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Abstract:

In this paper, a Mathematical modelling of COVID-19 incorporating the comorbidity of Diabetes was
established base on the accompanying assumptions, a global asymptotic stability of the same model
was developed by applying the theorem of  Castillo-Chavez by fixing a point E° = (X*,0) to be
globally asymptotically stable equilibrium of the system, provided Ry <1 that and the two set

conditions are satisfied. It is very clear that G(X,Z) < 0 so the conditions are not met, Hence, E "
may not be globally asymptotically stable when Ry < 1.
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Introduction
COVID-19 is transmitted from human-to-human through direct contact with contaminated objects

or surfaces and through inhalation of respiratory droplets from both symptomatic and infectious
humans. There is also limited data that the virus can be exhaled through normal breathing. The
incubation period of COVID-19 ranges from 2 to 14 days, and most infections (over 80%) show mild
or no clinical symptoms of the disease (Ngonghalaet a/.,, 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 a/., 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; Gumel ét a/, 2020; Branswell, 2020; Dong e¢
al., 2020; Roda et a/,, 2020; Sun and Wang, 2020; Contreras et al, 2020; Li et ak, 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 ak, 2020; Zhu et a/, 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
China, 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 severe illness from
COVID-19. These conditions include diabetes, heart problems, obesity, and chronic Kidney disease.
Specifically, the available evidence suggests that people with type 2 diabetes have a higher risk of
severe illness from COVID-19, according to the Centers for Disease Control and Prevention (CDC).
People with type 1 or gestational diabetes may also have an Increased risk, but the data is less
conclusive (CDC,2021; IDF,2021).
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Diabetic without complication and also susceptible to COVID-19, again recruitment to the
without complication and also susceptible to COVID-19class at a constant rate Bu,

OVID-19 susceptible but diabetic without complication individuals may acquire infection after
:ffectlve contacts ., . s m.i.m.e.m,. QgWith Diabetics without complication and also

(VID-19Exposed, Diabetics without complication and also COVID-19Infectious, Quarantine for
VID-19and also diabetes without complication Isolated for COVID-19and diabetes without
smplication, Diabetics with complication and also COVID-19 Infectious, Isolated for COVID-19 and
ssbetes with complication, the quarantined are recruited through a contact with the exposed class

tate ggand return to the susceptible atarate {ayo quarantine class become COVID-19 infectious

ta rate pd, and a recruitment to COVID-19 infectious but diabetic with complication which move
sck to the susceptible class without complication and some to isolated with COVID-19 but diabetic

yith complication, at a rate TdcoVID-19 infectious is recruited to isolated for COVID-19 and

sbsequently V@

Ylindividuals who are alive may die naturally at a rate u similarly infectious and isolated individuals
aperience an additional death burden occasioned by COVID-19, diabetes without complication and
iabetes with complication at their respective rates 6, 8,, 85

lhe force of infection is given by;
=m; (’7i1£i+77i2Qi};"”lisliﬂmPi)

(1)

my (nd15d+77dz Qd+7id31d+77d4Pd+77d51c+77d6Pc>

L=
{ N

(2)
there 7m;, m, the number of contacts made between the susceptible to COVID-19, Diabetic without
smplication and also susceptible to COVID-19, and the agents of virus transmission.

ssumptions of the Model

e models are formulated base on the following Assumptions:

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

There can be death due to complications from COVID-19,

There can be death due to complications from acute diabetes.

There can be death due to compllcatlons from chronic d|abetes

he person that is co-infected W|th both COVID-19 and diabetes is effectively treated for
betes, the person moves into the class of diabetes without complication but still COVID-

1SS me that persons who already have diabetes-complication are likely to have worse
(IEL oes if they contract COVID-19.

After eff ective 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. ‘
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