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Abstract

Background—Pulmonary infections are
associated with an increase in capillary
permeability but information regarding
age related differences in the local inflam-
matory response is lacking. To quantify
the degree of capillary leakage during
inflammation, the concentrations of the
plasma proteins albumin, ¢,-antitrypsin,
o,-macroglobulin and the locally pro-
duced proteins elastase, myeloperoxidase,
lactoferrin and fibronectin were studied in
the bronchoalveolar lavage (BAL) fluid of
immunosuppressed children and adults
with pneumonia.

Methods—Sixteen children aged 2-16
years and 15 adults who developed pneu-
monia while receiving immunosuppres-
sive therapy for haematological
malignancies were included in the study.
Bronchoalveolar lavage was performed
via a flexible bronchoscope with three
aliquots of 1 ml/kg body weight in children
and 200 ml in adults. Protein concentra-
tions in BAL fluid were determined using
highly sensitive immunoluminometric as-
says.

Results—Despite considerable variability,
the median concentrations of all proteins
in BAL fluid were significantly higher in
both patient populations than in previ-
ously collected age adjusted reference
values. The concentrations of serum de-
rived proteins were significantly higher in
children with pneumonia than in adult
patients. In contrast, no differences were
observed between the two groups for
locally produced proteins.
Conclusions—These data suggest that the
degree of protein exudation is more
pronounced in immunosuppressed chil-
dren with pneumonia than in adults in a
similar clinical situation. This is in agree-
ment with our studies in healthy individu-
als and may reflect a greater permeability
of the alveolar-capillary membrane in
children, regardless of disease status.
(Thorax 1999;54:432-436)
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Pneumonia is a frequent complication in
immunocompromised patients and causes sig-
nificant morbidity and mortality." While the
spectrum of organisms causing pulmonary
infection has been well described both in chil-

dren and in adults,”® there is little information
on the pathophysiological changes induced by
the inflammatory process, especially in chil-
dren.

The presence of pathogens leads to an influx
of neutrophils and/or lymphocytes in the lung,
which is demonstrable by bronchoalveolar lav-
age (BAL) in most patients.” Neutrophils
release proteins such as elastase and myeloper-
oxidase that may be harmful to the lung and
increase the inflammatory reaction. The in-
flammatory response and immunosuppression
alter capillary permeability and favour an
influx of plasma proteins into the alveolar
space. The accumulation of these osmotic sub-
stances may result in pulmonary oedema by
solvent drag and may further impair diffusion
of oxygen through the alveolo-capillary mem-
brane, ultimately leading to respiratory failure.
We have previously found higher concentra-
tions of plasma derived proteins in children
without lung disease compared with healthy
adults, whereas locally produced proteins did
not differ between the two groups.® This would
suggest that the permeability of the alveolo-
capillary membrane may be higher in children.
To quantify the degree of capillary leakage
during pulmonary inflammation we have there-
fore studied plasma proteins as well as locally
produced proteins in the BAL fluid of immu-
nosuppressed children and adults with pneu-
monia.

Methods

Sixteen children of mean (SD) age 8.2 (5.3)
years (range 2-16) and 14 consecutive adult
patients of mean (SD) age 54 (12) years with
haematological malignancies and pneumonia
were included in this study. The clinical
diagnoses of the study population are shown in
table 1. All patients had received immunosup-
pressive chemotherapy before they developed
pneumonia. The children were all treated pro-
phylactically with cotrimoxazole for Pnreumo-
cystis carinit infection before the onset of their
pulmonary illness and broad spectrum anti-
biotic therapy at the time of BAL. Seven
children were also treated with amphotericin B.
Eight of the children had developed respiratory
failure with the clinical presentation of ARDS.
All adults received prophylactic treatment with
ciprofloxacin, but no additional antibiotic or
antifungal therapy prior to BAL. All the
patients were febrile and had clinical signs of
pneumonia. Chest radiographs in both patient
populations varied from local infiltrates to dif-
fuse interstitial changes.
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Table 1  Underlying diagnoses of the study population

Children Adults

Acute lymphoblastic leukaemia
Acute myeloid leukaemia
Chronic lymphoblastic leukaemia

— =

Non-Hodgkin’s lymphoma 10
Medulloblastoma

Rhabdomyosarcoma

Chronic myeloid leukaemia 3
Hodgkin’s disease 1

Table 2 Microbiology of BAL fluid in immunosuppressed
children and adults with pneumonia

Organism Children  Adults
Aspergillus fumigatus 3
Pneumococcus 1
Pneumocystis carinii 1

Pseudomonas aeruginosa

Haemophilus influenzae

Staphylococcus epidermidis

No microorganism identified 11
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The group of children without respiratory
diseases has been described in detail
previously.’ Briefly, all children were undergo-
ing elective surgery for non-respiratory ill-
nesses and were free of respiratory symptoms at
the time of the procedure. Informed consent
from both parents was obtained in all cases.
BAL was performed immediately after the
onset of general anaesthesia in all children
without respiratory disease as well as in immu-
nosuppressed children with pneumonia as
described previously.” Children with respira-
tory failure who were mechanically ventilated
received midazolam 0.1-0.3 mg/kg body
weight for the bronchoscopic procedure.

A flexible bronchoscope (Pentax 3.5 or 4.9
mm, Hamburg, Germany) was introduced
through an adapter attached to the endotra-
cheal tube, thereby maintaining mechanical
ventilation. The bronchoscope was wedged in
the area of maximal disease as suggested by the
radiograph or in the middle lobe in patients
with diffuse interstitial changes. BAL was per-
formed in the lateral segment of the middle
lobe or the lingula in 10 patients, in the upper
lobes in three, and in the lower lobes in three
patients. Three aliquots of normal saline 1 ml/
kg body weight warmed to body temperature
(37°C) were instilled and immediately with-
drawn. In children weighing more than 20 kg,
20 ml portions were instilled up to a total vol-
ume of 3 ml/kg body weight. The first sample
was used for bacterial and fungal studies only;
subsequent samples were pooled for analysis.
Both samples were stained by the Gram, Ziehl-
Neelsen, and potassium hydroxide methods. In
addition, bacterial, fungal and viral cultures as
well as silver stains for Preumocystis carinii were
performed on the pooled BAL fluid samples.

Table 3 Median (range) laboratory data for both patient populations

p value
Children Adults (Wilcoxon test)
Blood neutrophils/ul (x10%) 1.4 (0-42.9) 1.85 (0.12-7.9) 0.56
Serum CRP (mg/l) 65 (0.5-480) 39.5 (0.5-133) 0.18
BAL macrophages (%) 45 (2-97) 40 (1-98) 0.89
BAL lymphocytes (%) 14.5 (3-98) 4.8 (0-95) 0.022
BAL neutrophils (%) 6 (0-79) 10 (0-95) 0.27

CRP = C reactive protein; BAL = bronchoalveolar lavage.
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The adult reference population consisted of
16 healthy male volunteers aged 20-28 years.®
BAL was performed under local anaesthesia
with 2% lignocaine (lidocaine) and sedation
with 2.5-7.5 mg midazolam through a flexible
bronchoscope (Olympus IT 20). 200 ml of
sterile isotonic saline was instilled in 20 ml
syringes and manually withdrawn. The site of
BAL in patients with pneumonia was the lateral
segment of the middle lobe or lingula in seven,
the lower lobe in five, and the upper lobes in
three patients, whereas the lateral segment of
the right middle lobe was used in all healthy
subjects. As with the studies in children, the
first sample was considered a primarily bron-
chial sample and was treated separately; subse-
quent samples were pooled for analysis. Meas-
urements of proteins in BAL fluid were
performed on the pooled samples only.

BAL fluid was filtered through sterile gauze
and centrifuged at 500g for 10 minutes. The
supernatant was separated and stored at —20°C
prior to analysis. Bronchoalveolar differential
cell counts were obtained from smears stained
with May-Griinwald-Giemsa. At least 600 cells
were counted in each subject. The plasma pro-
teins albumin, o -antitrypsin, and o,-
macroglobulin, as well as the locally produced
proteins elastase, myeloperoxidase, lactoferrin
and fibronectin were determined in the super-
natant of BAL fluid after separation of the cells
using immunoluminometric assays as previ-
ously described.’ All assays were validated by
adding known quantities of proteins to BAL
fluid.

C reactive protein (CRP) as a marker of
inflammation was determined from serum
samples by immunonephelometry (Beckmann,
Munich, Germany).

STATISTICAL ANALYSIS

All data were tested for normal distribution
with the Kolmogorov-Smirnov test. Because of
the non-parametric distribution of BAL pro-
teins, results were expressed as median and
ranges. Differences between the two patient
populations were assessed with the Wilcoxon-
Mann-Whitney U test. A p value of <0.05 was
considered significant.

Results
Bronchoalveolar lavage was well tolerated in all
patients. No complications occurred that could
be related to the procedure except for an
increased cough in the first hours following it
that subsided after administration of a single
dose of codeine. Infectious organisms were
detected in the BAL fluid of five children and
10 adults (table 2). In one child the BAL fluid
was sterile but Paecilomyces variotii, a fungus
with similarities to Aspergillus, was cultured
from a transbronchial biopsy specimen.
Laboratory findings and cytological results
of BAL fluid in both patient groups are shown
in table 3. There were no significant differences
between the two groups in blood neutrophil
counts and CRP levels, although the highest
values were observed in the paediatric popula-
tion. There was a wide variation in the
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Table 4 Median (range) protein concentrations in BAL fluid

Ratjen, Havers, Braun

Normal children (n =

Children with pneumonia

Normal adults (n = Adults with pneumonia
1

(n=16) (m=15)
Albumin (mg/l) 16 (0.5-70) 175 (8.8-1867) 9.7 (3.8-24) 53 (2.6-119)*
o,-antitrypsin (mg/1) 1.05 (0.03-5.7) 29 (2.7-269) 0.18 (0.01-0.98) 5.3 (0.2-53)*
o,-macroglobulin (mg/l) 0.15 (0-3.8) 10.2 (0.2-134) 0t 1.1 (0.01-21)*
Myeloperoxidase (mg/l) 0 (0-161) 782 (106-13 000) 23.5 (1-51) 781 (9-14 100)
Elastase (mg/l) 0 (0-21) 36 (7-1340) 2.1 (1-14) 71 (0.1-3190)
Lactoferrin (mg/1) 27 (2.1-288) 617 (82-5328) 31 (10-84) 652 (8-2946)

Fibronectin (mg/1) 0.1 (0.01-0.37)

1.33 (0.23-11)

0.08 (0.02-0.2) 0.72 (0.08-8.2)

*Significantly different from children with pneumonia.

tu,-macroglobulin was undetectable (<0.01 mg/l) in all normal adults.

cytological findings of BAL fluid in both
children and adults (table 3).

Serum derived proteins in the BAL fluid of
the immunosuppressed children with pneumo-
nia compared with reference values are shown in
table 4. Despite considerable variability in all
proteins, the median concentrations of albumin,
o,-macroglobulin and o,-antitrypsin were sig-
nificantly higher in both patient populations
than the reference values (table 4, figs 1 and 2).
The concentrations of serum derived proteins
were significantly higher in children with pneu-
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Figure 1 Concentrations of albumin in BAL fluid of
immunosuppressed children and adults with pneumonia
compared with reference values. Each symbol represents one
individual. A logarithmic scale was used for the y axis. The
line represents the median value. Significantly higher
concentrations were observed in children than in adults, as
was observed in healthy subjects.
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Figure 2 Concentrations of a,-macroglobulin in BAL
fluid of immunosuppressed children and adults with
pneumonia compared with reference values. Each symbol
represents one individual. A logarithmic scale was used for
the y axis. The line represents the median value.
Significantly higher concentrations were observed in both
healthy children and immunosuppressed children with
pneumonia than in adults. Note that a,-macroglobulin is
not found in BAL fluid of healthy adults.

monia than in the adult patient population
(table 4, figs 1 and 2). These differences were
observed for all serum derived proteins inde-
pendent of their individual size (figs 1 and 2).
There were no differences in serum derived pro-
tein levels between those children with bacteria
or fungi in the BAL fluid and those in whom no
pathogen could be detected (data not shown). In
addition, no differences were observed between
those on mechanical ventilation who had clinical
signs of ARDS and those breathing spontane-
ously. There was a loose, albeit significant,
correlation between the serum levels of CRD,
reflecting the degree of systemic inflammation,
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Figure 3 Correlation between concentrations of
a,-macroglobulin in BAL fluid and C reactive protein in
serum of immunosuppressed children with pneumonia. Each
symbol represents one individual. Levels of a,-macroglobulin
were significantly increased with increasing levels of C
reactive protein (r = 0.61, p = 0.012, linear regression
analysis).
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Figure 4 Concentrations of fibronectin in BAL fluid of
immunosuppressed children and adults with pneumonia
compared with reference values. Each symbol represents one
individual. A logarithmic scale was used for the y axis. The
line represents the median value. While higher
concentrations were observed in both immunosuppressed
children and adults with pneumonia, no differences were
observed berween the rwo patient populations.
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and a,-macroglobulin concentrations in BAL
fluid in children, suggesting that those with
more intense systemic inflammation had a
higher degree of protein leakage into the alveolar
compartment (fig 3).

The concentrations of fibronectin in BAL
fluid, as a representative example of locally
produced proteins, are shown in fig 4. As with
proteins derived from the systemic circulation,
there was a significant increase in locally
produced proteins in both patient populations
(table 4). No significant differences were
observed between children and adults for
locally produced proteins (table 4, fig 4).

Discussion

Our results show that leakage of plasma
proteins is a common feature in immunosup-
pressed children with pneumonia and appears
not to be related to the type of infection or
clinical status of the patient. The degree of
protein exudation is, however, more pro-
nounced in children than in adults in a similar
clinical situation. This is in agreement with our
studies in normal children in whom we found
approximately twice the concentration of
serum derived proteins in the BAL fluid com-
pared with healthy adults.

Several studies have used protein concentra-
tions in BAL fluid as a marker of capillary leak-
age in lung diseases such as sarcoidosis and
idiopathic pulmonary fibrosis." > Despite the
high incidence of pneumonia in medically
immunosuppressed patients and its high mor-
tality, there have been no studies of the integrity
of the alveolo-capillary membrane in subjects
with this disease. This may be due to the fact
that the conventional assessment of a capillary
leak was performed using radioactive labelled
albumin. In contrast to this method, the quanti-
fication of macromolecules in BAL fluid is much
more feasible, especially in studies in children.

The higher protein concentrations in BAL
fluid of children could be due to both technical
and physiological differences. The larger dead
space of the adult bronchoscope can be
expected to result in a greater dilution of BAL
fluid constituents as a smaller volume reaches
the respiratory system. While differences in
dilution may cause higher concentrations of
proteins in the BAL fluid of children, this
would not explain why only the concentrations
of plasma proteins and not of locally released
proteins were increased.

The smaller working channel of the paediat-
ric bronchoscope will result in a higher aspira-
tion pressure in children in order to recover the
instilled fluid. Although we have not measured
the aspiration pressure, Riedler er al have
monitored suction pressure during BAL in
children and found it to be twice as high as in
adults.” This could result in more proteins
being drawn into the lung during the lavage
procedure. Studies in humans have, however,
shown that the time constant for larger sized
molecules such as albumin and o,-
macroglobulin is rather long.”* ° Although this
may change due to the disease state, these data
make it unlikely that diffusion during the
lavage process alone causes the observed
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differences between children and adults that
were seen in both healthy individuals and sub-
jects with lung disease.

In addition to the technical explanations,
physiological differences between children and
adults have to be considered. It would appear
that children display a greater permeability of
the alveolar-capillary membrane in both health
and disease. The presence in the BAL fluid of
normal children of a,-macroglobulin, a large
molecule (720 kDa) which was absent in all
healthy adults, would suggest that this increase
in permeability is not selective. This may be
important for the pathophysiology of pneumo-
nia in immunocompromised children as a
greater permeability would favour pulmonary
oedema, thereby impairing gas exchange due
to an increased diffusion distance.'

In this study we found a high variability of all
proteins in the BAL fluid which may reflect the
problems of quantification of substances in
BAL fluid when there is no reliable
denominator.'” As there is currently no reliable
method available to quantify the epithelial lin-
ing fluid, we have elected not to “normalise”
our data by means of other BAL constituents.
As is apparent from table 3, all plasma proteins
as well as the locally produced proteins were
increased during pulmonary inflammation
compared with the reference populations
which would indicate that the changes are
non-selective as well as non-specific, at least for
the proteins included in this analysis.

Leakage of plasma proteins into the lung
appears to play a role in the pathogenesis of
ARDS as these proteins can inactivate
surfactant.”® ' In our population we did not
observe higher levels of plasma proteins in those
children with ARDS. None of the other children
developed ARDS or respiratory failure later in
the course of their illness. The measurement of
protein concentrations in the BAL fluid does not
therefore appear to be a useful marker for the
development of ARDS in immunocompromised
children with pneumonia.
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