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Abstract. Background. The purpose was to enhance the monitoring of orphan and socially significant diseases (ODs
and SSDs) in children by utilizing a geographic information system (G1S) and examining the relationship between the
prevalence of growth hormone deficiency (GHD), cystic fibrosis (CF), acute lymphoblastic leukemia (ALL), type 1
diabetes mellitus (T1DM) and eco-geophysical factors in the surrounding area. Materials and methods. Monitoring
the cases of GHD, CF, ALL and TIDM in children in the Odesa region was carried out from 2016 to 2020. We
recorded the findings of 862 children, among whom 92 had GHD, 54 had CF, §8 had ALL, and 628 had TIDM. The
study used clinical and epidemiological techniques, as well as a local GIS. To analyze the data, we used a local GIS
medico-social layer and overlaid it with the eco-geophysical layer of the same GIS. The study utilized information,
which was obtained through the Black Sea geophysical expedition conducted beforehand in the Odesa region. The
prevalence of diseases was analyzed by ¥’ test. A p-value < 0.05 was considered statistically significant. Results.
When testing the “null hypothesis” regarding the distribution of GHD, CF, ALL, and T1DM cases in children across
three physical-geographical zones in the Odesa region, the study found significant differences in disease prevalence
among the different areas. The forest-steppe zone, particularly the Ananiv district, had the highest prevalence of
GHD. Meanwhile, the highest occurrence of TIDM was registered in the Mykolaivka district of the steppe zone. In
the Transnistrian zone, the Biliaivka district had the highest rates of TIDM in children, while the Ovidiopol district
had the highest rates of CF, and Odesa had the highest rates of ALL. By examining the prevalence of GHD, CF, ALL,
and TI1DM in children alongside the mapping of geophysical, and environmental anomalies in the Odesa region,
it was discovered that eco-geophysical factors play a major role. Conclusions. The use of the GIS method in the
epidemiological study of GHD, CF, ALL, and T1DM in children contributes to the improvement of monitoring the
orphan and socially significant diseases.
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Introduction

Monitoring and tracking of orphan diseases (ODs) in
specific populations is essential for planning and imple-
menting effective preventive measures, evaluating interven-
tion strategies, and creating epidemiological forecasts. The
socially significant diseases (SSDs) are illnesses, which rank
highest in the morbidity and death rate in a country. The
ODs are congenital or acquired diseases that occur with
a frequency of no more than 1 : 2,000 [1]. It is important
to control the prevalence of SSDs and ODs because they
create a significant social and economic burden on society.
This is due to the psychological problems that children face,
which can lead to disability and a reduced quality of life.

Additionally, there are challenges with diagnosis, treatment,
rehabilitation, upbringing, and education [2].

Medical geographic information system (GIS) is a sys-
tem that acquire, store, analyze, and display geographically
linked data. By bridging the fields of biomedical and so-
cial sciences, this approach can effectively improve disease
monitoring [3, 4]. Mapping health information alongside
environmental and socioeconomic data can reveal the re-
lationship between the two. By comparing eco-geophysical
data and medico-social parameters, including health indi-
cators, a map can highlight the correlations between en-
vironment and health [5, 6]. A recent study found that an
orphan disease such as growth hormone deficiency (GHD)
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occurs unevenly among children in different areas of the
Odesa region [7]. The findings were interesting to compare
with the regional prevalence of other ODs and SSDs: cys-
tic fibrosis (CF), acute lymphoblastic leukemia (ALL), and
type 1 diabetes mellitus (TIDM).

The purpose was to enhance the monitoring of ODs and
SSDs in children utilizing a GIS and examining the rela-
tionship between the prevalence of GHD, CE ALL, TIDM
and eco-geophysical factors in the surrounding area.

Materials and methods

A study was conducted at the Odesa Regional Children’s
Clinical Hospital (ORCCH), following the principles of
the Declaration of Helsinki. It involved population studies
and epidemiological monitoring of children with GHD,
CE ALL, and T1 DM across 26 administrative districts and
three natural physical-geographical zones in the Odesa re-
gion, including forest-steppe, steppe, and Transnistrian.
The data was collected using GIS technology. The results
of the clinical and epidemiological study were entered into
the medico-social layer of the local GIS and mapped by
overlaying the data of the eco-geophysical layer [5—7]. The
latter was represented by territorial maps of geophysical, hy-
drogeological and ecological anomalies in the Odesa region
based on the results of the earlier Black Sea geophysical ex-
pedition [8]. The medico-social layer included data on the
regional prevalence of childhood diseases at the time of the
expedition. The categorical variables were expressed as fre-
quency and analyzed by x? test. A p-value < 0.05 was consi-
dered statistically significant.

Results

From 2016 to 2020, the outpatient department of the
ORCCH kept track of children with ODs and SSDs in the
Odesa region. During this time, they registered 92 children
with GHD, 54 with CF, 88 with ALL, and 628 with TIDM.
In 2020, the prevalence of these conditions in the Odesa re-
gion was as follows: GHD — 1 in 5,096 children, CF — 1 in
8,682 children, ALL — 1 in 5,328 children, and TIDM — 1
in 747 children. We proposed a “null hypothesis” that as-
sumes an even distribution of GHD, CFE, ALL, and TIDM
in children across the Odesa region, considering their spon-
taneous and sporadic occurrence. Using the Pearson crite-
rion to test this hypothesis, we obtained the results shown
in Table 1, which indicate the prevalence of these diseases
throughout the region.

Studies have shown that the distribution of OD and SSD
cases in the districts of Odesa region is not uniform, which
contradicts the original “null hypothesis”. There are notable

variations in the prevalence of these diseases across different
areas. Some conditions are more common in some areas
and less common in others, and the generalized data for the
Odesa region do not reflect the specifics of the territorial
distribution of cases of OD and SSD in children.

The data presented in Table 2 shows the prevalence of
ODs and SSDs in the forest-steppe zone of the Odesa region.
The occurrence of GHD is higher in the forest-steppe zone,
particularly in the Ananiv district, compared to the average
regional values (p < 0.01). The frequency of other diseases
(CE, ALL, T1DM) is distributed in this zone according to
the “null hypothesis”. The Ananiv district has gravitational,
magnetic, geological, and geophysical anomalies, a break in
the earth’s crust, and a higher level of uranium content, as
reported by the Black Sea geophysical expedition [8].

In Table 3, you can find information about the occur-
rence of ODs and SSDs in the steppe zone of the Odesa
region. Between 2016 and 2020, a significantly higher rate
of TIDM was found in children in the steppe zone, particu-
larly in the Mykolaivka district (p < 0.001). The other health
conditions studied were distributed more evenly. Previous
geophysical studies in the Mykolaivka district have identi-
fied several anomalies, including gravitational, magnetic,
geological, and geophysical ones, as well as an increased
amount of uranium [8].

The data presented in Table 4, shows the occurrence of
ODs and SSDs in the Transnistrian zone of the Odesa re-
gion. The findings from a four-year monitoring period indi-
cate that TIDM rates have been steadily increasing in chil-
dren from the Biliaivka district, while CF rates have been
on the rise in the Ovidiopol district, and ALL rates in the
city of Odesa. Furthermore, the Black Sea geophysical ex-
pedition data showed that the Transnistrian zone has several
eco-geophysical anomalies, including insufficient zinc, mo-
lybdenum, and cobalt levels [8].

Discussion

We analyzed the prevalence of ODs and SSDs in chil-
dren across different administrative districts and geographical
zones in the Odesa region, using local GIS data. The study
supported the experts’ view on the usefulness of GIS as a tool
for collecting, storing, analyzing, and visualizing geographic
data and related medical information [9—11]. The results
showed that the “null hypothesis” of a uniform distribution of
GHD, CE ALL and T1DM cases in children throughout the
Odesa region was not confirmed. Specifically, we observed a
higher prevalence of GHD in children in the Ananiv district
located in the forest-steppe zone of the Odesa region. Ad-
ditionally, within the steppe zone, we detected a higher oc-

Table 1. Differences in the prevalence of orphan and socially significant diseases among children
in districts of the Odesa region

ODs/SSDs n* x2 p
CF 54 42.25 <0.05
ALL 88 48.67 <0.01
GHD 92 41.11 <0.05
TiDM 628 96.01 <0.001

Note: * — number of cases (general children’s population was 468,820).
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currence of TIDM in the Mykolaivka district. Finally, in the
Transnistrian zone of the Odesa region, we identified a higher
incidence of CF (the Ovidiopol district), TIDM (the Bilia-
ivka district), and ALL (the city of Odesa) among children.

To understand the causes behind the uneven distribution
of diseases in different geophysical zones of the Odesa re-
gion, an analysis was conducted. The prevalence of ODs and
SSDs was compared with territorial inventories and maps of
geophysical, environmental, and medical anomalies deve-
loped by the Black Sea geophysical expedition. The eco-
geophysical layer of the local GIS of the Odesa region has
several geophysical and hydro-geological anomalies, altered
magnetic and gravitational fields, soil water contamination
with ammonia, nitrate, and pesticides. There are also some
areas with high levels of uranium, radon, radium, mercury,
and lead, as well as a deficiency of zinc, cobalt, and molyb-
denum in the soil. Researchers have noted a higher preva-
lence of endocrine diseases, neoplasms, cardiovascular, and
psycho-neurological disorders in specific areas. This infor-
mation has been added to the medico-sociological layer of
the local GIS. The researchers suggest that these health is-
sues may be linked to eco-geophysical factors [8].

During our study, we analyzed the link between the
eco-geophysical layer of the local GIS (which shows geo-
physical and environmental anomalies) and the medico-
sociological layer (which shows the prevalence of GHD,
CF, ALL, and TIDM in children). The study involved
the cartographic overlaying on maps of eco-geophysical
data with medico-sociological data in children with ODs
and SSDs. Our data supports previous studies that have
demonstrated how the GIS method can improve disease
detection, simplify medical and social management, and
provide a clearer understanding of the clinical importance
of various eco-geophysical factors [12—14]. Utilizing data
from the medico-social layer of the local GIS can enhance
the detection of GHD, CF, ALL, and T1DM in children
by promoting diagnostic awareness, providing continuous
training for medical staff, and optimizing health sector
policies. By utilizing GIS methodology, monitoring and
surveillance can be improved to identify potential risk areas
for ODs and SSDs. These areas are often not well under-
stood from an epidemiological perspective, but by doing
this analysis, it can support the development of preventive
socio-demographic policies.

Table 2. Differences in the prevalence of orphan and socially significant diseases among children
in the forest-steppe zone of the Odesa region (2016—-2020)*

Districts of the Children’s CF ALL GHD TiDM
forest-steppe population A - n - A . A -
zone

Ananiv 5,265 0.00 0.56 0.00 0.99 5.00 1.03 4.00 7.06
Balta 7,987 0.00 0.85 0.00 1.50 3.00 1.56 13.00 10.70
Kodyma 5,496 2.00 0.59 3.00 1.03 2.00 1.01 10.00 7.36
Podilsk 13,091 2.00 1.40 1.00 2.46 4.00 2.57 25.00 17.54
Okny 4,741 0.00 0.50 0.00 0.89 1.00 0.93 4.00 6.35
Liubashivka 6,401 0.00 0.68 0.00 1.20 1.00 1.25 8.00 8.58
Savran 3,604 0.00 0.38 0.00 0.68 1.00 0.71 2.00 4.83
x2 at 6 degrees of freedom 7.664 9.875 21.319 8.498
Significance of differences p>0.2 p>0.1 p<0.01 p>0.2

Note: here and in Tables 3, 4: * — the number of patients: A — actual and E — expected, according to the “null

hypothesis”.

Table 3. Differences in the prevalence of orphan and socially significant diseases among children
in the steppe zone of the Odesa region (2016-2020)*

Districts of the | Children’s CF ALL GHD TiDM
steppe zone population A E A E A E A E
Berezivka 7,583 0.00 0.81 0.00 1.42 1.00 1.49 11.00 10.16
\,\/Aey'mz s 7,614 000 | 081 | 000 | 143 | 000 | 149 | 600 | 10.20
Ivanivka 6,585 1.00 0.70 1.00 1.24 1.00 1.29 1.00 8.82
Mykolaivka 3,758 0.00 0.40 0.00 0.71 2.00 0.74 8.00 5.03
Rozdilna 13,019 1.00 1.39 0.00 2.45 1.00 2.55 16.00 17.44
Zakharivka 5,265 1.00 0.56 0.00 0.99 0.00 1.03 2.00 7.06
Shyriaive 6,441 0.00 0.688 0.00 1.21 0.00 1.26 3.00 8.63

¥? at 6 degrees of freedom 3.421 8.258 11.332 26.369
Significance of differences p>0.2 p>0.2 p > 0.05 p <0.001
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Table 4. Differences in the prevalence of orphan and socially significant diseases among children
in the Transnistrian zone of the Odesa region (2016-2020)*

District_s of_the Children’s CF ALL GHD TiDM
Tran:::lset"an population A E E A E A E
Artsyz 9,406 1.00 1.00 3.00 1.77 2.00 1.84 5.00 12.60
Biliaivka 27,921 3.00 2.98 2.00 5.25 4.00 5.47 48.00 37.41
Bolhrad 13,324 2.00 1.42 2.00 2.50 1.00 2.61 4.00 17.85
girllki]sot:g?/;kyi 26,032 1.00 2.78 | 500 | 4.89 7.00 510 | 29.00 | 34.88
Izmail 25,672 0.00 2.74 4.00 4.83 3.00 5.03 31.00 34.40
Kiliia 10,921 2.00 1.17 0.00 2.05 2.00 2.14 6.00 14.63
Lyman 21,883 5.00 2.34 2.00 411 3.00 4.29 32.00 29.32
Ovidiopol 32,756 8.00 3.50 11.00 6.16 3.00 6.42 44.00 43.89
Reni 7,849 2.00 0.84 0.00 1.48 2.00 1.54 6.00 10.52
Sarata 10,747 4.00 1.15 1.00 2.02 1.00 2.11 12.00 14.40
Tarutyne 9,979 1.00 1.06 0.00 1.88 0.00 1.96 3.00 13.37
Tatarbunary 8,765 0.00 0.94 0.00 1.65 1.00 1.72 6.00 11.75
Odesa city 166,715 14 17.80 53 31.34 38 32.68 295 223.40
%2 at 12 degrees of freedom 31.161 30.541 19.359 61.145
Significance of differences p<0.01 p<0.01 p > 0.05 p<0.001

Further research is needed to clarify the relationship be-
tween eco-geophysical factors and the prevalence of GHD,
CE ALL, and T1DM in children, including their underly-
ing mechanisms and nature.

Conclusions

1. Through epidemiological monitoring using the GIS
method, it was discovered that the prevalence of ODs and
SSDs (GHD, CFE, ALL, TIDM) in children varies greatly
across the forest-steppe, steppe, and Transnistrian physical-
geographical zones, as well as 26 administrative districts of
the Odesa region.

2. In the forest-steppe zone of the Odesa region, the
Ananiv district has reported a higher-than-normal rate of
GHD in children. Similarly, the Mykolaivka district in the
steppe zone has revealed increased rates of TIDM. Addi-
tionally, the Transnistrian zone in the Odesa region has re-
ported abnormally high occurrence of CF in the Ovidiopol
district, T1DM in the Biliaivka district, and ALL in the city
of Odesa.

3. A common feature of areas with an increased preva-
lence of some ODs and SSDs among the child population
was the environmental and geophysical anomalies. The he-
terogeneity of the territorial distribution of ODs and SSDs
cases requires further study of the relationship between the
epidemiological parameters of GHD, CF, ALL, and TIDM
in children and environmental/geophysical factors.
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ApsieB MLA., CeHbkiscbka A.l., biprokos B.C., [aBrosa B.A., CtpensrioB M.C., KeHreasH T.P.
OAEChK HALIOHAABHW MeAYHM yHiBepcuTeT, M. Oaecaq, YkpaiHa

lfeorpadiyHa iHpOPMALIMHO CUCTEMA B MOHITOPUHTY OP)AHHUX
TA COLIOABHO 3HOYYLLMX 30XBOPIOBOHDb Y AiTen

Pe3iome. Mera: noxpamuTi MOHITOPUHT OpaHHKMX Ta COL-
aJIbHO 3HAYYIIMX 3aXBOPIOBAHb Y J1iTeil HA OCHOBI BUKOPUCTAHHSI
reorpagiunoi iHpopmauiitHoi cuctemu (I'IC) i BUBUMTH 3B’I30K
MiX MolupeHicTio aediuuty ropmony pocty (JAI'P), mykosicuiu-
103y (MB), rocrporo snimMdobaactHoro seitkosy (IJ1J1), mykpoBo-
ro aiadery 1-ro tuny (T1LL/1) it ekonoro-reodisuuHumMu hakro-
pamu HaBKOJIMIIHBOI TepuTopii. MaTepianu Ta MmeToau. MoHiTo-
punr Bunaakis AT'P, MB, IJIJI Ta TIL y niteit B OnecbKiit 00-
nacti mposoauBest 3 2016 mo 2020 poku. Mu 3apeecTpyBaiv faHi
862 nitei, cepen sikux 92 manu AP, 54 — MB, 88 — I'J1J11 628 —
TI1L. Y nociimkeHHI BUKOPUCTAHO KJIiHiUHi Ta eTizeMioNIoriuHi
MeToau, a Takox JokanbHy ['IC. [Insg aHamizy n1aHuUX 3aCTOCOBY-
BaJIM JIOKaJIbHUI MeauKo-coriojoriuauit map ['C i Hakiaganu
itoro Ha exosioro-reodiznunuit wap Tiei x I'IC. Y nocnimkenHi
BUKOPHUCTAaHO iH(OpMallilo, OTpUMaHy Ipu IpoBeAcHHI YopHO-
MopchKoi reodiznuHoi ekcrieaunii B Oneckbkiit obaacti. [Towmmpe-
HiCTbh 3aXBOPIOBaHb aHATi3yBaJU 32 Y >-TecToM. 3HaueHHs p < 0,05
BBaXaJIocsl CTaTUCTMYHO 3HauyiuMm. Pesyabratu. Ilin vac me-

PEBIPKM «HYJIBOBOI TiMoTe3u» 1I0A0 po3noniny Bumnaiakis AP,
MB, TJUI ta TILA y niteit 3a Tppboma ¢izuko-reorpadiyHuMu
3oHamMu OnmechKoi 001acTi BUSIBIEHO CYTTEBI BiIMiHHOCTI B ITO-
LIMPEHOCTi 3aXBOPIOBAHb HA Pi3HUX TEPUTOPIsIX. Y JiCOCTENOBiit
30Hi, 30KpeMa B AHaHbIBCbKOMY DaiiOHi, BUSIBJIEHO HaiOLIbIy
nioupenicts JII'P, BomHoyac y MukoiaiBchbKoMy paiioHi CTero-
Boi 30HM TiepeBaxkaB T1LI. ¥ IMpuaHicTpoBCHKiii 30Hi y binsiB-
CbKOMY paiioHi HaiiBuiumu Oynu nokasHuku TI1LJI, Toni sik B
OBgiznionojbcbkoMy paitoHi — nokasuuku MB, a B Oneci — IJ1J1.
ITpu nocnimkenni momupenocti AP, MB, TJIJI ta T1L y miteit
pa3oM i3 KapTyBaHHSIM reo(i3uuHUX Ta €KOJIOTIYHUX aHOMAJTiii B
OpechbKiii 001aCcTi BUSIBAICHO iCTOTHY POJIb €KOJOTro-reodizsuuyHux
dakropis. BucnoBku. Bukopucranus merony ['lC npu eminemio-
siorivHomy nociimkendi ITP, MB, TJIJI ta T1L y miteii cripusie
MOKPAIIEHHIO MOHITOPUHTY OphaHHUX Ta COLIATbHO 3HAUYIINUX
3aXBOPIOBAHb.

KimouoBi ciioBa: reorpadiuna ingopmauiiina cucrema; opdan-
Hi Ta coliaJIbHO 3HAUYILi 3aXBOPIOBAHHSI; IiTH
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