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Abstract
Background—To obtain insight into the
mechanisms of tissue injury in lung
disease due to Churg-Strauss syndrome
(CSS), the bronchoalveolar lavage (BAL)
cell profile and the levels in the BAL fluid
of cell products released by activated eosi-
nophils and neutrophils were assessed.
Methods—Thirteen patients with active
progressive CSS (n = 7) or CSS in partial
remission (n = 6) underwent clinical stag-
ing and bronchoalveolar lavage. The levels
of eosinophil cationic protein (ECP),
myeloperoxidase (MPO), and peroxidase
activity in the BAL fluid were determined
and the results were compared with those
of 19 patients with pulmonary active
Wegener’s granulomatosis (WG) and nine
control subjects.
Results—In patients with progressive CSS
the BAL cell profile was dominated by
eosinophils, neutrophil elevation being the
exception. The eosinophilia was associ-
ated with high ECP levels (4.39 ng/ml and
0.40 ng/ml in the two CSS groups com-
pared with unmeasurable values in the
controls). Individual patients with highly
active CSS also had raised MPO levels,
comparable to the levels in the most active
WG patients. Peroxidase activity in the
BAL fluid was 1.26 U/ml and 0.10 U/ml in
the two groups of patients with CSS and
0.20 U/ml in the controls. Pulmonary dis-
ease in patients with WG was character-
ised by an extensive increase in MPO (0.30
ng/ml versus 0.13 ng/ml in the controls)
together with high peroxidase activity in
the BAL fluid (4.37 U/ml), but only a small
increase in ECP levels was seen. No corre-
lation was found between the ECP and
MPO levels in patients with CSS which
suggests that eosinophil and neutrophil
activation vary independently of each
other.
Conclusions—These findings suggest that,
in addition to eosinophil activation, neu-
trophil activation is an important feature
in some patients with highly active CSS.
The balance of neutrophil and eosinophil
involvement appears to be variable and
this may be one explanation for the
individually variable treatment require-
ments of patients with CSS.
(Thorax 1999;54:771–778)
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Churg-Strauss syndrome (CSS) is a primary
systemic vasculitis of mainly small and inter-
mediate vessels with a propensity for lung
involvement.1 2 It is commonly thought of as an
autoimmune disease,3 but the mechanisms
involved in the tissue injury are poorly
understood. Prominent eosinophilia is one of
the defining features of CSS.1 4 Its magnitude
commonly reflects clinical disease activity and
in many situations eosinophil suppression
results in clinical improvement.1 2 5 Eosinophils
were also found to be increased in the
bronchoalveolar lavage (BAL) fluid of patients
with pulmonary active CSS.6–8 Eosinophils can
cause tissue injury by releasing a spectrum of
toxic products. Eosinophil degranulation was
found to occur at sites of disease in various
hypereosinophilic disorders,9 but data to this
eVect from patients with CSS are few and
inconsistent.6 7

Moreover, it is unclear to what extent
neutrophils are involved in lung disease due to
CSS. Neutrophil activation is a central part of
the pathogenesis of Wegener’s granulomatosis
(WG) and microscopic polyangiitis (MPA),
which together with CSS make up the ANCA
associated primary systemic vasculitides.3 10

Abundant neutrophils and extracellular neu-
trophil products are present in florid tissue
lesions due to WG and MPA and are thought
to contribute to inflammatory tissue injury.11–13

Neutrophils can also be raised in the BAL fluid
of patients with CSS7 and are present in active
tissue lesions, although in fewer numbers than
eosinophils.4 However, no data are available to
enable us to estimate the magnitude of neutro-
phil activation and the balance of neutrophil
and eosinophil activity in patients with CSS
related lung disease.

This study was therefore undertaken to
examine the BAL cell profile and markers of
cellular activation in the BAL fluid of 13
consecutive patients with pulmonary active
CSS. The level of eosinophil cationic protein
(ECP) in BAL fluid was measured as a marker
of eosinophil degranulation and myeloperoxi-
dase (MPO) as a marker of neutrophil
degranulation. The oxidant burden in the
lower respiratory tract was estimated by meas-
uring peroxidase activity. The findings in
patients with CSS were compared with those
from patients with pulmonary active WG.

Methods
PATIENTS

The CSS group comprised nine women and
four men with a median age of 55 years (range
41–57) and a diagnosis of CSS according to the
1990 American College of Rheumatology
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criteria and the 1992 Chapel-Hill definition
(table 1).14 15 All 13 patients had active pulmo-
nary disease which manifested itself as bron-
chial asthma in eight patients and obstructive
bronchitis in association with a history of
bronchial asthma in five. Three patients also
had parenchymal infiltrates at the time of
examination. Staging investigations included
lung function testing, chest radiography, bron-
choscopy, BAL, echocardiography, otorhino-
laryngological, ophthalmological and neuro-
logical consultation, cranial magnetic
resonance imaging, and laboratory screening
for anti-neutrophil cytoplasmic antibodies.16

Extrapulmonary organ manifestations were
chronic rhinitis or sinusitis in all 13 patients,
cutaneous leukocytoclastic vasculitis or nodu-
lar skin infiltrates in seven, peripheral neu-
ropathy mainly in the form of mononeuritis
multiplex in eight, cardiac involvement in the
form of dilatory cardiomyopathy, ventricular or
supraventricular arrhythmias or pericardial
eVusion in six, arthritis in seven, intestinal
involvement in the form of diarrhoea or
abdominal cramping which resolved upon
immunosuppression in three, and glomerulo-
nephritis and myositis in one patient each
(table 1). The duration of vasculitic disease
ranged from one to 111 months with a mean of
28 months. The time span from the onset of
asthma to generalised disease was 1–112
months with a median of 23 months. Histologi-
cal confirmation was obtained in the upper and
lower respiratory tract in five patients and at
various other sites in the remaining eight. The
patients were subdivided according to disease
status into a group of seven patients with highly
active progressive disease and a group of six
patients with CSS in partial remission. At the
time of examination all patients in the former
group were on prednisolone at a median dose
of 10 mg/day. One of these patients experi-
enced a major relapse while he was also receiv-
ing low dose methotrexate and another patient
relapsed while she was on cyclophosphamide.
Five of the six patients in partial remission were
receiving a median dose of 12 mg/day pred-

nisolone and two patients were also on
cyclophosphamide.

The WG group comprised 19 patients diag-
nosed according to the 1990 American College
of Rheumatology criteria and the 1992 Chapel-
Hill definition (table 2).15 17 All patients had
active progressive disease. In 12 patients histo-
logical confirmation was obtained from the
upper and lower respiratory tracts, and from
various other sites in the remaining patients.
Pulmonary disease manifested itself radiologi-
cally in the form of ill defined infiltrates or
consolidation in 12 patients and solitary or
multiple nodules in five. Two patients had
ulcerative and granulomatous bronchitis in
association with a lymphocytic BAL profile.
Extrapulmonary organ involvement included
the upper respiratory tract in all 19 patients,
the kidneys in 14 patients, the eyes in 12, the
peripheral nervous system in seven, the skin in
four, the heart in three, the gastrointestinal
tract in two, the central nervous system in two,
and the musculoskeletal system in 16 patients.
At the time of examination 12 patients were not
receiving any immunosuppressive medication;
in the others a major relapse occurred while
receiving low dose prednisolone (n = 2), low
dose methotrexate (n = 2), cotrimoxazole (n =
2), or cyclophosphamide (n = 1).

There were nine patients in the control
group (five women) with a mean age of 33
years (interquartile range 29–39). Six of these
had been transferred to our department for
evaluation of suspected systemic rheumatic
disease and turned out to be free of inflamma-
tory systemic or pulmonary disease and three
were healthy laboratory personnel. All nine
subjects had a normal chest radiograph,
normal lung function, and a normal BAL cell
profile. All patients and the control subjects
were non-smokers and were free of clinical or
microbiological evidence of infection.

BRONCHOSCOPY

Fibreoptic bronchoscopy was performed after
local anaesthesia with lidocaine and premedi-
cation with atropine and a morphine antitus-
sive. The bronchoscope was wedged into a seg-

Table 1 Characteristics of patients with progressive Churg-Strauss syndrome (n = 7) and
Churg-Strauss syndrome in partial remission (n = 6)

Progressive disease Partial remission

Female:male 6:1 3:3
Age (years) 50 (39–55) 57 (42–60)
Duration of vasculitis (months) 6 (1–104) 43 (26–67)
ESR (mm/h) 28 (16–72) 14 (3–16)
C-reactive protein (mg/dl) 1.7 (0.6–11.7) 0.5 (0.4–0.7)
Blood eosinophil count (cells/µl) 1470 (550–2560) 170 (100–210)
Disease extent index (DEI score) 5 (3–9) 4 (4–6)
Cumulative organ involvement (n)

Upper respiratory tract 7 6
Arthritis 3 4
Polyneuropathy 4 4
Kidney 0 1
Skin 4 3
Heart 3 3
Gastrointestinal 1 2
Myositis 0 1

VCIN (% predicted) 97 (78–102) 92 (67–100)
FEV1/VCIN (%) 70 (67–75) 67 (43–70)
TLCO/VA (% predicted) 88 (71–92) 84 (77–87)

VCIN = inspiratory vital capacity; FEV1 = forced expiratory volume in one second; TLCO = car-
bon monoxide transfer factor; VA = alveolar volume.
Values are median (interquartile range).

Table 2 Characteristics of patients with progressive
Wegener’s granulomatosis (n = 19)

Female:male 8:11

Age (years) 60 (54–64)
Duration of disease (months) 39 (11–87)
ESR (mm/h) 90 (40–105)
C-reactive protein (mg/dl) 11.3 (2.1–15.8)
Disease extent index (DEI score) 7 (3–11)
Cumulative organ involvement (n)

Upper respiratory tract 19
Kidney 14
Eye 12
Arthritis 16
Polyneuropathy 7
Central nervous system 2
Skin 4
Heart 3
Gastrointestinal 2

VCIN (% predicted) 94 (78–106)
FEV1/VCIN (%) 71 (62–78)
TLCO/VA (% predicted) 115 (95–120)

VCIN = inspiratory vital capacity; FEV1 = forced expiratory
volume in one second; TLCO = carbon monoxide transfer factor;
VA = alveolar volume.
Values are median (interquartile range).
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mental bronchus and 12 fractions of 20 ml
sterile 0.9% saline were instilled and aspirated.
Fluid recovery was at least 60%. The first two
fractions were set apart and the third to twelfth
fractions were pooled and further analysed.
Aliquots of the material were examined for
conventional bacterial pathogens, acid-fast
bacteria, Legionella species, Chlamydia species,
Mycoplasma species, and Pneumocystis carinii
and any infected material was omitted from
further study.

BAL CELL ANALYSIS

The lavage material was filtered through surgi-
cal gauze and centrifuged at 4°C. The cell pel-
let was resuspended in RPMI 1640 medium
(Gibco, Eggenstein, Germany) to a density of
106 cells/ml. Cytospin preparations were pre-
pared with a Shandon II cytocentrifuge (Shan-
don Products, Cheshire, UK) and stained
using the May-Giemsa-Gruenwald stain. The
cell diVerential was assessed microscopically by
counting 400 cells. Normal reference values in
this laboratory are <15% lymphocytes, <5%
neutrophils, and <1% eosinophils.

MEASUREMENT OF SOLUBLE CELL PRODUCTS IN

BAL FLUID

The BAL fluid was concentrated by pressure
filtration under nitrogen using Amicon YM10
membranes with a molecular weight cut oV of
10 kD (Millipore Corporation, Eschborn, Ger-
many). Filtration was stopped when the
retained volume amounted to 1.2–1.5 ml,
resulting in a mean concentration factor of 37.
Solute concentrations in the original BAL fluid
were calculated by dividing the measured con-
centration by the individual concentration fac-
tor. The level of ECP in concentrated BAL
fluid was measured using the Unicap ECP-
fluoroimmunoassay (Pharmacia, Freiburg,
Germany) according to the recommendations
of the manufacturer. The detection threshold
in the BAL fluid concentrate was 2 ng/ml.
MPO was measured using the myeloperoxidase
capture ELISA (Calbiochem-Novabiochem
Corporation, San Diego, California, USA)
according to the recommendations of the
manufacturer. The threshold of detection in
the BAL fluid concentrate was 1.2 ng/ml. Per-
oxidase activity was measured using the K-blue
assay as described by Segelmark et al.18 The
tetramethylbenzidine and hydrogen peroxidase
containing substrate/chromogen mixture was
purchased from Neogen, Lexington, Kentucky,
USA. Briefly, 50 µl of concentrated BAL fluid
(1:2 diluted in PBS) was mixed with 50 µl of
the substrate solution and the absorbance was
measured at 660 nm after 30 minutes.
Measurement of progressive dilutions of speci-
mens of BAL fluid gave values which parallel-
led the standard curve, thus verifying the
specificity of the method. Moreover, purified
myeloperoxidase purchased from Calbiochem
Corporation (Bad Soden, Germany) was di-
luted serially and measured using the K-blue
assay and the aforementioned capture ELISA.
This gave a close correlation between peroxi-
dase activity and MPO measurements. The

detection threshold of the peroxidase assay was
1.5 ng/ml. All assays were run in duplicate.

ANALYSIS OF DATA

Data are presented as median with the 25th
and 75th percentiles. Values for the BAL cell
profile are expressed as percentage of total
BAL cells. Concentrations of BAL fluid solutes
are presented as concentrations in the original
lavage fluid. DiVerences between the groups
were tested for statistical significance by the
Kruskal-Wallis test, followed by the Mann-
Whitney U test for pairwise diVerences. The
Spearman rank test was used to calculate
correlations between cell numbers and solute
concentrations.

Results
BAL CELL PROFILE

An abnormal BAL cell profile was found in 11
of the 13 patients with CSS. The most promi-
nent abnormality was an excess of eosinophils
(fig 1A). The median eosinophil count was
34% (interquartile range 8–71%) in the
patients with progressive disease and 0.5%
(interquartile range 0–5%) in the patients in
partial remission, compared with a normal ref-
erence value of <1%. The diVerence in the
eosinophil count between the two CSS sub-
groups was statistically significant (p = 0.015).
The eosinophil count in the BAL fluid proved
to be more sensitive in reflecting disease activ-
ity than the eosinophil count in the blood, with
three patients (one in the high activity group
and two in the group in partial remission) hav-
ing increased levels of eosinophils in the BAL
fluid in the presence of normal blood eosi-
nophils. Increased lymphocyte levels were
found in two patients in the group with highly
active disease and in two of those with CSS in
partial remission, but only one patient in the
former group had raised BAL neutrophils.

Thirteen of the 19 patients with highly active
WG had an abnormal BAL cell profile (fig 1B).
On the basis of the BAL cell pattern these
patients fell into three categories. Seven
patients had raised neutrophil levels (range
6–18%, normal reference value <5%), six had
raised lymphocyte levels (interquartile range
18–42%, normal reference value <15%), and
the remaining six patients had a normal BAL
cell profile. Low grade elevation of the
eosinophils in the range of 1–3% was found in
four patients.

CELLULAR ACTIVATION MARKERS IN BAL FLUID

All CSS patients with highly active disease and
five of the six patients in partial remission had
measurable ECP levels in the BAL fluid
whereas none of the controls had a measurable
ECP level (fig 2). The median ECP level was
4.39 ng/ml (interquartile range 4.00–6.50) in
the highly active patients and this was signifi-
cantly higher than the level of 0.40 ng/ml
(interquartile range 0–0.56) in the patients in
partial remission (p = 0.004). A statistically
significant correlation was found between the
ECP level in the BAL fluid and the percentage
eosinophil count in the BAL fluid of the 13
patients with CSS (R = 0.774, p = 0.002; fig 3),
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and the strength of the correlation was very
similar when absolute counts of BAL eosi-
nophils were used in this analysis (R = 0.724, p

= 0.005). This suggests that the BAL eosi-
nophils were the dominant source of the ECP
in the BAL fluid. MPO levels in the BAL fluid

Figure 1 BAL cell profiles in (A) patients with progressive Churg-Strauss syndrome (CSS) and CSS in partial remission
and (B) patients with progressive Wegener’s granulomatosis (WG) and controls. Shaded areas represent normal reference
values.
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spanned essentially the same range in the
patients with highly active CSS as in the
patients with WG (fig 4), resulting in virtually
identical median levels in the two groups
(0.32 ng/ml and 0.30 ng/ml, respectively). The
MPO levels in the patients with WG diVered
significantly from the controls (p = 0.018), but
the number of cases with progressive CSS was
too small for the increase in MPO levels to
reach statistical significance. No correlation
was found between the ECP and MPO levels in
the BAL fluid of patients with either CSS or
WG.

The patients with highly active WG had
moderately increased ECP levels in the BAL
fluid which were significantly higher than those
in the controls (p = 0.019) but lower than those

in the patients with highly active CSS (0.07 ng/
ml versus 4.39 ng/ml, p<0.001; fig 2). The
median MPO level in the BAL fluid of patients
with WG was significantly higher than the
median MPO level of the controls (p = 0.018;
fig 4). The highest MPO levels were seen in the
patients with an increased BAL neutrophil
count. The patients with a lymphocytic pattern
had somewhat lower levels, while patients with
a normal BAL cell profile also had normal
MPO levels (1.40 ng/ml, 0.30 ng/ml, and
0.17 ng/ml in the WG patients compared with
0.08 ng/ml in the controls). The coeYcient of
correlation between the MPO level in the BAL
fluid and the percentage of BAL neutrophils in
these patients was R = 0.610 (p = 0.005), and
the coeYcient of correlation between the MPO
level and the absolute BAL neutrophil count
was R = 0.539 (p = 0.021).

The median peroxidase levels in the BAL
fluid of patients with progressive CSS were
1.26 U/ml (interquartile range 0.26–3.14 U/
ml) which were significantly higher than those
in the patients with CSS in partial remission
(median 0.10 U/ml; interquartile range
0–0.29; p = 0.021) and the controls (median
0.20 U/ml, interquartile range 0–0.37; p =
0.030; fig 5). A statistically significant correla-
tion between the peroxidase and ECP levels in
the BAL fluid of the 13 patients with CSS (R =
0.674, p = 0.011) suggests that the eosinophils
were a major source of the excess peroxidase.
In the patients with WG a correlation was
found between peroxidase levels and the
percentage neutrophil count in the BAL fluid

Figure 2 Eosinophil cationic protein (ECP) levels in BAL
fluid in patients with Churg-Strauss syndrome, Wegener’s
granulomatosis, and controls. Shaded area marks values
below the detection threshold.

p=0.004

10

1
B

A
L 

fl
u

id
 E

C
P

 (
n

g
/m

l)
 

0.1

p<0.001

p<0.001

CS
S 

(p
ro

gr
es

si
ve

)
CS

S 
(p

ar
tia

l r
em

is
si

on
)

W
eg

en
er

's

gr
an

ul
om

at
os

is

Co
nt

ro
ls

Figure 3 Correlation between the level of eosinophil
cationic protein (ECP) and the eosinophil count in BAL
fluid in patients with Churg-Strauss syndrome.

8

6

4

2

20 40 60 80 100

% eosinophils in BAL fluid

E
C

P
 in

 B
A

L 
fl

u
id

 (
n

g
/m

l)

r = 0.774
p = 0.002

Figure 4 Myeloperoxidase (MPO) levels in the BAL
fluid of patients with Churg-Strauss syndrome, Wegener’s
granulomatosis, and controls. NS = not statistically
significant.

NS

NS

NS

1

0.1

CS
S 

(p
ro

gr
es

si
ve

)
CS

S 
(p

ar
tia

l r
em

is
si

on
)

W
eg

en
er

's

gr
an

ul
om

at
os

is

Co
nt

ro
ls

M
ye

lo
p

er
o

xi
d

as
e 

in
 B

A
L 

fl
u

id
 (

n
g

/m
l)

p=0.018

Inflammatory cells and cellular activation in Churg-Strauss syndrome 775

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.54.9.771 on 1 S

eptem
ber 1999. D

ow
nloaded from

 

http://thorax.bmj.com/


(R = 0.571, p = 0.011) and between peroxidase
levels and the absolute neutrophil count (R =
0.531, p = 0.019), but no correlation was
found between peroxidase levels and the
eosinophil count. This suggests that, in patients
with WG, the neutrophils rather than the eosi-
nophils are an important source of the excess
peroxidase activity.

Discussion
Previous studies of the pulmonary pathology of
the small vessel vasculitides have relied mainly
on materials obtained by open or transbron-
chial lung biopsy or necropsy.4 11 Small vessel
vasculitides are characterised by a patchy
distribution of the tissue lesions4 11 and, indeed,
biopsy studies in patients with WG and CSS
have shown that the small specimens obtained
by forceps biopsy are very heterogeneous with
respect to the presence of vasculitis, granu-
loma, necrosis, and non-specific changes.19

This entails the risk of a large sampling error
for transbronchial biopsy. In contrast to this,
BAL extracts materials from a much larger tis-
sue volume and is predictably less susceptible
to the problem of inadequate sampling.
Moreover, by yielding not only cellular mate-
rial but also extracellular solutes, BAL materi-
als can provide functional information not
readily obtained by morphologic analysis.
Based on these considerations we employed
BAL rather than transbronchial biopsy to study
the involvement of eosinophils and neutrophils
in lower respiratory tract disease due to CSS
and WG.

In agreement with previous studies,6–8 eosi-
nophilia was the most common abnormality in

the BAL cell profile in patients with CSS. No
correlation was found between the eosinophil
count in the BAL fluid and the blood, but the
10 patients with BAL eosinophilia included
three who had a normal eosinophil count in the
blood. That the BAL eosinophil count in
pulmonary active disease can be a more sensi-
tive indicator of disease than the cell count in
blood was also suggested by the observations of
Wallaert et al who found that corticosteroid
treatment can normalise the blood eosinophils
in patients with CSS without having any major
eVect on the BAL eosinophil count.7 A border-
line increase in the BAL neutrophils was found
in only two patients with CSS, both of whom
had chronic obstructive airways disease that
had evolved from longstanding bronchial
asthma. The association of chronic obstructive
airways disease with increased BAL neu-
trophils is well documented20 21 and we believe
that this also accounts for the BAL neutrophilia
in these two patients.

ECP is a constituent of the specific granules
of eosinophils, from which it is released upon
cellular activation together with other
compounds.9 Extracellular ECP has been
detected at sites of active disease in several
hypereosinophilic disorders including allergic
bronchial asthma, the eosinophilic pneumo-
niae, idiopathic hypereosinophilic syndrome,
and CSS.9 22 Increased ECP levels in the serum
of patients with CSS were recently shown to
vary with disease activity.23 High ECP levels
have been detected in BAL fluid in patients
with allergic bronchial asthma,20 21 24 idiopathic
pulmonary fibrosis,25 chronic eosinophilic
pneumonia and eosinophilic granuloma,26 and
a quantitative correlation was found between
the severity of allergic asthma and ECP levels.24

Based on these findings, the ECP level in bio-
logical fluids is used as a quantitative measure
of eosinophil accumulation and activation and
in the patients with CSS in this study they
obviously reflect extensive local degranulation
of the eosinophils. The correlation between
ECP levels and the eosinophil count in the
BAL fluid suggests that the eosinophils on the
epithelial surfaces are an important, although
not necessarily the exclusive, source of the ECP
measured in the BAL fluid. High eosinophil
counts were also associated with high peroxi-
dase levels in the BAL fluid, and this activity
correlated significantly with ECP levels. Per-
oxidase is a secretory product of both eosi-
nophils and neutrophils9 27 but, given the afore-
mentioned correlation, the main source of the
peroxidase in these CSS patients appears to be
the eosinophils.

MPO is a secretory product of neutrophils
and macrophages27 28 but, by all accounts, the
amount of macrophage-derived MPO in in-
flammatory tissues is small.28 Extracellular
MPO and other granule constituents are there-
fore useful indices of local degranulation of
neutrophils. Pulmonary disorders involving a
strong neutrophil component are associated
with increased MPO levels in the BAL fluid.
Prominent examples of this are bacterial
infections,29 chronic bronchitis,20 21 30 idiopathic
pulmonary fibrosis,25 31–33 and interstitial lung

Figure 5 Peroxidase activity in BAL fluid in patients
with Churg-Strauss syndrome, Wegener’s granulomatosis,
and controls.
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disease due to systemic sclerosis.32 Against this
background the MPO levels in patients in the
present study with highly active CSS reflect the
local degranulation of substantial numbers of
neutrophils. It was apparently the wide scatter
of individual values and the limited number of
cases which precluded a statistically significant
diVerence between the median MPO levels of
the CSS patients and the controls. However,
individual patients in the highly active CSS
group had MPO levels that equalled the levels
in patients with the most active WG, suggesting
that the magnitude of neutrophil activation in
CSS can attain the same high level as in WG.

Neutrophil accumulation and release of
neutrophil contents at sites of highly active dis-
ease are well known features of WG.12 13 In
agreement with previous reports,34 35 a pre-
dominantly neutrophilic BAL cell profile was
found in the patients in this study with WG
with florid pulmonary disease which mani-
fested itself radiologically as infiltrates or
extensive consolidation, whereas nodular le-
sions were more common in the patients with a
lymphocytic or normal cell profile. Patients
with increased BAL neutrophils did, indeed,
have the highest MPO levels in the BAL fluid
but raised levels were also found in the patients
with increased BAL lymphocytes but normal
neutrophils. This suggests that the MPO
recovered in the BAL fluid originates not only
from cells present on the epithelial surfaces but
also from neutrophils located in the tissue. This
would also explain the finding that several of
the patients with highly active CSS had high
MPO levels in the BAL fluid in the absence of
increased BAL neutrophils.

Most of the patients with highly active CSS
therefore had BAL fluid findings that suggest
concomitant eosinophil and neutrophil activa-
tion, but the absence of a correlation between
the BAL fluid levels of ECP and MPO implies
that the magnitude of eosinophil and neutro-
phil activation was not interrelated. At one end
of a wide spectrum of findings was patient 7
who underwent BAL during a major relapse
with exacerbation of obstructive lung disease,
rapid deterioration of polyneuropathy, scleritis,
and profound malaise. While indices of eosino-
phil involvement stayed fairly low (blood eosi-
nophils 1400/µl, BAL eosinophils 8%, ECP in
the BAL fluid 4.4 ng/ml), the MPO (3.28 ng/
ml) and peroxidase levels (3.14 U/ml) ap-
proached those of the most active WG patients,
reflecting extensive neutrophil activation. An
example from the other end of the spectrum is
patient 1 who had excessive eosinophil stimula-
tion (BAL eosinophils 92%, ECP in the BAL
fluid 5.2 ng/ml) together with a low normal
neutrophil count and only trace MPO levels in
the BAL fluid. In contrast to patient 7, whose
relapse could only be controlled with daily oral
cyclophosphamide over the next several
months, patient 1 achieved prompt remission
of her pleuritic and interstitial lung disease with
short term treatment with prednisolone and
subsequent interferon-á.

Taken together, the present findings enhance
the view that tissue injury by eosinophil
products is an important disease mechanism in

CSS. Indeed, an increase in the ECP levels in
the BAL fluid, which reflects eosinophil
degranulation, was the most consistent BAL
finding in these patients. Neutrophil degranu-
lation appears to be a further mechanism
involved in this disorder, but the present results
suggest that this is less consistent than eosino-
phil degranulation. These findings suggest also
that the magnitude of neutrophil and eosino-
phil degranulation vary independently of each
other. Treatment requirements of CSS range
from moderate corticosteroid doses in some
patients to intense immunosuppression in oth-
ers. It is tempting to speculate that the different
responsiveness of eosinophils and neutrophils
to therapeutic agents is one reason for the
heterogeneity of the clinical responses, but this
needs to be examined in studies designed spe-
cifically for this purpose.
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