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Flu or Covid?
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Cold, Flu or 


Covid?
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Cold, Flu or 
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Diagnosis with the Bayes Theorem

What are our priors on the diseases?

No virus
Rhinovirus
Influenza
COVID-19

Disease

No
Yes

Headache

What are the probabilities of the symptoms 
given the diseases

diseasedisease
no_virusno_virus
rhinovirusrhinovirus
influenzainfluenza
covid_19covid_19

falsefalse truetrue
68.362 31.638
70.797 29.203
58.649 41.351
43.361 56.639
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Likelihood Ratio/Bayes Factor

P (D|E) = P (D)⇥ P (E|D)

P (E)

Bayes Theorem

10

Posterior Prior

Likelihood

Marginal Likelihood
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Et+1 = {ei} [ Et

Pt+1(D) = Pt(D)⇥ P (ei|D)

Pt(ei)

Pt(e
i) = P (ei|Et)

Incremental Belief Updating

11

P0(D) E0 = ; Evidence at t0
Prior - 


Belief at t0

Marginal Likelihood

Posterior - 


Belief at t+1

Evidence at t+1

P (D|E) = P (D)⇥ P (E|D)

P (E)
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Incremental Belief Updating

12

Time Step 0 Time Step 1 Time Step 2 Time Step 3

Prior p_D1 p_D2

Value: 0.678 (+0.504) 
32.20% False
67.80% True

D_3
Value: 0.296 

70.37% False
29.63% True

D_1
Value: 0.174 

82.61% False
17.39% True

D_2

Value: 0.000 
100.00% False
0.00% True

e_2
Value: 1.000 (+0.872) 

0.00% False
100.00% True

e_3

Value: 0.050 
95.00% False
5.00% True

D_0

Value: 1.000 
0.00% False

100.00% True

e_1

Time Step 0 Time Step 1

Prior p_D1

Value: 0.050 
95.00% False
5.00% True

D_1
Value: 0.050 

95.00% False
5.00% True

D_0

Value: 0.135 
86.50% False
13.50% True

e_1

Time Step 0 Time Step 1 Time Step 2

Prior p_D1 p_D2

Value: 0.296 (+0.246) 
70.37% False
29.63% True

D_1
Value: 0.296 (+0.246) 

70.37% False
29.63% True

D_2
Value: 0.050 

95.00% False
5.00% True

D_0

Value: 1.000 (+0.865) 
0.00% False

100.00% True

e_1
Value: 0.319 (+0.099) 

68.15% False
31.85% True

e_2

Time Step 0 Time Step 1 Time Step 2 Time Step 3

Prior p_D1 p_D2

Value: 0.174 (-0.122) 
82.61% False
17.39% True

D_3
Value: 0.296 

70.37% False
29.63% True

D_1
Value: 0.174 (-0.122) 

82.61% False
17.39% True

D_2

Value: 0.000 (-0.319) 
100.00% False
0.00% True

e_2
Value: 0.128 (-0.055) 

87.17% False
12.83% True

e_3

Value: 0.050 
95.00% False
5.00% True

D_0

Value: 1.000 
0.00% False

100.00% True

e_1

Value: 0.678 (+0.504) 
32.20% False
67.80% True

D

Value: 1.000 
0.00% False

100.00% True

e_1
Value: 0.000 

100.00% False
0.00% True

e_2
Value: 1.000 (+0.872) 

0.00% False
100.00% True

e_3

Value: 0.050 
95.00% False
5.00% True

D

Value: 0.135 
86.50% False
13.50% True

e_1
Value: 0.220 

78.00% False
22.00% True

e_2
Value: 0.073 

92.75% False
7.25% True

e_3

Value: 0.296 (+0.246) 
70.37% False
29.63% True

D

Value: 1.000 (+0.865) 
0.00% False

100.00% True

e_1
Value: 0.319 (+0.099) 

68.15% False
31.85% True

e_2
Value: 0.183 (+0.111) 

81.67% False
18.33% True

e_3

Value: 0.174 (-0.122) 
82.61% False
17.39% True

D

Value: 1.000 
0.00% False

100.00% True

e_1
Value: 0.000 (-0.319) 

100.00% False
0.00% True

e_2
Value: 0.128 (-0.055) 

87.17% False
12.83% True

e_3
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Value: 0.050 
95.00% False
5.00% True

D_0
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Value: 0.296 
70.37% False
29.63% True

D_1

Value: 1.000 
0.00% False

100.00% True

e_1

14
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Value: 0.174 
82.61% False
17.39% True

D_2

Value: 0.000 
100.00% False
0.00% True

e_2

Value: 1.000 
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100.00% True

e_1



  ©2021 BAYESIA SAS  - All rights reserved. No part of this document may be reproduced without Bayesia’s written permission. - Ref: LJ/AC/03-21 16

Value: 0.678 (+0.504) 
32.20% False
67.80% True

D_3

Value: 1.000 (+0.872) 
0.00% False

100.00% True

e_3

Value: 1.000 
0.00% False

100.00% True

e_1

Value: 0.000 
100.00% False
0.00% True

e_2



  ©2021 BAYESIA SAS  - All rights reserved. No part of this document may be reproduced without Bayesia’s written permission. - Ref: LJ/AC/03-21 17

Value: 0.526 (-0.152) 
47.44% False
52.56% True

D_4

Value: 0.000 (-0.355) 
100.00% False
0.00% True

e_4
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e_1
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Probability of being infected by Covid-19 this week in France

18

Initial belief on D, without any specific evidence on the particle (e.g. the patient)

P0(D)Prior

Specific piece of information on the particle

Evidence ei

The patient has been tested PCR Positive?

Updated belief on D that takes into account the specific evidence on the particle

Posterior Pt(D)

Updated risk given the positive PCR Test result

Incremental Belief Updating
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PCR Test - Causal Model

P (COVID-19)

P (PCR Test|COVID-19)

COVID-19COVID-19
FalseFalse
TrueTrue

FalseFalse TrueTrue
99.950 0.050
47.333 52.667

Specificity

Sensitivity

Value: 0.001 
99.90% False

0.10% True

COVID-19

Value: 0.001 
99.90% Negative

0.10% Positive

PCR Test

Value: 0.001 
99.90% False

0.10% True

COVID-19

Likelihood 
Function
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BF (c, p̄) =
P (c|p̄)
P (c)

= 0.47

20

PCR Test - Examples -/+

Value: 0.000 (-0.001) 
99.95% False

0.05% True

COVID-19

Value: 0.000 (-0.001) 
100.00% Negative

0.00% Positive

PCR Test

Value: 0.514 (+0.513) 
48.63% False
51.37% True

COVID-19

Value: 1.000 (+1.000) 
0.00% Negative

100.00% Positive

PCR Test

0 0.02
0.10%
(0)

F_Prevalence

BF (c, p) =
P (c|p)
P (c)

= 513.71
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Mean: 1.000 Dev: 0.022
Value: 1.000 

0.05% False +
99.95% True -

Specificity
Value: 0.001 

99.90% False
0.10% True

COVID-19

Mean: 0.527 Dev: 0.499
Value: 0.527 

47.33% False -
52.67% True +

Sensitivity

Value: 0.001 
99.90% Negative

0.10% Positive

PCR Test

0.10%

F_Prevalence

Mean: 0.001 Dev: 0.000
Value: 0.001 

99.99% 0.001
0.01% 0.02

Prevalence

21

PCR Test - Model with Hyper-Parameters

COVID-19COVID-19 SpecificitySpecificity SensitivitySensitivity

FalseFalse
00

00

FalseFalse
00

11
FalseFalse

11
00

FalseFalse
11

11

TrueTrue
00

00

TrueTrue
00

11
TrueTrue

11
00

TrueTrue
11

11

FalseFalse TrueTrue
0.000 100.000
0.000 100.000

100.000 0.000
100.000 0.000
100.000 0.000

0.000 100.000
100.000 0.000

0.000 100.000
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PCR Test - Conditional Sensitivity

SymptomsSymptoms
FalseFalse
TrueTrue

00 11
91.750 8.250
25.125 74.875

Symptoms

Mean: 0.527 Dev: 0.499
Value: 0.527 (+0.314) 

47.33% False -
52.67% True +

Sensitivity



  ©2021 BAYESIA SAS  - All rights reserved. No part of this document may be reproduced without Bayesia’s written permission. - Ref: LJ/AC/03-21

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

COVID-19 Posterior

Sensitivity

P (c|p)
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PCR Test - Sensitivity Analysis of the Test Sensitivity

Symptomatic

Asymptomatic

0 0.02
0.10%
(0)

F_Prevalence

Mean: 0.999 Dev: 0.022
Value: 0.999 

0.05% False +
99.95% True -

Specificity

Value: 1.000 
0.00% Negative

100.00% Positive

PCR Test
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PCR Test - Impact of the Prevalence

0 0.02
0.10%

F_Prevalence

0 0.02
2.00%

F_Prevalence

0 0.02
1.05%

F_Prevalence

Value: 0.000 
100.00% False
0.00% True

Symptoms

Value: 1.000 
0.00% False

100.00% True

Symptoms

Mean: 0.999 Dev: 0.022
Value: 0.999 

0.05% False +
99.95% True -

Specificity

Value: 1.000 
0.00% Negative

100.00% Positive

PCR Test

Symptoms

Mean: 0.527 Dev: 0.499
Value: 0.527 (+0.314) 

47.33% False -
52.67% True +

Sensitivity
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COVID-19COVID-19
FalseFalse
TrueTrue

FalseFalse TrueTrue
99.000 1.000
50.000 50.000

COVID-19COVID-19 SymptomsSymptoms

FalseFalse FalseFalse
FalseFalse

TrueTrue

TrueTrue FalseFalse
TrueTrue

TrueTrue

00 11
100.000 0.000
100.000 0.000
91.750 8.250
25.000 75.000

Value: 0.001 
99.90% False

0.10% True

COVID-19

0.10%

F_Prevalence

Mean: 1.000 Dev: 0.022
Value: 1.000 

0.05% False +
99.95% True -

Specificity

Value: 0.010 
98.95% False

1.05% True

Symptoms

Mean: 0.000 Dev: 0.020
Value: 0.000 

99.96% False -
0.04% True +

Sensitivity

Value: 0.001 
99.91% Negative

0.09% Positive

PCR Test

Mean: 0.001 Dev: 0.000
Value: 0.001 

99.99% 0.001
0.01% 0.02

Prevalence

PCR Test - Augmented Model
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Value: 0.001 (-0.000) 
99.95% False

0.05% True

COVID-19

Value: 0.001 (-0.000) 
99.95% Negative

0.05% Positive

PCR Test

Sensitivity

Value: 0.000 
100.00% False

0.00% True

Symptoms

Value: 0.077 (+0.077) 
92.29% False

7.71% True

COVID-19

Sensitivity

Value: 0.000 
100.00% False

0.00% True

Symptoms

Value: 1.000 (+0.999) 
0.00% Negative

100.00% Positive

PCR Test

0 0.02
0.10%

F_Prevalence

PCR Test - Augmented Model - Asymptomatic
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Value: 0.987 (+0.939) 
1.31% False

98.69% True

COVID-19

Sensitivity

Value: 1.000 (+0.964) 
0.00% Negative

100.00% Positive

PCR Test

Value: 1.000 
0.00% False

100.00% True

Symptoms

Value: 0.048 (+0.047) 
95.22% False

4.78% True

COVID-19

Sensitivity

Value: 0.036 (+0.035) 
96.37% Negative

3.63% Positive

PCR Test

Value: 1.000 
0.00% False

100.00% True

Symptoms

27

0 0.02
0.10%

F_Prevalence

PCR Test - Augmented Model - Symptomatic



  ©2021 BAYESIA SAS  - All rights reserved. No part of this document may be reproduced without Bayesia’s written permission. - Ref: LJ/AC/03-21 28

0 0.02
0.10%

F_Prevalence

0 0.02
2.00%

F_Prevalence

0 0.02
1.05%

F_Prevalence

Value: 0.000 
100.00% False
0.00% True

Symptoms

Value: 1.000 
0.00% False

100.00% True

Symptoms
Mean: 0.999 Dev: 0.022
Value: 0.999 

0.05% False +
99.95% True -

Specificity

Value: 1.000 
0.00% Negative

100.00% Positive

PCR Test

PCR Test - Impact of the Prevalence
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Covid-19 Model

pcr_48

Disease

f_influenzaf_rhinovirus

covid_marg

Contact

COVID 1st Shot

Previous
COVID

Infection

infection_effect vaccine_effect

immune_effect

contact_effect

f_covid_19

Flu Shot

COVID 2nd Shot

influenza covid_19

f_no_virusf_metapneumovirus f_respiratory_syncytial f_denguef_zika

Disease -
Priors

influenza_marg exposition_effect

f_delta_flu f_delta_covid

f_contact_effect

p_contact

Chills

Cough

Diarrhea

Dysphagia

Dysphonia

Dyspnea

Face Pain

Fatigue

Fever

Hyposmia/Anosmia

Loss of
Appetite

Myalgia

Nasal
Congestion

Nausea or
Vomiting

Otalgia

Postnasal Drip

Rhinorrhea

Sneezing

Sore Throat

Sputum
Production

Wheezing

Abdominal Pain

Arthralgia

Chest Pain

Headache

Conjunctivitis

Dysgeusia

Symptomatic

PCR Test

COVID Bayes
Factor
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f_influenzaf_rhinovirus

covid_marg infection_effect vaccine_effect

immune_effect

contact_effect

Flu Shot

influenza

f_no_virusf_metapneumovirus f_respiratory_syncytial f_denguef_zika

influenza_marg exposition_effect

f_delta_flu f_delta_covid

f_contact_effect COVID 2nd ShotContact

f_covid_19

p_contact

covid_19

Disease

Disease -
Priors

COVID 1st Shot

Previous
COVID

Infection

Covid-19 Model - Upper Part (Context)
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Disease - Priors
Value: 0.021 

98.76% No virus
1.00% Rhinovirus
0.01% Metapneumovirus (hMPV)
0.01% Respiratory syncytial (hRSV)
0.10% Influenza
0.10% COVID-19
0.01% Dengue
0.01% Zika

Priors

Name (2)Name (2) TypeType ValueValue
R Real 1.15
NbContacts Integer 10
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Covid Probability with Context

p_contact

f_contact_effect Contact

contact_effect covid_marg_effect

exposition_effect

Previous
COVID

Infection

infection_effect vaccine_effect

immune_effect

COVID 2nd Shot

Disease - Priors

COVID 1st Shot

covid_19

?exposition_effect? & !?immune_effect?
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Exposition Effect

p_contact

f_contact_effect

Disease - Priors

Contact

contact_effect

exposition_effect

covid_marg_effect

disease_priordisease_prior
no_virusno_virus
rhinovirusrhinovirus
metapneumovirusmetapneumovirus
respiratory_syncytialrespiratory_syncytial
influenzainfluenza
covid_19covid_19
denguedengue
zikazika

ValueValue
False
False
False
False
False
True
False
False

?covid_marg_effect? | ?contact_effect?
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Contact Effect

p_contact

contact_effect

f_contact_effect

Disease - Priors

Contact

min(1, StateProb(?disease_prior?, "covid_19")*?NbContacts?)

if(?contact?,?p_contact?,1-?p_contact?)+1.0E-14

if(?contact?, 
    if(?contact_effect?, ?f_contact_effect?, 1-?f_contact_effect?), 
    if(?contact_effect?, 0, 1))

?R?/?NbContacts?
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Immune Effect

?infection_effect? | ?vaccine_effect?

Previous
COVID

Infection

infection_effect vaccine_effect

immune_effect

COVID 2nd Shot

COVID 1st Shot

infectedinfected
falsefalse
truetrue

falsefalse truetrue
100.000 0.000
15.200 84.800

vaccine_2dvaccine_2d vaccine_1dvaccine_1d

falsefalse falsefalse
falsefalse

truetrue

truetrue falsefalse
truetrue

truetrue

falsefalse truetrue
100.000 0.000
50.000 50.000
5.000 95.000
5.000 95.000
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Flu Probability with Context

influenza_...influenza_... flu_shotflu_shot

FalseFalse falsefalse
FalseFalse

truetrue

TrueTrue falsefalse
TrueTrue

truetrue

FalseFalse TrueTrue
100.000 0.000
100.000 0.000

0.000 100.000
50.000 50.000

Disease - Priors

influenza_marg

influenza

Flu Shot
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StateProb(?influenza_marg?, True)-StateProb(?influenza?, True)

StateProb(?disease_prior?,"no_virus")+?f_delta_covid?+?f_delta_flu?
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Deltas with Context

StateProb(?covid_marg?,True)-StateProb(?covid_19?,True)

f_no_virus

f_delta_flu f_delta_covid

influenza

influenza_marg

covid_marg covid_19
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Max(0, IfElseIf(

   ?disease?=“no_virus", ?f_no_virus?,

   ?disease?="rhinovirus", ?f_rhinovirus?,

   ?disease?="metapneumovirus", ?f_metapneumovirus?,

   ?disease?="respiratory_syncytial", ?f_respiratory_syncytial?,

   ?disease?="influenza", ?f_influenza?,

   ?disease?="covid_19", ?f_covid_19?,

   ?disease?="dengue", ?f_dengue?, 

   ?f_zika?))
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Diseases Probabilities with Deltas

f_influenzaf_rhinovirus f_covid_19f_metapneumovirus f_respiratory_syncytialf_dengue f_zika

Disease - Priors

Disease

f_no_virus

f_delta_covid

influenza

influenza_marg

covid_marg covid_19

f_delta_flu
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Chills

Cough

Diarrhea

Dysphagia

Dysphonia

Dyspnea

Face Pain

Fatigue

Fever

Hyposmia/Anosmia

Loss of
Appetite

Myalgia

Nasal
Congestion

Nausea or
Vomiting Otalgia

Postnasal Drip

Rhinorrhea

Sneezing

Sore Throat

Sputum
Production

Wheezing

Abdominal Pain

Arthralgia

Chest Pain

Headache

Conjunctivitis

Dysgeusia

PCR Test

Symptomatic

pcr_48

Disease

Covid-19 Model - Lower Part (Symptoms)
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diseasedisease
no_virusno_virus
rhinovirusrhinovirus
metapneumovirusmetapneumovirus
respiratory_syncytialrespiratory_syncytial
influenzainfluenza
covid_19covid_19
denguedengue
zikazika

falsefalse truetrue
95.192 4.808
71.105 28.895
80.153 19.847
77.483 22.517
93.572 6.428
34.697 65.303
100.0... 0.000
91.667 8.333
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Conditional Probabilities given by a group of Doctors
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BayesiaLab Adaptive Questionnaire



  ©2021 BAYESIA SAS  - All rights reserved. No part of this document may be reproduced without Bayesia’s written permission. - Ref: LJ/AC/03-21 42

BaysesiaLab WebSimulator

https://simulator.bayesialab.com/
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Bayesia Server
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Bayesia Covid-19 REST API



  ©2021 BAYESIA SAS  - All rights reserved. No part of this document may be reproduced without Bayesia’s written permission. - Ref: LJ/AC/03-21 44

Bayesia Covid-19 REST API

The pieces of evidence are sent in HTTPS to the WebService


The WebService returns the posterior probability distribution of the Target node Disease and the next 
question


Each request sent to the WebService carries all the information associated with the diagnosis session

Bayesia Server
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{ 

“targetProbabilities": {


    "name": "disease",

    "label": "Disease",

    "states": [

      "No virus",

      "Cold",

      "Metapneumovirus (hMPV)",

      "Respiratory Syncytial (hRSV)",

      "Flu",

      "COVID-19",

      "Dengue",

      "Zika"

    ],

    "probabilities": [

      0.9866159465333351,

      0.009999999999999995,

      0.00009999999999999998,

      0.00009999999999999999,

      0.00095,

      0.002034053466664898,

      0.00009999999999999996,

      0.00009999999999999998

    ],

}


{"language": "en"}

“question": {

    "name": "contact",

    "label": "Do you think you have been 
in contact with a confirmed case of 
COVID-19 in the past 7 days?",

    "states": [

      {

        "label": "Yes",

        "state": 1

      },

      {

        "label": "I don't know",

        "state": -1

      }

    ],

    "number": 1,

    "total": 34

  }


No virus
Rhinovirus
Metapneumovirus (hMPV)
Respiratory syncytial (hRSV)
Influenza

COVID-19
Dengue
Zika

disease

Bayesia Covid-19 REST API - Example Step 1
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  "question": {

    "name": "infected",

    "label": "Did you get COVID during 
the last 6 months?",

    "states": [

      {

        "label": "Yes",

        "state": 1

      },

      {

        "label": "No",

        "state": 0

      },

      {

        "label": "I don't know",

        "state": -1

      }

    ],

    "number": 2,

    "total": 34

  },


{"language": "en",

  "observations": [

    {"name": "contact","state": 1 }]

}

{

  "targetProbabilities": {

    "name": "disease",

    "label": "Disease",

    "states": [

      "No virus",

      "Cold",

      "Metapneumovirus (hMPV)",

      "Respiratory Syncytial (hRSV)",

      "Flu",

      "COVID-19",

      "Dengue",

      "Zika"

    ],

    "probabilities": [

      0.8789558445287765,

      0.009999999999999995,

      0.00009999999999999998,

      0.00009999999999999999,

      0.0009499999999999997,

      0.1096941554712233,

      0.00009999999999999996,

      0.00009999999999999998

    ],


No
Yes

contact

No virus
Rhinovirus
Metapneumovirus (hMPV)
Respiratory syncytial (hRSV)
Influenza

COVID-19
Dengue
Zika

disease

Bayesia Covid-19 REST API - Example Step 2
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No virus
Rhinovirus
Metapneumovirus (hMPV)
Respiratory syncytial (hRSV)
Influenza

COVID-19
Dengue
Zika

disease
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  "question": {

    "name": "vaccine_1d",

    "label": "Did you get your first 
shot of COVID vaccine?",

    "states": [

      {

        "label": "Yes",

        "state": 1

      },

      {

        "label": "No",

        "state": 0

      },

      {

        "label": "I don't know",

        "state": -1

      }

    ],

    "number": 3,

    "total": 34

  },

{"language": "en",

  "observations": [

    { "name": "contact", "state": 1 },

    { "name": "infected", "state": 0}]

}

{

  "targetProbabilities": {

    "name": "disease",

    "label": "Disease",

    "states": [

      "No virus",

      "Cold",

      "Metapneumovirus (hMPV)",

      "Respiratory Syncytial (hRSV)",

      "Flu",

      "COVID-19",

      "Dengue",

      "Zika"

    ],

    "probabilities": [

      0.8740988769097501,

      0.009999999999999997,

      0.0001,

      0.00010000000000000002,

      0.0009500000000000002,

      0.11455112309024998,

      0.00009999999999999999,

      0.0001

    ],


No
Yes

infected

No
Yes

contactBayesia Covid-19 REST API - Example Step 3
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  "question": {

    "name": "infected",

    "label": "Did you get COVID during 
the last 6 months?",

    "states": [

      {

        "label": "Yes",

        "state": 1

      },

      {

        "label": "No",

        "state": 0

      },

      {

        "label": "I don't know",

        "state": -1

      }

    ],

    "number": 2,

    "total": 34

  },


{"language": "en",

  "observations": [


{“name": "contact","state": 1},

{“name": "infected","state": 0},
{“name": "vaccine_1d","state": 0}]


}

{

  "targetProbabilities": {

    "name": "disease",

    "label": "Disease",

    "states": [

      "No virus",

      "Cold",

      "Metapneumovirus (hMPV)",

      "Respiratory Syncytial (hRSV)",

      "Flu",

      "COVID-19",

      "Dengue",

      "Zika"

    ],

    "probabilities": [

      0.8789558445287765,

      0.009999999999999995,

      0.00009999999999999998,

      0.00009999999999999999,

      0.0009499999999999997,

      0.1096941554712233,

      0.00009999999999999996,

      0.00009999999999999998

    ],


No
Yes

vaccine_1d

No
Yes

infected

No
Yes

contact

No virus
Rhinovirus
Metapneumovirus (hMPV)
Respiratory syncytial (hRSV)
Influenza

COVID-19
Dengue
Zika

disease

Bayesia Covid-19 REST API - Example Step 4
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REST API - Swagger

https://simcovideval.bayesialab.com/swagger-ui.html#/inference-service

https://simcovideval.bayesialab.com/swagger-ui.html#/inference-service
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FutCov Website & SEICov App


