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MATHEMATICAL PREDICTION OF THE NUMBER OF OFFICIALLY REGISTERED
HIV-POSITIVE PEOPLE IN THE REGION AS A TOOL FOR PLANNING EXPENSES
IN DIFFERENT DIRECTIONS OF EPIDEMIC COUNTERACTION
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Purpose — to conduct prediction of the expenses for treatment, care and support of PLWH in the period of the current target
social program of HIV/AIDS counteraction (2017-2018) in Transcarpathian region with the use the technology of mathematical
prediction of the number of registered HIV-positive people in the region.

Methods of study: statistical, retrospective epidemiological, of mathematical prediction, information-and-analytical, of systemic
analysis.

Results. The results forecast, the expected number of new HIV infections in 2016 is 87—88 individuals in 2017 and 2018 — 89—
90 and 90-91 people person respectively. The number of officially registered HIV-positive people by the end of 2016 forecast
will be 469-470 people, and at the end of the period of the Programme Against HIV/AIDS (2018) — 584-585 people. Estimated
costs for direction HIV treatment in 2018 will increase compared to 2014 by 3.5 times (in US dollars), and the cost of care and
support in 2018 will be lower than costs in 2014 by 17.6%.

Conclusions. Mathematical prediction applying synthesized scheme predicting the number of officially registered HIV-positive
people at the regional level can be used as an instrument for planning expenses to provide the directions of treatment and care

and support for HIV-positive people in subsequent years of the implementation of these measures.
Key words: mathematical prediction, HIV-positive people, costs of countering HIV/AIDS.

INTRODUCTION

State and national programs in Ukraine aimed at
HIV/AIDS epidemic counteraction are, in their essence, there
programs of organizing the provision of different services
(medical, social, psychological, etc.) for target groups of
population, directed to solving the main goal and tasks of
these programs [5]. Basic share among the measures of
implementing such programs constitute the areas of medical
services (preventive, diagnostic and therapeutic) for the
representatives of different groups of population, including
persons registered in groups at risk concerning HIV and
people living with HIV (PLWH) [12]. When planning provision
of services included in the program, the key point is the
availability of information on the expected number of the
consumers of these services on the territory of the program
implementation for the period of its implementation. The
measures of the program have clear numerical indices of
their implementation, in particular the indices of covering the
representatives of target groups of population with special
services and activities [10]. Thus, all tasks and measures for
the implementation of the current State target social program
aimed at HIV/AIDS counteraction for the years 2014-2018
are put together in five groups: organizational objectives and
measures; preventive tasks and activities; laboratory
diagnostics and assurance of the quality of studies; treatment
of patients with HIV/AIDS and also care and support. When
planning activities on prevention of HIV-infection among the
representatives of different groups of population official data
of the State statistics are taken or, in case of developing the
activities for groups at risk, the rating data [7] are used, which
are determined at the national level based on the results of
the special epidemiological and behavioral studies [9]. Group
of measures in the program that are aimed at providing

services to PLWH (the treatment of patients with HIV/AIDS,
care and support) requires the data on prediction of the
number of representatives of this group for the period of the
program implementation. At the national level to assess the
number of PLWH used the program Spectrum/EPP 4.47 is
used [15]. However, at the regional level the application of
this software is limited. Therefore, the introduction of
techniques of quantitative forecasting of the characteristics
and methods of determining the estimated number of groups
at risk is limited and is not currently in use. To solve the
problem of determining the estimated number of groups at
risk at regional level a special information technology was
developed [6], but in the case of planning specific activities to
provide services of treatment, care and support for PLWH at
the level of region, or a specific health care institution,
information is need not only about the estimated number of
PLWH living in the region, but also about the prognosis of the
number of PLWH who are registered in health care
institutions on HIV/AIDS counteraction in the region. This is
especially important for efficient planning of the necessary
financial resources and projected expenses for specific
activities of the program for the annual stage of its
implementation.

Purpose of study — to conduct prediction of the
expenses for treatment, care and support of PLWH in the
period of the current target social program of HIV/AIDS
counteraction (2017-2018) in Transcarpathian region with the
use the technology of mathematical prediction of the number
of registered PLWH in the region.

MATERIALS AND METHODS

The following methods were used to reach the goal of

study:  statistical, retrospective  epidemiological,  of
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mathematical  prediction, information-and-analytical, of
systemic analysis.

The next coming basic quantitative characteristics of
officially registered HIV-infected persons in the region:

— new case of HIV-infection in the chosen year;

— new case of AIDS in the chosen year;

— number of HIV-positive persons by the end of the
year;

— number of persons sick for AIDS by the end of the
year.

Mathematical prediction of the number of officially
registered PLWH was carried out with the use of synthesized
prognosing scheme [13] on the base of the following
methods: method of autoregression, method of least squares
with weights, Brown's method (linear and quadratic model),
Winters method.

Retrospective analysis of principal quantitative
characteristics of officially registered HIV-positive persons in
the region in 1987-2015 was conducted for the formation of
variation series. The data of State Statistical Report of the
Ministry of Health of Ukraine — reporting forms Ne 2 — AIDS
(annual) in Transcarpathian region and official bulletins «HIV-
infection in Ukraine» of Ministry of Health of Ukraine [1-3]
were taken as the sources of information.

Basic numbers of expenses in 2015 in principal
directions of the program (prevention, treatment, care and

support and organizational measures), were received by the
results of the financial and program monitoring and evaluation
of actions of the measures of State target program of
HIV/AIDS counteraction for the years 2014-2018 in 2015
results [4] according to the methods defined by the Plan of
monitoring and evaluation of the effectiveness of the
implementation of State target social program of HIV/AIDS
counteraction for the years 2014-2018 [11].

THE RESULTS OF STUDY
AND THEIR DISCUSSION

Key index in predicting the expenses per calendar
year in the directions «Treatment of HIV-positive and AIDS
patients», and «Care and support for PLWHD>» is the estimated
number of recipients of the services in those directions at the
end of the calendar year which is the maximal estimated
number of persons in the target group.

Therefore, in our study the prediction of the following
indices was conducted: index «New cases of HIV-infection in
a chosen year», index «New cases of AIDS in a chosen
year», index «Number of HIV-positive persons at the end of
the year» and index «Number of persons with AIDS at the
end of the year».

These indices for the period from 1987 to 2015 in
Transcarpathian region are shown in Table 1.

Table 1

The values of principal quantitative characteristics (indices)

of officially registered HIV-infected persons in the region in 1987-2015

vears Newlcases. of New cases Number of HIV-positive persons Number of persons with AIDS
HIV-infection of AIDS at the end of the year at the end of the year
1987-1995 6 1 6 1
1996 10 1 8 2
1997 27 2 35 2
1998 21 2 51 2
1999 20 4 63 4
2000 17 1 77 4
2001 26 3 94 4
2002 12 6 91 4
2003 10 4 77 7
2004 14 22 73 16
2005 36 9 100 23
2006 22 6 109 18
2007 43 3 136 16
2008 42 5 154 17
2009 50 5 185 16
2010 62 3 221 16
2011 63 10 251 22
2012 82 32 288 40
2013 81 35 322 57
2014 83 38 370 87
2015 71 52 421 124

As it can be seen from Table 1, all the indices for the
analyzed period tend to vary due to a number of reasons,
among which the main is that the data on only officially
registered PLWH are considered. Thus, in particular the index
«New cases of HIV infection» each year depends on the level

of HIV testing coverage, the level of recording of new HIV-
infection cases etc.

Indices «Number of HIV-positive people at the end of
the year» and «Number of persons with AIDS at the end of
the year» are considerably dependent on the level of removal
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PLWH from the register in the current year, including those
who are removed from the register because of death.
Average quadratic error (A) and average relative
error (u) was used in the assessment of the quality of
prediction for different steps of prediction (t) which are
correspondingly counted out according to the formulas:

A A
p== YA
n t=1 Vt

where: n — amount of excerption, vt (t=1, ..., n) — dynamic line.

The following values of the errors of prediction for
individual indices were obtained as a result of the work of
prediction schemes for the various steps of prediction.

The results for indices «New cases of AIDS» and
«Number of persons with AIDS at the end of the year»
were similar.

The values of the prediction errors given in Table 2
testify the efficiency of the method applied. So, the small
values of the average quadratic and average relative errors
indicate the feasibility of application of prediction scheme [13]
for projecting the number of officially registered HIV-positive
people in the region.

Thus, the results of projecting of the indices of target
group quantitative characteristics with the application of
synthesized prediction scheme are presented in Figure 1-4.

Table 2
The values of the errors of prediction

for individual indices of target group quantitative characteristic

Year Error Index «Number of HIV-positive persons Index «New cases of HIV-infection»
at the end of the year»
2015 A (1=1) 2.0878 0.9607
p (t=1) 0.0043 0.008
2017 A (1=3) 3.4319 1.2348
p (t=3) 0.0051 0.0074
2019 A (1=5) 1.4689 0.9617
u (t=5) 0.0024 0.0064
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Fig. 1. Results of «New cases of HIV-infection» index prediction

ISSN 2415-8763. ExoHOMiKa i npaBo oxopoHu 3a0poB’s. Ne 2 (4), 2016

33



EKOHOMIKA OXOPOHU 300POB’A

60
50
/
40 \
30 ‘.' v dfti
2 y = Predicted
20 £ :
10 et 3
[:] -.--.---l" 'r‘.‘u"‘ . o I
2 b o 4 2 = =) o
= = ) 5 o W ol -
ST S S
o
N
Fig. 2. Results of «New cases of AIDS» index prediction
700
s
600 7
500 /,/
; /] ==s=s= Real
e 7 data
300 “-"i — Predicted
200 3 o data
100 e et
0 4= '.-" 1
2] B > -3 N, o ™ a 9
3 N N ~ > N "
e S T A S
oo
"\..

Fig. 3. Results of «Number of HIV-infected persons at the end of the year» index prediction
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Fig. 4. Results of «Number of persons with AIDS at the end of the year» index prediction

Corresponding calculated predicted values of the
indices of quantitative characteristics of officially registered
HIV-infected persons in the region for 2016-2018 are
presented in table 3.

As it is shown in Table 3, according to the results of the
prediction conducted the expected number of new cases of
HIV-infection in 2016 is 87-88 persons, in 2017 and 2018 —
89-90 and 90-91 persons respectively. 469—-470 HIV-infected
persons are expected to be officially registered by the end of
2016 with 584-585 expected by the end of the period of

implementation of the current for HIV/AIDS
counteraction (2018).

The latest evaluation of the expenses for the
measures of HIV/AIDS epidemic counteraction in
Transcarpathian region was carried out according to plan of
the program monitoring and effectiveness assessment [11] by
the results of the year 2014 [4]. The results of the allocation
of expenses for HIV/AIDS counteraction in principal directions
of program activities in 2014 in the region are presented

in Figure 5.

program

Table 3

Calculated predicted values of the indices of quantitative characteristics
of officially registered HIV-infected persons in the region for 2016-2018

Year New cases New cases Number of HIV-positive persons Number of persons with AIDS
of HIV-infection of AIDS at the end of the year at the end of the year
2016 87.3657 31.7665 469.6764 64.5915
2017 89.3968 37.8206 524.9736 70.9085
2018 90.967 41.9948 584.2279 69.4463
Prophylaxis;

Organizational —— 1238.27: 22%

measures;

3611.1; 66%

Treatment;

626.48; 11%

Care and support;
30.32: 1%

Fig. 5. Allocation of expenses for HIV/AIDS counteraction
in principal directions of program activities in Transcarpathian region in 2014 (thous. UAH)
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As it is shown in Figure 5, the main share of expenses
(66.0%) in 2014 was directed to the implementation of
organizational measures. The share of expenses that were
focused on measures of treatment and care and support for
PLWH from total amount of expenditure for epidemic
counteraction was negligible and composed only 11.0% and
1.0%, respectively.

Naturally, that the increase of the number of PLWH
who will be officially registered in the region in 2017-2018
(Table 3) will respectively increase the amount of expenses
for the measures aimed at providing medical and non-medical
services to PLWH. Therefore, the total expenses for the
directions of program activities such as PLWH treatment and
care and support for PLWH will rise even while maintaining
the existing system of providing these services to the
representatives of target group. Introduction in the frames of
UN Joint Program on HIV/AIDS (UNAIDS) of UNAIDS
strategy 2016—2020 «The acceleration directed to zero-90-
90-90» (Fast-Track) [14], which stipulates as one of the
objectives that by 2020 90% of PLWH will receive specific
treatment, would lead to considerable increase of the
expenses for treatment in the following years. Thus, to
achieve this goal by 2020 in Ukraine it is hecessary to cover
another 178 200 PLWH with treatment which is 2.6 times
more than the number of people who were receiving
antiretroviral therapy (ART) in 2015 (68 455 PLWH (only 31%
of the valued number of PLWH)) [3]. According to experts, the
number of PLWH receiving treatment should reach by the
end of 2018 118 240 persons, that composes 53.75% of the
valued number of PLWH at the beginning of 2016 [3]. Taking
into consideration that only 126 604 (58.0% of PLWH valued
number (220 000) were under medical supervision in Ukraine
at the beginning of 2016, to achieve the goals set, the
coverage of PLWH with treatment by the end of 2018 should
make up at least 90% of the persons under medical
supervision. The predicted humber of PLWH who should be
covered with treatment at the end of 2018 in Transcarpathian
region is 525 persons (90% of the valued number of officially
registered PLWH by the end of 2018).

146 PLWH which represented 39.5% of persons at
clinical accounting were receiving treatment in
Transcarpathian region at the end of 2014. The expenses for
providing this direction in 2014 amounted to 626.48 thousand
UAH (11.0% of all expenses for combating the epidemic)
(Fig. 5). As the drugs for antiretroviral therapy are
manufactured exclusively abroad it is correctly to calculate
the expenses for ensuring treatment equivalently to US dollar.
Consequently, the costs of providing treatment for
146 persons in Transcarpathian region in 2014 composed
52.73 thousands of US dollars (according to average annual
exchange rate of The National Bank of Ukraine [8]).

Calculation of necessary expenses for providing
coverage of 90% of PLWH dispensary group with ART during
2016-2018 in Transcarpathian region in US dollar terms
equivalent is presented in Table 4.

As it can be seen from Table 4, the estimated amount
of expenditures for the treatment of HIV-positive people in
2018, subject to fulfillment of the plan of PLWH coverage with
ART, will increase compared to 2014 year 3.5 times (in US $).

Table 4

Calculation of necessary expenses

for providing coverage of 90% of PLWH
dispensary group with ART during 2016-2018
in Transcarpathian region (thous. US $)

PLWH PLWH Valued
Year | dispensary covered necessary

group with ART expenses
2016 469-470 422-423 152.34-152.7
2017 524-525 472-473 170.39-170.75
2018 584-585 526-527 189.89-190.25

A slightly different situation we find in assessing the
expenses for PLWH care and support. Thus, care and
support concerns mostly persons with AIDS. Expenses for
providing care and support to 87 PLWH in Transcarpathian
region in 2014 amounted to 30.32 thousands UAH
(equivalent to 2.55 thousands US $). Calculation of the
necessary expenses for providing care and support to
patients with AIDS for 2016-2018 in the Transcarpathian
region in US dollar equivalent is presented in Table 5.

Table 5

Calculation of the necessary expenses

for providing care and support to patients with AIDS

for 2016-2018 in the Transcarpathian region (thous. US $)

vear Clinically accounted Valued necessary
patients with AIDS expenses
2016 64-65 1.92-1.95
2017 70-71 2.10-2.13
2018 69-70 2.07-2.10

As it can be seen from Table 5, projected expenses for
care and support of PLWH in 2018 will be 17.6% lower than
actual expenses in 2014. It is natural, for with expanded
coverage with ART, the number of PLWH with AIDS developed
will diminish, that is a sign of treatment effectiveness.

The results of the study presented do not take into
account every possible external influence upon the situation
that are during such a long period of prediction. At the same
time mathematical forecasting the number of officially
registered HIV-positive people in the region is an effective
instrument of preliminary prognosis of potential expenses for
treatment and care and support for PLWH at regional level.

CONCLUSIONS

The results of study conducted give possibility to make
conclusions:

Mathematical prediction applying synthesized scheme
predicting the number of officially registered PLWH at the
regional level can be used as an instrument for planning
expenses to provide the directions of treatment and care and
support for PLWH in subsequent years of the implementation
of these measures.
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The evaluation conducted showed that the sum of the increase in 3.5 times compared to 2014 year (equivalent to
expenses for the direction of the treatment of HIV-infected US $). At the same time, the predicted amount of expenses
patients in 2018, under the condition of the plan fulfillment the for PLWH care and support in 2018 will be 17.6% lower than
coverage of PLWH from dispensary group with ART will actual expenses in 2014.
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Mamemamu4He npo2Ho3yeaHHs1 YucesibHoCmi
ogpiyitiHo 3apeecmposaHux Bll-ingikoeaHux oci6
Y pe2ioHi sIK iHcmpymMeHm nnaHyeaHHs1 aumpam
3a HanpsiMKamu npomudii enioemir

1.C. Mupontok, O.FO. Myneca
OBH3 «Yxropoacbkuii HauioHanbHWI YHIBEPCUTETY,
M. Yxropop, YkpaiHa

Mema — npoBecT\ NPOrHO3yBaHHSA BUTpPaT Ha 3axoau
nikyBaHHa Ta pgorngagy i nigtpumku BlJ-iHikoBaHmMx Ha
nepiog Aii 4uHHOI nporpamu npotugii BlJl-indpekuii/CHIOy
(2017-2018 pp.) y 3akapnaTtcbkin obnacti 3 BUKOPUCTAHHAM
TexHonorii  MaTeMaTU4yHOro MPOrHO3yBaHHS  YMCENbHOCTI
oiuinHo 3apeectpoBaHux BIJT-iHikoBaHWX y perioHi.

Memodu: CTaTUCTUYHUNA, pPeTpOCNEKTUBHUN,
enigemionorivyHun, MaTeMaTU4YHOro NPOrHO3yBaHHS,
iHpopmaUiiHo-aHani TUYHWMIA Ta CUCTEMHOTO aHaniay.

Pe3ynbmamu. 3a pesynbtatamMm MNpPOrHO3yBaHHS,
odikyBaHa KinbkiCTb HoBUX Bunagkis BlJl-iHdekuii y 2016 p.
cTaHoBuTb 87-88 ocib, y 2017 Ta 2018 pp. — 89-90 ocib Ta
90-91 ocoba BigNoBIgHO. KinbkicTb odilinHo
3apeecTtpoBaHux BIJl-iHdikoBaHuXx oci6 Ha kiHeub 2016 p.
NporHo3oBaHo crtaHoBuUTUME 469-470 ocib, a Ha KiHelb
nepiogy peanisauii nporpamu npotugii enigemii BIJT-indpexuii/
CHILy (2018 p.) — 584-585 oci6. MNporHo3oBaHa cyma 3atpat
Ha HanpsmMok nikyBaHHA BIJl-iHdikoBaHmx y 2018 p. 3pocte
nopisHsHO 3 2014 p. y 3,5 pasy (y ponapax CLWA), a Butpatu
Ha gornsag i nigTpumky y 2018 p. 6yayTb MeHLWi 3a BUTpaTu
y 2014 p. Ha 17,6%.

BucHoeku. MatemaTnyHe MpPOrHO3yBaHHS YMCENbHOCTI
odpiuinHo 3apeectpoBaHux BlJT-iHdikoBaHUX Ha perioHanbLHOMY
piBHi MOX€e BUKOPWUCTOBYBATWUCSl SIK IHCTPYMEHT MNiiaHyBaHHA
BUTpaT Ha 3abe3neveHHs iX NikyBaHHs Ta gornagy i NigTpUMKn.
KJIIO4YOBI CJIOBA: wmatemaTuyHe nporHodyBaHHs, BIJl-
iHchikoBaHi, BUTpaTu Ha npotugito BINI/CHIy.

BIJOMOCTI [1PO ABTOPIB

Mamemamuuyeckoe npoa2Ho3upogaHue YucrieHHocmu
oghuyuanbHoO 3apea2ucmpupo8aHHbIX
BUY-uHhuyuposaHHbIX Uy, 8 pe2uoHe

KaK UHCmpyMeHm rniaHupoeaHusi 3ampam

no HanpaeJsieHUsM npomueodelicmeusi anudemMuu

U.C. MupoHrok, O.FO. Myneca
BY3 «Y>XropoAckuit HaLMOHarnbHbIA YHUBEPCUTETY,
r. Yxropog, YkpavHa

Lenb — npoBecTn NpPOrHo3npoBaHMe pacxofoB Ha
neyenune, yxog wu nopaepxky BUY-uHdbdUUMpOBaHHLIX Ha
nepvon AencTeuns AencTByloLLen nporpammebl

npoTtnsogencTeusa BUY-nudpekumn/Crida (2017-2018 rr.) B
B3akapnatckon o6nactu C MCMNONb30BaHMEM TEeXHOMoruu
MaTeMaTU4eCcKoro NPOrHO3MpOBaHNSA YNCMNEHHOCTN
odmumanbHO 3aperncTpupoBaHHbix BUY-nHdMLMpoBaHHbIX B
pervoHe.

MemoOsr: CTaTUCTUYECKMNA, pPeTPOCMNEKTUBHBIN
3ANMAEMUONOMMYECKNA, MaTEMATMYECKOro NPOrHO3NpPOBaHWS,
WH(OPMaLMOHHO-aHaNUTUYECKMIA 1 CUCTEMHOTO aHanuaa.

Pe3ynbmamai. o NporHosam, oXxmgaeMoe Konm4ecTBo
HOBbIX cnyyaes BWY-undekuun B 2016 r. coctaBut 87—
88 yenosek, B 2017 n 2018 rr. — 89-90 yenosek n 90—
91 4emnoBek cooTBeTCTBEHHO. KonuyectBo odumumansHO
3aperncTpmpoBaHHbiXx BUY-HMpUUMPOBaHHBIX NUL, Ha KOHeL,
2016 r. nporHo3uMpyemo cocTtaBuT 469-470 yenosek, a Ha
KOHeL, nepvoga peanusauuv nporpaMmmbl NPOTUBOAENCTBUS
anmgemnn  BUY-undpekumn/CNAO0a  (2018) -  584—
585 yenosek. [lporHo3upyemass cymma 3aTtpaT Ha
HanpaBneHne nedyeHns BWUY-nHdbumumpoBaHHbix B 2018 T.
Bo3pacTeT no cpaBHeHuto ¢ 2014 r. B 3,5 pasa (B gonnapax
CLWIA), a pacxoabl Ha yxoa wn nopgaepxky B 2018 r. 6yayt
MeHbLue pacxodoB B 2014 1. Ha 17,6%.

Bbi1800bl. MaTemaTnyeckoe NpOrHo3npoBaHune
YUCMEHHOCTN  odbmumanbHO  3aperncTpupoBaHHbIX BUY-
WH(MLUMPOBAHHBIX Ha  PErMoHanbHOM  YPOBHE  MOXET

MCMNOmnb30BaTbCA KaK MHCTPYMEHT MMaHMpOBaHWUst 3aTpaTt Ha
obecneyveHune nx neyeH1s n yxona v nogaepxKu.
KITIOYEBBIE CJIOBA: matematunyeckoe nporHo3vpoBaHue,
BWY-nHpmumpoBaHHble, pacxogbl Ha nNpoTUBOAENCTBUE
BWY-nHdpekumn/CrNda.

MupoHrok leaH Cessmocniaeosuy — o.mMeA.H., Aou. kadeapu nynsMoHororii i pTusiatpii ABH3 «Yxropoacbknii HauioHansHWM
yHiBepcuTeT»; nn. HapogHa, 3, M. Yxropog, 3akapnartceka 06r., 88000, YkpaiHa.

Myneca OkcaHa FOpiieHa — k.T.H., fou,. kadenpm kibepHeTuku i npuknagHoi matematukm OBH3 «Yxropoacbkuii HauioHansHWM
yHiBepcuTeT»; nn. HapogHa, 3, M. Yxropog, 3akapnartcbka 06s., 88000, YkpaiHa.
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