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Introduction

Chronic obstructive pulmonary disease (COPD) is an
inflammatory disease characterized by a predominantly
neutrophilic pattern of inflammation, which persists even
after smoking cessation; inflammation in the small airways
is believed to be a key mechanism for COPD progression and
exacerbations.l It has been observed that the presence of
potentially-pathogenic bacteria (PPB) identified via culture
is associated with neutrophilic airway inflammation and is
a possible driver of disease progression.2 Using a multiplex
polymerase chain reaction (PCR) pathogen detection array,
we determined the presence of potentially-pathogenic
microorganisms in the bronchoalveolar lavage (BAL) fluid
of stable COPD patients and evaluated its relationship
with airway inflammation in BAL fluid and health status
of patients as measured by the St George’s Respiratory
Questionnaire (SGRQ).

Methods

After receipt of informed consent, we performed flexible
bronchoscopy and collected BAL samples from the first 38
participants with stable COPD who participated in the Study
to Investigate the Differential Effects of Inhaled Symbicort and
Advair on Lung Microbiota (DISARM) study (clinicaltrials.
gov identifier NCT02833480) which received institutional
ethics approval from the University of British Columbia
and the Providence Health Care Research Ethics Committee
(H14-02277). Details of the DISARM study have been
published previously.3 Briefly, all participants were free of
exacerbations for at least 8 weeks and did not take any inhaled
corticosteroids for at least 4 weeks prior to bronchoscopy.
During these 4 weeks, all participants were treated with
inhaled formoterol (12ug twice daily; Oxeze Turbuhaler®).
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Immediately before bronchoscopy, all patients rinsed their
mouths with 10ml of sterile saline, followed by an antiseptic
wash with 5ml of Listerine®. Following conscious sedation,
a fiberoptic bronchoscope was inserted into the patients’
oropharynx. Using no or minimal suction, the bronchoscope
was introduced into the lower airways and wedged into
the smallest airway possible in the right middle or upper
lobe; 2% lidocaine was used to anesthetize the airways.
Approximately 100ml-200ml of normal saline divided into
3-5 aliquots were instilled into the wedged airway from
which at least 10ml of fluid was recovered (Table 5 in the
online supplement which includes the volume of BAL return
for each participant). The recovered fluid was centrifuged
at a speed of 250%g for 10 minutes at 4°C and the cellular
components were resuspended in Dulbecco’s phosphate
buffered saline without Ca++ and Mg++. The resuspended
pellet was then split into 2 tubes and centrifuged at a speed
of 300xg for 5 minutes at 4°C. Next, the supernatant was
discarded and 1 of the 2 pellets was resuspended in 900ul
Cytolyt solution and stored at -80°C. We used 200ul of
the BAL pellet resuspended in Cytolyt in this study; nucleic
acids were extracted using QIAamp MinElute Virus Spin
Kit (Qiagen) according to manufacturer’s instructions. The
extracted nucleic acids were tested on the Randox® cystic
fibrosis respiratory pathogen panel, which interrogates
21 bacteria, 7 viruses, and 4 fungi that are considered
to be common potentially-pathogenic organisms in the
airways (Figure 1). The panel employs multiplex PCR and
biochip array hybridization technology. Total cell count
on the BAL fluid was measured using hemocytometer, and
cell differentials were measured via cytocentrifugation in
accordance with the American Thoracic Society guidelines.*
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Results

The participants had a mean age of 6418 years, mean forced
expiratory volume in 1 second (FEV1) of 57116 percentage
of predicted, and a mean total SGRQ score of 43.18+15.84
units; 89.4% were men, and 44.7% were current smokers
(the rest were ex-smokers with at least a 10 pack-year
history). Molecular pathogen testing demonstrated that
18 participants (47.4%) had pathogens detected on their
BAL cell pellets while the rest had a negative result (Figure
2). Participants with pathogens detected had significantly
higher =~ BAL-neutrophil%  (pathogen-positive  group,
median 20% interquartile range [5.6%—45.2%] versus the
pathogen-negative group, 4% [2%—16.2%]; P=0.024; online
supplement Table 6). There was no statistically significant
difference in SGRQ scores between the 2 groups (pathogen-
positive mean *SD, 47.4+16.4 versus pathogen-negative,
39.61£14.7; P=0.136).

Seven participants had a positive result for only
Haemophilus influenzae on BAL. These participants had
significantly lower BAL neutrophil% compared to the other
participants who were pathogen-positive (Haemophilus-
only, 7.5% [4.5%—19%] versus pathogen-positive, 40%
[8%—62%]; P=0.007) (Figure 3). As Haemophilus could
be a colonizer (rather than a pathogen), we merged the
pathogen-negative group (n=20) with those who only tested
positive for Haemophilus (n=7). The pathogen-positive
exclusive of Haemophilus group (n=11) had significantly
higher BAL-neutrophil% compared with the pathogen-
negative or the Haemophilus-only group (pathogen-positive,
40% [8%—62%] versus pathogen-negative or Haemophilus-only,
5% [3%—17%]; P=0.013; Figure 3; online supplement Table 7).

Figure 1. Pathogens Covered by the Randox® Cystic Fibrosis Respiratory Pathogen Panel
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Bacteria <

Achromobacter xylosoxidans. Bordetella pertussis. Burkholderia cepacia complex*.
Burkholderia cenocepacia. Burkholderia multivorans. Chlamydia pneumoniae.
Haemophilus influenza. Moraxella catarrhalis. Mycoplasma pneumoniae.
Non-tuberculous Mycobacterium species*. Mycobacterium abscessus subgroup*. Mycobacterium avium complex*.
Pandoraea species*. Prevotella species*. Pseudomonas aeruginosa.
Ralstonia species*. Staphylococcus aureus. Stenotrophomonas maltophilia.

k Streptococcus pneumoniae. Streptococcus species*.

Viruses

Human adenovirus. Human metapneumovirus. Human respiratory syncytial virus A.
Human respiratory syncytial virus B. Human rhinovirus A/B.

Influenza virus A. influenza virus B.

Fungl

Aspergillus fumigatus. Candida albicans. Exophialia dermatitidis.

Scedosporium species*.

) *Refer to Table 2 in the supplement for species coverage

For personal use only. Permission required for all other uses.

journal.copdfoundation.org | JCOPDF © 2023

Volume 10 ¢ Number 1 < 2023



124  Novel AAT Alleles and Review of Known Alleles

Figure 2. Pie Chart Depicting the Pathogens Detected in Bronchoalveolar Lavage Samples

Pathogens detected
B Haemophilus influenzae
B Moraxella catarrhalis
W Prevotella species
MRhinovirus
W streptococcus pneumoniae
[ Veillonella species

) Of note, 18 participants had a positive result and 8 of them had more than 1 pathogen detected.

Figure 3. Box Plots Depicting the Relationship Between Bronchoalveolar Lavage Neutrophil%
and Pathogen Detection
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(A) Shows participants who tested positive versus negative.
(B) Shows that those who tested positive for only Haemophilus influenzae had a remarkably lower BAL neutrophil% compared to other pathogens detected in BAL.
(C) Merging participants with only Haemophilus influenzae detected with the negative group led to a larger difference between the 2 groups.

BAL=bronchoalveolar lavage
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On multivariate regression controlling for age, sex, FEV1% of
predicted and smoking status, pathogen-positivity exclusive
of Haemophilus-only was independently associated with BAL
neutrophil% (P=0.003).

Total SGRQ score was also higher (pathogen-positive,
51.3£18 versus pathogen-negative or Haemophilus-
only, 39.7£13.7; P=0.039). While the domains of SGRQ
demonstrated similar results, only the activity domain
showed statistical significance (pathogen-positive,
70.8£17.6 versus pathogen-negative or Haemophilus-only,
58.6+15.2; P=0.039).

Discussion

To our knowledge, this is the first study of its kind to examine
cell pellets from BAL fluid in stable COPD individuals for
potential airway pathogens using a molecular pathogen
detection method that is commercially available. We
found that approximately 50% of patients (not on inhaled
corticosteroids and free of exacerbations) demonstrated
a positive result on molecular testing, which in turn, was
associated with intense neutrophilic inflammation in the
small airways and with poor health status. The only exception
was the presence of Haemophilus influenzae, which was not
associated with airway neutrophilia.

Haemophilus was the most commonly detected
organism in our study. Importantly, we observed that
participants who had Haemophilus-only did not demonstrate
significant neutrophilic inflammation. We speculate that in
stable COPD patients, Haemophilus, unlike other organisms
on the panel, is a colonizer rather than a pathogen and as
such does not elicit a strong innate immune response in
the host. This notion is consistent with prior observations
that suggest Haemophilus is uniquely adapted to establish
colonization in COPD.5 Although the exact mechanisms by
which Haemophilus colonizes the airways in COPD have
not been fully elucidated, there is evidence to suggest that
Haemophilus influenzae could be resistant to neutrophil
extracellular traps and thus, avoid neutrophil-mediated
killing.6 Additional studies will be required to unravel the
exact mechanisms.

Our results are consistent with prior studies that
showed the presence of PPB in the sputum of COPD
patients was associated with worsening of daily symptoms
and increased airway inflammation.” We extend these
findings by demonstrating pathogen-positivity in BAL cell
pellets exclusive of Haemophilus-only was associated with
worse health status in patients free of exacerbations and
inhaled corticosteroids. These data raise the possibility that
these microbes may contribute to persistent (neutrophilic)
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inflammation in the small airways, which in turn, may
lead to poor health status of patients. Poor health status
has been associated with increased risk of exacerbations
and accelerated decline in lung function.89 Additional
studies will be required to determine whether treating these
microbes or the associated neutrophilic inflammation can
ameliorate health outcomes of patients.

A limitation of our study is that we had a relatively small
sample size that impeded our ability to examine pathogens
other than Haemophilus independently. Moreover, the panel
that we used is qualitative in nature and not quantitative,
thus, dose-response relationships could not be ascertained.
We also cannot definitively rule out the possibility of
contamination as a cause of the positive result in some
participants. However, we have shown previously, using the
same samples, that bacteria abundance as measured on 16S
sequencing is extremely low in bronchial channel washes and
extraction negative controls,3 which renders contamination
as the primary driver of our analysis unlikely. We did not
find a significant association between DNA concentration as
a metric of sample quality or BAL return volumes and the
probability of testing positive on the multiplex array (online
supplement Table 5).

In conclusion, we demonstrate here that the presence
of potentially-pathogenic microorganisms (other than
Haemophilus influenzae) in stable COPD is associated with
intense neutrophilic inflammation and poor health status.
Targeting of anti-inflammatory and/or anti-microbial
therapies in these patients may lead to better outcomes in
the future.
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