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Abstract: The spread of corona virus disease (COMM) to over 210 countries hassulted in a pandemic which

has continued to generate severe public health concern andesociomic burden worldwide. This study
investigated the impact of soneentrol strategies (face mask usage, social distancing and contact tracing) on the
dynamicsof Corona virus in the Nigerian population. A mathematical meded developed and analyztmalso
examine the impact of an imperfect vaccine on the transiishinamics of COVIBL9 diseaseThe model was
shown to be both locally and globally asymptaliig stable. The model was extendedeiplore a relationship
between vaccination rate and transmission dynamics of the digdasgerical simulations suggest that an
implementation of an effective face mask strategy as well as social distancing will greatly control community
transmission. Also, widgsead random testing could help detecting, tracing and isolating symptomatia an
asymptomatic casethereby reducing the transmission by contabtsre testing would imply an increase in the
number ofdetected cases as well as prongaiation of symptomatic and asymptomatic casestethy reducing
community transmission. Furthernggra simulation was done to measure the population impact level when an
imperfect vacine is administered. The simulati@mowedthat corona virus burden in terms of the cumulative

number of deathglecreases with an increasing vaccine, ratelthat if the vaccineefficacy confers 70% protection
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and a large proportion of the susceptible class is vaccinated, then, it would have led to the elimination of the disease
within a short period of time. However, if the vaccine efficacy level confers 10% to 40%ctiwa against the
disease, then it is not sufficient to curtail the disease in the near future.

Keywords: covid-19; vaccine social distancingface mask useefficacy; testing.
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1. INTRODUCTION

Corona virus is a contagiowsrus that targets the human respiratory system. The disease
is said to have emerged from WuhaityCChing in late 2019 and first set ohospitalized
patientswereallegedlylinked to a seafood miet in WuhanHubei provinceof China(Rothana
andByrareddy[1]). The spread of this disease to over 210 countries has resulted into a pandemic
which has continued to generate severe public headtiternand socieeconomic burden
worldwide. As at the25™ of January, 2022the world has recordedbout 352,796,704total
confirmed corona viruscases with5,600,434 deaths globally reported to World Health
Organization Also, a total of 9,620,105,525 doses of vaccinegehzeen administered. (World
Health Qganization[2]).

Corona virus diseag€0OVID-19)is transmitted from human to human diaect contact
with contaminated surfaces and through inhaling droplets from an infected persen §H3aj).
Preserly, the control and mitigation efforts against the disease are focuseacomation and
the nonpharmaceutical interventions (NPI9)ch as face mask use, social distancing, contact
tracing, lockdown, quarantine of suspected cases and isolation of confirmed cases (Eilenberry
al [4], Ngonghaleet al[5] and Iboiet al [6]).

Nigeria the most populous country in Africa with a population of over 200 million people
has the potential of being one of the epicentoé COVID-19 in Africa. The first case of
COVID-19 was reported on the 2df February, 2020. As at March 80Nigeria hagecorded
about 131 cases with 121 cases on admission with 2 deatgesiéCentre forDiseaseControl
[7]. The growing number of corona virus cases necessitated the Federal government of Nigeria to

implement a strict lockdowrfirst in three major states the country (Lagos, Ogun and Abuyja)
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and later, the wholecountry, in order to minimize the rate of community transmission.
Furthermore, due to the increase in the number of cases, the government extended the lockdown
to include the rest of the counton the 2% of April, 2020. Later, the complete lockdown was
then reduced to curfew from 8pm till 6am frofi May to 17" May, 202Q with some states
makingadjustmerg to their own curfew time. The first phase of easing the lockdemded o
1%t June while the second phase ended on tReof3July, 202(8]. Whatwasevidentis that even
after the lockdownNigeria is still recording new cases every day. Thus theread to ascertain
what measures the government darther put in place to esure a drastic reduction in the
disease burden rate. There is currenthpedectvaccine for COVID19, although a number of
organizationshave startedmass productionof their novel vaccines (Knvul and Kati¢9],
Callaway10] and Kirkpatrick[11]). Thus, there is need to investigate the impacsuafh an
imperfect COVID19 vaccine in Nigerian the long run

Various mathematical models have been formulated and used to study the transmission
dynamics of corona virus disease. Cleeal[12] developed a mathematical model for simulating
the phasdased transmissibility of a novel corona vir&grgusoret a[13] alsodeveloped an
agent based model to investigate the impact of NPIs on CQ9linduced mortality, showing
an alarming worstase projection of number of cases for the US and Great Britain. Ngomeghala
al[5] developed a comprehensive model dssessing the impact of the major NPIs (quarantine,
isolation, social distancing, face mask usage in public, testing and contact)tcacihg control
of COVID-19. Okuongha and Omanjé4] formulated a mathematical model for COVID
which examined thempact of various nonpharmaceutical control measures (NPIs) on the
population dynamics of the novel Corona virus disease in Lagos, Nigeria.
This pesent studyhasinvestigate the impact ofvarious control strategiedace mask usage,
social distancing and contact tracing) on the dynamics of Corona virusNigegeiganpopulation.
A mathematical modehas also ben developed and analyzeid examine the impact of an

imperfect vaccine on the transmission dynamics o¥/{B19 disease in Nigeria.
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2. MODEL FORMULATION

The total population at time t dereot byl 0 is divided into sevemutually exclusive
sub-populations;the susceptible humansro , the exposedO 0 , the asymptomatic infectious
‘O 0, the symptomatic infectiod® 0 , the selfisolated humansOo0 , the detected infectious
humans via testing and are isolated in the hospital for prompt treat®eénandthe recovered
humans’Y 0 . Thus thetotal population is given by
66 30 %O 0o 00 ‘Do 0o Yo (1) @

Individuals acquire corona virus infection following effective contact with infected

persons at a rate

_ (2)

where B is the eff &cit iprepresentsatnessodiaisance n rat
compliance rater U p measures the reductioatein community contacts due to face mask
use in the communityThe parametem | p accountdfor rate ofreduced infectiousness of
humans in the asymptomatic class compawdtuimans in the symptomatic class.

The model for the transmission dynamics of corona virus disease in the population is
given by thesystem of deterministic neimear differential equations in (3Yable 1 describes

the associated state vdries and parametenshile Figl gives thdlow diagram of model (3).

— 13 ip
. 0 'y
13 [% v
— Jp E®% , , 1 1 O 'y
'y
— H% 170
5 (y )
— , 0 1 7 O Cp
- .0 i 1 O l’l’
'y
— 10 1O IO 1 Cr



MODELS FOR CORONA VIRUS UNDER IMPERFECT VACCINE
In model (3), susceptible individuals acquire COMID following effective contact with
individuals in the asymptomatic clas®)(and symptomatic clas§) at} rate. Newly infected
individuals in the E class at the end of the incubation peagmoportion;t  "Q p of humans
progress to the asymptomatic class at the @aBéwhereQis the proportion of humans who do
not show clinical symptoms after the disease incubation period). The remaining proportion
show clinical symptoms of corona virus at the end of the incubation period and progress to the
symptomatic class at the ratep Q.

Individuals in the symptomatic class become-msalfated(hospitalized) or recoveat the
rate, , ori respectively. The asymptomatic infectious humans becomeisskifed
(recovered) after detection at a ratei . Individuals in the seHsolated(hospitalized) class
recover from the diseasa the raté 1 . Theparameters ,| and accounts for the disease
induced deathm the symptomatic, selfolation and hospitalized classes.

2.1 BasicProperties of Model (3)

In this section, we establithe dynamical properties of the corona virus model (3).
2.1.1 Positivity
For model (3) to be epidemiologically meaningful, it is pertinenshow that all thestate
variables are nenegative for all time We claim the following
Theorem 2.1
Thesystem (3) preserves positivity of solutioiifius the solution with positive initial conditions
will remain positive for all timgd Tt
Proof
0QD Yo/ mY mhO 7m0 m'O mh'O0 mh'O mh'Y nv mo .

Thuso T

From the first equation of model (3), we have

>v o=

and
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Yo YRAGD _060Q6 T8

Similarly, it can be shownth® O m'O0 TO ThO 1hhé Y T
Hence all solutios of model (3) remain positive for all namegative initial conditions, as
required.
2.1.2 Boundedness
We nowshow that the region D is boundetth the following theorem
Theorem 2.2:
TheregionO  "™AOHCA'Ch'ONYTY d) 0 "Y1
is positively invariant for model (3) and attracts all positive solutions of the model.
Proof
We add all the equations of model,(8p that
— 70 70 1 0;

which can beewritten as

— 1 0, wherg 1 ET hy h
Thus by separation of variables, we have
L — .1 Qgwhichimpliest 6 0 mQ
Thus0 0 approaches) ™ ®id0© Hb. Hence the region D attracts all solutions™¥n as

required
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Figure 1: Flow Diagram of Model (3)
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Figure 2: Flow Diagram of Model (14)
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Table 1: Description of variables andparameters in model (3)
Variables

Interpretation

Susceptible humans

Exposed humans (newly infected humans with no sign of]
disease)

Symptomatic infectious humans

Asymptomatic infectious humans
Individualsin selfisolation
Hospitalized individuals

Recovered individuals

Effective contact rate

Social distance compliance rate

Rate of face mask use for reducing community contact
\ Modification parameter that
infectiousness of humans in tiigéclass compared to humans

accounts for reduction

the"Oclass

Detection rate (via tracing and testing) for fBelass

Recoveryratesin the CHOROM ¢ W classes respectively

Disease induced death rates in"tH&O0 ¢ 'O classes

Efficacy of vaccine

Table 2: Baseline

Valus of Parameters used

Parameters | Values/ Ranges References
0 0.4355[0.4,1.1] Iboi et d[6]
— 0.810,1] Iboi et a[6]
" 0.025 Fergusoret a[13], Zhouet a[15]
R 0.025 Fergusoret a[13], Zhouet a[15]
1 0.015[0.001,0.1] Fergusoret a[13]
1 0.015[0.001,0.1] Fergusoret a[13]
) 0.015[0.001,0.1] Fergusoret a[13]
- 0.1[0,1 Ngonghaleet a[5]
\ 0.5[0,1] Chenet a[12]
0 0.5[0,1] Estimated
i i 0.013978 ] Tanget a[16]
i 0.07143 K] Tanget a[16]
i 0.0667 {~h] Chenet a[12], Cauchemeet a[17]
. 0.1923 R Iboi et af6]
N 0.5[0,1] Chenet a[12]
1 0.015 [-h] Fergusoret a[13]
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2.2  Analysis of Model (3)

In this section, our major aim is to analyze model (3) so gsaitoinsights into the dynamics of
model (3).

2.2.1 Diseasefree equilibrium (DFE)

The corona virus model (3) has a DFE, obtained by setting the right hand sides of the equations
in model (3) to zero, given by

u  YRORORGRGROnY: 3 mt hrdwdvdwde h (4)

where3 Tt is theinitial total size of the population of susceptible individuals

(so that 1t 3 1). The linearstability of the disease free equilibrissncan be established

using the next generation operator method on model Y3ing the notations in Vaden

Driessche and Watmoufd8], it follows that the associated noegative matriXO(of new

infections) and the matri (of transition termsare respectively given by

nip -p @ TIp -p ®
O 1 i i (5)

W —p Q , [ 11 (6)

Y Tp -p @@ —— — (1)

The reproduction numbeY is the control reproduction number of model (3) which
measures the average number of new corona virus cases generated by an infectious individual
introduced into a populatiowhere some intervention strategies (sociataihcing, face mask
usage and contact tracing) are implemented. We claim the following
Theorem 2.3:.t he DFE, & of model (3) V¥Ys pandunstdbley asy
wheneverY p.

The implication of theorem 2.3 is that ttiansmission of corona virus in the community

can be effectively controlled in the community if the control strategies implemented caiYbring
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to a value less than unity. Howevers pertinent to note that for epidemic models (with no birth
or death émographic processes) such as model (3), having p is sufficient but not necessary
for the elimination of the disease. This implies that evéyi if p, the disease will eventually
die out. This is due to the fact that evef¥if p, some number gbersons in the community
can get infected wheno control strategy is implemented. Some of these persons will recover
from the infection, since recovery from the disease confers permanent natural immunity against
future infection. This will lead to buildingommunitywide natural herd immunity and the
disease will eventually die out.
2.2.2 Interpretation of the Reproduction Number

As stated aboveY is the controkeproduction number of model (3) which is the sum of
two reproduction number¥ and'Y .Y is the product of the infection rate of susceptible
individuals by symptomatic infectious individuals, the proportion of exposed individuals that

survived theincubation period and movetb the symptomatic class -K) and the average
duration in the symptomatimfectious class———— . In the samevein, the reproduction
numberY is the product of the infectious rate of susceptible individuals, near the DFE, the
proportion that survived the exposed class and moved to the asymptomatic infectious class (k)
and the average duration in the asymptomatic class

We now seeko obtain the basic reproduction number of model (3) gotten by setting all
public health intervention implemented in Nigeria to zero. Tthes basic reproduction number
is given by
Y YAr- oo Qmn 6§ —m@8—+— (8)
Y represets the averge number of secondary infect®rgenerated by a typical infected

individual introduced into a completely susceptible qdpulation during the period of the

infectiousness of the individual.
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2.2.3 Computation of the Final Size of thePandemic

We now use the method dkermack and Mckendrigk9] to determine the final size
relation for the corona virus pandemic.

Let V'Y , N 'Y andaN 'Y be the sets of infected, susceptible and recovered
compartments of the modegespectivelylt follows from model (3) that
©w0 OO6HOOROOHOOKHOO , WO “Yo,anddo YO (9)
Using the notatiomin Arino, Brauer, Van Den Bessche, Watmough and \20], model (3)

reduces tp

— ‘SYANAZ6 T

— SPGUAD _ (10)

wherer is the infection rate in model (3)(that is_ 1 @LAJ), W is a k & matrix with the

property that ‘@Qentry represents the rate at which individuals of @hénfected compartment
transits into théQ compartmentipon recoveryand the matrix V remains the transition terms.
Thus goingby theorem 5.1 oArino et a[20], the final epidemic sizeslation for model (3) is
given by

De— —Ym Yhb on —-0Omn (11)

Next we show the globasymptotic stability (GAS) of the diseaBee equilibrium (DFE)
of the model (3)We make théollowing proposal
Theorem 2.4:
TheDFE,{, of model (3) is gl obaI=H%y .asymptotically
Proof
Consder theLyapunovfunction given by

bi vpliplil @ p-pop Qigy,

0 -
ni 11'le]i

0O

: 0 (12)
»i »'Q Ip 1 i
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Differentiating with respect to time, we have

But for all time (t), we have that

Yo 0 O OoEl@p - p 0 —P 2 2
n |l H’leell lc

Thus,
— | ITp DOY p T p - p ULO[Y »p

Q0 - N
05 | P - P VO ITTp - p 0OY p

Henced pifandonlyifY p,andd mifandonlyifO O O 1

Thus,0 is a Lyapunov function for model (3).

Henceitfollowsby a Sal l e’ s principle that the DFE of

stable wheneveY  p.

3. A VACCINATION MODEL FOR COVID-19
Currently, there are fewapproved vaccines for COVHD9. The development of new vaccines
usually take time but a number of companies, government agerasdsegulatory authorities
have workedrery hardto fasttrack themassavailability of vaccines that provides somtrm of
protection forCOVID-19, and have been made availabkginning fromthe end of yea2020
(Callaway, 202[10] and Kirkpatrick, 202q1L1].

Therefore,in this section, we develop a model for assessing the impact of CO¥ID
vaccines on the Nigerian population. We assume that the COY®Dvaccineareimperfect (that

is, it would not offer 100% protection against corona virus infection in all humans in the
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population). Hence, the basic COVI® model (3) is extended to include a popolatof
vaccinated individuals, denoted by V(t), so that the total population is given by
6o 30 60 %O ™o WO Vo6 Yo (13)

This subpopulation of vaccinatethdividuals is generated by the vaccination of
suscepbtle individuals at the rate c.i®e the vaccine is assumed to ibgerfect, vaccinated
individuals acquire infection at a ratep —h'Mi M — pis the vaccine efficacy. We
merge théand théOclassedn the first modeko obtain an isolated class denoted®@y This
compartment includes thoge selfisolation and thosalreadyhospitalized From the foregoing,
our new model is given by the followinpterministic system of neinear differential equations

— 13zAs3 v
— Az p J6 Iy
— 13 1p [6 %S

— py% , i 1 df
- (14)
— n"p nO 10 ¥
1P
— 0z i 1 O I:I’
1P
— 70 710 I:I’
oy
— 1) i) i 'Oh
where
_ (15)
The dynamics of the vaccination model (14) will be considered in the region
0 "AwhOhRCh'Oh™Oh'YfY DO 0 Ym T (16)

As done in section 2.1, the regi@n can be shown to be positivelyvariant and attractingll
positive solutions
3.1 Diseasefree Equilibrium (DFE)
The DFE of the vaccination model (14) is given by
v Yhw'hOhOh'OhvOoh'Y 3 mho hmhmhrhmhn (17
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where3 Thd ¢ @Q 1t hare the initial sizes of the population of susceptible and vaccinated
individuals, respectively, so that
mT 3T WT (18)

Furthemore the associated next generation matrices are given by

T ® W
"O T T (1%a)
T T
oy .Y T , W
v [ p p 000 0 p p WP 5 0
ando T |p - p wp — Tlp - p wp —
n Tt Tt
V= A , 11 m (19b)
Pponan T I

It follows that the control vaccination reproduction number for model (14) is ¢oyen

z z z z

Y | (199

O 0

We proposéhe llowing from Theorem 2 o¥/an den Driessche and/atmoug/l8].
Theorem 3.1:
The diseasdree equilibrium (DFE) of model (14) is locally asymptotically stabl¥ if p and
unstablaf Y  p.
The quantity’Y measures the average number of new corona virus cases generated by an
infectious individual introduced into a population where a certain fraction is vaccinated (with an
imperfect vaccine) against corona virus. The epidemiologigglication of Theorem 3L is that
a smallinflux of corona virus cases will not generate a CO\MD outbreak if the control
reproduction numbey is less than unity.

We now turnto obtain the basic reproduction number obtained by setting all control
parameters and s$tavariables(-fofvh—& ¢ &) to zero in (2L Thus, the basic reproduction

number is given by

YooY fo= — ] (20)
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Y’ representshie number of secondary infectiogenerated by an infectedlividual introduced
into a completely susceptible population during the individual duration of infectiousness.
3.2  Threshold Analysis and Vaccine Impact

It is pertinent to determine whether or tlo¢ widespread use of an imperfect vaccine in a
community will always be beneficial or not. First, we consider the initial size of the population
3nmhdé @m. Let p denote the fraction of susceptible individuals andé the fraction of

vaccinatedndividuals at the diseadeee steady state. Thus,
n ——o (21)
N — (22)

The parameters fRyiven below denote the control reproduction number with the vaccinated

subpopulation

Y T p -p 0 — (23)

In the same vein, the reproduction number for a CO¥®Dmodel with a wholly vaccinated
population (model in which ewemember of the population is vaccinated) is given by
Y Tp -pU0p —— — (24)

It follows from (19), (21) and (22) that the control reproductiomberyY can be rewritten

intermsoff w¢ Q as

Y oYn p 1QY (25)
Yo'Yna Q 1 (26)
Y O Yp 1Q 27)

Now we setY  pin (27) and solve foiQ to get
" p p )
Q Ip v € (28)

We thus proposéhe following
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Lemma 3.1:
The DFE of the vaccination model (14y,is locally asymptotically
stable ifQ "Q, and unstablé Q@ Q
Proof
It is obvious thatY = pwhenevefQ "Q, so that the DFE is locally asymptotically stable.
In the same veiny pfor'Q "Q and the DFE is unstable. This lemma implies that if the
fraction of individuals vaccinated at steaghate exceeds the threshold lev@l (then the DFE is
locally asymptotically able and consequently, the disease could be eliminated.
From the resulobtained from (27) and®8) we have the following proposition:

Theorem 3.2:
Theuse of an imperfect vaccine for CO\AI® in a population will have the following

(1 Positive impact in the population® Q Y p)

(i) Negative impact in the population® Q Y p)

(i) Noimpact in the populationi@ Q Y p)
Alternatively, wemayassess the impact of an imperfect vaccine by using (23), (24) and (19). We

first rewrite’Y as

Y Y op P — (29)

Using the notabns by Elbasha and Guni2l], a measure of the vaccine impact for the model

(14) is defined irterms of the vaccine impact factor, denoted by

mo—p (30)
We claim the following result
Theorem 3.3:
The use of an imperfect vaccine for corona virus in a population will have the following
i) Positive population impact leveli) 1Y Y

i) Negative population impact levelnf 1 Y Y
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iii) No impact level ifjy 1Y Y

Proof
Using (30) in (29) givesY Y p m (31)
Sothat p m — (32)

Thus, whenevelY Y ,thenp m p;sothaty 1(and the vaccine has a positive impact).
Similarly, wheneverY > Rs, therp m p; so thatm 1 (and the vaccine would have a
negative impact). Finally, it Y, thenp m p; so thatmy T1t(and thevaccine has no
impact.

It is important and also easy to show that

Y Y *Ip -p 00— — T (33)

So thaty 'Y . Thus, it f ol | is wwayspositiven In (otBied yords, hhe t Q
vaccine will always have jgositive impact in the population, leadingttee following result:
Lemma 3.2:

The COVID-19vaccine will always have a positive impact in the population.

4.NUMERICAL SIMULATIONS

The models (3) and (14yere numerically simulated, using the baseline parameters in
table 2 to assess the impact of various intervention strategies evident in the model (social
distancing, rate of face mask compliance and contact tracing) for the entire Nigerian population.
For the mirpose of our simulations we set our initial value 6 ¢ mtht i t.7As at
August %", 2020, the subpopulation of infected individudlsmt T @ X x hospitalized
individuals ‘O p & T1;¢he total number of deatlls T wT and the total number of
recovered human m o ¢ Y @while fixing all other state variablemt O T

o1 TL
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4.1  Effect of Social Distancing

« 1ffxed value of face mask use(0.1) and varying social distancing(D-1) 0% fixed face mask use (0.1) and varying social distancing (0-1)
14 T T 7 T T

Cumulative number of deaths
Mumber of symptomatic cases

0 50 100 150 0 50 100 150
Time (days) Time (days)

« 1fed value of face mask use(D.1) and varying social distancing (0-1) « 10" fixed value of mask use (0.2) and varying social distancing (0-1)
T T B

T T

.

[}

Mumber of asymptomatic cases
Cumulative number of deaths
(=5

D 1 1
0 50 100 150 0 a0 100 150
Time (days) Tirme {days)
« {txed value of face mask use(0.2) and varying sacial distancing(0-1) « 1(Fixed value of face mask use(D.2) and varying social distancing(0-1)
45 T T 25 T T
4
35 @
g
LK 6
g £
% B 151
£ 5
g g
by @
G [
: £
£ 2 |
5 £ I
4 E .:(
05tk
o
0 50 100 150 0 50 100 150
Time (days) Time (days)

Figure 3: simulation of model (3) by varying the value for social distancirg Q-1) and the

value of the rate of face mask compliance (v) is set at 0.1 and 0.2.
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From figure 3, we see that varying the rate of social distancing from 0 to 1 and setting the value
of face mask compliance rate to 0.1 would mark a reduction in the atimeuhumber of deaths.

This implies that even if a few percentage of humans comply to face mask use but all humans
maintain social distancing it will result to a fewer number of deaths. This will also bring about a
reduction in the number of new infectorieading to a reduction in the disease burden.
Increasing the percentage of the number of persons who comply with wearing face mask will
further reduce the number of new cases as long as they maintain social distancing. If only 20% of
the population compl to social distancing, the cumulative number of deaths will be a little
below 60,000 by the end of January, 2020. Having about 80% of the population comply with
social distancing will lead to a drastic reduction in the number of cumulative deaths caused b
the disease. This simulation implies that as long as people comply to the use of face mask even if
their compliance rate is moderate, as long as they maintain social distancing, the elimination of

the disease from the population is feasible.

4.2 Effect of Face Mask Use in Public

" mﬁxed value for social distancing(D) with varying face mask use(0-1)
4 T T

fier? value for social distancing(D) and varying value for face mask use(0-1)
5 T T

351

Cumulative number of deaths
N

Murmber of symptomatic cases

1 L
0 50 100 150 0 50 100 150
Time (days) Time (days)
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* social distancing(0.2) and face mask use(0-1
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Figure 4: Simulation of model (3) by varying the value for face mask public usag@-1) and

the value of the ratef social distancing~) is set at 0.1 and 0.2.

Figure 4 reveals that if people do not maintain social distancing and wear their mask in public,
the cumulative number of deaths will be very high and we would have an increase in the number
of infected persons which was actually the initial cause of duadgmic. If 20% of the

population maintain social distance and 20% Of the population also comply to face mask use in

public, then the cumulative number of deaths caused by the disease will be reduced to a little
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above 20,000 deaths by the end of Janua®® 20ur simulation show that even if people do not
maintain social distancing as long as everyone comply to face mask use in the public, the disease
can be eliminated by January, 2020. Thus, our simulation reveals that the use of face mask in the

communitycan help curtail the widespread of the disease.

4.3  Effect of Contact Tracing
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Figure 5: simulation of model (3) by varying the value for detection rate (via contact tracing

from 0.0050.1 and 0.02 to 0.2).

Figure 5 reveals that thietection and isolation of individuals infected with corona virus will aid

in reducing the cumulative number of deaths as contact with infectious humans will become

limited. This will in turn decrease the number of new cases.
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Figure 6: simulation of model (3) by varying the value for the rate of vaccination (10% to
rate of vaccination) as well as varying the rate of vaccine efficacy from 0.1 to 0.7.

The result of theorem 3.2 was numerically simulated in figure 6a, showing an increase in the
cumulative COVID19 induced mortality whenY ‘Y (a negative impact in the population)

and a decrease whe&fi 'Y (a positive impact in the population) geire 6a also reveals that by

the end of January 2021, the number of asymptomatic (symptomatic) cases will be a little below
15,000 (4,000) whenevef Y which implies a negative impact. The number of cumulative

death will be reduced drasticallyYf 'Y which will imply a positive impact in the population.
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Figure 6b reveals that for the worst case scenario without vaccination with ¢ = 0, Nigeria
would record a high number of daily deaths (above 16,000) at the end of January, 2021. With a
vacdnation rate of 0.01 to 0.03 would lead to a drastic reduction in the number of daily deaths at
the end of January, 2021. Achieving 10% vaccination of the population would record a little
above 4,000 daily deaths while 30% vaccination of the populatiorldwaeord a drastic
reduction in the number of daily deaths by the end of January, 2020. In the same vein, achieving
30% vaccination of the population, would record a drastic reduction in the number of infected
individuals. Our simulations also revealstthavaccine efficacy rate of 0.1 will only reduce the
daily number of deaths to 75,000 if a 100% vaccination of susceptible individuals is achieved. If
the rate of vaccine efficacy confers 20% protection against the disease, then the daily number of
deathswill be reduced to 15,000 if 100% vaccine coverage is achieved. The simulations also
show that if the vaccine efficacy confers 50% protection against corona virus, then the daily
deaths will be drastically reduced.

4.4  Discussion of Result

A novelcorona wus emerged from Wuhan, Hubeidvince in China in December, 2019
The virus hagyenerated serioysandemic due to itspread to over 210 countries thie world
with over 350 million confirmed cases and 5 million deaths globally as at theoR3anuary,
2022. Also, over 9 bhillion doses of vaccines with controversial efficacy have been administered.
We developed and analyzed the transmission dynamitiseafovel corona virus with several
control strategies (social distancing, face mask use in public as well as contact tracing). The
model was extended to include a vaccinated subpopulation so as to assess the potential impact of
an imperfect vaccine againsO¥ID-19 disease in NigeridVe assumed thahe vaccine is not
guaranteed to provide 100% protectamainst thelisease

The developed models were rigorously analyzed to gain insight into the transmission
dynamics of the disease. The DFE of model (3heut a vaccinated subpopulation was found to
be both locally and globally asymptotically stable when the control reproduction number is less
than unity. The implication of this is that the transmission of corona virus in the community can

be effectively ontrolled in the community if the control strategies implemented can bring the
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threshold (R)to a value less than unitgimilarly, the DFE of the vaccination model (14) is also
locally asymptotically stable when the threshold is less than WwAstgcinaton against corona

virus may lead to the effective control of the disease if the vaccine efficacy and nationwide
coverage of the vaccine are high enough. In particular, if the vaccine efficacy and nationwide
coverage of the vaccine is able to bring the m@neproduction number to a value less than
unity.

Our numerical simulation reveals that as long as people comithlthe use of face mask
reasonably andhaintain social distancing, the elimination of the disease from the population is
feasible. Similady, our simulatiors also show that even if people do not maintain social
distancing as long as everyone comply to face mask use in the public, the disedse ca
eliminated within a reasonable time franTfdaus an implementation of an effective fanask
strategy as well as socialistancing will greatly reduceeommunity transmission. Also,
widespread random testirgan contribute in detecting, tracing and isolating symptomatic and
asymptomatic cases their by reducing the transmission by contactgotidtbe spreading the
disease in the populatiolore testsvould imply an increase in the number of detected cases as
well as rapid isolation of symptomatic and asymptomatic cases, thus, reducing community
transmission.

Furthermore,our simulationwas done to measure the population impact at which an
imperfect vaccine is administered. The result revealed that the corona vides b terms of
the cumulative number of deatldgcreases with an increasing vaccine rate. Our simulation
showed that if the accine efficacy confers 70%rotectionand a large proportion of the
susceptible class are vaccinated, then, it will lead to the elimination of the disease by 2021. If the
vaccine efficacy level confers 10% to 40% protection against the disease, theot isudficient
to curtail the disease.

In summary, this study has explainéte prospeatof controlling corona virus disease in
Nigeria. It shows that combining various intervention strategies such as face mask use in public,
social distancing, contact tracing (detection of corona virus cases) as el asministration

of an imperfect vagne will help incontrolling or eliminatingthe disease in the population.
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Attaining a very high vaccine coverage (80% and above) with an imperfect vaccine that confers

at least 70% protection against the disease will lead to the elimination of theediseas
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