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Abstract

We have established a cohort of 64 Natural Viral Suppressors (NVS) (similar to Elite Controllers/

Elite Suppressors), 30 of which have chronic HCV. We investigated T cell phenotypic changes in 

association with HCV infection. NVS without HCV and normal controls had similar T cell 

phenotypes. However, NVS with HCV had lower naïve cell proportions (CD4 and CD8) 

compared to NVS without HCV (p=.0008 and p=.02) or normal controls (p=.0163 and p=.017). 

These results and previous reported data suggest that HCV co-infection increases immune 

activation and T cell disturbances. Any associated T cell functional changes or potential clinical 

consequences need further study.

The Natural Viral Suppressors (NVS) cohort is comprised of HIV-infected patients with the 

ability to suppress HIV-1 to undetectable levels in the absence of therapy [1-4]. We have 

established a cohort of 64 NVS patients, of which 46.9% have chronic HCV infection 

(positive PCR for HCV). We previously reported that within this NVS cohort, patients with 

HCV infection had lower CD4 counts, CD4 count percentages, CD4/CD8 ratio, and higher 

levels of immune activation than NVS without HCV infection [4]. In this study, we further 

investigated whether there are specific phenotypic immunological deficits associated with 

HCV infection in this cohort.

The NVS cohort and controls (HIV/HCV negative individuals, HCV monoinfected patients, 

and non-NVS HIV and HIV/HCV coinfected) have been described in detail elsewhere [1-4]. 

Briefly, after informed consent was obtained, NVS patients have demonstrated viral loads 

<400 copies/ml for a 2 year time period without antiretroviral therapy. Flow cytomtery was 

performed by using FACSCalibur flow (BD Biosciences, San Jose, CA). PBMCs were 

stained with either CD4 (APC) or CD8 (APC), and CD3 (PerCP), CD45RA (FITC), and 

CCR7 (PE) and optimized according to the experiment. Data was analyzed by using FlowJo 

software (Ashland, OR). For data with normal distribution Student’s t test was performed; 

otherwise, the Mann-Whitney test was used. All p values were two-tailed and considered 

significant if < .05.
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T cell subsets were measured in the NVS with HCV infection (n=10), NVS without HCV 

infection (n=9), HIV−/HCV− controls (n=8), HCV+ monoinfected (n=9), HIV+ 

monoinfected (n=8), and HIV+/HCV+ coinfected patients (n=5) (Figure 1). NVS without 

HCV had a trend toward greater CD4 and CD8 cell naïve cell proportions than the normal 

controls who are HCV and HIV negative (p=.1 and p=.24, respectively). In contrast, NVS 

with HCV had lower naïve cell proportions (CD4 and CD8) compared to NVS without HCV 

(p=.0008 and p=.02, respectively) or normal controls (p=.0163 and p=.017, respectively). 

NVS with HCV also had higher effector memory cell proportions (CD4 and CD8) compared 

to NVS without HCV (p=.003 and p=.01, respectively). Within the NVS, there was no 

significant difference in central memory or terminally differentiated cell compartments in 

relation to HCV infection. Interestingly, the naïve CD4 cell population was also lower in our 

HIV/HCV controls compared to HIV monoinfected controls (p=.045).

The clinical consequences of altered T cell subsets, specifically reduction in the proportion 

of naïve T cells, are not well characterized in the context of HCV infection. We evaluated 

clinical outcomes in the NVS group based on HCV infection. Compared to NVS without 

HCV, NVS with HCV have higher prevalence rates of cancer (23.3% vs. 8.8%), death 

(16.7% vs. 5.9%), and coronary artery disease (6.7% vs. 0%) after HIV-1 diagnosis. Of note, 

none of the deaths or cancers were directly attributable to HCV. The number of events was 

too small to carry out meaningful statistical analysis.

In this study, we demonstrate further immunological deficits as well as possible differences 

in clinical outcome based on the presence or absence of HCV coinfection. Proportions of 

CD4 and CD8 naïve cells were similar in NVS without HCV and normal controls, 

suggesting preservation of these subsets in NVS without HCV. NVS with HCV had lower 

naïve cell proportions (CD4 and CD8) compared to NVS without HCV or normal controls, 

suggesting a loss of this subset in association with dual HIV/HCV infection. Reduced 

number of naïve T cells are a hallmark of HIV infection [5-7], however, there is only one 

report of HCV causing a reduction of naïve T cell populations [8]. In this study we also note 

lower CD4 naive cell proportion in HIV/HCV controls compared to HIV monoinfected 

controls. Higher levels of apoptosis of naïve CD4 and CD8 cells in HIV/HCV infection, as 

reported by Nunez et al [9], could explain our findings of immune activation, lower CD4 

cells, and lower naïve cells.

Taken together, the most likely explanation for the above data is that HCV affects the course 

of HIV infection in the NVS. HCV has not been reported to cause a decreased CD4 count or 

increased immune activation in HCV mono-infected individuals [10]. However, we 

hypothesize that in the setting of HIV infection, HCV co-infection can increase immune 

activation, and cause T cell disturbances (decreased CD4 count, decreased naïve T cells, 

increased effector T cells). This interaction between HIV and HCV as it pertains to T cell 

dynamics has still not been consistently demonstrated before. Recently, HIV/HCV 

coinfected patients have been shown to have increased levels of CD8 activation compared to 

HIV monoinfected patients [11-13], with HCV treatment leading to a decrease in immune 

activation [11].
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Age and duration of HIV infection need to be considered in interpreting our data. NVS are 

both aging (median age 53) and have carried HIV infection for decades (median year of HIV 

diagnosis 1995), although these were equally matched in the NVS HCV positive and 

negative groups. Aging is known to affect the normal immune system [14-16], and thus it is 

entirely plausible that the presence of 2 agents known to cause immune changes/deficits 

could lead to worse immunologic and clinical outcomes. One reason this may have not been 

noted before is that the median year of HIV diagnosis of the NVS predates the HAART era, 

and these defects may not be seen in HAART-infected cohorts for several more years.

In conclusion, NVS patients with chronic HCV infection have lower proportions of naïve 

CD4 and CD8 cells, and elevated effector memory CD4 and CD8 cells. Lower proportion of 

naïve CD4 cells were noted in the HIV/HCV controls (non-NVS) when compared to the 

HIV monoinfected controls. There appears to be higher rates of clinical complications 

(CAD, cancer, and death) in the NVS with chronic HCV infection compared to those 

without HCV infection. The data suggests that in the NVS cohort (elite controllers) HCV 

coinfection detrimentally alters the natural history of HIV infection. Further studies will be 

needed to evaluate potential functional deficits associated with HCV coinfection, and if 

HCV treatment leads to lower immune activation levels and rise in CD4 counts in these 

patients.
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Figure 1. 
T cell subsets in the NVS and controls. PBMCs were divided into 2 groups and stained with 

either CD3 (PerCP), CD4 (APC), CD45RA (FITC), and CCR7 (PE); or CD3 (PerCP), CD8 

(APC), CD45RA (FITC), and CCR7 (PE). After gating on the lymphocyte population 

(Forward Scatter vs. Side Scatter), either the CD3+CD4+ or CD3+CD8+ were analyzed for 

subsets based on CCR7 and CD45RA. Naïve Cells=CD45+CCR7+; Central Memory 

Cells=CD45-CCR7+; Effector Memory Cells=CD45-CCR7−; Terminally Differentiated 

Cells=CD45+CCR7−. mono= mono-infected
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