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Transmission dynamics and control strategies of COVID-19:
a modelling study

In this paper a mathematical model is proposed, which incorporates quarantine and hospitalization to
assess the community impact of social distancing and face mask among the susceptible population. The
model parameters are estimated and fitted to the model with the use of laboratory confirmed COVID-19
cases in Turkey from March 11 to October 10, 2020. The partial rank correlation coefficient is employed
to perform sensitivity analysis of the model, with basic reproduction number and infection attack rate
as response functions. Results from the sensitivity analysis reveal that the most essential parameters for
effective control of COVID-19 infection are recovery rate from quarantine individuals (d1), recovery rate
from hospitalized individuals (d4), and transmission rate (/). Some simulation results are obtained with
the aid of mesh plots with respect to the basic reproductive number as a function of two different biological
parameters randomly chosen from the model. Finally, numerical simulations on the dynamics of the model
highlighted that infections from the compartments of each state variables decreases with time which causes
an increase in susceptible individuals. This implies that avoiding contact with infected individuals by means
of adequate awareness of social distancing and wearing face mask are vital to prevent or reduce the spread
of COVID-19 infection.

Keywords: COVID-19, mathematical modelling, basic reproduction number, transmission dynamics, sensi-
tivity analysis.

Introduction

The coronavirus disease 2019 (COVID-19), previously recognized as "2019-nCoV", from the family of Coro-
naviridae, which includes the Middle East respiratory syndrome coronavirus (MERS-CoV) and the severe acute
respiratory syndrome coronavirus (SARS-CoV), is a lethal virus that mostly transmits via human-to-human
route [1-7]. The disease emerged from Wuhan, China, in late December 2019 and the outbreaks are still ongoing
worldwide [8-15]. The disease can be transmitted from person-to-person through droplets when breathing,
coughing or through contact with infected person [16]. During the early phase of the outbreak COVID-19
displayed comparable signs and symptoms with pneumonia, and spread throughout China and later to other
part of the world [11, 12]. As of October 17, 2020, there were more than 39 million cases including over 1 million
deaths of COVID-19 worldwide [1, 9, 11, 12]. Although COVID-19 displayed similar symptoms to MERS-CoV
and SARS-CoV, the severity appears not as high as these two coronaviruses [2—4, 9, 17].

The natural reservoir of COVID-19 and intermediate host that at first spread the virus to humans (zoonotic
transmission) have nevertheless now not been established [1, 5, 18]. Recent studies show that some animals such
as bats, hedgehogs, pangolins and snakes are suspected to spread the virus to humans [2, 5, 9, 12], after which
human-to-human transmissions continues through air droplets or contact with infected individual [2-4, 9, 18,
19]. The most common symptoms of COVID-19 include respiratory disorder, fever, common cold, cough and
pneumonia in severe cases [3, 4, 20].
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As stated in [21], the latency period of the COVID-19 is found to be between 2-11 days that ought to be
used in suggesting the time for quarantine of the exposed individual. Lately quite a few epidemiological modeling
researches [13, 18, 22, 23] estimated the basic reproduction ratio and analysed the patterns of the virus in the
early phase of the epidemic. Some of these latest researches [13, 18] found the estimated reproduction number to
be extensively larger than unity which is a bit higher than that of MERS and SARS [24, 25]. It by implication
shows that greater infections may additionally occur, which suggests that serious measures need to be taken
to downsize the unfold of the virus. Zhao et al. [25] revealed that there is a sturdy affiliation between journey
through train and the extend in the range of COVID-19 instances than journey via flight or road. Additionally,
it is highlighted that ailment prevention and management measures are to be preferred for travelers by means
of trains to curtail the COVID-19 spread. Also, Wu et al. [22] studied a meta-population compartmental model,
which estimates and forecasts the COVID-19 outbreak, and recommended that the novel coronavirus infection
can enlarge exponentially in more than one Chinese city with a lag time behind the Wuhan outbreak of about
1 to 14 days.

Motivated by some of these recent studies [13, 18, 22], in this paper a mathematical model is employed, which
incorporates quarantine and hospitalization to explore the dynamical behavior of the COVID-19 transmission,
and also to show the trends of its epidemics in order to notify policymakers and to suggest ways to curtail the
spread of the virus.

The rest of the paper is organized in the following way: firstly, the model formulation is provided and
the model analysis has been presented subsequently. Then, parameter estimation is presented. Afterwards,
sensitivity analysis and numerical simulations are performed. Lastly, concluding remarks are given.

Model formulation

A new mathematical model is proposed to monitor the transmission dynamics of the novel corona virus
(COVID-19). The total human population at time ¢, given by N(t), is divided into sub-populations contai-
ning susceptible individuals S(t), exposed individuals E(¢), individuals with mild infection I;(t), individuals
with severe infection I5(t), asymptomatic individuals under quarantine Q(¢), hospitalized individuals H(¢), and
recovered individuals R(t), such that N(t) = S(t) + E(t) + I (¢t) + Ix(t) +Q(t) + H(t) + R(t). The diagram of
the model is given in Figure 1 to present the transmission between compartments.
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Figure 1. Flow diagram of COVID-19 model.
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The system is constructed as follows:
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where \ =

N
model (1) are explained in Table 1 and Table 2, respectively.

Interpretation of the State Variables Used in the Model (1)

Variables Descriptions

Total population of individuals

Susceptible individuals at the risk of having COVID-19 infection

Exposed individuals

Infected individuals with mild infection

Infected individuals with severe infection

Individuals under quarantine/isolated

Hospitalized individuals

0| | O 5| | | w| =

Recovered individuals

Interpretation of the State Parameters Used in the Model (1)

Parameters Descriptions

11 Recruitment rate
B8 Transmission rate

7i (1 =1,2,3,4) | Parameters for increase/decrease on infectiousness in individuals

0; (1 =1,2,3,4) Progression rates
w Hospitalization rate from I class
%) Hospitalization rate from s class

a; (1=1,2,3) Disease induced death rates
0; (1=1,2,3,4) Recovery rates

Model analysis

is the force of infection. The variables and parameters that are used in the

Table 1

Table 2

The model is non-negative with respect to the human population, each of its parameters and state variables
for each ¢ > 0. Thus, one can easily prove that for each non-negative initial prerequisite the state variables of
the model are non-negative.

Theorem 1. Let (S, E,Q, I, Is, H, R) be the solution to the system (1) with initial conditions S > 0, E > 0,
Q>0,1,>0,I,>0,H >0,R > 0. Then, the set

T={(SEQL,IL,HR) €R, /S+E+Q+1I+I,+H+R<II}

is invariant, positive, and all the solutions in Rl stay in T with respect to (1).
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Proof. Addition of all of the system (1) gives

dN
E =1I— 041[1 — 04212 — Oé3H,

so that, % < II, and integrating both sides gives Net < Ilet + c. By the use of theorem of Rota and Birkhoff
regarding differential inequalities [26], we can easily obtain 0 < N < II as ¢t — oo. Thus N approaches II as
t —» 00, and so the set of the solutions of the model (1) enters the region {Y = (S, E,Q, I, I>, H,R) € RT. /S >
>0,F>0,Q>01; >0,I, >0,H >0,R>0,N < II}, this guarantees the biological feasibility of the
model (1).

Hence, it is enough to consider the model’s dynamic in Y [27].
Stability of disease-free equilibrium

The model exhibit a unique disease-free equilibrium point "DFE", which is obtained by equating the right-
hand sides of (1) to zero, then

CO = (Sv EaQajleZaHa R) = (Ha070a07070a0)
and it can clearly be seen that C° attracts the region, so that
C*={(SE,Q LI, HR) €C*: E=Q=1 =T =H=R=0}.

The basic reproduction number Ry is computed using the next generation matrix (NGM) method, which
represents the number of secondary cases produced by an infected individual with COVID-19 infection throughout
his/her entire period of infection in an absolutely susceptible population [27-31], which is given as follows:

_ 5(7211+7312]\?FT4Q+75H) s, ] - (01 + 02)E -
0 —01E+ (61 +603)Q
f= 0 s v=| —02E—-03Q+ (2 +w+bs+a1)y |,
0 —0411 + (p + a2 + 03) I
L 0 | i —wlh —pla+ (6a+a3)H

0 B Bre PBrs Bra ] k1 0 0 0 0
0 0 0 0 0 —01 ko 0 0 0
F=]0 0 0 0 0 |,V=| -0y —b05 b 0o 0 |,
0 0 0 0 0 0 0 -6, by O
1 0 0 0 0 0 | 0 0 —w —p ks |

where k1 = (91 + 92), ko = (61 + 93), ks = ((54 + a3) by = ((52 +w+ 04+ 041), by = ((p+ Qo + 53) Then V1 is
obtained as

I Byt 0 0 0 0
6, -1
e ks 0 0 0
—1 92]62-‘1—9391 93 —1
V - b1 k}zkl bl k2 bl O O
04(02k2+0361) 0403 04 by~ L 0
boby koky bab ko bab1 2
(02k240301)(wWbat+p0s)  O3(wbatpbs) wbatpby © fa L

L kl k2b1 bgkg b2b1 k2k3 b2b1 ks b2k3 3 =

Thus, the basic reproduction number Ry = p(FV ~1) equals to
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(((blﬂn —+ ﬂTQQg) 91 —+ 67’2]{3292) kg + w 67’4 (02]132 —+ 9301)) b2 —+ 94 (ﬂ’l’4§0 =+ ﬂTgkg) (02]472 —+ 9391)
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with Sy = N and p symbolizing the next generation matrix’s spectral radius. Following [27], relying on the local
stability of the disease-free equilibrium of the model (1), the theorem below is arrived.

Theorem 2. For the model (1) the disease-free equilibrium is locally asymptotically stable whenever Ry < 1
and unstable if Ry > 1.

Proof. The Jacobian matrix evaluated at C°, denoted by Jy is

Ry =

)

—-A 0 0 0 0 0 0

A =01 — 6 0 0 0 0 0

0 01 —01 — 03 0 0 0 0

J(CO) = 0 92 93 —(52 — W — 04 — 0 0 0
0 0 0 94 —®p — Qg — 53 0 0

0 0 0 w "2} 764 — Q3 0

0 0 01 02 03 04 0

Then, the eigenvalues of this matrix are 0, —0; — 0, —01 — 03, —04 — a3, —p — ap — 03, —92 —w — 04 — a1, and
—A, which are obtained by deleting the first row and the first column of Jy as well as its last row and the last
column. Thus, the DFE, CY is locally asymptotically stable if Ry < 1 and unstable if Ry > 1. Hence, the proof
is complete.

Parameter estimation

This section explains the fitting of parameters involved in the proposed COVID-19 model based upon the
real cases of the pandemic throughout Turkey. Daily cases of the pandemic are taken between March 11-October
10, 2020, while preparing this research paper. For initial conditions the total population of Turkey is noted to
be N(0) = 83.3 x 10°, the initial exposed and quarantined population is taken as E(0) = Q(0) = 3 x 10°
and this helped us to determine rest of the initial values for the state variables using the relation
N(0) = 5(0) + E(0) + Q(0) + I, (0) + I3(0) + H(0) + R(0). In this connection, S(0) = 78338132, I;(0) = 300,
I5(0) = 470, H(0) = 150, and R(0) = 15 are obtained. There are 19 biological parameters which have been
estimated with the aid of least-square fitting method leading to produce a best fit of the COVID-19 model’s
solution to the real pandemic cases as depicted in the Figure 2. By reducing the average absolute relative error
between the real COVID-19 cases and the solution of the model, the best values of the biological parameters
are obtained. The objective function yields to relatively small error having the value 9.8748 x 10~2. The Figure
2 shows the real COVID-19 cases by red solid squares whereas the best fitted curve of the model is shown by
the black solid line. The biological parameters included in the model are listed in Table 3 along with their best
estimated values obtained via least-squares technique. These parameters have finally produced the value of the
basic reproduction number equivalent to Ry = 2.82 for the real COVID-19 cases in Turkey from March 11 to
October 10, 2020.
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Figure 2. Data fitting for the real COVID-19 cases in Turkey from March 11 to October 10, 2020
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Sensitivity analysis

Baseline Values of the Parameters Used in (1)

Table 3

Parameter Value Units/Remarks Sources
N(0) Turkey Constant [32]
S(0) 0.95 x N(0) Constant Assumed

II 9.9991 Day ' Fitted
8 0.641 Day* Assumed
1 0.647 Dauyf1 Assumed
To 0.456 Day ' Assumed
T3 0.567 Dayf1 Assumed
T4 0.334 Dauyf1 Assumed
a1 0.0378 Day ' Fitted
s 0.0.0324 Day* Fitted
a3 0.0289 Day ' Fitted
) 0.00213 Day ' Estimated
by [32]
w 0.00004 Day ' Estimated
by [32]
5 0.24 Day ! Fitted
5o 0.133 Day~* Fitted
33 0.00389 Day ! Fitted
04 0.00527 Day ! Fitted
6, 0.632 Day * Fitted
02 0.0034 Day ! Fitted
05 0.0023 Day ! Fitted
0, 0.00512 Day * Fitted

Since parameters of an epidemiological system are either evaluated or fitted along these lines are convey-
ing some vulnerability with respect to their qualities utilized for reaching conclusions about the fundamental
pestilence. Consequently, it is essential to survey the singular effects of every parameter on the dynamics
of the pestilence, subsequently finding the parameters with the most significant impact towards decrease or
diminishing the scourge. In the current study we employed a partial rank correlation coefficients (PRCCs) of
the basic reproduction number and attack rate to investigate the most significant parameters for curbing the
dissemination of COVID-19 in a community. Here, the most effective parameters are recovery rate from isolated
people &1, recovery rate from hospitalized people 4, and transmission rate (5) [33-37].

Furthermore, since the basic reproductive number Ry is the most important quantity to comprehend the
extent for the spread of an epidemic, Ry has been investigated by varying different kinds of biological parameters
of the proposed COVID-19 model. Using mesh plot and the parameter values in Table 3, some numerical
results are obtained. The results as depicted in Figure 4 showed a significant increase with the variation in
the progression rates of asymptomatic individuals under quarantine to the mild infection 63 and that of mild
infection individuals to the severe infection 64, while Ry decreases/increases with the decreasing/increasing
value of transmission rate 8 and the rate of increase of infectiousness in human 74 and increases with decrease
of recovery rates from isolated people §1, mild infection individuals do, severe infection individuals d3, and
hospitalized individuals d4.
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Figure 3. The partial rank correlation coefficient of the basic reproduction number Ry with respect to model
parameters. The dots are the estimated correlation and the bars represent the 95% confidence interval.
The parameter values used for sensitivity analysis are summarised in Table 3

Numerical stmulations
This is the position in which we got a deep insight into the complex behavior of the model. The present section
provided the model’s numerical simulations while using the biological parameters as previously mentioned. The

Euler technique is used to get the solution of the proposed model and to obtain the graphical results based on
parameters that are taken in Table 3.
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Figure 4. Mesh grid plots of the basic reproduction number in terms of the controllable
parameters with basic reproduction number Ry as a response function

In the absence of an exact solution for the proposed model we need to establish an approximate solutions
to show the behaviour of the model. With this purpose we employ one of the effective numerical scheme called
Euler method. The method is as follows: assume that a well-posed initial-value condition is given by

d—i = f(t,y), a <t <band y(a) = x.
A sequence of approximation point (¢, w) = (t,y(t)) is established by Euler method to the exact solutions of
ODE by t;+1 =t; + h and wiy1 = w; + hf(t;,w;),i=0,1,...,N — 1, and ¢, = a,wo = a, h = Ta

The following figures are obtained by using the MAT LAB version R2020a and the parameter values from
Table 3. From the Figure 5 it is observed that there is a significant decrease in both the compartments of
exposed individuals, isolated /quarantined individuals, infected individuals with mild infection, individuals with
severe infections and hospitalized individuals while the susceptible and recovery compartments increases. These
signified that the estimated parameter values taking from Table 3 gives the required results in controlling the
spread of COVID-19 infection. The results depicted in Figures 6, 7, 8, and 9 with the decreasing/increasing
values of A\ (force of infection) showed that adequate awareness of social distancing and wearing of face masks
in most vulnerable communities play significant role in the spread of the COVID-19 infection.
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Figure 5. Dynamical behavior of each state variables of the proposed
model (1) while taking parameters’ values from the Table 3
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Figure 9. Profile of R (recovered individuals) with increasing values of A (force of infection).
Conclusion

In this paper a mathematical model is proposed, which incorporates quarantine and hospitalization to study
the dynamical behavior of the COVID-19 transmission. The parameters of the model are estimated and fitted to
the model with the use of laboratory confirmed COVID-19 data cases of Turkey from March 11 to October 10,
2020, using least-square fitting method. The threshold quantity known as basic reproduction number is obtained
by using the next generation matrix techniques. Some simulation results are obtained with the aid of mesh plots
for the reproductive number as a function of two different biological parameters. Using partial rank correlation
coefficients of the basic reproduction number and infection attack rate as a response functions, we revealed the
most essential parameters for effectively controlling the COVID-19 infection. It is found that the epidemiological
parameters that should be given emphasis in controlling the spread of COVID-19 are the recovery rate from
quarantine individuals 7, recovery rate from hospitalized individuals d, and transmission rate (§). Finally,
numerical simulations on the dynamics of the model showed that the infections in the compartments of each
state variables decreases with time which causes an increase in susceptible individuals. This implies that avoiding
contact with infected individuals by means of adequate awareness of social distancing and wearing of face mask
are vital to prevent or reduce the spread of COVID-19 infection.

Furthermore, it should also be emphasized that the present research study will be strengthened in future
research by analyzing and investigating the modern fractional operators and optimal control strategies. To the
unknown characters and characteristics of this pandemic of COVID-19 this is a significant and decisive step
remaining to be accomplished.

References

1 Imai, N., Dorigatti, I., Cori, A., Riley, S., & Ferguson, N.M. (2020). Estimating the potential total number
of novel Coronavirus (2019-nCoV) cases in Wuhan city, China. Preprint published by the Imperial College
London. Retrieved from https://www.imperial.ac.uk /mrc-global-infectious-disease-analysis/news—wuhan
coronavirus/.

2 Ji, W., Wang, W., Zhao, X., Zai, J., & Li, X. (2020). Homologous recombination within the spike
glycoprotein of the newly identified coronavirus may boost cross-species transmission from snake to
human. Journal of Medical Virology, 92(4), 433-440.

3 Huang, C., Wang, Y., Li, X., Ren, L., Zhao, J., Hu, Y., et. al. (2020). Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet, 395(10223), 497-506.

4 Chan, J.F., Yuan, S., Kok, K., To, KK., Chu, H., Yang, J., et. al. (2020). A familial cluster of pneumonia
associated with the 2019 novel coronavirus indicating person-to-person transmission: a study of a family
cluster. Lancet, 395(10223), 15-21.

5 Lui, S., & Saif, L. (2020). Emerging viruses without borders: The Wuhan coronavirus. Viruses, 12(2).

102 Bulletin of the Karaganda University



Transmission dynamics and control strategies...

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Gilbert, M., Pullano, G., Pinotti, F., Valdano, E., et. al. (2020). Preparedness and vulnerability of African
countries against importations of COVID-19: a modelling study. Lancet, 395(10227), 871-877.

Musa, S.S., Zhao, S., Wang, M.H., Habib, A.G., et. al. (2020). Estimation of exponential growth rate and
basic reproduction number of the coronavirus disease 2019 (COVID-19) in Africa. Infect. Dis. Poverty,
9(96).

World Health Organization, Novel coronavirus (2019-nCoV). Retrieved from https://www.who.int /emerge
ncies/diseases/novel-coronavirus-2019.

World Health Organization, Laboratory testing for 2019 novel coronavirus (2019-nCoV) in suspect ed
human cases. Retrieved from https://www.who.int/health-topics/coronavirus/laboratorydiagn ostics-for-
novel-coronavirus.

World Health Organization, WHO Director-General’s remarks at the media briefing on 2019-nCoV
on 11 February 2020. Retrieved from https://www.who.int/dg/speeches/detail /who-direct or-general-s-
remarks-at-the-media-briefing-on-2019-ncov-on-11-february-2020.

World Health Organization, Novel Coronavirus (2019-nCoV) situation reports. Retrieved from https://ww
w.who.int /emergencies/diseases /novel-coronavirus-2019/situation-reports/ .

National Health Commission of the People’s Republic of China, Situation report of the pneumonia cases
caused by the novel coronavirus. Retrieved from http:www.nhc.gov.cn/yjb/s3578/202001 /a3c8b514406741
7889d8760254b1a7ca.shtml.

Zhao, S., Lin, Q., Ran, J., Musa, S.S., et. al. (2020). Preliminary estimation of the basic reproduction
number of novel coronavirus (2019-nCoV) in China, from 2019 to 2020: A data-driven analysis in the
early phase of the outbreak. Int. J. Infec. Dis., 92, 214-217.

Wu, P., Hao, X., Lau, EH.Y., Wong, J.Y., et. al. (2020). Real-time tentative assessment of the epi-
demiological 136 characteristics of novel coronavirus infections in Wuhan, China, as at 22 January 2020.
Eurosurveillance, 25(3).

Zhao, S., Musa, S.S., Lin, Q., Ran, J., et. al. (2020). Estimating the unreported number of novel coronavi-
rus (2019-nCoV) Cases in China in the first half of january 2020: a data-driven modelling analysis of the
early outbreak. J. Clin. Med., 9(2), 388.

Centers for Disease Control and Prevention, How 2019-nCoV Spreads. Retrieved from https://www.cdc.go
v/coronavirus/2019-ncov/about/transmission.html.

World Health Organization, The collection of the Disease Outbreak News (DONs). Retrieved from
https://www.who.int /csr/don/en/.

Read, J.M., Bridgen, J.R.E., Cummings, D.A.T., Ho, A., & Jewell, C.P. (2020). Novel coronavirus 2019-
nCoV: early estimation of epidemiological parameters and epidemic predictions. medRziv, https://doi.org
/10.1101,/2020.01.23.20018549.

World Health Organization, twitter post on 21 Jan 2020. Retrieved from https://twitter.com/WH OWPRO
/status/1219478547644813312s=20.

World Health Organization, Pneumonia of unknown cause -China. Retrieved from

https://www.w ho.int/csr/don/05-january-2020-pneumonia-of-unkown-cause-china/en/

Backer, J.A., Klinkenberg, D., & Wallinga, J. (2020). Incubation period of 2019 novel coronavirus (2019-
nCoV) infections among travellers from Wuhan, China, 20-28 January 2020 . Euro Surveill., 25(5).
Wu, J.T., Leung, K., & Leung, G.M. (2020). Nowcasting and forecasting the potential domestic and
international spread of the 2019-nCoV outbreak originating in Wuhan, China: a modelling study . Lancet,
395(10225), 689-697.

Zhao, S., Zhuang, Z., Ran, J., Lin, J., et. al. (2020). The association between domestic train transportation
and novel coronavirus (2019-nCoV) outbreak in China from 2019 to 2020: A data-driven correlational
report. Travel Medicine and Infectious Disease, 33.

Lipsitch, M., Cohen, T., Cooper, B., Robins, J.M., et. al. (2003). Transmission dynamics and control of
severe acute respiratory syndrome. Science, 300(5627), 1966-1970.

World Health Organization, Consensus document on the epidemiology of severe acute respiratory syndrome.
Retrieved from https://apps.who.int/iris/handle/10665/70863.

Birkhoff, G., & Rota G.C. (1982). Ordinary Differential Equations. Ginn.

Mathematics series. Ne 2(102) /2021 103



U.T. Mustapha, E. Hincal et al.

27

28

29

30

31

32

33

34

35

36

37

Driessche, P. & Watmough, J. (2002). Reproduction numbers and sub-threshold endemic equilibria for
compartmental models of disease transmission. Math. Biosci., 180(1-2), 29-48.

Musa, S.S., Zhao, S., Chan, H.S., Jin, Z., & He, D. (2019). A mathematical model to study the 2014-2015
large-scale dengue epidemics in Kaohsiung and Tainan cities in Taiwan, China. Math. Biosci. Eng., 16(5),
3841-3863.

Mustapha, U.T., & Hincal, E. (2020). An optimal control of hookworm transmissions model with di-
fferential infectivity. Physica A: Statistical Mechanics and its Applications, 545.

Diekmann, O., Heesterbeek, J.A.P., & Metz, J.A.J. (1990). On the definition and the computation of the
basic reproduction ratio, Ry, in models for infectious diseases in heterogeneous populations. J. Math.
Biol., 28, 365-382.

News release in South China Morning Post on 26 January 2020. Retrieved from https://www.scmp .com/
news/china/society/article/3047676 /number-coronavirus-cases-china-doubles-spread-rate-accelerates.
Agusto, F.B., Teboh-Ewungkem, M.I., & Gumel, A.B. (2015). Mathematical assessment of the effect
of traditional beliefs and customs on the transmission dynamics of the 2014 Ebola outbreaks. BMC
Medicine, 13.

Gao, D., Lou, Y., He, D., Porco, T.C., et. al. (2016). Prevention and control of zika as a mosquito-borne
and sexually transmitted disease: a mathematical modeling analysis. Scient. reports, 6.

Musa, S.S., Zhao, S., Hussaini, N., Habib, A.G., He, D. (2020). Mathematical modeling and analysis of
Meningococcal Meningitis transmission dynamics. Int. J. Biomath., 13(01).

Trotter, C.L., Gay, N.J., & Edmunds, W.J. (2005). Dynamic models of meningococcal carriage, disease,
and the impact of serogroup C conjugate vaccination. Am. J. Epidemiol., 162(1), 89-100.

Xiao, Y., Tang, S., & Wu, J. (2015).Media impact switching surface during an infectious disease outbreak.
Scient. reports, 5.

Zhao, S., Stone, L, Gao, D., & He D. (2018). Modelling the large-scale yellow fever outbreak in Luanda,
Angola, and the impact of vaccination . PLoS Neglect. Trop. Dis., 12(1).

V.T. Mycradal2, 9. Xunxan', A. IOcyd??, C. Kypemm?,
T. Cammpaar!, C.M. Myxamman!, B. Kaiimakamsaze!, H. Tok6yayT!

Y Taay Ivevic yrusepcumems, Hukocua, Typrus;
2 ITyue pedepanrdv. yrusepcumemi, Huzepua;
3 Bupynu ynusepcumemi, Cmambya, Typrua;
4 Mexpan unorcenepair-mexnonozussvr ynueepcumemi, Jocamwopo, Iawicman;

COVID-19-ap1H 6epity nuHaMuUKachbl MEH 0aKbLJIay CTPATEruscChl:

104

MOJIEJIbIl 3epTTEey

Byt 3epTTeyiie XaJbIKTBIH 0Cal TONTAPBIHBIH MAaCKAHBI TaFybl XKOHE DJIEYMETTIK apa KaIllbIKTBIKThI CAKTa~
VIBIH ocepin Garajay, MallMeHTTEP/l KapaHTHH MEH aypyXaHara »KaTKbI3Y/bl KAMTUTHIH MaTEMATHKAJIBIK,
Mozenb yeeabutraH. Mogens napamerpiepi Typrusma 2020 xputasiH 11 Hayperssinan 10 kazaHbHA JeiiH
3eprxaHaJblk pacraaran COVID-2019 xarmaiiyiapbiH KOJIJaHa OTBIPBIN OaFaJlaHIbl XKoHe MOJebre GeitiM-
nenmi. [lopexkeslik KOppesIsiiusiHBIH, inliHapa KO3(MMUIIMEHTI MOEb/IiH Ce3iMTaJIIBIFbIH Heri3ri keber ca-
HBIMEH JKOHE 2Kayall 6epy (YHKIUICHI peTiHge WHEMEKIUS KbUIIaM/IBIFBIMEH TAJIAY YIMH KOJIIAHBLIIbL.
CesimTanabikTe! Taanay Hortmkegrepi COVID-19 urdeknusachiH THiMIi GaKbLIAYIbIH MAHBI3IbI TapaMeTp-
Jiepl KapaHTHHEr aJaMIap/AblH KAJIbIHA KeJly XKbUIIaMIBIEFDL (01), aypyXaHara YKaTKbI3bLIFAH aJaMiap-
JIBIH, KAJIIIBIHA KEJIYy KBUIIAMIBIFBL (04) 2KOHE YKYKINAHBIH 6epiny KbuiaaMaersl (§) exenin kepcerti. Mo-
JeNbAEYIiH Keibip HOTHKeJIepi MOJIeJIb/IeH Ke3/IeMCOK TaHAJFaH €Ki TYPJI OHOJIOTHSIJIBIK, TapaMeTPJIep/IiH,
(DYHKIUSICHI PETIHJIE HETI3T1 PempoyKTUBTI CaHFa KATBICTHI TOPJIbI IPpaUKTEep apKbLIbI aablHA bl. COHBIH-
3, MOJIEJIb IMHAMUKACHIH CAHIBIK, MOJE/BIEY 9P affHbIMAJbI OesiMaepingeri nHMEKIuIIap CaHbl yaKbIT
oTe KeJie a3aiblll, aypyFa MaJIbIKKaH aJaMIapablH KeOeliHe dKeleTiHiH KopceTTi. Byt ingeT KyKThipran
aJaMIap/IaH ayJIak, 0oLy, 9JIEyMETTIK apaKAIIBIKTBIKTHI CAKTAaY, MACKa KHUIO YKOHE T.0. TaJanTapabl OPbIHIAY
COVID-19 unbeKIUACHIHBIH, TapayblH O0JIIbIPMay HeMece a3aiiTy YIIiH eTe MaHbI3bl eKeHiH 6laipesi.

Kiam cosdep: COVID-19, maTeMaTUKAIBIK, MOJIE/TBIEY, 0A3aIbIK, PEPOLYKTUBTI CaH, 6epily IMHAMUKACHI,
Ce3IMTAJIBIKTHI TaJIzay.
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Jnaamuka mniepejauu u crparerun kourposis COVID-19:
MO/IeJTbHO€e MCCJieJIOBaHIe

B crarbe npemioxkena mMareMarmdeckasi MOJIEIb, KOTOPasl BKJIIOYAET KAPDAHTUH U TOCHUTAJIU3AINIO [TAIlV-
€HTOB, ITOODI OIEHUTDH BJIMSIHUE COIHAIBLHOTO JUCTAHIIMPOBAHUS U HOIIIEHNE MACKH CPE YA3BAMBIX I'DYIII
nacesenus. [lapamerpsr Mo/Ie/IM OIEHNBAINCD U MTOATOHSIJINCH K MOJEIH C HUCIIOJIb30BaHUEM JIaOOPATOPHO
noaTBepkaeHHbIX ciyuaeB COVID-19 B Typuuu ¢ 11 mapra mo 10 okTsiopst 2020 r. HacTuuubit Koadduim-
€HT PAHrOBOW KOPPEJISIIUY KUCIOIH30BAH /IS IPOBEICHUS AHAIN3a TyBCTBUTEIBHOCTH MOZEIN C 6A30BLIM
9HCJIOM PENPOIYKIIMA U CKOPOCTH 3aparKeHusl Kak (MYHKIUN OTBeTa. Pe3ysbTaThl aHAan3a IyBCTBUTEIIb-
HOCTH IIOKa3bIBAIOT, YTO HauboJiee BarXKHBIMH IapaMerpamu s 3O(EeKTUBHOIO KOHTPOJIS 3a MHMEKIHen
COVID-19 gBigroTCs CKOPOCTH BBI3ZOPOBJICHHS! JINT, HAXOAANMXCA HA KapaHTuae (J1), CKOPOCTH BBI3IO-
POBJIEHUSI TOCIUTAIM3UPOBAHHBIX Jinll (04) 1 cKopocThb nepenaun uadeknun (3). Hekoropbie pesyabraTs
MO/IEJINPOBAHUS ITOJIYY€HBI C ITOMOIBIO CETOYHBIX I'PA(UKOB OTHOCHTEIBHO OCHOBHOI'O PENPO/LYKTUBHOIO
qnciaa Kak QYyHKIUY ABYX Pa3/IMIHbIX OMOJIOrMYeCKUX IapaMeTPOB, CJIydIaiiHO BRIOPAHHDLIX U3 Mojesn. Ha-
KOHeIl, YHUCJIEHHOe MOJIEJIMPOBAHUE NUMHAMUKH MOJEIN IIOKA3asI0, YTO KOJUIEeCTBO MHMEKINNl U3 OTIEIOB
Ka’k/J10# [I€PEeMEHHOM COCTOSIHNSI YMEHBIIAETCS CO BPEMEHEM, YTO BLI3BIBAET YBEJIMYEHUE UHCJIA BOCIIPUMM-
9UBBIX JIIOJIEH. DTO 03HAYAET, UTO n3beraHne KOHTAKTOB C MH(MPUIIMPOBAHHBIMHA JIFOIbBMU ITOCPEICTBOM aJIe-
KBATHOT'O TTOHMMAHUSI COIMAIBHOIO AVCTAHIIMPOBAHUS W HOIIEHUs JINIIEBBIX MACOK >KU3HEHHO BaXKHO IIJIst
[IPEJIOTBPAIIEHNs] UM yMEeHbIeHus: pacupocrpanenns: nadexnuun COVID-19.

Karoueswie caosa: COVID-19, maTemarndeckoe MOJIeTMPOBaHIEe, 6230BOE PEIPOLYKTUBHOE UCIIO, [TAHAMU-
Ka Iepeatn, aHAJIN3 1yBCTBUTEIbHOCTH.
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