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Abstract

Rationale:Acute exacerbations of chrorebstructive pulmonary disegge=COPD) are caused
by a variety of different etiologic agents. Our aim was to phenotypelCexacerbations using
imagingchest xray[CXR] and computed tomography[{}TbloodtestgC-reactive protein
[CRP]andthe Niterminal ofthe prohormone brain natriuretic peptide HdfoBNP]), anda

molecular pathogen detection method

Methods: Subjects whoere hospitalizeavith a primary diagnosis of AECOPW®ere enrolledn

the Rapid TransitioRProgram{(RTP). We examined a subset of subjects who had had CXRs, CT
scans, and blood collected for CRP andN®BNP.A radiologist blinded to the clinical and
laboratory characteristics ofdBubjectdnterpreted the CXRs ar@T imagesLogistic

regression models weused to assess therformance of these biomarkers in predicting the
radiological parameterSputum samples in a subset of subjects were testadblecular
pathogen detection methtmlphenotype AECOPD into neinfectious, bacterial, and viraly
asseiatedphenotypes. Differences between the phenotyptsms ofclinical features, CRP

and NTproBNP concentrations, complete blood counts, apéat mortality ratavere

examined

ResultsNT-proBNPwasassociateavith cardiac enlargement, pulmonary edema, and pleural
effusion on CXRwhereas oi€T imagesNT-proBNPwasassociateavith pleural effusion.
CRP, on the other handasassociated witlsonsolidationground glass opacitieand pleural
effusionon CT imagesA CRPsensitivityorientedcut-pointof 11.5 mg/Lwas reached by

setting a minimum sensitivity of 90% and applying the Youden indexhe presence of



consolidation on CT images in subjects admitted as cases of AECOPD hatglsensitivity
of 91% anda specificity of 53% (P8&001).Subjects who had a negative result onri@ecular
pathogen detection array hhidherNT-proBNP, lower hemoglobin, artdgherRDW compared

to thesubjectsvho had a positiveesult

Conclusionsin summary, this thesis demonstrated #lavated CRPnayindicate pneumonia,

while elevated\NT-proBNP may indicate cardiac dysfunction, and having a negative result on the
respiratory pathogen array may indicate a-mfactious causation of AECOPD. Theeadily
available tests may provide more accurate phenotyping of AECOPD, and may lead to better

treatment strategies and resource utilization in subjects admitted with AECOPD.



Lay Summary

Chronic Obstructive Pulmonary Disease (COPD) patients gaghrbmes in which they are
very sick and out of breatand theyare currentl being treated for that as if a single agent
causes this, while in reality, thiscausedy a variety ofdifferentagents Our goal was to
examine the use of twdifferentblood tests and a sputum téstbetter identifithe patients who
need to have a different kind of treatment, and we show that these tests ayeodany
achieving this goal. If these testie usedn patients who have theflare-ups this will help

doctas in treating these patients in a better way.
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Chapter 1: Introduction

In this thesis, we explothe potential use of blogdased biomarkers and molecular methods of
pathogen detection phenotypingchronic obstructive pulmonary disease (COPD) exacerbations
(AECOPD) Currently, the treatment fexacerbations that require hospitalization is the same
regardless of etiology. We hypothesized tteatainblood-based biomarkers and molecular
pathogen detction methodsould be useful imphenotypingAECOPDand could lead to better
disease management strategies. More detaildwitirovidedn later chapteybut here are brief
descriptions of thehaptergo follow. In chapter2, we determine the use okttlwo biomarkers
C-reactive protein (CRP) antd amineterminal of the prohormone brain natriuretic peptide
(NT-proBNP) as discriminators between infectious and cardiac causes based on radiological
evidence. In chapter 3, we determine ploéentialuseof a panel that utilizesnolecular methods
for pathogen detectioim phenotypingAECOPD. We assess the differences inghenotyps of
AECOPD based on the array results with regards to the {laseld biomarkers, peripheral

blood counts, radiological datand clinical outcomes including length of hospitalization and 1
year mortality.In the final chapter, we summarize the main findifigsn eachchapterand

discuss how this thesis in its entirety adds to the management of AECOPD.



Chapter 2: Phenotyping COPDEXxacerbations Using Imaging and Blood

based Biomarkers

Chronic obstructive pulmonary disease (COPD) remamajarpublic health problem. It is
estimated to affect 384 million people worldwide, with a global prevalence of {1),7%nd is
forecasted to be the fourth leading cause of death by(202@ute exacerbations of COPD
(AECOPD) are amongst thealding causes of hospitalization in tdeited States (US), and are
themajorcost driver for the illness, accounting for-30% of total direct cost3). Currently, the
mostseriousAECOPD events are treated with antibiotegl/orsystemic corticosteroids

regardless of etiology).

Brain natriuretiqpeptidedBNP and NFproBNP) are considered to be relevant biomar&érs
acute coronary syndrome (AGS5), heart failure (HRB, 7), andshow potential utilityn COPD.

In COPD, for example, an elevated {9ToBNP is a strong predictor of early mortality among
patients admitted to lspital with AECOPD independent other known prognostic

indicator¢8). Brain natriuretic peptides have been found to correlate with several radiologically
relevant endpoints including right ventricular enlangat detected on chest computed
tomography (CT) in patients with acute pulmonary embd®srh0) and coronary
atherosclerosis on angiograghy). C-reactive protein (CRP) is also amportart biomarker in
AECOPD. In a systematic review for AECOPD biomarke?2} CRP was one of the most
commonly studied biomarkers in AECOPdNhd elevatedoncentrationfiavebeen foundn the
AECOPD state compared tioe convalescence statd/e have previously demonstrated that-NT

proBNP and CRRre both elevated in AECOPD esmpared to convalescence, and together



they can reasonabdlliscriminate between AECOPD requiring hospitalization compared to
clinical stability with a crosvalidated ara under the curve (AUC) of 0.8fonetheless, their
concentrationsvere only weakly related to each otfi&), which may indicate that they might

represent different phenotypes of AECOPD.

The aim of this study was determine whether blood CRP and-NDBNP represent different
disease processesdeterminecn thoracic imaging for AECOPD, which could be potentially

used for phenotyping AECOPD and lead to ntar®redtherapeutic decisions.

2.1 Methods

2.1.1 Study Subjects

The Rapid Transition Program (RT&tudypopulationdetails have been described

previously13). For thissubstudy, weassessedubjects whavere enrolledetween July 2012

and October 201l subjectdncluded in this study had a confirmed primary diagnosis of
AECOPD as deemed by boardrtified general internists or pulmonologists who cared for these
subjectsAll diagnoses were validated by chart revieyvat least one additional pulmonologist
basedon the criteria recommended by the Global initiative for chronic Obstructive Lung Disease
(GOLD) Committeé4). All the subjects included in this study received standard anti
exacerbation treatment during their hospitalization, including stabiig bronchodilators,

prednisone, and antibiotics.

We retrospectivelyexamined the associations between radiological parameters and the blood

biomarkers N¥proBNP and CRP, in subjects who had kaber chest xays (CXRs) oCT



scans during their hogplization, and biomarkers were measured no moret@aays before or

after their CXRs and CT scaffsigure 1).More detailsare providedn Appendix A

The studyis registerean ClinicalTrials.gov website with Identifier: NCT02050028distered
January 28, 2014T.he studywas approvetby the University of British Columbia Clinical
Research Ethics Board (certificate number ¥0X86).Written informed consent was provided

by each participanh accordance witkthe Ethics Board.

Subjects enrolled between July 2012 and October 2015
(N=309)

N

NT-proBNP NT-proBNP

Figure 1: Study Flow Diagram.
All subjects had radiological imaging and blebbased biomarker measurements with@days of each other.
CXR= chest Xray; CT scan= chest computed tomography;@BNP= Nterminalpro btype natriuretic peptide;

CRP= Creactive protein.



2.1.2 Specimens and Measurement Technique

Following informed consent from subjects, blood sampieee collectedn PAXgené, EDTA,

and serum tubes on day 1 and 3 of hospitalization, at discharge, and on day 30 angogay 90
admission dateBlood components were processed as per standardized protocol and stored at
80°Cuntil analysis. Serum CRRasmeasured via a higbensitivity assay on the Advia® 1800

Chemistry System (Siemens Healthcare GmbH, Erlangen, Germarhg, @linical Laboratory

of St Paul 6s Hospital (Department of Pathol og
following standard operating procedures.-pFdbBNPwas measureftom EDTA whole blood

specimens on the RAMP® 200 (Response Biomedical Corp, VaacdDanada), which has a

measurement range of 18 to 35,000 ng/L.

Baseline lung function measuremewssre performeat the time of convalescence (i.e., at day
30 or day 90) for AECOPD patients. Spirometry was used to obtain lung function parameters
after bronchodilator administration according to recommendations from ATS/ERS

guidelineg14).

2.1.3 Review of Imaging and Statistical Analysis

To ensure uniformity of the readSXRs and CT images were read by a single blinded reviewer
and assessed according to the Fleischner Society glossary (flt&rmibe standard for CXRs
was the posteroanterior projection. In subjects unable to coeperatand upright, only the
anteroposterioprojectionwas obtainedCardiac size, pulmonary edema, and pleural effusion

were the three parameters thare evaluatedn CXRs.



CT scans were orderddsedupont he at t e n d idiscgetiop dngthe methods ofdC3
acquisition wergoulmonary angiographic studies utilizimgra-venouscontrastwith a slice
thickness oR.5mm, noncontrastexams with a slice thickness 26 mm, or noacontrastexams
with a slice thickness df.25mm. The parametethatwere assessaih CT scanare listedn

Table3. For categorization of emphysema burderndang was divided into 3 zon€appendix

B), and the degree of emphysema was scored epain® scale (0 to 5) as a percentage of total
lung volume involvedvith emphysema in each zone (0: 0%, 1: <5%,-24%, 3: 2549%, 4:
50-74%, 5: 75100%). The total emphysema score per subject was a sum of the scores in each
zone divided by the total number of zones. Bronchiolitis was scored using a quartile system
accoding to Fleischner guidelines and the following scale: none (0), trivial (1), mild/moderate
(2), or moderate/severe (3). Bronchiolitis was defined as centrilobular micronodules and patchy

groundglass opacity using Fleischner Society Glossary of {drb)s

ANOVA and Spear mwerapéfermead tortest éol assodiatohetween the
imaging parameters and blobdsed biomarker&eceiveroperating characteristic (ROC)
curves were constructed based on logistic regression models for predicting the radiological
parameters according to kaigansformed NTproBNP or CRReoncentrationswith and without
the adjustment for age and sé&xlditional detais regarding the methods measurement of the

pulmonary artery to aorta (PA/A) ratawe providedn Appendix B



2.2 Results

2.2.1 Subject Characteristics

A total of 309 subjects with either a CXR or CT seare examinedbor this study. Subjects had

a mean age of 65.6x£11.1 years, 66.7% of them were males, 85.8% were Caucasian, and 62.4%
were current smokers. All subjects had airflow limitation, with a niear@d expiratory volume

in one second (FEY 54.4+21.5% of predicte@able 1).Comorbid conditions included

congestive heart failure (16.2%), coronartery disease (21%), hypertension%@6diabetes

(16.5%), arrhythmia (13.9%), and asthma (24.6%P%6of our subjects underwent thoracic CT

scan during admission; of which 62.4% were @ilmonary angiography

Table 1: Subject Characteristics

Characteristic All (N=309)
Age in years 65.6 £11.1
Male sex 66.7%
BMI, kg/m?2 27 7.1
Caucasian 85.8%
Current smokers 62.4%
Former smokers 21.9%
Never smokers 15.6%
Unknown smoking status 23.3%
Pack-Yearstobacco 51.3+31.6
smoking

FEV1(L) 1.57 +0.68
FEV1, percent predicted 54.4+215
FVC (L) 2.89 + 0.92
FVC, percentpredicted 78.1+19.9
FEV1/FVC ratio (%) 548 +16.1
Creatinine (umol/L) 85.2 £+ 69.3

NT-proBNP (ng/L)

413 (174, 128)

CRP (mg/L) 26.6 (5.5, 70.7)
CHF 16.2%
CAD 21.0%
Hypertension 46.0%




Characteristic All (N=309)

Diabetes mellitus 16.5%
Arrhythmia 13.9%
Congenital heart disease 0.32%
Asthma 24.6%
History of Ml 17.5%

Dataare representeaks mean + SD anedian and interquartile rang@R) or (%).

CHF= congestive heart failure; CAD= coronary artery disease; MI= myocardial infarction.

2.2.2 Radiological Parameters

The parameters thatere measuredn CXRare listedn Table 2.In our study, 15.5% had
radiographic evidencef pulmonaryedema, 11.6% had pleural effusion, and 16.2% had
abnormal cardiac size. On CT scans, 32.5%advadenceof consolidationThe mean PA/A ratio

was 1.24+0.21Table 3).

Table 2: Chest X-ray Parameters

Variable Category Value
Number 304
None 84.5%
Mild (cephalizedlow) 9.2%
Pulmonary edema  Moderate (septal lines) 5.6%
Severe (alveolaedema) 0.7%
Unknown 0.3%
Absent 88.4%
Pleural effusion Present 11.6%
Unknown 0.3%
Normal 83.8%
Mild enlargement 11.6%
Cardiac size Moderately enlargement 4.3%
Severe enlargement 0.3%
Unknown 0.3%

Dataare representeals %. For statistical analysis, moderate and severe categories for

pulmonary edema and cardiac sizere combined



Table 3: Chest CT Parameters

Variable Category Value
Number 117
NT-proBNP 411 (169, 1272
CRP 20.9 6.3,76.4
Paraseptal emphysema 65.8%
Centrilobular emphysema 77.8%
Panacinar emphysema 9.4%
Emphysema score RUL 1.86 + 1.36
Emphysema score RML 1.41+1.21
Emphysema score RLL 1.15+1.19
Emphysema score LUL 1.79 +1.30
Emphysema score LML 1.33+1.18
Emphysema score LLL 1.19+1.20
Emphysema average score 1.14 +0.86
Respiratory bronchiolitis score 0.84 £1.02
DLP (mGy-cm) 332 (244, 487)
mSv 5.60 (4.13, 8.3)
Airway thickening 67.5%
Mucous plugging 49.6%
Bronchiectasis 23.1%
Reticulation 4.27%
Mosaic attenuation 10.3%
Consolidation 32.5%
Ground glass opacities 24.8%
Presence of nodules 46.2%

O(absent) 94%
Pulmonary edema 1(moderate) 4.3%

2(severe) 1.7%
Aortic diameter (mm) 34.1+3.8
PA/A ratio 1.24 +0.21
Pulmonary artery diameter (mm) 28+ 4.7
Pleural effusion 22.2%
Pericardial effusion 0.85%

[V contrast 2.5mm 62.4%
Chest CT scan type Noncontrast 2.5nm  29.1%

Noncontrast 1.25nm 8.5%

Data are represented as mean + Sthedian and interquartile range(IQ®&) (%). mm= millimetre RUL= right

upper lung zone; RML= right middle lung zone; RLL= right lower lung zone; LUL= left upper lung zone; LML=



left middle lung zone; LLL= left lower lung zone; DLP= dose length product=nmSillisievert; PA/A=pulmonary

artery to aorta ratio.

2.2.3 Associations letween Radiological Parameters and Blooased Biomarkers
NT-proBNPconcentrationsveresignificantly associatedith pulmonary edema (R=008),
pleural effusion (P6.006), and cardiadze (P<0.001) on CXR. N¥proBNPconcentrations
weresignificantlyassociated with pleural effusi¢R<0.001), pulmonary artery diameter
(r=0.22; P9.020), and aortic diameter (r=0.21;0627) on CT imaging. CREoncentrations
wereassociated with consolidation (©801), ground glass opacities 827), pleural effusion
(P<0.001), and pulmonary artery diameter (r=0.230.B%£8) on CT imagingAdditional details

are providedn Appendix C.

2.2.4 ROC Curves

ROC curves were constructeddetermine the relationships of CT findingfsclinical interest
with biomarkerconcentrationswith and without adjustments for age and @égure 2).The
unadjustecAUC of NT-proBNP to predict pleural effusion on CT was 0(P£0.002, 95% CI
0.580.83).0n CXR, the AUCs of N3proBNP to predict cardiac size, pulmonary edema, and
pleural effusion were 0.7@<0.001, 95% CI 0.62.81), 0.63P=0.009, 95% CI 0.53.73), and
0.64(P=0.01, 95%C1 0.53-0.75), respectively. For using CRP to predict consolidattmm AUC
was 0.75P<0.001, 95%CI 0.640.86), for pleural effusion the AUC was 0.(<0.001, 95% ClI
0.6-0.85), and the AUC for ground glass opacities was (68.028, 95% CI1 0.5D.77). We
sought to determine a sensitivityiented cupoint for CRP ¢ predict consolidation on CT

based on the ROC curve constructed, in which we set the minimum sgngit®@% and

10



applied he Youden Indefd6). The cutpoint for consolidation was a CRP level of 11.5 mg/L
which possessed a sensitivity of 91% and a specificity of 53%. Additional details regarding the

ROC curvesare providedn Appendix D
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Figure 2: ROC Curves for The CT Parameters ofClinical Interest

A, CRP and consolidation. B, CRP and pleural effusion. GpfBNP and pleural effusion.
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2.3 Discussion

To the best of our knowledge, this is the first study that has evaluated the relationships of CRP
and NTproBNPwith radiological parameters in AECOPD simultaneously. We found significant
associations betweeatevatedNT-proBNPconcentrationand the presence of pulmonary edema,
pleural effusion and cardiac size on CXRs in patientswdre diagnosewith AECOPD. We

also found a significant relationship betwedevated serurf@RPconcentrationsnd the

presence of consolidation, ground glass opacities, and pleural effusion on CT scans but not CXR,
consistent withheimprovedresolution of CT scans in detecting thabaormalities in COPD
patients. To our knowledge, our study is the first to examine the capability of CRP in predicting
consolidation present on CT scans in subjects wdre admittecs cases of AECOPD and not
comnunity-acquired pneumonia (CAP). In thishort, a CRP concentration less than TagL

was a sensitive markes ruleout consolidation present on CT scans, suggeptitgntialutility

in AECOPD

NT-proBNP is a polypeptide secreted predominantly from the cardiac ventricles in response to
multiple stimuli for exampleyolume overload/endotoxemia/ischemia/hypofdid). It exerts its
actions througmultiple pathways, which contributes to its diuretic and hypotensive
propertie$l8). Measurement dNT-proBNP may be indicated fandividualswho present to the
emergency department with acute dyspnea in order to differentiate acute hear{Adilk)

from noncardiac caus€$9), and is currently being investigated for its potential use in
AECOPD, with two systematic reviews demonstrating ¢tatated\T-proBNPconcentrations
have a strong association with the presence of left ventriculamatysfo (LVD) in

AECOPD20, 21) Of note, theassociatiorbetween N¥proBNPconcentrationsnd LVD in
12



AECOPD appears to be sustained even in the presence of renal dysfunction, albeit with higher

NT-proBNP levelq22).

Our findings are ansistent with those of Haiseth et al., who applied a standardized assessment
of pulmonary congestion present on CXR in 99 patients admitted for AECOPD, and found that
this standardizedbut not routinepssessment of pulmonary congestorrelated with N-
proBNPconcentration@3). We extend this finding by evaluating 269 subjects who had CXRs at
the time of hospitalizatiomdemonstrating that NproBNPwasa good indicator of radiological
parameters related to cardiac dysfunctod/orvolume werloadincluding cardiac size,

pulmonary edema, and pleural effusion with AUCs of 0.72, 0.63, and 0.64, respectively. Of note,
the AUC for using NIproBNP to predict pleural effusion as detected on CXR was 0.64, while

the AUC for detecting pleural effusion basedCT was 0.71.

There is mcertainty in the diagnosis GAP among patients with COPD, and this may be due in
part to the high rate of misdiagnosis based on the presence of pulmonary infiltrates @4 )CXR
which has an overall inteobserver agreement Kappa of 0.58 patientswho have COPD, our
population of interest, the Kappa is considerably lower at 28 study that systematically
performed thoracic CT scans in a population cpgeted CAP patients visiting the emergency
departmen(®5), CT scan revealgaulmonary infiltrats consistent with CAP in 33% of patients

in whom an opacity had been absent on CXR. Thus, the inclusion of CT results led to increased
physician confidence in the CAP diagnosis. The same group also sought to improve CAP
diagnosis by measuring CRP in thes#ignts(26), finding an AUC of 0.78. Acut-point of 50

mg/L (whichwas associatedith a sensitivity of 84.7% and a specificity of 63.4%@s
13



proposedor detecting CAP. Of note, the study was limited in the evaluation of COPD patients
as only 28.5% of the giied population had chronic respiratory diseases, and the study excluded
patients who were in the highest CURB categories, making it hard to evaluate those 65 years
of age and older. Another study that examined the diagnostic capability of CRP in @AP in
outpatient settin@7), proposed a CRP cyoint of 20 mg/L (whichwas associatedith a

sensitivity of 73% and a specificity of 65%) to predict a pulmonary infiltrate on CXR. Huerta et
al.(28) proposed a CRP cyoint of 129 mg/L, wich had an AUC of 0.71, with a sensitivity of
62% and a specificity of 63% in discriminating between AECOPD and CAP+COPD (in which
CAP+COPD was diagnosed based on thegaree of consolidation on CXR)Me extend these
findings by demonstrating that CRPaiso useful in predicting consolidation present on CT scan
that could nobtherwisebedetected on CXR in AECOPD, apdopose a cypoint value of 11.5
mg/L which had a sensitivity of 91% and a specificity of 53% in ruling out the presence of
consolidatio on CT scanWe believe thaCRPhas clinical utilityin predicting pulmonary
infiltrates on CT scanand may help to reduce the number of CT scans ordered to spare COPD
patients additional radiation risBy using a CRP cutoff of 11.5 mg/L, most patientth

AECOPD who have pulmonary opacities vii# identified

Our study has several limitations. First, it was a retrospective analysis and thus is affected by the
commonshortcomings of these types of studies. Second, we have taken the closebakddod
biomarker measurement to the radiological test,thedemporal relationship between changes

in radiological findings and changes in the concentrations of measured biomarkers is not known
In addition only 36.9% of our subjects required CT scans duaithmission, resulting in a

selection biasThus,our findings should be prospectively validated.
14



Our study adds to the existing literature onutiity of NT-proBNP in predicting cardiac causes
and/orcomplications in AECOPD, and we propose here thaproBNP and CRP shoulok
utilized in patients admitted as AECOPID,order toimprove the identification and management
of cardiac involvement in AECORIMoreover,in cases where CRPB lessthan 11.5 mg/L, it is
highly unlikely thatsuchindividuals have pulmonary infiltrates; therefore, additional imaging
such as a CT scan coudé avertedin such cases, other etiologiEfSAECOPDaside from
infectionshouldbe consideredandthe empiricadministration of antibioticaeeds careful
consideratio and shouldbe takerin the context of other features suggestive of an infectious

etiology.

In conclusionCRPIless than 11.5 mg/indicates that the presence of pneumonia is unlikely
while elevated\NT-proBNPconcentrationg the blood may indicate adiac dysfunction and
pulmonary edema. Theseadily availablélood biomarkers, along with imaging modalities,

may provide more accurate phenotyping of AECQ#ich in turnmay enable discovery of

more precise therapies to treat AECOREepropose a CRP tyooint that will aid in averting

the need for CT scans if there is a suspicion of an infectious lung process in subjects admitted

with AECOPD.
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Chapter 3: Utilizing Molecular Methods of Pathogen Detection to Phenotype

COPD Exacerbations

COPD exacerbation®AECOPD)are causebtly a variety of etiological factof®9). In AECOPD,
themajordriveris respiratory tract infectionsiowever, in roughly 30% dhe cases, nalear
inciting factoris found30). An autopsy study of COPD patients wilied within 24 hours of
hospital admission due to AECORIBmonstratethat acute heart failure and pulmonary
embolism were the primary cass#d death which highlightstheimportanceof phenotyping
AECOPD to target and treahderlyingcauseshat drive AECOPIB1). According to the latest
GOLD documengd), soutum culturesregenerallynot useful forguiding initial antibiotic

choice, or in phenotypingECOPDs.Thisis becausemitum culturedave relatively poor
sensitivity in identifying respiratory pathogessdin determining therapeutic responsiveness to
antimicrobial$¢32). Sputumculture is indicated only in a subset of patients in whom detection of
antimicrobial resistance pattern of potential pathogensquired The role of molecular
diagnosticsn detectingsputumpathogensn AECOPD islargelyunknown, though its widely
acceptedhat nucleicacid basedechnologies offer superior sensitivities to those of traditional

cultures in detecting potential respiratory tract pathogens.

In this chapterpur aim was to phenotype severe AECOPD by using a molecular pathogen
detectionrmethod Our hypothesis wathata nucleic acidbased assay of sputum will identify
AECOPDs associated with virddacterial,or nonrinfectious etiologies and that these etiolsgie

will confer different prognoseto patients
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3.1 Methods

3.1.1 Study Subjects

This dudy consiste@f subjectsvho were able to provide adequapritum samples in the
COPD Rapid Transition PrografRTP). Samplesvere classifieds beingadequatesputum
sampledased on colotransparencynd viscosityThe cohort habeen describeith detail in
the previous chapter. In brief, thehortconsisted of COPD patients where hospitalizeavith
a physician diagnosis @&(ECOPD All patients received stdard antiexacerbation therapy
including prednisone and antibiotics. The stiglgegsteredwith ClinicalTrials.gov with an

Identifier: NCT02050022régisteredlanuary 28, 2014).

3.1.2 Specimens and Measurement Technique

The collection and storage conditiasfsblood sampleand radiologicatlatahavebeen

describedn the previous chapteNT-proBNPwas measuredsing the RAMP® diagnostic rapid

kit (Response Biomedical Corp, Vancouver, BC, Canadajhole bloodspecimengollected in
EDTA tubes. RAMP assay uses quantitative immunochromatography and has a measurement

range of 18 to 35,000g/L.

Serum CRRvas measuredia a highsensitivity assay on the Advia® 1800 Chemistry System
analyzer (Siemens Healthcare GmbH, Erlangen, Germany), located in the Clinical Laboratory of
St Paul 6s Hospital (Depart mentancodver,B@)tTheo | ogy
analytical range of the assay is 0.2 to 200.0 mg/L including arddlutmn capability on board

the analyzer. In cases where the samples were over the anagngathey were manually

diluted.
17
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Complete blood count and differertisas measuredn whole blood specimens collected in
EDTA tubes using thADVIA ® 2120i Hematology System (Siemens Healthcare GmbH,

Erlangen, Germany).

Sputumsamples wereollectedin OMN | g e n e E A OB0B)tube$ add/stored #80°C
freezerauntil measurement. Thebeswere thawed in a hot ba#t 50°C for 1 hourand then
placedin an air incubatoat 24 °C for 30 minutes. Nexfgputolysinwasaddedn 1:1 ratio to
liquefy the samples; after which teamples were susliquoted into 50QIL volumes and stored

in -80°C freezers.

For quantifying bacterial load, DN#as extractedrom a 500uL aliquot using the DNeasy

Tissue and Blood extraction kit (Qiagen). The aliquot was centrifuged for 10 minutes at 7500
RPMto form a pelletAfter thesupernatanivas discardedhe pelletwas resuspended 180uL
buffer ATL, accordi ng (DNeasy@iagerfDAA donceneatiohs | nstr
was measured using Nanodr@poplet digital PCRddPCR (Bio-Rad QX200)was used to

guantify the badrial load, which uses akvaGreermgPCRassay with primerspecifying the

293bp amplicon of the 16S rRNA g€B88). Briefly, the fdlowing protocol was used: 1 cycle at

95°C for 5 minutes, 40 cycles at 95°C for 15 seconds and 60°C for 1 minute, 1 cycle at 4°C for 5
minutes, and 1 cycle at 90°C for 5 minutes all at a ramp rate of 2°C/s&so+iRlad’'s T100

thermal cyclewas usedor the PCR stepA threshold cutoff of 10.00@nda 1/10 dilution of the
samplesvere chosebased on preliminary experimenigegativecontrols that comprised of

DNase and RNase free water were usedrandlongside thsamplesFinally, a correction
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factorusing the formula[@verage number of 16S copies per sarm@eerage numbyeof 16S

copies in the negativeontrol] / DNA concentration) was applied.

For detecting pathogenic microorganisms, the Randox Respitfsliaitiplex Array Il was used,

which alows the simultaneous detection of 22 bacterial and viral pathogens in nuclsic acid
extracted from sputum sampl@sdetailed description of the pathogens covered and the method

of detctionis providedin Appendix B. In brief, the assay is a combinatiohmultiplex PCR
andbiochiparray hybridizationln order toextract DNA and RNAsimultaneously from the

sampls, QlAamp MinElute Virus Spin Ki{Qiagen)was usedccordingtananuf act ur er 6 s
instructions.The nucleic acid concentration was then measured using Nandtie®pxtracted

nucleic acid samplesere sent in 50L volumes to Rndox Laboratories (Crumlin, UK) for

molecular pathogen detection.

3.1.3 Statistical Analysis

Continous variables thatere rormally distritutedarereportedas meansSDs, nortnormally
distributed variableasmediansand interquartile rangeand categorical variables as
percentagesContinuous variables thaterenot normally distributeaverelog10 transformed
prior toapplication of gparametric tesivhere appropriate St u -test andMaisnWhitney
Wilcoxon Tess were usedo determinedifferences between the infectious and-ndfectious
groups wherappopriate while ANOVA and KruskaWallis tess were used taletermine
differences between the negativeugirand bacterial infection groupsisher's exact testas
used to test for differencas the ategaical variables betweethe groups Comparisos of 1

year mortality rat@and tyear combined endpoint afortality orrehospitalizatioracross groups
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wereanalyzed by KaplaiMeier survival curvesvith alog-ranktest and Cox proportional
hazardsnodek adjusting for age and seStatisticaltestsweretwo-sided and significancevas

assignedo results withP-values €.05.

3.2 Results

3.2.1 Subject Characteristics

Demographic and clinical data for tiA2 subjects studiedre displayedh Table4. The subjects

had a mean age of 65.8+11.5 ye&:9% were male, 80.6% were Caucasian61.1% were
current smokersall subjects had airflow limitation, with a mean forced expiratory volume in one
second (FEY) of 46.6+£16.7% of predicted, and 38.9% had iatbry of cardiac comorbidies(

heart failurecoronary artery disease, myocardial infarction, and arrhythmia)

Table 4: Demographic and Clinical Characteristicsof The Study Subjects

Characteristic All subjects (N=72)
Age (years) 65.8+ 11.5

Ma Isee x 63. 9%
BMI, kg/m224.6 N 7

Caucasian 80. 6%
Current sm6l1l. 1%
Cardiac c038. 9%
Homexygesmre 19. 4%
| C8s e 69. 4%

e GFR 80NB5. 4
(mL/min/1.73 m2)
FEMoopredi 46NB6. 7

NFpr oBNP 463 -129%)
(ng/ L)
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Characteristic All subjects (N=72)
CRP 48.1-1(1166) .
(mg/L)

Length of 6 3(-25%
(Days)

ICS=inhaled corticosteroideGFR= estimated glomerular filtration rate.

41 subjects had NproBNPmeasured at admission day

44 subjects ha@RPmeasured at admission day

3.2.2 Pathogens Detected

The pathogens thatere detecteth our 72subject cohorare presentenh table5. The most

common pathogen wa$aemophilusnfluenzagaccounting for 3.7% of all pathogendetected

Rhinoviruswas the most common viraketectedaccounting for 13.3% of all pathogens

detectedDetailspertaining tahe pathogendetectedor each sulgctareprovidedin Appendix

F.

Table 5: Pathogens Detected on The Randox Array.

Pat hogen Tot al

%

Il ndepende

%

Haemophilus influenzae 28
Streptococcu 22

Rhinoviru 11

I nfluenza 6
I nfl uenza 3
Respiratory 3

33.

26.

13.

14

4 5%

19%

19%

3 .92
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Pat hogen Tot al % I ndepende %

Mo r a xcealtlaar r | 2 2. 4
Parainfl uen 2 2. 4 2 6 .95
Coronavir 2 2. 4
Adenoviru 1 1.2
Met apneumo 1 1.2
Parainfluen 1 1.2 1 3 .92
Parainfl uen 1 1.2 1 3 .92
Tot al 8 3 100 31 100

Total count shows the number of times the pathogas detecteth our 72subject cohort.
Independent courshowsthe number ofimesthe pathogen was the only pathogen detected

in the sample.

3.2.3 Phenotyping COPDExacerbations

20 out of 2 subjects (27.8%) haal negative result on tiRandox array, while 52 out of th@ 7
subjectq72.2%) hada positiveresult The subjectswvith a negativeesultdid not have lower
nucleic acid concentratigithan the onewho had a positiveesult(P=0.71, Appendix G)We
considered the subjects wihnegativeesulton theRandox array to haveada non-infectious
exacerbation and the ahevhowerepositiveon thearrayto havehadaninfectious exacerbation.
We further subdivided the subjects withiafectiousexacerbation inteither abacterial ora

virally-associate@xacerbatiobased on the result$.the subjecs demonstrate@ositivity to a
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virus exclusively orto a virus andacteriatheywereclassifiedinto thevirally-associated

exacerbatiomgroup(Figure3).

Binary B Randox

Randox Result

Result [Virus
BNegative BNegative
EPositive [IBacteria

Figure 3: AECOPD Phenotypes PieCharts.
Bacteria=subjects who had a positive result for bacterial organisms; Virus= subjects wah@bdéd e resultfor

viral organismsither independently or with bacter@iganisms

3.2.4 Demographics and Clinical Datafor AECOPD Phenotypes

Demographic data for the grougie listedn AppendixH. There were no statistically significant
differences betweethe nonrinfectious(negativg and infectiougpositive)groupsin terms of

age, sex, cardiac comorbidities, inhaled corticosteroidamddsEV1 % of predicted Of note the
postive grouphadfewer subjectsvho were orhome oxygen therap{85% in thenegativegroup
and 14% in theositivegroup, butthis comparisomlid not reaclstatisical significance
(P=0.094). All hospitalizations wereight censored &0 days ashospitalizations beyond this
timeframe were likely driven by factors other than AECOPBerewereno significant

differencesin thelength of stay in hospitdletween the egative and the positive groups
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(P=0.096). Howevera subgroup analysis revealed ttrereweresignificantdifferences in the

lengthof hospital stay across the bacterial, viral, emdrobialnegativegroups (P9.046 on the

overall ANOVA). Thesdlifferences werelargely drivenby the comparisobetweerthe bacteria

associated AECOPD group and thirobialnegativegroup(P=0.02 on post hoc analysis with

Fi sherds | east si gn iConsistentwith tidsindlysisgherewasa t est [ L
significant trend in the length of hospitalizatianross théhreegroups with themicrobial
negativegrouphaving thdongestiengthof stay and the b#erid group having the shortest

(P=0.017) (Table 6, Figure 4)

Table 6: Length of Hospital Stay ANOVA Statistical Analysis Reslts.

Group Number | Mean (SD) @ F (df) P-value P-value Trend
(log10)

Negative | 20 0.9 (0.33) | 3.21(2,69) 0.046 0.017

Virus 26 0.8 (0.35)

Bacteria 26 0.7 (0.28)

ANOVA statistical analysis results for the length of hospital stay between thegtionges (log10 transformed).
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Figure 4: box Plots Depicting The Length of Hospital Stay in The Three Groups.
The negative group had a longer length of hospitalization than the bacteria grouj2jPand a significant linear
trend was present demonstrating that the length of hospital stay decreases from the gregatioehe bacteria

group (P96.017)

3.2.5 NT-proBNP, CRP, and Complete Blood Counts

AppendixH contains the&eompletedata on the concentrations of NNfoBNP, CRP, and the
completeblood countdor each of thgroups We examined N¥proBNP, CRP, andomplete
blood countsat the date of hospital admission for all the subjedteniicrobialnegativegroup
hadsignificantly higher NT-proBNPconcentrationgP=0.042), lowerconcentrationsf
hemoglobin (P9.031), and higheredbloodcell distribution width(RDW) values (P9.025)
comparedvith the microbial positivegroup(Figure5). Subgroup analyses demonstrased

statistically significant difference between the&robialnegative and the virus grofigr RDW
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values (P9.046 on the overall Kruskalallis test,and a Bonferroni adjusted P valueOdd4 on
posthoc pairwise comparison between the negative and virugpgréhere was no statistically
significant difference between the three grofgesNT-proBNP concentrations (P081), but
there was aignificanttrendin NT-proBNP concentrations across the three gr¢Bp8.029 on
Jonckheerd& erpstra test for trendyith the negative group having the highestcentrations

and the bacteria groupaving the lowestFigure 6)

5000 * 180 .
24000— P =0.042 Q 160- P =0.031
g B
& 30001 ‘ £ 140 T
z 2
3 =0
£ 2000 . & 1201 .
2 =
2 2
#1000 1001

o 80 -
Negative Positive Negative Positive
Binary Randox Result Binary Randox Result

357

30 ° P =0.025
X 25
z
2 201

15_ ;

107

Negative Positive
Binary Randox Result

Figure 5: Box Plots Depicting The Significantly Different VVariablesBetween Goups.
Significant differences wengresent in N¥proBNP (P9.042), hemoglobin (F%031), and RDW (P8:025)

between the negative and positive groups.
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Figure 6: Box Plots Depicting NT-proBNP Concentrations in The Three Groups.

A statistically significat trend (P9.029) in NT-proBNP ©ncentrations wasbservedwith the negative group

having the highestoncentrationsand the bacteria group having the lowest.

3.2.6 Bacterial Load

Bacterial load measured bigPCRis shownin Figure7. Therewasno statistically significant

difference between thmicrobialnegativeandpositivegroups(P=0.503)
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Figure 7: Bacterial L oad ComparisonsBetweenGroups.
Box plots depicting the bacterial load in different groups. A) Negd#tive-infectious) and positive (infectious)
groups. B) Thepositive (infectious) group subdivided by viral detectidinere were no statistically significant

differences between groups in bacterial load.

3.2.7 Radiology

A subset of subjects had CXRs and CRges taken during the admission. 14.3% ofdtibjects
whohad CXRs in thenicrobialnegativegroup had evidence of pulmonary edema, while 12.1%
in thepositivegrouphad pulmonary edema4.2% in thepositivegroup had evidence of cardiac
enlargement, while 7.1% of timegativegrouphad evidence afardiacenlargement3 out of 5
subjects who had CT scans taken gaidlenceof bronchiectasis in the negatigeoup while 2

out of 11 in thepositivegrouphad yonchiectasis. Interestinglg,out of 5 subjects in the
negativegrouphad consolidation on CT scan, while 3 out ofohthe positivegrouphad

evidence otonsolidatioron CT scanThere were no statistically significant differences in the

parameters nasured on CXRind CThetween groups (Tablg.
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Table 7: Radiological ParametersMeasured in The Study

CXR Parameters NegativeGroup (n=14)  Positive Group (n=33) P-value
Pulmonaryedema 2 (14.3% 4(12.1% 1
Pleuraleffusion 0 (0%) 1 (3%) 1
Cardiac enlargement 1(7.1% 8 (24.2% 0.244
CT Parameters NegativeGroup (n=5) | Positive Group (n=11) P-value
Bronchiectasis 3 (60%) 2 (18.2% 0.245
Mucous plugging 3 (60%) 6 (54.5% 1
Airway thickening 5 (100% 7 (63.6% 0.245
Emphysemaverage scor 1.46 £1.22 1.06 £0.823 0.446
Pulmonary dema 2 (40%) 0 (0%) 0.083
Pleural éusion 0 (0%) 3 (27.3%9 0.509
Ground glasespacities 2 (40% 6 (54.5% 1
Consolidation 3 (60%) 3 (27.3%9 0.299

Dataare representeas counts and percenta@XR= chest Xray, CT= chest computed tomography

3.2.8 1-year Mortality

Of the 72subjectancluded in our study, 12 of them died witHiryear offollow-up (Table8).

On Kaplan Meier survivadnalysistherewereno statistically significant differenséetween the
microbialnegative and positive groups (665, FigureB-A). There were natatistically
significant differencem survivalbetweerthe virus andnicrobial negativegroups(P=0.262),

nor between theirus and bacterigroups(P=0.376). However, therwasa trend towards a
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difference in survival between the microbial negative and ba¢fera053, Figure8-B). Across
the three groups, theend tovards increased mortality in theicrobial negativeggroyp compared
with the bacterial group showed a similar result 0f852).Findings were similar in the agand

sexadjustedCox proportional hazards moddTables 9 and 10)

Table 8: Survival Characteristics of AECOPD Phenotypes.

Group | Number of Number of Number Mean survival time in days
cases events censored (95% CI)

Negative 20 6 14 (70%) 292 (236348)

Positive | 52 6 46 (88.5%) 329 (303356)

Group | Number of Number of Number Mean survival time in days
cases events censored (95% ClI)

Negative 20 6 14 (70%) 292 (236348)

Virus 26 4 22 (84.6%) 317 (273360)

Bacteria | 26 2 24 (92.3%) 342 (311372)
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Figure 8: Kaplan-Meier Survival Analysis Curves for 1-year Mortality According to Randox Groups.

A) According to negative or positive result. B) The positive group subdivided by viral detection.



Table 9: Cox Proportional Hazards Model Comparing The negative and Positive Groups.

-2 Lo C h-i df P-val ue

Li keli squa

96. 9¢ 3. 73 3 0. 291

Vari a B SE Wal | df| Pv al HR 95% CI
Ag e -0. M9 0. D8 1.10 1 0751 0.91 0.9 4®

Se@ma) 0. 37¢ 0651 0.32 1| 0564 145¢( 0405. 21

Negat 1.10 059 3421 00 06 3.0 0.8 . 66
gr ou

B= regressiortoefficient SE= standarérror; HR= hazard ratio.

Table 10: Cox Proportional Hazards Model Comparing The negative, Virus, and Bacteria Groups.

-2 Lo C h-i df P-val ue

Li keli squar

96 . 1°¢ 4 . 33 4 0. 362

Var i aa B SE Wal ¢ df P-v al HR 95% C
Age 0.7 0. 02 0.07 1 0. 78 0. 99 0. 9420

Sex ( 00401 064 039 1 055 1.4¢0 48342

Bact e 3.8 2 0. 14
grou

Negat 1.54 082 3.4 1 00 06 4.6/ 0 923. ¢
gr ou

Virus 00768 0.86 0 78 1 0037 2.1!0 393. ¢

B= regressiomoefficient SE= standard error; HR= hazard ratio.
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3.2.9 1-year Combined Endpoint of Mortality or R ehospitalization

Out of the 72 subjects included in our study, 37 experienced the combined endpoint of death or
rehospitalization within Jyear offollow up (Table 11) In Kaplan Meier analysis, theveereno
statistically significant differenein this combine@ndpointbetween thenicrobialnegative and

the positive groups (097, Figure9-A). Between the three groups, there were no statisticall
significant differencebetweermicrobialnegativeand bacteria (R3:314), virus and bacteria
(P=0.312). However, there was a trend towards statistical significance in the occurrence of the
combined endpoint between the microbial negativevinug groups (P=0.073, Figured-B).

Across the three groupstrand towardsnincrease in theombined endpoint in thmicrobial
negativegroup compared with théarus group showed a similar resiR=0.059) Findings were

similar in the ageand sexadjusted Cox proportional hazards modéibles12 and B).

Table 11: Combined Endpoint Characteristics of AECOPD Phenotypes.

Group | Number of Number of Number Mean combined endpointtime
cases events censored in days (95% CI)

Negative 20 13 7 (35%) 197 (133260)

Positive | 52 24 28 (53.8%) 259 (222297)

Group | Number of Number of Number Mean combined endpoint time
cases events censored in days (95% CI)

Negative 20 13 7 (35%) 197(133260

Virus 26 10 16 (61.9%) 267(212-322)

Bacteria | 26 14 12 (46.2%) 250(200-300
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Table 12: Cox Proportional Hazards Model Comparing The negative and Positive Groups.

-2 Lo¢ Ch-i df Pval ue

Li keli squa

286.6 4.43 3 0 218

Vari a B SE Wal (df Pval HR 95% C
Ag e -0.01/0.011.0¢1 030 0. 980 94840

Semma) ¢ 0. 4470 38 1.3!1 0024 1.5 0 7392

Negat 007110 3€ 3. 71 0005 2.0/ 0 9431
gr ouf

B= regressioroefficient SE= standard erroHR= hazard ratio.

Table 13: Cox Proportional Hazards Model Comparing The negative, Virus, and Bacteria Groups.

-2 Log C h-i df P-val ue

Li kel sgqua:

285. 67 5.10 4 0. 276

Vari ab B SE Wal df Pval HR 95% C
Age -0.0170.011.12/1 028 098094820

Sex (m 0.43¢0.381.2 1 0. 25/1.5 0 7392
Virus 4 . 4| 2 0. 10
Negati v 0. 9310 444. 3 1 0. 03/ 2.5 1. 066.20

Bacter.i 0039¢0.410.911| 033 1.4 0 6893

B= regressiomoefficient SE= standard error; HR= hazard ratio.
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3.3 Discussion

To our knowledgehis isthe first study that rseexamined the utility of a molecular methifmat
pathogen detection in AECOPDrfthe purpose of phenotypisgme of the exacerbations as
beingnortinfectious,and wedemonstrat¢hatsubjects who had a negative result on the array
had significantly higher N‘proBNPconcentrationslower hemoglobirtoncentrationsand
higher RDWvalues.Also, wedemonstrate that subjectsvho had only bacteria detected on the

arrayhad theshortestength of hospitalization.

Viral etiologies of AECOPD have previoudbgen studieth an experimentaRhinovirushuman
model in which COPD subijectgere infectedvith Rhinovirug34), andin a communitybased
time-matched, caseontrol study of respiratory viruses and AECO@B), bothstudies
confirmingviral causation of AECOPDN this study, we demonstrate the feasibility of using
molecular pathogen detectiomethodghathave been proven to be more sensitivdetecting
viral pathogens than culture and serology met{8&)sin addition we demonstrate their utility

in analyzingsputum samplesvhichare considered to be morgresentative of lower airway
infection than nasopharyngeal (NP) sam{3&% Also, the detection of viral pathogens is higher
in sputum samplesompared tdNP samplesavhen both sitearesimultaneouslyassaye(B7, 38)
Bacteria aralsoconsidered to bamajorcausative agent of AECORE®), and multiple studies
have shown thaholecular methods for detectitbgcteria have higr detection rates compared
to culturg40-42), making it a more suitablmethodto detect bacterial pathogefi$e ability to
simultaneously detect and identify multiple microorganisms through nucleic acid amplification
platforms from a single clinit@pecimen is especially useful for patient care. This approach,

known as multiplexing, is increasingly being utilized for the diagnosis of a variety of different
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infectious diseaseand currently, there araultiple FDA approved panels designed to aidha
diagnosis of respiratory, gastrointestinal, and central nervous system inf@ljoAsstrength

of our study is that echose a clinically approveehnelthat detected commaespiratory
pathogensThis enabled us to use a single clinical specimen, while other studies have used
different tests and different sampling sifes., NP for viruses, blood and urine for atypical
bacteria, and sputum foypical bacteria (44-47). The pathogens detected in our study are

consistent with the published literature on AECGORBerms oftype and prevalen¢48).

The current paradigmon theetiologies of AECOPD is that rough80% are infectious in
origin(39, 45), with a thirdbeingcaused byiruse49), while the remaindebeing atributedto
multiple norrinfectiousetiologies.Non-infectious exacerbatioris COPDare frequently
attributedto variouscauses, includingeart failurg¢50), atrial fibrillation(51), gastroesophageal
reflux disease (GERD%2), and acutgulmonary embolisifb3). We demonstrate here that
subjects with a negativeselt on the array had higher N0FoBNP concentrations, and an
elevation in this biomarkes associateavith acutecardiac dysfunctiom AECOPD20, 21)
This strongly suggests that at least a subsstibfectan themicrobialnegative group had a

noninfectiousexacerbationvhich wasmost likelydriven by cardiac dysfunction

We did not observe any significant differences between the groups ic@RentrationsWe

postulate thathis is dueto several reasonBirst, we hadarelativelysmall sample size that may

have limited our ability to detestatistically significantifferences in CRP concentrations.

Second, we did not exclude subjects who had evidence of bronchiectasis on CT scan, and not all

subjectaunderwent CT scan in our sty but we report tha® out of the 5 subjects that had
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undegoneCT scansn themicrobialnegative group had radiogtap evidence of
bronchiectasis, and it has been shown that subjduisuffer from COPD and also have
bronchiectasis as a comorbidity have higher CRP concentri@inthird, the array does not
cover all the bacterial organisms thatassociateavith AECOPD.Mostnotably
SaphylococcusureusandPseudomonaaeruginosaare notin thearray,thereforepatients with
theseinfectiousorganismsnay have been overlooked and included inntierobial negative
group We alsodid not find any significant differences in CRBncentrationbetween viral and

bacterialgroups which iscomparabléo what hadeenpublishedn the literaturéss, 56)

We demonstrate thatubjectsvho had a negative result on theagralso had lower hemoglobin
concentrationsompared to the ones with a positresult and theywereat levels consistent
with anemig57). No differences between the groups were observetam corpuscular volume
(MCV) andmeancorpuscular hemoglobin (MCH) valudsoth of which werevithin the normal
rangd€58). This pattern is most consistent with normocytic normochromic anemiahand
differential diagnosifor this pattern oinemia is quite wid&8), andencompasse®sgeral
etiologies, among} themis anemia of chronic disease (AGMhich is the most common cause
of this pattern of anemia, and is the second most common anemia after iron deficiency anemia
(IDA) (59). The prevalence of anemia in patients admitted with AER@&s been estimated to
bebetweenl9.3%and33% and many etiological mechanisms, which are not mutually
exclusive, are implicat¢@0). COPD patients that are anemic are significantly more short of
breath as measured the Medical Resaach Council Dyspnea scale (MR®ave lower exercise
capacityasmeasured by the sixinute walking distanctest(6MWD), and have worse health

relatedquality of life (HRQL) asmeasuredby the Saint George Respiratory Questionr(éite It
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hasbeen observethat anemic COPD patients experience more frequent COPD exacerbations
andhave a higher risk of death than their reoremic counterpai@2-65). It is plausible that the
subjects in thenicrobial negativegroup had clinically apparent anemia which may have

worsened their symptom burden and lowered their threshold for an exacerbation event.

We show here that RDW values weattsohigher in thanicrobialnegativegroup, along with the

low hemoglobin concerdtions.RDW has been used almost exclusively for tiffeckntial

diagnosis of anemia for many yeabsit recently, increasing and convincing evidence shows that
it is associatedith a variety of diseases and their complicat{663% There are very few studies
that have examined RDW COPD, howeverthe studies that haveeen performetiave shown

that an increase in RDW is associated with an increasetlity risk in COPD patientandis
alsoassociateavith cardiac dysfunctiof®7, 68) It is not currently knowif elevated RDW

values are an indicator ofirdiacdysfunction in COPD omerdy a marker of an increased
comorbidity burdenFurther studies investigating iron levels and peripheral blood smears in

COPD patients may help clarify the role of red blood cell changes in COPD.

In AECOPD, there are specific treatments for bacterfakttions that have very high cure \te
while in the case of viral infectionsifluenza is the only respiratory virus that has an available
treatmen{69). We show here that subjects who only had bacteria detected in their sputum had
the shortest length diospitalization, while interestinglgubjectsvho had a negative result on

the array had thiengestlengthof hospitalization. It habeendemonstratethatsubjectsvho

have a high burden of comorbidities like anemia Hamgerhospitalization for AEOPD

independent of age, sex, and READ), and elevated NproBNP concentrations on admission
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are also associatedth a prolonged length of hospitalization in AECORB). Themicrobial
negativegroup inour study had elevated NdroBNP and lower hemoglobin concentrations,

which are very plausible explanations for grelongedength of hospitalization in thigroup

Interestingly, we observed a trend towards a highg¥al mortality rate in patients the

microbial negativegroup compared to the bacteria grotipe most common cause of death in
COPD patients according to deatrtificate data iscardiacdiseas€r1), and elevated NT

proBNP concentratiorare strongly associatedth mortality in AECOPI8, 13) which might
explain the increasedortality rate observed in subjects who had a negative result on the array.
When examining the-§ear occurrence of death or rehaalptation, thesubjectswith viruses

detected in their sputum had the lowedge ompared to thenicrobial negativegroup (P9.073.

There are several limitatioms our studyand instudies utilizingnolecular methods of pathogen
detectionin generalFirst,we useda qualitative diagnostimethod and colonization could lead
to false positive resultgespeciallysincethe rate obacterialcolonizationin COPDis estimated

to bearound29%(72). Colonization rates may aldm® increaseth those withconcomitant
bronchiectasis, which appears to affect just over half of patients with (B@pD quantitative
methods weréo be usedo separate colonizationoim infection estabkhing a cufpoint in

which thepathogen detected would be considaradsativanaybe problematicln viruses, for
examplerespiratory syncytial virus (RSV) quantification in respiratory secretions in children
with acute respiratorinfections and adults with AECOPD varies by 2960I(32, 73) For
bacteriathere are several groups that haveposed a cutoff of 010° gene copies/mL for

Streptococcupneumoniaén CAP(74, 75) and itis generally acceptetiat 13-10° CFU/mLis
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consideredor culture positivityin mostbacteri&76, 77) Gadsby et &78) have applied the

same cutoff value forultureon quantitative moleculatiagnostics, and this did not significantly
decrease overall pathogen detection. Of note, the draafpund thatpositive cultue specimens
had a higher bacterial load by PCR in comparison to culture negategmensbut theculture
negativegroupwasmore frequently exposdd antibioticsprior to sample collection. 8en the

fact that PCRs able todetect viable as well as dead bacterig itot knownfor how long

bacterial loads by PCR might be detectable after initiation of antibiotics, and applying
guantitative cutoffs for molecular diagnostic methods might rule some patients negative for a
respiratory infection who haveeen partially treatedith antibiotics.Molecular pathogen
detection methods are relatively new, and there is a clear need for determining thresholds that
delineate colonization from infection, but for the time being, the issue of separating biteveen
two is still unresolvedSecad, we have used sputum samples as surrogatphdaotyping
exacerbations. Aputum sample does not necessarily represent the Wingleassputumis
collectedaftertravelingthrough the upper respiratory tract. Moreoutbgre are regional
differencedn detection rateef bacterial pathogensithin the same lun@9, 80) adding more
difficulty to the use of qualitative arglantitative methagifor phenotypingexacerbations

Third, our study was a retrospective studyhich stored sputum samples-80 °Cwere tested

for respiratory pathogens, and the effects of prolonged storage conditions at low tempenatures
microbial pathogen detectidrave not been systematically stud&d. However,n a study that
examined the ability of the Xpert MTB/RIF assay to delidgtobactenimtuberculosian

sputum samples that halveen storeth -80°C freezers for up to 4 yedB2), theassayshowed a
sensitivity of 95.7%, which was within the range reporteffesh sample#nother study that

examined the microbial communities in stored BAL samples for cystic fibrosis subje88’
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for morethan five year@3) showed results that were consistent with hisebrealturing results.
Fourth, dimitation of the array is that it does nmiver all pathogenic organisms implicated in
AECOPD,and of thesel>seudomonaaeruginosaandSaphylococcuswureusare the most
notable For staphylococcusas with otheprganismghat possesthick cell walls,specialized
DNA extraction methods are requi(8d-87). If these methodaereto be usedit hasbeen
shownthat the increased detection®&phylococcugomes at the expense of microbial
organisms with a fragile cell wall and virugg8, 89) Currently, there is no commercial nucleic
acid extraction kit that can simultaneously extract gram positive, gram negatiwe,uses

from the same samplBlyehara et al89) havepropose a method for achieving this goal
throughmethodghat prevent the loss of smaller viral particles while still extracting gram
positive bacterial his hasbeen successfully uset 300 archived clinical samples of respiratory
origin. This methodappeargpromising and if externally and prospectively validated, it could
become the gold standard for nucleic acid extraction for molecular pathogen detexsityn.

we had limited radiological data on the subjects in the study, given its retiespettire and

we did not havechocardiographic data tonfirmwith the eevated NFproBNP concentrations

theevidence of cardiac dysfunctiamthemicrobial negativeyroup

In conclusioncomprehensivenolecular methods of pathogen detection are soon to be
consideredh cornerston®&r diagnosing respiratory infectious diseaséslecular diagnostic
methodsare significantly fasteand more sensitivihan culture métods, andot affected by
prior antibotic use to thsameextentasculturemethods One important aspect is that these
methods are not only capablesiultaneously detectingwidegamut of differenpathogens

(bacteriayiruses and fungi) but also are capable of simultaneously and atelydetecting
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antibiotic resistance genesthin 4-6 hourg90). We show here tha commercially available
respiratorymultiplex array could aid in phenotyping AECOPD into infectioua@mwinfectious
exacerbationsThese results are encouragtodurther exploreand develop better molecular
pathogen panels that pess broader pathogen coverage aitiess the issue of colonization.
Prospectivelyexaminingrespiratory multiplex arrasin AECOPD hat requires hospital
admissiorand assess thmint of care advantages that theseels might possesaould be the
logical next step twalidatetheir value in the utilization of hospital resources and clinical

outcomes.
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Chapter 4: Conclusion

In this thesis, waddressedn issue thas commonlyencounterethy physicians antealthcare
professionals, which is phenotyping COBKacerbatioato enablea more tailored therapeutic
approach. Most exacerbatiotigt require hospitalizatioare treag¢d currently with the same
therapeuti@pproachregardless of the etiology, and we investigated the possibility of improving
this therapeutic approach by utilizing blebdsed biomarkers and molecular pathogen detection

methods.

We explored thassociatiosbetween NTproBNP and CRP and radiological findings consistent
with either an infectious or a cardiac cause of the C@rdgerbationWe showedthat NT-

proBNP was strongly associated with radiological findiogssistentvith cardiaccauseswhile
CRPwasstrongly associategith radiological findingsonsistentvith infectious causes of

COPD exacerbations. Thefedingsshould lead physicians to utilize these two biomarkers in
COPDexacerbationsand this could lead to better therapeutic approaches espeéciaditrents

who have cardiac involvemenWe propose a sensitivityoriented cupoint for CRPwhich has

the potential to guide the administrationasitibioticsand make informed decisioabout the use

of advanced radiological testsamely thoracic computed tomography (CT) scan].

In addition weinterrogatedhe potential use & molecular pathogestetectionArray in COPD
exacerbationdNe demonstrated that the results from the arriély regards to the infectious
organisms and their incidence is consistent with the published litecat @© P Dexacerbations
We alsoshowedthat subjects whbada negative result on the array had highergddBNP

concentrationsower hemoglobirtoncentations andhigherRDW valuesas compared to the
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individuals who were positiveyhich is strongly suggestive of a norfectious causef
AECOPD.Most importantly, the noinfectious group had the worst prognosis as indicated by

theincreasedength ofhospitaizationand a trend towards increasegearmortality.

Overall, we demonstratetlat the blooebased biomarkers NproBNP and CRP, and the

Randox respiratory molecular pathogen detection array, can béoyseshotype COPD
exacerbations objectly, and we propose instituting these already existing itestsler to
phenotype COPD exacerbations. Collectively as presented in this thesis, utilizing thes#l tests w
aid inphenotyping of£OPD exacerbatiorsetter alert physicianso cardiac involvenent, and
implement morespecifictestsaimed at diagnosing theeterogesouscauses of noinfectious

exacerbations of COPD.
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Appendices

Appendix A Days Between Radiological Tests and Blodoased Biomarkers

NT-proBNP

CT

Count

1004

CXR

501

5 -10 -5 0 5

Number of days difference

Differencein days between radiological study acquisition and blood biomarker test. Diffesreceaiculateds the

radiologicalstudydate minus the blood biomarker test date. Positive values indicate that the radiologicalastudy
doneafter the blood biomarker test.
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Appendix B Measurement of Radiological Parameters

B.1 Craniocaudal Division of The Lungs

Non-contrast transaxial CT image on lung windows 6bayear oldemale subject with mild centrilobular
emphysemaA, blackarrow denotes the carina (the boundary between the upper and mid lung zones).
B, black arrondenoteghe cranial most inferior pulmonary veastia(the boundarybetweermid and

lower lung zones).

B.2 Pulmonary Artery to Aorta Ratio Measurement

Intra-verouscontrast enhancedT image of &1 year oldmale subject with measurements of the ascending

aorta(green) and main pulmonary artery(yellow) at the level of the right pulmonaryastiery?A/A ratio: 1.28.
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Appendix C List of Associations Between Radiological Rameters and Bloodbased

Biomarkers

Source Variable 1

CT Airway thickening

CT Aortic diameter (mm)
CT Bronchiectasis

CXR Cardiac size

CT Centrilobular emphysema
CT Consolidation

CT Emphysema average
CT Emphysema score LLL
CT Emphysema score LML
CT Emphysema scoreUL
CT Emphysema score RLL
CT Emphysema score RML
CT Emphysema score RUL

Variable 2

Log10 NT-proBNP
Log10 CRP
Log10 NT-proBNP
Logl0 CRP
Log10 NT-proBNP
Log10 CRP
Log10 NT-proBNP
Log10 CRP
Log10 NT-proBNP
Log10 CRP
Log10 NT-proBNP
Log10 CRP
Log10 NT-proBNP
Logl0 CRP
Log10 NT-proBNP
Logl10 CRP
Log10 NT-proBNP
Log10 CRP
Log10 NT-proBNP
Log10 CRP
Log10 NT-proBNP
Log10 CRP
Log10 NT-proBNP
Log10 CRP
Log10 NT-proBNP
Log10 CRP
Log10 NT-proBNP

108
110
108
110
108
110
269
297
108
110
108
110
108
110
108
110
108
110
108
110
108
110
108
110
108
110
108

Analysis

ANOVA
ANOVA
Correlation
Correlation
ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
Correlation
Correlation
Correlation
Correlation
Correlation
Correlation
Correlation
Correlation
Correlation
Correlation
Correlation
Correlation
Correlation
Correlation

Correlation

Correlation
Coefficient

0.213
0.056

0.034
-0.11
-0.03
-0.15
0.05
-0.10
0.06
-0.04
0.03
-0.15
0.06
-0.13
0.05
-0.08
0.09

P-value

0.893
0.381
0.027
0.565
0.723
0.668
<0.00
0.179
0.320
0.685
0.050
<0.00
0.727
0.241
0.777
0.116
0.595
0.274
0.563
0.670
0.784
0.119
0.562
0.182
0.624
0.415
0.344

1

1
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Source Variable 1

CT

CT

CT

CT

CT

CT

CT

CT

CT

CT

CXR

CXR

CT

CT

CT

Pulmonary edema

Ground glass opacities

Mosaic attenuation

Mucous plugging

Presence of nodules

PA/A ratio

Panacinaemphysema

Paraseptal emphysema

Pericardial effusion

Pleural effusion

Pleural effusion

Presence of pulmonary eden

Pulmonary artery diameter

(mm)

Respiratory bronchiolitis scor

Reticulation

Variable 2
Log10 CRP

Log10 NT-proBNP
Log10 CRP
Log10 NT-proBNP
Logl0 CRP
Log10 NT-proBNP
Log10 CRP
Log10 NT-proBNP
Log10 CRP
Log10 NT-proBNP
Log10 CRP
Log10 NT-proBNP
Log10 CRP
Log10 NT-proBNP
Logl10 CRP
Log10 NT-proBNP
Log10 CRP
Log10 NT-proBNP
Log10 CRP
Log10 NT-proBNP
Log10 CRP
Log10 NT-proBNP
Log10 CRP
Log10 NT-proBNP
Log10 CRP

Log10 NT-proBNP
Log10 CRP
Log10 NT-proBNP
Log10 CRP

110

108
110
108
110
108
110
108
110
108
110
108
110
108
110
108
110
108
110
269
297
269
297
108
110

108
110
108
110

Correlation
Coefficient
Correlation -0.06

Analysis

ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
Correlation -0.03
Correlation -0.14
ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
Correlation 0.22

Correlation 0.23

Correlation -0.17
Correlation 0.13
ANOVA
ANOVA

P-value
0.562

0.549
0.027
0.111
0.239
0.943
0.158
0.197
0.094
0.748
0.151
0.414
0.195
0.918
0.234
0.723
0.101
<0.001
<0.001
0.006
0.247
0.008
0.154
0.020
0.018

0.076
0.160
0.750
0.602
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List of associations between radiological parameters and {laseld biomarkers. ANOVA and Spearman's
correlation were the statistical methods us€XR= chest Xray; CT= chest CT scan; RUL= right upper lung zone;
RML= right middle lung zone; RLL= right lower lung zone; LUL= left upper lung zone; LML= left middle lung

zone; LLL= left lower lung zone; PA/A=pulmonary artery to aorta ratio
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Appendix D ROC Curvesfor Radiological Parameters and Bloodbased Biomarkers
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ROC curves for bloothased biomarkers and Radiological parameters. The first row depicts ROC curves for using
NT-proBNP to predict radiological parameters obtained on cheay¥ with (A) showing ardiac size, (B)
pulmonary edema, and (C) pleural effusion. (D) depicts the ROC curve for using CRP togrmdidtglass

opacities on CT
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Appendix E Pathogens Covered in The Randox Respiratory Multiplex Array and The

Principles and Procedure of The Array.

E.1 Pathogens Coveredy The Randox Ar ay

Bacteria Viruses
Legionella pneumophila Influenza A virus
Chlamydophila pneumonia Influenza B virus

Mycoplasmgneumoniae  Human respiratory syncytial virus
Moraxellacatarrhalis Human respiratory syncytial virus
Streptococcus pneumonia Human parainfluenza virus 1
Bordetella pertussis Human parainfluenza virus 2
Haemophilus influenzae Human parainfluenza virus 3
Human parainfluenza virus 4
Human coronavirus 229E/NL63
Human coronavirus OC43/HKU1
Humanadenovirus A/B/C/D/E
Human rhinovirus A/B/C
Human enterovirus A/B/C
Human bocavirus 1/2/3

Human Metapneumovirus

E.2 Principles and Procedure of The Array
The Respiratory Multiplex Arrayl is designed to rapidly screen for the presence of 22 differen
respiratory pathogens simultaneously from one patient safifparrayis basedn a

combination of multiplex PCR, target hybridization and chemiluminescence to allow qualitative
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detection of respiratory pathogens within specimé&hgarrayis approvedor nasalswab,
bronchoalveolalavageor sputumspecimensThe first step is nucleic acid extraction, and the
recommended kit is QlAamp MinElute Virus Spin Kit (Qiagen). After that, asbeye process of
reverse transcription combined with multiplex PCR amplification is performed to allow detection
of both viraland bacterial nucleic acids within the specimérespiratory pathogens are present
within the sample, target genes vii amplifiedto detectable levels. Amplified sampka®

then addedo the Biochippermittingtarget gene sequenceshgbridizeto complementary

probes spotted on specific regions of the Biochigace.The Biochipis then imagedn the

Evidence InvestigatSrwhereonboardsoftware will identify the presence of respirgtor

pathogens within the samplen extraction control (ECis incorporatednto the array which

confirms successful sample nucleic acid extraction and PCR amplification
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Appendix F List of The Pathogens Detected for Eachubject in The Cohort

SubjectNumber = Pathogen 1 Pathogen 2| Pathogen 3 Pathogen 4
1 Negative

2 HI FLU B

3 Negative

4 HRV HI FLUB
5 HRV

6 HI

7 Negative

8 Negative

9 HRV

10 SP

11 Negative

12 HRV

13 HI SP FLU B
14 Negative

15 SP

16 Negative

17 Negative

18 Negative

19 HI

20 FLUA HI SP

21 SP

22 HRV

23 Negative

24 SP

25 HI

60



SubjectNumber = Pathogen 1 Pathogen 2| Pathogen 3 Pathogen 4
26 Negative

27 RSVA HI

28 RSVA HI MCAT
29 PIV 3

30 HI

31 HI

32 HI

33 FLUA HI SP

34 FLUA HRV SP CORO
35 Negative

36 FLUA HRV SP

37 PIV 4

38 SP

39 FLUA HI SP

40 HI MPV SP

41 Negative

42 HI SP

43 HRV

44 SP

45 HI SP

46 HI SP

47 HI

48 Negative

49 HAV RSV A

50 Negative

51 HI SP

52 Negative
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SubjectNumber | Pathogen 1 Pathogen 2 Pathogen 3| Pathogen 4

53 MCAT SP

54 Negative

55 HRV SP
56 HRV SP
57 PIV 4

58 HI

59 HI

60 PIV 2

61 SP CORO
62 Negative

63 HI

64 HRV

65 Negative

66 FLUA

67 HI SP
68 HI

69 HI

70 HI

71 HI

72 Negative

HI= haemophilus influenzae; SP= streptococcus pneumoniae; HRV= human rhinovirusirfluerza virus;
RSV= respiratory syncytial virus; MCAT= moraxella catarrhalis; PIV= parainfluenza virus; HAV= human

adenovirus; MPV= metapneumovirus; CORO= coronavirus



Appendix G Nucleic Acid Concentrations and Positive Pathogen Detection on The Randox

Array

3.57

3.01

2.5

2.0

log10 Nucleic Acid Concentrations (ng/uL)

T T
Negative Positive

Binary Randox Result

Box plots representing the nucleic acid concentration in the subjects in which no patvegedgtectednd the

ones with positive pathogen detection. There was no statistically significant difference between the gfbupk (P=
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Appendix H Demographic and Clinical Data of Study Subjects According to The Rsults

of The Randox Ar ay

H.1  Negative and Positive Groups

NegatGreetePosi Gr oeP-val

Age (years)

Mal e sex
BMI, kg/ m2
Caucasi an
Current smok
Cardi ac como
Home O2 wuse
| C%s e

16S copi es
(copies/ ngl/u
e GFR

(mL/min/1.73 m?)

FEVper cpernetdi ¢

FEV/ FrVat i o (

NTpr oBNP

(ng/ L)

CRP

(mg/L)

Length of ho
(Days)

WBC (10° cells/uL)

Neutrophils (10° cells/uL)
Neutrophil%

Lymphocytes(10® cells/uL)
Lymphocyte%
Eosinophils (10° cells/uL)

9

68.2+ 11
5 %
22.7 N
8 %
4 %
3 %
3 %
7 %

203 5
6.305)
78 NB5. 9

44NB4. 5
74 N188

1216.5
(31D20)
25. 7

( 8:987 46
.5
(87)

11.1
(5.6-12.75)

8.7
(4.2-11.8)
84.6
(74.593.5)
0.81+ .49

11.3+8.4

0.007
(0-0.06)

(o3}

4

64.8+11.6
6 7% 3

25. 2 N
7 8% 8
6 8% 6
40%4
1%

6 8% 6
3
(
8

5.0
9 B37 b
1 NZ5. 3

47NR7. 4
6 9 NB6. 2
369

(183 3)
5
(

6. 49
21-156.

(8)
8.74
(5.813.9
6.3
(4.311.9)
85.1
(79-90.4)
0.83% .49

9.3+5.5

0.025
(0.01-0.06)

0.652

0.613
0.447
0.042

0.382

0.096

0.851

0.939

0.891
0.377
0.139
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NegatGreetePosi Gr oeP-val

Eosinophil %
Monocytes(10° cells/uL)

Monocyte%
Basophils(1C® cells/uL)

Basophil%

RBC (1CF cells/uL)
Hematocrit
Hemoglobin (g/L)

MCV
MCH

MCHC
Platelets(10° cells/uL)

RDW%

Dataare representeals mean +SD or median and interquartile ranigeS= inhaled corticosteroid; eGFR=

0.13
(0-1.2)
0.227
(0.10:0.72)
47+4.1

0.01
(0.0040.06)
0.21
(0.080.74)
3.8
(3.1-4.4)
32.5
(29.839)
114
(95-133)
89.4+ 8.6

29.8
(27.931.5)
335
(32.1:341.2)
229
(182-269)
16.2
(14.420)

0.24
(0.1-.56)
0.44
(0.24-0.58)
4.8+ 3.06

0.02
(0.01-0.04)
0.22
(0.1-0.4)
4.4

(4-4.8)

39
(35.642.9)
128
(111-138)
88.3+ 5.2

28.7
(26.931.4)
330
(31.1:342.7)
213.5
(162.2308.2
14.6
(13.916.1)

0.246

0.513

0.984
0.695

0.988

0.029

0.029

0.031

0.714
0.432

0.590

0.761

0.025

estimated glomerular filtration rat1CV= mean corpuscular volume; MCH= mean corpuscular hemoglobin;

MCHC= mea corpuscular hemoglobin concentration; RDW= red blood cell distribution width.
12 and 29 subjects had N)FoBNP measured atimissionin the negative and positive group, respectively.

12 and 32 subjects had CRP measurediatissiorin the negative rad positive group, respectively.
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H.2  Subjects Divided into Negative, Virus and Bacteria

NegativeGroup | Virus Group | Bacteria Group @ P-value
Age (years) 68.2+ 11 645+ 126 653+108 0.533
Mal e sex 55% 61.3%6 73.1% 0.459
BMI , kg/ m2 22.7 £4.7 26.8+9.8 23.9+4.38 0.513
Caucasi an 85% 80.8%0 76.9%0 0.930
Current s mol45% 2% 65.4%0 0.180
Car di@amor bi d35% 42.3% 38.9% 0.953
Home O2 use 3% 16.70 11.5% 0.161
| C&s e 75% 64% 73.1% 0.683
16S cop 20.3 35.9 34.2 0.789
(copi es (6.31-10159) (9.9-73.9 (6.8-86.1)
e GFR 78.6+25.9 85.80+ 27.04 77.77+23.49 0.483
(mL/ min?d1.
FEVM percent | 446+145 51+18.4 438+ 16.2 0.340
FEV/ FrvaCt i o 74.4+ 18 70.7+16.8 ' 691+16.1 0.721
NTpr oBNP 1216.5 370 310 0.081
(ng/ L) (311-1920 (209-1358) | (165713
CRP 25.7 40.1 76.8 0.618
(mg/L) (8.27-98.46) (26-71.0) (15.41693)
Length 6.5 6 5 0.046
(Days) (5-17) (3-11) (3-7)
WBC 11.1 6.47 10.4 0.745
(10° cells/uL) (5.612.79 (5.412.2 (6.9-13.8
Neutrophils 8.7 5.52 6.53 0.812
(10° cells/uL) (4.211.8 (4.3210.85 | (4.7712.90
Neutrophil% 84.6 85.20 85 0.966
(74.5935) (82.2090.40 ' (80.1689.30
Lymphocytes 0.81+0.49 0.75+0.37 | 091+0.57 0.666
(10° cells/uL)
Lymphocyte% 11.3+£8.4 9.56+6.09 | 9.14+5.19 0.669
Eosinophils 0.007 0.03 0.02 0.326
(10° cells/uL) (0-0.06) (0.01-0.07) (0.02-0.05)
Eosinophil % 0.13 0.30 0.20 0.460
(0-1.2) (0.10-0.70) (0.12-0.40)
Monocytes 0.227 0.31 0.47 0.671
(10° cells/uL) (0.10-0.72) (0.26-0.52) (0.25-0.59)
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