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ABSTRACT  Idiopathic pulmonary fibrosis (IPF) is a progressive, and invariably fatal, condition that is
believed to arise in genetically susceptible individuals as a consequence of an aberrant wound-healing
response following repetitive alveolar injury. The exact triggers, which initiate the fibrotic process, remain
unknown. Infectious agents, including both viruses and bacteria, have the capacity to cause alveolar-
epithelial cell injury and apoptosis. Relatively few studies have examined the role of infection in IPF. Those
that have, point to viruses playing a key role as cofactors in the initiation and progression of IPF. There is
also some evidence to suggest that viral infection may be responsible for a proportion of acute exacerbations
of IPF. The role played by bacteria in the pathogenesis of IPF is less clear cut. Studies from other respiratory
diseases suggest that alterations in the lung microbiome are associated with disease and that these changes
influence disease behaviour. Emerging molecular microbiological techniques are making the study of
microbial communities in the lung easier. It is hoped that by combining such techniques with the careful
longitudinal phenotyping of patients with IPF, it will be possible to elucidate the role played by bacteria and
viruses in the pathogenesis of the disease. If infection plays a causal role in IPF then it is possible that
therapeutic strategies, utilising currently available antiviral or antibiotic drugs, may be effective in
modifying the course of this devastating condition.

@ERSpublications
Understanding viral and bacterial involvement in IPF could help development of novel therapeutic
approaches http://ow.ly/mMIMg

Introduction

While the pathogenesis of idiopathic pulmonary fibrosis (IPF) remains poorly understood the condition is
thought to result from repeated episodes of alveolar injury in individuals with dysfunctional alveolar
wound-healing mechanisms [1]. This paradigm suggests a role in IPF for both environmental and host
factors, with, in all likelihood, interactions between the two. Recent studies have contributed to a growing
understanding of the complex genetics underlying IPF [2, 3]. However, despite epidemiological studies
highlighting several environmental exposures, which confer an increased risk for developing IPF [4], the
unifying trigger (or triggers),which initiate the fibrotic process in genetically susceptible individuals, remain
unknown. The temporal and spatial heterogeneity observed in usual interstitial pneumonia (the histological
correlate of IPF) speaks to the likely importance of repetitive injury as a key initiating factor in the
pathogenesis of the disease. Of all the possible factors giving rise to alveolar injury, including dusts,
pollution, fibres (particularly asbestos), and gastric aspirate, probably the most commonly encountered but
least appreciated, in the context of fibrosis, is infection. Recent studies have pointed to disordered host
defence and thus susceptibility to infection, as an important contributor to disease progression in IPF.
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The PANTHER-IPF (Prednisone, Azathioprine, and N-acetylcysteine: A Study That Evaluates Response in
IPF) study has clearly shown that immunosuppression with corticosteroids and azathioprine is deleterious
in individuals with IPF [5, 6]. Meanwhile, analysis of the peripheral blood transcriptome has highlighted
deficiencies in a number of genes related to host defence in IPF [7]. This review therefore seeks to redress
the balance and describes current knowledge of the role played by infection in the pathogenesis, progression
and (acute) exacerbation of IPF.

Infection and the pathogenesis of IPF

Viruses have long been suspected of playing a role in the pathogenesis of IPF (table 1), and it is well
recognised that many patients report a viral-type prodrome preceding the initial development of respiratory
symptoms [24]. However, the evidence supporting a role for viruses in IPF is scant and often conflicting.
Hepatitis C (HCV) is a positive-sense RNA virus that frequently causes fibrosis in the liver resulting in
cirrhosis. A number of case reports and case series have suggested a role for HCV in the development of IPF.
In a Japanese study, which contained 66 subjects with IPF and 9646 controls, UEDA et al [8] found that
28.8% of IPF subjects, but only 3.66% of controls, had evidence of prior HCV infection. ARASE et al. [9]
addressed the same question from the opposite direction. They studied a cohort of 6150 patients with HCV
and a cohort of 2050 patients with Hepatitis B (HBV). In the group with HCV they noted a 10-year and 20-
year cumulative incidence of IPF of 0.3% and 0.9%, respectively. This compared to no cases of IPF in the
HBV group. Multivariate analysis suggested that advancing age, smoking and liver cirrhosis were all
independent risk factors for the development of IPF. However, a number of studies have failed to replicate
this association [10] and some have simply demonstrated an association of HCV with a range of non-
fibrotic respiratory conditions [11]. These differences between studies may reflect geographical variations in
the incidence of HCV. The lack of a coherent signal across studies suggests that HCV is unlikely to be an
important trigger for the development of IPF.

In addition to systemic infection, the lung is frequently exposed to airborne viruses and there is growing
evidence, obtained both from human tissue and animal models, to support a mechanistic role for these
pathogens in the initiation and progression of IPF. The human herpes viruses (HHVs) are a large family of
ubiquitous DNA viruses that include the common pathogens herpes simplex virus type 1 (HSV-1), Epstein—Barr
virus (EBV), cytomegalovirus (CMV) and HHV-7 and -8. VERGNON et al. [14], in the first study to suggest an
association between HHV and IPF, reported that 12 out of 13 IPF patients were seropositive for EBV compared
to none of the 12 patients with other forms of interstitial lung disease. Several other studies have reported similar
findings of an increased incidence of EBV in lung biopsy and bronchoalveolar lavage (BAL) specimens from IPF

TABLE 1 A synopsis of studies linking viruses with the pathogenesis, progression and (acute)
exacerbation of idiopathic pulmonary fibrosis (IPF)

Virus Major study findings Comment
HCV 28% of an IPF cohort had evidence of prior HCV ~ The lack of a coherent signal across studies
compared with 3.6% of controls [8] suggests that HCV is unlikely to be an
Incidence of IPF higher in cohort of HCV positive important trigger for the development of IPF

individuals compared to cohort with HBV [9]
No association between IPF and HCV [10]
Association of HCV with a range of non-fibrotic

respiratory conditions [11]

TTV Lower survival rate in IPF patients with pre- Link to pathogenesis unclear.
sence of TTV-DNA in serum compared to IPF May cause progression of disease or be linked
with no TTV-DNA [12] to the development of acute exacerbations

Detected in BAL during IPF exacerbation and in
individuals with acute lung injury [13]

HHV 12 out of 13 IPF patients seropositive for EBV [14]  Some conflicting evidence but potential role of
Increased EBV in lung biopsy samples and BAL HHVs as a co-factor in the initiation and
from individuals with IPF compared with progression of IPF

controls [15-17]

At least one HHV detected in 97% of IPF patients
compared with 36% controls [18, 19].

MHYV triggers and enhances fibrotic response in
mice [20-23]

HCV: hepatitis C virus; TTV: transfusion transmitted virus; HHV: human herpes virus; HBV: hepatitis B virus;
BAL: bronchoalveolar lavage; EBV: Epstein-Barr virus; MHV: murine herpes virus.
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subjects when compared to controls [15-17, 25]. Whilst EBV has been the most frequently studied of the HHV,
TANG et al. [18] looked more broadly at a range of HHV family members and found evidence of past infection
with at least one HHV in 97% of patients with IPF compared to only 36% of healthy controls. Over 50% of the
IPF patients in their study had evidence of past infection with at least two HHVs. Molecular techniques
undertaken in IPF lung tissue suggest the presence of latent, lytic HHVs, within the alveolar epithelium. It has
been suggested that reactivation of this virus acts as a second hit to the epithelium following exposure to a first
injurious insult [26]. Whilst this is an attractive hypothesis it should be emphasised that all the studies to date
have been retrospective in design and have been undertaken in very small cohorts. Furthermore, these studies
only demonstrate an association of HHV with IPF, rather than a causal relationship.

Given the limitations of the in vivo human studies conducted thus far, it is instructive to look at what has
been learnt from animal models of fibrosis. Murine herpes virus type 68 (MHV-68) is closely related to
HHYV and, like its human counterpart, infects respiratory epithelium [27]. Infecting young, healthy mice
with MHV-68 does not result in pulmonary fibrosis. However, when MHV-68 is administered in
conjunction with known fibrotic stimuli (e.g bleomycin or fluorescein isothiocyanate (FITC)) it
dramatically enhances lung fibrosis [20, 21]. This observation gives credence to the suggestion that viral
infection may be an important cofactor in the development of IPF. Interestingly, and in further support of
the human data, mice latently infected with MHV-68 prior to a fibrotic challenge (with either bleomycin or
FITC) developed an exaggerated fibrotic response compared to non-infected animals [22]. This increase in
fibrosis occurs without any evidence of reactivation of MHV-68. Other observations in mice that may be
relevant to IPF include the finding that interferon-y deficient mice (animals that mimic the T-helper cell
type 2 predominant cytokine environment found in the lungs of patients with IPF) develop fibrosis when
infected with MHV-68 alone [21]. Similarly, senescent, but not young, mice (aged between 15-18 months,
equivalent to human age of 60—75 years) also develop pulmonary fibrosis when infected with MHV-68 [23].

Viruses and IPF disease mechanisms

The mechanisms by which viruses might predispose to the development of IPF are beginning to be
elucidated. HHV induces endoplasmic reticulum (ER) stress and apoptosis in vitro in epithelial cells [28]. In
vivo, in human IPF biopsy samples, LAWSON et al. [29] have shown co-localisation of latent HHV and
markers of ER stress and apoptosis [29]. Activation of these pathways has been highlighted in the
development of both IPF and the pulmonary fibrosis associated with the rare genetic disorder Humansky—
Pudlak syndrome [30, 31]. In the murine bleomycin model, chronic MHV-68 infection results in deposition
of collagen, increased tumour growth factor (TGF)-f expression and the altered synthesis of surfactant
proteins [22]. Similarly, MHV-68-induced pulmonary fibrosis in aged mice is associated with up-regulation
of the potent pro-fibrotic growth factor, TGF-f [23].

If viral infection is important in either the development or progression of IPF then it might be hoped that
effective antiviral therapy will have a disease modifying effect in IPF. Stabilisation of IPF, through the
administration of antiviral therapy, has been described in case reports, albeit in individuals with evidence of
infection on either BAL or biopsy [18]. More recently EGAN et al. [32] have reported a small study of open-
label ganciclovir in 14 subjects with severe IPF and positive EBV-1gG serology. Following a 2-week course of
ganciclovir, nine of the 14 subjects showed improvements at 8 weeks in at least three of the four measured
composite outcome. These included the reduction in steroid dose, the change in forced vital capacity, and
an improvement in DTPA (diethylenetriaminepentaacetic acid) clearance. The small study size, the open-
labelled design, the short duration of the study, and the lack of a control arm, all contribute in making it
impossible to draw any conclusions concerning the efficacy of antiviral therapy as a means of stabilising IPF.
Nonetheless, the study is provocative and provides a rationale for larger future trials of antiviral treatment
in IPF.

Infection and acute exacerbations of IPF

Acute exacerbations are devastating episodes of unheralded, rapidly-progressive, respiratory compromise
that occur in individuals with IPF [33]. Histologically, acute exacerbations are characterised by the finding
of diffuse alveolar damage (DAD). Such episodes have been shown in clinical trials to affect between 4-15%
of individuals with IPF per year, and are an important cause of IPF-related mortality with a 3-month
survival of <50% [34, 35]. Current international diagnostic guidelines emphasise that acute exacerbations
are cryptogenic and can only be confirmed following the exclusion of infection. A number of insults have
been shown to trigger the development of DAD in IPF patients (where a cause is identified the current
nomenclature precludes such episodes being defined as acute exacerbations), in particular thoracic surgery
and drugs. In individuals with IPF, respiratory tract infections that necessitate hospitalisation confer a
mortality risk indistinguishable from that seen with acute exacerbations [36]. Post mortem examination in
such cases frequently discloses associated DAD. Given the lack of sensitivity encountered with current
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culture-dependant clinical microbiology techniques and the limited repertoire of tools available to diagnose
acute viral infections, it is plausible to hypothesise that many episodes of apparent acute exacerbations
simply represent the sequelae of infection. So is their evidence to support this notion?

In animal models there is now good evidence to show that viral infection can exacerbate established fibrosis
and in so doing gives rise to a lesion resembling DAD [37]. However, in a study of 43 individuals suffering
an acute exacerbation of IPF, WoOTTON et al. [13] failed to clearly identify a viral or other infectious trigger
for the acute exacerbation in the vast majority of their subjects. All 43 of the acute exacerbations of IPF
subjects had negative bacterial cultures and negative viral serology. Subsequent PCR analysis of BAL fluid
(BALF) identified four samples positive for rhinovirus, parainfluenza or coronavirus. However, there was
no evidence of detectable viruses on PCR in the BALF fluid from 40, stable, IPF patients (p=0.12). In
addition to PCR, WOOTTON et al. [13] went on to employ pan-viral microarrays, which identified additional
evidence of HSV, EBV and, interestingly, 12 cases of transfusion transmitted virus (TTV) in the
exacerbation cohort with no viruses detected in the stable disease group. Deep sequencing of samples was
also used to look for novel viruses not detectable by PCR or array based methods, but this did not identify
any additional viruses. Although TTV was not found in stable IPF patients, it was found with a similar
incidence in a cohort of controls with acute lung injury. The authors, therefore, conclude that their findings
may simply reflect the sequelae of severe underlying inflammation rather than proving a link between viral
infection and acute exacerbations of IPF. Similarly a study of the gene transcription profile of the lungs
taken from eight patients who died from an acute exacerbation of IPF failed to identify a signature that
might be expected in viral infection [38]. However, unlike other respiratory conditions where exacerbations
are truly acute events, the onset of an acute exacerbation in IPF is generally more insidious [39]. It is
possible, therefore, that by the time of presentation any triggering viruses would no longer be detectable.

The role of bacteria in the pathogenesis of IPF

Whilst there is some evidence to suggest a role for viruses in the pathogenesis of IPF, any role of bacteria is
much less well established. The only observational evidence comes from RICHTER et al. [40], who in 2008
demonstrated positive BAL cultures (for known pathogens including Haemophilus, Streptococcus and
Pseudomonas) in eight of 22 stable IPF patients. More recently a large multicentre, randomised, placebo-
controlled study evaluated the prophylactic use of 12 months of septrin as a treatment for IPF [41]. The
authors reported that there was no difference in the primary end-point of change in vital capacity when
comparing septrin and placebo. Whilst there were a large number of drop-outs in the septrin arm of the
study, post hoc analysis suggested that, in treatment adherent subjects, septrin led to a reduction in
infections and mortality. This observation, together with the high mortality associated with bacterial
respiratory tract infection in IPF, suggests that bacteria may play a role in driving IPF disease progression.

This lack of interest in the role of bacteria in the pathogenesis of IPF is predominantly because of the
longstanding, but incorrect, belief that the lower airways are sterile. Recently, molecular culture-
independent techniques have identified complex microbial communities in the lower airways with distinct
alterations in the microbiome occurring in a number of respiratory conditions [42-44]. Molecular
techniques enable a full visualisation of the microbiota in any given environment. These techniques have yet
to be fully applied to IPF. A small study, principally looking at the potential role of chronic Prneumocystis
jirovecii infection in IPF, demonstrated a number of uncultured bacteria in the BAL of IPF patients, using
basic, culture-independent techniques [45]. The application of molecular techniques to the field of
bacteriology has been throwing up exciting insights in to disease pathogenesis in other organ systems [46].
To date, there has been no assessment of the role of the respiratory microbiome in the pathogenesis,
progression or exacerbation of IPF. However, it is anticipated that the assessment of the lung microbiome in
IPF will shed important light on the role played by bacterial colonisation of the lower airways in the
development and progression of fibrosis [47].

Conclusions

Environmental triggers are almost certainly integral to the pathogenesis and progression of IPF. Both viruses
and bacteria have the potential to cause airway epithelial cell injury and apoptosis and both have the
capacity to modulate the host response to injury. Whilst active infection in IPF is known to carry a high
morbidity and mortality, the effect of latent viral infection or changes in the composition of the lung
microbiome remains unknown. Modern microbiological techniques permit a detailed analysis of lung
pathogens. As such, it is to be hoped that the application of these methodologies to large populations, of
greatly phenotyped IPF individuals, will help define the role played by viruses and bacteria in the
development, progression and acute exacerbations in IPF patients. This should, in turn, enable the
development of novel therapeutic approaches for this devastating disease.
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