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21 Automation in Microbiology and Microscopy
81 Challenges & Limitations

21 Al Assisted Microscopy

81 Benefits, Challenges, Limitations
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The first digital computers
were built in the 1940s

/ First microprocessor

Early days of the Internet

less than 0.05% of the world were online

/First iPhone wa

1940 1950 1960 1970 1980 T1990 2000 2010 2020 2030 2040 2050 2060
“ MetaSystems

A timeline of notable artificial intelligenc

Theseus: A small robotic mouse
that could navigate a simple maze
and remember its course.

Perceptron Mark |: Regarded as
the first artificial neural network,
it could visually distinguish cards

e systems

TD-Gammon: This software learned
to play backgammon at a high level,
just below the top human players.

AlexNet: This was a pivotal early “deep learning”
system - a neural network with many layers - that
could recognize images of objects such as dogs and
cars at near-human level.

First digital marﬁeg ] EEE L?fi]séide from those Artificial intelligence with language and image recognition
computers e i ,( capabilities that are comparable to those of humans
=
1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060
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1983 - How to Find Metaphases

1985 - Metafer

1986 - MetaSystems

1991 - Ikaros (Karyotyping software)

1995 - MetaSystems Boston Office

2002 - High throughput

2010 - Whole Slide Stitching

2013 - Collaboration with Copan, first microbiology application
2016 - Neon Database Management Software

2021 - Patented Al Assisted Karyotyping

<
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MetaSystems CoolCube

SliderFeeder x80 (Up
to 800 Slides)

Motorized
Scanning Stage
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High Level Archi r

. Data NeonServer
Off e SerjverIBackup Server/Center (Service)
(Optional) {,}
e’ 0 —— . .
— = —— - —
— — =z
i

Virtual or Physical Server, Auto Indexing Database, LIS
Integration, Neon@Web IIS (optional), TCP/IP: Port
52050. Note: NeonServer can run on Scanner as well.

/

Neon Scanner (Auto)

Neon Imager (Manual)

pllY. ~ i-Num

CoolCube Camera, Barcode reader, SlideFeeder, Object
finding, low & high magnification capturing, Auto Export

CoolCube Camera, Manual Scope, low &
high capturing, Capture & Analysis software
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Neon@Web (Internet)
® ME g
— —— - = e .

it
-

Analysis software via web browser. This is an
optional add-on web service via IIS Server

‘\

Neon Analysis Area

Analysis software, Reporting, Dashboard, Workflow.
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Aspects of digital microbiology in the diagnostic process

Process Aspect

Example

Pre-analytics Quality control

Diagnostic stewardship

Analytics Quality control

Imaging

Plate reading

Expert system
Public Health
Post-analytics Highlight important

data
Sepsis treatment

What is the sample quality?

— Automated measurement and feedback regarding the correct filling of blood culture bottles.

— Automated assessment of sample contamination including species and clinical score

Which additional diagnostic test should be ordered?

— Suggestion based on a digital twin, smartphone app, or chatbot

How reliable is the analytical performance of a test?

— Surveillance of reagent lots performance with internal and external controls and automated
reporting in connection to specific used lots of time

Are there bacteria on the microscope slide?

— Automated image acquisition with a microscope and scan for pathogen-like structures and
category

Is there bacterial growth on the plate?

— Automated image acquisition and scan for colonies and subsequent identification
(telebacteriology)

Does the detected resistance profile make sense?

— Medical validation of antibiotic resistance profiles with expert database

Is there a potential outbreak?

— Automated screening for pathogen similarities, e.g., resistance profile or automated
bioinformatics

Is there a potential bacterial phenotype?

— Detection of resistance by analysing MALDI-TOF spectra

What is the best treatment for the patient?

— Prediction of sepsis, and best treatment, e.g., volume and antibiotics for the patient

Source: Egli, A., Schrenzel, J., & Greub, G. (2020). Digital Microbiology. Clinical Microbiology and Infection, 26(10), 1324-1331. https://doi.org/10.1016/j.cmi.2020.06.023
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HISTORICAL IMPEDIMENTS TO AUTOMATION IN MICROBIOLOGY
. Microbiology is too complex to automate.

Specimen types: blood, sterile body fluids, tissues, urine, catheter tips, other prosthetic devices, respiratory tract specimens

Transportation, variety of vessels
Processing: concentrated, macerated, digested, decontaminated, sonicated prior to being plated, or plated directly;
plating can be quantitative, semiquantitative, or nonquantitative

. No machine can replace a human in the microbiology laboratory.
. Machines cannot operate fast enough
. Decision-making, critical-thinking

. Cost of automation can be too high.

. Microbiology laboratories are too small for automation.

Bourbeau, P. P., & Ledeboer, N. A. (2013a). Automation in clinical microbiology. Journal of Clinical Microbiology, 51(6), 1658-1665.
https://doi.org/10.1128/jcm.00301-13
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HISTORICAL IMPEDIMENTS TO AUTOMATION IN MICROBIOLOGY

. Microbiology is too complex to automate.

. No machine can replace a human in the microbiology laboratory.
. Cost of automation.

. Microbiology laboratories are too small for automation.

Driving forces for automation

. Increasing test volumes

. 24/7 labs

. Staff shortages

. Advancement of technology

Bourbeau, P. P., & Ledeboer, N. A. (2013a). Automation in clinical microbiology. Journal of Clinical Microbiology, 51(6), 1658-1665.
https://doi.org/10.1128/jcm.00301-13
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Sample collection
Accessioning

Sample preparation
Processing

Data acquisition
Analysis/identification
Resulting/reporting
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Sample collection
Accessioning

Sample preparation
Processing

Data acquisition
Analysis/identification
Resulting/reporting
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— Interoperability

21 Sample collection &

| Accessioning Standardization

2l Sample preparation 1

5 Processing - o

%I Data acquisition >peed

21 Analysis/identification |

4 Resulting/reporting petter work ervironment
Lower cost
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I Data acquisition
5|  Storage =l Hardware
2l  Quality control "]  Software
2 Analysi
L . =l Infrastructure
Ll Security and protection . .
5| |nteroperability/interconnection =l Cybersecurity
] Reporting and visualization
« 12 MP images « ~500 MB -1 GB raw data per slide
« Multiple focus planes (z-stack) « Containing patient demographics

* Imaging 3 mins average
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lka ros . & Report More ¥ ADM v W Microbiology ¥
Neon

Dashboard

State ¥ Department ¥ Specimen ¥ Virtual Slides *

_ oeprnen R T == = [ g

Create Case @® OPLH2018 Created 483 0/23/1980
OPLH2012 Captured  Parasitology 20/2020 13:42:0 475839 07/13/1978
Statistics OPLH2020 1 020 08: 5 08/20/1977
OPLH2019 Captur Paras Stool 10/20/. 0 7 06/14/1966
Search OPLH2007 In Review 3 oy Stool 10/20/2020 08:13:32 ysitive 76893 10/17/1979
GR-MGI-060801 Captured = Bacteriology 6/08/2020 12:40:54
Groups 0P204564 Captured itolog; Stool 05/26/2020 14:52:53
0OP204585 In Review  Parasitology Stool 05/26/2020 14:52:5 OP Posi Giardia
Events 0P2045 Captured P g 05/26/2020 12:51 D. Frag.
OP204583 Captur Parasitology Stool 05/26/2020 12:51:55 466415 03/10/1963
Problems R ) -~ X X - ) A
GR204065 Captured = Bacteriology Wound C /202 9 . G+ Cocci, G- rods, VSlide 2 04/01/1989
AR204863 Captured = Mycobacteria 5/22/202 12 AuramineQ -
GRD204 In Review = Bacteriology Sputum 2 DNN G+ Diplococci, G+ Cluste 4842 04/04/1964
ZN204869 In Review 05/22/2020 11:11:03 Ziehl-Nee 05/26/1970
AR204869 In Review / k i 05/22/2020 11:07:11 Aurami 5 5765 02/01/1984
) OP2094 Checked P i g Stool 5/ 010:32:10 O&P Positive Blasto, E. Nana 2 ‘) ADM
0P209494 Che: Stool 05/22/2020 10:32:10 395 ) ADM
P AR208586 Captured b 05/22/2020 10:25:30 AuramineQ - W
Checked eriolo Blood 05/22/20200 6:12 G+ Chains 7 05 ADM
In Review Blood 05/22/2020 09:54:05 G+ cocci short chains 361063
In Review Bacteriology Blood 05/22/2020 09:47:31 G+ Cocci Chains E 06/13/1979
) OP205772 C Parasitology Stool 05/21/2020 13:23:08 iti D. Frag. 6 07/05/1965 ADM

HS20003363 n Review | Cyto 03/02/2020 14:57:56 4 06/08/1947

WA ) g 9 ® 137 @ Other ¥
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High Level Archi r

Off Site Server/Back i il
i rv r up Cenlsili ki (Service) Neon@Web (Internet)
(Optional)
pr— {/} “——
e (] —
S — — —
[ = = = =) —
— et/ o
||
Virtual or Physical Server, Auto Indexing Database, LIS Analysis software via web browser. This is an
Integration, Neon@Web IS (optional), TCP/IP: Port optional add-on web service via IIS Server
52050. Note: NeonServer can run on Scanner as well.

- T~

Neon Analysis Area
Neon Scanner (Auto)

E Neon Imager (Manual)
é o)
A =

: » -
' o
CoolCube Camera, Barcode reader, SlideFeeder, Object H = &

finding, low & high magnification capturing, Auto Export CoolCube Camera, Manual Scope, low &
high capturing, Capture & Analysis software Analysis software, Reporting, Dashboard, Workflow.
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ARTIFICIAL INTELLIGENCE




=1 Computer systems able to perform tasks that normally require human
intelligence (visual perception, speech recognition, translation between

languages, decision-making etc.)
=l Theory and development of computers systems able to perform tasks
that normally require human intelligence

=l  Computer Science, Statistics, Neuroscience, Psychology

MetaSystems



ARTIFICIAL INTELLIGENCE (Al)

Artificial Intelligence

Deep learning

Text

generation

Question Classification Text to speech
answering

Context Speech to text
extraction

Machine translation

Image recognition

Machine Vision
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Artificial Intelligence

Deep learning

Text

generation
Question

Machiné translation

Classification Text to speech

ey s Image recognition
pecch to text . !
ef:’:;::i‘:n Machine Vision

MetaSystems

Aspects of digital microbiology in the diagnostic process

Process

Aspect

Example

Pre-analytics

Analytics

Post-analytics

Quality control

Diagnostic stewardship

Quality control

Imaging

Plate reading

Expert system
Public Health
Highlight important

data
Sepsis treatment

What is the sample quality?

— Automated measurement and feedback regarding the correct filling of blood culture bottles.

— Automated assessment of sample contamination including species and clinical score

Which additional diagnostic test should be ordered?

— Suggestion based on a digital twin, smartphone app, or chatbot

How reliable is the analytical performance of a test?

— Surveillance of reagent lots performance with internal and external controls and automated
reporting in connection to specific used lots of time

Are there bacteria on the microscope slide?

— Automated image acquisition with a microscope and scan for pathogen-like structures and
category

Is there bacterial growth on the plate?

— Automated image acquisition and scan for colonies and subsequent identification
(telebacteriology)

Does the detected resistance profile make sense?

— Medical validation of antibiotic resistance profiles with expert database

Is there a potential outbreak?

— Automated screening for pathogen similarities, e.g., resistance profile or automated
bioinformatics

Is there a potential bacterial phenotype?

— Detection of resistance by analysing MALDI-TOF spectra

What is the best treatment for the patient?

— Prediction of sepsis, and best treatment, e.g., volume and antibiotics for the patient
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MACHINE LEARNING (ML)

,._,ML.

etaSystems

Computation learning using algorithms to
learn from and make predictions on data

Gives computers the ability to learn without
bring explicitly programmed

the use and development of computer
systems that are able to learn and adapt
without following explicit instructions, by using
algorithms and statistical models to analyze
and draw inferences from patterns in data.

In classical machine learning, an expert
manually designs features that can be used
to distinguish objects-of-interest by
different parameters, e.g., shape, color, or
texture. In this process called feature
engineering, the expert transfers
knowledge to the algorithm.

Artificial
Intelligence

NACMID
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- . . . . .
Artificial Intelligence | I\-/Iachln.e learning aIgonthm; with brain
Enables a machine to mimic like logical structure of algorithms called
human behavior artificial neural networks

Machine Learning 2l  Biomimetics

Distinguishing features
engineered by human developer

Synapse

Deep Learning
Distinguishing
features acquired

by Deep Neural
Network (DNN) - 1
° Artificial Neuron
@ P —
,j(_ NACMID
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DEEP LEARNING

— CAR
— TRUCK
— VAN

D D — BICYCLE

INPUT CONVOLUTION + RELU POOLING CONVOLUTION + RELU POOLING FLATTEN CO:IL:-::TED SOFTMAX
FEATURE LEARNING CLASSIFICATION
\Cubur Channels
Height: 4 Units
(Pixels)
| Convolved
P mage
< > Feature
Width: 4 Units
(Pixels)
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Traditional classification:

Feature engineering

* Dark

* Elongated

* Made of small round objects
+ Certain size

The programmer “describes” the object, transfers knowledge to the algorithm.

Traditional classification:

| N
‘Image aquisition \ | Segmentation Feature calculation
. . « Color Intensities
1 Color distribution
- - Color ratios

Area, circumference
: Aspect Ratio
' - +  Neighborhood

L
« e s e

MetaSystems

_ Decisionl>

Determination of
feature ranges
Discarding objects
beyond defined feature
range



Deep Learning:
“Neuronal net” just learns that THIS image HAS TO BE “Gram-
positive Chain” = Learning by examples.

-\

Problem: It does not know why. Is it the dark Rod? The blue
clouds? The pink background? The noise? ....

,7@
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Deep /

Learning 4 J .

Local generalization: Extreme generalization:
Generalization power of Generalization power
pattern recognition achieved vio

abstraction and reasoning

,__,g, NACMID
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8]  Solution: Show a huge amount of
example images of the object in all
variations. This is the main reason
why deep learning needs big data!

8l  The “intelligence” comes from the
people who initially labeled all the
images

81  This has to be done for every class!
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Scale drives deep learning progress
N ]EE’“ N

/in’s-"\"‘Jdv_Q

— leom, al

Performance

T B "
Amount oggata Cm) (v Y T
Bl 51 4

Andrew Ng

Source: deeplearning.ai
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Moore’s Law: The number of tran*,lstors on microchips doubles every two years [SRgERE

Maore's law describes Lhe empirical regularily thal the numb [ lransizlors on inlegrated circuits doubl dimately every Lwo years, in Data
This adwancement is important for other aspects of technological progress in computing - such as processing speed or the price of computers.
Transistor count
50,000,000,000
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1,000,000,000
500,000,000

100,000,000
50,000,000
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81  CPU: Central Processing Unit

| Basic arithmetic, logic, input/output processes specified by the instructions in a
program

81  Processor Core: an individual processor within a CPU

,7(_ NACMID
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81  GPU: Graphics Processing Unit

21  CUDA: Compute Unified Device Architecture (NVIDIA)
(AMD's “Stream Processors”)

- is a specialized programming language that can leverage the GPU in specific ways to
perform tasks with greater performance

RTX 2080 GTX 1650

Pipelines / CUDA cores 2944 896

Number of transistors 13600 million 4700 million

,j(__ NACMID
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General DNN workflow without segmentation:
Field of View is cut in image tiles

| p | N
Image aquisition > ‘ Grid sampling Classification>
l l )/

O o
Slide 7 e "{f rg > '—7—1 Image tile
,/, - :?’ r : ¥ \\ \\_
) Field of View (FOV) . [;
. ') A ; A \‘ = i
o e ; e \,( f’. R Gram-positive Chain
T ot S
or 7 ' R 2 -
g - /! ] )
04 e (s 2 %
j;”’ s FRA
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Why automation?
=l Less hands-on microscope time
=l  Higher sensitivity
=l  Faster results

Challenges for imaging & analysis

=l Focusing
=l Negative slides
= Thick/dense samples

=l  Stain/slide prep consistency

‘,(_
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& Metafert - My — 0 x

ing_Training MetaCyte Configure Filte Tools Help

M etafe r 4 MetaCyte

1668 142 1682

LTO@ DD

Results Setup

(Automatic rejection at probabiity of 50 %)
positive Field of View 1 Gallery
Tiles 20x Camera  40x Ocular -
210 203 Field Review 2
%8 -
10
14

total Number of scanned FOV.

? 7 ” GR20 ( ¢ AR20 0P20548
795 0 146 ‘
b 4760
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& Metaferd - MetaCyte - a x

MetaCyte oo (594 0f 1478

Results . 3 3MF4_MCv2-pooled] ¢ Initialize

(Automatic rejection at probabity of 50 %)
count 40x (20x)
objects in 300 (215) FOVs |
in 100 (72) FOVs : 2:50 Scan
n10 (7) FOVs | Open Slide
inl (0.72) FOVs
Reject Selecte
total Number of scanned -
50 (36 ) | Delete Undefing)
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Tools

Metafer 4/
MetaCyte

Requirements for automation:

=

Focusing on negative slides
« Use of counter-stain
 Slides with printed/etched patterns

Consistent staining

Consistent slide prep

MetaSystems
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Configure Stage Filters Tools Help

(720 of 2358)

Mean Probability Values
[+] Diplococci

[+] Cluster

[+] Chains

Rods
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MetaCyte v os (140 of 970) MetaSystems
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100000

1=

Sample collection
Accessioning —
Sample preparation
Processing

Data acquisition
Analysis/identification .
Resulting/reporting 1

1=

g
S

=

g
o

Number of publications (log)
3

(L L Ly L
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Year
e Digital Microbiology == Digital Microscopy
Artificial Intelligence Microbiology Artificial Intelligence

e Microbiology Automation

‘,('__

MetaSystems



