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Abstract

This research uses raw clinical observational data to propose a new spatio-temporal approach for the precise prediction of
the likelihood of the COVID-19 epidemic occurring at any moment in any interest Brazil state. This article presents a new
bio-system reliability method that is especially appropriate for multi-regional environmental and health systems and that has
been watched for a long enough time to produce a reliable long-term forecast of the likelihood of a virus outbreak. All impacted
Brazilian states' daily COVID-19 recorded patient counts were taken into consideration. This research sought to benchmark a
cutting-edge technique that allows for the analysis of dynamically witnessed patient numbers while accounting for pertinent
regional mapping. The suggested strategy might assist in keeping track of and forecasting potential pandemic breakouts in a

wide range of multi-regional biological systems.
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Patient Involvement Statement

By providing an exact risk estimate of the upcoming
pandemic breakout at any local state, region, and time, the
creation of the study question and outcome measures is
linked to patients’ goals, experiences, and preferences. Only
publicly available patient health records were used in this
research [1-4].

Introduction

In the field of contemporary biomedical study, statistics
of COVID-19 are getting considerable interest [5-10]. It is
challenging to estimate biological system reliability factors
and epidemic outbreak probability under realistic epidemic
conditions by using classic statistical methods, [11-15].
Multi-degree-of-freedom (MDOF) nature of the governing
dynamic biological system, reflects recorded patients’ data
regional (spatial) spread. By the beginning of 2020, the
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only clinical observation data for COVID-19 were no longer
accessible. Recent research examined COVID-19 outbreaks
in Brazil [16-22], but without concentrating on connections
across various national areas or states. Brazil was obviously
selected due to the country’s COVID-19 origins, significant
internet health data, and related study [23-40].

In Thomas M, et al. [12], authors used the extreme
value theory (EVT) to forecast and spot flu pandemic
abnormalities. The newly suggested innovative technique
will be able to provide a better understanding and a sign of
the potential spread of diseases because there has not been
much statistical research done to forecast the likelihood of
an influenza epidemic or contagious disease breakout or its
spread.

In this study, an epidemic outbreak is seen as an

unforeseen event that could happen in any area of a given
nation at any moment, so spatial dispersal is taken into
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consideration. Additionally, a particular non-dimensional
component A is introduced to forecast the danger of the
latter epidemic anywhere and at any moment.

Environmental factors have a cyclical pattern, which
affect biological processes. The other option is to think of the
process as being reliant on particular environmental factors,
whose change over time can be modelled as an independent
ergodic process.

The public websites were used to obtain COVID-19
incidence statistics for twelve Brazilian states from
February 2020 to the present [1-4]. The biological system
under consideration can be thought of as a multi-degree
of freedom (MDOF) dynamic system with strongly inter-
correlated regional components/dimensions because this
priceless data collection is state-specific for Brazil. In some
new research, the linear log model has been used to predict
COVID-19 development [14].

It should be noted that despite the study’s goal of forecasting
epidemic outbreaks and lowering their risk, it only considers
the number of patients who report each day, notthe symptoms
themselves. Regarding the so-called “long COVID,” which has
persistent COVID-19 signs, its risk factors, and whether it
is feasible to foresee a protracted course of the illness at an
early stage. Figure 1 presents spatial distribution of COVID
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cases per Brazil regions, while Figure 2 presents national
summed up COVID cases temporal dynamics.

Figure 1: Brazil regions with total numbers of COVID-19
registered cases, per March 2023 [3].

Figure 2: Brazil national total numbers of COVID-19 registered cases [4].

The primary driving force behind this research was
the requirement to enhance currently available forecasting
methods in order to account for the spatiotemporal
character of epidemics. Authors of this research support a
new reliability technique that has been thoroughly tested on
numerous epidemiologic data sets [23-25].

Method

Let’s consider multi degree of freedom (MDOF) bio-
dynamic public health system, consisting of combined
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components  X(t),Y(t),Z(t),.. stored up into vector
(X(t),Y(t),Z(t),...), that has been either measured/observed/
simulated over a representative time lapse (0,T).
Unidimensional biosystem component global maxima being

denoted here as X = maxX(t) Y™ = max Y(l‘)

0<t<T 0<t<T

YY), Z;" = maxZ(t),...

0<t<T

. By representative long time

period T authors mean large enough value of T with respect
to the bio-dynamic system auto-correlation, and relaxation
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time scales. Let X,,...,X, be temporally consequent

component process X=X(t) local maxima, recorded at discrete
. . . . X X a1

temporally increasing time instants £, <...<tNX within

(0,T). Identical definitions follow for other MDOF bio-system
components Y(t), Z(t),... namely Y,...,7%,

Ny
Z,.. "ZNz and so on. For simplicity, all system bio-system
components, and hence their maxima have been assumed
here to be non-negative

P= ([t e IR O Cl A ) ¢ M 72

(1)
being the dynamic bio-system survival probability, with
critical/hazard values of bio-system components being
denoted as 77, 77, 17,,.; U being logical unity operator

«or»; P max ymax _max being system joint
XT R YT R ZT g

probability density function (PDF) of all individual

component/dimensions maxima. If bio-system number of

degrees of freedom (NDOF) being large, it is not practically
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feasible to assess directly bio-system joint PDF
pX;an, yphax | gmax ) and hence bio-system
survival probability P. The latter bio-system survival
probability P however, needs to be assessed, inversely linked
to bio-system expected lifetime, according to Eq. (1). Bio-
system unidimensional components X,Y,Z,... being now re-
scaled, and non-dimensionalized as follows
X—)i, Y—)l, Z—)i, ... (2)
Mx Ny Ny

Making both of the two answers non-dimensional with a
failinglimit of 1. The local peaks of the unidimensional system
components are then combined into a single artificial time
non-decreasing vector R = (Rl,Rz,. . .,RN) in accordance
with corresponding bio-system merged time vector
t,<...<ty,, NN, +N,+N,+.... Each bio-system
component local maxima R_j being actual encountered bio-
system component local maxima, corresponding some bio-
system component, either X(t) or Y(t), or Z(t) or other bio-
system components. Constructed bio-system synthetic R
-vector has no data loss, see (Figure 3).
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Figure 3: Example of how 2 components, X and Y, being merged to create 1 new synthetic vector R .Red ellipse highlights case
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Having introduced temporally non-decreasing synthetic
vector R, and its components corresponding temporally
non-decreasing occurrence times f, <...<t,,[60-68].
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Figure 4 shows a flowchart that serves as a tool for
monitoring the spread of epidemics. It illustrates the
recommended approach.

Spatio-
temporal
raw patient
data

Bio-system
data
analysis
using Al

Figure 4: Flowchart, illustrating advocated methodology.
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Results

Prediction of influenza-like epidemics has long been the
focus of attention in epidemiology and mathematical biology.
It is well known that public health dynamics is a highly
non-linear multidimensional and spatially cross-correlated
dynamic system that is always challenging to analyse.
Previous studies have used a variety of approaches to model
influenza-like cases. This section illustrates the efficiency of
the above-described methodology using the new method
applied to the real-life COVID-19 data sets, presented as a
new daily recorded infected patient time series, spread over
large terrains [45-55].

COVID-19 and influenza are contagious diseases with
high transmissibility to spread worldwide with considerable
morbidity and mortality. They occur most frequently
seasonally in late autumn, winter and early spring, reaching
its peak prevalence mostly in winter. Seasonal influenza
epidemics caused by influenza A and B viruses typically
occur annually during winter in temperate regions and
present an enormous burden on worldwide public health,
resulting in around 3-5 million cases of severe illness and
250,000-500,000 deaths worldwide each year, according to
the World Health Organization (WHO) [34].

This section analyzes a real-life biomedical application
of the above-described reliability method. The statistical
data in the present section are taken from the official Brazil
websites [1,2]. The website provides the number of newly
diagnosed cases every day in Brazil from 22 January 2020 to
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22 December 2022. Patient numbers from twelve different
Brazil regions were chosen as components X)Y,Z,... thus
constituting an example of a twelve dimensional (12D)
dynamic biological system.

In order to unify all 12 measured regional time series
X,Y,Z,... the following scaling was performed according to
Eg. (2), making all 12 regional responses non-dimensional,
while having the same hazard /failure limit equal to 1. Failure
limits (epidemic thresholds) were chosen differently for
different regions in this paper 77,,7,,7,,... were set equal
to observed two years maxima, twice increased. Next, all
local maxima from 12 measured time series corresponding
to Brazil states, were merged into one single time series by
keeping them in the non-decreasing temporal order:

R=(max{X,Y.Z,..},...max {X,.Y,,Z,,...}).

Figure 5 presents new daily recorded patients number
plotted as two-dimensional (2D) surface. Figure 6 presents
raw (unprocessed) numbers of new daily-recorded patients
as 12D system vector R ~, consisting of assembled regional
new daily-recorded patient numbers. Note that vector R ~
does not have physical/biological meaning on its own, as
it was assembled of different regional components, with
different spatial epidemic backgrounds. Index j is just a
running index of biosystem component local maxima,
encountered in temporally non-decreasing sequence.
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Figure 5: New daily recorded patient’s number plotted as a surface.
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Figure 6: Number of new daily recorded patients as 12D vector R . Left: as it is. Red circle marks suspicious outlier.
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Figure 7 presents 10 years return level extrapolation
towards epidemic outbreak with 10-year return period,
indicated by the horizontal dotted line, and somewhat
beyond, A=0.05 cut-on value was used. Dotted lines indicate
extrapolated 95% confidence interval according to Eq. (10).
Survival probability P(A) being directly related to the target
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hazard/failure probability 1-P from Eq. (1). Therefore,
biosystem failure probability 1-Pcan be straightforwardly
estimated. Note that N corresponds to the total number of
system component local maxima in the unified response
vector R Figure 7 exhibits reasonably narrow 95% CI. The
latter is an advantage of the proposed method [44-56].
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Figure 7: 100 years return level (horizontal dotted line) extrapolation of P(A) towards critical level (indicated by star) and
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Regarding suggested method validation, it is seen from
Figure 7 that even ten-times reduced data set will yield
similar predictions. More specifically, the underlying data set
has been thinned by selecting only each 10th data point, then
extrapolation, similar to Figure 7 has been done.

The above-described approach, which is novel, has the
benefit of efficiently employing the measured data set that
is currently accessible. This is because the technique is able
to handle the multidimensionality of biological systems and
conduct precise extrapolation based on a small amount of
data. Keep in mind that the expected non-dimensional A level,
marked by star in Figure 7 representing target probability
(risk) of epidemic outbreak at any Brazil region in the years
yet to come. The Poincare plot is where the second-order
difference plot (SODP) got its start. Time series data can be

observed statistically using SODP in the case of sequential
variations.

Figure 8 presents SODP plots of 3rd and 4th orders,
these kinds of plots can be used for data pattern recognition,
and comparison with other similar data sets, for example, for
the entropy artificial intelligence (AI) recognition approach
[57]. COVID-19 epidemic data has been analyzed recently
by researchers, using Al diagnostic tools, [58,59]. Be aware
that while this research presents MDOF and sub-asymptotic
approaches, EVT is asymptotic and 1DOF. In conclusion,
the star in the expected non-dimensional level in Figure 7
indicates the likelihood that there will be cancer deaths in
the globe in the future. The methodology’s flaw is its premise
of the quasi-stationarity of the underlying bio-environmental
process [65-71].

-

Figure 8: COVID Brazil national statistics, SODP plots of 3rd and 4th orders for Al pattern recognition.
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Conclusion

Despite its apparent simplicity, the current research
provides a unique multidimensional modelling approach
and a methodological route to apply epidemic predictions
while it is still in progress. This study examined COVID-19
patient data from twelve distinct regions of Brazil, serving as
an illustration of a twelve-dimensional (12D) phenomenon
that was seen in 2020-2022. New daily patient counts were
subjected to the innovative dependability technique in real-
time as a multidimensional system. The detailed academic
justification for the suggested approach is provided. It
should be noted that while the use of direct measurement
or Monte Carlo simulation for analysing the reliability of
dynamic biological systems is appealing, the complexity of
dynamic systems and their high dimensionality necessitate
the development of novel robust and accurate techniques
that can handle the current limited dataset, using the data
that is accessible as effectively as feasible.

The primary finding is that in Brazil, if the public
health system is handled properly, local environmental
and epidemiological circumstances will be controlled. The
chance level of an epidemic breakout over the projected 10-
year return period is considerably higher than one, so it is
not low. As a result, there is a chance that a pandemic will
break out in the future, at least within the next 10 years.

Numerous writers using various methodologies have
demonstrated the use of statistics in medicine using EVT and
other models. To determine the distribution of extremes,
one of these methods used the block maxima (BM) strategy
and another the peak over threshold (POT) approach.
Despite the fact that both of these studies demonstrated
that they were suitable for predicting the extreme values,
each of them had their own drawbacks, with one needing a
lot of information.

Ageneral-purpose, reliable, and simple multidimensional
reliability technique was the main goal of this research. The
approach described in this article has been earlier verified
by application to a broad variety of simulation models, but
only for one-dimensional system responses, and, generally
speaking, very accurate predictions were achieved.
Time series reactions can be monitored and numerically
reproduced and analyzed. The suggested approach generated
a reasonable confidence interval, as is demonstrated. As a
result, the proposed methodology may be useful for a range
of reliability research on non-linear dynamic biological
systems. Finally, there are numerous uses for public health
that can use the proposed approach. The application of the
novel technique is not at all constrained by the COVID-19
example that is provided.
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