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ABSTRACT

Background: Sensory neuropathy (SN) is common in patients with HIV. Hepatitis C (HCV) coinfec-
tion is often cited as an HIV-SN risk factor, but data to support this are lacking. This collaboration
aimed to examine the association between HCV serostatus and SN risk among ambulatory HIV-
positive patients.

Methods: Patients with HIV were assessed in cross-sectional studies in Baltimore, Jakarta, Jo-
hannesburg, Kuala Lumpur, Melbourne, and Sydney for SN (defined by both supportive symptoms
and signs). HCV seropositivity was assessed as an SN risk using a �2 test, followed by logistic
regression modeling to correct for treatment exposures and demographics.

Results: A total of 837 patients of African, Asian, and Caucasian descent were studied. HCV
seroprevalence varied by site (Baltimore n � 104, 61% HCV�; Jakarta 96, 51%; Johannesburg
300, 1%; Kuala Lumpur 97, 10%; Melbourne 206, 16%; Sydney 34, 18%). HCV seropositivity
was not associated with increased SN risk at any site, but was associated with reduced SN risk in
Melbourne (p � 0.003). On multivariate analyses, the independent associations with SN were
increasing age, height, and stavudine exposure. HCV seropositivity was not independently asso-
ciated with an increased SN risk at any site, but associated independently with reduced SN risk in
Baltimore (p � 0.04) and Melbourne (p � 0.06).

Conclusions: Hepatitis C (HCV) seropositivity was not associated with increased sensory neurop-
athy risk among HIV-positive patients at any site. While we were unable to assess HCV RNA or
liver damage, the data suggest that HCV coinfection is not a major contributor to HIV-SN.
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GLOSSARY
HCV � hepatitis C; SN � sensory neuropathy.

Sensory neuropathy is a common complication of HIV infection and some HIV treatments.1-4

Hepatitis C (HCV) can also be complicated by peripheral neuropathy, with and possibly
without cryoglobulinemia.5-7 Since HCV and HIV infection share risk factors and frequently
coexist,8 concerns of possible synergistic effects of these viruses on the peripheral nervous
system have been raised.3,9 However, this has not been evaluated systematically.10

We surveyed outpatients with HIV infection for the presence of neuropathy at 6 centers with
varying HIV management practices and rates of HCV coinfection. Here we use data from all sites to
address whether HCV seropositivity is associated with an increased risk for symptomatic neuropa-
thy among ambulatory patients with HIV. We have recently developed algorithms for the
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evaluation of neuropathy risk.11,12 Here we sys-
tematically evaluate whether HCV seropositiv-
ity should be considered in this context.

METHODS Cross-sectional data were analyzed from 7 studies
of HIV-associated neuropathy performed at 6 sites in 5 coun-
tries. All studies were approved by the local Human Research
and Ethics Committee and all participants gave written, in-
formed consent to participate. All studies recruited ambulatory
adults (aged at least 17 years) with HIV infection attending hos-
pital clinics for HIV care.

Study sites involved in this work were as follows.

1. Moore Clinic, Johns Hopkins Hospital, Baltimore, MD. Pa-
tients were recruited in 2002–2003 onto an NIH-funded
project examining the pathogenesis and risks for HIV-
associated neuropathies.4

2. Pokdisus AIDS Clinic, Cipto Mangunkusumo Hospital/Faculty
of Medicine University Indonesia, Jakarta, Indonesia. Patients
were recruited in a neuropathy screening program in 2006.11

3. Virology Clinic, Charlotte Maxeke Johannesburg Academic
Hospital, Johannesburg, South Africa. Patients were re-
cruited in a neuropathy screening program in 2008–2009.13

4. Infectious Diseases Clinic, University of Malaya Medical
Centre, Kuala Lumpur, Malaysia. Patients were recruited in a
neuropathy screening program in 2005–2006.11

5. Infectious Diseases Clinic, The Alfred Hospital, Melbourne,
Australia. Patients were recruited in 2001 and 2006 in 2 separate
neuropathy screening programs.14 Only data collected in 2006
are included for patients assessed in both studies (n � 34).

6. Immunology B (HIV) Clinic, St Vincent’s Hospital, Sydney,
Australia. Patients were recruited in a neuropathy screening pro-
gram in 2009.

All patients were assessed for neuropathy using the AIDS Clini-
cal Trials Group Brief Peripheral Neuropathy Screen.15 Neuropathy
was defined as present if the individual had one or more of the lower
limb neuropathic symptoms elicited using this tool (pain, aching or
burning, pins and needles, or numbness) and one or more signs
(absent ankle reflexes or reduced vibration sense at the great toe—
vibration of a 128-Hz tuning fork felt for 10 seconds or less). Patient

height was measured and data on other possible risk factors for neu-
ropathy were collected from the medical file. HCV antibody status
was assessed using commercially available assays performed in the
hospital laboratory at each study site, as follows.

1. Baltimore: Abbott AxSYM HCV version 3.0 microparticle en-
zyme immunoassay (Abbott Laboratories, Abbott Park, IL).

2. Jakarta: ORTHO HCV version 3.0 ELISA (Ortho-Clinical
Diagnostics, Raritan, NJ).

3. Johannesburg: Abbott AxSYM HCV version 3.0 micropar-
ticle enzyme immunoassay (Abbott Laboratories).

4. Kuala Lumpur: Abbott ARCHITECT chemiluminescent
microparticle enzyme immunoassay (Abbott Laboratories).

5. Melbourne: Abbott AxSYM HCV version 3.0 microparticle
enzyme immunoassay until 2004. From 2004, Abbott
ARCHITECT chemiluminescent microparticle enzyme im-
munoassay (Abbott Laboratories).

6. Sydney: Abbott ARCHITECT chemiluminescent microparticle
enzyme immunoassay (Abbott Laboratories).

Statistical analyses were performed using Stata 10.1 (Stata-
Corp). Rates of HCV seropositivity were compared between pa-
tients with and without neuropathy using �2 tests. Univariate
analyses used �2 tests (dichotomous variables), Wilcoxon rank sum
test (non-normally distributed continuous variables), or unpaired t
tests (normally distributed continuous variables) to determine other
factors associated with neuropathy. Multivariate analyses of neurop-
athy risk factors within each cohort and overall were then under-
taken using logistic regression modeling. This included HCV
antibody status, factors previously associated with neuropathy risk
(increasing age and stavudine exposure), and any factor with p �

0.1 on univariate analysis. Variables other than HCV antibody sta-
tus were then removed in a reverse selection procedure to obtain the
models shown.

RESULTS A total of 837 patients were surveyed at 6
sites between 2001 and 2009. The cohorts had dif-
ferent demographic profiles, rates of HCV seroposi-
tivity, and exposure to stavudine, reflecting patient
populations at each site (table 1). On univariate anal-
ysis, HCV seropositivity was not associated with an

Table 1 Description of the cohorts surveyeda

Baltimore Jakarta Johannesburg Kuala Lumpur Melbourne Sydney

No. 104 96 300 97 206 34

Sensory neuropathy
rate, %

62 34 62 19 39 62

Age, y 46 (27–66) 29 (17–56) 39 (19–69) 41 (23–75) 43 (19–75) 53 (35–77)

Height 176 (150–192) 168 (155–189) 159 (132–187) 167 (151–184) 175 (147–196) 175 (164–192)

Female gender, % 25 14 79 16 8 0

Hepatitis C antibody
positive, %

61 51 1 10 16 18

Lowest CD4 T-cell
count recorded,
cells/�L

63 (0–958) 42 (1–633)b 97 (2–403)b 51 (0–530) 117 (0–796) 180 (14–680)

Stavudine ever, % 66 100 96 47 67 25

Ethnicity, % 88 African
American

66 Malay;
30 Chinese

100 African (34 Zulu,
15 Sotho, 12 Xhosa)

70 Chinese; 15 Malay;
10 Indian

83 Caucasian 94 Caucasian

a Continuous variables are shown as median (range).
b Patients are not generally commenced on antiretroviral therapy at these sites until CD4 T-cell count declines below 200 cells/�L. The patients with higher
counts who have received stavudine represent some who commenced treatment in the private sector before their first assessment at the hospital-based
clinic and some who had an AIDS-defining illness at a higher CD4 T-cell count and were therefore commenced on treatment.
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increased risk of neuropathy among patients at any
site (table 2). In Melbourne, HCV seropositivity was
associated with a reduced risk of neuropathy.

Logistic regression modeling was then used to
correct for other risk factors that may have masked
an association between HCV serostatus and neurop-
athy. HCV seropositivity was not independently as-
sociated with increased neuropathy risk in any cohort
surveyed, nor in the combined data set. After correct-
ing for patient age and stavudine use, an association
between HCV antibody status and a reduced risk of
neuropathy emerged in the Baltimore cohort, but be-
came less apparent in Melbourne patients (table 3).
Increasing age, a history of stavudine use, and in-
creasing height were independently associated with
neuropathy risk overall.

DISCUSSION We found no association between
HCV seropositivity and increased neuropathy risk in
any cohort of patients with HIV studied. These data
represent more than 800 patients of African, Asian,
and Caucasian descent in cohorts with varying HCV
infection rates and antiretroviral treatment expo-
sures. Differences in HCV seropositivity probably re-
flect the predominant mode of HIV infection, but
definitive data are not available from the clinic popu-
lations sampled. The lack of an association with in-
creased neuropathy risk in any cohort suggests that
HCV coinfection is not a major risk factor for neu-
ropathy among ambulatory patients with HIV.

The apparent association between HCV seroposi-
tivity and a reduced risk of neuropathy among pa-
tients with HIV in Melbourne raises the question of
whether coinfected patients (often IV drug users)
may have lower rates of antiretroviral drug use and
hence exposure to potentially neurotoxic agents such
as stavudine. However, 60% of HCV seropositive
patients and 68% of HCV antibody negative patients
in Melbourne had used stavudine (p � 0.3, �2 test).
HCV coinfected patients were younger than HIV
monoinfected patients in the Melbourne cohort
(mean age 40 vs 45 years, p � 0.008, unpaired t test).
However, multivariate analysis correcting for age and
stavudine use (table 3) revealed a continuing trend
associating HCV coinfection with a reduced risk of
neuropathy. A similar association emerged in the
Baltimore cohort.

A protective effect from HCV coinfection against
neuropathy in patients with HIV is difficult to ex-
plain biologically. HCV can infect peripheral
nerves16,17 and the risk of neuropathy among
monoinfected patients is well documented.5-7 The as-
sociation observed between HCV and a reduced rate
of neuropathy likely reflects factors not measured in
this study that may influence neuropathy risk. For
example, patients surveyed in Jakarta and Johannes-
burg had similarly high rates of stavudine exposure.
However, neuropathy was more common in Johan-
nesburg, where few patients are HCV coinfected.
The difference in neuropathy prevalence is only
partly explained by the younger age of the Jakarta
cohort, so other factors such as genetics18-20 or other
coinfections21 may also play a role.

The limitations of this work include our inability
to examine HCV RNA levels or evidence of liver
damage as these are not routinely monitored at all
sites. We therefore cannot exclude an association be-
tween neuropathy and HCV viremia or chronic liver
disease. Similarly, we cannot exclude the possibility
that some patients with HCV viremia may have
tested antibody negative, as previously described in a
small proportion of patients with HIV,22 nor that

Table 2 Proportion of patients who were hepatitis C antibody positive at each
site by sensory neuropathy status

Sensory
neuropathy
free (%)

Sensory
neuropathy
(%) p (�2)

Baltimore (n � 104) 27/40 (68) 36/64 (56) 0.25

Jakarta (n � 96) 30/63 (48) 19/33 (58) 0.35

Johannesburg (n � 300)a 0/114 (0) 3/186 (2) 0.18

Kuala Lumpur (n � 97) 9/79 (11) 1/18 (6) 0.46

Melbourne (n � 206) 27/126 (21) 5/80 (6) 0.003b

Sydney (n � 34) 3/13 (23) 3/21 (13) 0.5

a Six patients in Johannesburg had indeterminate hepatitis C antibody tests. Five were
sensory neuropathy free and 1 had a clinical diagnosis of sensory neuropathy. No associa-
tion between hepatitis C and sensory neuropathy is seen if these are considered positive
(5/114 vs 4/186, p � 0.29).
b Hepatitis C seropositivity was associated with a reduced neuropathy risk.

Table 3 Results of logistic regression modeling looking for independent
associations between hepatitis C antibody status and neuropathy
after correcting for factors independently associated with
sensory neuropathy status in that cohort

Cohort
Odds
ratio

95%
Confidence
interval p Value Covariates corrected for

Baltimore 0.36 0.13–0.94 0.04 Age, y (OR 1.1, p � 0.02)
D4T use (OR 3.3, p � 0.01)

Jakarta 2.05 0.71–5.94 0.2 Age, y (OR 1.1, p � 0.02)
Height (cm) (OR 1.1, p � 0.02)
(all patients had used d4T)

Johannesburg Not donea

Kuala Lumpur 0.56 0.06–5.01 0.6 Age, y (OR 1.1, p � 0.03)
Height (cm) (OR 1.1, p � 0.1)

Melbourne 0.30 0.08–1.04 0.06 Age, y (OR 1.1, p � 0.001)
Height (cm) (OR 1.1, p � 0.02)
D4T ever (OR 9.1, p � 0.001)

Sydney Not doneb

Overall 0.75 0.51–1.11 0.2 Age, y (OR 1.1, p � 0.001)
Height (cm) (OR 1.01, p � 0.08)
D4T use (OR 5.1, p � 0.001)

a Analysis not performed because only 3 patients were hepatitis C antibody positive. All had
used d4T and all had neuropathy.
b Multivariate analysis not performed due to the small number of participants at this site.
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some antibody-positive patients may have been avire-
mic. However, a recent study comparing neurocog-
nitive function in patients with HIV with detectable
vs undetectable HCV viral loads also showed no dif-
ference in neuropathy rates between these groups.23

PCR-based screening for HCV was not available
in Johannesburg, but the observed low rate of
HCV infection is consistent with other studies con-
ducted in Southern Africa,24-29 including a study of
HIV-infected individuals28 and a survey of HIV-
infected patients presenting with liver disease.29 Our
data were obtained using the AxSYM 3.0 (Abbott)
assay that detects antibodies to proteins that are con-
served across HCV genotypes.30 The manufacturers
claim this includes genotype 5 (the most common
type of HCV seen in South Africa31,32) but no geno-
type 5 sensitivity data are available for evaluation.
The low prevalence of HCV in this cohort is attrib-
uted to HIV transmission via sexual contact (an un-
common route of HCV transmission) rather than
through injecting drug use. It may also be significant
that patients in this cohort were screened for HCV at
the time of neuropathy assessments rather than at
HIV diagnosis, so their HIV disease may have been
more advanced. The 6 indeterminate results (table 2)
may reflect patients with HCV infection but poor
antibody responses due to immune suppression.33

However, as 5 of these 6 patients were neuropathy
free, their indeterminate status would not alter our
finding that HCV seropositivity is not associated
with an increased neuropathy risk in patients with
HIV.

A more extensive examination of risk factors for
neuropathy in HIV (including more detailed demo-
graphics, treatment exposures, clinical factors, viral
studies, and host genetics) will be required to exclude
a minor contribution from HCV status to the indi-
vidual patient’s risk of symptomatic neuropathy. We
used a simple clinical definition of neuropathy. Al-
though we have validated this definition against epi-
dermal nerve fiber density and quantitative sensory
threshold testing,15 we cannot exclude associations
between HCV coinfection and subclinical neuropa-
thology or impaired sensory function in patients with
HIV.

Despite these limitations, this work suggests that
HCV coinfection does not increase neuropathy risks
among ambulatory HIV-positive patients. This find-
ing is strengthened by the inclusion of cohorts from
settings with a range of HIV treatment practices,
HCV seroprevalence, and ethnicity. While an indi-
vidual coinfected patient may be at risk for peripheral
nerve complications from HCV, these data suggest
that HCV coinfection has minimal impact on the

much greater neuropathy risk imposed by HIV and
some HIV treatments.
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