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Recent significant steps towards artificial general 
intelligence (AGI) concerns the whole society
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E.g. large language models and generative AI

Significant progress within image-based AI

Johan Lundin



Three big promises of medical AI today
 Create virtual and personal expert assistants
 Go beyond current expert-based capabilities    
 Improve access to diagnostics
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Magnus Carlsen, the current human 
champion of chess

AlphaZero, self-taught AI-based
world champion of chess*

Medical experts are likely to benefit from AI in a similar way

*Silver, D. et al. Science. 362, 1140 (2018).

Human chess world champion learns 
from games played by AI
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Radiology Ophthalmology DermatologyPathology Microbiology

AI will impact all medical fields where an 
expert makes a visual interpretation

Crude estimate: >7-8 billion visual diagnostic assessments globally per year Johan Lundin



The transformation of pathology
Pathology transforming from analog and manual to digital and automated
Today pathologists give a subjective description, tomorrow it will be supported by AI

Descriptive microscopy Quantitative microscopy 

Digitization

Moderate? ++? 
Weak? +?

Lobular? 5%? No of cells: 57 673
IHC pos: 13 234

Percentage: 22.9 %
Tissue types:

Epithelium: 34%
Stroma: 60%

Johan Lundin



AI based on deep learning

*C hen et al. Modelling and S imulation in E ngineering. 2019;2019:8796743.

Artific ial Intelligence
E ngineering of machines and programs that mimic  human intelligence

Machine L earning
Ability to learn without being explic itly programmed

Deep L earning
L earning based on deep artific ial neural networks

*
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Presenter Notes
Presentation Notes
AI is a broad concept and one of the currently most important methods to develop AI is through machine learning. The most active area within machine learning relates to deep learning based on artificial neural networks.



Training of expert-supervised 
deep learning algorithms 

Detection of infiltrating immune cells (TILs) in hematoxylin-eosin stained tissue samples from patients with testicular cancer

Johan Lundin

Presenter Notes
Presentation Notes
Example of a typical workflow in developing a deep learning based algorithm for a cell detection task



..AI results just as good as the annotator

= TIL, agree?

= Non-TIL, agree?

TIL = tumor infiltrating 
           lymphocyte

Training of expert-supervised 
deep learning algorithms 
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Outcome supervised learning for more 
precise AI-supported cancer diagnosis

Digitized tissue samples from cancer
patients with known outcome of cancer

i.e. survivor or non-survivor

Comparison of human
expert-based and 

AI-based outcome prediction

Deep learning outperformed
experienced pathologists in 

outcome prediction 1-3

1Bychkov et al, Scientific Reports 2018;8:3395 2Turkki et al, Breast Can Res Tr 2019;177:41-52

Low
risk

High
risk

Low
risk

High
risk

Low
risk

High
risk

<0.0001

3Bychkov et al, J Pathol Informatics 2022;13:9Johan Lundin



AI algorithms for pathology in clinical use today*

Supervised learning Weakly supervised learning

Cell level___ Region level__ Sample level
Breast cancer

Estrogen receptors
Progesterone receptors
Ki-67 antigen
HER2 amplification
Mitotic figures

Lung cancer
PD-L1 expression

Cervical cancer 
Cellular atypia in pap smears

Cancer in general
Tumor tissue
Epithelium
Stroma

Prostate cancer
Gleason grading

Breast cancer
Lymph node metastasis

Colorectal cancer
Microsatellite instability (MSI) from 
morphology

Breast cancer
Digital cancer grade

Johan Lundin *CE marked or CE-IVDR in Europe

The only FDA approved



AI-based diagnostics in a 
primary health care setting
- the MoMic Project

Examples of combinations of AI and mobile technologies
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Cancer care suffers from 
a lack of pathologists



Shortage of Pathologists

Pathologist workforce worldwide



Cervical cancer from a global perspective
 Approximately 570,000 cases and 311,000 deaths globally in 2018
 The most common cause of cancer death in 36 LMIC countries
 Human papilloma virus (HPV) is a leading cause, but HPV vaccine will take decades to be 

fully realized

Incidence of cervical cancer /100.000 females (Globocan 2018, WHO) Johan Lundin



The problem

Cervical cancer is preventable via HPV vaccination, 
early detection of HPV infections and pre-cancerous 
lesions in the cervix e.g. via analysis of pap smears

But: An estimated 1.6 billion (67%) of 2.3 billion women 
aged 20–70 years, have never been screened for cervical 
cancer1 and only 20% have been vaccinated by age 15

1Bruni L et al. Lancet Glob Health. 2022 Aug;10(8):e1115-e1127



Global number of maternal vs cervical cancer deaths*
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*Data from IHME, Global 
Burden of Disease and WHOJohan Lundin



Clinical studies on digital microscopy with AI at 
Kinondo Kwetu Hospital in Kwale County, Kenya

Hospital CEO 
Harrison Kaingu
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Kwale 
County



Digital diagnostic lab at Kinondo Kwetu Hospital

Nurses Carolyne
and Priscillah

Laboratory technician Felix 
with equipment for staining

Slide scanner and uploading of 
digital slides over 3G/4G network
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Digital microscopy and AI using minimal infrastructure
– whole-slide imaging at and mobile upload to cloud

21Johan Lundin



Point-of-Care Mobile Microscopy
and Digital Diagnostics

Johan Lundin

AI



Studies on AI-supported diagnostics at the point-of-
care in Kenya and Tanzania

2016       2017       2018       2019       2020       2021       2022       2023       2024

1st cervical 
cancer screening 

study (HIV+, 
n=740)

1st and 2nd 
parasite 

screening study 
(n=1,335)

Planning and 
application for 
funding and 

ethical approval

2nd cervical 
cancer screening 
study (HIV+, two 
hospitals, n=738)

3rd cervical cancer 
screening study 

(general population, 
target 2,500, achieved 

2,264 by 11/24)

3rd parasite 
screening 

study 
(n=923)

School-aged children screened for soil-transmitted helmints in stool (n=2,258)

Women screened for pre-cancerous lesions in cervical smears (n=3,742)
Harrison Kaingu



Proof of concept study
 Cervical smears from 740 women aged 

18-64 years within an HIV control program 
were collected between 09/2018 and 09/2019 
at the Kinondo Hospital in rural Kenya

 Samples were prepared as conventional 
smears and stained with a Pap stain and 
digitized with a portable scanner

 350 digitized pap smears for training the 
algorithm and 361 samples for validation

Holmström et al. JAMA Network Open. 2021;4(3):e211740.Johan Lundin



Results of the MoMic
Cervical Cancer Screening

• Training on 350 
samples

• Validation on 361 
samples

• Sensitivity
96%-100%

• Specificity
93%-99% for high-
grade and 
82%-86% for low-
grade

• no slides manually
classified as high
grade were
incorrectly classified
as negative.

Holmström et al. JAMA Network Open. 2021;4(3):e211740.Johan Lundin



2nd and 3rd validation study on cervical cancer 
screening

Johan Lundin

• Cervical smears from 3,000 women aged 
18-64 years within HIV control programs and 
from the general population were collected 
between 02/2022 and 12/2024 in Kwale 
County, Kenya and Dar Es Salaam, Tanzania

• Samples were prepared as pap smears and 
stained with a Pap stain and digitized with a 
portable scanner. HPV status also analysed.

• Results of the AI are being analysed and a 
report prepared

• All women with significant cell findings are 
subject to further diagnostics and treatment, 
typically local treatment of the cervix

Kwale 
County
Kenya

St 
Benedict
Tanzania



Pictures from Women’s Health Camp i Kinondo 2/2024

>600 women attended in 3 days
Johan Lundin



The Star, Kenya, 4/2024
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Johan Lundin Lundin et al, PLOS NTDS 2014



Field study on diagnostics of 
soil-transmitted helminths in Kwale County, Kenya
 School-children at primary schools 

in a high prevalence region in 
Kwale County

 2,258 stool samples collected
 Prepared according to the 

established Kato-Katz method
 Scanned with a mobile microscope 

scanner and WSIs uploaded to the 
cloud for AI analysis

 The sensitivity of the expert verified 
AI foraA. lumbricoides, T. trichiura
and hookworm was 100%, 94% 
and 92%, respectively

 Children with infection treated

Johan Lundin Lundin et al, PLOS NTDS 2024 and von Bahr et al, in manuscript



AI detects helminth eggs in stool sample
 Algorithm trained to detect 

ascaris, trichuris and 
hookworms

 As a result: all the yellow 
dots are trichuris eggs

 Exact number of the different 
egg types are calculated

 Finds parasite eggs in 10% 
more samples than the 
human observer, especially 
in low intensity infections

Johan Lundin



Johan Lundin Manual microscopy vs autonomous AI vs expert-verified AI 
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WHO Guidance on the use of AI
for health - six key principles 1

 Protect autonomy
 Promote human safety
 Ensure transparency
 Foster accountability
 Ensure equity
 Promote AI that is sustainable

Johan Lundin

1. World Health Organization. Ethics and governance of 
artificial intelligence for health: WHO guidance. 2021.

Presenter Notes
Presentation Notes
Protect autonomy: Humans should have oversight of and the final say on all health decisions — they shouldn’t be made entirely by machines, and doctors should be able to override them at any time. AI shouldn’t be used to guide someone’s medical care without their consent, and their data should be protected. 
Promote human safety: Developers should continuously monitor any AI tools to make sure they’re working as they’re supposed to and not causing harm. 
Ensure transparency: Developers should publish information about the design of AI tools. One regular criticism of the systems is that they’re “black boxes,” and it’s too hard for researchers and doctors to know how they make decisions. The WHO wants to see enough transparency that they can be fully audited and understood by users and regulators. 
Foster accountability: When something goes wrong with an AI technology — like if a decision made by a tool leads to patient harm — there should be mechanisms determining who is responsible (like manufacturers and clinical users).
Ensure equity: That means making sure tools are available in multiple languages, that they’re trained on diverse sets of data. In the past few years, close scrutiny of common health algorithms has found that some have racial bias built in. 
Promote AI that is sustainable: Developers should be able to regularly update their tools, and institutions should have ways to adjust if a tool seems ineffective. Institutions or companies should also only introduce tools that can be repaired, even in under-resourced health systems.




Conclusions
 Digital diagnostics with AI-based algorithms can be applied in 

resource-limited settings using a bottom-up, minimal infrastructure 
approach

 Mobile technologies allow AI-diagnostics to be performed in 
remote settings and at the point-of-care, given that a high-quality 
sample can be prepared

 AI-based diagnostics is likely to improve access to high-quality 
diagnostics, but need to be cost-efficient, monitored and 
augmented with data from multiple labs and geographical locations 

Johan Lundin
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MoMic Team in Kwale
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MoMic Team in Dar Es Salaam, Tanzania
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Thank you!
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