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Immunological Non Responders

INR

The prevalence of  INRs

varies from 

10% to 40%.



Increased risk for all-cause

mortality

Regardless of  the definition for poor immune 

response, this group of  patients is exposed to an 

increased risk for all-cause mortality

Serrano-Villar S, Sainz T, Lee SA, Hunt PW, Sinclair E, Shacklett BL, et al. HIVinfected

individuals with low CD4/CD8 ratio despite effective antiretroviral therapy

exhibit altered T cell subsets, heightened CD8+ T cell activation, and increased

risk of  non-AIDS morbidity and mortality. PLoS Pathog. 2014;10(5):e1004078.

Kelly C, Gaskell KM, Richardson M, Klein N, Garner P,MacPherson P. Discordant

immune response with antiretroviral therapy in HIV-1: a systematic review of

clinical outcomes. PLoS One. 2016;11(6):e0156099.



• A unique definition of  INR is currently unavailable

• An appropriate immune response to cART is characterized

by CD4+ T-cell counts >500 cells/μL, because the morbidity

and mortality rate of  these individuals has been found

comparable to that of  HIV-negative ones

• The Department of  Health and Human Services (DHHS) 

attributed a more precise definition of  INRs by considering

those individuals with CD4+ T-cell counts between 350 and 

500 cells/μL after 4-7 years of  effective ART

• CD4+ T-cell or CD4/CD8 ratio?

New Microbiologica, 45, 3, 155-172 , 2022, 



Definitions

CD4 T-cell count >500 cells/μL

CD4/CD8 ratio 

CD4 T-cell count increase following ART initiation.

Milanés-Guisado Y, Gutiérrez-Valencia A, Trujillo-Rodríguez M, Espinosa N,

Viciana P, López-Cortés LF. Absolute CD4+ T cell count overstate immune recovery

assessed by CD4+/CD8+ ratio in HIV-infected patients on treatment. PLoS

One. 2018;13(10).



Risk factors for poor immune 

response

Older age at HIV diagnosis

Male sex

Late ART initiation

Lower CD4 t-cell nadir
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therapy: a retrospective study. BMC Res Notes. 2017;10(1):197.
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Bone marrow alterations

Progenitor cells
DEPLETION OF PROGENITOR CELLS AT THE THYMIC 
AND/OR PRE-THYMIC stage (Jenkins et al., 1998).

HPC DECREASED WITH DISEASE PROGRESSION AND WERE 
ASSOCIATED WITH CD4+ T-CELL COUNTS Sauce et al., 2011

CAPACITY OF CD34+ HPCS TO DIFFERENTIATE INTO T-
CELLS IS SIGNIFICANTLY REDUCED 

IN INRs AS COMPARED TO FULL RESPONDERS, 
PRIMITIVECD34+ PROGENITOR CELLS IN INRS WAS 
REDUCED IN PARALLEL WITH REDUCED IL-2 
PRODUCTION AND INCREASED PRODUCTION OF TNF-𝛼

THE COLONY-FORMING ABILITY OFCD34+ HPCS AND HSCS 
FROM INRS IS MUCH LOWER THAN THAT THE COLONY-
FORMING ABILITY OF THOSE FROM IRS  Guo X,et al. J Acquir
Immune Defic Syndr. 2016;71:467-473





CD3+CD4-CD8- T cells

INRs had a low number of  CD3+CD4-CD8- T cells after 

long-term ART and that the number of  these cells positively

correlated with the CD4+ T-cell count

Low double-negative CD3(+)CD4(-)CD8(-) T cells are 

associated with incomplete restoration of  CD4(+) T cells and 

higher immune activation in HIV-1 immunological non-

responders. Lu X, Su B, Xia H, et al. Front Immunol. 

2016;7:579.



Reduced thymic output

• Thymic biopsy?  

• Therefore, thymic function is indirectly assessed by

• T-cell receptor excision circles (TRECs)

• Recent thymus emigrants (RTEs)

• Naïve CD4+ T-cell counts



Lower thymic output 
INR, compared to IR,  have lower levels of  

CD4+ RTE cells

The numbers of  sj-trecs

The sj/𝛽-TREC ratios

Indicating that lower thymic output is the main cause of  
incomplete immune recovery in these patient

Shete A, et al. Incomplete functional T-cell reconstitution in immunological non-responders at one year after
initiation of antiretroviral therapy possibly predisposes them to infectious diseases. Int J Infect Dis. 2019;81:114-
122.

Massanella M, et al. CD4 T-cell hyperactivation and susceptibility to cell death determine poor CD4 T-cell 
recovery during suppressive HAART. AIDS. 2010;24:959-968.

Rb-Silva R, et al. Thymic function as a predictor of  immunerecovery in chronically HIV-infected patients 
initiating antiretroviral therapy. Front Immunol. 2019;10:25.



Reduced thymic output 

• INRs had a lower naïve CD4+ T-cell increase

• A lower percentage of CD4+ RTE 

• A reduced thymic output may be a major mechanism of 

incomplete immune reconstitution

• Li T, et al. Reduced thymic output is a major mechanism of  

immune reconstitution failure in HIV-infected patients after

longterm antiretroviral therapy. Clin Infect Dis. 

2011;53(9):944-951.



Thymic SIZE matter!

Individuals with a large thymus have a better immune 

reconstitution and a broader immunological repertoire

than patients with a small thymus (Vigan. et al., 1999)

Thymic size as marker of thymic function and thus CD4+ 

total and naive T-cell counts



ART improves thymic output

• After ART initiation, the thymic output improved

significantly in HIV-1-infected adults and children, indicating

that early ART initiation is essential for immune 

reconstitution in HIV-1-infected patients

• Castro P,, et al. Effects of different antigenic stimuli on thymic function and interleukin-

7/CD127 system in patients with chronic HIV infection. J Acquir Immune Defic Syndr. 

2014;66: 466-472.

• Sandgaard KS, Lewis J, Adams S, et al. Antiretroviral therapy increases thymic output in 

children with HIV. AIDS. 2014;28: 209-214.



Bone marrow and thymic

immunological reservoir

• Is it terminally depleted?

• Is it inducible?



Clinical Infectious Diseases 2012;55(2):291–300

CD4 100-400

VL below 50 cps/ml 

32 PLWH

1) 10 pts 10, μg/kg groups

2) 12 pts 20μg/kg groups

3) 10 pts 30 μg/kg groups
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rIL-7 treatment

• Increase in naive and central memory CD4 T 

cells for one year

• Increased thymic output and/or cell survival

• An improvement in gut barrier integrity

• Decrease in inflammatory markers measured in 

the blood

• Minimal effect on HIV RNA and DNA



Clinical Infectious Diseases® 2016;62(9):1178–85

Greater increases in CD4 counts

A longer time spent with count >500 cells μl (≥2 injections per cycle)

Antidrug antibodies

16-26% after the first cycle

77-82 after the second cycle

Neutralizing antibodies developed

1 patient 3 after the first cycle

and in 6 (38%) and 21 (37%) of  patients after the second cycle in INSPIRE 2 and 3, 

respectively.

HIV RNA Blips in almost 50% of  patients

HIV DNA  increased

Clinical Benefit?



CD4 Naive T cells?

• Causes of  reduction:

• High Antigenic challenge 

• Immunological transformation/activation 

into Memory T Cells

• Destruction





Immune activation and 

inflammation and mortality
• Independently associated to increased mortality

• It is only partially recovered by cART

• Despite the complete suppression of HIV replication INRs maintain a 

CD4+ T-cell hyperactivation comparable to that observed in patients

who have not entirely achieved viral suppression

• (Marchetti et al., 2010) 

• (Deeks et al., 2004; Giorgi et al., 1999)



T-cell activation leads to 

apoptosis-pyroptosis

• Increased rate of  spontaneous CD4+ T-cell apoptosis in 

INRs

• NLRP3 inflammasome and the caspase-1 have been found

up-regulated in INRs (Bandera et al., 2018)

• via persistent immune activation and pyroptosis

• (Marchetti et al., 2006; Negredo et al., 2010; Hansjee et al., 

2004),



Increased pro-inflammatory

cytokines

Increased pro-inflammatory cytokines have been observed in 
INRs with very low CD4+ T-cell counts

TNF-α

IL-1 alpha

IP-10 

(Hunt et al., 2003; Vajpayee et al., 2009; Zhang et al., 2013).



Cytokines

• Disrupted IL-7/IL-7R pathway as correlate of the poor

immune recovery of treated PLWH(Fry and Mackall

2005).

• Similarly to IL-7, interleukin 2 (IL-2) and interleukin 15 (IL-

15) are central regulators of T-cell proliferation, activation, 

and differentiation

• The production of both IL-2 and IL-15 is indeed

compromised in HIV-infected individuals (Ahmad et al., 

2005).

• Immune therapy?



HIV < 50/ml

• HIV RNA 

• HIV DNA

• HIV Proteins gp120, p24, nef, rev



Dalzini A et al. Journal of  the International AIDS 

Society 2021, 24:e25847





TOTAL HIV DNA IS A CLINICALLY RELEVANT MARKER

1) Higher Total HIV DNA faster Porgession

2) Pretherapeutic Total HIV DNA Levels in PBMC is Predictive
of:

– Virologic

– Immunologic

– Clinical Responses to Antiretroviral Therapy

3) Time from HIV-1 Infection to Treatment Initiation Influence
Total HIV DNA Decay and Levels during

4) Total HIV DNA Load during cART is Informative of Patient
Pretherapeutic and Therapeutic History





TOTAL HIV DNA LOAD IS PREDICTIVE OF

IMMUNOLOGIC PROGRESSION

independently of HIV RNA load and the CD4 T cell count

Figure 2. Progression-free survival among untreated patients, according
to the baseline CD4 cell count (in cells/mm3), plasma HIV RNA level
(in log10 copies/mL), and HIV DNA level (in log10 copies/106 PBMCs).
Kaplan-Meier estimates were made for 3 classes of CD4 cell count (A),
HIV RNA level (B), and HIV DNA level (C). Progression was defined as
a CD4 cell count >350 cells/mm3.

Goujard et al 

HIV DNA <2.9 LOG



:

Impact of HIV Type 1 DNA Levels on Spontaneous Disease 
Progression: A Meta-Analysis 

HIV-1 DNA was a better predictor than HIV-1 RNA 
•AIDS alone   
•AIDS and death



BUZON ET AL. J Virol 2014; 88: 10056–10065

T&T
TEST & TREAT

THE SOONER THE BETTER!



Pre ART HIV DNA CORRELATED WITH 

•higher levels of plasma HIV-1 RNA
•CELL ASSOCIATED HIV-RNA 
•lower pre-therapy CD4 + T-cell counts 
•lower pre-therapy CD4:CD8. 

On ART 

•Lower on-therapy CD4:CD8 ratios were associated with persistently higher HIV-1 DNA at all 
on-ART time points (years 1, 4, 6±15; e.g., r = − 0.49 at year 1 of ART, p< 0.001).

PLOS Pathogens April 20, 2017



0.01/cell

10000/millionCD4

100/millionCD4

Major decline in the first 4 years

BUZON ET AL. Journal of Virology p. 10056–10065 September 2014 Volume 88 Number 17

FIEBIG

HIV DNA Time from HIV-1 Infection to Treatment Initiation Influence Total HIV DNA 
Decay and Levels during cART



LTNP-Long term survivors have lower levels of HIV DNA

LTNPs with HIV DNA loads of >1.85 log at
seroconversion and a large increase in HIV DNA 

over time had an increased risk of losing their LTNP 
status

Avettand-Fènoël Goujard C, et al Clinical Microbiology Reviews. 2016 , 29 N. 4
Goujard C. et al. 2006. Clin Infect Dis 42:709 –715 



• Lower baseline HIV DNA levels were predictive of 
undetectable HIV RNA load on cART

• High HIV DNA load was associated with

– persistent residual HIV RNA during cART

– Independently of baseline HIV RNA load



HIV DNA DECLINE DURING ART IS ASSOCIATED WITH:

Baseline HIV DNA 

Baseline HIV RNA 

Increase in CD4 cells

HIV RNA load of <2.5 copies/ml 

Parisi et al. 2012 Journal of Clinical Microbiology  p. 258–263



Low Total HIV DNA correlate with 
VIREMIA and CD4/8 RATIO

Low total HIV DNA loads correlated with:

• residual plasma viremia of <1 copy/ml

• high CD4/CD8 cell ratio 

Fourati S,. J Antimicrob Chemother 69:753–756 



Visconti study:
-HIV infected patients

-Treated during acute infection
-Haart interrupted

-HIV control





TOTAL HIV DNA IS A CLINICALLY RELEVANT MARKER

1) Pretherapeutic Total HIV DNA Levels in PBMC is Predictive
of:

– Virologic

– Immunologic

– Clinical Responses to Antiretroviral Therapy

2) HIV DNA declines but reaches a plateau



Decay of integrated HIV DNA is minimal to 
none

Mexas 2012 AIDS
Besson 2014 CID



HIV DNA FORMS



Replication-Competent Noninduced Proviruses in the Latent Reservoir
Increase Barrier to HIV-1 Cure

88.3% with identifiable defects
11.7% of intact genome





Bruner K, 1 2 0 | N AT U RE | VO L 5 6 6 | 7 F E B R UA RY 2 0 1 9



This pattern is present 

in 4 chronically 

infected individuals 

thus far analyzed!



• Intact and defective proviruses are under 
distinct selective pressure

• The intact proviral reservoir is progressively
enriched in expanded clones of CD4+ T cells
resulting in diminishing complexity over time



INR: immunological profile
Higher HLA DR
Lower Naive cells
Lower Naive/Memory ratio

INR : Virological profile
Equal HIV DNA 
HIGHER HIV RNA



HIGHER HIV RNA:

All defective viruses
No damage from virus production
DAMAGE from viral
transrcipts/proteins



Co-infections



High antigenic burden
In chronic infections, persistent exposure of T-cells to a high 
antigenic burden results in a T-cell dysfunctional state called
exhaustion. 

T-cell exhaustion leads to a suboptimal immune- mediated
control of multiple viral infections including HIV (Fenwick et 
al., 2019).

INRs showed higher proportions of exhausted (PD-1+ and/or 
TIGIT+) and senescent (CD57+) CD4+ and CD8+ memory T-
cells, as well as elevated markers of inflammation, e.g. IP-10 
and IL-6



CMV replication & lower CD4/CD8 Ratio





Valganciclovir Reduded Activation



Lower inflammation
No CMV replication
No CD4 Increase

EBV
HHV-8
HHV-6



Chronic/Infectious Replicating Agents

• Herpes Virus

• HBV

• HCV

• HPV

• Other chronic Viruses

• TB

• Leishmania



HLA?



Amadori A, Zamarchi R, De Silvestro G, et al. Genetic control of the CD4/CD8 T-cell

ratio in humans. Nat Med. 1995;1:1279-83.

CD4/CD8 ratio is also considered a surrogatemarker of 

immune senescence in the general population.

CD4/CD8 ratio < 1.0 :

• HIV infection

• In the elderly
• 5% of the healthy population

Wikby A, et al. Changes in CD8 and CD4 lymphocyte subsets, T cell proliferation

responses and non-survival in the very old: the Swedish longitudinal OCTO-

immunestudy. Mech Ageing Dev. 1998;102:187-98



The OCTO Immune Longitudinal Study Swedish octogenarians
IMMUNE RISK PROFILE (IRP) ASSOCIATED WITH TWO-YEAR 

MORTALITY 

• High percentages of CD8 +
• Low percentages of CD4 + (ferguson et al., 1995).

In follow-up studies of the octo
• Persistent cmv infection
• Cd4/cd8 ratio less than one 
• The accumulation of lately differentiated cd8 + 

temra cells

CD4/CD8 ratio < 1 is associated with lymphocyte subsets, CMV and gender in 71-year old
individuals: 5-Year follow-up of the Swedish HEXA Immune Longitudinal Study
Jan Strindhall et al. Experimental Gerontology Volume 95, September 2017, Pages 82-87

https://www.sciencedirect.com/journal/experimental-gerontology
https://www.sciencedirect.com/journal/experimental-gerontology/vol/95/suppl/C


In the Kristianstad Survey

Objective: to examine the proportion of individuals with a CD4/CD8 
ratio less than one relative age and gender across the entire adult

lifespan
population-based sample in the age range of 20–79 years

• 8% in the age range of 20–59 years

• 16% in the age range of 60–94 years

• higher in men compared with women 

(Wikby et al., 2008).



Metabolomics



Dysregulation of lipid metabolism causes a selective loss of intrahepatic CD4+ but not

CD8+ T lymphocytes, leading to accelerated hepatocarcinogenesis



Microbial traslocation



Targets of Immune Restoration

• CD8 elevati ed immunoattivati

– HIV  e HIV Proteins

– CMV-EBV-altri patogeni

– Espansione clonale

• CD4 
– Elevata morte cellulare

– Killing of uninfected cells

– Scarse riserve midollari o timiche



Progenitori midollari e Timo

• Perche le riserve midollari/toimiche sono ridotte 
ma sufficienti a produrre CD8?

• Timo: induzione  a selezionare CD8 e non CD4?

• Possiamo indirizzare i precursori timici verso i 
CD4 e non i CD8?

• Trials con IL2 IL7 IL15 IL6: quali risultati???



Immunological/Virological Tayloring

• New anti HIV drugs (gp120, p24, maturation, etc)

• Test and potentially treat other infections

• Immune therapy: IL7?

• Reduce Inflammation

• Microbial translocation


