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EMERGENCE OF INFECTIOUS DISEASES
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Risk factors such as:

e contacts between humans
and wild animals

e contacts between cattle and
wild animals

® wild landscape
fragmentation
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® poor public health systems
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Average number of secondary infections:
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‘ondary infections:

Average number of sec

Measles
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In simple models, the probability of emergence is proportional to 1 — plz



DATING AN OUTBREAK ORIGIN (AND

Stochastic model
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incidence

STOCHASTIC VS. DETERMINISTIC
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incidence

STOCHASTIC VS. DETERMINISTIC
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¢ doubling time:
tp = m_ﬁj ~ 3 days

° Ry =249 [2.39 ; 2.58]

Report 1 (Mar 14, 2020)



(GOAL: PREDICT ICU ADMISSIONS
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CLASSICAL ‘MEMORYLESS’ MODELS FAIL
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DATA’S THE KEY

e Mar 27: sharing of hospital ICU data
® Apr 2: sharing of nursing homes data

e Apr 23: publication of lengths of stay in ICUs




DISCRETE TIME MODEL
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temporal reproduction number
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CAPTURING HOSPITAL DYNAMICS
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Sofonea et ali (2021,

statistical challenge
Ro = 3.0 2.6,3.4]

origin: 20 jan
|12-28 jan]

lock-down effect:

R = 0.71 [0.69, 0.74]

~ 3,2 % pop. infected
on May 11



COVIDIicI

Occupation des services de soins critiques : Pays de la Loire

Parsgnnes #n soins critioues (intere:)
— Persaymes e soin cxil e (illal 2)

%
Y
)
"-.\\
" e
\\\\_f\. 't
e
L mors Lowr, 1 miai 1juin Ljuil. 1acut  lcocesk, 1act 1 niow 1 dec, 1jane 1tawr. 1 mars 1awr. o ma 1juin 1 juil. laout  lssEt loct

Boennec, Alizon. Sofonea (in prep.)
1, e

https:/ /cloundapps.france-bioinformatigue.fr /covidici




9 WEEKS INSIGHTS ON PROSPECTIVE TRENDS

COVID-19 ICU —— data (7-day simulation date of current project!
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FRENCH SARS-C0OV-2 PHYLOGENY
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time

VIRAL PHYLODYNAMICS

prevalence
5 10 5 20 35 3m 35

® dating common ancestors
* measure spreading (r, R;)
®* estimate infection durations

®* uncover spatial structure




FRENCH PHYLODYNAMICS

Using a birth-death skyline plot model (BDSKY):
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PHENOTYPIC EVOLUTION
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PHENOTYPIC EVOLUTION

Since 2021, we see “variants” with one (or more) properties:
® increased virulence (Alpha, Beta, Delta)
* increased contagiousness (Alpha, Beta, Gamma, Delta)
® immune escape (Beta, Gamma)
® resistance to treatments (?)

201 (A pha, V1)

21A (Delta)

—E— — —
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[mage from Nextstrain



EVOLUTIONARY SCENARIOS
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LONG-TERM HOPE
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CURRENT VACCINES MIGHT NOT BE ENOUGH
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SARS-CoV-2 EMERGENCE AND EVOLUTION

Early (and final) outbreal dynamics are stochastic.

We can anticipate hospital dynamics to some extent (5 weeks).
Neutral evolution can be used to track the epidemic (phylodynamics).
Phenotypic evolution (‘variants’) threatens epidemic control

Vaccination is probably not enough (to control and to let a wave pass)




APPENDIX

2. ICU modelling

3. Phylodynamics

4. EPIDEMAP

5. Optimal age-based control
6. Within-host kinetics

7. Variant transmission advantage



PROSPECTIVE SCENARIOS
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DELAYS IN ICU DYNAMICS

ICU inflow from a 100 critical case cohort
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BAYESIAN PHYLODYNAMICS

®* data: dated sequences
® T: phylogenetic tree

® 75 : parameters from the epidemiological

model

: Posterior probability distribution:
® (. parameters from the evolutionary I ¥

model (substitutions) £ 1T, 0ldata] — f [data|T, 8] fI[T|n] fIn,0

® fldatal|T, 0]: phylogenetic likelihood f [datal
* {|T|n]: transmission model
(coalescent, birth-death model)
® fn,#: prior distribution
® f|datal: normalisation term
Drummond et aliz (2002, Genetics)

for a review, see Kithnert et aliz (2011, Inf Genet Evol)



FRENCH COVID MODELLING

4. EPIDEMAP

'homine et aliz ( Zenodo
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EPIDEMIC COURSE
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SPATIAL RESOLUTION
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TRANSMISSION CHAINS
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FRENCH COVID MODELLING

5. Optimal age-based control

Richard et aliz (20



AGE-STRATIFIED CONTACT MATRIX
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France
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Richard et alii (2021. PLoS Comput B



OPTIMAL CONTROL (COSTLY)
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OPTIMAL CONTROL (CHEAP)
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COMPARING CONTROL SCENARIOS
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COMPARING CONTROL SCENARIOS

Cumulative number of deaths at t=365
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FRENCH COVID MODELLING

6. Within-host kinetics

Elie. Lecorche, Sofonea., Trombert-Paolantoni.
Foulongne, Guedj, Haim-Boukobza, Roquebert, Alizon (2021, medRxiv)



Variable

DATA ANALYZED (N=8,006)

Value

Median (IQR or n %)

sampling context

general population [ref)

7510 (94%)

hospital 496 (6%)
age 42 |26-59| years
follow up duration 8 |6-12] days

date of first swab (in 2021}

Mar 7 |Feb 19-Mar 20|

wildlype (ref)

1643 (21%)

lineage B.1.1.7 (V1) 5874 (73%)
B.1.351 or P.1 (V2/V3) 489 (6%)
2 7001 (88%)
samples per individual 3 774 (10%)
~3 141 (2%)

sampling region

lle-de-France (ref.)
other

5124 (64%)
2882 (36%)

infection phase observed

wmiral load increase

viral load decrease
bhoth

734 (9%)
7363 (92%)
91 (1%)



SARS-C0OV-2 KINETICS
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e 40,000
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between Feb 8 and
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®* 8,006 individuals with
longitudinal follow-up

Analysis from Baptiste Elie



LINEAR MIXED MODELS

e We consider main effects (age, strain, day, date. region, hospital),
® interactions (strain:age, strain:hospital, day:strain, day:age, day:hospital),
® a random effect on the intercept (Imer function in the Ime4 R package),

¢ and perform model selection on all the combinations (BIC criterion).

Analysis from Baptiste Elie, data from CERBA



BEST MODEL

Predictor Estimate 95% CI
Intercept 23.4 (22.9,23.9)
day 1.19 (1.15,1.23)
wildiype ref —
strain Vi -0.452 (-0.974,0.0702)
V2/V3 -1.27 (-2.21,-0.332)
hospital no ref e
yes -1.01 (-1.46,-0.551)
age ~0.00575 (-0.0143,0.00281)
region He-de-France ref -
Normandie -1.01 (-1.3,-0.713)
date 0.0066 (0.000851,0.0124)
age:strain Vi | -0.014 (-0.0234,-0.00456)
Va2, Vv3 0.0123 (-0.00626,0.0308)
oot emin Vi -0.0481 (-0.0795,-0.0166)
. Ve, V3 0.0246 (-0.033,0.0823)
day:hospital -0.0725 (-0.125,-0.0201)
day:age -0.00358 (-0.00415,-0.003)



SURVIVAL ANALYSIS APPROACH
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EPIDEMIOLOGICAL IMPACT
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Ashceroft et alin (2020, Swiss Med WEkly) correcting He et aliz (2020, Nat Med)



EPIDEMIOLOGICAL IMPACT
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VARIANT-SPECIFIC KINETICS

e V1 and V2/V3 have a higher virus load peak than WT (with a correlation
with age for V1)

® V1 causes longer infections than W'T

e V1's transmission advantage could depend on population demography
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FRENCH COVID MODELLING

7. Variant transmission advantage



1TWO WAVES AND A HIGH TIDE
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TRANSMISSION ADVANTAGE

The selection advantage s of a variant in frequency p in the population is

_d.(_pd)
s =4 log (1 —}’J(ﬁ))

If V(t) is the number of variants and W (t) the number of wild types, then

d log(V) d log(W)

dt dt
— Ty — Tr'w

= Ar

Finally, if T is the generation time we get sp = s x T

Chevin et aliz (2011, Biol. Lett



VARIANT ADVANTAGE
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VARIANT REPLACEMENT
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