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Abstract

The Asthma Predictive Index (API) predicts later asthma in preschoolers with frequent wheeze. We hypothesized that airway
cytology differs between API positive(+ve)/negative(-ve) children with uncontrolled/recurrent wheezing with dominance of
eosinophils in API (4ve) and neutrophils in API (-ve) groups respectively. Objective: To compare bronchoalveolar lavage
(BAL) cell profiles in API (4+ve)/(-ve) children with recurrent wheezing unresponsive to inhaled corticosteroids (ICS). Design:
A retrospective analysis of BAL in 43 children, 3-36 months (median: 14 months) receiving ICS (31 API +ve ; 12 API -
ve). BAL cell differential counts, bacterial/viral cultures, and lipid-laden macrophage percentages (LLM) were analyzed. Cell
counts presented as median (range). Results: Neutrophil percentages were increased in both groups [API -ve 16% (1-76%); API
+ve 42% (1-95%); P=NS]. Cell percentages were similar for lymphocytes [API-ve 12% (1-30%); API +ve 7% (1-37%)], and
macrophages [API -ve 67.5% (12-97%); API 4+ve 41 % (2-94%)]. Eosinophil percentages were low in both groups [API -ve 1 %
(1-2%); API +ve 1 % (1-11%)]. Bacterial cultures were positive in 16 (80%) API +ve and 4 (33%) API -ve patients (P=0.10).
Conclusion: Cell profiles do not differ between API groups in children [?]36 months with recurrent wheezing unresponsive to
ICS. Positive correlation between neutrophil percentages and positive bacterial cultures was seen independent of API. Persistent
bacterial bronchitis likely plays an important role in the persistence of symptoms unresponsive to inhaled corticosteroid therapy

regardless of API status with a trend to more positive cultures in API positive children.
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Abstract:

The Asthma Predictive Index (API) predicts later asthma in preschoolers with frequent wheeze. We
hypothesized that airway cytology differs between API positive(+ve)/negative(-ve) children with uncon-
trolled /recurrent wheezing with dominance of eosinophils in API (+ve) and neutrophils in API (-ve) groups
respectively. Objective: To compare bronchoalveolar lavage (BAL) cell profiles in API (4+ve)/(-ve) children
with recurrent wheezing unresponsive to inhaled corticosteroids (ICS). Design: A retrospective analysis of
BAL in 43 children, 3-36 months (median: 14 months) receiving ICS (31 API +ve ; 12 API -ve). BAL cell
differential counts, bacterial/viral cultures, and lipid-laden macrophage percentages (LLM) were analyzed.
Cell counts presented as median (range). Results: Neutrophil percentages were increased in both groups
[API -ve 16% (1-76%); API +ve 42% (1-95%); P=NS]. Cell percentages were similar for lymphocytes [API-ve
12% (1-30%); API +ve 7% (1-37%)], and macrophages [API -ve 67.5% (12-97%); API +ve 41 % (2-94%)].
Eosinophil percentages were low in both groups [API -ve 1 % (1-2%); API +ve 1 % (1-11%)]. Bacterial cul-
tures were positive in 16 (80%) API +ve and 4 (33%) API -ve patients (P=0.10). Conclusion: Cell profiles
do not differ between API groups in children [?]36 months with recurrent wheezing unresponsive to ICS.
Positive correlation between neutrophil percentages and positive bacterial cultures was seen independent of
API. Persistent bacterial bronchitis likely plays an important role in the persistence of symptoms unrespon-
sive to inhaled corticosteroid therapy regardless of API status with a trend to more positive cultures in API
positive children.

Introduction:

Asthma continues to be a leading chronic childhood illness in the US. The prevalence among children less
than 18 years of age remains at 7.5%!. Approximately 30 % of wheezy infants and toddlers continue to
wheeze at the age of six?. Wheezing in young children includes a heterogeneous group of patients, and
whether an infant or a young child is expected to develop asthma remains a challenging clinical question.

In an effort to understand the natural history of asthma, several epidemiological studies have developed
different classifications of wheezing phenotypes®*°. Using data from the Tucson Children’s Respiratory
Study 3, the Asthma Predictive Index%” (API) was developed in 2000 to predict the future development
of asthma in young preschool children with frequent wheeze. Since then, the API has been well validated
and internationally supported in clinical practice as well as in pediatric asthma research®®. Few studies,
however, have been carried out looking at airway inflammation in early childhood, to elucidate the un-
derlying pathophysiology and correlate those findings with what is known about wheezing phenotypes and
outcomes!0-14,

Based on the current knowledge of the role of airway inflammation in wheezing, anti-inflammatory therapy,
specifically inhaled corticosteroids (ICS), remain the first line therapy for persistent asthma in all age groups,
including preschool children. ICS are recommended by the National Asthma Education and Prevention
Program (NAEPP)' for daily use in children at high risk for asthma (positive API), and by the Global
Initiative of Asthma (GINA) guidelines in its most updated document for all preschool children with recurrent
wheezing'®. ICS have proven efficacy in controlling inflammation, reducing asthma symptoms and reducing
the frequency of exacerbations in this age group. However, they do not modify the long term outcome'”.
In the case of persistence of symptoms while receiving ICS, a thorough workup is strongly recommended
to exclude other causes of wheezing!®. This includes flexible bronchoscopy to examine airway anatomy and
dynamics and obtain a bronchoalveolar lavage (BAL) for cytology and culture. Utilizing BAL cytology
is one of the methodologies that has contributed to understanding the underlying inflammatory processes
responsible for asthma and perhaps the structural remodeling that is sometimes seen. In recent years, the
role of protracted bacterial bronchitis (PBB) and airway infection in recurrent wheeze has become clearer



19-21 " PBB is recently recognized by the European Respiratory Society as one of the most common causes

of chronic wet cough in children with or without wheezing in the absence of other underlying causes. It is
often misdiagnosed as or found to exacerbate existing asthma leading to increased usage of ICS. It usually
responds to treatment with antibiotics of 2-4 weeks duration?!.

We undertook this retrospective analysis to clarify the underlying causes of recurrent wheeze in infants and
pre-school aged children unresponsive to low to moderate dose ICS treatment and to determine whether the
two APT (positive and negative) groups differed in their BAL inflammatory profiles. We specifically wished
to ascertain whether the risk of PBB differed between these two groups. We hypothesized that eosinophilic
inflammation would predominate in the airways of children with positive API compared to neutrophilic
inflammation for children with negative API.

Method:

We conducted a retrospective review of the medical records and bronchoalveolar lavage cell profiles of all
children 3-36 months of age who underwent flexible bronchoscopy and BAL analysis for uncontrolled recurrent
wheezing, between September 2009 and August 2011.

Patients’ records were selected from among those being seen in the University of Arizona Pediatric Pul-
monology outpatient clinics, with persistent wheezing on ICS, and who were scheduled for diagnostic bron-
choscopy and BAL examination as part of the clinical workup for the persistence of symptoms. The decision
to perform a diagnostic bronchoscopy was made by a pediatric pulmonologist based on clinical grounds after
detailed assessment of symptoms, self-reported adherence to therapy, dosage of ICS and assurance of ade-
quate technique of inhaled medication administration. Sweat chloride determination was normal for patients
who were tested. Uncontrolled wheezing was defined by the persistence of symptoms despite treatment with
low to moderate doses of ICS (doses as defined by GINA guidelines: fluticasone propionate 44mcg 2 puffs
bid or 110 mcg 2 puffs bid or budesonide nebs 0.25 mg bid or 0.50 mg bid) for at least 4 weeks, and the
need to use short acting bronchodilator therapy more than two days per week. Patients with comorbidi-
ties were excluded, including those with a history of congenital airway anomaly, known immunodeficiency,
congenital heart disease, chronic lung disease of prematurity or prematurity with prolonged endotracheal
intubation, and neurological and chromosomal abnormalities. None of the patients were symptomatic at
the time of bronchoscopy or had received antibiotics in the 4 weeks preceding the procedure. The modified
asthma predictive index ® was used to classify patients into API positive (+ve) and negative (-ve) groups by
retrospective chart review. BAL differential cell counts, bacterial cultures, viral cultures, and proportion of
lipid laden macrophages (LLM) were analyzed. A positive bacterial culture indicating infection was defined
by the presence of [?]10% colony forming units (CFU) per ml of a single organism. Elevated LLM proportion
was defined as [?] 20%. (A proportion of 20% in our lab correlates with LLM index between 80-100). No
control group of healthy infants was available for this retrospective analysis. Therefore, our findings were
compared to normal values published in the pediatric pulmonary literature??. We defined normal cell count
percentages as follows: neutrophils < 10%, lymphocytes <8%, macrophages 80-90% and eosinophils <2%?22.

Statistical analysis:

We used non-parametric statistics due to the non-normal distribution of BAL cytology results. Two sample
Wilcoxon- rank sum (Mann-Whitney) test was used to study statistical significance comparing groups. For
correlation, Spearman’s rank test was used for non-parametric correlation and Chi-square for 2 categorical
variables. A p-value <0.05 was considered significant. Cell counts are presented as median percent and
range. Analyses were conducted with STATA 9 (StataCorp-Texas,USA ).

Flexible bronchoscopy and BAL:

Informed consent for the procedure was obtained from parents/guardians of patients before each bron-
choscopy, which were all clinically indicated as part of the patients’ evaluations for persistent wheezing.
The bronchoscopies were done under inhalational anesthesia. The BAL was obtained from the right middle
lobe unless otherwise prompted by more inflammation in other anatomical locations. We used a maximum



of three aliquots of 10 ml each. The three aliquots were pooled and sent as one sample for analysis and
culture (bacterial, viral). The 2.8mm (Olympus XP 160) pediatric flexible fiberoptic bronchoscope was used
in all procedures. The scope was introduced through a laryngeal airway to reduce contamination of the
bronchoscope with naso-oropharyngeal flora.

Ethical Considerations:

This retrospective chart review was approved by the University of Arizona Institutional Review Board (IRB)
and waiver of consent was obtained.

Results:

Records from a total of 43 children [?] 36 months old [median 14 months (range 3-36 months)] on ICS therapy
were included in the analysis. The majority of patients were API positive. (Table 1). Median BAL eosinophil
percentages were low in both API -ve and API +ve groups and were comparable to expected normal values
from the literature!” with a median (range)of 1% (1-2%) in API -ve and 1% (1-11%) in API +ve patients
(Figure 1-a). Only 3 patients with +ve API had eosinophils [?] 2%. Increased neutrophil percentages
compared to literature controls'” were present in both API groups with a median 16% neutrophils (1-76%)
in API -ve and 42% neutrophils (1-95%) in API +ve patients; (P = 0.09). (Figure 1-a). Cell percentages
(median (range)) were similar for lymphocytes and macrophages between API groups with 12% lymphocytes
(1-30%) in API -ve and 7% lymphocytes (1-37%) in API +ve groups; 67.5% macrophages (12-97%) in API
-ve and 41% macrophages (2-94%) in API +ve groups (Figure 1-a). No difference was found between any
cell type percentage comparing API groups after exclusion of samples with positive BAL cultures (bacterial
and viral) (Figure 1-b); however, neutrophil percentages remained higher than expected in both groups.
Patients with positive cultures (bacterial or viral) had significantly higher neutrophil percentages compared
to patients with negative cultures in both API groups in combined (p=0.0001) . (Figure 2, Table 2).

There was no significant difference in culture results (bacterial and viral) comparing API groups (Table 1).
There was correlation between neutrophil percentages and positive bacterial (R=0.6, p <0.001) and viral
cultures (R=0.3, p=0.01). 25% of total patients had mixed (bacterial and viral) cultures. M. catarrhalis was
the most commonly isolated organism (8 patients), followed by Streptococcus pneumoniae (5 patients) and
a significant growth of mixed organisms (5 patients). Two patients grew H. influenzae . Viruses isolated
include Rhinovirus (3 patients) Coxackie/Echo virus (4 patients), Adenovirus (2 patients) and CMV (1
patient). Three patients had a mixed culture of CMV with another virus (Rhinovirus, Coxackie virus and
Corona virus). One patient had a mixed culture of Adenovirus with Parainfluenza virus. Thirty three
percent of all patients had LLM% [?] 20% in their BAL; however, LLM% did not differ by API, culture
status, or cell percentages.

Discussion:

We compared BAL cytology in children [?] 36 months with recurrent wheezing whose symptoms were
uncontrolled on ICS therapy. We characterized them by their Asthma Predictive Index status and evaluated
BAL culture results. All of our patients were receiving the same dose range (low to moderate dose) of ICS
independent of APT status. We found no significant difference in any cell-type percentages between positive
and negative API groups. Although neutrophilic inflammation was seen in both API groups, there was a
trend for it to be higher in API +ve children (median of 42% vs 16%, p=0.09); however, this difference was
not statistically significant probably due to the small sample size in this retrospective study.

In our analysis, evidence of infection was common. Almost 60% of children had positive bacterial cultures,
Thus, a significant proportion of our patients had persistent bacterial bronchitis (PBB); i.e. the presence
of a significant count of a bacterial pathogen along with elevated neutrophils, to explain their uncontrolled
inflammation and persistence of respiratory symptoms despite ICS therapy. PBB has been proposed as
an important cause of persistent wheezing in young children as well as potentially implicated in triggering
acute wheezy episodes'®. Bisgaard et al**demonstrated that bacterial colonization in healthy neonates was
associated with an increased risk of subsequent recurrent wheezing and asthma. We demonstrate similar



findings and believe that bacterial infection of the lower respiratory tract can be responsible for persistent
wheezing and unresponsiveness to conventional therapy, regardless of API status. Our findings suggest that
the diagnosis of PBB should be addressed by obtaining BAL or sputum sample for culture or by empiric
antibiotic treatment before proceeding to a higher dose ICS or adjunctive therapy, given good adherence
to therapy and proper inhalation technique. The concomitant presence of viruses in the infected BAL
may suggest an initial viral infection with abnormal clearance of the respiratory secretions and subsequent
infection by the most abundant respiratory bacterial pathogens, although Bisgaard et al'® showed 40%
carriage rate of viruses in the respiratory tract of asymptomatic children. We found a strong correlation
between positive viral and bacterial cultures in our analysis (p=0.02) in contrast to the findings by Bisgaard
et al'C.

To differentiate between colonization and infection, we have chosen a cut-off value for bacterial colony
count of [?]10*CFU/ml for each pathogen to define infection. To avoid contamination of BAL samples by
nasopharyngeal species, we followed a strict technique of not using the suction channel before complete
wedging in a sub-segmental airway. Furthermore, the examination of nasopharynx (as part of the patient’s
comprehensive airway evaluation) was performed after obtaining BAL samples. An interesting group of
patients are those who had sterile cultures and normal BAL cytology (n=18, 41%), and were uncontrolled
on conventional asthma therapy, with no difference by API status. The etiology of their symptoms remains
unclear.

Our results are similar to those of Krawiec et al''with a generalized inflammatory response marked by

elevation in total cell counts with no dominance of any cell type in a group of similar age in which they
excluded positive bacterial cultures, and viral studies were not performed. However, not all patients had
received ICS. In contrast, Marguet et al'? and Le Bourgeois et al'® reported no correlation between neutrophil
counts and BAL cultures in a similar age group. In the former’s study, viral detection was not performed,
and not all patients received ICS. In the latter study, viral and bacterial culture studies were not performed
on all BAL samples. Le Bourgeois et al'® found no difference between atopic and non-atopic children [?]
36 months (all on ICS). In another study that included an older sample of patients (up to 11.9 years)
Najafi et al'* showed neutrophilic inflammation both with and without bacterial infection in the airways of
wheezy children, however, a correlation existed. Our study confirms a strong correlation between neutrophilic
inflammation and positive bacterial (p<0.001) and viral cultures (p=0.01) that is independent of API status.
We also report normal BAL cytology for children with non-infected BAL fluid who are unresponsive to
asthma therapy regardless of API status. One potential explanation for that could be the observation made
by Martinez et al?* that diminished airway function present shortly after birth predicts the recurrent lower
respiratory tract infections and recurrent wheezing in the first three years of life. We did not have pulmonary
function testing studies for the children in this study and thus cannot evaluate if the non-inflamed, culture
negative group represents the transient early wheeze group described in the Tucson Children’s Respiratory
Study.

We found no increase in eosinophils in the BAL of uncontrolled wheezy preschool children in either API
groups. Our definition of high eosinophil percentage was [?]2%. The role of eosinophilic inflammation in
preschool children with asthma and wheezing has not been completely clarified, although it is considered
important to guide anti-inflammatory therapy. Elevated BAL eosinophils are a common finding in adults
and older children with asthma, which makes this finding in our study somewhat surprising. It is interesting
that no difference was found comparing the API groups. We are unaware of any study looking at young
preschool children reporting eosinophilic inflammation in their BAL. One study by Thavagnanam et al?®
reported increased eosinophils in the BAL of children [?] 36 months who later developed wheezing using a
lower cut-off value to define high eosinophils (1.5%) that we consider normal rather than increased. Marguet
et al'? found no eosinophils in the BAL of wheezy infants (regardless of ICS therapy), however, eosinophil
percentages were high in the BAL of older wheezy children (median age 7 years). A similar finding was
reported by Najafi'* et al for children who were not receiving anti-inflammatory therapy. Ferreira et al?S
didn’t find elevated eosinophils comparing atopic and non-atopic children (mean age 4.7 years), half of them
receiving ICS. Looking at children [?] 36 months of age, Le Bourgeois et al '3 reported no eosinophils in



BAL of atopic and non-atopic wheezy children unresponsive to ICS. When looking at endobronchial biopsies
rather than BAL fluid cytology, Sagalani et al®>” reported eosinophilic inflammation in the biopsies from
wheezy preschool children (mean age 29 months, 62% on ICS) compared to their controls. Other studies
have documented an increase in eosinophil cationic protein (ECP) in BAL of a younger pediatric population,
although this did not correlate with atopy?®. Whether the lack of eosinophils is due to the confounding effect
of inhaled corticosteroid therapy, especially in severe uncontrolled wheezing, or is related to the method of
sampling the airways (BAL sampling compared to bronchial biopsies) is unknown. However, it suggests
that PBB rather than uncontrolled eosinophilic inflammation was responsible for continued symptoms in the
API+ve group.

The utility of LLM as a marker of aspiration has been controversial since they can be elevated in several
inflammatory conditions. However, similar to several studies 2°, we found no correlation between LLM
percentages and neutrophils. LLM didn’t correlate with other cell types in the BAL of our patients. LLM
percentages didn’t differ by API status, culture status, or age.

Our study is limited by its small size and retrospective nature. Its small size leaves it underpowered to
demonstrate a significant difference in neutrophil counts between the API groups, where interestingly, a
trend toward higher counts in the API positive group was seen. The study population included only difficult-
to-control children on ICS therapy independent of API status and may not reflect findings in steroid naive
children. However, for ethical reasons, this will remain a challenge for future investigators and until a well
standardized, non-invasive method to study airway inflammation in infants and young children is developed.
No control group was evaluated in our study and findings were compared to normal values published in
pediatric pulmonary literature'®. All children were on mild-moderate doses of inhaled steroids, the effect of
which cannot be controlled for given the ethical considerations that preclude stopping or delaying treatment
in this group especially. Some data suggests no effect of ICS on BAL cytology comparing the treated and
untreated children!!3%. Also, molecular viral detection techniques such as RT-PCR were not used, which
are more sensitive than viral cultures.

In conclusion, protracted bacterial bronchitis (PBB) plays an important role in the persistence of respiratory
symptoms for children [?]36 months of age unresponsive to ICS therapy regardless of API status. This
should be considered prior to increasing anti-inflammatory therapy in this group of children. There was
no difference in BAL cell cytology comparing API negative and positive children [?] 36 months old with
recurrent respiratory symptoms that are unresponsive to inhaled corticosteroids. Neutrophilic inflammation
correlates strongly with BAL viral and bacterial infections and is absent in non-infected lavages. Until a
more standardized non-invasive method to investigate airway inflammation in young children is adopted,
utilizing BAL fluid cytology will continue to be an important tool in the management of children with
chronic recurrent wheeze.
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