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Cambiando la microbiología clínicaFlujo de trabajo en bacteriología:Changing clinical microbiologyChanging clinical microbiology
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•• Phenotypic tests:Phenotypic tests:
•• ESBL NDPESBL NDP
•• CARBA NPCARBA NP
•• Blue CARBA TESTBlue CARBA TEST

•• Detection of enzymatic activity by MALDIDetection of enzymatic activity by MALDI--TOFTOF
-- CarbapenemasesCarbapenemases
-- ESBLsESBLs

•• Detection by NAATDetection by NAAT
–– XpertXpert--CARBACARBA--R R -- RTRT--PCRPCR

•• KPC, NDM, VIM, OXAKPC, NDM, VIM, OXA--48, IMP48, IMP

–– CheckCheck--point  point  -- MicroarraysMicroarrays
–– KPC, VIM, IMP, NDM, OXAKPC, VIM, IMP, NDM, OXA--48 and ESBL (TEM, CTXM and SHV)  48 and ESBL (TEM, CTXM and SHV)  

–– EazyplexEazyplex -- LAMPLAMP
•• NDM, VIM, KPC, OXANDM, VIM, KPC, OXA--48 and ESBLs families  CTX48 and ESBLs families  CTX--MM--1, CTX1, CTX--MM--99

 TAT < 2hTAT < 2h
 Lower Lower sensitsensit. for OXA. for OXA--4848

Cefotaxime peakCefotaxime peak

CTX + CLAV + ESBL+ K. pne

Only CTX + K. pne

Only CTX + ESBL+ K. pneHydrolized peak
 TAT < 2TAT < 2--4h4h
 Lower Lower sensitsensit. for . for 

OXAOXA--4848



ProtocolProtocol

ZboromyrskaZboromyrska Y:Y: Rapid Rapid detectiondetection of bof b--lactamaseslactamases directlydirectly fromfrom positive positive 
bloodblood cultures cultures usingusing a a looploop--mediatedmediated isothermalisothermal amplificationamplification (LAMP)(LAMP)--

basedbased assayassay
International International JournalJournal of of AntimicrobialAntimicrobial AgentsAgents 2015; 45: 3552015; 45: 355

ZboromyrskaZboromyrska Y:Y: Rapid Rapid detectiondetection of bof b--lactamaseslactamases directlydirectly fromfrom positive positive 
bloodblood cultures cultures usingusing a a looploop--mediatedmediated isothermalisothermal amplificationamplification (LAMP)(LAMP)--
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25 25 l of + BCl of + BC

+ 500 + 500 l of l of resuspensionresuspension
and and lysislysis bufferbuffer

99ºC 99ºC forfor 2 min2 min

CentrifugedCentrifuged

1,400 x g 1,400 x g forfor 30 30 secsec

25 25 l to perform the Eazyplex assayl to perform the Eazyplex assay

Global Global concordanceconcordance: : 100%  100%  usingusing thethe ProtocolProtocol describeddescribed
TAT      TAT      approxapprox. 20 min.. 20 min.
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Technologies for Technologies for thethe diagnosis of diagnosis of sepsissepsisTechnologies for Technologies for thethe diagnosis of diagnosis of sepsissepsis

SepsiTest* Prove-it
Sepsis* Septifast* Magicplex* Vyoo* Filmarray Verigene Plex-ID*

Methods Broad rt-PCR + 
sequencing

mPCR + 
microarray rt-PCR rt-PCR mPCR + 

electrophor. RT-PCR
Microarray 

+ signal 
amplif. 

Broad PCR 
ESI-TOF 

MS

Nº 
microorg. >300 83 25 >90 39 24 3 Panels

(30) Up to 800

Resistant 
markers -- vanA/B, 

mecA
--- vanA, vanB, 

mecA

mecA, van 
A/B, SHV, 

CTX-M

vanA, vanB, 
mecA, KPC

vanA, vanB, 
mec

+  6 Carbap.

vanA, vanB, 
mecA, KPC

Sensitivity 21-85 94 43-91 37-65 60 88-100 50-100 47-91

Specificity 58-95 98 88-96 77-92 75 >98 98-100 98-99

Time to 
results 8-12 3 6 6 8 1 2.5 6

* They have been applied directly from blood samples



1. Centrifuge 4 mL of blood collected in EDTA1. Centrifuge 4 mL of blood collected in EDTA--tube at 1,500 rpm  tube at 1,500 rpm  
for 5 min. for 5 min. 

2. Transfer supernatant to 2 2. Transfer supernatant to 2 eppendorfeppendorf tubes (1.5 mL)tubes (1.5 mL)

3. Centrifuge at 13,000 rpm for 2 min.3. Centrifuge at 13,000 rpm for 2 min.

4. Discard the supernatant4. Discard the supernatant

5. Add 100 µl of saline solution and  5. Add 100 µl of saline solution and  resuspendresuspend the pellet  and carry out the pellet  and carry out 
the detection following the instructionsthe detection following the instructions

www.cepheid.com
200 µl 200 µl 

Diagnosis of catheterDiagnosis of catheter--associated bacteremiaassociated bacteremiaDiagnosis of catheterDiagnosis of catheter--associated bacteremiaassociated bacteremia

• Identification of S. aureus
• Identification of CNS
• Resistance to methicillin



BCBC

GeneXpertGeneXpert
PositivePositive NegativeNegative TotalTotal

PositivePositive 14 6 20

NegativeNegative 2 70* 72

TotalTotal 16 76 92

* Including 16 blood cultures contaminated by CoNS* Including 16 blood cultures contaminated by CoNS

Sensitivity of GeneXpert    87.5%Sensitivity of GeneXpert    87.5%
Specificity of GeneXpert    92.1%Specificity of GeneXpert    92.1%

PPV of GeneXpert 70.6%PPV of GeneXpert 70.6%
NPV of GeneXpert 98.6%NPV of GeneXpert 98.6%

Concordance between BC and GeneXpert:Concordance between BC and GeneXpert:
-- 4   4   S. aureusS. aureus
-- 10  10  CNSCNS

ZboromyrskaZboromyrska Y. et al. Y. et al. PLoSPLoS oneone (2016) 11:e0161684(2016) 11:e0161684



NUCLEIC ACID
EXTRACTION

AMPLIFICATION

MASS
SPECTROMETRY

PATHOGEN
DATABASE
ANALYSIS

Pathogen nucleic acids
extracted from

clinical samples.
Broad-range primers bind to

conserved regions in bacteria,
viruses or fungi.

Variable pathogen-specific
regions flanked by the conserved

regions are amplified.

ESI-MS analysis provides
information on the base

composition of the amplicons.

Algorithms used to
compare base composition

of amplicons against
pathogen database.

‘Same-shift’ pathogen identification is an achievable goalSAMPLE RESULT

ESI Mass Spectrometry ESI Mass Spectrometry 
PCR PCR andand MassMass SpectrometrySpectrometry ((DetectionDetection of nucleic of nucleic acidsacids))

ESI Mass Spectrometry ESI Mass Spectrometry 
PCR PCR andand MassMass SpectrometrySpectrometry ((DetectionDetection of nucleic of nucleic acidsacids))

6-8 h turnaround time
30-40 mins hands-on-time



O’DwyerO’Dwyer MJ: MJ: DetectionDetection of of microbialmicrobial DNA DNA butbut notnot cultures bacteria cultures bacteria isis
associatedassociated withwith increasedincreased mortalitymortality in in patientespatientes withwith suspectedsuspected sepsis sepsis 

–– a a prospectiveprospective multimulti--centre centre EuropeanEuropean observationalobservational studystudy
ClinicalClinical MicrobiologyMicrobiology and and InfectionInfection 2017; 2082017; 208--e1e1

O’DwyerO’Dwyer MJ: MJ: DetectionDetection of of microbialmicrobial DNA DNA butbut notnot cultures bacteria cultures bacteria isis
associatedassociated withwith increasedincreased mortalitymortality in in patientespatientes withwith suspectedsuspected sepsis sepsis 

–– a a prospectiveprospective multimulti--centre centre EuropeanEuropean observationalobservational studystudy
ClinicalClinical MicrobiologyMicrobiology and and InfectionInfection 2017; 2082017; 208--e1e1

Is this DNA indicativeIs this DNA indicative
of a pathogenic finding?of a pathogenic finding?

Limitations:Limitations:

 No influence in treatmentNo influence in treatment
 No standardization No standardization 

among centresamong centres

Presence of microbial DNA in Presence of microbial DNA in 
patients with suspected sepsis patients with suspected sepsis 
might define a patient group at might define a patient group at 
higher risk of death.higher risk of death.



•• Differences:Differences:
 Febrile Febrile neutropenicneutropenic patients lack patients lack 

of neutrophils containing of neutrophils containing mDNAmDNA
might results in a lower [might results in a lower [mDNAmDNA]]

 Eight bottles collected for BC Eight bottles collected for BC vsvs 5 5 
ml for PCR/ESI MSml for PCR/ESI MS

 Blood for PCR/ESI MS was Blood for PCR/ESI MS was 
collected through one lumen of collected through one lumen of 
the catheter whereas for BC it was the catheter whereas for BC it was 
from all lumens and from all lumens and periphericperipheric
blood veinblood vein

DesmetDesmet S: S: BroadBroad--rangerange PCR PCR coupledcoupled withwith electrosprayelectrospray ionizationionization time time 
of of flightflight massmass spectrometryspectrometry forfor detectiondetection of of bacteremiabacteremia and and fungamiafungamia in in 

patientspatients withwith neutropenicneutropenic faverfaver
JournalJournal of of ClinicalClinical MicrobiologyMicrobiology 2016; 54: 25132016; 54: 2513

DesmetDesmet S: S: BroadBroad--rangerange PCR PCR coupledcoupled withwith electrosprayelectrospray ionizationionization time time 
of of flightflight massmass spectrometryspectrometry forfor detectiondetection of of bacteremiabacteremia and and fungamiafungamia in in 

patientspatients withwith neutropenicneutropenic faverfaver
JournalJournal of of ClinicalClinical MicrobiologyMicrobiology 2016; 54: 25132016; 54: 2513

SensSens. 47%. 47%
PCR/ESI MSPCR/ESI MS

SpecSpec. 93%. 93%



RRapid tests compared to BC:apid tests compared to BC:
AdvantagesAdvantages

-- Patients receiving antibioticPatients receiving antibiotic
-- Detection of Detection of fungemiafungemia caused mainly by caused mainly by AspergillusAspergillus
-- More rapid identification than the BCMore rapid identification than the BC..

DisadvantagesDisadvantages
-- Bacteraemia may be missed due to lower sample volume or Bacteraemia may be missed due to lower sample volume or 
pathogen not included into the test panelpathogen not included into the test panel

-- No possibility to determine antimicrobial susceptibility only some No possibility to determine antimicrobial susceptibility only some 
resistant determinantsresistant determinants

-- High costHigh cost
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These tests should be improved by:These tests should be improved by:
Include identification plus susceptibility testing Include identification plus susceptibility testing 

Increase the volume of blood Increase the volume of blood analyzedanalyzed

Adapt to other clinical sampleAdapt to other clinical sample

Provide results in less than 1 hour in an automatic Provide results in less than 1 hour in an automatic 

systemsystem

To perform a quantitation of the To perform a quantitation of the DNAmeiaDNAmeia??
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 CandidaCandida isis thethe thirdthird mostmost commoncommon cause of BSI in cause of BSI in thethe ICUsICUs
 AttributableAttributable mortalitymortality ratesrates fromfrom 5 to 71% 5 to 71% dependentdependent of of patientpatient populationpopulation
 DifficultDifficult to to makemake a a rapidrapid diagnosticdiagnostic microbiologymicrobiology
 PatientsPatients withwith riskrisk factorsfactors forfor invasiveinvasive candidadiasiscandidadiasis are are oftenoften receivingreceiving

empiricalempirical antifungalantifungal therapytherapy
 T2 T2 MagneticMagnetic ResonanceResonance AssayAssay forfor CandidaCandida [CID (2015) 60: 892[CID (2015) 60: 892]]
 12% of T2 12% of T2 CandidaCandida test test failedfailed withwith onlyonly 36.7% of 36.7% of thethe resolved resolved uponupon initialinitial

retestretest

BalkerBalker BB: : DetectionDetection ccostost--effectivenesseffectiveness analysisanalysis of multiplex PCR of multiplex PCR withwith
magneticmagnetic resonanceresonance detectiondetection versus versus empiricempiric oror bloodblood cultureculture--directeddirected

therapytherapy forfor managementmanagement of of suspectedsuspected candidemiacandidemia
JournalJournal of of ClinicalClinical MicrobiologyMicrobiology 2016; 54: 7282016; 54: 728

BalkerBalker BB: : DetectionDetection ccostost--effectivenesseffectiveness analysisanalysis of multiplex PCR of multiplex PCR withwith
magneticmagnetic resonanceresonance detectiondetection versus versus empiricempiric oror bloodblood cultureculture--directeddirected

therapytherapy forfor managementmanagement of of suspectedsuspected candidemiacandidemia
JournalJournal of of ClinicalClinical MicrobiologyMicrobiology 2016; 54: 7282016; 54: 728

FETFET waswas lessless costlycostly andand moremore effectiveeffective thanthan TT22DTDT whenwhen thethe prevalenceprevalence waswas variedvaried overover
aa rangerange fromfrom 11%% toto 3030%%,, butbut TT22DTDT waswas lessless costlycostly thanthan EETEET whenwhen thethe prevalenceprevalence
remainedremained atat 77..22%% andand moremore costlycostly thanthan BCDTBCDT whenwhen thethe prevalenceprevalence waswas 22..44%%.. ThisThis
suggestssuggests thatthat thethe optimaloptimal useuse ofof TT22DTDT maymay bebe inin aa moderatemoderate--riskrisk settingsetting wherewhere thethe ICIC
prevalenceprevalence isis aroundaround 55%% andand empiricalempirical oror prophylacticprophylactic antifungalantifungal therapytherapy isis prescribedprescribed
routinelyroutinely..



 Existen evidencias clínicas que demuestran que una rápida identificación Existen evidencias clínicas que demuestran que una rápida identificación 
y determinación de la sensibilidad antimicrobiana de bacterias causantes y determinación de la sensibilidad antimicrobiana de bacterias causantes 
de sepsis ayuda a la implementación de una terapia antimicrobiana de sepsis ayuda a la implementación de una terapia antimicrobiana 
adecuada y por ello a reducir la mortalidad.adecuada y por ello a reducir la mortalidad.

 La espectrometría de masas MALDILa espectrometría de masas MALDI--ToFToF para identificación  de bacterias/para identificación  de bacterias/
hongos de HC positivos tiene un impacto clínico evidente. hongos de HC positivos tiene un impacto clínico evidente. 
La combinación de métodos fenotípicos y genotípicos cuando sea La combinación de métodos fenotípicos y genotípicos cuando sea 
posible es deseable para detectar determinantes de resistencia a partir de posible es deseable para detectar determinantes de resistencia a partir de 
hemocultivos positivos.hemocultivos positivos.
Ninguno de los métodos moleculares puede a día de hoy reNinguno de los métodos moleculares puede a día de hoy re--emplazar al emplazar al 
hemocultivo.hemocultivo.
Los resultados generados a Los resultados generados a travtravésés de las pruebas de diagnóstico rápido de las pruebas de diagnóstico rápido 
deben ser comunicados al equipo PROA lo más rápidamente posible para deben ser comunicados al equipo PROA lo más rápidamente posible para 
que tengan un impacto clínico elevado.que tengan un impacto clínico elevado.

CONCLUSIONESCONCLUSIONESCONCLUSIONESCONCLUSIONES




