Journal of Autoimmunity 102 (2019) 89-95

Contents lists available at ScienceDirect

Journal of Autoimmunity

journal homepage: www.elsevier.com/locate/jautimm

Autoimmune liver serology before and after successful treatment of chronic = W

Check for

hepatitis C by direct acting antiviral agents s

a,i,*

Benedetta Terziroli Beretta-Piccoli®**, Claudia Di Bartolomeo”, Gaia Deleonardi®,

Ana Gabriela Grondona®, Tania Silvestri®, Cinzia Tesei, Laura Melidona®, Andreas Cerny?,
Joachim Mertens’, Nasser Semmo®, David Semela’, Darius Moradpour?, Giorgina Mieli-Verganih,
Diego Vergani“', Luigi Muratori”', The Swiss Hepatitis C Cohort Study

@ Epatocentro Ticino, Lugano, Switzerland

Y Fondazione Epatocentro Ticino, Lugano, Switzerland

¢ LUM Autoimmunity and Allergy AUSL Bologna, Italy

4 Gastroenterology und Hepatology, University Hospital Ziirich, Switzerland

€ Department of BioMedical Research, Hepatology, Inselspital, University of Bern, Switzerland

f Division of Gastroenterology and Hepatology, Kantonsspital St. Gallen, Switzerland

& Division of Gastroenterology and Hepatology, Centre Hospitalier Universitaire Vaudois, University of Lausanne, Switzerland
b paediatric Liver, GI and Nutrition Centre, MowatLabs, King's College Hospital, London, UK

1 Institute of Liver Studies, MowatLabs, King's College Hospital, London, UK

I DIMEC, University of Bologna, Bologna, Italy

ABSTRACT

Background and aims: Chronic hepatitis C virus (HCV) infection is associated with a wide range of immunopathological manifestations, which are significantly
improved by successful interferon-based treatment. There is paucity of data on the impact of interferon-free HCV clearance on immunopathological manifestations,
which might be expected to disappear more frequently as compared to what reported in interferon-induced HCV-clearance. We have investigated liver autoimmune
serology before and after interferon-free clearance of HCV by treatment with direct acting antiviral agents (DAA).

Method: Patients within the Swiss Hepatitis C Cohort Study who underwent successful (SVR 12) HCV treatment with DAA were tested for autoimmune liver serology
according to dedicated guidelines before and at least 6 months after end of treatment.

Resuits: A total of 235 patients were included; 62% males; median age 56 years; 27% with cirrhosis. Median time between end of DAA treatment and post-treatment
serum sampling was 17 months. At least one autoantibody before treatment was found in 175 (74%) patients ; 32 (14%) were positive for 2 autoantibodies; no patient
was positive for anti-SLA, anti-LC1 or typical AMA before or after DAA. ANA disappeared in 34%, SMA in 52% and anti-LKM1 in one of two patients after successful
treatment, but, unexpectedly, one or more autoantibodies appeared in 27% of pre-treatment negative subjects.

Conclusion: HCV clearance by DAA is associated with autoantibody disappearance in more than one third of the patients who were positive before treatment.
However, the majority of the patients remain autoantibody-positive and 27% of those who were negative before treatment developed autoantibodies after DAA-
induced HCV clearance. These data confirm that HCV infection is associated with autoimmunity and show that the autoimmune imprint persists after viral clearance
by DAA, suggesting that long-term follow-up may be warranted.

1. Introduction

Chronic hepatitis C virus (HCV) infection is associated with a wide
range of immunopathological manifestations, ranging from autoanti-
body production to overt immune-mediated diseases, including mixed
cryoglobulinemia, immune-complex vasculitis, B cell lymphoma, ar-
thritis, Sjogren syndrome and autoimmune thyroid disorders [1-3].
Cryoglobulins are found in up to 60% of HCV-infected patients and
disappear in 80-90% of them after HCV cure with pegylated interferon-
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alpha and ribavirin treatment [1]. Autoantibodies typical of auto-
immune liver disease, such as anti-nuclear antibody (ANA), anti-smooth
muscle antibody (SMA), anti-liver kidney microsomal type 1 (LKM1),
anti-soluble liver antigen (SLA), anti-liver cytosol type 1 (LC1), and
anti-mitochondrial antibody (AMA), have been reported in up to 70%
of patients with chronic HCV infection [3-9]. Mechanisms suggested to
be involved in autoantibody production include molecular mimicry
between viral epitopes and autoantibody target antigens, decreased
number of regulatory T cells, B cell monoclonal expansion and B-cell
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Table 1
Baseline demographic and clinical features of the study population (n = 235).
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Number of patients with missing data

Median age (range), y 56 (24-84) 0
Male (%) 146 (62) 0
Cirrhosis (%) 63 (27) 1
Diabetes (%) 14 (6) 3
History of alcohol consumption, any amount (%) 122 (52) 0
Median ALT level before DAA (IQR), IU/1 80 (50-139) 19
Median ALT level after DAA (IQR), IU/1 23 (17-31) 30
HCV genotype 31

1 (%) 149 (63)

2 (%) 8 (3.4

3 (%) 26 (11)

4 (%) 21 (9)
DAA regimen 0

SOF + LED * RBV (%) 121 (51)

DAC + SOF = RBV (%) 36 (15)

OMB + PAR *+ DAS + RBV (%) 33 (14)

SOF + RBV (%) 29 (12)

SOF + SIM = RBV (%) 7 (3)

ELB + GRA (%) 5(2)

Other (%) 4 (0.02)

HCV, hepatitis C virus; ALT, alanine aminotransferase; DAA, direct-acting antiviral; SOF, sofosbuvir; LED, ledipasvir; RBV, ribavirin; DAC, daclatasvir; DAS, dasa-
buvir; OMB, ombitasvir; PAR, paritaprevir; SIM, simeprevir; ELB, elbasvir; GRA, grazoprevir.

activation [3,10]. It has been reported that the genetic background
predisposing to autoimmune hepatitis (AIH) is associated with auto-
antibody production in chronically HCV infected patients [11,12]. De-
velopment of anti-LKM1, the serological hallmark of classical AIH type
2, during the course of chronic HCV infection has been described to
herald the onset of overt AIH [13-15]. Collectively, these observations
indicate that HCV can act as a trigger of autoimmunity.

Until recently, HCV treatment was based on interferon, whose side
effects include exacerbating pre-existing autoimmune diseases or pro-
moting a variety of immunopathological manifestations [16-20], ran-
ging from autoantibody production to overt autoimmune disease. Anti-
LKM1-positive HCV patients are at risk of developing acute hepatitis
while on interferon, requiring treatment discontinuation and at times
corticosteroid therapy [21,22]. The advent of direct acting antivirals
(DAA) has dramatically changed HCV treatment, allowing to eliminate
the infective agent safely in the vast majority of patients, including
those with HCV-associated immunopathological manifestations or au-
toimmune diseases [23-26]. DAA treatment decreases the cryocrit and
ameliorates mixed cryoglobulinemia-associated vasculitis [27-30].

The aim of the present study was to investigate the effect on ser-
ological autoimmune manifestations of successful DAA treatment of
chronic HCV infection in a large cohort of HCV-infected adult patients.

2. Patients and methods
2.1. Patient population

Patients were recruited from the Swiss Hepatitis C Cohort Study
(SCCS), initiated in 2000, which includes anti-HCV antibody positive
subjects aged =18 years living in Switzerland [31]. Study sites include
five University hospitals, three large non-university hospitals, and af-
filiated centres (http://www.swisshcv.org). To date, 5715 subjects have
been enrolled. Data on demographics, HCV genotype, stage of liver
disease, HCV therapy, HBV and HIV coinfection are collected by stan-
dardized questionnaires completed by physicians or trained study
nurses during clinical visits at enrolment and at annual follow-ups. In
addition, plasma/serum samples are collected and stored locally at
—80°C. The Ethics Committees of all participating centres granted
approval for SCCS and all participants gave written informed consent.

Inclusion criteria for the present study were: positive plasma HCV
RNA, successful HCV therapy with DAA (all interferon-free regimens),
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available serum or plasma samples collected before (up to five years)
DAA treatment and at least six months after cessation of treatment.
Successful treatment was defined as negative HCV RNA 12 weeks after
the end of treatment [sustained virological response (SVR) 12] or ab-
sence of positive HCV RNA during the first year after end of treatment.
Patients who were HBsAg and/or HIV positive were excluded.
Diagnosis of cirrhosis was made on clinical, laboratory and imaging
assessments.

2.2. Autoantibody testing

Autoantibodies were tested at Laboratorio Unico Metropolitano,
Ospedale Maggiore, Bologna, Italy, according to the consensus state-
ment issued by the International AIH Group (IAIHG) [32]. The fol-
lowing reactivities were investigated blindly: ANA, SMA, AMA, anti-
LKM1, anti-LC1 and anti-gastric parietal cell (GPC) were tested by in-
direct immunofluorescence (IIF) on triple rodent tissue (Euroimmun
Medizinische Labordiagnostika AG, Liibeck, Germany), titres =1:40
being considered positive; the ANA pattern was evaluated by IIF on
HEp2 cells at a titre of 1:80 (Euroimmun). All sera were tested by ELISA
(INOVA Diagnostics, Inc., San Diego, USA) for anti-SLA.

2.3. Statistical analysis

Statistical analysis was performed with PRISM 8 for Mac. Chi-square
or Fisher exact tests were used for assessing the association between
presence of autoantibodies pre-DAA, their appearance/disappearance
after DAA and age, gender, transaminase levels, previous interferon/
ribavirin treatment and presence of cirrhosis. The level of significance
was set as a = 0.05 two-tailed.

3. Results

Two-hundred-thirty-five patients fulfilling the inclusion criteria
were identified (Table 1): 62% male, median age at DAA treatment start
56 years, one fourth with cirrhosis, three quarters infected with HCV
genotype 1. The median time interval between the first and the second
blood sample collection was 24 months (IQR 17.5-33.5, range 8-76);
the median time interval between end of DAA treatment and collection
of the second blood sample was 17 months (IQR 10.5-22, range 6-50).
While still viraemic, 175 patients (74%) had at least one autoantibody
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Fig. 1. Autoantibody behaviour pre and post direct acting anti-viral agents therapy in 235 patients with chronic hepatitis C virus infection. Panel A: Anti-nuclear
antibody (ANA), smooth muscle antibody (SMA), anti-liver kidney microsomal (anti-LKM1) tested on triple rodent tissue; V, vessel; VG, vessel and glomerulus; VGT,
vessel glomerulus and tubulus staining. Panel B: cytoplasmic antibodies tested on HEp2 cells; RR, rods and rings staining.

positivity, 42 (18%) being positive for two autoantibodies.

Before DAA treatment, ANA was positive in 96 (41%) patients, with
titres ranging from 1:80 to > 1:640, median 1:80 (Fig. 1A, Table 2); IIF
patterns on HEp2 cells were: 54 speckled, 14 nucleolar, 16 homo-
geneous, 8 mixed, and one each anti-centriole, anti-centromere and
anti-few nuclear dots. There was no association between pre-DAA ANA
positivity or negativity with either gender, age, presence of cirrhosis,
alanine-aminotransferase (ALT) levels or previous interferon/ribavirin
treatment. No patient had the primary biliary cholangitis (PBC) asso-
ciated rim-like/membranous or multiple nuclear dots patterns before or
after HCV clearance. Of the 96 patients ANA positive before treatment,
33 (34%) became ANA negative after HCV clearance, and of 139 pa-
tients ANA negative before DAA, 22 (16%) became ANA positive
(Table 2). ANA disappearance/appearance after DAA was not asso-
ciated with gender, age or cirrhosis. The 33 patients with ANA ti-
ters > 1:80 pre-DAA were less likely to clear ANA post-DAA as com-
pared to patients with a pre-DAA ANA titer of 1:80 (p = 0.0004); one
third (11/33) of the patients who were still ANA-positive post-DAA had
a decreased titer post-DAA.

SMA was positive before DAA in 59 (25%) patients, with a median
titre of 1:80 and a range of 1:40-1:320 (Fig. 1A, Table 3). SMA posi-
tivity was not associated with gender, ALT levels or previous
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interferon/ribavirin exposure, while a significant association was ob-
served with age younger than 50 years (p = 0.021) and with absence of
cirrhosis (p = 0.008). Fifty-three patients had only the V (vessel) pat-
tern on kidney tissue, while six had the AIH-characteristic VG (vessel
and glomerulus) or VGT (vessel, glomerulus and tubulus) patterns
(three male, none with cirrhosis, median age 56 years, range 43-71).
Four of these six patients became SMA negative after HCV clearance,
while two remained positive with only the V pattern at stable titres.
Four patients (two male), who were SMA positive with the V pattern at
a titre of 1:80 before DAA treatment, developed the VG/VGT pattern
after DAA, with titres ranging from 1:80 to 1:160. Overall, of the 59
patients who were SMA positive before treatment, 31 (52%) became
SMA negative after HCV clearance, and of the 176 patients who were
SMA negative before DAA, 14 (8%) became SMA positive, 13 with the V
pattern and one with the VG pattern. Post-DAA treatment SMA dis-
appearance/appearance was not associated with gender, age or cir-
rhosis.

Anti-LKM1 was positive in two patients while viraemic: one 63-year
old cirrhotic man and one 70-year old non-cirrhotic woman, with titres
of > 1:640 and 1:320, respectively. The male patient was also ANA
positive (1:80) with a speckled pattern, while the woman showed a
cytoplasmic fine speckled staining on HEp2 cells (1:320). After HCV
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Table 2
Anti-nuclear antibody: number of positive patients and titres.

Pre-treatment Post-treatment

Number of patients Titre Number of patients Titre
139 < 1:80 117 < 1:80
18 (6spe, 5nuc, 3 spi, 2hom, 1:80
2mix)
2 (1spe, 1hom) 1:160
1 (mix) 1:320
1 (cen) > 1:640
63 (45 spe, 7 nuc, 7 hom, 1:80 29 < 1:80
2 mix, lerl) 28 (16 spe, 6 hom, 3nuc, 2mix, 1:80
lcrl)
6 (2nuc, 2spe, 2mix) 1:160
1 (nuc) 1:320
20 (5 spe, 5nuc, 1:160 2 < 1:80
5hom, 5 mix) 8 (6spe, 2nuc) 1:80
10 (Shom, 3nuc, 1spe, 1mix) 1:160
9 (3 hom, 2spe, 1:320 1 < 1:80
2nuc, 1mix, 1FND) 3 (2hom,1nuc) 1:80
3 (1spe, 1nuc, 1mix) 1:160
2 (1spe, 1FND) 1:320
3 (2spe, 1hom) 1:640 1 (spe) 1:160
2 (1spe, 1hom) 1:640
1 (cen) > 640 1 (cen) 1:640

Spe, speckled; nuc, nucleolar; spi, mitotic spindle; hom, homogeneous; mix,
mixted; cen, centromere, crl, centriole; FND, few nuclear dot.

Table 3
Anti-smooth muscle antibody: number of positive patients and titres.

Pre-treatment Post-treatment

Number of patients Titre Number of patients Titre
176 < 1:40 162 < 1:40

4 V) 1:40

7 (V) 1:80

3(1VG, 2V) 1:160
5\) 1:40 3 < 1:40

2 (V) 1:80
36 (33V, 3VG) 1:80 19 < 1:40

2\V) 1:40

9 (7V, 1VG, 1VGT) 1:80

6 (4V, 2VG) 1:160
16 (13V, 2VG, 1VGT) 1:160 9 < 1:40

2 (V) 1:40

3V 1:80

1 (V) 1:160

1(V) 1:320
2(V) 1:320 1(V) 1:80

1 (V) 1:160

V, vessel, VG, vessel glomerulus; VGT, vessel glomerulus tubulus.

clearance, the male patient was still anti-LKM1 positive, but with a
markedly lower titre of 1:40, whereas the female patient became anti-
LKM1 negative (Fig. 1A); positivity for ANA and cytoplasmic staining
on HEp2 cells persisted. One female patient aged 74 years without
cirrhosis, developed low-titre (1:40) anti-LKM1 after HCV clearance;
she was ANA (1:80, nucleolar pattern) and SMA (1:40, V pattern) po-
sitive pre-DAA, only the ANA positivity persisting after DAA, in asso-
ciation to the newly developed anti-LKM1.

Anti-GPC was detected in only one patient before HCV clearance,
remaining positive after DAA but at lower titre. This reactivity ap-
peared in three patients after successful DAA treatment (1:160).

Anti-SLA and anti-LC1 were absent in all patients before and after
HCV clearance.

Before DAA, two patients, one female and one male, had the IIF
pattern of AMA, though the antibody did not react with native pyruvate
dehydrogenase complex and with the recombinant fusion protein BPO
(encompassing the immunogenic domains of the E2 subunits of
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pyruvate, 2-oxoglutarate and branched-chain 2-oxo acid dehydrogenase
complexes) and was therefore reported as atypical AMA. The antibody
disappeared in both patients after HCV clearance.

Before treatment, 90 (38%) patients had a positive cytoplasmic
staining at IIF on HEp2 cells (median titre 1:160, range 1:80-1:640).
Patterns were: 41 rods & rings (RR; AC23 according to Chan et al. [33]),
44 fine speckled (AC20 or AC19 according to Chan et al. [33]), three
filamentous, and two mitochondrial. Two patients had a low-titre mi-
totic staining pattern on HEp2 cells, i.e. anti-midbody antibody (AC27
according to Chan et al. [33]), disappearing after DAA. Seventy-three
(81%) patients remained HEp2 cytoplasmic-positive after HCV clear-
ance (Fig. 1B). Cytoplasmic staining at IIF on HEp2 cells was associated
with presence of cirrhosis (p = 0.028) and previous interferon/riba-
virin exposure (61 of 92 patients) (p = 0.000), while there was no as-
sociation with gender, age or ALT levels. This strong association with
previous interferon/ribavirin treatment was due to the fact that 38 of
the 41 RR positive patients had been previously treated with inter-
feron/ribavirin (p = 0.000), while the non-RR cytoplasmic patterns
were equally present in patients with (n = 22) or without (n = 27) a
history of previous interferon/ribavirin. Anti-RR antibody disappeared
post-DAA in a significantly lower number of patients (15%) as com-
pared to ANA (34%, p = 0.026) and SMA (52%, p = 0.0001). Anti-RR
antibody appeared in 14 patients who were negative before DAA, nine
of whom were treated with a ribavirin-containing DAA regimen; three
of the five remaining patients had undergone interferon and ribavirin
treatment 10, 11 and 13 years before DAA treatment (Fig. 1B). Fine
speckled antibodies appeared in 16 patients negative before DAA. Ap-
pearance/disappearance of a cytoplasmic immunofluorescence pattern
on HEp2 cells, including the RR pattern, was not associated with age,
gender, or cirrhosis. In patients with a history of interferon and/or ri-
bavirin treatment, the median time from end of the previous treatment
and start of DAA treatment was 110 months (range: 6-243 months,
IQR: 67-155), while the time from end of interferon/ribavirin treat-
ment and testing of pre-DAA autoantibodies was 102.5 months (range:
0-241, IQR: 60-152).

Of the patients with a cytoplasmic staining pattern on HEp2 cells
before DAA, one third had overlapping ANA positivity, and 22% had
overlapping SMA positivity. Seven patients were positive for all three
reactivities (Fig. 2).

Sixty (25%) patients were seronegative for all tested specificities
before DAA, but 16 of them (27%) developed at least one autoantibody

96
ANA

29 29

90
cyt

59
SMA

20

Fig. 2. Overlap of autoantibody positivity before direct acting anti-viral agents
therapy in 235 patients with chronic hepatitis C virus infection. ANA, anti-
nuclear antibody; SMA, anti-smooth muscle antibody; cyt, cytoplasmic anti-
bodies tested on HEp2 cells.
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Table 4
Autoantibodies giving a cytoplasmic staining on HEp2 cells: number of positive
patients and titres.

Pre-treatment Post-treatment

Number of patients Titre Number of patients Titre

145 < 1:80 124 < 1:80
18 (12 fspe, 6RR) 1:80
2 (1fspe, 1RR) 1:160
1 (RR) 1:640
23 (16 fspe, 5RR, 2 fil) 1:80 10 < 1:80
7 (5fspe, 1RR, 1fil) 1:80
4 (2fspe, 2RR) 1:160
2 (1RR, 1fspe) 1:320
28 (18fspe, 9RR, 1fil) 1:160 3 < 1:80
3 (1fspe, 1RR, 1 cit) 1:80
19 (12fspe, 7RR) 1:160
3 (2RR, 1 fspe) 1:320
20 (10RR, 8fspe, 2 mit) 1:320 3 < 1:80
3 (2fspe, 1RR) 1:80
5 (4fspe, 1RR) 1:160
6 (5RR, 1fspe) 1:320
3 (RR) 1:640
19 (17RR, 2fspe) 1:640 1 (RR) 1:80
1 (RR) 1:160
6 (5RR, 1fspe) 1:320
9 (8RR, 1fspe) 1:640
2 (RR) > 1:640

RR, rods and rings; fspe, fine speckled; fil, filamentous; mit, mitochondrial.

after HCV clearance: five ANA (titres 1:80-1:160, three speckled, two
nucleolar), one anti-mitotic spindle (titre 1:80), two SMA (V pattern,
titres 1:80 and 1:160), three cytoplasmic staining on HEp2 cells (two
fine speckled, 1:80; one RR 1:640 having being treated with a ribavirin-
containing DAA-regimen), one became positive for SMA and ANA (ANA
1:160 fine speckled, SMA 1:80 V pattern), one for SMA and cytoplasmic
staining on HEp2 cells (SMA 1:80 V pattern, cytoplasmic 1:80 RR) and
three for cytoplasmic/mitotic staining on HEp2 cells and ANA (cyto-
plasmic 1:80, two fine speckled and one RR; ANA 1:80, two speckled,
one mitotic spindle) (Fig. 1A and B, Tables 1-4).

There was no significant association between viral genotype and
ANA, SMA and RR positivity before DAA, but three quarters of the study
population were infected with genotype 1.

There was no association between seroconversion and time elapsed
from end of DAA treatment and blood sample collection.

4. Discussion

By testing systematically autoantibodies relevant to autoimmune
liver disease [32] in a large cohort of adult patients with chronic HCV
infection before and after HCV cure with DAA-based interferon-free
regimens, we confirm that a high proportion of HCV-infected patients
are positive for autoantibodies pre-treatment [7-9,21,22,34]. Un-
expectedly we found that the majority remain autoantibody positive
after viral clearance and that, even more unpredictably, over a quarter
of those who were negative pre-treatment develop de novo auto-
antibodies after DAA-induced elimination of the virus.

Before treatment we observed an ANA prevalence of 41% and of
SMA of 25%, in line with previously reported prevalences [7,8,21,34].
Anti-LKM1 positivity, detectable in a low percentage of HCV infected
individuals (up to 13%) [4,23], and associated with interferon-induced
disease flares, was rare in our cohort (0.01%).

Mechanisms implicated in the autoimmune manifestations of HCV
infection include molecular mimicry and direct HCV action over B
lymphocytes [35]. Molecular mimicry, whereby immune responses to
external pathogens become directed towards structurally similar self-
components (33), has been documented for the production of ANA,
SMA and anti-LKM1 in patients with HCV [10,36,37]. Clearance of HCV
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would be expected to be accompanied by disappearance of cross-re-
active autoantibodies, as indeed was seen in a considerable proportion
of patients in this study. However, two thirds of ANA and half of SMA
positive patients remained positive after viral clearance and ANA and
SMA appeared de novo in 16% and 8% of patients respectively after
successful elimination of the virus. Moreover, some patients developed
autoantibody patterns typical of autoimmune hepatitis. These ob-
servations suggest that the early encounter with the virus had triggered
mechanisms linked to the late appearance of autoimmunity. Activation
of B lymphocytes also plays a critical role in the development of au-
toimmune manifestations in HCV infection. Antigenic epitopes on the
HCV particle are recognised by the B cell receptor, the viral particle
interacting with the B cell in two additional ways: the HCV envelope
glycoprotein E2 binds to the transmembrane tetraspanin CD81, and the
C3d complement fragment, coating the HCV particle, binds to the C3d
receptor, the CD21 molecule [3]. These multiple interactions lower the
threshold of B cell activation by hundred times, favouring production
and persistence of autoantibodies, as seen in our cohort, as well as
cryoglobulins [3,38,39]. Thus, long-term persistence of cryoglobulins
and B-cell clones after DAA-induced HCV clearance has been recently
reported, at times associated with relapsing vasculitis [28,40-42].
Other mechanisms possibly involved in favouring autoimmune
manifestations are exposure to intracellular antigens released following
HCV-induced tissue injury, which may lead to loss of tolerance and
production of autoantibodies, akin to the production of anti-myosin
antibody after myocardial infarction [43], and loss of virus-induced
anergy after viral clearance [51]. In the latter instance, in view of the
similarities between viral and self amino acid sequences alluded to
above, anergy of autoreactive lymphocytes is likely to be maintained by
the presence of the virus, the sudden disappearance of HCV leading to
anergy loss. In this context, it is of interest that three cases of lupus-like
glomerulonephritis arising after DAA-induced HCV clearance have been
reported [44]. However, it cannot be excluded that DAAs themselves
induce autoimmune reactions, as two cases of AIH occurring during
DAA treatment have been reported, though no information was pro-
vided on the autoimmune profile before starting treatment [45,46].
We observed positivity for HEp2 cytoplasmic antibodies in 39% of
our patients, and in agreement with published reports we demonstrate a
strong association between the RR pattern with previous interferon-
alpha/ribavirin treatment [47,48]. In addition, we show that anti-RR
positivity is present long-term after having been exposed to ribavirin
and interferon-alpha, being detectable in our patients at a median of 8.5
years later. The main target of anti-RR is inosine-5’-monophosphate
dehydrogenase 2 (IMPDH2), the rate-limiting enzyme involved in the
guanosine triphosphate biosynthesis pathway. Inhibition of IMPDH2 by
ribavirin induces the formation of RR structures, which become an
autoantibody target, a process facilitated by the co-administration of
the pro-inflammatory cytokine interferon-alpha. Indeed, anti-RR is
considered to be drug-induced rather than virus-induced. In our series,
anti-RR reactivity persisted after viral clearance in 85% of positive
patients and appeared post treatment in 7% of those previously anti-RR
negative, most of whom had been treated with ribavirin-containing
DAA regimens, emphasising that exposure to ribavirin per se leads to
anti-RR antibody production, even in absence of interferon-alpha. Of
note, a fine speckled cytoplasmic pattern, hitherto described in con-
nective tissue disorders [33], was present in 45 (19%) of our patients,
remaining positive in two thirds. The clinical and prognostic sig-
nificance of this antibody in the HCV setting remains to be determined.
Current guidelines do not advise autoantibody testing in the course
of chronic HCV infection, either before or after DAA treatment [49,50],
and patients without advanced fibrosis or without risk factors for re-
infection, toxic or metabolic liver injury, are discharged from specia-
lised centres after viral clearance, with no planned follow up [45,46].
Our findings indicate that autoimmune manifestations persist or arise
de novo after HCV clearance. Though in the medium-term this was not
associated with clinical manifestations, long-term it may lead to
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autoimmune liver disease, as demonstrated by two cases where AIH
developed 1.5 and 8 years after HCV encounter and autoantibody
production, persisting after viral clearance [13-15]. This suggests that
presence of autoantibodies may be considered a risk factor for liver
injury and patients with protracted positivity or de novo appearance of
autoantibodies after sustained viral clearance should be followed-up
longer-term; correlation with clinical outcomes will be required.
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