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Clinical Microbiology Laboratory in 2000s 

Bacteriology 
• Blood culture & CSF 
• Urine 
• Sputum 
• Genital tract 
• Stool 
• Miscellaneous 

• Wound swab, Tissue, PD Fluid, Pleural fluid, corneal scraping etc etc etc etc… 

Mycobacteriology 

Mycology 

Parasitology 

Virology 

Antigen/Antibody detection 

Molecular 
diagnostics 



 

 
       

 

 

Clinical Microbiology Laboratory in 2020s 

Bacteriology 
• Blood culture & CSF 
• Urine 
• Sputum 
• Genital tract 
• Stool 
• Miscellaneous 

• Wound swab, Tissue, PD Fluid, Pleural fluid, corneal scraping etc etc etc etc… 

Mycobacteriology 

Mycology 

Parasitology 

Virology 

Antigen/Antibody detection 

Molecular diagnostics 



 
 

    

The need for improved diagnostics for infectious diseases 

”…results should be available 
within 1-2 hours and hence 

inform critical patient 
management decisions” 

Caliendo AM, Clin Infect Dis. 2014 May;58(9):1346]. Clin Infect Dis. 2013;57 Suppl 3(Suppl 3):S139-S170. doi:10.1093/cid/cit578 



  

      

Key opportunities in Clinical Microbiology 

Doern CD et al. J Clin Microbiol. 2022 Jul 20;60(7):e0009222. doi: 10.1128/jcm.00092-22. 



  

      

Key opportunities in Clinical Microbiology 

Doern CD et al. J Clin Microbiol. 2022 Jul 20;60(7):e0009222. doi: 10.1128/jcm.00092-22. 



  

   

Why syndromic panels for HAP/VAP? 

• Hospital-acquired pneumonia accounts for >20% nosocomial infections 

• Determining the causative infectious agent is pivotal in the prognosis and management of pneumonia 



  

   

 
  

  
  

  

   

Why syndromic panels for HAP/VAP? 

• Hospital-acquired pneumonia accounts for >20% nosocomial infections 

• Determining the causative infectious agent is pivotal in the prognosis and management of pneumonia 

2019 ATS / IDSA CAP Guidelines: 2021 ATS CAP Guidelines: 

“Rapid, cost-effective, sensitive, and specific 
diagnostic tests to identify organisms causing 
CAP have potential to improve routine care by 
supporting the use of targeted therapy…” 

“Inpatients who are immunocompromised, or 
immunocompetent with severe CAP, should 
have multiplex PCR for non-influenza viral 
pathogens…” 

Am J Respir Crit Care Med. 2019 Oct 1;200(7):e45-e67. 



  

     
Lancet Respir Med 2022 

Published Online May 23, 2022 https://doi.org/10.1016/ S2213-2600(22)00086-8 

https://doi.org/10.1016
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Methods: 
• Multicenter, RCT, Switzerland 
• Age ≥18 
• Working diagnosis of HAP 
• At risk of Gram-negative bacterial infection 
• Underwent bronchoscopy with BAL 

• Randomly assigned 1:1 to PCR group and conventional group 

• Treating physicians are not masked 
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• Underwent bronchoscopy with BAL 
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Methods: 
• Multicenter, RCT, Switzerland 
• Age ≥18 
• Working diagnosis of HAP 
• At risk of Gram-negative bacterial infection 
• Underwent bronchoscopy with BAL 

• Randomly assigned 1:1 to PCR group and conventional group 

• Treating physicians are not masked 

 

 

PCR group = conventional + Unyvero HPN 

Recommendation regarding Abx choice made ~5 hours 
after taking sample 

  

     
Lancet Respir Med 2022 

blished Online May 23, 2022 https://doi.org/10.1016/ S2213-2600(22)00086-8 

Primary outcome 
Time on inappropriate antibiotic  therapy from bronchoscopy to 
discharge or 30 days after bronchoscopy 

https://doi.org/10.1016


 

 
   

PCR group 

+ 

Commercially available multiplex PCR platform 
Luminex MAGPIX; PathoFinder RespiFinder-22, and 
Seegene Allplex Respiratory panel 

Conventional group 

+ 

Only results from GNB were disclosed to the attending physician 



     (Antibiotic agents of choice made with consideration of local resistance rate) 

• The decision to follow this recommendation was at the physician’s discretion 



    
     

 Antibiotic therapy evaluation form 

Results analyzed by the adjudication board a panel of at least 3 physicians 
(a respiratory physician, an infectious disease specialist, and an internal medicine specialist) 



   
  

   
    

  
  

  

Results 
patients characteristics 

Between May 31, 2017, and Sept 25, 2019, 740 
patients with pneumonia were screened, and 
208 were included and randomly assigned to 
PCR group (n=100) or conventional microbiology 
control group (n=108). 
• Mean age: 65.9 (SD 14.0) 
• 135 (65%) were male 



 
   

   
   

  
 

 
  
  

Results: Primary outcome 

Daily follow-up until hospital discharge or for a maximum of 30 days: 

Overall inappropriate antibiotics: 
399 antibiotic regimes for pneumonia were reviewed, 65 (16%) targeted 
atypical microorganisms including P. jirovecii 
• Of the 334 remaining regimes, 196 (59%) were deemed to be 

inappropriate 
• Mostly because treatment was unnecessarily broad spectrum 157 

(81%), 
• And because of extensive prescription duration 23 (12%) 
• There were 83 (46%) of 179 inappropriate antibiotic regimes in the PCR 

group and 113 (73%) of 155 in the control group (p<0.0001) 

Duration of inappropriate antibiotics 
• the duration of inappropriate antibiotic treatment was significantly 

shorter by 38·6 hr (95% CI 19·5–57·7) in the PCR group than in the 
control group (adjusted mean 47·1 h [34·7–59·5] vs 85·7 h [78·8–95·6]; 
p<0·0001), 

• which translates as a decrease in the duration of inappropriate antibiotic 
therapy of 45∙0% (37·9–52·1). 



   
 

 
  

 

Results: Clinical outcomes 

Adverse events due to antimicrobial therapy occurred in 
nine patients (five [5%] in the PCR group vs four [4%] in 
the control group) 

There were eight (8%) deaths in the PCR group and 11 
(10%) in the control group. All in-hospital deaths were 
attributed to a respiratory cause. 



  

     

   

 
  

   
 

  

Microbiological results 
4 pathogens detected by conventional culture but not by 

• Growth of any organism was reported in 150 (72%) BAL 
samples 

• Gram NEG rods were detected 
• by PCR in 39 (19%) patient samples 

• by conventional microbiological culture in 30 (14%) cases 

• Concurrence with the results of routine culture was 
observed in 16 cases 

Unyvero HPN panel 

• The multiplex bacterial PCR had a sensitivity of 55.6% and 
specificity of 86.6% in detecting Gram-negative bacteria. 

• The concordance reached 82.5% 



 
 

Bacterial Co-infection in COVID-19 patients 

Prevalence of bacterial coinfection and patterns of antibiotics prescribing in patients with COVID-19: A systematic 
review and meta-analysis 

PLoS ONE 17(8): e0272375. https://doi.org/10.1371/journal.pone.0272375 

https://doi.org/10.1371/journal.pone.0272375


    Molina et al. Critical Care (2022) 26:130 

https://doi.org/10.1186/s13054-022-04006-z 

Patients 
• 8 ICUs in Columbia 
• SARS-CoV-2 positive 
• March 1 to July  30, 2021 
• Hospitalized  for < 48 hours and  on 

mechanical ventilation for < 24 hours 
• Mini-BAL or ETA 

Endpoint: 
• Co-infections 
• Empirical antibiotics 
• Change in antibiotic  management according 

to FA-PNEUM  and  culture results 

https://doi.org/10.1186/s13054-022-04006-z


 

 

 

  

 
 

 
 

  

 

 

BioFire® PNEUMONIA PANELPLUS - 34 TARGETS 

15 Bacteria 
Semi - Quantitative 
Acinetobacter calcoaceticus-baumannii complex 
Enterobacter aerogenes 

Enterobacter cloacae 

Escherichia coli 

Haemophilus influenzae 

Klebsiella oxytoca 

Klebsiella pneumoniae group 
Moraxella catarrhalis 

Proteus spp. 
Pseudomonas aeruginosa 

Serratia marcescens 

Staphylococcus aureus 

Streptococcus pneumoniae 

Streptococcus pyogenes 

Streptococcus agalactiae 

3 Atypical Bacteria 
Qualitative 
Legionella pneumophila 

Mycoplasma pneumoniae 

Chlamydia pneumoniae 

9 Viruses 
Qualitative (no sub-typing) 
Influenza A 
Influenza B 
Adenovirus 
Coronavirus 
Parainfluenza virus 
Respiratory Syncytial virus 
Human Rhinovirus/Enterovirus 
Human Metapneumovirus 
Middle East Respiratory Syndrome Coronavirus 
(MERS-CoV) 

7 Antibiotic Resistance  Genes 
Methicilin Resistance 
mecA/mecC and  MREJ 

ESBL 
CTX-M 

Carbapenemases 
KPC 
NDM  
OXA48-like 
VIM 
IMP 



    Molina et al. Critical Care (2022) 26:130 

https://doi.org/10.1186/s13054-022-04006-z 

https://doi.org/10.1186/s13054-022-04006-z


Results (Co-infections): 



FA-PNEU positive: 25.44% 
Culture positive: 17.27% 

  18 samples positive in both techniques 
    9 FA-PNEU positive with negative culture 

 1 culture positive with negative FA-PNEU 

Results (Co-infections): 



 • 92.7-100% when stratified 
by organisms 

• Overall concordance 90.1% 

Results (Co-infections): 



 

 

 
 

 

Among the 27 FA-PNEU samples, 12 were polymicrobial 

Among the 19 culture samples, 4 were polymicrobial 

Most common FA-PNEU: 
• Staphylococcus aureus 
• Streptococcus agalactiae 

Most common Culture: 
• Staphylococcus aureus 
• Klebsiella pneumoniae 

   Suspect contamination by staff Results (Co-infections): 



 

 

Among the 27 FA-PNEU samples, 12 were polymicrobial 

Among the 19 culture samples, 4 were polymicrobial 

PPV is low for E. cloacae complex & 
S. aureus 

Results (Co-infections): 



       

  

 

 

 
 

   

  
  

Results: Change of Antibiotics in response to FA-PNEU result 

Point 1: 
61/110 had antibiotics before LRT sample 
• ceftriaxone (45.9%), 
• cefepime (31.1%) 
• ampicillin/sulbactam (23%) 

Point 2: 
78/38 patients antibiotics 
suspended after FA-PNEUM 
Negative result 

Point 3: 
4 patients started on Antibiotics 
with positive FA-PNEUM results 
• Oxacillin (33.3%) 
• Linezolid 23.8%) 

MecA/C/MREJ had specificity of 
94.55 and NPV 100% 



    

  

Molina et al. Critical Care (2022) 26:130 

https://doi.org/10.1186/s13054-022-04006-z 

Salient findings 

1. Approximately a quarter of patients with COVID-19 pneumonia admitted to the ICU have 
bacterial coinfection; 

2. A negative FA-PNEU result prevents the inappropriate empirical use of antibiotics; 

3. The overall concordance between FA-PNEU and culture was 90.1%, 

https://doi.org/10.1186/s13054-022-04006-z
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Example of Algorithm for rational use of multiplex PCR critically ill 
ventilated COVID-19 patients 

Clinical algorithm for initiating antibiotics using FAPP in bacterial coinfection of 
critically ill COVID 19 patients. 

A multicenter retrospective analysis of all critically ill patients who 
were admitted to 6 ICUs from March to May 2020, with COVID-19 
and respiratory failure requiring invasive mechanical ventilation in 
France. 

Faster Time Results 
• FilmArray Pneumonia Panel (FAPP), conventional culture (CC) 

and Gram stain were included. 
• Results of FAPP and Gram stain were available in 4 hours. 
• A first result of the CC was available after 1 day with a 

definitive result within 5 days. 

Impacts of FAPP’s Routine Use in ICU 
• FAPP-based therapeutic decisions concordance with CC-based 

therapeutic decisions: 91% for BAL and 69% in ETA (p=0.009) 
• Contribution of FAPP-based decision was antibiotic 

avoidance: 81.5% (22/27) in CAP and 60.9% (56/92) in VAP 

IMV, invasive mechanical ventilation; BAL, bronchoalveolar lavage; FAPP, FilmArray Pneumonia Panel; ATB, 
antibiotics; GNB, Gram-negative bacilli. a Endotracheal aspirate samples could be used but need cautious 

interpretation regarding the risk of over-diagnosis due to tracheobronchial colonization; b Septic shock 
(according to SEPSIS-3) or severe ARDS (according to Berlin criteria) 

Novy E, et al. Diagn Microbiol Infect Dis. 2021;101(3):115507 



Prospective observational study 
• 11 French university hospitals 
• 515 respiratory specimens (58 sputa, 217 ETA,  

240 BAL) 



 

  
 

    

  
  

  

On-panel typical bacteria 

On-panel resistant genes 

Atypical bacteria 

RCM = routine conventional methods 

Performance of the FilmArray Pneumonia Panel 
compared with standard of care techniques. 

FA-PP ≥1 pathogen in 384 specimens, 
positive rate of 74.6% 
• 353 typical bacteria 
• 8 atypical bacteria 
• 42 resistance genes 



 

  
 

  

 

 

RCM = routine conventional methods 

Performance of the FilmArray Pneumonia Panel 
compared with standard of care techniques. 

FA-PP Identify most bacterial pathogens 
isolated by culture 374/396 
But cannot detect off panel organisms 

Positive percentage agreement 94.4% (91.7% - 96.5%) 
Negative percentage agreement 96.0% (95.5% - 96.4%) 

Off-panel typical bacteria 



 

  
 

   
    

  

  

   
 

  

 
    

   
 

    
  

   
  

 
 

RCM = routine conventional methods 

Performance of the FilmArray Pneumonia Panel 
compared with standard of care techniques. 

Of the 42 resistance genes detected by the FA-PP, 
24 markers were confirmed by routine antimicrobial 
susceptibility testing methods: 
• ESBL-producing Enterobacteriaceae (n = 17) 
• and methicillin-resistant Staphylococcus aureus 

(n = 7). 

In addition, FA-PP detected blaCTX-M (n = 6) and blaVIM 

(n = 2) targets in eight samples with no Gram-
negative rods in culture. 

1 strain of ESBL-producing Citrobacter freundii and 
another of Morganella morganii, neither of which is 
included in the FA-PP, were only reported by 
culture. 

The highest rate (10/17, 58.8%) of discrepancies 
was related to methicillin resistance where 
detection of mecA/C and MREJ was either 
discordant with routine antimicrobial susceptibility 
testing (n = 3) or reported in Staphylococcus 
aureus-culture-free samples (n = 7). 

On-panel resistant genes 



   
 

 

  
  

   
 

  
  

Results in Semi-quantitation 

• In DNA copies/mL for FA-PP versus in CFU/mL for 
culture, the concordance rate was 43.4% 
(142/327) for culture-positive specimens 

• FA-PP reporting a higher semi-quantification of 1 
log10 in 48.6% (159/327) of cases 

• The overestimation of bacterial load by FA-PP 
may be attributed to the detection of dead or non-
cultivable bacteria 

• 90.1% of detected bacteria with 106 DNA 
copies/mL grew significantly in culture. 



 

 

Syndromic panels for HAP/VAP - Summary 

1. Faster time to targeted therapy 

2. Increased pathogen detection, including viruses and bacteria 

3. Early de-escalation of antibiotics 

4. Improved antimicrobial stewardship 

5. Rapid, effective antimicrobial resistance screening 



 

     
 

  
 

  
    

Early diagnosis for Blood Stream Infections 

• The survival rate of patients with sepsis drops by 7.4% per hour of delayed treatment 

• The lack of accurate and rapid techniques for the timely elucidation of causative pathogens 
necessitates the use of broad-spectrum antibiotic agents. 

• The administration of broad-spectrum antibiotics can lead to complications, including toxicity, 
increased antibiotic resistance, and Clostridioides difficile toxin-related diseases. Thus, it is 
essential to determine the nature of the infecting organism(s) and corresponding antibiotic 
susceptibilities as soon as possible to allow the selection of the appropriate and targeted therapy. 



     
  

 Diagnosis of Blood Stream Infection 

Anton-VazquezV, HineP, KrishnaS, ChaplinM, PlancheT. 
Rapid versus standard antimicrobial susceptibility testing to guide treatment of bloodstream infection. 
Cochrane Database of Systematic Reviews 2021, Issue 5. Art. No.: CD013235. 
DOI: 10.1002/14651858.CD013235.pub2. 



     
  

 Diagnosis of Blood Stream Infection 

24 hrs 

Anton-VazquezV, HineP, KrishnaS, ChaplinM, PlancheT. 
Rapid versus standard antimicrobial susceptibility testing to guide treatment of bloodstream infection. 
Cochrane Database of Systematic Reviews 2021, Issue 5. Art. No.: CD013235. 
DOI: 10.1002/14651858.CD013235.pub2. 



     
  

 Diagnosis of Blood Stream Infection 

24 hrs 

54 - 60 hrs 

Anton-VazquezV, HineP, KrishnaS, ChaplinM, PlancheT. 
Rapid versus standard antimicrobial susceptibility testing to guide treatment of bloodstream infection. 
Cochrane Database of Systematic Reviews 2021, Issue 5. Art. No.: CD013235. 
DOI: 10.1002/14651858.CD013235.pub2. 



    
     
      

 

 List of commercial and developing technologies for BSI diagnosis 

* Platforms on this list are either U.S. Food and Drug Administration (FDA) and/or European 
CE Marking for In Vitro Diagnostic (CE-IVD) certified or under research development (Dev.); ‡ 

BC (+): blood culture-positive; WB: whole blood; ˆ TAT: turnaround time. 

Tjandra K.C. et al. Antibiotics 2022, 11,511 https://doi.org/10.3390/antibiotics11040511 

https://doi.org/10.3390/antibiotics11040511


     
  

 Diagnosis of Blood Stream Infection 

24 hrs 

• BioFire BCID2 
• Verigene 
• GenMark Dx ePLEX 
• Accelerate Pheno 

Anton-VazquezV, HineP, KrishnaS, ChaplinM, PlancheT. 
Rapid versus standard antimicrobial susceptibility testing to guide treatment of bloodstream infection. 
Cochrane Database of Systematic Reviews 2021, Issue 5. Art. No.: CD013235. 
DOI: 10.1002/14651858.CD013235.pub2. 



 

  
 

   

   
 

Methods: 
• 5 center, retrospective observational, 

quasiexperimental study 
• Hospitalized patients with BSI (i.e. positive peripheral 

blood culture results and not a contaminant) 
• With or without Accelerate PhenoTest BC Kit (AXDX) 

Outcome: 
• Time to optimal therapy (investigator-defined, site-

specific practice determined by practicing clinical 
pharmacists or infectious diseases physician) 

• 30-day mortality 



   
    

   
 

  

Inclusion 
• Hospitalized patients with PBCs deemed 

clinically significant by the participating sites 
(ie, not a contaminant) were eligible 

• for inclusion in the IOAS study. 

Exclusion 
• Patients  who were not  admitted to the hospital 

at the time of PBC,  
• those with a history  of  PBC  in the prior 14 

days  with the same organism,  
• patients  who experienced early  mortality  

(expired within 48 hours  of  PBC),  
• and patients  treated with palliative care and 

not  expected to survive were excluded. 

PBC = positive blood culture 



 
 

Results: 

85% had organisms that were “on-
panel” targets for AXDX 

Total 854 patients with BSIs were 
included (435 pre-AXDX, 419 post-
AXDX) 

(E. faecium, E. faecalis) 

(C. albicans, C. glabrata) 



   
  

   

   
   

    

     
   

  

  

     

 

     

• The median time to PBC from the time of blood 
culture collection was similar between arms (pre-
AXDX 15.3 vs post-AXDX 15.0 hours). 

• Time from PBC to organism identification: 22.3 
hours shorter in the post-AXDX arm than in the 
pre-AXDX arm (median 2.5 vs 24.8 hours; P < 
.0001) 

• Time to AST result: 31.6 hours shorter in the 
post-AXDX arm than in the pre-AXDX arm 
(median 7.9 vs 39.5 hours; P < .0001). 

• Time to optimal therapy: 17.2 hours shorter in the 

post-AXDX arm (23.7 hours) compared with the pre-

AXDX arm (40.9 hours; P<.0001) 

• Clinical endpoints: no significant difference 

Kaplan-Meier analysis of the time from blood culture positivity to optimal antimicrobial therapy. Log-rank P <.0001 



    
    

   

A significant improvement of the BCID2 panel compared to BCID1 is the 
built-in ability to differentiate between E. faecalis and E. faecium. In 
combination with the ability to detect vanA-vanB 



 

Method 
• Prospective single-center study 
• Age ≥18, ICU/ED 
• No positive blood culture in previous 7 days 
• TTP < 20 hr (because CoNS usually >20 hours) 

Results 



 

Method 
• Prospective single-center study 
• Age ≥18, ICU/ED 
• No positive blood culture in previous 7 days 
• TTP < 20 hr (because CoNS usually >20 hours) 

Results 

Concordant with SOC 159/180 (88.3%) 



 

 

 

 

  

Discrepant result analysis 

Out of the 68 Gram-positive 
monomicrobial results, 6 
were discordant 

Out of the 78 Gram-
negative monomicrobial 
results, 3 were discordant 

Out of the 31 polymicrobial 
blood cultures, BCID2 
produce discordant results 
in 12 cases. 

Other limitations of note 
An urgent field  safety notice was released by bioMérieux 
due to the detection of Proteus species DNA in Proteus 
species-negative blood culture bottles in February 2020  



Results on resistant genes 

Clinical samples: Spiked samples: 

• correct 10 out of 10 
SOC identified: 

• 16 3GC-R isolates 
• E. coli (n=12) 
• K.  pneumoniae group  (n=3) 
• K.  oxytoca (n=1) 

• 2  Carbapenem-R isolates 
• K.  pneumoniae group  (n=1) 
• P.  aeruginosa (n=1) 

BCID2 failed to detect 

• E.coli blaTEM (n=1) 

• K. pneumoniae  blaSHV (n=1) 

• K. pneumoniae  blaSHV, blaTEM (n=1) 





  
  

 
  

 

 

   

Investigational-use-only 

Study 
• All ag es  (with 10% <18 years old) 
• 10 geographically diverse regions within the 

USA 
• 13 different blood culture bottle systems  

from 3 different manufacturers 

• A combination of 354 prospectively 
enrolled, 1,326 retrospectively selected 
(from frozen, banked PBC samples), 
and 780 contrived (isolates spiked into 
whole blood and blood culture bottles) 
samples were tested with the BCID-GN. 

• Compare the Gram-Negative panel only 

Results 
• Overall sample accuracy 88.2% 



     
  

 Diagnosis of Blood Stream Infection 

24 hrs 

• BioFire BCID2 
• Verigene 
• GenMark Dx ePLEX 
• Accelerate Pheno 

Anton-VazquezV, HineP, KrishnaS, ChaplinM, PlancheT. 
Rapid versus standard antimicrobial susceptibility testing to guide treatment of bloodstream infection. 
Cochrane Database of Systematic Reviews 2021, Issue 5. Art. No.: CD013235. 
DOI: 10.1002/14651858.CD013235.pub2. 



     
  

 Diagnosis of Blood Stream Infection 

24 hrs 

dPCR (Results in 3 hours) 
T2MR (Results in 3-6 hours) 
mNGS 

• BioFire BCID2 
• Verigene 
• GenMark Dx ePLEX 
• Accelerate Pheno 

Anton-VazquezV, HineP, KrishnaS, ChaplinM, PlancheT. 
Rapid versus standard antimicrobial susceptibility testing to guide treatment of bloodstream infection. 
Cochrane Database of Systematic Reviews 2021, Issue 5. Art. No.: CD013235. 
DOI: 10.1002/14651858.CD013235.pub2. 



Directly from whole blood  sample 
ESKAPE bacterial species 
• Enterococcus faecium 
• Staphylococcus aureus 
• Klebsiella pneumoniae 
• Acinetobacter baumannii 
• Pseudomonas aeruginosa 
• Enterobacter species 

Single center 
• 2 year period 
• Retrospective observational case-control study 
• Consecutive patients hospitalized  and  suspected  BSI 

• Outcome 
• Appropriateness of  empirical antimicrobial 
• 21  day  mortality 



  
 

 
  

 

 

 

Results 

Inappropriate empirical antimicrobial therapy 
• T2Bacteria/T2candida: 5.5% 
• Standard: 38.8% 

78 samples from 49 patients 
Concordance result 
• T2Bacteria Panel: 74.4% 
• T2Candida panel: 91.4% 

21-day mortality rate was not 
statistically different between 
the T2-positive and comparator 
groups, a twofold difference 
was recorded between the 
groups 



 

Technical errors noted 

Missed detecting on-panel organisms 



Advantage of dPCR over conventional PCR 
much higher sensitivity 





   

 
 

Rapid diagnosis in Blood stream infections - Summary 

• Current technologies can provide accurate and rapid organism ID & 
AST results (genotype or phenotype) 

• Lead to reduce time to appropriate therapy 

• Newer technologies such as dPCR and NGS could further improve 
sepsis care 



THANK YOU! 
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	Primary outcome Time on inappropriate antibiotic  therapy from bronchoscopy to discharge or 30 days after bronchoscopy 
	PCR group 
	PCR group 
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	+ 
	Conventional group 
	Commercially available multiplex PCR platform Luminex MAGPIX; PathoFinder RespiFinder-22, and Seegene Allplex Respiratory panel + 
	Only results from GNB were disclosed to the attending physician 
	Figure
	(Antibiotic agents of choice made with consideration of local resistance rate) 
	• The decision to follow this recommendation was at the physician’s discretion 
	Antibiotic therapy evaluation form 
	Figure
	Results analyzed by the adjudication board a panel of at least 3 physicians (a respiratory physician, an infectious disease specialist, and an internal medicine specialist) 
	Results patients characteristics 
	Results patients characteristics 

	Figure
	Sect
	Figure
	Between May 31, 2017, and Sept 25, 2019, 740 patients with pneumonia were screened, and 208 were included and randomly assigned to PCR group (n=100) or conventional microbiology control group (n=108). 
	• Mean age: 65.9 (SD 14.0) • 135 (65%) were male 

	Results: Primary outcome 
	Daily follow-up until hospital discharge or for a maximum of 30 days: 
	Overall inappropriate antibiotics: 399 antibiotic regimes for pneumonia were reviewed, 65 (16%) targeted atypical microorganisms including P. jirovecii 
	• 
	• 
	• 
	Of the 334 remaining regimes, 196 (59%) were deemed to be inappropriate 

	• 
	• 
	Mostly because treatment was unnecessarily broad spectrum 157 (81%), 

	• 
	• 
	And because of extensive prescription duration 23 (12%) 

	• 
	• 
	• 
	There were 83 (46%) of 179 inappropriate antibiotic regimes in the PCR group and 113 (73%) of 155 in the control group (p<0.0001) 

	Duration of inappropriate antibiotics 

	• 
	• 
	the duration of inappropriate antibiotic treatment was significantly shorter by 38·6 hr (95% CI 19·5–57·7) in the PCR group than in the control group (adjusted mean 47·1 h [34·7–59·5] vs 85·7 h [78·8–95·6]; p<0·0001), 

	• 
	• 
	which translates as a decrease in the duration of inappropriate antibiotic therapy of 45∙0% (37·9–52·1). 


	Figure
	Results: Clinical outcomes 
	Adverse events due to antimicrobial therapy occurred in nine patients (five [5%] in the PCR group vs four [4%] in the control group) 
	There were eight (8%) deaths in the PCR group and 11 (10%) in the control group. All in-hospital deaths were attributed to a respiratory cause. 
	Figure
	Figure
	Microbiological results 
	4 pathogens detected by conventional culture but not by 
	• 
	• 
	• 
	Growth of any organism was reported in 150 (72%) BAL samples 

	• 
	• 
	• 
	Gram NEG rods were detected 

	• 
	• 
	• 
	by PCR in 39 (19%) patient samples 

	• 
	• 
	by conventional microbiological culture in 30 (14%) cases 



	• 
	• 
	Concurrence with the results of routine culture was observed in 16 cases 
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	Unyvero HPN panel 
	Figure
	• 
	• 
	• 
	The multiplex bacterial PCR had a sensitivity of 55.6% and specificity of 86.6% in detecting Gram-negative bacteria. 

	• 
	• 
	The concordance reached 82.5% 






	Bacterial Co-infection in COVID-19 patients 
	Bacterial Co-infection in COVID-19 patients 
	Prevalence of bacterial coinfection and patterns of antibiotics prescribing in patients with COVID-19: A systematic 
	review and meta-analysis 
	PLoS 
	ONE 17(8): e0272375. https://doi.org/10.1371/journal.pone.0272375 
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	Patients 
	Patients 

	• 
	• 
	• 
	• 
	8 ICUs in Columbia • SARS-CoV-2 positive • March 1 to July 30, 2021 

	• 
	• 
	Hospitalized for < 48 hours and on mechanical ventilation for < 24 hours 

	• 
	• 
	• 
	Mini-BAL or ETA 

	Endpoint: 

	• 
	• 
	Co-infections 

	• 
	• 
	Empirical antibiotics 


	• 
	• 
	Change in antibiotic management according to FA-PNEUM and culture results 


	BioFire® PNEUMONIA PANELPLUS -34 TARGETS 
	BioFire® PNEUMONIA PANELPLUS -34 TARGETS 
	15 Bacteria Semi -Quantitative 
	Acinetobacter calcoaceticus-baumannii complex Enterobacter aerogenes Enterobacter cloacae Escherichia coli Haemophilus influenzae Klebsiella oxytoca Klebsiella pneumoniae group Moraxella catarrhalis Proteus spp. Pseudomonas aeruginosa Serratia marcescens Staphylococcus aureus Streptococcus pneumoniae Streptococcus pyogenes Streptococcus agalactiae 
	3 Atypical Bacteria Qualitative 
	Legionella pneumophila Mycoplasma pneumoniae 
	Chlamydia pneumoniae 
	9 Viruses Qualitative (no sub-typing) 
	Influenza A Influenza B Adenovirus 
	Coronavirus Parainfluenza virus 
	Respiratory Syncytial virus 
	Human Rhinovirus/Enterovirus Human Metapneumovirus 
	Middle East Respiratory Syndrome Coronavirus (MERS-CoV) 
	7 Antibiotic Resistance Genes 
	7 Antibiotic Resistance Genes 
	7 Antibiotic Resistance Genes 
	Methicilin Resistance 
	Methicilin Resistance 
	mecA/mecC and MREJ 

	ESBL 
	ESBL 
	CTX-M 


	Carbapenemases 
	Carbapenemases 
	Carbapenemases 
	KPC NDM OXA48-like VIM IMP 

	Molina et al. Critical Care (2022) 26:130 
	https://doi.org/10.1186/s13054-022-04006-z 
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	Results (Co-infections): 
	Figure
	FA-PNEU positive: 25.44% Culture positive: 17.27%   18 samples positive in both techniques     9 FA-PNEU positive with negative culture  1 culture positive with negative FA-PNEU 
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	Results (Co-infections): 
	 • 92.7-100% when stratified by organisms • Overall concordance 90.1% 
	Results (Co-infections): 
	     Among the 27 FA-PNEU samples, 12 were polymicrobial Among the 19 culture samples, 4 were polymicrobial Most common FA-PNEU: • Staphylococcus aureus • Streptococcus agalactiae Most common Culture: • Staphylococcus aureus • Klebsiella pneumoniae 
	Suspect contamination by staff 
	Suspect contamination by staff 



	Results (Co-infections): 
	Results (Co-infections): 
	  Among the 27 FA-PNEU samples, 12 were polymicrobial Among the 19 culture samples, 4 were polymicrobial PPV is low for E. cloacae complex & S. aureus 
	Results (Co-infections): 


	Results: Change of Antibiotics in response to FA-PNEU result 
	Results: Change of Antibiotics in response to FA-PNEU result 
	Point 1: 
	61/110 had antibiotics before LRT sample • ceftriaxone (45.9%), • cefepime (31.1%) • ampicillin/sulbactam (23%) 
	Sect
	Figure
	Point 2: 78/38 patients antibiotics suspended after FA-PNEUM Negative result 
	Point 3: 

	4 patients started on Antibiotics with positive FA-PNEUM results • Oxacillin (33.3%) • Linezolid 23.8%) 
	MecA/C/MREJ had specificity of 
	94.55 and NPV 100% 
	94.55 and NPV 100% 
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	Salient findings 
	Salient findings 
	Salient findings 

	1. 
	1. 
	1. 
	Approximately a quarter of patients with COVID-19 pneumonia admitted to the ICU have bacterial coinfection; 

	2. 
	2. 
	A negative FA-PNEU result prevents the inappropriate empirical use of antibiotics; 

	3. 
	3. 
	The overall concordance between FA-PNEU and culture was 90.1%, 


	Example of Algorithm for rational use of multiplex PCR critically ill 
	ventilated COVID-19 patients 
	Clinical algorithm for initiating antibiotics using FAPP in bacterial coinfection of critically ill COVID 19 patients. 
	A multicenter retrospective analysis of all critically ill patients who were admitted to 6 ICUs from March to May 2020, with COVID-19 and respiratory failure requiring invasive mechanical ventilation in France. 
	Faster Time Results 
	Faster Time Results 
	Faster Time Results 

	• 
	• 
	• 
	FilmArray Pneumonia Panel (FAPP), conventional culture (CC) and Gram stain were included. 

	• 
	• 
	Results of FAPP and Gram stain were available in 4 hours. 

	• 
	• 
	A first result of the CC was available after 1 day with a 



	definitive result within 5 days. 
	definitive result within 5 days. 
	definitive result within 5 days. 

	Impacts of FAPP’s Routine Use in ICU 
	Impacts of FAPP’s Routine Use in ICU 
	Impacts of FAPP’s Routine Use in ICU 

	• 
	• 
	• 
	FAPP-based therapeutic decisions concordance with CC-based therapeutic decisions: 91% for BAL and 69% in ETA (p=0.009) 

	• 
	• 
	Contribution of FAPP-based decision was antibiotic avoidance: 81.5% (22/27) in CAP and 60.9% (56/92) in VAP 


	Figure
	IMV, invasive mechanical ventilation; BAL, 
	IMV, invasive mechanical ventilation; BAL, 
	IMV, invasive mechanical ventilation; BAL, 
	bronchoalveolar 
	lavage; FAPP, 
	FilmArray 
	Pneumonia Panel; ATB, 
	antibiotics; GNB, Gram
	-
	negative bacilli. a Endotracheal aspirate samples could be used but need cautious 
	interpretation regarding the risk of over
	-
	diagnosis due to tracheobronchial colonization; b Septic shock 
	(according to SEPSIS
	-
	3) or severe ARDS (according to Berlin criteria) 



	Novy E, et al. Diagn Microbiol Infect Dis. 2021;101(3):115507 
	Figure
	• 
	• 
	• 
	11 French university hospitals 



	Prospective observational study 
	Prospective observational study 
	• 
	• 
	515 respiratory specimens (58 sputa, 217 ETA, 240 BAL) 
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	On-panel typical bacteria On-panel resistant genes Atypical bacteria 
	On-panel typical bacteria On-panel resistant genes Atypical bacteria 
	RCM = routine conventional methods 

	Performance of the FilmArray Pneumonia Panel compared with standard of care techniques. 
	FA-PP ≥1 pathogen in 384 specimens, positive rate of 74.6% 
	• 
	• 
	• 
	353 typical bacteria 

	• 
	• 
	8 atypical bacteria 

	• 
	• 
	42 resistance genes 


	RCM = routine conventional methods 
	RCM = routine conventional methods 

	Performance of the FilmArray Pneumonia Panel compared with standard of care techniques. 
	FA-PP Identify most bacterial pathogens isolated by culture 374/396 But cannot detect off panel organisms 
	Positive percentage agreement 94.4% (91.7% -96.5%) Negative percentage agreement 96.0% (95.5% -96.4%) 
	Off-panel typical bacteria 
	Off-panel typical bacteria 
	RCM = routine conventional methods 

	Performance of the FilmArray Pneumonia Panel compared with standard of care techniques. 
	Of the 42 resistance genes detected by the FA-PP, 24 markers were confirmed by routine antimicrobial susceptibility testing methods: 
	• 
	• 
	• 
	ESBL-producing Enterobacteriaceae (n = 17) 

	• 
	• 
	and methicillin-resistant Staphylococcus aureus (n = 7). 


	CTX-M (n = 6) and blaVIM (n = 2) targets in eight samples with no Gram-negative rods in culture. 
	In addition, FA-PP detected bla

	1 strain of ESBL-producing Citrobacter freundii and another of Morganella morganii, neither of which is included in the FA-PP, were only reported by culture. 
	The highest rate (10/17, 58.8%) of discrepancies was related to methicillin resistance where detection of mecA/C and MREJ was either discordant with routine antimicrobial susceptibility testing (n = 3) or reported in Staphylococcus aureus-culture-free samples (n = 7). 
	On-panel resistant genes 
	On-panel resistant genes 



	Results in Semi-quantitation 
	Results in Semi-quantitation 
	• 
	• 
	• 
	In DNA copies/mL for FA-PP versus in CFU/mL for culture, the concordance rate was 43.4% (142/327) for culture-positive specimens 

	• 
	• 
	FA-PP reporting a higher semi-quantification of 1 login 48.6% (159/327) of cases 
	10 


	• 
	• 
	The overestimation of bacterial load by FA-PP may be attributed to the detection of dead or non-cultivable bacteria 

	• 
	• 
	90.1% of detected bacteria with 10DNA copies/mL grew significantly in culture. 
	6 



	Figure




	Syndromic panels for HAP/VAP -Summary 
	Syndromic panels for HAP/VAP -Summary 
	1. 
	1. 
	1. 
	Faster time to targeted therapy 

	2. 
	2. 
	Increased pathogen detection, including viruses and bacteria 

	3. 
	3. 
	Early de-escalation of antibiotics 

	4. 
	4. 
	Improved antimicrobial stewardship 


	5. Rapid, effective antimicrobial resistance screening 
	5. Rapid, effective antimicrobial resistance screening 


	Early diagnosis for Blood Stream Infections 
	Early diagnosis for Blood Stream Infections 
	• 
	• 
	• 
	The survival rate of patients with sepsis drops by 7.4% per hour of delayed treatment 

	• 
	• 
	The lack of accurate and rapid techniques for the timely elucidation of causative pathogens necessitates the use of broad-spectrum antibiotic agents. 

	• 
	• 
	The administration of broad-spectrum antibiotics can lead to complications, including toxicity, increased antibiotic resistance, and Clostridioides difficile toxin-related diseases. Thus, it is essential to determine the nature of the infecting organism(s) and corresponding antibiotic susceptibilities as soon as possible to allow the selection of the appropriate and targeted therapy. 
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	Diagnosis of Blood Stream Infection 

	Anton-VazquezV, HineP, KrishnaS, ChaplinM, PlancheT. Rapid versus standard antimicrobial susceptibility testing to guide treatment of bloodstream infection. Cochrane Database of Systematic Reviews 2021, Issue 5. Art. No.: CD013235. DOI: 10.1002/14651858.CD013235.pub2. 
	Diagnosis of Blood Stream Infection 24 hrs 
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	Anton-VazquezV, HineP, KrishnaS, ChaplinM, PlancheT. Rapid versus standard antimicrobial susceptibility testing to guide treatment of bloodstream infection. Cochrane Database of Systematic Reviews 2021, Issue 5. Art. No.: CD013235. DOI: 10.1002/14651858.CD013235.pub2. 
	Diagnosis of Blood Stream Infection 
	Diagnosis of Blood Stream Infection 
	24 hrs 
	54 -60 hrs 
	Figure


	Anton-VazquezV, HineP, KrishnaS, ChaplinM, PlancheT. Rapid versus standard antimicrobial susceptibility testing to guide treatment of bloodstream infection. Cochrane Database of Systematic Reviews 2021, Issue 5. Art. No.: CD013235. DOI: 10.1002/14651858.CD013235.pub2. 
	List of commercial and developing technologies for BSI diagnosis 
	Figure
	Sect
	Figure

	* Platforms on this list are either U.S. Food and Drug Administration (FDA) and/or European ‡ ˆ TAT: turnaround time. 
	CE Marking for In Vitro Diagnostic (CE-IVD) certified or under research development (Dev.); 
	BC (+): blood culture-positive; WB: whole blood; 

	Tjandra 
	K.C. et al. Antibiotics 2022, 11,511 https://doi.org/10.3390/antibiotics11040511 

	Diagnosis of Blood Stream Infection 24 hrs • BioFire BCID2 • Verigene • GenMark Dx ePLEX • Accelerate Pheno 
	Diagnosis of Blood Stream Infection 24 hrs • BioFire BCID2 • Verigene • GenMark Dx ePLEX • Accelerate Pheno 

	Anton-VazquezV, HineP, KrishnaS, ChaplinM, PlancheT. Rapid versus standard antimicrobial susceptibility testing to guide treatment of bloodstream infection. Cochrane Database of Systematic Reviews 2021, Issue 5. Art. No.: CD013235. DOI: 10.1002/14651858.CD013235.pub2. 
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	Methods: 
	• 
	• 
	• 
	5 center, retrospective observational, quasiexperimental study 

	• 
	• 
	Hospitalized patients with BSI (i.e. positive peripheral blood culture results and not a contaminant) 

	• 
	• 
	With or without Accelerate PhenoTest BC Kit (AXDX) 


	Outcome: 
	• Time to optimal therapy (investigator-defined, site-specific practice determined by practicing clinical pharmacists or infectious diseases physician) 
	• 30-day mortality 
	Inclusion 

	• 
	• 
	• 
	Hospitalized patients with PBCs deemed clinically significant by the participating sites (ie, not a contaminant) were eligible 

	• 
	• 
	• 
	for inclusion in the IOAS study. 

	Exclusion 
	Exclusion 


	• 
	• 
	Patients who were not admitted to the hospital at the time of PBC, 

	• 
	• 
	those with a history of PBC in the prior 14 days with the same organism, 

	• 
	• 
	patients who experienced early mortality (expired within 48 hours of PBC), 

	• 
	• 
	and patients treated with palliative care and not expected to survive were excluded. 
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	PBC = positive blood culture 
	Results: 
	Results: 

	85% had organisms that were “on-panel” targets for AXDX 
	(E. faecium, E. faecalis) (C. albicans, C. glabrata) 
	Total 854 patients with BSIs were included (435 pre-AXDX, 419 post-AXDX) 
	Total 854 patients with BSIs were included (435 pre-AXDX, 419 post-AXDX) 


	• 
	• 
	• 
	The median time to PBC from the time of blood culture collection was similar between arms (pre-AXDX 15.3 vs post-AXDX 15.0 hours). 

	• 
	• 
	Time from PBC to organism identification: 22.3 hours shorter in the post-AXDX arm than in the pre-AXDX arm (median 2.5 vs 24.8 hours; P < .0001) 

	• 
	• 
	Time to AST result: 31.6 hours shorter in the post-AXDX arm than in the pre-AXDX arm (median 7.9 vs 39.5 hours; P < .0001). 

	• 
	• 
	Time to optimal therapy: 17.2 hours shorter in the post-AXDX arm (23.7 hours) compared with the pre-AXDX arm (40.9 hours; P<.0001) 

	• 
	• 
	Clinical endpoints: no significant difference 
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	Figure

	Kaplan-Meier analysis of the time from blood culture positivity to optimal antimicrobial therapy. Log-rank P <.0001 
	A significant improvement of the BCID2 panel compared to BCID1 is the built-in ability to differentiate between E. faecalis and E. faecium. In combination with the ability to detect vanA-vanB 
	A significant improvement of the BCID2 panel compared to BCID1 is the built-in ability to differentiate between E. faecalis and E. faecium. In combination with the ability to detect vanA-vanB 
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	Method 
	Method 
	• 
	• 
	• 
	Prospective single-center study 

	• 
	• 
	Age ≥18, ICU/ED 

	• 
	• 
	No positive blood culture in previous 7 days 

	• 
	• 
	• 
	TTP < 20 hr (because CoNS usually >20 hours) 

	Method 

	• 
	• 
	Prospective single-center study 

	• 
	• 
	Age ≥18, ICU/ED 

	• 
	• 
	No positive blood culture in previous 7 days 

	• 
	• 
	TTP < 20 hr (because CoNS usually >20 hours) 


	Results 

	Figure
	Results Concordant with SOC 159/180 (88.3%) 
	Discrepant result analysis 
	Out of the 68 Gram-positive monomicrobial results, 6 were discordant 
	Out of the 68 Gram-positive monomicrobial results, 6 were discordant 
	Out of the 78 Gram-negative monomicrobial results, 3 were discordant 
	Out of the 31 polymicrobial blood cultures, BCID2 produce discordant results in 12 cases. 

	Figure
	Other limitations of note 
	Other limitations of note 
	An urgent field safety notice was released by bioMérieux due to the detection of Proteus species DNA in Proteus species-negative blood culture bottles in February 2020 

	Results on resistant genes 
	Results on resistant genes 
	Clinical samples: 
	Clinical samples: 
	Spiked samples: 
	Spiked samples: 
	• correct 10 out of 10 

	SOC identified: • 16 3GC-R isolates 
	• 
	• 
	• 
	E. coli (n=12) 

	• 
	• 
	K. pneumoniae group (n=3) 

	• 
	• 
	K. oxytoca (n=1) 


	• 2  Carbapenem-R isolates 
	• 
	• 
	• 
	K. pneumoniae group (n=1) 

	• 
	• 
	P. aeruginosa (n=1) 


	BCID2 failed to detect 
	• 
	• 
	• 
	E.coli bla(n=1) 
	TEM 


	• 
	• 
	K. pneumoniae bla(n=1) 
	SHV 



	Figure
	• 
	• 
	• 
	K. pneumoniae bla, bla(n=1) 
	SHV
	TEM 




	Figure
	Investigational-use-only 
	• 
	• 
	• 
	10 geographically diverse regions within the USA 



	Study 
	Study 
	• All ages (with 10% <18 years old) 
	• 
	• 
	13 different blood culture bottle systems from 3 different manufacturers 

	• A combination of 354 prospectively enrolled, 1,326 retrospectively selected (from frozen, banked PBC samples), and 780 contrived (isolates spiked into whole blood and blood culture bottles) samples were tested with the BCID-GN. 
	• Compare the Gram-Negative panel only 
	Results 
	• Overall sample accuracy 88.2% 
	Diagnosis of Blood Stream Infection 24 hrs • BioFire BCID2 • Verigene • GenMark Dx ePLEX • Accelerate Pheno 

	Anton-VazquezV, HineP, KrishnaS, ChaplinM, PlancheT. Rapid versus standard antimicrobial susceptibility testing to guide treatment of bloodstream infection. Cochrane Database of Systematic Reviews 2021, Issue 5. Art. No.: CD013235. DOI: 10.1002/14651858.CD013235.pub2. 
	Diagnosis of Blood Stream Infection 24 hrs dPCR (Results in 3 hours) T2MR (Results in 3-6 hours) mNGS • BioFire BCID2 • Verigene • GenMark Dx ePLEX • Accelerate Pheno 
	Anton-VazquezV, HineP, KrishnaS, ChaplinM, PlancheT. Rapid versus standard antimicrobial susceptibility testing to guide treatment of bloodstream infection. Cochrane Database of Systematic Reviews 2021, Issue 5. Art. No.: CD013235. DOI: 10.1002/14651858.CD013235.pub2. 
	Directly from whole blood sample ESKAPE bacterial species 
	Directly from whole blood sample ESKAPE bacterial species 
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	• 
	• 
	• 
	21 day mortality 



	• 
	• 
	• 
	• 
	Enterococcus faecium 

	• 
	• 
	Staphylococcus aureus 

	• 
	• 
	Klebsiella pneumoniae 

	• 
	• 
	Acinetobacter baumannii 

	• 
	• 
	Pseudomonas aeruginosa 

	• 
	• 
	Enterobacter species 


	Single center 
	• 
	• 
	• 
	2 year period 

	• 
	• 
	Retrospective observational case-control study 

	• 
	• 
	Consecutive patients hospitalized and suspected BSI 

	• 
	• 
	Outcome 

	• 
	• 
	Appropriateness of empirical antimicrobial 
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	Results 
	Results 
	Sect
	Figure

	Inappropriate empirical antimicrobial therapy • T2Bacteria/T2candida: 5.5% • Standard: 38.8% 
	78 samples from 49 patients Concordance result • T2Bacteria Panel: 74.4% • T2Candida panel: 91.4% 
	21-day mortality rate was not statistically different between the T2-positive and comparator groups, a twofold difference was recorded between the groups 
	Technical errors noted 
	Technical errors noted 
	Missed detecting on-panel organisms 
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	Figure
	Advantage of dPCR over conventional PCR 
	Advantage of dPCR over conventional PCR 
	much higher sensitivity 
	


	Figure


	Rapid diagnosis in Blood stream infections -Summary 
	Rapid diagnosis in Blood stream infections -Summary 
	• 
	• 
	• 
	Current technologies can provide accurate and rapid organism ID & AST results (genotype or phenotype) 

	• 
	• 
	Lead to reduce time to appropriate therapy 

	• 
	• 
	Newer technologies such as dPCR and NGS could further improve sepsis care 
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