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Hepatitis C and pulmonary
fibrosis
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SUMMARY
Hepatitis C and pulmonary fibrosis

Hepatitis C is one of the most important infectious agents worldwide. There are conflicting results regarding the relationship between
pulmonary fibrosis and hepatitis C. It is thought that hepatitis C may play a role in the development or exacerbations of idiopathic
pulmonary fibrosis, but no clear link between hepatitis C and pulmonary fibrosis development has been demonstrated yet to date.
In the recent era, indirect effects of hepatitis C rather than a direct effect are more suspected on pulmonary fibrosis. These indirect
effects could also been documented only by a few case-based studies.
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OZET
Hepatit C ve pulmoner fibrozis

Hepatit C halen yeryiiziinde en énemli infeksiyon ajanlarindan biridir. Pulmoner fibrozis ve hepatit C arasindaki iliskiyi géstermeye
yonelik yapilan calismalarda celiskili sonuglar elde edilmistir. Hepatit C’nin pulmoner fibrozis gelisiminde ve alevlenmelerinde rol
oynadigi disiinilse de su ana kadar yapilan calismalarda bu iliski net olarak ortaya konulamamigtir. Giniimiizde hepatit C'nin pul-
moner fibrozis gelisimi iizerine direkt etkilerinden ziyade diger ekstrahepatik manifestasyanlarina benzer indirekt etkilerinden séz
edilmektedir. Ancak bu indirekt etkiler bile sadece olgu bazli ¢alismalarda gosterilebilmistir.
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INTRODUCTION

The lack elucidation of the pathogenesis of Idiopathic
pulmonary fibrosis (IPF) causes several etiological
agents to be accused. The recent assumed hypothesis
for IPF is the alveolar epithelial cell damage and
resulting abnormal epithelial-mesenchymal response,
which is developed after recurrent exposure to
unknown environmental antigenic substances in
susceptible individuals. Several etiological viral
agents such as Herpes simplex virus type 1 (HSV-1),
Epstein-Barr virus (EBV), Cytomegalovirus (CMV) are
investigated, however, one of the most investigated
virus is hepatitis C virus (1,2).

Hepatitis C is one of the most important infectious
agents, due to its current high prevalence, mortality
and morbidity rates. More than 170 million people
worldwide are infected with hepatitis C virus, which
corresponds to approximately 3% of the whole world
population. Chronic hepatitis develops in 50-80% of

Hematologic
Mixed Cryoglobulinemic syndrome
B-Cell Non-Hodgkins lymphoma
Monoclonal gammopathies
Autoimmune
Thyroiddiseases
Sialadenitis
Diabetes
Autoimmune thrombocytopenic purpura
Myasthenia gravis
Sarcoidosis
Interstitial pneumonia
Ophthalmological
Cornealulcers
Sjogren's syndrome
Cardiovascular
Myocarditis
Cardiomyopathy
Nephrological
Membran eproliferative glomerulonephritis
Membranous glomerulonephritis
Dermatological
Lichenplanus
Porphyriacutanea tarda
Leukocytoclastic vasculitis
Necrolyticacral erythema
Musculoskeletal
Osteosclerosis
Arthritis
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cases after the acute infection of the virus, and these
patients are faced with many hepatic (cirrhosis, portal
hypertension, hepatocellular carcinoma, liver failure)
and extrahepatic manifestations. IPF is one of the
reported more than 30 extrahepatic complications
associated with virus (Table 1). Hepatitis C is a
lymphotropic virus and it is thought that with chronic
immune system activation it can cause fibrotic effects
in the lungs like in the liver (3-5).

The Relation of Hepatic and Pulmonary Fibrosis in
Hepatitis C Infection

Hepatic fibrosis is a common manifestation in chronic
hepatitis C infection and the level of fibrosis is very
important for treatment and prognosis. Although
some non-invasive tests have been launched in the
recent years, liver biopsy is still the gold standard. The
most common used scoring system for liver fibrosis
evaluation is METAVIR scoring system: FO: no fibrosis,
F1: portal fibrosis without septa, F2: few septa, F3:
numerous septa without cirrhosis F4: cirrhosis.
Fibrosis scores > F2 are thought to have severe liver
fibrosis. Pretreatment high fibrosis level (Metavir
F3-F4) is important for assuming treatment outcomes
(6). The prevalence of these levels are not clearly
documented. In their meta-analysis, Theinet al.
reported fibrosis rates as FO: 17%, F1: 35%, F2: 22%,
F3: 14% and F4: 12%, and they also demonstrated
that 15-30% of patients with chronic hepatitis C will
come up against face up with cirrhosis in 10-30 years
(7). In 5232 patients with chronic hepatitis C who
underwent liver biopsy, Arase et al. reported fibrosis
rates as 44%, 19%, 4.8% and 16% for F1, F2, F3 and
F4, respectively. Among all patients 15 (%0.3)
developed IPF in 10 years follow-up period (8).

Fibrotic effects of hepatitis C virus (HCV) in liver start
up with hepatocellular damage. Direct cytopathic
effects of the virus, and TH1 mediated intrahepatic
persistent immune response and related cytokines are
responsible for the hepatocellular damage related
with HCV infection. Increased TH1 response in HCV
infection is not sufficient for virus elimination, and
unfortunately is responsible for a nonspecific chronic
inflammation leading chronic liver damage. Resulting
increased immune system activation ends with
hepatocellular damage and increased hepatocyte
turnover. Finally, the imbalance between increased
hepatocellular apoptosis and regeneration results
with hepatic fibrosis and cirrhosis. Several
proinflammatory, proapoptotic and proproliferative
gene expressions and some individual factors also



play a role for cirrhosis development (9). The
development of cirrhosis is quicker in patients who
receive > 50 g alcohol daily, who have concomitant
hepatitis B and human immunodeficiency virus (HIV)
infection, who are male and who infected elderly
(7,10). Interestingly, cirrhosis risk is decreased in
patients who infected with HCV in early decades.
With other words, there is no link between the long
duration of HCV infection and the increased risk for
hepatic fibrosis and cirrhosis development. The
variability of juvenile and elder host immune
responses are thought to be responsible for this
condition (11,12).

Another important factor in hepatic fibrosis and
cirrhosis development is the hepatocyte specific
telomere shortening. In chronic hepatitis C patients,
hepatocyte death and regeneration lead acceleration
in hepatocyte specific telomere shortening. This
condition results in decreased regeneration capacity
in hepatocytes and progression of fibrosis (13).

Pulmonary fibrosis in IPF is thought to be secondary
to a viral or an unknown origin antigenic entity
causing repeated alveolar epithelial and tissue
damage, tissue regeneration, inflammation and
fibrosis. Previously it is thought that fibrosis in IPF
was similar with the fibrotic process seen in liver, but
more recently low response rates to anti-inflammatory
treatment modalities moved us away from this
hypothesis. In the recent era, the chronic inflammation
in IPF is thought to be secondary to fibrosis (14).

While a TH1 mediated immune response is
responsible in hepatic fibrosis secondary to chronic
HCV infection, TH2 mediated immune response and
associated increased cytokines like IL-4, IL-5 ve IL-13
are in the foreground in IPF (15).

In normal circumstances, damage in alveolar
epithelial cells results in replacement of type 2
alveolar epithelial cells with damaged type 1 alveolar
epithelial cells. Type 2 alveolar cells increase and
cover the damaged basal membrane, and then
differentiate to type 1 alveolar epithelial cells in order
to restore the damaged area. In IPF, myofibroblasts
accumulate to the damaged area and results in
collagen and extracellular matrix deposits. In the
course of these events, damaged alveolar epithelial
cells cannot be repaired properly and as a response
to this condition several growth factors and cytokines
are secreted. Excessive secretion of growth factors
and fibroblast/myofibroblast induction and
regeneration cause a chronic process (16,17).
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“Premature aging” is the other important accentuated
topic for the pathogenesis of IPF. Telomere length
anomalies (telomere shortening) that are commonly
seen in familial IPF and the late onset of the disease
consists of the main basis oh this hypothesis. It is
thought that telomere shortening has a major impact
on IPF pathogenesis by leading epithelial and
progenitor cell loss and dysfunction (18).

Hepatopulmonary syndrome (HPS) is another
pulmonary pathology, which is developed secondary
to chronic liver disease. HPS is a syndrome, which
can be seen in 15-20% of patients with cirrhosis and
characterized with the presence of liver disease,
increased alveolar-arterial oxygen gradient and
intrapulmonary vasodilatation (19). It is thought that
pulmonary vasodilatation is developed secondary to
increased vasodilator production like nitric oxide.
This process leads impaired ventilation and perfusion
and resulting hypoxia (20). In the majority (46-100%)
of patients who have HPS, reticulonodular densities
can be seen in chest X-Ray (21). In computed
tomography, dilated vessels and increased terminal
branching extending to the pleura are helpful for
differential diagnosis with several parenchymal
diseases like IPF. To date there is no known
pathogenetic relationship between HPS and IPF,
however, there is also no conducted study regarding
this topic.

Hepatitis C and Pulmonary Fibrosis

There are conflicting results regarding the relationship
between IPF and hepatitis C. Ueda et al. from Japan,
were determined a high proportion of HCV antibodies
in the serum specimens of the patients with IPF (19 of
66 patients, 28.8%) (22). In 12 of 19 HCV antibody
detected patients, HCV infection was confirmed with
specific tests. Similarly, Meliconi et al. have
determined HCV antibodies in 8 of 60 (13.3%)
patients with IPF and reported that this difference was
statistically significant when compared with control
group (0.3%) (23). HCV-RNA was positive in all
patients in whom HCV antibodies were detected.
Conversely, Irving et al. detected HCV antibodies in
only one of 62 serum samples of patients with IPF
(24). In this patient HCV-RNA was also negative.
During an average follow-up of 8 years, Yasuji, et al.
found that, only 15 of more than 6.000 HCV-infected
patients have developed IPF (8). They also found that
the risk of new cases for IPF was 0.3% at the end of
10 years and 0.9% at the end of 20 years. The
conflicting results between these studies have been
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linked to the differences between the IPF prevalence
among several countries and the false positivity of the
tests used to document anti-HCV antibodies. In real,
all is confirming the low link between HCV infection
and the development of IPF.

Conflicting results were also found in the cellular
examination of the bronchoalveolar lavage (BAL) of
hepatitis C patients. Idil et al. compared BAL
examination of 18 chronic hepatitis C patients with
healthy control group (25). They found that total cell
count and neutrophil counts were higher but
lymphocytes, macrophages and eosinophil counts
were similar. They concluded that increased
neutrophil count might be due to an unknown
inflammatory reaction. In their study on 13 hepatitis
C patients, Kubo et al. found that BAL lymphocytes
and eosinophil counts were higher when compared
with healthy control group, but not total cell counts
were similar (26). In another study of the same
researchers, the authors investigated the pre-treatment
and post-treatment BAL cell counts of the hepatitis C
patients receiving interferon alpha treatment and
compared with healthy individuals. They found that
eosinophil and lymphocyte counts were higher in the
pre and post treatment groups when compared with
control group (27). In the follow-up of 300 chronic
HCV patients, Ferri et al. documented that only 8
patients with pulmonary symptoms had decreased
carbonmonoxide diffusing capacity (DLCO) and
pulmonary interstitial involvement in high-resolution
computed tomography (HRCT) (28). They that halve
of these patients had increased neutrophil counts in
BAL examinations. Okutan et al. documented
probable interstitial pulmonary disease signs in
HRCT in about half of patients with chronic HCV (16
of 34 patients) infection (29). In the same study, they
also documented the decreased DLCO among the
majority of study group (26 of 34 patients) when
compared with the control group.

Pathogenesis

Although several mechanisms have been postulated
for IPF pathogenesis, a clear hypothesis still not put
forward. Recently the most suspected mechanisms
are alveolar epithelial damage triggered by an
unknown exogenous or endogenous agent, impaired
tissue healing and fibrosis secondary to recurrent
chronic inflammation. In the last few vyears, it is
thought that some unknown infectious agents
especially viral agents may play a role in the
development or exacerbation of IPF in genetically
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predisposed individuals. Given the temporal
heterogeneity in IPF, active and latent periods in the
virus life cycle may have been associated with this
heterogeneity. Although gamma herpes viruses,
cytomegalovirus, and some other viruses such as
hepatitis C is considered to be one of these infectious
agents, none has been proven. Despite the animal
studies demonstrating the triggering effects of gamma
herpes viruses for the development of pulmonary
fibrosis, there are no animal studies conducted to
investigate the effects of hepatitis C virus (30). But,
hepatitis C virus is a lymphotropic virus and may
cause a chronic activation on the immune system.
This warning was also defined for interstitial lung
diseases along with several rheumatic diseases such
as rheumatoid arthritis and mixed crioglobulinemia
(31). However, no clear link between hepatitis C and
pulmonary fibrosis development has been
demonstrated. Idilmanet al. suggested that increased
BAL neutrophil counts in hepatitis C patients had
triggered the the development of alveolitis and the
resulting alveolar fibrotic process (25).

Another mechanism is the immunglobulin-immune
complex deposition in tissue and systemic circulation
or the direct tissue damage secondary to HCV-RNA.
In HCV patients, decreased elimination of systemic
antibodies and antigens due to liver dysfunction lead
accumulation of immune complexes in several
tissues. HCV and HCV antibody containing immune
complex accumulation in glomeruli are accused for
glomerulonephritis developed in patients with HCV.
In several studies HCV-RNA positivity was
documented in kidney tissue and urine, however,
accumulation of HCV in glomeruli could be
documented in only one study (32,33).0On the
contrary, HCV-RNA was detected in only one patient’s
BAL fluid but not documented in the lung tissue
(25,26). The immune complexes in the circulatory
system are important in the pathogenesis of IPF, such
taht these complexes form a basis for fibroblast
proliferation and neutrophil chemotaxis by activating
macrophages. Circulating immune complexes are
held responsible in the development of mixed
crioglobulinemia in HCV patients, and it is thought
that IPF is secondarily developed as a complication
of mixed crioglobulinemia in some patients with
hepatitis C (28).

Pulmonary Fibrosis and Treatment of Hepatitis C
Interferon Alpha and Interstitial Pneumonia

Interferons are one of the members of glycoprotein
family, which is called cytokines. They are natural
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proteins produced from immune system cells as a
result of antigenic stimulus. They have antiviral (by
inhibiting viral replication), immunomodulator (by
increasing natural killer cell activity, and by antibody
production and B cell differentiation over T helper
cell) and anti-proliferative properties. Interferon
alpha, interferon beta and interferon gamma are the
main three forms used in clinical practice. Interferon
alpha, the most common used interferon, already
used effectively in the treatment of hepatitis C
infection.

Interferon treatment is also widely used in several
cancers (malign melanoma, chronic myelocytic
leukemia, renal cell carcinoma, carcinoid tumor,
multiple myeloma etc.), Behcet's disease,
crioglobulinemia and condyloma accuminata.
Several systemic (fever, myalgia, vomiting etc.)
hematologic (thrombocytopenia, neutropenia etc.)
adverse effects, autoimmune and pulmonary
complications have been reported due to interferon
treatment (34). (Table 2) Ronnblomet al. reported
several autoimmune diseases (thyroid dysfunction in
18 patients, pernicious anemia in 4 patients, vasculitis
in 2 patients and systemic lupus erythematous in 1
patient) in 25 (19%) of 135 malign carcinoid patients
receiving interferon alpha treatment (35). Despite
several autoimmune diseases are reported in the
patients receiving interferon alpha, interstitial

Table 2. Interferon alpha related autoimmune disorders

Systemic lupus erythematosus
Autoimmune thyroiditis
Rheumatoid arthritis

Diabetes mellitus
Polymyositis

Sarcoidosis

Interstitial pneumonitis
Myasthenia gravis

Celiac disease

Myositis

Interstitial nephritis

Psoriasis

Reiter's syndrome

Raynaud's phenomenon
Immune thrombocytopenic purpura
Hemolytic anemia

Vasculitis

Vitiligo

pneumonia is reported only in patients with hepatitis
C infection. But debate still goes on whether this
interstitial pneumonia was secondary to interferon
treatment or due to the autoimmune response directly
triggered by hepatitis C virus.

Although the incidence of interferon alpha (IFN)
induced interstitial pneumonia is not exactly known,
it is estimated as 0.3% in Japan and 0.01% in other
countries (36). The mechanism of interferon (IFN)
induced pulmonary fibrosishas not been clearly
understood, but pathogenesis mainly focuses on the
immune stimulatory effects of interferon alpha. It is
thought that immune system stimulation secondary
to interferon alpha causes accumulation of multiple
proinflammatory and profibrotic cytokines, and
finally predisposing pulmonary fibrosis (37).

IP may develop at any stage of the interferon
treatment and in the 2-48 weeks period after the
treatment initiation. The most common symptoms are
dyspnea, dry cough, fever, fatigue, arthralgia, and
myalgia. Hemoptysis, and wheezing is seen less
frequently. After cessation of IFN treatment many of
the symptoms resolve in 2 months period (38,39).
There are difficulties in the diagnosis of IFN related IP
due to lack of definitive diagnostic criteria. In
physical examination inspiratory crackles can be
auscultated. Patchy infiltrates on chest radiograph
and bilateral patchy consolidation are as with ground
glass opacities on chest tomography can be observed
especially in the acute phase, intra- interlobular
septal thickening, subpleural reticular lines and
honeycombing areas in chronic phase (38) (Figure 1).

Figure 1. Thorax CT image following 3 years interferon alpha
treatment of 27 years old male patient with hepatitis C, intra-
interlobular septal thickening, subpleural reticular lines and
microcystic honeycombing areas seen in CT image.
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There is no determined standard treatment modality
for IFN induced IP. Discontinuation of IFN therapy is
the main treatment choice for clinically evident IP.
Systemic steroids are the most common agents used
for treatment, but patient selection, treatment
duration and treatment doses are not clearly
documented. However, in the symptomatic cases
and in the evidence of progression steroid treatment
must be initiated immediately. In some cases, which
do not response to steroids and have frequent
relapses, the treatment can be combined with
azathioprine (38,40). Slavenburg et al. investigated 25
IFN induced IP cases and they demonstrated good
response rates to steroid treatments in the majority of
cases (38). In this studyreported mortality rate was 7%.
IFN induced IP usually demonstrates good response
rates to steroid treatment, but high mortality rates must
also kept in mind.

New Generation Oral Antiviral Agents and Interstitial
Pneumonia

There are no comprehensive studies regarding
pulmonary effects of new antiviral agents like NS3/
NS4A protease inhibitors (telaprevir, boceprevir,
simeprevir), NS5B nucleoside inhibitors (sofosbuvir),
NS5B non-nucleoside inhibitors and NS5A inhibitors
(ledipasvir, daclatasvir). In a study conducted on 123
patients receiving simeprevir + sofosbuvir + ribavirin
treatment for liver transplantation, Pungpapong et al.
reported that one patient receiving sofosbuvir +
ribavirin treatment was died due to diffuse alveolar
damage (41). In this study five patients (4%)
complained of dyspnea but all did not required
further evaluation. There are only two case reports in
the literature except this study. One of them is a
patient with [P secondary to simeprevir +
peginterferon and ribavirin combination treatment.
The other is a case of diffuse alveolar hemorrhage
receiving simeprevir + sofosbuvir treatment for liver
transplantation. Steroid treatment was not effective in
both cases with diffuse alveolar damage, but the
patient with IP responded to 20 mg/day prednisolone
treatment (42,43).

CONCLUSION

The role of viruses in the pathogenesis of IPF is still
one of the research topics, but the role of hepatitis C
virus is outdated and has a falling importance. The
lack of new studies conducted in the last decade to
evaluate the role of hepatitis C infection in IPF is also
an indicator of this situation. The development
mechanism of IP in hepatitis C patients is also not
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elucidated yet. In the recent era, indirect effects of
hepatitis C rather than a direct effect are more
suspected on pulmonary fibrosis. These indirect
effects could also been documented only by a few
case-based studies. IFN induced IP is one of the
major side effect that can affect the course of
treatment and mortality of hepatitis C. Even it is
documented by several case studies that steroids are
resulted in good treatment responses, it must be kept
in mind that they have considerable mortality rates.
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