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HISTORY ABSTRACT

Throughout this article, we discuss different development models such as Von Bertalanfty,
gzzgzzglﬂ:ﬁl“s‘z 220 July 2020 Baranyi-Roberts, Morgan-Mercer-Flodin (MMF), modified Richards, modified Gompertz,
Accepted: 315t July 2020 modified Logistics and Huang throughout fitting and evaluating the COVID-19 disease pattern

in the context of the cumulative number of SARS-CoV-2 infection cases in the Kingdom of Saudi
KEYWORDS Arabia as of July 15th, 2020. The MMF model with the biggest adjusted R? and the lowest RMSE
SARS-CoV-2 values established to be the best. The Accuracy, as well as the Bias Factors, are found to have
O ot eases values close to unity (1.0). The parameters generated from the MMF model include the maximum
growth curve growth rate (log) of 0.03 (95% CI from 0.030 to 0.036), curve constant (o) that affects the
MMEF model inflection point of 1.100 (95% CI from 1.029 to 1.171) and the highest possible number of cases

(Ymax) of 2,485,187 (95% CI from 1,468,970 to 4,204,419). The MMF model projected that
COVID-19 will end in about 567 days (95% CI of 483 to 714) days from 15th of July 2020
centred on the lower bound of the 95% CI from the calculated maximum number of total cases
(Ymax). The MMF assumed that the total number of cases for the Kingdom of Saudi Arabia on 15
August and 15 September 2020 would be 384,258 (95 per cent CI from 368,567 to 400,618) and
508,412 (95 per cent CI from 482,797 to 535,387) respectively. The predictive ability of the
model used in this study is an effective instrument for epidemiologists to track and assess the
severity of COVID-19 in the Kingdom of Saudi Arabia over the coming months. Nevertheless,
like any other model, due to the unpredictability of the COVID-19 situation locally and globally,
these values must be taken with caution.

INTRODUCTION The growth curve of viruses and microorganisms on a substrate
surface such as nutrients and other organisms like humans
usually preceded a sigmoidal pattern, beginning with the lag
phase just after t = 0, preceded by the logarithmic phase and

INTRODUCTION afterwards the organism enters the stationary period and
An evolving novel coronavirus first identified in 2019 in Wuhan, eventually moves to the death or declining growth phase. There
China triggered a massive spread of the disease known as is numerous sigmoidal features curve, there are various
coronavirus (COVID-19) and shortly after it was pronounced a sigmoidal functions such as Von Bertalanffy, Baranyi-Roberts,
pandemic [1]. On 2 March, a Saudi citizen from Iran via Bahrain modified Richards, modified Gompertz and modified Logistics
screened COVID-19 positively and was subsequently identified [3]) including Morgan-Mercer-Flodin (MMF) [4] that are used
and confirmed as the first case in the Kingdom of Saudi Arabia describe the organism growth. The useful parameters of the
by the Ministry of Health [2]. growth curve include the maximum defined growth rate (um), the

lag time and asymptotic values.
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COVID-19 pandemic analysis can be conducted using
mathematical models including theoretical, quantitative, and
simulation. Models such as the modified Gompertz, von
Bertalanffy and logistics have been used with the strong
predictive ability to model the COVID-19 pandemic [5]. The
main goal of this work is to evaluate several accessible models
such as Logistic [3,6], Gompertz [3,7], Richards [3,8], Morgan-
Mercer-Flodin (MMF) [4], Baranyi-Roberts [9], Von Bertalanfty
[10,11], Buchanan three-phase [12] and more recently Huang
model [13] in fitting and examining the epidemic pattern of the
COVID-19 in the framework of the total infection case of SARS-
CoV-2 in the Kingdom of Saudi Arabia as of 15" of July 2020.

MATERIALS AND METHODS

Data for the total number of infected cases from the Kingdom of
Saudi Arabia as of 15" of July 2020 was acquired from
Worldommeter [14]. Data were first converted to logarithmic
values and the time after first infected were utilized for time zero.

Statistical analysis

The statistically significant difference between the models was
calculated through various methods including the adjusted
coefficient of determination (R’), accuracy factor (AF), bias
factor (BF), Root-Mean-Square Error (RMSE) and corrected
AICc (Akaike Information Criterion) as before [15].

The RMSE was calculated according to Eq. (1), where Pd; is the
values predicted by the model and Ob: are the experimental data,
n is the number of experimental data, and p is the number of
parameters of the assessed model.

(Eqn. 1)

The adjusted R’ is used to calculate the quality of nonlinear
models according to the formula where RMS is Residual Mean
Square and S,? is the total variance of the y-variable ad calculated
as follows;
RMS
. 2
Adjusted (R ):1— 3

Sy (Eqn. 2)

_R2 _
Adjusted (RZ): 1_M
(=p=1) (Eqn. 3)
The Akaike information criterion (AIC) [16] was calculated as
follows;

AlCe=2 p+nln(RSS]+2(p+l)+2(pH)(p+2)

n n-p-2 (Eqn. 4)
Where 7 is the number of data points and p is the number of
parameters of the model. The model with the smallest AICc value
is highly likely correct [17].

Accuracy Factor (AF) and Bias Factor (BF) as suggested by Ross
[4] were calculated as follows;

(il"g(mi /OB, )]

. _ i=1
Bias factor = 10 (Eqn. 5)

[ilog(”d"“”"’)}

N n
Accuracy factor=1 0"~ (Eqn. 6)

Fitting of the data

Fitting of the bacterial growth curve using various growth models
(Table 1) was carried out using GraphPad Prism (v 8.0 trial
version).

Table 1. Models used in this study.

Model p Equation
A
Modified Logistic 3 V=
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A
Modified 3 ne
Gompertz y :Aexpi—e)&p{%(l—t )+1}}
Modified 4 s divexpevexp| o) 142 )
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Flodin (MMF) 4 V= Ymax T8

Baranyi-Roberts 1
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Von Bertalanffy 3

|
Huang 4 yZA‘*'Ymax—ln[‘f A [‘f Tmax o4 )e—,umB(x))

1, 1+eet
B(x)=x+—In—
(W=rr o

Y =A,IFX<LAG
Y=A + K(X-L), [F A < X > Xiax
Y = Ywmax, IF X > Xyux

Buchanan 3
Three-phase
linear model

Note:

A= maximum no of cases lower asymptote;

Ymax= maximum no of cases upper asymptote;

n= maximum specific growth rate;

v=affects near which asymptote maximum no of cases occurs.

A=lag time

e = exponent (2.718281828)

t = time after first case is reported

a,B,0 and k = curve fitting parameters

ho = a dimensionless parameter quantifying the initial physiological state of the
reduction process. The lag time (h™") or (d"') can be calculated as ho=gim

When data at time zero is 0 (Day after 1% case log 1=0 for COVID-19) the MMF is reduced to a
3-parameter model
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RESULTS AND DISCUSSION
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All of the curves tested show visually acceptable fitting except
the Buchanan-3-phase model (Figs 1 to 6). The best performance
was the MMF model with the lowest value for RMSE, AICc and
the highest value for adjusted R°. The AF and BF values were
also excellent for the model with their values were the closest to
1.0. The poorest performance was the modified logistics model
(Table 2). The coefficients for the MMF model are shown in
Table 3.
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Fig. 3. Total no of SARS-CoV-2 cases in the Kingdom of Saudi Arabia
as of 15" of July 2020 as modelled using the modified Gompertz model.
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Fig. 1. Total no of SARS-CoV-2 cases in the Kingdom of Saudi Arabia
as of 15™ of July 2020 as modelled using the Huang model. Q
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Fig. 4. Total no of SARS-CoV-2 cases in the Kingdom of Saudi Arabia
as of 15™ of July 2020 as modelled using the Buchanan-3-phase model.
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Fig. 2. Total no of SARS-CoV-2 cases in the Kingdom of Saudi Arabia
as of 15™ of July 2020 as modelled using the Baranyi-Roberts model.

Fig. 5. Total no of SARS-CoV-2 cases in the Kingdom of Saudi Arabia
as of 15 of July 2020 as modelled using the modified Richard model.
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Fig. 6. Total no of SARS-CoV-2 cases in the Kingdom of Saudi Arabia
as of 15 of July 2020 as modelled using the MMF model.
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Fig. 7. Total no of SARS-CoV-2 cases in the Kingdom of Saudi Arabia
as of 15" of July 2020 as modelled using the modified logistics model.
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Fig. 8. Total no of SARS-CoV-2 cases in the Kingdom of Saudi Arabia
as of 15™ of July 2020 as modelled using the von Bertalanffy model.

Table 2. Statistical tests for the various models utilized in modelling the
total no of SARS-CoV-2 cases in the Kingdom of Saudi Arabia as of 15"
of July 2020.

Model p_ RMSER? adR’>  AF BF AlCc
Huang 4 0.284 0.965 0962 1.032 1.00 -110.75
Baranyi-Roberts 4 0.284 0.965 0962 1.032 1.00 -110.75

modified Gompertz 3 0.252 0971 0969 1.045 1.00 -126.22
Buchanan-3-phase 3 0.371 0939 0935 1.045 1.00 -87.43
modified Richards 4  0.254 0971 0.969 1.024 1.00 -121.74
MMF 3 0.087 0.997 0.997 1.006 1.00 -232.72
modified Logistics 3 0321 0951 0.948 1.030 1.00 -101.73
von Bertalanffy 3 0.219 0979 0977 1.021 1.00 -140.12
Note: p is no of parameter

Table 3. Coefficients as modelled using the MMF model.

Parameters Value 95% Confidence interval

Hm 0.03 0.030 to 0.036

3 1.100 1.029to 1.171
Ymax 2,485,187 1,468,970 to 4,204,419

Table 4. Predictions of COVID-19 pandemic for The Kingdom of Saudi
Arabia based on the MMF model.

95% Confidence interval
1,468,970 to 4,204,419

Prediction Mean
Maximum number of total cases by 2,485,187
the end of COVID-19

Maximum number of total cases by 384,258
15" of August 2020

Maximum number of total cases by 508,412
15" of September 2020

368,567 to 400,618

482,797 to 535,387

The parameters obtained from the MMF model include
maximum growth rate (log) of 0.03 (95% CI from 0.030 to
0.036), curve constant () that affects the inflection point of 1.100
(95% CI from 1.029 to 1.171) and the maximal total number of
cases (ymax) of 2,485,187 (95% CI from 1,468,970 to
4,204,419). The MMF model predicted that COVID-19 will end
about 567 days (95% CI of 483 to 714) days from 15th of July
2020 based on the lower bound of the 95% CI from the calculated
maximum number of total cases (ymax) while the mean and
upper 95% CI bound values failed to be predicted by the software
for their number of days. The MMF predicted that the total
number of cases for The Kingdom of Saudi Arabia on the coming
15th of August and 15th of September 2020 will be 384,258 (95%
CI of 368,567 to 400,618) and 508,412 (95% CI of 482,797 to
535,387), respectively. This prediction has to be taken with
caution since the model failed to predict the number of days for
the mean and upper 95% CI values and the number of days for
COVID-19 to end may be much larger.

The MMF model was initially established to define a wide
variability of nutrient-response relations in higher organisms [4].
As of current, the model has found usefulness in numerous
modelling exercises concerning animals such as rabbit, sheep,
horse, microorganisms [18-22], the yield of oil palm [23],
ethanol [24] and even in finance [25]. Whether the predicted data
is correct or not will be contingent on a case by case basis and
include the effectiveness of lockdown, mutation of the virus that
increases the infectivity rate of the virus to name a few. Certainly,
the models will be revisited every few months to remodel the data
so a better prediction can be obtained. Moreover, after extensive
Movement Control Order (MCO) steps, these data were modelled
and little increase to no cases occurs at the end of the modelling
era. except if the MCO is removed as expected in the coming
weeks after the collected data, unless cases keep increasing then
the findings of this modeling exercise will no longer be accurate
and another modeling exercise will be carried out using data at
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the end of the modeling evaluation as the benchmark can be
conducted.

CONCLUSION

In conclusion, the MMF model was the best in modelling the total
number of SARS-CoV-2 cases in the Kingdom of Saudi Arabia
based on statistical tests such as corrected AICc (Akaike
Information Criterion), bias factor (BF), adjusted coefficient of
determination (R’) and root-mean-square error (RMSE).
Parameters obtained from the fitting exercise were maximum
growth rate (um), the curve constants (o) and the maximal total
number of cases (Ymax). The model allows for the prediction of a
total number of cases and this prediction will vary according to
the various number of factors. Despite this, the predictive ability
of the model utilized in this study is a powerful tool for
epidemiologist to monitor and assess the severity of COVID-19
in the Kingdom of Saudi Arabia in months to come
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