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ABSTRACT
Chronic hepatitis C virus (HCV) infec-
tion is a worldwide public health prob-
lem with a global prevalence of 2-3%. 
It is believed that about 170 million 
people are currently infected (about 
3% of the world’s population), and a ’s population), and a ’
further 3-4 million are infected each 
year. HCV is the main reason for liver 
transplantation in the developed world, 
and the main cause of liver-related 
morbidity and mortality in a number of 
countries, including Italy. It is not only 
a frequent cause of chronic liver dis-
eases such as hepatitis, cirrhosis and 
hepatocellular carcinoma, but is also 
involved in the pathogenesis of various 
autoimmune and rheumatic disorders 
(arthritis, vasculitis, sicca syndrome, 
porphyria cutanea tarda, lichen pla-
nus, nephropathies, thyroid diseases, 
and lung fi brosis), as well as in the 
development of B-cell lymphoprolif-
erative diseases. Furthermore, patients 
suffering from C hepatitis tend to pro-
duce rheumatoid factor, cryoglobulins 
and a large series of autoantibodies 
(ANA, anti-SSA/SSB, SAM, ATG, aCL). 
The use of glucocorticoids or immuno-
suppressant agents in HCV infected 
individuals, which are needed to treat 
autoimmune and rheumatic disorders, 
leads to a risk of worsening the clini-
cal outcome of HCV. Under these con-
ditions, the viral infection often needs 
to be treated with antiviral agents, 
mainly pegylated interferon combined 
with ribavirin. However, cyclosporine 
A seems to be safe and effective in pa-
tients with autoimmune disease (AD) 
and concomitant chronic HCV infec-
tion as is documented by the reduction 
in viremia and transaminases, particu-
larly in patients with high baseline lev-
els. Finally, HCV is the main trigger of els. Finally, HCV is the main trigger of els. Finally, HCV
mixed cryoglobulinemia. An attempt at 
viral eradication is therefore indicated 

in most patients, and is particularly ef-
fective in the case of mild or moderate 
manifestations. In severe cases, rituxi-
mab is an apparently safe and effective 
alternative to conventional immunosup-
pression and, specifi cally, it controls B-
cell proliferation.

HCV: virology and epidemiology
Hepatitis C virus (HCV) was fi rst rec-
ognised as a cause of hepatitis in 1975, 
but proved to be hard to identify until 
advances in recombinant DNA technol-
ogy fi nally enabled Choo et al. to iden-
tify it in 1989. HCV is a single-stranded 
RNA virus whose genome consists of 
an RNA strand of approximately 9,600 
nucleotides, coding for 3011 amino ac-
ids, encased in a nucleocapsid (1).
It is believed that about 170 million 
people are infected with HCV (about 
3% of the world’s population), and a 
further 3-4 million are infected each 
year. HCV is the main reason for liver 
transplantation in the developed world, 
and the main cause of liver-related 
morbidity and mortality in a number of 
countries, including Italy (1).
The virus is mainly spread by direct 
contact with human blood, although it 
can be detected in other body fl uids (1). 
The higher the viral load of the vector 
host, the greater the risk of infection, 
and so the low probability of infec-
tion via other body fl uids may be due 
to their very low viral load. Approxi-
mately 90% of newly acquired HCV 
infections are associated with specifi c 
exposure. The at-risk groups in whom 
HCV screening is mandatory are in-
travenous drug users, the recipients of 
blood or blood products, the recipients 
of transplantations from unscreened 
donors, and the children of HCV RNA-
positive mothers (1).
Six mayor genotypes (1-6) and about 
30 subtypes have so far been identifi ed: 
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genotypes 1b and 2 are the major geno-
types in Europe and Northern America; 
genotype 3 is mainly encountered in 
South-east Asia and among intrave-
nous drug users in Europe; and geno-
type 4 is primarily found in the Middle 
East, Egypt and sub-Saharan Africa. A 
number of clinical characteristics have 
been associated with specifi c geno-
types, including sensitivity to antiviral 
treatment (2).

HCV: pathogenesis of viral 
persistence
HCV is not cytopathic, but the host’s 
immune response in an attempt to fi ght 
the virus is the cause of liver dam-
age due to long-lasting infl ammation. 
Acute self-limiting HCV infection is 
associated with a strong and consist-
ent multi-specifi c CD4+ and C8+ T cell 
responses against the epitopes of viral 
proteins, whereas the probable reasons 
for the persistence of HCV despite such 
responses are:  1) extensive mutations 
during HCV replication, leading to mul-
tiple viral species in a single patient; 2) 
mutations that prevent antigen presen-
tation; 3) the inhibition of intracellu-
lar interferon (IFN) signalling; 4) the 
functional impairment of CD8+ T lym-
phocyte responses; and 5) viral inhibi-
tion of host defences (3).

Natural history of hepatic HCV 
infection
Patients with acute hepatitis C are usu-
ally asymptomatic. Most studies have 
reported high (77-85%) rates of progres-
sion from acute to chronic hepatitis C, 
but the transition from acute disease to 
cirrhosis is usually symptom-free, and 
occurs over a period of 20-40 years in 
approxmately 5-25% of HCV infected 
patients. Hepatocellular carcinoma may 
develop in as many as 1-4% of patients 
with established cirrhosis per year. The 
main pathway of cirrhosis development 
is progressive liver fi brosis, the stage of 
which is the main prognostic factor in 
the natural history of chronic hepatitis 
C. Patients with persistently high ami-
notransferase levels and necro-infl am-
matory activity at liver biopsy are likely 
to develop more fi brosis. The progres-
sion of fi brosis is faster in males and in 
Afro-Americans, as well as in subjects 

consuming large amounts of alcohol, 
diabetics, and those with pathological 
lipid metabolism, HIV and HBV co-in-
fections or other co-factors (4). 

Extra-hepatic manifestations of 
HCV infection
About 40-74% of HCV patients develop 
at least one extra-hepatic manifestation 
(EHM) and, as many patients do not 
show any hepatic symptoms of chronic 
HCV infection, EHMs may be the fi rst 
signs of the disease. B-cell lymphopro-
liferative diseases (LPDs), of which the 
prototype is mixed cryoglobulinemia 
(MC), are the best-known and most 
closely related EHMs of HCV (see list 
in Table I) (5).

HCV and lymphoma
Approximately 8-10% of the patients 
with type II MC develop non-Hodgkin 
lymphoma (NHL) over many years of 
infection, and more than 90% of patients 
developing NHL suffer from type II 
MC. The risk of developing lymphoma 
is about 35 times higher in MC patients 
than in the general population. Compar-
isons of European and North American 
cohorts are unequivocal, although there 
is a clear south-north gradient of preva-
lence (refl ecting the prevalence of HCV 
infections), which suggests the exist-
ence of further environmental and/or 
genetic factors (6).

HCV and diabetes
Insulin resistance is the main charac-
teristic of the metabolic syndrome, and 
depends on insulin secretion and insulin 
sensitivity. Type 2 diabetes mellitus and 
insulin resistance is more frequent in 
HCV patients than in the general popu-
lation or in patients with other liver dis-
eases. HCV infection promotes insulin 
resistance by increasing the production 
of TNF-α and suppressor of cytokine
(SOC-3), a process that also involves 
Th1 cells, interleukin (IL)-6 and INF-γ. 
Insulin resistance can be provoked in 
mice as a result of TNF-α production 
induced by HCV core protein. 
Insulin resistance is associated with in-
creased steatosis and fi brosis, depend-
ing on the HCV genotype (3). In pa-
tients with genotype 1, the process from 
insulin resistance to increased fi brosis 

is mediated by steatosis, hyperleptine-
mia, increased TNF-α production, and 
impaired PPAR-γ receptor expression; 
at the same time, HCV directly causes 
liver fat deposition. 
Insulin resistance in HCV patients 
leads to lower response rates to INF 
therapy, and improves in patients in 
whom HCV has been eliminated by an-
tiviral therapy (7). 

HCV and thyroid diseases
Although thyroid disease (usually hy-
pothyroidism) is more frequent in HCV 
patients than in the general population, 
the exact connection between HCV in-
fection and thyroid disease is not clear. 
About 13% of HCV patients show signs 
of hypothyroidism, and thyroid anti-
bodies can be detected in up to 25%.
Thyroid dysfunction can be induced by 
INF therapy or unmask an autoimmune 

Table I. Extra-hepatic manifestations of 
hepatitis C.

Association defi ned on the basis of pathogenesis 
and high prevalence
 Mixed cryoglobulinemia 

Associations defi ned on the basis of higher 
prevalence than in controls
 Non-Hodgkin lymphoma.
 Monoclonal gammopathy
 Porphyria cutanea tarda
 Lichen planus.

Associations to be confi rmed
 Autoimmune thyroiditis
 Thyroid cancer

HCV-associated neuropsychological symptoms
 Pseudo-Sjögren and sicca syndrome.
 Idiopathic pulmonary fi brosis
 Diabetes mellitus
 Non-cryoglobulinemic nephropathy
 Atherosclerosis of the aorta

Anecdotal observations
 Psoriasis
 Peripheral/central neuropathy
 Chronic polyarthritis 
 Rheumatoid arthritis 
 Polyarthritis nodosa
 Behçet’s syndrome
 Polymyositis/dermatomyositis
 Fibromyalgia
 Chronic urticaria
 Chronic pruritus
 Kaposi’s pseudo-sarcoma
 Vitiligo
 Cardiomyopathies 
 Mooren’s ulcer
 Erectile dysfunction
 Necrolytic acral erythema
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disease (Graves’ disease, Hashimoto 
thyroiditis). INF may lead to the pro-
duction of thyroid antibodies and, con-
sequently, hypo- or hyperthyroidism, 
although hypothyroidism seems to be 
more frequent (62%); monitoring thy-
roid parameters is therefore essential 
during INF therapy. About 50% of the 
patients who develop hypothyroidism 
while receiving antiviral agents recov-
er once the therapy has been discontin-
ued. Some studies have also reported 
a high prevalence of papillary thyroid 
cancer (8).

The role of molecular mimicry in 
autoimmunity
The relationship between hepatropic vi-
ruses and autoimmunity is well known. 
Ever since the discovery of its causative 
agent in 1989, HCV infection has been 
linked to a variety of immunopatho-
logical manifestations, including cry-
oglobulinaemia, autoantibody produc-
tion and B cell lymphoma, which are 
due to the presence on B lymphocytes 
of the main HCV receptor CD81 (9), a 
tetraspanin whose natural ligand is the 
envelope 2 (E2) protein of HCV (10). 
The B lymphocyte-specifi c proteins 
CD21 and CD19 are closely associated 
with CD81 (10): the fi rst is the recep-
tor for the complement C3d fragment, 
and the second transduces activation 
signals into the cell. The engagement 
of HCV (possibly coated by C3d) with 
CD81 lowers the B cell threshold for 
polyclonal activation, which leads to 
the production of autoantibodies and 
cryoglobulins; however, other factors 
must also be involved because a large 
proportion of patients with autoanti-
bodies do not have cryoglobulins.
A different mechanism involving in-
tracellular B lymphocyte infection by 
HCV seems to underlie HCV-associat-
ed monoclonal gammopathy and non-
Hodgkin B-cell lymphoma.
Non-organ-specifi c autoantibodies have 
been consistently described during the 
course of chronic HCV infection, with 
a prevalence as high as 70% (11). The 
most frequently encountered is smooth 
muscle antibody (SMA), followed by 
anti-nuclear antibody (ANA), and, in a 
minority of cases, anti-liver kidney mi-
crosomal type 1 (anti-LKM1). Unlike 

in autoimmune hepatitis (AIH) type 1, 
SMA in HCV infection does not con-
form to the immunofl uorescence ‘ac-
tin’ pattern, and the ANAs are usually 
not homogenous, wheraes the immun-
ofl uorescence pattern of anti-LKM1 
is indistinguishable from that of AIH 
type 2. The molecular targets of ANA 
and SMA are unknown, but that of 
anti-LKM1 has been identifi ed as cyto-
chrome P4502D6 (CYP2D6).
The presence of autoantibodies in in-
fected individuals is associated with 
evidence of liver damage. During the 
screening of an unselected population 
of 7,000 subjects, 226 were found to 
be positive for HCV markers, of whom 
25% had non-organ-specifi c autoanti-
bodies, a much higher prevalence than 
that observed in 226 demographically 
matched uninfected individuals or in 
the 78 subjects in the same study group 
who were positive for hepatitis B sur-
face antigen (HBsAg) (12). The pres-
ence of autoantibodies in the HCV pos-
itive cohort was signifi cantly associated 
with clinical and biochemical evidence 
of liver disease, thus suggesting a con-
nection between the two.
Furthermore, there have been a number 
of reports of adverse reactions to INF 
treatment in autoantibody-positive HCV
patients (13, 14), although the autoanti-
body concerned was invariably anti-
LKM1.
Up to 10% of patients with chronic 
HCV infection show the presence of 
anti-LKM1, which seems to increase the 
severity of the disease process (13). In-
terestingly, the HCV patients with anti-
LKM1 tend to have HLA DRB1*0701, 
the allele predisposing to AIH type 2.
One possible mechanism by which 
CYP2D6 becomes a target of anti-LKM1 
in patients with chronic HCV infection 
was fi rst suggested by Manns et al. (15), 
who noted that the CYP2D6252-271 se-
quence shares amino acid homology with 
sequences of the non-structural 5B and 
the envelope 1 (E1) protein of the HCV 
polyprotein, and suggested that molecu-
lar mimicry might lead to cross-reactiv-
ity and the production of anti-LKM1. 
This hypothesis was later supported by 
experimental data demonstrating hu-
moral cross-reactivity between HCV 
and CYP2D6 (16). In the same vein, the 

CYP2D6313–332 sequence sharing exten-
sive homology with HCV794–801 is rec-
ognised by CD4 T-cells in patients with 
chronic HCV infection (17). 
The presence of anti-LKM1 in HCV-
positive patients has important clinical 
implications because those treated with 
IFN may experience increased transam-
inase levels (13, 14), which may some-
times be such as to warrant its discon-
tinuation (13, 14), or may occasionally 
progress to LKM1-positive autoim-
mune hepatitis (14). Furthermore, anti-
LKM1/HCV-positive patients treated 
with INF are 14 times more likely to 
develop autoimmune thyroiditis (18), 
an event that is possibly facilitated by 
sequence similarities between CYP2D6 
and thyroid peroxidase, a key target 
in autoimmune thyroid disease. Anti-
LKM1 levels should therefore be meas-
ured in all patients with HCV infection, 
and be closely monitored in those un-
dergoing INF treatment. Whether, and 
at what stage, INF treatment should 
be replaced by immunosuppression in 
anti-LKM1/HCV-positive patients is a 
matter of clinical judgment, but a liver 
biopsy showing fl orid interface hepati-
tis would tilt the balance in favour of 
immunosuppression.

HCV-associated mixed 
cryoglobulinemia 
The clinical symptoms of MC range 
from mild palpable purpura, arthral-
gias and fatigue, to severe vasculitis 
with skin necrosis and the involvement 
of peripheral nerves, central nervous 
system, gastrointestinal tract, lungs and 
myocardium. Furthermore, the kidneys 
are frequently affected, and glomeru-
lonephritis (GN) is a key prognostic 
factor. 
The pathogenetic involvement of HCV 
in the formation, transport, and removal 
from circulation of cryoprecipitable im-
mune complexes (ICs) in MC has been 
extensively studied over the last few 
years. ICs are formed by HCV, anti-
HCV polyclonal immunoglobulin (Ig)G 
and monoclonal IgM, all of which have 
rheumatoid activity, which is critical for 
both cryoglobulin production and renal 
deposition. The IgM component means 
that these cryoprecipitable ICs escape 
the erythrocyte transport system (19) 
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and have a direct impact on hepatic and 
splenic macrophages, which are unable 
to process them due to abnormalities in 
the biogenesis of lysosomal enzymes.
It is currently believed that HCV in-
fects B lymphocytes while infecting 
hepatocytes because of their common 
expression of CD81 receptors. The 
lymphocytes that are chronically stim-
ulated by HCV are assigned to wide-
spread autoantibody production related 
to the HCV-induced lowering of the 
cell activation threshold. This favours 
widespread autoantibody production 
and the development of a number of the 
immune manifestations associated with 
HCV infection, which variably make 
up clinical pictures that are collectively 
known as the “HCV syndrome” (20); 
this syndrome includes manifestations 
that are apparently distal to the charac-
teristic picture of MC, such as thyroidi-
tis, sicca syndrome, thrombocytopenia, 
pulmonary fi brosis. The B cells are 
protected from apoptosis by an HCV-
dependent gene translocation, and de-
velop oligoclonal monotype lympho-
proliferations (21), and it is also to de-
tect distinct lymphoid infi ltrates, with 
cells expressing oligo- or monoclonal 
rheumatoid factor, in the portal tracts, 
spleen and bone marrow (sometimes 
evolving towards overt B-cell non-
Hodgkin lymphoma). The most impor-
tant pathogenetic aspects of the disease 
are: therefore the abnormal kinetics 
and easy deposition of HCV-containing 
ICs due to the IgM component, chronic 
stimulation by HCV infection sustain-
ing the synthesis of cryoprecipitating 
IgM rheumatoid factor, and a subclini-
cal smouldering lymphoproliferative 
disorder.

Therapy
No optimal strategy for HCV-associ-
ated MC nephritis has yet been defi ned, 
although the discovery of the associa-
tion and its possible pathogenetic im-
plications have prompted researchers 
to develop new approaches to disease 
control by eradicating the infection. 
IFN-α treatment has been increasingly 
used over the last ten years, but the 
results have been confl icting because 
of frequent relapses upon discontinu-
ation combined with the reappearance 

of viral RNA, occasionally worsening 
skin ulcers (possibly due to the antian-
giogenic effects of IFN-α), the pre-
cipitation of renal failure and nephrotic 
syndrome, psychiatric manifestations, 
peripheral neuropathy and autoimmune 
hepatitis. However, some studies have 
found that it has benefi cial effects on 
urinary abnormalities and renal out-
come (22), and a single study found an 
improvement in renal histology in a few 
patients with biopsy-proven GN who 
underwent combined antiviral therapy 
with IFN-α and ribavirin (23). 
Further progress in terms of therapeu-
tic response can be expected from the 
widespread use of pegylated interferon 
(peg-IFN), which has improved phar-
macokinetic characteristics. Peg-IFN 
alone or combined  with ribavirin has 
proved to be more effective than IFN-
α alone or combined with ribavirin in 
patients with HCV infection, particu-
larly those infected with genotype 1b, 
and patients with HCV-related MC also 
seem to benefi t from this new combi-
nation therapy (22). However, during 
acute immunological fl are-ups, anti-
viral treatment is usually insuffi cient 
to control the renal disease despite its 
ability to reduce viremia, and may even 
be detrimental. In such cases, steroids 
and immunosuppressants (usually cy-
clophosphamide), and sometimes plas-
mapheresis, are advocated, but they 
may increase viremia levels and thus 
exacerbate the chronic hepatitis C. 
Comparison of the data relating to a 
robust sample of patients with MC-as-
sociated GN (20) and those relating to 
the only comparable cohort described 
ten years before (24) clearly shows 
that, although overall 10-year survival 
has improved (80% vs. 50%), cardio-
vascular deaths have replaced deaths 
due to infections and hepatic failure 
as the major cause of mortality. The 
reasons for this have been extensively 
discussed elsewhere (20), but include 
the suspicion that the better overall 
survival was due to time-limited ag-
gressive treatment of acute renal in-
volvement together with the long-term 
antiviral therapy used to control the 
moderate manifestations of renal and 
extra-renal involvement. 
The effi cacy of antiviral therapy with 

peg-IFN after rituximab-induced im-
munosuppression could be investigated 
in future trials, but it is even more criti-
cal to validate alternative therapeutic 
options to standard steroid and immu-
nosuppressive treatment that could fur-
ther improve survival by reducing car-
diovascular risks. Rituximab has raised 
hopes for a new therapeutic approach 
to patients with active cryoglobuline-
mic nephropathy and systemic signs 
of severe vasculitis. It is a humanised 
mouse monoclonal antibody against 
CD20, a B cell-specifi c membrane pro-
tein with four transmembrane spanning 
domains, which are members of a fam-
ily that includes Fc gamma R chains 
(probably critical for T cell depletion). 
In addition to individual case reports, 
Pub-Med includes six cohort studies of 
59 patients, including 22 cases of ne-
phritis and seven of post-kidney trans-
plantation cryonephritis.(25-30). These 
generally used the lymphoma protocol 
consisting of four weekly infusions of 
375 mg/m2, although Roccatello added 
a further two doses at 1-month intervals 
(27); no additional therapy was given in 
two studies (27, 28) that included half 
of the nephritis patients. Twenty of the 
22 nephritis patients achieved disease 
remission, and side effects were limited 
in the non-transplanted patients. Unex-
pectedly, viral load did not substantially 
increase. Relapses were frequent after a 
mean of six months (usually after 6-15 
months), but seemed to be delayed (12-
36 months) in the study using Roccatel-
lo’s “4+2” protocol.
The use of rituximab treatment in MC 
is based on the selective depletion of 
IgM-producing B cells because, in ad-
dition to the classical pathogenetic 
pathway of the glomerular deposition 
of megacomplexes consisting of HCV 
antigens, anti-HCV IgG and IgM-k 
RF (31), it has been suggested that the 
IgM-k produced by a permanent clone 
of B cells may share a strong affi nity for 
the glomerular matrix and thus be de-
posited in the glomerulus together with 
the anti-HCV IgG that was previously 
bound in the circulation, or subsequent-
ly fi xed by means of an in situ binding 
mechanism.
MC-associated nephritis is a unique ex-
ample of an immune-mediated disorder 
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in which rituximab specifi cally targets 
the nephrotoxic Ig-producing cells, and 
is thus effective in the relatively long 
run even given alone. 

HCV infection and autoimmune 
endocrine diseases
The most frequent and clinically im-
portant endocrine manifestations of 
chronic HCV infection are autoimmune 
thyroid disorders (AITD), type 2 diabe-
tes mellitus, and gonadal dysfunction 
(32, 33). 

HCV and autoimmune thyroid 
disorders
Many studies have evaluated the preva-
lence of thyroid autoimmunity in HCV+ 
patients, but the results are confl icting; 
however, a meta-analysis of the pub-
lished literature has found that there is 
a signifi cant association between HCV 
infection and AITD (34). Furthermore, 
pooling data relating to HCV+ patients 
and controls (healthy subjects and 
HBV+ patients) (3) and our own un-
published data suggests that HCV+ pa-
tients have a signifi cantly increased risk 
of AITD or hypothyroidism (Table II). 
The pattern of HCV-related thyroid 
disorders is characterised by increased 
levels of anti-thyroid peroxidase (AbT-
PO) antibodies, and an increased risk 
of hypothyroidism in AbTPO-positive 
subjects (34-36). It is generally agreed 
that being female is a risk factor for 
the development of AITD, and that the 
major risk factors for hypothyroidism 
are female gender and the presence of 
AbTPO (34-36). 
A number of studies have shown an in-
creased expression of IFN-γ and IFN-
γ inducible chemokines (particularly 
CXCL10) in the hepatocytes and lym-
phocytes of HCV-infected patients (34), 
which directly correlates with the degree 
of infl ammation and an increase in the 
circulating levels of IFN-γ and CXCL10. 
It has also been shown that NS5A and 
core proteins, alone or as a result of the 
synergistic effect of cytokines (IFN-γ
and TNF-α), are capable of upregulating 
CXCL10 and MIG gene expression and 
secretion in cultured human hepatocyte-
derived cells (34). This suggests that 
CXCL10, which is produced by HCV-
infected hepatocytes, could play a key 

role in regulating T cell traffi cking to a 
Th1-type infl ammatory site because liv-
er tissue recruits Th1 lymphocytes that 
secrete IFN-γ and TNF-α during chronic 
HCV infection, thus inducing CXCL10 
release by hepatocytes and perpetuating 
the immune cascade (34).
It has also recently been shown that 
CXCL10 levels are high in patients 
with AITD, especially those with hy-
pothyroidism (37), and that Th1 im-
mune responses are involved in induc-
ing AITD, Graves’ disease and Graves’ 
ophthalmopathy (37). Our preliminary 
data show that IFN-γ and CXCL10 are 
also involved in patients with HCV in-
fection and MC (34), in the presence of 
AITD and hypothyroidism. The pres-
ence of HCV in the thyroid of chroni-
cally infected patients has recently been 
demonstrated (34), but its possible con-
sequences on thyrocyte function, vital-
ity and immunogenicity remain to be 
clarifi ed. Given all of this, it can be 
speculated that HCV thyroid infection 
may act by upregulating CXCL10 gene 
expression and secretion in thyrocytes, 
thus leading to the appearance of AITD 
in genetically predisposed subjects as 
has been previously shown in the case 
of human hepatocytes (34).
There seems to be a high prevalence of 
papillary thyroid cancer patients with 
chronic HCV chronic infection and MC 
(34-36, 38), particularly in those with 
AITD. These results need to be con-
fi rmed, seem to be suffi cient to suggest 
a need for careful thyroid ultrasonogra-
phy monitoring during follow-up.

HCV and type 2 diabetes
A possible link between HCV infec-
tion and diabetes has been investigated 

since 1994, but most of the early studies 
included HCV patients with and with-
out cirrhosis, and it is well known that 
cirrhosis of any etiology is a risk factor 
for type 2 diabetes (T2D). The associa-
tion between HCV infection and T2D 
in patients without cirrhosis was fi rst 
studied by us (39,40), and one popula-
tion study (the National Health and Nu-
trition Examination Survey-NHANES 
III 1988–1994) that found an adjusted 
odds ratio of 3.8 for T2D in HCV+ sub-
jects aged > 40 years, and an increased 
incidence of T2D. Chronic HCV infec-
tion can therefore be considered a risk 
factor for developing T2D. 
Nevertheless, there is still debate about 
the mechanisms involved. It has been 
speculated that insulin resistance (due 
to hepatic steatosis, which is present in 
about 50% of HCV+ subjects) and/or 
high TNF-α expression (which closely 
correlated with the severity of liver dis-
ease and the level of insulin resistance) 
may lead to the development of T2D 
(40), and other authors have recently 
demonstrated that HCV has a direct cy-
topathic effect on islet cells. 
However, the diabetes shown by pa-
tients with chronic HCV infection is 
not the classical T2D. Various studies 
have reported (39, 40) that the HCV+ 
patients with T2D are leaner than T2D 
controls, and have signifi cantly lower 
LDL-cholesterol, ands systolic and di-
astolic blood pressure levels; further-
more, the MC-HCV+ patients with T2D 
more frequently had non-organ-specifi c 
autoantibodies than non-diabetic MC-
HCV+ patients (34% vs. 18%) (39). It 
has been postulated that the diabetes 
of MC-HCV+ patients may be due to 
an immune-mediated mechanism (39), 

Table II. Pooled thyroid autoimmunity (AITD) and hypothyroidism (Hypothyr.) data in 
HCV+ patients (with and without chronic hepatitis) and controls (healthy subjects and 
HBV+ patients).

 No. of  AITD No. of AITD Odds
 HCV+ patients HCV+ controls  controls  ratio

Thyroid autoimmunity 2305 367 (15.9%) 3711 382 (10.2%) 1.65
95% confi dence interval     1.41-1.92

No. of  Hypothyr. No. of Hypothyr. Odds
 HCV+ patients HCV+ controls controls  ratio

Hypothyroidism 1604 126 (7.8%) 1515 48 (3.1%) 2.60
95% confi dence interval     1.85-3.65
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and a similar pathogenesis may be true 
in the case of HCV+ patients (40). 
As HCV+ patients do not have a greater 
prevalence of classic beta-cell autoim-
mune markers, other immune phenom-
ena may be involved. Our preliminary 
data suggest that HCV infection of beta 
cells may act by upregulating CXCL10 
gene expression and secretion (as previ-
ously shown in human hepatocytes) and 
recruiting Th1 lymphocytes that secrete 
IFN-γ and TNF-α and induce CXCL10 
secretion by beta cells, thus perpetuat-
ing the immune cascade leading to the 
appearance of beta cell dysfunction.

HCV and gonadal dysfunction
Sex hormone alterations have been ob-
served in HCV-positive patients with 
MC, and erectile dysfunction has been 
anecdotally reported in patients with 
chronic HCV-related hepatitis undergo-
ing INF-α treatment. The possible role 
of HCV infection in gonadal dysfunc-
tion is suggested by the fi ndings of a pre-
liminary study of a large series of male 
HCV+ patients and controls, although 
it is interesting to note that erectile dys-
function and low levels of total and free 
testosterone were not related to the se-
verity of the liver damage (41). The re-
duced endogenous immunosuppressive 
activity caused by low levels of adrenal 
gonadal androgens could amplify the 
autoreactive lymphocyte proliferation 
triggered by HCV infection (32, 33). 
The above fi ndings further support the 
role of host (genetic and hormonal) 
factors in the pathogenesis of different 
HCV-driven autoimmune disorders.

HCV infection and chronic arthritis 
Joint involvement is the most common 
EHM of HCV infection (42, 43). Three 
mechanisms are usually indicated to 
explain the development of articular 
infl ammation due to viral agents (direct 
invasion of joint tissue, the formation 
of immune complexes, and immune 
dysregulation leading to active auto-
aggressive processes), all of which may 
come together in patients with HCV-re-
lated arthritis (HCVrA), although their 
exact pathogenetic roles have yet to be 
clarifi ed (44, 45).
On the basis of data reported by expe-
rienced groups, HCVrA affects 4-5% of 

patients with chronic hepatitis, but slight 
involvement is much more frequent. In 
France, Cacoub et al. (5) observed ge-
neric arthralgias in 23% of 1,614 pa-
tients with chronic hepatitis C, and the 
Korean group of Lee reported that 35% 
of their HCV-positive subjects suffered 
from arthralgia or arthritis. Iagnocco 
et al. (46) ultrasonographically stud-
ied the knees, hips and shoulders of 29 
HCV+ patients without any rheumatic 
symptoms and found that 96% showed 
infl ammatory joint alterations, a sig-
nifi cantly higher percentage than among 
the healthy controls.
Since the introduction of tests for the 
detection of HCV, a number of stud-
ies and case reports have allowed the 
identifi cation of two clinical subsets of 
HCVrA: the most frequent is polyarticu-
lar, resembles rheumatoid arthritis (RA), 
and chronically involves small joints; 
the other is mono-oligoarticular and 
involves medium-sized and large leg 
joints (especially the ankles) (45). The 
second often has an intermittent course 
and seems to be strictly associated with 
the presence of serum cryoglobulins and 
the appearance of cryoglobulinemic or-
thostatic purpura (43). 
The differential diagnosis between RA-
like HCVrA and true RA can be very dif-
fi cult because their clinical pictures can 
be very similar. The American Rheuma-
tism Association (ARA) classifi cation 
criteria for RA can be easily fulfi lled by 
this form of HCVrA, although the ESR 
can be normal and there are no rheuma-
toid nodules; prolonged morning stiff-
ness and positive rheumatoid factor are 
common to both disorders. Fortunately, 
the clinical course of RA-like HCVrA 
is much less aggressive than that of RA, 
although some authors have described 
joint erosions in 20-30% of patients 
with HCV infection and polyarthritis 
(reviewed in refs. 2 and 4); in these 
cases, a fortuitous association between 
HCV and true RA cannot be ruled out. 
Recently marketed anti-cyclic citrulli-
nated peptide (anti-CCP) antibodies are 
highly specifi c for RA and can help in 
differentially diagnosing RA and other 
kinds of polyarthritides, including RA-
like HCVrA (43). 
The less common, intermittent, mono-
oligoarticular form of HCVrA should 

be differentiated from other arthritides 
that usually involve the lower limbs, 
such as crystal-related arthritis, spond-
yloarthropathies and septic arthritis 
(43). The appearance of HCVrA to-
gether with cutaneous cryoglobuline-
mic vasculitis is very helpful in making 
a correct diagnosis.
The treatment of RA-like HCVrA is 
often based on the administration of 
coxibs, NSAIDs, low doses of oral 
corticosteroids and hydroxychloro-
quine, although specifi c experiences 
are scarce (47). These drugs are fairly 
effective. The risks of possible nega-
tive consequences on the liver disease 
have greatly limited the use of other 
DMARDs in patients with HCVrA, 
but some studies have found that peni-
cillamine is partially effective, and that 
methotrexate is safe and effective (48).  
More recent studies carried out in Japan 
have documented the anti-HCV prop-
erties of cyclosporine, and allowed it to 
be proposed as a candidate for arthritis 
treatment in HCV patients (49). 
Few data are available concerning the 
use of anti-TNF agents in HVCrA be-
cause of its non-aggressive evolution, 
as these modern drugs are usually used 
in serious forms of RA or spondyloar-
thropathies. In any case, etanercept 
seems to be less effective in HCVrA 
than in RA (49).
Israeli authors have suggested admin-
istering INF-α and ribavirine together 
with NSAIDs, hydroxychloroquine or 
low doses of corticosteroids to HCVrA 
patients without any contraindications 
to the use of antiviral therapy (51). Un-
fortunately, INF can induce the appear-
ance or worsening of other autoimmune 
manifestations, such as neuritis, neph-
ropathies and vasculitis. Furthermore, 
a recent French study has reported the 
worsening of rheumatic manifestations 
caused by the use of INF (48). 

Treating patients with HCV infection 
and autoimmune disorders (ADs)
Given the relatively high prevalence 
of HCV infection (about 3%) and ADs 
(about 10%) in Western countries, it is 
not rare to encounter patients with both 
in everyday clinical practice. Although 
needed to treat ADs, the use of gluco-
corticoids or immunosuppressants in 
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HCV+ subjects leads to a risk of wors-
ening the outcome of HCV infection, 
with the occurrence of hepatic diseases 
such as chronic active hepatitis (CAH), 
cirrhosis and hepatocellular carcinoma. 
As experience in transplanted patients 
clearly shows that a potent immuno-
suppressive regimen prevents allograft 
rejection but also favours viral replica-
tion and facilitates viral-mediated graft 
injury, rheumatologists have often re-
frained from using immunosuppres-
sants to treat AD in the presence of 
HCV RNA.
Under these conditions, it is often nec-
essary to add antiviral agents to treat 
the viral infection, mainly peg-IFN 
combined with ribavirin. 
The role of cyclosporine A (CsA) in pa-
tients with AD and concomitant HCV 
infection has been recently reviewed 
(52). CsA is an immunosuppressant that 
is used to treat a wide range of autoim-
mune disorders, including rheumatoid 
arthritis, but a large body of published 
evidence suggests that standard thera-
peutic doses also inhibit HCV replica-
tion. This is highly specifi c, and it has 
been shown that it is due to the inhibi-
tion of cyclophilin-B and not to the cal-
cineurin inhibition that is responsible for 
CsA’s immunosuppressive effect. The 
anti-HCV effect of CsA has been dem-
onstrated in vitro and in vivo, in liver 
transplanted patients at lower rejection 
risk (53), and in patients with CAH, in 
combination with antiviral agents such 
IFN-α. Furthermore, it seems that CSA 
suppresses hepatic stellate cell growth 
and collagen production in vitro, thus 
suggesting an anti-fi brogenetic effect. 
These fi ndings have opened up new 
means of improving the treatment and 
prognosis of patients with HCV-related 
liver diseases and those with AD and 
concomitant HCV infection (52).
Anti-TNF-α blockers are immunosup-
pressants used to treat severe forms of 
RA, but post-marketing analyses have 
clearly demonstrated that patients re-
ceiving anti-TNF treatment are more 
susceptible to infections (54) because 
TNF-α is a key cytokine in the inte-
grated host system of defence against 
infectious diseases. Furthermore, as 
TNF-α blockers have to be given in 
combination with methotrexate or other

immunosuppressant agents, rheuma-
tologists have refrained from using 
them in patients with AD and con-
comitant chronic HCV infection. It 
has been found that high TNF-α levels 
are involved in refractoriness to IFN 
therapy in HCV patients. The role of 
TNF-α and the imbalance in Th1/Th2 
lymphocyte response in the develop-
ment of chronic HCV infection and 
refractoriness to antiviral therapies has 
been recently reviewed by Calabrese 
(55). It has been shown that circulating 
Th cells predominantly produce IFN-γ
in acute self-limiting HCV infection, 
thus suggesting a Th1-like response. 
Similarly, the patients who can spon-
taneously clear acute HCV infections 
have a strong Th1 response without 
any detectable Th2 response, whereas 
those who become chronically infected 
have a dominant Th2 response. Fur-
thermore, preliminary data concerning 
the use of the existing anti-TNF agents 
in patients with chronic HCV infection 
and coexisting RA show that they are 
safe (56-61).

Personal experience 
In order to evaluate the safety and an-
tiviral effi cacy of CsA in patients with 
AD and concomitant HCV infection, we 
conducted a pilot study of 32 patients, 
three of whom were affected by mixed 
cryoglobulinemia, two by psoriatic ar-
thritis, one each by Sjögren’s syndrome 
and undifferentiated connective tissue 
disease, 22 by RA, and three by RA 
combined with MC. All of the patients 
were treated with CsA 3 mg/kg/day for 
nine months, and antiviral effi cacy was 
assessed every three months on the ba-
sis of SGOT/SGPT and viremia levels 
(at the start of the study, the patients 
with high levels of transaminases and 
viremia were examined separately). 
After six months, all of the parameters 
had considerably improved, including 
the clinical course. SGOT and SGPT 
levels had decreased by respectively 
21.62% (p21.62% (p21.62% (  = 0.0001) and 20.6% (p = 0.0001) and 20.6% (p = 0.0001) and 20.6% (  = 
0.001), and viremia by 60.79% (p0.001), and viremia by 60.79% (p0.001), and viremia by 60.79% (  = 
0.0013). In eleven patients monitored for 
nine months, the viremia decreased by 
43.74% (p43.74% (p43.74% (  = 0.0099). Similar decreases 
were observed in the patients with high 
initial levels which had normalised 

by the end of the study. Moreover, the 
viremia had decreased by 64.17% in 21 
patients examined after six months (ppatients examined after six months (ppatients examined after six months (
= 0.0004) and by 46.55% (p= 0.0004) and by 46.55% (p= 0.0004) and by 46.55% (  = 0.0175) 
in eight patients examined after nine 
months.
Given their large number, the patients 
with RA were analysed separately in 
order to verify whether they showed 
any particular features. The 6-month 
fi ndings in the global sample were con-
fi rmed, with SGOT being reduced by 
19.26%(p19.26%(p19.26%(  = 0.0001), SGPT by 16.14% 
(p(p(  = 0.0222) and viremia by 66.98% (p = 0.0222) and viremia by 66.98% (p = 0.0222) and viremia by 66.98% (
= 0.0028), and the eight patients moni-
tored for nine months showed a decrease 
of 40.08% in viremia (pof 40.08% in viremia (pof 40.08% in viremia (  = 0.1426), 
which was not statistically signifi cant 
because of the small size of the sample. 
It is also worth noting that six of the RA 
patients were treated with CsA com-
bined with anti-TNF-α and, after six 
months, there was a decrease of 39.94% 
in SGOT, 26.48% in SGPT, and 64.32% 
in viremia (again not signifi cant because 
of the small sample size).
Temporary side effects were observed 
in eight patients (arterial hypertension,
hypercreatininemia), but none of them 
had to be withdrawn from the study. 
In conclusion, CsA therapy seemed to 
be safe and effective in our patients with 
AD and concomitant chronic HCV in-
fection, as documented by the reduction 
in both viremia and transaminase levels; 
this was particularly true in the patients 
with high baseline levels. However, fur-
ther studies are needed to confi rm our 
fi ndings in larger groups of patients 
possibly treated for longer periods. 

Conclusions
HCV is not only a frequent cause of 
chronic liver diseases such as hepatitis, 
cirrhosis and hepatocellular carcinoma, 
but is also involved in the pathogen-
esis of a number of autoimmune and 
rheumatic disorders (arthritis, vasculi-
tis, sicca syndrome, porphyria cutanea 
tarda, lichen planus, nephropathies, 
thyroid diseases, and lung fi brosis), as 
well as in the development of B-cell 
lymphoproliferative diseases. Although 
they are needed to treat autoimmune 
and rheumatic disorders, the use of 
glucocorticoids or immunosuppres-
sants in HCV+ subjects may worsen 
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the clinical outcome of HCV, and it is
often necessary to add antiviral agents 
(mainly pegylated IFN combined with 
ribavirin) to treat the viral infection. 
However, CsA therapy seems to be 
safe and effective in chronic HCV+ 
patients with concomitant autoimmune 
and rheumatic diseases, as documented 
by the reduction in both viremia and 
transaminase levels. In severe cases of
MC, rituximab is an apparently safe and
effective alternative to conventional 
immunosuppression.
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