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Background. Both hepatitis C virus (HCV) and human immunodeficiency virus (HIV) penetrate the central
nervous system. HIV-associated neuroretinal disorder (HIV-NRD), a visual impairment of reduced contrast sensi-
tivity and reading ability, is associated with cytokine dysregulation and genetic polymorphisms in the anti-
inflammatory interleukin 10 (IL-10) signaling pathway. We investigated associations between HCV and HIV-NRD
and between HCV and single-nucleotide polymorphisms (SNPs) in the IL-10 receptor 1 (IL10R1) gene.

Methods. Logistic and Cox regression analysis were used to analyze risk factors for HIV-NRD in 1576 HIV-
positive patients who did not have an ocular opportunistic infection at enrollment. Median follow-up was 4.9 years
(interquartile range, 2.4–8.8 years). Four IL10R1 SNPs were examined in a subset of 902 patients.

Results. The group included 290 patients with chronic HCV infection, 74 with prior infection, and 1212 with
no HCV markers. There were 244 prevalent cases of HIV-NRD and 263 incident cases (rate = 3.9/100 person-
years). In models adjusted for demographics, HIV treatment and status, liver function, and immune status, both the
prevalence and incidence of HIV-NRD were significantly higher in patients with chronic HCV infection (odds
ratio = 1.54; 95% confidence interval [CI], 1.03–2.31 and hazard ratio = 1.62; 95% CI, 1.13–2.34, respectively), com-
pared to patients with no HCV markers. Chronic HCV was associated with rs2228055 and 2 additional IL-10R1
SNPs expected to reduce IL-10 signaling. HIV-NRD was not significantly associated with these SNPs.

Conclusions. HCV is a possible risk factor for HIV-NRD. Genetic analysis suggests that alterations in the IL-10
signaling pathway may increase susceptibility to HIV-NRD and HCV infection. Inflammation may link HCV and
HIV-NRD.
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In the era of combination antiretroviral therapy, survival
of human immunodeficiency virus (HIV)–positive indi-
viduals has increased; however, patients continue to have
central nervous system (CNS) abnormalities that reduce
quality of life. HIV-associated presumed neuroretinal
disorder (HIV-NRD) is a visual abnormality that occurs
in about 10%–15% of patients with AIDS who do not

have ocular opportunistic infections. HIV-NRD is
characterized by reduced contrast sensitivity [1–3],
reduced color sensitivity [4–6], and deficits in visual
fields [7, 8] in the absence of impaired visual acuity.
HIV-NRD may also compromise reading speed and
reduce quality of life [9].

The etiology of HIV-NRD is unknown, but cytokine
dysregulation and chronic inflammation are considered
likely cofactors. Genetic studies show that risk in Europe-
an Americans is associated with mutations that are ex-
pected to decrease production of interleukin 10 (IL-10),
an anti-inflammatory cytokine. Genetic markers include
single-nucleotide polymorphisms (SNPs) in introns of
the IL-10 receptor and an IL-10 receptor 1 (IL10R1) hap-
lotype [10]. The nongenetic risk factors for HIV-NRD
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include age, race, a history of injection drug use (IDU), lower
hemoglobin, decreasing Karnofsky score, and low CD4+ T-cell
count [3].

Due to shared routes of transmission, many HIV-positive
patients are also infected with the hepatitis C virus (HCV).
Chronic HCV infection causes systemic inflammation [11] and
increases mortality in HIV-positive patients by 35%–50% [12].
Both cell culture studies [13] and analysis of patient specimens
indicate that HCV is present within the CNS and replicates
there [14–18]. HCV is reported to have CNS effects that
include reduced learning and memory abilities [14, 19–22].
These deficits may improve in patients who clear HCV infec-
tion [23]. Despite successful HIV management, patients coin-
fected with HCV have an increased risk of neurocognitive
dysfunction [24–26] and HIV-associated dementia [20].

Because HCV is proinflammatory and penetrates the CNS,
this study examined the impact of HCV infection on the preva-
lence and incidence of HIV-NRD in a large cohort of AIDS pa-
tients enrolled in the Longitudinal Studies of the Ocular
Complications of AIDS (LSOCA). LSOCA is one of only a few
cohort studies limited to persons diagnosed with AIDS, but
without further exclusion criteria. It focuses exclusively on the
era following the introduction of combination antiretroviral
therapy. Because of the associations between HIV-NRD and
the IL-10 signaling pathway, genetic associations between 4
IL10R1 SNPs and HCV risk were also examined.

METHODS

Study Subjects and Design
At enrollment, subjects in LSOCA were aged ≥13 years with a
diagnosis of AIDS according to the 1993 definition of the
Centers for Disease Control and Prevention (CDC). The
LSOCA population is similar in age, race, and sex to the US
AIDS population, except it has a lower percentage of patients
with a history of IDU [27, 28]. At enrollment, demographic in-
formation and past medical history were obtained and physical
and ophthalmologic examinations were performed by a
LSOCA-certified ophthalmologist [28]. Ophthalmologic exam-
inations were conducted at each visit.

Follow-up occurred every 3 months for patients with an ocular
opportunistic infection (eg, cytomegalovirus retinitis [CMV-R])
and every 6 months otherwise. Most HIV type 1 (HIV-1) RNA
assays were performed using the Roche Amplicor system. All
baseline samples were tested for anti-HCV antibodies using the
third-generation enzyme immunoassay version 2.0 (Abbott).
HCV RNA testing was performed on all samples that tested
positive for anti-HCV antibodies and on all samples from injec-
tion drug users, using the Roche COBAS AMPLICOR Hepatitis
C Virus Test, version 2.0 (lower limit of detection, 50 IU/mL),
except as noted previously; we estimate that this testing strategy

identified about 93% of the patients with HCV RNA in serum [12].
Patients with HCV RNAwere considered to have chronic infec-
tion, and patients with anti-HCV antibodies but without de-
tectable HCV RNA were considered to have cleared a previous
infection. The liver fibrosis stage was estimated in 451 subjects
for whom data were available by calculating the aspartate ami-
notransferase platelet ratio index (APRI) score; a score ≥1.45
was used to distinguish minimal from advanced fibrosis/cirrho-
sis [29]. Polymorphisms in the IL10R1 gene that occur at rela-
tively high frequency (minor allele frequency ≥3% in the
general population) and are predicted to change amino acids
and thus to influence IL-10 signaling were determined in 902
patients, as previously described [10]. The genotyping success
rate was at least 95% for each SNP examined. This study was
approved by the institutional review board at each center, and
all patients gave written informed consent.

Data Analysis
Data available as of 31 December 2011 were included. HIV-NRD
was defined as <1.50 log contrast sensitivity units. Among the
2393 subjects enrolled in LSOCA, 1576 were included in the
analyses of HIV-NRD prevalence and 1220 were included in the
analyses of HIV-NRD incidence (Supplementary Figure 1).
Because decreased visual acuity (eg, from an ocular infection or
from media opacities) decreases contrast sensitivity and does not
indicate HIV-NRD, 815 patients were excluded from the analysis
carried out to determine HIV-NRD prevalence (Table 1) and
from the analysis carried out to analyze the factors associated
with HIV-NRD prevalence (Table 2) because they had ocular op-
portunistic infection(s) (n = 536), visual acuity <20/40 (n = 18),
or lacked data regarding HCV status (n = 261). An additional
356 were excluded from the analysis of factors associated with
HIV-NRD incidence (Table 3) because they had HIV-NRD at
baseline or lacked follow-up data.

The population characteristics at enrollment were calculated
by HIV-NRD status. Race/ethnicity was analyzed as white/non-
Hispanic versus all others. The associations between each char-
acteristic and HIV-NRD status were assessed using χ2 tests.
Unadjusted and adjusted logistic regression was used to identify
factors associated with prevalent HIV-NRD at enrollment. The
adjusted model included all baseline risk factors shown in
Table 2: HCV serostatus, age (dichotomized at the median age of
43 years), sex, race, HIV exposure category (dichotomized as IDU
vs all others), CD4+ T-cell count, HIV load, highly active antire-
troviral therapy use, HIV retinopathy status, and platelet count.

The cumulative incidence (1 – survival) Kaplan-Meier
curves were compared for HCV uninfected, cleared, and
chronic. Unadjusted and adjusted Cox regression was used to
identify factors associated with incident HIV-NRD. Follow-up
time was calculated as the time from study entry to first HIV-
NRD event in either eye or censoring (death, 31 December
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2011, or to the date of the last study contact for patients who
were lost to follow-up). Sensitivity analyses were performed to
examine the hazard ratio (HR) for the first 3 years of follow-up
versus later time points, and to determine the impact of censor-
ing data when both eyes had <20/40 acuity and/or developed
cataract. During the study, the Pelli-Robson charts were re-
placed at the clinics due to wear. The manufacturing process
for the charts was changed in 2005, which resulted in patients’
ability to read up to 6 additional letters. The new version was
not in universal use until May 2010. Sensitivity analyses were
performed to determine the impact of censoring data at De-
cember 2006 and at 2010. Censoring of the data at 2006 or at
2010 resulted in no substantive changes in interpretation and
therefore results are shown not making any adjustments for
manufacturing changes in the chart. Statistical analyses were
performed with SAS software, version 9.2 (SAS Institute Inc,
Cary, North Carolina) and R software version 2.13.1 (R Foun-
dation for Statistical Computing, Vienna, Austria).

RESULTS

Risk Factors for HIV-NRD at Baseline
The study group included 244 patients with HIV-NRD and 1332
patients without HIV-NRD (Table 1). Patients with HIV-NRD at
baseline were more likely to have chronic HCV infection
(P < .001), to be female (P = .004), to be nonwhite (P < .001), to
have a history of IDU (P = .006), and to have a CD4+ T-cell count
≤100 cells/µL (P = .024). In an adjusted multivariable logistic re-
gression model, prevalent HIV-NRD was significantly positively
associated with 3 factors: chronic HCV infection (odds ratio [OR],
1.54; 95% confidence interval [CI], 1.03–2.31); female sex (OR,
1.54; 95% CI, 1.09–2.18); and nonwhite race/ethnicity (OR, 1.49;
95% CI, 1.09–2.05). Prevalent HIV-NRD was negatively associated
with a CD4+ T-cell count >100 cells/µL (OR, 0.66; 95% CI,
.46–.94; Table 2). A subset analysis was performed on 476 subjects
for whom data were available to assess the impact of liver fibrosis
stage on the association between HIV-NRD and chronic HCV in-
fection. In a logistic regression model of HIV-NRD that controlled
for APRI ≥1.45, the magnitude of the association between HIV-
NRD and HCV for chronic versus nomarkers of HCVwas similar
to the original analysis (OR, 1.64; 95% CI, .88–3.05; P = .16), al-
though no longer statistically significant with this reduced sample
size. HIV-NRD was not significantly associated with APRI ≥1.45
(OR, 1.50 [95% CI, .56–4.01; P = .43; Supplementary Table 1).

Risk Factors for the Development of HIV-NRD
The development of HIV-NRD was analyzed in 1220 subjects
with a median follow-up of 4.9 years (interquartile range

Table 1. Characteristics of the Population at Enrollment by HIV-
Associated Neuroretinal Disorder Status

Characteristic
(at Enrollment)

Prevalent
HIV-NRD
(n = 244)

No prevalent
HIV-NRD
(n = 1332)

P Valuea% No. % No.

HCV status

Uninfected 68 167 78 1045 <.001

Cleared 3 8 5 66
Chronic 28 69 17 221

Age

<43 y 44 107 47 620 .438
≥43 y 56 137 53 712

Sex

Male 74 181 82 1094 .004
Female 26 63 18 238

Race

White 36 89 49 652 <.001
Nonwhite 64 155 51 680

Intravenous drug use

No 80 195 87 1154 .006
Yes 20 49 13 178

CD4+ T-cell count

0–100 cells/µL 34 84 27 363 .024
>100 cells/µL 66 160 73 965

HIV load, log10 copies/mL

<2.60 34 77 35 450 .577
≥2.60–4.00 29 64 31 398

>4.00–5.00 21 46 17 215

>5.00 17 37 17 216
HAART

No 19 47 15 197 .071

Yes 81 196 85 1135
HIV retinopathy in either eye

No 97 236 98 1301 .379

Yes 3 8 2 31
Platelet count, cells/µL

≤60 000 3 8 2 29 .298

>60 000 97 236 98 1301
APRI

≥1.45 2 6 1 19 .24b

<1.45 27 65 27 361
Missing 71 173 71 952

Neuroretinal disorder was defined as <1.50 log contrast sensitivity units.
Participants without ocular opportunistic infections, with at least 1 eye with
visual acuity of 20/40 or better and without cataract, and with available HCV
data are included.

Abbreviations: APRI, aspartate aminotransferase platelet ratio index; HAART,
highly active antiretroviral therapy; HCV, hepatitis C virus; HIV-NRD, human
immunodeficiency virus–associated neuroretinal disorder.
a χ2 test.
b P value for comparison among those with APRI data.
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[IQR], 2.4–8.8). There were 263 incident cases of HIV-NRD. In
an adjusted Cox proportional hazards regression model, inci-
dent HIV-NRD was significantly associated with 4 factors:
chronic HCV infection (hazard ratio [HR], 1.64; 95% CI, 1.14–
2.37), age ≥43 years (HR, 1.59; 95% CI, 1.22–2.06), female sex
(HR = 1.65; CI, 1.22–2.24), and HIV load >10 000 copies/mL
(Table 3). The association between chronic HCV infection and
HIV-NRD remained significant in sensitivity analyses that in-
vestigated the impact of (1) censoring data when both eyes have
<20/40 acuity and/or developed cataract, (2) censoring data at

December 2006, (3) censoring data at 2010 (Supplementary
Table 2).

Kaplan-Meier curves of the cumulative incidence of HIV-
NRD are shown in Figure 1. These data show the positive asso-
ciation between chronic HCV infection and the development of
HIV-NRD expected based on the data in Table 3 and suggest
that cleared HCV infection might increase the risk of HIV-
NRD in a time-variant manner. This possibility was investigat-
ed through a sensitivity analysis of the Cox regression results
(Supplementary Table 2). For patients with cleared HCV

Table 2. Logistic Regression of Risk Factors Associated With HIV-Associated Neuroretinal Disorder at Enrollment

Risk Factor (at Enrollment)

Unadjusteda Adjusteda

OR 95% CI P Value OR 95% CI P Value

HCV status
Uninfected Ref Ref

Cleared 0.76 (.36–1.61) .110 0.62 (.27–1.41) .092

Chronic 1.95 (1.42–2.68) .001 1.54 (1.03–2.31) .011
Age

<43 y Ref Ref

≥43 y 1.11 (.85–1.47) .438 1.31 (.95–1.80) .101
Sex

Male Ref Ref

Female 1.60 (1.16–2.20) .004 1.54 (1.09–2.18) .015
Race

White Ref Ref

Nonwhite 1.67 (1.26–2.21) <.001 1.49 (1.09–2.05) .014
Intravenous drug use

No Ref Ref

Yes 1.63 (1.15–2.31) .006 1.21 (.78–1.89) .398
CD4+ T-cell count

0–100 cells/µL Ref Ref

>100 cells/µL 0.72 (.54–.96) .024 0.66 (.46–.94) .022
HIV load, log10 copies/mL

<2.60 Ref Ref

≥2.60–4.00 0.94 (.66–1.34) .398 0.91 (.63–1.31) .913
>4.00–5.00 1.25 (.84–1.86) .183 1.04 (.67–1.61) .392

>5.00 1.00 (.65–1.53) .788 0.76 (.46–1.25) .245

HAART
No Ref Ref

Yes 0.72 (.51–1.03) .072 0.83 (.56–1.24) .359

HIV retinopathy in either eye
No Ref Ref

Yes 1.42 (.65–3.13) .381 1.18 (.50–2.81) .707

Platelet count, cells/µL
≤60 000 Ref Ref

>60 000 0.66 (.30–1.45) .300 0.75 (.32–1.79) .522

HIV-associated neuroretinal disorder was defined as <1.50 log contrast sensitivity units. Participants without ocular opportunistic infections, with at least 1 eyewith
visual acuity of 20/40 or better and without cataract, and with available HCV data are included.

Abbreviations: CI, confidence interval; HAART, highly active antiretroviral therapy; HCV, hepatitis C virus; HIV, human immunodeficiency virus; OR, odds ratio.
a Unadjusted and adjusted logistic regression results, P value calculated using Wald χ2. Adjusted model includes all risk factors.
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infection, in an unadjusted model that allowed the HR to
change at 3 years after enrollment, the HR for the first 3 years
was 2.07 (95% CI, 1.14–3.74; P = .017), whereas the subsequent
HR was 0.33 (95% CI, .05–2.37; P = .269). The interaction
between cleared HCV infection and time had a P value of .08,
showing a trend toward a time-variable effect of HCV infection
and subsequent clearance. For comparison, the interaction
between chronic HCV infection and time had a P value of .65,
indicating that the risk associated with chronic infection was
less variable over time.

A subset analysis was performed on 342 subjects to assess
the impact of liver fibrosis stage on the association between the

development of HIV-NRD and chronic HCV infection. In a re-
gression model that controlled for APRI ≥1.45, the HR was
1.42, similar to the HR in the main analysis (1.64); however, the
95% CI and P value (.74–2.74 and P = .30, respectively) did not
show a statistically significant relationship between HIV-NRD
and chronic HCV infection. Incident HIV-NRD was signifi-
cantly associated with APRI ≥1.45 (HR, 4.72; 95% CI, 2.22–
10.01; P < .01), raising the possibility that advanced liver
disease, some factor associated with advanced liver disease such
as inflammation, or some factor associated with HIV/AIDS
such as pancytopenia/thrombocytopenia increases the risk of
HIV-NRD (Supplementary Table 1).

Table 3. Cox Regression of Risk Factors Associated With Incident HIV-Associated Neuroretinal Disorder During Follow-up

Risk Factor (at Enrollment) Rate/100 PY Events/No.

Unadjusteda Adjusteda

HR 95% CI P Value HR 95% CI P Value

HCV status
Uninfected 3.4 188/959 Ref Ref

Cleared 5.0 13/59 1.38 (.79–2.42) .262 1.30 (.73–2.31) .372

Chronic 6.7 62/202 1.81 (1.36–2.41) <.001 1.62 (1.13–2.34) .010
Age

<43 y 3.1 99/558 Ref Ref

≥43 y 4.6 164/662 1.45 (1.13–1.86) .004 1.62 (1.24–2.11) <.001
Sex

Male 3.5 197/998 Ref Ref

Female 6.2 66/222 1.70 (1.28–2.24) <.001 1.67 (1.23–2.26) .001
Race

White 3.3 114/595 Ref Ref

Nonwhite 4.5 149/625 1.31 (1.03–1.68) .029 1.13 (.86–1.48) .378
Intravenous drug use

No 3.7 222/1059 Ref Ref

Yes 5.6 41/161 1.37 (.98–1.92) .063 0.80 (.58–1.09) .155
CD4+ T-cell count

0–100 cells/µL 5.2 75/309 Ref Ref

>100 cells/µL 3.6 188/907 0.73 (.56–.95) .021 0.92 (.62–1.39) .706
HIV load, log10 copies/mL

<2.60 2.8 69/429 Ref Ref

≥2.60–4.00 3.4 76/366 1.24 (.89–1.72) .197 1.22 (.88–1.69) .244
>4.00–5.00 6.3 60/196 2.16 (1.53–3.06) <.001 2.11 (1.47–3.04) <.001

>5.00 5.4 45/187 1.80 (1.23–2.62) .002 1.61 (1.05–2.46) .029

HIV retinopathy in either eye
No 3.8 255/1195 Ref Ref

Yes 7.9 8/25 1.89 (.93–3.82) .077 1.51 (.73–3.11) .264

Platelet count, cells/µL
≤60 000 8.0 7/24 Ref Ref

>60 000 3.9 256/1194 0.51 (.24–1.09) .082 0.52 (.24–1.12) .095

HIV-associated neuroretinal disorder (HIV-NRD) was defined as <1.50 log contrast sensitivity units. Participants without ocular opportunistic infections or HIV-NRD
at enrollment and with at least 1 eyewith visual acuity of 20/40 or better and at least 1 follow-up visit are included.

Abbreviations: CI, confidence interval; HCV, hepatitis C virus; HIV, human immunodeficiency virus; HR, hazard ratio; PY, person-years.
a Unadjusted and adjusted Cox proportional hazards regression results, P value calculated using Wald χ2. Adjusted model includes all risk factors.
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IL10R1 Polymorphisms Are Associated With HCV Infection
Four SNPs in the IL10R1 gene were examined for associations
with chronic HCV infection using Fisher exact test. The

number of patients who were eligible for this analysis and had
data for at least 1 SNP was 902. The availability of data varied
from 860 to 887 for the 4 SNPs analyzed (Supplementary
Table 3). Of these patients, 140 had prevalent NRD at baseline.
Three of the 4 SNPs had significant associations with chronic
HCV infection in 1 or more of the populations examined. The
rs2228055 SNP was associated with HCV infection in the total
study group (P = .02) and in white patients (P = .01); rs2229113
trended toward significance in the total study group (P = .07)
and was significant in white patients (P = .04); and rs3135932
was significant in white patients (P = .01) (Table 4). The similar
trend of HCV association observed for rs2229113 and
rs3135932 may be due to the strong linkage disequilibrium they
have with each other in European Americans (Supplementary
Table 3). The rs2229114 SNP was not associated with HCV.
None of the 4 SNPs was associated with baseline HIV-NRD
(P > .10; data not shown). The distribution of allele frequencies
of IL-10R1 SNPs was very different between European Ameri-
cans and African Americans (Supplementary Table 3). Among
African Americans, the frequencies of variant alleles were
much lower, resulting in greatly reduced statistical power to
detect any association with HCV susceptibility. In addition, the
linkage disequilibrium pattern observed in European Ameri-
cans was not observed in African Americans.

Figure 1. Kaplan-Meier curve of the cumulative incidence of human immu-
nodeficiency virus–associated neuroretinal disorder (NRD). The proportion of
subjects (n = 1220) with incident NRD over time since enrollment is shown by
hepatitis C virus (HCV) status. Patients never infected with HCV (solid line)
had a lower incidence of NRD compared to patients with previous HCV infec-
tion (dashed line) and patients with chronic HCV infection (dotted line).

Table 4. Allelic Distribution and Association of IL10R1With Baseline Hepatitis C Virus

Allelic Distribution

All Races

P Valuea

White Race Only

P ValueaHCV HCV

rs3135932 Uninfected
(n = 692)

Cleared
(n = 40)

Chronic
(n = 148)

Uninfected
(n = 441)

Cleared
(n = 22)

Chronic
(n = 43)

A/A 565 (81.7%) 31 (77.5%) 121 (81.8%) .44 332 (75.3%) 14 (63.6%) 23 (53.5%) .01

A/G 117 (16.9%) 8 (20.0%) 27 (18.2%) 99 (22.4%) 7 (31.8%) 20 (46.5%)

G/G 10 (1.4%) 1 (2.5%) 0 (0.0%) 10 (2.3%) 1 (4.6%) 0 (0.0%)
rs2228055 Uninfected

(n = 697)
Cleared
(n = 40)

Chronic
(n = 150)

Uninfected
(n = 444)

Cleared
(n = 22)

Chronic
(n = 45)

A/A 653 (93.7%) 35 (87.5%) 144 (96.0%) .02 410 (92.3%) 17 (77.3%) 44 (97.9%) .01
A/G 43 (6.2%) 3 (7.5%) 6 (4.0%) 33 (7.4%) 3 (13.6%) 1 (2.2%)

G/G 1 (0.1%) 2 (5.0%) 0 (0.0%) 1 (0.2%) 2 (9.1%) 0 (0.0%)

rs2229113 Uninfected
(n = 677)

Cleared
(n = 39)

Chronic
(n = 144)

Uninfected
(n = 431)

Cleared
(n = 21)

Chronic
(n = 43)

A/A 51 (7.5%) 2 (5.1%) 14 (9.7%) .07 40 (9.3%) 2 (9.5%) 7 (16.3%) .04

G/A 230 (34.0%) 13 (33.3%) 54 (37.5%) 161 (37.3%) 7 (33.3%) 23 (53.5%)
G/G 396 (58.5%) 24 (61.5%) 76 (52.8%) 230 (53.4%) 12 (57.1%) 13 (30.2%)

rs2229114 Uninfected
(n = 695)

Cleared
(n = 39)

Chronic
(n = 151)

Uninfected
(n = 440)

Cleared
(n = 21)

Chronic
(n = 45)

C/C 653 (94.0%) 38 (97.4%) 147 (97.4%) .48 402 (91.4%) 20 (95.2%) 42 (93.3%) 1.00

C/T 39 (5.6%) 1 (2.6%) 4 (2.6%) 35 (7.9%) 1 (4.8%) 3 (6.7%)

T/T 3 (0.4%) 0 (0.0%) 0 (0.0%) 3 (0.7%) 0 (0.0%) 0 (0.0%)

Abbreviation: HCV, hepatitis C virus.
a Fisher exact test for any association between rows and columns.
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DISCUSSION

In a large cohort of patients with CDC-defined AIDS, this
study demonstrated that chronic HCV infection increased the
risk of having HIV-NRD at enrollment and the risk of develop-
ing HIV-NRD over time. In addition to having chronic HCV
infection, patients with HIV-NRD at enrollment were more
likely to be female, to be of nonwhite race, to have a history of
IDU, and to have CD4+ T cells ≤100 cells/µL. The risk of devel-
oping HIV-NRD was higher in patients aged >43 years (the
median of the population). It was also higher in females and in
patients with detectable HIV load.

Several of the risk factors for prevalent and/or incident HIV-
NRD are consistent with prior evidence that inflammation and
cytokine dysregulation play an etiological role in the develop-
ment of this impairment. Low CD4+ count, higher HIV load,
age, and HCV infection are all associated with increased in-
flammation and/or decreased adaptive immune responses;
females are predisposed to autoimmune disorders, which often
involve proinflammatory cytokines.

IL-10 is an important anti-inflammatory cytokine. IL-10R1
is the subunit of the IL-10 receptor complex that binds IL-10,
mediating its biological effects. The 4 SNPs in the IL10R1 gene
examined in this study were chosen because they cause an
amino acid substitution. Three of the 4 SNPs were associated
with chronic HCV infection in 1 or more populations. The
variant rs2228055 allele leads to an isoleucine to valine muta-
tion at residue 203, which lies close to the cell membrane where
the loss of the additional methyl group present on isoleucine
may decrease receptor function [30]. The rs2229113 allele replac-
es an arginine with glycine at residue 330 in the cytoplasmic
domain of the receptor, causing a loss-of-function mutation [31].
Similarly, the variant rs3135932 allele replaces serine-138 with
glycine, leading to a conformational change in the extracellular
domain of the protein and reduced function [32]. The
rs2228055 SNP was significantly associated with chronic HCV
infection in the total study group, whereas rs3135932 and
rs2229113, which are in strong linkage disequilibrium with
each other, were significantly associated with HCV infection in
white patients only. Although the same variants may have a
similar effect in African Americans, we did not have sufficient
statistical power to detect such an association. These findings
support earlier studies showing associations between rs2228055
and HCV viral persistence [33] and between rs3135932
and rs2229113 and HCV progression [34]. Polymorphisms in
the IL-10 receptor leading to decreased IL-10 signaling and
therefore increased inflammation may promote HCV persis-
tence and disease progression. IL-10 promoter region variants
associated with reduced IL-10 signaling have already been
shown to increase susceptibility to HIV-NRD [10], indicating
the importance of regulation of inflam- mation in HIV-NRD

susceptibility. Reduced IL-10 signaling can decrease TNF-α
suppression [35], increasing the risk of inflammatory myelin
damage in the optic nerve, which leads to a visual dysfunction
similar to that observed in patients with HIV-NRD. We did not
find an association between the IL-10R1 SNPs and HIV-NRD.
It is possible that these SNPs are associated with HIV-NRD,
but the limited sample size prevented us from observing this
association.

The strengths of this study include the long and detailed
follow-up of a large cohort of patients, the use of both antibody
and viral RNA testing to establish HCV infection status, and
the use of trained and expert ophthalmologists to detect HIV-
NRD and other visual impairments. In addition, genetic testing
was focused on a single gene, IL10R1, reducing the probability
of detecting associations based on chance. The study also had
some limitations, including the reliance of baseline testing to
establish HCV infection status, the lack of complete data about
liver fibrosis markers and IL10R1 genotype, and manufacturing
changes during follow-up in the eye charts used to assess con-
trast sensitivity.

In summary, HCV infection increases the risk of HIV-NRD.
Inflammation may be the mechanistic link between HCV infec-
tion and HIV-NRD, although it is also possible that HCV con-
tributes more directly by infecting ocular tissues, thereby
reducing their integrity. Adequate vision is important for main-
taining a high quality of life. Reducing systemic infections such
as HCV infection, by treating appropriately selected patients,
may decrease HIV-NRD and benefit patients with HIV/AIDS.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online
(http://cid.oxfordjournals.org). Supplementary materials consist of data
provided by the author that are published to benefit the reader. The posted
materials are not copyedited. The contents of all supplementary data are the
sole responsibility of the authors. Questions or messages regarding errors
should be addressed to the author.

Notes

Financial support. This work was supported by grants from the Na-
tional Institutes of Health Eye Institute to the Mount Sinai School of Medi-
cine (U10 EY 008052), the Johns Hopkins University Bloomberg School of
Public Health (U10 EY08057), and the University of Wisconsin, Madison
(U10 EY08067), and by grants from the National Institute of Drug Abuse
and the National Institute of Diabetes and Digestive and Kidney Diseases to
the Mount Sinai School of Medicine (DA031095 and DK090317).
Potential conflicts of interest. A. D. B. has acted as a consultant to

Kadmon Corporation. D. T. D. has received honoraria and consulting fees
and/or has served on the advisory boards of the following companies:
Achillion, Bayer, Bristol-Myers Squibb, Boehringer-Ingelheim, Genentech,
Gilead, Merck, Novartis, Roche, Tobira, Vertex. M. L. V. N. has received
grant money from the National Eye Institute. D. A. J. has acted as a consultant
for Ciba Vision, Bayer Corporation, Centocor, Inc, and SmithKline Beecham;
currently serves as a consultant for Allergan Pharmaceutical Corporation,
Genzyme Corporation, Abbott Laboratories, Novartis Pharmaceutical Corp,

1624 • CID 2013:57 (1 December) • HIV/AIDS

 at Johns H
opkins U

niversity on A
pril 9, 2014

http://cid.oxfordjournals.org/
D

ow
nloaded from

 

http://cid.oxfordjournals.org/lookup/suppl/doi:10.1093/cid/cit550/-/DC1
http://cid.oxfordjournals.org/
http://cid.oxfordjournals.org/
http://cid.oxfordjournals.org/
http://cid.oxfordjournals.org/
http://cid.oxfordjournals.org/


Roche Pharmaceuticals, GlaxoSmithKline, Alcon Laboratories, Corcept Thera-
peutics, and Genentech; has received past research support from Roche Labo-
ratories; and currently acts as a data and safety monitoring board member for
Applied Genetic Technologies Corporation. All other authors report no po-
tential conflicts.
All authors have submitted the ICMJE Form for Disclosure of Potential

Conflicts of Interest. Conflicts that the editors consider relevant to the
content of the manuscript have been disclosed.

References

1. Shah KH, Holland GN, Yu F, Van NM, Nusinowitz S. Contrast sensi-
tivity and color vision in HIV-infected individuals without infectious
retinopathy. Am J Ophthalmol 2006; 142:284–92.

2. Quiceno JI, Capparelli E, Sadun AA, et al. Visual dysfunction without
retinitis in patients with acquired immunodeficiency syndrome. Am J
Ophthalmol 1992; 113:8–13.

3. Freeman WR, Van Natta ML, Jabs D, et al. Vision function in HIV-in-
fected individuals without retinitis: report of the Studies of Ocular
Complications of AIDS Research Group. Am J Ophthalmol 2008;
145:453–62.

4. Geier SA, Kronawitter U, Bogner JR, et al. Impairment of colour con-
trast sensitivity and neuroretinal dysfunction in patients with sympto-
matic HIV infection or AIDS. Br J Ophthalmol 1993; 77:716–20.

5. Geier SA, Held M, Bogner JR, et al. Impairment of tritan colour vision
after initiation of treatment with zidovudine in patients with HIV
disease or AIDS. Br J Ophthalmol 1993; 77:315–6.

6. Sommerhalder J, Baglivo E, Barbey C, Hirschel B, Roth A, Pelizzone M.
Colour vision in AIDS patients without HIV retinopathy. Vision Res
1998; 38:3441–6.

7. Brodie SE, Friedman AH. Retinal dysfunction as an initial ophthalmic
sign in AIDS. Br J Ophthalmol 1990; 74:49–51.

8. Plummer DJ, Marcotte TD, Sample PA, et al. Neuropsychological im-
pairment-associated visual field deficits in HIV infection. HNRC
Group. HIV Neurobehavioral Research Center. Invest Ophthalmol Vis
Sci 1999; 40:435–42.

9. West SK, Rubin GS, Broman AT, Munoz B, Bandeen-Roche K, Turano
K. How does visual impairment affect performance on tasks of every-
day life? The SEE Project. Salisbury Eye Evaluation. Arch Ophthalmol
2002; 120:774–80.

10. Sezgin E, Hendrickson SL, Jabs DA, et al. Effect of host genetics on in-
cidence of HIV neuroretinal disorder in patients with AIDS. J Acquir
Immune Defic Syndr 2010; 54:343–51.

11. Matsuzaki K, Murata M, Yoshida K, et al. Chronic inflammation associ-
ated with hepatitis C virus infection perturbs hepatic transforming
growth factor beta signaling, promoting cirrhosis and hepatocellular
carcinoma. Hepatology 2007; 46:48–57.

12. Branch AD, Van Natta ML, Vachon ML, Dieterich DT, Meinert CL,
Jabs DA. Mortality in hepatitis C virus-infected patients with a diagno-
sis of AIDS in the era of combination antiretroviral therapy. Clin Infect
Dis 2012; 55:137–44.

13. Fletcher NF, Wilson GK, Murray J, et al. Hepatitis C virus infects the
endothelial cells of the blood-brain barrier. Gastroenterology 2012;
142:634–43.

14. Fishman SL, Murray JM, Eng FJ, Walewski JL, Morgello S, Branch AD.
Molecular and bioinformatic evidence of hepatitis C virus evolution in
brain. J Infect Dis 2008; 197:597–607.

15. Vargas HE, Laskus T, Radkowski M, et al. Detection of hepatitis C virus
sequences in brain tissue obtained in recurrent hepatitis C after liver
transplantation. Liver Transpl 2002; 8:1014–9.

16. Radkowski M, Wilkinson J, Nowicki M, et al. Search for hepatitis C
virus negative-strand RNA sequences and analysis of viral sequences in
the central nervous system: evidence of replication. J Virol 2002;
76:600–8.

17. Forton DM, Karayiannis P, Mahmud N, Taylor-Robinson SD, Thomas
HC. Identification of unique hepatitis C virus quasispecies in the
central nervous system and comparative analysis of internal translation-
al efficiency of brain, liver, and serum variants. J Virol 2004;
78:5170–83.

18. Wilkinson J, Radkowski M, Laskus T. Hepatitis C virus neuroinvasion:
identification of infected cells. J Virol 2009; 83:1312–9.

19. Morgello S. The nervous system and hepatitis C virus. Semin Liver Dis
2005; 25:118–21.

20. Ryan EL, Morgello S, Isaacs K, Naseer M, Gerits P. Neuropsychiatric
impact of hepatitis C on advanced HIV. Neurology 2004; 62:957–62.

21. Weissenborn K, Tryc AB, Heeren M, et al. Hepatitis C virus infection
and the brain. Metab Brain Dis 2009; 24:197–210.

22. Hilsabeck RC, Perry W, Hassanein TI. Neuropsychological impairment
in patients with chronic hepatitis C. Hepatology 2002; 35:440–6.

23. Kraus MR, Schafer A, Teuber G, et al. Improvement of neurocognitive
function in responders to an antiviral therapy for chronic hepatitis C.
Hepatology 2013; 58:497–504.

24. Vivithanaporn P, Nelles K, DeBlock L, Newman SC, Gill MJ, Power C.
Hepatitis C virus co-infection increases neurocognitive impairment se-
verity and risk of death in treated HIV/AIDS. J Neurol Sci 2012;
312:45–51.

25. Murray J, Fishman SL, Ryan E, et al. Clinicopathologic correlates of
hepatitis C virus in brain: a pilot study. J Neurovirol 2008; 14:17–27.

26. Martin EM, Novak RM, Fendrich M, et al. Stroop performance in drug
users classified by HIV and hepatitis C virus serostatus. J Int Neuropsy-
chol Soc 2004; 10:298–300.

27. Jabs DA, Van Natta ML, Holbrook JT, Kempen JH, Meinert CL, Davis
MD. Longitudinal study of the ocular complications of AIDS: 1. Ocular
diagnoses at enrollment. Ophthalmology 2007; 114:780–6.

28. Jabs DA, Van Natta ML, Holbrook JT, Kempen JH, Meinert CL, Davis
MD. Longitudinal study of the ocular complications of AIDS: 2.
Ocular examination results at enrollment. Ophthalmology 2007; 114:
787–93.

29. Lin ZH, Xin YN, Dong QJ, et al. Performance of the aspartate amino-
transferase-to-platelet ratio index for the staging of hepatitis C-related
fibrosis: an updated meta-analysis. Hepatology 2011; 53:726–36.

30. Sezgin E, Van Natta ML, Ahuja A, et al. Association of host genetic risk
factors with the course of cytomegalovirus retinitis in patients infected
with human immunodeficiency virus. Am J Ophthalmol 2011; 151:
999–1006.

31. Finsterbusch M, Khare V, Campregher C, Evstatiev R, Gasche C. An in-
tracytoplasmic IL-10 receptor variant permits rapid reduction in
STAT3 activation. Genes Immun 2011; 12:575–81.

32. Gruber SG, Gloria LM, Grundtner P, Zdanov A, Gasche C. Differential
signaling of cmvIL-10 through common variants of the IL-10 receptor
1. Eur J Immunol 2008; 38:3365–75.

33. Saito T, Ji G, Shinzawa H, et al. Genetic variations in humans associated
with differences in the course of hepatitis C. Biochem Biophys Res
Commun 2004; 317:335–41.

34. Hofer H, Neufeld JB, Oesterreicher C, et al. Bi-allelic presence of the in-
terleukin-10 receptor 1 G330R allele is associated with cirrhosis in
chronic HCV-1 infection. Genes Immun 2005; 6:242–7.

35. Lio D, Caruso C, Di SR, et al. IL-10 and TNF-alpha polymorphisms
and the recovery from HCV infection. Hum Immunol 2003; 64:
674–80.

HIV/AIDS • CID 2013:57 (1 December) • 1625

 at Johns H
opkins U

niversity on A
pril 9, 2014

http://cid.oxfordjournals.org/
D

ow
nloaded from

 

http://cid.oxfordjournals.org/
http://cid.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


