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ABSTRACT

Monkeypox is a zoonosis disease that can spread from animals to people. Squirrels, rats taken from Gambian
slums, dormice, various monkey species, and other animals have all shown signs of monkeypox virus infection.
Contact with bodily fluids, sores on the skin or on internal mucosal surfaces, like those in the mouth or throat,
respiratory droplets, and infected objects can all result in the spread of the disease. As the World Health
Organization has warned the entire world against this disease, it is necessary to predict its prevalence in the entire
world. This study uses a polynomial neural network model to predict monkeypox prevalence. Data on confirmed
monkeypox cases collected from 6 May 2022 to 28 July 2022 are presented here. Based on the data, the prediction
will be done using the group method of data handling model. The intensity of the spreading of this disease in the
100 days to come will be predicted in this study. The prediction will be done around the world, especially around
the countries of the Asian continent which have been tremendously affected by the said disease.
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INTRODUCTION

Itis monkeypox virus, which causes a zoonosis and human
monkeypox is the latter. Monkeypox is an orthopox virus and
close relative of smallpox. In 1970, it had become reported in
central Africa [1] and some poorest and extremely
marginalized communities have significantly been adversely
affected [2,3]. Lymphadenopathy, rash, and fever are the
clinical symptoms which indicate one’s journey towards being
attacked by monkeypox. Secondary bacterial infections,
encephalitis, sight-threatening keratitis, and pneumonitis can
be said to be complications rendered by monkeypox. It is not
that the mortality rates which have been published are
immune to varying substantially and being vulnerable to the
bias ascertained by case [3-5]. In the Congo Basin outbreaks in
which case fatality rates which have ranged from 1% to 10%
have gotten reported have manifested, and it is higher
virulence which what is lying behind the said pandemonium is
found to be associated with [5, 6]. It is mostly young children
and people affected by HIV who have died [6-8]. Transmission
of monkeypox from one human to another has been described
well [6,8,9]. It includes nosocomial and household
transmission. Historically, the chains of transmission from one
human to another are yet to be recognized well [3, 8]. It has
been suggested by a systematic review that a secondary attack
which ranges from 0% to 11% embraced the contacts by those
who had not been vaccinated against smallpox [6]. Infectivity
as well as in-vivo viral kinetics could not well be understood
[3,7,10], and the clinical importance of what are known as skin
shedding and prolonged viraemia is yet to be certain. The

continent from which monkeypox has not been frequently
exported is the African continent. A zoonotic outbreak took
placeinthe USAin 2003 which had caused 47 cases, which were
either confirmed or suspected [4,11-13]. Gambian giant
dormice, rats, and squirrels were imported and said outbreak
was the consequence of it owing to the virus’ having been
transmitted by these animals to prairie dogs which as pets had
then been sold. Hospitalized not more than 14 patients had to
be. Also, cases of transmission from one person to another had
hardly been confirmed. Itis the UK [14], the USA[11], Singapore
[16], and Israel [15], which human beings after having travelled
had been infected by the monkeypox which had been imported
in. At present no certified treatments which can cure human
monkeypox exist, although the USA has approved only two bio-
available drugs which can orally be taken, tecovirimat, and brin
cidofovir [17-19]. Tecovirimat has, as reported, been made use
of in order to treat complicated vaccinia [20,21] and cowpox
[22], though if or not this using is safe is yet to be identified.
Figure 1 and Figure 2 represent the countries infected by
monkeypox in the world and the Asian continent, respectively.

The number of patients infected by monkeypox appears to
be rising, albeit slowly. England has confirmed 20 cases [23],
while Spain has not confirmed but reported 23 suspected
cases. Five cases have been confirmed by Portugal [24], while
the USA has confirmed one case [25]. Muscleache, swollen
lymph nodes, headache, fever, and chills, and exhaustion are
its symptoms. Basically, what will develop is a rash that often
begins its journey from the face to reach other parts of the body
including the reproductory organs. Via different stages, a scab
to finally fall off will be formed by the rash.
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Figure 1. Monkeypox infected countries of world
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Figure 2. Monkeypox infected countries of Asian continent

The foresighted scientists issued a warning that these rare
epidemics will expand in size and territory over time. According
to infectious disease specialist Boghuma Titanji of Emory
University, “in every monkeypox study on prior epidemics,
there is always a warning about how we need to prepare for
such outbreaks in the future.” It turns out that forecast was
accurate.

Hence, it can safely be stated that predicting the
prevalence of infections in the world owing to the monkeypox
appearsto be a necessity in order to contain the adverse effects

Date World Asia Date World Asia
06-05-2022 1 0 17-06-2022 194 0
07-05-2022 0 0 18-06-2022 5 0
08-05-2022 10 0 19-06-2022 7 0
09-05-2022 0 0 20-06-2022 294 0
10-05-2022 0 0 21-06-2022 282 6
11-05-2022 0 0 22-06-2022 174 2
12-05-2022 1 0 23-06-2022 441 0
13-05-2022 1 0 24-06-2022 321 6
- 14-05-2022 0 0 25-06-2022 12 0
e — 15-05-2022 4 0 26-06-2022 196 0
16-05-2022 0 0 27-06-2022 387 13
17-05-2022 3 0 28-06-2022 348 4
18-05-2022 21 0 29-06-2022 153 5
19-05-2022 19 0 30-06-2022 807 5
20-05-2022 45 0 01-07-2022 269 0
21-05-2022 16 1 02-07-2022 44 0
22-05-2022 0 1 03-07-2022 40 0
23-05-2022 73 0 04-07-2022 495 10
24-05-2022 36 1 05-07-2022 447 3
25-05-2022 44 0 06-07-2022 232 0
26-05-2022 88 0 07-07-2022 686 4
27-05-2022 52 0 08-07-2022 1,060 0
28-05-2022 17 1 09-07-2022 122 0
29-05-2022 20 3 10-07-2022 27 2
Nodata O 1 3 10 30 100 300  1.000 30-05-2022 123 0 11-07-2022 591 5
. : 31-05-2022 65 0 12-07-2022 874 9
01-06-2022 84 4 13-07-2022 418 7
02-06-2022 125 0 14-07-2022 490 10
03-06-2022 94 0 15-07-2022 1,009 0
04-06-2022 8 0 16-07-2022 16 0
05-06-2022 107 0 17-07-2022 22 8
06-06-2022 115 0 18-07-2022 536 1
07-06-2022 150 6 19-07-2022 1,475 6
08-06-2022 97 0 20-07-2022 574 3
09-06-2022 146 1 21-07-2022 642 1
10-06-2022 43 0 22-07-2022 720 0
11-06-2022 9 0 23-07-2022 2 0
12-06-2022 114 0 24-07-2022 19 9
13-06-2022 60 0 25-07-2022 1,221 5
14-06-2022 244 0 26-07-2022 1,417 7
15-06-2022 147 2 27-07-2022 1,256 0

by the said disease as much as possible. It may here be clarified
that as the monkeypox has already attacked the Asian
continent, having firstly attached the USA, the researcher
deems it fit to conduct a study as regards the pervasiveness of
the same disease.

The silhouette of the study undertaken is seen via the
following objectives:

1. To predict the prevalence of the monkeypox in the
world based on the collected data.

2. To forecast the pervasiveness of the monkeypox in the
Asian continent based on the gathered data.

3. To predict the prevalence of the monkeypox in the
most affected countries of the Asian continent based
on the collected data.

DATA COLLECTION

The World Health Organization website and the website
[26] of the affected confirmed case by monkeypox were used to
gather the data. Data for the confirmed 6 May 2019 to 28 July
2020 period are shown in Table 1. Data on confirmed cases of
monkeypox across the world and on the Asian continent are
shown in Table 1.

POLYNOMIAL NEURAL NETWORK

One of the learning machine approaches built on the
polynomial theory of complex systems is the group method of
data handling (GMDH) model. The most important input
parameters, number of layers, number of middle layer
neurons, and ideal topological design of the network are
automatically defined from this network. As a result, the GMDH
network is a model of active neurons that self-organizes. The
polynomial model used to configure the GMDH network’s
topology during the training phase delivers the smallest error
between the predicted value and the output that is actually
seen.

Because of its flexibility, the neuro fuzzy GMDH network can
readily be hybridized with other iterative and evolutionary
algorithms [27]. The self-organizing, unidirectional GMDH
neural network has numerous layers, each of which is made up
of a number of neurons with a similar topology. The selection
of model criterion in line with the objective of modelling and
information division, GMDH will confirm the model
automatically. This modelling process will result in several
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models depending on the sorts of input units employed.
Building Mamdani-style fuzzy models and Bayesian networks
both used this automatic modelling technique successfully
[28,29].

The basic objective of the GMDH network is to build a
function in a feed-forward network using a second-degree
transfer function as a foundation. This algorithm automatically
determines the ideal model structure, the effective input
variables, and the number of layers and neurons within the
hidden layers. The Volterra series, which takes the form of an
equation, is a nonlinear function that maps the input and
output variables in a GMDH neural network (Eq. 1). Equation is
used to analyze the Volterra series as a two-variable second-
degree polynomial (Eq. 2).

y = Cy + E‘{ll Ci Xi + Zﬁ12;n=1 cijxij +

L1 XTe1 Yker CijicXije + - (1
G(x1,%)) = o + €1 X; + €% + X7 + Caxf + csxix; + -+ (2)

The GMDH algorithm seeks to identify the Volterra series’ ¢
unknown coefficients. Regression techniques are used to solve
the coefficients for each pair of input variables [30]. On this
premise, the G function is defined, as follows in equation (3)
while considering the principle of least squares error [31]:

E= L (i=6i0)® i 3)
M
where Vi = f(xillxiZI " xim)ﬁ i= 1(1)7’7’1

To create a trustworthy model for prediction, three
parameters of the artificial neural network (ANN) based model
must be accurately assessed. The network’s topology, the
weights assigned to links, and the kind of activation function
are the parameters. Finding the ideal value of the parameters
for which accurate prediction is achievable typically involves
trial and error or the use of cognitive search algorithms like GA
and PSO.

The issue with this approach is that it takes an excessive
number of iterations and the use of numerous different
algorithms to determine the ideal setting for the parameters.
Thus, the complexity and amount of storage required to run
such algorithms discourages their continued use and lowers
their acceptability as a substitute for traditional models for the
estimate of highly non-linear variables.

The PNN architecture, which implements the GMDH
algorithms, is self-adaptive and can choose the topology for
which the best model can be created using the training data
already provided and a preselected fitness function, which
measures the precision of the model predictions. To calculate
the weights of the connections, the method employs more than
100 other algorithms. The performance of the algorithms is
evaluated here as well using a fitness function, and the
expected connection weights with the best algorithm are
forecasted.

Because of this, constructing a model using a PNN as
opposed to an ANN needed less storage and processing
infrastructure. The correlation between the input and output
index was therefore determined using this architecture in the
current study so that an automated framework could be
created to estimate location selection potential whenever and
whenever a new option is identified.

GMDH has certain disadvantages. First, even for relatively
simple systems, it tends to produce highly complex
polynomials. Second, when it comes to highly nonlinear
systems, GMDH also tends to build an excessively complicated
network (model) because of its constrained generic structure

(i.e., quadratic two-variable polynomials). Third, the GMDH
method does not provide a structure that is very adaptable if
there are fewer than three input variables.

A computational model known as an ANN is made up of
numerous processing components coupled by a variable
weight. The networks are made up of layers of parallel neurons.
When neurophysiologist Warren McCulloch and a young
mathematician named Walter Pitts modelled a basic neural
network with electrical circuits for a paper on how neurons
may function in 1943, they first presented the idea of an ANN.
An increasing number of fields, including control, data
compression, forecasting, optimization, pattern recognition,
classification, speech, and vision, have turned to using ANNs in
recent years [32, 33].

Equations (4) and (5) provide a description of the ANN
model’s objective function.

hm = f(Wpx, + bj) 4)

y = g(enxn + by) (5)

Theinputis x,, while the weight is w;,. The biases for input-
to-hidden layer and hidden-to-output layer are b; and by,
respectively, the weight of the concealed layer is h,, and g, is
the hidden layer. The activation functions between the input
and hidden layers and between the hidden and output layers,
respectively, are fand g.

Three parameters affect the ANN model’s accuracy. the size
of the weights, the number of hidden layers, and the kind of
activation function used in the input-hidden and hidden-
output layers. These parameters are often estimated using the
trial-and-error method. But in recent years, search methods
like GA, PSO [34], etc., have been used to pinpoint the
parameter values that will result in the best accuracy from an
ANN model.

RESULTS AND DISCUSSION

The prediction will be conducted around the world,
particularly in countries of the Asian continent that have been
greatly affected by the disease. Based on the data in Table 1
and GMDH to predict monkeypox prevalence.

Result of Prediction of Prevalence of Pox in the World

The prevalence of monkeypox in the world can be
predicted using GMDH. GMDH creates a forecast using the data
in Table 1. Figure 3 and Appendix A show the prevalence of
monkeypox around the world. The author of this study makes
a 100-day prediction after 28 July 2022. From the results, it is
clear that the said desis increased up to 20 October 2022 but
that the trend is decreasing. Eq. 6 of the model by which the
prevalence of monkeypox is predicted is given by GMDH.

Model I: Y1=-420.784+"|id, day of week, fsin(7,
1)”*876.371+”|id, day of week, fsin(7, 2)”*85.6309+cycle*(-
2.07772)+”|id, day of week, fcos(7, 2)”*241.471+"|id, day of
week_4"*527.81 (6)

Result of Prediction of Prevalence of Pox in Asian
Continent

The prevalence of monkeypox on the Asian continent can
be predicted using GMDH. Based on the data in Table 1, GMDH
creates a forecast.
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Figure 3. Observed and predicted outputs of the model in world

Figure 4. Observed and predicted outputs of the model in Asian continent

The prevalence of monkeypox around the Asian continent
is shown in Figure 4 and Appendix B. Based on this study, the
author predicts 100 days after 28 July 2022. It is evident from
the results that the trend of said demography increased until
18 October 2022, but that it then decreased. GMDH provides Eq.
7 of the model for predicting monkeypox prevalence.

Model II: Y1=-0.468927+cycle*0.234026+”|id, day of
week_5"*(-3.57217) (7)

Result of Prediction of Prevalence of Pox in Israel

According to the data available, Israel is the worst victim of
monkeypox. Hence, the author deems it fit to especially
consider the said country for the present study. GMDH can
predict monkeypox prevalence on the Asian continentin Israel.
Figure 5 and Appendix C illustrate the prevalence of
monkeypox in Israel. The author predicts 100 days after 28 July
2022 based on this study. The results indicate that the
demography trended upward until 20 October 2022, and then
declined. A model for predicting monkeypox prevalence is
provided by GMDH in Eq. 8.

Model Ill: Y1=-0.456423+cycle*0.259691+"|id, day of
week_5"*(-2.92653) (8)
CONCLUSION

A prediction of monkeypox prevalence was made in the
present study for the world, the Asian continent, and Israel. A
PNN is used to make this prediction after collecting the data.
This study has the advantage of being able to predict
monkeypox prevalence for the world, the Asian continent, and
Israel by using Model-I, Model-Il, and Model-lll. When the
prevalence of monkeypox will be stopped has not been studied
in this study, which is a drawback of the study. This study bears
the expectation of eliminating these drawbacks in future using
create a new model.
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Figure 5. Observed and predicted outputs of the modelin Is

REFERENCES

1. Marennikova SS, Seluhina EM, Mal’ceva NN, Cimiskjan KL,
Macevic GR. Isolation and properties of the causal agent of
a new variola-like disease (monkeypox) in man. Bull World

Health Organ. 1972;46(5):599-611.

2. McCollum AM, Nakazawa Y, Ndongala GM, et al. Human
monkeypox in the Kivus, a conflict region of the Democratic
Republic of the Congo. Am J trop Med Hyg. 2015;93(4):718-
21. https://doi.org/10.4269/ajtmh.15-0095 PMid:26283752

PMCid:PMC4596588

3. Learned LA, Reynolds MG, Wassa DW, et al. Extended
interhuman transmission of monkeypox in a hospital
community in the Republic of the Congo, 2003. Am J Trop

https://doi.org/10.4269/

Med Hyg. 2005;73(2):428-34.
ajtmh.2005.73.428 PMid:16103616

4. Huhn GD, Bauer AM, Yorita K, et al. Clinical characteristics
of human monkeypox, and risk factors for severe disease.
https://doi.org/

Clin Infect Dis. 2005;41(12):1742-51.
10.1086/498115 PMid:16288398

5. Jezek Z, Grab B, Szczeniowski M, Paluku KM, Mutombo M.
Clinico-epidemiological features of monkeypox patients
with an animal or human source of infection. Bull World

Health Organ. 1988;66(4):459-64.

6. Beer EM, Rao VB. A systematic review of the epidemiology

of human monkeypox outbreaks and implications for
Trop Dis.
https://doi.org/10.1371/journal.

outbreak strategy. PLoS
2019;13(10):e0007791.

pntd.0007791 PMid:31618206 PMCid:PMC6816577

Negl

7. Likos AM, Sammons SA, Olson VA, et al. A tale of two clades:
Monkeypox viruses. J Gen Virol. 2005;86(Pt 10):2661-72.

https://doi.org/10.1099/vir.0.81215-0 PMid:16186219

8. Yinka-Ogunleye A, Aruna O, Dalhat M, et al. Outbreak of
human monkeypox in Nigeria in 2017-18: A clinical and
epidemiological report. Lancet Infect Dis. 2019;19(8):872-9.

https://doi.org/10.1016/S1473-3099(19)30294-4

10.

11.

12.

13.

14.

15.

16.

17.

Ogoina D, Iroezindu M, James HI, et al. Clinical course and
outcome of human monkeypox in Nigeria. Clin Infect Dis.
2020;71(8):€210-4. https://doi.org/10.1093/cid/ciaal43
PMid:32052029

Mbala PK, Huggins JW, Riu-Rovira T, et al. Maternal and
fetal outcomes among pregnant women with human
monkeypox infection in the Democratic Republic of Congo.
J infect Dis. 2017;216(7):824-8. https://doi.org/10.1093/
infdis/jix260 PMid:29029147

CDC. Monkeypox in the United States. 2021.
https://www.cdc.gov/poxvirus/monkeypox/outbreak/us-
outbreaks.html (Accessed 14 March 2022).

Reed KD, Melski JW, Graham MB, et al. The detection of
monkeypox in humans in the Western Hemisphere. N Engl
J  Med. 2004;350(4):342-50. https://doi.org/10.1056/
NEJM0a032299 PMid:14736926

Reynolds MG, Yorita KL, Kuehnert MJ, et al. Clinical
manifestations of human monkeypox influenced by route
of infection. J Infect Dis. 2006;194(6):773-80.
https://doi.org/10.1086/505880 PMid:16941343

Vaughan A, Aarons E, Astbury J, et al. Two cases of
monkeypox imported to the United Kingdom, September
2018. Eurosurveill. 2018;23(38):1800509. https://doi.org/
10.2807/1560-7917.ES.2018.23.38.1800509 PMid:30255836
PMCid:PMC6157091

Erez N, Achdout H, Milrot E, et al. Diagnosis of imported
monkeypox, Israel, 2018. Emerg Infect Dis. 2019;25(5):980-
3. https://doi.org/10.3201/eid2505.190076 PMid:30848724
PMCid:PMC6478227

Ng OT, Lee V, Marimuthu K, et al. A case of imported
monkeypox in Singapore. Lancet Infect Dis. 2019;19(11):
1166. https://doi.org/10.1016/S1473-3099(19)30537-7
Grosenbach DW, Honeychurch K, Rose EA, et al. Oral
tecovirimat for the treatment of smallpox. N Engl J Med.
2018;379(1):44-53. https://doi.org/10.1056/NEJM0al7056
88 PMid:29972742 PMCid:PMC6086581


https://doi.org/10.4269/ajtmh.15-0095
https://doi.org/10.4269/ajtmh.2005.73.428
https://doi.org/10.4269/ajtmh.2005.73.428
https://doi.org/10.1086/498115
https://doi.org/10.1086/498115
https://doi.org/10.1371/journal.pntd.0007791
https://doi.org/10.1371/journal.pntd.0007791
https://doi.org/10.1099/vir.0.81215-0
https://doi.org/10.1016/S1473-3099(19)30294-4
https://doi.org/10.1093/cid/ciaa143
https://doi.org/10.1093/infdis/jix260
https://doi.org/10.1093/infdis/jix260
https://www.cdc.gov/poxvirus/monkeypox/outbreak/us-outbreaks.html
https://www.cdc.gov/poxvirus/monkeypox/outbreak/us-outbreaks.html
https://doi.org/10.1056/NEJMoa032299
https://doi.org/10.1056/NEJMoa032299
https://doi.org/10.1086/505880
https://doi.org/10.2807/1560-7917.ES.2018.23.38.1800509
https://doi.org/10.2807/1560-7917.ES.2018.23.38.1800509
https://doi.org/10.3201/eid2505.190076
https://doi.org/10.1016/S1473-3099(19)30537-7
https://doi.org/10.1056/NEJMoa1705688
https://doi.org/10.1056/NEJMoa1705688

6/9

Majumder / ELECTRON J GEN MED, 2022;19(6):em410

18.

19.

20.

21.

22.

23.

24

25.

26.

Chittick G, Morrison M, Brundage T, Nichols WG. Short-term
clinical safety profile of brincidofovir: A favorable benefit-
risk proposition in the treatment of smallpox. Antiviral Res.
2017;143:269-77. https://doi.org/10.1016/j.antiviral.2017.
01.009 PMid:28093339

FDA. FDA approves drug to treat smallpox. 2021.
https://www.fda.gov/drugs/drug-safety-and-availability/
fda-approves-drug-treat-smallpox (Accessed 17 August
2021).

Vora S, Damon |, Fulginiti V, et al. Severe eczema
vaccinatum in a household contact of a smallpox vaccinee.
Clin Infect Dis. 2008;46(10):1555-61. https://doi.org/
10.1086/587668 PMid:18419490

Lindholm DA, Fisher RD, Montgomery JR, et al. Preemptive
tecovirimat use in an active duty service member who
presented with acute myeloid leukemia after smallpox
vaccination. Clin  Infect Dis. 2019;69(12):2205-7.
https://doi.org/10.1093/cid/ciz286 PMid:30959520

Kiernan M, Koutroumanos N. Orbital cowpox. N Engl J Med.
2021;384(23):2241. https://doi.org/10.1056/NEJMicm2033
620 PMid:34110113

UK Health Security Agency. Monkeypox cases confirmed in
England: Latest updates. 2022. https://www.gov.uk/
government/news/monkeypox-cases-confirmed-in-
england-latest-updates (Accessed 14 March 2022).

. Portugal identifies five monkeypox infections, Spain has 23

suspected cases. Reuters. 2022. https://www.reuters.com/
business/healthcarepharmaceuticals/portugal-identifies-
five-monkeypox-infections-spain-has-23-suspected-cases-
2022-05-18 (Accessed 14 March 2022).

Centers for Disease Control and Prevention. CDC and
health partners responding to monkeypox case in the US.
2022. https://www.cdc.gov/media/releases/2022/s0518-
monkeypoxcase.html (Accessed 14 march 2022).
https://ourworldindata.org/monkeypox

27.

28.

29.

30.

31

32.

33

34.

Nariman-Zadeh N, Darvizeh A, Darvizeh M, Gharababaei H.
Modelling of explosive cutting process of plates using
GMDH-type neural network and singular value
decomposition. J Material Process Tech. 2002;128(1-3):80-
7. https://doi.org/10.1016/50924-0136(02)00264-9

Yeh C-H, Deng H, Chang Y-H. Fuzzy multicriteria analysis for
performance evaluation of bus companies. Euro J Operat
Res. 2000;126(3):459-73. https://doi.org/10.1016/S0377-
2217(99)00315-X

Lemke F, Miiller JA. Self-organising data mining. Sys Anal
Mod Simul. 2003;43(2):231-40. https://doi.org/10.1080/
0232929031000136135

Farlow SJ. Self-organizing methods in modeling: GMDH
type algorithms. Boca Raton: CRC Press; 2020.
https://doi.org/10.1201/9781003065227

Nariman-Zadeh N, Darvizeh A, Jamali A, Moeini A.
Evolutionary design of generalized polynomial neural
networks for modelling and prediction of explosive forming
process. J Material Process Tech. 2005;164-165:1561-71.
https://doi.org/10.1016/j.jmatprotec.2005.02.020
Majumder P, Biswas P, Majumder S. Application of new
TOPSIS approach to identify the most significant risk factor
and continuous monitoring of death of COVID-19. Electron
J Gen Med. 2020;17(6):em234. https://doi.org/10.29333/
ejgm/7904

. Majumder P. Daily confirmed cases and deaths prediction

of novel coronavirus in Asian continent polynomial neural
network, in Biomedical engineering tools for management
for patients with COVID-19 (pp. 163-172). Academic
Press;2021.  https://doi.org/10.1016/B978-0-12-824473-
9.00010-0 PMCid:PMC8192312

Kar S, Sharma KD, Maitra M. Gene selection from
microarray gene expression data for classification of cancer
subgroups employing PSO and adaptive k-nearest
neighborhood technique. Exp Syst App. 2015;42(1):612-27.
https://doi.org/10.1016/j.eswa.2014.08.014


https://doi.org/10.1016/j.antiviral.2017.01.009
https://doi.org/10.1016/j.antiviral.2017.01.009
https://www.fda.gov/drugs/drug-safety-and-availability/fda-approves-drug-treat-smallpox
https://www.fda.gov/drugs/drug-safety-and-availability/fda-approves-drug-treat-smallpox
https://doi.org/10.1086/587668
https://doi.org/10.1086/587668
https://doi.org/10.1093/cid/ciz286
https://doi.org/10.1056/NEJMicm2033620
https://doi.org/10.1056/NEJMicm2033620
https://www.gov.uk/government/news/monkeypox-cases-confirmed-in-england-latest-updates
https://www.gov.uk/government/news/monkeypox-cases-confirmed-in-england-latest-updates
https://www.gov.uk/government/news/monkeypox-cases-confirmed-in-england-latest-updates
https://www.reuters.com/business/healthcarepharmaceuticals/portugal-identifies-five-monkeypox-infections-spain-has-23-suspected-cases-2022-05-18
https://www.reuters.com/business/healthcarepharmaceuticals/portugal-identifies-five-monkeypox-infections-spain-has-23-suspected-cases-2022-05-18
https://www.reuters.com/business/healthcarepharmaceuticals/portugal-identifies-five-monkeypox-infections-spain-has-23-suspected-cases-2022-05-18
https://www.reuters.com/business/healthcarepharmaceuticals/portugal-identifies-five-monkeypox-infections-spain-has-23-suspected-cases-2022-05-18
https://www.cdc.gov/media/releases/2022/s0518-monkeypoxcase.html
https://www.cdc.gov/media/releases/2022/s0518-monkeypoxcase.html
https://ourworldindata.org/monkeypox
https://doi.org/10.1016/S0924-0136(02)00264-9
https://doi.org/10.1016/S0377-2217(99)00315-X
https://doi.org/10.1016/S0377-2217(99)00315-X
https://doi.org/10.1080/0232929031000136135
https://doi.org/10.1080/0232929031000136135
https://doi.org/10.1201/9781003065227
https://doi.org/10.1016/j.jmatprotec.2005.02.020
https://doi.org/10.29333/ejgm/7904
https://doi.org/10.29333/ejgm/7904
https://doi.org/10.1016/B978-0-12-824473-9.00010-0
https://doi.org/10.1016/B978-0-12-824473-9.00010-0
https://doi.org/10.1016/j.eswa.2014.08.014

Majumder / ELECTRON J GEN MED, 2022;19(6):em410

7/9

APPENDIX A

Table A. Predicted outputs of the model in the World

D P 0 FF L u D P 0 FF L u
2022-07-29 836 0 0 -398.396  398.3964 2022-09-17 957 63 63 -335.396  461.3964
2022-07-30 435 0 0 -398.396  398.3964 2022-09-18 807 0 0 -398.396  398.3964
2022-07-31 285 0 0 -398.396  398.3964 2022-09-19 1,374 479 479 80.60357  877.3964
2022-08-01 852 0 0 -398.396  398.3964 2022-09-20 1,484 590 590 191.6036  988.3964
2022-08-02 963 68 68 -330.396  466.3964 2022-09-21 1,307 413 413 14.60357  811.3964
2022-08-03 786 0 0 -398.396  398.3964 2022-09-22 1,351 457 457 58.60357  855.3964
2022-08-04 830 0 0 -398.396  398.3964 2022-09-23 1,433 538 538 139.6036  936.3964
2022-08-05 911 17 17 -381.396  415.3964 2022-09-24 1,032 137 137 -261.396  535.3964
2022-08-06 510 0 0 -398.396  398.3964 2022-09-25 881 0 0 -398.396  398.3964
2022-08-07 360 0 0 -398.396  398.3964 2022-09-26 1,448 554 554 155.6036  952.3964
2022-08-08 927 32 32 -366.396  430.3964 2022-09-27 1,559 665 665 266.6036  1,063.396
2022-08-09 1,037 143 143 -255.396  541.3964 2022-09-28 1,382 488 488 89.60357  886.3964
2022-08-10 860 0 0 -398.396  398.3964 2022-09-29 1,426 532 532 133.6036  930.3964
2022-08-11 904 10 10 -388.396  408.3964 2022-09-30 1,507 613 613 214.6036 1,011.396
2022-08-12 985 91 91 -307.396  489.3964 2022-10-01 1,106 212 212 -186.396  610.3964
2022-08-13 584 0 0 -398.396  398.3964 2022-10-02 956 61 61 -337.396  459.3964
2022-08-14 434 0 0 -398.396  398.3964 2022-10-03 1,523 628 628 229.6036 1,026.396
2022-08-15 1,001 107 107 -291.396  505.3964 2022-10-04 1,633 739 739 340.6036 1,137.396
2022-08-16 1,112 217 217 -181.396  615.3964 2022-10-05 1,456 562 562 163.6036  960.3964
2022-08-17 935 41 41 -357.396  439.3964 2022-10-06 1,500 606 606 207.6036  1,004.396
2022-08-18 979 85 85 -313.396  483.3964 2022-10-07 1,582 687 687 288.6036  1,085.396
2022-08-19 1,060 166 166 -232.396  564.3964 2022-10-08 1,181 286 286 -112.396  684.3964
2022-08-20 659 0 0 -398.396  398.3964 2022-10-09 1,030 136 136 -262.396  534.3964
2022-08-21 509 0 0 -398.396  398.3964 2022-10-10 1,597 703 703 304.6036 1,101.396
2022-08-22 1,076 181 181 -217.396  579.3964 2022-10-11 1,708 814 814 415.6036 1,212.396
2022-08-23 1,186 292 292 -106.396  690.3964 2022-10-12 1,531 637 637 238.6036 1,035.396
2022-08-24 1,009 115 115 -283.396  513.3964 2022-10-13 1,575 681 681 282.6036 1,079.396
2022-08-25 1,053 159 159 -239.396  557.3964 2022-10-14 1,656 762 762 363.6036 1,160.396
2022-08-26 1,134 240 240 -158.396  638.3964 2022-10-15 1,255 361 361 -37.3964 759.3964
2022-08-27 733 0 0 -398.396  398.3964 2022-10-16 1,105 210 210 -188.396  608.3964
2022-08-28 583 0 0 -398.396  398.3964 2022-10-17 1,672 777 777 378.6036 1,175.396
2022-08-29 1,150 256 256 -142.396  654.3964 2022-10-18 1,782 888 888 489.6036 1,286.396
2022-08-30 1,261 366 366 -32.3964 764.3964 2022-10-19 1,605 711 711 312.6036 1,109.396
2022-08-31 1,084 190 190 -208.396  588.3964 2022-10-20 1,650 755 755 356.6036 1,153.396
2022-09-01 1,128 234 234 -164.396  632.3964 2022-10-21 1,731 0 0 -398.396  398.3964
2022-09-02 1,209 315 315 -83.3964 713.3964 2022-10-22 1,330 0 0 -398.396  398.3964
2022-09-03 808 0 0 -398.396  398.3964 2022-10-23 1,179 0 0 -398.396  398.3964
2022-09-04 658 0 0 -398.396  398.3964 2022-10-24 1,746 0 0 -398.396  398.3964
2022-09-05 1,225 330 330 -68.3964  728.3964 2022-10-25 1,857 68 68 -330.396  466.3964
2022-09-06 1,335 441 441 42.60357 839.3964 2022-10-26 1,680 0 0 -398.396  398.3964
2022-09-07 1,158 264 264 -134.396  662.3964 2022-10-27 1,724 0 0 -398.396  398.3964
2022-09-08 1,202 308 308 -90.3964 706.3964 2022-10-28 1,805 17 17 -381.396  415.3964
2022-09-09 1,284 389 389 -9.39643  787.3964 2022-10-29 1,404 0 0 -398.396  398.3964
2022-09-10 883 0 0 -398.396  398.3964 2022-10-30 1,254 0 0 -398.396  398.3964
2022-09-11 732 0 0 -398.396  398.3964 2022-10-31 1,821 32 32 -366.396  430.3964
2022-09-12 1,299 405 405 6.603571 803.3964 2022-11-01 1,931 143 143 -255.396  541.3964
2022-09-13 1,410 516 516 117.6036 914.3964 2022-11-02 1,754 0 0 -398.396  398.3964
2022-09-14 1,233 339 339 -59.3964 737.3964 2022-11-03 1,799 10 10 -388.396  408.3964
2022-09-15 1,277 383 383 -15.3964  781.3964 2022-11-04 1,880 91 91 -307.396  489.3964
2022-09-16 1,358 464 464 65.60357  862.3964 2022-11-05 1,479 0 0 -398.396  398.3964

Note. D: Date; P: Predictions; O: Override; FF: Final forecast; L: Lower; & U: Upper
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APPENDIX B
Table B. Predicted outputs of the model in Asian continent

D P o FF L v D P o FF L u
2022-07-29 6 - 2022-09-17 7 0 0 -5.84832  5.848324
2022-07-30 2 - 2022-09-18 10 3 3 -2.84832  8.848324
2022-07-31 6 - 2022-09-19 11 3 3 -2.84832  8.848324
2022-08-01 6 - 2022-09-20 11 3 3 -2.84832  8.848324
2022-08-02 7 - 2022-09-21 10 3 3 -2.84832  8.848324
2022-08-03 6 - 2022-09-22 10 3 3 -2.84832  8.848324
2022-08-04 6 - 2022-09-23 11 3 3 -2.84832  8.848324
2022-08-05 6 - 2022-09-24 7 0 0 -5.84832  5.848324
2022-08-06 3 - 2022-09-25 11 4 4 -1.84832  9.848324
2022-08-07 7 - 2022-09-26 11 4 4 -1.84832  9.848324
2022-08-08 7 - 2022-09-27 11 4 4 -1.84832  9.848324
2022-08-09 7 - 2022-09-28 11 3 3 -2.84832  8.848324
2022-08-10 6 - 2022-09-29 11 4 4 -1.84832  9.848324
2022-08-11 7 - 2022-09-30 11 4 4 -1.84832  9.848324
2022-08-12 7 - 2022-10-01 8 0 0 -5.84832  5.848324
2022-08-13 4 0 0 -5.84832  5.848324 2022-10-02 12 4 4 -1.84832  9.848324
2022-08-14 7 0 0 -5.84832  5.848324 2022-10-03 12 4 4 -1.84832  9.848324
2022-08-15 8 0 0 -5.84832  5.848324 2022-10-04 12 5 5 -0.84832  10.84832
2022-08-16 8 0 0 -5.84832  5.848324 2022-10-05 11 4 4 -1.84832  9.848324
2022-08-17 7 0 0 -5.84832  5.848324 2022-10-06 12 4 4 -1.84832  9.848324
2022-08-18 7 0 0 -5.84832  5.848324 2022-10-07 12 4 4 -1.84832  9.848324
2022-08-19 7 0 0 -5.84832  5.848324 2022-10-08 8 1 1 -4.84832  6.848324
2022-08-20 4 0 0 -5.84832  5.848324 2022-10-09 12 5 5 -0.84832  10.84832
2022-08-21 8 1 1 -4.84832  6.848324 2022-10-10 12 5 5 -0.84832  10.84832
2022-08-22 8 1 1 -4.84832  6.848324 2022-10-11 13 5 5 -0.84832  10.84832
2022-08-23 8 1 1 -4.84832  6.848324 2022-10-12 12 5 5 -0.84832  10.84832
2022-08-24 8 0 0 -5.84832  5.848324 2022-10-13 12 5 5 -0.84832  10.84832
2022-08-25 8 1 1 -4.84832  6.848324 2022-10-14 12 5 5 -0.84832  10.84832
2022-08-26 8 1 1 -4.84832  6.848324 2022-10-15 9 2 2 -3.84832  7.848324
2022-08-27 5 0 0 -5.84832  5.848324 2022-10-16 13 5 5 -0.84832  10.84832
2022-08-28 9 1 1 -4.84832  6.848324 2022-10-17 13 6 6 0.151676  11.84832
2022-08-29 9 1 1 -4.84832  6.848324 2022-10-18 13 6 6 0.151676  11.84832
2022-08-30 9 2 2 -3.84832  7.848324 2022-10-19 13 5 5 -0.84832  10.84832
2022-08-31 8 1 1 -4.84832  6.848324 2022-10-20 13 5 5 -0.84832  10.84832
2022-09-01 9 1 1 -4.84832  6.848324 2022-10-21 13 -

2022-09-02 9 1 1 -4.84832  6.848324 2022-10-22 10 -

2022-09-03 5 0 0 -5.84832  5.848324 2022-10-23 13 -

2022-09-04 9 2 2 -3.84832  7.848324 2022-10-24 14 -

2022-09-05 9 2 2 -3.84832  7.848324 2022-10-25 14 -

2022-09-06 10 2 2 -3.84832  7.848324 2022-10-26 13 -

2022-09-07 9 2 2 -3.84832  7.848324 2022-10-27 13 -

2022-09-08 9 2 2 -3.84832  7.848324 2022-10-28 14 -

2022-09-09 9 2 2 -3.84832  7.848324 2022-10-29 10 -

2022-09-10 6 0 0 -5.84832  5.848324 2022-10-30 14 -

2022-09-11 10 2 2 -3.84832  7.848324 2022-10-31 14 -

2022-09-12 10 3 3 -2.84832  8.848324 2022-11-01 14 -

2022-09-13 10 3 3 -2.84832  8.848324 2022-11-02 14 -

2022-09-14 10 2 2 -3.84832  7.848324 2022-11-03 14 -

2022-09-15 10 2 2 -3.84832  7.848324 2022-11-04 14 -

2022-09-16 10 3 3 -2.84832  8.848324 2022-11-05 11 0 0 -5.84832  5.848324

Note. D: Date; P: Predictions; O: Override; FF: Final forecast; L: Lower; & U: Upper
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APPENDIX C

Table C. Predicted outputs of the model in Israel

D P 0 FF L u D P 0 FF L u
2022-07-29 6 - 2022-09-17 7 0 0 -5.84832  5.848324
2022-07-30 2 - 2022-09-18 10 3 3 -2.84832  8.848324
2022-07-31 6 - 2022-09-19 11 3 3 -2.84832  8.848324
2022-08-01 6 - 2022-09-20 11 3 3 -2.84832  8.848324
2022-08-02 7 - 2022-09-21 10 3 3 -2.84832  8.848324
2022-08-03 6 - 2022-09-22 10 3 3 -2.84832  8.848324
2022-08-04 6 - 2022-09-23 11 3 3 -2.84832  8.848324
2022-08-05 6 - 2022-09-24 7 0 0 -5.84832  5.848324
2022-08-06 3 - 2022-09-25 11 4 4 -1.84832  9.848324
2022-08-07 7 - 2022-09-26 11 4 4 -1.84832  9.848324
2022-08-08 7 - 2022-09-27 11 4 4 -1.84832  9.848324
2022-08-09 7 - 2022-09-28 11 3 3 -2.84832  8.848324
2022-08-10 6 - 2022-09-29 11 4 4 -1.84832  9.848324
2022-08-11 7 - 2022-09-30 11 4 4 -1.84832  9.848324
2022-08-12 7 - 2022-10-01 8 0 0 -5.84832  5.848324
2022-08-13 4 0 0 -5.84832  5.848324 2022-10-02 12 4 4 -1.84832  9.848324
2022-08-14 7 0 0 -5.84832  5.848324 2022-10-03 12 4 4 -1.84832  9.848324
2022-08-15 8 0 0 -5.84832  5.848324 2022-10-04 12 5 5 -0.84832  10.84832
2022-08-16 8 0 0 -5.84832  5.848324 2022-10-05 11 4 4 -1.84832  9.848324
2022-08-17 7 0 0 -5.84832  5.848324 2022-10-06 12 4 4 -1.84832  9.848324
2022-08-18 7 0 0 -5.84832  5.848324 2022-10-07 12 4 4 -1.84832  9.848324
2022-08-19 7 0 0 -5.84832  5.848324 2022-10-08 8 1 1 -4.84832  6.848324
2022-08-20 4 0 0 -5.84832  5.848324 2022-10-09 12 5 5 -0.84832  10.84832
2022-08-21 8 1 1 -4.84832  6.848324 2022-10-10 12 5 5 -0.84832  10.84832
2022-08-22 8 1 1 -4.84832  6.848324 2022-10-11 13 5 5 -0.84832  10.84832
2022-08-23 8 1 1 -4.84832  6.848324 2022-10-12 12 5 5 -0.84832  10.84832
2022-08-24 8 0 0 -5.84832  5.848324 2022-10-13 12 5 5 -0.84832  10.84832
2022-08-25 8 1 1 -4.84832  6.848324 2022-10-14 12 5 5 -0.84832  10.84832
2022-08-26 8 1 1 -4.84832  6.848324 2022-10-15 9 2 2 -3.84832  7.848324
2022-08-27 5 0 0 -5.84832  5.848324 2022-10-16 13 5 5 -0.84832  10.84832
2022-08-28 9 1 1 -4.84832  6.848324 2022-10-17 13 6 6 0.151676 11.84832
2022-08-29 9 1 1 -4.84832  6.848324 2022-10-18 13 6 6 0.151676 11.84832
2022-08-30 9 2 2 -3.84832  7.848324 2022-10-19 13 5 5 -0.84832  10.84832
2022-08-31 8 1 1 -4.84832  6.848324 2022-10-20 13 5 5 -0.84832  10.84832
2022-09-01 9 1 1 -4.84832  6.848324 2022-10-21 13 -

2022-09-02 9 1 1 -4.84832  6.848324 2022-10-22 10 -

2022-09-03 5 0 0 -5.84832  5.848324 2022-10-23 13 -

2022-09-04 9 2 2 -3.84832  7.848324 2022-10-24 14 -

2022-09-05 9 2 2 -3.84832  7.848324 2022-10-25 14 -

2022-09-06 10 2 2 -3.84832  7.848324 2022-10-26 13 -

2022-09-07 9 2 2 -3.84832  7.848324 2022-10-27 13 -

2022-09-08 9 2 2 -3.84832  7.848324 2022-10-28 14 -

2022-09-09 9 2 2 -3.84832  7.848324 2022-10-29 10 -

2022-09-10 6 0 0 -5.84832  5.848324 2022-10-30 14 -

2022-09-11 10 2 2 -3.84832  7.848324 2022-10-31 14 -

2022-09-12 10 3 3 -2.84832  8.848324 2022-11-01 14 -

2022-09-13 10 3 3 -2.84832  8.848324 2022-11-02 14 -

2022-09-14 10 2 2 -3.84832  7.848324 2022-11-03 14 -

2022-09-15 10 2 2 -3.84832  7.848324 2022-11-04 14 -

2022-09-16 10 3 3 -2.84832  8.848324 2022-11-05 11 0 0 -5.84832  5.848324

Note. D: Date; P: Predictions; O: Override; FF: Final forecast; L: Lower; & U: Upper



	INTRODUCTION
	DATA COLLECTION
	POLYNOMIAL NEURAL NETWORK
	RESULTS AND DISCUSSION
	Result of Prediction of Prevalence of Pox in the World
	Result of Prediction of Prevalence of Pox in Asian Continent
	Result of Prediction of Prevalence of Pox in Israel

	CONCLUSION
	REFERENCES
	APPENDIX A
	APPENDIX B
	APPENDIX C

