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The Project
A large range of microorganisms (bacteria, 
viruses and fungi) are responsible for 

Respiratory Tract Infections (RTIs). RTIs are a major 
cause of morbidity and mortality worldwide. RTIs are 
difficult to diagnose and current microbiological culture-
based techniques are often insensitive, laborious and 
time-consuming, with results only becoming available after 
48 hours or more. RTIs affecting the lung parenchyma 
(pneumonia) can be classified into three main categories:

1. Community Acquired Pneumonia (CAP);

2. Hospital Acquired Pneumonia (HAP) which includes 
Ventilator Associated Pneumonia (VAP); and

3. Opportunistic pathogens causing pneumonia in 
immunosuppressed patients (Opportunistic RTIs or ORTIs).

The RiD-RTI Consortium is a three year collaborative project 
designed to deliver an end-to-end solution – namely, an 
easy to use, rapid, high performance alternative to traditional 
culture-based methods, using molecular sequence-based 
diagnostics. The project has designed the diagnostic 
platform around a syndromic presentation rather than a 
single pathogen. This is unique in that it is predicted to 
simultaneously detect viruses, bacteria and fungi from the 
same, single respiratory specimen.

Finally, the skills of individual Consortium Partners are 
aligned to RiD RTI’s aim for an ‘end to end’ solution – namely 
the delivery of all the required steps from initial specimen 
preparation, through molecular processing, to a ‘Hands off’ 
automated Software-driven and generated result.

The Impact
RiD-RTI’s vision for ‘sample-in, result-out’ 
within a two hour (or less) turnaround time 

to pathogen identification and antibiotic resistance profile 
will contribute to improved management of RTIs in adults 
and children alike. Specifically, it is designed to eliminate 
the current practice of empiric treatment with broad 
spectrum antibiotics whilst waiting for culture results.

Such empiric antibiotic therapy is necessary for 
sick patients which, in many cases, turns out to be 
inappropriate, unnecessary, or both. The consequences 
for evolution of antibiotic resistance and unwanted 
side-effects (such as Clostridium difficile infection) are 
increasingly recognised global problems.

We believe that creating a faster, more sensitive and 
accurate molecular diagnostic for RTIs will lead to 
improved patient management algorithms, antibiotic 
stewardship and patient management outcomes.

We believe that creating a faster, more sensitive and 
accurate molecular diagnostic for RTIs will lead to 
improved patient management algorithms, antibiotic 
stewardship and patient management outcomes (Figure 1).

The Goal
Through a unique partnership of Small-Medium 
Technology Enterprises (SMEs), Universities 

and Hospitals from four countries, the aims of the RiD-RTI 
project are to develop and evaluate diagnostic products for 
the rapid diagnosis of respiratory tract infections (RTIs).

These will be developed on a novel, cost-effective and 
reliable ‘sample-in, answer-out’ diagnostic platform allowing 
for the rapid (< 2 hrs) 
detection, identification, 
quantification (for selected 
targets) and molecular 
antibiotic susceptibility 
testing of bacterial 
and viral pathogens 
responsible for RTIs.
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Figure 1. 
Flowchart showing intended diagnosis and management of 
pneumonia patients using the RiD-RTI platform and tests.

To receive more information about the project or to discuss 
opportunities for collaboration, contact the RiD-RTI team at ECCMID 
by sending an email to Vicky Enne at v.enne@ucl.ac.uk or leave a 
message at the Mobidiag Booth (Number 129) in the Exhibition Area.
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Rapid Molecular Diagnostics 
for Antimicrobial Resistance: 
The Future of Susceptibility 

Testing? 



The Need for Rapid Diagnostics 



Potential Benefits of Rapid Diagnostics 

•  Improved treatment outcome for patient 
•  Improved infection control and outbreak 

monitoring  
•  Reduction in empirical antimicrobial prescriptions 

•  Preservation of broad spectrum antimicrobials 
•  Reduction in duration of treatment 
•  Reduction in cost of treatment 
•  Overall reduction antimicrobial consumption 
•  Potential reduction in levels of resistance 

 



Problems Associated with Molecular 
Diagnostics of Antibiotic Resistance 

•  Inability to distinguish colonisation/infection 
•  Host of resistance gene may not be clear 

•  Discrepancy between genotype and phenotype 
1.  Presence of unknown resistance mechanisms leading 

to treatment failure 
2.  Genotypic markers of resistance not resulting in 

clinically significant resistance. Patient may be denied 
therapeutic drug needlessly   

•  Rapid molecular methods should be 
supplemented with culture-based techniques 



Types of Assay 
•  “Home-brew” assays – require in depth 

knowledge and considerable effort to set up, 
specialist skills and equipment to run 

•  Kit-based – provides ready to go reagents but 
skilled operator & specialist equipment still 
required 

•  Point of care or near-patient systems requiring 
minimal user expertise 



Types of Technology 
•  PCR Based 

•  Real-time/qPCR 
•  Droplet PCR 

•  Isothermal amplification 
•  Microarray  
•  MALDI-TOF MS + PCR 
•  Whole genome/next 

generation sequencing 
•  Transcriptomics 



“Sample-in, Answer-out” Rapid Molecular 
Diagnostic Platforms 

•  Combine sample prep with multiplex PCR amplification of 
selected targets and some form of amplicon detection 

•  Rapid results in 1-6h, designed to quickly guide patient 
treatment with minimal hands-on time 

•  Closed systems minimise contamination risk 

•  First platforms and tests recently introduced to the market 



Cepheid GeneXpert 

Curetis Unyvero 

PCR-based “Sample-in, Answer-
out” Technology Promises 

Rapid Detection of Pathogen & 
Resistance 

Nanosphere Verigene 

Biofire FilmArray 



Case studies of “Sample-in/Answer-out” 
Performance 
1.  Screening 
2.  Diagnostics at sterile sites 
3.  Diagnostics at non-sterile sites 

4.  Integration into healthcare systems 
•  Pros/cons for the diagnostic laboratory 

•  Benefits for patients 

•  Health economic benefits 



GeneXpert Carba-R – Screening Test 
 

•  Sample-in, answer-out cartridge for carbapenemase screening direct 
from clinical samples 

•  CE-IVD marked in 2014, approx. £30/test 
•  Detects 5 carbapenemases 
•  Company’s own performance data good 
 



GeneXpert Carba-R – Screening Test 
 
 Independent studies: 

•  Failure to detect 3 copies of blaOXA-181 (OXA-48 group) 
direct from patient rectal swabs (Decousser et al 2015) 

•  100% sensitivity for KPC, NDM, VIM & IMP & 83% for 
OXA-48 on study of 450 pure bacterial isolates. (Findlay et 
al 2015)  

•  Recently evaluated by NICE (nice.org.uk/guidance/mib52) 

•  Manufacturer has since released updated test to cover 
OXA-181 variant 



Nanosphere Verigene 

•  Point of Care, PCR/microarray 
based instrument 
•  Works on positive 
blood cultures, < 2.5 h  
•  Gram positive test 

•  mecA, vanA, vanB 
•  Gram-negative test 

•  KPC, NDM, IMP, VIM, CTX-M, OXA 

 
 



Performance of VeriGene BC Gram-ve Assay 

Organism Sensitivity % Specificity % 
E. coli 96-100 100 
Ps. aeruginosa 90.0-100 100 
Klebsiella spp. 84.0-100 100 
Citrobacter spp. 83-100 99.4 
Enterobacter spp. 92.3-100 100 
Proteus spp. 85.7 100 
Acinetobacter spp. 50-100 100 
Other 5.5% – 12.5% of organisms present  not detected by 

Verigene 

Summary findings from : 7 studies comprising 1389 specimens in total 

Studies report poorer performance from cultures containing more than 
one organism, with high risk of false negatives. One study reported only 
54.5% of polymicrobial specimens as correctly identified  



Resistance Gene Detection by Verigene 
Gram-ve Assay 

Gene Genotypic 
Detection by 
Verigene 

Genotypic 
confirmation by 
alternative 
method  

CTX-M 88 71/74 
OXA-48 1 0/0 
VIM 7 4/4 
IMP 1 0/0 
KPC 11 11/11 
OXA-58 3 2/2 
OXA-23 0 0/1 
NDM 1 1/1 



The Curetis UnyVero Pneumonia test     

•  ‘Sample-in, answer-out’; 
cartridge based system 

•  Automate sample prep, 
multiplex PCR and 
microarray detection of 
product in 5-6h 

•  Pneumonia cartridge first 
product to be launched 
(39 targets) 

•  Colonisation vs. infection 
is a big problem for 
molecular testing at non-
sterile sites 

 





Curetis UnyVero Pneumonia Test Performance 
(Schulte et al) 

•  739 respiratory samples from HAP and VAP patients 
collected  

•  Of these, 276 samples with a positive micro result were 
tested further 
•  70.6% sensitivity 

•  95.2% specificity 

•  High numbers of false negatives reported for K. 
pneumoniae & P. aeruginosa,  high false positives for S. 
pneumoniae 



Curetis Pneumonia Test Performance 
(Personne et al In press) 
•  90 specimens - sensitivity of 95.7% and specificity of 

32.6% 

•  Comprehensive culture confirmed 76% of “additional” 
organisms detected by UnyVero were present and viable 



Target	Organism	 Rou0ne	laboratory	 UnyVero	P50	

A.	baumannii	 3	 10	

Enterobacter	spp	 3	 9	

E.	coli	 5	 8	

H.	influenzae	 3	 7	

K.	pneumoniae	 3	 11	

M.	catarrhalis	 3	 6	

M.	morganii	 0	 1	

Proteus	spp	 1	 5	

P.	aeruginosa	 13	 19	

S.	marcescens	 6	 9	

S.	aureus	 5	 11	

S.	maltophilia	 6	 27	

S.	mi<s	group*	 0	 13	

Nega/ve	specimens		 42	 16	



Resistance Detection from Mixed Specimens 
is Difficult 

		 ESBL	
producer	

Puta0ve
MRSA	

Fluoroquinolone	resistance	 Carbapenemase 
producer  

	Rou0ne	
Microbiology	+	
Checkpoints/PCR	

	not	
detected	

	n=1	 	n=3		
1x	P.	aeruginosa	(GyrA	83),		
2x		E.	coli	(GyrA	83;	GyrA	83	
+	GyrA	87)	

	n=4		
3		A.	baumannii			(blaOXA-23)	

	Unyvero	P50	 	n=1	
blaCTX-M	

	n=3	 	n=3	
1x		P.	aeruginosa	(GyrA83,	
ParC)	
2x		E.	coli	(GyrA83,	GyrA83	
+	GyrA87)	

	n=5	blaOXA-51	
2x		A.	baumannii,	1x	A.	
baumanii		+	S.	maltophilia,	
2x		A.	baumannii		+	S.	
maltophilia	+	S.aureus			

Concordance	 No	 1/3	 2/3	 No	

Majority of resistance markers ignored in analysis due to 
difficulty with interpretation 



The RiD-RTI Project www.rid-rti.eu 

•  Mobidiag NovoDiag – Rapid diagnosis of up to 4 specimens 
simultaneously in 1h 

•  RiD-RTI Project:  up to 3 products for respiratory tract infections 
 



190 Hospital samples 
3.1 Distinct species 
1.5 >105 CFU/mL 
1.1 Pathogens 
15% At least two pathogens at 

>105 CFU/mL 

Figure. Species diversity among 
respiratory samples 
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Potential Health Benefits 

•  Studies looking at the clinical impact of rapid diagnostics 
still limited 

•  Ward et al. Verigene & Filmarray BC tests vs. conventional 
culture 
•  27-29h reduction in time to result 

•  Retrospective analysis showed antimicrobial prescribing 
would change in only 9/173 cases – 3 escalations, 6 de-
escalation 

•  Hill et al Verigene Gram-ve assay 

•  33h reduction in time to result 

•  Potential to change medical management in 7/22 cases 
(all de-escalation) 



susceptibility testing were reviewed in real time by the bacteri-
ology laboratory director (R. P.).

Outcome Measures
Subjects were followed for 30 days after enrollment. The primary
outcome was duration of antimicrobial therapy (in hours) in the
4 days after enrollment. Duration of antimicrobial therapy was
calculated as the difference between the date and time of the an-
tibiotic start order (or Gram stain–positive blood culture, if an-
tibiotics were started prior to the positive culture result) and the
date and time of the antibiotic stop order. Secondary outcomes
included time from positive Gram stain result to first active anti-
biotic; time to first appropriate antibiotic escalation (initiation of 1
or more antibiotics or switch from a narrow- to a broad-spectrum
antibiotic) or de-escalation (discontinuation of 1 or more antibi-
otics and/or switch from a broad- to a narrow-spectrum antibiot-
ic); proportion of contaminants not treated; time to pathogen
identification and blood culture clearance; LOS; mortality; antibi-
otic-associated toxicities; infectious disease consultation; and costs
per patient [20, 21] (see Supplementary Methods for details).

Statistical Analysis
We anticipated that two-thirds of patients (130/200 per arm)
would receive vancomycin or an antipseudomonal antibiotic and
that the standard deviation (SD) for antibiotic duration would be
about 24 hours. Thus, we would be able to detect a difference in
either vancomycin or antipseudomonal antibiotic duration of at
least 0.403 SD (approximately 10 hours) with 80% power at an
α level of .017 (to account for 3 comparisons) using a 2-sample
t test. Comparisons among 3 groups were performed using the
Kruskal–Wallis test for continuous variables and Fisher exact test
or χ2 test for categorical variables. When the overall test was signif-
icant, pairwise comparisons were made usingWilcoxon rank-sum,
Fisher exact, or χ2 test, as appropriate. Analysis was performed
using SAS software, version 9.3 (SAS Inc, Cary, North Carolina).

RESULTS

Patients
A total of 2646 positive blood cultures from 968 unique patients
were identified, 743 patients underwent randomization, and 126

Figure 1. Participant enrollment. System/technical errors included randomization software downtime, typographical errors causing an ineligible subject to
be erroneously randomized, and failure to enter an eligible subject into the randomization program. Abbreviation: PCR, polymerase chain reaction.
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Randomized Trial of Rapid Multiplex Polymerase
Chain Reaction–Based Blood Culture
Identification and Susceptibility Testing

Ritu Banerjee,1,a Christine B. Teng,2,a Scott A. Cunningham,3 Sherry M. Ihde,3 James M. Steckelberg,4 James P. Moriarty,5

Nilay D. Shah,5 Jayawant N. Mandrekar,6 and Robin Patel3,4
1Division of Pediatric Infectious Diseases, Mayo Clinic, Rochester, Minnesota; 2Department of Pharmacy, National University of Singapore and Tan Tock
Seng Hospital, Singapore; 3Division of Laboratory Medicine and Pathology, 4Division of Infectious Diseases, 5Division of Health Care Policy and Research,
and 6Department of Health Sciences Research, Mayo Clinic, Rochester, Minnesota

Background. The value of rapid, panel-based molecular diagnostics for positive blood culture bottles (BCBs) has
not been rigorously assessed. We performed a prospective randomized controlled trial evaluating outcomes associ-
ated with rapid multiplex PCR (rmPCR) detection of bacteria, fungi, and resistance genes directly from positive
BCBs.

Methods. A total of 617 patients with positive BCBs underwent stratified randomization into 3 arms: standard
BCB processing (control, n = 207), rmPCR reported with templated comments (rmPCR, n = 198), or rmPCR report-
ed with templated comments and real-time audit and feedback of antimicrobial orders by an antimicrobial steward-
ship team (rmPCR/AS, n = 212). The primary outcome was antimicrobial therapy duration. Secondary outcomes
were time to antimicrobial de-escalation or escalation, length of stay (LOS), mortality, and cost.

Results. Time from BCB Gram stain to microorganism identification was shorter in the intervention group (1.3
hours) vs control (22.3 hours) (P < .001). Compared to the control group, both intervention groups had decreased
broad-spectrum piperacillin-tazobactam (control 56 hours, rmPCR 44 hours, rmPCR/AS 45 hours; P = .01) and in-
creased narrow-spectrum β-lactam (control 42 hours, rmPCR 71 hours, rmPCR/AS 85 hours; P = .04) use, and less
treatment of contaminants (control 25%, rmPCR 11%, rmPCR/AS 8%; P = .015). Time from Gram stain to appro-
priate antimicrobial de-escalation or escalation was shortest in the rmPCR/AS group (de-escalation: rmPCR/AS 21
hours, control 34 hours, rmPCR 38 hours, P < .001; escalation: rmPCR/AS 5 hours, control 24 hours, rmPCR 6
hours, P = .04). Groups did not differ in mortality, LOS, or cost.

Conclusions. rmPCR reported with templated comments reduced treatment of contaminants and use of broad-
spectrum antimicrobials. Addition of antimicrobial stewardship enhanced antimicrobial de-escalation.

Clinical Trials Registration. NCT01898208.

Keywords. antimicrobial stewardship; blood culture; diagnostic; PCR.

Conventional methods for identification and suscepti-
bility testing of microorganisms from blood cultures
takes ≥2 days, during which time patients may be re-
ceiving ineffective or unnecessarily broad-spectrum

antibiotics [1, 2]. Panel-based molecular diagnostic as-
says are now available for direct testing of positive
blood culture bottles (BCBs), providing timelier results
than conventional subculture and phenotypic sus-
ceptibility testing. Faster identification and resistance
characterization of pathogens may lead to earlier ad-
ministration of directed antimicrobial therapy, promote
earlier de-escalation of broad-spectrum agents, and
potentially result in better outcomes, fewer antibiotic-
associated adverse effects (eg, Clostridium difficile infec-
tion), and less emergence of antimicrobial-resistant
organisms [3]. However, rapid blood culture diagnostics
are “add-on” tests performed in addition to conventional
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RCT of FilmArray Blood 
Culture Test studying patients 
outcomes 
 
3 groups 
 
•  Conventional 
•  FilmArray 
•  FilmArray + Stewardship 



Results – Antimicrobial Stewardship 

of vancomycin use was shorter in the rmPCR (0 hours) and
rmPCR/AS (0 hours) groups compared with the control
group (8.2 hours, P = .03) (Table 3). Conversely, for subjects
with bloodstream infections caused by vancomycin-susceptible
enterococci, vancomycin use was greater in the rmPCR (70

hours) and rmPCR/AS (82 hours) groups than the control
group (20 hours, P = .037). Duration of narrow-spectrum β-
lactam use (cefazolin, nafcillin, oxacillin) was greater in both
the rmPCR (71 hours) and rmPCR/AS (85 hours) groups
than in the control group (42 hours, P = .04). Among all

Figure 2. Comparison of time to organism identification, availability of phenotypic antimicrobial susceptibility results, and first appropriate modification of
antimicrobial therapy for the subset of study subjects with organisms represented on the rapid multiplex polymerase chain reaction (rmPCR) panel (n = 481).
Time 0 is when the positive Gram stain result was reported. Median time in hours (interquartile range [IQR]) to organism identification: control 22.3 (17–28),
both rmPCR and rmPCR + stewardship 1.3 (0.9–1.6); de-escalation: control 39 (19–56), rmPCR 36 (22–61), rmPCR + stewardship 20 (6–36); escalation: con-
trol 18 (2–63), rmPCR 4 (1.5–24), rmPCR + stewardship 4 (1.8–9). *P < .05 vs control; †P < .05 vs control and rmPCR groups.

Table 2. Discrepancies Between Rapid Multiplex Polymerase Chain Reaction Assay and Standard Culture/Phenotypic Antimicrobial
Susceptibility Testing

Rapid Multiplex PCR Panel Result Standard Culture and Phenotypic Susceptibility Testing No.

Single/few organisms detected Multiple organisms detected 6
1. Klebsiella pneumoniae 1. K. pneumoniae, Staphylococcus epidermidis
2. Enterococcus species 2. Enterococcus faecium, Staphylococcus hemolyticus, Micrococcus

luteus
3. Enterobacter cloacae, Enterococcus species
(vanA/B positive)

3. Enterococcus faecalis (vancomycin susceptible), E. faecium
(vancomycin resistant), E. cloacae, Streptococcus mitis, S.
epidermidis, Acinetobacter species

4. (bottle a) Streptococcus agalactiae
(bottle b) Escherichia colia

4. (bottle a) S. agalactiae, E. coli
(bottle b) E. coli, Proteus species

5. Streptococcus species, Haemophilus influenzae 5. Haemophilus sputorum, Neisseria subflava, Streptococcus salivarius,
Streptococcus viridans group, Streptococcus mitis

6. Enterococcus species (vanA/B negative) 6. E. faecium (vancomycin susceptible), S. anginosus
Discrepancy in susceptibility result 4
1. Enterococcus species (vanA/B negative) 1. Enterococcus casseliflavus (vancomycin MIC, 8 µg/mL)
2. Enterococcus species (vanA/B positive) 2. E. faecium, vancomycin MIC 2 µg/mL, isolate vanA positive by PCR
3. Staphylococcus species (mecA positive) 3. Staphylococcus capitis, oxacillin MIC 0.25 µg/mL, isolate mecA

negative by PCR
4. Staphylococcus species (mecA negative) 4. Coagulase-negative Staphylococcus species, oxacillin 1 µg/mL, isolate

mecA negative by PCR
Discrepancy in organism identification 3
1. Enterococcus species and Staphylococcus
species (mecA positive)b

1. S. epidermidis

2. Negative 2. Enterobacter species
3. K. pneumoniae 3. Enterobacter aerogenes

Abbreviations: MIC, minimum inhibitory concentration; PCR, polymerase chain reaction.
a Gram stain results differed between 2 blood culture bottles collected on the same day for this subject. Both bottles were evaluated according to the study arm
assignment of bottle a, which signaled positive first.
b Heavy growth of coagulase-negative staphylococci may lead to cross-reactivity with Enterococcus species; thus, the rapid multiplex PCR result was not reported.
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•  Time to result faster: 1.3 vs 22h 
•  Time to escalation faster in both PCR groups (5h vs 24h) 
•  Time to de-escalation faster only when coupled with 

antimicrobial stewardship (21h vs 34h) 
•  25% reduction in use of broad-spectrum antimicrobials 
•  No difference in Clinical Outcomes & Overall cost of 

hospitalisation 
 



Conclusions 
•  PCR-based “sample-in/answer-out” technology has 

potential to considerably increase the speed of diagnosis 
of bacterial infections, while reducing “hands-on” time 

•  Number of targets that can be detected is limited 
•  One of the biggest challenges is distinction of colonisation 

from infection at non-sterile sites 
•  Potential to reduce inappropriate antimicrobial prescribing 

and improve clinical outcome 
•  Caveats mean that phenotypic testing should still be 

used 
•  Impact on the clinic & potential economic benefits yet to be 

established 
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