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Abstract. Main characteristics and prognosis of development of HIV epidemic in Dnipropetrovsk region.
Shostakovych-Koretskaya L.R., Lytvyn K.Yu., Gubar 1.O., Chukhalova LV., Gudova M.G., Lopatenko A.A. The
epidemiological situation on HIV infection in Ukraine remains complicated due to high morbidity and mortality, which
requires a comprehensive study of this problem. Purpose of the work: to clarify the main patterns and characteristics of
prevalence of HIV infection in Dnipropetrovsk region and develop a prognosis for changes in the main epidemic
indicators. The study was based on reports from the Public Health Center of the Ministry of Health of Ukraine and
Dnipropetrovsk Regional Center for AIDS Prevention and Control. (2005-2017). To determine the main trends of
development and prognosis of epidemiological situation, methods of analysis of time series with the calculation of chain
growth rates and regression analysis were used. Analysis of the number of newly registered cases of HIV infection and
AIDS over a 13-year period (2005-2017) showed an increase in figures for HIV by 1.5 times, for AIDS - by 2.4 times in
Ukraine, and in Dnipropetrovsk region — by 1.9 times and by 3.0 times, respectively. A significant prevalence of
HIV/AIDS incidence rate in Dnipropetrovsk region as compared with national indicators in some years of the study and
on average over the entire observation period was determined — 92.8+4.2 cases of HIV infection per 100 thousand and
45.245.2 cases of AIDS per 100 thousand in the region versus 41.0x1.4 and 16.1£1.6 per 100 thousand of the
population in Ukraine (p<0.001). According to prognostic algorithms, in Dnipropetrovsk region until 2020, the annual
AIDS incidence rate is expected to increase to 80.7+£2.56 cases per 100 thousand people; AIDS mortality to 33.7+0.99
per 100 thousand people, which also predicts an increase in the incidence and mortality associated with opportunistic
infections. A calculated prognosis of HIV incidence rates and newly registered AIDS cases in Ukraine and the region
Jfor the coming years may be useful for predicting the number of opportunistic infections and calculating the needs for
hospitalization and treatment of HIV/AIDS patients.

Pedepar. OcHOBHbIE XapaKTePUCTUKH U NMPOruo3 pa3purtus nuaeMun BUU-undexuuu B IHenponeTpoBckomM
peruone. IllocrakoBuu-Kopenxas JI.P., JlutBun K.}O., Ty6aps U.A., Uyxasosa U.B., TI'ymoa M.T.,
JlomaTenko A.A. Snudemuonocuveckas cumyayus no BUY-unpexyuu 6 Ykpaurne ocmaemcs cioxiCHOU U3-3a 8b1COKOU
3a001e6aeMoCmu U CMEPMHOCMU, YMO Mpedyem 6cecmoponHez0 uzyueHus 3mou npobnemvl. Llenvio pabomei Obiio
BbIAICHUMb OCHOGHbBIE 3AKOHOMEPHOCIU U 0cobenHocmu pacnpocmpanennocmu BUY-ungexyuu 6 [Jnenponemposckom
pecuone u paspabomams npoecHo3 OMHOCUMENbHO UBMEHEHUL OCHOBHBIX dnudemMuieckux noxkasameneu. Mccneoosanue
basuposanocy na mamepuanax omuemos Llenmpa obwecmeennozo 300poges MO3 Ykpaunvl u [nenponempogckozo
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obracmuozo yewmpa no npogurakmuxke u 6opvoe co CIIHom (2005-2017 22.). [Qnsa onpedeneHuss OCHOBHbIX
MmeHOeHYull pazeumus U HPOSHOZUPOBAHUSA SNUOEMUOTIOSUYECKOU CUMYAYUU UCNONb308ANUCL MemOoobl aHANU3A
OUHAMUYECKUX PAO08 C PACUemoM YenHbIX MeMnos NPUPOCma U pecpecCUOHHbII aHanus. AHanu3 Koauyecmea enepsvie
sapezucmpuposannvix cayuaes BUY-unduyuposanus u CITHJ] 3a 13-nemnuii nepuod nokaszan pocm noxazameneil 8
Yrpaune 6 1,5 paza onss BUY u ¢ 2,4 pasza ona CIIH/, a ¢ /Jnenponemposckoii obnacmu — ¢ 1,9 pasza u ¢ 3,0 pasza
coomeemcmeenno.  Onpedeneno  3nauumenvHoe npeobnadanue yposHs 3abonesaemocmu BUY /CIIH ¢
Jnenponemposckom pezuone no cpasHeHuio ¢ 00WE20CYOAPCMBEHHBIMU HOKA3AMENAMU 6 OMOeIbHble 200bl
UCCIe008aHusi U 8 cpedHem 3a 6ecb nepuood Hadwoenus — 92,844,2 cnyvas BUY-unguyuposanus na 100 moic. u
45,245,2 cayyaa CIIAN una 100 meic. 6 obnacmu npomus 41,0€1,4 u 16,1+1,6 na 100 moic. Hacenenus ¢ Ykpaune
(p<0,001). Coenacno npoenocmuueckum aneopummam, 6 nenponempogckou obnracmu 0o 2020 200a oocudaemcs
pocm nokazamernetil edxce2o0Hou 3abonesaemocmu CIIH/] 0o 80,7+2,56 cayyaa na 100 meic. Hacenenus; cmepmuocmu
om CIIH[] 0o 33,7+0,99 na 100 moic. Hacenenus, Yymo maxodice NPOSHOIUPYem pocm 3a0071e8aeMoCmu U CMEPMHOCMUL,
CBA3AHHLIX C ONNOPMYHUCIUYECKUMU UHGekyuamy. Paccuumansiti npoeHo3 omuocumensHo ypogHeli 3a601e8aemocmu
BUY u enepsvie 3apecucmpuposannvix cayuiaee CIIH/ 6 Ykpaune u obracmu Ha 6ausxicativiue 2o0bl Modxcem Obimb
noaesHviM 0I5l NPOSHOZUPOBAHUA KOIUYECTN8A Cyuaed ONNOPMYHUCMUYeCKUX UH@eKyull u paciema nompedonocmel
o015 2ocnumanuzayuy u redenus nayuenmoe ¢ BUH/CITH]].

The issue of control of HIV/AIDS is one of the
most pressing in health care in Ukraine and
worldwide. According to UNAIDS/WHO, in 2017
the number of people living with HIV was 36.9
million, which is by 14% more than in 2010
(33.3 million people). In the European region,
mainly at the expense of Eastern European
countries, there is a negative trend in the HIV
situation: compared to 2000, the number of new HIV
cases registered annually increased by 20%, and the
tendency to decerae in mortality is very slow — only
5%. A large number of AIDS cases in Eastern
Europe indicates the seriousness of the problem
associated with late diagnosis of HIV, delayed onset
of treatment and low ART coverage [9]. The main
epidemic indicators of HIV and AIDS in Ukraine are
among the worst in Europe [8, 9], and in Dni-
propetrovsk region the rates of AIDS-related morbi-
dity and mortality are much higher than in most
other regions of the country [3, 4], which requires
special attention to this issue. There is a negative
trend towards late detection of HIV, which is
diagnosed in more than half of people with the 3rd
and 4th clinical stages [1, 4, 5, 6, 7]. Herewith, about
37% of patients have an initial level of CD4+T
lymphocytes <200 cells/pl. It is estimated that about
half of people living with HIV are unaware of their
status, which is very dangerous from an epide-
miological point of view [1, 5, 6, 7]. A significant
problem for the country is that more than 80% of
cases of HIV infection for the first time are
registered among people of working age — 25-
49 years [1, 4]. Thus, the epidemiological situation
with HIV infection in Ukraine and, in particular, in
Dnipropetrovsk region remains complicated and
requires a comprehensive study of this problem.
Active measures of the Dnipropetrovsk Regional
Center for AIDS Prevention and Control, which are
carried out to stop the epidemic should contribute to
the effective solution of this issue.
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Aim of the work is to find out the main patterns
and features of the prevalence of HIV infection in
Dnipropetrovsk region and to develop a prognosis
for changes in the main epidemic indicators.

MATERIALS AND METHODS OF RESEARCH

The information base of the study is formed from
the materials of state and sectoral statistical re-
porting on the levels and structure of HIV infection,
including reports of the Public Health Center of the
Ministry of Health of Ukraine and information of the
Dnipropetrovsk  Regional Center for AIDS
Prevention and Control (2005-2017) [3, 4].
Statistical processing of the study results was
performed using licensed software packages
STATISTICA v.6.1 (StatSoft, USA) (serial
number AGAR909E415822FA). To determine the
main trends (chronological trends) of development
and forecasting of the epidemiological situation
regarding the rate and number of morbidity and
prevalence of HIV and AIDS, as well as the
mortality rate from AIDS in Dnipropetrovsk region
and Ukraine, time series analysis methods were used
to calculate chain growth rates (CGR) and regression
analysis [2]. The forecast was based on linear
(y=a0+al « x) regression equations for 3 years
(2018-2020). The correspondence of the constructed
regression models with the actual data (adequacy)
was evaluated by Fisher's criterion (F), and the
optimality was evaluated by the value of the
coefficient of determination (12) [2].

RESULTS AND DISCUSSION

Analysis of the number of first registered cases of
HIV infection over a 13-year’s period (2005-2017)
showed an increase in morbidity in Ukraine by
1.5 times (from 29.2 to 42.8 per 100 thousand popu-
lation), and in Dnipropetrovsk region — by 1.9 times
(from 58.9 to 110.5 per 100 thousand population)
(Table 1). Comparison of HIV incidence rates in
Ukraine and Dnipropetrovsk region showed a

167



CLINICAL MEDICINE

probable predominance of indicators in the region
both in some years and on average for the whole
period — 92.8+4.2 per 100 thousand in the region
against 41.0£1.4 per 100 thousand population in
Ukraine (p<0.001). There were fluctuations in some
periods, including their decline in 2014-2015, which

may have been due to the situation in the country
during this period and the corresponding difficulties
in registering cases. On average, the growth rate of
HIV incidence in Ukraine ranged within the median
of 5.3 (IQR 0.2-7.9)%, in the region - the median —
7.2 (-3.7-16.0)%.

Table 1

Dynamics of HIV/AIDS incidence rate in population of Ukraine
and Dnipropetrovsk region for the period of 2005-2017

HIV patients AIDS patients
Years Ukraine Dnipropetrovsk region Ukraine Dnipropetrovsk region
per 100 | growth abs. per 100 growth abs. per 100 | growth abs. per 100 | growth
thousand| rates, % | number |thousand] rates, % | number |thousand] rates, % | number |[thousand|rates, %
2005 13770 29.2 - 2045 58.9 - 4217 9 - 778 224 -
2006 16078 34.4 17.8 2465 71.8 21.9 4723 10.1 12.2 1050 30.6 36.6
2007 17669 38 10.5 2668 78.2 8.9 4573 9.8 -3.0 715 21 -31.4
2008 18963 40.9 7.6 3084 90.5 15.7 4380 9.5 -3.1 782 23 9.5
2009 19840 43.2 5.6 3626 107.8 19.1 4437 9.7 2.1 928 27.6 20.0
2010 20489 44.6 3.2 3258 96.9 -10.1 5861 12.8 32.0 1116 334 21.0
2011 21177 46.2 3.6 3447 103.3 6.6 9189 20.1 57.0 1784 53.6 60.5
2012 19410 44.9 -2.8 3429 103.4 0.1 9690 224 11.4 1903 57.4 7.1
2013 20294 47.1 4.9 3450 104.7 1.3 9450 20.8 -7.1 2071 62.9 9.6
2014 19273 44.8 -4.9 3184 96.9 -7.4 9844 22.9 10.1 2120 64.5 2.5
2015 15869 37 -17.4 2881 88.2 -9.0 8468 19.8 -13.5 2047 62.7 -2.8
2016 17066 40 8.1 3085 95.1 7.8 8852 20.7 4.5 1982 61.1 -2.6
2017 18194 42.8 7.0 3581 110.5 16.2 9308 21.9 5.8 2181 67.3 10.1
Average
Mimor 183148+ 4104 53 30925+ 928+ 72 71532+ 161 52 14967+ 452+ (g'g_
Me (IQR)  595.6 1.4 0.2-7.9)  130.1% 4.2% (-3.7-16.0)  671.2 1.6  (-3.0-11.8) 165.6* 5.2% 20' 5)

Note: growth rate of indicator calculated relative to previous period in %;

Using regression analysis methods, mathematical
trend lines for HIV incidence rates have been
constructed (Fig. 1), which show a steady trend of
growth in the incidence rate at the regional level.
The regression equation for approximating the
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* —p<0.001 compared to Ukraine.

incidence of HIV in Dnipropetrovsk region is as

follows:
y=2.6681 * x+74.108, 1)
where y — predicted number of HIV cases per 100 thousand of

population, x — (year of prediction — 2004), 2.6681; 74.108 — calculated
coefficients of regression.
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HIV incidence rate (per 100 thousand of population)

140
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Notes: * — p<0.01; x — (year of prediction — 2004).
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Fig. 1. Dynamics of HIV incidence rate in Ukraine and Dnipropetrovsk region
for the period of 2005-2017 and prognosis for 2018-2020

Operational characteristics of the model: the
coefficient of determination R*=0.4675 and
Fisher's criterion F=9.66 (p=0.010) indicate the
probability of approximation and allow to predict the
level of HIV incidence in the region in the coming
years. Thus, the calculated prediction levels of HIV
incidence in Dnipropetrovsk region in 2018-2020
average 114.1+1.54 cases per 100 thousand of
population per year. At the national level, the
tendencies to increase in the level of HIV incidence
were less pronounced: R>=0.2669, Fisher's criteriont
F=4.0, p=0.070.

The incidence of AIDS cases grew more
significantly, the level of which in Ukraine increased
from 9.0 per 100 thousand in 2005 to 21.9 per 100
thousand in 2017 (2.4 times), in the region — from

22.4 up to 67.3 per 100 thousand of population (3
times) (Table 1), which indirectly indicates an
increase in the incidence of opportunistic diseases
[4, 5]. On average, the growth rate of the indicator in
Ukraine fluctuated within the median 5.2 (IQR -3-
11.8)%, in the region - the median 9.6 (0.0-20.5)%.

Mathematical lines of AIDS incidence trends also
show clear trends of growth of these indicators at the
national and regional levels. The regression
equations for approximating the level of AIDS
incidence shown in Figure 2 have high operational
characteristics:

- for Ukraine:
F=38.95, p<0.001;

-for the region: R>=0.851, Fisher's criterion
F=62.83, p<0.001.

R2=0.7798, Fisher's criterion

AIDS incidence rate (per 100 thousand of population)

2022 year

100
30 y =4,4385x +14,123
R%z=0,851*
60 -
40
20 -
y =1,3319x + 6,7923
0 T T T T T T R2= 9,7708* T
2004 2006 2008 2010 2012 2014 2016 2018 2020
——In Ukraine —&— Dnipropetrovsk region

Linear trend (Ukraine)
Note: * — p<0.001; x — (year of prediction — 2004).

Linear trend Dnipropetrovsk region

Fig. 2. Dynamics of AIDS incidence rate in Ukraine and Dnipropetrovsk region
for the period of 2005-2017 and prognosis for 2018-2020
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The predicted levels of AIDS incidence in
Ukraine in 2018-2020 average 26.8+0.77 cases per
100 thousand of population per year; in Dni-
propetrovsk region — 80.7+2.56 per 100 thousand
per year, which is 3 times more than the national
indicator.

The increase in the primary incidence of
HIV/AIDS leads to an increase in the number of
such patients. Analysis of dispensary statistics for

2005-2017 showed significant growth rates of these
indicators at both national and regional levels
(Table 2), as well as a probable predominance of
intensive indicators of HIV/AIDS in the region
compared to Ukraine (p<0.001).

These tendencies to growth of indicators are
shown also by the constructed mathematical lines of
trends (fig. 3, 4) which have very high indicators of
adequacy and optimality of models (Table 3).

Table 2

Dynamics of HIV/AIDS prevalence among population of Ukraine
and Dnipropetrovsk region for the period of 2005-2017

HIV patients AIDS patients
Years Ukraine Dnipropetrovsk region Ukraine Dnipropetrovsk region
abs. number | P€* 100 | growth abs. per 100 | growth abs. per 100 | growth abs. per 100 | growth
thousand] rates, % | number |thousand.| rates, % | number |thousand] rates, % | number |thousand| rates, %
2005 62888 133.5 - 11660 335.7 - 5092 10.8 - 709 204 -
2006 71958 154.3 15.6 12730 371.9 10.8 7175 15.4 42.6 1191 34.8 70.6
2007 81741 176.2 14.2 14079 414.2 11.4 8944 19.3 25.3 1444 42.5 22.1
2008 91717 198.6 12.7 15453 455.2 9.9 10410 22 14.0 1641 48.3 13.6
2009 101182 220.9 11.2 17196 512.7 12.6 11827 25.8 17.3 1983 59.1 224
2010 110401 242 9.6 18470 553.8 8.0 14030 30.8 19.4 2345 70.3 19.0
2011 120148 264.3 9.2 20105 605.9 9.4 18751 41.2 33.8 3218 97 38.0
2012 129136 283.4 7.2 21571 651.7 7.6 24090 52.9 28.4 4065 122.8 26.6
2013 139573 308.4 8.8 22962 697.8 7.1 29005 64.1 21.2 5073 154.2 25.6
2014 137970 3225 4.6 24125 736.6 5.6 33279 77.8 214 6156 188 21.9
2015 126604 297.2 -1.8 25181 769.2 44 34016 79.8 2.6 7142 218.1 16.0
2016 132945 313.3 5.4 26338 815.1 6.0 38730 91.3 14.4 7986 2471 133
2017 141371 333.3 6.4 27311 846.3 3.8 43816 103.3 13.1 8976 278.1 12.5
Average
(l)\l/‘ﬁ;; 111356.5+ 249.8+ 9.0 19783.2+ 5974+ 7.8 214742+  48.8+ 203 39945+  121.6% 22,0
(IQR) 7496 18.8 (5.9-12.0)  1468.6* 47.6* (5.8-10.3)  3638.5 8.7  (14.2-26.9) 778.6* 24.2%  (14.8-26.1)

Note: growth rate of indicator calculated relative to previous period in %; * — p<0.001 compared to Ukraine.
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HIV prevalence (per 100 thousand of population)
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Fig. 3 Dynamics of HIV prevalence in Ukraine and Dnipropetrovsk region
for the period of 2005-2017 and prognosis for 2018-2020

AIDS prevalence (per 100 thousand of population)
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Note: * — p<0.001; x — (year of prediction — 2004).

Fig. 4. Dynamics of AIDS prevalence in Ukraine and Dnipropetrovsk region
for the period of 2005-2017 and prognosis for 2018-2020

As can be seen from Table 3, calculated from the Relevant prognostic indicators of AIDS pre-
regression equations, the predicted levels of HIV  valence in these periods are: in Ukraine — 112.2+4.6
prevalence in Ukraine in 2018-2020 average 384.6£9.7 per 100 thousand of population, in the region —
cases per 100 thousand of population annually, in 296.2+12.6 per 100 thousand of population annually.
Dnipropetrovsk region — 949.6+25.4 per 100 thousand.
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Table 3.

Characteristics of mathematical models and prognosis of HIV/AIDS prevalence
in Dnipropetrovsk region for the period of 2018-2020

Parameters

Ukraine Dnipropetrovsk region

Prevalence of HIV-infection

Equation and characteristics of regression line

y =16.846x + 131.92

y =44.021x + 289.24

(trend) F=175.2; p<0.001; F=4633.7; p<0.001; R*=0.9976
R’=0.9409
Prognosis, per 100 thousand. M+tm 384.6+9.7 949.6+25.4
AIDS prevalence

Equation and characteristics of regression line
(trend)

Prognosis, per 100 thousand Mtm

y = 7.9264x - 6.6769
F=277.3; p<0.001;

y =16.846x + 131.92
F=194.8; p<0.001; R’=0.9465
R’=0.9618

112.2+4.6 296.2+12.6

Over the last 5 years, the number of cases of late
HIV detection (in 3-4 clinical stages) remains almost
unchanged (58.8% in 2012 and 56.1% in 2017 in
Dnipropetrovsk region), which corresponds to the
national data [4] and affects the prevalence of HIV
infection and high mortality rate [1, 6, 9]. The
analysis of AIDS mortality rates (2005-2017) also
showed negative trends in their growth. Every year
in Ukraine, more than 2,500 patients die of AIDS, an
average of 3024.7=151.2 people or 6.8+0.4 per 100
thousand of population, the average growth rate is a
median — 3.8 (IQR -3.4-13,0)%. In the Dnipro-

petrovsk region, the average mortality rate is
715.3£66.9 people or 21.5+£2.1 per 100 thousand of
population, with an annual growth rate by 9.9 (IQR -
1.7-25.0)%. The constructed regression lines
(trends) of mortality from the consequences of AIDS
also show clear tendencies to increase in indicators
at the national and regional levels and have high
operational characteristics (Fig. 5):

- for Ukraine: R2?=0.660, Fisher's
F=21.35, p<0.001;

- for the region: R?>=0.841, Fisher's criterion
F=58.16, p<0.001.

criterion

Mortality rate from AIDS (per 100 thousand of population)

y = 1,7099x + 8,046
2= 0,841%

y =0,2758x + 3,8692
R?=0,66*

2004 2006 2008 2010 2012

—2&A—In Ukraine
Linear trend (Ukraine)

Note: * —p<0.001; x — (year of prediction — 2004).

year

2014 2016 2018 2020 2022

—— Dnipropetrovsk region

Linear trend (Dnipropetrovsk region)

Fig. 5. Dynamics of mortality rate from AIDS in Ukraine and in Dnipropetrovsk region
for the period of 2005-2017 and prognosis for 2018-2020
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Predicted AIDS mortality rates in Ukraine in 2018-
2020 average 8.01+0.16 cases per 100 thousand of
population per year; in the Dnipropetrovsk region —
33.7+0.99 per 100 thousand per year.

Given the data of studies in our country [1, 4],
which indicate a significant number of people who
do not know about their HIV status, and those who,
even knowing about the status, remain out of the
dispensary, the situation with HIV in the region and
in Ukraine seems even more tense and it is needed to
raise awareness about the scale of this problem [5].

The calculated prognostic levels of AIDS
morbidity and mortality in Ukraine and in the
Dnipropetrovsk region naturally reflect the growth
of the incidence of opportunistic infections and
mortality from these diseases.

CONCLUSIONS
Thus, the analysis of statistical data and mathe-

region, with probably higher incidence rates and a
tendency to increase in the coming years at the
regional level. There are clear trends in the growing
number of newly registered AIDS cases, the total
number of HIV/AIDS patients and mortality from
their consequences both in Ukraine as a whole and
in the Dnipropetrovsk region. Calculated predictions
for HIV incidence rates and first-reported AIDS
cases in Ukraine and the region in the coming years
may be useful for predicting the number of
opportunistic infections and planning needs for
hospitalization and treatment of HIV/AIDS patients.

The research was performed within the research
work of the Department of Infectious Diseases of
Dnipropetrovsk Medical Academy of the Ministry of
Health of Ukraine "Epigenetic factors of diseases
associated with persistent infections in children and

matical modeling of trends showed some variability — adults” 2018-2021, No. 0117U004785 of state
in HIV incidence in Ukraine and Dnipropetrovsk registration.
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