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The Robert Koch Institute (RKI) 1891-2017
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Key Functions

ROBERT KOCH INSTITUT

A

Detect — Evaluate — Act

1200 employees (~450 researchers)

v

Identification/evaluation l f

* High prevalence diseases :

* Diseases of specific PH-
related political significance

| » Communicable diseases

Epidemiological intelligence

e Outbreak management
* Non-communicable diseases

_ Research

* Collaboration with national &
international partners

* Currently >100 externally
funded research projects

| 29.05.2019
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Communication/Cooperation
* Partners in scientific sector
~ * Public Health service

| Health care sector

Consultation/Recommendation
* Political decision makers

* Physicians

* Local health authorities

Publications

National & international
>500 peer-reviewed
publications / year
National health reporting

.




ROBERT KOCH INSTITUT

A

Centre for International Health Protection (ZIG) and
Informationcenter for International Health Protection (INIG)

= ZIG launched in January 2019
= Sustainable development of core global health competencies at RKI
= INIG

= |nternationale Collaborations: Support of international partners,
coordinination of international missions

= Public Health Intelligence (PHI): Epidemiological information about
communicable and non-communicable diseases

= Planned for PHI: Methodical development (social media, artificial
intelligence, deep learning)
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ROBERT KOCH INSTITUT

A

International Association of National Public Health

Institutes

ANPH]|

= Coordinating body to empower National Public Health Institutes

= 110 members from 93 countries (and growing)
= Swift, comprehensive Public Health cooperation across borders

= Measurable improvements in outbreak surveillance and response
for Ebola, Zika, and other urgent threats

= Knowledge and data sharing (SNAP-GHS)
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How can we use Al in
Public Health ?
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Health Surveillance at RKI
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ROBERT KOCH INSTITUT

A

SurvNet@RKI

] Robert Koch-Institut

1 Zustdndige Landesbehérde |

‘} DEMIS

anische Ubermittiung

Tektr

N = [ Gesundheitsamt

i

§ Gesundheits-
Emier [ Landesbenorden | | RKI

Al based on

large established health

data collections offers

immense potential for

future health AR
surveillance
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ROBERT KOCH INSTITUT

X
Al for Disease Outbreak Detection

German Reporting System

Notifiable pathogens
(Infection Protection Act)
4

IfSG §7.1 o

.........
prowazekii
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state health agencies

*

local health agencies

* *

"N
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( QJ laboratories doctors
= Early outbreak detection patient
for fast intervention
= Forcast of outbreak Surveillance of > 80 pathogens

and > 400 counties
recording ~ 500.000 cases/year
detection ~ 20.000 outbreaks/year

severity for reaction
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ROBERT KOCH INSTITUT

X
Infectious Disease Outbreak Detection

= Aggregate case data
by time into
timeseries

number of cases

o
xxxxx )

Time (calender week)

¥

= Qutbreak detection
model :Trend | Season

. 1% Probability

* Warning system

of emergi ng 10- ‘  | I Threshold
diseases | |_L |_L H
° Foreca St| ng —|—‘ —I— J—‘ Expected value

counts

5_

severity of _—

. 0- robability

Seasonal d|SeaseS 2011 2012 2013 2014 2015 2016 distribution

Date

T
www.rki.de/signale-projekt '}’.\‘._
)
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ROBERT KOCH INSTITUT

&
Dashboard of Influenza Severity (oct’17 - may’19)

Transmissibility for different age groups

indicator type
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ROBERT KOCH INSTITUT

X
Integration of Real-time Data Sources using Al
= Antibiotic Resistance Outbreak case (2018): Burkholderia cepacia
Surveillance (ARS)
= Near-real-time routine Alarm
data from emergency O —
departments and -.
hospitals (ESEG) o A
= Online sources (google sl mm T f% 05
trends, wikipedia clicks) & |ozs
=  ADA-app (symptom . “
CheCker) ® 2018 2018 . 2018
I Il v \Y
RKI notified by reporting
- Improve early detection peakin ¥ AI‘V _ system
of emerging diseases widPeda AR data
(10. Aug) (1. Sept)
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ROBERT KOCH INSTITUT

X
Al for International Health Reports

= “More than 60% of the initial outbreak reports come from unofficial
informal sources]...].”*

"..on 9 May 2019, the Ministry of Health

Online (MOH) in Singapore notified WHO of one
Articles laboratory-confirmed case of
monkeypox...."
WHO
ProMED )
INIG Train : -
GIBRACINNN > NLP-Pipeline
Database
ECDC
EIOS
ONT
etc. J Disease: Monkeypox

Case count: 1 confirmed case
Date of case count: 9 May 2019
Country of origin: Singapore
Relevance: 0.92 a
2
1 https://www.who.int/csr/alertresponse/epidemicintelligence/en/ \I.):
2 Auss Abbood, Thesis “Automatic Information Extraction and Relevance Evaluation of Epidemiological Texts Using Natural Language Processing”  SIGNALE
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Enter an URL :

Get WHO DONs H Get Promed Articles H Copy H Ccsv || Excel H PDF H Print

ROBERT KOCH INSTITUT

A

Search: |
Date
Confirmed of Input
Disease Country on Relevance P Source
Cases Case Date
Count
Ebol D ti 05, .
i : emoc‘ra e 2019- https://www.who.int/csr/don/7-
hemorrhagic Republicof 312 March, 0.44
Mar-14  march-2019-ebola-drc/en/
fever the Congo 2019
Federal 14, 2019- https://www.who.int/csr/don/14-
Lassafever Republicof 5 February, 0.72 Mar-7 february-2019-lassa-fever-
Nigeria 2019 nigeria/en/
Ind dent
pespancen 01, https://www.who.int/csr/don/27-
. . Stateof 2019- .
poliomyelitis 1369 January, 0.9 february-2019-polio-
Papua New Mar-7 ) .
. 2005 indonesia/en/
Guinea
Date
Confirmed of I
Disease Country - Relevance il Source
Cases Case Date
Count
Showing 1 to 3 of 3 entries Previous 1 Next
i .“7!.'.
'}’.\ %
Auss Abbood, Thesis “Automatic Information Extraction and Relevance Evaluation of Epidemiological Texts Using Natural Language Processing” \l.)'
SIGNALE
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ROBERT KOCH INSTITUT

&
Al for pathogenicity assessment

= Biosecurity threats
= Natural or engineered

= State-of-the-art in pathogen detection:
DNA sequencing

!

known threats

EHEC bacteria, 0104:H4 outbreak strain. Scanning electron
microscopy. Bar: 1 um. Source: Gudrun Holland, Michael Laue/RKI
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ROBERT KOCH INSTITUT
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Deep learning for pathogen potential prediction

— - Unrecognized Classifier
ﬁ - - NGS reads/oligos (machine learning)
Next-generation- =
sequencing (NGS) == -

Prediction:
non-pathogen

S 1 — - Prediction:
il ¥
== - - pathogen
= -
<

Interpretation Why this result?

filter 31

20 5 filter 278
24
2y,
ool SCWAG , . ; TA
v 5 10 5

e 10 15
Weblogo 180 WebLogo 160

bits

Bartoszewicz et al., 2019, http://dx.doi.org/10.1101/535286
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Interpretable pathogenicity analysis

Borrelia spielmanii A14S (Lyme disease) genome

ABKB0200004BKE028BMEED00033AN01471. 1
ABKBO200BEDEERPHEIZI00036, 1

ABKB02000001 ABKB 02000003 1 ABKB 0200 ABI 0111
ABKB02000002.1 ABKEO2000005.1 ABKB02000009.1 ABKB02000012.1
bl | ] i

1A T T AT T 1 L
PRINAZE635_fra { guno
i B e e e e R e e

M fitter 213
Mean score .
Mean score .
outside
£y
1 rpsQ 0.913 0.797 / = CT A
T =1 G
13 recD 0.873 0.796 0.0 z & =
Weboga 360
68 recB 0.822 0.797
69 mfd 0.822 0.797 \ Biological process
290 tRNA-Cys 0.552 0.797 cellular response to DNA damage stimulus

DNA repair

Bartoszewicz et al., 2019, http://dx.doi.org/10.1101/535286
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Al for Pathogen-Antibiotic-Relation

hosp_9592
hosp_959:2
hosp_703
hosp_704
hosp_37
hosp_6908

hosp_7216

hosp_707

i
N ¢

Resistances: 3017

by D. Brockman

29.05.2019

Escherichia coli

Staphylococcus epidermidis

Staphylococcus aureus

Enterococcus spp.

AMIPENBET
Klebsiella pneumoniae

Pseudomonas aaruginosal
Proteus mirabilis

Staphylokokken koagulase-negativ I]

Staphylococcus haemolyticus
Enterococcus faecalis

Enterobacter cloacae I

| |

Klebsiella oxytoca [J

Enterobacter spp. l
marcescen:

ls%i:mi sl

Streptococcen EPque .*’a%’ﬂﬂ%l}&& [ ]
Stenotrophomonas maltophilia [}
Citrobacter freundii [

Staphylococcus capitis [l

Proteus vulgaris il

Citrobacter koseri |

Bacteroides fragilis [l

Enterococcus faecium [
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Structural Differences in Hospital-Specific Networks

i
i

29.05.2019
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ROBERT KOCH INSTITUT
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Al for non-communicable disease surveillance:
comparing clusters

1. Fast food/convenience foods

Breaded fish
Soft drinks

CoffeeSports/energy drinks
Breaded poultry

Fast food Fried potatoes

Breaded meat
Frozen meals

3. Healthy foods

Fruit juice
Wholegrain bread

Cooked pota {u B
Fyuu/herbal tea

Cooked" vegetables

H,,,f‘)\,ll}ll raw vegetables

MllkFro zen vege tib§=h frUit

SPasta/rice

Honey/Jam 2

Work by A. Rose et al.
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Tap water

2. Low-fat/diet foods

Cooked vegetables Salad/raw vegetables

Diet drinks,,  Fresh fruit

DIEt prOdUCtS Mineral water
n zarine Cream cheese

Low fat cream cheese

: Wholegrain bread

Low fat quark/yogurt

Frozen vegetable

Cheese Low—fat cheese
4. Sweets/fatty foods

Meat

Breaded meat SOft dl‘ lﬂkS

CPtl1<dd1ng\ st=foo
ookies anned vegetables
Eegs Snack foods
Fr1e¢ potatoes
Breaded po !,'m nougat cream ancakes
ocolate _ '
ce cream, White bread

Al for Good, Global Summit 2019 Geneva

Z score

-02 - (General Health
e (GRNder

04 - = Age
- BMI Percentile

Healthy Low-Fat  Fast Food Snacks/Sweets

Demographics

General Health Index Gender
* low =good * low =boys
* high=bad * high =girls
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Al for non-communicable disease surveillance:

feature selection

Health

Exercise :
i i -
Feature selection/ranking

Classification algorithm
All features 1 T —> Selected features

Performance evaluation
Health o
on training set

Classification algorithm

1

Final evaluation on test set

Exercise :
Environment
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ROBERT KOCH INSTITUT

@
Quality Requirements

" Robustness and manipulation safety for Al-based Public Health
applications

= Explainable Al
* For deep insights on influential factors
* Acceptance of Public Health decision making

= Generalization

N J 1
Source (Modified): www.vpnsrus.com; Pixabay.com, district round arched
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