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Abstract—Internet of Things (IoT) of networked robots installed at
the edges of smart healthcare infrastructure (SHI) can be used to
mitigate infectious diseases. Such robots can predict pandemics, and
screen, diagnose, treat or perform healthcare nursing for infectious
diseases. When equipped with suitable digital technologies, these
robots can mitigate epidemics and predict future pandemics more
efficiently. This paper proposes a co-infection model of infectious
diseases, using HIV/AIDS and COVID-19 (or HAC-19) as examples,
that can underlie SHI nodes (e.g., robots). The co-infection model
benefits from the compartmental applications of fractional deriva-
tives to healthcare problems. Six co-infection control parameters
(e.g., awareness, counselling, COVID-19 safety protocol, COVID-19
vaccine, HIV/AIDS therapy, and COVID-19 treatment) are used to
evaluate the effectiveness of the proposed model. The HAC-19 model
uses a basic reproduction number to indicate the effectiveness of
the control measures. When the control parameters are effective, the
results show that the HAC-19 co-infection reduces to a minimum
in the population. When the control measures are not effective, the
HAC-19 co-infection will be endemic. Robots, equipped with IoT at
the edge of the SHI, transfer the data from the trials to the outpost
network nodes in the hospital and then to the cloud for further
analytics and decision-making. The results of real-world trials at
three hospital locations strongly agree with the theoretical model.

Index Terms—ABC fractional derivative, Computational Mod-
elling, HIV/AIDS, COVID-19, Fractional order, Internet of Things,
Service Robots, Mobile Ecosystem, Smart Health Infrastructure.

I. INTRODUCTION

Smart Health Infrastructure (SHI) nodes, such as service robots,
use the Internet of Things (IoT), computational models and data
analytics to enhance their capabilities, thus enhancing efficiency,
intelligent operations and reducing costs [1]-[3]. Although service
robots in healthcare can be traced back to the 1970s [4, Ch.
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8], they have been applied in several areas since the COVID-
19 pandemic era to mitigate infectious diseases, such as clinical
treatment, logistics, reconnaissance, continuity of labour, and
maintenance of socioeconomic functions [5]-[7]. We previously
developed the COVID-19 marketplace service robots installed at
the edges of SHI using IoT to address the COVID-19 pandemic
and associated lockdown problems [1]. Unlike traditional human
labour, robotic and autonomous systems offer natural immunity to
viruses and reduced risk of infection transmission among humans
or between humans and robots [6]-[10]. Clinical [11]-[13] and
analytical [14], [15] reports of HIV/AIDS and COVID-19 co-
infections exist, although not including the use of service robots,
IoT and/or other SHIs. Robots [1], [16]-[18], IoT and drone
networks [19]-[21] with artificial intelligence [22] also exist for
mitigating COVID-19 disease alone. However, proofs-of-concept
of co-infection models of infectious diseases are scarcely reported
and still pose many technological challenges to be solved.

Co-infection, such as multi-parasite infection [23], is the simul-
taneous infection of a host by several pathogen species. The infec-
tion risk, symptoms severity, reinfection and COVID-19 deaths are
typically higher in people with underlying health problems (e.g,
HIV/AIDS, Tuberculosis) due to the immunosuppressive effect
of HIV/AIDS infection [24], [25]. In this paper, we present a
co-infection model for IoT-networked service robots that can be
used in the care delivery continuum for infectious diseases such
as HIV/AIDS and COVID-19 (or HAC-19), which are the most
common global infectious diseases. The robots are equipped with
digital technologies that have the potential to prevent, screen,
diagnose (e.g., biological sample and laboratory automation), treat,
and carry out home care (e.g., nursing). Increasing participation
in HIV/AIDS prevention, testing and care is necessary to reduce
the HIV epidemic [26], [27]. To do this, HIV/AIDS awareness
must be raised. Awareness-raising is a preventive method that uses
informative, motivating, adaptive skill-nurturing, and community-
driven schemes to encourage risk-mitigation behaviour in vari-
ous demographics [28].Following testing, treatments should be
received by the HIV/AIDS patients.

COVID-19, a novel coronavirus, showed its high pathogenicity
in humans and the potential for epidemic spread in 2019. It
presents with mild to severe respiratory disease marked by fever,
dry cough, and exhaustion, as well as sporadic gastrointestinal
symptoms, leading to 4,291 deaths in 114 countries by 11 March
2020 [1]. COVID-19 spreads by direct contact with respiratory
droplets from coughing, sneezing, and breathing [29]. Reducing
the number of infected as well as the contact between the infected
people and susceptible people is one major way to mitigate the
spread of COVID-19 even in the post-COVID era [29], [30].
Awareness-raising and following the COVID-19 safety protocols
are COVID-19 control methods used in the absence of a vaccine
or viable therapy for the COVID-19 virus.

This paper proposes a co-infection model that captures the
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