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Summary

Bronchiectasis (BE), protracted bacterial bronchitis (PBB) and chronic suppurative lung
disease (CLSD) are serious diseases with important harmful impacts on children, their families,
the healthcare sector, and the broader community [Chang et al. 2008]. They overlap clinically,
and diagnoses can be confirmed only after further investigations and long-term follow-ups
[Chang et al. 2008]. It has been assumed (however stays unconfirmed) that PBB, CLSD, and BE
are part of a medical continuum and share common triggers and/or pathophysiologies while
being distinguished by their respective degrees of severity [Chang et al. 2008; Kalu et al. 2010].
Shared themes of suppurative pulmonary situations are persistent and continuing contagion, poor
clearance of infected material and extreme neutrophilic inflammation [Redding and Carter,
2017]. It is broadly acknowledged that insistent bacterial infections are damaging to the airway
[Stockley 1998]. It is important to establish the most accurate diagnostic tools to accurately
identify the bacterial/viral pathogens involved in the pathogenesis or acute exacerbation of these
diseases. Accurately identifying the etiology is critical to ensuring that the most effective
treatment is instituted. Currently, the standard care for children within the spectrum of CLSD
diseases involves the regular surveillance of airway microbiology and airway microbiology
during acute pulmonary exacerbations. However, those children are frequently unable to
expectorate sputum, even if vigorously coughing throughout an acute exacerbation.
Consequently, it seems that efficacious sampling regarding lower airway microbiology is
challenging, although it is essential if contagions are to be successfully managed or prohibited
[Forton 2015; Ronchetti et al. 2018]. Sputum induction constitutes a good method to getting
lower airway sampling from individuals who are not impulsively productive, and its utilization in
tuberculosis monitoring in children is well-addressed [Iriso et al. 2005; Zar et al. 2000]. The role
of sputum induction when treating young children within the spectrum of CLSD diseases has not
been systematically addressed.

The oropharyngeal cough swab process contains asking the child to cough whereas a swab
is put in the oropharynx. This is a very non-invasive, routine and straightforward process and is
improbable to affect the outcome of a succeeding induced sputum. Nevertheless, oropharyngeal
cough swabs cultures are a poor surrogate for cultures from lower airway samples taken
throughout a coexisting BAL [Rosenfeld et al. 1999].



Despite the current knowledge regarding the microbiology of the lower airways in children
suffering from CLSD, several challenges exist in the process of recognizing the pathogens
involved in pathogenesis, such as in an acute respiratory exacerbation of CLSD. As previously
stated, impulsive or induced sputum constitutes a trustworthy and available foundation of
specimens regularly utilized for microbiologic examination in adult population. Nevertheless,
gathering sputum from young children is quite challenging, because they have difficulties in
expectorating. Though oropharyngeal cough swabs might constitute a valuable alternative, in
practical way, the organism accountable for an exacerbation is hardly recognized and doctors
usually trust empiric data to handle PBB or respiratory exacerbations in children with CLSD/
BE.

In part the issue is that notwithstanding their regular utilization in clinical practice, upper
airway secretions composed by cough or throat swabs do not consistently forecast what are the
organisms that exist in the lower airways, particularly possible pathogens of interest (M.
catarrhalis, NTHI and S. pneumoniae), since these are likewise usually detected in the upper
airway spaces of children, who are healthy. A possible problem could be the infenction with
upper airway microflora, the time when lower airway specimens are attained for bacterial
cultures [Loens et al. 2009]. Preferably, recurrent bronchoscopies with multi-lobar BAL could be
applied to gather lower airway specimens before, during, and following acute exacerbations in
young children who are too young to consistently expectorate sputum. However, this method is
impractical given its invasive nature, as it would require repeated sedation or general anesthesia.
Additionally, though it is a safe technique, contamination could still happen throughout BAL
gathering in young children, since the used tube is extremely narrow for the protected brush
process. Therefore, the information needed to assertively assign causation in investigation and
patient treatment are partial [Singleton et al. 2014]. Therefore, more examinations are required in
order to elucidate the association between these three methods (cough swabs, induced sputum,
and BAL) when applied to children with CLSD [Pizzutto et al. 2017]. According to the above
discussion, an assay capable of quickly and accurately detecting multiple pathogens, including
viral pathogens, is highly desirable. Cough swabs and induced sputum are non-invasive airway-
sampling approaches, which if shown to be effective, could contribute to the reduction of the
number of bronchoscopies that children with CLSD need to undergo and routine infection

observation. Further research is required to recognize if the association between these three



methods holds for CLSD patients. If it does, it would enable practitioners to better manage,
monitor, and treat this condition. The objectives of the present research were to decide whether
the microbiology results from cough swabs samples provided by children with PBB and children
with acute exacerbation of CLSD or BE are accurate and can be used for further clinical
decisions, and to evaluate the accuracy of the Film array Biofire pneumonia panel plus, through

assessment of agreement with standard methods.



Hepiinyn

H Bpoyyextacia, n ypovia Paktnploxn Ppoyyitida Kot 1 xpoOvie. TudoNG TVELLOVOTAOELD
amoteA0VV GoPapéc VOGOUE 6T TOdLd e CNUOVTIKEG ETUTTAOGELS GE OVTA, OTIC OIKOYEVEIEG TOVC,
oTOV TOWEN TNG LYElag Kot oty gvputepn kowvotnta [Chang et al. 2008]. AAAniemikaidmtovtot
KMvikd kot M dudyvoon Tovg upmopel va givar PéPom poévo petd amd  pokpoypovia
napakorovnon tov acbBevov [Chang et al. 2008]. 'Exet mpotabel (wotdco dev €yxet
emPBeParwbel) 0TL 01 TOpATAVD acHEVEIEG OMOTELOVY UEPOC OGS KAVIKNG CLUVEYELNS KOL Ol TTLO
Tave KAMVIKEG KoTaoTAoEl polpdlovtal ko mabo@ucioloyia, eved Olakpivoviol amd Tovg
avtiotoyovg Pabuovg coPapdrdg tovg [Chang et al. 2008; Kalu et al. 2010]. Kowd 0épata
TV poviov mvevpovomadeimv eivon n emipovn 1 vrotpomdlovca AOIHMEN TOL KATMTEPOL
OVOTTVELGTIKOV, 1) OVOTOTEAECUATIKY] KAOOpoN TOL HOALGUEVOL LAKOD 0omd TO KOTATEPO
AVOTTVELOTIKO Kot 1) coPapr ovdetepopilikn eAeypovn [Redding and Carter, 2017].

H ypdvia Baxtnprokn Bpoyyitida dev amotelel pia véa KAMVIKT ovTOTNTO, KAODS KAVIKEG
KOTOOTACELG TOPOUOLES LE avThY, £xovv avapepOel BiAtoypapikd, cuyva Kotd To Tponyovueva
ypovwo, [Kantar et al. 2017; Taussig et al. 1981]. Qot6c0, HOMG TPOCPATA YOPAUKTNPICTNKE
enapkdc kKhvikd [Chang et al. 2008; Donnelly et al. 2007] kot amotehel mAéov pio KoAd
AVOYVOPIGUEVT] KAVIKT ovTOTNTO. XOpaKTNPIoTIKA, TO Todld e xpovia Baktnplakn Ppoyyitido
gtvon pikpd o€ nAkio (KaTo Tov TéVTE €10V, nEcog 0pog nAkiog = 3 £tn) [Marchant et al. Chest
2006; Donnelly et al. 2007] pe xvpiopyxo Khvikd coumtope Tov xpovio vypd Prxa [Chang et al.
2008]. [Tapdro mov apketoi yovelg £xovv OMADGEL ETioNg TV TOPOVGLE GLPLYIMOOVS AVOTVONG
(41-81% [Donnelly et al. 2007; Darelid et al. 1993]), ondvia emPePfarmdnie n dSidyvoon ypoviog
Baktnplaxng Ppoyyitidag oe owtd ta mwodid [Kantar et al. 2017]. Ot apvntikég endpaceLs TG
vOGoL 6TV vyeio TOV TOOIOV glvar EAAYIOTES Ko Ta ool pe ypdvia Paktnplokn Ppoyyitda
etvar pawvopevikd vy He QUOIOAOYIKY] ovamTLEn Yo TV MAKie TOvg Kot gV TapovGtdlovv
onueia kKoplag ypoviag mvmdovg mvevpovorabeiag [Chang et al. 2008]. Yrdpyovv mepurtdoelg
mov To. WOdLd pe ypoévia Paxtnplokn Ppoyyitda Adym un avomokpiong otn Oepomeio pe
Bpoyyodiootortikd, uropel Aavboouévo va  doyvocBoldv pe cofoapd acOuoe [Marchant et al.
Chest 2006; Donnelly et al. 2007]. Tétoteg S10yVOOELS TEPITAEKOVTOL TEPULTEP®D GE TEPUTTMGELS,
omov M ypovw Poaxtnplokn Ppoyyitda kot to AcOua cvvumapyovv. H didkpion twv
VROTPOTIALOVTOV KOl Un LRTOTPOTMOLOVTI®V €mECOdiwV Prya o€ €va maidi elval onpaviikiy,

EMELON TO. ATOOL LE O TOKTIKE TEPICTATIKA TOPATETOUEVOL VYPOL Py pmopel va datpéyovv
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HEYOADTEPO KIVOLVO VO UETOMEGOVV GE YPOVIOL TLMOYN TVELLOVOTAOEIDL KOl OTN CLVEYEWD GE
Bpoylektacia. Avti 1 vrobeon emPePoardbnke oe evilikec TANOLGLOVE TOV TOVTOTOONKOV
TPOCPOTO LE PPOYYIEKTACIO KO Ol TEPLGGOTEPOL OO TOLG OTOIOVG EYOVV GTO TAPEAOOV LOKPAS
dbpKelog VYPO PrYe TOV GE KATOLOVG XPOVOLOYEITOL 0o Ta TOSIKA Tovg Xpovio. [Pasteur et al.
2000; King et al. 2006].

H Bpoyyektacio, mov dev cuvdéeTon e TNV KLOTIKY (vwor), anotedel cofapn vOco Kot
éyel peydAn voonpdmra [Kapur et al. 2009; Chang, Grimwood et al. 2002; Singleton et al.
2000]. O opioudg g PBpoyyextaciog mov 666nke amd tov Laenec to 1819 PBaciotnke ot
uetabovartio otomaboroyic tov mvevpovov acbevav pe Ppoyyektacio [Lae'nnec, 1819].
Apybtepa, to Bpoyxoypagruata, ta oroio opictnkay to 1951 yio mpdn @opd [Mannes, 1951],
&ytvav m  e&€taom  eKAOYNG, TPOTOV ovTiKataoTafodv Kuplowg amd cop®OCES OEOVIKNG
topoypapiog Odpaka vyning avéivong (ChHRCT). Znuepa, n Bpoyyextacio meptypdpetot mg M
«uoviun dudTacn TV TEPLPEPIKAOV agpaymydvy [Westcott 1991; Webb et al. 2001] kot sivan puo
KATAoTOoN OmOL Ol PPOyYol TV TVELUOVEOV KOTAGTPEQOVTOL UOVIHO Kot otevpovovtatl. H
Bpoyyextacio eivol T0 OMOTELEGUO LOKPOYXPOVIOV AOUMEEDV TOV OEPAYOYDV LE OMOTEAECLOL
TNV OTOAEL TNG OOUIKNG OKEPALOTNTAG TOV TOLYMOUATOS TOVG TOV dnptovpyet T uoéviun S1drao
touG. Mmopet va AaPet xdpa eotiakd petd and cofopéc ofeieg avamvevoTIKES AOUMEELS 1) OF
TEPIMTOON UETO-OMOPPOKTIKNG Tvevpoviag Ady® Eévov copdtov 1 dAA®V evoofpoyyikdv
Brafav (pupatioon, 0ykog) N kot oto mAdiclo GAA®V cofapdv vOcwv (T.y. TPp®TOTAONg
dvokivnoio Kpooo®V kol KuoTikn tvwon). H Bpoyyektacio propel emmiéov va avamtvoybel petd
and coPapéc 10yevelS AOUDEELS TOV KATOTEPOV avamvevaTikoy cvothuotog [Colom et al. 2015;
Trenholme et al. 2013]. T'vootol mapdyovteg xwddvov vyio Ppoyyektacioc oto moudd
neptAappdvouv ) coPfapr| katr vrotponidlovoa mvevpovio [Valery et al. 2004; Eastham et al.
2004]. Qotdéc0o, ot apykoi mwaboyevetikol unyavicpoi mov odnyovv oe Ppoyyektoacio eivor
dyvootot. H BAGPN mov mpokadieiton otovg mvedpoveg amd Tig Bpoyyektocieg elvar pdvyun, aAld
N Bepaneio pmopel vo Ponbnoer oty VEESN TOV CGLUTTOUATOV KOl VO GTOUOTNCEL TNV
emdeivoon tov Prapav. To kvupiapyo countopa g Ppoyyektaciog eivar n epuedvion evog
TOPATETOUEVOD, TOPAy®YKoD vypoL PNya. Ilpdcbeta cvpmtodpoata meptapPavouy cofopm
dVoTVold, LTOTPOTALOVCEG AOYUMEELS AVATVELGTIKOV, EMLOVO VYPO Py HE amdOKPLon oTo
aVTIBLOTIKA, GUUTTOUATOAOYIN OVTIOPAGTIKNG VOGOL TV agpaywydv (asthma like condition) kot

VROAEWTOUEVT aVATTUET. ZTal Tod1d, 1 OTTVOT GLUPATIVEL OTLAVLA, EENPOVUEVOV TV TEAIKOV



otadiwv g vocov. [Ipocheta kAvikd onpeia ¢ Ppoyyektaciog TeptAapfavouy Tapapopemaon)
T0V OOPAKIKOD TOUYYMUATOS, TANKTPOOOKTLALN, O1dtacn Tov OOPOKIKOD TOWYMUATOS Kot
emmpdobeTOLE YOV KaTA TNV akpoaon Tov Odpakoc [de Blic et al. 2000; O Kalu et al. 2010].

e avtiBeon pe m Ppoyyektacio, 0 6pog ypdvia TVMOON TVELUOVOTAOELD TEPLYPAPEL TNV
KAMvVIKN Katdotaon mov PacileTor oty KAVIKY CuUmTORatoAoYia TG Ppoyylextaciog ympic ta
aKTvoroykd evpiuoata g Bpoyyektaciog otnv CHRCT. To kbplo countopa tov aclevov pe
POV, TVMOT TVELOVOTADELL Elval O TAPATETAUEVOG VYPOS Pyas. Extdg amd v amovcio tov
evpnuatov omv CHRCT, 1 copuntopatoroyio Tov aclevaov pe ypdvia Tumdon Tvevpovondoeia
elval mapopota pe eketvn g Ppoyylektacioc. e avtifeon, ol acbeveig pe ypdvia Paktnplokn
Bpoyyitwda mapovoidlovv £€va emelcOO0  PEPOVOUEVOL VYPOL Pixa (mov dev  mEPLEXEL
CLUTTOUOTOAOYIO Kot onueio Bpoyyektaciag 1 xpoviag Tumoovg Tvevpovoradeiag) [Chang et al.
2008]. Ta mwoudid pe ypodvia Tumon Tvevpovoradeio avTpeTmilovtal pe v 1010 OepamevTiKn
ayoyn mov ovtipetonifovior to wodd pe Ppoyyektacio. A&ilel va onpelmbel 0Tt To Todtd pe
POV TVAON TVELUOVOTTABELD SLAPEPOLY O Ta TodLd e ypdvia Paktnplaxn Ppoyyitidoa cto
OTL M KOTAGTOON TOVG OEV WUMOPEl VO aVTIGTPOQEL TANPWOG UETE TN YOPNYNON OYNUATOV
avtilotikov. H ypoévia mumddn mvevpovorddeta sivor BERam edv ot acbeveic mapovoidlovv v
TUTIKY] cvpmtopatoloyia tov acBevav pe Ppoyylektacia yopig va mopovcidlovv To
YOPOKTNPLOTIKE OKTIVOAOYIKG EVPNUOTO TTOV TOPOoVGldlovv ot acbevelg e Ppoyylextacio oty
CHRCT [Chang et al. 2008]. H pun 6ot avTeT®dnion e ¥poviag Tu®O0vg TVELIOVOTAOElog
umopetl va. odnynoet oty €£EMEN oe Ppoyyektacio Adyw abpototikng PAAPNG TV aepaywydv
and emavolopPavopevn M emipovn Poktmplokn Aoipwén [Chang et al. 2008]. Ou ofeieg
Tapo&HVGELG NG XPOVING TLMOOVS TVELUOVOTAOELS Kot TG Ppoyyektaciag oyetilovtol L
ocoPapodtra g vocov [Wang et al. 2015]. Av kou dev vrdpyovv emapkn Pifioypopikd
dedopéva yio T Ppoyyektacio N ) xpovie mvevpovomddelo ota Toudld, ot TapoSHVGELS TOVG
etvar mBavd va enmpedoovy apvntikd v mvevpovikn Agrtovpyia. [apdyovteg mov emdpodv
OPVNTIKO GTNV TVELHOVIKN Agltovpyion o€ evAMkég aocbevelg elvar 1 oovyvomta TV
TapoELVEEMV, 01 AVENUEVOL PAEYLOVMOELS deikTeg Ko 1 Aoipmén ue Pseudomonas aeruginosa
[Martinez-Garcia et al. 2007].

Onwg n PBpoyyextacio kot n xpoévVie TodON mvevpovomddela, 1 ypovia Paktnplokn
Bpoyyitida cuvoéetan pe emipovec/vmotpomdalovoeg PakTnPlokeés AOUMEEIG GTOVS AEPAYMYOVG

[Marchant et al. ¥t0o¢c 2006; Donnelly et al. 2007] kot givar gvpémg amodekTd OTL TETOEG



Baktnplakég Aoudéels PAantovv toug aepaymyodc [Stockley 1998; O Chang et al. 2008]. H
dldyvmon tov PoKInplakoy Topdyovio Tov TPOKOAEL aVATVELCTIKY AOIH®MEN GE QTOVG TOVG
acBeveig sivon eEoupetikd dVoKoAn kKabdg eivolr yvootd 6Tt To. Toudd dev eivor wkavd yuo
AmoOYPEUYN MGTE VO ANEOEL 1KOVO avoamTveLoTIKO OElYUA Y100 TEPULTEP®D EPYACTNPLOKO EAEYYO.
Eivon ovvenmg onpovtikod, vo kabopiotovy o o akpiPn StoyvemoTikd epyaleio yio Tov akpifn
EVIOTICUO TOV POKTNPOKOV/UKOV Tafoyovemv mov sumiékovtol otny maboyéveon 1 v o&ela
napouvon avtdv Tov vocwv. O axpiffig mpocdlopiopds TG OITIOAOYIOG TV Mo IOV
napo&hvoewv givar TOAD onUavTIKOG YTl Pe avtd TOV TPOTO EMALYETOL 1) KOTOAANAOTEPN
avTiflotikn Oepomeia. Znuepa, N kabepoUévn KabOnUePIV KAVIKN TPOKTIKY Y10l TO ToUdLd EVTOG
T00  @dopatog TV YPOHVIOV  TLOd®V  Tvevpovomafeldy  mEPAAUPAVEL TNV TOKTIKY|
napakoAovOnon g piKpofroloyiag TV oepUy®Y®V O0AAL Ko Tng HiKpoProloyiag Twv
aepAYOYOV Katd T dtdpkela o&elwv Tapobivoemy. QoT1060, AVTE Ta TOSLE GLYVAE ASVVATOVY
Yoo amoxpeUyn okoOpo KL ov vmapyxet vypog Prxoc. Kotd ovvémewn, o¢aiveron OtL 1
OTOTEAECUOTIKY] OELYHLOTOANYIO GYETIKA pe TN HKPOPLOAOYio TOV KOTOTEPOV AEPAYOYDV
amotelel TPOKANGT, OV Kol €vol OLGLOGTIKNG ONUOGIOG Yoo TNV EmTLYY OloxeEiplon Ko
avtipetonion tov Aowméewv [Forton 2015; Ronchetti et al. 2018].

Ta mpoxkAntd mtdeha amotehobv o koA pébodo ywo T AN dErypdtev
OVTITPOCHOTEVTIKAOV TOV KOTATEPOV OVOTVELSTIKOD 0md GTOUM 7oL OgV &lvol 1KOvA Yo
AmOYPELYT KOl M YPNON TOVUG OTNV OVTIUETOTION TNG QLUOTI®ONG ota Todld givol KoAd
amodederypévn [Iriso et al. 2005; Zar et al. 2000]. O poAOG TOV TPOKANTOV TTVEAMV OTN
Oepaneion piKpOV OOV €vtog Tov Qdopatog Tov oacbeveldv CLSD dev €xer peketnBet
ocvotnuotikd. Ot ovyypoeeig pag pedétme tov 2018 [Ronchetti et al. 2018] cvvéotnoav v
TOKTIKY] EQOPUOYY] TPOKANTAOV TTLEA®V G€ Toudld pe kvotikn ivoon. H mpdtaon avt
yopaxktnpicOnke amd v gvpeior amodoyn ™S ddkaciog amd OAES TIG NAIKIOKES OUAdES, TNV
amod0y] TOV YOVEWV Kol 00OEVOV, TNV EVKOMO ETAVOANYILOTNTAG TNG, TNV EMTLYN AWM
detypdtv, v €PapLoyn TOGO O €0MTEPIKOVG OG0 Kot e€mTepkods acbeveic, 10 peydro
TOGOOTO T®V OovViXVEVLSIH®V ToHoyOdvmy Kol Tr ONUOVIIK] OWKOVOUIKY] €E0IKOVOUNGCT OE
ovykplon pe 1t PBpoyyookomnon. Ot cvyypaeeis mpoTtEWVOY ®GTOCO, OTL TOGO TO TPOKANTA
nTogda 000 kot 1 Aqym BAL &1 AoPdv Ba mpémel va ypnOLUOTOLEITOL MG TUTIKY] TPOKTIKY Yol

™V TANPN aviyvevon Taboyovev KOTMTEPOL 0EPYWYOD G OO e KVOTIKY tveor).



H Aqym cough swabs mepilapfaver m dadikacio péoo and ) omoia {nrdue and 1o
modt va Pr&et evd évag otetledg Tomobeteiton 6To omicHio TolyWUe TOL GTOUATOPAPVYYA YMPIG
va 1o ayyigel. Amotehet pun emepfotikn Ko amAn dadikacio kot givor amifavo va exnpedost Tnv
ékPaon oG evoeyouevng dadkaciog TPokANT®V TTuéAwv ov Ba akoAovOncel. QotdG0, Ot
KOAMEPYEIEG emyplopdtov cough swabs dev delyvouv kaAn ocvoyétion av cvykplBodv pe
KaAAépyeleg oo dsiypata BAL [Rosenfeld et al. 1999]. Ev pépet to {ftnuoa givan 6tt mopd tnv
TOKTIKT] ¥PNON TOVG OTNV KAWVIKN TPA&n, ot mBavég EMUOAVVOELS Omd TIC EKKPIGEIS TOV
AVATEPOV OEPAYOYADV EYOVLV MG OMOTEAEGHA Vo, unv umopet pe Pefordotnta va yopaktnpichel o
OTOLOVOUEVOS UIKPOOPYOVIGUOS ®¢ TOOVO (Tl0 AOIHMENS TOV KATMTEPOV OVOTVELGTIKOV.
Emnpooheta, mbovd maboyova evdopépovtog (M. catarrhalis, NTHI kot S. pneumoniae),
aviyvevovtal ETiong GLVHOME OTO AVATEPO OVOTVELGTIKO TV TV, To ooia eivar vyu). 'Eva
mhavo TpdPAnua B propodoe va givarl 1 HOALVON e LUKPOYAMPISO TOV OVAOTEPOL AEPAYDYOV,
™ otiyu] mov Aopfdavovior delypato KOTOTEPOL AEPAYM®YOV Yo PBaKTNPlOKES KOAMEPYELES
[Loens et al. 2009].

Ta 0@éln TtV mPOKANTOV TTLEA®V VOVl TOV emyyplopdtov cough swabs &yovv
AVOYVOPLOTEL 68 EVIAMKES KOt LEYOADTEPQ TOdLA e KVOTIKT tvwon. Qotdc0, Kapio perétn dgv
&xel ovuykpivel Tig 000 mpoceyyioelg o acbeveic pe CLSD. Ta anoteAéopota 0Tt o1 KAAMEPYELEG
cough swabs pmopodv va ypnooromBovv avri yio BAL kot 6Tt amoterodv a&idmiota delypata
TOV KOTMTEPOV AVATVEVGTIKOD TPOEPYOVTOL OO TEVTE OvVapOpES amd acOeveig Le KuoTikn Tvmon
[Armstrong et al. 1996; Avital et al. 1995; Ramsey et al. 1991; Rosenfeld et al. 1999; Jung et al.
2002]. ztoryeio. omd mévte PEAETEG delyvouV OTL TaL TPOKANTA TTOHEAN EIVOL TTLO OTOTEAECUATIKG,
and to cough swabs yio Tov gviomiopd Poktnplak®dv maboyovov oe acbevelg e Kuotikn tvoon
[Al-Saleh et al. 2010; Suri et al. 2003; De Boeck et al. 2000; Henig et al. 2001; Ho et al. 2004].
Mo pkpn e€€taom 10 evniikov atdpmv pe Kootk tvoon £5e1&e cuykpiotues pikpoloroyikég
amoddGelS dtav ypnoiponoincov avhopunTo TPOKAAOVIEVA TTVEAN, TPOKANTA TTveha Kou BAL.
Avo peyoAdtepeg peréteg cuvékpivay cough swabs e TpokAntd ntdeda e ATopd He KUGTIKY|
tvoon (mov agopovoav 43 kot 94 modud, avtiotorya). Kor ot 600 efetdoelg avayvopioav
TEPALTEP® OPYUVIGHOVS 6T TPOKANTA TtV 6T0 30% Kot 42% TV TEPIMTOCE®V, AVTIGTOLYO.

[Tapd Vv Tp€Yovca yvadon GYETIKA HE TN WKPOPLOAOYIN TV KATMOTEPMOV AEPAYOYDV GE
oud1d wov macyovv amd CLSD, vdpyovv apKeTEC TPOKANGELS OTN SLUSIKAGIO OVAYVAOPLONG TOV

nafoyovov mov gumiékovior o€ o o&elo avomvevotikn moapdEvvorn g vocov. Omwg
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avaeEpOnke TPoNYOLUEVAGS, | GLAAOYY] TTLEAMV OO LUKPE Tond1d Etvan apkeTd SVCKOAT, EMEON
£Yovv dvokorec otnv amdypeyn. Av kot To. cough swabs pmopel vo amotedovv pio, ToAHTIUN
EVOALOKTIKY, TPOKTIKG, O UIKPOOPYOVIGHOG 7ov gubbveton ywoo tnv  mapodéuvon  degv
avayvopiletor kot ocvvnBmg M avtipetonion Ttov mopoivoewv yivetoaw epmelpkd. Kotd
nwpotiunon, Bo umopolvcGav Vo EPUPUOCTOVV ETAVIAUUPAVOUEVES PPOYYOCKOMNCELS YIO. ANYN
BAL yia T cvALOYN OEIYUATOV AVIUTPOCHOTEVTIKMOV TMOV KOTOTEP®V OEPAYOYDV TPV, KOTAE TN
dudpkela Kot Hetd omd o&eleg mapo&hvoelg oe PiKpa Tondid mov dev eivat 1KoV Yo amdypeLy.
Qo1660, o N LEB0SOC dev givar TPAKTIKY, OEOOUEVOL TOV EMEUPOTIKOD YAPUKTIPA TNG, KOODG
Oa amoutovoe emavorapPovopevn yevikn avoioOnoio. Q¢ ek TOLTOL, Ol TANPOPOPIES TOL
amortovvTol Yo va amodobel pe Befardtnta n ortoroyio Tov pKkpofroroyikol mopdyovta mov
evBvvetar yuo v oeglo mopdEvvon g voocov eivar AMyeg kot m Oepameion Tov acBevoig
avoyKaoTikd yiveton eumelpikd  [Singleton et al. 2014]. Zvumepacpotikd, omortobvtot
TEPLOCOTEPEG LEAETEC TPOKEWEVOD Vo OOAEVKAVOEL 1| CLGYETION UETOED OVTOV TOV TPUOV
uebodmv (cough swabs, tpokintd kot BAL) 6tav spappolovior oe moudid pe CLSD [Pizzutto et
al. 2017].

[Tépa amd to mPOPANUE Vapéng KATAAANAOL OVOTVELGTIKOD SEIYUOTOC, TOV TPEMEL VA
elval avTImpocOTELTIKOY TOV KOTMTEPOL AVOTVELGTIKOV, OMOLTEITOL KO [0 HIKPOPLOAOYIKN
TEYVIKT] TTOL VO AVIYVELEL YP1Yopa Kol Le akpifeta 1o TabBoyovo mov eumiékeTon ot Aoluwén pe
okomd TV &ykoupn &vapén otoyevpévng avtilotikng Bepameioc. Qg YvootOV 01 KAUGGIKEG
pébodotl pikpoProroyiog (KaAMEpyeleg) amartodv TovAdylotov 48 dpeg Yoo TV OTOUOVAOGCT
Bakmnpiov kot omouteitor  wEPOUTEP® YPOVIKO SUCTNUO Yoo TNV OlEKTEPAiOT  TOV
avTiloypappotoc.

'Eto1, oopeova pe v mapomdveo culnmmon, pia ££Tacm tKav vo aviyveDeL Ypryopa Kot
pe axpifen moAlamAd moboyova, cvumepiapfavopéveoy tov uKov mtafoydévov, eivar moAn
emBounty. Eniong ta cough swabs kot to mpoxdntd wrdela givar un enepPotikéc mpoceyyicelg
detypatoAnyiog aepaywymv, ot omoieg €dv amodeyBovV AmOTEAECUATIKEG, B UITopovGaV v
ovpPdrovv ot peiwon tov aplBuod TV Ppoyyockomnoemv mov mPEnel vo. vofAnfodv Ta
noudid pe CLSD.

YKOTOG TG TAPOVGOS LEAETNG NTAV VO TPOGOLOPIGHEL ) £YKLPOTNTA TOV HKPOPLOAOYIKADV
OTOTEAECUAT®V OV TPOKVTTOVV Ao To. cough swabs (OVTITPOCGHOTEVTIKG JEIYLOTA KATOTEPOL

OVOTTVELGTIKOV) KOl KATA TOGOV OUTA UITopovv vo, yxpnoipomoinfodv o¢ Paon yioo Tepottépm
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KAMVIKEG amOQACELS. XTOY0G OKOUN NTAV, VO TPOCSO0pIodel N eyKLPOTNTA TOV OTOTEAEGUATOV
mov mpokvmTovy amd TV tEYVKN Film array Biofire pneumonia panel plus pe Pdon ta
amotedéopato tov reference standard peBddwv (koAMépyewn) kot va  kaBopioBovv ot
pikpoProroywkol  artiohoyikoi  mapdyovieg G o&elag  mopdEuvong  xpoviag  TuMOOVG
nmvevpovoradelag, Ppoyylektaciag Kot yxpoéviag Ppoyyitdag (edv ta cough swabs deiypota
amodeyBovV aE10MmIoTO SEIYUOTO OVTITPOCOTELGNG KATMTEPOV OVOTVEVGTIKOD).

Ot voBéoelg rav 0Tt Tol LKpoPloAoyikd amoteAéspoTo TV detypdtwv cough swabs mov
Aoppdvovtor  amd acBeveig pe ofelo mapodEuvon  ypdVIeG TLAOSOVS  TVELUOVOTAOELOG,
Bpoyylextdolag Ko oe acbeveig pe ypovia Popoyyitida givar Eykvpa Kol ovVTITPOSOTEHOLY TO
KOTAOTEPO OVOTVELGTIKO KOl OEV OVTAVOKAOLV EVPNUOTO QUGLOAOYIKNG YA®PIOOS avdTEPOL
OVOTVELCGTIKOD KOl OTL T pukpofloroyikd amotedéopato tov Film array Biofire pneumonia
panel plus and ta cough swabs deiypata eivar a&lomoTo Kot T0 PKPOPLOAOYIKO QAGHO TOL
aviyvevel M ovyKeKpuévn eE€taon etvar peyaAdtepo amd TO MKPOPLOAOYIKO QAGUHO TTOV
AVLYVEDEL 1] KOAMEPYELXL.

INa va edeyyBovv ot o wéve vrobéoelc, and 23 acbeveig 2-16 ypovmv, Tov TANpoHGAV Ta
kprtipo. o&eilog mapoELVONG XPOVING TLMOOOVE TVELUOVOTADEING, PPOYYEKTACIOG Kol YPOVIOG
Bpoyyitwwag kabdg ko and 17 mponyovpéveog vym moudld mov voonievbnkav ywo Aoipwén
avdTepoL avamvevotikoy (age matched) AneOnkav cough swabs kot étvyov meportépm
LKPOPLoroyIkfg dlepedvNoNg Le TNV XpNon KaAEpyetag Kot tng texvikng film array.

Me Bdaon ta amoteAéspato G pHeAétng ta cough swabs 0gv avtimpoocwnevovy aidmoTta
delypata mpogpyOuevo and T0 KATMOTEPO OVOTVELGTIKO Kol Yo, ovtd T0 AdYo dgv pmopodiv va
YPNOLOTOM B0V TEPATEP®D GTNV KAONUEPIVI] KAVIKT TPOUKTIKY] Y10 ANYN KAVIKOV 0TOoPAGEDV.
Eriong, Aapupdavovtag vroyy ta aroteAéopara, 1 texvikn BioFire FilmArray Pneumonia Panel
emrpénel Vv toyeia aviyvevon maboydvev kot TopExel LEYOADTEPO LKPOPLOAOYIKO Acua EGV
ovykpBet pe 1t reference standard pxpofioAoykr) péBodo mov eivan  kaAMEpyeio ko emiong
yopokmnpiletor amd vynAn evoicOncio kot PETPLO TPOG VYNAN EWOIKOTNTO GTNV AViXVELOT)
avamveuoTiKOVv maboyovev. ‘Eva apvntikd amotéiecpa pe v teyvikn film array oe oelypa
cough swab amoxiegier v Vvmapén tov ©¢ mBavold orToAoyKod moapdyovto TG AOIHMENG
(vymAn NPV) evd éva Betikd amotélecpa dgv pmopel va emiPefordoet TV Topovsio Tov mg

mBavoy artioAoykol Tapdyovia g Aoipméng (xaunin PPV).
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Téhog, ovumepaivovpe OTL, €ivol EMTOKTIK 1 OVAYKN Yol OLEVEPYELD LEAETOV Yo TNV
OmOTEAECUOTIKOTNTA TNG TEXVIKNG film array ypnoyonoldvoag 6Aa T SfEGIIA aVamVELSTIK

delyparta.
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ABSTRACT
Introduction Protracted bacterial bronchitis, chronic suppurative lung disease and are severe

illnesses with damaging adverse influences on children, their families, the healthcare sector, and
the broader community. Shared themes of suppurative pulmonary circumstances are extreme
neutrophilic inflammation, tenacious and continuing contamination and poor clearance of
infected material. Dissimilar respiratory sampling methods take place to recognize lower airway
pathogens in individuals with chronic suppurative lung diseases, of which expectorated sputum
and bronchoalveolar lavage are thought to be the “gold standard.” The diagnosis of lower
respiratory tract contaminations in non-expectorating patients is perplexing, since
bronchoalveolar lavage is not able to be repeated boundless. Some additional sampling methods
are cough swab, nasal swab and induced sputum. Our aims were to determine whether the
microbiology results from cough swabs samples provided by children with PBB and children
with acute exacerbation of CLSD or BE are accurate and can be used for further clinical
decisions, and to evaluate the accuracy of the Film array Biofire pneumonia panel plus, through
assessment of agreement with standard methods. Materials and Method Children aged 2 to 16

years old were eligible for the study if they had a definitive diagnosis of PBB, BE or CLSD and
they were in acute exacerbation phase. Age-matched previously healthy children who were
hospitalized with evidence of upper respiratory infection were also enrolled in study, comprising
the healthy control group. Cough swabs were collected from all the patients and controls. Cough
swab samples were educated for 48 hours utilizing routine microbiological processes and all the
samples tested for several bacterial and viral pathogens using the BioFire FilmArray Pneumonia
Panel plus test. The data were analyzed by using statistical software IBM SPSS 24. Chi square
test was utilzed to test the the dependence between group category (patients, control) and
existence of microorganism (yes, no). McNemar test was used to test differences between film
array and culture technique for patients, regarding the existence of microorganism. Sensitivity,
Specificity, PPV and NPV was used for film array and culture technique. Results No statistically
significant differences using film array technique between patients and control group were
indicated (p>0.113). Statistically significantly differences between film array and culture
technique for patients appeared, in microorganisms Haemophilus influenzae (p=0.008) and
Moraxella catarrhalis (p=0.016) where the microbiological yield was higher for film array
technique comparing with culture. The utilization of the film array PN Panel led to a 114.29%

14



grow in the total number of bacterial targets detected The Film array test presented high
Sensitivity (1.00) and NPV (1.00) when compared to bacterial culture, medium specificity (0.78)
and low PPV (0.50) when the results compared with the results of reference standard method the
culture. Conclusions Cough swab samples do not represent reliable samples from lower
respiratory tract so, they are not useful samples to support/confirm etiological diagnose of LRTi
in CLSD patients in every day practice. The BioFire FilmArray Pneumonia Panel enables fast
recognition of pathogens and provides greater microbiological yield than the reference standard
method, culture. A high sensitivity (100%) and high specificity (78%) was found for film array
assay for the discovery of normal respiratory microorganisms. A negative cough swab
oropharyngeal film array result can effectively rule out a possible inferior airway contagion
(NPV is high), whereas a positive cough swab oropharyngeal film array result does not reliably
confirm a possible lower airway infection (PPV is low). More examinations are required in order

to assess the possible clinical efficacy of the FA-Pneumo assay with several specimen kinds.

Keywords: Protracted bacterial bronchitis (PBB), Bronchiectasis (BE), chronic suppurative lung
disease (CLSD), Bronchoalveolar lavage (BAL), cough swabs, induced sputum.
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oTC Over the counter
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INTRODUCTION

Bronchiectasis (BE), protracted bacterial bronchitis (PBB), and chronic suppurative lung
disease (CLSD) are severe diseases with noteworthy harmful influences on children, their
families, the healthcare sector, and the broader community [Chang et al. 2008]. They overlap
clinically, and diagnoses can be confirmed only after further investigations and long-term
follow-ups [Chang et al. 2008]. It has been assumed (nevertheless stayes unconfirmed) that BE
CLSD and PBB are part of a clinical spectrum and share common triggers and/or
pathophysiologies while being distinguished by their respective degrees of severity [Chang et al.
2008; Kalu et al. 2010]. Shared themes of suppurative pulmonary circumstances are extreme
neutrophilic inflammation, insistent and recurring infection and poor clearance of infected
material [Redding and Carter, 2017]. It is extensively recognized that tenacious bacterial
infections are damaging to the airway [Stockley 1998].

1. Protracted Bacterial Bronchitis (PBB)

PBB does not constitute a novel entity, as PBB-like circumstances were stated throughout
the preceding era [Kantar et al. 2017; Taussig et al. 1981]. However, it has only recently been
adequately clinically characterized (by Bronchoalveolar lavage (BAL)) [Chang et al. 2008;
Marchant et al. Chest 2006; Marchant et al. Thorax 2006; Donnelly et al. 2007]. PBB is now a
well-recognized clinical entity [Wurzel 2005; Gibson et al. 2010; Shields 2008; Dinwiddie 2013;
Irwin 2006; Pohunek and Svobodova 2013].

The innovative classification of PBB, which was addressed in 2006, involved the
subsequent principles: the occurrence of bacterial infection of the lower airways as displayd on
BAL, extended wet cough that last more than weeks and the resolution of coughing within two
weeks of appropriate antibiotic therapy [Marchant et al. Chest 2006]. However, the classification
of PBB has progressed since then [Marchant et al. Chest 2006; Wurzel 2005]. Today, PBB is
considered present when a continuous chronic (duration >4 weeks) productive or wet cough
exist; signs or symptoms (i.e., particular cough indicators) suggestive of other grounds of wet or
the cough is determined after two to four weeks of a proper oral antibiotic cure and productive

cough are not present [Kantar et al. 2017].
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For augmented likelihood and applicability to primary and tertiary care situations, the BAL
element was absent in the reviewed description of PBB [Gibson et al. 1010]. This was
additionally maintained by a randomized controlled trial on children with prolonged cough
(n=50) that displayed considerably advanced cough-resolution rates in children getting
amoxicillin clavulanate antibiotics for two weeks (48%) compared to those receiving a placebo
(16%) [Wurzel 2005; Marchant et al. 2012]. PBB has been accepted in an official way by the
British Thoracic Society, Thoracic Society of New Zealand and Australia 5 [Chang et al. 2008;
Shields et al. 2008]. PBB is likewise acknowledged by European Respiratory Society (ERS) and
the American College of Chest Physicians [Chang et al. Chest 2017] as a clinical body as
specified by its assimilation into the ERS pediatric syllabus in 2012 and a task force manuscript
[Kantar et al. 2017; Chang AB and Marchant 2019]. PBB constitutes a main reason of enduring
wet cough in children in Australia, UK and US, and it is perceived to be the topic of
investigation made by numerous groups [Donnelly et al. 2007; Kompare and Weinberger 2012;
Zgherea et al. 2012].

1.1 Pathobiology

The lower airway profile of BE and PBB [Chalmers et al. 1018] is described by extreme
neutrophilic infection with noticeable proinflammatory mediator reactions (e.g. matrix
metalloproteinase-9, interleukin (IL)-8 and IL-1p) [Marchant, Gibson et al. 2008; Baines et al.
2014]. Validation cohorts and experimental and of children with PBB have revealed expressively
greater levels of genetic factor and protein expression of a-defensin, IL-1p, CXCR2 and IL-1
pathway members, than non-PBB illness controls [Baines et al. 2014]. The expression of the
gene of some IL-1B signaling molecules (i.e., IL-1 receptor-associated kinase 2 and Pellino-1)
were considerably advanced in children with persistent PBB (more than episodes per year) than
in those without this condition [Baines et al. 2014], as 85% of those in the former group
eventually had BE within two years [Wurzel et al. 2016]. In alignment with microbial data and
clinical this likewise proposes a dose-response phenomenon with BE at one end and PBB at the

other.
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Furthermore, simultaneous experimentations displayed that the pathobiological reactions of
lower airway specimens of children with BE and PBB and share some notable resemblances and
are considerably different from those of controls. Damaged apoptosis and efferocytosis to non-
typeable Haemophilus influenza (NTHi) [Hodge et al. 2016] and gene expression levels of
NTHi-stimulated BAL airway cells [Chen et al. 2018] in children with PBB were between the
values observed in controls and children with BE [Chang AB and Marchant 2019].

1.2 Clinical profile of children with PBB

Children with PBB are characteristically young (below five years old, median age = 3
years [Marchant et al. Chest 2006; Donnelly et al. 2007]). Also, they present a chronic wet cough
[Chang et al. 2008]. Although several parents have stated ‘ever wheeze’ (41-81% [Donnelly et
al. 2007; Darelid et al. 1993]), doctors rarely diagnosed these children with auscultation-
confirmed wheeze [Kantar et al. 2017]. General effects are normally negligible or non-particular,
and children with PBB normally seem to be healthy—they usually do not exhibit wheezing
during clinical assessments [Chang et al. 2008]. They also exhibit standard development and
progress and are short of signs of principal chronic suppurative lung disease (CSLD), like chest
wall deformity, digital clubbing and adventitial auscultatory chest outcomes [Darelid et al.
1993]. However, crackles and ‘rattly chest’ are infrequently detected [Goyal et al. 2016; Chang
et al. 2008; Kantar et al. 2017]. When appropriate treatment is provided, these symptoms
typically recover before the cough resolves. Meanwhile, symptoms deteriorate throughout inter-
current viral contagions, and the mixture of a persistent “cough at night” and viral exacerbations
normally result in misdiagnoses of asthma.

Because children with PBB do not react to bronchodilator treatment, they are occasionally
erroneously diagnosed with severe asthma [Marchant et al. Chest 2006; Donnelly et al. 2007].
Such diagnoses are further complicated in cases when bacterial bronchitis and asthma exist
together. Like children with an enduring cough, children with PBB have high morbidity [Chang
et al. 2008]. According to previous research, in relation to ‘illness controls’ who underwent
bronchoscopy for non-cough-related circumstances (e.g., apnoea ot stridor), children with PBB

were more probable to have joined childcare (odds ratio (OR)=8.4, 95% confidence interval (CI)
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2.3-30.5), though the tobacco smoke exposure rates of the two groups (~30% [Marchant et al.
Chest 2006; Darelid et al. 1993]) were similar [Darelid et al. 1993].

Children with and without PBB also show similarities in terms of the dominance of atopic
features (systemic and airway eosinophilia, eczema, positive radioallergosorbent test results or
elevated IgE) [Darelid et al. 1993; Kantar et al. 2017]. The coughs of children with PBB resolve
only after extended treatment (10-14 days at least) with proper antibiotics. PBB diagnosis ought
to be established only the time that the reaction to cure is dramatic—meaning, if the child does
not have symptoms.

1.3 Recurrent versus non-recurrent PBB

Distinguishing non-recurrent and recurrent PBB and in an individual child is important
because those with more regular incidents of protracted wet cough might be at higher danger of
CLSD and, subsequently, BE. This notion is validated by examinations on adult population
recently identified with BE, most of whom (60-80%) have a past of long-lasting wet cough
dating to their childish years [Pasteur et al. 2000; King et al. 2006]. Concomitant neutrophilic
inflammation of the lower airways and enduring bacterial infection (which are important
elements of PBB) are chief components of Cole’s vicious circle theory regarding the
pathogenesis of BE. Destruction to airway epithelia (e.g., secondary to chronic or acute
respiratory infection) damages mucociliary clearance and predisposes an individual to chronic
bacterial infection. This initiates an inflammatory reaction that additional hinders mucociliary
clearance, leading to a phenomenon of a vicious circle [Cole 1986].

Young children with PBB regularly have recurrent occurrences. A current retrospective
appraisal of 44 children (median age 2.7 years), 33 of whom suffered from PBB, 25 (76%) had
additional relapse/s over an undetermined median follow-up period [Pritchard et al. 2014]. A
previous evaluation of 81 children with clinical PBB displayed that 41 (51%) were without
symptoms following two courses of antibiotics; nevertheless, 11 (13%) required six or more
courses of antibiotics [Donnelly et al. 2007]. The association between recurring episodes of PBB

and future BE diagnoses in children has not been studied until now [Wurzel 2015].
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1.4 Imagine screening tests

Chest X-rays might be described as “typical” nonetheless frequently display
peribronchiolar alterations [Marchant et al. Chest 2006; Donnelly et al. 2007]. Although
hyperinflation is rare, its presence should raise concern when observed in children with asthma
with PBB or asthma alone [Chang et al. 2008]. Computer tomography (CT) scans must be kept
until after an ineffective treatment trial, since results of BE might happen following acute
respiratory contaminations nonetheless resolve some months later. Additionally, the
perseverance and severity of symptomatology do not essentially relate to CT alterations [Chang
et al. 2008]. Whenever an irregularity, either in the spirometry or the chest radiograph (other than
peri-bronchial alterations), presents itself in a child who have chronic wet cough, further
examinations regarding its underlying origin are recommended. When such investigations are
performed, both respiratory and spirometry system [De Baets et al. 2012] resistance and
reactance, assessed by the forced oscillatory method (unpublished), were likewise typical
[Kantar et al. 2017].

1.5 Microbiology of PBB

1.5.1 Bacterial

Like BE and CSLD, PBB is linked to insistent bacterial infections in the airways
[Marchant et al. Chest 2006; Donnelly et al. 2007], and it is broadly acknowledged that such
bacterial infections are damaging to the airways [Stockley 1998; Chang et al. 2008].
Examinations regarding the lower airways of children are not many since children are not
normally capable of expectorating sputum; henceforth, we rely on lower airway sampling
practices.

Current examinations regarding the lower airways of children suffering from chronic
coughs has been restricted to retrospective examinations and small cohorts. The primary
examination referring to PBB noticed normally documented M. catarrhalis (26%)) and
respiratory pathogens (H. influenzae (47%), S. pneumoniae (35%) in BAL cultures at great
bacterial loads (>10° colony-forming units/mL) [Marchant et al. Chest 2006]. Subsequent studies
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supported these findings (Table 1) [Kantar et al. 2017]. The development of one or more
bacterial types at a density consistent with the infection (e.g., >10* CFU/mL) was identified in
the lower airways of 30-50% of affected children [Donnelly et al. 2007; Chang, Eastburn et al.
2005; Chang, Van Asperen et al. 2015; Marchant, Gibson et al. 2008; Seear and Wensley 1997]
with PBB [Kantar et al. 2017].

The time of evaluating the bacteriology of PBB, it is imperative to address that not all BAL
examinations are straight comparable, since only some of them utilized a quantitative bacterial
culture to define their BAL outcomes [Van Asperen et al. 2015; Seear and Wensley 1997].
Moreover, the spreading of bacteria in the lungs is inconsistent. One retrospective examination
addressed that sampling from a single lobe missed a total of 17 dissimilar organisms in 15 of 50
individuals, eight of whom would then not have had any organisms cultured [Seear and Wensley
1997]. However, this examination utilized non-quantitative bacterial culture techniques and did
not succeed to address bacterial densities between the countless lobes.

A summary of data on the bacteria addressed in PBB is stated in Table 1 [Kantar et al.
2017]. Likewise, children with PBB frequently have damaging bacterial cultures in their BAL
[Marchant et al. Chest 2006]. This is probably because antibiotic exposure during sampling can
suppress colony counts to below the threshold required to be categorized as a ‘contamination’ or
because an insufficient BAL method with reduced return or very localized sampling was used,
which might miss the infested portion of the lung [Narang et al. 2014]. Finally, sub-optimal
sample handling (e.g., a delay in processing, plating or insufficient storage), might prevent an
organism that is present from forming a culture. This could be especially relevant in the case of

fastidious organisms, such as NTHi [Van Eldere et al. 2014].
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Table 1: Summary of bacteriology on children with PBB

Publication | H. Influenzae | S. pneumonia | M. catarrhalis >=2 Quantitative or
year/country (HN% (Spn)% (Mcat)% Other organisms | Non-quantitative
2015/China 47 37 0 E. coli=6% NR NR
Enterobacter=5%
2014/Australia 72 39 43 50% Quantitative
2014/England 63 23 51 Sa=19% 48% Non-Quantitative
2014/England 50 16 28 Sa=22% 39% Non-Quantitative
2014/Australia Adv+: 68 35 35 NR Quantitative
AdV-: 47 22 19 * Some cohorts had
Sa=10.2% BE
2014/Australia 50 NR NR Sa=16% NR Quantitative
* PBB cohort only
2013/Greece | Greek grp: 61 27.6 32 Sa=6% 39% Quantitative
and England
2012/Australia 38 24 19 NR Quantitative
2008/Australia 45 32 24 NR Quantitative
2007/England 81 37 NR 30% Cough swab n=50
BAL n=19
1.5.2 Viruses

In earlier studies on PBB [Marchant et al. Chest 2006], children suffering from respiratory
viruses in BAL were not included; therefore, most examinations on PBB have concentrated on
bacterial infections of the airways [Marchant et al. Chest 2006; Marchant et al. 2008; Donnelly et
al. 2007; Kompare and Weinberger 2012; Zgherea et al. 2012].

Only one examination methodically searched for infections [Darelid et al. 1993]. The
presence of at least one infection was detected in 38% of BAL samples taken from 104 children
with PBB [Darelid et al. 1993], which was considerably greater than a group of 49 children with
other long-lasting respiratory illnesses (38% vs. 9%; OR=6.3, 95%CI 2.1-19.1). The most shared
virus observed in children with PBB was human adenovirus (HAdV) (23%); the most
representative species was the HAdV-C species (detected in 96% of HAdV+ children) [van der
Gast et al. 2014].

Furthermore, a prolonged molecular-founded diagnostic panel regarding 17 respiratory
viruses was done on a subgroup of 27 children. Rhinovirusfound was detected in 11 (41%),
while human coronavirus and human bocavirus were each noticed in one (4%) participant.

Nonetheless, the dominance of these further viruses was comparable to the control group. The
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similar examination presented that H. influenzae contamination in the lower airway (>10*
CFU/mL) was significantly linked to HAdV co- contamination [Darelid et al. 1993].

1.5.3 Viral Bacterial co-infection

Although the possible synergy between bacteria and viruses has been recognized in other
acute respiratory illnesses like pneumonia [Korppi et al. 1991] and RSV 22 bronchiolitis
[Thorburn et al. 2006], few clinical studies have correlated viral bacterial co-contamination and
PBB in children. Viral-bacterial coinfection is associated with heightened neutrophilic
inflammation of the lower airways in children [Wurzel et al. 2014; Wurzel, Marchant et al.
2014]. Thus, it is postulated that microbial synergy and viral-bacterial co-infection are additional
key features of PBB.

However, there are many mechanisms by which viral contaminations upsurge the
possibility of secondary bacterial infections. For instance, in the upper respiratory tract (URT),
viral infections predispose the tract to secondary bacterial contamination by interrupting the
mucociliary functioning, impairing the epiglottal-cough reflex and disrupting the ciliary
ultrastructure by decreasing the numbers of ciliated cells and cilia [Bakaletz 1995]. Alterations to
cilial beat occurrence likewise damage the elimination of particles, fluid and bacteria from
sinuses, the middle ear and lower respiratory tract [Suzuki K and Bakaletz 1994; Ohashi et al.
1991; Park et al. 1993]. Additionally, to producing structural—and, accordingly, functional—
impairments, specific viruses (e.g., herpes viruses and adenoviruses) are able to control the
host’s immune reaction, thus allowing the perseverance of the virus in the airways [Mandell et
al. 2010].

1.6 Treatment of PBB

PBB is normally treatable, unlike asthma, Treatments involve eradicating the bacteria with
antibiotics, improving coughing’s efficiency, and keeping the airways without being infected to
permit curing process. However, no published randomized trials have dealt with PBB
specifically. Nevertheless, two studies [Darelid et al. 1993; Gottfarb and Brauner 1994] on
extended wet coughing summarized in a Cochrane appraisal (although restrictions exist) defined
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that the wet cough reacted to antibiotics, with some of them required to treat (NNT) of 3 (95%
CI) [McMillan et al. 2004]. Nevertheless, it was uncertain how many of the 140 children suffered
from PBB [McMillan et al. 2004]. The development of the disease (stated by the requisite for
additional antibiotics) was considerably inferior in the group that used antibiotics, with an NNT
of 4 (95% CI) [Marchant, Morris et al. 2005]. Initial antibiotics treatments targeting the
organisms stated before generally differ from two to four weeks. However, children with
recurring PBB (more than episodes each year) ought to be assessed for BE (e.g., functional
antibody responses to vaccinations, bronchoscopy, evaluation of immunoglobulins, sweat test,
full blood count, HRCT scan) [Chang et al. 2008].

The time that a usual course (five days) of antibiotics is utilized, the cough either declines
within two to three days, or it somewhat diminishes but does not stop totally. Conversely, the
short course of antibiotics needed to treat community-acquired pneumonia in well children is

five to seven days [Agarwal et al. 2004].

1.6.1 Use of co-amoxiclav

In a randomized controlled trial in Australia with 50 children (median age = 1.9 years)
suffering from long-lasting wet cough for more than three weeks, 25 children were consigned to
get either two weeks of twice-daily oral co-amoxiclav (22.5 mg per kg per dose) or a placebo.
The principal end-point observed was ‘cough resolution,” described as either (i) a >75% decrease
in the validated verbal category descriptive (VCD) cough score in 14 days of cure in relation to
baseline scores or (ii) the cessation of coughing for more than three days. A significantly greater
cough resolution rate (48%) was distinguished in children who tooj co-amoxiclav than in
children who took the placebo (16%). Furthermore, the median VCD score (post-treatment) in
the co-amoxiclav group was significantly lower than in the placebo group (0.5 vs. 2.2). There
was no significant dissimilarity in the BAL data between the two populations.

This examination delivered the first high-level proof supporting the inclusion of antibiotics
in pediatric cough-particular strategies as a treatment for PBB [Marchant et al. 2012]. Although
the British Thoracic Society (BTS) proposes a four- to six-week sequence of antibiotics [Shields
et al. 2008], a two- to three-week course might be used in clinical practice at the first discussion

so that the child’s situation can be reviewed at the end of the antibiotic therapy [Paul et al. 2013].
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1.6.2 Use of macrolide antibiotics

A Cochrane review failed to find that macrolide antibiotics like azithromycin were superior
to co-amoxiclav for curing children suffering from chronic cough [Panpanich et al. 2008].
Nevertheless, these antibiotics can be used to treat children with PBB, especially those who may
be allergic to penicillin-containing antibiotics. Azithromycin furthermore has a dosing
advantage, since it requires to be managed only one time during a day. It might be prescribed to
be taken three days per week for three weeks [Shields et al. 2008]. Thus, merely nine doses of
oral azithromycin have to be provided, whereas 42 doses of co-amoxiclav are required over two
weeks. Azithromycin is also useful for treating young children, for whom adherence might be a
concern. The rest of macrolide antibiotics, containing clarithromycin and erythromycin, are
correspondingly efficacious, however several doses have to be offered to children [Shields et al.
2008].

1.7 Significance of PBB

In the 1940s, a possible connection between BE chronic and bronchitis was proposed
[Finke 1948], containing proposals that this could be disturbed by serious antibiotic treatment
[Finke 1948; Field 1949]. After some decades, in the 1980s, a retrospective assessment of 20
children with chronic bronchitis testified bronchoscopic evidence of bronchial wall infection and
purulent bronchial secretions (mostly encompassing Haemophilus influenzae), most of whom
enhanced after antibiotic treatment [Smith et al. 1985]. This study overlapped with the journal of
Cole’s ‘vicious circle’ theory of long-lasting bacterial infection and inflammation triggering BE,
[Cole 1986], which assisted to deliver a theoretical background for PBB as a possible pre-BE
condition in some children [Chang et al. 2008; Kantar et al. 2017].

However, no examinations until now exist that have prospectively inspected the temporal
association between BE and PBB and to deliver definitive support for this suggested connection.
Therefore, the mechanisms supporting the natural history of PBB and expansion are still not
known. [Shields 2006; Chang et al. 2008], as are the medium-term outcomes of PBB [Shields
2006]. PBB is undoubtedly dissimilar from acute bronchitis, as indicated, for instance, by the

fact that the cough is of a shorter duration in pediatric acute bronchitis (two weeks) [Chang and
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Glomb 2006; Chang et al. 2006]. Whether PBB is precursor to BE in some children is
unidentified, and its assessment is vital [Marchant et al. Thorax 2006; Donnelly et al. 2007;
Shields 2006]. Children with PBB do not have proven BE, since those with proven BE
frequently have a dissimilar clinical profile and are improbable to recuperate after 10-14 days of
oral antibiotics. Nonetheless, as formerly specified, there might be a connection between BE and
PBB as suggested by the vicious circle hypothesis [Cole 1986] and experimentally supported by
long-standing natural history data [Phelan 1984].

The pathognomonic chest CT element of BE is an irregular dilatation of the airways, stated
as an augmented bronchoarterial ratio (BAR) of >0.8 in children [Chalmers et al. 2018]. BAR
increases as the severity of BE increases [Chalmers et al. 2018]. Meaning, from a normal mean
BAR of 0.5-0.6 in children [Kapur et al. 2011], a steady upsurge—other than for congenital
types of BE (e.g., Mounier-Kuhn syndrome)—happens the time that the airway insults (typically
contamination and inflammation) are uncurtailed. Repeated or insistent contaminations are part
of the “vicious cycle” of airway injuries associated with BE [Chalmers et al. 2018]. At some
degree throughout this procedure, the lung damage becomes so progressive that the tissue
alterations become irreversible (irreversible BE). It is logically and biologically plausible that
PBB signifies the initial variety of chronic endobronchial suppurative illness, while irretrievable
BE represents the late end (Figure 1) [Chang AB and Marchant 2019].

Protracted Bacteriai =
Bronchitis (PBB) CSLD Radiological BE

Reversible Irreversible

88" e
gB-micC jen-".’ed gecurrent ——

:Ba-cliniw' e —
Progression if left untreated

Figure 1. The spectrum of chronic suppurative lung diseases.
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Thus, we support intervening in children with PBB and not wait until BE grows [Chang et
al. 2008]. Mild radiological BE if cured early in children, is reversible, which allows these
children to avoid a future progressive decrease in the function of the lung [Chang, Bush, et al.
2018]. Adults who experienced BE symptoms from their childish years suffer more extreme
diseases and have poorer prognoses than adult-onset patients [King et al. 2009]. The
pathobiology (e.g., airway microbiota [van der Gast et al. 2014]) is different for severe BE (e.g.,
adults with established BE) than for mild BE. However, more longstanding cohort examinations
and more detailed examinations are required [Chang AB and Marchant 2019].

The progression of PBB disease utilizing the pathobiological model, PBB, CSLD, and
radiographically confirmed bronchiectasis probable represent dissimilar ends of a continuum
with related fundamental mechanisms of endobronchial bacterial infection, airway neutrophilia
and damaged mucociliary clearance. Without treatment, it is probable that some (nonetheless not
all) children with PBB will finally grow CSLD; a few will finally grow bronchiectasis, which
will be primarily revocable but consequently irreversible if untreated. There is a degree of
connection between each of the units (replicated with permission from the publisher [Chang,
Upham et al. 2016]).

2. Bronchiectasis (BE)

BE, unconnected to cystic fibrosis (CF), is a significant impact of respiratory morbidity in
developing states and is progressively being recognized in indigenous individuals in prosperous
states [Kapur et al. 2009; Chang, Grimwood et al. 2002; Singleton et al. 2000]. The definition of
BE provided by Laenec in 1819 was founded on post-mortem histopathology [Lae nnec 1819].
Later on, bronchograms, which were defined in 1951 for the first time [Mannes 1951], became
the gold standard before being mostly substituted by chest high-resolution computerized
tomography (cHRCT) scans.

Presently, BE is described as the “unalterable dilatation of peripheral airways” and is
typically diagnostically recognized radiologically by cHRCT scans [Westcott 1991; Webb et al.
2001]. In the affected areas extra mucus tends to shape and pool, rendering them prone to
infection and chronic inflammation [Hare 2014; Cole 1986]. In most developed countries, the

frequency of childhood BE has reduced significantly over time. This reduced incidence has been
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described as due to declined crowding, enhanced immunization curriculums, improved hygiene
and nourishment, and primary admission to medicinal care [Nikolaizik and Warner 1994;
Saynajakangas et al. 1997]. However, BE remains common in poorer countries [Karakoc 2001;
Callahan and Redding 2002; Sethi and Batra 2000] and among deprived indigenous groups in
industrialized nations like in the USA in the Alaskan Yupik children [Singleton et al. 2000],
indigenous children in Australia [Chang, Masel et al. 2003], and Maori and Pacific Islanders in
New Zealand [Edwards et al. 2003; Chang et al. 2008]. Today, the frequency of BE is increasing
because of the widespread use of HRCT scanning [Cohen and Sahn 1999].

BE diagnosis in children is definitive if:
1. The previously published radiological criteria are fulfilled.
2. The clinical symptoms are consistent with BE [Chang et al. 2008; Wurzel et al. 2014].

All children with definitive BE must have evidence of cylindrical BE via a cHCT scan
[Chang et al. 2008; Wurzel et al. 2014]. The key components of BE in HRCT scans are amplified
bronchi in the periphery of the lung, lack of tapering and a bronchial wall thickening [Webb and
Muller 2001; Naidich et al. 1982]. A bronchus is thought to be dilated if, on the CT scan, the
broncho-arterial ratio with the adjacent supplementary artery surpasses [Kasarabada et al. 2012].
However, the normal airway-to-vessel diameter ratio is age-dependent in typical children
[Redding and Carter 2017; Kapur et al. 2011]. The pathognomonic chest CT in children is stated
as an augmented BAR of >0.8 [Chalmers et al. 2018]. BAR increases as the severity of BE
increases [Chalmers et al. 2018]. Meaning, from a normal mean BAR of 0.5-0.6 in children
[Kapur et al. 2011], a slow upsurge (other than for congenital types of BE, like Mounier—Kuhn
disorder) happens when the airway insults (typically inflammation and contamination) are not
condensed [Chang and Marchant 2019]. Other elements contain decreased attenuation in
expiratory scans, a linear array or cluster of cysts and mucous plugging [Webb and Muller 2001].

The prevailing symptom of BE constitutes the occurrence of an exceptionally extended wet
cough. In some other children, the cough might be purulent and productive. Additional
symptoms comprise of exceptional dyspnoea, recurring chest contaminations, persistent wet
cough in response to antibiotics, symptomatology of reactive airway illness (asthma-like

circumstance), and development failure. In children, hemoptysis seldom happens, excluding
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progressive stages of the illness. Additional clinical signs of BE contain chest wall deformity,
clubbing, hyperinflation and adventitious sounds on chest auscultation [de Blic et al. 2000; Kalu
et al. 2010].

Of note, the word CSLD is utilized to define a diagnostic verdict with clinical
symptomatology of BE but without cHRCT evidence [Chang et al. 2008]. Untreated CSLD may
progress to BE due to a cumulative airway damage from recurring or a constant bacterial
contamination [Chang et al. 2008]. In its most severe type, BE can grow to end-stage pulmonary
failure during adulthood [Stafler and Carr 2010].

2.1 Pathogenesis

BE is the outcome of long-lasting airway infections resulting in loss of the structural
integrity of the airway wall that creates airway expansion. It might take place focally following
severe acute respiratory contaminations or post-obstructive pneumonia because of foreign bodies
or endobronchial lesions (tuberculosis and tumor) or during the lung in a patchy distribution
(e.g., Primary ciliary dyskinesia and CF). BE might additionally grow following extreme lower
respiratory viral contaminations, particularly in indigenous groups of people [Colom et al. 2015;
Trenholme et al. 2013].

There are not many information regarding the pathogenesis of BE in children [Morrissey et
al. 2003; Chang and Bilton 2008; King et al. 2006; Watt et al. 2004]. In current decades,
significant tries have been attempted to comprehend the airway inflammation liked to BE. There
are a number of parallels between BE and other long-lasting respiratory illnesses, containing
chronic obstructive pulmonary disease (COPD) and CF regarding airway infection. As a
consequence, the inflammatory procedures contained in COPD and CF are occasionally utilized
to comprehend the pathophysiology of BE. Nevertheless, COPD and CF have noticeably
dissimilar causes than BE in children; thus, data should be extrapolated with caution, particularly
in pediatric settings [Pizzutto et al. 2017].

Known risk factors for BE in children include severe and recurrent pneumonia [Valery et
al. 2004; Eastham et al. 2004]. However, the initial pathogenetic mechanisms that lead to BE are
unknown. Recurrent microaspiration into the lower airways of pathogenic bacteria coming from

the nasopharynx might be one possibility that BE is caused [Ben-David et al. 2005; Bogaert, de
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Groot and Hermans 2004; Thach 2008]. It is also possible that the repeated aspiration of
relatively large inocula of bacteria-laden nasopharyngeal (NP) secretions during acute respiratory
infections may overwhelm local pulmonary defenses, thus initiating endobronchial contagion,
inflammation, and airway damage.

This notion is dominant to Cole’s ‘vicious circle’ theory regarding the roots of BE [Cole
1986] (Figure 2). Constant neutrophilic inflammation and airway colonization might progress
into airway inflammation, prolonged mucus hypersecretion and chronic cough. In a number of
circumstance, cumulative airway injuries due to recurring or insistent bacterial infections might
result in BE. This can occur extremely fast if the airway injury is severe, like following
adenoviral ALRIs, or it might be slow if caused by recurrent (nonetheless less contagious)
ALRIs [Chang et al. 2008].

Nevertheless, both chronic respiratory situations propose that BE ascends from
dysregulated inflammation or exaggerated in reaction to challenges from respiratory pathogens.
Therefore, the “vicious circle” theory of inflammation, self-perpetuating contamination and
tissue damage mentioned by Cole [Cole 1986] stays the most probable clarification for the
pathogenesis of BE. However, a critical question remains regarding what produces the highly
controlled immune reaction to become dysregulated [Pizzutto et al. 2017].

The innate inflammatory reaction constitutes a fast reaction unit of the immune system.
When pathogens enter physiological barriers, like the epithelium, a series of extreme controlled
cellular and non-cellular events synchronize to quickly encompass the contamination. Additional
to its role as a first-reaction component, the inflammatory reaction composes the beginning of
the pathogen-specific adaptive reaction. When functioning in the best manner, the primary
inflammatory procedure resolves as fast as it starts preserving tissue homeostasis. Irregulation
whether a delayed response in resolution or an overstated primary reaction, can lead to an
accumulation of potent cytotoxic compounds that might impair host tissues and deliver an
environment conducive to additional contamination [Pizzutto et al. 2017].

No innate immune examinations exist with children having non-CF BE. The significance
of innate immunity dysfunction is progressively acknowledged in pulmonary illness [Hartl et al.
2007]. Nonetheless, the duration and nature of that immune dysfunction has not been stated, nor
is it obvious if the dysfunction is precise to the lower airways or more generalized whereas

likewise involving circulating leukocytes.
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The pathogenesis of development of PBB to BE and CSLD is still not known.
Nevertheless, it has been speculated that untreated PBB intensifies airway neutrophilia and leads

to succeeding airway damage, progressing to CSLD and later BE.

Bacterial - ’ Neutrophil

infection and inflammation
colonization (elastases)
Abnormal Airway
mucus destruction
clearance and

(stasis) b distortion

Figure 2. BE Cole’s ‘vicious circle’ pathogenesis.
2.2 Initiation of lower respiratory infection

Since lower airway contaminations come from the aspiration of pathogenic bacteria
coming from the upper airways [Bogaert, de Groot and Hermans 2004], dissimilarities in URT
carriage in dissimilar populations might be worth exploring. Four of the five chief bacteria
associated with BE (P. aeruginosa being the exclusion) are shared colonizers of the URT in
children. Nasal or NP carriage of NTHi M. catarrhalis and S. pneumonia is frequent in young
children, predominantly among those who attend day care centers [De Lencastre et al. 1999;
Stubbs et al. 2005] and who live in low-income countries [Adegbola et al. 2014]. Nevertheless,
extreme high rates (80-90%) have been stated in Australian Aboriginal children [Hare et al.

2011; Stubbs et al. 2005] and children in a number of developing nations like Papua New Guinea
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(PNG) [Gratten et al. 1989] and The Gambia [Obaro et al. 1996; Kwambana et al. 2011], which
likewise have high rates of pneumonia mortalit and morbidity [Greenwood 1992; Lehmann
200;]. Gambian and Australian Aboriginal toddlers obtain NP carriage of all three chief
respiratory pathogens at a very early age [Kwambana et al. 2011; Leach et al. 1994], and the
URT weight is greater in Indigenous Australian children than in non-Indigenous children [Stubbs
et al. 2005; Watson et al. 2006].

The high level of concordance amongst bacterial strains (pneumococcal serotypes and
NTHi ribotypes) in the nasopharynx and lungs of Indigenous Australian children with BE,
concurrent carriage, and lower airway contagion [Hare et al. 2010] suggests the current
aspiration of NP secretions based on the high turnover of NP strains. Nevertheless, several
strains of S. pneumonia and NTHi have constantly been observed more regularly in BAL than in
NP specimens [Hare et al. 2010; Hare et al. 2012]. This recommends the gathering of strains in
the lower airways resulting from recurring aspiration and failure to eradicate prior strains.

Several NTHi strains have likewise been testified in sputum microbiology from adult
people with chronic respiratory circumstances [Sethi et al. 2004; King 2007]. The high and early
burden of pathogens in the nasopharynx of children probably leads to the high burden of acute
and chronic lower respiratory contaminations (Figure 3) [Pizzutto et al. 2017]. Figure 3,
adjusted from Cole’s original model [Cole 1986] and revised to elucidate chronic lung illness
[Hare KM, Smith-Vaughan et al. 2010], illustrates the “prolonged vicious circle” theory, which
attempts to clarify the high rates of long-lasting endobronchial illnesses like BE [Pizzutto et al.
2017].
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Figure 3. Extended vicious circle hypothesis.

2.3 Causes of BE

BE can be differentiated depending on whether it is because of systemic, anatomic illnesses,
congenital, idiopathic or post-infectious, causes (Table 2) [Barker 2002, O’Donnell 2008]. CF is
considered the most substantial etiology of clinically noteworthy BE in developed nations, as
non-CF BE has declined due to improved hygiene and nutrition, better vaccine coverage, and the
early administration of antibiotic treatment [Kapur and Karadag 2011]. However, with estimated
prevalences of 1 in 6000 in New Zealand [Edwards, Asher et al. 2003] and 1 in 5800 in Britain
[Eastham et al. 2004], pediatric non-CF BE is only slightly less common than CF BE, even in
developed countries [Hare 2014].

BE might be categorized into three forms, based on the cHRCT,: varicose BE, cylindrical BE
and saccular or cystic BE (Figure 4). In cylindrical BE, the bronchi cannot taper as the bronchi
progress peripherally. Varicose BE has an unbalanced and beaded appearance and seems as “a
string of pearls.” Cystic BE or Saccular emerges as a group of cysts without identifiable
bronchial structures distal to the sacs (Webb, WR, High resolution CT chest of the Lung 2009)
[Kasarabada et al. 2012].
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Figure 4. Morphological types of bronchiectasis.

Table 2: Differential diagnoses of known etiologies of bronchiectasis

Post-Infectious
Lower respiratory tract
Granulomatous infections
Necrotizing pneumonias
Other respiratory infections

Inhalational and Obstruction
Severe gastroesophageal reflux disease
Chronic aspiration pneumonia
Toxic or thermal inhalational injury

Primary Immune Disorders
Hypogammaglobulinemia
Waldenstrom’s
Other humoral/cellular disorders
Neutrophil abnormalities

Cystic Fibrosis
Young’s Syndrome

Alphal-Antitrypsin Deficiency

Heritable Structural Abnormalities
Ciliated epithelium such as primary
Ciliated dyskinesia
Cartilage or connective tissue
(Tracheobronchiomegaly;
Williams-Campbell)

Sequestration, agenesis, hypoplasia

Allergic Bronchopulmonary
Aspergillosis
Or Other Mycosis

Post-obstruction
Foreign body
Tumor (benign and malignant)

Idiopathic Inflammatory Disorders
Sarcoidosis
Rheumatoid arthritis
Systemic lupus erythematosus
Sjogren’s syndrome
Inflammatory bowel disease
Relapsing polychondritis

Miscellaneous
HIV infection/AIDS
Yellow Nail Syndrome
Radiation Injury
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2.4 Clinical profile of children with BE

The leading symptom of BE is the occurrence of extremely extended wet cough. In older
children, coughing might be purulent and productive. Some other symptoms contain exceptional
dyspnea, persistent chest infections, recurrent wet cough in response to antibiotics, symptoms of
reactive airway illness (asthma-related conditions), and development failure [Chang et al. 2008].
Children with BE have acute exacerbations of respiratory disease, and several require
hospitalization when oral treatments do not succeed; however, no known forecasters appear in
published research [Saynajakangas et al. 1998].

Persistent exacerbations might result in the advanced worsening of lung function [Ellerman
and Bisgaard 1997] and are one of the strongest predictors of poor quality of life among BE
patients [Wilson et al. 1997; Kapur et al. 2009]. In children, hemoptysis rarely happens excepting
when the illness reaches advanced stages. Clinical signs contain chest wall deformity, clubbing,
adventitious sounds in chest auscultation, and hyperinflation [Chang et al. 2003; Chang et al.
2002]. However, the nonappearance of those signs does not necessarily show that BE itself is
absent.

When the disease reaches advanced stages, signs of long-lasting hypoxemia and pulmonary
hypertension can arise. The outcomes of BE range from augmented mortality [Karakoc et al.
2001; Keistinen et al. 1997], morbidity from the disease itself (e.g., augmented hospitalization
and medicinal necessities, low quality of life) [Martinez-Garcia et al. 2005; Nicotra et al. 1995;
Saynajakangas et al. 1998], and increased rates of co-morbidities (e.g., pulmonary hypertension,
asthma, cardiac disease, malnutrition) [King et al. 2005; Khalid et la. 2004]. Moreover, people
with BE tend to exhibit a rapid decline in lung function [King et al. 2005] and accelerated death
[Keistinen et al. 1997].

The impacts of BE spread beyond the respiratory structure. For instance, systemic [Hill et
al. 1988], cardiac (e.qg., left ventricular diastolic function [Akalln et al. 2003], and psychological
(anxiety and depression) [O’Leary et al. 2002] effects have been observed in BE patients.
Additionally, in adult population, long-lasting bronchitis/respiratory infection constitutes an
autonomous risk element regarding coronary heart disease and atherosclerosis [Simons et al.
1996; Kiechl et al. 2001]. The effective management of BE reduces both the short-term [Hill et

al. 1986] and long-standing [Dogru et al. 2005] morbidity associated with the disease, as well as
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mortality [Dogru et al. 2005]. Thus, the inhibition, primary diagnosis, and proactive controlling
of BE are encouraged [Chang et al. 2003; Callahan and Redding 2002; Singleton et al. 2000;
Edwards et al. 2003].

2.5 Imagine screening tests

As previously stated, according to a recent definition, BE is the “irretrievable dilatation of
peripheral airways” and is frequently diagnostically recognized radiologically by cHRCT scans
[Westcott 1991; Webb et al. 2001]. c-HRCT remains a diagnostic gold standard [Thoracic
Society of Australia and New Zealand. Clinical Practice Guideline, 2014]. The key elements of
BE in cHRCT scans are dilated bronchi in the bronchial wall thickening, thr periphery of the
lung and a lack of tapering [Webb et al. 2001; Naidich et al. 1982]. A bronchus is perceive to be
expanded if a CT scan displays a broncho-arterial ratio with the adjacent accompanying artery
exceeds [Kasarabada et al. 2012]. However, the normal ratio of the airway to the vessel diameter
in normal children is age-dependent, as previously stated [Redding and Carter 2017; Kapur et al.
2011]. As the primary radiographic criteria of broncho-arterial ratio in individuals without lung
illness is also age-dependent [Matsuoka et al. 2003], child-specific criteria [Kapur et al. 2011]
should be considered [Thoracic Society of Australia and New Zealand. Clinical Practice
Guideline, 2014].

Pathognomonic chest CTs in children is addressed as an augmented BAR of >0.8
[Chalmers et al. 2018]. BAR increases as the severity of BE increases [Chalmers et al. 2018].
Meaning, starting from a normal mean BAR of 0.5-0.6 [Kapur et al. 2011], the gradual increase
(excluding congenital forms of BE, such as Mounier—Kuhn syndrome) happens in children when
the airway insults (typically inflammation and infection) are not curtailed [Chang and Marchant,
2019]. Other components comprise of a linear array or cluster of cysts, reduced attenuation
shown in expiratory scans, and mucous plugging [Webb et al. 2001]. However, a c-HRCT
reassembled from a multi-detector (MDCT) scan is considerably more sensitive than a
conventional c-HRCT [Hill et al. 2010]. As children are at a high risk of suffering from
radiation-induced cancers later in life [Chang, Bell et al. 2010; Mathews et al. 2013], the c-
HRCT protocol ought to safeguard the lowest potential radiation exposure to get a satisfactory
valuation [Thoracic Society of Australia and New Zealand. Clinical Practice Guideline, 2014].
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Chest radiographs have been employed to monitor BE, but they have poor sensitivity
[Currie et al. 1987]. Moreover, there is not enough available data to draw any assumptions from
CXR (merely 30% of exacerbations had a CXR taken). Nevertheless, present outcomes propose
that CXR alterations are less significant than clinical symptoms when describing a respirational
exacerbation [Kapur et al. 2009].

On a scientific level, this radiology-founed description is problematical, particularly as it
regards children, for the following reasons:

1. Many children present clinical syndromes of BE, but their cHRCT scans do not confirm
the criteria for radiological BE. It is unidentified at which phase of the illness the HRCT
signs of BE happen. Though HRCT is the present standard, it is less sensitive than
bronchography in adults [Silverman and Godwin 1987; Young et al. 1991]. Incorrect
negative outcomes are especially probable to happen when the illness is mild and
concentrated [Silverman and Godwin 1987]. As children are probable to have less
extreme BE than adult people, the CT scans in a subgroup of children with clinical
symptoms of BE might not indicate radiological BE.

2. HRCT BE conclusions have been produced from examinations on adults [Gaillard et al.
2003], but scans taken from adults are not essentially equal to those from children.
Modifications to the airways and morphologic alterations in the lung happen with
development and aging [Roberts et al. 1991; Rains et al. 1992]. One of the critical HRCT
signs of BE is an augmented bronchoarterial ratio (i.e., the diameter of the bronchial
lumen separated by the diameter of its accompanying artery) of >1-1.5. This ratio, as
previously stated, is impacted by age (rfO0.768, p <0.0001). This was defined previously
by Matsuoka et al. in an examination on 85 adult people without cardiopulmonary disease
[Matsuoka et al. 2003]. Therefore, it is probable that the typical bronchoarterial ratio is
inferior in children than in adult people; hereafter a lower ratio is vital to describe
abnormalities that indicate BE in children.

3. A minimum of two HRCT scans are needed in order to accurately accomplish the criteria
of “irreversible dilatation,” Making more than one HRCT scan just for diagnostic motives
(as opposed to for management matters) in children is controversial due to (a) augmented

cancer danger from CTs in children [Brenner 2002] and (b) implications regarding costs.
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4. CHRCT scans made throughout dissimilar conditions of “wellness” might yield
dissimilar outcomes. Although HRCT scans are preferably executed in a “non-acute
condition,” this condition is hard to describe. Moreover, the ‘“non-exacerbation
condition” is not essentially identical to the “post-treatment” condition. For an extensive
time, experts have understood that this is a noteworthy drawback, and it has been lately
established by Gaillard et al. [Gaillard et al. 2003]. The Liverpool group stated that post-
medical treatment bronchial dilatation totally resolved in six of 21 children with BE
[Gaillard et al. 2003].

2.6 The microbiology of BE

2.6.1 Bacteria

Studies citing the various bacteria linked to BE in children are recorded in Table 3. H.
influenza (stated as NTHi in three examinations) was the most shared pathogen recognized,
followed by Moraxella catarrhalis and S. pneumonia [Edwards, Asher et al. 2003; Kapur,
Grimwood et al. 2012; Banjar 2007; Eastham et al. 2004; Hare et al. 2010; Karadag et al. 2005;
Li et al. 2005; Zaid et al. 2010]. These three classes are normally related to acute exacerbations
in adult population suffering from BE [King, Holdsworth et al. 2007; Kelly et al. 2003]. Though
it is not that common, united outcomes from all pediatric examinations show that S. aureus and
P. aeruginosa have a comparable dominance as M. catarrhalis, though it is not easy to associate
the outcomes because of the dissimilar sampling types utilized (Table 3).

The dominance of H. influenzae, M. catarrhalis and S. pneumoniae, in BE shape the
foundation of empiric antibiotic treatment regimens to manage acute exacerbations in children
[Chang, Bell et al. 2010]. Nevertheless, these data have chiefly a basis on cross-sectional
examinations of clinically stable children based on retrospective chart reviews [Pizzutto et al.
2017]. In children’s BE, the pathogen separation rate from sputum or BAL ranges from 53% to
67% [Ruchaud-Sparagano et al. 2013]. However, molecular examinations designed to
distinguish between dissimilar strains are still essential [Wark et al. 2000].

Despite previous developments regarding the microbiology of the lower airways in
children with BE, various difficulties remain in terms of recognizing the pathogens accountable

for a respiratory exacerbation. Impulsive or induced sputum is a trustworthy and available source
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of specimens regularly utilized for microbiologic examinations in adult population. Nevertheless,

gathering sputum from young children is difficult, because children find it hard to clear out.

Though NP swabs might be beneficial for this purpose, in practical procedure, the organism

accountable for an exacerbation is seldom recognized, and doctors normally depend on empiric

data to treat respiratory exacerbations in children with bronchiectasis.

Additionally, infection with upper airway microflora is a possible difficulty when lower

airway specimens are acquired for a bacterial culture [Loens et al. 2009]. Even when great care is

taken, infection might happen throughout BAL collection in young children as the tube utulized

is too narrow for the protected brush technique [Pizzutto et al. 2017].

Table 3: Bacterial pathogens associated with bronchiectasis in children

Haemophilus | Streptococcus | Moraxella | Pseudomonas | Staphylococcus
Number Age influenza pneumonia | catarchalis | aeruginosa aureus
Setting (n) (years) | Specimen (%) (%) (%) (%) (%)
New 1-17 .
Zealand 60 (md 10) Sputum 55 (NTHi) 10 5 2 0
United 1.6-18.8 :
Kingdom 93 (md 7.2) Various 48 22 17 6 8
Turkey 1-17.5
111 (md 7.4) Sputum 39 23 6 11 17
United 3-18 .
Kingdom 136 (md 12.1) Various 39 17 2 11 4
Saudi 151 | 73241 | NPswab, 37 17 9 16 7
Arabia sputum
Ireland 1.5-13 Sputum
92 (md64) | and BAL 54 37 10 9 15
Australia 0.4-12.9 | BAL >10* :
(ndigenous) | %% | (md24) | crumL | ST (NTHI) 16 12 0 3
Australia 2.7-16 | BAL >10° .
113 (md 5.3) CEU/ML 32 (NTHi) 14 8 2 5
SIX 860 | 0.4-18.8 | Various 40 20 8.5 7.9 7.6
countries
2.6.2 Viruses

The purpose of viral infections in BE is not well defined [Grimwood 2011; King 2009],

and there are few data available that can be considered when characterizing the significance of

viral contamination in the pathogenesis of BE in children. Adenoviruses may be a significant

cause of post-infectious BE in childhood [Becroft 1971] and are the most commonly reported
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[Alharbi et al. 2012; Diaz et al. 1999; Edwards, Asher and Byrnes 2003; Hogg et al. 1989; Kapur
et al. 2011].

Recent data from two separate prospective Australian studies on children with BE indicate
that attention to viruses is warranted. For example, respiratory viruses were linked to 48% of
exacerbations in 69 Queensland children with BE [Kapur, Mackay et al. 2014] and noticed in the
BAL of 44% of 68 clinically steady (mainly Indigenous) children in the Northern Territory
[Pizzutto et al. 2015]. Additionally, in a research of BE made in 58 adults in Guangdong, China,
respiratory viruses were distinguished in 49% of 100 exacerbations [Gao et al. 2014]. Rhinovirus
was the most frequent identified virus in the two examinations of children, whereas coronavirus,
after rhinovirus and influenza, were the most shared in the adult examination. Whether this
dissimilarity in viral domination is demographically focused or related to the severity of illness is
not known. Nevertheless, in both adults and children, the occurrence of a virus throughout
respiratory exacerbation is linked to more extreme symptomatology. In other chronic respiratory
diseases, containing COPD and asthma, respiratory viruses are furthermore a notable cause of
exacerbations [Kurai et al. 2013; Yerkovich 2012].

It has been assumed that viruses might change immune reactions and endorse respiratory
exacerbations produced by bacterial contaminations [Beadling and Slifka 2004]. Respiratory
viruses are probable an under-identified element contributing to acute exacerbations and insistent
airway inflammation in children with BE. Therefore, large, population-founded examinations on
children exploring the influence of viruses on airway immunopathology are needed to
completely comprehend the involvement of viruses to long-lasting inflammation and the

pathogenesis of BE in children [Pizzutto et al. 2017].

2.6.3 Bacterial virus co-infections

BE is linked to human T-cell lymphotropic virus type 1 infection in Jamaican children
[La Grenade 1996] and Indigenous Australian adults [Einsiedel et al. 2012]. Furthermore,
respiratory syncytial virus [Diaz et al. 1999; Edwards, Asher and Byrnes 2003], human
immunodeficiency virus [Berman et al. 2007; Jeena et al. 1998; Masekela et al. 2012], influenza
[Kapur et al. 2011; Laraya-Cuasay et al. 1977] and parainfluenza [Eastham et al. 2004; Kapur et
al. 2011] have been detected in children with BE. Respiratory viral infections often lead to
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bacterial superinfection by mechanisms including the promotion of bacterial adhesion to
respiratory epithelial cells [Peltola and McCullers 2004]. Therefore, it is feasible that viral
infections contribute to the initiation of BE and subsequent exacerbations in susceptible hosts
[Hare 2014].

2.6.4 Persistent infection and BE

Respiratory pathogens occupy various approaches to evade clearance by host resistance
mechanisms. When efficacious, these approaches obstruct hosts from efficiently clearing
infections and contributing to a setting that fosters long-lasting infections and related
inflammation. A number of the most prominent tactics by shared respiratory pathogens contain
establishing protective structures like biofilm (Staphylococcus aureus, Streptococcus pneumo-
niae and H. influenzae, Pseudomonas aeruginosa,) [Bjarnsholt et al. 2009; Hall-Stoodley and
Stoodley 2009], secreting immune-blocking agents like IgA proteases (H. influenzae) [Fernaays
et al. 2006], and releasing toxins that harm mucus-clearing assemblies (containing cilia) of the
epithelium [Bailey et al. 2012]. Secreted proteases might harm the construction of the bronchial
wall, containing cilia, thus hindering sputum clearance from the lungs and endorsing
inflammatory procedures by the host. In the lower airways of children with BE biofilm has been
observed [Marsh et al. 2015] and can prevent antibiotics from having the desired effect [Starner
et al. 2006]. A number of pathogens linked chronic respiratory contaminations, containing
Mycobacterium tuberculosis and H. influenza, might stop the host’s humoral reaction by
hijacking antimicrobial mechanisms, controlling the host’s phagocytic cells and creating an
intracellular niche [Wolf et al. 2008].

2.6.5 Biofilm

Bacterial biofilms (Figure 5) have long been linked to persistent infections [Costerton et
al. 1999]. Biofilm formation has been demonstrated in H. influenza [Cardines et al. 2012; Starner
et al. 2006], S. aureus [Molina et al. 2008] and P. aeruginosa [Lutz et al. 2012; Murray, Egan et
al. 2007] from CF patients; H. influenzae in the sputum of individuals with COPD [Murphy and
Kirkham 2002]; and S. pneumoniae [Allegrucci et al. 2006], NTHi, and M. catarrhalis [Pearson
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et al. 2006] in chronic and recurrent OM [Murphy, Bakaletz et al. 2009]. While many studies
were performed in vitro or using animal models, biofilm formation has been demonstrated in the
middle ear mucosa of children with prolonged OM [Hall-Stoodley et al. 2006], patients with
chronic suppurative OM (smears from children and biopsies from adults) [Homoe et al. 2009],
and in the middle ear effusions of children with recurrent acute OM [Thornton et al. 2013].
Biofilms likely also form in the lower airways of children with non-CF BE [Hare 2014].

Bacteria form biofilms as a survival mechanism, meaning that biofilms are ubiquitous.
Antoni van Leeuwenhoek, in 1683, detected and defined biofilms on matter collected from his
own teeth using a primitive microscope. Nevertheless, the biofilm lifestyles of microorganisms
did not concern medical microbiologists until the early 1970s, the time that Nils Heiby detected a
connection between the aggregates of bacteria and the causes of an insistent infection in CF
patients [Heiby 2017]. Since that time, biofilms have been documented as contained in several
clinical contaminations [Costerton et al. 1999; Hall-Stoodley and Stoodley 2009], and the
evidence that biofilms contribute to the pathogenesis, particularly in long-lasting contaminations,
continues to grow [Bjarnsholt 2013; Vestby et al. 2020].

Bacterial biofilms constitute groups of bacteria which attach to to each other or a surface
and become inserted in a self-produced matrix. The biofilm matrix contains substances such as
polysaccharides (e.g., alginate), proteins (e.g., fibrin) and eDNA. Additional to the safety
provided by the matrix, bacteria in biofilms might employ numerous survival approaches to
avoid their host’s defense structures [Vestby et al. 2020]. Bacteria in biofilm formations are
protected from phagocytosis and are resistant to antimicrobials, making biofilm infections harder
to treat [Starner et al. 2006]. By remaining inactive and unseen from the immune system, they
might lead to local tissue impairment and, eventually, an acute contamination. Within the
biofilm, the bacteria adapt to environmental anoxia and nutrient limitations by changing their
gene expression, metabolism and protein construction, which can lead to a lower metabolic rate
and a decreased rate of cell division [Hall-Stoodley and Stoodley 2009; Donlan and Costerton
2002].

In addition, as previously mentioned, these adaptations make these bacteria more resilient
to antimicrobial treatment, as they can deactivate the antimicrobial targets or decrease the
requirements for the cellular function with which the antimicrobials inhibit. During a biofilm

contamination, inherent and acquired host immune reactions might happen concurrently.
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Nevertheless, neither kind of activity has the ability to eradicate the biofilm pathogen; but they
accelerate collateral tissue impairment [Moser 2017]. Accordingly, biofilm-linked illnesses are
characteristically tenacious and slow. Furthermore, they are infrequently resolved by the immune
system, and their reactions to antimicrobial managements are unpredictable [Vestby et al. 2020].
This could explain the persistence of NTHi in COPD [Murphy et al. 2004], chronic OM, CF BE,
and (theoretically) non-CF BE. It is likely that biofilms also form in the lower airways of
children with non-CF BE [Hare 2014].
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Figure 5. Scanning electron microscopy image of bacterial biofilm in an endoscope channel.
2.7 Treatment - Prevention

Antibiotic treatment constitutes the foundation of BE treatment in children. Antibiotics are
given to inhibit exacerbations, decrease symptomatology and maintain lung function by
decreasing lower airway bacterial load and infection [Grimwood et al. 2014]. Amoxicillin is still
the dominant antibiotic regarding acute respiratory infections because of its extensive history of
clinical accomplishment, restricted side effects, satisfactoriness and comparatively inferior cost.
Big doses of amoxicillin might be given for penicillin-resistant pneumococci; however clinical
failure might show another contaminating pathogen which is a B-lactamase creator. This
approach of resistance might be overwhelmed by antibiotics enclosing B-lactamase inhibitors
like clavulanic acid. Oral amoxicillin-clavulanate is frequently given as a primary empiric
treatment for children with BE and mild-to-moderate exacerbations [Grimwood et al. 2014].

Three appraisals [Figueiredo and Ibiapina 2011; Masekela and Green, 2012; Gao et al.
2014] of preservation macrolide treatment (duration of 2-24 months) for BE have testified six
RCTs in adult population and four in children [Koh et al. 1997; Valery et al. 2013; Yalcin et al.
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2006; Masekela et al. 2013]. Macrolide treatment was linked to a decreased occurrence of
exacerbations in adult population (risk ratio [RR] 0.42, p < 0.001) and children (RR 0.50, p <
0.001) [Gao et al. 2014], frequently with other enhancements in decreased sputum volume and
pulmonary function.

At present, no commercially obtainable vaccine exists, particularly directing NTHi, the
chief bacterial pathogen in childrens’ BE. Oral vaccines which offer protection from NTHi
infections have been produced to decrease the severity and number of exacerbations, and also
carriage, in adult people with chronic bronchitis and COPD [Clancy et al. 1985; Foxwell et al.
2006; Lehmann et al. 1991; Tandon et al. 2010]. Nevertheless, a systematic examination
displayed the advantage was too small to support the prevalent utilization of this oral NTHi
vaccination in individuals suffering from COPD [Teo et al. 2014].

A more efficacious oral vaccine might advance mucosal safety [Clancy and Dunkley 2010]
and decrease the occurrence or severity of respiratory contaminations produced by NTHi.
Pneumococcal polysaccharide vaccines were advanced to inhibit pneumonia triggered by S.
pneumonia; these vaccines contain serotypes triggering the most disturbing pneumococcal
disease (IPD). The 23-valent polysaccharide vaccine was presented in 1983 [Austrian 1999] and
is being utilized until recent years. Nevertheless, even though antibodies’ reactions to
immunization with polysaccharides are adequate in most individuals over two years old, the
reaction is not that satisfactory among those aged between six months and two years and
extremely poor in children, who are younger than six months old [Douglas and Riley 1979]. The
conjugation of pneumococcal polysaccharides to a carrier protein advances immune reactions in
toddlers. The initial certified pneumococcal conjugate vaccine (PCV7), presented in 2000,
enclosed seven serotypes producing most IPD cases in the USA in children under five years old
[Black et al. 2000].

Since that time, vaccines containing more serotypes have been created, containing a 10-
valent pneumococcal NTHi protein D conjugate vaccine (PHIDCV) [Croxtall and Keating 2009]
and PCV13, which was approved in 2010 [Centers for Disease Control and Prevention 2010].
PCVs have proven to be efficacious in decreasing the occurrence of IPD produced by vaccine
serotypes [Roche et al. 2008; Palmu et al. 2013; Kaplan et al. 2013]. Nevertheless, PCVs have
been less efficacious in relation to other kinds of treatment in decreasing pneumonia (a risk

element regarding BE). Confirmed decreases of 20 to 22% in radiological (likely bacterial)
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pneumonia have been described in some populations [Black et al. 2002; Tregnaghi et al. 2014],
while other reports have cited no reduction [O’Grady et al. 2010]. The restricted influence on
pneumonia occurrence might be due to the comparative influence of vaccine-type pneumococci
in a situation where numerous other pathogens (containing pneumococcal serotypes not enclosed
in the vaccine) are predominant.

Although vaccination is currently recommended, few published clinical trials have
assessed the influence of PCVs in children with BE [Chang, Bell et al. 2010]. A clinical test of
PHIDCYV in children with expanded bacterial bronchitis, CLSD, and BE (together mentioned to
as chronic endobronchial illnesses), with respiratory exacerbation as the chief result, is presently
underway [O’Grady et al. 2013]. It was discovered that the carriage serotypes of S. pneumonia
(mainly non-vaccine sorts in PCV-vaccinated individuals) have a comparable tendency to
produce lower airway infections in Australian children with chronic endobronchial illnesses
[Hare et al. 2017]. These data imply that PCVs do not have much influence on lower respiratory
contaminations in this group of people. Nevertheless, PHIDCV might effectively protect people
against mucosal contaminations with NTHi [Leach et al. 2014], and we expect the complete
results of the clinical trial [O’Grady et al. 2013].

Inhaled anti-inflammatories perhaps are capable of managing the powerful and insistent
airway inflammation linked BE. Corticosteroids and inhaled non-steroidal anti-inflammatories
(NSAIDs) have been suggested as possible agents in the managing of BE [Chang, Marsh et al.
2012]. Nevertheless, two current systematic analyses of controlled randomized clinical trials did
not find any proof to upkeep the efficiency of corticosteroids [Kapur, Bell et al. 2009] or inhaled
NSAIDs [Pizzuto et al. 2016] in children with BE.

These appraisals highlight a gap in information concerning new therapeutics settled to
handle airway inflammation in children with BE. Therefore, clear information displaying how
gasped anti-inflammatories influence airway inflammation is essential. The longstanding
influence of anti-inflammatories on persistent contamination in children with BE also requires

more support before they can be introduced into the therapeutic regime.
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3.CLSD

As opposed to BE, the term CSLD describes a diagnosis based on clinical symptomatology
of BE without cHRCT indication of BE. The leading symptom of CSLD is an extremely lengthy
moist cough. Other than the absence of cHRCT elements the symptomatology of CSLD are
similar to those of BE.

In an opposite view, PBB is characterized by the manifestation of an isolated wet cough
(not containing symptomatology and signs of BE or CSLD) [Chang et al. 2008]. Children with
CSLD react to similar cure regimens utilized for childhood BE; a few writers even perceive them
as a continuum of the same syndrome. Of note, children with CSLD diverge from children with
PBB in that their situations cannot be fully inverted with various courses of antibiotics. In a two-
year prospective examination, 43% of 161 children with PBB had more than three incidents of
wet cough per year even though they have received antibiotic cure [Wurzel, Marchant et al.
2016].

The number of failures of treatments that establishes an alteration in diagnosis from PBB
to CSLD has not been stated. In one study, 13% of children with PBB finally verified
radiographic proof of BE [Wurzel, Marchant et al. 2016]. CSLD and PBB probable signify a
continuum of long-lasting suppurative airway illness; thus, children with PBB who exhibit
recurrent treatment “failures” might be considered as having CSLD or BE [Redding and Carter
2017]. To date, there are no clinical or treatment information obtained from childthat have
obviously described CSLD [Goyal et al. 2016].

3.1 Microbiology

The microbiology observation of sputum or airway microbiology as in BE aids to lead
antibiotic treatment regarding CSLD patients [Chan et al. 1992], especially if deterioration or an
inadequate response to current treatment is detected. The most mutual pathogens recovered from
children with BE are Streptococcus pneumoniae, NTHi and Moraxella catarrhalis [Twiss et al.
2005; Hare, Grimwood et al. 2010]. Pseudomonas aeruginosa and NTHi predominate in adults
[King, Holdsworth et al. 2007], and about 25-45% of airway samples cannot develop pathogenic
bacteria. As the illness growths, the microbiological flora change, with P. aeruginosa often
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emerging in more progressive stages of the illness and forecasting a worse prognosis [King,
Holdsworth et al. 2007]. Non-tuberculous mycobacteria species and aspergillus have been
identified in a few individuals with bronchiectasis, though their pathogenic roles are frequently
undefined [King, Holdsworth et al. 2007]. Nevertheless, non-tuberculous mycobacteria have
been distinguished in exacerbations [Chan et al. 1992] and pulmonary deterioration
[Wickremasinghe et al. 1997].

3.2 The overlap between PBB, CSLD and BE

The resemblances among these three situations contain the occurrence of a chronic wet
cough (containing or not ruttles), endobronchial bacterial infection, neutrophilic airway
inflammation and damaged mucociliary clearance. Furthermore, the kinds of micro-organisms
associated with PBB and the early phases of CSLD/BE are similar. The key dissimilarities lie in
the severity of signs and symptomatology, the reaction to two to four weeks of oral antibiotic
administration, and cHRCT findings.

In the clinical model represented as “illness entities,” there are strong connections between
CSLD and PBB and between radiological BE and CSLD. It is not yet known whether these
situations are dissimilar situations or different severities of the same condition (Figure 2).
Nonetheless, it is believable that children with recognized BE had CSLD at some point earlier in
the illness. Correspondingly, children with CSLD could have PBB at some earlier phase in the
illness. The risk elements and amount of children with PBB who grow CSLD are still
unidentified [Chang et al. 2008].

3.3 Global disparities in suppurative childhood lung diseases

Glaring disparities continue among children in dissimilar civilizations who are at danger of
emerging CSLD. Admittance to vaccines for pneumococci, Haemophilus type b and influenza
and complete longitudinal healthcare diverge considerably across and within nations. In
prosperous states with efficacious public health organizations and positive well-child care
programs, suppurative lung illness is rare and regularly happens because of an acknowledged

pulmonary or immune host defense illness.
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Nonetheless, as previously stated, among high-risk ethnic groups in New Zealand,
Australia, Alaska and Argentina, post-infectious BE is very frequent. There is a continuing
argument regarding the comparative roles of societal and environmental dangers versus immune
deficits and irregular lung injuries as they concern the repair processes in different populations of
children [Singleton et al. 2014; Hodge et al. 2016; Pizzutto, Yerkovich et al. 2014]. A great rate
of consanguinity has been stated in numerous families whose children have idiopathic BE,
suggesting that some groups have a genetic predisposition to BE [Banjar 2007; Karadag et al.
2005].

The worldwide weight of CSLD in children is unidentified. The geographic dominance of
BE are partial relatively because of a lack of admission to the imaging technology required to
have a diagnosis. Areas with the highest prevalence of tuberculosis, HIV infections, acute
pneumonia, malnutrition, and tobacco and biomass combustion are the most probable to have
recurrent cases of CSLD; this pattern specifies the disparities in occurrences of risk elements

across nations and geographic districts [Pedding and Carter 2017].

3.4 Long-term consequences of suppurative lung disease

Most children having acute suppurative procedures (e.g., empyema, pneumonia,
abscesses), if treated correctly, recuperate completely with the least lasting morbidity.
Nonetheless, with the exclusion of CF, the continuing results of CSLD in children have not been
well-defined. Sequential lung function trends for children with non-CF and CF post-infectious
BE have been stated [Twiss et al. 2006]. Non-CF BE is related to worse lung function early in
life (soon following the primary airway damage), nonetheless it growths much more gradually
over time than CF-linked BE.

Symptoms of one-third of native Alaskan children with post-infectious BE completely
resolve by adolescence [Singleton et al. 2000]. Though the mortality danger is superior in adults
with BE than in others having asthma, it is lower than in adults with COPD (at least in
industrialized states) [Keistinen et al. 1997]. Among adults with COPD, mortality is greater
when BE is furthermore existent. Treatment regimens designed for transitioning youth and
young adults with CSLD to adult providers have been most efficacious for individuals with CF

and, more lately, for those with ciliary illnesses. Likewise, inclusive care models of non-CF-
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linkedBE that stabilize and enhance lung function over time have been developed [Chang, Bell et
al. 2010]. Nevertheless, the influence of smoking tobacco and other inflammable products
among adolescents and young adults with BE has not been testified. Furthermore, these models
have not accounted for ultimate alterations to adult treatment [Pedding and Carter 2017].

4. Acute pulmonary exacerbations

Acute pulmonary exacerbations of CLSD and BE are associated with disease severity
[Wang et al. 2015]. Although no straight information for BE or CSLD in children are available,
exacerbations are probable to reduce lung function. Elements of speeded lung function
weakening in adult population having BE are the frequency of exacerbations that are
hospitalized, augmented systemic inflammatory indicators and infection with Pseudomonas
aeruginosa [Martinez-Garcia et al. 2007]. Among other features, augmented risks of mortality
are linked to the degree of the damage of lung function [Loebinger et al. 2009].

Examinations conducted in the United Kingdom and Australia testified that children with
regular lung function when they were diagnosed with BE, they preserved typical lung function
five years later [Bastardo et al. 2009; Kapur, Masters et al. 2009; Kapur, Masters et al. 2010].
Children who have poor lung function the time of diagnosis were probable to still have poor lung
function five years later (although with considerable enhancements), with the only noteworthy
forecaster of pulmonary decrease being the regularity of exacerbations that were hospitalized
[Kapur, Masters et al. 2009]. With each hospitalized exacerbation, the forced expiratory volume
in 1-s percentage (FEV1%) estimate diminished by 1.95%, adjusted for time [Kapur, Masters et
al. 2009]. Consequently, interventions that diminish exacerbation incidences are probable to be
significant in the general managing of CLSD and BE [Chang, Bell et al. 2010].

In addition, preventing exacerbations could reduce economic and social costs. From 1993
to 2006, the median cost for adult inpatient treatment in the USA was US$7,827 [Seitz et al.
2010]. Hospitalization rates augmented considerably over the examination period, with an annual
percentage upsurge of 2.4% for men and 3.0% for women [Seitz et al. 2010]. According to
another report in 2004 from a New Zealand Hospital, half of the service’s pediatric BE
individuals needed at least one hospital admission yearly (range: 1-10) for exacerbations

[Edwards et al. 2004]. The mean length of stay was one week (range: 1-25). 8% of these
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children, to preserve respiratory status at a mean cost in 2004 of US$5,492 frequently had three
to four monthly admittances for 14 days (this amount does not contain the cost of inserting
peripherally inserted central catheter vascular lines or theater time) for each hospitalization
[Edwards et al. 2004; O'Grady and Grimwood 2017].

4.1 Definition

As with BE and CSLD in children overall [Flight and Jones 2012], a dearth of literature
describing an acute exacerbation exists. In adult individuals, acute exacerbations of chronic
COPD are described by worsened, increased sputum volume, dyspnea and purulence [Stoller
2002]. The exacerbations of adults with BE have comparable elements to those of adults with
COPD (i.e., augmented cough occurrences and purulence or sputum volume) and are frequently
linked in sputum to culturing respiratory bacterial pathogens [European Respiratory Society.
Bronchiectasis 2013].

In settings of study, predominantly in examinations for which exacerbations were
considered the main result, the characterization might likewise contain the necessity for
intravenous antibiotics and hospitalization [Grillo et al. 2015]. Presently clinical trials in children
utilize comparable descriptions as are utilized in adult population, containing discrepancies in
symptomatology (e.g., dyspnea, augmented coughing, color intensity or augmented sputum
volume, new chest inspection or radiographic outcomes, deterioration in FEV1% forecasted
>10%, or hemoptysis) [Valery et al. 2012; Chang, Grimwood et al. 2012; Chang, Grimwood et
al. 2013; O’Grady et al. 2013].

However, not all definitions mention the necessity for intravenous antibiotics or
hospitalization. In an examination of 30 children with 115 exacerbations of BE [Kapur, Masters
et al. 2009], changes in cough characteristics (67%) and augmented cough frequency (88%) were
the most frequent symptoms. Fever (28%), purulence (35%) and augmented sputum volume
(42%) and worsening chest auscultatory (58%) were furthermore common, whereas alterations in
spirometry values (in comparison with the stable condition) were not [Kapur, Masters et al.
2009].

Additional study was undertaken from this cohort’s data (81 exacerbations were involved)
to grow a standardized description of an exacerbation in children having BE. Wet cough and

cough severity (score >2) over 72 h were the greatest forecasters of exacerbations [receiver
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operating distinguishing area under the curve of 0.85 (95% CI 0.79, 0.92) and 0.84 (95% ClI
0.77, 0.91), correspondingly] [Kapur, Masters et al. 2012]. Hemoptysis, sputum color, chest pain,
dyspnea and chest signs were though as minor criteria. Moreover, the adding of amyloid-A,
serum C-reactive protein (CRP) and interleukin-6 enhanced the specificity and positive
predictive value of the definition [Kapur, Masters et al. 2012].

The authors subsequently categorized symptomatology and laboratory measures into three
sets of criteria (minor, major and laboratory) and later devised three options that might be
utilized to describe an exacerbation in BE/CLSD (Table 4). A noteworthy limitation of the study
is that no objective gold standard exacerbation diagnosis in CLSD/BE was used. Instead, the
criteria were measured against a pediatric pulmonologist’s description, which involved changes
in symptomatology and the necessity for extra treatment after patients reached a stable condition.
More examinations confirming the definition in larger cohorts are ongoing [O'Grady and
Grimwood 2017].

Table 4: Proposed criteria for defining a pulmonary exacerbation in children with BE

(1) Major criteria
e Noteworthy cough frequency (median cough score >2) over 72 h
e Wet cough for 72 h

(1) Minor criteria

Sputum color >2 on BronkoTest™

Child/parent perceived breathlessness

Auscultatory crackles

Chest pain

Wheeze

Hypoxia (oxygen saturation <93% by pulse oxymetry)

(1) Laboratory criteria

CRP >3 mg/dlon high sensitive testing

Serum interleukin-6 >2 mg/L

Serum amyloid —A >5 mg/L

Raised peripheral blood neutrophil % (age-appropriate)

The three combinations considered the best to define an exacerbation

e (Option-A) One major PLUS any one laboratory criteria positive [sensitivity 63%,
specificity 94%, AUC 0.784, p < 0.001; positive predictive value (PPV) 91%, negative
predictive value (NPV) 71.6%], OR

e (Option-B) Two major criteria positive [sensitivity 92.6%, specificity 75.3%, AUC 0.84,
p < 0.001; PPV 79%, NPV 91%], OR

e (Option-C) One major PLUS and two minor criteria positive [sensitivity 95%, specificity
75%, AUC 0.84, p < 0.001; PPV 78.5%, NPV 93.75%]
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4.2 Etiology

The precise etiology regarding the exacerbations in young children with BE or CSLD is
not well-defined, and it is undistinguishable whether exacerbations represent a resurgence of a
long-lasting infection, a new infection, or a mixture of both [European Respiratory Society.
Bronchiectasis, 2013; Chang and Bilton, 2008]. Partially the problem is that notwithstanding
their common utilization in clinical field, upper airway secretions gathered by cough swabs or
throat do not consistently perceive organisms within the lower airways [Hare, Grimwood et al.
2010], especially considering that possible pathogens of interest (NTHi, S. pneumoniae, and M.
catarrhalis) are likewise normally noticed in the upper airway spaces of healthy children
[Jourdain et al. 2011].

Ideally, repeated bronchoscopies with multilobar BAL would be used to gather lower
airway specimens before, during, and following acute exacerbations in children too young to
reliably expectorate sputum. However, such methods are impracticable due to their aggressive
nature, containing the requirement for repetitive general anesthesia or sedation. Therefore, the
information needed to assuredly assign causality in investigation and patient care are restricted.

S. pneumoniae, Haemophilus influenzae and M. catarrhalis are regularly isolated at high
densities (>10* colony-forming units/mL) from BAL specimens gathered from children and adult
individuals during acute exacerbations, though varied infections are additionally common [Hare,
Grimwood et al. 2010; Kapur, Grimwood et al. 2012]. However, a number of examinations have
examined systematically for viruses. P. aeruginosa and non-tuberculous mycobacteria are
unusual in children with BE and, when existing, indicate the likelihood of undiagnosed CF and
more extreme underlying BE and comorbidities [Kapur, Grimwood et al. 2012].

A small study on 69 children with BE (including 900 child-months of follow-ups)
recognized at least one respiratory virus in nasopharyngeal aspirates in 48% of exacerbations; the
most common was human rhinovirus (54% of virus-positive occasions) [Kapur, Mackay et al.
2014]. Compared to children with virus-negative exacerbations, children with virus-positive
exacerbations were more probable to necessitate hospitalization (59% vs. 32.5%; p = 0.02), have
a fever (OR 3.1, 95% CI 1.2, 11.1), develop hypoxia (OR 25.5, 95% CI 2.0, 322.6), show chest
signs (OR 3.3, 95% CI 1.1, 10.2), or exhibit increased CRP (OR 4.7, 95% CI 1.7, 13.1) [Kapur,
Mackay et al. 2014].
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In 2014, a cross-sectional examination was conducted on 245 children having mild BE or
PBB undergoing bronchoscopy and BAL for clinical indication (median age = 30 months)
[Wurzel, Mackay et al. 2014]. The researchers performed a typical respiratory panel for viruses
utilizing polymerase chain reaction assays on all specimens. Human adenovirus (HAdV) was
noticed to be the most shared virus, as it was detected in 40 children. Meanwhile, influenza virus
was distinguished in three children, parainfluenza virus was found in 12 children, respiratory
syncytial virus was observed in 11 children, and human metapneumovirus was reported in five
children [Wurzel, Mackay et al. 2014]. HAdV finding was more common in the young age
individuals (p = 0.001) than the older age groups and was positively linked to each of the three
chief bacterial pathogens [Wurzel, Mackay et al. 2014]. Nevertheless, this connection vanished
following adjusting for age. Furthermore, given the lack of control participants and the cross-
sectional nature of the inspection, a causal connection between clinical disease and these viruses
and at that time of bronchoscopy could not be decided. In fact, a small number of examinations
have examined risk elements of CSLD or BE exacerbations.

A previous study revealed that 74% of children of 93 Indigenous children from Alaska and
Australia with BE or CSLD experienced more than two exacerbations over three years [Redding
et al. 2014]. In the current examinations, the elements linked to continuing episodes were young
age (no more than three years old), hospitalization for an acute exacerbation during the first year
of life, and hospitalization for an acute exacerbation or pneumonia in the year prior to admission
[Redding et al. 2014].

Exacerbations are likewise common in severe BE. One examination conducted on 111
children displayed that severe medical interventions decreased the yearly exacerbation rate by
56%. Nonetheless, children still experienced a mean of 2.9 episodes every year [Karadag et al.
2005; O'Grady and Grimwood 2017].

4.3 Prevention

Averting exacerbations and decreasing their severity are significant objectives when
treating children with BE or CSLD to help them preserve their lung health and augment their
quality of life [Chang, Bell et al. 2010]. A critical aspect of CSLD handling is the mixture of

airway clearance methods and antibiotic treatment, with or without other treatments like
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bronchodilators and anti-inflammatory agents [European Respiratory Society. Bronchiectasis,
2013; Chang and Bilton, 2008; Chang, Grimwood et al. 2008]. Nevertheless, moderate or high-
quality examinations in children for either BE or CSLD (containing those addressing wider
methodologies like health promotion, vaccines and chronic illness management approaches) are
inadequate [Welsh et al. 2015].

4.3.1 Antibiotics

A lack of evidence supporting prophylactic antibiotics was displayed by a Cochrane
review of antibiotic effectiveness for preventing repeated LRTi in high-risk children aged under
12 years [Onakpoya et al. 2015] and highlighted the necessity for high-quality trials. In an
Australian study [Valery et al. 2013], 89 children with either BE or CSLD were randomly
assigned to get either azithromycin (30 mg/kg once weekly) or a placebo for up to 24 months.
Children getting azithromycin had considerably lower exacerbation rates (incidence rate ratio
0.50; 95% CI 0.35, 0.71) than the control group [Valery et al. 2013]. Nevertheless, children in
the azithromycin group additionally grew considerably higher carriages of azithromycin-resistant
bacteria (19 of 41, 46%) than those getting the placebo (4 of 37, 11%; p = 0.002) [Valery et al.
2013].

In other research, more macrolide-resistant organisms were acquired in those who were
poorly adherent (76%) than those who complied with the treatment regimen (52%; OR 2.94,
95% CI 1.23, 7.14). Furthermore, their post-intervention Staphylococcus aureus strains stayed
resilient to macrolides [Hare, Grimwood et al. 2015]. These findings support the usefulness of
directly observed therapy programs for people and societies where adherence might be
suboptimal. Those programs will subsequently assist to confirm the benefits of long-term
antibiotics are appreciated while diminishing the possible harm caused by obtaining antibiotic-
resistant organisms.

A dose-response connection between azithromycin utilization and increased macrolide-
resistant strains of S. aureus and S. pneumoniae in the nasopharynx was detected in a prospective
examination of 79 remote children with CSLD or bronchiectasis in Australia, conducted between
2004 and 2008 [Hare, Singleton et al. 1013]. These results are in consistence with the results of

the 2015 Cochrane evaluation [Hnin et al. 2015], which stated a threefold upsurge in antibiotic-
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resistant bacteria. Concerning short-term antibiotics (duration <4 weeks), another Cochrane
review recognized no examinations in children and, consequently, displayed that there was no
evidence to support this attitude for decreasing the severity and occurrence of exacerbations in
children with BE or CLSD [Wurzel, Marchant et al. 2011].

4.3.2 Expectorants, Mucolytics, and Mucokinetics

Retained mucus in the lower airways endorses continuing airway inflammation, bacterial
development and bronchial wall injury [Rubin, 2007]. Therefore, decreasing mucus retention is
an important characteristic of airway clearance methods. Mucoactive agents contain mucolytics,
expectorants and mucokinetic agents. Expectorants’ goal is to upsurge the volume of airway
water or secretion to upsurge the efficiency of coughing [Nair and Ilowite 2012]; these contain
over-the-counter (OTC) cough medications and inhaled hyperosmolar saline and mannitol, as
well.

However, there is no solid date supporting the utilization of OTC cough drugs and
expectorants in children [Smith et al. 2014], and worries regarding negative events, containing a
number of reports of toddler deaths [Hampton et al. 2013], have led several countries to
recommend abstaining from giving OTC cough medications to young children. Mucolytics
(which are obtainable both in oral and inhaled forms) make mucus less viscous in order to be
expectorated more easily. However, no pediatric trials of mucolytics in children with CSLD or
BE have been conducted [Wilkinson et al. 2014].

Furthermore, RhDNase is not suggested in adults or children having BE in accordance
with a research in adult individuals stating its harmful impacts on exacerbation rates and lung
function [O’Donnell et al. 1998]. Mucokinetics (one class of which is aerosol surfactants)
increase the efficiency of coughing, either by growing expiratory cough airflow or by eliminating
secretions from the airway walls; [Nair and llowite 2012]. Nonetheless, as with the other
pharmacologic airway clearance treatments defined above, there is no high-level data confirming
their utilization in children with CSLD or BE [Strickland et al. 2015].
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4.3.3 Bronchodilators

BE might be linked to a hindering ventilatory defect, which could deteriorate during an
exacerbation [AL-Shirawi et al. 2006]. Although patients with BE might also have asthma
[Pasteur et al. 2010] and even though the presence of BE might deteriorate asthma exacerbations
[Amalakuhan et al. 2015], small adult examinations propose the airflow limitation is not easily
reversible [Murphy, Reen et al. 1984]. However, information regarding the occurrence of asthma
in children with CSLD or BE is scarce, though it has been suggested that these children have
been misdiagnosed as having asthma [Chang, Bell et al. 2010]. There are no trials of
bronchodilators in children with BE or CSLD in the nonappearance of an established diagnosis
of asthma, and their utilization in this group of children is not currently suggested [Chang, Bell et
al. 2015].

4.3.4 Corticosteroids

Airway infection is a defining feature of both BE and CSLD, and the subsequent
symptomatology might be quite the same to those of asthma; thus, CSLD and BE are often
falsely misdiagnosed as asthma [Kapur, Bell et al. 2009]. According to limited data, the presence
of asthma-like symptomatology in the presence of BE has been linked to faster declines in lung
function [Keistinen et al. 1997; Saynajakangas et al. 1997; Field 1969].

Inhaled corticosteroids are frequently utilized to regulate asthma symptomatology and
inhibit exacerbations. Adherence is critical for this strategy to be effective [McCullough et al.
2014]. While data regarding children with CSLD or BE are limited, non-adherence to inhaled
corticosteroids regimens in adult individuals with BE has been recognized [McCullough et al.
2014; 2015] and is acknowledged to be challenging in children (particularly adolescents)
suffering from asthma. A Cochrane review of inhaled corticosteroids in children and adult people
with BE recognized no pediatric examinations; therefore, there is no evidence supporting their
utilization [Kapur, Bell et al. 2009].
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4.3.5 Vaccines

Concerning pathogens linked to respiratory diseases, pediatric vaccines are presently
offered for influenza, S. pneumonia (23 valent polysaccharide vaccines and 7-, 10-, and 13-
valent pneumococcal conjugate vaccines), H. influenzae type b, Bordetella pertussis, measles,
and varicella. The 10-valent pneumococcal vaccine utilization protein D (an outer membrane
protein derivative from NTHi strains) as the conjugate.

There is presently no evidence showing that any of these vaccines inhibit acute
exacerbations of CSLD or BE in children [O’Grady, Chang and Grimwood 2014], primarily
because the necessary trials have not been done. Notwithstanding the lack of data for inhibiting
exacerbations, children with chronic lung illnesses have greater risk of growing severe
contaminations from most of these organisms. Therefore, illness management ought to guarantee
that children get on-time and age-appropriate immunizations in all nations where these vaccines
are suggested through national immunization curriculums [Aigbogun et al. 2015; Pelton et al.
2014; Montella et al. 2007].

4.4 Chronic Disease Management Plans

The difficulty of treating individuals suffering from chronic illnesses demands a multi-
disciplinary methodology that contains collective decision-making and contains the patient and
their carers/families when creating plans regarding treatment [van Dongen, van Bokhoven et al.
2016; van Dongen et al. 2016]. Personalized chronic illness treatment plans include joint goal-
setting and agreement on what actions are essential to attain those objectives [Coulter et al.
2015].

A systematic evaluation of 19 examinations containing 10,856 adult individuals with a
range of chronic health situations determined that modest enhancements might be made through
personalized management plans in psychological and physical parameters, and also in patients’
capacity to self-manage their situations [Coulter et al. 2015].

There seems to be an absence of available examinations investigating the effectiveness of
chronic illness management plans in inhibiting exacerbations of BE or CSLD in children. A

systematic review of action plans for adult people with COPD that involved limited self-
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management education acknowledged enhancements in the appreciation and beginning of cure
for acute exacerbations. However, no evidence was found for reduced healthcare utilization or
improved health-related QoL [Walters et al. 2010]. An appraisal of the common care of
individuals with chronic illnesses between primary and specialty health services determined that,
other than improved prescribing, there was inadequate data for the benefits of that methodology
[Smith et al. 2007].

5. Microbiology evaluation/samples for lower airway microbiology in PBB, CLSD and BE

It is important to establish the most accurate diagnostic tools to accurately identify the
bacterial/viral pathogens involved in the pathogenesis or acute exacerbation of these diseases.
Accurately identifying the etiology is critical to ensuring that the most effective treatment is
instituted. Currently, the standard care for children within the spectrum of CLSD diseases
involves the regular surveillance of airway microbiology and airway microbiology during acute
pulmonary exacerbations. However, these children are frequently unable of expectorating
sputum, even if actively coughing throughout an acute exacerbation. Therefore, efficacious
sampling for lower airway microbiology is difficult yet vital if infections are to be successfully
treated or prohibited. [Forton 2015; Ronchetti et al. 2018].

5.1 Bronchoalveolar lavage (BAL)

BAL is considered the gold standard for sample lower airway microbiology [Brennan et al.
2008]. Though the global community is concerned witg BAL-based microbiology investigation
programs, there is little data supporting this invasive routine as part of a standard CLSD care
approach [Wainwright et al. 2011; Jain et al. 2013]. BAL is commonly reserved for children with
CF who have not reacted to proper or empirical antibiotic treatments and for whom
oropharyngeal cultures do not explain the perseverance of symptomatology.

No agreement exists on which BAL techniques should be used, and practice differs.
Strategies for children with CF recommend two-lobe BAL, managed as follows: three-aliquot
BAL from the right middle lobe and a single-aliquot BAL from the lingular (or the most
affected) lobe [Brennan et al. 2008]. A study published in 2011 [Gilchrist et al. 2011] showed
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that comprehensive six-lobe BAL is well-tolerated, safe and superior to single-lobe [de Blic et al.
2000] or two-lobe [Gilchrist et al. 2011] BAL, proposing that bacterial communities may be
compartmentalized in the lung [Ronchetti et al. 2018].

Furthermore, a research relating the microbiological yield from BAL gathered from the
right middle lobe and lingula presented dissimilarities, proposing that bacterial distribution is
heterogeneous within the lung. In 2000, the European Respiratory Society (ERS) task force
published a guide for implementing BAL methods for children [de Blic et al. 2000]. It proposed
taking a single BAL from the most impacted lobe or (if there was a diffuse illness) from the right
middle lobe. An effort to establish a global consensus in 2007 produced adjusted strategies for
the BAL surveillance of lower airway microbiology in children with CF. It was recommended
that a single-aliquot BAL from the lingular (or the most affected) lobe and a three-aliquot BAL
should be taken from the right middle lobe and [Brennan et al. 2008].

5.2 Sputum induction

Sputum induction is a harmless method to finding lower airway samplings from
individuals who are not spontaneously productive, and its utilization in tuberculosis surveillance
in children is well-displayed [Iriso et al. 2005; Zar et al. 2000]. The role of sputum induction
when treating young children within the spectrum of CLSD diseases has not been systematically
addressed. Nevertheless, evidence from 27 studies on adults and two studies on children shows
that induced sputum is as good as bronchoscopy and BAL for having lower airways samples.

More specifically, studies on adults have compared the two methods in terms of their
capability to elucidate and screen diagnostic cytology in sarcoidosis [Fireman et al. 1999;
Moodley et al. 2000; Mroz et al. 2007, Mroz et al. 2002; Tsiligianni et al. 2002; Tsiligianni et al.
2005], asthma [Fahy et al. 1995; Grootendorst et al. 1997; Keatings et al. 1997; Pizzichini et al.
1998; McGarvey et al. 2000; Siergiejko 2003], CF [McGarvey et al. 2000], pulmonary fibrosis,
interstitial lung disease and hypersensitivity pneumonitis [Mroz et al. 2002; Antoniou et al. 2005;
Sobiecka et al. 2008]. Microbiological yields determined utilizing the two methods have been
compared in invidiuals suffering from TB [Anderson et al. 1995; Conde et al. 2000; McWilliams
et al. 2002; Saglam 2005; Brown et al. 2007; Schoch et al. 2007] and HIV [Rush et al. 1989;
Huang et al. 1995; Skot et al. 1995; Silva et al. 2007].
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Meanwhile, two reports have made comparisons in induced sputum with bronchoscopy
and BAL in children [Reinhardt et al. 2003; Kim et al. 2009]. Both studies observed patients
with asthma and CF and compared inflammatory indices rather than microbiological yields. A
small examination containing 11 adult people having CF, compared the microbiological yields
from sputum induction, spontaneous sputum and BAL [Henig et al. 2001]. Test-specific
recognition rates for the chief CF pathogens displayed similarity between the three approaches in
terms of isolation sensitivity, with a non-significant trend indicating superior sensitivity for
sputum induction.

Finally, the authors of a 2018 study recommended regularly implementing sputum
induction for children with CF. This proposal was maintained by the acceptability of the process
in all age groups of people, the acceptability among parents and patients, the ease of
repeatability, the accomplishment of finding samples, the applicability to both inpatient and
outpatient settings, the great proportion of identified pathogens, and the noteworthy economic
savings in comparison with bronchoscopy. The authors suggested that both sputum induction and
six-lobe BAL generate autonomous, sizeable gains in pathogen discovery when linked to the
current gold-standard two-lobe BAL. They proposed that a mixture of sputum induction and six-
lobe BAL should be used as a typical treatment for comprehensive lower airway pathogen
detection in children with CF (Figure 6). In symptomatic individuals, inducing sputum before
BAL helps to appropriately define the lower airway pathogen environment in nearly two-thirds
of patients. Moreover, if utilized regularly, it might significantly decrease the number of

bronchoscopy processes needed (Figure 6) [Ronchetti et al. 2018].

65



40 Sputum induct 12— [ Coughswab
] putom euction Il Sputum induction
367 3 Single- lobe BAL
] Single-lobe Siolobe 10 [ Two-lobe BAL
] BAL BAL [ Six-lobe BAL
o n I Allisolates —
51
3 8
£ 6
£ S
£
£ 4
=
2
Two-lobe
BAL
0 | |
W S Fg * F§® & G
@3{“\5&5‘ g *‘\0\3@(\ & 0‘3(\ & > bﬁk\b
ST T % # &
& e o“& & ?5\& ﬁ\
&
(.’

Figure 6. Six lobe bronchoscopy.

5.2.1 Safety and tolerability of sputum induction maneuver

Induced sputum is a well-established and harmless method to having lower airway
samplings either for cultures or for assessing inflammation and cytology. The data showing that
sputum induction is harmless in children comes from 22 examinations within the contexts of
asthma [Araujo et al. 2011; Covar et al. 2004; Jones et al. 2001; Lex et al. 2005; Palomino et al.
2005; Li et al. 2006; Reining et al. 2000; Rytila et al. 2000; Twaddell et al. 1996], tuberculosis
[Iriso et al. 2005; Zar et al. 2000; Zar et al. 2005; Qureshi et al. 2011], pneumonia [Zar et al.
2003; Lahti et al. 2009], and CF-22 [Ronchetti et al. 2018]. Together, these examinations display
the tolerability of induced sputum in 1834 children.

No important side effects were reported in any of these studies, however 5% of all
individuals could not endure the process and, thus, did not complete it. Most studies included
patients who were above the age of six years and, thus, could consistently perform spirometry in
order for the negative outcomes to the sputum induction process could be observed. Six reports
examined the utilization of sputum induction in children under the age of five years [Zar et al.
2000; Zar et al. 2005; Qureshi et al. 2011; Zar et al. 2003; Lahti et al. 2009; Mussaffi et al.
2008].
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Three of these studies (all published by the same group) focused on the utilization of
sputum induction in toddlers and very young children. These high-profile, large examinations
evaluated sputum induction in individuals with pneumonia and tuberculosis in an HIV-prevalent
area [Zar et al. 2000; Zar et al. 2005; Zar et al. 2003]. The three examinations contained a
combined 602 patients. The median ages in the examinations ranged from six to 13 months.
Induced sputum was very well-accepted in this age group, even in acutely unwell children.
Wheezing, vomiting, or hypoxia happened in only 3% of cases. Mild epistaxis was likewise
observed in some children.

Six examinations looking at the safety and acceptability of induced sputum in children with
CF-22 enrolled relatively old children who can perform reliable spirometry. These six
examinations contained a total of 211, of whom 16 could not complete the sputum induction
protocol after displaying symptoms (7.5%). In the one examination focused on children from a
wide age range (i.e., eight months to eight years old), fewer side effects were reported in the
young age group [Mussaffi et al. 2008]. No examinations have concentrated on the tolerability

and safety of sputum induction in children with CLSD.

5.2.2 Oropharyngeal cough swab

The oropharyngeal cough swab procedure contains requesting the child to cough whereas
a swab is positioned in the oropharynx. This is a very non-invasive, routine and uncomplicated
process and is improbable to impact the outcome of a subsequent induced sputum. However,
oropharyngeal cough swabs cultures are a poor surrogate for cultures from lower airway samples
taken during a coexisting BAL [Rosenfeld et al. 1999].

The benefits of sputum induction over oropharyngeal cough swabs have been recognized
in adults and older children with CF. However, no studies have compared the two approaches in
CLSD patients. Evidence that cough swab oropharyngeal cultures might be utilized as a
replacement for cultures from lower airway samplings in non-expectorating patients comes from
five reports from patients with CF [Armstrong et al. 1996; Avital et al. 1995; Ramsey et al. 1991;
Rosenfeld et al. 1999; Jung et al. 2002].

Rosenfeld reviewed three examinations containing 141 children with CF under five years

old. Cough swab oropharyngeal cultures supported a specificity of 95%, a sensitivity of 44%,
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PPV 44%, and NPV 95%. Children within this age range tend to have mild lung disease, and
there are few pathogen isolations. Thus, it is suggested that an adverse cough swab
oropharyngeal culture might efficiently dismiss the possibility of a lower airway contamination,
while a positive cough swab oropharyngeal culture does not consistently confirm a lower airway
contamination.

The NPV and PPV of cough swab oropharyngeal cultures in adult groups who are
patients (for whom there is a great dominance of airway pathogens) change respectively. In this
condition, a negative cough swab oropharyngeal culture has not the ability to efficiently rule out
a lower airway contamination (NPV is low), whereas a positive cough swab oropharyngeal
culture does consistently confirm a lower airway contamination (PPV is high) [Equi et al. 2001].

Evidence from five studies indicates that induced sputum is more effective than cough
swab oropharyngeal samples for identifying bacterial pathogens in CF patients [Al-Saleh et al.
2010; Suri et al. 2003; De Boeck et al. 2000; Henig et al. 2001; Ho et al. 2004]. A small
examination of 10 adult people having CF displayed comparable microbiological yields when
utilizing spontaneously induced sputum, expectorated sputum and BAL. Two small examinations
in children detected developed yields regarding induced sputum than a cough swab [Suri et al.
2003; De Boeck et al. 2000]. Two larger examinations compared cough swabs with induced
sputum in individuals having CF (involving 43 and 94 children, respectively. Both examinations
recognized further organisms on induced sputum in 30% and 42% of cases, respectively [Al-
Saleh et al. 2010; Ho et al. 2004].

6. Challenges and limitations

Despite the current knowledge regarding the microbiology of the lower airways in children
with CLSD, there are various difficulties faced when recognizing the pathogens involved in
pathogenesis, such as in an acute respiratory exacerbation of CLSD. As previously stated,
spontaneous or induced sputum is a consistent and available source of specimens routinely
utilized for microbiologic analysis in adult population. Nevertheless, gathering sputum from
young children is challenging, as they find it problematic to expectorate. Though oropharyngeal
cough swabs might be a useful alternative, in practice, the organism accountable for an
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exacerbation is seldom recognized, and doctors normally trust empiric evidence to manage PBB
or respiratory exacerbations in children with CLSD/ BE.

Partially the difficulty is that notwithstanding their typical utilization in clinical practice,
upper airway secretions gathered by throat or cough swabs do not consistently forecast what
organisms are present in the lower airways, particularly possible pathogens of interest (NTHI, M.
catarrhalis and S. pneumonia), and as these are additionally commonly detected in the upper
airway spaces of healthy children. Contamination with upper airway microflora is a possible
problem when lower airway specimens are attained for bacterial cultures [Loens et al. 2009].

Ideally, recurrent bronchoscopies with multi-lobar BAL would be applied to gather lower
airway specimens before, during, and following acute exacerbations in young children who are
too young to consistently expectorate sputum. However, this method is impractical given its
invasive nature, as it would require repeated sedation or general anesthesia. Additionally, though
it is a safe technigue, contamination could still happen during BAL gathering in young children,
as the utilized tube is too narrow for the safe brush method. Henceforth, the data needed to
assuredly assign causality in investigation and patient care are restricted [Singleton et al. 2014].
Therefore, more examinations are required to clarify the association between these three methods
(cough swabs, induced sputum, and BAL) when applied to children with CLSD [Pizzutto et al.
2017].

Quantitative cultures are used to exclude sparse bacteria in BAL fluid because of upper
airway contamination; nonetheless, the threshold ustilized to define lower airway contamination
diverges between examinations. As others have done, we utilized a cutoff of 10* colony shaping
units (CFU)/mL BAL in children [Hare, Grimwood et al. 2010; De Schutter et al. 2011; Wurzel,
Marchant et al. 2014]. Nevertheless, others have utilized dissimilar cutoffs—for example, 10°
CFU/mL in examinations with adult population [Angrill et al. 2002; Loens er al. 2009] and 10°
CFU/mL in studies on infants with CF [Armstrong et al. 1996]. Although the validation
threshold of 10* CFU/mL was used to describe lower airway infections based on correlations
with airway neutrophilia and quantitative PCR alternative thresholds need investigation [Hare,
Marsh et al. 2013].

Identifying which pathogens are accountable for lower airway contaminations is more
complex by restrictions in laboratory procedures. Although conventional microbial-detection

techniques are accurate, they are time- and labor-intensive, have a limited range of detection, and
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can be subjective since they rely heavily on the practitioner’s technical expertise. Additionally,
direct fluorescent antibody assays and immunochromatographic antigen testing, despite their
rapid nature, have poor sensitivity when used to detect most viruses. Another issue is that, as
previously stated, research on the microbiology of CLSD in children has primarily concentrated
on bacterial pathogens, while there is a lack of investigation on viral pathogens [Wurzel et al.
2014; Joish et al. 2013].

According to the above discussion, an assay capable of quickly and accurately detecting
multiple pathogens, including viral pathogens, is highly desirable. Cough swabs and induced
sputum are non-invasive airway-sampling approaches, which, if shown to be effective, could
contribute to reduce the number of bronchoscopies and routine contamination observation that
children with CLSD need to undergo. Further research is required to recognize if the association
between these three methods holds for individuals having CLSD. If it does, it would enable

practitioners to better manage, monitor, and treat this condition.
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OBJECTIVES
Our objectives were:

(1) to determine whether the microbiology results from cough swabs samples collected from
children with PBB and children with acute exacerbation of CLSD or BE are accurate and
can be used for further clinical decisions,

(2) to evaluate the accuracy of the Film array Biofire pneumonia panel plus, through
assessment of agreement with standard methods,

(3) to evaluate the microbiology of PBB, CLSD, BE (if cough swabs samples prove to be

reliable samples from lower respiratory tract).

Hypotheses

e Microbiology results from cough swabs samples collected from CLSD, PBB and BE
patients are accurate and do not reflect upper respiratory flora.
e The Film array Biofire pneumonia panel plus assay provides accurate microbiological

results and greater microbiology yield than cultures in CLSD, PBB and BE patients.
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METHODOLOGY

Study setting

The study held from November 2018 to December 2019 at the Department of
Microbiology and the Department of Medical Pediatrics at the ATTIKON University Hospital,
Athens, Greece. The study was accepted by the hospital’s institutional review board.

Subject eligibility

Children aged 2 to 16 years old were eligible for the study if they had a definitive
diagnosis of PBB, BE, or CLSD (see clinical definitions) and they were in acute exacerbation
phase (see table 4). Age-matched previously healthy children who were hospitalized with
evidence of upper respiratory infection were also enrolled in study, comprising the healthy
control group. Written informed consent was provided from the parents of all children enrolled in
the study.

Exclusion criteria

Children diagnosed with PBB, BE, or CLSD and controls suffering from an impaired
immune system—as indicated, for example, by B-cell deficiencies (IgG subclass deficiencies,
IgG deficiencies, IgA deficiencies), chronic granulomatous illness, combined variable
immunodeficiency, or T-cell deficits—were excluded from the study. Patients and controls and

who had received antibiotic therapy in the previous two weeks they also excluded.

Clinical Definitions

e PBB diagnosis was definitive in children who satisfied the subsequent criteria: a history
of chronic (>4 weeks) wet cough, (b) prospective evidence (supported by diaries of
cough) of responses to two weeks of antibiotic treatment, and (c) the nonexistence of
clinical pointers proposing an alternative etiology for the cough [Marchant, Masters et al.
2006; Wurzel et al. 2014].

e BE diagnosis in children was definitive when the radiological criteria were fulfilled and
clinical symptomatology constant with BE were present. All children with definitive BE
had evidence of a cylindrical BE cHCT scan [O'Grady et al. 2017; Kalu et al. 2010].
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e CLSD diagnosis was definitive when clinical symptoms of BE were present without
cHRCT evidence of BE. The leading symptom of CSLD is the occurrence of an
extremely persistent moist cough. Besides the deficiency of cHRCT elements, the
symptomatology of CSLD are the same to those of BE. The main symptom of BE is the
presence of an extremely prolonged wet cough. In older children, coughing might be
purulent and productive. Other symptomatology contains recurring chest contaminations
or a persistent wet cough in reaction to exrtional dyspnea, antibiotics, symptomatology of
reactive airway illness (asthmalike state), and development failure. In children,
hemoptysis seldom happens except in progressive stages of the illness. Clinical signs
contain chest wall deformity, clubbing, adventitious sounds in chest auscultation, and

hyperinflation [Kapur et al. 2012; Faniran et al. 1999].

1. Procedures

1.1 Cough Swabs

The oropharyngeal cough swab process includes querying the child to cough whereas a
swab is located in the oropharynx. This is a simple, routine, and very non-invasive process.
Oropharyngeal swabs were gathered utilizing a commercially obtainable nylon flocked swab
(Mrk Tech., Shenzhen, China). The swab was located into the posterior pharynx, with iderect
contact with the oropharyngeal mucosa and the individuals were requested to cough. Then the
swab was placed in 2 mL VTM (Hopebio Technologies, Qingdao, China). The sampling was

kept at -70 °C for the pathogen nucleic acid extraction.

1.2 Microbiology

Cultures

Cough swab samplings were cultured for 48 hours utilizing routine microbiological

processes.
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Film array test

A Filmarray test was utilized to identify a panel of respiratory viruses and bacteria in the
lower respiratory tract in all collected samples. The BioFire FilmArray Pneumonia Panel
(FilmArray PP) test is an emerging diagnostic method that detects multiple respiratory pathogens
very quickly. It is a multiplexed nucleic acid test for the simultaneous quantitative identification
and recognition of numerous bacterial and viral respiratory microorganisms and antimicrobial
resistance gene targets linked to lower respiratory tract contaminations as well. This test permits
for the quick recognition of multiple RNA or DNA targets in a single tube containing
complicated respiratory pathogens. This technique is run on the BioFire FilmArray System, a US
FDA-, CE-IVD-, and TGA-certified multiplex PCR system. The system assimilates sample
preparation, nucleic acid extraction and purification, recognition, strengthening, and analysis into
one simple system that needs just two minutes of hands-on time and a total run time of almost
one hour. The new panel complements the current BioFire FilmArray Respiratory 2 Plus Panel to
provide a complete diagnostic tool for detecting pneumonia and other lower respiratory tract
contaminations. The ability to rapidly and accurately identify the causative agent of community-
and healthcare-linked respiratory contaminations might assist to advance patient treatment by
contributing to well-timed and efficacious antibiotic or antiviral treatment. In the meantime, the
BioFire FilmArray Pneumonia Plus Panel tests for 18 bacteria (11 Gram-negative, 4 Gram-
positive, and three atypical), seven antibiotic resistance indicators, and nine viruses that lead to
pneumonia and other lower respiratory tract contaminations (Table 5). Furthermore, it provides
an overall sensitivity and specificity for BAL-like samples of 96.2% and 98.3%, respectively; for
sputum samplings, it yields a sensitivity and specificity of 96.3% and 97.2%, respectively. The
panel of examined microorganisms includes Klebsiella oxytoca, Acinetobacter, Enterobacter
cloacae, Enterobacteraerogenes, E.coli, Haemophilus influenzae, Klebsiella pmeumoniae group,
Moraxella, Proteus, Pseudomonas aeruginosa, Serratia, Staph. aureus, Srept. agalactiae, Strept.
pneumoniae, Strept. pyogenes, Chlamydia pneumoniae, human Rhinovirus/enterovirus,
Legionella, Mycoplasma, Adenovirus, Corona, human Metapneumovirus, Influenza A/ B,

Parainfluenza and RSV.
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Table 5: The Film Array Pneumonia Panel. Sample type: Sputum, Endotracheal Aspirate and

Bronchoalveolar Lavage.

Panel Menu

Bacteria
Semi-Quantitative Bacteria

Atypical Bacteria
Quantitative Bacteria

Antimicrobial
Resistance Genes

Acinetobacter calcoaceticus-baumanni complex

Legionella pneumophila

mecA/C and MREJ]

Serratia marescens Mycoplasma pneumoniae KPC
Proteus spp. Chlamydia pneumoniae NDM
Klebsiella pneumoniae group Oxa48-like
Enterobacter aerogenes Viruses CIX-M
Enterobacter cloacae Influenza A VIM
Escherichia coli Influenza B IMP

Haemophilus Influenzae

Respiratory Syncytial Virus

Moraxella catarrhalis

Human Rhinovirus/Enterovirus

Pseudomonas aeruginosa

Human Metapneumovirus

Staphylococcus aureus

Parainfluenza virus

Staphylococcus pneumoniae

Adenovirus

Klebsiella oxytoca

Coronavirus

Streptococcus pyogenes

Streptococcus agalactiae

Middle East Respiratory
Syndrom Coronavirus

2. Statistical analysis

The data were analyzed by utilizing statistical software IBM SPSS 24. Data were

presented with frequencies and percentages. Significance was set at 5%. Chi square test was

utilized to test the dependence between nominal variables and specifically the dependence

between group category (patients, control) and existence of microorganism (yes, no). McNemar

test was used for related samples in nominal variables and in particular, to test differences

between film array and culture technique for patients, regarding the existence of microorganism
[Field, 2017]. Sensitivity, Specificity, PPV and NPV was used for film array and culture

technique.
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RESULTS

Demographic data of patients

A total of 23 children with the diagnosis of PBB, CLSD or BE were enrolled in our
study, 13 males and 10 females, mean age 8,6 years. Ten were fulfilled the criteria of the
diagnosis of PBB (7 males and 3 females) mean age 7 years, 8 of CLSD (3 males and 5 females)
mean age 8 years and 5 of BE (3 males and 2 females) mean age 6,6 years. Seventy patients were
6-14 years old (school aged patients) and six patients between 3-6 years (preschool aged
patients) (Table 6). All the 13 children diagnosed with CLSD or BE were fulfilled the criteria of
acute exacerbation. A total of 17 age-matched, previously healthy children, who were
hospitalized with evidence of upper respiratory infection were enrolled in study comprising the

healthy control group.

Table 6: Demographic Characteristics of the 23 patients

CHARACTERISTICS N
Gender M / F (mean age) 13/10 (8.6 years)
Age

6-14 17

3-6 6
Diagnosis

PBB, M / F (mean age) 10, 7/ 3 (7 years)

CLSD, M/ F (mean age) 8,3/5 (8 years)

BE, M/ F (mean age) 5,3/2 (6.6 years)
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Clinical characteristics of patients

Nineteen individuals had a duration of cough more than 4 weeks and 4 patients had 4

weeks period of cough. The longest duration was 12 weeks. All of the children displayed wet

cough, containing 7 patients with purulent sputum, and 22 patients were coughing both day and

night. 11 patients accompanied by mild to moderate fever, seven individuals accompanied by

wheezing and 19 patients had nasal symptoms, containing runny nose, nasal congestion and

sneezing. Eleven individuals accompanied by rhinitis and 5 patients had sinusitis. Physical

examination presented that 20 individuals had crackles, 7 individuals accompanied by wheezes

and crackles (Table 7).

Table 7: Clinical Characteristics of the 23 patients

CLINICAL CHARACTERISTICS N

Symptoms

1. | Cough 23
Wet 23
Dry
4 weeks 4
4-12 week 19
purulent sputum 7
Day 0
Night 1
day / night 2

2. | Wheezing 7

3. | Fever 11

4. | Nasal symptoms 19

Physical examinations

Crackles 20

crackles/wheezing 7

Comorbidities

Rhinitis 11

Sinusitis S
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Cough swabs

A total of 23 good quality induced sputum samples were gathered from 23 CLSD patients
and 17 cough swabs from 17 controls.

1. Microbiological yield using Film array Biofire pneumonia panel plus assay

A total of 70 pathogens were identified in 23 patients (induced sputum) in contrast of 46

pathogens that identified from 17 children from control group (cough swabs).

Patients

In 23 patients were identified 15 (65.2%) Haemophilus influenzae, 9 (39.1%) Moraxella
catarrhalis, 9 (39.1%) Staphylococcus aureus, 7 (30.4%) Streptococcus pneumoniae, 2 (8.7%)
Streptococcus pyogenes, 3 (13%) Pseudomonas aeruginosa, 16 (69.6%) Human
Rhinovirus/enterovirus, 6 (26.1%) Parainfluenzae virus and 3 (13%) Adenovirus using film array
test.

Control group

In 17 children (control group) were identified 8 (47.1%) Haemophilus influenzae, 6
(35.3%) Moraxella catarrhalis, 4 (23.5%) Staphylococcus aureus, 7 (41.2%) Streptococcus
pneumoniae, 5 (29.4%) Streptococcus pyogenes, 10 (58.8%) Human Rhinovirus/enterovirus, 2
(11.8%) Parainfluenzae virus, 2 (11.8%) Adenovirus and 2 (11.8%) Respiratory Syncytial Virus
using film array test (Table 8).
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2. Microbiological yield using conventional sputum cultures

A total of 21 pathogens were identified in 23 patients (induced sputum) in contrast of 12

pathogens that identified from 17 children from control group (cough swabs).

Patients

In 23 patients were identified 7 (30.4%) Haemophilus influenzae, 2 (8.7%) Moraxella
catarrhalis, 5 (21.7%) Staphylococcus aureus, 4 (17.4%) Streptococcus pneumoniae, 1 (4.3%)

Streptococcus pyogenes, 2 (8.7%) Pseudomonas aeruginosa.

Control group

In 17 children (control group) were identified 4 (23.5%) Haemophilus influenzae, 2
(11.8%) Moraxella catarrhalis, 1 (5.9%) Staphylococcus aureus, 3 (17.7%) Streptococcus
pneumoniae, 2 (11.8%) Streptococcus pyogenes (Table 8).

Table 8: Microorganisms using film array and culture techniques in patients and control group.

Microorganisms in Microorganisms in ~ Microorganisms  Microorganisms
PBB, BE, CLSD PBB, BE, CLSD in controls in controls
patients (n=23) patients (n=23) (n=17) (n=17)
(% of patients) film (% of patients) (% of control) (% of control)
Microorganisms array cultures film array cultures
Haemophilus influenzae 15 (65.2%) 7 (30.4%) 8 (47.1%) 4 (23.5%)
Moraxella catarrhalis 9 (39.1%) 2 (8.7%) 6 (35.3%) 2 (11.8%)
Staphylococcus aureus 9 (39.1%) 5 (21.7%) 4 (23.5%) 1 (5.9%)
Streptococcus pneumoniae 7 (30.4%) 4 (17.4%) 7 (41.2%) 3 (17.7%)
Streptococcus pyogenes 2 (8.7%) 1 (4.3%) 5 (29.4%) 2 (11.8%)
Pseudomonas aeruginosa 3 (13%) 2 (8.7%) 0 (0.0%) 0 (0.0%)
Human Rhinovirus/enterovirus 16 (69.6%) N/A 10 (58.8%) N/A
Parainfluenzae virus 6 (26.1%) N/A 2 (11.8%) N/A
Adenovirus 3 (13%) N/A 2 (11.8%) N/A
Respiratory Syncytial Virus 0 (0%) N/A 2 (11.8%) N/A
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3. Differences using film array technique between patients and control group

Table 9 and Graph 1 present the results of chi-square test using film array technique
between patients and control group where no statistically significant differences appeared in any

microorganism (p=>0.113).

Table 9: Chi square test using film array technique between patients and control group.

Microorganisms in PBB, BE, Microorganisms in
CLSD patients (n=23) controls (n=17)

Microorganisms (% of patients) film array (% of control) film array X?(1)  p-value
Haemophilus influenzae 15 (65.2%) 8 (47.1%) 1.319 0.251
Moraxella catarrhalis 9 (39.1%) 6 (35.3%) 0.061 0.804
Staphylococcus aureus 9 (39.1%) 4 (23.5%) 1.085 0.298
Streptococcus pneumoniae 7 (30.4%) 7 (41.2%) 0.496 0.481
Streptococcus pyogenes 2 (8.7%) 5 (29.4%) 2.906 0.113+
Pseudomonas aeruginosa 3 (13%) 0 (0.0%) 2.397 0.248+
Human Rhinovirus/enterovirus 16 (69.6%) 10 (58.8%) 0.496 0.521
Parainfluenzae virus 6 (26.1%) 2 (11.8%) 1.253 0.428+
Adenovirus 3 (13%) 2 (11.8%) 0.015 1.000+
Respiratory Syncytial Virus 0 (0%) 2 (11.8%) 2.848 0.174+
+Fisher exact test
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Graph 1: Film array technique between patients and control group.
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4. Differences between film array and culture technique for patients

Table 10 and Graph 2 present the results of McNemar test between film array and
culture technique for patients, where there was a statistically significant difference in
microorganism Haemophilus influenzae (p=0.008) where the microbiological yield was higher
for film array technique (65.2%) comparing with culture (30.4%) and Moraxella catarrhalis
(p=0.016) where similarly higher levels of microbiological yield appeared for film array
technique (39.1%) than culture (8.7%).

Table 10: McNemar test between film array and culture technique for patients.

Microorganisms in PBB, Microorganisms in
BE, CLSD PBB, BE, CLSD
patients (n=23) patients (n=23)

Microorganisms (% of patients) filmarray (% of patients) cultures p-value
Haemophilus influenzae 15 (65.2%) 7 (30.4%) 0.008
Moraxella catarrhalis 9 (39.1%) 2 (8.7%) 0.016
Staphylococcus aureus 9 (39.1%) 5 (21.7%) 0.125
Streptococcus pneumoniae 7 (30.4%) 4 (17.4%) 0.250
Streptococcus pyogenes 2 (8.7%) 1 (4.3%) 1.000
Pseudomonas aeruginosa 3 (13%) 2 (8.7%) 1.000
Human Rhinovirus/enterovirus 16 (69.6%) N/A N/A
Parainfluenzae virus 6 (26.1%) N/A N/A
Adenovirus 3 (13%) N/A N/A
Respiratory Syncytial Virus 0 (0%) N/A N/A
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Graph 2: Film array and culture technique for patients.
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5. Sensitivity, Specificity, PPV and NPV of culture

Table 6 and Graph 3 presents the results of Sensitivity, Specificity, PPV and NPV of
culture technique for each microorganism with standard method the film array for patients. High
levels of sensitivity appeared for Pseudomonas aeruginosa (0.67), medium for Streptococcus
pneumonia (0.57), Staphylococcus aureus (0.56), Streptococcus pyogenes (0.50) and
Haemophilus influenzae (0.47) and low for Moraxella catarrhalis (0.22). Specificity and PPV
had the maximum value (1.00) in all microorganisms. Very high values of NPV appeared for
Streptococcus pyogenes (0.95) and Pseudomonas aeruginosa (0.95), high for Streptococcus
pneumoniae (0.84), Staphylococcus aureus (0.78) and Moraxella catarrhalis (0.67) while

medium for Haemophilus influenzae (0.50).

Table 6: Results of Sensitivity, Specificity, PPV and NPV of culture with standard method the
film array for patients.

Microorganisms A B C D Positives Negatives Sesitivity Specificity PPV NPV
Haemophilus influenzae 7 0 8 8 7 16 0.47 1 1 0.50
Moraxella catarrhalis 2 0 7 14 2 21 0.22 1 1 0.67
Staphylococcus aureus 5 0 4 14 5 18 0.56 1 1 0.78
Streptococcus pneumoniae 4 0 3 16 4 19 0.57 1 1 0.84
Streptococcus pyogenes 1 0 1 21 1 22 0.50 1 1 0.95
Pseudomonas aeruginosa 2 0 1 2 2 21 0.67 1 1 0.95

1 1 1 0.95
0.9 0.84
0.56 0.78
0.8
0.67 0.67
0.7
06 0.57
' 05 0.5
0.5
0.4 0.47
0.3 0.22
0.2
0.1
0
Sesitivity Specificity PPV NPV
e Haemophilus influenzae Moraxella catarrhalis Staphylococcus aureus
Streptococcus pneumoniae Streptococcus pyogenes Pseudomonas aeruginosa

Graph 3: Results of Sensitivity, Specificity, PPV and NPV of culture with standard method the
film array for patients.
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6. Sensitivity, Specificity, PPV and NPV of film array

Table 7 and Graph 4 presents the results of Sensitivity, Specificity, PPV and NPV of

film array with standard method the culture for patients. Sensitivity and NPV had the maximum

value (1.00) for all microorganisms. Very high values of Specificity appeared for Streptococcus

pyogenes (0.95) and Pseudomonas aeruginosa (0.95), high for Streptococcus pneumoniae (0.84),

Staphylococcus aureus (0.78) and Moraxella catarrhalis (0.67) while medium for Haemophilus

influenzae (0.50). High levels of PPV appeared for Pseudomonas aeruginosa (0.67), medium for

Streptococcus pneumoniae (0.57), Staphylococcus aureus (0.56), Streptococcus pyogenes (0.50)

and Haemophilus influenzae (0.47) and low for Moraxella catarrhalis (0.22).

Table 7: Results of Sensitivity, Specificity, PPV and NPV of film array with standard method

the culture for patients.

Microorganisms A B C D Positives Negatives Sensitivity Specificity PPV NPV
Haemophilus influenzae 7 8 0 8 15 8 1.00 0.50 0.47 1
Moraxella catarrhalis 2 7 0 14 9 14 1.00 0.67 0.22 1
Staphylococcus aureus 5 4 0 14 9 14 1.00 0.78 0.56 1
Streptococcus pneumoniae 4 3 0 16 7 16 1.00 0.84 0.57 1
Streptococcus pyogenes 1 1 0 21 2 21 1.00 0.95 0.50 1
Pseudomonas aeruginosa 2 1 0 20 3 20 1.00 0.95 0.67 1

1.2
1 1
1 0.95
0.56
0.8 0.67 0.57
0.6 05
0.4 0.47
0.22

0.2

0

Sensitivity Specificity PPV NPV

e Haemophilus influenzae

Streptococcus pneumoniae

Moraxella catarrhalis

Streptococcus pyogenes

Staphylococcus aureus

Pseudomonas aeruginosa

Graph 4: Results of Sensitivity, Specificity, PPV and NPV of film array with standard method

the culture for patients.
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7. Comparison of techniques

According to Table 8 and Graph 5, culture technique presented Specificity and PPV
maximum value (1.00), NPV was 0.78 and Sensitivity 0.50. Film array presented maximum
value in Sensitivity and NPV (1.00), Specificity was 0.78 and PPV 0.50.

Table 8: Results of Sensitivity, Specificity, PPV and NPV of film array and culture technique
for patients.

Technique Sesitivity Specificity PPV NPV

Culture 0,50 1,00 1,00 0,78
Film array 1,00 0,78 0,50 1,00
1 1 1 1 1
0.9 A7g \ 0.78
0.8 T~
0.7
0.6 0.5 0.5
0.5
0.4
0.3
0.2
0.1
0
Sesitivity Specificity PPV NPV
e CLltUre Film array

Graph 5: Results of Sensitivity, Specificity, PPV and NPV of film array and culture technique
for patients.
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DISCUSSION

Microbiological validation regarding infection of bacteria is seldom accomplished in
children having acute lower-respiratory-tract infections (aLRTIs) due to the incapability to get
material from the infection site (ie, the lung) [Hammitt et al. 2012]. Treatment is consequently,
generally empirical, which irreversibly result in overtreatment and occasionally undertreatment.
Notwithstanding the existing literature, queries regarding sampling approaches utilized for
respiratory bacterial cultures in the non-expectorating children with evidences of LRTi continue
to be not answered. Is the microbiological yield of cough swab, nasal swab and expectorated or
induced sputum similar for each sampling technique, and in expectorating vs. non-expectorating
patients? Are microbiological findings of these methods as sensitive and as precise as those of
BAL? What is the clinical value regarding cough swab for the documentation of bacterial
pathogens in the lower airways of the non-expectorating patient? Our aims were to determine
whether the microbiology results from cough swabs samples provided by children with PBB and
children with acute exacerbation of CLSD or BE are accurate and can be used for further clinical
decisions, and to evaluate the accuracy of the Film array Biofire pneumonia panel plus, through
assessment of agreement with standard methods.

Presently, samples for diagnostic aim by PCR contain NP aspirates, oropharyngeal (OP)
swabs, nasopharyngeal (NP) swabs, OP suction and sputum. Though upper respiratory tract
specimens are usually utilized in children with respiratory viral and some bacterial infections,
there is worry whether the findings mirror the etiology of lower respiratory tract infection
[Abanses et al. 2006]. Many studies have compared the yields of these upper respiratory tract
specimens, and by PCR to recognize viral or bacterial infections by PCR, they have displayed
that the sensitivity of aspirate (or suction) is bigger than that of swabs [Meerhoff et al. 2010;
Lambert et al. 2008; Stensballe et al. 2002]. In comparison with specimen from upper airway,
outstanding diagnostic sensitivity is perceived when sputum is accessible [Raty et al. 2005;
Zampoli et al. 2016; Jeong et al. 2014; Lathi et al. 2009]. Nevertheless, for children, particularly
young patients who are unable expectorate a sterile negative pressure suction catheter is applied
to acquire OP suction. Young children and parents might find this quite disturbing and difficult
process intolerable, therefore restricting its utilization in routine clinical practice [Zampoli et al.
2016; Chau et al. 2018]. Additionally, those oropharyngeal suction or sputa seemingly from or
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contaminated by secretions from the upper respiratory tract [Thea et al. 2017; Jourdain et al.
2011; Wang et al. 2019]. In children having long-lasting wet/productive cough, quantitative
bronchoalveolar lavage (BAL) culture is the gold-standard technique for diagnosing lower
airway infection [Hare et al. 2019]. Even though flexible bronchoscopy is a comparatively
harmless process with a low threat of serious problems (about 2%), it is still a disturbing process
to implement, particularly in children [De Blic et al. 2002].

Consequently, a non-invasive and willingly accessible process is desired to forecast the
causative organism of the PBB, CLS and BE and lead antibiotic treatment [Asseri et al. 2021].
Accordingly, cough swabs are regularly utilized to gain samples. The oropharyngeal cough swab
procedure contains querying the child to cough whereas a swab is positioned in the posterior part
of oropharynx. This is a repetitive, very non-invasive and simple process.

A number of examinations displayed dissimilar diagnostic approaches that compare
upper- and lower airway bacteria in children with PBB, CF, lasting suppurative lung illness, and
bronchiectasis [Hare et al. 2019; Harre et al. 2010; Armstrong et al. 1996; Ramsey et al. 1991;
Taylor et al. 2006; D’Sylva et al. 2017; Jochmann et al. 2016; Rosenfeld et al. 1999]. These
studies concluded that oropharyngeal cough swabs cultures are a poor surrogate for cultures from
lower airway samples taken during a coexisting BAL and also that the nasopharyngeal swab is
more prognostic and consistent in diagnosing lower airway infection in relation to the
oropharyngeal technique [Asseri et al. 2021].

In The Lancet Respiratory Medicine, Katherine Ronchetti and colleagues made
comparisons regarding the diagnostic yield of bacterial culture outcomes from 167 paired
induced sputum and cough swab samplings in invidiuals aged 6 months to 18 years [Ronchetti et
al. 2018]. In a subset of their examination they compared bacterial yield from induced sputum to
bronchoalveolar lavage. Induced sputum samplings had a considerably higher bacterial yield
than cough swab samples: 86 dissimilar pathogens were excluded in total from the samples, and
79 [92%] of these were acknowledged by sputum induction while 27 [31%] were on cough swab
samples (p<0-0001). This dissimilarity proposed that induced sputum has the ability to recognize
pathogens from the lower airways that cough swabs cannot. When viewing these findings,
induced sputum seems to be far superior to cough swab for recognition of lower airway
pathogens. These results are helpful and compatible with other studies that displayed enhanced

microbial yield of induced sputum over upper-airway sampling in children [Muloiwa et al. 2016;
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Zampoli et al. 2016]. The poor diagnostic value of cough swabs is additionally in line with other
studies tha showed that oropharyngeal swabs bear little-to-no association to lower-airway
pathology in young children [Schultz and Caudri 2018].

Evidence that cough swab oropharyngeal cultures might be utilized as a substitute for
cultures from lower airway samplings in non-expectorating individuals comes from five studies
from patients with CF [Armstrong et al. 1996; Avital et al. 1995; Ramsey et al. 1991; Rosenfeld
et al. 1999; Jung et al. 2002]. Rosenfeld reviewed three examinations contaning 141 children
with CF under five years old. Cough swab oropharyngeal cultures carried a sensitivity of 44%, a
specificity of 95%, PPV 44%, and NPV 95%. Children within this age range tend to have mild
lung disease, and there are few pathogen isolations. Thus, it is suggested that a negative cough
swab oropharyngeal culture might efficiently eliminate the possibility of a lower airway
infection, whereas a positive cough swab oropharyngeal culture does not reliably confirm a
lower airway contamination. The NPV and PPV of cough swab oropharyngeal cultures in adult
population groups (for whom there is a high prevalence of airway pathogens) change
correspondingly. In this situation, a negative cough swab oropharyngeal culture cannot
successfully rule out a lower airway contamination (NPV is low), whereas a positive cough swab
oropharyngeal culture does consistently confirm a lower airway contamination (PPV is high)
[Equi et al. 2001].

The Infectious Diseases Society of America (IDSA) and American Thoracic Society
(ATS) strategies propose routine utilization of sputum Gram stain and culture for adult
individuals requiring admission to the intensive care unit for individuals with failure of
outpatient antibiotic treatment and for individuals with pleural effusion [Mandell et al. 2007]. In
children with LRTi, routine sputum analysis has not been suggested since young children cannot
create sufficient sputum samplings and nasopharyngeal colonisation with bacteria producing
LRTi is shared in healthy children [Harrison et al. 1999; Polack et al. 2000; Syrjanen et al. 2001,
Bogaert et al. 2004; British Thoracic Society Standards of Care Committee 2002; Zemlickova et
al. 2006].

Our findings indicate that cough swab samples could be easily collected in our ordinary,
busy general hospital setting in all children with clinically assumed a LRTi. However, the major
question was whether the cough swabs specimens were representative samples from the lower

respiratory tract. Similar to other studies studies [Hare et al. 2019; Harre et al. 2010; Armstrong
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et al. 1996; Ramsey et al. 1991; Taylor et al. 2006; D’Sylva et al. 2017; Jochmann et al. 2016;
Rosenfeld et al. 1999], our findings indicated that there was no statistically significant
differences in microbiological results using film array technique between patients (PBB, CLSD,
BE) and control group (patients with upper respiratory infection) and probably, these cough
swabs reflect upper respiratory flora. That means that maybe the cough swab sample was
contaminated with the upper-respiratory tract normal flora. These findings indicate that these
samples may not represent reliable samples and do not support our hypothesis that cough swabs
are valuable to support etiological diagnoses of LRTi in CLSD patients in every day practice.
Our results are in accordance with the results of previous studies [Hare et al. 2019; Harre et al.
2010; Armstrong et al. 1996; Ramsey et al. 1991; Taylor et al. 2006; D’Sylva et al. 2017,
Jochmann et al. 2016; Rosenfeld et al. 1999] which found that cough swabs are a poor surrogate
for cultures from lower airway samples taken during a concurrent BAL. On the other hand this
could mean that an invasive infection by a colonizing bacterial pathogen had taken place, which
is a known phenomenon in respiratory tract infections.

Bacterial respiratory pathogens are usually diagnosed utilizing Gram stain and culture,
which are thought to be the reference standard methods. Nonetheless, bacterial culture needs
knowledge-based practical expertise and long-lasting antibiotic susceptibility trials [Uzoamaka et
al., 2017]. A number of multiplexed molecular assays have been established and applied in order
to overcome these difficulties, regarding the precise and fast documentation of several
microorganisms that produce respiratory contaminations. Lately, automated multiplex PCR
assays like the Unyvero P55 Pneumonia LRT Panel (Curetis AG, Holzgerlingen, Germany) and
FA-Pneumo have been presented to identify not only microorganisms, but similarly resistance
indicators in lower respiratory specimens. Though the Unyvero assays have been assessed earlier
in a number of examinations [Gadshy et al., 2019, Jamal et al., 2014, Papan et al., 2018], studies
regarding the performance of FA-Pneumo are rare [Lee et al., 2019].

Our study shows discrepant results between culture and FA-Pneumo, with more
microorganisms found utilizing the last technique. More specifically, a number of bacterial
species, containing H. influenzae (n = 8), Staphylococcus aureus (n= 4), Streptococcus
pneumoniae (n = 3), Pseudomonas aeruginosa (n= 1), were found utilizing FA-Pneumo
however did not develop in noteworthy amounts in culture. Statistically significantly differences

between film array and culture technique for patients appeared in microorganisms Haemophilus
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influenzae and Moraxella catarrhalis where the microbiological yield was higher for film array
technique comparing with culture. Seeing that the patients in this examination had not received
antibiotics before sample and based on the discrepancy resolution of the particular organisms, the
over-detection utilizing FA-Pneumo is probable because of a higher sensitivity rather and not
due to false-positive consequences, and furthermore the capability to notice residual nucleic
acids after management. According to our results, a negative cough swab oropharyngeal film
array result can effectively rule out a possible lower airway contamination (NPV is high),
whereas a positive cough swab oropharyngeal culture does not reliably confirm a possible lower
airway contamination (PPV is low). These findings support our hypothesis that FilmArray PP
assay provides a greater microbiology yield than cultures in CLSD, PBB and BE patients but still
it is not possible to distinguish colonizing organisms from pathogens. Compared to culture, the
film array method showed 100% sensitivity (positive coincidence rate) and 78% specificity
(negative coincidence rate).

Nonetheless, trying to distinguish colonizing organisms from pathogens stays a
challenge, since levels of bacteria below the culture threshold might deliver positive findings in
FA-Pneumo. When compared to bacterial culture techniques, utilization of the film array PN
Panel led to a 114.29% upsurge in the total number of bacterial targets detected (45 film array Vs
21 cultures). These specimens were stated as “negative/no growth” based on routine culture and
reporting protocols. Our results are comparable to results available by Lee et al., who addressed a
70.3% upsurge in total bacterial targets perceived by the PN Panel among 59 BAL and
endotracheal aspirate specimens [Lee et al. 2019], and Ozongwu et al., who reported a 129.4%
upsurge in total bacterial targets found utilizing dissimilar complex molecular assay [Ozongwu et
al. 2017]. In addition, filmArray PP detected 25 viral pathogens that were not possible to grow in
cultures. The positive results described by molecular trials is not unanticipated and as previously
said is probably because of the discovery of both viable and non-viable organisms, as well as
recognition of low abundance targets and those not improved in culture because of fastidious
development features [Buchan et al. 2020].

As with the rest of molecular approaches, differentiating whether the microbes spotted in
the FilmArray analysis are causative pathogens or colonizers is not feasible [Self et al. 2016;
Korten et. al 2016; Shanh 1986]. Consequently, the experts should be cautious when judging
pathogens since the results are occasionally “false positive”. On the other hand, notwithstanding
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the high recognition rate of FilmArray RP, a negative result does not mean the individual is not
infected; furthermore, a positive result does not mean there is no other co-infecting agent. For
this “false-negative” restriction, BioFire has a new pneumonia panel that also covers 9 shared
viruses, and 15 bacteria, containing Klebsiella pneumonia, Streptococcus pneumonia
Haemophilus influenza and Staphylococcus aureus. However, the FilmArray panel only targets
to quickly deliver outcomes for possible pathogens as a reference. A more proper approach is to
broadly consider the outcomes from other examinations, like routine C-reactive protein (CRP),
culture and radiography, procalcitonin (PCT), blood testing, the erythrocyte sedimentation rate
(ESR), as well as the patients’ symptomatology, containing breathing, body temperature, heart
rate, blood oxygen and psychological state [Li et al. 2018].

The possible benefit of these Film Array Pneumonia Panel discoveries is twofold.
Initially, appreciation of a high-concentration (clinically significant) pathogen could
hypothetically inhibit the initial termination of efficacious antibiotics. A negative culture
outcome at 72 h might lead to early withdrawal and danger of relapse. Additionally, recognition
of a particular pathogen(s) could permit adjustment (escalation or de-escalation) of empirical
antibiotic treatment even in the face of a negative culture. For instance, a Film array Pneumonia
Panel result of H. influenzae or S. pneumoniae might permit de-escalation of empirical broad-
spectrum agents like vancomycin and cefepime or meropenem to a narrower spectrum beta-
lactam regimen like amoxicillin or ceftriaxone. Proper reduction or interruption of antibiotic
treatment based on quantitative culture results has been linked to a diminution in following
infection with multi-drug resistant organisms (MDROs) [Raman et al. 2013]. Primary
recognition of bacterial pathogens by the Film array Pneumonia Panel, even in negative cultures,
might have related influence. Validation of these theories would necessitate a longitudinal
comparison of patients whose antibiotics were held modified or continued broadly based on a
positive Film array Pneumonia Panel however negative culture result. Unfortunately, the design
of our examination did not permit the gathering of these data and this stays a field of noteworthy
interest and investigation [Buchan et al. 2020].

Furthermore, it is suggested that initial diagnosis of pathogens in children with RTIs
might diminish the length of hospitalization stay and decrease the mortality, particularly for
various infections. Normally, antibiotics have been usually recommended for several children

with RTIs. While the samples were distinguished with positive results by film array pneumonia
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panel assay within 1 h, the experts would directly modify the therapeutic agenda for children. In
accordance with the clinical data of these individuals, studies detected that children recognized
with virus infections received or extended antivirus treatment and likewise decreased the
inappropriate utilization of antibiotics throughout this procedure. A preceding study stated that
the mean duration of antibiotic utilization was significantly shorter after application of film array

pneumonia panel assay than that before the implementation [Rogers et al. 2015].
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Conclusions

1.

Cough swab samples do not represent reliable samples from lower respiratory tract
so, they are not useful samples to support/confirm etiological diagnose oh LRTi in

CLSD patients in every day practice.

The BioFire FilmArray Pneumonia Panel enables rapid detection of pathogens and

provides greater microbiological yield than the reference standard method, culture.

A high sensitivity (100%) and high specificity (78%) was found for film array assay
for the detection of typical respiratory bacteria.

A negative cough swab oropharyngeal film array result can effectively rule out a
possible lower airway infection (NPV is high), whereas a positive cough swab
oropharyngeal film array result does not reliably confirm a possible lower airway
infection (PPV is low).

Additional studies are needed to evaluate the potential clinical effectiveness of the

FA-Pneumo assay with various specimen types.
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