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ABSTRACT ARTICLE HISTORY
Monkeypox is a possible public health concern that requires appropriate attention in order to prevent Received 22 August 2022
the spread of the disease. Currently, artificial intelligence (Al) is making a significant impact on preci- Accepted 3 October 2022

sion medicine, reshaping and integrating the large amount of data derived from multiomics analyses

and revolutionizing the deep-learning strategies. There has been a significant progress in the use of Al

to detect, screen, diagnose, and classify diseases, characterize virus genomes, assess biomarkers for M L2
. L2, X L . onkeypox infection;

prognostic and predictive purposes, and develop follow-up strategies. Hence, it is possible to use Al outbreak: infectious

for the identification of disease clusters, cases monitoring, forecasting the future outbreak, determining diseases; epidemic

mortality risk, diagnosing, managing, and identifying patterns for studying disease trends. Al may also

be utilized to assist gene therapy and other therapies that we are not currently able to use in health-

care. It is possible to combine pharmacology and gene therapy with regenerative medicine with the

help of Al It will directly benefit the public in overcoming fear and panic of health risks. Therefore, Al

can be an effective weapon to fight against Monkeypox infection, and may prove to be an invaluable

future tool in improving the clinical management of patients.

Key Points: Emergence and spread of the Monkeypox virus is a new public health crisis; threatening

the world. This opinion piece highlights the urgently required information for immediate delivery of

solutions on controlling and monitoring the spread of Monkeypox infection through Artificial

Intelligence

KEYWORDS
Artificial intelligence;

Clssifcationo!
Alocationofdssaze — ATYHSOfbG it images using machine.
Tesources leaming

Iternotot tinge and
‘macnine loarming
Use ofexpert systams

Introduction COVID-19 persists, an unprecedented wave of Monkeypox
cases has been reported in non-endemic regions. Presently,
There have been many outbreaks of viral diseases over the the virus has been spread to multiple countries outside of

past two decades, such as Chikungunya, Ebola, Zika, Nipah, that endemic area, including the United Kingdom (UK),

H7N9 bird flu, HIN1, SARS, MERS, and COVID-19. While Portugal, Spain, United States (US), Canada, Sweden,
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Belgium, Italy, Australia, Germany, France, Netherlands, Israel,
Mexico, etc. There have been around 65415 reported cases
of Monkeypox disease to date (23/09/2022) (Zumla et al.,
2022). As the age of artificial intelligence (Al) advances, our
daily lives are being reshaped on a daily basis and it is
imperative that we understand how it has evolved and what
it has accomplished in order to plan for the future.

As the first human case of Monkeypox disease is reported
in the Democratic Republic of the Congo, over the past
48years, there have been various outbreaks and sporadic
cases in many areas of Central and West Africa. It has been
reported that most cases have occurred in remote rainforest
areas of the Congo Basin, particularly in the Democratic
Republic of the Congo. Also, human cases are increasingly
reported in parts of Central and Western Africa (Hutin et al,,
2001). A total of 11 African countries have been reported
human Monkeypox cases since 1970, including Benin,
Cameroon, the Central African Republic, the Democratic
Republic of the Congo, Gabon, Cote d’lvoire, Liberia, Nigeria,
Sierra Leone and South Sudan (Khodakevich et al., 1988).
During 1996-97, the Democratic Republic of the Congo
experienced an outbreak that was characterized by a lower
case fatality ratio and a higher attack rate than normal. It
was found in this case that chickenpox (caused by a virus
other than an orthopoxvirus, called varicella) and monkeypox
were occurring concurrently. This could explain any observed
changes in transmission dynamics in this case. The outbreak
in Nigeria that began in 2017 has been a large one, with
over 500 suspected cases and 200 confirmed cases, and a
case fatality ratio of approximately 3% (Khodakevich et al,
1987). Until this day, cases continue to come to light.

Since monkeypox does not only affect countries in Africa,
but the rest of the world as well, the disease is of global
importance when it comes to public health. A monkeypox
outbreak occurred in the US in 2003, the first monkeypox
outbreak outside of Africa, and the cause was found to be
contact with infected pet prairie dogs. They were housed
together with Gambian pouched rats and dormice that were
imported into the country from Ghana, and they were kept
together (Magnus et al., 2009). During this outbreak, over 70
cases of Monkeypox were reported in the US. Monkeypox
has also been reported to have been transferred from travel-
lers from Nigeria to Israel in September 2018, to travellers
from the UK in September 2018, to travellers from the US in
December 2019, and to travellers from Singapore in May
2019. Multiple Monkeypox cases have been reported in sev-
eral countries outside the endemic area in May 2022.
Currently, there are studies being conducted to better under-
stand the epidemiology, sources of infection, and patterns of
transmission (Magnus et al., 2009).

Currently, Al is an emerging and rapidly evolving field
that represents a model that can be applied to a variety of
scientific fields (Hamamoto et al., 2020; Bhinder et al.,, 2021;
Kann et al,, 2021). It can be regarded as a method of learn-
ing and recognizing patterns and interactions from a suffi-
cient number of representative models in order to improve
the current approach to the decision-making process in a
specific area by applying this information to the current

approach (Kann et al., 2021; Huynh et al., 2020; Nicolo et al.,
2020). There are several vector-borne, sexually transmitted,
healthcare-associated and infectious diseases against which
Al based technologies are used to improve disease surveil-
lance, prevention and control. The most commonly men-
tioned infectious disease are Influenza, Dengue, Ebola,
Malaria, Zika virus, Tuberculosis, Human immunodeficiency
Virus/Acquired Immunodeficiency Syndrome (HIV/AIDS),
Measles, Chikungunya, Hepatitis, Cholera, Middle East
Respiratory Syndrome Coronavirus (MERS-CoV), Pneumonia/
Pneumococcal disease, Schistosomiasis, Yellow Fever,
Chickenpox (Varicella), Polio, West Nile virus, (hand, foot and
mouth disease), Streptococcal infections and Corona virus
disease (COVID-2019) (Nsoesie et al., 2015; Budd et al., 2020).
As a result of the Al use, there are several applications that
are attracting a lot of attention and are raising hopes in the
fight against Monkeypox, such as:

Monitoring and predicting

By capturing information from social media platforms, calls
and news sites, it is possible that Al can be harnessed to
forecast the spread of monkeypox infection and develop
early warning systems. It can provide valuable information
about the vulnerable regions, as well as predicting the mor-
bidity and mortality of the disease. According to BlueDot’s
machine learning models, it is possible to predict both the
location and outbreak occurrence of the Monkeypox infec-
tion based on the available data and the cluster of cutane-
ous lesions cases. Data on Monkeypox that are publicly
available through HealthMap have been collected, compiled,
and made readily available for the purpose of facilitating the
effective tracking of its spread. In recent years, there has
been an increasing emphasis on the role of Al in the detec-
tion and forecasting of outbreaks of many infectious diseases
by combining multitudinal and multimodal data like COVID-
19 (Santosh, 2020).

Tracing and tracking

Al enables to develop a wide range of health applications or
softwares for diagnosing, tracking, and monitoring
Monkeypox infections using a range of smart devices such as
watches, mobile phones, and cameras (Maghded et al,
2020). For example, software like AlI4COVID-19 has been
developed that able to take audio recordings of coughing
for two seconds which can be utilized in telemedicine (Imran
et al., 2020).

Case surveillance

In clinical settings, Al techniques can be used to monitor
patients and predict the course of treatment. In the intensive
care unit, Al may provide critical information to assist in the
allocation of resources as well as decision-making regarding
any emergency services or equipment’s in the course of a
medical procedure based on data generated from vital statis-
tics and clinical parameters (Rahmatizadeh et al., 2020).



Likewise, with the help of Al, it is possible to predict the
chances of recovery or mortality in Monkeypox cases as well
as provide daily updates, store and analyse trends, and map
the course of the disease.

Recent advancements in Al for the prevention
of Monkeypox

Researchers recently demonstrated that Al deep models can
distinguish between different types of pox, based on digital
skin images of lesions and rashes associated with pox/mea-
sles. As well as overfitting and underfitting, they observed
that deep models tend to have biases. It is therefore critical
to ensure a larger sample size for model training in order to
achieve better classification accuracy. According to these sci-
entists, lighter deep models, with fewer trainable parameters,
can also be used for Monkeypox diagnosis via smartphones,
because they have fewer trainable parameters. Monkeypox
detection can also be carried out remotely using digital skin
images, which will enable healthcare professionals to isolate
patients and contain the spread of the disease within the
community as early as possible (Islam et al., 2022).

Diagnosis

A number of recent studies have shown that Al has a lot of
potential, when it comes to developing image-based diagno-
ses of different diseases, such as cancer detection, tumour
cell identification, and the detection of COVID-19 patients.
Consequently, we can use a similar application to diagnose
the Monkeypox-related disease since it infects the human
skin, thus allowing for a digital image to be acquired and
may be used to diagnose the disease further down the road.
In order to take advantage of this opportunity, Ahsan et al,
(2022) (Ahsan et al., 2022) have created the first public
Monkeypox image dataset by collecting images from a var-
iety of sources (e.g. newspapers, websites) and introducing
the first low-modified VGG16 model for detecting
Monkeypox patients using image data. The Novaplex
Monkeypox virus PCR test has also been developed by
Seegene Inc. (South Korea) with the help of Al in order to
detect a positive case of Monkeypox in 90 minutes. Further,
by using Al, it will be possible to develop a deep learning
model that can be applied to identify Monkeypox, smallpox
and varicella on the basis of two-dimensional and three-
dimensional features of patient symptoms. There have been
a number of different models developed for the identifica-
tion and localization of regions of interest from both x-ray
images and chest CT scans for COVID-19, such as COVNet
(COVID-19 detection neural network), COVID-ResNet and
COVID MTNet (Arora et al., 2020). A further step was to con-
struct Al-based classifiers based on 16 simple parameters
from a complete blood profile for predicting the outcome of
Monkeypox RT-PCR results. In resource-poor settings, this
may prove to be useful in reducing the number of RT-PCR
tests that needs to be performed.
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Reducing the burden from medical practitioners
and healthcare staff

By automating several processes, such as imparting training
to practitioners, determining the best mode of treatment and
care based on an analysis of clinical data using pattern recog-
nition approaches, digitalization of patient reports, and mak-
ing it easier for them to interact with patients, Al-based triage
systems can assist in reducing the work burden of medical
staff and healthcare workers (Iwendi et al., 2020). Using Al, it
is possible to categorize patients based on symptoms sever-
ity, genetic disposition, as well as their clinical reports, so that
different approaches can be adopted in order to handle the
patients in the most effective way. It is also possible to utilize
Al in telemedicine to eliminate the need for frequent and
unnecessary hospital visits in asymptomatic cases or patients
with mild symptoms by using remote monitoring and data
collection. Additionally, Al based medical chatbots can also
assist in consultations, reducing the need for physical crowd-
ing in hospitals as well as infection spreading, allowing critical
care services to be free of the burden of inefficiency due to
inefficient operations (Battineni et al, 2020). Patients in
remote settings can get much needed support from chatbots
like Clara and Zini developed to control COVID-19. In order to
make prognostic predictions, machine learning is used to
extract features from other patients’ data, resulting in a sam-
ple dataset that is used as a training dataset to learn about
the mortality risk of the patients (Yan et al,, 2020). The predic-
tion of the development of acute skin cutaneous lesions syn-
drome was also made using a similar approach. It has been
demonstrated that service robots and anthropomorphic
robots with Al cores can be used to perform routine tasks in
hospitals such as cleaning, disinfection, monitoring and pro-
viding essential services (Zeng et al., 2020).

Prediction of protein structure

In order to predict the structure of key proteins, which are
crucial for virus entry and replication, Al can help. It is
expected that this will provide valuable insight that can be
applied to the development of drugs within a short period
of time. A model based on deep residual networks (DRN)
called ResNets recently employed by the AlphaFold algo-
rithm of Google Deep Mind for predicting the protein struc-
tures of membrane proteins, protein 3a, nsp2, nsp4, nsp6
and papain-like C-terminal domains of SARS-CoV-2, which
will provide huge impetus to drug discovery programs. Using
DeepTracer, which is based on a customized deep convolu-
tional neural network, it is possible to derive the protein
complex structure of Monkeypox from high-resolution cryoe-
lectron microscopy density maps and amino acid sequences
generated by the program (Pfab et al., 2021).

Therapeutic development

As of right now, there are no specific treatments available for
Monkeypox virus infections that has been approved by the
Food and Drug Administration (FDA). Though, there are sev-
eral antiviral medications that have been developed to treat
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smallpox (Tecovirimat, Cidofovir, Brincidofovir, and Vaccinia
Immune Globulin Intravenous (VIGIV)) that are currently being
used against Monkeypox disease. However, data on their
effectiveness in treating Monkeypox infections is not available.
For the prevention of smallpox and Monkeypox, the JYNNEOS
vaccine has been approved during the outbreak of disease in
the US. As an alternative to JYNNEOS, ACAM2000 is available,
which has also been approved to help prevent smallpox and
Monkeypox. A number of Al technologies can boost and com-
plement traditional technologies by speeding up the lead dis-
covery, virtual screening, and validation processes by a huge
margin. This will reduce the time required in bringing a drug
from bench to bed by reducing the time required for the drug
discovery process. Furthermore, Al can increase the pace of
drug repurposing or drug repositioning by obtaining useful
data based on the molecular properties of already approved
and validated drugs. This is done by screening the properties
of already approved and validated drugs on a molecular level,
which an expert cannot do. For example, to accelerate the pro-
gress of drug discovery program, BenevolentAl implemented
machine learning methods to accelerate its research and
development and found the potential drug baricitinib against
COVID-19 recently (Favalli et al., 2020). Similarly, virtual screen-
ing and supervised learning can be used to identify potential
drugs for treating the Monkeypox. Moreover, an integrative
network-based systems, pharmacological methodology can be
utilized to identify the potential drugs against Monkeypox
virus based on the existing repertoire of drug molecules and
drug combinations that have already been discovered so far.
There are also a number of Al-driven ventures including
inclProjectlDentif Al (identifying infectious disease combin-
ation therapy with artificial intelligence) and PolypharmDB
which can be utilized in identifying candidates against
Monkeypox virus (Abdulla et al., 2020). Additionally, there are
a number of machine learning approaches that are being used
in conjunction with deep learning applications so that the dis-
covery process can be accelerated (Moskal et al., 2020).

Vaccine development

The development of a vaccine to get protection against a
pathogen has never been the subject of such an intense
race by mankind before. Through the harnessing of the
power of Al, the pace of discovery can be accelerated by a
great deal. Currently, a possible vaccine candidates for
COVID-19 has been developed via using reverse vaccinology-
machine learning platform called Vaxign, which relies on
supervised classification models to predict possible vaccine
candidates (Ong et al., 2020). The same approach can be uti-
lized against Monkeypox infection vaccine development.

Controlling the spread of misinformation

This pandemic has become an infodemic as a result of the
avalanche of information. The use of social media platforms
such as Twitter, Facebook, etc. can be used to get a better
understanding of knowledge, awareness, and practices
related to Monkeypox in order to devise a strategy for

assembling and disseminating timely, accurate information in
order to mitigate its impact. It is possible to apply machine
learning techniques to determine trends and analyse senti-
ments and provide information, where false information orig-
inates. This information can then be used to help curtail
rumours and misinformation. Furthermore, the use of Al
techniques can be advantageous for presenting a clear pic-
ture of recovery rates, the accessibility and availability of
healthcare, as well as identifying the gaps in the health sys-
tem. With Al, clinicians are now able to get the latest infor-
mation about the emerging evidence in diagnosis, treatment,
range of symptoms and therapeutic outcome in this highly
dynamic situation, which will not only help clinicians in real-
world scenarios.

Genomics

As a result of the use of Al, we can devise a method to rap-
idly and accurately classify available Monkeypox genomes by
applying machine learning to the genetic signatures identi-
fied in the genomes. It is possible to use artificial neural net-
works and ontology-based side effect prediction frameworks
in order to evaluate the side effects of any type of drug or
formulation that may be used for the treatment of
Monkeypox.

Despite the fact that there is no silver bullet available for
the cure of the disease, we must make rapid progress on all
fronts in order to make progress on surveillance, monitoring,
prevention and treatment at the same time. It is important
that we focus on understanding the molecular mechanism of
Monkeypox and other viruses circulating in animal reservoirs,
as this is the second outbreak after Coronavirus in recent
times. We also need to build capacity in order to prevent
future outbreaks by identifying the molecular mechanisms of
these viruses and increasing our preparedness by building
capacity for preventing future outbreaks. This outbreak has
been greatly augmented by various digital technologies and
Al in response to it due to the prevailing scenario that war-
rants the need for immediate delivery of solutions. In the
study of COVID-19 diagnosis and drug discovery, Al was
found to be as accurate as or even more accurate than
human experts. Similarly, Al can also be utilized to fight
against Monkeypox infection. However, before Al can be
used in diagnosis and other areas of medicine, we need
more diverse datasets to train Al models, as well as a legal
framework and ethical considerations regarding the sharing
of data. In the current scenario, there are several bottlenecks
that limits the potential of Al to be harnessed to its fullest
potential, including the availability and sharing of clinical
and epidemiological data, computational resources, scalabil-
ity and ethical concerns. In the end, Al-based technologies
can provide some advice and information to the user. The
most important thing we can do to increase our chances of
preventing epidemics is to make sure that we work together
to protect ourselves, to cooperate with the government’s
epidemic prevention policies, and to vaccinate actively. By
doing so, we will be able to defeat Monkeypox in an early
stage of the disease.
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