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Review article

Eosinophilic pneumonias

Eosinophilic pneumonias (EP) encompass a wide spectrum of lung diseases

characterized by peripheral blood eosinophilia (> 1 x 10° eosinophils/l) and/or
alveolar eosinophilia (>25%). Blood eosinophilia may be lacking, as in the early
phase of idiopathic acute EP, or in patients already taking oral corticosteroids.
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EP may present with varying severity, ranging from almost asymptomatic
infiltrates to the acute respiratory distress syndrome necessitating mechanical
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The group of eosinophilic pneumonias (EP) encompasses a
variety of infiltrative lung diseases characterized by
prominent infiltration of the lung parenchyma by eosin-
ophils, cells believed to exert a causative role in the lesional
process (1, 2). Because of its very characteristic morphol-
ogy and staining properties, the eosinophil is easy to detect
in tissues and biological fluids. Peripheral blood eosino-
philia (more than 1.0 x 10°/ and especially 1.5 x 10°/1) is
usual in EP but not constant. Distinct clinical and
radiological patterns, as well as the aetiologic context
have led to the characterization of several well-defined
entities, including EP of undetermined cause [idiopathic
chronic and acute EP, Churg—Strauss syndrome (CSS),
and the hypereosinophilic syndromes (HES)]; EP of
determined cause such as EP secondary to parasitic
infections, drug- or radiation-induced reactions, and
allergic bronchopulmonary aspergillosis (ABPA); and a
miscellaneous group of lung diseases where some degree of
eosinophilia may be encountered. A characteristic and
original feature of EP is the dramatic response to cortico-
steroids, with a favourable outcome without any sequelae
in most of the cases, even in patients with an acute and
severe or life-threatening presentation. Eosinophils dra-
matically disappear from the bloodstream within a few
hours after administration of corticosteroids (3), as a result
of their sequestration in tissues and cell death mainly by
apoptosis. As a consequence, EP may be missed when

corticosteroids have been taken before a differential blood
cell count was carried out. Adequate initial management is
mandatory to rapidly establish the diagnosis of EP, most
of the time through noninvasive procedures.

The eosinophil leukocyte

As infiltration of the lung by eosinophils is a hallmark of
EP, particular attention has been paid to the biopathol-
ogy of this cell type (4-7). The ecosinophil has a potent
array of secretory products involved in the nonspecific
inflammatory response and protection against infectious
organisms, and may participate to tissue injury in
eosinophilic disorders. The cosinophil is also considered
an actor of the immunological response within the lung,
with many biological properties of eosinophils directed by
T-helper lymphocytes, as well as interaction with other
cell types such as mast cells and basophils, endothelial
cells, macrophages, platelets and fibroblasts. The diver-
sity of mediators released by the eosinophil under various
conditions, and/or surface enzymes, receptors for cyto-
kines, chemokines, complement proteins and other chem-
oattractants suggests that this cell type is involved in a
variety of allergic and/or inflammatory processes.

Bone marrow-derived eosinophil precursors differenti-
ate in 5 days under the action of several cytokines
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including interleukin (IL)-5, IL-3, and granulocyte-macr-
ophage colony-stimulating factor (GM-CSF) (8), into
mature eosinophils (12-15 um in diameter) which then
circulate within the blood for about 1 day before being
recruited into target tissues such as the lung. Recruitment
of eosinophils is a complex and dynamic process involving
cell adhesion and attraction, diapedesis, and chemotaxis
by cytokines such as IL-5 and eotaxin. Once in tissues,
eosinophils undergo rapid apoptosis unless survival fac-
tors are present. The main biological effects of mature
eosinophils are thought to occur in tissues, where they may
release active mediators upon activation, including proin-
flammatory cytokines, arachidonic acid-derived media-
tors, enzymes and reactive oxygen species. In addition, the
release of toxic substances by activated eosinophils may in
itself contribute to the pathophysiology of eosinophilic
disorders. In particular, the eosinophil contains small and
amorphous intracytoplasmic granules rich in arylsulpha-
tase and acid phosphatase, and larger intracytoplasmic
granules characterized by an electron-dense crystalloid
matrix containing the characteristic cationic proteins.
Activation and degranulation of the eosinophil results in
the extracellular release of the eosinophil specific proteins
including major basic protein (MBP), eosinophil cationic
protein (ECP), eosinophil-derived neurotoxin (EDN) also
called eosinophil-protein X (EPX), enzymatic protein
eosinophil peroxidase (EPO) and the more recently
described MBP homologue. Degranulated eosinophils
may be recognized in tissue sections by their vacuolated
cytoplasm on microscopy, as well as their characteristic
ultrastructural appearance on electron microscopy with
the lack of the electron-dense central core of the granules.
The eosinophils also express major histocompatibility
complex class II molecules and costimulatory molecules,
and may function as antigen-presenting cells to promote
expansion of sensitized CD4+ Th2 lymphocytes (9, 10).
The physiological role of the ecosinophil still remains
unclear. Mice with a complete and selective loss of the
eosinophil lineage [generated by gene targeting of the
transcription factor GATA-1 (11) or through transgenic
expression of the diphtheria toxin A chain under the
control of the EPO promoter (12)] develop normally and
appear healthy. Studies in such eosinophil-deficient mice
will undoubtly lead to new insights into the part played by
eosinophils in the pathogenesis of ecosinophil-related
disorders. For example, such eosinophil-deficient mice
were protected from airway remodelling but not allergen-
induced airway dysfunction in an animal model of asthma
(13). The eosinophil is involved in many inflammatory
processes occurring in a variety of organs, especially the
airways and the lung, where its role may be either beneficial
or detrimental. For example, an eosinophil-mediated
inflammatory response is usually considered beneficial
during parasitic infestation, whereas eosinophilic infiltra-
tion of the bronchial wall participates to the pathophys-
iology of asthma. Although major advances have been
made in the understanding of ecosinophil biology, it

842

remains to be determined how the different stimuli
potentially induce the differential release of the variety of
granule proteins and/or cytokines contained and/or syn-
thetized by this cell type. Of note, research on eosinophil is
hampered by the inability of murine eosinophils to
degranulate either in vivo or in vitro, in contrast with
human eosinophils, and observations issued from animal
studies may not always be applicable to human disease.

Hopefully, progress made in the understanding of the
pathobiology of eosinophil leucocytes may lead to the
discovery of new drugs targeting the recruitment or
the activation of eosinophils, or inducing the apoptosis of
this cell type (14). Hence, drugs that affect eosinophil
development are becoming available (15), such as anti-
IL-5 antibodies [which induce bone marrow eosinophil
maturation arrest and decrease eosinophil progenitors in
the airways (16)] or CCR3 antagonists [which might
suppress eosinophil progenitor migration and maturation
(17)]. Recent strategies targeting IL-5 have shown poorly
effective in asthma, probably because eosinophil recruit-
ment to the lung and activation results from redundant
cytokine and signalling pathways (for example IL-5 and
eotaxin) (14, 18), but more promising results have been
obtained in the HES (19). Eosinophils also express
potential inhibitory receptors that may provide novel
therapeutic approaches (20).

Pathology

EP are characterized by the prominent infiltration of the
lung parenchyma by eosinophils on histopathological
examination, while other inflammatory cells may be
associated, especially lymphocytes, plasma cells and
polymorphonuclear neutrophils. The pathological fea-
tures described in idiopathic chronic EP (ICEP) may be
considered as the common denominator of all categories
of EP (21-23), and may further be in some cases
associated with features specific for the cause of EP.
Alveolar spaces are also filled with eosinophils (that may
be degranulated) (24) and a fibrinous exudate, with
conservation of the global architecture of the lung.
Eosinophilic microabscesses and a non-necrotizing vas-
culitis are common in ICEP and especially in idiopathic
acute EP (IAEP) (25). Macrophages and scattered multi-
nucleated giant cells may be present in the infiltrate and
may contain eosinophilic granules or Charcot—Leyden
crystals. Some degree of organization of the alveolar
exudate is common, yet intraluminal organization of the
distal airspaces is never prominent (in contrast with
cryptogenic organizing pneumonia).

Diagnosis

The diagnosis of EP requires both characteristic clinical—
radiological features and the demonstration of alveolar



(and/or peripheral blood) eosinophilia. Bronchoalveolar
lavage (BAL) has become a widely accepted noninvasive
surrogate of lung biopsy for the diagnosis of EP.
Therefore, lung biopsy is seldom necessary to establish
the diagnosis of EP, and is now performed only in
difficult cases, where a video-assisted thoracoscopic lung
biopsy should be preferred to transbronchial lung biop-
sies. The clinical-radiological presentation distinguishes
three distinct presentations, namely Loffler syndrome,
chronic EP and acute EP. In most cases the diagnosis of
EP is made when both radiographic pulmonary opacities
and alveolar eosinophilia are present, although no study
has definitely established that an increased differential cell
count of eosinophils at BAL unequivocally predicts a
pathological finding of EP on lung biopsy. Although the
percentage of eosinophils at BAL is <2% in normal
controls (26), a differential cell count of eosinophils of 2—
25% may be found in nonspecific conditions; therefore a
cut-off of 225% for the diagnosis of IAEP has been
recommended (27), and 240% for the diagnosis of ICEP
(28, 29). In addition, the diagnosis of EP is supported by
alveolar ecosinophilia when the eosinophils are the
predominant cell population of BAL differential cell
count (macrophages excepted). The presence of markedly
elevated peripheral blood eosinophilia (>1 x 10°/I and
preferably 1.5 x 10%/1) together with typical clinical-
radiological features obviates the need for lung biopsy
in ICEP. However, peripheral blood eosinophilia may be
absent at presentation especially in IAEP.

In clinical practice the EP may be separated into
idiopathic EP, that usually may be included within well-
individualized syndromes (ICEP, IAEP, CSS and the
HES), and EP with a definite cause on the other hand,
mainly of infectious and drug origin (Table 1). Identifi-
cation of a cause may lead to therapeutic measures such
as stopping a drug responsible for iatrogenic EP or
treating a parasitic infection, and potential causes must
be thoroughly investigated.

Idiopathic chronic eosinophilic pneumonia

Either chronic or acute, idiopathic EP represents an
eosinophilic pulmonary disorder without associated man-
ifestations specific for any aetiological agent. Individual-
ized as a distinct entity by Carrington et al. (21), ICEP is
characterized by the progressive onset of respiratory and
systemic symptoms within a few weeks, with a mean
interval of 4 months between the onset of symptoms and
the diagnosis (29). The most common symptoms are cough,
dyspnoea and chest pain (23, 29), often accompanied with
fatigue, malaise, fever and weight loss. Haemoptysis and
pleural effusion are uncommon. At physical examination,
wheezes or crackles are found in one-third of patients.
Chronic rhinitis or sinusitis is present in 20% of patients.

A majority of patients with ICEP (93.5%) were
nonsmokers in our series (29), suggesting that smoking

Eosinophilic pneumonias

Table 1. Classification of the eosinophilic lung diseases

Eosinophilic lung disease of undetermined cause
Solitary
Idiopathic chronic eosinophilic pneumonia
Idiopathic acute eosinophilic pneumonia
Associated with systemic disease
Churg—Strauss syndrome
Hypereosinophilic syndromes
Eosinophilic lung disease of determined cause
Eosinophilic pneumonias of parasitic origin
Tropical eosinophilia
Ascaris pneumonia
Larva migrans syndrome
Strongyloides stercoralis infection
Eosinophilic pneumonias in other parasitic infections
Eosinophilic pneumonias of other infectious causes
Allergic bronchopulmonary aspergillosis and related syndromes
Allergic bronchopulmonary aspergillosis
Other allergic bronchopulmonary syndromes associated with fungi or yeasts
Bronchocentric granulomatosis
Drug, toxic agents and radiation-induced eosinophilic pneumonias
Drugs
Toxic agents
Eosinophilic pneumonia induced by radiation therapy to the breast
Miscellaneous lung diseases with possible associated eosinophilia
Organizing pneumonia
Asthma and eosinophilic bronchitis
|diopathic interstitial pneumonias
Langerhans cell granulomatosis
Lung transplantation
Other lung diseases with occasional eosinophilia
Sarcoidosis
Paraneoplastic eosinophilic pneumonia

might be protective. ICEP occurs predominantly in
women with a 2 : 1 female to male ratio, with a mean
age of 45 years at diagnosis, and a prior history of atopy
in about half of the patients. Prior asthma may be present
in up to two-thirds of the patients, and may get worse after
the occurrence of ICEP, requiring long-term oral cortico-
steroid treatment. Asthma may also occur concomitantly
with the diagnosis of ICEP or develop after it (28). The
presentation of ICEP is similar in asthmatics and non-
asthmatics. There is no evidence that a desensitization
programme may contribute to the development of ICEP.

Imaging features of ICEP consist of peripheral alveolar
opacities present in almost all cases, with ill-defined
margins and a density varying from ground glass to
consolidation (Fig. 1). Migration of the infiltrates is
highly suggestive of the diagnosis (although it may also
be seen in cryptogenic organizing pneumonia) but is
present in only a quarter of the cases (29). The peripheral
predominance of the lesions described as the classic
pattern of ‘photographic negative of pulmonary oedema’,
very evocative of ICEP (30), is seen in only one-fourth of
patients (23). Corticosteroid treatment is followed by a
dramatic disappearance of pulmonary opacities. On high-
resolution computed tomography (HRCT), the opacities
are almost always bilateral and predominate in the upper
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Figure 1. High-resolution computed tomography in a patient
with idiopathic chronic eosinophilic pneumonia, showing pre-
dominantly peripheral alveolar opacities as well as ground glass
opacities.

lobes. The most common features at HRCT are coexist-
ing peripheral ground glass and consolidation opacities
(29, 31, 32). In addition, septal line thickening, band-like
opacities parallel to the chest, segmental or lobar atelec-
tasis, small pleural effusions or mediastinal lymph node
enlargement may be seen.

Peripheral blood eosinophilia is usually high and thus
contributes to the diagnosis: eosinophilia over 6% was
present in 88% of 111 cases in the literature (23). The
mean blood eosinophilia was 5.5 x 10°/1 in our series (29),
with eosinophils representing a mean of 32% of the total
blood leucocyte count. As peripheral blood eosinophilia
is often a diagnostic criterion of ICEP, the proportion of
patients with normal peripheral blood count is not
accurately known. C-reactive protein and erythrocyte
sedimentation rate are elevated. Total blood IgE level is
increased in about half of cases (29). Circulating immune
complexes and occasionally antinuclear antibodies may
be present. Markedly increased urinary EDN level
indicating active eosinophil degranulation is found in
patients with ICEP (33).

A particularly marked alveolar eosinophilia usually
>40% (with a mean of 58% in our series) at BAL
differential cell count is a hallmark of ICEP (29). An
increased percentage of neutrophils, mast cells and/or
lymphocytes (mainly of the memory T cells with a CD4 +
CD45RO +, CD45RA—-, CD62L— surface antigen phe-
notype) may also be found. The BAL eosinophil cell count
rapidly drops upon corticosteroid treatment. BAL eosin-
ophils of patients with ICEP release eosinophil proteins
and show a degranulated pattern on electron microscopy
(34). They show increased surface expression of CD44, an
adhesion molecule that participates in cell recruitment,
while soluble CD44 is also increased in BAL fluid (35).
Activation of eosinophils may be restricted to tissue
eosinophils, as expression of the human leucocyte antigen
(HLA)-DR was present in 86% of alveolar eosinophils in
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contrast to only 7% of blood eosinophils in a patient with
ICEP (36). Eosinophil apoptosis mediated by Fas may be
suppressed in BAL eosinophils (37). EDN, ECP and
immunoglobulins are increased in the BAL of patients
with ICEP (1), as well as the eosinophil chemokines
RANTES, eotaxin, and thymus- and activation-regulated
chemokine (TARC/CCL17) (38-40), and the Th2 cytoki-
ne IL-3, IL-5, IL-13 and IL-18 (40, 41).

Nonrespiratory manifestations are uncommon in
ICEP, although ICEP may be a presenting feature of —
or overlap with — CSS (42, 43). Arthralgias, ST-T
abnormalities on the electrocardiogram, acute pericardi-
tis, elevated liver blood tests, mononeuritis multiplex,
skin nodules or vasculitis, and diarrhoea or abdominal
pain due to eosinophilic enteritis have been occasionally
reported (21, 29, 44). Such patients with nonrespiratory
manifestations are often treated with corticosteroid
treatment, which may prevent the development of overt
systemic vasculitis (44).

Lung function tests in ICEP show an obstructive
ventilatory defect in about half the patients (23, 29) and a
restrictive ventilatory defect in half the cases (29). PaO,
10 kPa or less is present in two-thirds of the patients, and
CO transfer factor <80% of predicted is found in half
the cases. Treatment is usually followed by the rapid
normalization of lung function tests, with the exception
of some patients in whom a ventilatory obstructive defect
may persist (45).

As ICEP responds dramatically to corticosteroids, the
natural course of the untreated disease is not well known.
Spontaneous resolution has been reported. Corticoster-
oids are the mainstay of the treatment, with usual doses
between 20 and 60 mg/day of prednisone. We recom-
mend an initial dose of 0.5 mg/kg/day for 2 weeks,
followed by 0.25 mg/kg/day for 2 weeks, then 10 mg/day
for 2 weeks, and the corticosteroid treatment is stopped.
Improvement of the symptoms occurs within 2 weeks
(even within 48 h in about 80% of cases), and chest X-ray
opacities clear within 1 week in about 70% of patients,
and disappear eventually in almost all patients (29). Due
to a high rate of relapse (> 50%) while decreasing or after
stopping the corticosteroid treatment, most patients
receive corticosteroids for more than 6 months, and often
several years. Relapses may occur in the same areas or in
different areas of the lungs and respond very well on
resumption of corticosteroid treatment. It has been
suggested that relapses of ICEP may be less frequent
in patients who receive inhaled corticosteroids after
stopping maintenance oral corticosteroids (28, 29), but
this is controversial (46).

Idiopathic acute eosinophilic pneumonia

IAEP (25, 27, 47-51) differs from ICEP by its acute onset
and severity, and the absence of relapse after recovery. It
presents as an acute pneumonia in previously healthy



individuals, with possible respiratory failure fitting the
criteria for acute lung injury (ALI) or acute respiratory
distress syndrome (ARDS). In addition, blood eosino-
philia is often lacking at presentation and contrasts with
frank alveolar eosinophilia at BAL.

TIAEP occurs at a mean age of about 30 years, ranging
from <20 to 86 years (27, 51). In contrast with ICEP, a
male predominance but no prior asthma history are
found (47). Particular attention must be paid to potential
respiratory exposures, as patients have been reported to
have had a variety of activities within the days before
onset of disease, such as cave exploration, plant repot-
ting, wood pile moving, smoke-house cleaning, motocross
racing in dusty conditions, indoor renovation work, tank
cleaning and explosion of a tear gas bomb (27, 51).
Another case of IAEP has been reported in a New York
City fire-fighter exposed to World Trade Center dust (52).
In addition, in several cases IAEP has developed soon
after the initiation of tobacco smoking (53-57), some-
times with a positive rechallenge test with cigarette
smoking. It is likely that inhalation of smoke or any
nonspecific injurious agent may at least contribute to the
initiation or development of the disease.

The clinical presentation of IAEP is nonspecific, with
the acute onset of cough, dyspnoea, fever and chest pain,
sometimes associated with abdominal complaints or
myalgias (27). Physical examination reveals tachypnoea,
tachycardia, and crackles or less often wheezes on
auscultation. Chest X-ray shows bilateral infiltrates, with
mixed alveolar or interstitial opacities (27, 49—51). Chest
CT mainly shows ground glass opacities and airspace
consolidation, together with poorly defined nodules and
interlobular septal thickening. A bilateral pleural effusion
is present in at least two-thirds of patients (27, 49, 51, 58).
The chest X-ray returns to normal within 3 weeks.

Contrasting with the usual lack of blood eosinophilia
at presentation, the BAL differential cell count of
eosinophils is usually >25% [with a mean of 37% (27)
to 54% (51)], a finding that may be considered a
diagnostic feature of the disease, obviating the need of a
lung biopsy. Increased levels of eotaxin and GM-CSF
and especially IL-5 have been reported in the BAL fluid
of patients with IAEP (34, 59). The peripheral blood
eosinophil count may rise to high values during the
course of disecase, a time course suggestive of the
diagnosis (27, 47, 51). Eosinophilia may be also found
in pleural effusion or sputum. High levels of IgE may be
present. Lung function tests may show a mild restrictive
ventilatory defect, a reduced transfer factor (60), and
increased alveolar—arterial oxygen gradient (27). Severe
hypoxemia may be present (48-51), with a majority of
patients fulfilling diagnostic criteria of ALI (including a
Pa0O,/FiO, < 300 mmHg) or of the ARDS (PaO,/FIO,
< 200 mmHg), so that mechanical ventilation is necessary
in most of them (27, 51), but extrapulmonary organ
failure is very rare. Lung function tests return to normal
in most patients.

Eosinophilic pneumonias

Lung biopsy shows acute and organizing diffuse
alveolar damage together with interstitial alveolar and
bronchiolar infiltration by eosinophils, intraalveolar eos-
inophils and interstitial oedema (25, 61). Although
recovery without corticosteroid treatment may occur
(51), a corticosteroid treatment is usually given for 2-
4 weeks whenever a diagnosis of IAEP is made (27).
Complete clinical and radiological recovery occurs rap-
idly upon corticosteroid treatment, with no relapse, in
contrast with ICEP.

Diagnostic criteria previously proposed for IAEP (27)
include an acute onset, with up to 7 days between the first
symptoms and presentation. However, a further study in
22 patients showed no significant difference between
patients seen between 7 and 31 days after the first
symptoms and patients with a shorter onset in terms of
their clinical presentation, BAL differential cell count,
severity of respiratory failure and outcome (51). There-
fore, diagnostic criteria of IAEP may be extended to
patients presenting up to 1 month after the onset of the
first symptoms, and we propose modified diagnostic
criteria of IAEP (Table 2). Notably, response to cortico-
steroid therapy is not a reliable diagnostic criterion of
IAEP as patients may recover spontaneously without
steroids (47, 51).

Churg-Strauss syndrome

Described in 1951 by Churg and Strauss in autopsied
cases (62), the eponymous syndrome has been included in
the group of small vessel vasculitides in the Chapel Hill
Consensus Conference (63). It is defined as an eosinophil-
rich and granulomatous inflammation involving the
respiratory tract, and necrotizing vasculitis affecting small
to medium sized vessels, and associated with asthma and
eosinophilia. The pathological lesions of CSS (64, 65)
include a vasculitis of the medium-sized pulmonary
arteries (necrotizing or not), eosinophilic tissue infiltra-
tion, and extravascular granulomas consisting of palisad-
ing histiocytes and giant cells. However, all of these
features are seldom found on a single biopsy, and lesions
currently observed are often limited to an eosinophilic

Table 2. Diagnostic criteria for idiopathic acute eosinophilic pneumonia

1. Acute onset of febrile respiratory manifestations ( < 1 month, and especially
< 7 days duration before medical examination)

2. Bilateral diffuse infiltrates on chest radiograph

3. Pa0; on room air < 60 mmHg (7.9 kPa), or Pa0,/Fi0, < 300 mmHg (40 kPa),
or oxygen saturation on room air <90%

4. Lung eosinophilia, with >25% eosinophils on BAL differential cell count (or
eosinophilic pneumonia at lung biopsy)

5. Absence of determined cause of acute eosinophilic pneumonia (including
infection or exposure to drugs known to induce pulmonary eosinophilia, see
Table 5)

Recent onset of tobacco smoking or exposure to inhaled dusts may be present
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(perivascular) infiltration of the tissues characteristic of
the early (prevasculitic) phase of the disease. Biopsy of
the cutaneous lesions is the most common and simple
procedure to obtain pathological evidence of vasculitis.

The clinical features of CSS have been well defined
(66-71). CSS is a very rare vasculitis occurring especially
in the fourth and fifth decades (70), with no sex
predominance. A history of allergic rhinitis is present in
three quarters of cases, often accompanied by relapsing
paranasal sinusitis, polyps, and crusty rhinitis that does
not lead to nasal septal perforation or deformation.
Asthma, generally severe and becoming rapidly cortico-
dependent, usually precedes the onset of vasculitis by
3-9 years (66, 70, 72, 73), although this interval may be
much longer (73), or asthma and vasculitis may be
contemporary (72). The severity of asthma may attenuate
with the onset of the vasculitis. The chest X-ray may
remain normal throughout the course of the disease.
Present in 37-72% of the cases (66, 70), lung opacities
mainly consist of ill-defined pulmonary infiltrates,
sometimes migratory, transient and of varying density
(70, 73-75). A mild pleural effusion may be observed. In
contrast to Wegener granulomatosis, pulmonary cavitary
lesions are exceptional. HR-CT mainly shows areas of
ground-glass attenuation or airspace consolidation, with
peripheral predominance or random distribution, and less
commonly centrilobular nodules, bronchial wall thicken-
ing or dilatation, interlobular septal thickening, hilar or
mediastinal lymphadenopathy, pleural effusion and peri-
cardial effusion (58, 75, 76). These abnormalities are
nonspecific and allowed a correct diagnosis of CSS on CT
in fewer than half the patients with eosinophilic lung
diseases (58).

Blood eosinophilia often >5 x 10%/1 usually parallels
the vasculitis activity (66, 70, 73) and disappears dramat-
ically after the initiation of corticosteroid treatment.
Eosinophilia, sometimes >60%, is also found on BAL
differential cell count (77). Anti-neutrophil cytoplasmic
antibodies (ANCA) are common, reported in 48% (66) to
73% (72) patients, and contribute to the diagnosis.
ANCA are mainly perinuclear-ANCA (P-ANCA) with
myeloperoxidase specificity (66, 72). IgE levels are usually
markedly increased. High levels of urinary EDN might
represent an indicator of disease activity (78). T-cell lines
derived from the blood of patients with CSS produce
large amounts of Th2 cytokines such as IL-4 and 1L-13,
as well as interferon-y (59). Serum IL-5 may be elevated
(79, 80). Serum levels of IL-10 are elevated, while serum
levels of 1L-4, IL-5, IL-13 and interferon-y were compar-
able with those found in Wegener’s granulomatosis in
another study (81).

Extrapulmonary manifestations of CSS usually include
asthenia, weight loss, fever, arthralgias and/or myalgias
(82). Neurological involvement mainly consists of mono-
neuritis multiplex, present in 77% of patients (66), or
asymmetrical polyneuropathy, while central nervous
system involvement is less common. Cardiac involvement
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with eosinophilic myocarditis and/or coronary arteritis
(66, 70-73) is often insidious and asymptomatic, and thus
may be underrecognized. It may lead to dilated cardi-
omyopathy and require heart transplantation when left
untreated, although eosinophilic myocarditis may mark-
edly improve with corticosteroid treatment. Pericardial
effusion is common in CSS but tamponade is rare.
Endomyocardial involvement is not a common feature.
Digestive tract involvement present in 31% of cases (66)
usually manifests as isolated abdominal pain or diar-
rhoea, but intestinal vasculitis (with ulcerations, perfora-
tions, or haemorrhage of the oesophagus, stomach or
intestine) and vasculitic cholecystitis may be present.
Cutancous lesions present in about half of patients (66)
mainly consist of palpable purpura of the extremities,
subcutaneous nodules, erythematous rashes and urticaria.
Renal involvement present in a quarter of cases is usually
mild (66).

The evolution of CSS typically follows three stages:
asthma and rhinitis; tissue eosinophilia (such as EP); and
extrapulmonary manifestations with vasculitis. As many
patients receive corticosteroids at an early stage of the
disease for asthma, the diagnosis of CSS is often delayed
in patients with a mild presentation of the disease (the
so-called ‘formes frustes’ of CSS). Such patients may later
develop an overt presentation of the vasculitis especially
when treatment is tapered. Thus the diagnosis of CSS
should be considered and established before severe organ
involvement (especially cardiac) is present.

There are currently no established or consensus diag-
nostic criteria for CSS. Lanham et al. (70) have proposed
three diagnostic criteria including 1) asthma; 2) eosino-
philia exceeding 1.5 x 10%/I; and 3) systemic vasculitis of
two or more extrapulmonary organs. Classification
criteria (which are not diagnostic criteria however) of
the American College of Rheumatology (83) may also be
used in patients with a pathologically proven diagnosis of
vasculitis. ANCA should probably be considered a major
diagnostic criterion when present. A pathological diag-
nosis of CSS may be obtained from skin, nerve, or muscle
biopsies, but this is not mandatory in most cases (66).
Lung biopsy and transbronchial biopsies are not recom-
mended.

CSS may occasionally be difficult to distinguish from
the other ANCA-associated vasculitides especially the
eosinophilic variant of Wegener granulomatosis (84).
Cases of ‘limited’ CSS (85) involving only the lung or the
heart and ‘formes frustes’ of CSS may be similar to other
eosinophilic syndromes, such as ICEP or idiopathic HES
with minor extrathoracic symptoms.

Corticosteroids are the mainstay of treatment of CSS
(70, 86, 87), with an initial methylprednisolone bolus in
the most severe cases, then oral treatment usually started
at 1 mg/kg/day of prednisone and prolonged for several
months with progressive tapering. About half the patients
without poor prognostic factors at onset achieve com-
plete remission with corticosteroid treatment alone and



do not relapse (88). Relapses of the vasculitis are
common, and should be distinguished from the relapse
or persistence of simple asthma (with generally
<0.5x 10°/1 blood eosinophils). Immunosuppressive
treatment (such as azathioprine or pulses of cyclophosph-
amide) in addition to corticosteroids increase the risk of
infections and are reserved to a minority of patients with
manifestations that could result in mortality or severe
morbidity (89), to patients with poor prognostic factors at
onset (proteinuria >1 g/day; renal insufficiency with
serum creatinine >15.8 mg/l; gastrointestinal tract
involvement; cardiomyopathy; central nervous system
involvement) (86), and to those with mild or severe
relapses. Treatment with cytotoxic agents does not
efficiently prevent relapses (90). Subcutaneous inter-
feron-a has been successfully used in CSS patients with
severe disease (91). The prognosis of CSS has consider-
ably improved over the years with 79% of patients alive
at 5 years (86).

CSS is considered as an autoimmune process invol-
ving T cells, endothelial cells and eosinophils (82). The
possible role of allergy has been suspected especially in
cases with allergic rhinitis and a family history of
atopy. The possible role of triggering or adjuvant
factors such as vaccines or desensitization has been
suspected (92). In addition, the role of Aspergillus,
allergic bronchopulmonary candidiasis, Ascaris, bird
exposure or cocaine has been discussed in isolated case
reports (82). Drug-induced ecosinophilic vasculitis with
pulmonary involvement has been formerly reported
with sulphonamides (used together with antiserum), and
with diflunisal, macrolides and diphenylhydantoin (1).
The possible responsibility of leucotriene-receptor
antagonists (montelukast, zafirkukast, pranlukast) in
the development of CSS is still debated (72, 93); we
consider that these agents should be avoided in any
asthma patient with eosinophilia and/or extrapulmo-
nary manifestations compatible with smouldering CSS.

Idiopathic hypereosinophilic syndromes

The historical definition of the ‘idiopathic’ HES proposed
by Chusid et al. in 1975 (94) empirically included: 1) a
persistent eosinophilia >1.5 x 10°/1 for longer than
6 months, or death before 6 months associated with the
signs and symptoms of hypereosinophilic disease, 2) a lack
of evidence for parasitic, allergic or other known causes of
eosinophilia, and 3) presumptive signs and symptoms
of organ involvement, including hepatosplenomegaly,
organic heart murmur, congestive heart failure, diffuse or
focal central nervous system abnormalities, pulmonary
fibrosis, fever, weight loss or anaemia. Recent studies have
demonstrated that the so-called HES represents indeed a
considerably heterogeneous group of disorders, that may
result especially from clonal proliferation of lymphocytes
or of the eosinophils themselves (95-100).

Eosinophilic pneumonias

The clinical manifestations of HES have been mainly
described in older series. More common in men than in
women (9 : 1), the HES occurs between the ages of 20
and 50 years (101), with an insidious onset of weakness,
fatigue, cough and dyspnoea (102). The mean eosinophil
count at presentation was 20.1 x 10°/1 in one series (103).
Nonrespiratory manifestations of the HES mainly target
the skin, heart and nervous system, while eosinophilic
infiltration of the liver, gastrointestinal tract, kidneys and
joints may also cause symptoms (101). The skin manifes-
tations consist of urticarial or angioedema, or erythema-
tous and pruritic papules and nodules. The disease may
involve both the central and the peripheral nervous
system. Hypercoagulation may result in a variety of
thromboembolic complications.

Particular attention should be paid to cardiac involve-
ment present in 58% of the patients (102). Distinct from
the ecosinophilic myocarditis or coronary vasculitis
observed in CSS, cardiac involvement in HES is mainly
characterized by endomyocardial fibrosis, which is pre-
ceded by an acute necrotic stage, and then a thrombotic
stage where intracavitary thrombi develop along the
endocardium (102, 104). Although endomyocardial dis-
ease is characteristic of HES, it may be encountered in
any disease that results in prolonged and marked
eosinophilia (105). Endomyocardial fibrosis occurs after
a duration of disease of 2 years or more and is charac-
terized clinically by restrictive cardiomyopathy (106). The
pathogenic role of eosinophil-derived cationic proteins
especially MBP has been well documented (105). Echo-
cardiography demonstrates the classic features of mural
thrombus, ventricular apical obliteration and involve-
ment of the posterior mitral leaflet (107). In addition,
damage to the atrio-ventricular valves may be associated
with dyspnoea, mitral (82%) and tricuspid (55%) regur-
gitation, cardiomegaly, and congestive heart failure (102).
Sudden death due to ecosinophilic myocarditis (with
myocyte necrosis and apoptosis) has been reported (108).

Lung involvement present in 40% of patients (94, 102)
is nonspecific and may include pleural effusion, cough
and pulmonary opacities on chest CT (interstitial infil-
trates, ground-glass attenuation, small nodules) (109),
that should be distinguished from pulmonary oedema
resulting from cardiac involvement. Cough may be the
predominant feature. Eosinophilia at BAL may be mild
and contrast with high-blood eosinophilia (110).

The ‘lymphocytic variant” of HES (Table 3) is a T-cell
disorder resulting from the production of chemokines
(especially IL-5) by clonal Th2 lymphocytes bearing an
aberrant CD3- CD4+ (CD2+ TCRa/B-) surface phe-
notype (111-113). These Th2 cells display a surface
phenotype of activated memory T cells (HLA-DR + and/
or CD25+; CD45RO+) (111). Serum levels of IgE are
elevated in most cases as a consequence of IL-4 and 1L-13
production by Th2 lymphocytes, and polyclonal hyper-
gammaglobulinaemia is common (112). The majority of
patients are seen in dermatology clinics and present with
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Table 3. Distinctive features of the lymphocytic and the myeloproliferative variants of the hypereosinophilic syndromes [adapted from Ref. (105)]

Lymphacytic variant

Myeloproliferative variant

Pathogeny

Distinctive clinical features

Distinctive biological features Elevated serum IgE

Polyclonal hypergammaglobulinaemia
Clonal peripheral lymphocytes bearing an aberrant CD3— CD4+

surface phenotype
Elevated serum IL-5
Corticosteroids
Interferon-o.
Anti-IL-5 (mepolizumab)

Main treatment considerations

T-cell clone producing the Th2 cytokine IL-5

Skin manifestations: cutaneous papules or urticarial plaques

Fip1L1-PDGFRa. fusion protein resulting from
interstitial deletion on chromosome 4q12

Male predominance

Endomyocardial fibrosis

Hepatomegaly, splenomegaly

Mucosal ulcerations variant

Anaemia, thrombocytemia

Increased serum vitamin B12

Increased leucocyte alkaline phosphatase

Circulating leucocyte precursors

Imatinib mesylate
Hydroxyurea
Interferon-ot

Anti-IL-5 (mepolizumab)

cutaneous papules or urticarial plaques infiltrated by
lymphocytes and eosinophils. In some cases a cutaneous
T-cell lymphoma or the Sezary syndrome may develop, as
aberrant cells may undergo progressive transformation,
with loss of surface TCR/CD3 expression and cytogenetic
changes (such as partial 6q deletions) (114). The lymph-
ocytic variant accounted for 16 of 60 patients with HES
in a large series (111), a proportion which may be
underestimated due to undetected T-cell clonality (114).
Given the high frequency of skin manifestations, the
lymphocytic variant of HES may resemble Gleich disease
(episodic angioedema with eosinophilia) (114). Hence,
lymphocyte phenotyping in search of a phenotypically
aberrant T-cell subset, and analysis of the rearrangement
of the T-cell receptor in search of T-cell clonality, should
be performed on the peripheral blood and bone marrow
as part of the routine investigation of patients with HES.
In addition, IL-5 production by peripheral blood mono-
nucleated cells or aberrant lymphocyte subsets may be
measured (114). While measurement of serum IL-5 levels
lacks sensitivity, serum levels of thymus and activation-
regulated chemokine (TARC) seems promising (115).
The ‘myeloproliferative variant’ of HES has been
distinguished on the basis of clinical and biological
features commonly seen in chronic myeloproliferative
syndromes, including hepatomegaly, splenomegaly, anae-
mia, thrombocytemia, increased serum vitamin B12 and
leucocyte alkaline phosphatase, and circulating leucocyte
precursors (114). Cutaneous manifestations are uncom-
mon, but mucosal ulcerations may be prominent (105,
116). Severe cardiac complications of the HES are
frequent and may resist to corticosteroid therapy. Acute
eosinophilic leukaemia may eventually develop (95, 101).
The myeloproliferative variant of HES has been recently
attributed to a constitutively activated tyrosine kinase
fusion protein (Fip/LI-PDGFRa) due to an interstitial
chromosomal deletion in 4ql12 not detectable by karyo-
type analysis (117, 118). Imatinib, a tyrosine kinase
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inhibitor originally used to treat chronic myelogenous
leukaemia, proved efficient for several months in patients
with HES refractory to corticosteroids, hydroxyurea and/
or interferon-a.

Less than half of the patients with HES respond well to
corticosteroids as a first-line therapy (1). Other treat-
ments include chemotherapeutic agents (hydroxyurea,
vincristine, etoposide), cyclosporin (101, 103), and inter-
feron-ao (119, 120), particularly in the myeloproliferative
variant. Furthermore imatinib has become a major drug
in patients with the myeloproliferative variant of HES,
especially (but not exclusively) when the FiplLl-
PDGFRa fusion protein is present (117, 118). Patients
with either variant of HES or HES with eosinophilic
dermatitis or the mucosal ulceration form (and no
characteristics of either lymphocytic or myeloproliferative
variant) might respond to anti-IL-5 monoclonal antibody
(mepolizumab) (19, 121, 122).

The prognosis of HES has improved markedly with
about 70% survival at 10 years in recent series (102).

As the above subgroups have been described among
the so-called HES, and many patients are treated before
significant and potentially nonreversible organ involve-
ment occurs, the historical criteria proposed by Chusid
et al. (94) may not be appropriate anymore. The term
idiopathic might henceforth be abandoned in the classi-
fication of HES (114). The lymphocytic variant of HES is
a primary lymphoid disorder characterized by clonal
expansion of IL-5 producing Th2 lymphocytes. The
myeloproliferative variant of HES is a primary myelo-
proliferative disorder with characteristic cytogenetic
abnormalities, and may be considered a chronic eosino-
philic leukaemia. Both variants may from now on be
considered as distinct entities with specific diagnostic
tests, therapeutic options and prognostic considerations.
A significant number of cases remain unclassified, and are
in some cases related to other syndromes such as
necrotizing eosinophilic vasculitis, episodic angioedema



with eosinophilia or the NERDS syndrome (nodules,
eosinophilia, rheumatism, dermatitis and swelling) (105).

Parasitic eosinophilic pneumonia

Parasitic EP may be due to the infestation of humans by a
variety of parasites, especially nematodes (roundworms),
which may or may not be found at pathological exam-
ination of the lung. Parasite infestation represents the
main cause of EP in the world. Clinical manifestations are
nonspecific, and appropriate methods should be used to
establish the diagnosis of parasitic EP whenever it is
suspected (Table 4). A more detailed description of
parasitic eosinophilic pneumonia may be found elsewhere
(1).

Tropical pulmonary eosinophilia is caused by the
filarial parasites Wuchereria bancrofti and Brugia malayi.
Humans are infected by larvae deposited in the skin by
mosquitoes. First-stage larvae or microfilariae circulate in
the bloodstream and develop in 6-12 months into mature
worms residing in the lymphatic vessels. The clinical
features of tropical EP largely result from an immune
response of the host to the antigenic constituents of
circulating microfilariae trapped in the lung vasculature
(123). The main symptom is cough that may be associated
with fever, weight loss and anorexia (124). Chest X-ray
shows bilateral disseminated opacities. Irregular basilar
opacities persist after 1 year in two-thirds of patients
(125). Eosinophils, and sometimes Charcot—Leyden crys-
tals, are present in the sputum. Blood ecosinophilia is
prominent (>2 x 10° eosinophils/l) at the early stage.
However, microfilariae are usually not found in the blood
or the lung. Marked alveolar eosinophilia is present at
BAL and drops within 2 weeks of treatment. The

Table 4. Main parasitic causes of EP and summary of diagnostic tests

Parasites in

Parasites the faeces Serology
In a patient who has not lived in tropical or

subtropical areas
Toxocara canis - +H+
Ascaris lumbricoides +++ (%) +
In a patient who has lived in tropical or

subtropical areas
Strongyloides stercoralis ++ () +
Wuchereria bancrofti, Brugia malayi - +++ (1)
Ancylostoma brasiliense, Ancylostoma duodenale +H +

and Necator americanus
Schistosoma haematobium, S. mansoni —/+++ (8) +

*Only 3 months after pulmonary manifestations; larvae may be found in sputum or
gastric aspirates.

‘tlarvae may be found in sputum, bronchial washing and BAL fluid.

iMicrofilariae may occasionally be found.

§Parasites may be found in urine (S. haematobium) or biopsy of the rectum
(S. haematobium, S. mansoni).

Eosinophilic pneumonias

diagnosis of filariasis may be established by a strongly
positive serology in patients residing in an endemic area
with persisting blood eosinophilia >3 x 10°/1, and IgE
levels exceeding 10 000 ng/ml, and is further supported
by clinical improvement in the weeks following treatment
(1). Treatment of tropical cosinophilia is based on
diethylcarbamazine; association of corticosteroids may
be beneficial.

The nematode Ascaris lumbricoides is the most com-
mon helminth infecting humans, especially children in
the tropical and subtropical areas. The disease is
transmitted through food contaminated by human
faeces containing parasitic eggs. Loffler syndrome may
develop during the migration of the larvae of the
parasite through the lung. Symptoms are usually limited
to cough, wheezing, transient fever, and sometimes
pruritic eruption, which resolve in a few days, while
blood eosinophilic may remain elevated for several
weeks (126).

Visceral larva migrans syndrome (127) caused by
Toxocara canis may occur throughout the world.
Humans and especially children become infected after
ingestion of eggs released by female worms in faeces of
infected dogs, often by oral contamination by the soil of
public playgrounds in urban areas. The disease remains
asymptomatic in a majority of cases. Fever, seizures,
fatigue, and pulmonary manifestations may occur, with
cough, dyspnoea, wheezes or crackles at pulmonary
auscultation, and pulmonary infiltrates at chest X-ray
(127). Blood eosinophilia may be present initially, or may
develop only in the following days. Eosinophils are
increased at BAL differential cell count. Only sympto-
matic treatment is recommended, while the use of
antihelmintics is controversial. The pulmonary disease
may occasionally be severe and necessitate mechanical
ventilation; such cases may benefit from corticosteroids
(128).

Strongyloides stercoralis is an intestinal nematode
widely distributed in the tropical and subtropical areas.
The larvae infect humans through the skin by contact
with humid soil. Eosinophilia present in recently infected
patients is often absent in disseminated disease (129),
although S. stercoralis infection may persist for years.
Strongyloidiasis may cause severe autoinfection and
affect all organs (hyperinfection syndrome), especially in
immunocompromised patients or patients treated with
corticosteroids, thus presenting with fever, cough, wheez-
ing, dyspnoea, abdominal pain, ileus, jaundice or menin-
gitis, with or without peripheral eosinophilia, and
bilateral patchy infiltrates on chest X-ray. As a conse-
quence, treatment of all infected patients with thiaben-
dazole is recommended. Clinical manifestations in the
early stage when larvae migrate through the lungs more
commonly include Loffler syndrome, EP, bronchospasm,
bronchitis, and abdominal pain or diarrhoea, associated
with peripheral blood eosinophilia.

EP may also occur in other infectious causes (1).
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Allergic bronchopulmonary mycesis and bronchocentric
granulomatosis

An extensive review on ABPA can be found elsewhere in
this series (130). ABPA results from a complex allergic
and immune reaction in the bronchi and the surrounding
lung parenchyma in response to antigens from Aspergillus
colonizing the airways of asthmatics. Allergic broncho-
pulmonary disease may also be produced by fungi other
than Aspergillus, such as Pseudallescheria boydii,
Cladosporium herbarum, Candida albicans, etc. (2). The
immunological response to Aspergillus schematically
combines both type I and type III hypersensitivity
(mediated by immunoglobulins E and G, respectively),
and results over time in damage to the bronchial and
pulmonary tissue (131). Mucous plugs containing
Aspergillus obstruct the airways with subsequent atelec-
tasis and bronchial wall damage and proximal bronchiec-
tasis predominating in the upper lobes (132-134). The
presence of bronchiectasis in three or more lobes in
asthmatics (well visualized on CT) is highly suggestive of
ABPA, especially when associated with centrilobular
nodules and mucoid impaction (135); thus a correct
diagnosis of ABPA was made on CT scan in 84% of cases
with ABPA in a series of patients with eosinophilic lung
diseases (58). EP may be found incidentally in resection
specimens of chronic pulmonary consolidation from
patients with asthma and ABPA (132).

ABPA occurs mainly in adults with preexisting asthma,
as well as in up to 7.8% (136) of patients with cystic
fibrosis. Interestingly, an increased prevalence of cystic
fibrosis transmembrane conductance regulator (CFTR)
gene mutations has been reported in noncystic fibrosis
patients with ABPA (137, 138), suggesting that such
mutations could be involved in the development of ABPA
without overt cystic fibrosis. Of note, allergic Aspergillus
sinusitis is considered to have a pathophysiology similar
to that of ABPA (139, 140); both disecases may be
associated in a syndrome called sinobronchial allergic
aspergillosis.

The ecarly stage of ABPA is characterized by fever,
expectoration of mucus plugs containing eosinophils and
Charcot-Leyden crystals, peripheral blood eosinophilia
>1x 10°/1, and pulmonary infiltrates due to EP, or
segmental or lobar atelectasis due to mucus plugging
(141). Chronic ABPA is characterized by asthma, eosi-
nophilia, and bronchopulmonary manifestations inclu-
ding bronchiectasis (when the latter is lacking, cases are
designated as ABPA-seropositive) (142). The current
diagnostic criteria include asthma, history of pulmonary
infiltrates, proximal bronchiectasis, elevated serum immu-
noglobulin E, and immunological hypersensitivity to
A. fumigatus such as immediate reaction to prick test
for Aspergillus antigen, precipitating antibodies against
A. fumigatus, and elevated specific immunoglobulin E
against A. fumigatus (with approximately 40 antigenic
components identified to date) (142, 143). The expecto-
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ration of mucous plugs, the presence of Aspergillus in
sputum, and late skin reactivity to Aspergillus antigen are
also common at this stage (143).

The treatment of exacerbations of ABPA relies on
corticosteroids and may contribute to preventing the
progression of the disease to the fibrotic end stage (144).
Long-term corticosteroid therapy is required only in
patients with progressive lung damage or frequent symp-
tomatic attacks (142). Inhaled corticosteroids may reduce
the need for long-term oral corticosteroids. Oral itracon-
azole allows the reduction of the doses of corticosteroids
and is a useful adjunct to corticosteroids (145, 146).
Treatment with itraconazole allows reduction of the
corticosteroid oral dose (147), improves immunological
surrogates of disease, and reduces the rate of exacerba-
tions as compared with placebo (148), but its long-term
effect on lung function is unknown (149). Treatment with
voriconazole has not yet been evaluated in ABPA.

Bronchocentric granulomatosis is a granulomatous
inflammatory and destructive process with peribronchio-
lar predominance (150). Scattered fungal hyphae may be
demonstrated by the Grocott silver stain in some patients.
A dense inflammatory infiltrate with a predominant
eosinophilic component (especially in asthmatic patients)
is generally present in the peribronchial tissue and
sometimes the more distal lung parenchyma, occasionally
with vascular inflammation and mucoid impaction (151).
About half the patients are asthmatics. They further
present with fever and cough, peripheral blood eosino-
philia. Imaging abnormalities include masses, reticulo-
nodular opacities, or alveolar infiltrates or consolidations
predominating in the upper lobes and unilateral in a
majority of patients (152, 153). Most of these patients
fulfil the criteria for ABPA, and respond well to cortico-
steroids despite frequent recurrences. Eosinophilia is
usually conspicuous only when bronchocentric granulo-
matosis occurs in asthmatic patients.

Eosinophilic pneumonias secondary to drug, toxic agents
and radiation therapy

All drugs taken in the weeks or months preceding the
clinical syndrome of EP must be thoroughly investigated,
including illicit drugs (cocaine or heroin). Although EP
has been reported in association with more than 80 drugs,
the causality has not been established for many of them,
thus limiting to fewer than 20 the number of drugs which
can definitely be considered as a common cause of EP.
Out of these drugs, many are nonsteroidal anti-inflam-
matory drugs or antibiotics (Table 5).

Drug-induced EP may develop progressively (chronic
EP) with increasing dyspnoea, cough and mild fever in a
subject who has been taking a drug for several months or
years. Alternatively, it may present as transient pulmon-
ary infiltrates with eosinophilia (Loffler syndrome) dis-
covered by systematic chest X-ray in poorly symptomatic



Table 5. Drugs which cause typical eosinophilic pneumonia [from Ref. (1)]

Acetylsalicylic acid

Captopril

Diclofenac

Ethambutol

Fenbufen

Granulocyte monocyte-colony stimulating factor
Ibuprofen

L-Tryptophan

Minocycline

Naproxen

Para-(4)-aminosalicylic acid
Penicillins

Phenylbutazone

Piroxicam

Pyrimethamine

Sulindac
Sulphamides—sulphonamides
Tolfenamic acid
Trimethoprim-sulphamethoxazole

patients. Lastly, some patients present with acute EP
sometimes requiring mechanical ventilation.

The only absolute proof that a drug is responsible of
EP might theoretically be obtained by its reintroduction
with ensuing relapse of pneumonia, but this approach is
dangerous. The regression of EP after stopping the drug
is a good clue for its iatrogenic cause, but corticosteroids
are often given concomitantly with drug withdrawal to
accelerate clinical improvement, so that the responsibility
of the drug cannot be definitely established. When
present, cutaneous rash or pleural effusion increase the
likelihood of the diagnosis. Associated extrapulmonary
iatrogenic manifestations such as systemic eosinophilic
vasculitis (thus mimicking CSS) have been reported
(154, 155).

Respiratory manifestations characteristic of EP were
also observed during the so-called eosinophilia—myalgia
syndrome related to the intake of contaminated prepara-
tions of L-tryptophan (156), as well as the toxic-oil
syndrome resulting from the ingestion of denatured
cooking oil (157).

Similar to what seen with the organizing pneumonia
syndrome that may be primed by radiation therapy (158),
chronic EP similar to ICEP has been described after
radiation therapy for breast cancer (159) in women. All
patients had a history of asthma and/or allergy. All
patients were symptomatic at the onset of EP, with
dyspnoea and cough developing 1-10 months after the
completion of radiation therapy (median 3.5 months).
Chest radiograph showed pulmonary infiltrates, unilat-
eral and limited to the irradiated lung, or bilateral, and
migratory in some cases. A causal relationship between
radiation therapy and EP was supported by the first
appearance of pulmonary opacities within irradiated
areas. All patients had blood eosinophilia >1 x 10%/1
and/or eosinophilia 40% or higher at BAL differential
cell count. A careful search identified no parasitic

Eosinophilic pneumonias

infection or drugs that could have caused eosinophilic
pneumonia. Oral corticosteroid treatment allowed rapid
clinical and radiologic recovery without sequelae in all
patients, but relapse occurred after treatment withdrawal
in some patients. The time course of the disease was
compatible with a role of radiation therapy, as previous
studies have demonstrated that radiation-induced organ-
izing pneumonia may develop within a year after the
completion of radiation therapy (158). Although a causal
relationship between radiation therapy and EP could not
be definitely established from this descriptive study, it
may be hypothesized (159) that priming of alveolitis by
radiation to the breast may result in either chronic EP or
organizing pneumonia, depending on genetic or acquired
characteristics of patients and/or further triggering fac-
tors. Among patients who undergo radiation therapy for
breast cancer, those with a history of asthma or atopy
might preferentially develop EP rather than organizing
pneumonia.

Miscellaneous lung diseases with associated eosinophilia

Blood and/or BAL eosinophilia may be present in other
bronchopulmonary disorders where EP is not prominent.

Eosinophilic inflammation of the airways is a major
pathological feature of asthma. Some mild increase of
eosinophils at BAL differential cell count (usually fewer
than 5%) may be found in asthma (160). Monitoring of
the sputum ecosinophil count may help in adapting the
treatment and reducing asthma exacerbations and hospi-
tal admissions (161).

Eosinophilic bronchitis (without asthma) with a high
percentage of eosinophils (about 40%) in sputum is a
well-recognized cause of chronic cough responsive to
corticosteroid treatment (162-164). Eosinophils are in-
creased within the airways in eosinophilic bronchitis to
levels similar to those found in asthma (165). Patients
usually have normal lung function and airway respon-
siveness in comparison with asthmatic patients (166).
However, the development over time of irreversible
airflow obstruction has been reported in a patient with
eosinophilic bronchitis without asthma (167), and repea-
ted episodes of eosinophilic bronchitis are associated with
the development of chronic airflow obstruction, including
asthma (168). Whether ecosinophilic bronchitis is a
distinct clinical entity or just represents a precursor of
asthma remains unknown (169). Chronic bronchiolitis
associated with obstructive ventilatory defect and histo-
pathological eosinophilic lung infiltrates has been repor-
ted (170).

Mildly increased levels of eosinophils may be found at
BAL differential cell count in idiopathic interstitial
pneumonias, a finding associated with a poor prognosis
in idiopathic pulmonary fibrosis (171-173). Focal EP has
been reported in cases of usual interstitial pneumonia
(174). The typical clinical and imaging features of
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cryptogenic organizing pneumonia may closely mimic
ICEP (175), and some clinical or pathological overlap
may be encountered between these two diseases. Pulmon-
ary Langerhans cell histiocytosis granulomatosis (also
designated as eosinophilic granuloma) is characterized by
proliferating Langerhans cells, and granulomatous le-
sions that may be rich in eosinophils especially at the
initial active stage of the disease in about 25% of cases

References

1.

10.

11.

852

Cordier JF. Eosinophilic pneumonias.
In: Schwarz M1, King TE Jr, editors.
Interstitial lung disease, 4th edn. Ham-
ilton, Ontario: B.C. Decker Inc.,
2003:657-700.

. Cordier JF, Cottin V. Eosinophilic lung

diseases. In: Murray BW, Nadel JA,
editors. Textbook of respiratory medi-
cine, 4th edn. Philadelphia: Saunders,
2005.

. Schleimer RP, Bochner BS. The effects

of glucocorticoids on human eosinoph-
ils. J Allergy Clin Immunol
1994;94:1202-1213.

. Rothenberg ME. Eosinophilia. N Engl

J Med 1998;338:1592-1600.

. Kroegel C, Virchow JC Jr, Luttmann

W, Walker C, Warner JA. Pulmonary
immune cells in health and disease: the
eosinophil leukocyte (Part I). Eur
Respir J 1994;7:519-543.

. Kroegel C, Warner JA, Virchow JC Jr,

Matthys H. Pulmonary immune cells in
health and disease: the eosinophil leu-
kocyte (Part II). Eur Respir J
1994;7:743-760.

. Marone G. Human eosinophils. Biolo-

gical and clinical aspects. Basel: Karger,
2000.

. Lampinen M, Carlson M, Hakansson

LD, Venge P. Cytokine-regulated
accumulation of eosinophils in inflam-
matory disease. Allergy 2004;59:793—
805.

. Shi HZ, Xiao CQ, Li CQ, Mo XY,

Yang QL, Leng J et al. Endobronchial
eosinophils preferentially stimulate T
helper cell type 2 responses. Allergy
2004;59:428-435.

Shi HZ, Humbles A, Gerard C, Jin Z,
Weller PF. Lymph node trafficking and
antigen presentation by endobronchial
eosinophils. J Clin Invest 2000;105:945—
953.

Yu C, Cantor AB, Yang H, Browne C,
Wells RA, Fujiwara Y et al. Targeted
deletion of a high-affinity GATA-bind-
ing site in the GATA-1 promoter leads
to selective loss of the eosinophil lineage
in vivo. J Exp Med 2002;195:1387-1395.

13.

17.

20.

21.

IL-5 (181).

. Lee JJ, Dimina D, Macias MP, Ochkur

SI, McGarry MP, O’Neill KR et al.
Defining a link with asthma in mice
congenitally deficient in eosinophils.
Science 2004;305:1773-1776.

Humbles AA, Lloyd CM, McMillan SJ,
Friend DS, Xanthou G, McKenna EE
et al. A critical role for eosinophils in
allergic airways remodeling. Science
2004;305:1776-1779.

. Bochner BS. Verdict in the case of

therapies versus eosinophils: the jury is
still out. J Allergy Clin Immunol
2004;113:3-9.

. Sterk PJ, Hiemstra PS. Eosinophil

progenitors in sputum: throwing out the
baby with the bath water? Am J Respir
Crit Care Med 2004;169:549-550.

. Menzies-Gow A, Flood-Page P, Sehmi

R, Burman J, Hamid Q, Robinson DS
et al. Anti-IL-5 (mepolizumab) therapy
induces bone marrow eosinophil matu-
rational arrest and decreases eosinophil
progenitors in the bronchial mucosa of
atopic asthmatics. J Allergy Clin
Immunol 2003;111:714-719.
Lamkhioued B, Abdelilah SG, Hamid
Q, Mansour N, Delespesse G, Renzi
PM. The CCR3 receptor is involved in
eosinophil differentiation and is up-
regulated by Th2 cytokines in CD34 +
progenitor cells. J Immunol
2003;170:537-547.

. Kay AB, Menzies-Gow A. Eosinophils

and interleukin-5: the debate continues.
Am J Respir Crit Care Med
2003;167:1586-1587.

. Garrett JK, Jameson SC, Thomson B,

Collins MH, Wagoner LE, Freese DK
et al. Anti-interleukin-5 (mepolizumab)
therapy for hypereosinophilic syn-
dromes. J Allergy Clin Immunol
2004;113:115-119.

Munitz A, Levi-Schaffer F. Eosinoph-
ils: ‘new’ roles for ‘old’ cells. Allergy
2004;59:268-275.

Carrington CB, Addington WW, Goff
AM, Madoff IM, Marks A, Schwaber
JR et al. Chronic eosinophilic pneu-
monia. N Engl J] Med 1969;280:787—
798.

22.

23.

24.

25.

26.

27.

28.

29.

(176, 177). Blood eosinophilia and tissue eosinophilia
may be present in sarcoidosis, but are usually mild (178).
In lung transplant recipients, pulmonary eosinophilia
may result from infectious agents such as Aspergillus,
Pseudomonas or coxsackie virus (179), but it may be
indicative of acute rejection (179, 180). EP was reported
in a patient with gastric cancer producing GM-CSF and

Liebow AA, Carrington CB. The
eosinophilic pneumonias. Medicine
(Baltimore) 1969;48:251-285.

Jederlinic PJ, Sicilian L, Gaensler EA.
Chronic eosinophilic pneumonia.

A report of 19 cases and a review of
the literature. Medicine (Baltimore)
1988;67:154-162.

Olopade CO, Crotty TB, Douglas WW,
Colby TV, Sur S. Chronic eosinophilic
pneumonia and idiopathic bronchiolitis
obliterans organizing pneumonia: com-
parison of eosinophil number and
degranulation by immunofluorescence
staining for eosinophil-derived major
basic protein. Mayo Clin Proc
1995;70:137-142.

Tazelaar HD, Linz LJ, Colby TV,
Myers JL, Limper AH. Acute eosino-
philic pneumonia: histopathologic
findings in nine patients. Am J Respir
Crit Care Med 1997;155:296-302.
Anonymous. Bronchoalveolar lavage
constituents in healthy individuals, idi-
opathic pulmonary fibrosis, and selec-
ted comparison groups. The BAL
Cooperative Group Steering Commit-
tee. Am Rev Respir Dis 1990;141:S169—
S202.

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;75:334-342.
Marchand E, Etienne-Mastroianni B,
Chanez P, Lauque D, Leclerq P,
Cordier JF. Idiopathic chronic eosino-
philic pneumonia and asthma: how do
they influence each other? The Groupe
d’Etudes et de Recherche sur les
Maladies ‘Orphelines’ Pulmonaires
(GERM‘O’P). Eur Respir J 2003;22:8-13.
Marchand E, Reynaud-Gaubert M,
Lauque D, Durieu J, Tonnel AB, Cor-
dier JF. Idiopathic chronic eosinophilic
pneumonia. A clinical and follow-up
study of 62 cases. The Groupe d’Etudes
et de Recherche sur les Maladies
‘Orphelines’ Pulmonaires (GERM‘O’P).
Medicine (Baltimore) 1998;77:299-312.



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Gaensler E, Carrington C. Peripheral
opacities in chronic eosinophilic pneu-
monia: the photographic negative of
pulmonary edema. AJR Am J Roent-
genol 1977;128:1-13.

Ebara H, Ikezoe J, Johkoh T, Kohno
N, Takeuchi N, Kozuka T et al. Chro-
nic eosinophilic pneumonia: evolution
of chest radiograms and CT features.

J Comput Assist Tomogr 1994;18:
737-744.

Arakawa H, Kurihara Y, Niimi H,
Nakajima Y, Johkoh T, Nakamura H.
Bronchiolitis obliterans with organizing
pneumonia versus chronic eosinophilic
pneumonia: high-resolution CT findings
in 81 patients. AJR Am J Roentgenol
2001;176:1053-1058.

Cottin V, Deviller P, Tardy F, Cordier
JE. Urinary eosinophil-derived neuro-
toxin/protein X: a simple method for
assessing eosinophil degranulation in
vivo. J Allergy Clin Immunol
1998;101:116-123.

Cordier JF. Eosinophilic pneumonias.
In: Schwarz MI, King TE Jr, editors.
Interstitial lung disease, 3rd edn. Ham-
ilton, Ontario: B.C. Decker Inc.,
1998:559-595.

Katoh S, Taniguchi H, Matsubara Y,
Matsumoto N, Fukushima K, Kadota J
et al. Overexpression of CD44 on
alveolar eosinophils with high concen-
trations of soluble CD44 in bronchoal-
veolar lavage fluid in patients with
eosinophilic pneumonia. Allergy
1999;54:1286-1292.

Beninati W, Derdak S, Dixon PF,
Grider DJ, Strollo DC, Hensley RE et
al. Pulmonary eosinophils express
HLA-DR in chronic eosinophilic
pneumonia. J Allergy Clin Immunol
1993;92:442-449.

Saita N, Yamanaka T, Kohrogi H,
Ando M, Hirashima M. Apoptotic
response of eosinophils in chronic
eosinophilic pneumonia. Eur

Respir J 2001;17:190-194.

Kurashima K, Mukaida N, Fujimura
M, Yasui M, Shinagawa T, Matsuda T
et al. A specific elevation of RANTES
in bronchoalveolar lavage fluids of
patients with chronic eosinophilic
pneumonia. Lab Invest 1997;76:67-75.
Katoh S, Matsumoto N, Fukushima K,
Mukae H, Kadota JI, Kohno S et al.
Elevated chemokine levels in broncho-
alveolar lavage fluid of patients with
eosinophilic pneumonia. J Allergy Clin
Immunol 2000;106:730-736.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Miyazaki E, Nureki S, Fukami T,
Shigenaga T, Ando M, Ito K et al.
Elevated levels of thymus- and activa-
tion-regulated chemokine in broncho-
alveolar lavage fluid from patients with
eosinophilic pneumonia. Am J Respir
Crit Care Med 2002;165:1125-1131.
Katoh S, Matsumoto N, Matsumoto K,
Fukushima K, Matsukura S. Elevated
interleukin-18 levels in bronchoalveolar
lavage fluid of patients with eosinophilic
pneumonia. Allergy 2004;59:850-856.
Steinfeld S, Golstein M, De Vuyst P.
Chronic eosinophilic pneumonia (CEP)
as a presenting feature of Churg—
Strauss syndrome (CSS). Eur Respir J
1994;7:2098.

Hueto-Perez-de-Heredia JJ, Domin-
guez-del-Valle FJ, Garcia E, Gomez
ML, Gallego J. Chronic eosinophilic
pneumonia as a presenting feature of
Churg—Strauss syndrome. Eur Respir J
1994;7:1006-1008.

Weynants P, Riou R, Vergnon JM,
Vincent M, Wiesendanger T, Cordier
JF et al. Pneumopathies chroniques a
¢osinophiles. Etude de 16 cas. Rev Mal
Respir 1985;2:63-68.

Durieu J, Wallaert B, Tonnel AB. Long
term follow-up of pulmonary function
in chronic eosinophilic pneumonia. Eur
Respir J 1997;10:286-291.

Minakuchi M, Niimi A, Matsumoto H,
Amitani R, Mishima M. Chronic eosi-
nophilic pneumonia: treatment with
inhaled corticosteroids. Respiration
2003;70:362-366.

Hayakawa H, Sato A, Toyoshima M,
Imokawa S, Taniguchi M. A clinical
study of idiopathic eosinophilic pneu-
monia. Chest 1994;105:1462-1466.
Allen JN, Pacht ER, Gadek JE, Davis
WB. Acute eosinophilic pneumonia as a
reversible cause of noninfectious res-
piratory failure. N Engl J Med
1989;321:569-574.

Cheon JE, Lee KS, Jung GS, Chung
MH, Cho YD. Acute eosinophilic
pneumonia: radiographic and CT
findings in six patients. AJR Am J
Roentgenol 1996;167:1195-1199.

King MA, Pope-Harman AL, Allen JN,
Christoforidis GA, Christoforidis AlJ.
Acute eosinophilic pneumonia: radio-
logic and clinical features. Radiology
1997;203:715-719.

Philit F, Etienne-Mastroianni B, Parrot
A, Guerin C, Robert D, Cordier JF.
Idiopathic acute eosinophilic pneu-
monia: a study of 22 patients. The
Groupe d’Etudes et de Recherche sur
les Maladies ‘Orphelines’ Pulmonaires
(GERM‘O’P). Am J Respir Crit Care
Med 2002;166:1235-1239.

52

53.

54.

55.

56.

57.

S8.

59.

60.

61.

62.

63.

Eosinophilic pneumonias

Rom WN, Weiden M, Garcia R, Yie
TA, Vathesatogkit P, Tse DB et al.
Acute eosinophilic pneumonia in a New
York City firefighter exposed to World
Trade Center dust. Am J Respir Crit
Care Med 2002;166:797-800.
Nakajima M, Manabe T, Niki Y,
Matsushima T. Cigarette smoke-in-
duced acute eosinophilic pneumonia.
Radiology 1998;207:829-831.

Shintani H, Fujimura M, Yasui M,
Ueda K, Kameda S, Noto M et al.
Acute eosinophilic pneumonia caused
by cigarette smoking. Intern Med
2000;39:66-68.

Shintani H, Fujimura M, Ishiura Y,
Noto M. A case of cigarette smoking-
induced acute eosinophilic pneumonia
showing tolerance. Chest 2000;117:277—
279.

Nakajima M, Manabe T, Niki Y,
Matsushima T, Takashi S. A case of
cigarette smoking-induced acute eosi-
nophilic pneumonia showing tolerance.
Chest 2000;118:1517-1518.

Kawayama T, Fujiki R, Honda J,
Rikimaru T, Aizawa H. High concen-
tration of (I — 3)-beta-p-glucan in
BAL fluid in patients with acute eosi-
nophilic pneumonia. Chest
2003;123:1302-1307.

Johkoh T, Muller NL, Akira M,
Ichikado K, Suga M, Ando M et al.
Eosinophilic lung diseases: diagnostic
accuracy of thin-section CT in 111
patients. Radiology 2000;216:773-780.
Nakahara Y, Hayashi S, Fukuno Y,
Kawashima M, Yatsunami J. Increased
interleukin-5 levels in bronchoalveolar
lavage fluid is a major factor for eosi-
nophil accumulation in acute eosino-
philic pneumonia. Respiration
2001;68:389-395.

Ogawa H, Fujimura M, Matsuda T,
Nakamura H, Kumabashiri I, Kita-
gawa S. Transient wheeze. Eosinophilic
bronchobronchiolitis in acute eosino-
philic pneumonia. Chest
1993;104:493-496.

Kawayama T, Fujiki R, Morimitsu Y,
Rikimaru T, Aizawa H. Fatal idio-
pathic acute eosinophilic pneumonia
with acute lung injury. Respirology
2002;7:373-375.

Churg J, Strauss L. Allergic granulo-
matosis, allergic angiitis, and periar-
teritis nodosa. Am J Pathol
1951;27:277-301.

Jennette JC, Falk RJ, Andrassy K,
Bacon PA, Churg J, Gross WL et al.
Nomenclature of systemic vasculitides.
Proposal of an international consensus
conference. Arthritis Rheum
1994;37:187-192.

853



Cottin and Cordier

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

854

Katzenstein AL. Diagnostic features
and differential diagnosis of Churg—
Strauss syndrome in the lung. A review.
Am J Clin Pathol 2000;114:767-772.
Churg A. Recent advances in the diag-
nosis of Churg-Strauss syndrome. Mod
Pathol 2001;14:1284-1293.

Guillevin L, Cohen P, Gayraud M,
Lhote F, Jarrousse B, Casassus P.
Churg—Strauss syndrome. Clinical
study and long-term follow-up of

96 patients. Medicine (Baltimore)
1999;78:26-37.

Della Rossa A, Baldini C, Tavoni A,
Tognetti A, Neglia D, Sambuceti G

et al. Churg—Strauss syndrome: clinical
and serological features of 19 patients
from a single Italian centre. Rheuma-
tology (Oxford) 2002;41:1286-1294.
Solans R, Bosch JA, Perez-Bocanegra
C, Selva A, Huguet P, Alijotas J et al.
Churg—Strauss syndrome: outcome and
long-term follow-up of 32 patients.
Rheumatology (Oxford) 2001;40:763—
771.

Churg A, Brallas M, Cronin SR, Churg
J. Formes frustes of Churg—Strauss
syndrome. Chest 1995;108:320-323.
Lanham JG, Elkon KB, Pusey CD,
Hughes GR. Systemic vasculitis with
asthma and eosinophilia: a clinical
approach to the Churg—Strauss syn-
drome. Medicine (Baltimore)
1984,63:65-81.

Reid AJC, Harrison BDW, Watts RA,
Watkin SW, McCann BG, Scott DGI.
Churg-Strauss syndrome in a district
hospital. Q J Med 1998;91:219-229.
Keogh KA, Specks U. Churg—Strauss
syndrome: clinical presentation, an-
tineutrophil cytoplasmic antibodies,
and leukotriene receptor antagonists.
Am J Med 2003;115:284-290.
Chumbley LC, Harrison EG Jr,
DeRemee RA. Allergic granulomatosis
and angiitis (Churg—Strauss syndrome).
Report and analysis of 30 cases. Mayo
Clin Proc 1977;52:477-484.

Degesys GE, Mintzer RA, Vrla RF.
Allergic granulomatosis: Churg—Strauss
syndrome. AJR Am J Roentgenol
1980;135:1281-1282.

Choi YH, Im JG, Han BK, Kim JH,
Lee KY, Myoung NH. Thoracic mani-
festation of Churg—Strauss syndrome:
radiologic and clinical findings. Chest
2000;117:117-124.

Worthy SA, Muller NL, Hansell DM,
Flower CD. Churg-Strauss syndrome:
the spectrum of pulmonary CT findings
in 17 patients. AJR Am J Roentgenol
1998;170:297-300.

77.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Wallaert B, Gosset P, Prin L, Bart F,
Marquette CH, Tonnel AB. Broncho-
alveolar lavage in allergic granuloma-
tosis and angiitis. Eur Respir J
1993;6:413-417.

. Cottin V, Tardy F, Gindre D, Vernet G,

Deviller P, Cordier JF. Urinary eosi-
nophil-derived neurotoxin in Churg—
Strauss syndrome. J Allergy Clin
Immunol 1995;96:261-264.

Tsukadaira A, Okubo Y, Kitano K,
Horie S, Momose T, Takashi S et al.
Eosinophil active cytokines and surface
analysis of eosinophils in Churg—
Strauss syndrome. Allergy Asthma Proc
1999;20:39-44.

Shiota Y, Matsumoto H, Kanehisa Y,
Tanaka M, Kanazawa K, Hiyama J

et al. Serum interleukin-5 levels in a case
with allergic granulomatous angiitis.
Intern Med 1997;36:709-711.
Schonermarck U, Csernok E, Trabandt
A, Hansen H, Gross WL. Circulating
cytokines and soluble CD23, CD26 and
CD30 in ANCA-associated vasculitides.
Clin Exp Rheumatol 2000;18:457-463.
Cottin V, Cordier JF. Churg-Strauss
syndrome. Allergy 1999;54:535-551.
Masi AT, Hunder GG, Lie JT, Michel
BA, Bloch DA, Arend WP et al. The
American College of Rheumatology
1990 criteria for the classification of
Churg—Strauss syndrome (allergic gra-
nulomatosis and angiitis). Arthritis
Rheum 1990;33:1094-1100.

Yousem SA, Lombard CM. The eosi-
nophilic variant of Wegener’s granulo-
matosis. Hum Pathol 1988;19:682-688.
Lie JT. Limited forms of Churg—Strauss
syndrome. Pathol Ann 1993;28:199—
220.

Guillevin L, Lhote F, Gayraud M,
Cohen P, Jarrousse B, Lortholary O

et al. Prognostic factors in polyarteritis
nodosa and Churg—Strauss syndrome.
A prospective study in 342 patients.
Medicine (Baltimore) 1996;75:17-28.
Abu-Shakra M, Smythe H, Lewtas J,
Badley E, Weber D, Keystone E.
Outcome of polyarteritis nodosa and
Churg—Strauss syndrome. An analysis
of twenty-five patients. Arthritis Rheum
1994;37:1798-1803.

Cohen P, Pagnoux C, Mahr A,
Mouthon L, Le Guern V,

Andre MH, et al. Treatment of Churg—
Strauss syndrome (CSS) without poor
prognosis factor at baseline with
corticosteroids (CS) alone. Preliminary
results of a prospective multicenter trial.
Arthritis Rheum 2003;48:S209.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Langford CA. Treatment of polyarteri-
tis nodosa, microscopic polyangiitis,
and Churg-Strauss syndrome: where do
we stand? Arthritis Rheum
2001;44:508-512.

Gayraud M, Guillevin L, le Toumelin
P, Cohen P, Lhote F, Casassus P et al.
Long-term follow-up of polyarteritis
nodosa, microscopic polyangiitis, and
Churg—Strauss syndrome: analysis of
four prospective trials including 278
patients. Arthritis Rheum
2001;44:666-675.

Tatsis E, Schnabel A, Gross WL.
Interferon-alpha treatment of four
patients with the Churg—Strauss
syndrome. Ann Intern Med
1998;129:370-374.

Guillevin L, Guittard T, Bletry O,
Godeau P, Rosenthal P. Systemic nec-
rotizing angiitis with asthma: causes
and precipitating factors in 43 cases.
Lung 1987;165:165-172.

Lilly CM, Churg A, Lazarovich M,
Pauwels R, Hendeles L, Rosenwasser
LJ, et al. Asthma therapies and Churg—
Strauss syndrome (allergic granuloma-
tosis and angiitis). Arthritis Rheum
2002;109:S1-S19.

Chusid MJ, Dale DC, West BC, Wolff
SM. The hypereosinophilic syndrome:
analysis of fourteen cases with review of
the literature. Medicine (Baltimore)
1975;54:1-27.

Bain BJ. Eosinophilic leukaemias and
the idiopathic hypereosinophilic syn-
drome. Br J Haematol 1996;95:2-9.
Brito-Babapulle F. Clonal eosinophilic
disorders and the hypereosinophilic
syndrome. Blood Rev 1997;11:
129-145.

Oliver JW, Deol I, Morgan DL, Tonk
VS. Chronic eosinophilic leukemia and
hypereosinophilic syndromes. Proposal
for classification, literature review, and
report of a case with a unique chro-
mosomal abnormality. Cancer Genet
Cytogenet 1998;107:111-117.

Schoffski P, Ganser A, Pascheberg U,
Busche G, Gaede B, Hertenstein B.
Complete haematological and cyto-
genetic response to interferon alpha-2a
of a myeloproliferative disorder with
eosinophilia associated with a unique
t(4;7) aberration. Ann Hematol
2000;79:95-98.

. Chang HW, Leong KH, Koh DR, Lee

SH. Clonality of isolated eosinophils in
the hypereosinophilic syndrome. Blood
1999;93:1651-1657.



100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Bigoni R, Cuneo A, Roberti MG,
Milani R, Bardi A, Cavazzini F et al.
Cytogenetic and molecular cytogenetic
characterization of 6 new cases of idio-
pathic hypereosinophilic syndrome.
Haematologica 2000;85:486-491.
Weller PF, Bubley GJ. The idiopathic
hypereosinophilic syndrome. Blood
1994;83:2759-2779.

Fauci AS, Harley JB, Roberts WC,
Ferrans VJ, Gralnick HR, Bjornson
BH. The idiopathic hypereosinophilic
syndrome: clinical, pathophysiologic
and therapeutic considerations. Ann
Intern Med 1982;97:78-92.

Spry CJF, Davies J, Tai PC, Olsen EGJ,
Oakley CM, Goodwin JF. Clinical fea-
tures of fifteen patients with the hype-
reosinophilic syndrome. Q J Med
1983;205:1-22.

Roberts WC, Ferrans VJ. Pathologic
anatomy of the cardiomyopathies. Idi-
opathic dilated and hypertrophic types,
infiltrative types, and endomyocardial
disease with and without eosinophilia.
Hum Pathol 1975;6:287-342.
Leiferman KM, Gleich GJ. Hypereosi-
nophilic syndrome: case presentation
and update. J Allergy Clin Immunol
2004;113:50-58.

Assa’ad AH, Spicer RL, Nelson DP,
Zimmermann N, Rothenberg ME.
Hypereosinophilic syndromes. Chem
Immunol 2000;76:208-229.

Ommen SR, Seward JB, Tajik AJ.
Clinical and echocardiographic features
of hypereosinophilic syndromes. Am J
Cardiol 2001;86:110-113.

Corradi D, Vaglio A, Maestri R,
Legname V, Leonardi G, Bartoloni G et
al. Eosinophilic myocarditis in a patient
with idiopathic hypereosinophilic
syndrome: insights into mechanisms of
myocardial cell death. Human Pathol
2004;35:1160-1163.

Kang EY, Shim JJ, Kim JS, Kim KI.
Pulmonary involvement of idiopathic
hypereosinophilic syndrome: CT find-
ings in five patients. J Comput Assist
Tom 1997;21:612-615.

Cordier JF, Faure M, Hermier C, Brune
J. Pleural effusions in an overlap syn-
drome of idiopathic hypereosinophilic
syndrome and erythema elevatum diut-
inum. Eur Respir J 1990;3:115-118.
Simon HU, Plotz SG, Dummer R,
Blaser K. Abnormal clones of T cells
producing interleukin-5 in idiopathic
eosinophilia. N Engl J Med
1999;341:1112-1120.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Roufosse F, Schandene L, Sibille C,
Willard-Gallo K, Kennes B, Efira A

et al. Clonal Th2 lymphocytes in
patients with the idiopathic hypereosi-
nophilic syndrome. Br J Haematol
2000;109:540-548.

Cogan E, Schandené L, Crusiaux A,
Cochaux P, Velu T, Goldman M. Clo-
nal proliferation of type 2 helper T cells
in a man with the hypereosinophilic
syndrome. N Engl J Med 1994;330:535—
538.

Roufosse F, Cogan E, Goldman M.
The hypereosinophilic syndrome revis-
ited. Annu Rev Med 2003;54:169—-184.
Kakinuma T, Nakamura K, Wakugawa
M, Mitsui H, Tada Y, Saeki H et al.
Thymus and activation-regulated
chemokine in atopic dermatitis: serum
thymus and activation-regulated chem-
okine level is closely related with disease
activity. J Allergy Clin Immunol
2001;107:535-541.

Leiferman KM, O’Duffy JD, Perry HO,
Greipp PR, Giuliani ER, Gleich GJ.
Recurrent incapacitating mucosal
ulcerations. A prodrome of the hypere-
osinophilic syndrome. JAMA
1982;247:1018-1020.

Cools J, DeAngelo DJ, Gotlib J, Stover
EH, Legare RD, Cortes J et al. A
tyrosine kinase created by fusion of the
PDGFRA and FIP1L1 genes as a
therapeutic target of imatinib in idio-
pathic hypereosinophilic syndrome.

N Engl J Med 2003;348:1201-1214.
Griffin JH, Leung J, Bruner RJ, Calig-
iuri MA, Briesewitz R. Discovery of a
fusion kinase in EOL-1 cells and idio-
pathic hypereosinophilic syndrome.
Proc Natl Acad Sci USA
2003;100:7830-7835.

Butterfield JH, Gleich G. Response of
six patients with idiopathic hypereosi-
nophilic syndrome to interferon alpha.
J Allergy Clin Immunol 1994;94:1318—
1326.

Ceretelli S, Capochiani E, Petrini M.
Interferon-alpha in the idiopathic
hypereosinophilic syndrome: consid-
eration of five cases. Ann Hematol
1998;77:161-164.

Plotz SG, Simon HU, Darsow U,
Simon D, Vassina E, Yousefi S et al.
Use of an anti-interleukin-5 antibody in
the hypereosinophilic syndrome with
eosinophilic dermatitis. N Engl J Med
2003;349:2334-2339.

Koury MJ, Newman JH, Murray JJ.
Reversal of hypereosinophilic syndrome
and lymphomatoid papulosis with
mepolizumab and imatinib. Am J Med
2003;115:587-589.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

Eosinophilic pneumonias

Chitkara RK, Sarinas PS. Dirofilaria,
visceral larva migrans, and tropical
pulmonary eosinophilia. Semin Respir
Infect 1997;12:138-148.

Malavige GN. Chronic cough and
tropical pulmonary eosinophilia. BMJ
2003;326:1036.

Rom WN, Vijayan VK, Cornelius MJ,
Kumaraswami V, Prabhakar R, Ottesen
EA et al. Persistent lower respiratory
tract inflammation associated with
interstitial lung disease in patients with
tropical pulmonary eosinophilia fol-
lowing conventional treatment with
diethylcarbamazine. Am Rev Respir
Dis 1990;142:1088-1092.

Sarinas PS, Chitkara RK. Ascariasis
and hookworm. Semin Respir Infect
1997;12:130-137.

Schantz PM, Glickman LT. Current
concepts in parasitology. Toxocaral
visceral larva migrans. N Engl J Med
1978;298:436-439.

Beshear JR, Hendley JO. Severe
pulmonary involvement in visceral
larva migrans. Am J Dis Child
1973;125:599-600.

Igra-Siegman Y, Kapila R, Sen P,
Kaminski ZC, Louria DB. Syndrome of
hyperinfection with strongyloides
stercoralis. Rev Infect Dis 1981;3:397—
407.

Tonnel AB. Allergic bronchopulmo-
nary aspergillosis. Allergy 2005, in
press.

Kauffman HF, Tomee JF, van der Werf
TS, de Monchy JG, Koeter GK. Review
of fungus-induced asthmatic reactions.
Am J Respir Crit Care Med
1995;151:2109-2116.

Bosken C, Myers J, Greenberger P,
Katzenstein AL. Pathologic features of
allergic bronchopulmonary aspergil-
losis. Am J Surg Pathol 1988;12:216—
222.

Panchal N, Bhagat R, Pant C, Shah A.
Allergic bronchopulmonary aspergil-
losis: the spectrum of computed
tomography appearances. Respir Med
1997;91:213-219.

Angus RM, Davies ML, Cowan MD,
McSharry C, Thomson NC. Computed
tomographic scanning of the lung in
patients with allergic bronchopulmo-
nary aspergillosis and in asthmatic
patients with a positive skin test to
Aspergillus fumigatus. Thorax
1994;49:586-589.

Wagner RW. Gene inhibition using
antisense oligodeoxynucleotides.
Nature 1994;372:333-335.

855



Cottin and Cordier

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

856

Mastella G, Rainisio M, Harms HK,
Hodson ME, Koch C, Navarro J et al.
Allergic bronchopulmonary aspergil-
losis in cystic fibrosis. A European
epidemiological study. Epidemiologic
Registry of Cystic Fibrosis. Eur Respir
J2001;16:464-471.

Venarske DL, deShazo RD. Sinobron-
chial allergic mycosis: the SAM syn-
drome. Chest 2002;121:1670-1676.
Marchand E, Verellen-Dumoulin C,
Mairesse M, Delaunois L, Brancaleone
P, Rahier JF et al. Frequency of cystic
fibrosis transmembrane conductance
regulator gene mutations and 5T allele
in patients with allergic bronchopul-
monary aspergillosis. Chest
2001;119:762-767.

Ponikau JU, Sherris DA, Kern EB,
Homburger HA, Frigas E, Gaffey TA
et al. The diagnosis and incidence of
allergic fungal sinusitis. Mayo Clin Proc
1999;74:877-884.

Leonard CT, Berry GJ, Ruoss SJ.
Nasal-pulmonary relations in allergic
fungal sinusitis and allergic broncho-
pulmonary aspergillosis. Clin Rev
Allergy Immunol 2001;21:5-15.
Mintzer RA, Rogers LF, Kruglik GD,
Rosenberg M, Neiman HL, Patterson
R. The spectrum of radiologic findings
in ABPA. Radiology 1978;127:301-307.
Greenberger PA. Allergic bronchopul-
monary aspergillosis. J Allergy Clin
Immunol 2002;110:685-692.
Rosenberg M, Patterson R, Mintzer R,
Cooper BJ, Roberts M, Harris KE.
Clinical and immunologic criteria for
the diagnosis of allergic bronchopul-
monary aspergillosis. Ann Intern Med
1977;86:405-414.

Patterson R, Greenberger PA, Lee TM,
Liotta JL, O’Neill EA, Roberts M et al.
Prolonged evaluation of patients with
corticosteroid-dependent asthma stage
of allergic bronchopulmonary aspergil-
losis. J Allergy Clin Immunol
1987;80:663-668.

Salez F, Brichet A, Desurmont S,
Grosbois JM, Wallaert B, Tonnel AB.
Effects of itraconazole therapy in aller-
gic bronchopulmonary aspergillosis.
Chest 1999;116:1665-1668.

Wark PA, Gibson PG. Allergic bron-
chopulmonary aspergillosis: new con-
cepts of pathogenesis and treatment.
Respirology 2001;6:1-7.

Stevens DA, Schwartz HJ, Lee JY,
Moskovitz BL, Jerome DC, Catanzaro
A et al. A randomized trial of itracon-
azole in allergic bronchopulmonary
aspergillosis. N Engl J Med
2000;342:756-762.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

Wark PA, Hensley MJ, Saltos N, Boyle
MJ, Toneguzzi RC, Epid GD et al.
Anti-inflammatory effect of itraconaz-
ole in stable allergic bronchopulmonary
aspergillosis: a randomized controlled
trial. J Allergy Clin Immunol
2003;111:952-957.

Wark P. Pathogenesis of allergic bron-
chopulmonary aspergillosis and an evi-
dence-based review of azoles in
treatment. Respir Med 2004;98:915—
923.

Liebow AA. The J. Burns Amberson
lecture. Pulmonary angiitis and gra-
nulomatosis. Am Rev Respir Dis
1973;108:1-18.

Katzenstein AL, Liecbow AA, Fried-
mann PJ. Bronchocentric granuloma-
tosis, mucoid impaction and
hypersensitivity reaction to fungi. Am
Rev Respir Dis 1975;111:497-537.
Robinson RG, Wehnut WD, Tsou E,
Koss MN, Hochhelzer L. Bronchocen-
tric granulomatosis. Roentgenographic
manifestations. Am Rev Respir Dis
1982;125:751-756.

Ward S, Heyneman LE, Flint JD,
Leung AN, Kazerooni EA, Muller NL.
Bronchocentric granulomatosis: com-
puted tomographic findings in five pa-
tients. Clin Radiol 2000;55:296-300.
Yermakov VM, Hitti IF, Sutton AL.
Necrotizing vasculitis associated with
diphenylhydantoin: two fatal cases.
Hum Pathol 1983;13:182-184.

Rich AR. The role of hypersensitivity in
periarteritis nodosa as indicated by se-
ven cases developing during serum
sickness and sulfonamide therapy. Bull
Johns Hopkins Hosp 1942;71:123-141.
Hertzman PA, Blevins WL, Mayer J,
Greenfield B, Ting M, Gleich GJ.
Association of the eosinophilia-myalgia
syndrome with the ingestion of trypto-
phan. N Engl J Med 1990;322:869-873.
Alonso-Ruiz A, Calabozo M, Perez-
Ruiz F, Mancebo L. Toxic oil syn-
drome. A long-term follow-up of a
cohort of 332 patients. Medicine
(Baltimore) 1993;72:285-295.

Crestani B, Valeyre D, Roden S, Wal-
laert B, Dalphin JC, Cordier JF. Bron-
chiolitis obliterans organizing
pneumonia syndrome primed by radi-
ation therapy to the breast. The Groupe
d’Etudes et de Recherche sur les Mal-
adies Orphelines Pulmonaires (GER-
M‘O’P). Am J Respir Crit Care Med
1998;158:1929-1935.

Cottin V, Frognier R, Monnot H, Levy
A, DeVuyst P, Cordier JF. Chronic
eosinophilic pneumonia after radiation
therapy for breast cancer. Eur Respir J
2004;23:9-13.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

Van Vyve T, Chanez P, Lacoste JY,
Bousquet J, Michel FB, Godard P.
Comparison between bronchial and
alveolar samples of bronchoalveolar
lavage fluid in asthma. Chest
1992;102:356-361.

Green RH, Brightling CE, McKenna S,
Hargadon B, Parker D, Bradding P

et al. Asthma exacerbations and sputum
eosinophil counts: a randomised con-
trolled trial. Lancet 2002;360:1715—
1721.

Gibson PG, Dolovich J, Denburg J,
Ramsdale EH, Hargreave FE. Chronic
cough: eosinophilic bronchitis without
asthma. Lancet 1989;1:1346—1348.
Gibson PG, Fujimura M, Niimi A.
Eosinophilic bronchitis: clinical mani-
festations and implications for treat-
ment. Thorax 2002;57:178-182.

Niimi A, Amitani R, Suzuki K, Tanaka
E, Murayama T, Kuze F. Eosinophilic
inflammation in cough variant asthma.
Eur Respir J 1998;11:1064-1069.
Brightling CE, Symon FA, Birring SS,
Bradding P, Wardlaw AJ, Pavord ID.
Comparison of airway immunopathol-
ogy of eosinophilic bronchitis and
asthma. Thorax 2003;58:528-532.
Thomson NC, Chaudhuri R. Why is
eosinophilic bronchitis not asthma? Am
J Respir Crit Care Med 2004;170:4-5.
Brightling CE, Woltmann G, Wardlaw
AJ, Pavord ID. Development of irre-
versible airflow obstruction in a patient
with eosinophilic bronchitis without
asthma. Eur Respir J 1999;14:1228—
1230.

Park SW, Lee YM, Jang AS, Lee JH,
Hwangbo Y, Kim do J et al. Develop-
ment of chronic airway obstruction in
patients with eosinophilic bronchitis:

a prospective follow-up study. Chest
2004;125:1998-2004.

Dicpinigaitis PV. Cough. 4: Cough in
asthma and eosinophilic bronchitis.
Thorax 2004;59:71-72.

Takayanagi N, Kanazawa M, Kawa-
bata Y, Colby TV. Chronic bronchioli-
tis with associated eosinophilic lung
disease (eosinophilic bronchiolitis).
Respiration 2001;68:319-322.
Turner-Warwick M, Haslam PL. The
value of serial bronchoalveolar lavages
in assessing the clinical progress of
patients with cryptogenic fibrosing
alveolitis. Am Rev Respir Dis
1987;135:26-34.

Haslam PL, Turton CWG, Lukoszek A,
Salsbury AJ, Dewar A, Collins JV et al.
Bronchoalveolar lavage fluid cell counts
in cryptogenic fibrosing alveolitis and
their relation to therapy. Thorax
1980;35:328-339.



173.

174.

175.

Rudd RM, Haslam PL, Turner-War-
wick M. Cryptogenic fibrosing alveoli-
tis. Relationships of pulmonary
physiology and bronchoalveolar lavage
to response to treatment and prognosis.
Am Rev Respir Dis 1981;124:1-8.
Yousem SA. Eosinophilic pneumonia-
like areas in idiopathic usual interstitial
pneumonia. Mod Pathol 2000;13:1280—
1284.

Cordier JF, Cottin V. Cryptogenic
organising pneumonia (bronchiolitis
obliterans organising pneumonia). In:
Gibson GJ, Geddes DM, Costabel U,
Sterk PJ, Corrin B, editors. Respiratory
medicine, 3rd edn. London: Saunders,
2003:1581-1590.

176.

177.

178.

Lieberman PH, Jones CR, Steinman
RM, Erlandson RA, Smith J, Gee T
et al. Langerhans cell (eosinophilic)
granulomatosis. A clinicopathologic
study encompassing 50 years. Am J
Surg Pathol 1996;20:519-552.

Travis WD, Borok Z, Roum JH, Zhang
J, Feuerstein I, Ferrans VJ et al. Pul-
monary Langerhans cell granulomatosis
(histiocytosis X). A clinicopathologic
study of 48 cases. Am J Surg Pathol
1993;17:971-986.

Renston JP, Goldman ES, Hsu RM,
Tomashefski JF Jr. Peripheral blood
eosinophilia in association with sarcoi-
dosis. Mayo Clin Proc 2000;75:586—590.

179.

180.

181.

Eosinophilic pneumonias

Yousem SA. Graft eosinophilia in lung
transplantation. Hum Pathol
1992;23:1172-1177.

Bewig B, Stewart S, Bottcher H, Bastian
A, Tiroke A, Hirt S et al. Eosinophilic
alveolitis in BAL after lung transplan-
tation. Transpl Int 1999;12:266-272.
Horie S, Okubo Y, Suzuki J, Isobe M.
An emaciated man with eosinophilic
pneumonia. Lancet 1996;348:166.

857



