
Smart 

Diaspora

2023

2ÅÖÏÌÕĪÉÉĦÉÅÖÏÌÕĪÉÉale ĦÔÉÉÎĪÅÌÏÒomice în epocaÐÏÓÔÇÅÎÏÍÉÃá



Veterinary pathology in the digital age

(Patologiaveterinara in era digitala)
Dr. Pompei Bolfa

DVM, MSc, PhD, DACVP
Head of Pathology Division

Email: pbolfa@rossvet.edu.kn

wŜǾƻƭǳǚƛƛǓƛŜǾƻƭǳǚƛƛale ǓǘƛƛƴǚŜƭƻǊomiceîn epocaǇƻǎǘƎŜƴƻƳƛŎŇ

Comeready to learn. Leave
ready to practice.

Improve care for pets with cancer through 
standardization of tumor evaluation and reporting

mailto:pbolfa@rossvet.edu.kn


Yjq"yg"ctgҿ



Yjcv"yg"fqҿ

file:///C:/D/PAth/Division/ANNUAL REPORT 2018 - Pathology and Histology (002).pdf


PATHOLOGY TRAINING PROGRAM
https://veterinary.rossu.edu/research/pathology-training-program

https://veterinary.rossu.edu/research/pathology-training-program
https://www.youtube.com/watch?v=TRQDoPypkrQ&t=1s


Some research done in the last 5 years é

ω Primate pathology - background lesions in wild caught and captive African green monkeys (Chlorocebus 

aethiops sabaeus); iron overload; renal oxalosis; 

ω tŀǘƘƻƭƻƎȅΣ ǇŀǊŀǎƛǘŜǎ ŀƴŘ ǾƛǊǳǎŜǎ ƛƴ wild rats (potential zoonoses included)

ω 5ƛǎŜŀǎŜǎ ƻŦ ŦǊŜŜ ǊƻŀƳƛƴƎ ŀƴŘ ŦŀǊƳŜŘ chickensin St Kitts (Salmonellaand other potential zoonoses) 

ω {ŜǊƻƭƻƎƛŎŀƭ ǎǳǊǾŜȅ ƻŦ ǎƻƳŜ ƳŀƧƻǊ equineviral diseases in the Eastern Caribbean (West Nile etc.) 

ω ! one health approach to silicate pneumoconiosesin domestic and wild animals in St. Kitts; 

ω 9ǘƛƻƭƻƎȅΣ ŜǇƛŘŜƳƛƻƭƻƎȅ ŀƴŘ ǇŀǘƘƻƎŜƴŜǎƛǎ ƻŦ tropical keratopathy in cats, monkeys, dogs and mongoose; 

ω Beta-mannosidosis in dogs in St. Kitts; 

ω Equine arytenoid chondritis ςclinical and pathological features: proposal of a new surgical management; 

ω International guidelines for veterinary tumor pathology(oncology)

ω Deep learning, artificial intelligence, development of algorithms

O
N
E

H
E
A
L
T
H



Uqog"fghkpkvkqpuҿ

Artificial intelligence(AI)
ǒ Abranchof computersciencedealingwith the simulationof intelligentbehaviorin computers(Abelset al. 2019).

Computationalpathology(CPATH)
ǒ Disciplineat the intersectionof digital imageanalysis,biomarkers,proteomics,genomics,outcomemeasures, etc.

όάōƛƎŘŀǘŀέύΣwhichrequiresalgorithmsor statisticalmodelingtechniquesto process/analyzefor scientificinsights(e.g.,

patterns, relationships). A branchof pathologythat involvescomputationalanalysisof a broad array of methodsto

analyzepatient specimensfor the study of disease. Extractionof information from digitized pathology imagesin

combinationwith their associatedmeta-data, typicallyusingAImethodssuchasdeeplearning(Abelset al. 2019).

Deeplearning(DL)
ǒ A subsetof machinelearningcomposedof algorithmsthat permit software to train itself to perform tasksby

exposingmultilayeredartificial neural networks to vast amountsof data. Dataare fed into the input layersand are

sequentiallyprocessedin a hierarchicalmannerwith increasingcomplexityat eachlayer, modeledlooselyafter the

hierarchicalorganizationin the brain. Optimizationfunctionsare iteratively trained to shapethe processingfunctions

of the layersandthe connectionsbetweenthem (Abelset al. 2019).

https://www.acvp.org/general/custom.asp?page=pathology_informatics#_Abels_et_al.
https://www.acvp.org/general/custom.asp?page=pathology_informatics#_Meta-data
https://www.acvp.org/general/custom.asp?page=pathology_informatics_Deep_learning_(DL)
https://www.acvp.org/general/custom.asp?page=pathology_informatics#_Abels_et_al.
https://www.acvp.org/general/custom.asp?page=pathology_informatics_Machine_learning_(ML)
https://www.acvp.org/general/custom.asp?page=pathology_informatics#_Abels_et_al.


Veterinary pathology - the science that studies disease in animals.

The American College of Veterinary Pathologists (ACVP) Ɖ
1949 Ɖoldest veterinary specialty organization recognized 
by the American Veterinary Medical Association (AVMA).

Å European College of Veterinary Pathologists (ECVP) ï1995

Å European Society of Veterinary Pathology (ESVP) - 1951

Å European College and Society of Veterinary Clinical Pathology - 2002 

Å Japanese College of Veterinary Pathologists (JCVP) ï1991

Å Australian Society of Veterinary Pathology

Å é

Veterinary pathologists - veterinarians who specialize in 

the diagnosis of diseases through the examination of 

animal tissue and body fluids

https://www.istockphoto.com/vector/antique-illustration-

of-microscope-gm490620368-75298991

https://vod.video.cornell.edu/media/Necropsy+-+Dr.+King/1_tg1pv7tm



Which working environment would you prefer?

Why?

Challenges and opportunities? 

Whole slide imaging (WSI) - TELEPATHOLOGY



WSI (previously referred to as virtual microscopy) involves scanning (digitization) glass slides 
to produce digital slides (also known as WSIs or eSlides). Such digitization is performed on a 
WSI scanner.

Pantanowitz, L., Sharma, A., Carter, A. B., Kurc, T., Sussman, A., & Saltz, J. (2018). Twenty Years of Digital 
Pathology: An Overview of the Road Travelled, What is on the Horizon, and the Emergence of Vendor-Neutral 
Archives.Journal of pathology informatics, 9, 40. https://doi.org/10.4103/jpi.jpi_69_18

Excellent correlation between 
diagnoses made with WSI and 
conventional light microscopy.



WSI advantages over conventional microscopy:

Å portability/flexibility

Å ease of sharing and retrieval of images

Å workload balancing

Å image analysis

Disadvantages:

Å Cost (range 30.000 ɀ150.000 USD per scanner)

Å Slide quality variation

Imagine you can choose your office view J



Computational Pathology (CPATH)

Isolated WSI 
Scanners

Connecting 
Multi-

Institutional 
Scanners

Cloud-Based 
Servers

Computational 
Pathology:

Data Analytics

Computational 
Pathology:

AI

X Histopathology

X Cytology

X Millions of slides per year

Better, faster and cheaper collaborative research

Å Drive cost of scanning/storage down

Å Enables intra- and multi-study comparisons

Å AI of practical use/easy for end-user

Å Real-time/on-demand AI

Å Meet industry/regulatory standards

Å Better standardization/reproducibility

Å Better confidence/reliability

Å AI-based pathology classifications

Å Store and aggregate data sets

Å Analyze data from multiple sources

Slide courtesy of Richard Luong BVSc DACVP, IDEXX, Associate Director, Head of Americas Anatomic Pathology



Veterinary oncology

CƛǊǎǘΣ ǿŜ ƴŜŜŘ ǘƻ ǎǘŀƴŘŀǊŘƛȊŜΧ

AREAwhich andwhat amount (2.37 mm2)

The field number (FN) of an ocularmatters

determines the diameterand therefore the area in 
the field of view (FOV) when objectives of the same 

magnification are used



CƛǊǎǘΣ ǿŜ ƴŜŜŘ ǘƻ ǎǘŀƴŘŀǊŘƛȊŜΧ

Morphology

High tumors proliferation = unfavorable prognosis 

Mitotic count = strongly correlated with proliferation

Why MF?



Software (visualization and interaction)

When can Deep Learning (DL) be used?

Algorithm

Pre-processing Post-processingModell (e.g. Convolutional Neural Network) 

Pattern recognition tasks (model): 

ÅClassification

ÅObject detection

Å Segmentation

Å Instance segmentation

Å (Regression)

Å Binary vs. multi-class

ÅCount

ÅMeasure

Å Min / Max

Å Heatmap (hotspots)

Å Etc.

Slide courtesy of Dr. Christof Bertram, PhD, vetmeduni Vienna



WhencanDLbe used?

Classification

Segmentation

Objectdetection

PR task: 
Mitotic figures

Pixel-wiseαobjectdetectionά

Instance 
Segmentation

Localisation + Classification

Slide courtesy of Dr. Christof Bertram, PhD, vetmeduni Vienna



Classification

Objectdetection

Segmentation

PR task: 
Tumor

When can DLbe used?

Slide courtesy of Dr. Christof Bertram, PhD, vetmeduni Vienna



Why useDL?

Improvesolvingthe diagnosticor researchtask

ǒ Efficiency(time-consumingtask)

ǒ Performance(difficult task)
ƺ Accuracy

ƺ Reproducibility

ǒ Limitationsof pathologists?

ǒ Potential advantages of algorithm for specific task?

ĄHow can algorithms assistor replacepathologists? 

Slide courtesy of Dr. Christof Bertram, PhD, vetmeduni Vienna



Potential advantages Potential limitations

Pathologists Å Highperformance (qualitative diagnoses)?
Å Adaptation to case
Å Interpretationof results
Å Explanationof findings
Å Discussing findings

Å Low performance (quantitative 
diagnoses)

Å Subjectivity (bias)
Å Observer variability
Å Fatigue
Å Time availability
Å Χ

DL-based 
algorithms

Å Highperformance(quantitative 
diagnoses)?

Å Objectivity
Å 100% intra-algorithmic reproducibility
Å Consistent
Å Fastand complete analysis of large images 

(diagnostic efficiency)
Å Χ

Å Low performance (qualitative 
diagnoses)?

Å Comprehensibility
Å Inter-algorithmic variability
Å Robustness (domain shift)
Å Reliability
Å Χ

Slide courtesy of Dr. Christof Bertram, PhD, vetmeduni Vienna

Why use DL?



How to apply DL-based algorithms?

Slide courtesy of Dr. Christof Bertram, PhD, vetmeduni Vienna
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+   Reproducibility
+/- Accuracy
+/- Efficiency 

Computerized

α¢ǊŀŘƛǘƛƻƴŀƭά

+/- Accuracy
+/- Reliabilityκ αǊƻōǳǎǘά
+   Liability
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+   Reproducibility
+/- Accuracy
+/- Efficiency 

Computer-assisted

Computerized

α¢ǊŀŘƛǘƛƻƴŀƭά

+/- Accuracy
+/- Reliabilityκ αǊƻōǳǎǘά
+   Liability

Slide courtesy of Dr. Christof Bertram, PhD, vetmeduni Vienna

How to apply DL-based algorithms?



Wait, now there is an issue with the scanners?

ΧŀƴŘ ǿƛǘƘ ǘƘŜ ROI(region of interests)?

[ŜǘΩǎ ǳǎŜ AI and DLǘƻ ƘŜƭǇ ǿƛǘƘ ǘƘŜ ǘŀǎƪΧ

Challenge focused on the task of 
generalizing against scanner-
induced domain shift for the 

identification of mitotic figures
in histopathologyimages.



The results by the best algorithm in the field exceeded the 
performance of the expertson the same task in our experiment, 

regardless of the definition of ground truth

Many challenges ahead ƻƴ ǊƻǳǘŜ ǘƻ ŀ ŎƭƛƴƛŎŀƭ ŀǇǇƭƛŎŀǘƛƻƴΧ ŘƻƳŀƛƴ ǎƘƛŦǘ 
between tumor types, application of WSIetc.


