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Introduction
In 1987, hepatitis C virus (HCV) was discovered to be the causative agent of a type
of hepatitis previously known as non-A, non-B hepatitis.1 However, it has been
observed with time that presence of the virus might be also responsible for extrahepatic
manifestations.2 Therefore, the concept of systemic HCV infection has emerged.3,4 The
most studied HCV-related conditions are lymphoproliferative disorders, including type
II mixed cryoglobulinemia,5–7 which can evolve into frank lymphoma,8,9 and lymphomas
unrelated to mixed cryoglobulinemia.10–12 Among the hematologic disorders, monoclonal
gammopathies associated with HCV infection have also been described.13 This review
focuses on non-lymphoproliferative disorders as a manifestation of chronic HCV infection,
namely autoimmune diseases. HCV can in fact subvert the immune system in several
ways, from expanding selective B cell subsets to induce breaking tolerance and by reaction of T cells against apoptosis-derived self-antigens, with consequent promotion of
T helper-17 cells.14–18 The possible mechanisms by which autoimmunity can be triggered
by HCV infection are shown in Figure 1. However, the causal relationship between HCV
infection and the onset of clinically relevant autoimmunity is still a matter of debate. This
review may help the clinician to understand whether the onset of autoimmune manifestation in the course of HCV might actually be related to the presence of the virus.
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Abstract: Hepatitis C virus (HCV) infection is associated with a number of extrahepatic
disorders. The most studied conditions associated with HCV are type II mixed cryoglobulinemia
and B cell lymphoma. However, many reports suggest that HCV might also be associated
with a number of autoimmune disorders, both organ-specific and not organ-specific. Although
concomitant treatment of HCV infection is a confounding factor when ascertaining the actual role
of HCV in inducing autoimmune disease, a considerable amount of experimental data indicates
that HCV is able to subvert the immune system and consequently induce autoimmunity. In the
present review, we report a series of observations which associate chronic HCV infection with
the onset of autoimmune disorders.
Keywords: hepatitis C virus, immune regulation, autoimmune diseases

Thyroid disorders
In the course of HCV infection, both hypothyroidism and hyperthyroidism may
emerge. Hashimoto’s thyroiditis is the most common thyroid disorder observed in
patients with HCV infection. Treatment with interferon-alpha (IFNA) can be an
additional risk factor for the development of thyroid complications. In fact, IFNA can
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Figure 1 Possible mechanisms of autoimmunity induced by hepatitis C virus (HCV).
Notes: HCV infects hepatocytes and interacts with B lymphocytes. HCV and hepatocyte-derived apoptotic proteins are taken up by tissue-resident dendritic cells, which
mature and migrate into the draining lymph nodes. Here they activate naïve HCV-specific and self-peptide-specific T cells. These cells in turn differentiate into effector
proinflammatory T helper-1, T helper-17, or cytotoxic T lymphocytes. Effector T cells can recognize either HCV-derived peptides on the hepatocyte surface or peptides
self-expressed by noninfected cells, with the possible triggering of autoimmunity. Specific B cells are activated by T helper cells via CD40L/CD40 interaction and are induced
to produce both anti-HCV and natural nonorgan-specific autoantibodies. These autoantibodies can react against components of self. Finally, HCV-specific T and B cells can
recognize self-antigens by a mechanism of molecular mimicry between virus and host.
Abbreviation: MHC, major histocompatibility complex.

induce autoimmunity by several molecular mechanisms,
including polymorphisms in the IFNA-signaling pathways,
a feed-forward loop of IFNA production, and a mutually
positive regulatory feedback loop between IFNA and estrogen receptor-α. Increased levels of IFNA have numerous
immunomodulatory functions, including activating both
innate and adaptive immune responses.19 In a recent study,
293 patients with chronic HCV who underwent IFNA therapy
for 24 or 48 weeks, were investigated for thyroid function.20
The investigators found that hypothyroidism was the most
frequent thyroid disease, especially during the first cycle of
IFNA. Genotype 1 virus was associated with a twofold risk
of developing the illness. However, approximately 34% of
thyroid disease was transient.
In a retrospective study of 288 patients who received
IFNA-ribavirin for HCV over a 2-year period, thyroid function
was assessed during a 24- or 48-week course of therapy.21 The
authors concluded that although thyroid disease was common
in this cohort, just 2.3% patients required ongoing therapy.
Interestingly, pre-IFNA-ribavirin serum thyroid-stimulating
hormone and thyroid peroxidase antibody titers were found
to predict development of thyroid disease in this group of
patients. This finding highlights the fact that IFNA-associated
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thyroiditis during treatment of HCV infection is critically
influenced by individual factors. In another report, a case of
fluctuating and wavering thyrotropin autoantibodies of both a
stimulating and blocking nature was described.22 The autoantibody profile was clearly modified during IFNA therapy and
settled into a new equilibrium on completion of treatment.
This case highlights the possible existence of a dual thyroid
autoantibody population associated with HCV, and its possible
modulation by IFNA therapy. There has also been a report of
a 69-year-old Japanese man who developed Graves’ ophthalmopathy while receiving IFNA-ribavirin.23
However, several other studies have shown that the
prevalence of thyroid disease is increased regardless in
patients infected with HCV compared with normal subjects,
after exclusion of patients being treated with IFNA.24–26 In
this regard, genetic and environmental factors seem to play
an important role,27–29 and subclinical hypothyroidism is
observed in a significant proportion of patients with chronic
HCV infection.30,31 To explain the relationship between HCV
infection and thyroid disease, it has been hypothesized
recently that HCV envelope proteins can induce thyroidal
inflammation directly, thereby triggering thyroiditis via a socalled “bystander activation” mechanism. In a recent study,32
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significant levels of CD81 mRNA as well as CD81 protein
(one of the putative HCV cell receptors33) were found on
thyroid cells. Incubation of thyroid cells with HCV envelope
glycoprotein E2 resulted in binding of E2 to thyroid cells,
with activation of interleukin-8, an important proinflammatory cytokine. Intriguingly, thyroid cells incubated with
E2 continued to proliferate normally and did not undergo
apoptosis, as was reported in hepatocytes. The authors of this
study concluded that HCV envelope glycoprotein E2 can bind
to CD81 receptors expressed on thyroid cells and induce a
cascade of signals, with possible onset of thyroiditis in genetically susceptible individuals. In conclusion, it is advisable
for the clinician to monitor thyroid function regularly in the
course of chronic HCV, and in particular during treatment
with IFNA-based regimens.

Rheumatoid arthritis
Polyarthritis can be observed in the course of HCV
infection, and in some cases is associated with mixed
cryoglobulinemia.34,35 A recent study investigated 45 HCVinfected patients and 30 patients with rheumatoid arthritis
fulfilling American College of Rheumatology classification
criteria for rheumatoid arthritis but negative for HCV.36 The
study focused on the significance of anti-mutated citrullinated vimentin (MCV) antibodies, which were recently
suggested for inclusion in the diagnostic workup for rheumatoid arthritis. Anti-MCV antibodies, anti-cyclic citrullinated
peptide (CCP) antibodies, rheumatoid factor, and cryoglobulins were measured. The most frequent pattern was symmetric
polyarthralgia, and the joints most frequently involved were
the wrists, metacarpophalangeal joints, shoulders, and knees.
In HCV arthropathy, anti-MCV was positive in 30% of cases,
anti-CCP in 0%, and rheumatoid factor in 73.3%, whereas
in rheumatoid arthritis, anti-MCV was positive in 93.3%,
anti-CCP in 96.7%, and rheumatoid factor in 86.7% of cases.
Therefore, the authors concluded that anti-CCP still plays a
major role in differentiating between rheumatoid arthritis
and HCV arthropathy.
Another recent study assessed the diagnostic utility of
anti-CCP antibodies in comparison with rheumatoid factor in
distinguishing between rheumatoid arthritis and HCV-related
polyarthropathy.37 Serum anti-CCP antibodies and rheumatoid factor were measured in 30 patients with rheumatoid
arthritis and 22 patients with HCV-related polyarthropathy.
Anti-CCP antibodies were positive in 83.3% of patients with
rheumatoid arthritis and in 4.5% in patients with HCV and
polyarthropathy. Rheumatoid factor was positive in 90%
of patients with rheumatoid arthritis and in 81.1% of HCV
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patients with polyarthropathy. Anti-CCP antibodies showed
higher specificity than rheumatoid factor for rheumatoid
arthritis (95.4% versus 18.2%). However, the sensitivity of
anti-CCP was comparable with that of rheumatoid factor
(83.3% versus 90%). The conclusion of this study is again
that anti-CCP antibodies are the most reliable laboratory
markers for differentiating between rheumatoid arthritis and
HCV-related polyarthropathy. Therefore, there is consolidated evidence indicating that “true” rheumatoid arthritis is
uncommon in HCV patients, and that the arthritis observed
is, in most cases, a nonerosive intermittent oligoarticular
arthritis.

Sjögren’s syndrome
Sjögren’s syndrome is an autoimmune disease characterized
by involvement of exocrine glands showing significant T cell
infiltration. The inflammatory process involves mainly the
salivary and lacrimal glands, leading to both xerostomia and
xerophthalmia. Sjögren’s syndrome is also characterized by
nonerosive arthritis, which may be accompanied by systemic
symptoms, including asthenia. Laboratory investigation shows
positivity for SSA and/or SSB autoantibodies, often associated
with the presence of rheumatoid factor. Sjögren’s syndrome
can present as a primary disease or secondary to rheumatoid
arthritis or systemic lupus erythematosus.38 Definitive evidence that HCV infection may trigger Sjögren’s syndrome is
still lacking. A correlation between Sjögren’s syndrome and
mixed cryoglobulinemia has been repeatedly reported.39,40
However, different studies have been carried out subsequently
to ascertain the possible relationship between HCV infection and Sjögren’s syndrome.41,42 In an interesting study, the
clinical and immunologic characteristics of 35 patients with
chronic HCV infection and a well documented diagnosis
of Sjögren’s syndrome were reported. 43 Compared with
60 patients with primary Sjögren’s syndrome who tested negative for HCV antibodies, patients with Sjögren’s syndrome
and HCV showed a higher mean age, a lower prevalence of
parotidomegaly, and a higher prevalence of liver involvement.
Moreover, the patients with HCV-related Sjögren’s syndrome
showed a higher prevalence of anti-gastric parietal cell
antibodies, anti-mitochondrial antibodies, cryoglobulinemia,
hypocomplementemia, and a lower prevalence of SSA
autoantibodies.44 Therefore, the immunologic characteristics
of HCV infection and Sjögren’s syndrome appear to be different, although common mechanisms linking HCV-associated
Sjögren’s syndrome and lymphoproliferative disorders have
been hypothesized.45 Further studies are needed to clarify the
role of HCV infection in Sjögren’s syndrome.
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Anecdotal observations
Many other autoimmune conditions have been related to HCV
infection. Glomerulonephritis has been associated with HCV,
especially in children,46,47 and immune-mediated skin diseases,
especially oral lichen planus, have been linked with HCV.48–50
Neurologic autoimmune diseases, including myelitis51 and
encephalomyelitis,52 as well as several neuromuscular diseases,
have also been reported in the course of HCV infection.53
A case of relapsing polychondritis associated with HCV
infection has been recently observed.54 Finally, autoimmune
mechanisms have been implicated in thrombocytopenia
associated with chronic HCV.55–57

Conclusion
HCV infection not only affects the liver, but is also associated
with extrahepatic disorders, including autoimmune disorders.
There is experimental evidence showing that HCV can subvert
the immune system, possibly leading to the onset of autoimmunity. However, IFNA, used in the treatment of HCV infection,
is a powerful inducer of autoimmunity, and it is sometimes
difficult to discriminate between the effect of HCV and IFNA
in inducing an autoimmune reaction. On the other hand, IFNA
has been found to improve some HCV-related autoimmune
diseases, suggesting that these might be mediated by inhibition
of HCV replication or viral clearance. Therefore, IFNA can
be considered on the one hand as a trigger for autoimmunity
in patients with HCV but, on the other hand, as a therapeutic
tool in some cases of autoimmune disease. In light of all these
considerations, further study is needed to clarify the actual
role of HCV infection in the induction of clinically significant
autoimmunity, and to identify additional autoimmune disorders
in which concomitant presence of HCV might possibly be
involved in the pathogenesis.
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