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Abstract
Hepatitis C virus (HCV) is a hepato- and lymphotropic agent that is able to induce several autoimmune rheumatic disorders: vasculitis, sicca syndrome, arthralgias/arthritis and fibromyalgia. The severity of clinical manifestations is variable and sometimes life-threatening. HCV infection can mimic many primitive rheumatic diseases, therefore, it is mandatory to distinguish HCV-related manifestations from primitive ones because the prognosis and therapeutic strategies can be fairly dissimilar. The new direct-acting antivirals drugs can help to avoid the well-known risks of worsening or new onset of autoimmune diseases during the traditional interferon-based therapies. 
Key words: Arthritis; Cryoglobulinemia; Diagnosis; Hepatitis C virus; Hepatitis C; Rheumatic; Sicca syndrome; Vasculitis
© The Author(s) 2015. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: As a consequence of its lymphotropic nature, hepatitis C virus (HCV) can trigger and sustain a clonal B-cell expansion which causes a wide spectrum of autoimmune/lymphoproliferative disorders, through a multistep process. These extrahepatic manifestations become clinically manifest in 40%-70% of the patients and they can be frequently classified among the rheumatic ones. Furthermore, HCV can promote the production of several autoantibodies complicating the differential diagnosis between primitive and HCV-related rheumatic disorders.
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Introduction
Hepatitis C virus (HCV) is a linear, small size (55-65 nm) single stranded RNA virus belonging to the family of Flaviviridae. It is a bloodborne virus commonly transmitted because of inadequate sterilization of medical devices (syringes, needles) and unscreened blood products. Moreover, it can also be transmitted sexually and from mother to foetus but not through breast milk[1]. HCV is a hepato- and lymphotropic agent and its infection usually occurs without symptoms and chronicizes in 70%-80% of cases leading to serious liver damage (cirrhosis and liver cancer) after years.
As a consequence of its lymphotropic nature, HCV can trigger and sustain a clonal B-cell expansion which causes a wide spectrum of autoimmune/lymphoproliferative disorders, through a multistep process[2,3]. The extrahepatic manifestations become clinically manifest in 40%-70% of the patients and they can frequently be included among the rheumatic ones[2,3]. Furthermore, HCV can promote the production of several autoantibodies complicating the differential diagnosis between primitive and HCV-related rheumatic disorders[4,5]. 

HCV-related vasculitis

The term cryoglobulinemia indicates the presence in the serum of one (monoclonal cryoglobulinemia) or more (mixed cryoglobulinemia, MC) immunoglobulins, which precipitate at temperatures below 37 °C and re-solubilize with heating. Cryoglobulinemic vasculitis (CV) mainly involves the small vessels[3,6,7]. The pathogenetic mechanism consists in immune complexes deposition (containing cryoglobulins or not) and leucocytoclastic vasculitis is the commonest pattern detected by skin biopsy[3,6,7]. Cryoprecitates are made by several components including HCV core proteins, anti-core IgG antibodies, IgM rheumatoid factor (RF) and C1q proteins[8]. 
Vessels are clinically involved in less than 5% of HCV infected subjects. The typical clinical tried of MC is represented by purpura, weakness and arthralgia[3,6,9]. Purpura is mainly localized in the lower limbs (orthostatic purpura), is frequently palpable and often shows an intermittent course[3,6,7,9]. In many cases it is mild, but very serious purpuric lesions, also with a confluent evolution, are not rare. Other skin lesions such as petechiae, ulcers (often preceded by Raynaud’s phenomenon or acrocyanosis), necrosis and urticaria in both legs and toes can also occur[9-11]. In two thirds of subjects the recurrence of purpura causes the appearance of an ochereus coloration in the lower part of legs[9]. HCV is more frequent in elderly women and in patients with long-lasting HCV infection and in type II MC[12,13].
Laboratory tests show HCV infection in about 80% of the totality of MC patients[12]. RF is often present because monoclonal RF is represented in type II MC, while type III MC contains polyclonal RF[9]. C4 is frequently low while C3 is usually normal. However, both complement and cryocrit levels do not correlate with the severity of skin manifestations [9]. 
HCV may also have extracutaneous manifestations, being renal involvement one of more severe ones. In patients with type II MC (IgMκRF positive), the renal involvement is characterized by membranoproliferative glomerulonephritis (MPGN) causing micro-haematuria and proteinuria[14-17]. However, HCV can also induce non-cryoglobulin related MPGN in which IgG staining is the most typical finding. Furthermore, membranous glomerulonephritis in association with HCV-related MC was also described[18,19]. MC-related MPGN has been also reported in patients with positive HCV-antibodies and undetectable HCV in serum, peripheral blood mononuclear cells and bone marrow; in these patients the HCV NS3 antigen was instead found in the glomeruli[20].
A neurological involvement is often present in MC. The more frequent neurological complication of MC is a subacute distal sensory-motor polyneuropathy moreover, mono and multiple mononeuritis have also been reported. The severity of symptoms seems to be related to the level of cryocrit[21,22]. The involvement of central nervous system (CNS) secondary to a vasculitic damage has been rarely reported. Some cases of cognitive function impairment associated with white matter brain lesions on MRI were attributed to HCV[23-25]. Life-threatening MC-related manifestations are described in up to 10% of the cases; they mainly consist in progressive renal failure and in vasculitic acute damages localized in CNS, lung, and gastrointestinal tract[26-28]. 
Cacoub et al[29] found that the 19.3% of a group of 161 patients suffering from HCV-related vasculitis had a diagnosis of polyarteritis nodosa (PAN). This particular subset of PAN is characterized by severe and acute onset with more frequent fever, weight loss, gastrointestinal involvement, severe acute sensory-motor multifocal neuropathy, severe hypertension and microaneurysms in both liver and kidney[29]. The rate of treatment-induced remission is high but more frequent relapses than in other forms of PAN can occur. Survival rates at 1, 3 and 5 years was similar to patients suffering from HCV-related CV[29].   

Sicca Syndrome

Dryness of mucosae (in particular of mouth and eyes) is commonly reported by patient suffering from HCV chronic infection. In a large series of 1,614 French HCV patients, sicca symptoms were reported in 11%[30]. The clinical features may be indistinguishable from those observed in primary Sjögren’s syndrome (SS).
HCV-associated sicca syndrome (SiS) is due to a functional impairment of exocrine glands related to a mild sialoadenitis presenting some histological features distinguishable from those observed in primary SS[31]. Focal lymphocytic infiltrates of SS are predominantly composed by CD4+ T-cells while the percentage of B-cells increases in late and more severe stages of the disease[32,33]. Conversely, in the HCV-related focal sialoadenitis, CD8+ T-cells are more commonly found and the CD4+/CD8+ ratio is usually lower in comparison with SS[31,34]. Furthermore, lympocytic infiltrates are mainly localized in the pericapillary zones rather than in the peri-ductal areas, with no destruction of the ducts[35,36]. Genetic differences were also found: in the HCV-SiS a frequent association with the HLA-DQB1*02 has been described while in the SS the HLA-DR3 allele is more common[37,38]. Although the published data concerning HCV replication in the salivary glands are controversial[36], the presence of the virus in both saliva and salivary epithelial cells has been clearly demonstrated[39,40].
Differences concerning clinical aspects were also reported. Older age, liver disease, hypocomplementemia, cryoglobulinemia, lung disease are more common in HCV SiS; on the contrary, female sex, frequent and severe sicca symptoms and parotid gland enlargement are more common in SS[41,42]. The frequency of anti-SSA/SSB antibodies is higher in SS although anti-SSA/SSB positivity was also described in HCV-SiS (up to 23%) as well as in subjects suffering from HCV chronic infection without SiS[42,43]. Both disorders can be complicated by the emergence of a B-cell lymphoma[3,31].

According to the America-European Consensus Criteria, patients with HCV-SiS cannot be classified as SS[44].  
Musculo-skeletal disorders 

Arthralgias are a common complaint of HCV-infected patients. Inflammatory joint involvement is quite rare. However, the Italian group of Iagnocco et al[45] described ultrasound features consistent with inflammatory signs of large joints (knees, hips or shoulders) in more than 95% of the enrolled HCV patients without any rheumatic symptoms. Articular symptoms are much less common as showed by French Authors which found joint pain in only 23% of their 1614 patients suffering from chronic hepatitis C[30]. Arthritis is even more rare, in fact, the prevalence of HCV-related arthritis (HCVrA) was estimated in 4%-5% of the total of HCV patients[4,46]. 

Two different subsets of HCVrA were identified in some studies enrolling limited groups of patients: the more common symmetrical polyarthritis (SP) and the intermittent mono-oligoarthritis (IMO)[47-50]. The SP subset shares several aspects with rheumatoid arthritis (RA): symmetrical involvement of wrists and hands; positive rheumatoid factor in more than 50% of patients, and increased markers of inflammation[51-53]. However, the course of HCVrA is much less aggressive when compared with RA and rheumatoid nodules were never reported[51,53]. Two reports described joint erosions on 20%-30% of HCVrA patient radiographs[47,50]. When these two studies were published serum tests for anti-CCP antibodies were still unavailable; as a consequence, a casual coexistence of both RA and HCV infection cannot be excluded. Anti-CCP antibodies can be helpful in the differential diagnosis between HCVrA and RA because they are rarely detected in HCVrA[54,55]. However, in two recent studies anti-CCP antibodies were found in 20% and 33% of HCV patients with articular symptoms, respectively[56,57]. 

The IMO subset of HCVrA typically involves the medium and large joints of the lower limbs, mainly the ankles[51,53]. Its course is usually acute with frequent relapses. The IMO subset is closely related to the presence of MC in serum and to the cutaneous and laboratory manifestations of CV. Often IMO flares simultaneously occurs to skin flares of CV. 
Fibromyalgia 

A clinical picture characterized by widespread pain typical of fibromyalgia (FM) is reported by 1.9% to 57% of patients suffering from HCV chronic infection[58-62]. 
Although in a Spanish study anti-HCV antibodies were found in 15.2% of the enrolled FM subjects, other studies did not confirm the increased prevalence of HCV infection in FM[63,64]. However, HCV infection should be ever kept in mind as a possible cause of secondary FM[4]. 
Autoantibodies

The occurrence of autoantibodies usually used in the diagnosis of rheumatic diseases during chronic HCV infection has been recently and extensively reviewed[5].

Levels of RF, anti-CCP and anti SSA/SSB antibodies are increased as well as several other non-organ specific autoantibodies that have been reported in up to 79% of HCV-positive subjects[65]. Higher frequencies were found for anti-nuclear antibodies (ANA) (≤ 63%), cANCA (≤ 64%), anti-Cardiolipin (≤ 62%), anti-DNA (≤ 25%).

ANA and anti-double stranded DNA antibodies, often present in low titres and with a speckled pattern, are clinically irrelevant. Inconsistent data were instead published as regards the clinical relevance of cANCA and anti-Cardiolipin antibodies[5] in HCV patients. Some studies showed a correlation between anti-Cardiolipin antibodies, thrombocytopenia and thrombotic disorders[66,67]. A single study reported an increased prevalence of purpura, skin nodules, livedo reticularis and Raynaud’s phenomenon in cANCA-positive HCV patients in comparison with the negative ones. However, life-threatening manifestations commonly seen in the primitive ANCA-related vasculitis were absent[68].   
Notes of Treatment

The treatment of HCV-related rheumatic disorders includes: etiological therapies with antiviral drugs aiming to HCV eradication; and pathogenetic and symptomatic pharmacological approaches[3]. They are not reciprocally exclusive and can be combined for best management of patients[69]. Among their possible adverse effects, care must be taken to different formulations of INFα that can worsen or promote many autoimmune disorders such as arthritis, vasculitis, peripheral neuropathies and kidney disease. The combination of new anti-HCV agents will permit INF-free treatments[70-72]. Combined/sequential therapies with antivirals and the anti-CD20 monoclonal antibody (Rituximab) represent a real progress in the treatment of most severe manifestations of HCV-related MC (renal involvement, skin ulcers, neuropathy, widespread vascultis)[69,73]. Some studies have also reported favourable results with rituximab alone. However, the persistence of MC despite HCV eradication with new antiviral drugs is possible[74]. In severe cases, high oral doses of corticosteroids (prednisone 0.5-1.5 mg/kg per day) or intravenous pulses (methylprednisolone 0.5-1 g/d, for 3 d) followed by oral prednisone, are also often prescribed[17]. Plasma exchange is useful to rapidly remove cryoglobulins and immune-complexes[17]. Milder forms of CV can be easily managed with low doses of corticosteroids[60] as well as HCVrA can be approached with low doses of steroids and/or hydroxychloroquine[70].      
Conclusion
Chronic hepatitis C virus infection can induce several rheumatic manifestations that should be differentiated from the primitive rheumatic ones. Treatments for these two kinds of disorders are usually different and the lack of detection of HCV infection could represent a real risk for patients. As a consequence, HCV testing should be routinely performed in patients showing rheumatic signs and/or symptoms. In some patients, it remains unrealistic, also for experienced rheumatologist, to discriminate if the presence of HCV is casual or plays an active role in causing autoimmune disorders.
References
1 Shaheen MA, Idrees M. Evidence-based consensus on the diagnosis, prevention and management of hepatitis C virus disease. World J Hepatol 2015; 7: 616-627 [PMID: 25848486 DOI: 10.4254/wjh.v7.i3.616]

2 Antonelli A, Ferri C, Galeazzi M, Giannitti C, Manno D, Mieli-Vergani G, Menegatti E, Olivieri I, Puoti M, Palazzi C, Roccatello D, Vergani D, Sarzi-Puttini P, Atzeni F. HCV infection: pathogenesis, clinical manifestations and therapy. Clin Exp Rheumatol 2008; 26: S39-S47 [PMID: 18570753]

3 Ferri C, Sebastiani M, Giuggioli D, Colaci M, Fallahi P, Piluso A, Antonelli A, Zignego AL. Hepatitis C virus syndrome: A constellation of organ- and non-organ specific autoimmune disorders, B-cell non-Hodgkin's lymphoma, and cancer. World J Hepatol 2015; 7: 327-343 [PMID: 25848462 DOI: 10.4254/wjh.v7.i3.327]

4 Palazzi C, Olivieri I, Cacciatore P, Pennese E, D'Amico E. Difficulties in the differential diagnosis between primitive rheumatic diseases and hepatitis C virus-related disorders. Clin Exp Rheumatol 2005; 23: 2-6 [PMID: 15789880]

5 Palazzi C, Buskila D, D'Angelo S, D'Amico E, Olivieri I. Autoantibodies in patients with chronic hepatitis C virus infection: pitfalls for the diagnosis of rheumatic diseases. Autoimmun Rev 2012; 11: 659-663 [PMID: 22155016 DOI: 10.1016/j.autrev.2011.11.011]

6 Ferri C. Mixed cryoglobulinemia. Orphanet J Rare Dis 2008; 3: 25 [PMID: 18796155 DOI: 10.1186/1750-1172-3-25]

7 Lamprecht P. Cryoglobulinaemic vasculitis: new aspects. Clin Exp Rheumatol 2012; 30: S3-S5 [PMID: 22510483]

8 Sansonno D, Lauletta G, Nisi L, Gatti P, Pesola F, Pansini N, Dammacco F. Non-enveloped HCV core protein as constitutive antigen of cold-precipitable immune complexes in type II mixed cryoglobulinaemia. Clin Exp Immunol 2003; 133: 275-282 [PMID: 12869035]

9 Ferri C, Sebastiani M, Giuggioli D, Cazzato M, Longombardo G, Antonelli A, Puccini R, Michelassi C, Zignego AL. Mixed cryoglobulinemia: demographic, clinical, and serologic features and survival in 231 patients. Semin Arthritis Rheum 2004; 33: 355-374 [PMID: 15190522]

10 Jackson JM. Hepatitis C and the skin. Dermatol Clin 2002; 20: 449-458 [PMID: 12170878]

11 Crowson AN, Nuovo G, Ferri C, Magro CM. The dermatopathologic manifestations of hepatitis C infection: a clinical, histological, and molecular assessment of 35 cases. Hum Pathol 2003; 34: 573-579 [PMID: 12827611]

12 Cacoub P, Gragnani L, Comarmond C, Zignego AL. Extrahepatic manifestations of chronic hepatitis C virus infection. Dig Liver Dis 2014; 46 Suppl 5: S165-S173 [PMID: 25458776]

13 Sene D, Ghillani-Dalbin P, Thibault V, Guis L, Musset L, Duhaut P, Poynard T, Piette JC, Cacoub P. Longterm course of mixed cryoglobulinemia in patients infected with hepatitis C virus. J Rheumatol 2004; 31: 2199-2206 [PMID: 15517633]

14 De Rosa FG, Agnello V. Observations on cryoglobulin testing: I. The association of cryoglobulins containing rheumatoid factors with manifestation of cryoglobulinemic vasculitis. J Rheumatol 2009; 36: 1953-1955 [PMID: 19531750]

15 Beddhu S, Bastacky S, Johnson JP. The clinical and morphologic spectrum of renal cryoglobulinemia. Medicine (Baltimore) 2002; 81: 398-409 [PMID: 12352634]

16 Tampaki M, Koskinas J. Extrahepatic immune related manifestations in chronic hepatitis C virus infection. World J Gastroenterol 2014; 20: 12372-12380 [PMID: 25253938 DOI: 10.3748/wjg.v20.i35.12372]

17 Latt N, Alachkar N, Gurakar A. Hepatitis C virus and its renal manifestations: a review and update. Gastroenterol Hepatol (N Y) 2012; 8: 434-445 [PMID: 23293553]

18 Ozkok A, Yildiz A. Hepatitis C virus associated glomerulopathies. World J Gastroenterol 2014; 20: 7544-7554 [PMID: 24976695 DOI: 10.3748/wjg.v20.i24.7544]

19 Hiramatsu R, Hoshino J, Suwabe T, Sumida K, Hasegawa E, Yamanouchi M, Hayami N, Sawa N, Takaichi K, Ohashi K, Fujii T, Ubara Y. Membranoproliferative glomerulonephritis and circulating cryoglobulins. Clin Exp Nephrol 2014; 18: 88-94 [PMID: 23722669 DOI: 10.1007/s10157-013-0810-z]

20 Uchiyama-Tanaka Y, Mori Y, Kishimoto N, Nose A, Kijima Y, Nagata T, Umeda Y, Masaki H, Matsubara H, Iwasaka T. Membranous glomerulonephritis associated with hepatitis C virus infection: case report and literature review. Clin Nephrol 2004; 61: 144-150 [PMID: 14989635]

21 Bataille S, Kaplanski G, Boucraut J, Halfon P, Camus C, Daniel L, Burtey S, Berland Y, Dussol B. Membranoproliferative glomerulonephritis and mixed cryoglobulinemia after hepatitis C virus infection secondary to glomerular NS3 viral antigen deposits. Am J Nephrol 2012; 35: 134-140 [PMID: 22248563 DOI: 10.1159/000335375]

22 Ammendola A, Sampaolo S, Ambrosone L, Ammendola E, Ciccone G, Migliaresi S, Di Iorio G. Peripheral neuropathy in hepatitis-related mixed cryoglobulinemia: electrophysiologic follow-up study. Muscle Nerve 2005; 31: 382-385 [PMID: 15515001]

23 Gemignani F, Brindani F, Alfieri S, Giuberti T, Allegri I, Ferrari C, Marbini A. Clinical spectrum of cryoglobulinaemic neuropathy. J Neurol Neurosurg Psychiatry 2005; 76: 1410-1414 [PMID: 16170087]

24 Adinolfi LE, Nevola R, Lus G, Restivo L, Guerrera B, Romano C, Zampino R, Rinaldi L, Sellitto A, Giordano M, Marrone A. Chronic hepatitis C virus infection and neurological and psychiatric disorders: an overview. World J Gastroenterol 2015; 21: 2269-2280 [PMID: 25741133 DOI: 10.3748/wjg.v21.i8.2269]

25 Casato M, Saadoun D, Marchetti A, Limal N, Picq C, Pantano P, Galanaud D, Cianci R, Duhaut P, Piette JC, Fiorilli M, Cacoub P. Central nervous system involvement in hepatitis C virus cryoglobulinemia vasculitis: a multicenter case-control study using magnetic resonance imaging and neuropsychological tests. J Rheumatol 2005; 32: 484-488 [PMID: 15742440]

26 Ramos-Casals M, Robles A, Brito-Zerón P, Nardi N, Nicolás JM, Forns X, Plaza J, Yagüe J, Sánchez-Tapias JM, Font J. Life-threatening cryoglobulinemia: clinical and immunological characterization of 29 cases. Semin Arthritis Rheum 2006; 36: 189-196 [PMID: 16996578]

27 Terrier B, Karras A, Cluzel P, Collet JP, Sène D, Saadoun D, Cacoub P. Presentation and prognosis of cardiac involvement in hepatitis C virus-related vasculitis. Am J Cardiol 2013; 111: 265-272 [PMID: 23116612]

28 Retamozo S, Díaz-Lagares C, Bosch X, Bové A, Brito-Zerón P, Gómez ME, Yagüe J, Forns X, Cid MC, Ramos-Casals M. Life-Threatening Cryoglobulinemic Patients With Hepatitis C: Clinical Description and Outcome of 279 Patients. Medicine (Baltimore) 2013; Epub ahead of print [PMID: 23974248]

29 Saadoun D, Terrier B, Semoun O, Sene D, Maisonobe T, Musset L, Amoura Z, Rigon MR, Cacoub P. Hepatitis C virus-associated polyarteritis nodosa. Arthritis Care Res (Hoboken) 2011; 63: 427-435 [PMID: 20981809 DOI: 10.1002/acr.20381]

30 Cacoub P, Poynard T, Ghillani P, Charlotte F, Olivi M, Piette JC, Opolon P. Extrahepatic manifestations of chronic hepatitis C. MULTIVIRC Group. Multidepartment Virus C. Arthritis Rheum 1999; 42: 2204-2212 [PMID: 10524695]

31 Vitali C. Immunopathologic differences of Sjögren's syndrome versus sicca syndrome in HCV and HIV infection. Arthritis Res Ther 2011; 13: 233 [PMID: 21888688 DOI: 10.1186/ar3361]

32 Katsifis GE, Moutsopoulos NM, Wahl SM. T lymphocytes in Sjögren's syndrome: contributors to and regulators of pathophysiology. Clin Rev Allergy Immunol 2007; 32: 252-264 [PMID: 17992592]

33 Christodoulou MI, Kapsogeorgou EK, Moutsopoulos HM. Characteristics of the minor salivary gland infiltrates in Sjögren's syndrome. J Autoimmun 2010; 34: 400-407 [PMID: 19889514 DOI: 10.1016/j.jaut.2009.10.004]

34 Freni MA, Artuso D, Gerken G, Spanti C, Marafioti T, Alessi N, Spadaro A, Ajello A, Ferraù O. Focal lymphocytic aggregates in chronic hepatitis C: occurrence, immunohistochemical characterization, and relation to markers of autoimmunity. Hepatology 1995; 22: 389-394 [PMID: 7635405]

35 Carrozzo M. Oral diseases associated with hepatitis C virus infection. Part 1. sialadenitis and salivary glands lymphoma. Oral Dis 2008; 14: 123-130 [PMID: 18208477 DOI: 10.1111/j.1601-0825.2007.01436.x]

36 Carrozzo M, Scally K. Oral manifestations of hepatitis C virus infection. World J Gastroenterol 2014; 20: 7534-7543 [PMID: 24976694 DOI: 10.3748/wjg.v20.i24.7534]

37 Smyth CM, McKiernan SM, Hagan R, Pilkington R, O'Regan M, Lawlor E, Kelleher D. Chronic hepatitis C infection and sicca syndrome: a clear association with HLA DQB1*02. Eur J Gastroenterol Hepatol 2007; 19: 493-498 [PMID: 17489060]

38 Scott CA, Avellini C, Desinan L, Pirisi M, Ferraccioli GF, Bardus P, Fabris C, Casatta L, Bartoli E, Beltrami CA. Chronic lymphocytic sialoadenitis in HCV-related chronic liver disease: comparison of Sjögren's syndrome. Histopathology 1997; 30: 41-48 [PMID: 9023556]

39 Toussirot E, Le Huédé G, Mougin C, Balblanc JC, Bettinger D, Wendling D. Presence of hepatitis C virus RNA in the salivary glands of patients with Sjögren's syndrome and hepatitis C virus infection. J Rheumatol 2002; 29: 2382-2385 [PMID: 12415596]

40 Arrieta JJ, Rodríguez-Iñigo E, Ortiz-Movilla N, Bartolomé J, Pardo M, Manzarbeitia F, Oliva H, Macías DM, Carreño V. In situ detection of hepatitis C virus RNA in salivary glands. Am J Pathol 2001; 158: 259-264 [PMID: 11141499]

41 Ramos-Casals M, García-Carrasco M, Cervera R, Rosas J, Trejo O, de la Red G, Sánchez-Tapias JM, Font J, Ingelmo M. Hepatitis C virus infection mimicking primary Sjögren syndrome. A clinical and immunologic description of 35 cases. Medicine (Baltimore) 2001; 80: 1-8 [PMID: 11204499]

42 De Vita S, Damato R, De Marchi G, Sacco S, Ferraccioli G. True primary Sjögren's syndrome in a subset of patients with hepatitis C infection: a model linking chronic infection to chronic sialadenitis. Isr Med Assoc J 2002; 4: 1101-1105 [PMID: 12516900]

43 D'Amico E, Palazzi C, Cacciatore P, Canelli A, Ursitti G, Cosentino L, Dogali V, Riario-Sforza G, Capani F. Anti-ENA antibodies in patients with chronic hepatitis C virus infection. Dig Dis Sci 2002; 47: 755-759 [PMID: 11991605]

44 Vitali C, Bombardieri S, Jonsson R, Moutsopoulos HM, Alexander EL, Carsons SE, Daniels TE, Fox PC, Fox RI, Kassan SS, Pillemer SR, Talal N, Weisman MH; European Study Group on Classification Criteria for Sjögren's Syndrome. Classification criteria for Sjögren's syndrome: a revised version of the European criteria proposed by the American-European Consensus Group. Ann Rheum Dis 2002; 61: 554-558 [PMID: 12006334]

45 Iagnocco A, Coari G, Mammarella A, Basili S, Donnarumma L, Valesini G, Paoletti V. Joint sonography in asymptomatic patients with HCV correlated hepatitis. Clin Exp Rheumatol 2004; 22: 43-48 [PMID: 15005003]

46 Buskila D, Shnaider A, Neumann L, Lorber M, Zilberman D, Hilzenrat N, Kuperman OJ, Sikuler E. Musculoskeletal manifestations and autoantibody profile in 90 hepatitis C virus infected Israeli patients. Semin Arthritis Rheum 1998; 28: 107-113 [PMID: 9806371]

47 Rivera J, García-Monforte A, Pineda A, Millán Núñez-Cortés J. Arthritis in patients with chronic hepatitis C virus infection. J Rheumatol 1999; 26: 420-424 [PMID: 9972979]

48 Lovy MR, Starkebaum G, Uberoi S. Hepatitis C infection presenting with rheumatic manifestations: a mimic of rheumatoid arthritis. J Rheumatol 1996; 23: 979-983 [PMID: 8782126]

49 Zuckerman E, Keren D, Rozenbaum M, Toubi E, Slobodin G, Tamir A, Naschitz JE, Yeshurun D, Rosner I. Hepatitis C virus-related arthritis: characteristics and response to therapy with interferon alpha. Clin Exp Rheumatol 2000; 18: 579-584 [PMID: 11072597]

50 Fadda P, La Civita L, Zignego AL, Ferri C. [Hepatitis C virus infection and arthritis. A clinico-serological investigation of arthritis in patients with or without cryoglobulinemic syndrome]. Reumatismo 2002; 54: 316-323 [PMID: 12563365]

51 Olivieri I, Palazzi C, Padula A. Hepatitis C virus and arthritis. Rheum Dis Clin North Am 2003; 29: 111-122 [PMID: 12635503]

52 Rosner I, Rozenbaum M, Toubi E, Kessel A, Naschitz JE, Zuckerman E. The case for hepatitis C arthritis. Semin Arthritis Rheum 2004; 33: 375-387 [PMID: 15190523]

53 Palazzi C, D'Angelo S, Olivieri I. Hepatitis C virus-related arthritis. Autoimmun Rev 2008; 8: 48-51 [PMID: 18707027]

54 Sène D, Ghillani-Dalbin P, Limal N, Thibault V, van Boekel T, Piette JC, Cacoub P. Anti-cyclic citrullinated peptide antibodies in hepatitis C virus associated rheumatological manifestations and Sjogren's syndrome. Ann Rheum Dis 2006; 65: 394-397 [PMID: 16474032]

55 Bombardieri M, Alessandri C, Labbadia G, Iannuccelli C, Carlucci F, Riccieri V, Paoletti V, Valesini G. Role of anti-cyclic citrullinated peptide antibodies in discriminating patients with rheumatoid arthritis from patients with chronic hepatitis C infection-associated polyarticular involvement. Arthritis Res Ther 2004; 6: R137-R141 [PMID: 15059277]

56 Riccio A, Postiglione L, La Dogana P, Spanò A, Marzocchella C, Tarantino G. Anti-cyclic citrullinated peptide antibodies in patients affected by HCV-related arthritis. J Biol Regul Homeost Agents 2008; 22: 57-61 [PMID: 18394318]

57 Bassyouni IH, Ezzat Y, Hamdy S, Talaat RM. Clinical significance of anti-cyclic citrullinated peptide antibodies in Egyptian patients with chronic hepatitis C virus genotype IV infection. Clin Chem Lab Med 2009; 47: 842-847 [PMID: 19575546]

58 Buskila D, Shnaider A, Neumann L, Zilberman D, Hilzenrat N, Sikuler E. Fibromyalgia in hepatitis C virus infection. Another infectious disease relationship. Arch Intern Med 1997; 157: 2497-2500 [PMID: 9385302]

59 Goulding C, O'Connell P, Murray FE. Prevalence of fibromyalgia, anxiety and depression in chronic hepatitis C virus infection: relationship to RT-PCR status and mode of acquisition. Eur J Gastroenterol Hepatol 2001; 13: 507-511 [PMID: 11396529]

60 Kozanoglu E, Canataroglu A, Abayli B, Colakoglu S, Goncu K. Fibromyalgia syndrome in patients with hepatitis C infection. Rheumatol Int 2003; 23: 248-251 [PMID: 14504918]

61 Mohammed RH, ElMakhzangy HI, Gamal A, Mekky F, El Kassas M, Mohammed N, Abdel Hamid M, Esmat G. Prevalence of rheumatologic manifestations of chronic hepatitis C virus infection among Egyptians. Clin Rheumatol 2010; 29: 1373-1380 [PMID: 20411290 DOI: 10.1007/s10067-010-1463-x]

62 Mohammad A, Carey JJ, Storan E, Scarry M, Coughlan RJ, Lee JM. Prevalence of fibromyalgia among patients with chronic hepatitis C infection: relationship to viral characteristics and quality of life. J Clin Gastroenterol 2012; 46: 407-412 [PMID: 22499073 DOI: 10.1097/MCG.0b013e3182485528]

63 Narváez J, Nolla JM, Valverde-García J. Lack of association of fibromyalgia with hepatitis C virus infection. J Rheumatol 2005; 32: 1118-1121 [PMID: 15940777]

64 Palazzi C, D'Amico E, D'Angelo S, Nucera A, Petricca A, Olivieri I. Hepatitis C virus infection in Italian patients with fibromyalgia. Clin Rheumatol 2008; 27: 101-103 [PMID: 17943229]

65 Himoto T, Masaki T. Extrahepatic manifestations and autoantibodies in patients with hepatitis C virus infection. Clin Dev Immunol 2012; 2012: 871401 [PMID: 22988469 DOI: 10.1155/2012/871401].]

66 Prieto J, Yuste JR, Beloqui O, Civeira MP, Riezu JI, Aguirre B, Sangro B. Anticardiolipin antibodies in chronic hepatitis C: implication of hepatitis C virus as the cause of the antiphospholipid syndrome. Hepatology 1996; 23: 199-204 [PMID: 8591841]

67 Rajan SK, Espina BM, Liebman HA. Hepatitis C virus-related thrombocytopenia: clinical and laboratory characteristics compared with chronic immune thrombocytopenic purpura. Br J Haematol 2005; 129: 818-824 [PMID: 15953010]

68 Wu YY, Hsu TC, Chen TY, Liu TC, Liu GY, Lee YJ, Tsay GJ. Proteinase 3 and dihydrolipoamide dehydrogenase (E3) are major autoantigens in hepatitis C virus (HCV) infection. Clin Exp Immunol 2002; 128: 347-352 [PMID: 11985526]

69 Ferri C, Sebastiani M, Antonelli A, Colaci M, Manfredi A, Giuggioli D. Current treatment of hepatitis C-associated rheumatic diseases. Arthritis Res Ther 2012; 14: 215 [PMID: 22731694 DOI: 10.1186/ar3865]

70 Palazzi C, D'Amico E, D'Angelo S, Gilio M, Leccese P, Olivieri I. An update on the management of hepatitis C virus-related arthritis. Expert Opin Pharmacother 2014; 15: 2039-2045 [PMID: 25146875 DOI: 10.1517/14656566.2014.946404]

71 Conteduca V, Sansonno D, Russi S, Pavone F, Dammacco F. Therapy of chronic hepatitis C virus infection in the era of direct-acting and host-targeting antiviral agents. J Infect 2014; 68: 1-20 [PMID: 24012819 DOI: 10.1016/j.jinf.2013.08.019]

72 Pawlotsky JM, Feld JJ, Zeuzem S, Hoofnagle JH. From non-A, non-B hepatitis to hepatitis C virus cure. J Hepatol 2015; 62: S87-S99 [PMID: 25920094 DOI: 10.1016/j.jhep.2015.02.006]

73 Pawlotsky JM, Feld JJ, Zeuzem S, Hoofnagle JH. From non-A, non-B hepatitis to hepatitis C virus cure. J Hepatol 2015; 62: S87-S99 [PMID: 25920094 DOI: 10.1016/j.jhep.2015.02.006]

74 Cornella SL, Stine JG, Kelly V, Caldwell SH, Shah NL. Persistence of mixed cryoglobulinemia despite cure of hepatitis C with new oral antiviral therapy including direct-acting antiviral sofosbuvir: A case series. Postgrad Med 2015; 127: 413-417 [PMID: 25746436 DOI: 10.1080/00325481.2015.1021660]

P-Reviewer: Cardoso CRL, Gong ZJ, Li zf S-Editor: Ma YJ L-Editor:   E-Editor:
1

