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Conditions for the expansion of СOVID-19 in the regions of the Northern part of Ukraine
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Abstract:  
Background: The	intensity	of	the	COVID-19	epidemic	process	in	the	administrative	territories	of	Ukraine	
differs.	Risk	factors	for	the	spread	of	this	infection	have	not	been	sufficiently	studied,	which	prevents	the	
development	of	adequate	preventive	and	anti-epidemic	measures	at	the	local	level. Objectives: Conduct 
an	epidemiological	analysis	of	the	incidence	of	COVID-19	in	the	regions	of	the	Northern	part	of	Ukraine	
and	 identify	 the	 leading	 risk	 factors	 for	 spread.	Material and Methods: The	 incidence	of	COVID-19	
was	analyzed	for	73	weeks	and	28	predictors.	Fourier’s	spectral	analysis,	Feature	Selection	and	Variable	
Filtering	method	of	the	Data	mining	module,	Irwin’s	method,	integral	visual	coefficient	was	used.	Results. 
There	were	two	rises	in	the	incidence	of	COVID-19,	the	cyclicity	was	18	-	24	weeks.	The	conditions	
for	 the	spread	of	COVID-19	cases	 in	 the	regions	of	 the	Northern	part	have	been	established,	namely:	
the	number	of	people	and	the	elderly	in	the	family,	demographic	and	migration	processes.	Violation	of	
regime-restrictive measures leads to abnormal rises in morbidity. Conclusions. The	epidemic	situation	
in	the	Northern	part	remains	volatile,	as	there	are	conditions	for	the	spread	of	COVID-19	that	cannot	be	
eliminated,	as	well	as	some,	that	need	to	be	developed	(tourism,	demographic	processes,	financing,	etc.).	
Therefore,	compliance	with	restrictive	measures	and	vaccination	of	the	population	of	the	region	remain	
the	main	preventive	measures	.
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Introduction: Coronary heart disease in 2019 
(COVID-19),	 caused	 by	 SARS-CoV-2,	 has	 spread	
rapidly	from	sporadic	cases,	epidemics	at	the	regional	
level	 to	 the	 pandemic	 officially	 recognized	 by	 the	
World	 Health	 Organization	 (WHO)	 on	 March	 11,	
20201. Currently, in most countries, there are new 

epidemic	rises	 in	COVID-19	due	 to	mutations	 in	 the	
virus2, 3.
The	 spread	 of	 COVID-19	 both	 within	 and	 outside	
the country is associated with migration, tourism, 
religious rites, etc.4-7	 It	 is	 reported	 that	 one	 patient	
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with	COVID-19	 can	 infect	 3-4	 people	 in	 the	 cell8, 
and human-to-human transmission of the virus 
occurs mainly among family members, including 
relatives and friends who are in close contact with 
the	patient9, 10.	At	the	same	time,	the	spread	of	SARS-
CoV-2	 virus	 depends	 on	 the	 nature	 and	 speed	 of	
radical restrictive measures (observation, isolation, 
quarantine)	at	the	national,	regional	and	local	levels,	
the	use	of	personal	protective	equipment	and	social	
responsibility11-14.	Timely	and	high-quality	measures	
implemented	in	some	countries	at	the	beginning	of	the	
pandemic	saved	many	lives	and	slowed	the	spread	of	
COVID-19.	But	each	administrative	territory	differs	
in	the	organizational	capacity	of	restrictive	measures,	
the	 level	 of	 training	of	health	workers,	 culture	 and	
mentality	of	the	population15, 16.
In	 Ukraine,	 from	 March	 to	 April	 2020,	 a	 strict	
quarantine	regime	and	the	use	of	personal	protective	
equipment	 were	 introduced	 in	 all	 administrative	
territories.	 Despite	 the	 measures	 taken,	 the	 first	
fatalities were registered in March 2020. In a short 
time,	 COVID-19	 spread	 throughout	 the	 country,	
leading to social and economic destabilization. 
On	 25.11.	 In	 2021,	 3400340	 confirmed	 cases	
were	detected	 in	Ukraine,	 and	84	149	people	died.	
COVID-19	 is	 expected	 to	 rise	 again	 in	 September,	
presumably	 due	 to	 the	 spread	 of	 new	 variants	 of	
SARS-CoV-2.	At	 the	 same	 time,	 persistent	 social,	
natural	and	economic	factors	in	a	particular	locality	
may	contribute	to	the	spread	of	these	new	strains	of	
SARS-CoV-2 virus. Currently, the distribution of 
COVID-19 in the administrative territories of the 
country is uneven, which has led to a more detailed 
study	of	this	issue	in	the	regions	of	the	Northern	part	
of	Ukraine,	which	differ	slightly	in	socio-economic	
development.
Objectives: Conduct	 an	 epidemiological	 analysis	
of the incidence of COVID-19 in the regions of the 
Northern	part	(Poltava,	Sumy,	Kharkiv	and	Chernihiv	
regions)of	 Ukraine	 and	 identify	 the	 leading	 risk	
factors	for	spread.
Materials and research methods: In this study, 
we	 used	 data	 form	 the	 official	 site	 of,	 the	 Center	
for	 Public	 Health	 MH	 Ukraine17,	 National	 Health	
Service	 of	 Ukraine	 (NHSU)18,	 The	 State	 Statistics	
Service	of	Ukraine19.
This	 study	 was	 conducted	 in	 the	 Northern	 part	 of	
Ukraine,	 which	 according	 to	 NHSU	 classification	
includes	 Poltava,	 Sumy,	 Kharkiv	 and	 Chernihiv	
regions	for	the	period	February	29,	2020	–	July	23,	

2021	(73	weeks).	In	general,	the	part	is	characterized	
by	the	specifics	of	historical	and	ethnic	development	
and natural and climatic features.
The	administrative	territories	of	this	part	have	slight	
differences	in	terms	of	migration	processes,	density,	
conditions	and	quality	of	life.	Therefore,	to	determine	
the	major	 factors	 that	 can	 contribute	 to	 the	 spread	
of	 infections	 via	 aspiration	 –	 aerosol	 transmission	
mechanism,	we	used	28	predictors	(table	1).	
Table 1 – Сharacteristics of the regions of the 
Northern part of Ukraine by social, economic and 
natural factors

Predictors
 

Poltava
region

Sumy 
region

Kharkiv 
region

Chernihiv 
region

Women	(persons)	 742254 576668 1417308 535715

Men	(persons) 636886 489387 1225517 447037

Age	 group	 0-19	 years	
(persons)	 252464 182702 480851 172490

Age	 group	 20-39	 years	
(persons)	 377327 290760 762702

 264581

Age	 group	 40-59	 years	
(persons)	 407963 315575 761171 276818

Age	group	60	years	and	
older	(persons)	 340816 277018

 638101 268863
 

Average	 life	expectancy	
(years) 71.9 72.43 71.84 70.68

Integral	 second	 index	
Assessment	 and	 partial	
human	development

3.9103 3.7475 4.0564 3.7242

Integral	 index	 is	 an	
indicator of the natural 
environment

0.474 0.389 0.389 0.529 

Block	 “population	
reproduction”	 of	
the	 integrated	 index	
of regional human 
development

0.7725 0.6957 0.6683 0.6895

Average household size 
(number	of	persons	in	a	
family)

2.36 2.43 2.43 2.30

Households	with	woman	
aged 30-58 years (%) 24.2 24.3 23.6 22.4

Households	with	people	
aged 30-59 years 22.0 21.5 23.4 21.5

Households	with	woman	
at the age of 59 years 
and older (%) 

16.9 17.6 16.4 12.0

Households	with	people	
aged	60	and	older	(%)	 8.8 9.3 12.0 9.4

Number of households 
(thousands) 586.50 439.0 1109.0 430.1

Households	 consisting	
of	3	persons	(%) 24.3 34.00 28.0 23.1
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Predictors
 

Poltava
region

Sumy 
region

Kharkiv 
region

Chernihiv 
region

Households	 consisting	
of	4	people	(%) 8.5 6.60 13.3 11.40

Households	of	5	or	more	
persons	(%) 6.2 5.8 3.1 2.6

Households	 consisting	
people	 who	 have	 a	 job	
(%)

64.4 61.6 75.8 65.40

Total	 cash	 expenditures	
per	 month	 on	 average	
per	household	(UAH) 

6775.25 7591.01
 

7754.70
 8793.90

Total	 monthly	 income	
expenditures	 per	 month	
per	household	(UAH) 

7773.35
8541.64

 8259.98
 9995.88

Total	 income	per	month	
per	household	(UAH) 10744.43 10238.66 10140.05 10883.33

Natural	 population	
growth (%) -9.9 -10.2 -8.4 -12.5

Migration	 (“-”	 left,	 “+”	
arrived) (number of 
people)	

+	411 -2250 +	5436 -1996

Population	 density	
(persons	/	km	2 ) 48.25 44.82 84.62 31.11

Migration	 rate	 per	
10,000	 population	 all	
flows	 (internal	 and	
external)	

+3.8 -17.2 +10.7 -10.2

Coefficient	of	migration	
movement	 per	 10,000	
population	 interstate	
(external)	

+4.8 -0.1 +2.7 -0.4

Analyzed	the	dynamics	of	multi-week	morbidity	(per	
100	thousand	population)	on	COVID-19.	Verification	
of the normality of the distribution of indicators 
was	 performed	 using	 the	 Kolmagorov-Smirnov	
test.	General	time	series	theory	and	Fourier	spectral	
analysis were used to determine the cyclicity of 
morbidity	in	the	dynamics.	The	Feature	Selection	and	
Variable Filtering method of the Data mining module 
was	 used	 to	 assess	 the	 significance	 of	 predictors.	
Abnormal	 levels	 of	 time	 series	 (emissions,	 sharp	
declines or increases) were detected using the Irwin 
method20.

Comprehensive	evaluation	of	multi-week	morbidity	
rates of COVID-19 was conducted with the use of 
integral indicators (II). Algorithm of calculating II 
was	named	by	the	authors	as	“the	sum	busy	places”21. 
For the mean values of	multi-week	morbidity	 (M),	
standart	 deviation	 (σ)	 and	 multi-week	 growth	 rate	
(T),	 the	rank	(from	minimum	to	maximum)	for	 the	
period	 under	 study	 was	 determined.	 The	 obtained	
integral indices allowed calculating the integral 
visual	coefficient	(IVC,	%)	by	the	formula:

, 
where Sx	is	the	worst	sum	of	places;	Sp is the sum 
of	the	places	of	a	specific	object;	Sy is the best sum 
of	places.
The	obtained	IVC	is	an	integrated	assessment	of	the	
multi-week	 incidence	 rate,	 taking	 into	 account	 the	
main statistical characteristics that describe it. In our 
case, the value of IVC ∈	[0;	100	%]	(Sx=12, Sy=3, 
Sp ∈	[3;12]).	
Statistical	 calculations	 were	 performed	 using	 the	
computer	program	Statistica	10.0.
Ethical clearence:	 Not	 required
Results and discussion: Analysis of the multi-
week	incidence	dynamics	on	COVID-19,	taking	into	
account the characteristics of the time series, showed 
two	 epidemic	 rises	 from	 October	 2020	 to	 January	
2021	 (peak	 rise	 in	 December)	 and	 from	March	 to	
May	2021	(peak	rise	in	April)	(Fig.	1).

Figure 1. Dynamics of incidence of COVID-19 
in	 the	 regions	 of	 the	Northern	 part	 of	 Ukraine	 for	
29.02.2020 – 23.07.2021
The	regions	of	the	Northern	part	of	Ukraine	joined	the	
COVID-19	epidemic	process	almost	simultaneously	
and	had	two	epidemic	outbreaks	in	73	weeks,	which	
may	 be	 related	 to	 migration	 processes,	 activation	
of	 the	 aerosol-aspiration	 mechanism	 of	 pathogen	
transmission.	At	 the	same	time,	 the	Kharkiv	region	
showed an abnormal increase in the incidence 
of	 COVID-19	 in	 the	 period	 from	 15.05.2021	 to	
21.05.2021. It should be noted that the incidence 
increased	mainly	in	Kharkiv,	which	is	the	educational	
and	administrative	center	of	 the	region.	The	reason	
for	 the	complication	of	 the	epidemic	situation	with	
COVID-19 was the holding of cultural events in the 
city	 during	 the	 first	 ten	 days	 of	May	 2021,	 which	
contributed to the activation of the mechanism of 
transmission	 of	 COVID-19	 and	 after	 6-14	 days	 of	
epidemic	rise.
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To	 identify	 the	 periodicity	 of	 the	 data,	 a	 Fourier	
spectral	analysis	was	performed,	which	showed	the	
presence	of	a	seasonal	component	in	time	series	with	
a	period	of	24	weeks	(Sumy	and	Kharkiv	regions)	and	
18	weeks	 (Poltava	and	Chernihiv	 regions)	 (Fig.	2).	
It	indicates	different	rates	of	spread	of	this	infection	
and	may	depend	on	the	organization	of	anti-epidemic	
measures.	But	this	question	needs	further	research.

For	the	determination	of	the	most	affected	area	of	the	
Northern	part	 for	COVID-19,	 IVC	was	used,	which	
combined	statistical	indicators	(M,	σ,	T)	and	acted	as	
a	 generalized	 indicator	 (expressed	 as	 a	 percentage),	
which characterizes the average incidence over a 
multi-week	 period	 for	 territories	 studied.	 It	 was	
found that IVC in the Chernihiv region (88.89%) was 
significantly	higher	than	in	Poltava	(55.56%),	Kharkiv	
(44.44%) and Sumy (11.11%) regions (table 2).

 

 
Figure 2. Periodogram	of	multi-week	 incidence	of	COVID-19	 in	 the	 regions	of	 the	Northern	part	of	
Ukraine	for	29.02.2020	–	23.07.2021

Table 2 – Standard and summarized the incidence of COVID-19 in the regions of the Northern part of 
Ukraine on 29.02.2020 – 07.23.2021

Regions Average SP σ Average 
growth rate

The	sum	
of	ranks

 

Integral 
VC

M rank	M σ rank	 T rank	T IVC, % rank	IVC

Poltava 224.91 3 270.46 3 108.21 2 8 55.56 3

Sumy 214.47 1 245.50 2 103.22 1 4 11.11 1

Kharkiv 219.19 2 236.82 1 109.79 4 7 44.44 2

Chernihiv 384.61 4 413.26 4 109.035 3 11 88.89 4
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Among the regions of the northern region, Chernihiv 
region had the highest incidence rates of COVID-19, 
which	is	confirmed	by	the	ranking	of	regions	by	IVC	
(Table	2).	It	can	be	assumed	that	the	effectiveness	of	
preventive	 and	 anti-epidemic	measures	 in	 this	 area	
was the lowest.
Using the Feature Selection and Variable Filtering 
method of the Data Mining Module, it was statistically 
proven	that	out	of	28	predictors,	7	(25%)	indicators	
are	most	likely	to	affect	the	incidence	of	COVID-19	
in	the	northern	region	of	Ukraine	(table	3).
Table 3 – Social, economic and natural conditions 
that may contribute to the development of the 
COVID-19 epidemic process in the Northern part 
of Ukraine 

Predictors F-value p-value 

Age	group	60	years	and	older	(persons)	 183.4 0.05

Integral	 index	 is	 an	 indicator	 of	 the	
natural environment

176.8 0.05

Average household size (number of 
persons	in	a	family)	

176.8 0.05

Distribution of households by age (%), 
women aged 59 and older 

542982.1 0.0009

Total	 cash	 expenditures	 per	 month	 on	
average	per	household	(UAH) 

176.8 0.05

Total	income	per	month	per	household	
(UAH) 

176.8 0.05

Natural	population	growth	(%) 183.4 0.05

The	 conditions	 established	 by	 us	 under	 which	 the	
epidemic	situation	with	COVID-19	in	 the	Northern	
part	 of	 Ukraine	 can	 be	 complicated	 confirm	 the	
conducted	researches	in	other	territories.	Thus,	more	
often the infection occurs in close communication 
with	the	patient,	in	families7- 9 .	The	most	vulnerable	
risk	group	was	the	elderly22, 23,	which	was	confirmed	
by	 us.	 It	 has	 been	 proven	 that	 natural	 factors	
influence	 the	 spread	 of	 SARS-CoV-2	 virus24, 25, so 
the	 environmental	 indicator	 we	 studied	 confirmed	
this	 fact.	 Demographic	 processes	 are	 an	 important	
social	 condition	 that	 can	 contribute	 to	 the	 spread	
of infectious diseases26, 27.	Thus,	 natural	 population	
growth (births and deaths) is included in the list of 
predictors	 on	 which	 the	 incidence	 of	 COVID-19	
depends.	 International	 migration	 processes,	
including those related to tourism and family 
finances,	are	 the	main	external	driving	 force	of	 the	
COVID-19	 epidemic	process28- 30. International and 
domestic	migration	processes	are	not	included	in	our	

list,	 but	 this	 important	 risk	 factor,	 which	 depends	
on	the	income	and	expenses,	cannot	be	ruled	out,	as	
confirmed	by	our	research.
 	 In	 the	 regions	 of	 the	 Northern	 part	 of	 Ukraine	
implementation	of	the	preventive	and	anti-epidemic	
measures	 are	 flawed,	 the	 low	 level	 of	 control	 in	
Chernihiv	and	Kharkiv	regions	has	led	to	significant	
growth and abnormal emissions.
The	 epidemic	 situation	 with	 COVID-19	 in	 the	
Northern	region	of	Ukraine	remains	volatile,	as	there	
are	social,	natural	and	economic	conditions	affecting	
the		spread	of	this	infection,	that	cannot	be	urgently	
eliminated,	and	some	need	to	be	developed	(tourism,	
demographics,	 finance,	 etc.).	 Therefore,	 the	 main	
most	 effective	 and	 cost-effective	 way	 to	 prevent	
the	 spread	 of	COVID-19	 is	 to	 vaccinate	 the	 entire	
population,	which	was	introduced	in	Ukraine	in	early	
2021.	Along	with	specific	prevention,	it	is	necessary	
to	 control	 anti-epidemic	 measures	 in	 households,	
paying	attention	to	large	families	and	the	elderly	in	
them.
Epidemiological	 research	 is	 a	 fragment	 of	 the	
research	work	of	the	Ministry	of	Health	of	Ukraine	
«Scientific	 substantiation	 of	 epidemiological	
surveillance	of	COVID-19	and	ways	to	improve	it	in	
the administrative-industrial region».
Ethical approval: Тhe	 work	 was	 carried	 out	 in	
accordance	 with	 the	 Code	 of	 Ethics	 of	 the	World	
Medical	 Association	 (Helsinki	 Declaration).	 The	
work	was	approved	by	the	Commission	on	Bioethics	
of	 the	 Kharkiv	 Medical	Academy	 of	 Postgraduate	
Education,	protocol	№3	10/12/2022.
Sorce of fund: None.
Conflict of interest: None declared.
Autors’s contribution: 
Data gathering and idea owner of this study:	Alexei	
Korzh, Marine Georgiyants, Alla Podavalenko, 
Tetyana	Nessonova, 
Study	design:	Marine Georgiyants, Alla Podavalenko, 
Tetyana	Nessonova, 
Valentyna Maslova, Irina Asoyan. 
Writing and submitting manuscript: Marine 
Georgiyants, Alla Podavalenko, Vladislav 
Bereznyakov.
Editing and approval of final draft: All authors



783

Bangladesh Journal of Medical Science Vol. 22 No. 04 October’23

References:
1. Xu,	Z.,	Shi,	L.,	Wang,	Y.,	Zhang,	J.,	Huang,	L.,	Zhang,	C.,	

et	al.	(2020).	Zhang	Pathological	findings	of	COVID-19	
associated	 with	 acute	 respiratory	 distress	 syndrome.	
Lancet Respir Med.	2020	Apr;	8(4):420-422.	

2. COVID-19	 Weekly	 Epidemiological	 Update.	 WHO. 
2021 January;	33.		 URL:	 h t t p s : / /www.who .
int/docs/default-source/coronaviruse/situation-
reports/20210309_weekly_epi_update_30.pdf

3. W.,	Ahmad,	W.	M.	A.,	Nawi,	M.	A.	A.,	Zainon,	W.	M.	
N.	W.,	Mohd	Noor,	N.	F.,	Mohd	Hamzah,	F.,	Mohamad	
Ghazali, F. M., et al.  (2021). Forecasting cumulative 
COVID-19	cases	in	Malaysia	and	rising	to	unprecedented	
levels. Bangladesh Journal of Medical Science, 2021. 
20(3), 504–510. 

4. Al-Rousan, N.,	Al-Najjar,	 H. (2020).	 Is	 visiting	 Qom	
spread	 CОVID-19	 epidemic	 in	 the	 Middle	 East?	 Eur 
Rev Med Pharmacol Sci.	2020	May;	24(10):	5813-5818.	

5. Song,	W.Y.,	Zang,	P.,	Ding,	Z.X.,	Fang,	X.Y., Zhu, L.G., 
Zhu, Y., et al.	 (2020).	Massive	migration	promotes	 the	
early	spread	of	COVID-19	in	China:	a	study	based	on	a	
scale-free	network.	Infect Dis Poverty. 2020 Aug;	9:	109.

6.	 Ramírez-Aldana, R.,	 Gomez-Verjan,	 J.C., Bello-
Chavolla, O.Y., García-Peña, C. (2021)/ Spatial	
epidemiological	study	of	the	distribution,	clustering,	and	
risk	 factors	 associated	with	 early	COVID-19	mortality	
in	Mexico.	PLoS ONE. 2021 July;	 16(7):	 e02548841-
16.		

7. Srivastava,	 K.	 C.,	 Shrivastava,	 D.	 .,	Alam,	 M.	 K.,	 &	
Al Mahmood, A. K. . (2021). Is SARS CoV-2 viral 
mutation	 leading	 us	 to	 a	 virtual	 world?.	 Bangladesh 
Journal of Medical Science, 20(5), 185–187. https://doi.
org/10.3329/bjms.v20i5.55559

8. Meskina, E.R.	 (2020).	 Preliminary Clinical and 
Epidemiological	Analysis	 of	 the	 First	 1,000	 Pediatric	
COVID-19 Cases in Moscow Region. Journal of 
Microbiology, Epidemiology and Immunobiology. 2020;	
97(3). 202-213.   

9. Phan, L.T., Nguyen, T.V., Luong,	 Q.C., Nguyen,	 T.V., 
Nguyen,	H.T., Le,	H.Q., et al. (2020).	 Importation	and	
Human-to-Human	Transmission	of	a	Novel	Coronavirus	
in Vietnam. N Engl J Med.	2020	Feb	27;382(9):872-874.	

10. Hao,	L., Xiaolin X., Shenglan, X., Xifeng,	W.,	&	Yuelong 
S. (2020). Household	 transmission	 of	 COVID-19-a	
systematic review and meta-analysis. J Infect.	2020	Dec;	
81(6):	979–997. 

11.	 Fadaka,	A.O., Sibuyi, N.R.S., Adewale O.B., Bakare, 
O.O., et al. (2020). Understanding	 the	 epidemiology,	
pathophysiology,	diagnosis	and	management	of	SARS-
CoV-2. Journal of International Medical Research. 
2020; 48(8):	1–23. 

12.	 RAHMAN,	 Aminur;	 MAHMOOD,	 Abu	 Kholdun	 Al.	

Crisis	 in	 Availability	 of	 Medicine	 and	 Healthcare	
Facilities	 during	 the	 COVID-19	 Crisis:	 Reality	 or	
Manipulation	 in	 Bangladeshi	 Market?.	 International 
Journal of Human and Health Sciences (IJHHS), 
[S.l.],	2020;		5(2):	p.	133-138,	oct.	 .	ISSN	2523-692X.	
Available	 at:	 <https://ijhhsfimaweb.info/index.php/
IJHHS/article/view/249>.	Date	accessed:	03	nov.	2021.	
doi:http://dx.doi.org/10.31344/ijhhs.v5i2.249.

13.	Rahman,	S.	Z.,	&	Khan,	S.	(2020).	Patients’	case	scenario	
as	well	as	approaches	and	strategies	adopted	to	manage	
COVID-19	 pandemic	 at	 Aligarh	 Muslim	 University,	
Aligarh, India. Bangladesh Journal of Medical 
Science, 19, S 28–S 35. https://doi.org/10.3329/bjms.
v19i0.47832

14.	 Nomani,	 M.,	 &	 Parveen,	 R.	 .	 (2021).	 COVID-19	
pandemic	 and	 disaster	 preparedness	 in	 the	 context	 of	
public	health	laws	and	policies.	Bangladesh Journal of 
Medical Science, 20(5), 41–48. https://doi.org/10.3329/
bjms.v20i5.55405

15. Rajgor,	 D.D.,	 Lee,	 M.H.,	 Archuleta,	 S.,	 Bagdasarian,	
N.,	 &	 Quek	 S.C.	 (2020).	 The	 many	 estimates	 of	 the	
COVID-19 case fatality rate. Lancet Infect Dis. 2020 
Jul;20(7):776-777.

16.	 Oleribe,	 O.O., Osita-Oleribe, P.,	 Salako B.L, Ishola 
T.A.,	 Fertleman M.F., Taylor-Robinson S.D. (2020). 
COVID-19	 Experience:	 Taking	 the	 Right	 Steps	 at	
the	 Right	 Time	 to	 Prevent	 Avoidable	 Morbidity	 and	
Mortality	 in	 Nigeria	 and	 Other	 Nations	 of	 the	World.	
International Journal of General Medicine.	2020:	491-
495. 

17.	 Public	 Health	 Center	 of	 the	 Ministry	 of	 Health	 of	
Ukraine.		 URL:	  https://www.phc.org.ua/ 

18.	 National	 Health	 Service	 of	 Ukraine. URL:	 http://nszu.
gov.ua 

19.	 State	 Statistics	 Service	 of	 Ukraine.	 URL:	 http://www.
ukrstat.gov.ua 

20.	 Yurchenko,	 M.E.	 Forecasting	 and	 analysis	 of	 time	
series.	 Methodical	 instructions	 for	 practical	 classes	
and	 independent	 work	 of	 students	 majoring	 in	 051	
“Economics”	 educational	 program	 “Economic	
Cybernetics”,	 “Economic	 Analytics”.	 Chernihiv:	
ChNTU,	2018.	

21.	 Sazykin,	 V.L.	 (2004).	 A	 new	 method	 of	 integrated	
evaluation. OGU Bulletin.	№12.	2004.	137	-	141. 

22. Gao,	Y.D.,	Ding,	M.,	Dong,	X.,	Zhang,	J.J.,	Kursat	Azkur,	
A.,	Azkur,	D.,	et al. (2021). Risk	factors	for	severe	and	
critically	 ill	 COVID-19	 patients:	 A	 review. Allergy. 
2021; 76: 428–455. 

23. Dhama,	 K.,	 Patel,	 S.K.,	 Natesan,	 S.,	 Vora,	 K.S.,	 Iqbal	
Yatoo,	M.,	Tiwari,	R.,	 et	 al.	 (2020).	COVID-19 in the 
elderly	people	and	advances	in	vaccination	approaches. 
Human Vaccines & Immunotherapeutics. Volume	 16,	

https://www.who.int/docs/default-source/coronaviruse/situation-reports/20210309_weekly_epi_update_30.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20210309_weekly_epi_update_30.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20210309_weekly_epi_update_30.pdf
file:///E:/BJMS/2023/04.%20October/Articls/03.%20Original%20Article/Alla%20Ukr/javascript:;
https://doi.org/10.3329/bjms.v20i5.55559
https://doi.org/10.3329/bjms.v20i5.55559
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lei H%5BAuthor%5D&cauthor=true&cauthor_uid=32858069
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu X%5BAuthor%5D&cauthor=true&cauthor_uid=32858069
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xiao S%5BAuthor%5D&cauthor=true&cauthor_uid=32858069
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu X%5BAuthor%5D&cauthor=true&cauthor_uid=32858069
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shu Y%5BAuthor%5D&cauthor=true&cauthor_uid=32858069
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shu Y%5BAuthor%5D&cauthor=true&cauthor_uid=32858069
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7446647/
https://ijhhsfimaweb.info/index.php/IJHHS/article/view/249
https://ijhhsfimaweb.info/index.php/IJHHS/article/view/249
http://dx.doi.org/10.31344/ijhhs.v5i2.249
https://doi.org/10.3329/bjms.v19i0.47832
https://doi.org/10.3329/bjms.v19i0.47832
https://doi.org/10.3329/bjms.v20i5.55405
https://doi.org/10.3329/bjms.v20i5.55405
https://www.phc.org.ua/
https://translate.google.com/translate?hl=ru&prev=_t&sl=uk&tl=en&u=http://nszu.gov.ua
https://translate.google.com/translate?hl=ru&prev=_t&sl=uk&tl=en&u=http://nszu.gov.ua
https://translate.google.com/translate?hl=ru&prev=_t&sl=uk&tl=en&u=http://www.ukrstat.gov.ua
https://translate.google.com/translate?hl=ru&prev=_t&sl=uk&tl=en&u=http://www.ukrstat.gov.ua
https://www.tandfonline.com/toc/khvi20/current


784

Bangladesh Journal of Medical Science Vol. 22 No. 04 October’23

2020;	16(12):	2938-2943. 
24. Shi,	P.,	Dong,	Y.,	Yan,	H.,	Zhao,	C.,	Li,	X.,	Liu,	W.,	et al. 

(2020). Impact	 of	 temperature	 on	 the	 dynamics	 of	 the	
COVID-19	outbreak	in	China.	Sci Total Environ. 2020 
Augst;	728(1): 138890. 

25. Bashir, M.F., Ma, B., Bilal, Komal, B., Bashir, M.A., 
Tan,	D.,	Bashir,	M.	(2020).	Correlation between climate 
indicators	and	COVID-19	pandemic	in	New	York,	USA. 
Sci Total Environ. 2020 August;	728(1):	138835. 

26.	 Shojaee, S.,	 Eslami, P., Dooghaie Moghadam, A., 
Pourhoseingholi, M.A., Ashtari, S., Vahedian-Azimi, A., 
et al. (2021). A	cluster	analysis	of	epidemiological	and	
clinical	factors	associated	with	the	accumulation	process	
of	the	burden	of	COVID-19	in	European	сountries.	Acta 
Biomed.	2021;	92(1):	e2021022. 

27.	Wang,	X.-Q., Song, G., Yang, Z., Chen, R.-J., Zheng, Y.-
L.,	Hu,	H.-Y.,	et al. (2020). Association between ageing 
population,	median	age,	life	expectancy	and	mortality	in	

coronavirus disease (COVID-19). Aging (Albany NY). 
2020	Dec	31;	12(24):	24570–24578.

28. Correa-Martínez, C.L., Kampmeier, S.,	 Kümpers,	 P.,  
Schwierzeck, V., Marc	 Hennies, M., Wali	 Hafezi,W.,	
et al. (2020). A	Pandemic	in	Times	of	Global	Tourism:	
Superspreading	 and	 Exportation	 of	 COVID-19	
Cases	 from	 a	 Ski	Area	 in	Austria.	 Journal of Clinical 
Microbiology. 2020	April;	58(6).  

29. Lin, Y., Zhong P., Chen,	T.	(2020)	Association Between 
Socioeconomic	Factors	and	the	COVID-19	Outbreak	in	
the	 39	Well-Developed	Cities	 of	China. Fronts Public 
Health. 2020 October.  

30.	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. 2020; 395:689–97.	

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7803535/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7803535/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7803535/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schwierzeck V%5BAuthor%5D&cauthor=true&cauthor_uid=32245833
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schwierzeck V%5BAuthor%5D&cauthor=true&cauthor_uid=32245833
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hennies M%5BAuthor%5D&cauthor=true&cauthor_uid=32245833
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hafezi W%5BAuthor%5D&cauthor=true&cauthor_uid=32245833
https://journals.asm.org/journal/jcm
https://journals.asm.org/journal/jcm
file:///C:\Users\Scorpion\AppData\Local\Temp\58(6
https://www.frontiersin.org/people/u/940752

