
Gli Immunological Non Responders
(INR) oggi: patogenesi

Giulia Marchetti, MD, PhD

Clinica delle Malattie Infettive e Tropicali, Dipartimento di Scienze 
della Salute, Università di Milano, ASST Santi Paolo e Carlo



Case record: HIV-infected male, cook, age 59

• Previous IDU, HCV co-infection

• Diagnosis of HIV-seropositivity in Sept 1994; nadir CD4: 26/uL, no 
opportunistic infection

• First HAART regimen 1996: AZT+3TC+IDV

• PJP Prophylaxis: Trimethoprim-sulfamethoxazole QD 
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cART: “immunological-non-

responder”



INR: 
dimensione del problema, oggi



2051 PWH starting cART 1997-2021, CD4 nadir 
<200, achieving HIV RNA< 50cp/ml in 6-12 months

and maintaing viral suppression for >24 months
CD4-NR: CD4 never >350 and CD4 slope

<8.3/month

Baseline proportion of CD4-NR, 25%
Stable after INSTI era (i.e. 2014), 26 (95%CI 23.7-28.4) 

Tincati et al. HIV Glasgow 2024

1784 U.S. Military HIV 
Natural History Study (NHS), 

INR prevalence 10.8% 
(enrolment started in 1986) 

984 African Cohort Study 
(AFRICOS), INR prevalence

25.8% (enrolment started in 
2013) 

Noiman et al. Sci Reports 2022



INR: 
rischio clinico



+

Lapadula et al. AIDS 2013

Increased clinical risk
and immune 
activation in patients
with scant CD4+ 
rescue on cART



+

By 10 years from baseline, 21.4% 

(95% CI:15.9-26.9%) CD4-NR and 

14.5% (95% CI:11.9-17.0%) CD4-

R, developed AIDS, SNAE or 

death

Tincati et al. HIV Glasgow 2024



Noiman et al. Sci Reports 2022

Martin-Iguacel  et al. eClinicalMedicine, 2022



INR: 
fattori associati



Tincati et al. HIV Glasgow 2024



Noiman et al. Sci Reports 2022



The relative hazard of AIDS, 

SNAE/death associated with 

CD4-NR was 1.33 (0.96-1.86; 

p=0.090) after controlling for 

key confounders.

Tincati et al. HIV Glasgow 2024



Noiman et al. Sci Reports 2022

Increased clinical risk in 
INR appears largely

explained by age (and 
other confounding factors)



INR: 
fattori di patogenesi



Case record: HIV-infected male, cook, age 59

• Previous IDU, HCV co-infection

• Diagnosis of HIV-seropositivity in Sept 1994; nadir CD4: 26/uL, no 
opportunistic infection

• First HAART regimen 1996: AZT+3TC+IDV

• PJP Prophylaxis: Trimethoprim-sulfamethoxazole QD 
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Bono V  et al., New Microbiologica 2022

Years 2004-2013
Looking for 

pathogenetic
pathway(s) for lack
of CD4+ recovery in 

INRs



Years 2004-2013
Looking for 

pathogenetic
pathway(s) for lack
of CD4+ recovery in 

INRs

Bono V  et al., New Microbiologica 2022



Meyers et al., Vaccines 2025

Studio della
funzionalità timica

(T-cell receptor 
excision circles-

TRECs)
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Marchetti et al., AIDS 2006; also Teixeira et al 2001



Delobel et al., J Virol 2006; also Cobos-Jimenez et al 2016



Tincati et al. BMC Infect Dis 2018
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Thymic output (TREC content)



Bono V  et al., New Microbiologica 2022

Years 2004-2013
Looking for 

pathogenetic
pathway(s) for lack
of CD4+ recovery in 

INRs



High IL-7/IL-7R 
production in the 
bone marrow in 

INRs, 
but

IL-7/IL-7R Axis

Bellistrì G et al., Plos One 2010



reduced IL-7/IL-7R 
signalling in INRs

Bellistrì G et al., Plos One 2010



IL-7/IL-7R Axis
Peripheral blood

BM aspirate: Severe dysplasia of
myeloid, erythroid and platelet
precursors, hypocellularity, matrix
fibrosis

Tincati et al. BMC Infect Dis 2018



Tincati et al. BMC Infect Dis 2018



Years 2004-2013
Looking for 

pathogenetic
pathway(s) for lack
of CD4+ recovery in 

INRs

Bono V  et al., New Microbiologica 2022



Delobel et al., J Virol 2006 Marchetti et al., AIDS 2006



Hunt et al., JID 2003



Tincati et al. BMC Infect Dis 2018



Bono V  et al., New Microbiologica 2022

Causes of excessive
immune activation



Marchetti et al., AIDS 2006

Zhang et al., AIDS 2006



Our patient: HIV Viral burden

•HIV Residual Viremia <2 cp/ml

•HIV DNA 
•2049cp/106CD4; integrated HIV DNA 268 cp/106CD4; 

2LTR 199cp/106CD4 
• FR: tDNA 846[337-1148]cp/106CD4; iHIV-DNA 194[94-

575]cp/106CD4; 2-LTR circles (5 [0-29]cp/106CD4)



Bono V  et al., New Microbiologica 2022

Causes of excessive
immune activation



Marchetti et al. AIDS 2008; also: Jiang et al. JID 2009

Higher microbial translocation in INRs INRs: 

CD4+ T-cell<200; HIV-RNA<50



486 pts
No difference in 

the probability to 
reach CD4+ gain 2 
times above pre-
cART according to 
pre-ART microbial

translocation

Merlini et al. BMC Infect Dis 2021



Microbial translocation



Tincati et al. AIDS, 2016



Complex gut
damage in INRs

Sergio Serrano-Villar et al. eBiomedicine 2016



Bono V  et al., New Microbiologica 2022

Causes of excessive
immune activation



+

Hunt et al. JID 2003; also Greub G Lancet 2000

HCV co-infection is associated to higher T-
lymphocyte activation on cART



+
Reduction of T-cell activation by anti-HCV 
treatment

Gonzalez et al et al. J Virol 2009; also Massanella M et 
al. Antiviral Therapy 2010

356 HIV+ 
cART-treated : 

130 HCV co-
infected



HCV: NK phenotype “normalization” under DAA

13 G1b NR to Peg-IFN/Riba
NR, DCV/ASV

Serti E et al. Gastroenterology 2015



Clonal Hematopoiesis (CH) as driver of 
inflammation and disease

• Clonal hematopoiesis (CH): clonal expansion of hematopoietic stem
cell (HSC) particularly myeloid-lineage cells with cancer-related
mutations.

• Predominant CH mutations in epigenetic regulator genes DNMT3A, 
TET2, ASXL1; age-related phenomenon (about 90% of persons >50yo 
posess low level of these mutations); associated to inflammatory
conditions



Clonal Hematopoiesis
(CH) is associated to 

degenerative diseases

Hammond, Pathology 2021



4486 Reprieve patients

Bhattacharya, Blood Advances 2023



Bhattacharya, Blood Advances 2023



Tincati et al. BMC Infect Dis 2018

2017- HCV: SVR at
wk 24


