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1. Overview

Objective
Outbreak of unknown origin. . . Help formulating hypotheses on disease

Inspiration
Election online helper: Which party is closest to you?

Approach
Use expected answers for diseases of interest = references

Compare cases with expectations

Workflow
Input:

1. data dictionary
2. references
3. filled line lists

Output:

1. 2d visualisation of cases and references
2. scores = similarity between cases and references
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2. Input: Data dictionary, references and line lists

Data dictionary

Data dictionary = T0 and T1 questionnaires, i.e. not disease specific

Remove free text and other variables that can’t be used here: 117 variables left
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References
For each disease: Reference = Variable name, weight, observations, extension

weight = how indicative of the disease
observations = range of expected answers
extension = expected 50% confidence interval of answers [optional]

5 fake random references
Blue Fever, Danger Fever, Kleptospirosis, Viral Hepatitis Z, West Rhine Virus

5 real references: rough estimates
Hepatitis A, Hepatitis E, Leptospirosis, Mushroom, Yellow Fever
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Line lists (events)

Generate synthetic events:

1. completely random cases
2. all cases drawn randomly from 1 disease reference
3. all cases from 1 disease but with noise
4. cases from 2 diseases (half/half)
5. cases from 2 diseases (half/half), with noise

with noise = 50% of variables of any one case are completely random
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3. Score

1 score for each case and each reference = how similar is this case to the reference?

For each variable:

• answer within range or set of reference observations: +1
• missing answer or “unknown”: +0.5
• answer outside of reference observations: +0

Score = weighted average over variables using the reference weights

(extension not used at the moment for scoring)

Case ~ reference → score = 1
Case outside reference → score = 0
Random case → score ≈ 0.5

Tested 5 types of events for 2 sets of references = 10 scenarios
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Scores: Random cases

fake references

●
●●●

●
●

●
●

●

●

●

●

●
●

●●●
●

●
●

●
●

●
●

●●

● ●●
●

●● ●
●

● ●

●

●

●

●●
●

●

●

●

●

●
● ●

●

● ●

●
●●

●

●
●

●

●

●●
●

●

●●

●

● ●

●
●

● ●

●

●

●

●

●

●
●

●
●

●

●

●●

●

●
●●●

●
●

●

●

●

●
●

●

●

● ●

●
●

●
●

● ●
●●

●

●●
●

●
●
●
●●

●

●

●
●

●

●

●
●

● ●●●

●

●
●

●

●

●

●

●

●

●

●

●
●

● ●
●

●
●

●

● ●
●●

●

●●
●

●

●
●

●

●
●●

●

●

●
●

●
● ●●

●
● ●●

●

●

●
●

●

●

●

●
●

●

●

●

●

●● ●
●

●
● ● ●

●

●

●

●
●

●
●

●
●

●
●●

●
●

●
●

●

●
●

●

●●●
●

●

● ●

●

●● ●

●

●

●
●

●

●
● ●

●
●

●

●

●

●
●

●
●

●

●

●
●

West Rhine Virus

Viral Hepatitis Z

Kleptospirosis

Danger Fever

Blue Fever

0.00 0.25 0.50 0.75 1.00
score

Random cases

real references

●

●

●

●

● ●

●
●

●
●● ●

●

●

●
●

● ●

●

●

●

●

●

●

●

●
● ●

●
●●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●●

●

● ●

●

●

● ●
●

●

●

●

●

●

●

●

●

●
●●

●

●
●

●
●●

●
●

●

●●
●
●

●●●
●

● ●

●●●

●

●
●

● ●

●

●

●
●

●● ●

●

●

●

●
●

● ●
●

●

●

●
●

●

● ●

●

● ●●

●

●

●
●

●

●

●
●

●

●

●
●

● ●

●
●● ●

●

●

●

●
● ●

●

●

●
●●

●

●

●
●

●

●
●

● ●

●

●●
●

●
●

●

●

●
●

●

● ●
●

●

●

●

●

●

● ●●●

● ●

●
● ●

●●

● ●
●●

●
●

● ●

●

●
●

●

●

●

●

●

●
●

● ●

●

● ●
●

●

●

● ●

●

●

●●

●

●
●

●
●

●

●

●

●
●●● ●

●●
●

●

●
●

●

●

●●
● ● ●

● ●
●● ●

Yellow Fever

Mushroom

Leptospirosis

Hepatitis E

Hepatitis A

0.00 0.25 0.50 0.75 1.00
score

Random cases

1 dot = 1 case / square = average

8 / 21



Scores: Cases from 2 diseases

fake references
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Scores: Cases from 1 disease with noise

fake references
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Scores: Cases from 2 diseases with noise

fake references
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4. Dimensionality reduction

Reduce dimensionality form 117 to 2 using the t-SNE algorithm

Needs a distance between cases:
similar approach and difficulties as for score

With dij the distance between case i and case j, and wv the weight for variable v averaged over all references:

dij =
√∑

v
wv d2ijv/

∑
v
wv

with

dijv = minm,n |vim − vjn|/maxi,j (minm,n |vim − vjn|) if variable is int_ordinal, float or date
dijv = 1 − δ(|{vim}m ∩ {vjn}n|) if variable is int_categorical
dijv = 0.5 if any answer is missing

where vim is the m-th observation of variable v for case i , and δ(x) = 0 if x = 0, 1 else.

Smallest distance is 0 and largest distance is 1

Include reference cases for comparison
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2d projection: Random cases

fake references

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●● ●

●●●

●
●

●●
● ●

●●

●

●

●
●

●

●

●● ●

●●

●

●

●

●

● ●
● ●
●

●

●

●
●● ●●●
●●

●

●

reference

●

●

●

●

●

Blue Fever

Danger Fever

Kleptospirosis

Viral Hepatitis Z

West Rhine Virus

Random cases

real references

●

●

●

● ●

●

●

● ●

●

●

●

●

●

●

●
●

●

●

●

●●

●

● ●

●

●

●

●

●

●●

●

●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●
●

● ●

●

●

●

●

●
● ●

●

●

●

●

●

●

●

●

●

●
●

●
●

●
●

●

●●
●

●

●

●

●
●

●

●

●●

●
●

●

●●
●

●

reference

●

●

●

●

●

Hepatitis A

Hepatitis E

Leptospirosis

Mushroom

Yellow Fever

Random cases

Caution: Cluster size doesn’t mean anything

13 / 21



2d projection: Cases from 2 diseases

fake references
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2d projection: Cases from 1 disease with noise

fake references

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●
●

● ●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●
●

●

● ●

●

●
●

●

reference

●

●

●

●

●

Blue Fever

Danger Fever

Kleptospirosis

Viral Hepatitis Z

West Rhine Virus

Noisy West Rhine Virus event

real references

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●●

●

●

●

●

●

●

●
●

●●●

●

●

● ●

●

●●

●

●

●

● ●●
●

●●●● ●
●

●
●

●

●

●
●

●

● ●

●

●
●

●
●

●

●●●

● ●

reference

●

●

●

●

●

Hepatitis A

Hepatitis E

Leptospirosis

Mushroom

Yellow Fever

Noisy Yellow Fever event

Caution: Cluster size doesn’t mean anything

15 / 21



2d projection: Cases from 2 diseases with noise

fake references
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5. Web application
R Shiny prototype

Input: upload data dictionary, set of references and 1 line list
Output: scores, 2d projection, epicurve, map, line list, pivot table

Installation:
local at the moment
WHO cloud (internal) or online (public) in the future
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6. Conclusion and outlook

Conclusion

Already simple approaches are promising and deliver useful insights

2d visualisation: discriminates better
scores: single number per case / for the whole event

Usefulness for potential users can be probed: Are the functionalities interesting?
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What’s next? 2 possible directions

1. Improve and evaluate method
- computation time
- distinguish between suspected, confirmed and excluded cases
- find real line lists and convert to data-dictionary format
- evaluate the tool
- establish the reference for each epidemic prone disease
- machine learning (classification)

Resources needed: at least 1 data scientist & 1 medical expert

2. Prospective piloting
- build as software or integrate in other tools (Go.Data?)
- feasibility study needed

Resources needed: at least 1 software engineer

Ideas for collaborations:
- make an R package and share it with community, e.g. RECON
- Cambridge working group on same topic
- WHO Medical expert group, Antwerp (medical experts), READY project (USAIDS), RKI
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Thank you!

Advertisement:

Anomaly detection for EIOS
Machine learning and natural language processing to detect signals in stream of articles

Signale team at the Robert Koch Institute
data science for infectious-disease epidemiology
rki.de/signale-project
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