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Long-term follow-up of elite controllers
Higher risk of complications with HCV coinfection, no association
with HIV disease progression
Kristen A. Stafford, MPH, PhDa,b, Zahra Rikhtegaran Tehrani, PhDa,c, Saman Saadat, PhDa,d,
Maryam Ebadi, MDa, Robert R. Redfield, MDa, Mohammad M. Sajadi, MDa,e,∗

Abstract
To estimate the effect of hepatitis C virus (HCV) coinfection on the development of complications and progression of human
immunodeficiency virus (HIV) disease among HIV-infected elite controllers.
Single-center retrospective cohort. Kaplan–Meier methods, prevalence ratios, and Cox proportional-hazards models were used.
In all, 55 HIV-infected elite controllers were included in this study. Among them, 45%were HIV/HCV coinfected and 55%were HIV

mono-infected. Median follow-up time for the cohort was 11 years. Twenty-five patients experienced a complication and 16 lost elite
controller status during the study period. HCV coinfected patients were 4.78 times (95% confidence interval 1.50–15.28) more likely
to develop complications compared with HIVmono-infected patients. There was no association between HCV coinfection status and
loss of elite control (hazard ratio 0.75, 95% confidence interval 0.27–2.06).
Hepatitis C virus coinfection was significantly associated with the risk of complications even after controlling for sex, injecting drug

use, and older age. HCV coinfected patients had higher levels of cellular activation while also having similar levels of LPS and soluble
CD14. HCV coinfection was not associated with loss of elite controller status. Taken together, this suggests that HCV coinfection
does not directly affect HIV replication dynamics or natural history, but that it may act synergistically with HIV to produce a greater
number of associated complications. Continued follow-up will be needed to determine whether HCV cure through the use of direct-
acting antivirals among HIV/HCV coinfected elite controllers will make the risk for complications among these patients similar to their
HIV mono-infected counterparts.

Abbreviations: HAART = highly active antiretroviral therapy, HCV = hepatitis C virus, HIV = human immunodeficiency virus,
PCR = polymerase chain reaction.
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1. Introduction

Approximately 20% of all people infected with human immuno-
deficiency virus (HIV) in the United States are coinfected with
hepatitis C virus (HCV). The proportion of HCV coinfection is as
high as 93% amongHIV-infected patients, with injection drug use
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as their primary risk factor. The impact of HCV infection on the
course of HIV infection appears to be mild and transient, with an
early delay in CD4 reconstitution after starting highly active
antiretroviral therapy (HAART), which then disappears with
time.[2–5] Elite controllers are a unique subpopulation of HIV-
infected patients capable of naturally suppressing HIV-1 to
undetectable levels without therapy.[6–10] Little data exist about
the effect of HCV infection on HIV-1 elite controllers, who have
survived decades without the complications of HIV/AIDS. HCV
coinfection has been shown to be associated with increased
immune activation (CD38+ HLA-DR_+ CD8 cells).[11] Recently,
increased hospitalization rates amongst elite controllers when
compared with other medically controlled HIV patients have been
reported,[12] andother studies havenoted increasedhospitalization
rates and utilization in HIV/HCV coinfected patient versus HIV
mono-infected patients.[13,14]

The purpose of this study was to estimate the effect of HCV
coinfection among HIV-infected elite controllers on the risk of
complications and the risk of disease progression compared with
HIV mono-infected individuals. Our hypothesis was that
individuals coinfected with HCV would be at increased risk
for the development of complications and loss of elite controller
status compared with HIV mono-infected individuals.
2. Methods

We conducted a retrospective cohort study of the elite controller
data to estimate the relationship between HCV coinfection and
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the development of complications and HIV disease progression.
This study was approved by the Institutional Review Board of the
University of Maryland, Baltimore. Complications were defined
as the development of cancer, cardiovascular events (cerebrovas-
cular accident, myocardial infraction, or diagnosis of coronary
artery disease), cirrhosis, organ failure (liver, kidney, or heart), or
death after enrollment in the cohort. All outcomes were
ascertained through medical chart review. For inclusion in the
original cohort, patients had to be confirmed HIV-1-positive by
Western blot and proviral DNA. Elite controller status was
defined as viral loads<400 copies/mL for a 2-year periodwithout
the use of antiretroviral therapy.[1,10,15]

Disease progression (loss of elite controller status) was defined
as 2 consecutive viral loads>400 copies/mL in a 2-year period or
initiation of HAART. HCV infection was defined as being
polymerase chain reaction (PCR)-positive for HCV.
All data were initially investigated in univariate analyses to

determine the distribution, frequency, and amount of missing
data. Continuous variables were assessed for the linearity of their
relationship with the outcomes by first categorizing them into
quartiles and then plotting the beta estimates. Variables that did
not demonstrate a linear relationship weremodeled as categorical
variables. The unadjusted association between HCV coinfection
and both predefined outcomes were investigated using Kaplan–-
Meier survival curves andCox proportional-hazards models with
HCV coinfection as the only predictor variable in the exploratory
analysis. Potential confounders were assessed in stratified
analysis. Baseline covariates that changed the crude hazard ratio
(HR) for the association between HCV coinfection and the
outcomes by more than 10%, or were associated with the
outcome at an alpha level of 0.2 or less were further investigated
in multivariable Cox models. The proportional-hazards assump-
tion was tested by adding an interaction term of the covariates
with time in the multivariable model. Markers of immune
activation were not collected at baseline; therefore the association
between markers of immune activation and the development of
complications and loss of elite controller status were estimated
using prevalence ratios. To be included in the study, patients must
have had a cellular immune activationmeasurement documented.
A sensitivity analysis was conducted comparing patients
excluded from the study with patients included to assess whether
they systematically differed by HCV coinfection, development of
a complication, or loss of elite controller status. One patient
coinfected with HCV experienced cirrhosis and liver failure. The
final model was run including and excluding the patient.

3. Results

3.1. HCV coinfection and the development
of complications

Atotal of64elite controllerpatientshavebeenenrolled in thenatural
viral suppressor (NVS) cohort since 2004. We excluded 9 patients
because they lacked information related to cellular immune
activation for a final study sample of 55. Of the study sample, 25
(45%) patients were HIV/HCV coinfected and 30 (55%) were HIV
monoinfected (Table 1).Median follow-up time fromfirst clinic visit
was 11.8 years (interquartile range (IQR) 7.3–15.9] among HIV
monoinfected patients and 10.7 years (8–15.9) among HCV
coinfected patients. Complications were more prevalent in those
coinfected with HCV (56% vs 17%; P= .002). HCV coinfected
patients had higher levels of cellular immune activation (proportion
of HLADR+CD38+CD8+ T cells) compared with HIV mono-
infected patients (25.2 vs 15.55; P= .02). Soluble CD14 (sCD14)
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and lipopolysaccharide (LPS)were not significantly different among
HCVcoinfectedpatients comparedwithHIVmonoinfectedpatients
(sCD142.6 [1.9–4.4] vs 2.2 [1.5–3.0];P= .17; LPS0.19 [0.15–0.28]
vs 0.17 [0.12–0.22]; P= .24, respectively) (data not shown). HCV
coinfected patients tended to be slightly older than HIV mono-
infected patients and present with lower CD4 cell counts; however,
no statistically significant differenceswere observed in these baseline
factors or in other baseline variables.
Of the patients who developed complications, 8 developed

cancer, 5 developed organ failure, 4 developed cardiovascular
complications, 1 developed cirrhosis, and 1 died after enrollment
without one of the afore mentioned complications. HCV
coinfected patients developed complications at a significantly
faster rate compared with HIV monoinfected patients (P= .002)
(Fig. 1A). Patients coinfectedwithHCVwere 4 timesmore likely to
develop a complication comparedwithHIVmonoinfectedpatients
(Table 2). After controlling for sex, injecting drug use, and age,
HCV coinfected patients were 4.78 times more likely to develop
complications compared with HIV monoinfected patients.
The prevalence of HCV coinfection was 3.36 times higher

(P= .007) among patients who developed complications com-
pared with patients who did not develop complications (Table 3).
After individually controlling for markers of immune activation,
the prevalence of HCV coinfection remained significantly higher
among patients who developed complications compared with
those who did not. The prevalence of HCV coinfection among
patients who developed complications was 2.85 (1.20–6.78)
times higher after controlling for sCD14, 2.89 (1.21–6,90) times
higher after controlling for LPS, and 2.63 (1.14–6.10) times
higher after controlling for cellular activation compared with
patients who did not develop complications.
3.2. HCV coinfection and loss of elite control

From the time of first presentation for care to the end of the study
period, 16 patients lost elite controller status (29%) (Table 1).
There was moderate evidence that patients who lost their elite
controller status were younger than patients whomaintained elite
controller status and were more likely to have sexual contact as
their primary risk factor. There were no significant differences in
other baseline characteristics between those who maintained elite
controller status compared with those who lost viral control.
There was some evidence that patients who lost elite controller
status had higher levels of cellular immune activation (Table 3).
Time to loss of NVS status did not differ significantly by HCV

coinfection status (P= .57) (Fig. 1B). There was no difference in
the hazard for loss of elite controller status when comparingHCV
coinfected patients to HIVmonoinfected patients (HR 0.75, 95%
confidence interval [CI] 0.27–2.06, P= .57) (Table 2). None of
the baseline characteristics changed the crude association
between HCV coinfection and loss of elite controller status or
improved model fit. The prevalence of HCV coinfection status
did not differ between patients who maintained elite controller
status compared with those who lost elite controller status. After
individually controlling for markers of immune activation, the
prevalence of HCV coinfection status was not significantly
different among those who lost elite controller status compared
with those who maintained it (Table 3).
3.3. HCV viral profile among coinfected patients

The median log HCV viral load of coinfected patients at baseline
was 6.27 (IQR 5.63–6.54). Twenty-four of the HCV coinfected



Table 1

Baseline characteristics of a cohort of elite controllers in Baltimore, Maryland, by HCV coinfection status and loss of elite controller (EC)
status (n=55).

Characteristic HIV monoinfected (n=30) HIV/HCV coinfected (n=25) P

Complications 5 (17) 14 (56) .002
∗

Age at enrollment, y, median (IQR) 41 (33–48) 43 (39–49) .12†

Duration of HIV infection at first visit, y, median (IQR) 0.54 (0.00–5.6) 3.29 (0.07–6.78) .32†

Follow-up time, y, median (IQR) 11.8 (7.3–15.9) 9.3 (7.8–14.7) .42†

Sex .30
∗

Male 16 (47) 18 (60)
Female 18 (53) 12 (40)

Race .47‡

White 0 (0) 1 (3)
African American 34 (100) 29 (97)

Risk
Sexual 21 (84) 4 (16) <.0001

∗

Injection drug use 9 (30) 21 (70)
CD4, cells/mm3, median (IQR) 832 (676–1079) 725 (465–872) .14†

Cellular immune activation, median (IQR) 15.6 (10.1–23.8) 25.2 (16.4–39.9) .02†

Characteristic Continued EC (n=39) Former EC (n=16) P

HCV coinfection .45
∗

No 20 (67) 10 (33)
Yes 19 (76) 6 (24)

Age at enrollment, y, median (IQR) 43 (39–50) 37 (30–45) .05†

Duration of HIV infection at first visit, y, median (IQR) 1.31 (0.04–6.7) 1.12 (0.02–4.85) .67†

Follow-up time, y, median (IQR) 11.5 (8.04–14.8) 14.5 (5.6–19.1) .57†

Sex .93
∗

Male 19 (70) 8 (30)
Female 20 (71) 8 (29)

Race 1.00‡

White 1 (100) 0 (0)
African American 38 (70) 16 (30) .03

Risk
Sexual 14 (36) 11 (69)
Injection drug use 25 (64) 5 (31)

CD4, cells/mm3, median (IQR) 856 (667–1054) 692 (531–874) .20†

EC= elite controller, HCV=hepatitis C virus, HIV=human immunodeficiency virus, IQR= interquartile range.
∗
Chi-square test of proportions.

†Wilcoxon rank-sum test.
‡ Fisher exact test.

Figure 1. (A) Kaplan–Meier curve for time to development of a complication by HCV coinfection status. (B) Time to loss of natural viral suppressor status by HCV
coinfection status. HCV=hepatitis C virus.
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Table 2

Unadjusted hazard ratios (HRs) and adjusted hazard ratios (aHRs) for the development of first complication or loss of elite controller
status by HCV coinfection among a cohort of elite controllers in Baltimore, Maryland (n=55).

Complication HR 95% CI P aHR 95% CI P

HIV monoinfected 1.0 — — — — —

HIV/HCV coinfected 4.35 1.55–12.19 .005 4.78 1.50–15.28 .01
Sex
Female 1.0 — — — — —

Male 2.78 0.99–7.75 .05 0.97 0.31–3.06 .96
Age, y
<50 1.0 — — 1.0 — —

≥50 8.25 2.81–24.23 .0001 19.05 4.75–76.36 .0001
Risk
Sexual 1.0 — — 1.0 — —

Injecting drug use 3.78 1.22–11.71 .02 3.37 0.94–12.07 .06
CD4
>500 1.0 — —

�500 1.70 0.56–5.18 .35

Loss of EC status HR 95% CI P aHR 95% CI P

HIV monoinfected 1.0 — —

HIV/HCV coinfected 0.75 0.27–2.06 .57
Sex
Female 1.0 — —

Male 0.71 0.26–1.94 .50
Age, y
<50 1.0 — —

≥50 0.75 0.09–6.03 .78
Risk
Sexual 1.0 — —

Injection drug use 0.38 0.13–1.10 .07
CD4
>500 1.0 — —

�500 1.20 0.33–4.42 .78

CI= confidence interval, EC= elite controller, HCV=hepatitis C virus, HIV=human immunodeficiency virus.
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patients had genotype 1a or 1b, and 1 had 3a. There was no
difference in the median log HCV viral load among HCV
coinfected patients who developed a complication or who lost
their NVS status compared with the coinfected patients who did
not develop a complication or maintained natural viral
suppression (data not shown).
3.4. Sensitivity analysis

The 9 patients excluded from analysis due to missing immune
activation levels did not differ significantly from patients included
Table 3

Prevalence ratios for the association betweenHCVcoinfection and
the development of complications, andHCVcoinfection and loss of
elite controller status controlling for immune activation (n=55).

Variables in the model Prevalence ratio (95% CI) P

Development of complications
HCV 3.36 (1.40–8.04) .007
HCV, sCD14ug 2.85 (1.20–6.78) .02
HCV, LPS 2.89 (1.21–6.90) .02
HCV, cellular activation 2.63 (1.14–6.10) .02

Loss of elite controller status
HCV 0.72 (0.30–1.70) .46
HCV, sCD14ug 0.79 (0.33–1.90) .61
HCV, LPS 0.69 (0.28–1.68) .41
HCV, cellular activation 0.43 (0.16–1.19) .10

CI= confidence interval, HCV=hepatitis C virus.
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with regards to the prevalence of HCV coinfection, incidence of
complications, or loss of elite controller status (data not shown).
The crude and adjusted estimates of effect did not significantly
differ when the patient with liver failure was excluded (data not
shown). All results presented include the patient with liver failure.
4. Discussion

We compared the rate of development of a first complication in
HCV coinfected versus HIV monoinfected individuals in an NVS
cohort with a median follow-up of 11 years. There was a
significantly higher cumulative incidence of complications among
HCV coinfected patients compared with HIV monoinfected
patients, and a significantly increased hazard for their develop-
ment. Previous studies have revealed increased evidence of
coronary atherosclerosis in elite controllers.[12,16] Crowell
et al[12] compared morbidity rates and causes between elite
controllers and immunologically intact persons with medically
controlled HIV; a significantly higher rate of hospitalization was
detected, with cardiovascular hospitalization being the most
common. Two other studies reported no increased hospitaliza-
tion among elite controllers[17]; however, both of these were
conducted on a relatively small number of patients, in a younger
population,[17] and HCV coinfection was not investigated.
However, several other studies have noted increased hospitaliza-
tion rates in HIV/HCV coinfected patients compared with HIV
monoinfected patients, although elite controllers were not
specifically studied.[13,14] In the present study, the incidence of
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complications was higher in patients coinfected with HCV, and
complications were significantly more likely to occur in HCV
coinfected patients.
The HIV virus continues to replicate in elite controllers even in

the absence of a detectable viral load, leading to a chronic
inflammatory state.[18,19] Elite controllers experience chronic
low-grade inflammation and immune activation during the
process of suppressing viremia to levels prominently higher than
those receiving HAART therapy.[20] HAART therapy in elite
controllers has led to decreased T-cell activation,[18,19,21] and
increased CD4 cell counts in some, but not all, patients.[22,23]

Various factors contribute to increased immune activation in elite
controllers, consisting of persistent low-level viremia[24] and
persistent immune response,[25] which may play a pathophysio-
logic role in higher hospitalization for several conditions
including cardiovascular events.[12] Increased levels of D-dimer
and soluble tissue factorin elite controllers have been detected as
compared with both HIV-seronegative and HAART-controlled
HIV patients.[20]

In this study, HCV coinfection was significantly associated
with the risk of complications, even after controlling for CD4+ T-
cell level, sex, and older age. Chronic inflammation is thought to
be associated with CD4+ T-cell depletion and higher levels of
immune activation.[21,26] Similarly, HCV coinfection remained
significantly associated with a higher prevalence of complications
when individual immune activation markers were controlled for.
This study found that HCV coinfected patients had higher levels
of cellular activation while also having similar levels of LPS and
soluble CD14.[21,26]

We had previously found that among elite controllers, HCV
coinfection was associated with lower mean CD4 cell count,
CD4%, and CD4/CD8.[11] However, with analysis of more years
of data and adjusting for differences based on sex, we no longer
see this correlation. In addition, in this study, HCV coinfection is
not associated with loss of elite controller status. Taken together,
this suggests that HCV coinfection does not directly affect HIV
replication dynamics or natural history, but that it may act
synergistically with HIV to produce a greater number of
associated complications. Because some complications (cardio-
vascular) could be decades in the making, it remains to be seen
whether HCV therapy and/or HAART treatment could signifi-
cantly affect this outcome. Anecdotally, we have several patients
in this cohort who have had continued complications (stroke and
carcinoma) despite successful HCV eradication. Other compli-
cations such as development of carcinoma may be more readily
amenable to more rapid risk reduction with antiviral therapy.
Further studies with long periods of follow-up will be needed to
address these questions.
Our study has several limitations. Not all patients had

measures of immune activation documented in their study
records and were therefore excluded introducing the potential for
selection bias. However, when we compared the available
baseline covariates, and also the distribution of exposure and
outcomes between patients included and excluded from the
study, we found them to be similar indicating that had they been
included our inferences would most likely not have been affected.
The measures of immune activation were not assessed at
enrollment into the study cohort, and we therefore cannot make
temporal inferences of a causal nature nor could we control for
them in the multivariable Cox models. We used prevalence rate
ratios (PRRs) to estimate the associations of interest as risk was
our parameter of interest. We chose PRRs as both the prevalence
of HCV coinfection and the outcomes (complications and loss of
5

elite controller status) were fairly common (>10%), and
prevalence odds ratios (ORs) would be further away from
the null, thus potentially overestimating the strength of the
associations of interest.[27]

Continued follow-up will be needed to determine whether
HCV cure through the use of direct-acting antivirals among HIV/
HCV coinfected elite controllers will make the risk for
complications among these patients similar to their HIV
monoinfected counterparts. Further studies will also be needed
to determine the effects of antiretroviral therapy in this group of
patients coupled to its risk/benefit ratio. Whereas HIV patients
coinfected with HCV are at significantly increased risk for the
development of complications, HCV coinfection does not appear
to impact the likelihood of HIV disease progression in this
population.
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