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Bronchoalveolar lavage in allergic granulomatosis and angiitis
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ABSTRACT: Pulmonary involvement occurs in approximatively half of patients
with allergic granulomatosis and angiitis (AGA). We studied bronchoalveolar cells
from six patients with histologically proven AGA and compared our results with
those obtained from four patients with chronic eosinophilic pneumonia (CEP), nine
nonsmoking patients with bronchial asthma and blood eosinophilia, and 10 healthy
nonsmokers. Pulmonary infiltrates were present in 5 out of 6 AGA patients. None
of these patients was receiving corticosteroids at the time of entry to the study.
Pulmonary function tests were normal in two cases, and demonstrated on obstruc-
tive ventilatory disorder with hypoxaemia in four cases. Total cell yield did
not differ between AGA patients (22.4+4.9xX10° cells'ml'), asthmatics (9.6+1.7x10°
cellssml") and controls (11.3+1.5X 10* cells-mI"), whereas it was dramatically increased
in patients with CEP (186.4+26.3x 10* cellsml'). All six AGA patients demonstrated
an increased percentage of alveolar eosinophils (mean: 31.149.9%; range 6-66%).
In two patients evaluation of alveolar eosinophil subpopulations showed a low
percentage (27 and 36%) of hypodense cells, when compared to the high levels
(>80%) found in CEP. No significant correlation could be established between
bronchoalveolar (BAL) results and clinical data, pulmonary function abnormalities,
or biological results. Sequential evaluation of alveolitis in two AGA patients un-
dergoing corticosteroid therapy demonstrated persistent alveolar eosinophilia, despite
disappearance of clinical, radiological and biological abnormalities.

Our data demonstrate that eosinophils are present in the alveolar spaces of pa-
tients with AGA. However, when expressed as a percentage, their amount was re-
duced and apparently less sensitive to corticosteroid therapy than in CEP. These
findings suggest that the role of eosinophils in the pathophysiology of AGA differs
from CEP and remains to be elucidated.
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Allergic granulomatosis and angiitis (AGA), originally
described by ChurG and Strauss [1] in 1951, is charac-
terized by disseminated necrotizing vasculitis involving
small arteries and veins, with a tissue infiltration by
eosinophils and extravascular granulomas. The clinical
hallmark of this syndrome is asthma, with a high degree
of blood eosinophilia [2, 3]. Pulmonary involvement oc-
curs in approximately half of patients with AGA, includ-
ing a variety of pneumonic infiltrates, nodular pulmonary
densities, with or without cavitation, and diffuse intersti-
tial lung disease [4]. Histological examination of the lung
discloses fibrinoid, necrotizing and eosinophilic granulo-
matous lesions [5]. Current concepts on the pathophysi-
ology of pulmonary granulomatosis disorders have
stressed the importance of alveolitis, i.e. accumulation of
immune and effector cells within the alveolar structures
[6]. During the last decade, extensive studies using
bronchoalveolar lavage (BAL), have provided the unique
opportunity to explore the alveolitis associated with
chronic disorders of the lower respiratory tract [7]. There
is, however, little information about the inflammatory

cells present in airways in AGA [8, 9]. Therefore, we ini-
tiated a study of the alveolar inflammatory cells recov-
ered by BAL from the lower respiratory tract of six
patients with proven AGA and compared our results with
those obtained from four patients with chronic eosi-
nophilic pneumonia (CEP), from nine nonsmoking asth-
matic patients evaluated at baseline and from 10 healthy
nonsmokers.

Materials and methods
Patients

Six patients with histologically proven AGA were in-
cluded in the study (table 1). They were five males and
one female, aged 31-47 yrs (mean 40+ yrs). All were
nonsmokers. Respiratory symptoms included asthma in
all cases, associated with allergic rhinitis in one. Five
showed pulmonary infiltrates on chest roentgenogram.
Extra respiratory involvement included weight loss and
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weakness in all patients, myalgia and arthralgia in two,
abdominal pain in three, mononeuritis multiplex in five,
purpura in one, glomerulonephritis in two and hepatitis
in five. None of the patients was receiving corticosteroids
at the time of referral. Laboratory findings included: el-
evation of erythrocyte sedimentation rate, high degrees of
peripheral blood eosinophilia (mean: 12,632; range:
3,900-33,000 eosinophils:-mm™), and presence of circulat-
ing immune complexes. Antinuclear antibodies, cryo-
globulins and hepatitis B surface antigen were absent in
all patients; rheumatoid factor was present in two patients,
complement was normal in each patient; total serum im-
munoglobulin E (IgE) level was high. Pulmonary func-
tion tests (PFT) at rest were performed at the time of
initial evaluation and included forced vital capacity
(FVC) and forced expiratory volume in one second
(FEV,). Residual volume (RV) and total lung capacity
(TLC) were determined with the helium dilution method.

Table 1. — Allergic granulomatosis and angiitis:
pathological findings

Case  Necrotizing Granulomas Eosinophil

no. vasculitis infiltration

1 Muscle Kidney

2 Muscle

3 Liver, kidney Kidney

4 Lung Lung Lung

5 Liver Lung

6 Liver, muscle Liver Liver, lung, muscle

Diffusing capacity of the lungs for carbon monoxide
(DLco) was obtained by single breath method and cor-
rected for alveolar volume and haemoglobin. The pre-
dicted values for each subject, based on sex, age and
height, were obtained from standard tables [10]. PFT were
normal in two cases. Four patients (cases no. 1, 4, 5 and
6) exhibited an obstructive ventilatory syndrome (FEV,:
62, 48, 62 and 72% predicted values; FEV /FVC: 53, 49,
48 and 67%) with hypoxaemia (Pao, 65, 64, 47 and 62
mmHg (8.7, 8.5, 6.3 and 8.3 kPa), respectively.

The control groups included 10 healthy nonsmokers
(8 men and 2 women, 22-46 yrs of age), and nine non-
smoking asthmatic patients (6 men and 3 women, 20—
45 yrs of age) with blood eosinophilia (985+122
eosinophils:-mm™), who responded to the usual criteria of
allergic asthma and exhibited mild asthma at a distance
from any acute phase [11]. Four patients with chronic
eosinophilic pneumonia (CEP) (4 women, aged 28-48
yrs) who demonstrated clinical, biological and radiologi-
cal characteristics of the disease [12, 13] were also stud-
ied.

Bronchoalveolar lavage
Bronchoalveolar lavage was performed after premedi-

cation with atropine, under local anaesthesia with ligno-
caine, using a wedged fibreoptic bronchoscope (Olympus

model BF-B3; Olympus Corps of America, New Hyde
Park, NY, USA), and 250 ml of sterile saline solution
was applied in five 50 ml aliquots, with immediate gen-
tle vacuum aspiration after each aliquot. When infiltrates
were observed on chest X-ray, BAL was performed in
this segment. The aspirated fluid was collected into ster-
ile siliconized jugs and immediately transported on ice to
the laboratory. BAL was filtered through several layers
of sterile surgical gauze and the cells were separated from
the fluid by low speed centrifugation at 800 xg (10 min).
After three washings, the cells were resuspended in 10
ml of Hank's balanced salt solution (HBSS) and evalu-
ated for their total number. Cell identification using
cytocentrifuged preparations stained by Giemsa (R.A.L.
555, Société Chimique Pointed Girard, Clichy, France)
and differential cell count were then performed. To char-
acterize alveolar eosinophil sub-populations, alveolar cells
were suspended at 0.5% 10® cellssml"' in minimum essen-
tial medium (MEM) containing 10% heat-inactivated
foetal calf-serum (MEM:FCS) and were layered on dis-
continuous metrizamide gradients (Nyegaard, Oslo,
Norway) as described previously [13, 14]. The cell frac-
tions were then collected from each gradient and inter-
face, and washed in MEM. The percentage purity and the
morphology of the eosinophils, were estimated by using
cytocentrifuged preparations stained with Giemsa. Nor-
mal granular eosinophils, which are collected in 24-25%
metrizamide solutions (density 1,135-1,140 g-ml"') are re-
ferred to as "normodense” eosinophils. Eosinophils which
sediment in the lightest density gradients (in 18-23%
metrizamide solutions; density 1,105 to 1,125 g-ml') are
referred to as "hypodense” eosinophils. No contaminat-
ing basophils or mast cells were identified in these puri-
fied blood or alveolar eosinophil preparations. Viability
estimated by the trypan blue dye exclusion test was >90%
for all separated sub-populations,

Statistical analysis

Since most data are not normally distributed, results
were compared using the Mann-Whitney U-test.

Results

Evaluation of number and types of bronchoalveolar cells

Endoscopic examination of the tracheobronchial tree
before lavage demonstrated normal airways in all subjects,
with no evidence of inflammation. Total cell count in
BAL fluid did not differ between AGA patients, asthmat-
ics and normals, but was significantly lower than in pa-
tients with CEP (table 2). Evaluation of BAL differential
cell counts of AGA patients, asthmatics and CEP patients
demonstrated a shift in the cell differential compared with
normal subjects, with a higher proportion of eosinophils.
Patients also had reduced percentages of alveolar macro-
phages in proportion to the increased percentages of al-
veolar eosinophils. Percentage of lymphocytes was normal.
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Table 2. — Distribution of alveolar inflammatory cells
Total cell Alveolar
count macrophages Lymphocytes Neutrophils Eosinophils
10*ml! — e
% 10%ml! P 10%m1"' % 10%ml”! Yo 10%mI*
AGA -
Case no.
| 20 92 18.4 2 0.4 0 0 6 1.2
2 36.3 25 9.1 7 2.5 1z 0.72 66 23.9
3 5.6 65 3.64 11 0.6 7 0.4 17 0.95
4 12.8 82 10.5 8 0.13 1 0.13 9 1.15
5 25 42 10.5 4 1 3 0.75 51 12.75
6 35 52 18.2 2 0.7 8 2.8 38 13.3
Mean 22.4% 59.6%  11.7% 5. 0.8% 3.5 0.8 31.1% 8.8+
SEM +4.9 +10 +2.3 + +0.34 +1.3 +0.4 +9.9 +3.8
CEP (n=4) 186.4%* 36.2% 83.2% 4.1 8.2% 2.6 4.6*% 56.2* 121.8%
+26.3 +9.4 +14 +2 +4.] +0.4 +1.8 +12 +27
Asthmatics (n=9) 9.6% 85.7% 8.2% 8.8  0.8* 22 0.2¢ 3.1%8 0.3%%
x1.7 *1.7 +1.2 *1 0.2 +0.7 +0.03 g +0.1
Controls (n=10) 11.3 90 10.2 7.8 0.8 0.9 0.07 0.3 0.02
+1.7 *1.3 1.5 0.2 +0.2 +0.002 +0.1 +0.01

15

Results, unless individual, are meantsem. AGA: allergic granulomatosis and angiitis; CEP: chronic eosinophilic pneumonia;
*: significantly different from healthy controls (p<0.05); %: significantly different from patients with CEP (p<0.05); *: sig-
nificantly different from asthmatics (p<0.05). Results obtained from patients with CEP and asthmatics have been published

previously in [13] and [11], respectively.
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Fig. 1. - Distribution of alveolar eosinophils after separation on

discontinuous gradients of metrizamide. Percentage of BAL
hypodense eosinophils in two patients with AGA and four patients
with CEP. BAL: bronchoalveolar lavage; AGA: allergic granulo-
matosis and angiitis; CEP: chronic eosinophilic pneumonia.

In addition, the proportion of neutrophils was mildly
elevated in two patients. Basophils were not observed
in the BAL of these patients. Determination of eosinophil
density was carried out in two cases, because of the small
number of alveolar eosinophils in the other cases.
Distribution of alveolar eosinophils (cases no. 2 and 5)
demonstrated a normal distribution (27 and 36% of
hypodense cells, respectively) when compared to the high
percentage (>80%) described in patients with CEP [13]

(fig. 1).

Sequential evaluation of alveolitis

Two patients (cases no. 1 and 2) were evaluated by
sequential BAL, before and during corticosteroid treat-
ment. The two patients were treated with prednisolone (1
mgkg' g.d.) for 8 months and 12 months at the time of
the second evaluation. BAL studies demonstrated that cor-
ticosteroid therapy did not suppress the intensity of eosi-
nophil alveolitis (from 6 to 8% and from 66 to 58%,
respectively), whereas blood eosinophilia and pulmonary
function tests returned to normal.

Relationship between BAL findings and other
parameters

The small number of patients in our study did not
allow definite correlations between BAL findings and bio-
logical, functional and radiographic parameters. Although
peripheral blood hypereosinophilia was associated with
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alveolar cosinophilia, there was no correlation between
these two parameters. Increased percentage of BAL
eosinophils was found to an equal extent in patients with
radiological and functional abnormalities and in patients
with either normal chest X-rays or normal pulmonary
function tests.

Discussion

Our study clearly demonstrated the presence of eos-
inophils on the surface of the lower respiratory tract from
patients with AGA. Alveolar eosinophils were found in
BAL from five patients with overt pulmonary involve-
ment and in BAL from one patient with normal chest
roentgenogram. Eosinophil accumulation in the lower
respiratory tract has been reported in a variety of lung
diseases associated with parenchymal lung damage and
interstitial fibrosis [15]. Eosinophils are frequently found
in bronchoalveolar lavage fluid in diseases generally con-
sidered to be pulmonary eosinophilic disorders, such as
histiocytosis X, chronic eosinophilic pneumonia and drug-
induced pneumonitis [16-18]. In addition, increased num-
bers of eosinophils have been recovered from patients
with allergic asthma and during allergen-induced late asth-
matic reactions [19, 20]. However, the absolute and per-
centage eosinophil counts were significantly lower in
asthmatics than in the AGA patients.

Studies of lung biopsy specimens of patients with vas-
culitis clearly demonstrated the eosinophil component of
alveolitis associated with perivascular granuloma and
necrotizing angiitis [5]. Thus, BAL eosinophilia may re-
flect the eosinophil alveolitis associated with AGA. Eosi-
nophil-induced lung injury has been reported both in
Churg-Strauss Syndrome [21] and in chronic eosinophilic
pneumonia [22]. Activated eosinophils are observed and
eosinophil cationic protein (ECP) and eosinophil protein
X (EPX) are released [22]. Consistent with this concept,
BAL eosinophils exhibit spontancous cytotoxicity against
tracheal epithelial cells, alveolar epithelial cells and hu-
man alveolar cells in vitro [15, 23-25], suggesting that
the eosinophil may play a direct role in the lower respi-
ratory tract injury.

Density distribution pattemn of eosinophils from two
patients with AGA demonstrated that most eosinophils
sedimented in the high density gradient fractions (24-25%
metrizamide solutions; density 1,135-1,140 g-ml') and
were referred to as "normodense” eosinophils. In marked
contrast, alveolar eosinophils from patients with CEP were
predominantly hypodense eosinophils (with a density of
<1,130 g'ml'). Previous studies suggested that eosinophil
density is altered in the affected tissues by factors asso-
ciated with the disease process. These results are in
agreement with previous studies demonstrating an accu-
mulation of normodense eosinophils in the lower respi-
ratory tract of patients with various eosinophilic lung
diseases, such as polyarteritis nodosa and amiodarone-
induced pneumonitis [12], and is consistent with the hy-
pothesis of different patterns of activation of alveolar
eosinophils in lung diseases. Fukupa et al. [26] reported
increased numbers of hypodense eosinophils in the blood

of patients with bronchial asthma to be in a lower pro-
portion than in the blood of patients with hyper-
eosinophilic syndrome. Thus, the reason for different
densities of eosinophils in various diseases is unclear.
One cannot exclude that processes responsible for attrac-
tion and migration of eosinophils towards the airways
depend on different activation mechanisms.

The significance of eosinophils in the pathophysiology
of AGA remains unclear. Firstly, there is convincing
evidence that an accumulation of inflammatory cells and,
particularly eosinophils, might be observed despite nor-
mal chest X-ray, normal PFT and normal high resolution
computed tomography (HRCT) scan [27, 28]. Secondly,
the fact that eosinophil alveolitis was unaffected by ster-
oid therapy raises the intriguing question of the ability
of steroids to protect the lung against eosinophil-mediated
lung injury during the clinical course of AGA. Indeed,
an increased percentage of alveolar eosinophils may be
present in patients with normal chest X-ray and/or nor-
mal pulmonary function tests. In this context, the clini-
cal role of BAL in the management of AGA needs to
be determined.
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