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Analysis of cells obtained by bronchial lavage of
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Abstract
To study the cellular infiltrate that occurs
within the airways ofinfants with respira-
tory syncytial virus bronchiolitis, samples
of airways secretions were obtained by
bronchial lavage from the lower respira-
tory tract of infants ventilated for this
condition and from the upper airway of
non-intubated infants with this disorder
using nasopharyngeal aspirates.

Cytospin samples were prepared so that
differential cell counts could be performed
on the cells obtained and alkaline
phosphatase-antialkaline phosphatase
immunocytochemical analysis of lympho-
cyte subsets was carried out using a panel
of monoclonal antibodies, which included
anti-CD3, anti-CD4, anti-CD8, anti-
CD19, and anti-TcR-y.

Results from the lower and upper
airways were similar. Large numbers of
inflammatory cells were obtained, of
which neutrophils accounted for a median
of 93%/o in the upper airway and 76% in the
lower airway. The numbers of CD8 posi-
tive cells detected were small and consis-
tently less than CD4 positive cells, median
CD4:CD8 ratios being 22*5:1 and 15:1 for
the lower and upper airways. CD19 posi-
tive cells were rarely observed and no y8
positive lymphocytes were detected.
These results indicate that neutrophils

probably play a major part in causing
symptoms in these infants. They do not
support the concept that excessive lympho-
cyte mediated cytotoxic activity is princi-
pally responsible for the pathology in
respiratory syncytial virus bronchiolitis.
(Arch Dis Child 1994; 71: 428-432)

The respiratory syncytial virus is unique in its
ability to cause yearly epidemics of respiratory
disease.1 2 As a result almost all infants will
have been infected by the virus by the second
year of life and, of these, 05-2% develop
acute bronchiolitis severe enough to be
admitted to hospital. Results from studies
using a formalin inactivated virus3 and other
more recent attempts to produce a vaccine
suggest that it is unlikely that we will be able to
effectively prevent this distressing illness until
the immunological mechanisms involved in
the disease process, including those aspects
conferring protection, are clarified.

Although there have been many studies
during the past 25 years attempting to clarify
the inflammatory process, most have concen-

trated on the possible role of antibodies in the
genesis of acute bronchiolitis and, until
recently, there has been relatively little interest
in the role of inflammatory cells. There has
been considerable interest in the possible role
of cytotoxic T cells as a major contributor to
lung pathology. It is known that cytotoxic T
cells contribute to recovery from respiratory
syncytial virus infection in that immuno-
deficient infants are prone to severe, pro-
longed infection with the virus.4 5 Animal
studies using rodents have suggested, how-
ever, that these cells may also contribute to the
lung disease in infants with bronchiolitis6 and
analysis of samples obtained from infants
vaccinated with a formalin inactivated
preparation has produced data which may
support this.7
Most studies investigating the role of

inflammatory cells involved in the response to
human respiratory syncytial virus infections
have been carried out in animal models.
Unfortunately, results obtained from these
experiments are difficult to interpret as these
animals are not the natural host for the virus
and indeed rarely develop respiratory symp-
toms when infected. To study the cellular
response to the virus in its natural host, we
examined the inflammatory cell populations in
the upper and lower respiratory tract of infants
with acute bronchiolitis during two winter
epidemics.

Patients and methods
PATIENTS
Bronchial lavage specimens were obtained from
a total of 14 infants from five centres during
two winter epidemics. All were intubated for
respiratory syncytial virus positive bronchiolitis
confirmed by indirect immunofluorescence
on nasopharyngeal aspirates. The infants'
ages ranged from 5 to 34 weeks. Four infants
were still less than 42 weeks' gestational age
when admitted. Seven infants had been born
before 37 weeks' gestation, two before 34
weeks.

Nasopharyngeal secretions were obtained
from a total of 20 non-ventilated infants with
respiratory syncytial virus proved bronchiolitis
during one winter. Their ages ranged from 2 to
38 weeks, with one infant having been born
prematurely.
None of the infants in either group had been

ventilated in the neonatal period and none had
pre-existing cardiac or respiratory disease.
Ethics committee approval was obtained for
this study.
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COLLECTION OF SPECIMENS
Bronchial lavage was performed at the time of
routine endotracheal suction using a technique
based on one previously described for obtain-
ing bronchial lavage samples from preterm
infants with chronic lung disease.8 Infants were
oxygenated for two minutes before the proce-
dure. A suction catheter was passed through
the endotracheal tube with the infant's head
turned to the left. This was designed to intro-
duce the suction catheter into the right main
bronchus. Normal saline (1 ml/kg) warmed to
37°C was introduced via the catheter into the
right main bronchus and after a five second
delay was aspirated using 8 kPa of suction. The
aspirate was collected in a trap which was
placed on ice until processing.

Nasopharyngeal samples were obtained
using a standard technique in which a suction
catheter was introduced into the nasopharynx
via the nose. Suction was applied as the
catheter was withdrawn and the secretions
were collected into a mucus trap and placed on
ice.

PROCESSING OF SAMPLES
The tracheal aspirates and nasopharyngeal
aspirates were agitated with a pipette to break
up clumps of mucus and any remaining large
aggregates of mucus were then removed with a
pipette. The lavage fluid was allowed to stand,
so that the residual debris settled to the base of
the tube. The sample fluid was then trans-
ferred to a second tube and centrifuged at
300 g for five minutes. The resulting super-
natant was removed and frozen for subsequent
analysis while the pellet of cells was resus-
pended in normal saline.

DIFFERENTIAL CELL COUNT ON
NASOPHARYNGEAL AND BRONCHIAL LAVAGE
SAMPLES
Cytocentrifugation preparations were prepared
by spinning small samples at 400 g for five
minutes at room temperature. The cell
preparations were allowed to air dry and were
then stained with a May-Grunwald-Giemsa
stain. Differential counts were performed by
counting a minimum of 500 cells using a
standard microscope.
A total of 22 bronchial lavage samples from

nine patients, obtained one to eight days after
intubation, were prepared during the first
winter. Six of these samples were obtained on
day 1. Twenty two nasopharyngeal samples
were prepared from a total of 20 patients
obtained one to seven days after admission.

ALKALINE PHOSPHATASE-ANTIALKALINE
PHOSPHATASE IMMUNOCYTOCHEMICAL
ANALYSIS OF LYMPHOCYTE SUBSETS
Initial attempts to use flow cytometry (FACS)
to determine lymphocyte subsets were unsuc-
cessful as the large number of activated neutro-
phils appeared to have a wide scatter in terms
of size and fluorescence and prevented us from
identifying a discrete group oflymphocytes. An

alkaline phosphatase-antialkaline phosphatase
(APPAP) technique was therefore used on
slide preparations.
During the second winter a total of 22 slides

from five patients were prepared from
bronchial lavage samples and 10 slides from
these five patients were prepared from
nasopharyngeal aspirates. A 10 [lI volume of
cell suspension with approximately 4X 106
cells/ml was added to each well of a multiwell
slide (C A Hendley, London). These were air
dried on the bench and stored wrapped in foil
at -200C. As exactly 10 RI was added to each
well, the number of cells within each well on a
given slide should be constant as each slide
contained cells from a single sample.

Slides were fixed by placing in acetone for
10 minutes followed by air drying. A 50 [LI
volume of the appropriate monoclonal anti-
bodies diluted one in 10 with TRIS buffered
saline was placed on each spot and then incu-
bated in a moist box for one hour and then
washed in TRIS buffered saline. A 50 RI
volume of rabbit antimouse immunoglobulin
(DakoPatts, Ely) diluted one in 20 with TRIS
buffered saline, was then applied, incubated
for 30 minutes, and washed. The procedure
was then repeated using 50 pI of mouse
APAAP (DakoPatts) diluted one in 20 with
TRIS buffered saline. After washing, the slides
were developed using fast red pH 9-2 (Sigma,
Poole) as an alkaline phosphatase substrate.
After washing the nuclei were counterstained
with Meyer's haematoxylin, briefly placed in
Scott's tap water substitute, washed, and the
slides were mounted.
The monoclonal antibodies used were anti-

CD3 (pan T cell), anti-CD4 (T helper inducer
subset and some monocytes), anti-CD8 (T
cytotoxic suppressor subset), anti-CD 19 (pan B
cells), and anti-TcRy8 (receptors of a minor T
cell subpopulation), together with isotype con-
trolled immunoglobulins. The ratio of CD4
positive:CD8 positive cells for each slide was
assessed using a light microscope with X100
magnification. The slide was positioned with
the centre of the well in the centre of the field
and all positively staining cells within that field
included.

Results
The infants appeared to tolerate the lavage
process well. The volume of fluid recovered
was 36-54% of the fluid introduced. Total cell
counts obtained from bronchial lavage samples
ranged from 0 4 to 12X 106/ml. Sometimes the
sample appeared to accumulate within the
suction catheter due to mucus adhering to the
catheter wall. For these samples the catheter
was flushed with saline to enhance the recovery
of cells.

CELL DIFFERENTIALS
In all bronchial lavage samples examined, the
predominant cell type was neutrophils, account-
ing for a median of76% of all cells (interquartile
range 71-85%). The corresponding values for
lymphocytes and mononuclear phagocytic cells
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were 9% (6-16%) and 10% (8-12%) respec-
tively, whereas eosinophils accounted for less
than 1% of all cells seen and were identified
within the 500 cells counted in only eight slides.
There was no apparent relation between time
from intubation and either total cell counts or
the proportion of cells represented by neutro-
phils.

For nasopharyngeal aspirates, neutrophils
were again the predominant cell type, account-
ing for a median of 93% (interquartile range
90 5-94°/O). Corresponding values for lympho-
cytes and mononuclear cells were 5%
(3.3-6.8%) and 2% (2-2-8%) respectively. No
eosinophil was noted in any sample.

LYMPHOCYTE SUBSETS
CD3 positive, CD4 positive, and CD8 positive
lymphocytes were present on all slides. CD19
positive cells were rarely identified and no
TcR-yb positive cells were identified on any
slide. CD8 positive cells were far less
numerous than CD4 positive in all slides from
both the upper and lower respiratory tract. The
median ratio of CD4 positive:CD8 positive
cells in lavage sample was 22-5:1 (interquartile
range 8-6-26-5: 1) and for nasopharyngeal
samples it was 15:1 (8A4-18-9: 1).

Discussion
The most striking observation in this study was
the large number of neutrophils present in
secretions from the upper and lower airways
and it would therefore seem likely that these
granulocytes contribute significantly to the
inflammation within the airways of these
infants. There have been few previous reports
attempting to describe the pattern of inflam-
matory cells in the airways of infants with acute
bronchiolitis. One group described a lympho-
cytic, peribronchiolar infiltrate as being
characteristic of histological bronchiolitis in a
small number of fixed necropsy specimens
obtained from infants who had died from
respiratory viral infections.9 Others have
reported, in abstract form, that neutrophils are
the most common inflammatory cell within the
upper and lower respiratory tract of infants
with bronchiolitis, accounting for around 70%
of cells recovered,'0 figures similar to ours. It is
well recognised in other inflammatory dis-
orders of the lungs that neutrophils may be
recovered in large numbers in lavage samples,
but be present in only small numbers in biopsy
specimens."I This is believed to be due to the
rapid migration of these granulocytes into the
lumen and such a mechanism might explain
the discrepancies between our findings and
earlier histological studies.

Neutrophils generate a large number of
inflammatory products, including oxidants
and proteolytic enzymes,'2 13 and have been
implicated in the genesis of acute and chronic
lung disease.'2 13 There is increasing evidence
that in respiratory viral infections, neutrophils
may have a role in host defence14 and in the
causation of respiratory symptoms. In adult
subjects experimentally infected with rhino-

virus it is only those in whom there is an influx
of neutrophils who exhibit symptoms.'5 The
steps leading to the influx of neutrophils
observed in infants with bronchiolitis is
unclear. It is known that infected cells can
induce complement activation,16 17 and
immune complexes have been detected in
nasal secretions from infected infants.'8 C5a, a
product of complement activation, plays an
important part in neutrophil chemotaxis by
rapidly enhancing neutrophil adhesion to
endothelial cells and also stimulates degranula-
tion,13 whereas respiratory syncytial virus
immune complexes have been shown to stimu-
late neutrophil activity.'9 Hence antibody
mediated pathology mediated through comple-
ment and neutrophils may play a central part
in the disease, a concept not far removed
from the original hypothesis implicating
immunopathological factors in the causation of
acute bronchiolitis.20 Perhaps more significant
is the observation that the respiratory syncytial
virus infection stimulates human alveolar
macrophages2' and airway epithelial cells22 to
produce interleukin-8 in large amounts.
Interleukin-8 is known to be a potent chemo-
tactant and activator for neutrophils23 and it is
likely that this cytokine plays a central part in
the neutrophil influx seen in respiratory syncy-
tial virus infections and hence may prove to be
a major contributor to the pathology and
symptoms seen in acute respiratory syncytial
virus bronchiolitis.

Interestingly, it has been reported that
chemotaxis and adherence of neutrophils in
the first month of life is impaired in term and
preterm infants.24 25 This may account for the
relative protection that infants appear to have
from acute bronchiolitis in the first month of
life when clinically overt infections are uncom-
mon and tend to be mild in those with
symptoms.26
An in vitro study indicated that the virus

can activate human eosinophils,27 and a
second study found that levels of eosinophil
cationic protein in nasopharyngeal secretions
from infants with respiratory syncytial virus
bronchiolitis were higher than in samples from
infants with upper respiratory tract symptoms
only.28 The authors of these studies speculated
that these granulocytes may play a part in the
pathogenesis ofthe acute illness and contribute
to persistent airway hyperreactivity. In our
study eosinophils were not detected, or present
in only low numbers, in samples from the
upper and lower respiratory tract. Though
eosinophil products are potent stimulators of
inflammation within the respiratory tract, the
low numbers within the inflammatory cells
present in the respiratory tract suggest that
they play only a small part in the inflammatory
process.

Although the results obtained with bronchial
lavage do not necessarily reflect events within
the lung parenchyma, our study does not
support the suggestion that classical CD3
positive/CD8 positive cytotoxic T cells are
central to the immunopathology of this dis-
order in which infection is apparently confined
to the airways and epithelial surface. It remains
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possible that significant numbers of these cells
remain within the parenchyma and contribute
to the inflammatory process. One study has
attempted to detect circulating cytotoxic T
cells directed against respiratory syncytial virus
in infants with acute bronchiolitis.29 Such cells
were detected in only four of 22 infants and
these were those infants with the mildest
disease.

In this study it was apparent that a signifi-
cant percentage of CD positive cells appears
not to express the CD4 or CD8 subset
markers. Such double negative T cells com-
monly represent a small (<5%) number of T
cells in adult peripheral lymphoid tissues. This
population has been shown to be capable of
non-major histocompatibility complex
restricted cell cytotoxicity, a property which
may be important in the context of the present
study. Whether this function is operative in
vivo in the lungs of infants with respiratory
syncytial virus bronchiolitis will require func-
tional assays of such isolated or, indeed, cloned
cell populations.

It has been proposed that y positive T cells
play an important part in interacting with
infectious agents at mucosal surfaces. We were
unable to detect any such cells in either the
upper or lower respiratory tract of the natural
host of respiratory syncytial virus. A study
analysing cells obtained by bronchoalveolar
lavage from experimentally infected mice
found few cells staining for TcRy.30 It was
also noted in that study that many of the
lymphocytes recovered from the lungs of mice
did not express T cell markers. The signifi-
cance of these findings in mice and humans is
unclear.
The main limitation of this study, as with

many studies of patients with bronchiolitis, is
the absence of suitable controls.
Unfortunately, suitable intubated controls
were not available and hence the influence of
ventilation on the pattern of inflammatory cells
observed remains uncertain. Cell differentials
and lymphocyte subsets obtained from the
upper respiratory tract show similar trends to
those obtained from bronchial lavage samples,
however, and hence the process of ventilation
does not appear to be the major determining
factor in the observed results. Another poten-
tial problem is that processing of any lavage
sample results in a loss of cells and potential
selective loss of certain cell types.3' The high
proportion of neutrophils obtained in the
lavage samples is different to that observed in
older children and healthy adults,32 however,
in whom macrophages are the predominant
cell recovered,33 whereas the large excess of
CD4 positive cells over CD8 positive cells
suggests that these changes are likely to reflect
relative numbers within the airway, even if the
absolute values may be influenced by process-
ing of the samples.

This study does not answer the question of
whether the immunological process occurring
during respiratory syncytial virus infection is
different from that occurring in those with
upper respiratory tract symptoms only, but in
those with upper and lower respiratory tract

symptoms the inflammatory process appears to
be similar. As the upper respiratory symptoms
in those with and without lower respiratory
tract disease are similar, it is possible that
infants admitted to hospital with acute
bronchiolitis do not have a specific underlying
immunological predisposition to this disease,
but represent one end of the spectrum of
disease severity in which the spread of infection
to the lower airways, together with factors such
as the age of the infant34 35 and relative airways
size36 determine the pattern of illness
observed. The large numbers admitted to
hospital may simply reflect the fact that most
infants are infected during their first year of
life.

Further studies will be required to deter-
mine whether the neutrophil influx observed in
infants with bronchiolitis contributes to the
elimination of the virus or simply assists the
dissemination of the virus through the stimula-
tion of mucus production, coughing, and
sneezing.
Dr Everard was generously supported by Asthma Nationwide.
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