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 Microbiology lab for all
Bologna metropolitan area 
(northern Italy, 1 milion 
inhabitants)

 13 different hospitals
 Total of almost 4.000 beds

 Open 7/7, from 7.30 a.m. to 
8 p.m.

 2020 diagnostic activity
- 140.000 blood cultures
- 100.000 CRE surveillance
cultures
- 75.000 urine cultures
- 20.000 yeast cultures
- 7.000  GBS surveillance
cultures

Unit of Clinical Microbiology
S.Orsola University Hospital, Bologna, Italy

Italy
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 2009 WASP (Walk-Away Specimen Processor)

from manual to automated streaking  of liquid based samples (urine, stool, 
swabs) + enrichment broth inoculation + slide preparation

1° step: AUTOMATION OF STREAKING

WASPLiquid Based Microbiology
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Unit of Clinical Microbiology, S.Orsola University Hospital, Bologna, Italy

OUR JOURNEY TO AUTOMATION IN BACTERIOLOGY



2016 WASPLAB

2° step: AUTOMATION OF INCUBATION AND PLATE READING
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OUR JOURNEY TO AUTOMATION IN BACTERIOLOGY



 2017 Implementation of segregation protocols (NEGATIVE vs POSITIVE) for 
CRE surveillance rectal swabs and urine cultures

3° step: AUTOMATION OF PLATE INTERPRETATION
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OUR JOURNEY TO AUTOMATION IN BACTERIOLOGY
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AUTOMATIC INTERPRETATION (PRESUMPTIVE RESULT)
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 2020 introduction of PhenoMatrix: development of 
different protocols of automated plate-reading 
(CRE surveillance, GBS surveillance,  yeast cultures, 
urine cultures)



CRE  surveillance rectal swabs

GBS surveillance vagino-rectal swabs

Yeast cultures
(genital and respiratory samples) 

Urine cultures

PHENOMATRIX PROTOCOLS 
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CRE surveillance rectal swabs

2020: 100.000 samples 
Daily mean: > 330 swabs / day

Peaks: >800 swabs /day
Positivity rate: <5%

- Pink/red (Escherichia coli)
- Blue/green (KESC)
- Transparent/white (suspected for Acinetobacter 
baumannii) BUT ONLY FOR ICU PATIENTS

 Qualitative 
evaluation 

 Colony 
detection based 
on size and 
colour

CULTURE PROTOCOL

Material = Rectal swab
Analysis = CPE screening

IMAGE ANALYSIS ALGORITHM
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- Batch validation of 
plates results

- Negative results sent to 
LIS

- Plates sent to waste
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Samples segregated into 3 different folders: NEGATIVE, CHROM-ID, MIXED



- Batch validation of plates results
- positive result and preseumptive ID sent to LIS
- plates sorted to follow-up activities column
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CUSTOM RULE BASED ON CLINICAL DATA



- Batch validation of plates results

- Plates sent to operator visual reading
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Operator visual 
reading

More than 1 
isolates
detected

KPC - MIXED



PROTOCOL VALIDATION PROCESS
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GBS surveillance recto-vaginal swabs
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2020: 7.000 samples 
Daily mean: 25 swabs / day

Positivity rate: 16-18%

CULTURE PROTOCOL

Material = Vagino-Rectal swab
Analysis = GBS screening

IMAGE ANALYSIS ALGORITHM

Purple colonies = 
suspected for Streptococcus agalactiae) 

 Qualitative 
evaluation

 Colony
detection based
on size and 
colour



Digital images of plates were automatically 
screened by Pheno-Matrix.  
This software analyses the plates to identify 
differences in growth and colony colour. 
A specific protocol was developed evaluating 
the medium type and the incubation time used 
by the laboratory software automatically sorted 
the cultures into the categories ‘negative for 
GBS’ and  ‘potential-positive for GBS’. 
In our protocol, plates with no bacterial growth 
or with blue/colourless colonies are marked as 
GBS-negative, 
whereas plates with pink/light red/purple 
colonies are defined as presumptive GBS-
positive.
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Cultures were also reviewed manually by a 
technologist to check software analyses and 
scored for the presence or absence of colonies 
resembling GBS.
Colonies consistent with GBS were confirmed by 
matrix-assisted laser desorption ionization−time 
of flight (MALDI-TOF) identification.
A specimen was considered a true-positive if a 
colony was confirmed to be GBS by MALDI-
TOF.
A total of 587 plates (55%) were correctly 
segregated as GBS-negative by PhenoMatrix, 
with no false-negative results. The automatic
reading system marked 481 plates (45%) as 
potentially positive; 158 of them were confirmed 
as GBS by MALDI-TOF.
The remaining cases (323; 30.2% of the total) 
sorted positive by PhenoMatrix were 
characterized by the absence of pink colonies
at visual inspection (212 cases) or by a MALDI-
TOF identification different from GBS (111 
cases).
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YEAST CULTURES: swabs, genital and respiratory samples

- Green = Candida albicans
- blue = Candida tropicalis
- white/pink/purple = Other Candida species

Colony detection based on colour:

Colonies counting: 
- Different cut-off values for different types of
samples
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2020: 20.000 samples 
Daily mean: 65 swabs / day

CULTURE PROTOCOL
Material = swabs, genital and 

respiratory semples

Analysis = Yeast culture

IMAGE ANALYSIS ALGORITHM

Quantitative evaluation



- Batch validation of plates results
- negative result sent to LIS

- plates sent to waste

-NO GROWTH OR
-Candida colonies count lower than 

sample type- specific cut-off
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Introduction of Phenomatrix protocols for plate-reading  automation of CRE and GBS Screening 
Specimens, Urine Cultures and Yeast Cultures on chromogenic media: 

real life experience of an high volume bacteriology lab

- Batch validation of plates results
- positive result, colonies count, and species ID sent to 
LIS
- plates sorted to back-up activities column

GROWTH OF Candida albicans or Candida tropicalis
with colonies count higher than sample type- specific

cut-off

- Batch validation of plates results
- positive result, colonies count, and presumptive ID 
(Candida sp.) sent to LIS
- plates sorted to MALDI-TOF ID column

GROWTH OF Candida sp. different from Candida 
albicans or Candida tropicalis

with colonies count higher than sample type- specific
cut-off



URINE CULTURES

- Global colonies counting
- Number of different types of isolates
- Count, colour and size evaluation of single 
type of colonies
- Sex and age of patients (for GBS)

Result evaluation based on:

NOTE: LIS limitation did not allow to use other
types of parameters (leucocytes count)  
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CULTURE PROTOCOL
Material = urine

Analysis = urine culture

2020: 75.000 samples 
Daily mean: 250 swabs / day

IMAGE ANALYSIS ALGORITHM

Quantitative evaluation
High level of complexity



RESULT EVALUATION BASED ON COLONIES PREVALENCE RULES 

DO NOT
CONSIDER
IF COLONY 
COUNT IS 
AT LEAST 
TEN TIMES 

LOWER 
THANT THE 
PREVALENT 

ONE
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URINE CULTURES



RESULT EVALUATION BASED ON PATIENTS DATA

EVALUATE AS POSITIVE FOR GBS

With lower colonies count (10^4 CFU/ml) 

ONLY IF

Sex: Female

Age: >14, <50 YEARS
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URINE CULTURES



- Batch validation of plates results
- positive result, colonies count, and species ID or 
presumptive ID sent to LIS
- plates sorted to follow-up activities column (AST or 
MALDI-TOF ID plus AST)

GROWTH OF MONOMICROBIAL 
Escherichia coli or other gram-negatives

with colonies count higher than sample type- specific
cut-off
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URINE CULTURES

- Batch validation of plates results
- positive result, colonies count, and presumptive ID 
sent to LIS
- plates sorted to follow-up activities column (MALDI-
TOF ID plus AST)

GROWTH OF MONOMICROBIAL 
Enterococci or Stahylococci (saprophyticus or aureus) 
with colonies count higher than sample type- specific

cut-off



POLYMICROBIAL  GROWTH WITH THREE OR MORE 
DIFFERENT TYPE OF COLONIES

- Batch validation of plates results
- CONTAMINATION result sent to LIS
- plates sorted to back-up activities column
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URINE CULTURES



- Batch validation of plates results

- Plates sent to operator visual reading

MONOMICROBIAL GROWTH OF POSSIBLE 
PATHOGENS WITH INTERMEDIATE TOTAL COUNT 

OR

POLYMICROBIAL GROWTH WITH TWO DIFFERENT 
TYPES OF COLONIES
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URINE CULTURES
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URINE CULTURES

Plates sent to operator visual reading



CRE  surveillance (330) 
+

GBS surveillance (25)
+

Yeast cultures (60)
+

Urine cultures
(250)

= (665)

What about other samples???

PHENOMATRIX PROTOCOLS
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More 80% of WASPLAB samples are currently evaluated using
a Phenomatrix plate-reading automated protocol
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 Urine:  
WASP+WASPLAB+PHENOMATRIX

 Rectal swabs: 
WASP+WASPLAB+PHENOMATRIX

 Yeast and SGB cultures: 
WASP+WASPLAB+PHENOMATRIX

 Respiratory samples: WASP (streaking + 
slide preparation) + WASPLAB

 Other swabs and genital samples: 
WASP+WASPLAB

 Positive blood cultures: WASP (streaking 
+ slide preparation)

 Stool cultures: WASP (streaking and 
broth inoculation)

 Other samples: manual streaking and 
visual reading (traditional)

Sample distribution (2020 data)
CRE rectal  swabs

urine cultures

positive blood cultures

GBS vagino rectal swabs

fecal swabs

pharingeal swab

nasal swabs

low tract respiratory samples

genital samples

other swabs

other samples

phenomatrix
76%

wasplab
9%

wasp
11%

traditional 
cultures

4%

Level of automation

phenomatrix wasplab wasp traditional cultures
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WHERE WE WERE, WHERE WE ARE, WHERE WE ARE GOING?

 Over the last decade we have implemented FULL LAB AUTOMATION in our
bacteriology lab 

 Starting from LBM, we introduced automated streaking (WASP), automated incubation
and plate reading (WASPLAB) and automated sample interpreation (PHENOMATRIX)

 Currently almost 80% of bacteriology samples are routinary evaluated by AI protocols

 Is our journey into automation over? No!!!! Next steps:
- Improvement of existing protocols
- Development of new protocols (multiple plates samples)

AUTOMATION = STANDARDIZATION, TRACEABILITY, EFFICIENCY

HELP US TO SAVE TIME
REDUCING TAT OF 
MICROBIOLOGICAL 

TESTS  

REDUCING HANDS ON
TIME OF DIAGNOSTIC 

WORKFLOW

CLINICAL
IMPACT

QUALITY
IMPROVEMENT



THANK 
YOU FOR 

YOUR 
ATTENTION

BOLOGNA
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