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» 2018: PhD in theoretical Biophysics
from Stellenbosch University, S. Africa

» 12/2020-Now: On going postdoctoral
studies, Ca Foscari University of Venicé¢

> Interest in Computing, Simulation, Data'g
Analysis/Science

» Passionate in mentoring young women
science (Member of AIMSWIS Mentoring pr

» The After ASP: stay connected
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= COVID-19 Situation in Africa
* |mpact on the African School of Physics (ASP)

» ASP COVID-19 Study
»Results

> Conclusions
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» COVID-19 started in China and has spread to the entire world within a few months

WHO Coronavirus (COVID-19) Dashboard (
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update on COVID-19 by WHC


https://covid19.who.int/

Daily new confirmed COVID-19 cases per million people

Shown is the rolling 7-day average. The number of confirmed cases is lower than the number of actual cases; the
main reason for that is limited testing.
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Cases by region

This chart shows how cases per capita have changed in different parts of the world.
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» WHO prediction:
» 29-44m Africans could be infected
« 83-190000 Africans could die
» Suggests Africa has lower transmission rates
* Prolong outbreak for several years
* Pressure on economic resources
« Containment measures challenge: 60% living below poverty line

» Current Situation:
* 4.5m Infected
« 106,078 dead
 Millions rendered jobless, increased poverty & insecurity
* A number of studies conducted

» ASP COVID-19 Study: Contribute to understanding & containment
ASP 2021 6



» ASP2020, initially planned for July 2020 in Morocco was postponed and only taking
place now online

» In the meantime, ASP set up an online lecture series, since May 2020 — Twice a week

» In March 2020, Dr. Ketevi A. Assamagan made a call to all the ASP alumni for Covid
19 exercise: to study and help understand Covid 19 data from African countries

» A number of ASP alumni responded to the call with the permission of our supervisors

» From there started the study — Alumni were in charge to collect Covid data from their
countries — the study was guided mentored by senior researcher and leaders of ASP

ASP 2021
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Dr. Kétévi A. Assamagan
Togo & USA

Team Leader

Experimental particle physicist at Brookhaven
National Laboratory

Fellow, African Academy for Sciences

Research Interests: Search for new physics beyond
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Alma Mater: University of Lomé & University of
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Passionate: Physics Education, Communication &
Outreach

ASP 2021 3



L™ ¢ '
H
. -

Prof. Simon Connell
South Africa

—- Professor of Physics
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University of Johannesburg

Research Interests: nuclear & particle physics
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Nelson Mandela University
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> The countries that we e A T
studied are: |

Benin
Cameroon
Ghana
Kenya
‘Madagascar
‘Mozambique
‘Rwanda
*South Africa
*Togo

«Zambia

Algeria Libya

Egypt

C

Africa
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» These models are dynamic and can be used to :

= make predictions such as the duration of an epidemic or pandemic.

= how the disease spread over time

= Estimate various epidemiological parameters such as the reproduction number

= Help estimates the fraction of population that need to be vaccinated

= Show how different public health or government interventions may affect the outcome
of the pandemic

» Susceptible-Infected-Recovered (SIR) is the simplest compartmental model

* |t has 3 groups S-I-R and each of them represent specific stage of the epidemic
and fluctuates over time

* |ndividuals may progress between compartments

* |t serve as the basis for all other compartmental models

ASP 2021



» For specific disease, S = S(t), I = I(t), R = R(t) are number of susceptible, Infected, recovered in a
population N at time ¢t

» The number of Susceptible going from § to I category is: % l.e on average, each infected person generates [3s(t)
new infected persons. 8 quantifies the number of contacts between susceptible and infected people

» vl is the rate at which infected person recover. If an individual is infectious for an average time period D,
theny = 1/D

> Normalization: s(t) ==2 ,i(t) =22 and r(t) =2 such that s(¢) + i(t) + () = 1

» SIR Model is then described by the following set ofvequations: BSI

= The rate of change in the susceptible population N
1) 4 =-Bs®i(®)

= The rate of change in the infected population
2) 4 =Bs@i(®) ~yi(t)

_ » Equations (1,2,3) are non-linear coupled
= The rate of change in the recovered population3 ordinary differential equations.
d

3) d—’; = yi(t) » Can thus be solved only numerically
ds dr di
Check that e 0

> Initial conditions: s(0) = s,, i(0) =i,, r(0) =r,andi + s+ r =1 (conservation)

ASP 2021 15



» The disease becomes a pandemic when the infection keeps on increasing
» meaning Z—i = Bs(t)i(t) — yi(t) > 0 equivalently ss(t) > 1.

B

» Since s(t) < 1, for a pandemic, » > 1.

» Theratio R, = S dimensionless, is called the reproduction number.

» So higher the reproduction number faster the disease going to spread.
> If R, < 1 then the disease will die out soon.

» Physical meaning: RO represent the total number of secondary infections
produced by a single infection in a completely susceptible population.

ASP 2021 16



> Fitting the recovered and the active
independently also gives 2 different
model parameters from fits to 2
independent datasets.

-4
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> Models unsuccessful in fitting the 3 curves simultaneously
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» 8 compartments: Susceptible —Infected-'iagnosed-Ailing- ecognized-Threatened-Healed-Extinct
S@) = =S®(aI(®) + B (@) + YA(®) + 6R()) (1)
o, Y,B, 6: Transmission rate due to contact with UNDETECTED asymptomatic, symptomatic infected, DETECTED
asymptomatic, symptomatic infected respectively.
I®) =S@®)(al®) + B (@) +YAR) + 6R() — ( + L+ DI®)  (2)
- Detection rate for ASYMPTOMATIC, SYMPTOMATIC respectively
¢, m: Worsening rate, UNDETECTED asymptomatic infected becomes symptomatic ; DETECTED

Contagion
a,B.v,6

asymptomatic infected becomes Symptomatic
g 4t t=A®-Mm+p0@® ()
K, A, &, p: Recovery rate for asymptomatic infected, undetected symptomatic, detected
Dia . A asymptomatic, symptomatic infected respectively.
gnosis Svmptom ) .
ymp Healing A(t) =U((t) — (u+x+ DHA(E) (4)

Worsening rate, UNDETECTED symptomatic infected develop life-threatening symptoms.

K P
S t) =00 + 0A@®) — (v +OR@) O
Worsening rate, DETECTED symptomatic infected develop life -threatening symptoms.
T(t) = pA(t) + vR(t) — (o + DT(t) (6)

1. Mortality rate for infected with life-threatening symptoms
O Recovery rate life —threatened symptomatic infected

(t) = M(t) + oT(t) + kA +p (&) + ER(E) (7)
Et) =1T(t) (8)
https://www.nature.com/articles/s41591-020-0883-7.pdf

ASP 2021 —
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» The model is initially developed to study the dynamics of Covid-19 in Italy.
» The model parameters are updated over time as the intervention measures or
restriction increase. And the basic reproduction number computed

» The basic reproduction number from SIDARTHE model

a *E *Y *O*E Ox(*0 with — A
1 r1*7> r1*73 1 %12 *74 r1*73*7Ty =1 + p

» Ry, > 1. epidemic continues r3s=p+0+x
T = E + Vv

> Ry <1: outbreak ends

» R, can be used to estimate the fraction of people to vaccinate

» R, must be applied with caution due to model dependency

ASP 2021 19



» We adapted the SIDARTHE model to consider the containment measures ( social distancing,
mask wearing, curfew, Gatherings and recreational activities, hand sanitizing) taken by
African countries

» For each country, we modeled the three datasets of active, recovered and death cases
by finding the SIDARTHE model parameters that best match the time-evolution of the
data

» The best-matched parameters may change over time, thus providing an evolution of the
basic reproduction number as a function of time

» We propagated to the R, estimates the statistical uncertainties related to the numbers
of tests done and cases identified

ASP 2021



» We also applied a systematic uncertainty to the RO estimates based on the fraction of the
infected but unaffected population

» SIDARTHE Model: rate of change in the recovered population
(t) =AI(t) + oT () + kA(t)+p L (L) + ER(L)

The number of undetected asymptomatic persons who are healed are not included
In the data, yet it is included in the model=——=>Systematic error on the modeling
Systematic Uncertainties on R,.

ASP 2021 21



> lsCase: 6 March: Case travelled to Germany, France, Turkey & Benin

Modeling of COVID-19 (Togo)
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» Flights to Europe suspended ~10
days

Borders closed 2 weeks later
Curfew introduced

Public places e.g schools closed
Social gatherings restricted
Massive test drive form 07 April
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» End of year holiday season, despite
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increased substantially.
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» » Violations of the preventive and

social distancing measures
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» The first Covid 19 case on March 5, 2020, which arose due to a returning traveler from Italy
» 5 different levels of lockdown regulations : level 1 most relaxed and alert level 5 the strictest
» There is a correlation between R

Fractions of Population

101

Modeling of COVID-19 (South Africa)

=

—— Healed (Model)
—— Extinet (Model)

— Active Cases (Model)

— Total Cases (Model)

o and the implementation of the various lockdown levels

200
175
150
125
100
075
050

7 005

2 000

5 200
5105
£ 150
125
100
075

B confirmed Cases (Data) 0.50-

B Active Cases (Data)
71 Healed (Data)
=00 Extinct (Data)

0.251
0.00;

— Confimed Cases — Mctive Cases
™ ryu&gqaﬂzqfﬁjwk
L v N ey

— Bxtinct — Healed
As V... e
v 'Y,

=== Basic Reproduction Number

[ Total Uncertainty

10°°

1077

Fractions of Population

10711

150 200 250 300 350

Time (days)

100

400

ID"U
— Unaffected

10-3

10

10713
(1]

—— H=Healed

100 150 200
Time (days)

ASP 2021

400

250 300 350

Lol

Period

Surmmmary

Avdjustexd

alert lewel 3

Effect from 29 Dhe-
cembser 20200 1o 23

Febrary HEL

Gatherings and recreational sctivitbes severely
restricted.  Charfew imposed and  resorictiomns
on aloolhol sales and consumption. Restrbeoed

cris border travels were alloseed.

Aldert level 1

EfFesct froam 21
Septembrer  to 23

Dhesoern ey SN0

Internatbonal trave] allowed with restrbcetbons,
domestic twravel open, all econombe  sectors
apen. For this and all lockdowmn levels, restric-
tions or closurs on sporting events, religiows

gatherings, public entertainment, restainrants

A =i lar.

Alert level 2

Effect from 18 A
kst Lo A Septenn-

ber i

Dromestic alr and rosd trasvel restored. Further

'."':".I‘JI.I:JIIJi.I =T ors '.I‘J.".'II'.'\':]

Albere level 3

Effect from 1 Jone

to 17T SAwgust 2020

Ecopommy muore opsen than Lewvel 4 ot still re-
strictions, example, no restanrvants, restrbeted

Inter-provineial travel.

Alert lewveal 4

Effect fromm 1 to 31

Mlaye ik

.";ll (NI NN PR TR §) i.:l.l =Sk i.c'l T el ate_ 1'-';.':" e
strictions, eg: agricultere, mindng, cormomar-
cations, business travel. Local trasel within

curfew ., restricted provincial teaseed.

Aldert level 5

Effect fromm -
might 26 Aarch to

30 April 2020

Only essentinl servioes, transpaort ancd mose-

ment restrictions

R, ~2.25 at start , level 5 was effective and the

« infection rates decreased as R, ~1

23




Fraction of Population

—— Extinct_Model
— Active_Model

Recovered_Model
Infected_Model
Total Infected
Total Recovered

T Active Cases
| Dead

= Basic reproduction number (Ro)
I Total uncertainty

50

2.00
1.75
1.50
1.25
1.00
0.75
0.50
0.25
D.00
1.75
1.50

Data/Model

1.25
1.00
0.75
0.50
0.25
0.00

Fractions of Population

» Gradual decline in the RO implied that the control measures introduced were effective in earlier days.
» However RO periodically rose and fell due to a number of reasons such as the increased testing capacity
and relapses in adherence to the control measures.

Kenya SIDARTHE Modeling of Covid-19 Data
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» l«Case: 13~»March

» Travelled from US via London
Attended party

» 2~case friend of lsicase

» Testing capacity increased ~April
» Cessation of Movement in 2 major
cities: Nairobi & Mombasa
Flights suspended

Partial country lockdown

Night Curfews

Social distancing in restaurants
50 people maximum

Curve slowed down(1-4)
Flattening of a curve(Jul)

Fatality rate ~1.57%

VVVYVYVYYVYY
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> 1lsCase: 18uwMarch
> Presidential Directive -26/03:Measures

to control spread of COVID-19

> Peak around day 60 truck driver

crossing over from Tanzania in the
northern region

R, value around day 90 reflected a gradual
relaxation of physical distancing
measures in May and June 2020.

R, remained below 2 for all the dates,
apart from around day 130 due to an
increase in testing.

Cyclic rises and falls in the RO as a
function of time

No obvious correlations between the RO
and the control measures can be made,
However, difficulties to adhere to
government directives or porous regional
borders—might account for the observed

patterns.
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Modeling of COVID-19 (Mozambique )
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> Country slowly reopening with social
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> 1+ 3 Cases: 20 March

Wodeling of COVID-1%Madagascan
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57 cases at end of March
High recovery end of April & dip in
Active cases

Increased testing capacity
Infection/Active peaked from May-July.
Maximum peak in July

Infection slowed down from August

Flattening of the curve towards end of
August

Country is currently closed off to

international flights
25-45 cases per week
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» Ry, and implemented measures are correlated

Fractions of Population
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Fractions of Population
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> 1stCase : 14wMarch , foreigner

Medzling of CCW D 1% [Rwanda)
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Schools closed immediately

» Testing of symptomatic cases & contact

tracing
21/03 National lockdown

Contact tracing one of the most effective
measure used by the Rwandan Govtto test
asymptomatic individuals who came into
contact with the infected persons.

Lowers the active cases after just the
1stmonth of pandemic outbreak
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» We analyzed about one year of COVID-19 data of Cameroon, Ghana, Kenya, Madagascar,
Mozambique, Rwanda, South Africa, Togo and Zambia.

» For each country, we estimated the time-dependent basic reproduction number, RO. At the
onset of the pandemic, RO was above one in all the cases studied.

» Over time, the basic reproduction numbers followed the fluctuation patterns reflected in the
data. The fluctuations were correlated with the control measures imposed and the emergence
of new cases.

» Approximately eleven months since the first cases were detected in the country's studies, all the
RO were about or below one, suggesting that the pandemic had slowed in these countries.

» However, because the virus mutates and new waves are most likely to occur, we suggest to
maintain the control measures until enough vaccines have been administered to reach herd
immunity.

» Our studies also estimated the fractions of the population that were infected and not diagnosed
but recovered without symptoms; in general, we find that these fractions are between 1-10% of
the recovered cases. Paper submitted for publication:
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