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ABSTRACT: Acute eosinophilic pneumonia (AEP) is a recently described illness and
the number of case reports has increased during the last few years. However, the role
of interleukin (IL)-5 and activated lymphocytes in the pathogenesis or activity of AEP
is still not clear.

The clinical features, lymphocyte surface analysis and IL-5 concentrations in
bronchoalveolar lavage fluid (BALF) and peripheral blood (PB) of a young female
patient with AEP are described before and at 2 weeks, 4 weeks and 6 months after a 3-
day course of i.v. methylprednisolone.

Serum and BALF concentrations of IL-5 before treatment were 5,200 and 8,400
pg.mL-1, respectively. Activated CD4 lymphocytes bearing CD25 and human leu-
kocyte antigen (HLA)-DR in BALF were higher than in PB. Treatment caused a rapid
fall in these cells and levels of IL-5 in BALF returned to normal levels in parallel with
clinical improvement. There was no evidence of recurrence after cessation of steroid
therapy. In contrast, eosinophilia in BALF persisted for 4 weeks after steroid therapy
in spite of normalization of the chest radiograph and arterial blood gases. The number
of CD8+CD11b- (suppressor/cytotoxic) T-cells subsequently increased while the num-
ber of CD8+CD11b+ cells decreased.

These results suggest that activated CD4 cells and interleukin-5 elevation contribute
to the development of acute eosinophilic pneumonia rather than persistent eosino-
philia in the lung and that a short course of steroid therapy may effectively control
acute eosinophilic pneumonia.
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Acute eosinophilic pneumonia (AEP) is characterized
by a rapid onset of clinical symptoms and signs, associated
with the presence of diffuse pulmonary infiltrates on the
chest radiograph and a high number of eosinophils in the
alveoli [1, 2]. The number of reports describing cases with
AEP have recently increased and several of these have
demonstrated elevation of interleukin (IL)-5 levels in
serum and bronchoalveolar lavage fluid (BALF) [3±6]. IL-
5 is very important among eosinophil-related cytokines
because of its selective function of eosinophil activation
and recruitment [7, 8], and is produced mainly by T-helper
lymphocytes. However, only a few reports have described
the role of IL-5 in the pathogenesis or disease activity of
AEP [5, 9]. Furthermore, the relationship between eos-
inophil accumulation in the lung and IL-5 is still obscure in
this disease.

In this study, we attempted to elucidate the relationship
between eosinophilia, activated lymphocytes and IL-5 on
the one hand and disease activity of AEP on the other.
Serial analysis of surface markers of lymphocytes in BALF
and peripheral blood (PB) and serial measurements of
BALF and serum IL-5 concentrations were performed be-
fore and after steroid therapy.

Case report

A 21-yr-old Japanese female was admitted to Nagasaki
University Hospital with a 2-day history of dry cough,
fever and exertional dyspnoea. She was treated with cefa-
trizine and mefenamic acid one day before admission
following a visit to the family physician. She was a college
student and began to smoke 1 week before the onset of
symptoms. She had a history of atopic dermatitis. She had
taken no medication prior to the illness and there was no
evidence of parasitic infections.

On admission, she was febrile with a body temperature
of 39.68C. Physical examination of the chest showed
coarse crackles bilaterally at lower lung fields but no cya-
nosis was observed. No other abnormalities were present.
The peripheral white cell count was 13,000.mm-3, with a
differential count of 15% band cells, 70% neutrophils, 8%
lymphocytes, 3% monocytes, and 4% eosinophils. Arterial
blood gases on breathing room air were arterial carbon
dioxide tension (Pa,CO2) 5.0 kPa (38 mmHg), arterial oxy-
gen tension (Pa,O2) 6.2 kPa (47 mmHg), pH 7.43, and
HCO3

- 25.4 mEq.L-1. The chest radiograph and computed
tomography scan showed diffuse ground glass appearance,
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Kerley B lines, multiple patchy infiltrates, and a small
pleural effusion (fig. 1). Gram and acid-fast stains of the
sputum were negative. Bronchoscopy performed on the
day of admission showed normal endobronchial anatomy.
BALF obtained from the right middle lobe was cloudy and
yellowish in colour, and contained a high number of cells
(3.56105 cells.mL-1). BALF differential cell count show-
ed 13% macrophages, 22% lymphocytes, 1% neutrophils
and 64% eosinophils. Staining of BALF with Gram and
acid-fast stain did not show any pathogenic agents. Cul-
tures of BALF yielded no fungi, bacteria or acid-fast ba-
cillus growth. A diagnosis of AEP was made based on
clinical course and BAL findings although transbronchial
lung biopsy was not performed because of the severe hy-
poxaemia.

Intravenous methylprednisolone therapy (1,000 mg.

day-1) commenced immediately after bronchoscopy and
continued for 3 days. This resulted in a rapid resolution of
symptoms and normalization of the chest radiograph with-
in 3 days. On the seventh day after treatment began, the

white blood cell count decreased to 11,000 cell.mm-3 with
31% eosinophils. Resting, room air arterial blood gas
analysis showed improvement of Pa,O2 to 13.8 kPa (104
mmHg) within 8 days after treatment. On the 13th day after
treatment began, the white blood cell count and eos-
inophils returned to normal levels. However, eosinophilia
was still present in BALF at least 4 weeks after steroid
therapy in spite of normalization of the chest radiograph
and arterial blood gases. Six months after the onset of
symptoms, the number of white blood cells and differen-
tial count in BALF were within normal limits (table 1).
The patient showed no recurrence of symptoms after
treatment.

The concentrations of IL-5 in serum and BALF on the
day of admission, measured using a sandwich enzyme-
linked immunosorbent assay (ELISA), were 5,200 and
8,400 pg.mL-1, respectively. Two weeks after steroid the-
rapy, both serum and BALF concentrations of IL-5 were
reduced to <20 pg.mL-1. These levels remained persis-tently
<20 pg.mL-1 at 4 weeks and 6 months follow-up.

Several lymphocyte surface markers were also exam-
ined for in PB and BALF before and after treatment by the
method described below. Whole blood was placed into
tubes containing ethylenediaminetetraacetic acid. Erythro-
cytes in PB were lysed with distilled water, and the
remaining cells and BALF cells were washed once and
resuspended in cold phosphate-buffered saline (PBS)
containing 3% foetal calf serum (FCS) and 0.05% sodium
azide. A total of 10 mL of each monoclonal antibody:
fluorescein isothiocyanate (FITC)-conjugated monoclonal
antibody against CD4, CD8, human leukocyte antigen
(HLA)-DR and CD25 (Becton Dickinson, Mountain View,
CA, USA); and phycoerythrn (PE)-conjugated monoclo-
nal antibody against CD4, CD8, CD45RO and CD11b
(Becton Dickinson) were added to 100 mL of resuspended
PB and BAL pellets. The cells were incubated for 15 min
on ice and then washed once in cold PBS. The cells were
kept in the dark at 48C until analysis. Two-colour im-
munofluorescence analysis of PB and BALF lymphocytes
was performed by flow cytometry (FACS Calibur; Becton
Dickinson). Lymphocytes were gated by forward and side-
light scattering.

Before treatment, the percentages of CD4+, CD4+
HLA-DR+, CD4+CD25+, CD4+CD45RO+ cells and CD4
to CD8 ratio in BALF were higher than PB (tables 1 and
fig. 2). In contrast, no differences were observed in the
percentages of CD8+HLA-DR+ and CD8+CD25+ lym-
phocytes between BALF and PB (fig. 2). The CD4 to CD8
ratio decreased 2 weeks after treatment (table 1). The

Fig. 1. ± a) Chest radiograph; and b) chest computed tomography on the
day of admission. Note the presence of diffuse bilateral infiltrate
shadows.

Table 1. ± Serial cytological examinations of bronchoal-
veolar lavage fluid before and after therapy

After therapy

Before
therapy 2 weeks 4 weeks 6 months

Total cell count
6105 cells.mL-1

3.5 3.43 3.68 1.69

Macrophages % 13.5 31.9 42.4 86.7
Lymphocytes % 22.0 11.2 22.2 11.1
Neutrophils % 1.0 0.9 0 1.2
Eosinophils % 63.5 56.0 35.4 1.0
CD4/CD8 ratio 4.39 0.77 0.53 0.49
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number of lymphocytes in BALF during the follow-up
period is shown in figure 3. The number of activated CD4+
lymphocytes decreased immediately after therapy. In con-
trast, the numbers of CD8+CD11b- and CD8+CD11b+
cells were not elevated before therapy and both increased 2
weeks after therapy. The number of CD8+CD11b- cells
subsequently increased, while the number of CD8+
CD11b+ cells decreased 4 weeks after therapy.

Discussion

In this case, the concentration of IL-5 in BALF was high
compared with that in serum. These data agree with those
of two AEP cases reported by ALLEN et al. [9], and suggest
that IL-5 was probably produced in the lung. Elevated IL-5
in the lung may initiate the recruitment of eosinophils,
increase eosinophil survival, and enhance the release of
mediators from eosinophils, which in turn increases the
permeability of blood vessels [7, 8]. Since IL-5 is produced
mainly by T-helper lymphocytes, we also analysed the
expression of the activation antigen CD25 and HLA-DR of
T-cells. Expression of CD25 is a marker of recent ac-
tivation of T-cells since CD25 appears within hours after
initial stimulation, is transient and disappears in the ab-
sence of continuous stimulation [10]. Furthermore, these
cells could be the main cytokine-producing cells in various
lung diseases, such as allergic and non-allergic asthma,
eosinophilic pneumonia and allergic bronchopulmonary
aspergillosis [11]. The major finding in this case report was
that CD25 and HLA-DR bearing CD4+ T-cells were
increased in the lung but not in PB, indicating that CD4
cells were activated in the lung by a local immune res-
ponse. In contrast, the percentage of CD8+ T-cells was not
increased and these cells were not activated in either BALF
or PB. The high number of recently activated CD4 cells
suggests active production of IL-5 by these cells in the
lungs of this patient. Using an experimental mouse model,
OKUDAIRA et al. [12] reported that T-cells are essential and
T-cell-derived IL-5 is important for accumulation of eos-
inophils in the lung. Considered together, these findings

indicate that the presence of activated CD4+ cells in the
lung in AEP may play an important role in eosinophil
accumulation through IL-5 production.

Another interesting finding in this case was the per-
sistence of eosinophil accumulation in the lung over sev-
eral weeks after treatment, although a rapid decrease was
noted in the number of activated CD4 lymphocytes and IL-
5 concentration in BALF. More interestingly, eosinophil
count and percentage in BALF returned to normal without
additional therapy, and there was no evidence of recurrent
disease. In vitro, it has been shown that IL-5 can prolong
eosinophil survival for several weeks [13]. One explana-
tion for the persistent accumulation of eosinophils in the
alveolar space is the IL-5-induced prolongation of survival
of eosinophils in BALF in the early phase of this disease.
However, since steroids have a direct effect on eosinophil
survival by inducing apoptosis of these cells [13], long-
term steroid therapy might lead to an earlier reduction of
eosinophils in BALF.

The rapid reduction of activated CD4 lymphocytes and
fall of IL-5 concentrations in BALF after therapy suggest
that methylprednisolone therapy for 3 days is effective in

Ly
m

ph
oc

yt
es

%
40

30

20

10

0

C
D

4+
C

D
45

R
O

+

C
D

4+
H

LA
-D

R
+

C
D

4+
C

D
25

+

C
D

4+

C
D

8+
C

D
25

+

C
D

8+
H

LA
-D

R
+

C
D

8+

Fig. 2. ± The percentage of different types of lymphocytes in the
peripheral blood (h) and bronchoalveolar lavage fluid (b) before
treatment. HLA: human leukocyte antigen.
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Fig. 3. ± Serial changes in the number of a) CD4+ and b) CD8+ lym-
phocytes in bronchoalveolar lavage fluid (BALF). Values were expres-
sed as the absolute number per millilitre recovered before and after
treatment. a) *: CD4+;&: CD4+Human leukocyte antigen (HLA)-
DR+;X:CD4+CD25+;~: CD4+CD45RO+. b)*: CD 8+;&:
CD8+ HLA-DR+; ~: CD8+ CD11b-; X: CD8+ CD11b+.
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controlling this disease, regardless of eosinophil accumu-
lation. Several studies have suggested a role for IL-5 in the
initiation of eosinophilic inflammation. CORRIGAN et al.
[14] reported a reduction in the percentage of PB CD4
lymphocytes expressing IL-5 messenger ribonucleic acid
(mRNA) and in the secretion of IL-5 protein in asthmatics
after corticosteroid therapy. Thus, our results indicate that
continuous activation of CD4 lymphocytes and IL-5 pro-
duction may play a key role in the pathogenesis of AEP,
and the effectiveness of corticosteroids may be explained
by an inhibition of activated CD4 lymphocyte and cyto-
kine production.

In this patient, the number of CD8+CD11b- and CD8+
CD11b+ cells was not elevated before therapy. The number
of CD8+CD11b- cells and CD8+CD11b+ cells in BALF
increased 2 weeks after steroid therapy. The number of
CD8+CD11b- cells subsequently increased while the num-
ber of CD8+CD11b+ cells decreased. MYOU et al. [15]
reported that CD8+CD11b- cells in BALF remained ele-
vated during the convalescent phase of measles viral pneu-
monia. This was probably due to the persistent viral
antigen acting as a chronic stimulus in the lung. However,
there was no evidence for chronic viral antigen stimulation
in this case, that may lead to a high number of CD8+
CD11b- cells during the convalescent phase of this disease.
CD8 lymphocytes do not secrete eosinophil-active cyto-
kines, such as IL-3, IL-5 and granulocyte-macrophage
colony-stimulating factor (GM-CSF) [13]. Furthermore, a
subpopulation of CD8 T-cells exerts a suppressive effect
on cell activity. The CD8+ CD11b- phenotype is a sup-
pressor/cytotoxic T-cell subset that suppresses the T-cell
proliferative response [16]. In this case, increased CD8+
CD11b- cells in BALF may influence the clearence of
eosinophils from the lung and improve the disease state
through inhibition of CD4 cell proliferation, reflected by
the reduced number of CD4+ CD45RO+ memory cells.

In conclusion, we have described for the first time the
possible contribution of activated CD4 lymphocytes and
interleukin-5 in the development of acute eosinophilic
pneumonia by consecutive analysis of bronchoalveolar
lavage fluid and peripheral blood. However, we were un-
able to establish a direct relationship between activated
CD4 cells or interleukin-5 and persistent eosinophilia in
bronchoalveolar lavage fluid. Further studies are necessary
to establish their role in the pathogenesis of acute eosino-
philic pneumonia.
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