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In the last decade, studies in PWH on ART have shed light on the significance of persistently 

high CD8 counts and low CD4/CD8 ratios. A low CD4/CD8 ratio translates increased immune 

activation and is associated with an increased risk of severe non-AIDS events. As a result, many 

clinicians now believe that the CD4/CD8 ratio can help in HIV monitoring, and many 

researchers now report it as an efficacy marker in interventional studies. However, the topic is 

more complex. Recent studies have not yielded unanimous conclusions on the ability of 

CD4/CD8 ratio to predict adverse outcomes, and only some clinical guidelines recommend 

monitoring it. Knowledge gaps remain on the best cut-off points, associated clinical events, 

effects of treatments, and how CD4/CD8 ratio could improve decision-making in the clinic. 

Here, we critically review the literature, identify knowledge gaps and discuss the role of the 

CD4/CD8 ratio as a marker for HIV monitoring. 
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INTRODUCTION  

PWH receiving antiretroviral therapy (ART) are expected to maintain viral suppression 

indefinitely. Historically, CD4 counts have guided diagnostic evaluations and ART decisions, 

leading to a widespread ‘CD4 culture’ . However, CD4 normalization does not reflect a complete 

return to health. Residual immune dysfunction persists and contributes to an excess risk of 

serious non-AIDS events (SNAEs), even when ART is started early[1]. While we can measure 

this residual immune dysfunction, the markers used in the major studies that led to these 

conclusions are technically challenging and too variable to be used in the clinics.  

Many studies have shown that persistently low CD4 counts or elevated CD8 counts determine 

low CD4/CD8 ratios, which translates immune activation and is associated with an excess risk of 

severe non-AIDS events (SNAEs) (Table 1). Conversely, a high ratio during ART suggests that 

immune function has been restored and chronic inflammation has decreased[2]. This cumulative 

evidence has seeded the idea that the CD4/CD8 ratio could become an important marker for 

monitoring HIV, but there are still areas of controversy and knowledge gaps. 

Determinants of CD8+ T cell expansion and low CD4/CD8 ratio during ART 

CD4/CD8 balance is disrupted very soon after acute HIV infection, mainly because of early 

expansion of the CD8 pool, followed by firstly transient and then progressive CD4 count decline. 

These trends are only partially reversed in most patients during effective ART, even despite early 

ART initiation[2–4]. A low CD4/CD8 ratio during ART correlates with markers of inflammation 

and immunosenescence and shares associations with many putative drivers, including HIV 

persistence, bacterial translocation, and chronic latent coinfections (Figure 1). 

Correlations with inflammatory and immunosenescence markers 

In the general population, CD8 cell expansion reflects greater immunosenescence and 

independently predicts mortality, especially in older adults[5,6]. Subjects with CD4/CD8 ratio 

inversion (<1) showed CD8 cells with shorter telomere length, increased expression of 

senescence markers in CD8 cells such as CD28-, oligoclonal expansion of CMV-specific CD8+ 

T cells[7,8], and decreased thymic function. Later studies in PWH on ART showed that low 

CD4/CD8 ratios also reflect underlying inflammation (IL-6 levels)[2], oxidative stress[9], 

decreased thymic output[10], and inefficient control of latent viruses such as CMV[11,12], 

EBV[13], or active coinfections such as HCV[14,15]. Importantly, PWH and low CD4/CD8 

ratios exhibit greater inflammation and immunosenescence despite otherwise successful ART[2].   
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Links with the HIV reservoir 

A low CD4/CD8 ratio during ART correlates with larger HIV reservoirs. In two cross-sectional 

studies in PWH, a higher CD4/CD8 ratio after 48 and 96 weeks of effective ART was predictive 

of a low level of total HIV DNA in peripheral blood[16,17]. In another prospective study 

following ART-suppressed patients for more than seven years, there was a 0.5 decrease in HIV 

intact genomes for each two-fold increase in the ratio[18]. While it is tempting to assume that 

ongoing transcription of viral proteins could sustain CD8 cell expansion and proliferation, the 

current evidence only allows for establishing correlations.  

HIV persistence, mucosal immunity impairment, and bacterial translocation 

Persistent structural and functional defects of gut-associated lymphoid tissues (GALT) possibly 

contribute to a low CD4/CD8 ratio. Acute HIV infection causes a dramatic GALT injury, not 

fully reversed by ART, allowing HIV persistence in the gut, bacterial translocation, and immune 

activation [19].  In GALT, a low CD4/CD8 ratio correlates with the extent of CD4 depletion and 

CD8 expansion [2]. It also correlates with induction of the indolamine 2-3-deoxygenase pathway 

—an enzyme involved in tryptophane catabolism[20],—and with direct (lipopolysaccharide) or 

indirect (sCD14) markers of bacterial translocation[2,21]. IL-15—a cytokine induced by LPS-

primed antigen-presenting cells— induces CD8 cell activation and proliferation in treated 

PWH[22]. Last, a lower ART adherence, which seems to contribute to inflammation even in 

virologically suppressed patients[23], also correlates with slower CD4/CD8 ratio recovery [24]. 

Altogether, these studies suggest that a low ratio result from higher HIV transcription in 

lymphoid tissues, allowing for bacterial translocation, chronic antigen exposure, and IDO1 

induction, leading to greater inflammation and senescence,of the immune system,  

Effects of sexual practices and CMV 

Men who have sex with men (MSM) without HIV infection exhibit lower CD4/CD8 ratios than 

non-MSM[25]. Intriguingly, this population exhibits a higher risk of virus-associated cancers, 

including anal cancer, non-Hodgkin lymphoma, and liver cancer[26]. This raises the hypothesis 

that sexual practices influence the CD4/CD8 ratio. Unprotected sexual intercourse, a greater 

number of sex partners, and sexually transmitted infections could result in transient GALT 

damage, leading to bacterial translocation, inflammation, and decreased CD4/CD8 ratios[27]. 

Furthermore, given the effects of sexual practices and gut microbiota composition[28], and their 

suggested consequences on inflammation [29], it is plausible that the changes in microbiota 

composition related to sexual practices also contribute to CD4/CD8 ratio dynamics. In addition, 

CMV determines CD8 cell expansion and immunosenescence[11,12] and MSM represent a 

group with a greater CMV prevalence[25].  
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Can the CD4/CD8 ratio help identify patients at greater risk of severe non-AIDS events?  

CD4/CD8 ratio shows a lower intra-individual variability (12%) than the CD4 (16%) or CD8 

counts (18%) over time. CD4 and CD8 count recovery are appreciate even after ten years of 

ART[4,30]. Starting ART with more than 500 CD4 counts is associated with a higher probability 

of normalizing the CD4 counts over time, but  even in this situation and despite long-term ART 

the CD4/CD8 ratio trajectories remain below the reference levels of people without HIV because 

of persisting high CD8 counts[30,31]. 

Studies in the past decade have reported associations between a low CD4/CD8 ratio or high CD8 

counts and an excess risk of SNAEs during ART (Table 1). This has led many clinicians to view 

them as meaningful biomarkers for HIV monitoring. Indeed, the European AIDS Clinical 

Society recommends measuring CD4/CD8 ratio as a stronger predictor of SNAEs than CD4 

counts[32]. However, there is still debate on the value of the CD4/CD8 ratio to predict mortality. 

Some studies[2,33,34], but not all[30,35], have reported an independent association between the 

CD4/CD8 ratio and non-AIDS mortality.  

The topic is methodologically complex, with several sources of heterogeneity across studies. The 

main issues are related to the timing of CD4 and CD8 measurements with respect to ART 

initiation, the cut-offs defining CD4/CD8 ratio recovery and disparate definitions of clinical 

outcomes. In addition, the fact that the CD4 counts are included in the CD4/CD8 ratio definition 

pose collinearity issues in the statistical models and makes it challenging to prove an 

independent value. In fact, in a large cohort study with nearly 50,000 participants in the ART-CC 

collaboration, AIDS-related mortality declined with increasing CD4/CD8 ratios and decreasing 

CD8 counts, although there was little evidence  that CD4/CD8 ratio or CD8 count improved the 

prediction of non-AIDS mortality[30]. However, recent studies, one of them in the same 

cohort[36], and others from the Veterans Aging Cohort Study[37] and the Swiss cohort[38] 

supported a connection between the CD4/CD8 ratio and cancer risk. 

Which is the CD4/CD8 ratio cutoff more strongly associated with an increased risk of SNAEs? 

A value <1 is considered abnormal in the general population[5], although the first studies in 

PWH on ART found  that the predictive cut-offs for a wide range of SNAEs were 

lower[2,33,39]. PWH and a CD4/CD8 ratio <0.4 exhibited a nearly two to three-fold increased 

risk of SNAEs. In the START trial, a CD4/CD8 ratio <0.5 before starting ART identified 

subjects who benefited most from early ART[40].  

Conversely, PWH with CD4 counts >500 and CD4/CD8 ratio >1 show almost full recovery in 

terms of T cell activation, senescence, exhaustion[2,41], and lower risk of adverse clinical 

outcomes[2]. This suggests that those CD4/CD8 ratios >1 have minimal immune dysfunction 

and low risk of SNAEs, and might have normalized health.  
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Are high CD8 counts equivalent to low CD4/CD8 ratios? 

Few studies have focused on the specific value of CD8 counts as markers of SNAEs risk. In the 

ART-CC cohort, CD8 counts showed the lowest mortality rates near the median CD8 cell count 

value and the highest rates at the CD8 count extremes[30]. In another cohort of 885 PWH, 

patients with low (<400/uL) CD8 counts exhibited an increased risk of bacterial pneumonia[42]. 

In the AIDS clinical trials group longitudinal linked randomized trials (ALLRT) cohort, we 

assessed the prognostic value of the CD8 counts for severe clinical events. While patients with 

increased CD8 counts at year two of ART initiation exhibited a higher risk of noninfectious non-

AIDS events during the next five years, they were also protected against infectious non-AIDS 

events (including virus-associated cancers). In addition, marked elevations of CD8 counts were 

associated with an increased risk of non-AIDS mortality[43].  

There is also a lack of information for the most discriminative CD8 cut-off counts. In the 

Copenhagen cohort, a CD8 count >1500 cells/µL after ten years of ART was associated with an 

80% increased risk of non-AIDS-related mortality compared with a CD8 count of 500-1500 

cells/µL[43]. We also found in the ALLRT cohort that a CD8 count >1500 cells/µL at year 2 of 

ART predicted a 75% increased risk of AIDS and noninfectious non-AIDS events through years 

3-7. Conversely, we observed opposite effects for the risk of severe infections, which were more 

frequent among individuals with CD8 counts <500 cells/µL[35].  

In patients with CD4 count >500/uL, the association between a low CD4/CD8 ratio and the 

SNAEs risk is mainly driven by the CD8 counts. In contrast, in patients with lower CD4 counts 

diagnosed with advanced HIV disease, the association between the ratio and mortality depended 

upon the CD4 counts[2]. These results suggest that much of the harm associated with a low ratio 

is driven by the CD4 count (and presumably immunodeficiency) in those with low CD4 counts, 

while the harm associated with a low ratio in those with higher CD4 counts is driven by CD8 

counts (and presumably inflammation). 

The CD4/CD8 ratio in special populations 

Elite controllers (EC) 

In EC, the CD4/CD8 ratio correlates with immune activation[44]. Starting ART in EC decreases 

T cell activation and dysfunction[45] and improves the CD4/CD8 ratio[46]. Among 1,067 elite 

controllers in the COHERE cohort, CD4 decreased and CD8 increased before loss of virological 

control, suggesting that these changes may result from repeated low-level viremia. Lower 

CD4/CD8 ratio was predictive of loss of virological control[47]. Therefore, the ratio could help 

decide when to initiate ART in EC.  
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Children with vertical HIV infection 

Although the relative risk of SNAEs has not been established yet in vertically infected patients,  

they exhibit increased atherosclerosis[48]. In keeping with the findings in studies in adults, their 

CD4/CD8 ratio inversely correlates with inflammation and immune activation, senescence, and 

exhaustion of T cells[49]. Therefore, a low CD4/CD8 ratio can help identify children with 

greater immune dysfunction, and perhaps those at increased risk of non-AIDS related 

comorbidities. It is unknown whether specific interventions can increase CD4/CD8 ratio 

recovery in children with HIV.  

CD4/CD8 ratio recovery and effects of interventions 

Clinical factors associated with poorer CD4/CD8 recovery include older age[39], male sex[34], 

lower nadir CD4 count[33], higher baseline CD4/CD8 ratio or lower baseline CD8 counts[33,3], 

CMV seropositivity[33,12], lower ART adherence[24] and, most significantly, late ART 

initiation[2,33,3]. The recovery of the CD4/CD8 ratio is greater in the first two years of 

ART[2,3,50], but approximately two-thirds of patients on long-term ART still have a CD4/CD8 

ratio below the average levels of individuals without HIV because of high CD8 

counts[2,33,3,50]. Hence, an adequate CD4 count recovery does not imply CD4/CD8 ratio 

normalization and identifies PWH needing additional interventions. 

Because the CD4/CD8 ratio and CD8 counts were not recognized before as relevant biomarkers 

and the main regulatory agencies only require HIV RNA as the ART efficacy endpoint, the 

CD4/CD8 ratio and CD8 counts have been largely overlooked in studies assessing HIV 

treatment. To fill this gap, several post hoc analyses of clinical trials and observational studies 

have examined the effects of ART initiation on the CD4/CD8 ratio (Table 2). In STARTMRK, 

a faster CD4/CD8 ratio normalization was seen over five years of treatment with raltegravir 

compared to efavirenz[51]. In the MERIT trial, dolutegravir led to higher CD4/CD8 

normalization rates than with zidovudine, which was driven by a greater CD8 count decline[52]. 

In the SPRING-2 study, no differences were seen in CD4/CD8 ratio recovery with raltegravir 

compared to dolutegravir[53]. These analyses indicated INSTI could have a stronger effect on 

CD4/CD8 ratio recovery and CD8 count decay than other families, but data from real-life 

settings were lacking. In the Spanish CORIS cohort, subjects starting INSTI-based first-line ART 

experienced greater rates of CD4/CD8 normalization at different cut-offs than those starting with 

PI or NNRTI. Strikingly, the largest differences in CD4/CD8 ratio trajectories were driven by 

changes in the CD8 cell counts[50]. 

In contrast, the number of drugs does not seem to influence the rates of CD4/CD8 ratio recovery. 

Previous studies evaluating ART intensification with four drugs did not find greater CD4/CD8 

ratio recovery neither in peripheral blood or GALT[2]. Similarly, no differences appeared in 

controlled trials of ART switch when using two-drug combinations, including dolutegravir, 

compared to three-drug combinations[54,55]. Similarly, in CORIS, no differences appeared in 
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the rates of CD4/CD8 normalization between subjects starting ART initiation with dolutegravir 

plus lamivudine vs. dolutegravir or bictegravir-based triple antiretroviral therapy at 48 

weeks[56].  

The impact of ART switches on long-term CD4/CD8 ratio changes remains less studied. Large 

clinical trials of modern ART combinations such as dolutegravir and lamivudine or dolutegravir 

and rilpivirine have not found differences relative to their comparators[54,55]. However, in 

contrast to the ART initiation settings, studies focusing on the effects of treatment changes in 

suppressed individuals will require larger sample sizes and longer follow-ups, given the smaller 

variation of the CD4/CD8 ratio in patients virally suppressed[50]. 

Studies assessing therapeutic interventions beyond ART are limited. Therapies aimed at targeting 

lymphoid fibrosis (losartan)[57], inflammation (metformin)[58], or the microbiota (synbiotics 

and fecal microbiota transplants)[59,60] did not result in a detectable effect on CD4/CD8 ratios.  

Clinical applications  

The immediate clinical implication of CD4/CD8 ratio monitoring would be to enforce primary 

prevention of age-associated conditions in patients with persistently low ratios despite ART with 

more aggressive management of risk factors. Ratio monitoring would detect trend changes that 

might prompt awareness about the development of comorbidities (Figure 1). 

Given the consistent links between a low CD4/CD8 ratio and increased risk of some preventable 

cancers, this population could benefit from earlier cancer screening[36,37,61]. Some examples 

include lung cancer, with a higher burden incidence and poorer prognosis in PWH[62], and high-

grade dysplasia for anal cancer screening, provided the strong predictive value for advanced anal 

disease of a low CD4/CD8 ratio[61]. In addition, we should carefully check ART adherence in 

patients with poor CD4/CD8 ratio recovery[24].  

Cardiovascular risk evaluation is challenging in PWH, as main tools are calibrated in the general 

population, resulting in underestimation. The excess risk linked to HIV is partially attributed to 

chronic immune dysfunction, and there is known association between low CD4/CD8 ratio and 

higher cardiovascular risk[63]. The CD4/CD8 ratio could be used as a modifying risk factor to 

guide the initiation of preventive measures, for example statin use in subjects with intermediate 

cardiovascular risk.  

For patients reluctant to go on therapy, a low ratio can provide a tangible argument to initiate 

ART, since early treatment is strongly associated with achieving a normal ratio[2,33,3]. In 

patients on stable ART, a normal ratio may provide some sense of reassurance that treatment is 

working well and that they may have achieved optimal immunologic health. Since the CD4/CD8 

ratio varies slowly during ART[3,4], measuring the ratio once per year would be enough. 

Therefore, incorporating the ratio in routine monitoring should not result in more frequent 

clinical appointments. 
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For research, the ratio could help identify those still in need of additional interventions beyond 

antiretroviral drugs, evaluate strategies targeting immune dysfunction, detect patients with 

smaller HIV reservoirs, and select the best candidates for interventions to achieve ART-free HIV 

remission. 

So far, the only evidence-based intervention to achieve better CD4/CD8 ratios is to start ART 

early, which is probably the best strategy to reduce immune dysfunction and chronic 

inflammation. INSTI-based ART is already the preferred combination in current clinical 

guidelines and also seems to increase the CD4/CD8 ratio to a greater extent than other 

combinations. However, the mechanisms remain to be elucidated. Conceptually, any therapy 

able to attenuate inflammation or immune dysfunction in treated patients could improve the 

CD4/CD8 ratio recovery. Finally, the ratio is a readily available biomarker in most settings. 

While not always reported, the CD8 counts are typically measured in most settings for a more 

accurate definition of the CD4+ T cell population. Given the additional prognostic information 

captured by this biomarker, it should be considered for routine HIV monitoring and as an 

exploratory outcome in interventional studies.  

Future directions 

Future studies should address the disease-specific relationships with CD8 counts and CD4/CD8 

ratio and the most discriminative cutoffs for each type of event. Ideally, studies aimed at better 

defining the predictive value of the CD4/CD8 ratio should use landmark analysis to enable 

interpretation of time-dependent variables. In addition, the group of patients with low CD4 

counts but normal CD4/CD8 ratios represents an understudied population that warrants more 

investigation.  

We need mechanistic insight explaining how the peripheral pool of CD4+ and CD8+ T cells 

dynamically correlate with the respective subsets in lymphoid tissues and the implications of 

ART drug concentrations in tissues. It is also unclear whether the greater CD4/CD8 ratio 

recovery appreciated with INSTI-based ART is explained by better tolerance resulting in higher 

ART adherence, different penetration in tissues, or class effects. We need proof-of-concept 

studies evaluating the impact of specific therapeutic interventions on CD8 cell and CD4/CD8 

ratio changes, especially those targeting the putative drivers of low CD4/CD8 ratios despite 

ART, and implementation studies evaluating whether CD4/CD8 ratio monitoring improves HIV 

care.  

In conclusion, the CD4/CD8 ratio and CD8 counts offer the possibility to detect ongoing 

immune dysfunction known to contribute to the excess risk of mortality during treated HIV. 

Dissecting better the mechanisms driving CD8+ T cell expansion during ART will be necessary 

to develop innovative strategies targeted at PWH with increased CD8 counts. Until then, we can 

harness the associations between the ratio and CD8 counts with increased risk of SNAEs to 

better monitor HIV infection.  
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FIGURE LEGEND 

Figure 1. Factors influencing CD4/CD8 ratio dynamics during ART and clinical applications of 

CD4/CD8 ratio monitoring during treated HIV infection. 
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Abbreviatures: ART, antiretroviral therapy; GALT, gut-associated lymphoid tissue, IDO, indoleamine 2,3-

dioxygenase-1. 
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Tables 

Table 1. Principal studies associating a low CD4/CD8 ratio with increased risk of serious non-AIDS events 

Study Study design 
Sample 

size 

Follow 

up 

Biomarker and 

timing of 

measurement 

Clinical outcomes analyzed Main findings 

Castilho JL. 

AIDS 2016 [63] 

Retrospective 

cohort 
2006 

14 

years 

CD4/CD8 after one 

year of viral 

suppression 

Cardiovascular 

Cancer 

Hepatopathy 

Renal 

Ratio increase as protective factor of cardiovascular 

events in patients <50 years old 

Mussini C. 

Lancet HIV 2015 

[33] 

Prospective 

multicentric cohort 
3236 

16 

years 

CD4/CD8 nearest to 

the event 

Cancer  

Cardiovascular (MI, coronary 

disease) 

Cerebrovascular (stroke) 

Hepatopathy (cirrhosis, 

encephalopathy) 

Renal (AKI) 

Death 

Ratio <0.30 associated with high risk of clinical events or 

death 

Serrano-Villar S. 

PLoS One 2014 

[39] 

Case-control 407 
13 

years 

CD4/CD8 nearest to 

the event 

Cardiovascular 

Cerebrovascular 

Chronic renal disease 

Cancer 

 

CD4/CD8 ratio <0.4 associated with high risk 

Serrano-Villar S. 

Ebiomedicine 

2022 [35] 

Pooled randomized 

control trials 
5133 7 years 

CD4/CD8 at year 2 of 

viral suppression 

AIDS-defining events   

Non-AIDS-defining events 

(liver, cardiovascular, renal 

disease, non-AIDS cancers, 

fractures, diabetes, serious 

bacterial  infection, and non-

accidental death) 

CD4/CD8 ratio <0.4 not associated with high risk 

CD8 ≥1500 associated with high risk 

Sanger CB. Dis 

Colon Rectum 

Retrospective 

multicentric cohort 
2267 

18 

years 

CD4/CD8 nadir and 

nearest to the event 
Anal high-grade squamous 

intraepithelial lesions and anal 

Ratio increment associated with risk reduction 
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2021 [61] cancer 

Hema MN. Plos 

One 2016 [64] 

Prospective 

multicentric cohort 
1227 9 years 

CD4/CD8 nearest to 

the event 

Cancer: gastrointestinal, hepatic, 

ORL, urologic, lung, 

skin, Hodgkin lymphoma 

CD4/CD8 ratio <0.5 associated with high risk of non-

AIDS cancers 

Sigel K. Lancet 

HIV 2017 [37] 

Prospective 

multicentric cohort 
21666 

14 

years 

CD4/CD8 on the last 

year 
Lung cancer Low CD4/CD8 ratio associated with high risk 

Castilho JL. J 

Natl Cancer Inst 

2022 [36] 

Retrospective 

multicentric cohort 
83893 

8.5 

years 

CD4/CD8 ratio 6, 12, 

18, and 24 months 

lagged 

AIDS and non-AIDS defining 

cancer 

CD4/CD8 ratio of 0.30 associated with increased risk of 

any incident cancer 
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Table 2. Main studies comparing the effects of different ART regimens at initiation or switch on CD4/CD8 ratio changes.  

Study ART regimen Study design  
Sample 

size  

Follow up 

(weeks) 
Main findings  

First-line ART           

Martínez-Sanz J. 

Frontiers in 

immunology 2022 

[56] 

Lamivudine + dolutegravir vs. 

2NRTI + dolutegravir or 

bictegravir 

Multicentric prospective 

cohort (CORIS) 
2214 48 

No differences between 2DC and 3DC in  

CD4/CD8 ratio normalization at 0.5, 1.0 and 1.5 cut-offs 

Serrano-Villar S. 

Lancet HIV 2020 

[50] 

2 NRTI + INSTI or NNRTI or PI 
Multicentric prospective 

cohort (CORIS) 
6804 196 

 

INSTI regimens associated with greater CD4/CD8 gain, more 

significant during the first year 

Figueroa MI. HIV 

Medicine 2021 [65] 

Lopinavir/ritonavir or 

darunavir/ritonavir-based 2DC 

vs. 3DC 

Pooled analysis or 

randomized double-blind 

clinical trial (GARDEL and 

ANDES, posthoc analysis) 

567 48 
No differences observed in CD4/CD8 ratio or in the proportion of 

patients with CD4/CD8 ratio > 1 

Fabbiani M. Journal 

of the Acquired 

Immune Deficiency 

Syndrome 2021 

[66] 

2 NRTI + INSTI or NNRTI or PI 
Multicentric retrospective 

cohort  
1428 144 

INSTI-based regimens had a higher probability of  

CD4/CD8 ratio normalization (≥1) and optimal immunological 

recovery both in total population and in advanced disease 

Blanco JR. Plos 

One 2020 [53] 

2 NRTI + raltegravir or 

dolutegravir 

Randomized double blind 

clinical trial (SPRING-2, 

posthoc analysis) 

822 96 No differences between groups.  

Herrera S. Journal 

of Antimicrobial 

Chemotherapy 

2018 [67] 

2 NRTI + INSTI or NNRTI or PI 
Multicentric retrospective 

cohort (CNICS) 
3971 48 

INSTI-based regimens had a higher probability of  

CD4/CD8 ratio normalization (≥1) compared with the PI group 

Blanco JR. Clinical 

Microbiology and 

Infection 2018 [68] 

Tenofovir 

difumarate/emtricitabine/efaviren

z vs. 

Randomized double blind 

clinical trial (SINGLE, 

posthoc analysis) 

721 96 

Greater increases in CD4/CD8 ratio >1 with tenofovir 

difumarate/emtricitabine/efavirenz than 

abacavir/lamivudine/dolutegravir 
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abacavir/lamivudine/dolutegravir 

Serrano-Villar S. 

Journal of 

Antimicrobial 

Chemotherapy 

2017 [51] 

2 NRTI + efavirenz or raltegravir 

Randomized double blind 

clinical trial (STARTMRK, 

posthoc analysis) 

563 240 
Raltegravir showed faster CD4/CD8 ratio normalization compared 

with efavirenz 

Serrano-Villar. 

Antimicrobial 

Agents 

Chemotherapy 

2017 [52] 

Zidovudine and lamivudine + 

efavirenz or maraviroc 

Randomized clinical trial 

(MERIT, posthoc analysis) 
721 240 Higher rates of CD4/CD8 ratio normalization with efavirenz. 

De Salvador-

Guillouët F. Plos 

One 2015 [69] 

2 NRTI + INSTI or NNRTI or PI Prospective cohort 567 52 
Association between INSTI based regimens and ratio normalization 

(>1) 

ART switch           

Trujillo-Rodríguez 

M.Clinical 

Microbiology and 

Infection 2022 [55] 

2DC (lamivudine + dolutegravir 

or darunavir/cobicistat) vs. 

maintaining 3DC tenofovir 

alafenamide/emtricitabine/elviteg

ravir/cobicistat or 

lamivudine/abacavir/dolutegravir 

Open-label randomized 

control trial  
151 96 Similar changes in CD4/CD8 ratio and inflammatory markers.  

Llibre JM. OFID 

2022 [54] 

Dolutegravir + rilpivirine vs. TAF-

based 3DC 

Randomized clinical trial 

(TANGO, posthoc analysis) 
741 48 No differences in CD4/CD8 ratio between groups 

Llibre JM. OFID 

2022 [54] 

Dolutegravir + lamivudine vs. 

TAF-based 3DC 

Randomized clinical trial 

(SALSA, posthoc analysis) 
493 48 No differences in CD4/CD8 ratio between groups 

Abbreviatures: NRTI, nucleoside reverse transcriptor inhibitor; NNRTI, non-nucleoside reverse transcriptor inhibitors; PI, protease inhibitors; INSTI, integrase strand-transfer inhibitors; 

2DC, two-drug ART combinations; 3DC, three-drug ART combinations 
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