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ABSTRACT
The emerging outbreak of COVID-19 provided a valuable lesson for the global readiness with regard to the impact of the disease and management 
of the pandemic. The present case study reported the magnitude and public health effect based on the daily morbidity and mortality metrics from 
the coronavirus epidemic in Brazil as part of a series of investigations regarding the pattern and behavior of the outbreak with different geographical 
regions using the Pareto principle focusing on the major contributors of the worldwide pandemic. There were observable signs of multiple overlapping 
waves for the reported cases and deaths when using process-behavior (trending) charts. The cumulative daily census showed a significant approach to 
Morgan-Mercer-Flodin (MMF) model as a primary fit followed by exponential association as a secondary option with good regression. A simple and 
effective statistical description of the pandemic could be used as a quantitative measure for the effect of the outbreaks on the populations in a specific 
political region with the ability to compare between pre- and post-action events and different districts.
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INTRODUCTION
The coronavirus disease 2019 (COVID-19) has impacted 
the whole world for more than 2 years, and it still affects 
all countries despite the national and international efforts 
to contain this viral outbreak.[1] Extensive official and 
nonofficial organizations and authorities have provided 
close monitoring and recording of the outcome of exposure 
to this disease.[2,3]

One of the most crucial markers of this disease is the 
timeline, of morbidity and mortality, which measures the 
epidemiological progression based on political regions 
defined by the World Health Organization (WHO).[4–6] 
These public health indicators are direct measures of health 
and illness status in each country.[7,8] Also, they pinpoint the 
effect and relationship with the economy, public awareness, 
governmental control, adequacy of official authority 
measures, and feasibility of resources. Moreover, effective 
implementation of scientific and medical knowledge cannot 
be ruled out as a critical factor.

The present case study discussed herein investigates one of 
the most affected political regions with the latest coronavirus 
outbreak using a comprehensive dataset for both reported 
cases and deaths as measures for public health confrontation 
with the epidemic. In addition, the quantitative and 
descriptive analyses would be useful for health professionals 
to study and investigate the outbreak.

CASE REPORT
The present case report provided a long-term investigation 
of the effect of COVID-19 on public health using both 
mortalities and morbidities as measurable indexes for the 
severity of the pandemic and the time-bound extension of the 
disease. The dataset of the dedicated country was extracted 
using the Humanitarian Data Exchange (HDX) v1.66.1 PY3 
(https://data.humdata.org/event/covid-19).[9] Data harvest 
was conducted between 03 January 2020 and 14 January 
2022 covering about 24.4 months (>2 years) of the records. 
Cases and deaths in Brazil were arranged chronologically 
along with the cumulative morbidities and mortalities on a 
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daily basis. Logarithmic transformation (to the base ten) on 
the cumulative datasets was performed and a unity value was 
added to the raw data to compensate for zero values without 
distorting the original record. The whole previous process 
was conducted in Microsoft Excel Sheet. Trending (control) 
charts were constructed using statistical software. Modeling 
of the transformed cumulative data was investigated using a 
curve-fitting program.

DISCUSSION
The present case analysis provides herein an examination 
of the major nations that have been devastated by the latest 
pandemic involving coronavirus disease – in terms of 
morbidities and mortalities[10] – as part of a global screening 
for quantitative investigation and descriptive statistical 
analysis to provide measurable metrics in terms of cases and 
deaths, in addition to forecasting.

Regression analysis of logarithmic transformed 
 cumulative deaths (log C.D.) versus logarithmic 
 transformed cumulative cases (log C.C.)

The regression equation is Log C.D. = −0.3759 + 0.8309 
Log C.C., where S = 0.226243, R-Sq = 98.3% and R-Sq(adj) 
= 98.3%.[11] Analysis of the source of variances (ANOVA) 
for the total degree of freedom (DF) of 742 and sum of 
squares (SS) of 2288.66 showed an error with mean square 
(MS) of 0.05 and SS of 37.93 for 741 DF.[11] The regression 
factor computed for DF of unity gave 2250.73 SS, 2250.73 
MS, and F of 43971.87 for P < 0.001. [Figure 1] shows three-
dimensional kinetics of the daily morbidities and mortalities 
due to the coronavirus outbreak in Brazil with evidence of 
a rising trend in both monitored cases and deaths observed 
as a short valley (a period of relative calm and decline in 
the census) in-between initial small and late large peaks.[12] 

The shape of both cases and deaths showed a similar general 
outline.

Emerging daily cases and deaths: correlation and change 
over investigation period

A strong correlation was found (≈ 0.9151) between new daily 
cases and deaths using Spearman (nonparametric at 95% 
significance level) test.[13] For 743 daily observations, there 
is a significant low positive correlation between the number 
of cases and deaths with the epidemic duration elapsed with 
r and 95% confidence interval (CI) of 0.2975, 0.2301, and 
0.2285 to 0.3636, 0.1587, to 0.2990, respectively, at α = 0.05 
and P (two-tailed) < 0.0001. [Figure 2] illustrates the daily 
rate dynamicity in chronological order.

Monitoring daily morbidity and mortality using time- 
series chart and curve smoothing

Individual-moving range (I-MR) charts were used as an 
exploratory visualization to monitor the progress of new cases 
and deaths daily.[14,15] The presence of abnormally high or low 
counts is indicated by a red dot marked with “1.” There is an 
initially calm and lag period with no observable casualties 
and this is a usually low trend in comparison with the whole 
pattern followed by a shift in the outbreak centering count 
or variation of the inspection characteristics (indicated by 
“2”) marking the start, in-between or overlapping, and the 
end of the epidemic waves.[16] The least frequent alarm is “3” 
marking the pattern that could be found between the two 
major peaks. The appearance of excessive points “5” and “6” 
are indicative of the appearance of multiple small drifts in the 
number of cases and deaths. It should be observed that a sign 
of a mixture pattern was detected (number “8”), suggesting 
that mixed waves of COVID-19 were involved in the major 
large waves and sub-waves observed as clusters in multiple 

Figure 1: Three-dimensional graph showing the kinetics of daily 
cases and deaths with elapsed time of the COVID-19 outbreak in 
Brazil.

Figure 2: Contour plot showing the distribution of cases and deaths 
in chronological occurrence.
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locations in the trend line. The above outcome was deduced 
from the “I (Individual)” figure. The associated variations in 
the daily record (MR) chart is indicative of unstable variations, 
which were apparent in higher frequency in the second half 
of the examination period.[16] Curve smoothing in [Figures 3 
and 4] showed a sign of two mixed waves in the first peak and 
five overlapping waves in the second one.

Empirical modeling of transformed cumulative daily 
 morbidities and mortalities

The common best fit empirical model for the logarithmically 
transformed daily cases and deaths was the Morgan-Mercer-
Flodin (MMF) model, which is expressed generally as in 
equation 1.[17] [Figure 5] demonstrates the pattern of the 
cumulative morbidities and mortalities with the best fitting 
model is shown.
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where a, b, c, and d are constant factors showing the 
change of either morbidity or mortality (y) as a factor in 
time (x) in days. The coefficient data for cases and deaths 
are a = −3.57489173401E-001, b = 2.84649717724E+005, 

c = 7.21239888210E+000, and d = 2.78000960509E+000 
and a = −2.51177079453E-001, b = 1.56381119463E+007, 
c = 5.57103060684E+000, and d = 3.57951568274E+000, 
respectively. For cumulative cases, the standard error was 
0.1978332 with a correlation coefficient of 0.9955540. The 
fit converged to a tolerance of 1e-006 in 75 iterations and no 
weighting was used.[18] For cumulative deaths, the standard 
error was 0.2400384 and the correlation coefficient was 
0.9907293. The fit converged to a tolerance of 1e-006 in 94 
iterations and no weighting was used.

First-level differentiation of morbidities and mortalities as 
a function of time

In the previous equation, if x = zero, y = a, the curve would 
demonstrate the countdown time for the start of the first 
incident theoretically either for the emergence of the reported 
cases or deaths. One-time derivatization yielded equation 2, 
which expresses the change of both cumulative cases and 
deaths with logarithmic transformation (to base ten) with 
respect to the elapsed time.[19]
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Figure 3: Process-behavior chart and spline/LOWEES curve 
smoothing of morbidity time series plot.

Figure 4: Process-behavior chart and spline/LOWEES curve 
smoothing of mortality time series plot.
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when x equals a unity, equation 2 shows a constant 
characteristic factor for each public health marker of the 
epidemic. This is demonstrated by equation 3 showing the 
daily Factor (F). The F-factor is influenced directly by the rise 
in c and d values but decrease by the increase in a and b. These 
constants are indicators for the outbreak rate and magnitude 
of the cases and deaths. It can be estimated for cases (Fc) 
and deaths (Fd) and used for comparison between different 
geographical regions, in addition to pre- and post-public 
health and regulatory actions to estimate the magnitude of 
improvement or deterioration in the pandemic situation.
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CONCLUSION
The waves of the outbreak exhibited bottoms and tops without 
rest, which is exhausting for the country’s resources and public 
health authorities, in addition to the community. However, 
major peaks could be identified without signs of the disease 
recession. While the mortality rate is low as could be expected 
for this Severe Acute Respiratory Syndrome CoronaVirus 2 
(SARS-CoV-2), yet it reflects – from the current and previous 
analyses – that the world is not prepared for the worst-case 

scenario of much more dangerous microbial pandemics 
with high mortality rates.[20] The gross approximation of the 
mortality rate from the impacted populations (using the 
process-behavior charts) showed that the mean mortality 
rate was 2.73% with a relative standard deviation percent 
(RSD%) of 11.17. The trending charts have distinct patterns 
that were associated with the applied alarming points. The 
containment of the surge in morbidities and mortalities was 
hard to achieve despite actions initiated by the authorities in 
the country, which is reflected in the instability of the daily 
variations. Major unequal peaks of the outbreak could be 
detected as two interfering broad elevations that embraced 
multiple overlapping waves. Curve fine smoothing – using 
parameter fit by spline/lowess – was used to expose these 
small close waves.

Transformation of datasets has proved in other works 
that it has the advantage of minimizing the effect of noise 
and aberrant values that could not be excluded due to the 
lack of reasonable justification in the row results of the 
monitored phenomena. The use of polynomial modeling 
was avoided to prevent unrealistic and poor extrapolation; 
in addition, the selection of the order could be impacted by 
the magnitude of noise with the resultant overfitting leading 

Figure 5: Daily kinetics modeling of COVID-19 of the logarithmically transformed cumulative morbidity and 
mortality in Brazil.
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to a nonlogical or complex interpretation. The MMF model 
showed previously good fitting with cumulative data but in 
the original nonmodified form. The exponential association 
was found also to show acceptable fitting but with slightly 
lower regression. The elicited derivatization equation for 
cases and death rates was implemented as a measurable 
indicator for the public health impact of the epidemic 
in the country as a quantitative metric for assessment 
and comparison to be used by regulatory authorities and 
governmental agencies.
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