 

> 20 10 (16%); 93.50 [48.50-69,731] ∗

NA, not available. 

Data are presented as n (%) or median [interquartile range]. 
∗ Only four individuals had viremia above 150 HIV RNA copies/mL 

( Figure 1D ). 

1

f

i

b

H

m

s

s

s

b

c

t

a

i

s

2

Téléchargé pour Anonymous User (n/a) à Gustave Roussy à partir
usage personnel seulement. Aucune autre utilisation n´est autoris
he individual showing a high p24 level in the serum had a 

ow level of circulating Tat. No sex-specific difference in Tat lev- 

ls was found (Supplementary Figure 1). A weak negative cor- 

elation was observed between levels of circulating Tat and age 

 Figure 1C ). Moreover, no association between levels of circulat- 

ng Tat and either CD4 + T cell concentration or HIV RNA serum 

evels was found ( Figure 1D - 1F ). Weak positive correlations be- 

ween levels of circulating Tat and the percentage of CD4 + T cells 

nd CD4 + /CD8 + T cell ratio, but not the percentage of CD8 +
 cells were found ( Figure 1G - 1I ). A stepwise multiple regres-

ion model showed a significant relationship between Tat lev- 

ls and sex and age ( P = 0.041 and P = 0.0 0 04, Supplementary

able 1). 

iscussion 

The present study investigated the presence and concentra- 

ion of circulating HIV Tat protein in the serum of cART-treated 

ndividuals with HIV ( n = 63). The majority of individuals with 

IV had low levels of HIV replication ( < 20 HIV RNA copies/mL, 

able 1 ). We found that 16/63 (25.4%) people living with HIV dis- 

layed Tat concentrations above the established specificity cut-off

 > 2.5 ng/mL) with a median concentration of 4.518 [3.329-8.120] 

g Tat/mL ( Figure 1B ). Tat serum level was not influenced by im- 

une suppression, as assessed by CD4 + T cell counts, or HIV repli- 

ation, as assessed by HIV RNA and p24 blood levels ( Figure 1C - 1F ).

hese findings thus suggest that, despite the successful control of 

iral replication and restoration of immune function through cART, 

at is still being produced. 

The chronic secretion of Tat may play a contributory role in the 

evelopment of HIV-associated pathologies. Notably, even low Tat 

oncentrations (10-15 ng/mL, in the range of those observed in the 

era of people with HIV ( Figure 1B )) produce significant biological 

ffects, e.g., DNA damage and relocalization in B cells [3] . 

The detected serum Tat concentrations align with the re- 

orts before cART (0.1-10 ng/mL) [4] , during early cART (2-40 

g/mL) [5] or late cART era (0.2-9.0 ng/mL) [3] . We found that 

25% of people with HIV had detectable serum Tat levels, sim- 

lar to the ∼29% reported by Westendorp et al. [4] . Moreover, 

at concentrations in the same range (0.2-6.5 ng/mL) were re- 

orted in the cerebrospinal fluid of 37% of people with HIV 

ho were virologically controlled with long-term cART [8] . Al- 

ogether, these observations suggest that cART and viral sup- 

ression do not significantly affect Tat production. The observed 

revalence of circulating Tat also aligns with reported rates of 

nti-Tat antibody-mediated immune responses in people with HIV 

 ∼20%) [9] . 

Poggi et al. [6] reported notably high Tat levels in the sera of 

oth untreated and cART-treated people with HIV, ranging from 

50 to 550 ng Tat/mL. The difference with our study could stem 

rom variations in assay specificities, sensitivities, and the stud- 

ed population. Furthermore, our ELISA used a monoclonal anti- 

ody targeting the N-terminus of Tat from the most prevalent 

IV-1 B-subtype (HXB2). This region, while relatively conserved, 

ay vary across viral subtypes [10] , potentially causing our as- 

ay to underestimate Tat levels in individuals with other viral 

ubtypes. 

Together with data from the pre-ART period [4] , our findings 

uggest that Tat circulation in people with HIV is unlikely affected 

y cART. Circulating Tat might originate from several sources, in- 

luding productively infected cells in anatomic reservoirs and la- 

ently infected cells, which are not entirely transcriptionally silent 

nd are capable of producing viral proteins [1] . 

In conclusion, our study demonstrated the presence of circulat- 

ng Tat in cART-treated individuals. It highlights the need for re- 

earch on Tat implications in HIV-associated clinical disorders. 
 de ClinicalKey.fr par Elsevier sur avril 05, 2024. Pour un 
ée. Copyright ©2024. Elsevier Inc. Tous droits réservés.
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Figure 1. HIV-1 Tat and p24 antigen levels in the serum of cART-treated HIV-positive individuals. (A) Serum levels of capsid protein p24 were assessed using ELISA in 

cART-treated people living with HIV (HIV + , n = 63) and HIV-seronegative people (HIV-, n = 20). (B) HIV-1 Tat serum levels were measured in the same two cohorts using 

ELISA. An established specificity cut-off of 2.5 ng/ml is shown with a black dotted line. Data are presented as individual values. (C) Correlation between age and HIV-1 Tat 

serum levels in HIV-positive individuals; the gray solid line represents a linear regression and the gray dashed lines represent its 95% confidence intervals. The Spearman 

correlation coefficient (Rs) and its corresponding P -value are shown. An established specificity cut-off of 2.5 ng/mL is shown with a black dotted line. (D) Correlation 

between HIV RNA levels and HIV-1 Tat serum levels in HIV-positive individuals; the gray solid line represents a linear regression and the gray dashed lines represent its 95% 

confidence intervals. The Spearman correlation coefficient (Rs) and its corresponding P -value are shown. An established specificity cut-off of 2.5 ng/mL is shown with a black 

dotted line. (E) HIV-1 Tat protein serum levels in HIV-positive individuals with HIV RNA below and above 20 copies/mL. The P -value of the Mann-Whitney test is shown. (F) 

Correlation between CD4 + T cell counts and HIV-1 Tat serum levels in HIV-positive individuals; the gray solid line represents a linear regression and the gray dashed lines 

represent its 95% confidence intervals. The Spearman correlation coefficient (Rs) and its corresponding P -value are shown. An established specificity cut-off of 2.5 ng/mL is 

shown with a black dotted line. (G) Correlation between the percentage of CD4 + T cells and HIV-1 Tat serum levels in HIV-positive individuals; the gray solid line represents 

a linear regression and the gray dashed lines represent its 95% confidence intervals. The Spearman correlation coefficient (Rs) and its corresponding P -value are shown. An 

established specificity cut-off of 2.5 ng/mL is shown with a black dotted line. (H) Correlation between the CD4/CD8 T cell ratio and HIV-1 Tat serum levels in HIV-positive 

individuals; the gray solid line represents a linear regression and the gray dashed lines represent its 95% confidence intervals. The Spearman correlation coefficient (Rs) and 

its corresponding P -value are shown. An established specificity cut-off of 2.5 ng/mL is shown with a black dotted line. (I) Correlation between the percentage of CD8 + T cells 

and HIV-1 Tat serum levels in HIV-positive individuals; the gray solid line represents a linear regression and the gray dashed lines represent its 95% confidence intervals. 

The Spearman correlation coefficient (Rs) and its corresponding P -value are shown. An established specificity cut-off of 2.5 ng/mL is shown with a black dotted line. cART, 

combination antiretroviral therapy, ELISA, enzyme-linked immunosorbent assay. 
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