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A novel coronavirus named ¢“2019-nCoV”’, has been causing the deadliest pandemic in late 2019 and
early 2020. This novel virus was defined as the coronavirus disease 2019 (COVID-19) by the World
Health Organization (WHO). Diseases have afflicted humans ever since there have been human be-
ings. From AD 541 to 542, the global pandemic known as “the Plague of Justinian” is one of the worst
pandemics in the world and is estimated to have killed 15-25% of the world’s 200 million population.
Today we are battling to control and prevent the spread of COVID-19. Coronavirus has the potential
to cause the deadliest pandemic in human history. The number of cases of COVID-19 outside China
has drastically grown up since 16™ March, 2020. On 28 February, 2020 Azerbaijan has confirmed
first positive case of COVID-19 within its border. The patient, a Russian national, had traveled
from Iran to Azerbaijan. On 31 October, 2020 the total number of confirmed coronavirus cases is
55.269 in Azerbaijan. In this paper, we conduct mathematical and numerical analyses of COVID-19.
We have applied the SIR model considering data from Azerbaijan. Assuming the published data are
reliable, the SIR model can be applied to assess the spread of the COVID-19 disease and predict the
number of infected, removed and recovered populations and deaths in the communities, accommo-

dating at the same time possible surges in the number of susceptible individuals.
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INTRODUCTION

Due to the comparable transmissibility as se-
vere acute respiratory syndrome coronavirus
(SARS-CoV) in 2003, since the first case of corona
virus disease 2019 (COVID-19) was reported in
Wuhan city of China in late December 2019, it
quickly spread to 24 countries in 4 continents
around the world in less than two months. On Jan-
uary 30, the World Health Organization (WHO)
declared this fast-growing outbreak of COVID-19
as a Public Health Emergency of International
Concern (PHEIC) (Tang et al., 2020).

COVID-19 has spread rapidly worldwide, and
World Health Organization (WHO) has increased
the assessment of the risk of spread and risk of im-
pact of COVID-19 to very high at the global level
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and has labeled it as a “pandemic”. Therefore, it
becomes necessary to develop and use the mathe-
matical approach to study the pathogenesis of this
virus in humans.

Daily updated data of COVID-19 in countries
outside China were collected from the coronavirus
disease (COVID-2019) situation reports released
by WHO (Wu et al., 2020a).

Due to the continuous public health interven-
tions adopted in China and other countries outside
China, the transmission model of COVID-19
would change all the time until it arrived at a rela-
tively stable status (Wu et al., 2020b). Therefore,
the time-varying SIR models were developed
based on the daily increased case number and were
used to calculate the infection parameters of the
COVID-109.
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MATERIALS AND METHODS

In the typical mathematical model of infec-
tious disease, one often simplify the virus-host in-
teraction and the evolution of an epidemic into a
few basic disease states. One of the simplest math-
ematical models of disease spread is SIR (Suscep-
tibles, Infectives, Removed) model (Tang et al.,
2020). It splits the population into three basic cate-
gories according to disease status.

People who have not yet had the disease are
labelled “susceptibles”. Everyone is assumed to be

born susceptible and they capable of being in-
fected.

Those who have infected the disease and are
capable of passing it to susceptibles are the “infec-
tives”. The third group are euphemistically referred
to as the “removed” class. These are the people
who have had the disease and recovered or those
who have died. This is referred to as the SIR model.
SIR model can provide information for how to pre-
vent diseases spreading.
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Fig. 1. Daily new cases in Azerbaijan.
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Fig. 2. Total coronavirus cases in Azerbaijan.




In the traditional SIR model, it has two time-
invariant variables: the transmission rate and the
recovering rate (Kraemer et al., 2020). The trans-
mission rate means that each individual has on av-
erage contacts with randomly chosen others per
unit time (Nishiura et al., 2020). On the other hand,
the recovering rate indicates that individuals in the
infected state get recovered or die at a fixed aver-
age rate. This assumption is too simple to precisely
and effectively predict the trend of the disease.

ds
dl
drR
Ezﬂ 3

Therefore, we propose the time-dependent
SIR model, where both the transmission rate and
the recovering rate are functions of time t
(Wangping et al., 2020). Such a time-dependent
SIR model is much better to track the disease
spread, control, and predict the future trend (Tang
et al., 2020).

As in the classical SIR model, S(t), I(t), R(t)
represented the number of susceptible, infectious,
and recovered people respectively at time t in the
population size of N (Scarpino and Petri, 2019). To
model the dynamics of the outbreak we need three
differential equations, one for the change in each
group, where 3 and y represented the probability of
a susceptible-infected contact resulting in a new in-
fection and the probability of an infected case re-
covering and moving into the resistant phase, re-
spectively (Chinazzi et al., 2020).

In these equations, the parameters  (the in-
fection rate) and y (the recovery or removal rate of
infectives) (Wu et al., 2020) are constants: § con-
trols the transition between S and I, equation (1),
while y controls the transition between I and R,
equation (3) (Ridiger et al., 2020). From a dimen-
sional point of view, assigning no units to S, I, R,
and N the parameters B and y have units of inverse
of time (measured typically in days, weeks or
months in epidemiological records) (Kucharski et
al., 2020).

Notice that equation (1) expresses the interac-
tion between S and | (at time t) as the product Sl
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and that a fraction of this product are the individu-
als that at time t becomes infected and removed
from S (which, because of the negative sign in
equation (1), decreases as time increases from
zero) (Yang et al., 2020). This interaction in the
form of the product SI makes difficult to determine
the parameter p from observed epidemiological
data. On the other hand, from equation (3), the in-
verse of the parameter (y) gives a measure of the
time spent by individuals in the infectious state
(Fanelli and Piazza, 2020). Consequently, by care-
fully observing the development of an infectious
disease, the parameter y can be estimated relatively
precisely by epidemiologists from epidemiological
records (as the inverse of the recovered or infec-
tious period) (Hethcote, 2009).

Beta is the infection rate of the pathogen, and
gamma is the recovery rate. They are real, positive,
parameters of the initial exponential growth and final
exponential decay of the infected population |
(Giordano et al., 2020). Together, these two values
give the basic reproduction number Ro. Basic repro-
duction number (Ro) is avarage number of people
who will catch the disease from single infected per-
son. If the Rovalue is greater than one, the infection
rate is greater than the recovery rate, and thus the in-
fection will grow throughout the population (Jung et
al., 2020). If Ry is less than one, the infection quickly
will die out since people are healing faster than they
are spreading it. Basic reproduction number (Ro) for
COVID-19is1.4-5.7.

1

r=0:29 gamma=0.15
09 | ]

08
0.7
06

05

04 ¢

03

02 ¢

01 ¢

o]

0 50 100 150 200 250
t

Fig. 3. Simulation of the SIR model of the spread of a
disease in Azerbaijan.
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Based on these assumptions and concepts, the
rates of change of the three populations are gov-
erned by the following equation of SIR, what con-
stitutes the SIR model used in this study (Backer et
al., 2020).

From the simulation of the SIR model, the
first day starts with only one infected person then
the infection rate in the simulation increases expo-
nentially with the increasing number of new in-
fected people.

CONCLUSION

The rate of increase in the number of infec-
tions depends on the product of the number of in-
fected and susceptible individuals. An understand-
ing of the SIR simulation explains the staggering
increase in the infection rate in the Azerbaijan. In-
fected people traveling different parts of the Azer-
baijan and has led to the increase in infected num-
bers and this results in a further increase in the sus-
ceptible population. This gives rise to a positive
feedback loop leading to a very rapid rise in the
number of active infected cases.

Thus, during this period, the number of sus-
ceptible individuals increases and as a result, the
number of infected individuals increases as well.
For example, as of 19 May, 2020, there were 3518
infected individuals and by 31 October, 2020, this
number had grown to a staggering 55,2609.

Here, we have applied the SIR model consid-
ering data from Azerbaijan. Assuming the pub-
lished data are reliable, the SIR model can be ap-
plied to assess the spread of the COVID-19 disease
and predict the number of infected, removed and
recovered populations and deaths in the communi-
ties, accommodating at the same time possible
surges in the number of susceptible individuals.

The countries in the world took extreme ac-
tions with closures, confinement, social distancing,
and people wearing masks. This type of action pro-
duces a decline in the number of infections and sus-
ceptible individuals. If the number of susceptible
individuals does not decrease, then the number of
infections just gets increased rapidly.

As at this moment, there is no effective vac-
cine developed, the only way to reduce the number
of infections is to reduce the number of individuals
that are susceptible to the disease. Consequently,
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the rate of infection tends to zero only if the sus-
ceptible population goes to zero.
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COVID-19-un Azarbaycanda zamandan asih SIR modeli
R.I. Xalilov %, G.O. Aslanova ?

! Baki Déviat Universitetinin Biofizika va biokimya kafedrasi, Baki, Azarbaycan
2 Baki Déviat Universitetinin Molekulyar biologiya va biotexnologiyalar kafedras: Baki, Azarbaycan

“2019-nCoV” adlanan yeni bir koronavirus 2019-cu ilin sonu va 2020-ci ilin avvallorinds an 6liimciil pan-
demiyaya sobab olur. Eramizdan oavval 541-542 arasinda "Justinianin taunu" olaraq bilinan global pandem-
iya diinyanin on pis pandemiyasindan biridir vo diinyanin 200 milyon shalisinin 15-25% -ni 6ldiirdiiyii
toxmin edilir. Bu giin COVID-19-un yayilmasinin garsisin1 almaq ti¢lin miibarizo aparirig. Koronavirus
insanliq tarixinds an 6liimciil pandemiyaya sobab ola bilar. Cin xaricinds COVID-19 hadisslarinin say1 16
Mart 2020-ci ilden bari kaskin sokilds artmisdir. 28 fevral 2020-ci ildo Azarbaycan, sarhadinds ilk miisbot
COVID-19 hadisasini tosdiglodi. Rusiya votondast olan xosto irandan Azorbaycana soyahot etmisdi. 31
oktyabr 2020-ci il tarixdo Azorbaycanda tosdiglonmis koronaviriis hadisalorinin timumi say1 55269-dur. Bu
maqgalode COVID-19-un riyazi vo adadi analizlorini apaririq. Azsrbaycandan alinan mslumatlari nazors
alaraq SIR modelini totbiq etdik. Nosr olunan molumatlarin etibarli oldugunu diisiindiikda, SIR modeli
COVID-19 xastaliyinin yayilmasini proqnozlagdirmagq ti¢iin tatbiq oluna bilor.

Acar sézlar: COVID-19, SIR, riyazi model, simulyasiya, hassaslar, yoluxmuslar, barpa olunmuslar

BpemszaBucumas mogens SIR COVID-19 B Azepoaiinxane
P.}. Xammios' , I'.A. AcianoBa’

' Kagpeopa buogpusuru u Guoxumuu Bakunckozo 20cy0apcmeeniozo yuueepcumema ,
baxy, Azepbaiioncan
2 Kagedpa monexynapnoii uonocuu u Guomexronozuii Bakunckozo 20¢yoapcmeenio2o
yrusepcumema, baxy, Azepbatiocan

Hogelit kopoHaBupyc, HazBaHHEIH «2019-nCoV», BEI3Bal caMyt0 CMEPTOHOCHYIO TTaHeMuto B KoHIle 2019
- Hagyasne 2020 ronma. DTOT HOBBIN BUpYC onpexaeieH BeemupHoli opranuzanueit 3apaBooxpanenus (BO3)
Kak KopoHaBupycHoe 3abojieBanue 2019 roga (COVID-19). bone3nu mnopaxaroT JI0JIeH CO BPEMEH HX
nosiesienns. C 541 o 542 roawl Hale 3pbl ri1o0ajabHas MaHAeMus, u3BecTHas kak «Uyma FKOctunuanay,
ObuIa OTHOW M3 CaMbIX CTpAIHBIX HaHJAEMUH U, N0 OLEHKaM, yHecsa xu3Hu 15-25% 200-muminonHOro
HaceneHus: Mupa. CeroaHs Mel BeJieM 00pb0y 3a KOHTPOJIb ¥ IipeAoTBpalleHue pacipocrpanenus COVID-
19. KopoHaBupyc MOXKET BBI3BaTh CAMyI) CMEPTOHOCHYIO MAaHIEMHUIO B HCTOPHU dejoBedecTBa. Yucio
ciyqaeB COVID-19 3a npenenamu Kutast pe3ko Beipocio ¢ 16 mapra 2020 roga. 28 despans 2020 roga
Ha Tepputopun A3epOaiikaHe ObLT BBISIBJICH U TOATBEPIKICH TIEPBbIi MOJIOKUTENbHBIN ciydair COVID-
19. ManuenToMm okazascs rpaxkaanud Poccun, npuexasumid u3 Mpana B AzepOaiimkan. Ha 31 oktsa0ps
2020 roma oOIiiee YUCIO MOATBEPIKICHHBIX ClydacB KOpoHaBupyca B AsepOaiipkaHe cocTtaBuio 55269
4enoBek. B 3Toii craThe MBI POBOIMM MaTeMaTHYECKHI W YMCIICHHBIN aHau3 pactipoctpanenus COVID-
19. Mb1 npumennin mozenb SIR ¢ yuerom manHbIX M3 AszepOaiimkana. Ilpeanonaras, uro omyOinko-
BaHHbBIC JAHHbBIE HAZECKHBI, MOZIENb SIR MoXeT ObITh IPUMEHEHA [T OLICHKU PacHpoCTpaHeHHus OO0JIe3HH
COVID-19 u nporao3upoBaHus pe3ybTara.

Kntouesvie cnosea: COVID-19, SIR, mamemamuuecxas moodenn, cumynayus, 4yecmeumenvHolil, UH@U-
YUPOBAHHDLIL, BOCCMAHOBTICHHbLIL
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