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•Passive data sources 
don’t describe who is 
well 

•Low specificity  
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INFLUENZANET study design
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influweb.it - ISI Foundation & Istituto Superiore di 

Sanità, Italy 

grippenet.fr  - INSERM, France 

gripenet.pt - Instituto Nacional de Saúde Doutor 

Ricardo Jorge, Portugal 

flusurvey.net - Public Health England 

influensakoll.se - Public Health Agency of Sweden 

influmeter.dk - Staten Serum Institute, Denmark 

grippenet.ch - Global Health Institute, Geneva 

grippeweb.rki.de - Robert Koch Institute, Germany
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What is the definition of 
Influenza-like illness?

Sudden onset of symptoms 

AND 

at least one of the following four systemic symptoms: 
Fever or feverishness, Malaise, Headache, Myalgia 

AND 

at least one of the following three respiratory symptoms: 
Cough, Sore throat, Shortness of breath

ECDC case definition



“What if the observed symptoms are the result of a 
superposition of latent syndromes characterised by an 

unknown incidence and an unknown composition in 
terms of symptoms?” 



Data

Kalimeri et al, Unsupervised extraction of epidemic syndromes from participatory influenza 
surveillance self-reported symptoms, Plos Computational Biology 15(4): e1006173



1. Fever
2. Chills 
3. Runny/blocked nose 
4. Sneezing
5. Sore throat 
6. Cough 
7. Shortness of breath
8. Headache
9. Muscle/joint pain
10.Chest pain
11.Feeling tired (malaise)
12.Loss of appetite
13.Phlegm 
14.Watery, bloodshot eyes 
15.Nausea 
16.Vomiting
17.Diarrhoea 
18.Stomachache       
19.Sudden Onset

Weekly  
Symptoms  

Survey

boolean variables

time  
series of daily 

symptoms  
counts

X = [xij ] matrix whose elements contains the 
occurrence of symptom j on day i

Kalimeri et al, Unsupervised extraction of epidemic syndromes from participatory influenza 
surveillance self-reported symptoms, Plos Computational Biology 15(4): e1006173



• it is reasonable to expect that a specific combination of 
symptoms reported by a user is the symptomatic expression of 
one or more illnesses, i.e. syndromes, experienced by the user. 

• In accordance with this consideration, we postulate that the time 
series xij of observed symptoms counts are the result of a linear 
mixing process driven by K unknown sources, corresponding to 
the latent syndromes we want to detect. 

xij =
X

k2{1,..,K}

wik hkj + eij .

Latent Syndromes detection



X = WH+E

W = [wik] , H = [hkj ] , E = [eij ]

The mixing equations can be expressed in matrix notation: 

In this notation, the problem of detecting the unknown K 
latent sources can then be formulated as a matrix 

decomposition problem

Latent Syndromes detection



Non-negative matrix 
factorization

argminW,H

X

i,j

xij log

✓
xij

x̂ij

◆
� xij + x̂ij

The specific factorization algorithm we used in this study is a non-negative 
matrix factorization (NMF) minimizing the Kullback-Leibler loss function:

x̂ij =
X

k

wikhkjwhere

• this allows a probabilistic interpretation of the decomposition results and, 
as a consequence, a principled probabilistic way of choosing the intrinsic 
number K of latent sources or components, based on the model likelihood.



By leveraging on the same probabilistic framework, previously used in the 
context of semantic analysis of text corpora, we can then interpret the results 
of the decomposition of X as a mixture of multinomials. 

From this probabilistic point of view, by decomposing the matrix X, we are 
effectively estimating the parameters of a probabilistic model containing a 
hidden variable which corresponds to the latent component we are looking for 
and approximating the observed daily proportions of symptoms: 

Non-negative matrix 
factorization

⇡(i, j) = xij/N, N =
X

i,j

xij



⇡(i, j) ⇡ p(i, j) =
X

k

p(k) p(i, j|k)

=
X

k

p(k) p(i|k) p(j|k)

mixture of 
conditionally 
independent 
multinomials 

p(i|k) = wik/
X

i

wik, where
X

i

p(i|k) = 1

p(j|k) = hkj/
X

j

hkj , where
X

j

p(j|k) = 1,

p(k) = N
X

i

wik

X

j

hjk where
X

k

p(k) = 1.

Non-negative matrix 
factorization



Non-negative matrix 
factorization

• The total number of counts N will be proportionally split among K 
latent components according to p(k). 

• These counts will in turn be distributed in each day i according to p(i|k) 
and finally contribute to the daily symptoms counts according to p(j|k), 
which describes each component in terms of the expected proportion 
of symptoms. 

• According to this formulation, the total number of counts associated to 
a latent component k in day i will be given by:

yik = N p(i, k) = N p(k) p(i|k)



Model selection
Given a set of candidate models obtained by minimizing the loss function by 
using an increasing number of hidden components K, we would like to select 
the best one in terms of its ability to correctly describe the observed 
phenomenon.The expected value of the Kullback-Liebler loss can be 
estimated in the asymptotic limit N → ∞ leading to an approximated model 
selection criterion by means of the Akaike Information Criterion:

AICc = �2L(K) + 2P + 2
P (P + 1)

N � P � 1
,

where L(K) is the log-likelihood of the model with K latent components, P is the 
number of effective parameters of the model: P = K \, (I + J - 2) - 1 and N is the 
the total number of counts. The best model in the set will be the one minimising 
AICc.
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Kalimeri et al, Unsupervised extraction of epidemic syndromes from participatory influenza 
surveillance self-reported symptoms, Plos Computational Biology 15(4): e1006173



What’s next - I?
• Virological confirmation is needed to estimate more 
accurately the scaling factor 

• extension of the method to other countries and 
syndromes 

• Assess the validity of the method for detection of new 
emerging diseases

Kalimeri et al, Unsupervised extraction of epidemic syndromes from participatory influenza 
surveillance self-reported symptoms, Plos Computational Biology 15(4): e1006173
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