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Respiratory viral infection in lower airways of asymptomatic children
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Aim: The aim of this study was to determine if asthmatic children have viruses more commonly
detected in lower airways during asymptomatic periods than normal children.

Methods: Fifty-five asymptomatic children attending elective surgical procedures (14 with stable
asthma, 41 normal controls) underwent non-bronchoscopic bronchoalveolar lavage. Differential cell
count and PCR for 13 common viruses were performed.

Results: Nineteen (35%) children were positive for at least one virus, with adenovirus being
most common. No differences in the proportion of viruses detected were seen between asthmatic and
normal ‘control’ children. Viruses other than adenovirus were associated with higher neutrophil counts,
suggesting that they caused an inflammatory response in both asthmatics and controls (median BAL

neutrophil count, 6.9% for virus detected vs. 1.5% for virus not detected, p = 0.03).
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Conclusions: Over one-third of asymptomatic children have a detectable virus (most commonly adenovirus)
in the lower airway; however, this was not more common in asthmatics. Viruses other than adenovirus were
associated with elevated neutrophils suggesting that viral infection can be present during relatively
asymptomatic periods in asthmatic children.

INTRODUCTION

Viral infections trigger acute wheezing in young children
and asthma exacerbations in older children (1-4). Little
information is known on the role of viruses in chronic per-
sistent asthma in the absence of an obvious exacerbation.
Children with asthma may be more susceptible to effects of
viruses, and frequent recurrent respiratory viral infections
could drive an ongoing inflammatory response. The inci-
dence of rhinovirus infections is similar in asthmatic and
normal controls but the asthmatics experience more severe
symptoms (5). It is possible that viruses may persist as low-
grade infections and potentiate inflammatory response in
the airway of asthmatic children.

Macek et al. (6) observed an increased incidence of aden-
oviral carriage in children with chronic airways obstruction.
They demonstrated that adenoviral capsid protein was pres-
ent in either the bronchoalveolar lavage (BAL) or bronchial
biopsies upon follow-up of these cases. Enterovirus and rhi-
novirus RNA may persist for several weeks in the nasal

Abbreviations

BAL, bronchoalveolar lavage; RT-PCR, real-time polymerase
chain reaction; PCR, polymerase chain reaction; ET, endotra-
cheal; HSV, Herpes Simplex virus; EBV, Epstein-Barr virus;
IQR, interquartile range; SD, standard deviation; DNA, deoxy-
ribonucleic acid.

secretions of children following exacerbations of asthma
7).

Adenovirus has been infrequently found in asymptomatic
asthmatic children but in one study in which adenovirus
was only detected in one of 20 control samples, it was pres-
ent in almost 80% of asthmatic nasal samples (8). This sug-
gests that adenovirus infection is common in asthmatics
during asymptomatic periods. Recently, Wos et al. (9)
detected human rhinovirus more frequently in bronchial
biopsies of asthmatic compared with non-asthmatic con-
trols. Taken collectively, these data suggest a possible link
between chronic wheezing and persistent viral carriage.

Following an acute infection, viral proteins are produced
without replication of a complete virus. Latent infections can
influence the inflammatory response to stimulus in both
asthma and chronic obstructive pulmonary disease (10). RT-
PCR can be used for the molecular diagnosis of latent viruses
(11,12). Jartti et al. (13) found many studies describing
asymptomatic subjects with high respiratory virus detection
rates using PCR techniques. However, the persistence of
PCR-positive respiratory viral detection was short lasting
and infrequent (<5%).

We took the opportunity to obtain BAL samples and
nasal swabs from asthmatic children who happened to be
undergoing an elective surgical procedure. We report the
prevalence of viruses detectable in the lower respiratory
tract of asymptomatic children with and without asthma
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attending for elective surgery and report the relationship
with airways inflammation.

MATERIALS AND METHODS

Subijects

Children attending the Royal Belfast Hospital for Sick Chil-
dren for elective surgery were recruited. An asthma and
allergy questionnaire was administered (14), and children
were classified into two groups; persistent current wheeze
within the last year (asthma) and controls who had never
wheezed. Parents were asked when the child last had symp-
toms of a cold, cough or wheeze. Consent and assent were
obtained from parents and children, and local Research
Ethics Committee approval was obtained. The procedures
in this study were in accordance with the Helsinki Declara-
tion of 1983.

Sample collection and processing
Once the child was anaesthetized and intubated, sampling
was performed immediately.

Nasal swabs

Following pre-oxygenation, each nostril was swabbed and
the swabs placed in lysis buffer (Qiagen Ltd., Crawley, Eng-
land, UK).Samples were vortexed, and the lysate was frozen
at —70°C for subsequent viral PCR analysis.

Non-bronchoscopic BAL

An 8 French gauge neonatal catheter (Portex Ltd., Hythe,
Kent, UK) was inserted down the endotracheal (ET) tube
until wedged in a distal airway. Sterile normal saline
(20 ml) was instilled and immediately aspirated (15). BAL
fluid was transferred on ice to the laboratory. A 250-500 uL
aliquot of BAL was placed in an equal volume of 8 M lysis
buffer and stored at —70°C for viral PCR.

Cellular analysis of BAL fluid

Coverslip cytospins were made and stained with DiffQuik
(American Scientific Products, McGaw, IL, USA) (15). Dif-
ferential cell counts in BAL fluid were expressed as percent-
age differential (%).

PCR for respiratory viruses
A validated molecular diagnostic protocol was used for the
detection of common respiratory viruses on nasal and BAL
samples using a combination of single and multiplex assays
for the simultaneous detection of the following: parainflu-
enza virus types 1, 2, 3, influenza A, influenza B, coronavi-
rus, rhinovirus, respiratory syncytial virus types A and B,
human metapneumovirus and adenovirus (16). In addition,
herpes simplex virus (HSV) and Epstein-Barr virus (EBV)
were co-assayed in separate reactions as these viruses have
previously been shown to be shed from the respiratory tract
in adults (17,18).

All of the primers used have been previously validated
(19-26) and were in routine diagnostic use during the per-
iod of the study. First- and second-round products were run
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on 2% agarose gel (SeaKem LE, Cambrex Corporation, East
Rutherford, NJ, USA) and the products were visualized by
staining with ethidium bromide; the gel was photographed
[Polaroid Land Camera, ISO 3000 film, transilluminator
wavelength 254 (UVC)] to allow the determination of prod-
uct size. Positive and negative controls were included in
each run.

Statistical analysis

Data are presented as median with interquartile range
(IQR) or mean (SD) where appropriate. Comparison
between groups was performed using the Kruskal-Wallis
test with post hoc Dunn’s analysis. Comparisons between
proportions was made using Fisher’s exact test.

RESULTS

Fifty-five children underwent non-bronchoscopic BAL sam-
pling (38 males, median age 7.3 years, range: 1.0-14.2).
Fourteen children were classified as having asthma and 10
of these had other clinical signs of atopy (eczema and/or
allergic rhinitis), although this was not confirmed by objec-
tive testing. The remaining four wheezed episodically with
head colds and had no other features in keeping with atopy.
Seven children with asthma were reported taking inhaled
corticosteroid [median dose 400 ug BDP (IQR: 200-
800 pg)] and another four had been on inhaled steroids pre-
viously. All asthmatic children used short acting inhaled
beta-agonists intermittently. All the children were well at
the time of sampling. Fourteen control children and four
children with asthma had recovered from an upper respira-
tory tract infection or asthma exacerbation in the last
4 weeks.

Viruses were detected in 19 (35%) of the 55 subjects
[three rhinovirus, one metapneumovirus, nine adenovirus
(2 with co-existing EBV), one EBV alone and five HSV]. In
two children, adenovirus was detected in nasal but not the
BAL sample. Asthmatics and controls had similar propor-
tions of viruses (asthmatics 47% vs. controls 31%, p = 0.35)
and were of similar age [virus detected: mean age 8.0 (SD:
3.5) years, no virus detected: mean age 6.7 (SD: 3.1) years].
Children with asthma were not more likely to have detect-
able adenovirus, the most prevalent virus, in their BAL fluid
(p = 0.64). Overall eighteen children (asthmatics and con-
trols) had reported recovering from an upper respiratory
tract infection or asthma exacerbation within the last
4 weeks; however, no difference in prevalence of virus
detection between asthmatic and control subjects (asthmat-
ics 32% vs. controls 39%, p = 0.63) was seen.

Of the 19 children with a virus identified on BAL, only
seven (37%) gave a reported history of recent respiratory
tract symptoms in the preceding month. The seasonal distri-
bution of samples with and without viruses detected is
shown in Figure 1.

Differential cell count and relationship to virus detection
Lavage volume return and cell counts for children with
virus detected and not detected are presented in Table 1.
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Figure 1 Seasonal distribution of lavage samples with and without detected
viruses.

Table 1 Lavage volume returned and cell counts for children with virus
detected and not detected

Virus not detected Virus detected

Median IQR Median 1QR p-value
BAL volume return (%) 30 25.0-36.1 28.9 20.0-35.0 ns
Total cell count 0.9 0.55-1.25 1.1 0.57-2.01 ns

(x 10°/mL)

Macrophages (%) 70 56.3-87.9 657 413-851 ns
Epithelial cells (%) 24.1 8.6-378 115 3.0-390 ns
Neutrophils (%) 1.5 0.6-4.5 3.2 1.2-22.5 0.012
Lymphocytes (%) 0.2 0.02-0.6 02 0-0.36 ns
Eosinophils (%) 0.2 0-0.37 0.2 0-0.4 ns

Bronchial alveolar lavage data are presented as median with interquartile
range.

The median neutrophil count (%) was higher in children
with a virus detected [virus detected: median 3.2, (IQR:
1.2-22.5), no virus detected: median 1.5, (IQR: 0.6-4.5),
p =0.012]. The median neutrophil count was similar
between the asthmatics and controls [asthmatics: median
2.1, (IQR: 1.0-8.3) vs. controls: median 2.6, (IQR: 0.8-6.2),
p =0.73].

The median neutrophil count (%) was similar in asthmat-
ics with and without virus detected [asthmatic with a virus
detected: median 4.4, (IQR: 0.5-15.2) vs. asthmatic with no
virus detected: median 2.1, (IQR: 1.15-5.7), p = 0.49].
However, the median neutrophil count (%) was signifi-
cantly higher for controls with a virus detected [control with
avirus detected: median 3.2, (IQR: 2.6-32) vs. controls with
no virus detected: median 1.4, (IQR: 0.26-4.5), p = 0.007].

The median eosinophil count (%) was similar in both
groups [with virus detected: median 0.18, (IQR: 0.0-0.4),
without a virus detected: median 0.16, (IQR: 0.0-0.37),
p = 0.65]. While the median eosinophils was similar in asth-
matics [asthmatics: median 0.13, (IQR: 0.0-8.8) vs. con-
trols: median 0.18, (IQR: 0.0-1.4), p = 0.92] the spread of
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values was much greater for asthmatics. No significant dif-
ferences were detected in eosinophil counts for asthmatic
children (p = 0.8) and control children with and without a
virus detected (p = 0.86).

Children positive for adenovirus (%) had a median neu-
trophil count of 3.0 (IQR: 0.78-7.8) similar to children
without viruses detected, median 1.5, (IQR: 0.6-4.5). This
contrasted with the significantly higher median neutrophil
count observed in children positive for any respiratory
viruses other than adenovirus [median 6.9%, (IQR: 1.55-
38.4), p =0.03], (Fig. 2). Control children without viruses
identified had a median neutrophil count of 1.32% [(IQR:
0-14.5) and upper 95th centile: 8.4]. There was a similar
low neutrophil cell count in BAL of children with adenovi-
rus detected only in nasal sample alone. In the six children
with HSV or EBV detected, three samples had a neutrophil
count >15%, consistent with a lower airways inflammatory
response.

DISCUSSION

This study has shown that about one-third of children have
a detectable virus in BAL. The children in our study were
attending for elective surgical procedures and we believe
that they are representation of the population in general.
We identified a wide range of viruses, similar to those seen
in children presenting acutely with respiratory symptoms. It
is possible that some samples were obtained in the convales-
cent phase of viral infection as seven of the 20 children with
positive PCR results gave a history of an upper respiratory
tract infection (URTI) in the preceding 4 weeks.

While the children in our study appeared asymptomatic,
our data suggest that detectable viruses may be associated
with latent or persistent infection in the lower airways,
because we observed a relatively increased BAL neutrophil
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Figure 2 Box and whisker comparison plots of neutrophil (%) counts in chil-
dren with adenovirus, no virus detected and all other viruses. Other viruses in
bronchoalveolar lavage were associated with higher neutrophil counts com-
pared with no virus or adenovirus (p = 0.03). Circles are outliers.
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count compared with normals. This was observed for all
viruses (rhinovirus, metapneumovirus, HSV and EBV)
other than adenovirus suggesting that the viral detection is
not because of contamination from upper airways. In a pre-
vious study of asthmatic and normal adult volunteers, viral
shedding was still detectable in 54% of adult subjects
14 days after experimental inoculation with human rhinovi-
rus-16 (27). However, the quantity of virus was low at this
point, and cold symptoms were generally either gone or
resolving. Another study showed that adenovirus was
detected for 2 weeks in six (75%) of eight cases suggesting
that this DNA virus can be latent (10,12). In addition, the
normal reference values for neutrophil counts (%) from
controls in this study, without a detectable virus in BAL
(median neutrophil 1.32%, 95th centile 8.4%, n = 27), are
lower than previously reported (median neutrophil 3.2%,
95th centile 29.8%) (28). Concurrent asymptomatic viral
infection may have artificially inflated our previously pub-
lished range and this suggests that the presence of a virus in
BAL should be taken into account when interpreting BAL
neutrophil counts.

We identified six samples with herpes viruses (HSV and
EBV), which are known to be shed on the respiratory tract
in adults, during physiological stress or disease (17,18).
While shedding into respiratory tract may be the explana-
tion in these children, rather than acute infection, it is nota-
ble that in four of the five cases (where symptom data were
available), parents recorded recent respiratory tract symp-
toms and in three of these samples, there was a significant
BAL neutrophilia. We cannot exclude the possibility that
these represented acute de novo infection but we believe it
is more probable that a prior stress, such as an acute respira-
tory tract infection (in one sample there was EBV and ade-
novirus present), caused acute airways inflammation and
subsequent HSV/EBV shedding. However, given the per-
sisting neutrophilia, it is possible that HSV/EBV shedding
in the respiratory tract is associated with an ongoing neutro-
philic acute inflammatory response in the lower respiratory
tract and could potentially lead to more protracted symp-
toms in some children.

The clinical significance of these findings remains
unknown. None of the children with viruses detected in
BAL had significant peri- or post-operative respiratory
infective complication or asthma exacerbation. Our data
suggest that viruses can be present in BAL even in the
absence of a reported respiratory infection in the previous
4 weeks, but with associated airway neutrophilia.

The lack of airways neutrophilia for adenovirus is signifi-
cant because this virus has been associated with latent
infection in both adults and children (3,29,30). In children,
persistent wheeze and lack of response to therapy have
been reported to be associated with persistent adenovirus
isolation (3). Our data raise the possibility that adenovirus
can be present without the typical inflammatory response in
the lower airways, which could potentially explain the fail-
ure to eradicate this virus.

Asthmatic children were as likely as non-asthmatic chil-
dren to be virus positive, which is perhaps a little
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surprising because asthma exacerbations have been
strongly associated with viral infection (3). This may be
due to the small number of asthmatic children is this
study. Notably, our data suggest that in some asthmatic
children, viral infection is associated with an airway
inflammatory response with no evidence of asthma exac-
erbation. This could be due to the children having rela-
tively mild disease or being stable on anti-inflammatory
therapy at the time of the infection. The children with
asthma recruited into this study had lower eosinophil
counts than we previously reported (28). Indeed, in this
study, the asthmatic eosinophil counts were not statisti-
cally significantly higher than the controls.

If we were to undertake this study now, we would use
quantitative real-time assays for detection and quantifica-
tion. However, as the lower respiratory tract is a nominally
sterile environment, our data are still relevant, and the use
of a very sensitive, qualitative assay is appropriate to detect
low titre virus infections. As higher titres are associated with
acute clinical infections, and these patients were asymptom-
atic, it is likely that the copy numbers would be very low.

One factor which may potentially explain the presence of
viruses is the parental reporting of the time elapsed since
the last URTI. This may be inaccurate, particularly if the
symptoms were mild and parents did not want the elective
surgical procedure to be postponed.

In conclusion, we have shown in an unselected popula-
tion of children attending for elective surgery, a high preva-
lence of virus detectable in BAL with equal prevalence in
both asthmatic and normal control children. There was an
associated airway neutrophilia consistent with airway
inflammation, but this was not seen with adenovirus detec-
tion, where airways neutrophilia was not identified.
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