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We examined the performance of a number of laboratory tests in 23
patients who had had symptoms suggesting asthma, such as cough,
sputum secretion, and chest tightness with wheezing, for less than a year.
Even the best test, histamine challenge, had a sensitivity of only 48%.
When more tests were added, sensitivity rose: with peak expiratory flow
added, the sensitivity was 65%; with sputum eosinophil cationic protein
(ECP) added, to 74%); and with serum ECP added, to 78%). Thus, a
combination of tests measuring lung function and activation of
eosinophils yielded fair, if not good, results. It appears that sensitivity
could be increased further through the development of improved sputum
tests.
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Asthma - including early asthma - is characterized
by an hiflammation of the bronchial mucosa, which
is infiltrated by inflammatory cells, in particular,
eosinophilic leukocytes (1). The eosinophils become
activated and secrete characteristic proteins such as
eosinophil cationic protein (ECP), eosinophil pro-
tein X (EPX) - also known as eosinophil-derived
neurotoxin (EDN) - eosinophil peroxidase (EPO),
and major basic protein (MBP). Increased levels of
eosinophihc proteins have been found in the serum
(2), bronchoalveolar lavage (BAL) fluid (3), and
sputum (4) of asthma patients. Neutrophilic leuko-
cytes probably also become activated, but the evid-
ence is contradictory (5, 6). Activated neutrophils
secrete potent enzymes and mediators including
myeioperoxidase (MPO) (7).

The diagnosis of early, mild asthma can be difli-
cult, as lung function measurements may remain
normal. The inflammation present in the bronchial
mucosa can be verified with bronchial biopsy or
BAL fluid specimens, but these investigations are
invasive and laborious and can therefore rarely be
used. Other laboratory tests etnployed include meas-
urements of blood eosinophil numbers and serum
ECP levels; unfortunately, these methods are insens-
itive. Sputum may be a better sample material than
blood or serum; the secretion comes from the
bronchial mucosa, the actual site of the disease, and
sputum specimens are obtained in a noninvasive
manner (4, 8, 9).

We have studied sputurn cytology and determined
the leukocyte activation markers ECP, EPX, and
MPO in the sputum, serum, and urine of patients
with early or chronic asthma, as well as of control
subjects. In addition, we used traditional lung func-
tion tests. The aim was to identify the laboratory
tests most useful in the diagnosis of early or sus-
pected asthma.

Material and methods
Patients and controls

Early or suspected asthma. The group consisted of
23 outpatients. The patients had had one or more
of the following asthma symptotiis for less than a
year: cough, sputum secretion, and chest tightness
with wheezing. In addition, they needed asthma
medication. One patient had received anti-
inflammatory medication for a short period before
the study. Patients with chronic brotichitis respir-
atory infection, or prolonged undefined coughing
were excluded.

Chronic asthma. Nineteen patients had had chro-
nic asthma with a duration of 2-52 years (mean
13 years). All except one had received anti-
iiiflamrnatory medication. At the time of the study,
11 patients suffered from exacerbation of symptorns
and needed more efficient tnedication; in eight, the
asthma was in a stable phase.
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al characteristics of pi

Characteristic

Number

Females/males

Mean age (years)

Age range (yearsi

Nonsmokers/smoker;

Nonatopics/atopics

predicted FEV, value: mean + standard deviation. * * % of pr

:standard deviation. PEF expressed as morning PEF values. Nl

Control subjects. The group included 10 healthy,
nonatopic, nonsmoking volunteers with no past or
current symptoms of asthma.

The group with chronic asthma and the healthy
subjects served as reference populations with which
the patients with early or suspected asthma were
compared. The groups are described further in
Table 1.

Lung function measurements

Patients in both groups were subjected to flow
volume spirometry (Vitalograph, Vitalograph
Ltd, Buckingham, UK) and follow-up with
peak expiratory flow (PEF) measurements (Spira
Peak Flow, Hengityshoitokeskus, Hameenlinna,
Finland). Patients measured their PEF values for
1-2 weeks twice a day before and after two puffs
of inhaled Pa-agonist (0.5 mg terbutaline per dose).
PEF values were expressed as a percentage of the
patient's predicted value. Reversible bronchial
obstruction was considered to be present if PEF
values increased by 15% after the Pj-agonist or
fluctuated 20% from day to day.

Bronchial responsiveness was tested by the his-
tamine challenge test. Results were considered posi-
tive if the provocative dose (PD15) causing a 15%
reduction in forced expiratory volutne in 1 s (FEVj)
was less than or equal to 1.6 mg histamine (10).

Skin priek test

Skin prick tests were performed with a panel of 11
common environmental allergens (Soluprick SQ, 10
HEP, ALK, Denmark). A patient was defined as
atopic if one or more allergens gave a wheal equal
to or larger than 3 mm (11).

Sample collection and as.says

Sputum, blood, and urine samples were collected at
the same visit. Samples were kept at -20° until
analyzed. For study of reproducibility, samples from
patients with early or suspected asthma were col-
lected on two occasions with a 2-week interval.

Serum was separated frotn blood under standard-
ized conditions permitting release of leukocyte
activation markers: blood was collected by veni-
puncture and allowed to clot at room temperature
for 50-70 min. Samples were then centrifuged twice
at 1350^ for 10 min to separate serum.

To induce sputum production, subjects inhaled
nebulized hypertonic saline from an ultrasonic
nebulizer (Spira Ultra, Hengityshoitokeskus, Ha-
meenlinna, Finland) until sputum was obtained or
15 min had passed. Before inhalation, subjects
rinsed their mouths with water. The nebulizer was
on maximum settings and was charged with 4 ml
5% NaCl. Most particles generated had a diameter
of 1.1-2.2 lam.

Native sputum was spread thinly on two micro-
scope slides. The slides were air-dried and stained
with eosin and methylene blue. Slides were exam-
ined under a microscope to determine the number
of eosinophiis and neutrophiis in a semiquantitative
manner. Results were graded as 0, 0.5, 1, 2, 3, or 4
for each type of cell (12, 13). To standardize
interpretation, the analyst used a set of drawings
showing typical microscope fields.

For liquification of sputum, the sample was
diluted with an equal volume of a solution of
6.5 mM dithiothreitol (Sputolysin, CalbioChem,
LaJoUa, CA, USA) and incubated for 15 min at
room temperature. The sample was centrifuged, and
the pellet material was used for cytology, and the
supernatant for ECP, EPX, and MPO assays.

Slides with pellet material were fixed with ethanol
and stained by Papanicolaou. If exatnination of the
slides revealed macrophages or ciliated epithelial
cells as prominent cell types, the sputum sample
was considered to be of bronchial origin; if not, the
sample was rejected.

Blood total eosinophil counts were obtained with
a Technicon model H2 analyzer. For the assay of
ECP, EPX, and MPO in serum, sputum, and/or
urine, radioimmunoassay research kits from
Pharmacia Diagnostics (Uppsala, Sweden) were
used according to the rnanufacturer's instructions.
To adjust for variable urine water content, uri-
nary EPX results are given as EPX/creatinine
()ig/mmol) ratios.

Statistical analysis

Analysis of variance with Tukey's studentized range
test for pairwise comparisons was used. Spearman's
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statistical calculations, and geometr

rank correlation was used to test for relationships
and Wilcoxon's signed rank test to test for dififer-
ences between visits. As the distribution of results
for several assays (blood eosinophils, all ECP, EPX,
and MPO assays) was roughly log-normal, logarith-
mic values were used in statistical evaluations
(Table 2); e.g., geometric means were compared.
Comparisons between atopic and nonatopic
patients in the group with early or suspected asthma
were performed by Student's t-test.

The precision of blood and sputum eosinophil,
and of ECP, EPX, and MPO results was examined
by comparing results obtained 2 weeks apart for
patients with early or suspected asthma. No signi-
ficant differences were observed with Wilcoxon's
signed ranks test (P values from 0.27 to 0.95), nor
were there any significant differences in the geomet-
ric means for the two visits.

To examine the sensitivity and specificity of vari-
ous tests, one needs reference (normal) ranges. For
some of the assays, 95% (mean ±2 SD) ranges were
obtained from the control group. In other cases,
reference ranges previously determined in our labor-
atory or obtained from the reagent manufacturer
or from literature were considered more dependable,
as the number of subjects in the control group was
small (Table 2).

Results
As we were trying to find a sensitive laboratory test
with which to confirm early asthma, attention was
focused on patients with early or suspected asthma
and on the use of sputum as sample material. A
sputum sample which by cytologic criteria was of
truly bronchial origin was obtained from 96% of
subjects in the early or suspected asthma, 84%
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of subjects with chronic asthma, and 80% of
controls. When sensitivities of sputum assays are
examined below, only those subjects from whom
samples could be obtained are considered.

Reference ranges (normal values) for tests used
were obtained from several sources. For five tests,
the source was the control group of the study, i.e.,
a group with only 10 subjects, eight of whom could
produce a sputum sample for the assays; the refer-
ence ranges in question should be regarded as
provisional (Table 2). For the control group, all
test results were within the reference ranges; thus,
specificity for all tests was 100%.

Lung function measurements

The PEF follow-up suggested reversible bronchial
obstruction in 39% of the patients with early or
suspected asthma. In two (9%) patients, mild
obstruction could be observed with spirometry. The
histamine challenge test, which is generally consid-
ered a good diagnostic aid, had a sensitivity of 48%,
the increase in bronchial responsiveness being mild
in seven patients, moderate in three patients, and
severe in one patient (Table 3).

Table 3. Bronchial hyperri

Hyperreactivity

Mild

None

^activity of 23 patients with early c

challenge test

(mg histamine

diphosphate)

<0.10

0.10-0.39

0.40-1.60

>1.6Q

ir suspected astf

Patients

n

3

7

12

%

4

13

31

52



Eosinophiis, FCP, and FPX
When eosinophiis, ECP, and EPX were assayed,
better sensitivity was attained with sputum than
with blood or serum as sample material. The sensi-
tivities of sputum eosinophil, ECP, and EPX assays
were roughly similar, 35-39% in the early or sus-
pected asthma group and a somewhat more variable
44-76% in ehronic asthma. Urine EPX/creatinine

Table y of laboratory tf

patient groups were studied
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also exhibited similar sensitivity, 39%, in early or
suspected asthma, but an unexpectedly poor sensi-
tivity, 24%, in chronic asthma (Table 4). A close
correlation (r = 0.95) existed between patients' ECP
and EPX levels; this was true both ibr sputum
(Fig. 1) and serum (not shown).

MPO
Increased levels of the neutrophil activation marker
MPO were occasionally found in the sputum or
serum of patients in both asthma groups. Sensitivity
was low (Table 4).

Histamine chaiienge

Blood eosinophiis

Sputum eosinophiis

Serum ECP

Serum EPX

Sputum ECP

Sputum EPX

Urine EPX/creatinine

Serum MPO

Sputum MPO

Histamine chaiienge +

Histamine challenge+

Histamine chaiienge +

Histamine chaiienge +

PEF
PEF + spu

PEF + spu

PEF + spu

n PEF; positive bronchodilatior

Combinations of tests

In early or suspected asthma, various combinations
of tests exhibited higher sensitivities than single
tests. The use of two lung function tests (PEF
and histamine challenge) gave a 65% sensitivity;
supplementation of this with a sputum examination
(eosinophiis and ECP) gave 78%. If all other tests
were added, one additional patient was detected,
and the sensitivity reached 83%, (Table 4).

Discussion

Detecting early asthma is difficult as no sensitive,
routine laboratory method is available to confirm
or rule out the diagnosis. Lung function tests remain
the mainstay, although, as shown, 35% (8/23)
patients with early or suspected asthma had neither
increased bronchial responsiveness nor fluctua-
ting PEF (Table 4). The histamine sensitivity of

I I

Sputum EPX (ng/l)

Fig. I. Correlation between sputum ECP (|xg/l) and sputum EPX (^g/l) in controls and a
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control subjects, and in pat

patients with recently detected asthma is quite vari-
able (10); frequently, it is mild or undetectable.

Sputum samples have long been used for the
diagnosis of some lung diseases; e.g., tuberculosis.
Sputum production can be induced by having the
subject inhale nebulized hypertonie sodium chloride
solution (8, 9), Thus provoked, even 80% of our
healthy control subjects produced a sputum sample.
The bronchial origin of the sample can be verified
through eytologic examination (14); this is useful,
as some samples contain only saliva.

The combined saline and dithiothreitol treatment,
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to which sputum cells were subjected in our study,
caused cellular disruption and release of intra-
eellular inflammation markers in some samples.
Cells also became diflieult or impossible to identify,
and we rejected the samples in question. Sputum
induction and handling methods should be de-
veloped further to eliminate this source of error.

The histamine challenge test with its 48% sensitiv-
ity was better than any of the sputum tests (eosino-
phils, ECP, EPX, or MPO) that we tried in patients
with early or suspected asthma. The three sputum
eosinophil-related tests all had a similar sensitivity
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