
&p.1:Abstract Peripheral neuropathy is a frequent complica-
tion in patients suffering from type II mixed cryoglobu-
linaemia (mCGII), a sort of vasculitis that is strongly as-
sociated with hepatitis C virus (HCV) infection and char-
acterised by high concentrations of anti-HCV antibodies
and HCV RNA in the cryoprecipitates. We report the
finding of HCV RNA in homogenates of nerve biopsies
from five such patients, by reverse transcription-poly-
merase chain reaction (RT-PCR) amplification of differ-
ent regions of the viral genome. HCV RNA was local-
ized in epineurial cells by in situ RT-PCR. Our data sug-
gest that HCV infection of nerves plays a major role in
mCGII-associated neuropathy.
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Introduction

Peripheral neuropathy is a frequent complication in pa-
tients suffering from type II mixed cryoglobulinaemia
(mCGII) [3], a type of vasculitis that is strongly associat-
ed with hepatitis C virus (HCV) infection and character-
ised by high concentrations of anti-HCV antibodies and
HCV RNA in the cryoprecipitates [1]. However, the role
of cryoglobulins and/or HCV infection in the pathogene-
sis of peripheral neuropathy have yet to be elucidated
[2]. Here we report that HCV may infect peripheral
nerves, and that the infection is not restricted to a partic-
ular HCV genotype.

Materials and methods

Frozen, formalin-fixed and plastic-embedded sural nerve biopsy
specimens were obtained from five patients with clinical and elec-
trophysiological signs of peripheral neuropathy associated with
mCGII and chronic HCV hepatitis. RNA was extracted, using an
IsoQuick extraction kit (Microprobe, USA), from five 10-µm cryo-
static sections of nerve biopsies and subjected to reverse transcrip-
tion-polymerase chain reaction (RT-PCR) using two different sets
of primers [8, 10], amplifying sequences of 187 bp [8]and 235 bp
[10] of the 5’-untranslated region of the viral genome, respective-
ly. HCV genotypes [9] were determined by using the Line Probe
assay [10]. The specific RT-PCR protocols for the different prim-
ers used were as detailed in the corresponding literature references
[8–10]. The cellular distribution of HCV-RNA was investigated by
in situ RT-PCR on 5-µm paraffin sections, following the protocol
detailed by Nuovo et al. [7]. Nerve biopsies from 5 HCV-seroneg-
ative patients served as negative controls. Samples were judged
when consistent results had been achieved in three independent
experiments.

Results

Clinicopathological data on the five patients affected by
mCGII and the results of our study are summarized in
Table 1. Light microscopic examination of plastic-em-
bedded sections showed moderate to marked loss of
myelinated axons, coupled with endoneurial microangi-
opathy, capillary vasculitis and epineurial macrovascular
inflammation (Fig. 1A, B).

Examination of serial plastic and paraffin sections
disclosed mononuclear inflammatory infiltrates around
small and precapillary arterioles in all cases, and epineu-
rial arteriolitis in case D. In cases B and C healed vascu-
litis of large epineurial arterioles was observed [4].

HCV RNA was found in all five nerve biopsies by
RT-PCR amplification of 5’-untranslated regions of the
viral genome (Fig. 2), and was characterised as types 1a,
1b and 4/5 in two, two and one cases, respectively
(Fig. 3). The same HCV genotypes were found in the
matched serum of each patient.

By in situ RT-PCR, a consistent number of nuclear-
stained oblong cells similar in morphology to macro-
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phages were detected around epineurial vessels (Fig. 4)
in three nerve biopsies. Positive elements were abundant
at sites where mononuclear inflammatory cells were
present. Endothelial and mononuclear inflammatory cells
in the epineurium were negative, as were cells of the en-
doneurial compartment.
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Table 1 Clinico-pathological data and results of hepatitis C virus (HCV) RNA testing (MN multiple neuropathy, PN polyneuropathy)&/tbl.c:&tbl.b:

Case Age/sex Neuropathy Epineurial HCV
inflammation

Seric Nerve In situ PCR Type

A 61/F MN Yes + + + 4–5
B 51/M PN Yes + + − 1a
C 59/F PN Yes + + − 1b
D 48/M MN Yes + + + 1b
E 60/F PN+MN Yes + + + 1a

&/tbl.b:

A

B

Fig. 1 Pathological features of sural nerves from patients with
hepatitis C virus (HCV) infection and cryoglobulinaemia (CG) on
(A) plastic-embedded and (B) paraffin sections. Nerve fascicles
show depletion of myelinated axons (A) and large mononuclear
infiltrations around epineurial arterioles (A, B). ×160&/fig.c:

Fig. 2 HCV RNA detection by RT-PCR in peripheral nerve biop-
sies. A–E identify nerve biopsies. Φ is Hae III-digested Φx174
DNA marker. S- and N- are serum and nerve negative controls, re-
spectively. L+ are two different liver-positive controls; w is the re-
action mix without the addition of nucleic acid template. All sam-
ples but C showed the expected 187-bp RT-PCR product with one
set of primers (see ref. 4), whereas a second set of primers allowed
the amplification of the expected 235 bp PCR product in all cases
but B. The different results in cases B and C may be due to se-
quence differences between individual viruses in the region recog-
nised by the different primers (see also the first L+ lane) &/fig.c:

Fig. 3 HCV genotyping by Line Probe assay, which is based on
the hybridisation with type-specific oligonucleotide probes of RT-
PCR amplified 5’-untranslated region of HCV. The bar on the
right is a schematic note of the expected bands for the different
genotypes. HCV type 1a was identified in cases B and E, type 1b
in cases C and D, and type 4/5 in case A&/fig.c:



Fig. 4 A Distribution of HCV-infected cells by in situ RT-PCR in
nerve paraffin section. B No signal is detectable in nerves of HCV-
seronegative patients. Negative nerve controls showed no reactivi-
ty, and no signal was detected in sections pretreated with RNAse
or if the RT step was omitted (not shown)&/fig.c:

Discussion

Our data suggest that the peripheral neuropathy in pa-
tients with mCGII and HCV infection is in part related to
the presence of HCV-infected perivascular cells and to
the associated lymphocytic infiltrates within the epineu-
rium. The question that arises is whether the detection of
HCV RNA in peripheral nerves might reflect tissue con-
tamination by HCV-positive serum. However, results ob-
tained by in situ RT-PCR exclude this possibility. The
demonstration of HCV-positive cells in only three nerves
of HCV-positive patients in spite of HCV RNA detection
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in all five biopsies may be explained by focal distribution
of the infection.

The axonal degeneration occurring in mCG patients is
thought to be due mainly to ischaemia following endo-
neurial microangiopathy and vasculitis of epineurial arte-
ries [4, 6]. The endoneurial lesion is characterized by the
deposition of immunoglobulins and cytolytic comple-
ment in endoneurial capillaries [4]. However, epineurial
arterioles characterized by the expression of cell adhe-
sion molecules lack immune complex deposition and are
surrounded by inflammatory infiltrates containing β2-in-
tegrin-positive T-lymphocytes and monocytes [4]. The
latter pattern, together with the presence of HCV-infect-
ed cells, is reminiscent of the lobular lesion in HCV hep-
atitis, where the presence of HCV within hepatocytes
against the backdrop of a parenchymal T-lymphocytic in-
filtration suggests a primary role for HCV as a direct or
T-cell mediated cause of liver cell damage [5].
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