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. number of subjects who are susceptible
S Susceptlble but not yet infected; base pool of persons |

number of subjects who are infected but
Exposed not yet infectious; in an incubatory stage
where they cannot yet transmit the disease

number that are infected and can transmit

Infectious the disease

number that have received immunization,
Recovered are fully recovered, or quarantined; cannot:
transmit the disease ’

Dead number confirmed to have died from the
€a disease |

...................................................................................................................................................................................



Parameter

Description

Daily fraction that move out
of the susceptible
compartment into the
exposed compartment

Daily fraction that move out
of the exposed
compartment into the
infectious compartment

Daily fraction that move out
of the infectious
compartment into the
recovered compartment

Daily fraction that move out
of the recovered
compartment into the dead
compartment




SEIRD Model: Epidemic Dynamics in Continuous Time:
a system of five PDEs to describe spatio-temporal evolution
ver conn lanar domain €2 2
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The Compartmental Epidemic Model of
an Infectious Disease: SEIRD

Weight Function:

w(x, y,u,v) o exp(—\/(x —u )2 +(y— \)1 /))

weight function measures influence of
infectives at (u,v) on exposure of susceptibles

at (x,y)

expresses idea that influence of nearby
infectives drops as an exponential function of
Euclidean distance

The more mobile the society, the higher the A
value (constant characteristic of the distance
the disease spreads)

This distance parameter is adequate for
capturing local dynamics, thereby allowing us
to learn about spatial transmission of the
disease across neighboring cells



We simulate these epidemic dynamics by utilizing a discretized stochastic version of the

model with the assumption individuals are continuously distributed on a spatial domain.

The five PDEs are described as a system of five ODEs:

as  S@)I(t)

a ~ NG

e S(I(t)

— = N — VE(t)
% — YE(t) — oI (t) — 61(t)
Cii_ft{ = ol (t)

dD

= ol (t)

N(t)=5(t)+ E(t) +1(t) + R(t)
7



 NIGERIA

Guinea

CAMEROON

CENTRAL
AFRICAN
REFUBLIC

¥
Counory Doawdary
Major F2ad
Ol Raod
o Mar Gy
Othr ity
Cenntry Capan

Arnemt

Sus 2l

@

Synthetic disease incidence data for
three cities in Nigeria: Abuja and
Gombe

Artificial simulation of an Ebola outbreak

Assume data has been collected every
Sunday once a week for 2017, 2018,
and 2019

1 time step = 1 day ; 1,095 time steps
total for three years

Every month, a visual image of the
epidemic spread for each compartment
IS outputted by the R program as a
netCDF file and visualized in Panoply
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Each cell size (~2.5 km, ~2.5 km) at equator for a
total of 3480 rows x 8640 columns =

30067200 non-overlapping cells at 2.5 arc-minute
resolution.



nextSusceptible’i,j] < S[1,j] - newVaccinated - newExpcsec

2 nextVaccinated'1i,3] <= V[1.j] = newVaccinated
nextixoosed 'L, ] <= E[L,]J] = newExposed - nenInfected
nextinfacted[i,j] <- T[i,j] - newTnfected - newDeac - rewRecavered
nextRecovered[i,j] «- R 1,j] + newKecovered
nextDead[1,j] <- D[i,j] + newDead

} # nliving
} # Inhabizable
} # ncols
} # nrows

nextSusceptible[nextSusceptible < @] - @
# nextVaccinated[nextVaccinated < 0] = ©
nextExposed[nextixposed < 8] = 0
nextTnfected[nextInfected < 0] =
nextRecoverad[naxtRecovered < 0]
nextDead[ nextDead < 8] - 0

5]
=0

5 <~ nextSusceotible
# V < nextVaccinated

F <~ nextFxnansed

1 =- nextlnfacted

R <- nextRecoverad

D <~ nextDead

summary[t, R] <- cumFxposed
summary[t, 3] <- dailylncidence
sutmary[t, 10] <- cumInc.dence
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Finds the optimal estimate z® of the true state of the system given the
background field z°, incoming observations y°, and the error covariance matrices
of the background B € R"*" and observations R € RP*P

The weight matrix W minimizes mean-square error E{el¢e}.

The observational operator H transforms modeled variable x(¢) such that it can
be compared to the observation y(t).

x4 =x"+ W [y" —H(xb)] = x” + Wd,
W =BH’ (R + HBH')™,
P =(I- WH)B.
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Random vectors z(t), the analysis of the true state, and y(t), the observa-
tions, are represented as parallel time-series for each spatial location.

zi(t) ()
=" ="
! mn(t) ) ! yp(t) )

OI assumes (a) inherent variability in scalar field of interest, and that (b)
the observations are error-iree.
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t = 80 days
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t = 250 days
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Optimal Interpolation Forecast



The first case of COVID-19 in Nigeria was
confirmed for Lagos State on February 27, 2020.

As of April 19, 2020, there are 627 confirmed

cases in 22 states, with the highest count being in Lagos.
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COVID-19 cases in Nigeria (v.1:c)

[l Deaths | Recoveries ] Active cases
Datn # o cazes
2220-02-27 14#1) (na)
: 1{=)

2)20-03-09 241)  (+100%)

2 (m)
220-03-13 1

=)
20200317 2041)  (+100%)
220-03-18 | 745)  (+250%)
2720-03-19 | 11 [+4)  (+579%)
2720-03-20 | 12 (+1)  (+9%)
2220 03 21 | 22 1410) (1919%)
2020-03-22 | 30 (+3)  (+06%)
20200323 40 (+10) (+33%)
20200328 | 43 (+4)  (+10%)
200032 B 51 (+7)  (+16%)
2100326 [ 65 (+14) (+279%)
2320-03-27 - 81 (+16) (+25%)
axoc32e 07 [1186) (120%)
20200329 [ 11 (+14)  (+149)
2020-03-30 [ 131 [+20) (+18%)
20200331 | 151 (+20) (+15%)
20200401 [N 173 (+23)  (+15%)
2220-04-02 :- 184 [+10) (+8%)
2720-04-03 |- 209 [+25) (+14%)
2020 04 04 |- 214 15)  (12%)
20200405 | 232 (+10) (+0%)
2020-04-06 | [ 238 (+8)  (+3%)
2200407 | 254 (+16) (+7%)]
20200408 | N 74 (420) [+8%)
2220-04-09 | - 28R [+14) (+5%)
2720-04-10 | - 205 (+17) (+6%)
2020-C4-11 | ] 318 [+13) (+4%)
200412 | N 223 145)  (+1.6%)]
20200413 | N | 43 (+20) (+62%)

Sources: various news sources anc state healh
denartment wahsites. Sea Timelina Tabe ane Timeline
na-rative for sources.



Insights and Challenges of Forecasting COVID-19
in Nigeria

s “.‘!’Z Nigeria Centre for Discase Control @
% a2 FroRaing e Realfh  Ngerar - A A AL AN &N A0 AP
S States l Mar 28 Mar 29 Mar 30| Mar 31| Apr1 | Apr2 | Apr3
14 Edo 2 2 2 2 4+ 4+ 7
15 Ekit: 1 1 2 2 2
16 Enugu 2 2 2 2 A 2 2
17 Gowbe 0 0 0 0 0 0 0
18 Imo 0 0 0 0 0 0 0
Updates on COVID-19 19 Jigewa 0 0 0 0 0 0 0
(Coronavirus Disease 2019) 20 Kaduna 1 1 3 3 A 1 1
21 Kano 0 0 0 0 0 0 0
2z Katsina 0 0 0 0 0 0 0
23 Kebhi 0 0 0 0 0 0 N
74 Kogi 0 0 0 0 0 0 0
25 Kwara 0 0 0 0 0 0 0
CASE SUMMARY IN NIGERIA AS IR ST R T B G
AT APRIL 1gTH 2020 2 Nesarawz | 0 0 0 0 0 0 0
78 Niger 0 0 0 0 0 0 0
Totzl Szmples Taste] >7153 2 Ogun 3 3 3 4 4 4 4
30 Ondo 0 0 0 0 0 0 1
Toizl Confirmed cases 627 ! Own 2 2 2 > 4 14 2
2  Oyo 7 7 3 : 8 3 3
33 Plateau 0 0 0 0 0 0 0
Discharped 170 34 Rivers ' 1 1 1 1 1 1
35 Sokoto 0 0 0 0 0 0 0
Death <1 3% Taraha 0 0 0 0 0 0 0
37 Yokte 0 0 0 0 0 0 0
[} ) ) )} N )

States No. of Cases (Lab . " Zarmbara A
Affected Confirmed)
r CumulativeCases ~ ActiveCases ~ Recoverec




Estimating beta transmission rate with respect to movement from susceptible to exposed
compartment in SEIRD model
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Animal reservoir

* *

) Immunity

* *
L Zoonotic infections © Hospitalization
?

Pathogen dirculating in an animal @ Death
reservoin wilers e humeasn populabion, Q Biological sampling

* Unobserved cases

2. Ry, the basic reproductive number —

Average number of cases caused by *
/ | \ """" 3. Unseen immunity

early infedtions.

4. Generation time % :  Ifthe pathogen isclosely related
Th; time t:tztv\een N : ! toacirculating disease [eg.,
subseque: ' ¢ pandemic HINL ()] or in
generations of cases C_‘ \ T pepulations with Irequent
Y i exposure to the animal reservoir
* 5 4P: [eg.. antibodies to MERS-CoV
: i inshapherds (9)]
.. |
3 ' € 5. Undetected cases
; ; Asymptomatic inlections which
l bectsenmenen ] --- o ar2 undetected.
a : ? p 6. Superspeading events
I ' t ' Superspreading events are
T O of-en associated with health
7. Case fztality ratio —| 5 : | e————— carefacilities [as with
: ; : ; MERS-CaV (10)] or other high
"""""" I e contact settings [2.2.. funerals
inEbola (8)].

9. Biological sampling
* p i §——— P:zthogen geneticinformation

5 oktained from a subset of cases.
10. Changing dynamics 0/ \’ 11. Glohal dynamics
Change in ®, over the medium-to long-term May require alternate modeling
due to depletion of suscegtibles, interven: approaches, with more
tions and behaviour changes in responseto emphasss on human mobility
the emerging threat. The latter two are hard and environmental suitability
to predict, adding to the dfficultios in than drivers local of pathogen
forecasting over the medium-term. dynamics.

(Metcalf and Lesser, 2017)






