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Abstract

The global pandemic of COVID-19 has raised several questions and attracted researchers from all of
the disciplines of scientific research. Regardless of advances in science and technology, equipped
laboratories of virology, high literacy rates, and medical resources in developed countries, several
nations and their health care systems completely failed to overcome the disaster. The fast spread is
caused by frequent air travel for business, tourism, education, etc. COVID-19 can infect third world
countries severely. United States of America has the highest per capita spending of health still 1/3™
of the global burden of COVID-19 has consumed existing resources. The WHO has declared COVID-19
as a pandemic. More than 200 countries and territories have reported infected cases. The quarantine
is the most effective way to slow the spread of disease and “Flatting of Curve” is a phenomenon to
tackle the surge by health systems. To achieve good results from existing Medical Health Care Systems
(MHCS), an accurate prediction for the spread of disease is crucial. This study utilizes the generalized
method of SIR to accurately predict the spread of COVID-19 associated infection, recoveries, and deaths
in Pakistan. The data from the National Command and Control of Pakistan (NCCP) is utilized. Through
multiple cases applied on currently available data, the proposed mathematical models predict that by
the end of April about more than 14553 infected and about 310 deaths are in Pakistan. The recovery
rate is highest in the region up to 99.87 %.
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INTRODUCTION

In 1968, morphology observation of
coronaviruses under an electron microscope was
made?. Coronaviruses are a large group of viruses
that may cause damage to living organisms. In
humans, a few coronaviruses are known to cause
respiratory infection and the common cold. The
main outbreaks like severe acute respiratory
syndrome (SARS), Middle East Respiratory
Syndrome (MERS), and Coronavirus diseases on
08 December 2019 occurred worldwide?. Their
symptoms are pneumonia-like. The disease
outbreak in Wuhan City of Hubei Province in
China is termed scientifically COVID-193. The
symptoms of COVID-19 include dry cough, fever,
muscle ache, and tiredness. Several patients
of COVID-19 have aches, sore throat, nasal
congestion, and diarrhea. Some patients may
remain asymptomatic during infection. According
to the World Health Organization (WHO), 1 out
of 6 (15-16.6%) COVID-19 victims face serious
illness and breathing problems. These patients
require respiratory support. As per WHO following
parameters are utilized to declare a contagious
disease a pandemic*:

1. When diseases stain and easy to spread to
human to human.

2. When diseases infect human and causing
severe illness.

3. When new diseases spread increase to the
mass population®.

In literature, various predictive
mathematical models are applied to the base
of currently available characteristics of diseases
to predict the pattern of disease prevalence
under various conditions. Governing bodies
implement policies to prevent and control
infection. The resources are diverted to reduce the
risk of infection in the population for better future
outcomes. Choi et al.® discussed a mathematical
model to predict severe acute respiratory
syndrome (SARS) cases and deaths in Canada using
the SIR model. The estimated infectious cases
produced are about 1.5 to 2 per infection every
five days and 30% of infected patients die within
14 days. Outcomes gauge the fast spread of SARS.
Peng et al.” applied and discussed a generalized
mathematical model for SEIR. The model includes
a new state quarantined with a recovery state,
the analysis is based on public data of NHC of

china from 20 January to 9 February 2020. The
estimations are made for quarantine time, latent
time, and basic reproductive number reliably and
possible ending time of COVID-19 in four regions of
mainland China namely Wuhan, Shanghai, Beijing,
and Hubei. Liu et al.® reviewed basic reproductive
number for different method to find a generalized
reproductive number and compared the results to
find an improvised average. The impact of basic
reproductive number is discussed in details and its
importance in spread of diseases such as COVID-19
(R,) is estimated 2-3. It is proved that for infection
is likely to increase and for, the transmission is
likely to die out.

Zhao et al.® include the impact of
accounting variations in disease reporting rate
and estimated intrinsic growth rate using the
exponential model. The reproductive number is
estimated using serial intervals for SARS and MARS
disease data. The basic reproductive number of
COVID-19 range according to this study rages
from 2.24 to 3.58 °. Park et al.*® indicate from the
previous spread of diseases SARS and MERS it’s
easy to understand COVID-19. Findings indicate
that COVID-19 has very high spread infection
capacity than SARS and MERS. The mortality rate
and morbidity are comparable to MERS /SARS.
Their treatment strategies shall beneficent to
COVID-19 patients since there is no vaccine and
specific medicine available for COVID-19. Around
80 clinical treatment have been imitated to tackle
COVID-19. Adina et al.> applied the SIR model
for analysis and prediction of swine flu virus for
the year 2009 on the territory of Romania. The
figurative data later published by NPHD of Romania
is utilized for comparative analysis. An application
is developed to enables to Romania citizen forecast
and manages the pandemic situation. The model
predicts and monitors the situation. The model
benefits the system to improve the economic
activity of Romania and reduce the potential illness
of the population by swine flu.

Canto et al.'® utilized epidemic
mathematical model SIR with unknown
parameters. This addressed the theoretical
existence of a solution using an iterative algorithm
and stated an unknown parameter. The least-
square approaches for the limited set to estimate
the begging value parameter. By least square
method descendent gradient condition is studied
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Fig. 1. The block diagram of the SIR model for epidemic and pandemic (i.e. COVID-19).

for parameter value no less than one. Yi-Cheng
et al.' analyses COVID-19 by the numerical and
mathematical model. It is stated that the static SIR
model is more adaptive than the time-dependent
SIR Model. The proposed time depend method is
found robust than the direct estimation method.
The data of the NHC of China is compared. It is
shown that prediction error per day of infected and
recovered is 3%. Authors applied SIR model on two
types of infected persons namely undetectable
and detectable. A future outbreak of COVID-19 in
China is more likely to happen.

Keeping in view the pros and cons of
existing models, an improvised SIR model is
proposed. Furthermore, pandemic data based
on the NDMA and Government of Pakistan from
11 March to 21 April 2020 is utilized to make a
future prediction. Key pandemic parameters are
constantly monitored and updated in the model
to gauge possible ending time for COVID-19 in
Pakistan. SARS and COVID19 are genetically the
same but the cause of COVID -19 is quite different.
Although COVID-19 is less deathly than SARS but
more infectious®®. This paper utilizes a simple
mathematical model to accurately predict the
COVID-19 using 4 different parameters in Pakistan.

METHOD

A standard SIR model block diagram is
shown in Fig. 1 having the simplest structure and
reasonable accuracy®. The entire population is
divided into three groups. Itis labeled as S, I, and R
and represent susceptible, infected, and recovered
respectively. The Immunity of population is initially
zero since no patients are recovered. The majority
of the population starting from S, go through |
and then R. Since death count doesn’t add in the
existing population and hence not included in the
sum of the populationi.e. N=S +|=R. The model
relates the dynamics of SIR by simple equation.

The term (x BSI/N) is the same in both
equations with different signs. In the basic three

terms model, it means that the rate of transition
is proportional to both S and | and the second
transition is only proportion to I. Because the rate
of first proportional to SIS has more people who
are susceptible to the diseases the more people
will get infected. The reason for being proportion
to | is that more people getting infected and
the rest of this proportion is just a constant of
proportionality. In the second transition, more
people get infected means more people recover
from the diseases each day. To make more sense
of these mathematical relationships, the constants
beta and gamma for the virus are calculated. For
this purpose, data on daily cases of newly infected,
recovered, and died is instilled in the SIR model.
The previous day outcome is compared and the
average value is used to obtain beta and gamma.
Beta and gamma are sensitive parameters and
their ratio is called basic reproductive number
(R,). The corresponds to the expected number of
new cases from a single infection. If this ratio is
unity (B/y = 1), the epidemic is supposed to be in
the initial exponential growth stage. Incase ratio
is, the population is in the recovery phase. A small
beta decrease infection and an increase in gamma
increase recovery. We can decrease beta by staying
at home, closing borders, observing hygiene, and
developing the vaccine. The increase in gamma is
triggered by better medicine and improved care
of the patients. The simplest SIR models are the
Kermack-McKendrick model as in®.

Table 1. Symbol description for Generalized SIR or
SIRD model

Symbol Description

B Rate per infected per day

Y Recoveries per person per day
1/y Days to recover

B/y Contacts per infection

R, Basic reproductive number
21/100 Number of deaths
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Model description

As shown in Fig. 1 the SIR model-based is
on three states namely susceptible, infected, and
recovered. The COVID-19 has confirmed human
to human (H,H), organism to organism ability
to spread. Since the spread is not local and only
imported cases spread the disease through direct
contact, we assumed that the initial contagious
stage of pandemic infected a small number
of people. After some time, the susceptible
population can be infected.

Generalized SIR mathematical model

A generalized SIR model, also called
SIRD, is an epidemiological model that calculates
the theoretical number of people infected with
an infectious illness in a closed population over
time. The name of this class of models derives
from the fact that they involve coupled equations
relating to the number of susceptible people,
the number of people infected, the number of
people recovered, and many people dead due
to COVID-19. We spread dead stage from the
recovered stage because many cases have been
reported one infected of COVID-19 possibilities
infect again®® this way we introduced generalized
model SIR model SIRD

The rate of susceptible people is
calculated for a population using Eq. (1) and the
description of the parameters is provided in Table
1las

d(s)  pSI
dt N (1)

Where S is the number of susceptible
populations, B is the daily rate of infection, | is the
number of confirming infections and N is the total
sum of Eq. (2)

dil) _ BSI I—ﬁ
dt N 4 100 (2)
The recovery rate is calculated by Eqg. (3)

aw_ 20
dt 100 (3)
The death rate is calculated by Eq. (4)
dD)_ 21
dt 100 (4)

Table 2. Prediction with different Gamma (y) and Beta () value using the SIRD Model

Prediction with different Gamma (y) and Beta () value

End of May

End of April

RO

Gamma (y)

Beta (B)

Cases

7357 310 219911491 37275 50440 794

14553

219977780

0.089228216951 0.05840388091 2.13069533
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Table 3. Comparison of SARS, MARS, and COVID-19

Diseases SARS MERS COVID-19
Year 2003 2012 2019
Origin Guangdong (China) Middle East (KSA) Wuhan China (China)
Fatality rate (%) 11 (3] 34.4 3] 2-3
Transmitted bats, that spread to Camel to human [18] Bats to human[19]
other animals (civet
cats) [4]
Cases 8000 2494 2482012 contd. [WHO]
Dead count 774 [4] 858 173034
Incubation 4.7 (95%Cl 4.3-5.1) [20] 5.8 (95%Cl 5.0-6.4) [20] 4.9 (95% Cl 5.0-6.5) [20]
period(days)
Reproductive 2-5[8] 2.7-3.9 [9] 3.28 [8]
number (R0)
Countries 26 [4] 27 [18] More than 200
Vaccine[4] No (In process) No (In process) No (In process)

RESULTS AND DISCUSSION

The results are conducted for four values
of datasets with different SIRD parameters. The
summary of the results is given in Table 2 and Fig.
2(a)-(d) are utilized to visually present the data
where susceptible, infected, recovered, and death
are indicated by sky blue, red, orange, and green

solid lines respectively.

Fig. 2 (a)-(d) shows predictions with
different beta and gamma values as given by
Table 1. Fig. 2(a) provides simulation results of
the current situation with beta =0.089228216951
and gamma = 0.05840388091 as per the original
data of April. In total 14553 people will be being
infected, 7357 recovered and 310 can be dead. Fig.

2(b) predicts that with supposed value for beta=

(A)

G

g

i SIRD model predictions [ =0.089228216951 y=0.05340383091

50

Millinns

]

o
1131 Uil 31 01 $ilas 21 11 Efbul 11 11 IMdan 11 11 11l 11
Mar May 2000 Sep Nov 2011 Mar May 20Z1 Sep Nov 2001 Mar May 10D Sep
o e oo 030 or1 o ax1 201 Farr norr a0rz

SIRD mode] predictions B =0.1992282 y =0.078404

¥

Millions
&

g

——Susceptible  ——infected  ——Recovered =——Dead

Fig. 2. The estimated results for Data Set 1-4 respectively.

( B) SIRD model predictions [ = 0.08922816851 y =0.078404
50

mni

@
s

Millions.

& o 5 is Py g
‘#'9;\'83‘9?'9 ﬁﬁyﬁﬁép'&g@p‘fﬁﬁf f;jp

= Susceplible = Infected w Ripcovarad w— Daad

(D )253

SIRD model predictions f =0.0882282 y =0.078404

o
FFF PSSP F S PSS
e‘*&“#‘?aﬁeﬁ‘%eﬂ Pzéq'ﬁ,a‘«‘@s‘@ fé‘@@,\yi@f&

o
ible d

=—Dgad

Journal of

Pure and Applied Microbiology 1427

www.microbiologyjournal.org



Shah et al. | J Pure Appl Microbiol | 14(2):1423-1430 | June 2020 | https://doi.org/10.22207/JPAM.14.2.40

0.0992282 and gamma = 0.078404 than by the
end of April 26677 people will be infected, 9563
recovered, and 568 deaths. Similarly, by the May
31, 23960 confirmed cases, 52170 recoveries, and
510 deaths are expected. For gamma =0.1992282
and beta = 0.078404 details are given in Table 2.

According to WHO, until 27 April 2020;
confirmed cases of COVID-19 have reached about
the figure of 2878196 with 198668 deaths'. In
this situation when humanity is on the mercy of
is a dangerous pandemic like COVID-19 and it is
engulfing thousands of lives daily. Under such a
situation, it is better to draw the curve of pandemic
under various conditions and let the peoples
understand the outcomes. To analyze the current
situation in Pakistan, we arranged data to figure
the future of CIVID-19 in Pakistan under various
supposed situations. We spread deadly from the
recovered stage the main reason we put death
spread from the R stage is that it recovered from
the virus they can infect again in COVID19 many
cases are reported this way we generalized the
SIR model called SIRD. Above highlighted are
generalized SIR or SIRD model in this model we
sprit recovered and died in original Recovered and
death are count in recover but a case of COVID-19
many cases are reported that recovered patient
infect again this way we separate death and
recovered Here S mean susceptible population
and | mean infection population and R mean
recover population we generalized SIR model
adding dead rate D state in SIR model because of
its possibilities one person who is infected and
recover, it possibly it may infect again in COVID-19

case'®, some cases also reported. We need to dead
state because when infected dead it can never
possibilities infect again because of dead here we
have two possibilities a person who infected may
be recovered or dead, possibilities of dead from
COVID-19is 2 to 3 percent depending upon on age
factor and hospital facilities of a country.
Recovery

Recovery of COVID-19 estimated 97-
98% we applied Generalized SIR model to apply
on Pakistani data available for the public®. It is
assumed that population of Pakistan is 22 million
and infection and recovered of COVID-19 is from
that data we find beta (B) and gamma (y) and
also find out the change in S, change in R and
reproductive number on base of data and predict
the recovery up to 98%.
Future prediction

Predicting the number of infections,
recover, and dead in Pakistan due to COVID-19.
This model required following parameters number
of population (S) number of infection (I) and
number of recovered (R) available data by available
data we can predict the number of infection for
future We can predict the number of death due
to COVID-19 by using death rate generally a dead
factor of COVID-19 is between 2-3% of total
infected cases. We assumed that to formulate
the model all population is at risk in Pakistan all
population is very close to susceptible COVID-19.
Infect everyone due in contact with each other
Due to the economic problem, it is impossible
to complete Lockdown in Pakistan is loosely
implemented producing high infection rates.
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CONCLUSION

The proposed method is generalized SIR
mathematical method, we applied on Pakistan
COVID-19 data available on the official website
of Government of Pakistan®? from (11 march
to 24 April) that data we predicted COVID-19
spread this months and end of May. The results
predicted by gamma (0.05840388091) and beta
(0.089228216951) value indicate that by the
31-April the number of infected might reach 14553,
death toll by 310 recovered number of patients be
7357 and total infected cases are 37275. The death
toll may reach 794 and 50440 will be recovered the
above prediction is a current situation during the
lockdown and social distancing. To further enhance
the results improve gamma value and decrease
beta. If serious preventive measures are not taken,
infected cases may increase causing exhaustion
of existing resources and ultimately the death
rate will significantly increase. Strict prevention
may eliminate COVID-19 which includes personal
hygiene, social distancing, improving the immune
system, and personal protective gear.

Our proposed method predicts spread,
recovery, and death from COVID-19 in Pakistan.
In the future, we analyze the spread of infectious
diseases in developed and underdeveloped
countries.
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