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Lymphocyte fluctuation in bronchoalveolar lavage
fluid in normal volunteers
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ABSTRACT In an attempt to understand the widely varying bronchoalveolar lavage lymphocyte
counts reported in normal subjects, we performed bronchoalveolar lavage in 42 healthy non-
smokers. The mean (SD) lymphocyte percentage in this first lavage was 9.6% (7.7%). The values
did not fit a normal distribution. Five subjects had more than 20% of lymphocytes, and when they
were excluded the distribution of lymphocyte counts was normal. Bronchoalveolar lavage was
repeated once or twice in these five subjects 47 days or more after the previous lavage and the
lymphocyte count decreased below 14% in four. Eight volunteers with an initial lymphocyte
percentage less than 20% also had repeat lavages; two presented a transient increase of lympho-
cyte count above 20%. These data show that the percentage of lymphocytes in lavage fluid
fluctuates significantly in normal subjects and suggest that lymphocyte counts higher than 14%
should not be considered as normal.

Since the fibreoptic bronchoscope has become avail-
able, bronchoalveolar lavage has been performed
both for research and for the investigation of pul-
monary diseases. In clinical practice it is used mostly
in the evaluation of interstitial lung diseases.'-4 A
major drawback of this technique is that the diffe-
rential cell count can vary widely within a normal
population. The reported mean values for percen-
tage of lymphocytes in non-smoking controls range
from 1% to 20%. Some authors report low
values-namely, 1_7%2 s56- and others intermediate
values of 10-15%,3 while others report higher val-
ues around 20%.' 89 In some studies individual lym-
phocyte counts exceeded 30% of the cells present.' '
Many factors may be responsible for the variation

in the reported percentage of bronchoalveolar lav-
age lymphocytes from normal subjects. These
include the small number of subjects in some
studies, use of control patients instead of healthy
volunteers, use of different bronchoalveolar lavage
techniques, difficulty in distinguishing large lympho-
cytes from small macrophages,'0 and the use of dif-
ferent techniques for determining the differential
cell count."
To evaluate bronchoalveolar lavage lymphocyte
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variation in a normal population, we performed lav-
age in a large number of healthy subjects and did
repeated lavage in selected subjects. A transient
increase of lymphocyte percentage above 20% was
found in some volunteers who had no clinical evi-
dence of disease. This observation could explain, in
part, the wide variation in the lymphocyte percen-
tages previously reported.

Methods

STUDY POPULATION
Forty two subjects volunteered for the study.
Informed consent was obtained from all subjects.
They were 22 men with a mean age of 23.9 years
(range 19-32) and 20 women with a mean age of
25.7 years (range 20-41). All were non-smokers; 38
subjects had never smoked while four had stopped
smoking at least two years before the study. Twenty
nine were students, nine were hospital staff, and
four were desk workers. No subject had any pulmo-
nary symptoms or history suggestive of lung disease.
Three subjects reported a slight rhinorrhea and one
of these had had a dry cough 10-15 days before the
study. All were symptomless at the time of bron-
choalveolar lavage. Two volunteers had taken
acetylsalicylic acid or acetaminophen 21 and 15 days
before lavage. All subjects had spirometric tests and
measurement of carbon monoxide diffusing capacity
(transfer factor).
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LAVAGE PROTOCOL AND PROCESSING OF
LAVAGE FLUID
Bronchoalveolar lavages were done between 8 and 9
am from January 1982 to October 1984. Lavages
were performed in the supine position with a
fibreoptic bronchoscope of 5.9 or 6.1 mm external
diameter inserted by the mouth after local anaes-
thesia (Lidocaine 2% and 4%, Astra, Ontario).
Supplemental oxygen was administered throughout
the procedure. With the tip of the bronchoscope
gently wedged in a segmental or a subsegmental
bronchus of the right middle lobe, aliquots of 0.9%
saline solution at room temperature were instilled
and immediately withdrawn by aspiration with a 30
or 20 ml syringe. Suction was applied until the
return ceased and the bronchi collapsed. Ten bol-
uses of 30 ml were used in 37 subjects and five bol-
uses of 20 ml in the other five. Lavage fluid was
filtered through gauze, collected in 50 ml tubes, and
placed on ice until centrifuged (500g, 10 minutes at
4°C). The cell pellet was resuspended in Hank's bal-
anced salt solution without Mg"+ and Ca"+ or in
phosphate buffered saline. The total cell count was
made with a haemocytometer. The cell differential
count was obtained on both Wright-Giemsa and
non-specific esterase stained cytocentrifuged prep-
arations (Cytospin; Shandon, Sewickley, Pennsyl-
vania). Six hundred cells or more (300 in each stain)
were counted by the same person. No appreciable
blood contamination was found; only a few red cells
were sometimes seen.
Lavage was repeated in all five subjects with an

initial lavage lymphocyte count higher than 20%
and in eight others who agreed to be restudied. A
third lavage was performed in eight subjects who
had a lymphocyte percentage higher than 20% at
the second lavage or when lymphocytes had
increased between the first and the second bron-
choalveolar lavage. At the time of the second and
third lavage the subjects had not noted pulmonary
or cold symptoms for at least one month before the
study. A chest radiograph was obtained in volun-
teers with a lymphocyte percentage higher than
20% at the first lavage. The lavage technique
described above was used for the second and third
lavages. All repeat lavages were performed with a
total infused volume of 300 ml in the right middle
lobe. In one case, however, the second lavage was
performed in the lingula (subject F, table 2).

STATISTICAL ANALYSIS OF DATA
Results were analysed by Student's t tests. A X2 test
was used to assess the normality of the distribution
of bronchoalveolar lavage lymphocyte percentages.
The upper limit of normal for lymphocyte values
was determined by the one tailed 95% confidence
interval (mean plus 1.65 standard deviation).

Laviolette
Results

Lavage was performed without major complica-
tions. One volunteer presented with chest pain and
dyspnoea a few hours after the procedure and a
pneumomediastinum was diagnosed. Her symptoms
resolved without treatment within a day. The sub-
jects' physiological and bronchoalveolar lavage
characteristics are shown in table 1. Mean values for
all pulmonary function tests were normal. Two sub-
jects had lung volumes below 85% of predicted
normal values and four others had a low diffusing
capacity (74-80% of predicted value). The quantity
of fluid recovery ranged from 45.0% to 82.7% of
the infused volume. Macrophages represented the
majority of cells. The mean (SD) percentage of lym-
phocytes for the group was 9.6 (7.7). Only a few
neutrophils were found and in some cases rare
eosinophils were also observed.
The figure shows the distribution of lymphocyte

percentages. Distribution analysis by X2 test gave the
significant p value of 0.0034, suggesting that lym-
phocyte values did not have a normal distribution.
The one tailed 95% confidence interval for lympho-
cyte percentage was from 9.6% to 22.3%. Five sub-
jects (two men and three women) had more than
20% of lymphocytes: 21.4%, 22%, 23%, 26.8%,
and 39.8%. All had been free of symptoms for at
least a month before the study. Four had normal
results in the pulmonary function tests, while in one
case lung volumes were 80% of those predicted.
Chest radiographs were obtained initially for four of
these subjects. The fifth subject had a chest radio-
graph done five and a half months later at the time
of his second bronchoalveolar lavage, when he had a
low lymphocyte count. All radiographs were nor-
mal.

Results of repeat lavages for these five subjects
and the eight other subjects with less than 20% of
lymphocytes in their initial bronchoalveolar lavage
are presented in table 2. Thirteen volunteers had a
second lavage 54-407 days after the first and eight a
third lavage 47-413 days after the second. No
significant difference was found between first, sec-
ond, and third lavages for the mean (SD) values of
recovered volumes (71.1 (6.1), 72.7 (6.2), and 70.5
(6.4) respectively); total cell counts (7.1 (3.8), 6.6
(3.0), and 5.8 (2.6) x 104/ml); macrophage percen-
tages (83.1 (10.9), 81.3 (7.9), and 86.5 (5.2)); lym-
phocyte percentages (15.0 (11.0), 17.0 (8.1), and
12.0 (5.7)); and neutrophil percentages (1.8 (1.2),
1.8 (1.2), and 1.5 (1.6)). Although mean lympho-
cyte percentages were similar, a large individual
fluctuation was present. In four of the five subjects
with a percentage of lymphocytes higher than 20,
the lymphocyte percentage fell below 14 (subjects
A, B, C, and E). One of these five subjects (subject
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Lymphocyte fluctuation in bronchoalveolar lavage fluid in normal volunteers

Table 1 Results ofpulmonary function tests and bronchoalveolar lavage for all subjects (values are means with standard
deviatons in parentheses and ranges below)

TLC* VC* FEVI * TLCO* Fluid Total No Macrophages Lymphocytes Neutrophils
recovered (% of cells (to) (to) (to)
ofinfused) (x 104/ml)

100.3(11.8) 101.4(12.3) 96.8(11.1) 93.3 (12.6) 69.0 (7.3) 5.8 (2.8) 88.6 (7.9) 9.6 (7.7) 1.7 (1.2)
80-126 79-130 75-116 74-122 82.7-45 1.8-14.4 60-98.7 1.0-39.8 0-4.6

* Expressed as percentages of predicted values.
TLC-total lung capacity; VC-vital capacity; TLCO-transfer factor for carbon monoxide.
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LYMPHOCYTE COUNT (%)
Distribution ofbronchoalveolar lavage lymphocyte percentages in 42 healthy
non-smoking volunteers. Results do not fit a normal distribution (p = 0.0034, X2
test): five subjects had lymphocyte fractions higher than 20% and those values seem to
lie apart from the others. Analysis excluding these five volunteers gives a normal
distribution (p = 0.813).

D) still had more than 20% of lymphocytes at the
second lavage and refused a third lavage. Her lym-
phocyte percentage had, however, decreased slightly
between the first and second lavage. Of the eight
subjects with a lower initial lymphocyte count, two
had an increase above 20% at the second lavage
(subjects F and I). In both the percentage fell below
20 at the third lavage. Two other subjects showed a
fluctuation of 10% or more in their lymphocyte
count without, however, exceeding 20% (subjects G
and J), and the remaining four had smaller varia-
tions. Subject M was the only one with a lymphocyte
percentage of 15-20 at the first lavage (fig 1). His
lymphocyte count increased slightly at the second
lavage then decreased to 11% at the third. The
increase in lymphocytes was not related to cold
weather; three subjects had a high count in summer,

two in autumn, and two in winter. Since the increase
in lymphocyte count over 20% was transient and the
five subjects with an initial lymphocyte percentage
higher than 20 seemed detached from the others,
these five subjects were excluded and a distribution
analysis was performed on the 37 remaining first lav-
age values (figure). Then the distribution of lympho-
cyte percentages was normal (p = 0.813, x2 test);
the mean (SD) percentage of lymphocytes was 7.4
(4.0) and the one tailed 95% confidence interval for
lymphocyte percentage was from 7.4 to 14.0.

Discussion

This is the first report of sequential lavages in a large
number of normal volunteers. The results show that
some subjects present a transient increase in bron-
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Table 2 Results ofsequental bronchoalveolar lavages (BAL) for the 13 subjects who had repeated lavages

Subject Order Days since Fluid Total No Macrophages Lymphocytes Neutrophils
ofBAL first BAL recovered (% ofcells (%) (N) (%)

ofinfused) (x 104/ml)

A 1 66.3 2.9 72.3 26.8 0.8
2 161 74.3 5.1 77.8 20.5 1.7
3 263 72.7 2.3 90.2 8.9 0.9

B 1 66.3 4.9 73.5 22.0 4.6
2 271 65.7 13.8 85.7 13.0 1.0

C 1 82.7 4.6 76.1 21.4 2.4
2 113 68.7 5.0 87.0 9.7 3.3

D 1 73.0 2.0 74.8 23.0 2.2
2 204 78.7 2.3 77.5 20.7 1.8

E 1 74.0 9.0 60.0 39.8 0.2
2 87 74.3 6.2 76.0 23.0 1.0
3 134 69.3 7.2 88.5 10.5 1.0

F 1 63.0 14.4 90.0 7.3 2.8
2 54 63.0 10.4 66.0 32.1 2.7
3 234 71.7 9.9 78.8 19.5 1.7

G 1 62.0 7.4 93.3 4.3 2.3
2 118 74.7 7.3 81.7 17.5 0.7
3 382 61.3 4.9 83.0 16.8 0.3

H 1 70.3 10.2 93.0 4.6 1.6
2 231 73.0 4.8 96.4 2.7 0.6
3 359 71.3 4.2 89.2 5.6 5.4

I 1 78.3 7.5 88.2 10.6 1.0
2 120 82.3 5.2 74.5 25.5 0
3 377 80.7 7.3 80.7 18.5 0.8

J 1 74.7 12.8 92.6 7.4 0
2 277 81.3 8.7 78.4 19.8 1.8
3 690 74.7 7.5 94.0 5.0 1.0

K 1 73.0 5.6 94.2 4.5 1.2
2 407 77.0 4.9 91.3 7.5 1.3

L 1 75.3 3.5 91.0 7.0 2.0
2 176 64.3 5.2 86.0 10.1 3.9

M 1 66.0 7.6 81.4 16.9 1.7
2 233 66.0 6.9 78.2 18.9 2.9
3 544 62.0 3.3 88.0 11.0 1.0

choalveolar lavage lymphocytes without any clini-
cally apparent reason. This individual fluctuation of
lymphocyte percentage may explain in part the vari-
ation in lavage lymphocyte values previously
reported from normal populations.
The infused volume used in this study was larger

than in most previously reported ones while other
technical aspects were similar.' 45 According to
Davies etal,'2 the lymphocyte fraction is similar
from a small and a large volume lavage and the use
of a different volume does not explain lymphocyte
variations. The actual counting of cell types could
also be a source of variation. Large lymphocytes
may sometimes be difficult to distinguish from small
macrophages. In an attempt to minimise this prob-
lem both Wright-Giemsa and non-specific esterase
stained preparations were used and at least 600 cells
were counted. The non-specific esterase staining
allows for an easier distinction between small mac-
rophages stained in brown and big lymphocytes
stained in green.'3 Recently it has been shown that
differential cell counts performed on cytocen-
trifuged preparations underestimated significantly
the bronchoalveolar lavage lymphocyte percentage
compared with a cell count performed on filter pre-
parations." This may explain why studies reporting

cellular differential counts derived from smears89
had a higher percentage of lymphocytes than those
using cytocentrifuged preparations.237 In this study
we used cytocentrifuged preparations.
Some reported studies have included either con-

trol patients' or a small number of normal volun-
teers57 8; in this study we included 42 young non-
smokers. Our lymphocyte percentage is situated in
the low middle range of the values previously
reported, and is similar to the mean value obtained
in 44 young non-smokers and reported recently by
Reynolds.'4 We went further than Reynolds by
repeating bronchoalveolar lavage in 13 subjects. All
five subjects with a lymphocyte count higher than
20% had repeat lavages. In the distribution curve
(figure) they appear detached from the main group
and could be considered as having an abnormally
high lymphocyte count. The only subject with a
mean lymphocyte value in the range 15-20% (sub-
ject M, table 2) also agreed to have a repeat lavage.
A total of seven subjects had a high lymphocyte
count (> 20%) at the first or second lavage. No sign
of pulmonary disease was found to explain these
high lavage values. All seven subjects were young,
healthy volunteers and were free of any symptom at
the time of study. The five subjects with a high lym-
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Lymphocyte fluctuation in bronchoalveolar lavage fluid in normal volunteers

phocyte count at their first lavage had a normal chest
radiograph. Low pulmonary function values (vol-
umes and diffusing capacity) were seen in few sub-
jects, including one of those with a high lymphocyte
count at the first lavage. These low values, however,
remained within two standard deviations of the dis-
tribution of normal subjects as proposed by Berg-
lund et all5 for lung volumes and by Cotes and Hall'6
for diffusing capacity. These otherwise healthy sub-
jects should therefore be considered as normal and
they were not excluded from the study.
An increase in bronchoalveolar lavage lympho-

cytes has been described in symptomless bird breed-
ers" and farmers.'8 None of the seven subjects with
increased alveolar lymphocytes had had contact with
birds or with a farm environment. Recently Wallaert
et al reported that a lymphocyte alveolitis (lympho-
cyte count > 18%) could be found in patients with
extrathoracic sarcoidosis without clinical, physiolog-
ical, or radiological evidence pulmonary disease.'9
No sign of disease developed in our volunteers over
the period between lavages when their lymphocyte
counts decreased, making subclinical sarcoidosis
very unlikely.

In six of the seven subjects with a high lymphocyte
count (> 20%) at the first or second bronchoalveo-
lar lavage, the lymphocyte percentage returned
towards lower values at the second or third lavage,
below 14% in four cases and below 20% in two
cases. The lymphocyte alveolitis was therefore a
transient phenomenon and may represent a
response to an unknown challenge that subsequently
disappear. In patients with a previous episode of
acute farmer's lung disease, it has been shown that a
lymphocyte alveolitis can be found many months
after withdrawal from the farm and without clinical
signs of disease.20 In that disease therefore alveolitis
may persist long after the last antigenic contact. In
this study, although the subjects denied any
respiratory symptom during the month before lav-
age, it is still possible that a previous cold or some
other agent might have provoked an increase of
alveolar lymphocytes that could have persisted up to
the time of bronchoalveolar lavage. No virological
culture or serological studies were performed to
investigate this hypothesis.
On the basis of this study 14% is proposed as the

upper limit of normal for the percentage of bron-
choalveolar lavage lymphocytes determined from
cytocentrifuged preparations. The study shows that
some subjects may transiently have higher values
without clinically apparent reason. As the high val-
ues are transient and fall outside a normal distribu-
tion they should be considered abnormal and
excluded in the collection of normal values. Such
variation decreases the specificity of bronchoalveo-

lar lavage and its possible role in the diagnosis of
lung diseases. Further studies are needed to define
the causes of lymphocyte fluctuation in normal sub-
jects.
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