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Acute Acute respiratoryrespiratory infectionsinfections are a are a 
leadingleading cause of acute cause of acute illnessesillnesses
worldwideworldwide..
Herman Goossens BMJ 2006



WhileWhile upper upper respiratoryrespiratory tracttract
infectionsinfections are are veryvery frequentfrequent butbut
seldomseldom lifelife--threateningthreatening, , lowerlower
respiratoryrespiratory tracttract infectionsinfections (LRTI)(LRTI)
are are responsibleresponsible forfor more severe more severe 
illnessesillnesses..
Herman Goossens BMJ 2006



LowerLower respiratoryrespiratory tracttract infectionsinfections
are are amongamong the the mostmost common common 
infectionsinfections of of adultsadults and and childrenchildren. . 

Murdoch DR. APMIS 112: 713–27, 2004



The The populationspopulations mostmost at at riskrisk forfor
developingdeveloping a a fatalfatal respiratoryrespiratory diseasedisease
are the are the veryvery youngyoung, the , the elderlyelderly, and , and 
the the immunocompromisedimmunocompromised. . 

Herman Goossens BMJ 2006



The The numbernumber of of pathogenspathogens involvedinvolved
in in lowerlower respiratoryrespiratory tracttract infectionsinfections
(LRTI), (LRTI), withwith variousvarious susceptibilitiessusceptibilities
toto antimicrobialsantimicrobials, , isis largelarge constitutingconstituting
anan enormousenormous challenge challenge forfor
diagnosticdiagnostic microbiologymicrobiology. . 
Loens K et al. J Clin Microbiol 2009

LRTI: a challenge LRTI: a challenge forfor
diagnosticdiagnostic microbiologymicrobiology



DuringDuring recentrecent yearsyears a a considerableconsiderable
numbernumber of of previouslypreviously unknownunknown
respiratoryrespiratory agentsagents werewere discovereddiscovered
whosewhose in vitro in vitro culture culture isis veryvery slow or slow or 
eveneven unrealizedunrealized..
Ieven, M. J Clin Virol. 2007

LRTI: a challenge LRTI: a challenge forfor
diagnosticdiagnostic microbiologymicrobiology



WhileWhile the the clinicalclinical diagnosisdiagnosis of LRTI of LRTI isis
usuallyusually relativelyrelatively straightforwardstraightforward, , 
determiningdetermining the the etiologicaletiological diagnosisdiagnosis can can 
bebe muchmuch more more difficultdifficult due due toto the the 
limitationslimitations of of conventionalconventional diagnosticdiagnostic
teststests..

Murdoch DR. APMIS 112: 713–27, 2004

EtiologicalEtiological diagnosisdiagnosis: : 
the the realreal problemproblem



At At presentpresent therethere isis stillstill a a greatgreat deficit in deficit in 
the the etiologicetiologic diagnosisdiagnosis of LRTI.of LRTI.
In In mostmost studiesstudies more more thanthan 50%50% of of casescases
remainremain withoutwithout anan etiologicetiologic diagnosisdiagnosis..

Ieven, M. J Clin Virol. 2007

EtiologicalEtiological diagnosisdiagnosis: : 
the the realreal problemproblem



In In generalgeneral, in , in onlyonly 50%50% of of casescases isis anan
etiologicetiologic agentagent detecteddetected. . 
DocumentedDocumented infectioninfection isis uncommonuncommon in in 
communitycommunity--managedmanaged infectioninfection and and isis
usuallyusually onlyonly defineddefined in in 25 25 toto 50% of 50% of 
hospitalhospital--managedmanaged infectionsinfections..

Loens K et al. J Clin Microbiol 2009

EtiologicalEtiological diagnosisdiagnosis: : 
the the realreal problemproblem



At the At the beginningbeginning of the 21st of the 21st centurycentury, a , a 
high high proportionproportion of of diagnosticdiagnostic teststests are are stillstill
performedperformed accordingaccording toto methodologiesmethodologies
pioneeredpioneered byby Pasteur at the end of the Pasteur at the end of the 
19th 19th centurycentury, i.e. , i.e. methodsmethods basedbased on on 
culture, culture, microscopymicroscopy, and , and serologyserology..

Bissonnette L and Bergeron MG. CMI 2010.



In the 1960s and 1970s, In the 1960s and 1970s, physiciansphysicians
embracedembraced anan empiricalempirical approachapproach toto
the management of the management of manymany infectiousinfectious
diseasesdiseases, , favouringfavouring overuseoveruse of of 
antibioticsantibiotics..
Bissonnette L and Bergeron MG. CMI 2010.

InfectiousInfectious diseasesdiseases diagnosisdiagnosis and and 
empiricalempirical approachapproach



https://www.grace-lrti.org



In In EuropeEurope 9090--95%95% of of antibioticantibiotic
useuse occursoccurs outsideoutside hospitalshospitals, , 
and community and community acquiredacquired lowerlower
respiratoryrespiratory tracttract infectionsinfections are are 
the the leadingleading reasonreason forfor
prescribingprescribing antibioticsantibiotics..

Herman Goossens BMJ 2006



The The overalloverall objectiveobjective of GRACEof GRACE isis toto
combat combat antimicrobialantimicrobial resistanceresistance through through 
integratingintegrating centrescentres of of excellenceexcellence forfor
studyingstudying the the applicationapplication of of genomicsgenomics toto
communitycommunity--acquiredacquired lowerlower respiratoryrespiratory
tracttract infectionsinfections (CA(CA--LRTI). LRTI). 
https://www.grace-lrti.org



The The goalsgoals of GRACE of GRACE isis toto enrollenroll 3,000 LRTI 3,000 LRTI 
patientspatients and and matchedmatched controlscontrols toto studystudy the the 
etiologyetiology of LRTI in the community of LRTI in the community byby applyingapplying
conventionalconventional and and NAATsNAATs toto detectdetect the the 
causative causative organismsorganisms..

GRACE GRACE shouldshould thereforetherefore help help identifyingidentifying
the the optimaloptimal microbiologicalmicrobiological methodmethod forfor
diagnosisdiagnosis of CAof CA--LRTI.LRTI.



TraditionalTraditional bacterialbacterial culture and culture and 
serologicalserological testingtesting forfor detection of detection of 
pneumonia pneumonia microorganismsmicroorganisms havehave
low low sensitivitysensitivity, are , are timetime--consumingconsuming, , 
take take severalseveral daysdays and and focus focus onlyonly on on 
a fewa few of the of the largelarge numbernumber of of 
aetiologicaetiologic agentsagents..

Kyoung Ho Roh et al. Annals of Clinical & Laboratory Science, 2008



ToTo evaluateevaluate the the usefulnessusefulness of of 
NAATsNAATs in the in the diagnosisdiagnosis of acute of acute 
respiratoryrespiratory infectioninfection the the objectivesobjectives
of of anan etiologicetiologic diagnosisdiagnosis in in thisthis
conditioncondition shouldshould bebe rememberedremembered. . 

Ieven, M. J Clin Virol. 2007



1.1. ToTo avoidavoid empiricalempirical startstart of of antibioticantibiotic treatmenttreatment
and and toto allowallow narrownarrow spectrumspectrum targetedtargeted
antibioticantibiotic treatment;treatment;

2.2. toto allowallow appropriate appropriate useuse of of antiviralantiviral drugsdrugs;;
3.3. toto allowallow cohortingcohorting of of patientspatients in case of in case of 

hospitalizationhospitalization, , preventingpreventing nosocomialnosocomial spread;spread;
4.4. toto provideprovide more accurate more accurate epidemiologicalepidemiological

informationinformation toto formulate preventive and formulate preventive and 
therapeutictherapeutic recommendationsrecommendations;;

5.5. toto decreasedecrease durationduration of hospital stayof hospital stay and and toto
reduce management reduce management costscosts..

Ieven, M. J Clin Virol. 2007

ObjectivesObjectives of of anan etiologicetiologic diagnosisdiagnosis



ToTo answeranswer the the first first threethree objectivesobjectives, , 
diagnosisdiagnosis shouldshould bebe availableavailable rapidlyrapidly, , 
preferablypreferably withinwithin aboutabout 4 h. 4 h. 

The The traditionaltraditional NAATsNAATs are are unableunable toto fulfillfulfill
thisthis requirementrequirement, , butbut recentrecent technicaltechnical
progress progress hashas broughtbrought NAATS NAATS toto ageage, , 
through the through the developmentdevelopment of of multiplex multiplex 
PCR and PCR and realreal time (RT) PCRtime (RT) PCR, , coupledcoupled
withwith automaticautomatic NA NA extractionextraction..

Ieven, M. J Clin Virol. 2007



SeeplexSeeplex ®®
RV 15 ONE STEPRV 15 ONE STEP

Parainfluenza virus 1Parainfluenza virus 1
Parainfluenza virus 2Parainfluenza virus 2
Parainfluenza virus 3Parainfluenza virus 3
AdenovirusAdenovirus A/B/C/D/EA/B/C/D/E
Coronavirus 229E/NL63Coronavirus 229E/NL63

CoronavirusCoronavirus OC43OC43
RhinovirusRhinovirus A/B/C A/B/C 
Influenza A virusInfluenza A virus
RSV ARSV A
RSV BRSV B

BocavirusBocavirus 1/2/3/41/2/3/4
Influenza B virusInfluenza B virus
Parainfluenza virus 4Parainfluenza virus 4
EnterovirusEnterovirus

M.pneumoniaeM.pneumoniae
C.pneumoniaeC.pneumoniae
L.pneumophilaL.pneumophila
S.pneumoniaeS.pneumoniae
H.influenzaeH.influenzae
B.pertussisB.pertussis

DualDual PrimingPriming
OligonucleotideOligonucleotide

technologytechnology
((SeegeneSeegene))



ReevaluationReevaluation of of serologicalserological teststests

The The availabilityavailability of the of the veryvery sensitive sensitive 
NAATS NAATS hashas in in recentrecent yearsyears alsoalso put the put the 
oftenoften--usedused serologicalserological teststests in in theirtheir right right 
perspectiveperspective..

SerologicSerologic teststests can can nevernever offeroffer anan earlyearly
diagnosisdiagnosis and are and are thereforetherefore ratherrather anan
epidemiologicalepidemiological thanthan a a diagnosticdiagnostic tooltool..

Ieven, M. J Clin Virol. 2007



OptimizationOptimization of of laboratorylaboratory strategystrategy

StrategiesStrategies willwill havehave toto bebe developeddeveloped adaptingadapting
the the evolutionevolution of the of the technologytechnology of the of the NAATsNAATs, , 
the the populationpopulation of of patientspatients servedserved ((childrenchildren, , 
elderlyelderly, and , and immunocompromisedimmunocompromised patientspatients) ) 
the the resourcesresources availableavailable ((infrastructureinfrastructure, staff, , staff, 
fullfull--time service or service time service or service limitedlimited duringduring
some some hourshours of the day, or some of the day, or some daysdays of the of the 
week), the week), the numbernumber and nature of the and nature of the agentsagents
thatthat can can bebe coveredcovered. . 

Ieven, M. J Clin Virol. 2007



Nella dichiarazione congiunta di Nella dichiarazione congiunta di CopenhagenCopenhagen
(1993), l(1993), l’’EuropeanEuropean CouncilCouncil of of LegalLegal MedicineMedicine
(ECLM) e l(ECLM) e l’’Organizzazione Mondiale della Organizzazione Mondiale della 
SanitSanitàà (OMS) definiscono che la Medicina di (OMS) definiscono che la Medicina di 
Laboratorio Laboratorio èè rappresentata da rappresentata da 5 discipline5 discipline: : 
ClinicalClinical ChemistryChemistry, , ClinicalClinical HaematologyHaematology, , 
ClinicalClinical ImmunologyImmunology, , ClinicalClinical MicrobiologyMicrobiology e e 
ClinicalClinical PathologyPathology..

Cappelletti P. La modernizzazione dei laboratori orientata all’appropriatezza diagnostica e all’efficacia dei trattamenti. Riv
Med Lab-JLM, 2002; 5(2): 147-163.

LL’’organizzazione e le competenzeorganizzazione e le competenze



LRTI guidelines…?



Pneumonia in Pneumonia in immunoimmuno--competentcompetent adultsadults
National Standard National Standard MethodMethod



Pneumonia in Pneumonia in immunoimmuno--competentcompetent adultsadults
National Standard National Standard MethodMethod



https://www.grace-lrti.org



Pneumonia in Pneumonia in immunoimmuno--competentcompetent adultsadults
National Standard National Standard MethodMethod

Multiplex Multiplex 
RealReal Time PCRTime PCR

Multiplex Multiplex 
RealReal Time PCRTime PCR



An acute An acute respiratoryrespiratory tracttract infectioninfection
isis one of the common one of the common causescauses forfor
hospital hospital admissionsadmissions of of childrenchildren..

Kyoung Ho Roh et al. Annals of Clinical & Laboratory Science, 2008

LRTI in LRTI in infantsinfants and and 
youngyoung childrenchildren



Eziologia infezioni respiratorie ad eziologia Eziologia infezioni respiratorie ad eziologia 
virale in etvirale in etàà pediatrica a Pordenone: pediatrica a Pordenone: 

novembre 2008novembre 2008--gennaio 2010gennaio 2010
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InfluenzaInfluenza virus virus typetype A and B, A and B, parainfluenzaparainfluenza
virus virus typetype 1, 2, 3, 1, 2, 3, respiratoryrespiratory syncytialsyncytial virusvirus
(RSV) (RSV) typetype A and B, and A and B, and adenovirusadenovirus are major are major 
causescauses of of lowerlower respiratoryrespiratory tracttract infectionsinfections in in 
infantsinfants and and youngyoung childrenchildren under 5 under 5 yryr old. old. 

HumanHuman metapneumovirusmetapneumovirus, , alsoalso identifiedidentified in in 
childrenchildren withwith respiratoryrespiratory infectioninfection, , rhinovirusrhinovirus, , 
and and coronaviruscoronavirus are are knownknown asas causative causative 
agentsagents of the common of the common coldcold..

Kyoung Ho Roh et al. Annals of Clinical & Laboratory Science, 2008



The The availabilityavailability of a of a rapidrapid viralviral diagnosticdiagnostic
assayassay willwill enableenable physiciansphysicians toto makemake
more accurate treatmentmore accurate treatment decisionsdecisions, , 
reduce reduce unnecessaryunnecessary antimicrobialantimicrobial agentagent
useuse, and , and shortenshorten hospital hospital staysstays forfor
patientspatients..

Kyoung Ho Roh et al. Annals of Clinical & Laboratory Science, 2008



Pneumonia in Pneumonia in immunocompromisedimmunocompromised adultsadults
National Standard National Standard MethodMethod



Pneumonia in Pneumonia in immunocompromisedimmunocompromised adultsadults
National Standard National Standard MethodMethod

Multiplex Multiplex 
RealReal Time PCRTime PCR PCR PCR forfor

PneumocystisPneumocystis jiroveciijirovecii



ForFor the the molecularmolecular diagnosisdiagnosis of of respiratoryrespiratory
infectionsinfections the the preferredpreferred clinicalclinical specimensspecimens are are 
nasopharyngealnasopharyngeal aspiratesaspirates (NPA) and (NPA) and sputumsputum
asas wellwell asas bronchoalveolarbronchoalveolar lavagelavage specimensspecimens, , 
ifif availableavailable. . 
The The superioritysuperiority of NPAof NPA forfor the detection of the detection of allall
virusesviruses waswas clearlyclearly illustratedillustrated in the in the studystudy byby
GrutekeGruteke etet al. (2004).al. (2004).

Ieven, M. J Clin Virol. 2007

OptimalOptimal recoveryrecovery of of 
respiratoryrespiratory pathogenspathogens



WhereWhere availableavailable, PCR , PCR teststests are are anan
extremelyextremely usefuluseful additionaddition toto the the 
diagnosticdiagnostic armamentariumarmamentarium and and havehave the the 
advantageadvantage of of beingbeing rapidrapid ((relevantrelevant on on 
occasionsoccasions forfor bothboth clinicalclinical and and infectioninfection
control control purposespurposes) and sensitive, and so ) and sensitive, and so 
are are toto bebe preferredpreferred over over serologicalserological teststests..

Pneumonia Guidelines Committee of the British Thoracic Society Standards of Care Committee. 
British Thoracic Society guidelines for the management of community acquired pneumonia in adults: update 2009. 
Thorax 2009; 64 (Suppl.III): iii1–iii55.

ProspectsProspects



WhenWhen molecularmolecular teststests can can detectdetect withinwithin
hourshours (or (or eveneven minutesminutes)) manymany pathogenspathogens
in in nasopharyngealnasopharyngeal swabsswabs, , throatthroat swabsswabs, , 
nasopharyngealnasopharyngeal aspiratesaspirates, and , and sputumsputum, , 
more more focusedfocused and and efficientefficient managementmanagement
of of patientspatients withwith LRTI LRTI willwill becomebecome
possiblepossible..

ProspectsProspects

Pneumonia Guidelines Committee of the British Thoracic Society Standards of Care Committee. 
British Thoracic Society guidelines for the management of community acquired pneumonia in adults: update 2009. 
Thorax 2009; 64 (Suppl.III): iii1–iii55.



EntranceEntrance intointo the the diagnosticdiagnostic cyclecycle ((00––6 6 hourshours ): ): 
patientpatient arrivalarrival, triage, , triage, primaryprimary evaluationevaluation, , questionnairequestionnaire and and physicalphysical examinationexamination byby physicianphysician, , 

presumptivepresumptive diagnosisdiagnosis, , physicianphysician laboratorylaboratory analysisanalysis requestrequest(s), (s), clinicalclinical samplingsampling, transfer , transfer toto laboratorieslaboratories, etc., etc.

ConventionalConventional diagnosticsdiagnostics EmergencyEmergency & & 
POC POC MicrobiologyMicrobiology LabLab

MolecularMolecular diagnosticsdiagnostics
in in MicrobiologyMicrobiology and and VirologyVirology

MicrobiologyMicrobiology
LaboratoryLaboratory

ResultsResults of of analysesanalyses and and healthcarehealthcare decisiondecision processprocess ((hourshours toto daysdays ):):
transmissiontransmission of of resultsresults, , interpretationinterpretation, , patientpatient management, management, therapeutictherapeutic

interventionintervention, , confirmatoryconfirmatory testingtesting, treatment , treatment adjustmentadjustment, etc., etc.

Positive Positive 
culture culture resultsresults

IdentificationIdentification
and and drugdrug

susceptibilitysusceptibility

MicrobiologyMicrobiology
LaboratoryLaboratory

MicrobiologyMicrobiology
POCTPOCT--satellitesatellite

LaboratoryLaboratory

MolecularMolecular ((multiparametricmultiparametric?)?)
POC POC diagnosticdiagnostic devicesdevices

ImmediateImmediate healthcarehealthcare decisiondecision

BissonnetteBissonnette L and L and BergeronBergeron MG. CMI 2010. MG. CMI 2010. ModifiedModified..

RapidRapid, , 
multiparametricmultiparametric

teststests

IdentificationIdentification and/or and/or 
drugdrug susceptibilitysusceptibility

12 h or m
ore

12 h or m
ore

A
pproxim

ately
A

pproxim
ately

1 h
1 h

24 h or m
ore

24 h or m
ore

A
pproxim

ately
A

pproxim
ately

1 h
1 h

A
pproxim

ately
A

pproxim
ately

1 h
1 h

12 h or m
ore

12 h or m
ore

SerologicalSerological confirmationconfirmation

AntigenAntigen teststests and/or  and/or  
screening screening methodsmethods

PostPost--cultureculture molecularmolecular
(or mass (or mass spectrometryspectrometry))

identificationidentification

ConventionalConventional
MolecularMolecular test test 

BiomarkersBiomarkers
((ProcalcitoninProcalcitonin,,cytokinescytokines, , proANPproANP, , 

CopeptinCopeptin, , proAdenomedullinproAdenomedullin..)..)



Herman Goossens BMJ 2006



A A changechange in culturein culture
withoutwithout cultureculture……

Bissonnette L and Bergeron MG. CMI 2010.

ProspectsProspects



The The processprocess of of diagnosingdiagnosing infectiousinfectious
diseasesdiseases isis graduallygradually enteringentering anan eraera
wherewhere a a physicianphysician isis in the position in the position toto
obtainobtain valuablevaluable information on a timeinformation on a time--
scalescale comparablecomparable toto thosethose in in otherother fieldsfields
of of diagnosticdiagnostic medicine.medicine.
Bissonnette L and Bergeron MG. CMI 2010.

ProspectsProspects
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GRAZIE PER GRAZIE PER 
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