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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. 
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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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and Т1DM in children alongside the mapping of geophysical, and environmental anomalies in the Odesa region, 
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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 (Т1DM).

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, CF, ALL, Т1DM 
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, 
CF, 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 χ2 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 T1DM. 
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 T1DM — 1 
in 747 children. We proposed a “null hypothesis” that as-
sumes an even distribution of GHD, CF, ALL, and T1DM 
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 
(CF, 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 T1DM 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 T1DM 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, CF, 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* χ2 р

CF 54 42.25 < 0.05

ALL 88 48.67 < 0.01

GHD 92 41.11 < 0.05

T1DM 628 96.01 < 0.001

Note: * — number of cases (general children’s population was 468,820).



407http://childshealth.zaslavsky.com.uaVol. 18, No 6, 2023

Оригінальні дослідження / Original Researches

currence of T1DM in the Mykolaivka district. Finally, in the 
Transnistrian zone of the Odesa region, we identified a higher 
incidence of CF (the Ovidiopol district), T1DM (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 T1DM 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 mediсо-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 
forest-steppe 

zone

Children’s 
population

CF ALL GHD T1DM

A E A E A E A E

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

χ2 at 6 degrees of freedom 7.664 9.875 21.319 8.498

Significance of differences p > 0.2 р > 0.1 р < 0.01 р > 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 
steppe zone

Children’s 
population

CF ALL GHD T1DM

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

Velyka 
Mykhailivka

7,614 0.00 0.81 0.00 1.43 0.00 1.49 6.00 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

χ2 at 6 degrees of freedom 3.421 8.258 11.332 26.369

Significance of differences р > 0.2 р > 0.2 р > 0.05 р < 0.001
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Further research is needed to clarify the relationship be-
tween eco-geophysical factors and the prevalence of GHD, 
CF, 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, CF, ALL, T1DM) 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 T1DM. 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 T1DM 
in children and environmental/geophysical factors.

References
1.	 Rare Disease Day 2023: Our global community comes together for 

a more equitable world. Available from: https://www.eurordis.org/rare-

disease-day-2023-our-global-community-comes-together/.

2.	 Andreu P, Karam J, Child C, Chiesi G, Cioffi G. The Burden of 

Rare Diseases: An Economic Evaluation. Cary, NC: Chiesi Global Rare 

Diseases; 2022 Feb. 7 p.

3.	 Ashutosh M, Kumar J. Medical geographic information systems 

(medical gis): a review. Agricultural Science: Research and Reviews. 

2022;1:71-78.

4.	 Robin TA, Khan MA, Kabir N, et al. Using spatial analysis 

and GIS to improve planning and resource allocation in a rural district 

of Bangladesh. BMJ Global Health 2019;4:e000832. doi:10.1136/bm-

jgh-2018-000832.

5.	 Nayak PP, Pai JB, Singla N, Somayaji KS, Kalra D. Geographic 

Information Systems in Spatial Epidemiology: Unveiling New Horizons 

in Dental Public Health. J Int Soc Prev Community Dent. 2021 Apr 

15;11(2):125-131. doi:10.4103/jispcd.JISPCD_413_20.

6.	 Shaw N, McGuire S. Understanding the use of geographical in-

formation systems (GIS) in health informatics research: A review. J Innov 

Health Inform. 2017 Jun 23;24(2):940. doi:10.14236/jhi.v24i2.940.

7.	 Aryayev ML, Biryukov VS, Senkіvska LI. Clinical significance 

of geographic information systems in diagnostics of growth hormone defi-

ciency in children. Problems of Endocrine Pathology. 2021;75(1):15-20. 

doi:10.21856/j-PEP.2021.1.02.

8.	 Anisimov AM, Batechko SA, Kenc VV, et al. Kadastry i atlas kart 

mediko-geologicheskih anomalii na territorii Odesskoi oblasti [Inventories 

and atlas of maps of medical and geological anomalies in the Odessa re-

gion]. Odessa; 1991. 175 p. (in Russian).

9.	 Siddik MSM, Ahmed TE, Awad Ahmed FR, Mokhtar RA, Ali 

ES, Saeed RA. Development of Health Digital GIS Map for Tubercu-

losis Disease Distribution Analysis in Sudan. J Healthc Eng. 2023 Feb 

13;2023:6479187. doi:10.1155/2023/6479187.

10.	Musa GJ, Chiang PH, Sylk T, et al. Use of GIS Mapping as a 

Public Health Tool-From Cholera to Cancer. Health Serv Insights. 2013 

Nov 19;6:111-116. doi:10.4137/HSI.S10471.

Table 4. Differences in the prevalence of orphan and socially significant diseases among children  
in the Transnistrian zone of the Odesa region (2016–2020)*

Districts of the 
Transnistrian 

zone

Children’s 
population

CF ALL GHD T1DM

A E A 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

Bilhorod-
Dnistrovskyi

26,032 1.00 2.78 5.00 4.89 7.00 5.10 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 4.11 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

χ2 at 12 degrees of freedom 31.161 30.541 19.359 61.145

Significance of differences р < 0.01 p < 0.01 р > 0.05 р < 0.001

https://www.eurordis.org/rare-disease-day-2023-our-global-community-comes-together/
https://www.eurordis.org/rare-disease-day-2023-our-global-community-comes-together/
https://chiesirarediseases.com/assets/pdf/chiesiglobalrarediseases.whitepaper-feb.-2022_production-proof.pdf
https://chiesirarediseases.com/assets/pdf/chiesiglobalrarediseases.whitepaper-feb.-2022_production-proof.pdf
https://chiesirarediseases.com/assets/pdf/chiesiglobalrarediseases.whitepaper-feb.-2022_production-proof.pdf
https://scholar.google.co.th/citations?view_op=view_citation&hl=th&user=sDw_zosAAAAJ&citation_for_view=sDw_zosAAAAJ:kRWSkSYxWN8C
https://scholar.google.co.th/citations?view_op=view_citation&hl=th&user=sDw_zosAAAAJ&citation_for_view=sDw_zosAAAAJ:kRWSkSYxWN8C
https://scholar.google.co.th/citations?view_op=view_citation&hl=th&user=sDw_zosAAAAJ&citation_for_view=sDw_zosAAAAJ:kRWSkSYxWN8C
https://doi.org/10.1136/bmjgh-2018-000832
https://doi.org/10.1136/bmjgh-2018-000832
https://doi.org/10.1136/bmjgh-2018-000832
https://doi.org/10.1136/bmjgh-2018-000832
https://pubmed.ncbi.nlm.nih.gov/34036072/
https://pubmed.ncbi.nlm.nih.gov/34036072/
https://pubmed.ncbi.nlm.nih.gov/34036072/
https://pubmed.ncbi.nlm.nih.gov/34036072/
https://pubmed.ncbi.nlm.nih.gov/28749317/
https://pubmed.ncbi.nlm.nih.gov/28749317/
https://pubmed.ncbi.nlm.nih.gov/28749317/
https://doi.org/10.21856/j-PEP.2021.1.02
https://doi.org/10.21856/j-PEP.2021.1.02
https://doi.org/10.21856/j-PEP.2021.1.02
https://doi.org/10.21856/j-PEP.2021.1.02
https://pubmed.ncbi.nlm.nih.gov/36814547/
https://pubmed.ncbi.nlm.nih.gov/36814547/
https://pubmed.ncbi.nlm.nih.gov/36814547/
https://pubmed.ncbi.nlm.nih.gov/36814547/
https://pubmed.ncbi.nlm.nih.gov/25114567/
https://pubmed.ncbi.nlm.nih.gov/25114567/
https://pubmed.ncbi.nlm.nih.gov/25114567/


409http://childshealth.zaslavsky.com.uaVol. 18, No 6, 2023

Оригінальні дослідження / Original Researches

11.	Ramirez I, Alves DE, Kuchler PC, et al. Geographic Information 

Systems (GIS) to Assess Dental Caries, Overweight and Obesity in School-

children in the City of Alfenas, Brazil. Int J Environ Res Public Health. 

2023 Jan 30;20(3):2443. doi:10.3390/ijerph20032443.

12.	Makanga PT, Schuurman N, von Dadelszen P, Firoz T. A scoping 

review of geographic information systems in maternal health. Int J Gynae-

col Obstet. 2016 Jul;134(1):13-17. doi:10.1016/j.ijgo.2015.11.022. 

13.	Fradelos EC, Papathanasiou IV, Mitsi D, Tsaras K, Kleisiaris 

CF, Kourkouta L. Health Based Geographic Information Systems (GIS) 

and their Applications. Acta Inform Med. 2014 Dec;22(6):402-405. 

doi:10.5455/aim.2014.22.402-405.

14.	Kirby RS, Delmelle E, Eberth JM. Advances in spatial epidemiolo-

gy and geographic information systems. Ann Epidemiol. 2017 Jan;27(1):1-

9. doi:10.1016/j.annepidem.2016.12.001.

Received 07.08.2023

Revised 25.08.2023

Accepted 01.09.2023 

Аряєв М.Л., Сеньківська Л.І., Бірюков В.С., Павлова В.А., Стрельцов М.С., Кенгелян Т.Р.
Одеський національний медичний університет, м. Одеса, Україна

Географічна інформаційна система в моніторингу орфанних  
та соціально значущих захворювань у дітей

Резюме.  Мета: покращити моніторинг орфанних та соці-
ально значущих захворювань у дітей на основі використання 
географічної інформаційної системи (ГІС) і вивчити зв’язок 
між поширеністю дефіциту гормону росту (ДГР), муковісци-
дозу (МВ), гострого лімфобластного лейкозу (ГЛЛ), цукрово-
го діабету 1-го типу (Т1ЦД) й еколого-геофізичними факто-
рами навколишньої території. Матеріали та методи. Моніто-
ринг випадків ДГР, МВ, ГЛЛ та Т1ЦД у дітей в Одеській об-
ласті проводився з 2016 по 2020 роки. Ми зареєстрували дані 
862 дітей, серед яких 92 мали ДГР, 54 — МВ, 88 — ГЛЛ і 628 — 
T1ЦД. У дослідженні використано клінічні та епідеміологічні 
методи, а також локальну ГІС. Для аналізу даних застосову-
вали локальний медико-соціологічний шар ГІС і накладали 
його на еколого-геофізичний шар тієї ж ГІС. У дослідженні 
використано інформацію, отриману при проведенні Чорно-
морської геофізичної експедиції в Одеській області. Пошире-
ність захворювань аналізували за χ2-тестом. Значення р < 0,05 
вважалося статистично значущим. Результати. Під час пе-

ревірки «нульової гіпотези» щодо розподілу випадків ДГР, 
МВ, ГЛЛ та Т1ЦД у дітей за трьома фізико-географічними 
зонами Одеської області виявлено суттєві відмінності в по-
ширеності захворювань на різних територіях. У лісостеповій 
зоні, зокрема в Ананьївському районі, виявлено найбільшу 
поширеність ДГР, водночас у Миколаївському районі степо-
вої зони переважав Т1ЦД. У Придністровській зоні у Біляїв-
ському районі найвищими були показники Т1ЦД, тоді як в 
Овідіопольському районі — показники МВ, а в Одесі — ГЛЛ. 
При дослідженні поширеності ДГР, МВ, ГЛЛ та Т1ЦД у дітей 
разом із картуванням геофізичних та екологічних аномалій в 
Одеській області виявлено істотну роль еколого-геофізичних 
факторів. Висновки. Використання методу ГІС при епідеміо-
логічному дослідженні ДГР, МВ, ГЛЛ та Т1ЦД у дітей сприяє 
покращенню моніторингу орфанних та соціально значущих 
захворювань.
Ключові слова:  географічна інформаційна система; орфан-
ні та соціально значущі захворювання; діти
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