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Daniel Bernoulli’s life
February 9th 1700 (Groningen, NL) — March 17th 1782 (Basel, Switzerland)

with his father Jean and uncle Jacques
(student of Leibnitz)

+ Receiving a M.D. degree (1721), after
studying philosophy, logic, and medicine
at universities of Heidelberg, Strasbourg,
and Basel

« Lecturing in St Petersburg until 1732, in
medicine, mechanics, and physics

+ Returning to University of Basel, and
accepting a post in anatomy and botany.

Bernoulli D (1760). Essai d'une nouvelle analyse de 1a mortalité causée par la
petite vérole, et des avantages de 1'inoculation pour la prévenir. Paris: Acad. Roy. Sci.
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Bernoulli s Model

States variables

Infected A and immune W, immunized for tne rest of thei
life after one infection.

* y(a): probability for a newborn individual to be susceptible
(and alive) at age a. S(a) = U(a)+A@)+W(a)
* w(a): probability to be immune (and alive) at age a.

Susceptible == Immune

u(a) = U(a)/S(a) w(a) = W(a)/S(a)

Death of susceptibles and Death of immunes
Death of infected non-immunized ‘

BDD l 3
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Bernoulli’ s Model

Differential equations

u w

i Immune
Susceptible mﬂ

u(a)U(a) + c(a)A(a) H(a)W(a)
Cross term
du ) /\
— = —|Ala a)lula
P [A(a) + u(a)]u(a)
dw

7= 1 — c(a)]i(a)u(a) — pla)w(a)
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SIRS model
Ross (1916) & McKendrick (1925)

£

Susceptible > Infected
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The SIRS model
I

—

/a

- -

The SIRS model allows for a loss of immunity causing
recovered individuals to become susceptible again.
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" Probabilisticapproach

At least one event (contact v, birth f, death u) in (¢, t+df), and, if I=N-S:

P(S(t+df)=k) = (1-vk(N-k)d?) P(S()=k) + fdt P(S(t)=k-1) - udt P(S(t)=k+1)

By multipyling by sk and summing over k, we prove, if S and / are independent,
that they are Poisson, whose expectation E(S) verifies (by multiplying by k and
summing over K):

dE(S)/dt ~ FE(S) - vE(SI) - uE(S)
~-vE(S)E(l), iff=p
Stability parameters =

1) Dominant eigenvalue of ODE’s Jacobian matrix (Malthus) r oy ,
3) KS evolutionary entropy of the Markov process (Demetrius) M. Delbriick 1940

M. DELBRUCK. Statistical fluctuations in autocatalytic reactions. Journal of Chemical Physics 8, 120-124 (1940)
C.J. RHODES & L. DEMETRIUS. Evolutionary entropy determines invasion success in emergent epidemics. PloS ONE,

5, €12951(2010).
J. DEMONGEOT & L. DEMETRIUS. Complexity and Stability in Biological Systems. Int. J. Bifurcation & Chaos, 25,

40013 (2015).
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If at least one event (contact v, birth f, death p or recovering p) occurs in (t, t+dt), we have

if births compensate deaths, leavin

P(S(t+dt)=k, I(t+dt)=N-k) = (1 - [uk + vk(N-k) - fk - p(N-k)]dt) k,I(t

+ [f(k-1)+p(N-k+1)]dt P(S(t)=k-1, I(t)=N- k+1)

- [u(k+1) + Uk+1)(N-k-1)]dt P(S(t)=k+1, I(t)=N-k-1)
Hence, we have:

dP(S(t)=k, I(t)=N-k)/dt = [P(S(t+dt)=k, I(t+dt)=N-k) - P(S(t)=k, I(t)=N-k)]/dt =
- [uk + vk(N-k) - fk - po(N-k)] P(S(t)=k, I(t)=N-k)

+ [f(k-1)+p(N-k+1)] P(S(t)=k-1, I(t)=N-k+1)

- [u(k+1)+ U k+1)(N-k-1)] P(S(t)=k+1, I(t)=N-k-1),

and, if P,(t) denotes P(S(t)=k, I(t)=N-k):
dP,(t)/dt = [uk + VK(N-k) - fk - o(N-k)] Pi(t) + [f(k-1) + o(N-k+1)] Py.,(t)
- [u(k+1)+ U k+1)(N-k-1)] Pjs(t)

Then, by multipyling by sk and summing over k, we obtain the characteristic function
of the random variable S, which is proven to be a Poisson random variable if the parameters
1, f, M and pare sufficiently small. If births do not compensate deaths, we have:
P(S(t+dt)=k,I(t+dt)=]) = (1- [uk +vkj - fk - pj]dt) P(S(t)=k,I(t)=))

+ [f(k-1)+p(j+1)]dt P(S(t)=k-1,I(t)=j+1)

- [p(k+1) + Uk+1)(j-1)]dt P(S(t)=k+1,I(t)=j-1)
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The SIRS Model Equations
\
dS/dt = fS-vSI-puS + YR

di/dt =vSI-cl - (1-0)l

dR/dt = (1-c)I - YR
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Bernoulli, 1760

d’Alembert, 1761
Lambert, 1772
Delbriick, 1940 Verhulst, 1838
Bartholomay, 1958 Ronald Ross, 1916
. McKendrick, 1925
McQuarrie, 1967 Dr Pasteur Institute Kausali
Gillespie, 1970 Ronald Fisher & KPP, 1937
Multi-agent or IBM discrete ODE or PDE continuous
stochastic models deterministic models
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Generation 0
Generation 1

Generation 3

Notes on RO
JH Jones
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From The Editor

By Chris Evans, Editor

The best of The Telegraph's articles, sent by the Editor

Dear reader,

The Government’s new “Stay Alert” message is now in full force and adverts
are continually springing up to remind us of the importance of “controlling
the R rate” to save lives. Sarah Knapton, our science editor, explains
precisely what the R rate is in this excellent piece and analyses how

reopening schools might impact on it.
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The average number of secondary cases arising from an
average primary case in an entirely susceptible population.

The basic reproduction number (basic reproductive rate, basic
reproductive ratio R,) of a contagious disease is the number of
cases than a case of the disease generates (on an average) over
the course of its infectious period in a susceptible population.

# If a<<1, then dl/dt = vSI, dLogl/dt = vS, and if I(0) =1and S'is
quasi-constant (equal to S) at start of the epidemics:
Log(I(t)) = v/J 0.5(t)dT = vSt,
if Log(I(t)) = Log(R,)t, then
R,~ e =1+VS, if vS << 1

BDD 13 03/07/2020



— Cumulated cases (Log scale)
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Reproduction number ( Sequential Bayesian )
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Restrictions:

- IfS(0)is very large and I(0) small, then let use a
saturation term rSI/(1+S)

- If the total population remains stable (f=p), then
S+I=N and S and | are not independent

- If the population is heterogeneous (e.g., if
infectivity and susceptibility depends on age),
then R, does not represent the initial exponential
growth rate of infected
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® Serum = Sputum = Stool » Swab ® Urine

1
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J. DEMONGEOT, Y. FLET-BERLIAC & H. SELIGMANN Temperature decreases spread parameters of

oo the new covid-19 cases dynamiés. Biology (Basel), 9, 94 (2020). 03/o7/2020



Modele auto-régressif ARp

On dit que (X;) est un processus auto-régressif d'ordre p (centré)
s'il s'écrit

p
Xe =€+ ) aXej, (1)
j=1

ol ¢, est un bruit blanc centré de variance o2.

X; est alors :

» |a somme d'un choc aléatoire a l'instant t, ¢;, indépendant de
I"historique
' . . o ’ p ] )
» d’une fonction linéaire de son passé }_;_; aj X
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ARIMA (3,1,00 ARIMA (4,10) ARIMA (51,0) ARIMA (6,1,00 ARIMA (3,1,1)

Country P esidual STD Residual STD Residual STD Residual STD Residual STD
France 51.85 46.80 45.83 41.25 48.06
Italy 252.72 198.51 184.90 230.10
Germany 99.98 9997 99.96 95.54 9997
Chile 1.99 2.00 1.78
China 361.52 344.30 34350 342.61 349.15
107 @ Serum = Sputum = Stool » Swab ® Urine
9 4
g0
3 7.
% 6

Number of patents
-
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J. DEMONGEOT, Y. FLET-BERLIAC & H. SELIGMANN Temperature decreases spread parameters of
oo the new covid-19 cases dynamiés. Biology (Basel), 9, 94 (2020). 03/07)2020
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If the model is deterministic, if X; denotes the number of new cases at Hay j, and if the
contagious period is made of r consecutive days, with Ry the marginal reproduction rate at
day k of the contagious period, we have:

X; = Ske,r Ri Xjk

It is easy to show that, if X,=1and r=5:
Xs= R+ 4R 3R, + 3R?R; + 3RR,> +2R,R5 + 2R R, + R,

If R, et R;are dominant and equal to R/2, then X, behaves as 2R,R; = R?/2; More generally,
If R1=a,R,=bandR;=c¢, we get:

X, =a’+ 6a°b + 5a4c + 10a3b? + 12 a’bc + 4ab3 + 3b%c + 3ac?, etc.
If R,and R; equal respectively a and b, and if a=b=R/2, c=0, then X; behaves like:

Xs=R5/32 + R4/4 + 3R3/8

If R =1, {X}i-, » is the Fibonacci sequence, and more generally, the generalized Fibonacci one.
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Suppose that b = 0 and a depends on the day j: a;=aC(j), where s the number
of possible susceptibles recruitable by infectious at day j. If cumulated infected individuals
(supposed to be all infectious) at day j are denoted by I, we have:

Xj = A’]/Al = ’]— ’j-1 = aC(])’H

Suppose that the first infected are recruited at the center of its sphere of influence and that
the secondary infected individuals remain in this sphere, by widening the radius on day j,

therefore the susceptibles C (j), where each infected on day j- 1 recruits a decreasing part of
the sphere of influence:

The function C(j) decreases due to the bulk on the successive spheres and we can consider the
following functional form C(j)= S(j)/(c+S(j)), where S(j) is the number of susceptibles at day j.

BDD 03/07/2020
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Then, we can write the following equation taking into account the mortality:
X] = A’]/AI = aC(])’H =d ’i-1 S(])/(C+S(])) - H’j_m,

The corresponding continuous equation is close to the SIR equation, if c is great before S:
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Mexico
Pakistan
Turkey

Germany

Saudi Arabia

France
South Africa

BDD

North America

Total
Cases

10,711,503
2,759,423
1,426,913

654,405
605,216
313,483
296,739
285,213
282,043
240,760
230,211
226,089
213,470
201,098
196,296
194,225
165,719

159,333

Asia

New
Cases

+132,609
+31,570
+18,428
+6,556
+19,424
+829

+388

+2,650
+182
+2,549
+5,432
+4,133
+1,192
+464
+3,402
+918

+8,124

South America Africa Oceania

Total
Deaths

1 516,664
130,496
60,194
9,536
17,848
43,906
28,363
9,677
5,753
34,788
10,958
27,769
4,395
5,150
9,059
1,698
29,861

2,749

New Total
Deaths Recovered

+3,4537 | 5,862,515
1,148,875
790,040
422,931
359,891
N/A

N/A
174,535
245,443
190,717
191,487
134,957
100,802
175,422
179,800
132,760
76,539

76,025

Active
Cases

4,332,324

1,480,052
576,679
221,938
227,477

NA
NA
101,001
30,847
15,255
27,766
63,363
108,273
20,526
7,437
59,767
59,319
80,559

23

Serious,
Critical

57,767

15,803
8,318
2,300
8,944

238
617
1,185
2,106
87
3,081
378
2,741
1,035
329
2,272
582

539

Tot Cases/
1M pop

1,374

8,337
6,713
4,484
439
4,618
6,347
8,651
14,754
3,982
2,741
1,754
967
2,384
2,343
5,579
2,539

2,687

Deaths/
1M pop

66.3

394

283

65

13

647

607

294

301

575

130

215

20

61

108

49

457

46

Total
Tests

34,519,617
3,070,447
19,852,167
8,826,585
9,662,051
5,448,984
1,679,386
1,109,792
5,445,476
1,693,242
581,580
1,305,510
3,433,963
5,873,563
1,674,487
1,384,633

1,666,939

Tests/

1M pop

104,288
14,445
136,035
6,396
142,327
116,544
50,937
58,056
90,065
20,160
4,511
5,911
40,717
70,103
48,102
21,213

28,107

Population

331,002,277
212,558,178
145,934,619
1,379,974,505
67,886,052
46,754,824
32,969,875
19,115,944
60,461,520
83,988,944
128,929,303
220,861,534
84,336,637
83,784,248
34,811,071
65,273,746
59,305,978

03/07/2020



Covid-19 dynamics

Cumulated R

R'(t , Reported cases
250000 | U’ (t) = I (t) — nU(t) .
:
o 4000— |
2
£ 3000, ]
2 R Reported cases

2000/ )
1000 U Unreported casé
0 . ‘ .
0 10 20 30 40 50 60
time in day

Liu, Z.; Magal, P.; Seydi, O.; Webb, G. Understanding Unreported Cases in the COVID-19 Epidemic Outbreak in Wuhan,

China, and the Importance of Major Public Health Interventions. Biology 2020, 9, 50.
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Country Trend change

Germany 2020-04-04

French 2020-04-01

Italy 2020-03-22

Morocco

2020-04-17

(=

2020-04-12

2020-04-26

2020-04-01

Linear term
0.3860(0.0322)
0.4094(0.0238)
0.3410 (0.0205)
0.1882(0.0382)
0.3403 (0.0169)
0.4489(0.0251)

0.3957(0.0267)

Quad. term
-0.0051(0.0008 )
-0.0054(0.0006 )
-0.0045 (0.0006)
-0.0018(0.0011)
-0.0037 (0.0004)
-0.0048(0.0004)

-0.0051(0.0006)

Linear term
-0.0638(0.0091)
-0.0508(0.0220)
-0.0090 (0.0049)
0.0025 (0.0254)
0.0230 (0.0101)
-0.0092 (0.0217)

-0.0639 (0.0131)

L. Hobbad, M. Alahiane, M. Rachdi, I. OQuassou, JD

25

Before resp. date (sd) After resp.date (sd)

Quad. term
3e-04(4e-04)
o(o)

-5e-04 (2e-04)
-6e-04(7€-04)
-9e-04 (3e-04)
1€-04 (8e-04)

0 (3e-04)
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Dependence on air ambiant
temperature
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La carte du déconfinement

Situation au 3 mai

Départements
éligibles au
déconfinement
selon |e protocole
prévu

B Départements
dont le décon-
finement
pourrait étre
durci

B Départements
incertains

https://www.reddit.com/r/MapPorn/comments/7rgéuh/average_nttp://www.leparisien.fr/societe/coronavirus-135-deces-
annual_temperature_in_departments_of/ en-24-heures-une-nouvelle-carte-de-deconfinement-03-05-2020-8310096.ph

BDD 29 03/07/2020



https://www.reddit.com/r/MapPorn/comments/7rq6uh/average_
http://www.leparisien.fr/societe/coronavirus-135-deces-

Prench Reglons 2020 New Cases vs. Previous Day

Temp 411 511 6I11 71 10IIT 15101 23100 25101

Auvergne-Rhone-Alpes 11.00 49 15 11 27 49.0 548 1509 1815
Bourgogne-Franche-Comté 10.00 16 23 39 51 <20 676 1108 1110
Bretagne 1153 23 6 3 8 143 270 340 565
Centre-Val de Loire 10.73 0 2 9 5 1.0 140 340 1000
Corse 1413 0 3 0 2 123 146 99 155

Grand Est 9.00 38 39 59 114 797 2014 3450 6115
Hauts de France 10.40 65 9 23 76 253 580 913 2420

lle de France 10.80 55 21 13 15 1213 2756 5456 7245
Normandie 10.53 2 - 5 0 9.7 216 454 885
Nouvelle- Aquitaine 1340 5 3 3 6 133 190 655 1180
Occitanie 12,60 9 2 7 18 11.3 360 646 1575

Pays de la Loire 11.40 7 1 8 2 43 154 231 375
Provence-Alpes-Cote d'Azur  11.80 13 5 8 12 240 562 1399 2085
Pearson Rx100 ~48.95 -68.34 ~74.73 -65.17 -343 -481 -435 -438

BDD
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O Spain

USA France

03 ‘ Austria
. ° °

Germany
O

o
. Nether,
Switzerland ..

2 o = Australia

o o

Bahrain

S Korea

y = 0.3979¢003x
R*=0.3231

Sloge of daily increase in cgmulated cases

Singapore

0 S 10 15 20 25 30 35 40

Mean annual temperature+10

Figure 4. Slope of exponential model fitted to data in Table 3 as a function of mean annual temperature
D

**”in that country. The Pearson correlation coefficient is R =—.568, one-tailed p = 0.0036.
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Dependence on genomic factors
of the susceptible population
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'La carte dudéconfinement

’ Situation au 3 mai

Départements
éligibles au
déconfinement

selon le protocole
prévu

Taux de prévalence
standardisé (%)

I:J 252353
] 3538
[ seras

' : durci
4 I Départements
- : incertains
4,25-781

[l Départements
dont le décon-
finement
pourrait étre
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Genomic
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Capsid contraction

(b) ENTRY

(c) REPLICATION

(d) ASSEMBLY

(a) ATTACHMENT
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l Transcription, capping Non coding DNA
‘m7GpppN
‘ P Y pri-miRNA
‘ Transcription
G Exonl intron  “Exon2 | )} pre-mRNA
Endonucleolytic cleavage;
poly(A) addition
: Nucleus
|G o— D AAA)AGH 3 ,
Ao Drosha Enzyme pre-miRNA
* Spllclng hairpin

Export GIRNA Exl:;%
o T AAA)AG 3 N\
Export

\ Cytoplasm

Some viral mMRNAs
5" [cI D AA(A)ACH 3'
Translation L /
Protein 5 AAA)AGH 3'

lTransIation \ L A

V Protein mRNA/miRNA pairing
Protein/miRNA interaction 7/2020
Viral 5’UTR pairing
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Generation of retroviral genomic RNA
from integrated retroviral DNA

LTR Codlng region LTR Host-cell DNA

Integrated
retroviral 4”3 RIU

- - Rjusf—x=
Start site Poly(A) site

l RNA polymerase |l

Py : NANANANANN 3’
transcript S

RNA-processing enzymes
Poly(A) polymerase

Retroviral
RNA FaVaWVaWaWe WaH (A)

genome

Ref: Molecular cell biology(lodish et all. 2008)
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Beneficial Functions of HERVSs

* Enhancement and promotion of gene expression
« HERV-E LTR

~ enhancer for endothelin B receptor and apolipoprotein C- |
« HERV-H LTR

» enhancer activities in embryonic and hematopoietic cells

* Would be considered as “foreign™
* Could trigger B-cells to produce antibodies against them
* (Cross-react with other proteins of our bodies

e Molecular mimicry mechanism

BDD 40 03/07/2020
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Homo sapiens endogenous retrovirus HERV-K102, complete sequence GenBank: AF164610.1: 1112-2596 Gag protein

ATGGGGCAAACTAAAAGTAAAATTAAAAGTAAATATGCCTCTTATCTCAGCTTTATTAAAATTCTTTTAA
AAAGAGGGGGAGTTAAAGTATCTACAAAAAATCTAATCAAGCTATTTCAAATAATAGAACAATTTTGCCC
ATGGTTTCCAGAACAAGGAACTTTAGATCTAAAAGATTGGAAAAGAATTGGTAAGGAACTAAAACAAGCA
GGTAGGAAGGGTAATATCATTCCACTTACAGTATGGAATGATTGGGCCATTATTAAAGCAGCTTTAGAAC
CATTTCAAACAGAAGAAGATAGCGTTTCAGTTTCTGATGCCCTTGGAAGCTGTATAATAGATTGTAATGA
AAACACAAGGAAAAAATCCCAGAAAGAAACGGAAGGTTTACATTGCGAATATGTAGCAGAGCCGGTAATG
GCTCAGTCAACGCAAAATGTTGACTATAATCAATTACAGGAGGTGATATATCCTGAAACGTTAAAATTAG
AAGGAAAAGGTCCAGAATTAGTGGGGCCATCAGAGTCTAAACCACGAGGCACAAGTCATCTTCCAGCAGG
TCAGGTGCCCGTAACATTACAACCTCAAAAGCAGGTTAAAGAAAATAAGACCCAACCGCCAGTAGCCTAT
CAATACTGGCCTCCGGCTGAACTTCAGTATCGGCCACCCCCAGAAAGTCAGTATGGATATCCAGGAATGC
CCCCAGCACCACAGGGCAGGGCGCCATACCCTCAGCCGCCCACTAGGAGACTTAATCCTACGGCACCACC
TAGTAGACAGGGTAGTGAATTACATGAAATTATTGATAAATCAAGAAAGGAAGGAGATACTGAGGCATGG
CAATTCCCAGTAACGTTAGAACCGATGCCACCTGGAGAAGGAGCCCAAGAGGGAGAGCCTCCCACAGTTG
AGGCCAGATACAAGTCTTTTTCGATAAAAATGCTAAAAGATATGAAAGAGGGAGTAAAACAGTATGGACC
CAACTCCCCTTATATGAGGACATTATTAGATTCCATTGCTCATGGACATAGACTCATTCCTTATGATTGG
GAGATTCTGGCAAAATCGTCTCTCTCACCCTCTCAATTTTTACAATTTAAGACTTGGTGGATTGATGGGG
TACAAGAACAGGTCCGAAGAAATAGGGCTGCCAATCCTCCAGTTAACATAGATGCAGATCAACTATTAGG
AATAGGTCAAAATTGGAGTACTATTAGTCAACAAGCATTAATGCAAAATGAGGCCATTGAGCAAGTTAGA
GCTATCTGCCTTAGAGCCTGGGAAAAAATCCAAGACCCAGGAAGTACCTGCCCCTCATTTAATACAGTAA
GACAAGGTTCAAAAGAGCCCTATCCTGATTTTGTGGCAAGGCTCCAAGATGTTGCTCAAAAGTCAATTGC
CGATGAAAAAGCCCGTAAGGTCATAGTGGAGTTGATGGCATATGAAAACGCCAATCCTGATGTCAATCAG
CCATTAAGCCATTAA

Observed 50 ancient pentamers (red) among 1481 possible = 3.4% (expected 2.1%%0.5%)

Figure 5. Complete RNA sequence of the Gag protein of the virus HERV-K102 [36]. The green
subsequence of length 14 (271-285) is present in the RN A sequence of the protein S of the virusl Covid-
19 [22]. Red: pentamers belonging to ancient circular RNAs as measure of the genomic structure's
age in evolution [7,8].
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CCTACTTGGCGTGTTTATTCTACAGGTTCTAATGTTTTTCAAACACGTGCAGGCTGTTTAATAGGGGCTG
AACATGTCAACAACTCATATGAGTGTGACATACCCATTGGTGCAGGTATATGCGCTAGTTATCAGACTCA
GACTAATTCTCCTCGGCGGGCACGTAGTGTAGCTAGTCAATCCATCATTGCCTACACTATGTCACTTGGT

China Malaysia US QHD43416.1:p.682 R>Q 2045 cGg-cCAg

GCAGAAAATTCAGTTGCTTACTCTAATAACTCTATTGCCATACCCACAAATTTTACTATTAGTGTTACCA
CAGAAATTCTACCAGTGTCTATGACCAAGACATCAGTAGATTGTACAATGTACATTTGTGGTGATTCAAC
TGAATGCAGCAATCTTTTGTTGCAATATGGCAGTTTTTGTACACAATTAAACCGTGCTTTAACTGGAATA
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Homo sapiens microRNA let-7e, microRNA NCBI Reference Sequence: NR _029482.1
5'-CTGAGGTAGGAGGTTGTATAGT-3’' let-7e
3’'-GGCTTTATTCTGCAAGCAATCA-S5' Homo sapiens gamma-globin 2

5’ ~-CTGAAGTAGTGGAGATTAATGT-3’ Protein S Covid-19

J. DEMONGEOT, E. DROUET, A. MOREIRA, Y. RECHOUM & S. SENE.Micro-RNAs: viral genome and
robustness of the genes expression in host. Phil. Trans. Royal Soc. A, 367, 4941-4965 (2009).
J. DEMONGEOT & H. SELIGMANN. Covid-19 and miRNA-like inhibition power. Biology (submitted).
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Homo sapiens interferon regulatory factor 1 (IRF1), transcript variant 5, non-coding RNA NCBI RefSeq: NR_149069.2
AGAGCTCGCCACTCCTTAGTCGAGGCAAGACGTGCGCCCGAGCCCCGCCGAACCGAGGLCCACCCGGAGCe
GTGCCCAGTCCACGCCGGCCGTGCCCGGCGGCCTTAAGAACCCGGCAACCTCTGCCTTCTTCCCTCTTCC

TGCACGGGCGGCTCCTCTTAAT protein S Covid-19

ACTCGGAGTCGCGCTCCGCGCGCCCTCACTGCAGCCCCTGCGTCGCCGGGACCCTCGCGCGCGACCGCCG
AATCGCTCCTGCAGCAGAGCCAACATGCCCATCACTCGGATGCGCATGAGACCCTGGCTAGAGATGCAGA
TTAATTCCAACCAAATCCCGGGGCTCATCTGGATTAATAAAGTGAGTGTAACTCTTTGGGTTTTCCTGCC
ACTGTTTTAACCCATGTACTTCTGGAGGGACCAAAGCTTCAGATGCAGCTCAAAAAGGGAAGTGATAACG
GGACAAGCAGGTGTTTCTCCCAGTGGGTCCTGCATGCAGGGAGTGTGCACGGCCCAGCCTGGGCCTCACT
TGCATGACTCCTGCCTTCTTCCCTTCTTGAGGTAGGGCACCCACCTGAAGGCACTTCCAGTTTCCAGCAG
CAAGACTTTCCAGCATCTGCAGAGCTGGAGTTCTGCTCTCCTCTAAGCGAGACCCTTACAAACATACACA
GCACTCTGCAGGGCTCCAATCGAACAAATAGAAGACTGAGAAGTGGATGCTGCTGGGCAGAAACGTGCCT
miRNA 30la-5p CTCTGACTTTATTGCACT TGCACGGG
GGCTTAGCAGAGGACAAACGAGTTAATCTTGCACCAGTCACTCTGGCCCAAGAAGCCTATAGCTGGTGCA
CGGCTCCTCTTAAT protein S Covid-19
CTTGGGGCAACATAGACCCTATAGACTTAGTAGCAATGATAGTATTCATAATAATAGCTAATGCTTACTG
AACACTCCCTGTGTGCCTGGCACCTGCTAAGTATGTTAT TTACATTGTGTCATTTAATCCTCGCAGTAGT
TGATGCACGGGCGGCTCCTCTT protein S Covid-19
CCTGTGGGTTAGATCTTACTAATGTCATCATTTTCAGATAAGTAAACAGAGGCACTGAGAGGTAGATCAT
AAGATCACACAAAAAGTGATGAAGCCAAGATTTGAACTTGAACGGTCTGACTCAGAAATCTT

Figure 11. MiRNA-like subsequence of Covid-19 protein S gene (from its furin cleavage site) anti-
matching sequences from the human type 1 interferon (IFNA7) or interferon regulatory factor (IRF1).
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Homo sapiens olfactory receptor family 4 subfamily E member 1 (OR4E1), mRNA NCBI Reference Sequence: NM_001317107.1

TTAAATGACCAAATGATTGATGCAGATACTGTGTTATAT TAGACTTTTTTTCTAATTCTTTACAGGTTGT
CTAACAAAGAGAATGGAAGAGGCCATCCTACTCAATCAAACTTCTTTAGTGACATATTTTCGGCTTAGAG
GTTTATCTGTAAATCATAAGGCACGGATAGCTATGTTTTCCATGTTCCTCATTTTTTATGTCCTGACACT
GATTGGGAATGTTCTCATTGTCATAACTATTATCTATGACCACCGGCTCCATACTCCCATGTATTTCTTC
CTCAGCAACCTGTCCTTTATTGATGTCTGCCACTCCACTGTCACTGTCCCCAAGATGCTGAGAGACGTGT
GGTCAGAGGAAAAGCTCATCTCTTTTGATGCCTGTGTGACCCAGATGTTCTTCCTGCACCTCTTTGCCTG
CACAGAGATCTTCCTCCTCACCGTCATGGCCTATGATCGGTATGTGGCCATCTGTAAACCCCTGCAGTAC
ATGATAGTGATGAACTGGAAGGTATGTGTGCTGCTGGCTGTGGCCCTCTGGACAGGAGGGACCATCCACT
CCATAGCCCTCACCTCCCTTACCATCAAGCTGCCCTACTGTGGTCCTGATGAGATTGACAACTTCTTCTG
TGATGTACCTCAGGTGATCAAGCTGGCCTGCATTGACACCCACGTCATTGAGATCCTCATTGTCTCCAAC
AGTGGATTGATCTCCGTGGTCTGTTTTGTGGTCCTGGTGGTGTCCTACGCAGTCATCCTGGTGAGTCTGA
GGCAGCAGATCTCCAAGGGCAAGCGGAAGGCCCTGTCCACCTGTGCAGCCCATCTCACTGTAGTTACACT
ATCGATGTGA
GTTCCTGGGACACTGCATCTTCATCTATTCCCGCCCATCCACCAGCCTCCCAGAGGACAAGGTAGTATCT
TGCACGGGCGG
GTGTTTTTCACTGCAGTCACCCCCCTGCTGAACCCCATTATCTATACCCTTAGGAATGAAGAAATGAAGA
GTGCCTTAAACAAGTTAGTGGGGAGAAAAGAGAGAAAAGAAGAAAAATGAAAATGTCTACGTCCTTAGGA
TACGTGGTGCTCCAAATTAAAGAAGCGCCTTGCAAAGAATAAGTTACATACCATAT

Figure 9. Complete mRNA sequence of the human olfactory receptor family 4 subfamily E member 1
(OR4EL1) [22]. The RNA sequence in green is a sub-sequence of the protein S of Covid-19, which can
exert a miRNA-like inhibition of the translation of OR4E1. The probability to observe such an anti-
match of length 12 by chance in a sequence of 577 nucleotides equals 5 10+,
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Homo sapiens erythropoietin (EPO), mRNA NCBI Reference Sequence: NM_000799.4

TTTTCACCTTTTACTACGCC Protein S Covid-19
CCTTTCCCAGATAGCACGCTCCGCCAGTCCCAAGGGTGCGCAACCGGCTGCACTCCCCTCCCGCGACCCA
GCGGCCCGGGAGCAGCCCCCATGACCCACACGCACGTCTGCAGCAGC CCCGLTCACGLCCCGGLGAGCCTC
AACCCAGGCGTCCTGCCCCTGCTCTGACCCCGGGTGGCCCCTACCCCTGGCGACCCCTCACGCACACAGC
CTCTCCCCCACCCCCACCCGCGCACGCACACATGCAGATAACAGCCCCGACCCCCGGCCAGAGLCCGCAGA

ACGGGCGGCTCCTCTTAATCAG Protein S Covid-19
GTCCCTGGGCCACCCCGGCCGCTCGECTGCGCTGCGLCCGCACCEGCGELTETCCTCCCGGAGCCGGALCLCGGEE
CCACCGCGCCCGCTCTGCTCCGACACCGCGCCCCCTGGACAGCCGCCCTCTCCTCCAGGCCCGTGGEGLT
GGCCCTGCACCGCCGAGCTTCCCGGGATGAGGGCCCCCGETGTGGTCACCCGGCGCGCCCCAGGTCGLTG

TTTTCACCTTTTACTACGCC Protein S Covid-19
AGGGACCCCGGCCAGGCGCGGAGATGGCGGTGCACGAATGTCCTGCCTCGCTGTGGCTTCTCCTGTCCCT
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First author Region Study period Sample Categorisation of Main findings
(year) size haematological factors
Guan (2020)“ 552 hospitals in30  December 11, 1099 Lymphocytopenia: Lymphocytopenia was present in 83.2% of patients on
provinces, 2019 - January 31, lymphocyte count of less admission. 92.6% (50/54) of patients with the composite
autonomous 2020 than 1500 cells/mm’ primary endpoint (admission to an intensive care unit, use of
regions, and mechanical ventilation, or death) presented with
municipalities in lymphocytopenia vs. 82.5% (681/825) of patients without the
mainland China primary endpoint (p=0.056"). Severe cases presented
lymphocytopenia more frequently (96.1%, 147/153) vs. non-
severe cases (80.4%, 584/726); p<0.001"*
Huang (2020)” Jinyintan Hospital, December 16, 41 Low lymphocyte count of  85% (11/13) of patients needing ICU care presented low
Wuhan, China 2019, to January <10 x10’ lymphocytes per lymphocyte count vs. 54% (15/28) of patients that did not need
2, 2020 litre ICU care (p=0.045).
Wang (2020)" Zhongnan Hospital, January 1to 138 Lymphocytes treated asa  ICU cases presented with lower lymphocyte count (median:0.8,
Wuhan, China February 3, 2020 continuous variable, x10° IQR: 0.5-0.9) vs. non-ICU cases (med an: 0.9, IQR: 0.6-1.2);
perlL p=0.03. Longitudinal decrease was nated in non-survivors.
Wu (2020)” Jinyintan Hospital, December 25, 201 Lymphocytes treated asa  Lower lymphocyte count was associated with ARDS
Wuhan, China 2019, to February continuous variable, x10’ development (HR=0.37, 95%Cl: 0.21-0.63, p<0.001 in the
13, 2020 /mL in a bivariate Cox incremental model); the association with survival did not reach
regression model significance (HR=0.51, 95%Cl: 0.22-1.17, p=0.11)
Young (2020)n 4 hospitals in January 23 to 18 Lymphocytes treated asa  Lymphopenia was present in 7 of 16 patients (39%). Median
Singapore February 3, 2020 continuous variable, x10° lymphocyte count was 1.1 (IQR: 0.8-1.7) in patients that
per L; lymphopenia was required supplemental O, and 1.2 (IQR:0.8-1.6) in those that
defined as <1.1 x10°/L. did not; no statistical comparison was undertaken.
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Blood routine parameters of patients with COVID-19 on admission.

Median (IQR)

All patients
(n = 116)

Controls (n = 100)

P value

Age, Median(IQR),Range,
years

Sex

Male(%)

Female(%)

Blood routine

Leucocytes( x 107 per L)

Neutrophils( x 10° per L)

Lymphocytes( x 10° per L)

Monocyte( x 10° per L)

Eosinophil(x 10° per L)

Hemoglobin(g/L)

Platelet(x 10° per L)

MLR

NLR

PLR

50.0 (41.0-57.0),
20-93

60 (51.7%)
56 (48.3%)

4.60 (3.76-6.40)
3.10 (2.33-4.30)
1.00 (0.72-1.40)
0.39 (0.29-0.49)
0.02 (0.01-0.05)

132.5 (122.3-145.8)
180.5 (145.5-229)

0.37 (0.27-0.56)
2.91 (1.87-4.83)

169.0 (123.5-245.6)

48.5(37.3-59.8),
21-90

53 (53.0%)
47 (47.0%)

5.95 (5.13-6.88)
3.20 (2.70-3.88)
2.10 (1.80-2.40)
0.40 (0.34-0.47)
0.10 (0.06-0.16)

146.5 (135.0-156.0)
240.0 (202.8-274.8)

0.19 (0.17-0.23)
1.58 (1.34-1.98)

113.0 (95.1-138.2)

0.397

0.739

< 0.001
0.456

< 0.001
0.372

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001




Homo sapiens hemoglobin subunit beta (HBB), mRNA NCBI Reference Sequence: NM_000518.5
ACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACAGACACCATGGTGCATCTGACTCCTGA
GGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGGGC

TGGGAGCAGCAAGAGAACCGT mir-451b
AGGCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCACTCCTGATG
TACAGTATAGATGATGTACT miR-144-3p
CTGTTATGGGCAACCCTAAGGTGAAGGCTCATGGCAAGAAAGTGCTCGGTGCCTTTAGTGATGGCCTGGC
TCACCTGGACAACCTCAAGGGCACCTTTGCCACACTGAGTGAGCTGCACTGTGACAAGCTGCACGTGGAT

AAACCGTTACCATTAC
CCTGAGAACTTCAGGCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTCA
TGAGTT mir-451l1a TATTGCACTTGTCCCGGCCTGT miR-92a-3p

CCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGTGGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCA
5’-TTTTCACCTTTTACTACGCC-3’ Protein S Covid-19
CTAAGCTCGCTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACT
AGGTTGGGATCGGTTGCAATG miR-92a-1-5p
GGGGGATATTATGAAGGGCCTTGAGCATCTGGATTCTGCCTAATAAAAAACATTTATTTTCATTGCAA

Figure 2. Human beta-globin gene [24] potentially targeted by a subsequence from Covid-19 protein
S [23] (in blue), by microRNA miR-93a known for inhibiting its translation [25] (in green) and by
microRNAs involved in erythrocyte maturation [26-31] (in red).
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The coronavirus isolated in pangolin is capable of entering human cells, while that isolated in
the bat R. affinis is not. Furthermore, this suggests that the SARS-Cov-2 virus is the result of a
recombination between two different viruses, one close to RaTG13 and the other closer to
that of pangolin. In other words, it is a chimera between two preexisting viruses.

This recombination mechanism had already been described in coronaviruses, in particular to
explain the origin of SARS-Cov. It is important to know that recombination results in a new
virus potentially capable of infecting a new host species. For recombination to occur, the two
divergent viruses must have infected the same organism concomitantly.

Two questions remain unanswered: in which organism did this recombination take place? (a
bat, a pangolin or another species?) And above all, under what conditions did this
recombination take place?

https://www.santemagazine.fr/actualites/actualites-sante/covid-19-lanalyse-des-genomes-
revelerait-une-origine-double-du-virus-432862
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Dependence on age-structure
of the susceptible population
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COVID-19 mortality rate by age
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dS /dt = -B *S *I -B *S *I + k *R
dI /dt = B *S *I + B*S *I -(1-p )*I -p *I
dR /dt = (1-p )*I k *R

dS /dt = -B *S *I -B*S *1 + k *R
dL/dt = B*S *1 + B *S *1 -(1-p)*I -1 *1
dR /dt = (1 —11 \*I -k *R
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J. DEMONGEOT, O. HANSEN, H. HESSAMI, A.S. JANNOT, J. MINTSA, M. RACHDI & C. TARAMASCO
Random modelling of contagious diseases. Acta Biotheoretica, 61, 141-172 (2013).
I. Ouassou, M. RAcHDI, J. DEMONGEOT. Covid-19 age-dependent dynamics. Biology (submitted).
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Cross dependencies

Cheikh Faye1, Cheikh Tidiane Wade2, Ibrahima Demba Dione
A DISSYMMETRY IN THE FIGURES RELATED TO THE COVID-19 PANDEMIC IN THE WORLD:
WHAT FACTORS EXPLAIN THE DIFFERENCE BETWEEN AFRICA AND THE REST OF THE WORLD?

medRxiv preprint doi: https://doi.org[10.1101/2020.05.17.20104687.May 22, 2020.

BDD 55 03/07/2020



——Confirmed cases of Covid 19

ey
vjodry

Py
anbiquezopy
LTRTTEN

e pruommbs
e

eIz

g

NPSS1g]- w1 )
rIquIy

:u.__.—.
"N
mxeiepely

vhuxy
ofu0) ¥a

FUY yinos
V]

L RY
Peod
femsoN
wide [

A0

wpen g
niag

G|

e
WIONG
b & L)
[anas]
TUEHY

risn x
LAY
[y
e
PRI
SPURpENIAN M)
wnti g
Aaymy,

e

i)
twopdury pasun
A sy
oL

fim)

utndg

SIS pang

w—@—=Decaths reported related to Covid 19

2
=
:

nqumy
v?u:(
wpn§
anbyqummpy
LIRS

wiqr
vz j
g
IS 1 100
nqurz
UOED
g
ofiw)
ndony
ofoy,
"W
msfepely
Tpursy
gl
iy
ofue) ¥a
)
[riauag
nediy
smuney
O8] TN NG
RhTY
1590) A1on |
By pno§
yrun)
njesny
PurEog
e ioN
wdep
np
BNy
nag
npul
puviN]
UG
rA0Y YIN0g
_.aii_
nasny
|
frinmng
(g
- )
_— DU VIS
SPURBAN AL
uimijag
fpng
i
ming)
uopfury pam;)
furuiran
s
fm
weds

g pon)

¢ of the population aged O to 14 years

® Average annual temperature

S wn

-

° v g
|

25

1 ) [ sy

-
o

=—®—of population over 65 years of age

Q
A

Q
-

<
"

Q

s

1

.
¢
22
.k
-
®
0)

2

eIt N
vjofry
uephg

.z___ﬂ,rﬁ

LTS

‘Ieuopenbey

vhqr
ez |
unog
AN
riquryz
woger)
g
?.r:«b
ndorgr
oo 1

"W
depy
rpuTay
nnogtla
ity
ofio) ¥
raunn
(e
iy
smrumegy

‘o ypng

iy
o) oa)
DY s
ymg
rieasny
|
Ao N
wredey

D
opy
nag

ipu

L
U
ra0Y (Inos
|y
sy
ety
[vinuy
[y
pRT)
uiterd EIN

'

umtipg
(oymy
|
nnp)

L L
Gttty
Ay
Ul
neds

P

=}



\
Other dependencies

H. SELIGMANN, S. IGGui, M. RACHDI, N. VUILLERME & J. DEMONGEOT
Inverted covariate effects for mutated 2"d vs 15t wave Covid-19: high temperature spread

biased for young.
Biology (Basel) (submitted).

BDD 57 03/07/2020



0,35

s m, elevation

v =
> gmn 8 & Iran
2 025 &®
b SAfrica - & Switzerland
5 «@ Lebanon Nepal
5 0,2 =
’ & au
;'-f = . e X Chile
r—: B e seees®’ 8 Mexico
g '._‘.g \n R2 = 0,089
v 0,15 ) e
W T S X Uzbekistan
.— . . —
5 - Ethiopia Peru X Afghanistan —— ™ w
3 0.1 b'e i~ —
2 ﬂg = X Armenia
= X Rwanda X Kyrgyzstan
0,05 Bolivia
Tajikistan X
0
0 500 1000 1500 2000 2500 3000 3500

Mean country elevation, m

Figure 1. Slope of daily new confirmed Covid-19 cases as a function of mean country elevation. Circles:
Countries contributing to the positive trend with elevation, up to 1400m, r = 0.469, two tailed P = 0.0015;
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Merci pour votre attention!
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* NB Pierre Magal and myself are responsible of a peer-reviewed
special issue on covid-19 modelling in Biology, Section
Theoretical Biology in which you are invited to publish:
www.mdpi.com/journal/biology/special issues/COVID-19 Epidemic
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