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IntrodUCtioR  mitied from h
VID-19 is transmitted from human-to-human throyqh direct ¢ ' [ '
gro surfaces and through inhalation of respirat g oriact With contaminated objects

_ o ory droplets from ' [ '
humans. There is also limited data that the v " oth syMploratic and infectious

FUs can be exhaled through hing. Th
incubation period of COVID-19 ranges from 2 t i (v g ing: The

- ; 0 14 days, and most infections (over 80%) show mild
or no clinical symptoms of the disease (Ngonghalaet al, 2020b; Gumel, 2020a).

COVID-19 is transmitted from human-to-human via direct contact with contaminated surfaces and
through the inhalation of respiratory droplets from infected individuals (Bai et af,, 2020). virus that
has caused COVID-19 to be a lethal disease, a disease which targets the human respiratory system,
started as an outbreak of pneumonia of unidentified cause? It swiftly became an overwhelming
pandemic, thinning out to every country on earth, and wreaking a brutal public health and socio-
economic burden globally and the patients were linked to a seafood and wet animal market in
Wuhan, Hubei Province, China, an ongoing corona virus disease 2019 (COVID-19) pandemic has
decimated the world as we know it (WHO, 2021). SARS-COV?2, a highly virulent virus that has caused
COVID-19 to be a lethal disease, began as an outbreak of pneumonia of unknown origin in the
Chinese city of Wuhan in December of 2019, caused by the novel corona virus, SARS-COV2, a highly
virdlent virus that has caused COVID-19 to be a fatal disease, a disease that attacks the human
respiratory system (Rothana and Byrareddy, 2020; Gumel et a/,, 2020; Branswell, 2020; Dong et
al, 2020; Roda et al,, 2020; Sun and Wang, 2020; Contreras et a/,, 2020; Li et a/., 2020; Zhu et
4l,2020). It is reported that the virus might be bat origin (Zhou et al,, 2020). And the virus's spread
could be linked to a Hunan Seafood Wholesale Market (Huang et al., 2020; Zhu et al,, 2020b). By
January 22, 2020, a total of 571 cases of COVID-19 were reported in 25 provinces in China (Rothana
and Byrareddy, 2020; Lu, 2020). On January 30, 2020, about 7734 cases have been confirmed in
Chi_”a, with 90 cases reported in about 13 countries (Rothana and Byrareddy, 2020) Including the
United States, India, Canada, France, Germany and the United Arab Emirates.

People with certai ing medical conditions may have a higher risk of severe illness from

VID-19, The;t: l?ol}:crili(tjizrrllzlrilr?clude diabetes, heart problems, obesity, and chronic kidney disease.
SDeciﬁcaIIy, the available evidence suggests that people with _type 2 diabetes ha\F/,e a hlg.her résé(cof
Severe iliness from COVID-19, according to the Centers for Disease Control Ifn(tj) trexen;lotﬂ ( l ).
€ople with type 1 or gestational diabetes may also have an increased risk, but the data is less

“nclusive (cDC 2021 ; IDF,2021).
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with diabetes. One reason s that o

In general i serious in people
g , Infections are more t harder for the body to fight Vlrusesdlzbet‘es

the way the immune s ks, making i

ystem works, X . : 3
causes high blood sugar levels, and the [nternational Dllabgtefutigsra[;'og Obserye Iso, diag‘fctg
corona virus may thrive in an environment of elevated blood 9 - Dlabetes algq ) 9 thg My

in a low-level state of inflammation, which makes its healing response to any Infectjq °Ps th‘e%‘im

. . : inflammation make i
blood sugar levels combined with a persistent state 22 COVID-19 (IDF :z_'ozlt1mUC More gige "
people with diabetes to recover from illnesses suc ' ). 1fﬂ(m ioh

ch Mathematical model of COVID-19 transmisg;

, _ . i contaminati o
incorporating booster vaccine program and env.ronmendta‘ environmegg? developgy an dy”am-
model that captured both human-to-human and in th .0'1_“”‘""3‘“-t0-e \ ~tylt5
transmissions which allows the recruitment of corona VIruses In e environment tt?Ver”Mepe
booster vaccine program. ® Mgy 2‘,

Akinwande et a/. (2022) in their resear

- work, examines the impact of various nop.

control measures on the population dynamics of the novel corona virus disease 2019 ((?g\:}acekmc
Lagos, Nigeria, using an appropriately formulated mathematical model Omam o ID,lg)ial
presented and analyzed the fractional optimal control rnoc!el for COVIDTlg and dia‘? (20221
dynamics, using the Atangana-Baleanu derivative. They established the positivity ang bo Stes

of the solutions as was shown by the method of Laplace transform. The existence ang L:Jn Snegg
of the solutions of the model equation We

re established using Banach fixed point Theorque”ESs
em

Okuonghae and Omame (2020) in thei

Leray—Schauder alternative Theorem. ang
Kouidere et a/. (2021) Pontryagin’s maximum prin_ciple was used, to characterizg the Optima

and the optimality system as solved by an iteratwe method and some numerica| Simulatioﬁg””“‘s
performed to verify the theoretical analysis using MATLAB Were
In this paper a model was formulated for COVID-19 i_ncorporating the comorbidity of diabetes
global asymptotic stability was established using Castillo-Chavez theorem. , the
Model Formulation . _ .

The model equations were formulated using the first order ordlr)ar\( dlfferentlal. €quation, with the
total human population at time t,denoted by N. the total population is further divided intg fomeén

(14) compartment, which are Susceptible to COVID-19(s;), Diabetic without complication ang
susceptible to COVID-19(S,), Exposed to COVID-19(E;), COVID-19 infectious (1), Quarantine f,
COVID-19(Q,), Isolated for COVID-19(P,), Recovered from COVID-19(R;), Diabetics withoy
complication and also COVID-19Exposed (Eq), Diabetics without complication and also COv[p.
19Infectious(/,), Quarantine for COVID-19 and also diabetes without complication(Q,), Isolated for
COVID-19and diabetes without complication(Pa), Recovered from COVID-19but having diabetes
without complication (R,), Diabetics with complication and also COVID-19Infectious (1,), Isolates

for COVID-19and diabetes with complication (F;).

A recruitment to the susceptible to COVID-19 class is at a constant rate B; ,The COVID-l3
susceptible individuals may acquire infection after effective contacts n;y, 7,2, M3, Nia WIth Exposed to
COVID-19, COVID-19infectious, Quarantine for COVID-19, and Isolated for COVID-19, the
quarantined are recruited through a contact with the exposed class at rate g;and return (o the

susceptible at a rate¢;.

The quarantined class become COVID-19 infectious at a rate P at arate 7, COVID-19infectioss i

recruited to isolated for COVID-19 and subsequently !, is the rate at which isolated becotrai
recovered thus some of the recruited will become susceptible while some will be recruited [0
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Dlabem without complication and also susceptible to COVID-19, again recruitment O the

G i without complication and also susceptible to COVID-gefass at 3 constant rate ba |

D-19 susceptible but diabetic without complication individuals may acquire infecttog aaf'lts(;
e c0 contaCts 12l s ttiiinn, oy, g With Diabetics without complication a0
Exposed; Diabetics without complication and also COVID-19Infectious, Quaranting fo;
-19 nd also diabetes without complication  Isolated for COVID-19and diabetes WithoV
c ID-L927 piapetics with complication and also COVID-19 Infectious, Isolated for COVID-19 2

itffl complication, the quarantined are recruiteq through a contact with the exposed Class
b€ ~nd return t0 the susceptible at a rate ¢
e dd :

rate “the quarantine class become COVID-19 infectious
al

pd and @ recruitment to COVID-19 infectious but diabetic with complication which move
at? ratethe qusceptible class without complication and some to isolated with COVID-19 but diabetic
kto

 mplication, 2t @ rate "“COVID-19 infectious is recruited to isolated for COVID-19 N0
C

e of infection is given by;

rc
The fo ”HE‘+,;,-JQI+”,3:,+”HPI)
=My (—"" N —
o (1)
P);hEd+”szd""fd]’d""impdﬂldsr(ﬂuupc)
= My ( N
. (2)

Where m;, mq the number of contacts made between the susceptible to COVID-19, Diabetic without
complication and also susceptible to COVID-19, and the agents of virus transmission.

assumptions of the Model

The models are formulated base on the following Assumptions:

i, The diabetes disease infections can either be without complication (acute) or with
complication (chronic).

ii.  There can be death due to complications from COVID-19.

i There can be death due to complications from acute diabetes.

iv.  There can be death due to complications from chronic diabetes.

v.  There is no recovery from COVID-19 when there is diabetes with complication.

vi.  If the person that is co-infected with both COVID-19 and diabetes is effectively treated for

diabetes, the person moves into the class of diabetes without complication but still COVID-
19 infected.

Vii. - The people with diabetes are more likely to have more severe symptoms and complications
when infected with COVID-19.

Vill. - We assume that persons who already have diabetes-complication are likely to have worse
N outcomes if they contract COVID-19.

After effective treatment of COVID-19, persons from the recovered class may move back to
diabetic without complications but susceptible to COVID-19 class after a while.

Essed on the assumptions, the equations governing the co-infection dynamics is given as,
T =P a8+ R+ 60, - S, )

dS:i’

W= S,y + wl. +0R; +ny Ry +E4Qq — 1Sy (4)
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' ) CANOIORY. A1 S S0y o
'—‘,%Z H_,S,—""lli'l (5
dQ )
—_— =0 F 1(\)1

dt e - (6)
"l =D Q 1 !

dt Pi% Lo (7)
dpP

‘;L: il = AP, (8
1E 4 _ S A Z. )
T - a.!‘ti 12 { (g
dQ g > )
“' = (Tdbrf f150d (1
dlg _ Qu — Ayl )
— = Pala — Aald

o’ o (11

- — tald As d

—ri =(1=-a)ly— A5l (12)
dr = d artc (13}

4P — 1 1. — AgP

}t’ 8%¢ (14)

arN, = p |R

dr v A (15)

T:}dnf'—’lll‘Rff (16)

Were

‘43,]’,+51+;£:A3,1—H+Td+62+'u:A_‘

1’,+|5] +ﬁ£:‘4!; .L’;"‘i':'*'ﬂ‘:
;451(U+TC+‘53+HZA7’ 53+‘[1:A8,U[+6+|H:A9’}?d +“-._

g+ &g+ u=AsYqg+ 0 tu=
g +u=A,04+u= Al

A

10,

Results and Discussion ) o
To establish the global stability of the COVID-19 Diabetes Free Equilibrium, we apply the theore,

by Castillo-Chavez et a/. (2002). We re-write the model as

2 =H(X.Z) N
T‘ =G6(X,2),6(X,00=0 (18)
Where X = (5, R, S4.R4) o
AndZ: [E['O:"I"PI’Eni'Qd'ld'Pdnl(.R_-) (20)

with the components .\ denoting the uninfected population and components Z denoting the
infected population.

The COVID-19- diabetes complication-free equilibrium is now denoted as

FO = (X°,0); X* = (i—o’fo) 1)
The following conditions must be satisfied to guarantee global asymptotical stability:
i. % — H(X,0); X" is globally asymptotically stable
(22)

i G(N.Z)=PZ—G(X.Z), G(X,Z) = Ofor (X,2) € 2, |
where P = D,G(X",0) is a M-matrix (the off-diagonal elements of P are non-negative) and 1 is the

region where the model makes biological sense.

If the system satisfies the condition above, then the theorem below holds.
Theorem 1: The fixed point E° = (X", 0) is globally asymptotically stable equilibrium of the system
provided R, < 1that and the conditions in (22) are satisfied.

Proof: From the model system, we have
ﬁl - “!'51 + UIRI - “Sr
—(6 +ni + R, (23)
Ba — agSq+ 0R; +naRy — uSy4
~ —(g + Ry
PZ-G(X,2)

H(X,0) =

G(X,7)
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From (27), itis clear that G(X,Z) <00 the conditions are not met. Hence, £" May not §
asymptotically stable when R, < 1. ¢ 9|0bally

(Rothana and Byrareddy, 2020; Gumel et al, 2020; Branswell, 2020; Dong et a/., 2020: R
2020; Sun and Wang, 2020; Contreras etal, 2020; Li et al, 2020; Zhu et a/,,2020), (WHoga etal
(Bai et al., 2020). (Ngonghalaet al, 2020b). (Zhou et &l,, 2020) (Huang et al., 2020 Zh,ZOEI),
2020b). (Rothana and Byrareddy, 2020; Lu, 2020). (Rothana and Byrareddy, 2020)' (CDUc eta,
IDF,2021). Akinwande et a/. (2022) Okuonghae and Omame (2020) Omame et a/. (2022) Koruzigil;

f

et al. (2021) Castillo-Chavez et al. (2002). ¢

'

Conclusion

The Global Asymptotic Stability may not be stable when R, < 1 but may be stable otherwise Since
the two Castillo-Chavez theorem conditions are not met, Hence, £ may not be globaly
asymptotically stable when R, < 1.
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