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Aim: To examine over time, the cellular response within the lungs of infants ventilated with respiratory
syncytial virus (RSV) bronchiolitis and to compare this response in infants born at term with those born
preterm.

Methods: Non-bronchoscopic bronchoalveolar lavage (BAL) samples were taken from 47 infants (24
born at term and 23 born preterm) who were ventilated for RSV positive bronchiolitis and 10 control
infants. BAL cellularity and differential cell counts were calculated using standard techniques.

Results: Total cellularity in BAL over the first four days of ventilation in infants with RSV bronchiolitis
was greater in term infants (median 2.2 (IQR 4.27) x 10¢ cells/ml) compared with preterm infants
(0.58 (1.28) x 10¢ cells/ml). The magnitude of the cellular response in preterm infants with bronchioli-
tis was similar to that in the control group measured on day 1 (0.62 (0.77) x 10° cells/ml). BAL cellu-
larity decreased progressively from the time of intubation in term infants, but remained relatively
constant in preterm infants up to seven days after intubation.

Conclusions: There are differences in the magnitude and type of pulmonary cellular response in term
and preferm infants ventilated with RSV bronchiolitis. The cellular response in term infants with bronchi-
olitis differs from that in a control group of infants. These differences may reflect variations in cellular

most important causes of death and morbidity in infants

throughout the world. In urban populations 0.8-2% of
infants have symptoms severe enough to warrant
hospitalisation,”” and of these around 2-3% develop respira-
tory failure and require ventilation.'’ Treatment for RSV
bronchiolitis is largely supportive and there is currently no
effective vaccine.'* Factors that predispose to severe disease
include prematurity.' Although preterm infants account for
only 6% of all births, they represent up to 24% of infants hos-
pitalised for bronchiolitis and up to 63% of infants ventilated
for bronchiolitis.” * Preterm infants may be at particular risk of
severe RSV disease for a number of reasons. It has been
suggested that because of their immature immune responses
and lack of maternally derived RSV neutralising antibody,
preterm infants are more likely to acquire to RSV infection
and less likely to eradicate the virus once infected.” They may
also have underlying pathological changes caused by arrested
pulmonary development (the so called “new BPD”) or
secondary to barotrauma and oxidant injury.*”’

While the cellular and immunological responses to RSV
infection in the lung have been well documented in animal
models,'”"” there are few studies that have examined these
responses in infants with RSV bronchiolitis. Two studies have
shown that neutrophils are the predominant cellular infiltrate
in the airways of infants with RSV bronchiolitis."* * In
contrast, specimens of lung taken from infants with
respiratory viral infections at postmortem examination
describe a lymphocytic peribronchiolar infiltrate as being
characteristic of histological bronchiolitis." In those infants
who died as a result of the RSV vaccine augmented disease in
the 1960s, an eosinophilic infiltrate was described in the
lungs."”

We wished to study the cellular response in the lungs of
infants with severe RSV bronchiolitis and to investigate how
this changed over time, as recovery occurred. Because of the
marked differences between disease characteristics in term
compared to preterm infants, we studied these groups

Respiratory syncytial virus (RSV) bronchiolitis is one of the

www.archdischild.com

recruitment in the lung and/or variations in airway calibre.

separately and compared both groups to a control group of
infants without respiratory disease.

METHODS

Collection of BAL samples

Bronchoalveolar lavage (BAL) samples were collected from
term (born =37 weeks) and preterm (born <37 weeks)
infants ventilated for RSV bronchiolitis. RSV status was ascer-
tained by enzyme linked fluorescence (ELFA, Biomeriux) of
nasopharyngeal aspirate. The control group comprised infants
ventilated for non-infective and non-respiratory causes. BAL
was performed according to recent ERS guidelines." Briefly, a
suction catheter was passed down the endotracheal tube. Two
1 ml/kg aliquots of sterile normal saline were instilled
separately down the suction catheter. Lavage fluid was recov-
ered with constant suction pressure into a mucus trap. In RSV
infected infants, BAL was performed during the first four days
following intubation, or until the child was extubated. In con-
trol infants, BAL was performed once on each infant in the
first 24 hours after intubation. This procedure was performed
prior to routine bronchial toilet by one operator and was well
tolerated. BAL aliquots were pooled, kept “on ice” and
analysed within one hour. All samples were “vortexed” vigor-
ously, then filtered through nylon monofilament gauze (Preci-
sion Textiles Ltd, Bury, UK).

Clinical characteristics were collected for each infant. They
included the Paediatric Index of Mortality (PIM) score which
provides information about likelihood of death for children on
intensive care.” the local paediatric research ethical com-
mittee approved the study and informed consent was obtained
from the parents.

Abbreviations: BAL, bronchoalveolar lavage; CLD, chronic lung disease
of prematurity; IQR, interquartile range; RSV, respiratory syncytial virus
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Table 1 Clinical characteristics
Term Preterm Control

Number of patients/males 24/7 23/12 10/2
Mean (SD) admission weight, kg 4.2 (1.2) 3.5(1.3) 3.3 (0.8)
Mean (SD) gestation at birth, weeks 38.7 (1.¢) 30.1 (3.6)* 38.4 (1.4)
Mean (SD) age on admission, weeks 6.1 (4.9) 16.0 (14.7)* 1.0 (2.5)
Mean (SD) corrected age, weeks 4.8 (5.5) 5.6 (13.1) 0.4 (3.2)
Mean (SD) time from disease onset to intubation, days 5.7(2.9) 5.4(2.2) -

Median (IQR) time ventilated, hours 96 (32) 151 (130)t -

Mean (SD) PIM score 0.124 (0.07) 0.147 (0.08) -
*p<0.01 compared with term and control infants.

1p<0.01 compared with term infants.

Total cell count calculation

Standard techniques were used to assess cell viability and cell
concentration. Briefly, a 10 pl sample of BAL was mixed and
stained with 10 pl Trypan blue, which allowed sample cell
viability and total cell concentration to be assessed using a
Neubauer haemocytometer.

Differential cell count

A 10 pl aliquot of BAL was smeared onto slides, air dried,
fixed, and stained using Diff-Quick stain (Gamidore Technical
Services Ltd, Abingdon, UK). Differential cell counts were
obtained by counting 300 leucocytes using a standard light
microscope under an oil immersion lens. Unidentifiable and
necrotic cells were not counted.

Statistics

Where data were normally distributed, they were expressed as
mean (SD); differences between groups were examined with
Student’s ¢ test. Where data were not normally distributed
they were expressed as medians and interquartile ranges
(IQR); differences between groups were examined using the
Mann-Whitney rank sum test. Graphical data were presented
in the form of box and whisker plots. All statistical tests were
two tailed and a p value equal to or less than 0.05 was reported
as statistically significant. Statistical calculations were per-
formed using SPSS 10.0.5 statistical package (SPSS Inc., Chi-
cago, IL).

RESULTS

During the 2000/01 and 2001/02 RSV seasons, 120 BAL
samples were collected from 47 infants (term, 24; preterm,
23), ventilated for RSV bronchiolitis in the seven days follow-
ing intubation (table 1). Fourteen of the 23 preterm infants
had required ventilation in the neonatal period. Five preterm
infants had chronic lung disease of prematurity (CLD) and
two of these subsequently died from complications of
bronchiolitis. Ten BAL samples were collected from 10 infants
(all born at term) in the control group. BAL was performed on
five infants before cardiac surgery and five infants before
abdominal surgery. None of the infants in the study had
received passive immunoprophylaxis for RSV bronchiolitis.

Table 1 presents the characteristics of the patients. Term and
preterm infants with bronchiolitis differed in mean
gestational age at birth (term, 38.7 (SD 1.6) weeks; preterm,
30.1 (SD 3.6) weeks) and median duration of ventilation
(term, 96 (IQR 32) hours; preterm, 151 (130) hours). The
median duration of ventilation in preterm infants was signifi-
cantly longer even if the five infants with CLD were excluded
(term, 96 (IQR 32) hours; preterm, 136 (125) hours, p = 0.03).
Preterm infants were older on admission to PICU than term
infants (preterm, mean 16.0 (SD) 14.7 weeks; term, 6.2 (4.9)
weeks), although when their ages were corrected for
gestational age, there was no significant difference between
the term and preterm groups (preterm, mean 5.6 (SD 13.1)
weeks; term, 4.8 (5.5) weeks). There were no other differences
between the term and preterm groups or the control group for
any other features examined (table 1).

Table 2 presents the characteristics of the BAL samples.
Values are expressed as median (IQR). The median total cell
concentration over the seven days following intubation (fig 1)
was significantly greater in term (2.2 (4.27) x 10° cells/ml)
than preterm (0.58 (1.28) x 10° cells/ml) infants with RSV
bronchiolitis or controls (0.62 (0.77) x 10° cells/ml)). Neutro-
phil concentration was greater in term (1.78 (3.33) x 10° cells/
ml) than preterm (0.42 (1.22) x 10° cells/ml) infants with
bronchiolitis or controls (0.37 (0.61) % 10° cells/ml). Alveolar
macrophages were greater in term (0.19 (0.48) x 10° cells/ml)
than preterm (0.06 (0.12) x 10° cells/ml) infants with
bronchiolitis or controls (0.09 (0.10) x 10° cells/ml). Lym-
phocyte concentration was not significantly different between
term (0.08 (0.22) x 10° cells/ml), preterm (0.05 (0.08) x 10°
cells/ml), and control (0.05 (0.12) x 10° cells/ml) groups (fig
1). There was no correlation between total or specific leucocyte
cellularity and age or weight on admission. The analyses were
repeated after five infants with a history of CLD were excluded
from the preterm group; similar differences were observed
(data not shown). Preterm infants with a history of CLD were
also compared to those born preterm but without CLD. While
those infants with a history of CLD were ventilated for signifi-
cantly longer (preterm and CLD, 321 (324) hours; preterm,
136 (125) hours: p = 0.03), there was no difference in the cel-
lular responses over the first four days following intubation
(data not shown).

Table 2 BAL characteristics

Term Preterm Control
Number of samples 47 73 10
Mean (SD) BAL recovery volume as a percentage of volume instilled  41.9 (22.9)  54.2 (20.5)* 47.0 (22.3)
Mean (SD) cell viability, % live cells 77.8(17.2) 80.0(17.0) 68.8(18.7)
Median (IQR) percentage neutrophils 85.3 (12.7)f 78.0(16.0) 52.3 (27.7)
Median (IQR) percentage alveolar macrophages 8.0(6.3)t 12.0(17.0) 32.7(23.3)
Median (IQR) percentage lymphocytes 6.0(4.3)t 8.0(7.0) 11.0(13.0)

*p<0.05 compared with term and control infants.
tp<0.05 between all three groups.
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Figure 1 Total and individual leucocyte concentrations in term and

preterm infants with bronchiolitis and the control group over days
1-4. Eosinophils were only seen in six samples, where they
constituted less than 1% of the total. Necrotic and unidentifiable cells
were not counted. All respiratory epithelial cells seen were
non-viable.

Table 2 shows individual cell type concentrations expressed
as a percentage of the total cell count. The percentage of neu-
trophils in BAL was significantly greater in term (85.3% (IQR
12.7%)) compared to preterm (78.0% (16.0%)) infants with
bronchiolitis, and both were greater than the control group
(52.3% (27.7%)). Eosinophils were observed in only six
samples from infants ventilated with bronchiolitis, where they
comprised less than 1% of the total.

When the relation between BAL cellularity and time was
examined in infants with bronchiolitis, total cell concentra-
tion decreased over the four days following intubation in term
infants (fig 2). Total cell concentration was significantly
greater on day 1 (2.60 (IQR 8.62) x 10° cells/ml) than day 4
(0.72 (2.66) x 10° cells/ml) following intubation in term
infants. Total cell concentration in preterm infants was simi-
lar throughout the period of ventilation, even up to day 7 (fig
2). Total cell concentration differed between term and preterm
infants with bronchiolitis over the first three days following
intubation. Variations in neutrophil concentration in infants
with bronchiolitis over this period were similar to those
observed for total cell concentration (fig 3).
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Figure 2 Total cell concentration over the first four days after
intubation in term and preterm infants with RSV bronchiolitis. Data

are also shown for control group infants (day 1) and six preterm
infants still ventilated on day 7.
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Figure 3 Neutrophil concentration over the first four days after
intubation in ferm and preferm infants with RSV bronchiolitis. Data
are also shown for control group infants ([day 1) and six preterm
infants still ventilated on day 7.

DISCUSSION

This is the first study of which we are aware, to systematically
quantify the pulmonary cellular response in term and preterm
infants with RSV bronchiolitis over time. We have shown that
the total cell concentration was greater in term compared to
preterm infants with bronchiolitis and decreased in term
infants from the time of intubation. We have also shown that
variations in neutrophil concentration accounted for the
majority of these changes. The magnitude of the cellular
response in preterm infants with bronchiolitis was similar to
that in the control group of infants without respiratory
disease. Consistent with other studies,” preterm infants with
RSV bronchiolitis were ventilated for longer than term
infants. Exclusion from the preterm group of those infants
with a history of CLD did not affect these findings.

It was only possible to perform BAL on ventilated infants.
Therefore, although we were particularly interested in the cel-
lular profiles of infants with severe disease, we were unable to
compare these to infants with milder disease. Despite this
limitation, our study had a number of strengths. Firstly, BAL
samples were collected in a systematic way, which minimised
the effect of variable sample dilution inherent in other forms
of sample collection from the lower respiratory tract. Secondly,
we were able to compare these findings to a suitable control
group of ventilated infants, who were similar in age,
gestational age, and weight to the infants ventilated for RSV
bronchiolitis. Thirdly, we included infants born preterm in our
study. This group of children are often excluded from clinical
studies, although a high proportion of preterm infants with
RSV bronchiolitis develop critical airways obstruction, result-
ing in respiratory failure and ventilation.’

Recently, a new paramyxovirus associated with respiratory
illness has been described.” Human metapneumovirus
(hMPV) causes clinical symptoms that are similar to illnesses
caused by RSV, ranging from mild upper respiratory tract
problems to severe cough, bronchiolitis, and pneumonia.”
Infection typically occurs during the winter months and is
common during childhood, with most children having
serological evidence of infection by 5 years. We have recently
shown that a high proportion of infants with severe RSV
bronchiolitis are co-infected with hMPV.** The impact of this
dual infection is not understood at the moment.

Few studies have examined the cellular response in infants
with RSV bronchiolitis. Everard and colleagues' found that
the cellular infiltrate in nasopharyngeal secretions and BAL
samples from infants with RSV bronchiolitis, comprised
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mainly neutrophils. More recently, Smith and colleagues”
showed that the total cell count from upper airway secretions
was markedly higher than that obtained from peripheral
blood in infants with bronchiolitis. Their study also showed
that neutrophils are the predominant cell type in both RSV
positive and RSV negative bronchiolitis. A recent randomised
double blind, placebo controlled trial of dexamethasone treat-
ment monitored pulmonary cellularity over time in 41 infants
ventilated with severe RSV bronchiolitis.” Total cell concentra-
tion in tracheal aspirates decreased significantly from the time
of intubation. Treatment with dexamethasone made no
difference to total cell concentration over this period in either
the treatment or placebo groups. The same study also noted
that preterm infants were ventilated for longer than those
infants born at term.

Most information regarding the pathological changes in the
lungs of infants born preterm comes from postmortem stud-
ies in infants with established CLD. The most significant
changes are seen in the terminal bronchioles and alveolar
ducts.” Peribronchial fibrosis and obliterative fibroprolifera-
tive bronchiolitis occur in response to chronic airway inflam-
mation. Smooth muscle hypertrophy and associated bron-
chospasm also occur and can cause small airways obstruction.
Infants born preterm, who do not develop CLD, may have
similar but less marked pathological changes in the lung.
These changes may not become apparent until the child
becomes infected with RSV.

In our study, the differences between term and preterm
infants with RSV bronchiolitis in total cell and neutrophil
concentration in BAL were particularly striking. There are a
number of possible explanations for this. Differences in BAL
cellularity may reflect gross structural abnormalities in the
preterm lung. In preterm infants, the airways may be
narrower and less compliant, and the distribution of instilled
BAL fluid may therefore differ from term infants. The volume
of BAL fluid recovered as a percentage of that instilled was
significantly greater in preterm infants than either term
infants with bronchiolitis or control infants without respira-
tory disease (table 2). It is possible that in preterm infants,
instilled BAL fluid was held more centrally in the larger proxi-
mal airways and when suction was applied, relatively more
fluid was recovered. If this were the case, less of the fluid
instilled would reach the bronchioles, the site of the primary
pathology, and fewer cells would be recovered.

Abnormal cellular recruitment from the bloodstream into
infected airway may also explain the differences in BAL cellu-
larity between term and preterm infants. Neutrophil recruit-
ment into RSV infected lung tissue is a dynamic process.* In
RSV bronchiolitis, neutrophils migrate towards virus infected
respiratory epithelial cells and alveolar macrophages along
chemokine gradients.” In preterm infants with RSV bronchi-
olitis, underlying pathological changes in the lung secondary
to prematurity could impede the migration of cells from the
pulmonary vasculature into the airway lumen.

Another reason for the difference in BAL cellularity relates
to the amount of inflammation required to cause obstruction.
In infants with bronchiolitis, the small airways are blocked by
inflammatory cells, sloughed epithelium, and excessive mucus
secretion.” Because the airways of preterm infants are already
narrowed,” less inflammatory influx may be required to pro-
duce critical airway obstruction than in term infants. In
essence, term infants have greater physiological reserve
during an episode of RSV bronchiolitis. This concept would
help explain the much higher proportion of preterm infants
compared with term infants who require ventilation during an
episode of RSV bronchiolitis. It also addresses the interplay
between the immunological events in the lungs and their
physiological consequences.

In term infants ventilated with bronchiolitis, the decrease
in BAL cellularity following intubation may also be due to a
number of factors. Cell concentration within the RSV infected
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airway is likely to peak around the time of intubation, when
the infant is unable to clear his own obstructed airways. Once
intubated, cellularity will decrease as cellular and mucus
secretions are regularly suctioned from the lower respiratory
tract and endotracheal tube. In addition, as the infant
recovers, the cellular infiltrate within the airway is likely to
diminish.

Neutrophils amplify the cellular response to RSV infection
by secreting more chemokines,” and recently the value of this
response has been questioned. Neutrophils induce damage to
respiratory epithelial cells infected with RSV,* and Hussell and
colleagues” have suggested that they may also cause
“bystander” damage to uninfected areas of lung. In term
infants ventilated with RSV bronchiolitis, the neutrophil con-
centration decreases with time as the child’s clinical condition
improves. In preterm infants, where the cellular response is
relatively constant throughout the duration of ventilation, the
clinical course of the disease probably relates more to the
severity of underlying lung disease than the vigour of the
neutrophil response.

In conclusion, there are differences in the magnitude and
type of pulmonary cellular response in term and preterm
infants ventilated with RSV bronchiolitis. The cellular
response in term infants with bronchiolitis also differs from
that in a control group of infants. These differences may reflect
variations in cellular recruitment into the airway and/or vari-
ations in airway calibre. Further work will investigate whether
there are differences in the immunological responses between
these groups of infants.
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