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ABSTRACT: The aim of this study was to investigate the possibility of distinguish­
ing between patients witb similarities in clinical presentation, suffering from three 
frequently occurring interstitial lung diseases, by means of discriminant analysis, 
using a number of selected variables derived from bronchoalveolar lavage fluid 
(BALF) analysis. 

The study involved all 277 patients, who had an initial bronchoalveolar lavage 
(BAL) in the period 1980-1990. These patients belonged to the following diagnos­
tic groups: sarcoidosis (n-193), subacute extrinsic allergic alveolitis (EAA) (n• 39) 
and idiopathic pulmonary fibrosis (IPF) (n=45). Thirty healthy volunteers were used 
as controls. Cellular and non-cellular constituents of BALF were evaluated. 

Variables, which could be used to discriminate among the three diagnostic groups 
were: yield of recovered BALF, total cell count, and percentages of alveolar 
macrophages, lymphocytes, polymorphonuclear neutrophils, eosinophils and plasma 
cells in BALF. When the set of data used to predict the membership of patients to 
diagnostic groups (test set) was the same as that in which the discriminant analysis was 
performed (Jearning set), 93% of the cases were correctly classified. This percentage 
decreased to 90%, however, when the test set was different from the learning set. 

It is possible to discriminate among patients with sarcoidosis, E.AA or IPF with 
these selected variables. It appears that bronchoalveolar lavage (BAL) is useful as 
an adjunct in concert with other diagnostic methods. 
Eur Respir J., 1993, 6, 803-810. 

Depts of *Pulmonary Diseases, •Pathology 
and 'Immunology, St. Antonius Hospital, 
Nieuwegein, The Netherlands. Depts of 
**Epidemiology and Biostatistics and 
++Pulmonary Diseases. Erasmus University, 
Rotterdam, The Neth.erlands. 

Correspondence: J.M.M. van den Bosch 
Dept of Pulmonary Diseases 
St. Antonius Hospital 
PO Box 2500 
3430 EM Nieuwegein 
The Netherlands 

Keywords: Bronch.oalveolar lavage 
extrinsic allergic alveolitis 
idiopath.ic pulmonary fibrosis 
inten;titial lung diseases 
sarcoidosis 
statistical analysis 

Received: August 4 1992 
Accepted after revision February 14 1993 

This study was supported by a grant from 
Glaxo B.V., Th.e Netherlands. 

A biopsy of patients with interstitial lung diseases (lLD) 
is not always available, thus, other diagnostic features are 
needed. Bronchoalveolar lavage (BAL) has proved to be 
of diagnostic value for analysis of inflammatory processes 
in the lung, particularly in D...D [1-4]. These disorders 
usually show an alveolitis, characterized by an accumu­
lation of inflammatory and immune effector cells within 
the interstitium and the alveolar structures [3-5]. The in­
crease in different cell types and immunoglobulins (lgs) 
in BAL fluid (BALF) may vary among the various D...D 
[l-4]. In order to discriminate between the ILDs, char­
acteristic BAL features should be considered, together 
with unique clinical parameters [6, 7]. 

can be found shortly after inhalation of antigen [ 11, 12}. 
Plasma cells (0.1-2%) have been observed in BALF of 
EAA patients [13, 14). Idiopathic pulmonary fibrosis 
(lPF) has no specific diagnostic BAL features. Random 
increases of BALF lymphocytes, PMN and eosinophils 
occur in about two-thirds of IPF patients [3, 15, 16]. 

Sarcoidosis patients usually show an accumulation of 
activated, proliferating T-lymphocytes in the BALF, al­
though some cases may show normal values [8-10). 
Also, in extrinsic allergic alveolitis (EAA) lymphocytes 
are increased in the BALF. However, the composition 
of lymphocyte subpopulations in BALF obtained from 
EAA patients differs from that observed in other diseases, 
as is usually characterized by a low CD4/CD8 ratio [ 11, 
12]. In contrast, in sarcoidosis a high CD4/CD8 ratio is 
frequently found [9, 10). Also, in EAA, a mild increase 
of polymorphonuclear/neutrophils (PMN) and mast cells 

In BALF of sarcoidosis, EAA and IPF patients, in ad­
dition to changes in cellular constituents, lgs and lg to 
albumin ratios are frequently increased [1, 3, 4]. 

In order to evaluate whether a number of selected vari­
ables derived from BALF analysis can distinguish be­
tween the three diagnostic groups. we have performed a 
discriminant analysis in patients with sarcoidosis, EAA 
and IPF. 

Materials and Methods 

Patients 

Retrospectively, the initial BAL of patients with sar­
coidosis, EAA and IPF were selected out of all BAL 
analyses (n=2,008) performed during a 10 yr period, be­
tween 1980 and 1990. 
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In this study, consecutive patients with sarcoidosis 
(n=193) at time of diagnosis were included. The patient 
group consisted of patients detected on routine chest X­
ray film (n=37), patients with respiratory and general con­
stitutional symptoms (n;::llO), and patients with erythema 
nodosum and/or arthralgia and hilar lymphadenopathy (i.e. 
LOfgren's syndrome; n=46). All patients presented with 
a stage I or II X-ray filin; none with a stage Ill X-ray 
film. The diagnosis was histologically proven, by biopsy 
of mediastinal lymph nodes, transbronchial biopsy, open 
lung bjopsy, or liver biopsy. BAL was performed when 
the sarcoidosis patients were admitted to the hospital, to 
establish the diagnosis, and before corticosteroids were 
given. 

The diagnosis EAA was based on clinical information, 
chest X-ray film, pulmonary function tests, the presence 
of precipitins in peripheral blood, and the disappearance 
of symptoms after avoidance of the causative antigen or, 
in some cases, after a short treatment with corticosteroids. 
All EAA patients (n=39) had recent contact with the 
causative antigen, but not within the last 48 h before 
BAL. 

Patients with IPF (n=45) commonly presented with an 
onset of breathlessness on exercise and non-productive 
cough and, sometimes, with constitutional symptoms. 
The diagnosis IPF was based on clinical information, 
chest X-ray film, pulmonary function tests, i.e. decrease 
of lung compliance and diffusion capacity for carbon 
monoxide, and hypoxaemia, especially on exercise, with­
out hypercapnia. IPF was histologically proven by bi­
opsy. The demonstrated alveolitis was characterized by 
an infiltration of mononuclear cells, interstitial pneumo­
nitis and/or derangement of parenchyma! structures, i.e. 
fibrosis. No patient received corticosteroid treatment, or 
other medication, either at the time of lavage or before. 

The control group consisted of 30 healthy volunteers, 
without any pulmonary history, having normal chest X­
ray film and lung function tests. Table I lists the char­
acteristics of the groups studied. 

Table 1. - Characteristics of controls and patients with 
interstitial lung diseases 

c Sar EAA IPF 

Patient n 30 193 39 45 

Missing cases1 n 0 3 1 

Sex: F/M 15/15 95191 14/24 16/28 

Age yrs* 33 35 50 60 
(21-55) (18-79) (23- 78) (30-79) 

NSm 15 140 340 27 

Sm cig·day -t•· 15 44 4 17 
(14.9±8.8) (15.7±7.8) (12.8±6.9) (18.0±5.1) 

n: number of cases; m: missing cases; *: mean with range in 
parenthesis; NSm: nonsmokers; Sm: smokers; **: mean±so 
number of cigarettes a day; C: controls; Sar: sarcoidosis; EAA: 
Extrinsic allergic alveolitis; IPF: idiopathic pulmonary fibrosis. 
1: missing at least one discriminating variable and thus not used 
in analysis. 

Bronchoalveo/ar lavage 

BAL was performed, as reported previously, during 
fibreoptic bronchoscopy [11]. In short, the procedure is 
as follows. After premedication (atropine and sometimes 
diazepam or codeine), and local anaesthesia of the lar­
ynx and bronchial tree (tetracaine 0.5%), BAL was per­
formed by standardized washing of the right middle lobe, 
with four aliquots of 50 ml sterile saline (0.9% NaCI) at 
room temperatw'e. Simultaneously, peripheml blood sam­
ples were taken. 

Recovered BALF was kept on ice in a siliconized 
specimen trap and was separated from cellular compo­
nents by centrifugation (5 min, at 350xg). Supernatants 
were directly stored at -70°C after an additional centrifu­
gation step (10 min, at l,OOOxg). Cells were washed 
twice, counted, and suspended in minimal essential 
medium (MEM; Gibco, Grand Island, New York, USA) 
supplemented with 1% bovine serum albumin (BSA; 
Organon, Teknika, Boxtel, The Netherlands). Prepara­
tions of cell suspensions were made in· a cytocentrifuge 
(Sbandon). Cytospin slides of BAL cells were stained 
with May-Griinwald-Giemsa (MGG; Merck, Darmstadt, 
Germany) for cell differentiation. At least 1,000 cells 
were counted. 

If more than 15% lymphocytes were present, T-cell 
(sub)populations were determined. Total T -cells and sub­
populations were recognized by staining with monoclonal 
antibodies CD2 (OKTll), CD3 (OKT3), CD4 (OKT4) 
and CD8 (OKT8) (Ortho-pharmaceuticals, Beerse, 
Belgium). Identification of T-cells reacting with mono­
clonal antibodies was performed by means of a con­
ventional indirect immunofluorescence technique using 
fluorescein isothiocyanate (FITC)-labelled goat-antimouse 
immunoglobuline--lg (GAM, Nordic, Immunological Labo­
ratories, Tilburg, The Netherlands and Central Laboratory 
of the Netherlands Red Cross Blood Transfusion Service 
(CLB), Amsterdam, The Netherlands) . 

Albumin deterrninations were performed, according to 
a modification of the bromocresol purple (BCP) dye-bind­
ing method [17, 18]. In short, this method is as follows: 
in the presence of a solubilizing agent, BCP binds to al­
bumin at a pH 4.9. The amount of albumin-BCP com­
plex is directly proportional to the albumin concentration. 
The complex absorbs at 600 nm. Albumin concentrations 
in serum and BALF are expressed as g-1·• and mg·l'1, re­
spectively. Immunoglobulin concentrations, i.e. lgM, IgG 
and lgA in BALF were determined by an enzyme-linlced­
immunosorbent assay (ELISA) method; microtitre plates 
were coated with a rabbit anti-human-isotype antiserum 
(anti-IgM, (CLB, Amsterdam, The Netherlands), anti-IgG 
and anti-IgA (Dako, Glostrup, Denmark)). Bound lgs 
from BALF were visualized by using a horseradish per­
oxidase (HRP) labelled rabbit anti-human-immunoglobu­
lin antiserum (with anti-IgA, anti-IgG, anti-IgM, anti­
kappa., anti-lambda reactivity (Dako, Glostrup, Denmark)) 
and a chromogenic substrate ortho-phenyldiamine (OPD) 
(Baker, Chemicals BY, Deventer, The Netherlands). lg 
concentrations in BALF were expressed in mg·L·• using 
as a reference a commercial human standard serum, 
H00-03 (CLB, Amsterdam, The Netherlands). 
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Statistical methods 

In order to distinguish between the three diagnostic 
groups, a discriminant analysis was performed, according 
to the following procedure. Each of the 277 patients in 
the total study group belongs to one, and only one, di­
agnostic group. Five of the cases (three sarcoidosis pa­
tients; one EAA patient and one IPF patient) had at least 
one missing discriminating variable, therefore 272 cases 
were used for the analysis. Thus, 190 patients belong 
to the sarcoidosis group, 38 to the EAA group and 44 
to the IPF group (table 1). Hence, an arbitrary patient 
out of the total study group has a probability of 190/ 
272=0.70, 38/272=0.14 and 44/272=0.16, respectively, of 
belonging to either one of the three diagnostic groups. 
These probabilities, which add up to 1 (as they should), 
are called "prior probabilities". If a set of predefined 
characteristics (so-called "explanatory variables") of a pa­
tient are known, then these characteristics can be involved 
in making these probabilities vary among patients. For 
example, if it is known that a patient is a smoker, then 
his probabilities may be different from the above prior 
probabilities, and so also from the probabilities of a non­
smoker. The latter probabilities, which can be calculated 
if we know the smoking status of a patient, are the so­
called "posterior probabilities". A statistical technique 
with which these posterior probabilities can be calculated 
from the prior probabilities and from the patients char­
acteristics is called discriminant analysis [19]. 

By means of discriminant analysis, an allocation rule 
can be derived according to which patients i are allocated 
to one and only one diagnostic category j (j= l, ... ,J) on 
the basis of a number of explanatory characteristics xu,Xn, 
... ,xin. Taking diagnostic category 1 (j=1) as a basis, the 
explanatory characteristics are summarized in J-1 linear 
discriminant functions Y uG=2, ... ,J) for each patient i: 
Yij=~oj+~ljXn+~l.iXn+ ... ~'liXin, where the ~-coefficients 
are the same for all patients and are estimated by means 
of discriminant analysis. The estimated coefficients are 
presented in table 2. 

The probability Pu that patient i falls into diagnostic 
category j (j=1, ... ,J), given his discriminant function scores 
Yu(j=2, ... ,Y), equals: 

Pu = ---1~-- for j=1; 

1 + L exp (Yu) 
j-Z 

exp (Y;) 
Pu = ---

1
___:.. __ for j>l, 

I+ :E exp (Y;) 
j-Z 

so that it is guaranteed that l1Pu= 1. Patient i is allocated 
to that diagnostic category j for which Pu is maximum. 

This analysis is based on the formula of Bayes [19], 
and on the assumption that in each of three diagnostic 
groups the explanatory variables have a multivariate 
Gaussian distribution with different means. If it is also 
assumed that the variances and covariances differ between 
the diagnostic groups, then also quadratic terms of the ex­
planatory variables have to be included in the discrimi­
nant analysis. In this study, a number of variables (e.g. 
sex and smoking) are clearly non-Gaussian variables. 
However, discriminant analysis is known to be rather ro­
bust for deviations from the Gaussian distribution. The 
variables are selected into the analysis according to a 
stepwise procedure. The stepwise selection procedure 
used is as follows. At each step, the variable with the 
smallest Wilks' lambda was selected with the significance 
level used as a criterion for entry (p=0.05) and removal 
(p=O.IO). Age, sex, smoking and yield are included in 
the analysis as standard personal characteristics, and be­
cause of their possible confounding with other variables 
in the analysis. As it is supposed that the discrimina­
tory power of explanatory variables may depend on the 
smoking status of a patient, the interaction terms of all 
explanatory variables (and their quadratic terms) with 
smoking is also eligible for stepwise inclusion in the 
model. In order to test the goodness-of-fit of the discri­
minant analysis model, the predicted and the actual group 

Table 2. - Variables eligible for discriminant analysis, with unstandardized canonical discriminant function coefficients men­
tioned only for those variables and higher order terms that were eventually selected in the discriminant functions* 

Explanatory Linear Quadratic Interaction Interaction 
variable effect effect linear and smoking* quadratic and smoking* 

F1 F2 F1 F2 F1 F2 Fl F2 

Constant -20.53985 -15.49421 
Age yrs 0.04000 0.00219 0.00036 0.00001 
Sex female -0.05678 -0.13240 
Smoking yes 0.65372 -0.13799 

BALF 
Yield (out/in)xlOO 0.01488 0.01539 
Cells x104·ml·1 -1.76927 -0.21222 

AM % 0.21780 0.49864 0.00002 -0.00344 
PMN % 0.00421 0.00131 
Lym % 0.27903 -0.13799 -0.00070 0.00343 
Eos % 0.00451 0.00292 
MC % 
PC % -1.28392 -2.54227 0.38701 0.62018 

*: The only variable which had a significant interaction with smoking was age squared. F1: function 1; F2: function 2; AM: 
alveolar macrophages; PMN: polymorphonuclear neutropils; Lym: lymphocytes; Eos: eosinophils; MC: mast cells; PC: plasma cells. 
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membership were compared in a different testing set. 
Therefore, the total set was randomly and evenly split 
per diagnostic group in a testing and a learning set. 
The same variables as selected in the discriminant analy­
sis on the total group were used to estimate the discri­
minant functions in the learning set Next, these functions 
were used to compare predicted and actual group mem­
bership in the testing set. 

The recovery or yield (out/in)xlOO% of BAL was 56±0.8% 
in the sarcoidosis group, 47±1.4% in the EAA group, 
45±1.5% in the IPF group and 58+2.5% in the control group. 
These results were presented as mean±standard error of the 
mean. No differences were found between Sm and NSm. 

The explanatory variables used in the analysis are listed 
in table 2. The explanatory variables eventually selected 
according to the stepwise procedure are those in table 2 
with an explicitly mentioned coefficient. Indeed, two 
discriminant functions appear to be necessary for appro­
priately discriminating between three diagnostic groups. 
Function 1 discriminates the three groups for 62%, 
and function 2 for 38% (see also table 6 and figure 1). 
Variables used in both functions are total cell count, the 
percentage of alveolar macrophages (AMs), polymorpho­
nuclear neutrophils (PMNs), lymphocytes, plasma cells 
and eosinophils. 

Results 

Tables 3- 5 report the results of BALF cell and pro­
tein analyses of the controls and patients with sarcoido­
sis, EAA, or IPF. Since statistically significant differences 
were found among nonsmokers (NSm) and smokers (Sm) 
within the studied groups, these data are shown separately. 

Table 3. - Absolute number of cells in BALF of controls and patients with interstitial lung 
diseases 

Study group Am PMN Lym Eos MC PC 

c NSm 8.7±4.0 0.15±0.12 1.2±0.9 0.03±0.05 0.006±0.01 0.0±0 
Sm 23.9±12.0 0.25±0.34 1.7±3.5 0.10±0.11 0.006±0.02 0.0±0 

Sar NSm 11.7±7.3 0.27±0.57 6.8±5.8 0.10±0.15 0.03±0.05 0.002±0.00 1 
Sm 23.2±17.0 0.34±0.36 7.7±9.6 0.16±0.22 0.07±0.13 0.0±0 

EAA NSm 12.1±7.5 1.71±2.00 26.3±18.6 1.01±1.52 0.40±0.51 0.24±0.41 
Sm 24.3±10.5 3.22±2.01 25.0±22.3 1.23±1.33 0.42±0.28 0.47±0.95 

IPF NSm 15.7±20.0 2.83±3.92 3.7±6.3 1.80±3.11 0.09±0.14 0.003±0.001 
Sm 38.1±25.6 6.91±4.00 1.7±1.9 3.04±5.70 0.19±0.40 0.001±0.001 

Data are expressd as mean±so absolute number of cellsx1Q4·ml·'. BALF: bronchoalveolar lavage fluid. NSm: 
nonsmokers, Sm: smokers. For further abbreviations see legends to tables 1 and 2. 

Table 4. - Differential cell count in BALF of controls and patients with interstitial lung diseases 

Study group Am PMN Lym Eos MC PC 

c NSm 87.0±5.2 1.6±1.4 11.0±5.2 0.34±0.52 0.07±0.12 0.0±0 
Sm 91.6±8.8 1.2±1.6 6.8±8.6 0.41±0.45 0.02±0.06 0.0±0 

Sar NSrn 63.2±17.8 1.7±5.4 34.3±17.9 0.55±0.73 0.16±0.31 0.001±0.001 
Sm 74.9±16.7 1.2±1.2 23.0±16.7 0.72±1.07 0.18±0.25 0.0±0 

EAA NSrn 38.2±8.9 4.3±3.4 58.1±14.9 2.6±3.0 0.85±0.71 0.43±0.77 
Sm 57.3±11.2 5.8±2.4 40.8±15.0 3.3±4.7 0.90±0.66 0.45±0.90 

IPF NSm 67.8±19.4 11.7±10.1 13.8±15.7 6.4±9.3 0.31±0.35 0.001±0.003 
Sm 76.0±25.5 11.5±21.5 5.1±4.8 7.1±12.2 0.34±0.56 0.0±0 

Data are expressd as mean±so percentage of the total cell count. For abbreviations see legends to tables 1 
and 2. 

Table 5. - Proteins in BALF of controls and patients with interstitial lung 
diseases 

Study group Lalb Lalb/s-alb IgM/Lalb IgG/Lalb IgA/Lalb 
mg·t·• x100 

c NSM 60.5±25.6 0.16±0.05 0.01±0.00 0.11±0.08 0.05±0.04 
Sm 68.2±46.9 0.14±0.04 0.0±0 0.21±0.27 0.02±0.01 

Sar NSm 150.9±198.8 0.39±0.57 0.01±0.01 0.42±0.29 0.10±0.14 
Sm 144.6±150.6 0.37±0.39 0.01±0.01 0.41±0.42 0.07±0.07 

EAA NSm 185.4±152.3 0.49±0.40 0.10±0.12 1.62±1.86 0.49±0.86 
Sm 171.5±163.8 0.44±0.36 0.04±0.05 0.77±0.37 0.16±0.11 

IPF NSm 141.3±98.9 0.37±0.28 0.01±0.01 0.40±0.19 0.13±0.10 
Sm 81.5±38.9 0.22±0.11 0.0±0 0.35±0.30 0.15±0.16 

Data are expressd as mean±so. Lalb: lavage albumin; s-alb: senun albumin; IgM, IgG and 
IgA: imrnunoglobulins M, G and A For further abbreviations see legends to table 1 and 3. 
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Table 6. - Canonical discriminant functions 

Fen Eigen- Percentage of Cumulative Canonical Mter Wilks' Chi-squared DF Significance 
value varian.ce percentage correlation fen lambda 

I* 2.7879 62.14 62.14 0.8579 0 0.0978 584.588 28 0.0000 
2* 1.6982 37.86 100.00 0.7933 0.3706 249.939 13 0.0000 

*: marks the two canonical discriminant functions (DF) remaining in the analysis; fen = function. 

+---- +- --- +---- +-. -- +--.- +-. --+---- +---- + 
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Fig. I. - Territorial map: clustering (*=group centroid) of the three 
groups in the plane scanned by the discriminant functions. The sym­
bols 1 represent sarcoidosis patients, 2 extrinsic allergic alveolitis pa­
tients and 3 idiopathic pulmonary fibrosis patients; Across: function 
l, down: function 2. 

The classification results for all cases used in the analysis 
are shown in table 7. These results are obtained by apply­
ing the allocation rule as described above. The percentage 
of patients correctly classified in all patients with a given ac­
tual diagnosis, called the "diagnostic effectiveness" [21) is 
100((188+28+36)1272)=92.6. The diagnostic effectivity for 
sarcoidosis is 100(188/190)=98.9%, for EAA 100(28/ 
38)=73.7% and IPF 100(36144)=81.8% (table 7). The pre­
dicted value of a classification can be calculaled as the prob­
ability that a patient actually belongs to the predicted group. 
For the prediction "sarcoidosis", the predicted value (PV+) 
equals 100(188!204)=92.2%, and for the prediction "EAA" 
and "IPF' these values are 100(28/29)=96.6% and 100(361 
39)=92.3%, respectively. 

The three respective prior probabilities that an arbitrary 
patient (without using any additional information) actu­
ally belongs to a diagnostic group are for sarcoidosis 
100(1901272)=69.9%, for EAA 100(38/272)=14.0% and 
for IPF 100(44/272)=16.2%. 

The specificity, i.e. the probability of the prediction 
"non-sarcoidosis" in the group without sarcoidosis is 
100((28+1+1+36)/(38+44))=80.5%, for "non-EAA'' 
100((188+2+ 7+36)/(190+44))=99.6% and for "non-IPF" 
100((188+0+9+28)/(190+38))=98.7%. 

The predicted value of the negative result, i.e. the 
predicted value of the group with "non-sarcoidosis" 
(PV·) equals 100(28+1+1+36)/(29+39)=97.1%, for "non­
EAA 100(188+7+2+36)/(204+39)=95.9%, and for 
"non-IPF" 100(188+0+9+28)/(204-29)=96.6% (table 
7). 

The results of the goodness-of-fit test were as fol­
lows: in the learning set the discriminant functions 
were estimated again, yielding a correct classification in 
96.2% of the cases. Next, these functions were applied 
to the testing set in order to predict group membership, 
yielding 90.1% correctly classified cases. 

A separate analysis was performed in a subset of 
196 patients, whose BALF was assayed for Igs. In 
this subgroup, group membership is now correctly 
predicted in 28 out of 36 EAA patients (77.8%, data 
not shown). In contrast to the original discriminant an­
alysis without including the Igs, the diagnostic effective­
ness was 73.7% (table 7). In the original analysis, 10 
EAA patients were incorrectly predicted. Inclusion of Igs 
in the discriminant analysis corrects the prediction in two 
out of these 10 cases. No such correction was found in 
IPF patients. In contrast, inclusion of T-cell sub­
populations and CD4/CD8 ratio in the analysis did not 
result in a better prediction because of too many miss­
ing data. 

Table 7. - Classification results from the patients with interstitial lung diseases 

Predicted group membership n Percentage 

Actual group Sar EAA IPF Total Spec DE PV+ PV-

Sar 188 0 2 190 80.5 98.9 92.2 97.1 

EAA 9 28 1 38 99.6 73.7 96.6 95.9 

IPF 7 36 44 98.7 81.8 92.3 96.6 

Total 201 29 39 272 

Spec: specificity; DE: diagnostic effectiveness (i.e. sensitivity); PV+: positive predicted value; 
PV-: negative predicted value. For further abbreviations see legend to table 1. 
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Discussion 

The aim of this study was to investigate whether a 
number of selected variables derived from routine BALF 
analysis, made it possible to discriminate between three 
disorders belonging to the ILD group, all of which show 
striking similarities in their clinical presentation. To this 
end, a discriminant analysis was used to distinguish be­
tween sarcoidosis, EAA and IPF. 

To be of diagnostic value, BAL should be performed 
using a standard procedure and BALF recovery, i.e. yield, 
should be as comparable as possible. The recovery is, 
among others, related to BAL procedure and pulmonary 
function values, so standardization among varying diseases 
is very difficult. The recovery was included in the analy­
sis, ~o the effects of the other variables in the model are 
adjusted for yield. In our studied patient population, the 
recovery was higher in sarcoidosis patients as compared 
to EAA and IPF patients. With regard to characteristic 
changes in cellular components of BALF in various lLD, 
our results confirm those described by others, showing 
high absolute and relative numbers of lymphocytes in the 
sarcoidosis and EAA groups [1-4], high numbers of 
plasma cells [13, 14] and mast cells [11, 12] in the EAA 
group, and an increased number of PMN and eosinophils 
in the IPF group [15, 16]. Interestingly, by including the 
BALF-cell profile only, we have found a high percent­
age of cases classified correctly (92.7%) and, as such, a 
very high overall diagnostic effectiveness. This percent­
age may be somewhat too optimistic as we found the di­
agnostic effectiveness decreasing from 96.2 to 90.1% 
when comparing the learning with the testing set. 

In previous studies, immunological parameters have 
been included in discriminant analysis [6, 21] of the dif­
ferent ll...D. Thus, BERTORELLr et al. [6] regard T-lym­
phocyte subpopulations, PMN and eosinophils in BALF, 
immune complex determination and gallium-67 lung scan­
ning to possess the most important discriminant capac­
ity. However, our study is not quite comparable with the 
above-mentioned study, because it included other variables 
and non-BALF parameters, and the use of different 
inclusion criteria. The EAA population of BERTORELLI et 
al. [6) was recently exposed to the causative antigen, and 
the authors do not state whether patients who had a BAL 
after provocation were also included. This is very im­
portant, because of the reported influence of the timing 
of BAL related to the last antigen exposure on the re­
sults of BALF analyses [11, 12). It is also our experi­
ence, that the BALF profile after provocation differs from 
BAL at other times. Moreover, no correlation was made 
between the smoking status of a patient and the BALF 
analysis results. 

In our study, we found that a little improvement of the 
diagnostic effectiveness for the EAA group can be ob­
tained by including lgs in the discriminant analysis 
(77.8%) in addition to the BALF cell-profile. We found 
increased ratios of IgM, lgG and lgA to albumin in 
BALF in EAA patients. These increased ratios are sup­
posed to be the result of the immune stimulation in the 
lung by inhalation of a causative antigen [22]. In con­
trast, BERTORELLI et al. [6] only described lgM in lung 

biopsy material both in EAA and IPF patients, but not 
in BALF. Our results suggest that the lgM ratio to 
albumin in BALF mainly differentiates EAA from the 
other two diagnostic groups. This was also reported by 
REYNows et al. [22]. The IgG and IgA ratios to albu­
min are BALF is only high in the nonsmoking EAA 
patients, compared to the two other groups. BERTORELLI 
et al. [6] did not include the patient smoking status as 
a variable, this may be due to the conflicting data. 
REYNOLDS et al. [22] recently also reported the negative 
influence of smoking on total and functional lung Igs, and 
local immune response. In this study, and in a follow­
up study (data not shown), we noticed that the demon­
stration of plasma cells in BALF is highly suggestive for 
the diagnosis of EAA [14]. Local production of Igs by 
plasma cells has been suggested and could be an expla­
nation of the increased ratios of Igs to BALF albumin, 
especially in EAA patients [23]. Plasma cells and Igs 
are, therefore, useful in discriminating EAA from other 
lLD [13, 14]. 

Previously, other BALF variables have been selected 
to discriminate sarcoidosis from other lung diseases 
(CoSTABEL et al. [21]). They also used a discriminant 
analysis. However, they selected other BALF variables, 
i.e. percentage of lymphocytes, the CD4/CD8 ratio and 
Leu7+ natural killer cells. They also concluded that the 
determination of multiple BALF variables may be of di­
agnostic help in sarcoidosis. The diagnosis of sarcoido­
sis can be made by the determination of BALF lym­
phocyte subpopulations, and may avoid the need for more 
invasive biopsy procedures [21]. Our results confirm this 
hypothesis. Moreover, our first discrimination was based 
on cell differentiation only, without including the CD4/ 
CD8 ratio. However, our data are not comparable with 
those of BERTORELLI et al. (6} and COSTABEL et al. (22), 
because of a different study protocol. It has been re­
ported [23- 26] that the total cell count and the absolute 
and relative number of AMs are increased in BALF of 
current smokers. In addition, the percentage Iymphocytes 
is decreased. These differences in the BALF profile sug­
gest a modification of the inflammatory reactions in the 
lungs, due to smoking [27]. 

Recently, increased mast cells in BALF in sarcoidosis 
patients were reported. Mast cells were related to a more 
active sarcoidosis by BJERMER et al. [28], who did not dif­
ferentiate between smokers and nonsmokers. This is in 
contrast with the results of V ALEYRE et al. [29), who re­
ported a lower incidence of sarcoidosis, with less severe 
symptoms, among smokers with a tendency to high num­
bers of mast cells in BALF. One has to take into ac­
count the fact that there is a profound effect of smoking 
on the number of mast cells in BALF. 

This study reports only BALF features with regard to 
the presentation of the disease and not to the prognosis 
or the possible response to any therapy. Follow-up stud­
ies are needed to investigate the value of BAL to evalu­
ate disease improvement or progression, and the possible 
influence of therapy on BALF profile. 

Moreover, the differences between other disorders 
with similar clinical presentation to sarcoidosis should 
be included in the analysis to confirm the discriminant 
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analysis. For instance, tuberculosis, important in the dif­
ferential diagnosis of sarcoidosis, has a characteristic 
BALF profile, different from sarcoidosis [30-33]. Pul­
monary Hodgkin's disease, also important in the differ­
ential diagnosis of sarcoidosis, has characteristic diagnostic 
cytological features. Mononuclear Reed-Stemberg cells 
can be identified in BALF and fme needle aspiration [34]. 
CoSTABEL et al. [35] suggested that BAL should be con­
sidered as a non-invasive diagnostic approach in cases 
of pulmonary shadowing associated with malignant 
haematological disorders. We also found that malign 
lymphomas, i.e. non-Hodgkin's lymphoma and Hodgkin's 
lymphoma, and tuberculosis have features in BALF 
profile which enables these disorders to be differentiated 
from other lLD, such as sarcoidosis (data to be pub­
lished). 

In the discriminant analysis, a number of 14 explana­
tory variables have been used, derived from 10 different 
variables measured in the studied patients. From the re­
sults so far, we can already conclude that, with a number 
of selected variables, it is possible to discriminate among 
patients with sarcoidosis, EAA or IPF. Furthermore, we 
demonstrated that there is an association between BALF 
profile and smoking. Therefore, smoking was included as 
a confounding variable in the discriminant analysis. BAL 
could serve as an adjunct in concert with other methods 
for establishing the diagnosis, especially with regard to 
differentiating between disorders with similar clinical pres­
entation to the studied ll.,D. 

Certainly, attempts still have to be made to develop a 
more general discriminant model, based on polytomous 
logistic regression analysis. Currently, we are develop­
ing a testing model, which can be used to predict the di­
agnosis of an arbitrary patient, using information provided 
only from BALF analysis. 
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