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• Conventional diagnostic work-up

• MALDI-TOF/MS

• Total Laboratory Automation 

• Fully Automated solution for Antimicrobial Disk Diffusion 
Susceptibility Testing



Laboratoire de Bactériologie
Hôpitaux universitaires de Genève

y = 1740.1x + 147306
R² = 0.2732
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Conventional diagnostic work-up



Conventional diagnostic work-up
STEP-1: Gram stain, samples inoculation on different 

culture media and incubation  

> 1000 culture media per day / 4 Technologist (full time)



Conventional diagnostic work-up
STEPs 2 to 4: Incubation of culture media plates, Reading and Microbial 

identification  

> 2000 culture media per day



Conventional diagnostic work-up
STEP-5: Antimicrobial susceptibility testing

> 100 AST per day / 1 Technologist (full time)





Pizarro-Cerda et al. Cell 2006 

Brucellose acquise au laboratoire

Inde
Patient aux urgences avec drainage d’un abcès pleural

• Envoi du prélèvement au labo sans autre indication
• Inoculation des milieux de culture en class 2 biosafety
• Absence de germe au Gram
• 72h, croissance de cocobacilles à Gram négatif
• Identification API 20 NE panel (BioMérieux):

Moraxella phenylpyruvica

Après 22 jours, identification définitive pour Brucella !!!
26 personnes travaillant dans laboratoire
19 physiquement présent
1 a « reniflé » les milieux de culture
6  ont manipulé (dont une femme enceinte)

[Prevention of Laboratory-Acquired Brucellosis. CID 2004; 38: 119]



MALDI-TOF/MS





Put one colony

on the target

And add a matrix

Insert the target

and start shooting

HCCA: alpha-Cyano-4-hydroxycinnamic acid



81/720 (11%)

40/720 (5.6%)



Scarlatine Angine Fasciite nécrosante



Accurate and fast identification of 

microorganisms using 

MALDI-TOF MS
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Automatic System for Colony Picking and MALDI-TOF Targets 

Preparation



Applications of MALDI-TOF mass spectrometry in clinical microbiology

• MALDI-TOF MS to identify rare pathogenic bacteria

• MALDI-TOF MS directly from positive blood culture - rapid identification protocols 

• MALDI-TOF MS directly from urine samples

• MALDI-TOF-based subtyping as a tool for outbreak investigation

• Antibiotic resistance testing using MALDI-TOF MS

• …



Total Laboratory Automation
(TLA) 



Step-1

Step-2

Step-3

Step-4

Step-5
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The beginning of great changes in the Bacteriology Lab 



DEONET factory, the Netherlands (Fot. ABB)Copan Diagnosis, Inc. www. Copanusa.com



Preanalytical specimen management and 
processing : inoculation and steaking

The BD Kiestra™ InoqulA+
*2006

The BD Kiestra™ WCA system
*2012

The BD Kiestra™ TLA system
*2006

Total Laboratory Automation : clinical specimens processing, Incubation and culture media plates digital imaging

Copan WASP / *2006

CopanWASPLab
*2012

Progressive automation of Microbiology culture-based testing

*First installation in routine diagnostic laboratory



Fully Automated ProcessTraditional Manual Process

(Courtesy M. Savarese, Copan) 













TLA : Project management 
and change management



CURRENT 2017 1st SEMESTER 2018 2nd SEMESTER 2018

• Visits of five automated 

microbiology labs in Europe

• Upstream assessment and 

definition of needs

• Writing of a comprehensive

tender 

• Call for tender

• Tenders presentations

• Selection of an automated

system

• Lab workflow analyses

• Official system order

CURRENT 2016

• Determination of the 

context and objectives

• Business plan 

• Pre-study stage

• Project chart

• Project organization

• Validation of the 

dedicated budget 

Project  initiation: 

defining needs
Project release:

drafting tender

Phase release:

Lab installation and IT

• Architectural and technical

adaptation of the laboratory

• Defining detailed WASPLab

specifications

• LIS interface development

After

System delivery

(September 2018)

• WASPLab installation and 

activation

• System configuration

• Testing

• First validation projects

• Training of lab technologists

System -1

System -2 for AST

Routine launch of the first system

(November 2018)

2019

• Sequential

implementation of 

sample types

• Sequential

validation projects

• Completion of the 

training

• Change 

management

• Continuous process 

and workflow 

improvement

Figure 1 Automation of the clinical bacteriology

laboratory at Geneva University Hospitals: Specific

steps executed and time dedicated to perform

each of the project phases.

System-1 is composed of 2 WASP, 2 “CO2 (5%)

atmosphere” and 1 “air atmosphere” incubators.

System-2 for AST is composed of 1 WASP, and

1/2 “air atmosphere” incubator.

Before

Cherkaoui et al. (2020) Eur J Clin Microbiol Infect Dis





100%

100%

Cherkaoui et al. (2020) Eur J Clin Microbiol Infect Dis



62’822
Clinical samples

118’862
Culture media plates

563’964
Pictures

Figure 3 Sequential implementation on the WASPLabTM of the various sample types referred to the bacteriology laboratory at Geneva 

University Hospitals between October 2018 and October 2019

~ 90% 
of identified “automatable” samples 

CPS3, CHROMID® CPS® Elite; MRSAID, CHROMID® MRSA; GS, Blood agar; MAC, MacConkey agar; CNA, CNA agar; Choc, Chocolate agar; BLSEID, CHROMID® ESBL;
OXA48, CHROMID® OXA-48

Cherkaoui et al. (2020) Eur J Clin Microbiol Infect Dis





Laboratory efficiency improvement



Fully Automated solution for 
AST by Disk Diffusion

TLA enables the reduction of 
the incubation times and 

allows earlier culture 
readings





0h 2h 3h 4h 6h

8h12h16h20h24h
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Total 483 811      / (1294 samples)





Clinical sample type Solid culture media type
Plating

volume, µl

Incubation times 

Picture at T0
First intermediate 

incubation time, hr
Second intermediate 
incubation time, hr

Final incubation time, 
hr

Rectal screening-Eswab for VRE CHROMID® VRE (BioMérieux) 30 Yes 18 24 30





0h 2h 3h 4h 6h 8h 12h

16h

Streptococcus pyogenes

0h 2h 3h 4h 6h 8h 12h



Listeria monocytogenes

0h 2h 3h 4h 6h 8h 12h

16h

0h 2h 3h 4h 6h 8h 12h







Impact of total laboratory automation on turnaround-time 
for culture-based bacteriological testing

Cherkaoui et al. 2020 / Frontiers in Cellular and Infection Microbiology 



MRSA negative samples MRSA positive samples

MRSA

Median TAT 

(hr)

Negative 2017 50.4

samples 2019 25.8

Positive 2017 70.1

samples 2019 70.3

(n=751)(n=17713) (n=826)(n=15079)

Turnaround time (from reception of samples to when the result is released to the ordering provider) for nasal and 

inguinal/perineal screening-ESwab for methicillin-resistant Staphylococcus aureus (MRSA) by culture 

Cherkaoui et al. 2020 / Frontiers in Cellular and Infection Microbiology 



ESBL negative samples ESBL positive samples

ESBL

Median TAT 

(hr)

Negative 2017 49.8

samples 2019 42

Positive 2017 68

samples 2019 73.4

(n=2140) (n=2198)(n=5663) (n=6445)

Turnaround time (from reception of samples to when the result is released to the ordering provider) for rectal 

screening-ESwab for extended-spectrum beta-lactamases (ESBLs) by culture 

Cherkaoui et al. 2020 / 
Frontiers in Cellular and Infection Microbiology 



VRE negative samples VRE positive samples

VRE

Median TAT 

(hr)

Negative 2017 50.6

samples 2019 45.7

Positive 2017 102

samples 2019 92.2

Turnaround time (from reception of samples to when the result is released to the ordering provider) for rectal 

screening-ESwab for vancomycin-resistant Enterococcus (VRE) by culture 

(n=45) (n=58)(n=1928) (n=7406)
Cherkaoui et al. 2020 / 
Frontiers in Cellular and Infection Microbiology 



Urine

Median TAT 

(hr)

Negative 2017 51.3

samples 2019 27.3

Positive 2017 54.8

samples 2019 52.5

Urine negative samples Urine positive samples

Turnaround time (from reception of sample to when the result is released to the ordering provider) for a urine culture

(n=10080) (n=9343)(n=9857) (n=8883)

Cherkaoui et al. 2020 / 
Frontiers in Cellular and Infection Microbiology 





Fully Automated solution for Antimicrobial
Disk Diffusion Susceptibility Testing
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Versus



1) WASPLab® : digital 
plate images
To capture the 
relevant heterogeneity 
profiles for the same 
strain, the minimum 
number of pickpoints 
required by the system to 
prepare the AST inoculum 
is defined as follows : 
• Six different pickpoints 

for Gram positive 
bacteria

• Four different 
pickpoints for Gram 
negative bacteria

1

2) ColibriTM

The AST inoculum is
prepared in strict 
accordance with the 
manufacturer's 
instructions

3) WASPTM : The AST inoculum (2x30 µl loop/spreader) is spread 
over the entire surface of the round Mueller-Hinton agar plate 
according to the defined AST streaking pattern
4) Radian™ in Line Carousel: distributes the antibiotic discs

3

4

2



Traditional Manual Process

Fully Automated Process



5) WASPLab® AST Line : 
AST plates are digitized after 16 hours of incubation

6) RadianTM Expert System: Automatic 
reading of the inhibition zone diameters 
and AST interpretation for Pseudomonas 
aeruginosa strain

5

6

Heteroresistant populations 
(colonies visible within the 
inhibition halo, red arrow) 

Figure-1 (Parts 1 to 6): Workflow of a fully automated solution for antimicrobial disk diffusion susceptibility testing 
(ColibriTM, WASPTM, RadianTM in-Line Carousel, and RadianTM Expert System)
ColibriTM prepares the inocula for 10 strains within 21 min
AST Line (WASPTM + Radian™ in Line Carousel) executes AST for 10 strains (i.e. 40 media plates and 200 antibiotic discs) within 44 min



The most important cause of 
the very major errors 

encountered on the Vitek 2 for 
P. aeruginosa (62%, 13/21) was 

related to the presence of 
heteroresistant populations

99.3% (4350/4380; 95% CI 99% to 99.5%)

The overall categorical agreements 
between the two compared methods 

98.6% (2147/2178; 95% CI 98.0% to 99.0%)



The overall categorical agreements 
between the two compared methods 

99.4% (1,839/1,850; 95% CI 98.9% to 99.7%)

99.4% (342/344; 95% CI 97.9% to 99.8%)

These very major errors were reported only 
for coagulase-negative staphylococci (one S. 
hominis and nine S.  epidermidis)
No strictly explication has been found





Conclusions

By implementing the full automation of AST process in a stepwise manner (IT development, validation of the
performances, staff training, and then routine implementation) we have become able to reach 97% (95 to 110
AST panels per day / 270 to 300 plates) of our routine AST panels performed by the Colibri coupled to the
Radian within 5 months.

The Colibri coupled to the Radian provide a fully automated solution for AST by disk diffusion with an accuracy 
that is equal to or better than that of the Vitek 2 system.



Impact clinique de l’automation…

• Valeur médicale
• Réduire les temps de rendu de résultats médicalement actionnables

• Détection / exclusion de pathogènes MDRO

• Identification rapide des pathogènes 

• Antibiogrammes rapides



Merci pour votre attention


