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AbS . apef't a Mathematica/ modelling of COVJD-J
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/f1 tht5 

~ed base on the accompanying assumptio mcorporatmg the comorbidity of Diabetes was 
estabJeveloped by applying the theorem of Ca 71~ a global asymptotic stability of the same model 
'/las IIY asymptotically stable equilibrium of th: 

1 
a-Chavez ~Y fixing a point E0 = (X ·, O) to be 

globa . re satisfied. It is very c!ea th t ~ system, provided Ro < 1 that and the two set 
dit1ons a r a G(X Z) < O so th ,r · £ '1 con t be globally asymptotically stable wh R e conu1hons are not met. Hence, ,naY no en O < 1. 
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Introduction . 
coVID-19 is transmitted ~rom h~man-to-human through direct contact with contaminated objects 
or surfaces and . throug~ l~halation of respiratory droplets from both symptomatic and infectious 
humans. Ther~ is also limited data that the virus can be exhaled through normal breathing. The 
incubation period of COVID-l 9 r~nges from 2 to 14 days, and most infections ( over 80%) show mild 
or no clinical symptoms of the disease (Ngonghalaet al., 2020b; Gumel, 202oa). 

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 al., 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-COV2, 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 
virulent virus that has caused COVID-19 to be a fatal disease, a disease that attacks the human 
respiratory system (Rothana and Byrareddy, 2020; Gurne! et al., 2020; Branswell, 2020; Dong et 
al., 2020; Roda et al., 2020; Sun and Wang, 2020; Contreras et al., 2020; U et al., 2020; Zhu et 
a/.,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 Byrare

1

ddy, 2020; Lu, 2020). on January 30, 2020, about 7734 cases have been confir~ed in 
Ch~na, 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 certain underlying medical conditions may have a higher risk of sever_e illnes~ from 
COVID 19 Th d't· . 1 d d. betes heart problems obesity, and chronic kidney disease. • . ese con I ions me u e Ia , . ' . h. h · k f 
Specifically, the available evidence suggests that people with _type 2 d1abetles hdavpe a igt_ er(rC1sDCo) 
severe ·11 d. t the Centers for Disease Contro an reven I0n . 
p 

I 
ness from COVID-19, accor mg O h increased risk but the data is less 

eople With type 1 or gestational diabetes may also ave an ' 
conclusive (CDC,2021; IDF,2021). 
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In general, infections are more serious in people with diabetes. One reason is that d. ~ 
the way the immune system works, making it h~rder f~r -the body to ~ght Viruses. iabetes 

causes high blood sugar levels, and the International Diabetes Federat_,on observes tlso, di<lffects 

~orona virus may thrive in an environment of elev~ted bl~od glucose. Diabetes also k hat the<lbete1 

in a low-level state of inflammation which makes its healing response to any infect" eeps th t)ov 

blood sugar levels combined with a
1 

persistent state of inflammation make it much ion Slo',\, e botlel 

people with diabetes to recover from illnesses such as COVID-l9 ( IDF, 2021). more di~r. ~ig~ 
ClJlt f 

Akinwande et al. (2022) in their research Mathematical model of COVID-19 transrn· . Or 

incorporating booster vaccine program and environmental contamination, develo 
1
ss1on dy 

d · Ped t)<lr-..• 

model . t~1at captured both human-to-human an . env1ronment-t?-hurnan-to- 0f1 _SIR,,··11es 

transm1ss1ons which allows the recruitment of corona viruses in the environment . env1ro lvpe 
b 

It) th t)rti 

ooster vaccine program. e mid ent 
St Of 

Okuonghae and Omame (2020) in their w~rk, examines the impac~ of v~rious non-pha 

control measures on the population dynamics of the novel coron~ virus disease 2019 rrnaceu . 

Lagos, Nigeria, using an appropriately formulated mathematical model Orname (;?VID,1~
1c_a1 

presented and analyzed the fractional optimal control mo~el for COVID-19 and . at. (2o) 1n 

dynamics, using the Atangana-Baleanu derivative. They established the positivity and i10betes 
22) 

of the solutions as was shown by the method of Laplace transform. The existence out1dedn co. 

f bl. h d · B h fi and urr ess 
o the solutions of the model equation were esta 1s e using anac 1xed point The 1queness 

Leray-Schauder alternative Theorem. Orem and 

Kouidere et al. (2021) Pontryagin's maximum principle was used, to characterize the opt 

and the optimal ity system as solved by an iterative method and some numerical simu'irn~i controls 

performed to verify the theoretical analysis using MATLAB ations Were 

I n this paper a model was formulated for COVID-19 incorporating the comorbidity of d. b 

global asymptotic stability was established using Castillo-Chavez theorem. ia etes, the 

Model Formulation 
The model equations were formulated using the first order ordinary differential equation . 

total human population at t ime c,denoted by N. the total population is further divided int~ ;'
th the 

( 14) compartment, which are Susceptible to COVID-19(5;), Diabetic without complication a~~rte
1
en 

susceptible to COVID-19(Sd), Exposed to COVID-19(£;), COVID-19 infectious (/;), Quarantineaf~~ 

COVID-19(Q,), Isolated for COVID-19(P;) , Recovered from COVID-19(Ri), Diabetics with t 

compl ication and also COVID-19Exposed (Ed), Diabetics without complication and also cov~~-

19Infect ious(/d), Quarantine for COVID-19 and also diabetes without complication (Qd), Isolated for 

COVID-19and diabetes without complication(Pd), Recovered from COVID-19but having diabetes 

without complication (Rd), Diabetics with complication and also COVID-19Infectious Uc), Isolated 

for COVID-19and diabetes with complication (Pc) . 

A recruitment to the susceptible to COVID-19 class is at a constant rate {J; ,The COVID-19 

susceptible individuals may acquire infection after effective contacts l'/ it, iJi2 , ' liJ• 17H 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 aiand return to the 

susceptible at a rate( , . 

The quarantined class become COVID-19 infectious at a rate P, at a rate ri, COVID-19infectious is 

recruited to isolated for COVID-19 and subsequently Vi , is the rate at which isolated become 

recovered thus some of the recruited will become susceptible while some will be recruited to the 
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. betic without complication and also susceptible to COVlD-19 again recruitment to the 
f 01a . . , fJ 

class o ·thout compl1cat1on and also susceptible to C0\/1D- l 9class at a constant rate d . 
tiC v,JI 

d·abe . I b t d. b . . . . ~er 1 _ 19 susceptib e u ia etic w1th0ut complication individuals may acquire infection a 
0v1D . . . and also -<11e C ontacts 11 II" ''·"·''·"• ''·". ,,., . ,, "· adw1th Diabetics without complication 

11 • ·ve c · ·th · for ffecti osed, Diabetics w1 out complication and also COV1D-l 9Infectious, Quarantine 
e 0v10-l 9;~~ also diabe_tes with~ut . complication Isolated for COV1D-19and diabetes without 
C 0v1D· 19 Diabetics with complication and also COVlD-19 Infectious Isolated for COVlD· 19 and 

C ,.,plicationth' complication, the quarantined are recruited through a co~tact with the exposed class 
co11

• 5 w1 'bl 
d·abete d return to the suscept1 eat a rate (d h . QI/ID 19 infectious 1 te 11dan . t e quarantine class become C · 
at ra Pct and a recruitment to COVID-19 infectious but diabetic with complication which. mo~e 
ta rate ;usceptible class without complication and some to isolated with COI/ID-19 but diabetic 

~ack to 
th

elication, at a rate 
rd

COVID-19 infectious is recruited to isolated for COV1D·19 and 
·th comP 

WI tly Yd 
ubsequen . 

5 
.. d als who are alive may die naturally at a rate µ similarly infectious and isolated individuals 

All in~I11I u an additional death burden occasioned by COVID-19, diabetes without complicabon and 

e~penenc;ith complication at their respective rates 81, 82, 83 diabetes . 

f ce of infection is given by; 
The or (~,+,1,2Q,+11131,+11,.P;) 

tli := 1111 N (1) 

(

'/,Ii Ed +l/d2Qd +l/d1I d +lld< P d+lldsl,+l/d6Pc) 

lid := lllct N (2) 

Where Ill;, mc1 the number of contacts made between the susceptible to COVlD-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 fol lowing Assumptions: 
· The diabetes disease infections can either be without complication (acute) or with I, 

complication ( chronic). 
ii, There can be death due to complications from COVID-19. 
iii. 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 COVlD-
19 infected. 

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

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

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

~;sed on the assumptions, the equations governing the co-infection dynamics is given as, 
-; == fl, - rr;S, + IJi Ri + <iQ, - 11S, (3) 
dS,1 

;':: fl,1 - rrc1Sr1 + wlc + 0Ri t 11c1Rd t (dQcl - J1Sc1 (4) 
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etc , r I £ 
- =fl,,11 - ltt I 
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ctO , = a,£, - A10, 
tic 

'
111 Q I I - = P1 I - f I I 
ctr 
dP, I A p - = f 1 I - l I 
rl c • 

,11,d r A £ 
- =CTc1-' r1 - 12 rl 
de 

tlOn £ I Q di= <l,t rl - ,. 5 rl 

rl Id \ / - = Pi10c1 - 14 c1 
dr 

dPd p - = r ,1 l r1 - A c- ,1 
de 

~=(I - n) l,1 - A, lc 
ctr 
d Pc J A p - =r - - Re 
rl t ' ' 

tlR, p ' R - = Y, I - t1 q I 
de 

dRd 
- = Yr1Pi1 - A10Rr1 
dr 

Were 

r •• -,"""".:.' i1,,t1,. " .,,,, , ,,,,.1 I ,I,,,''""" ,.10.~ r 1u·n 1. 'v,,, \/111.J, ' IJ' ' • • -J 

(S) 

(6) 

(7) 

(8) 

(9) 

( 10) 

( 11) 

02) 

03) 

( 14) 

05) 

( 16) 

Results and Discussion 
To establ ish the global stabil ity of the COVID-19 Diabetes Free Equilibrium, we apply the th 
by Castillo-Chavez et al. (2002). We re-write the model as eoren, 

~ =H (X. Z) 
ti l 

",: = G(X, Z) . G(X . O) = 0 
'I 

Where X = (S1, R,,Sc1, Rc1) 

(17) 

( 18) 

( 19) 
(20) And Z = (£,. Q,. /1, P,, Ec1, Oc1 , lc1, Pc1 , le, Pc) 

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 

£0 = cx·,o); x· = (~. o.:d.o) (21) 

The following conditions must be satisfied to guarantee global asymptotical stability: 

i . c1x = H(X, O) ; :c is globally asymptotically stable 
dr 

ii . G(X, Z) = PZ - G(X, Z), G(X, Z) ~ 0for (X, Z) En, (22) 
where P = D

2
G(X ". O) is a M-matrix (the off-diagonal elements of Pare non-negative) and n 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 £ 0 = ex· , O) is globally asymptotically stable equilibrium of the sy
5t

ern 

provided R0 < I that and the conditions in (22) are satisfied. 

Proof: From the model system, we have 

( 

/31 - aiS, + 11 1R1 - µSi ) 
H(X O) = -(0 + 17 i + µ)R , 

, f3ct - adsd + eR, + 1/ ct Rd - µSd 
- (1/d + µ ) Rd 

(23) 

G(X, Z) = PZ - G(X, Z) 
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O 0 II t /' -cJ 
p~ 0 
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0 

0 0 

0 0 

0 0 

0 0 

• fl 0 

0 ·c6 

0 pdld 

0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

-c, 0 0 

td ld -c, 0 

0 0 0 
O O O ( I - a) I, 0 

0 
0 0 0 0 0 

0 

0 

0 

0 

0 

0 

0 

0 

c === C5,- + µ, C2 = (i +µ ,CJ = r, + 0, + JI, C4 = 81 + Y1 + µcs = ad + µ, 
Where I 

(24) 

_ ~ + pd + µ , C7 =Ta+ 82 +µ ,Ca = Yd+ 82 + µ, C9 = re + 63 + µ, c1o = 03 + µ 
C6 - C., d 

- c
1 
E; 

E;Q;<s; - Q;c2 

1. Q.p. - I;c3 I I I 

I.P.1. -P/4 
I I I 

- c5 Eel 

p X 2 :: 
- c6 Qd (25) 

ldQd pd - l,1c7 

I~ ' d - PdcS 

( 1 - a) lc Id - c9 lc 

7 
1- , - p c,o 
C C C 

( S;<x; - c1) £
1 

E, Q, a, - Q;c2 

I, Q, P, - l;c3 

I Pt-P c 
I I I I 4 

(26) 
G(X,Y) :: 

( S"a" - c5) Et/ 

- c6 Qd 

1,,Qdp,1 - Ide? 
, 
l,j r,, - PtlcR 

(I-a) I I - c I 
C ,/ 9 C 

12 p 
C 'c - rclO 
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From (27), 1t is clear that G(X, Z) < o so the conditions are not met. Hence, £° may not be 
1 

asymptotically stable when R0 < L 9 obally 

(Rothana and Byrareddy, 2020; Gumel et al., 2020; Branswell, 2020; Dong et al., 2O2O· Rod 
2020; Sun and Wang, 2020; Contreras et al., 2020; Li et al., 2020; Zhu et al.,202O). (WHO a et al., 

(Bai et al., 2020). (Ngonghalaet al., 2O2Ob). (Zhou et al., 2020) (Huang et al,, 202O; Zh~ 
20

21). 
2O2Ob). (Rothana and Byrareddy, 2020; Lu, 2020). (Rothana and Byrareddy, 2020) (CDC et al., 
IDF,2O21). Akinwande et al. (2022) Okuonghae and Omame (2020) Omame et al. (2022) K •~

021
: 

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

Conclusion 
The Global Asymptotic Stability may not be stable when Ro < 1 but may be stable otherwise . , since 
the two Castillo-Chavez theorem conditions are not met, Hence, £

0 

may not be globall 

asymptotically stable when R0 < I. Y 
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