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Interstitial lung disease (ILD) comprises an array of heterogeneous parenchymal lung diseases

that are associated with a spectrum of pathologic, radiologic, and clinical manifestations. There

are ILDs with known causes and those that are idiopathic, making treatment strategies chal-

lenging. Prognosis can vary according to the type of ILD, but many exhibit gradual progression

with an unpredictable clinical course in individual patients, as seen in idiopathic pulmonary

fibrosis and the phenomenon of “acute exacerbation”(AE). Given the often poor prognosis of

these patients, the search for a reversible cause of respiratory worsening remains paramount.

Infections have been theorized to play a role in ILDs, both in the pathogenesis of ILD and as

potential triggers of AE. Research efforts thus far have shown the highest association with viral

pathogens; however, fungal and bacterial organisms have also been implicated. This review

aims to summarize the current knowledge on the role of infections in the setting of ILD.
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Interstitial lung disease (ILD) comprises a
broad and heterogeneous spectrum of
pulmonary parenchymal disorders of known
and unknown causes. Idiopathic ILDs
include idiopathic interstitial pneumonias
(IIPs) such as idiopathic pulmonary fibrosis
(IPF), idiopathic nonspecific interstitial
pneumonia (NSIP), acute interstitial
pneumonia, idiopathic lymphoid interstitial
pneumonia (LIP), and cryptogenic
organizing pneumonia. ILD can also present
as a manifestation of an underlying systemic
illness, such as in connective tissue disease
(CTD) or sarcoidosis, and can also result
exacerbation; ALI = acute lung injury;
D = connective tissue disease; DAD =
Epstein-Barr virus; HCV = hepatitis C

irus; HSV = herpes simplex virus; IIP =
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from occupational, environmental, or drug
exposures (pneumoconiosis, hypersensitivity
pneumonitis, or drug-induced ILD).
Parenchymal lung diseases of infectious
nature are generally excluded from the
classification of ILDs. However, the potential
role of infectious agents in the development
of certain ILDs of unknown cause, such as
IPF, continues to be of concern and remains
to be clarified. Furthermore, it appears likely
that the phenomenon of “acute
exacerbation” (AE), which can worsen the
clinical course of fibrotic ILDs, is in part
associated with infections. Diagnostic
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evaluations of patients with suspected ILD also need to
consider infections, since they can cause various
histopathologic patterns commonly associated with
ILDs including NSIP, LIP, organizing pneumonia, and
eosinophilic pneumonia, among others (Table 1). This is
particularly important, since immunosuppressive agents
are commonly used in the treatment of ILDs. Moreover,
in recent years, there have been several studies
examining the role of antimicrobial therapy in the
treatment of ILDs (especially IPF), including in the
setting of AE.

Most research looking at the role of infections in the
pathogenesis of ILD and as triggers of AE focus on
viruses; the role of bacteria is less well studied. Recent
microbiological molecular techniques using the 16s
sequence of bacteria to identify strains have allowed
evaluation of alterations in the lung microbiome and its
association with disease processes, including pulmonary
fibrosis.1-3

In this narrative review, we explore the relevance of
infections in the development of ILDs, as triggers of acute
exacerbation phenomenon, and in the diagnosis of ILDs.
Idiopathic Pulmonary Fibrosis
The pathogenesis of IPF, the most common form of
ILD, is largely unknown. IPF is characterized by the
histopathologic pattern of usual interstitial pneumonia,
which manifests as a temporally and geographically
heterogeneous pattern of parenchymal fibrosis.4 Many
experts theorize that repeated episodes of alveolar
injury in a predisposed host with dysfunctional healing
mechanisms are central to the development and
progression of IPF.5,6 Environmental factors that are
thought to contribute include dust, particulate exposures,
aspiration of gastric contents, and infection.5-7
TABLE 1 ] Histopathologic Patterns of Lung Injury
Encountered in Both Interstitial Lung
Diseases and Lung Infections

Nonspecific interstitial pneumonia

Organizing pneumonia

Diffuse alveolar damage

Lymphoid interstitial pneumonia

Pleuroparenchymal fibroelastosis

Granulomatous inflammation

Eosinophilic pneumonia

Alveolar hemorrhage

Alveolar proteinosis
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No definitive evidence exists to support the causal role of
infections in the pathogenesis of IPF. Moreover, during
AEs, infectious triggers are identified in only a minority
of patients (possibly due to limitations of testing
methods). In the setting of IPF and IPF with AE, we
present evidence that supports a possible association
with infection that does not necessarily imply cause and
effect. Moreover, many of the studies presented further
on were carried out in an era when immunosuppressive
agents (such as systemic corticosteroids) were
commonly used in the treatment of ILDs, and thus the
data with respect to infections must be interpreted
accordingly.

Viruses

Several studies have pointed toward an association
between viruses and IPF, including Epstein-Barr virus
(EBV), cytomegalovirus (CMV), adenovirus, and
hepatitis C virus (HCV). It has been theorized that
these viruses provide a persistent antigenic stimulus in
predisposed hosts, leading to fibrosis. Evidence from
animal (murine) models shows that infection with
gamma-herpesvirus can induce fibrosis and exacerbate
established fibrosis, evidenced by increased total lung
collagen, acute lung injury (ALI), histopathologic
diffuse alveolar damage (DAD), and reduced lung
function.8,9

The most frequently identified virus appears to be
EBV.10,11 Egan et al12 showed in vivo EBV replication
(localized to pulmonary epithelial cells) in 70% of patients
with IPF vs 9% of control subjects. Importantly, the
patients evaluated were classified as immunocompetent,
and the majority had not received IPF-targeted therapy at
the time of the biopsy procedure. Tang et al11 attempted to
show the association between chronic viral infection and
IPF. Using polymerase chain reaction (PCR) techniques,
they found one or more herpesviruses more frequently in
patients with IPF vs control subjects (97% of the 33
patients with IPF vs 36% of control subjects (P< .0001)).
These viruses included CMV, EBV, human herpesvirus-7
[HHV-7], and HHV-8. They found that herpesviruses
were found more frequently in patients with sporadic
cases of IPF than in familial cases (P < .05), supporting
the role of these viruses as triggers or in the pathogenesis
of IPF.11

Yonemaru et al13 studied patients with ILD (43 cases of
IPF, seven cases of CTD-ILD, 22 cases of sarcoidosis)
and emphysema (17 cases) and compared CMV, EBV,
herpes simplex virus (HSV), adenovirus, and
parainfluenza serologies. They showed that CMV IgG,
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complement fixation, and EBV IgG titers were
significantly higher in patients with IPF and CTD-ILD
compared with the other groups. In contrast, adenovirus
and parainfluenza titers demonstrated no significant
difference among the groups. Interestingly, in these
patients, increased CMV IgG and complement fixation
suggests that latent CMV infection may be more
prominent in ILD, giving further credence to the theory
that such pathogens act as a chronic antigenic stimulus
for lung injury.13

Some speculate that the pathogen load required to
trigger the cascade of inflammation and ultimately
fibrosis may be too small for our tests to identify. To test
this hypothesis, Santos et al14 used immunohistochem-
ical analysis in 37 patients with IIPs who underwent
open lung biopsy procedures. CMV and measles were
detected in patients with both IPF and NSIP and
histopathologic DAD.

Kuwano et al15 studied the presence of adenovirus DNA
in patients with CTD-ILD and IPF. They used molecular
techniques to identify the adenovirus genome in
transbronchial biopsy specimens from 19 patients with
IPF, 10 patients with CTD-ILD, and 20 patients with
sarcoidosis. Adenoviral DNA was present in 16% of
patients with IPF, 50% of patients with CTD-ILD, and
10% of patients with sarcoidosis. Patients who had
received corticosteroids were more likely to be positive
for the adenovirus DNA, suggesting that the immune
status of the host plays a significant role and that
adenovirus is not truly associated with the pathogenesis
of ILD or as a trigger of AE.15

HCV causes liver fibrosis, and a number of case reports
have suggested the possibility of its role in the
development of IPF. Ueda et al16 studied 66 patients
with IPF and showed that 28% had positive serum
antibodies to HCV vs 3% of control subjects (9,464
healthy volunteers). Arase et al17 studied a cohort
of 6,150 patients with HCV and 2,050 patients
with hepatitis B virus. In the HCV group, they noted a
10- and 20-year cumulative incidence of IPF of
0.3% and 0.9%, respectively, compared with zero cases
of IPF in the hepatitis B virus group. The study
concluded that age, smoking, and liver cirrhosis
enhance the development of IPF in HCV-positive
patients.17 However, a number of other studies have
failed to replicate this association.18 The lack of a
consistent signal among various cohorts suggests that
HCV is unlikely to be an important trigger for the
development of IPF.2
844 Recent Advances in Chest Medicine
Bacteria

Bacteria have been less well studied in the realm of IPF.
Richter et al19 demonstrated positive BAL cultures for
pathogens such as Haemophilus species, Streptococcus
species, and Pseudomonas species in eight of 22 stable
patients with IPF.19 It is currently difficult to determine
whether patients with IPF are more susceptible to
infection or colonization due to abnormal lung
parenchyma, associated traction bronchiectasis, and
immunosuppressive medications (which historically
have been commonly used for treatment of ILDs), or
whether bacteria are involved as triggers of AE or in the
pathogenesis of IPF.

A 1989 study from Israel found that the incidence of
pulmonary tuberculosis in chronic ILD (mostly IIP) was
41/2 times higher than in the general population, and
corticosteroid therapy was not found to be a
confounding factor.20 This finding is thought to be
related to an increased susceptibility to atypical
infections as a result of abnormal lung parenchyma,
rather than a trigger in the evolution of ILD.

The lung microbiome has also been an area of research
in relation to various respiratory conditions.2

Molyneaux and Maher21 analyzed BAL samples from
25 patients with IPF using culture-independent
metagenomic analysis. They found the phylum
Firmicutes (Streptococcus and Veillonella species),
Proteobacteria, and Bacteroidetes were most
commonly encountered. Such data demonstrate that
the lower airways (once thought to be sterile) are
colonized with microbial communities that can
possibly be involved in the pathogenesis or progression
of lung injury and ultimately fibrosis.21 The same
authors were able to show by longitudinal analysis of
patients with IPF serum and BAL samples that specific
genes, some of which coded for antimicrobial peptides,
were present in patients with IPF and such expression
increased over time, supporting the theory that
pathogens may provide chronic antigenic stimuli in
patients with IPF.22

Fungi

Even less information is available about the potential
role of fungi in the pathogenesis of IPF or in AE of IPF.
On occasion Pneumocystis jirovecii is detected as a
factor associated with acute deterioration.23 Other
studies have also suggested that a significant rate of
colonization with P jirovecii occurs in patients with IPF
and other ILDs. For instance, Vidal et al24 documented a
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38% colonization rate with P jirovecii in patients with
IPF.

Other Idiopathic Interstitial Pneumonias
Infectious causes need to be considered in the diagnostic
evaluation of patients with suspected IIP, since the
histopathologic patterns of lung injury underlying some
IIPs can also be seen in pulmonary infections
(Table 1).25 These patterns include NSIP, organizing
pneumonia, DAD, lymphoid (lymphocytic) interstitial
pneumonia (LIP), and pleuroparenchymal fibroelastosis
(PPFE). Thus, it is imperative that infection be excluded
in diagnosing these forms of IIP.

NSIP is characterized histopathologically by varying
degrees of interstitial chronic inflammation or fibrosis
(or both) that appears temporally homogeneous with
inconspicuous or absent fibroblastic foci.4,25 This pattern
of lung injury can be encountered in various clinical
contexts. The diagnosis of idiopathic NSIP requires
exclusion of identifiable causes. For example, NSIP is the
most common form of ILD found in patients with
CTDs, that is, as a form of CTD-associated ILD.26 In
their initial description of NSIP, Katzenstein and
Fiorelli27 postulated that this form of lung injury may
represent a result of prior ALI including infections. It
has been known that NSIP can be encountered in
HIV-positive patients with or without P jiroveci
pneumonia.28,29 NSIP has also been encountered as a
pattern of lung involvement in viral infections such as
human T-cell lymphotropic virus type 1.30

Organizing pneumonia is a nonspecific response to a
wide array of lung injury including infections. It is
histopathologically characterized by the presence of
organizing polypoid intraluminal plugs of granulation
tissue within the alveolar spaces and ducts with varying
degrees of bronchiolar involvement.4,25 Similar to
idiopathic NSIP, the diagnosis of cryptogenic organizing
pneumonia entails exclusion of potential causes,
including infections, aspiration and other inhalational
injuries, drugs, CTDs and other systemic inflammatory
disorders.4,31-34 In a retrospective study of 254 cases of
organizing pneumonia pattern confirmed on lung
biopsy specimens, 59 cases (23%) were related to
pulmonary infections.31 An organizing pneumonia
pattern of lung injury can be seen with many forms of
pulmonary infections, including bacterial, viral, fungal,
and parasitic.33-35 It seems likely that even some cases
diagnosed as cryptogenic organizing pneumonia that
have a self-limited clinical course represent resolving
pulmonary infection.36
chestjournal.org
DAD is the histopathologic pattern underlying an acute
form of IIP—acute interstitial pneumonia—and most
cases of ARDS.4,25,37 It is characterized histopathologically
by the presence of hyaline membranes, along with diffuse
alveolar septal thickening, septal edema, and interstitial
fibroblast proliferation. This pattern can be encountered
in patients with various forms of ALI.4,37,38 Acute
interstitial pneumonia (Hamman-Rich syndrome) refers
to DAD occurring in the absence of an identifiable
cause.4,37,38 In one study looking at patients withDAD, the
majority of cases were thought to have potential triggers
identified. In this study of 58 consecutive cases of DAD
confirmed by surgical lung biopsy results, 13 cases (22%)
were thought to be infection related, most commonly viral
pneumonias.38

Idiopathic LIP is currently classified as a rare form of IIP
along with idiopathic PPFE.25 Histopathologically, LIP
manifests diffuse infiltration of the alveolar septa with
mostly lymphocytes and varying numbers of plasma
cells.4 The idiopathic form of LIP is indeed rare and
outnumbered by those cases associated with disorders of
immunodeficiency, CTDs, and other autoimmune
disorders.4,25,39-41 Similar to NSIP, LIP can be seen in
HIV-positive patients and has also been associated with
several viral infections, including EBV, HHV-8, and
human T-cell lymphotropic virus type 1.42-47

PPFE is a recently delineated entity and is characterized
histopathologically by elastotic fibrosis involving the
pleura and adjacent subpleural parenchyma.25 This
process predominantly affects the upper lobes, in
contrast to IPF. Several underlying disease processes
have been implicated in cases of PPFE, including
infections (eg, Mycobacterium and Aspergillus). A
history of recurrent infections has been described in
some patients with PPFE, raising the possibility that it
may result from infection-related lung injury. PPFE
can also be seen as a rejection phenomenon in
recipients of allogeneic lung or hematopoietic stem
cell transplantation, drug or occupational exposures
(asbestos, aluminum), chemotherapy, radiation,
underlying autoimmune disease, and hypersensitivity
pneumonitis. Idiopathic PPFE is a very rare form
of IIP and may be associated with a genetic
predisposition as a form of familial interstitial
pneumonia.25,48-54
Sarcoidosis
Sarcoidosis is a granulomatous inflammatory disorder of
unknown cause and is diagnosed by a combination of
845
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clinical, radiographic, and histopathologic findings.
Infection has been proposed as a trigger leading to an
aberrant inflammatory cascade in a predisposed host.
Given the lack of histopathologic specificity in
diagnosing sarcoidosis and the wide spectrum of its
clinical manifestations, it is difficult to identify a
common cause in such a diverse disorder.55,56

Mycobacterium is the most commonly implicated
species. Although Mycobacterium has not been
demonstrated in sarcoid granulomas by culture or acid-
fast stains, immunohistochemical studies have shown
remnants of the mycobacterial cell wall within sarcoid
specimens.57-59 In addition, PCR and nucleic acid testing
have demonstrated mycobacterial nucleic acid in up to
80% of sarcoid specimens. A meta-analysis found that
mycobacterial DNA/RNA was identified in 26% of
sarcoid tissues, which was significantly higher than in
nonsarcoid tissues of control subjects.58,60,61

Propionibacterium has also been implicated in
sarcoidosis and has been cultured in up to 78% of
sarcoid specimens.58,62 It is important to note that
P acnes is a commensal bacterium and has been cultured
in a large proportion of healthy control subjects. Eishi
et al62 found Propionibacterium through real-time
PCR in 106 of 108 patients with sarcoidosis but also
found the species in up to 60% of control subjects. A
systematic review of 58 studies (> 6,000 patients) found
a link between sarcoidosis and both P acnes, and
mycobacteria.63 Herpesvirus has also been implicated,
although viruses have not been known to trigger
granulomatous reactions.64 Various other pathogens
studied, including Borrelia, Rickettsia helvetica,
Chlamydia pneumoniae, EBV, and retroviruses, were not
associated with sarcoidosis. These studies support, but
do not confirm, the theory that various antigens can
stimulate granulomatous inflammation in a predisposed
host and that the microorganism acting as the trigger
can vary.63

Currently available antibiotics can target enzymes
encoded by microbial genes found to be present in sites of
granulomatous inflammation in sarcoid specimens.58,65 A
randomized placebo-controlled trial in patients with
chronic cutaneous sarcoidosis who were randomized to
receive concomitant levofloxacin, ethambutol,
azithromycin, and rifampin vs placebo for 8 weeks
demonstrated reduced diameter of sarcoid skin lesions
and overall clinical improvement in the treatment arm.66

The same regimen was used in 15 patients with chronic
pulmonary sarcoidosis with encouraging outcomes,
846 Recent Advances in Chest Medicine
including improved FVC, functional capacity, and quality
of life.67 The same group is pursuing this regimen in a
larger cohort of patients to confirm their findings
(ClinicalTrials.gov NCT01169038). Use of antimicrobial
agents directed against target enzymes may be an
innovative treatment alternative.68

There is also evidence that sarcoidosis may be
transmissible; bone marrow transplants from donors
with sarcoidosis have resulted in granuloma formation
in recipients.69,70 Although this does not directly
support infection, it supports the theory of an antigenic
stimulus leading to granuloma formation.

Whether sarcoidosis is a result of active or latent
infection or is an abnormal response to remnants of a
cleared or partially cleared infection are theories that
continue to be debated. Infections may act simply as a
stimulus for an aggressive inflammatory reaction in a
predisposed host. In such predisposed hosts, there can
be more than one type of antigenic stimulus leading to
the clinical manifestations of sarcoidosis.

Other ILDs
There are other less common forms of ILD in which the
role of infection deserves mention. Acute eosinophilic
pneumonia is generally thought of as an acute respiratory
illness of unknown cause.71-73 In recent years, cigarette
smoking and medications have been identified as the
inciting agents in a subset of patients with acute
eosinophilic pneumonia.74-76 It should also be recognized
that acute eosinophilic pneumonia can be of infectious
origin, as seen in fungal pneumonias—for example,
coccidioidomycosis, and parasitic infections.74,76 Since
corticosteroids are frequently used in the treatment of
idiopathic acute eosinophilic pneumonia, it is crucial for a
possible infectious origin to be considered.

Interstitial pneumonia with autoimmune features is
a recently described entity that comprises a cohort
of patients with ILD and features of autoimmunity
(extrapulmonary and serologic) but do not meet
criteria for established CTDs. Such patients pose a
difficult question with respect to the role of
immunosuppressive therapy. Little is known about
the pathogenesis of interstitial pneumonia with
autoimmune features or indeed the role of infection in
this patient population.

Pulmonary alveolar proteinosis (PAP) is a diffuse lung
disease characterized by an alveolar filling process with
amorphous lipoproteinaceous surfactant-like material.
Most cases of PAP represent an autoimmune disease
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mediated by the development of anti-granulocyte
macrophage-colony stimulating factor neutralizing
antibodies.77,78 These antibodies induce a functional
deficiency of granulocyte macrophage-colony
stimulating factor, which is a critical mediator of
surfactant protein and lipid homeostasis in the alveoli. A
minority of PAP cases are considered secondary forms,
caused by exogenous agents or hematologic disorders.
Nocardiosis is a well-recognized infection that can
complicate the course of patients with PAP.79 In
addition, P jiroveci, mycobacteria, and CMV have also
been reported to induce PAP.77-79
TABLE 2 ] Revised Definition of Acute Exacerbation of
IPF81

Acute clinically significant respiratory deterioration
characterized by evidence of new widespread
alveolar abnormality

Diagnostic criteria

Previous or concurrent diagnosis of IPF

Acute worsening of dyspnea (within 1 mo)

CT evidence of diffuse infiltrates/ground glass/
consolidation on a background of UIP pattern

Deterioration not fully explained by heart failure/fluid
overload

IPF ¼ idiopathic pulmonary fibrosis; UIP ¼ usual interstitial pneumonia.
Acute Exacerbation in ILDs
The natural course of patients with ILD is not fully
understood and, in part, depends on the type of
underlying ILD. Especially in the fibrotic ILDs, AE
accounts for significant morbidity and mortality.80-82

Although no consensus definition for AE-ILD exists,
the generally accepted criteria are extrapolated
from the IPF population given the similarities in
presentation. AE is generally characterized by acutely
(typically < 1 month) worsening dyspnea and
parenchymal infiltrates on imaging. It can occur in
many forms of ILD and is histologically characterized
by DAD in most cases.83,84 Such episodes are an
important cause of ILD-related mortality, with a
3-month survival of < 50% in patients with IPF.81,85,86

The various populations studied, evolving definitions
of AE, and the retrospective design of the majority of
studies make it difficult to assess the true frequency
and sequelae of respiratory worsening in these
patients. The theory that infection plays a role in the
pathogenesis of the underlying disease, as well as in
triggering AEs, has not been fully evaluated, but
there is some data to support this concept in the
current literature.

The true incidence of AE by any definition is unclear,
and reports range from 4% to 30% per year.81

Differences in definitions and in the cohorts studied
largely explain this variation. Most of the current data
are derived from retrospective studies, and most clinical
trials estimate a lower incidence of AE (4%-15%),
perhaps due to more strict definitions used for
inclusion.81,85

The definition of AE in IPF has been broadened in the
most recent expert recommendations.81,87 Historically,
AE excluded those with infection and other “reversible”
conditions (ie, heart failure, venous thromboembolism).
chestjournal.org
Despite advancements in diagnostic methods, infection
in patients with ILD remains difficult to diagnose.
Bronchoscopy, although quite specific in diagnosing
infection, is relatively insensitive, particularly in the
context of recent antibiotic use.88,89 Given our inability
to definitively rule infection in or out, it is not practical
to define AE by the exclusion of infection. Thus, the
newly accepted definition includes AE with or without
an identifiable trigger such as infection (Table 2). In
the majority of patients with respiratory decline, no
trigger can be identified, and the progression of the
underlying ILD remains the most likely cause. However,
the host response to an external stimulus may be
important. Specifically, infections as antigens may play a
role in triggering some fraction of exacerbations.81

Additionally, the histopathologic finding of DAD in
patients with AE leads to the natural correlation with
ALI/ARDS. The causes of ALI (histopathologic DAD)
are numerous and are also thought to include
infection, aspiration, toxins, transfusion, and surgery.4,38

Many of these triggers may lead to events that are
indistinguishable from idiopathic exacerbations of
ILD.81

The role of bronchoscopy should be a clinical decision
made on a case by case basis. Those with AE may have a
tenuous respiratory status, and bronchoscopy may risk
worsening this. In the setting of empirical antibiotic
therapy and extensive laboratory investigations looking
for identifiable triggers, bronchoscopy specifically
looking for infection may not be necessary in all patients
with AE. The risk of the procedure in this population,
when weighed against the uncertain yield, makes it
difficult to recommend for every patient, since its effect
on outcomes remains unclear. The current evidence also
does not support mandating other investigations when
searching for possible triggers of AE (eg, specific blood
847
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work or serologic tests), clinical judgment must be used
to determine appropriate and exhaustive testing looking
for reversible triggers of AE, for example, testing for
opportunistic pathogens in patients receiving
immunosuppressive agents or testing for endemic
pathogens.

Data from small retrospective studies report an
infectious cause as a trigger for 10% to 30% of AEs in
patients with non-IPF fibrotic lung diseases.85 One
larger study of 220 patients with ILD (100 cases of IPF,
120 cases of non-IPF) showed that 20% of patients were
diagnosed with infection in the setting of acute
respiratory worsening.82 There are also postmortem
studies examining this issue: One such study of 42
patients with IPF who underwent autopsy showed that
15% had an infection identified (including fungal,
bacterial, and viral).90 Another study found that
28.8% of patients with AE had bronchopneumonia
(fungal; 13.5%; CMV, 11.5%; and bacterial, 9.6%)
identified postmortem and not diagnosed clinically.91

Such studies highlight difficulties in diagnosing infection
in this clinical setting and further support the recent
revisions to the definition of AE.

Although, infectious causes are found in 10% to 30% of
patients with AE, identifying infection has not yet been
demonstrated to affect outcomes.85 For example, Blivet
et al23 reported that in six of 10 patients with confirmed
treatable pathogens (including Staphylococcus aureus,
Streptococcus pneumoniae, influenza A, and P jiroveci),
outcomes were not affected and mortality remained high
despite antibiotics targeting these organisms. Of the two
patients in whom P jiroveci was identified, only one
patient’s condition improved with antipneumocystis
therapy.23 The patients who did the best in this cohort
were those with noninfectious reversible causes of
respiratory worsening, that is, pneumothorax and
complications of anesthesia.

Wootton et al92 also failed to clearly identify an
infectious trigger for AE in the majority of the patients
they studied. BAL and serum from patients with AE of
IPF, IPF without AE, and those with evidence of ALI
(without IPF) were tested for viral nucleic acid using
multiplex PCR testing, pan-viral microarray, and high-
throughput cDNA sequencing. Of the 43 patients with
AE, only four had evidence of common respiratory
viruses (parainfluenza [n ¼ 1], rhinovirus [n ¼ 2], and
coronavirus [n ¼ 1]). No viruses were detected in the
BAL of stable patients with IPF. Additional pan-viral
microarrays revealed evidence of nonrespiratory viruses
848 Recent Advances in Chest Medicine
in 15 patients with AE: HSV (n ¼ 1), EBV (n ¼ 2),
and torque teno virus (TTV) (n ¼ 12). TTV was
significantly more common in patients with AE and
ALI compared with stable control subjects. Overall,
the presence of a common respiratory virus was not
detected in most patients with AE; however, the
presence of TTV in a significant minority of the AE and
ALI cohort may be important and an area for future
study.92 The results suggest that the presence of TTV is
not specific for AE but may be associated with ALI in
general. Konishi et al93 also failed to identify gene
transcription profiles that would be expected in viral
infections in both patients with IPF and patients with
IPF with AE.2,93

Chlamydophila pneumoniae infection has been known
to cause exacerbation of asthma and COPD. A
prospective study was conducted to investigate the
possible role of C pneumoniae infection in triggering AE
of IPF. Sputum, blood cultures, and acute and
convalescent serologic tests for C pneumoniae IgG and
IgA (ELISA) were performed prospectively in 27
patients over a 5-year period. Only two patients had an
antibody response suggestive of acute or reactivated
infection, suggesting that Chlamydophila is an unlikely
trigger for AE of IPF.94

Although existing data do not support the role of
infection/viruses in all cases of AE, or even in a majority,
the possibility of viruses as a trigger remains to be
explored.87,92 Unlike other respiratory conditions in
which exacerbations are truly acute events, the onset of
an AE in ILD is generally more insidious. It is possible,
therefore, that by the time of clinical presentation, any
triggering viruses would no longer be detectable.2

Moreover, a significant proportion of patients with AE
may have occult infection despite a vigorous clinical
workup.95

There is also some epidemiologic support for infectious
causes of AE, which comes from studies that demonstrate
AE occurring more frequently in winter and spring
months96 and in patients taking immunosuppressive
medications. Song et al86 showed in their study of patients
with IPF that there was an increased risk of opportunistic
infections, possibly attributable to prior treatment with
chronic corticosteroid therapy or other
immunosuppressive agents.86

A polymorphism of the mucin (MUC5B) gene has been
associated with both familial and sporadic IPF and is
essential in mucosal immune defense.97 In healthy
individuals, the mucociliary escalator constitutes an
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important innate pulmonary defense mechanism. In
contrast to cystic fibrosis in which impaired mucociliary
clearance predisposes to AEs, mucociliary dysfunction of
the peripheral airways has not been directly shown to
cause AE-ILD, even though recent studies implicate the
mucin gene in the pathogenesis of several ILDs.98,99

Attempts to implicate specific pathogens in the
etiopathogenesis of AE have not often been successful;
no association has been shown between AE and any
specific organism.84 Accumulating evidence suggests a
multiple-hit hypothesis leading to progressive
deterioration of lung function,100 with infections being
possible contributors to such “hits.” The prognostic
implications of AE are profound; data suggest that up to
46% of deaths from IPF are preceded by an AE.81 The
median survival of patients with IPF who experience an
AE is approximately 3 to 4 months,81 so further research
in this area is crucial, both to clarify the role of infection
in respiratory worsening/AE and to evaluate the role of
the lung microbiome and chronic infectious stimuli in
the pathogenesis of ILDs.
Antimicrobial Treatment Studies
Although bacteria have been less commonly implicated
in the pathogenesis of ILDs, they have been studied in
the setting of AE as well as in antimicrobial trials. Most
experts would agree with empirical antibiotic treatment
in the setting of AE given the potential benefit and
minimal risk to the patient,101 as occult infection
remains a possibility.

The efficacy of azithromycin in treating IPF was studied
in a prospective open-label study: 20 patients with AE
received azithromycin in addition to high-dose pulse
steroid therapy. Outcomes were compared with a
historical cohort treated with fluoroquinolone agents
(n ¼ 56). The primary end point of mortality at 60 days
was significantly lower in patients treated with
azithromycin (mortality, 20% vs 70%; P < .001), and no
serious adverse events were observed.102 Whether these
findings are attributable to azithromycin’s anti-
inflammatory effects, antimicrobial effects, or a
combination of both, cannot be ascertained from such
studies and remains an area to be investigated.

A placebo-controlled study evaluated the prophylactic
use of co-trimoxazole for 12 months compared with
usual care for patients with fibrotic IIP. Although there
were significant dropouts in the co-trimoxazole arm
(30% vs 8% in placebo arm), post hoc analysis suggested
that co-trimoxazole led to a reduction in infections
chestjournal.org
and mortality.103 There are ongoing clinical trials
looking at co-trimoxazole therapy in IPF (ClinicalTrials.
gov NCT01777737).

Polymyxin-B-immobilized fiber column (PMX) helps
remove endotoxins and is used for the treatment of
endotoxemia. Several studies from Japan have reported
an improvement of oxygenation in patients with ALI/
ARDS treated with PMX.104,105 Given that DAD is the
most common pathologic finding in ALI/ARDS and in
AE, treatments targeting ALI/ARDS may have relevance
in the management of AEs. A retrospective study aimed
at clarifying this in patients with IPF with AE showed a
significant improvement in the PaO2 to FiO2 ratio with
PMX treatment.106 However, the improvements in
oxygenation did not translate into a survival benefit, as
1- and 3-month survival rates (70% and 34%,
respectively) of patients with IPF with AE remained
low.106 A more recent retrospective Japanese study
suggests that survival in those patients who received
PMX may have been improved.107 PMX is not a
currently accepted treatment for AE-ILD, but such
research may support the role of infections as antigenic
stimulus in the setting of AE.

Conclusions
The role of infection in the pathogenesis of ILD and
AE-ILD remains unclear and needs further exploration.
The current literature suggests that infections may play a
role in the complex interaction between a susceptible
host and the environment, leading to the development
or progression of ILD. Given the overlap in
histopathologic manifestations of infections and ILDs,
infectious causes should always be considered in a
patient with suspected ILD prior to institution of
immunosuppressive therapy. Moreover, infections
become a more significant concern when patients with
ILD receive chronic immunosuppressive medications as
treatment for their ILD. Recent studies suggest a
potential role for antimicrobial therapy in the treatment
of AE as well as ILD itself.

Acknowledgments
Financial/nonfinancial disclosures: None declared.

References
1. Naik PN, Horowitz JC, Moore TA, Wilke CA, Toews GB,

Moore BB. Pulmonary fibrosis induced by gamma-herpesvirus in
aged mice is associated with increased fibroblast responsiveness to
transforming growth factor-beta. J Gerontol A Biol Sci Med Sci.
2012;67(7):714-725.

2. Molyneaux PL, Maher TM. The role of infection in the
pathogenesis of idiopathic pulmonary fibrosis. Eur Respir Rev.
2013;22(129):376-381.
849

http://ClinicalTrials.gov
http://ClinicalTrials.gov
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref1
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref1
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref1
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref1
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref1
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref2
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref2
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref2
http://chestjournal.org


3. Han MK, Zhou Y, Murray S, et al. Lung microbiome and disease
progression in idiopathic pulmonary fibrosis: an analysis of the
COMET study. Lancet Respir Med. 2014;2(7):548-556.

4. American Thoracic Society, European Respiratory Society.
American Thoracic Society/European Respiratory Society
International Multidisciplinary Consensus Classification of the
Idiopathic Interstitial Pneumonias. This joint statement of the
American Thoracic Society (ATS), and the European Respiratory
Society (ERS) was adopted by the ATS board of directors, June
2001 and by the ERS Executive Committee, June 2001. Am J Respir
Crit Care Med. 2002;165(2):277-304.

5. Ryu JH, Moua T, Daniels CE, et al. Idiopathic pulmonary fibrosis:
evolving concepts. Mayo Clin Proc. 2014;89(8):1130-1142.

6. Puglisi S, Torrisi SE, Giuliano R, Vindigni V, Vancheri C. What we
know about the pathogenesis of idiopathic pulmonary fibrosis.
Semin Respir Crit Care Med. 2016;37(3):358-367.

7. Ellson CD, Dunmore R, Hogaboam CM, Sleeman MA, Murray LA.
Danger-associated molecular patterns and danger signals in
idiopathic pulmonary fibrosis. Am J Respir Cell Mol Biol.
2014;51(2):163-168.

8. Lok SS, Haider Y, Howell D, Stewart JP, Hasleton PS, Egan JJ.
Murine gammaherpes virus as a cofactor in the development of
pulmonary fibrosis in bleomycin resistant mice. Eur Respir J.
2002;20(5):1228-1232.

9. McMillan TR, Moore BB, Weinberg JB, et al. Exacerbation of
established pulmonary fibrosis in a murine model by
gammaherpesvirus. Am J Respir Crit Care Med. 2008;177(7):
771-780.

10. Stewart JP, Egan JJ, Ross AJ, et al. The detection of Epstein-Barr
virus DNA in lung tissue from patients with idiopathic pulmonary
fibrosis. Am J Respir Crit Care Med. 1999;159(4 Pt 1):1336-1341.

11. Tang YW, Johnson JE, Browning PJ, et al. Herpesvirus DNA is
consistently detected in lungs of patients with idiopathic
pulmonary fibrosis. J Clin. Microbiol. 2003;41(6):2633-2640.

12. Egan JJ, Stewart JP, Hasleton PS, Arrand JR, Carroll KB,
Woodcock AA. Epstein-Barr virus replication within pulmonary
epithelial cells in cryptogenic fibrosing alveolitis. Thorax.
1995;50(12):1234-1239.

13. Yonemaru M, Kasuga I, Kusumoto H, et al. Elevation of antibodies
to cytomegalovirus and other herpes viruses in pulmonary fibrosis.
Eur Respir J. 1997;10(9):2040-2045.

14. Santos GC, Parra ER, Stegun FW, Cirqueira CS, Capelozzi VL.
Immunohistochemical detection of virus through its nuclear
cytopathic effect in idiopathic interstitial pneumonia other than
acute exacerbation. Braz J Med Biol Res. 2013;46(11):985-992.

15. Kuwano K, Nomoto Y, Kunitake R, et al. Detection of adenovirus
E1A DNA in pulmonary fibrosis using nested polymerase chain
reaction. Eur Respir J. 1997;10(7):1445-1449.

16. Ueda T, Ohta K, Suzuki N, et al. Idiopathic pulmonary fibrosis and
high prevalence of serum antibodies to hepatitis C virus. Am Rev
Respir Dis. 1992;146(1):266-268.

17. Arase Y, Suzuki F, Suzuki Y, et al. Hepatitis C virus enhances
incidence of idiopathic pulmonary fibrosis. World J Gastroenterol.
2008;14(38):5880-5886.

18. Irving WL, Day S, Johnston ID. Idiopathic pulmonary fibrosis and
hepatitis C virus infection. Am Rev Respir Dis. 1993;148(6 Pt 1):
1683-1684.

19. Richter AG, Stockley RA, Harper L, Thickett DR. Pulmonary
infection in Wegener granulomatosis and idiopathic pulmonary
fibrosis. Thorax. 2009;64(8):692-697.

20. Shachor Y, Schindler D, Siegal A, Lieberman D, Mikulski Y,
Bruderman I. Increased incidence of pulmonary tuberculosis in
chronic interstitial lung disease. Thorax. 1989;44(2):151-153.

21. Molyneaux PL, Maher TM. Respiratory microbiome in IPF: cause,
effect, or biomarker? Lancet Respir Med. 2014;2(7):511-513.

22. Molyneaux PL, Willis Owen SA, Cox MJ, et al. Host-microbial
interactions in idiopathic pulmonary fibrosis [published online
ahead of print January 13, 2017]. Am J Respir Crit Care Med. http://
dx.doi.org/10.1164/rccm.201607-1408OC.
850 Recent Advances in Chest Medicine
23. Blivet S, Philit F, Sab JM, et al. Outcome of patients with idiopathic
pulmonary fibrosis admitted to the ICU for respiratory failure [see
comment]. Chest. 2001;120(1):209-212.

24. Vidal S, de la Horra C, Martin J, et al. Pneumocystis jirovecii
colonisation in patients with interstitial lung disease. Clin Microbiol
Infect. 2006;12(3):231-235.

25. Travis WD, Costabel U, Hansell DM, et al. An official American
Thoracic Society/European Respiratory Society statement: update
of the international multidisciplinary classification of the idiopathic
interstitial pneumonias. Am J Respir Crit Care Med. 2013;188(6):
733-748.

26. Tomassetti S, Ryu JH, Piciucchi S, Chilosi M, Poletti V. Nonspecific
interstitial pneumonia: what is the optimal approach to
management? Semin Respir Crit Care. 2016;37(3):378-394.

27. Katzenstein AL, Fiorelli RF. Nonspecific interstitial pneumonia/
fibrosis. Histologic features and clinical significance. Am J Surg
Pathol. 1994;18(2):136-147.

28. Doffman SR, Miller RF. Interstitial lung disease in HIV. Clin Chest
Med. 2013;34(2):293-306.

29. Sattler F, Nichols L, Hirano L, et al. Nonspecific interstitial
pneumonitis mimicking Pneumocystis carinii pneumonia. Am J
Respir Crit Care Med. 1997;156(3 Pt 1):912-917.

30. Yu H, Fujita J, Higa F, et al. Nonspecific interstitial pneumonia
pattern as pulmonary involvement in human T-cell lymphotropic
virus type 1 carriers. J Infect Chemother. 2009;15(5):284-287.

31. Lohr RH, Boland BJ, Douglas WW, et al. Organizing pneumonia.
Features and prognosis of cryptogenic, secondary, and focal
variants. Arch Intern Med. 1997;157(12):1323-1329.

32. Ryu JH. Classification and approach to bronchiolar diseases. Curr
Opin Pulm Med. 2006;12(2):145-151.

33. Drakopanagiotakis F, Paschalaki K, Abu-Hijleh M, et al.
Cryptogenic and secondary organizing pneumonia: clinical
presentation, radiographic findings, treatment response, and
prognosis. Chest. 2011;139(4):893-900.

34. Cordier JF, Cottin V, Lazor R, Thivolet-Bejui F. Many faces of
bronchiolitis and organizing pneumonia. Semin Respir Crit Care
Med. 2016;37(3):421-440.

35. Ryu JH, Myers JL, Swensen SJ. Bronchiolar disorders. Am J Respir
Crit Care Med. 2003;168(11):1277-1292.

36. Maldonado F, Daniels CE, Hoffman EA, Yi ES, Ryu JH. Focal
organizing pneumonia on surgical lung biopsy: causes,
clinicoradiologic features, and outcomes. Chest. 2007;132(5):
1579-1583.

37. Mukhopadhyay S, Parambil JG. Acute interstitial pneumonia
(AIP): relationship to Hamman-Rich syndrome, diffuse alveolar
damage (DAD), and acute respiratory distress syndrome (ARDS).
Semin Respir Crit Care Med. 2012;33(5):476-485.

38. Parambil JG, Myers JL, Aubry MC, Ryu JH. Causes and prognosis
of diffuse alveolar damage diagnosed on surgical lung biopsy. Chest.
2007;132(1):50-57.

39. Cha SI, Fessler MB, Cool CD, Schwarz MI, Brown KK. Lymphoid
interstitial pneumonia: clinical features, associations and prognosis.
Eur Respir J. 2006;28(2):364-369.

40. Arcadu A, Moua T, Yi ES, Ryu JH. Lymphoid interstitial
pneumonia and other benign lymphoid disorders. Semin Respir
Crit Care Med. 2016;37(3):406-420.

41. Panchabhai TS, Farver C, Highland KB. Lymphocytic interstitial
pneumonia. Clin Chest Med. 2016;37(3):463-474.

42. Morris JC, Rosen MJ, Marchevsky A, Teirstein AS. Lymphocytic
interstitial pneumonia in patients at risk for the acquired immune
deficiency syndrome. Chest. 1987;91(1):63-67.

43. Oldham SA, Castillo M, Jacobson FL, Mones JM, Saldana MJ. HIV-
associated lymphocytic interstitial pneumonia: radiologic
manifestations and pathologic correlation. Radiology. 1989;170(1 Pt 1):
83-87.

44. Setoguchi Y, Takahashi S, Nukiwa T, Kira S. Detection of human
T-cell lymphotropic virus type I-related antibodies in patients with
lymphocytic interstitial pneumonia. Am Rev Respir Dis.
1991;144(6):1361-1365.
[ 1 5 2 # 4 CHES T OC TO B E R 2 0 1 7 ]

http://refhub.elsevier.com/S0012-3692(17)30702-X/sref3
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref3
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref3
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref4
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref4
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref4
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref4
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref4
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref4
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref4
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref4
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref5
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref5
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref6
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref6
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref6
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref7
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref7
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref7
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref7
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref8
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref8
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref8
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref8
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref9
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref9
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref9
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref9
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref10
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref10
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref10
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref11
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref11
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref11
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref12
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref12
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref12
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref12
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref13
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref13
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref13
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref14
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref14
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref14
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref14
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref15
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref15
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref15
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref16
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref16
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref16
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref17
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref17
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref17
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref18
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref18
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref18
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref19
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref19
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref19
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref20
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref20
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref20
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref21
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref21
http://dx.doi.org/10.1164/rccm.201607-1408OC
http://dx.doi.org/10.1164/rccm.201607-1408OC
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref23
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref23
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref23
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref24
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref24
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref24
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref25
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref25
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref25
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref25
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref25
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref26
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref26
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref26
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref27
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref27
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref27
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref28
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref28
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref29
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref29
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref29
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref30
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref30
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref30
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref31
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref31
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref31
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref32
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref32
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref33
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref33
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref33
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref33
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref34
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref34
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref34
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref35
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref35
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref36
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref36
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref36
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref36
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref37
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref37
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref37
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref37
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref38
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref38
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref38
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref39
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref39
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref39
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref40
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref40
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref40
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref41
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref41
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref42
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref42
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref42
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref43
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref43
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref43
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref43
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref44
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref44
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref44
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref44


45. Amorosa JK, Miller RW, Laraya-Cuasay L, et al. Bronchiectasis in
children with lymphocytic interstitial pneumonia and acquired
immune deficiency syndrome. Plain film and CT observations.
Pediatr Radiol. 1992;22(8):603-606; discussion 606-607.

46. Barbera JA, Hayashi S, Hegele RG, Hogg JC. Detection of Epstein-
Barr virus in lymphocytic interstitial pneumonia by in situ
hybridization. Am Rev Respir Dis. 1992;145(4 Pt 1):940-946.

47. Wheat WH, Cool CD, Morimoto Y, et al. Possible role of human
herpesvirus 8 in the lymphoproliferative disorders in common
variable immunodeficiency. J Exp Med. 2005;202(4):479-484.

48. Cheng SK, Chuah KL. Pleuroparenchymal fibroelastosis of the
lung: a review. Arch Pathol Lab Med. 2016;140(8):849-853.

49. Watanabe K. Pleuroparenchymal fibroelastosis: its clinical
characteristics. Curr Respir Med Rev. 2013;9. 299-237.

50. Reddy TL, Tominaga M, Hansell DM, et al. Pleuroparenchymal
fibroelastosis: a spectrum of histopathological and imaging
phenotypes. Eur Respir J. 2012;40(2):377-385.

51. Beynat-Mouterde C, Beltramo G, Lezmi G, et al.
Pleuroparenchymal fibroelastosis as a late complication of
chemotherapy agents. Eur Respir J. 2014;44(2):523-527.

52. Fujikura Y, Kanoh S, Kouzaki Y, Hara Y, Matsubara O, Kawana A.
Pleuroparenchymal fibroelastosis as a series of airway
complications associated with chronic graft-versus-host disease
following allogeneic bone marrow transplantation. Intern Med.
2014;53(1):43-46.

53. Rosenbaum JN, Butt YM, Johnson KA, et al. Pleuroparenchymal
fibroelastosis: a pattern of chronic lung injury. Hum Pathol.
2015;46(1):137-146.

54. Takeuchi Y, Miyagawa-Hayashino A, Chen F, et al.
Pleuroparenchymal fibroelastosis and non-specific interstitial
pneumonia: frequent pulmonary sequelae of haematopoietic stem
cell transplantation. Histopathology. 2015;66(4):536-544.

55. Judson MA, Baughman RP, Teirstein AS, Terrin ML, Yeager H Jr.
Defining organ involvement in sarcoidosis: the ACCESS proposed
instrument. ACCESS Research Group. A case control etiologic
study of sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis. 1999;16(1):
75-86.

56. Taylor AN, Cullinan P. Sarcoidosis: in search of the cause. Am J
Respir Crit Care Med. 2004;170(12):1268-1269.

57. Brownell I, Ramirez-Valle F, Sanchez M, Prystowsky S. Evidence
for mycobacteria in sarcoidosis. Am J Respir Cell Mol Biol.
2011;45(5):899-905.

58. Saidha S, Sotirchos ES, Eckstein C. Etiology of sarcoidosis: does
infection play a role? Yale J Biol Med. 2012;85(1):133-141.

59. Alavi HA, Moscovic EA. Immunolocalization of cell-wall-deficient
forms of Mycobacterium tuberculosis complex in sarcoidosis and
in sinus histiocytosis of lymph nodes draining carcinoma. Histol
Histopathol. 1996;11(3):683-694.

60. Gupta D, Agarwal R, Aggarwal AN, Jindal SK. Molecular evidence
for the role of mycobacteria in sarcoidosis: a meta-analysis. Eur
Respir J. 2007;30(3):508-516.

61. Fite E, Fernandez-Figueras MT, Prats R, Vaquero M, Morera J.
High prevalence of Mycobacterium tuberculosis DNA in biopsies
from sarcoidosis patients from Catalonia, Spain. Respiration.
2006;73(1):20-26.

62. Eishi Y, Suga M, Ishige I, et al. Quantitative analysis of
mycobacterial and propionibacterial DNA in lymph nodes of
Japanese and European patients with sarcoidosis. J Clin Microbiol.
2002;40(1):198-204.

63. Esteves T, Aparicio G, Garcia-Patos V. Is there any association
between sarcoidosis and infectious agents?: a systematic review and
meta-analysis. BMC Pulm Med. 2016;16(1):165.

64. Nikoskelainen J, Hannuksela M, Palva T. Antibodies to Epstein-
Barr virus and some other herpesviruses in patients with
sarcoidosis, pulmonary tuberculosis and erythema nodosum. Scand
J Infect Dis. 1974;6(3):209-216.

65. Labro MT. Antibiotics as anti-inflammatory agents. Curr Opin
Investig Drugs. 2002;3(1):61-68.
chestjournal.org
66. Drake WP, Oswald-Richter K, Richmond BW, et al. Oral
antimycobacterial therapy in chronic cutaneous sarcoidosis: a
randomized, single-masked, placebo-controlled study. JAMA
Dermatol. 2013;149(9):1040-1049.

67. Drake WP, Richmond BW, Oswald-Richter K, et al. Effects of
broad-spectrum antimycobacterial therapy on chronic pulmonary
sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis. 2013;30(3):201-211.

68. Rotsinger JE, Celada LJ, Polosukhin VV, Atkinson JB, Drake WP.
Molecular analysis of sarcoidosis granulomas reveals antimicrobial
targets. Am J Respir Cell Mol Biol. 2016;55(1):128-134.

69. Heyll A, Meckenstock G, Aul C, et al. Possible transmission of
sarcoidosis via allogeneic bone marrow transplantation. Bone
Marrow Transplant. 1994;14(1):161-164.

70. Sundar KM, Carveth HJ, Gosselin MV, Beatty PG, Colby TV,
Hoidal JR. Granulomatous pneumonitis following bone marrow
transplantation. Bone Marrow Transplant. 2001;28(6):627-630.

71. Allen JN, Pacht ER, Gadek JE, Davis WB. Acute eosinophilic
pneumonia as a reversible cause of noninfectious respiratory
failure. N Engl J Med. 1989;321(9):569-574.

72. Pope-Harman AL, Davis WB, Allen ED, Christoforidis AJ,
Allen JN. Acute eosinophilic pneumonia. A summary of 15 cases
and review of the literature. Medicine (Baltimore). 1996;75(6):
334-342.

73. Tazelaar HD, Linz LJ, Colby TV, Myers JL, Limper AH. Acute
eosinophilic pneumonia: histopathologic findings in nine patients.
Am J Respir Crit Care Med. 1997;155(1):296-302.

74. Allen J. Acute eosinophilic pneumonia. Semin Respir Crit Care
Med. 2006;27(2):142-147.

75. Vassallo R, Ryu JH. Smoking-related interstitial lung diseases. Clin
Chest Med. 2012;33(1):165-178.

76. Cottin V. Eosinophilic lung diseases. Clin Chest Med. 2016;37(3):
535-556.

77. Borie R, Danel C, Debray MP, et al. Pulmonary alveolar
proteinosis. Eur Respir Rev. 2011;20(120):98-107.

78. Suzuki T, Trapnell BC. Pulmonary alveolar proteinosis syndrome.
Clin Chest Med. 2016;37(3):431-440.

79. Punatar AD, Kusne S, Blair JE, Seville MT, Vikram HR.
Opportunistic infections in patients with pulmonary alveolar
proteinosis. J Infect. 2012;65(2):173-179.

80. Arai T, Kagawa T, Sasaki Y, et al. Heterogeneity of incidence and
outcome of acute exacerbation in idiopathic interstitial pneumonia.
Respirology. 2016;21(8):1431-1437.

81. Collard HR, Ryerson CJ, Corte TJ, et al. Acute exacerbation of
idiopathic pulmonary fibrosis. An International Working Group
Report. Am J Respir Crit Care Med. 2016;194(3):265-275.

82. Moua T, Westerly BD, Dulohery MM, Daniels CE, Ryu JH,
Lim KG. Patients with fibrotic interstitial lung disease hospitalized
for acute respiratory worsening: a large cohort analysis. Chest.
2016;149(5):1205-1214.

83. Parambil JG, Myers JL, Ryu JH. Histopathologic features and
outcome of patients with acute exacerbation of idiopathic
pulmonary fibrosis undergoing surgical lung biopsy. Chest.
2005;128(5):3310-3315.

84. Churg A, Wright JL, Tazelaar HD. Acute exacerbations of fibrotic
interstitial lung disease. Histopathology. 2011;58(4):525-530.

85. Huie TJ, Olson AL, Cosgrove GP, et al. A detailed evaluation of
acute respiratory decline in patients with fibrotic lung disease:
aetiology and outcomes. Respirology. 2010;15(6):909-917.

86. Song JW, Hong SB, Lim CM, Koh Y, Kim DS. Acute exacerbation
of idiopathic pulmonary fibrosis: incidence, risk factors and
outcome. Eur Respir J. 2011;37(2):356-363.

87. Kim DS. Acute exacerbation of idiopathic pulmonary fibrosis. Clin
Chest Med. 2012;33(1):59-68.

88. Ryerson CJ, Collard HR. Acute exacerbations complicating
interstitial lung disease. Curr Opin Pulm Med. 2014;20(5):436-441.

89. Ryerson CJ, Cottin V, Brown KK, Collard HR. Acute exacerbation
of idiopathic pulmonary fibrosis: shifting the paradigm. Eur Respir
J. 2015;46(2):512-520.
851

http://refhub.elsevier.com/S0012-3692(17)30702-X/sref45
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref45
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref45
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref45
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref46
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref46
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref46
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref47
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref47
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref47
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref48
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref48
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref49
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref49
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref50
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref50
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref50
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref51
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref51
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref51
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref52
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref52
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref52
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref52
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref52
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref53
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref53
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref53
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref54
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref54
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref54
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref54
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref55
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref55
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref55
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref55
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref55
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref56
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref56
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref57
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref57
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref57
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref58
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref58
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref59
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref59
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref59
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref59
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref60
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref60
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref60
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref61
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref61
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref61
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref61
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref62
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref62
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref62
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref62
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref63
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref63
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref63
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref64
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref64
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref64
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref64
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref65
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref65
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref66
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref66
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref66
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref66
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref67
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref67
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref67
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref68
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref68
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref68
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref69
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref69
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref69
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref70
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref70
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref70
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref71
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref71
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref71
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref72
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref72
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref72
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref72
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref73
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref73
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref73
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref74
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref74
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref75
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref75
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref76
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref76
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref77
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref77
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref78
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref78
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref79
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref79
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref79
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref80
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref80
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref80
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref81
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref81
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref81
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref82
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref82
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref82
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref82
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref83
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref83
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref83
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref83
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref84
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref84
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref85
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref85
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref85
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref86
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref86
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref86
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref87
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref87
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref88
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref88
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref89
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref89
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref89
http://chestjournal.org


90. Daniels CE, Yi ES, Ryu JH. Autopsy findings in 42 consecutive
patients with idiopathic pulmonary fibrosis. Eur Respir J.
2008;32(1):170-174.

91. Oda K, Ishimoto H, Yamada S, et al. Autopsy analyses in acute
exacerbation of idiopathic pulmonary fibrosis. Respir Res.
2014;15(1):109.

92. Wootton SC, Kim DS, Kondoh Y, et al. Viral infection in acute
exacerbation of idiopathic pulmonary fibrosis. Am J Respir Crit
Care Med. 2011;183(12):1698-1702.

93. Konishi K, Gibson KF, Lindell KO, et al. Gene expression profiles
of acute exacerbations of idiopathic pulmonary fibrosis. Am J
Respir Crit Care Med. 2009;180(2):167-175.

94. Tomioka H, Sakurai T, Hashimoto K, Iwasaki H. Acute
exacerbation of idiopathic pulmonary fibrosis: role of
Chlamydophila pneumoniae infection. Respirology. 2007;12(5):
700-706.

95. Maher TM, Whyte MKB, Hoyles RK, et al. Development of a
consensus statement for the definition, diagnosis, and treatment of
acute exacerbations of idiopathic pulmonary fibrosis using the
delphi technique. Adv Ther. 2015;32(10):929-943.

96. Simon-Blancal V, Freynet O, Nunes H, et al. Acute exacerbation of
idiopathic pulmonary fibrosis: outcome and prognostic factors.
Respiration. 2012;83(1):28-35.

97. Stock CJ, Sato H, Fonseca C, et al. Mucin 5B promoter
polymorphism is associated with idiopathic pulmonary fibrosis but
not with development of lung fibrosis in systemic sclerosis or
sarcoidosis. Thorax. 2013;68(5):436-441.

98. Peljto AL, Selman M, Kim DS, et al. The MUC5B promoter
polymorphism is associated with idiopathic pulmonary fibrosis in a
Mexican cohort but is rare among Asian ancestries. Chest.
2015;147(2):460-464.
852 Recent Advances in Chest Medicine
99. Wang C, Zhuang Y, Guo W, et al. Mucin 5B promoter
polymorphism is associated with susceptibility to interstitial lung
diseases in Chinese males. PLoS One. 2014;9(8):e104919.

100. Agarwal R, Jindal SK. Acute exacerbation of idiopathic pulmonary
fibrosis: a systematic review. Eur J Intern Med. 2008;19(4):227-235.

101. Maher TM, Wells AU, Laurent GJ. Idiopathic pulmonary fibrosis:
multiple causes and multiple mechanisms? Eur Respir J. 2007;30(5):
835-839.

102. Kawamura K, Ichikado K, Suga M, Yoshioka M. Efficacy of
azithromycin for treatment of acute exacerbation of chronic
fibrosing interstitial pneumonia: a prospective, open-label study
with historical controls. Respiration. 2014;87(6):478-484.

103. Shulgina L, Cahn AP, Chilvers ER, et al. Treating idiopathic
pulmonary fibrosis with the addition of co-trimoxazole: a
randomised controlled trial. Thorax. 2013;68(2):155-162.

104. Tsushima K, Kubo K, Koizumi T, et al. Direct hemoperfusion using
a polymyxin B immobilized column improves acute respiratory
distress syndrome. J Clin Apher. 2002;17(2):97-102.

105. Kushi H, Miki T, Okamaoto K, Nakahara J, Saito T, Tanjoh K.
Early hemoperfusion with an immobilized polymyxin B fiber
column eliminates humoral mediators and improves pulmonary
oxygenation. Crit Care. 2005;9(6):R653-R661.

106. Abe S, Azuma A, Mukae H, et al. Polymyxin B-immobilized fiber
column (PMX) treatment for idiopathic pulmonary fibrosis with
acute exacerbation: a multicenter retrospective analysis. Intern
Med. 2012;51(12):1487-1491.

107. Oishi K, Aoe K, Mimura Y, et al. Survival from an acute
exacerbation of idiopathic pulmonary fibrosis with or without
direct hemoperfusion with a polymyxin b-immobilized fiber
column: a retrospective analysis. Intern Med. 2016;55(24):
3551-3559.
[ 1 5 2 # 4 CHES T OC TO B E R 2 0 1 7 ]

http://refhub.elsevier.com/S0012-3692(17)30702-X/sref90
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref90
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref90
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref91
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref91
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref91
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref92
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref92
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref92
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref93
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref93
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref93
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref94
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref94
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref94
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref94
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref95
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref95
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref95
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref95
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref96
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref96
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref96
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref97
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref97
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref97
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref97
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref98
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref98
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref98
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref98
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref99
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref99
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref99
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref100
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref100
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref101
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref101
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref101
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref102
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref102
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref102
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref102
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref103
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref103
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref103
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref104
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref104
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref104
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref105
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref105
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref105
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref105
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref106
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref106
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref106
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref106
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref107
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref107
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref107
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref107
http://refhub.elsevier.com/S0012-3692(17)30702-X/sref107

	The Role of Infection in Interstitial Lung Diseases
	Idiopathic Pulmonary Fibrosis
	Viruses
	Bacteria
	Fungi

	Other Idiopathic Interstitial Pneumonias
	Sarcoidosis
	Other ILDs
	Acute Exacerbation in ILDs
	Antimicrobial Treatment Studies
	Conclusions
	Acknowledgments
	References


