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Abstract

The rising population of dogs poses a significant environmental issue in urban settings. Parks and
green spaces, which are popular gathering spots and often have children's playgrounds, are
frequently polluted by dog feces. These feces can contain zoonotic parasites, with the most hazardous
and most common being the eggs of the helminths Toxocara canis, Ancylostomidae spp., Echinoccocus
granulosus. Trichuris vulpis and Strongyloides stercoralis and oocysts of the protozoa Giardia
intestinalis, Amoeba spp. and Cryptosporidium spp. The growth rate of these parasites depends on the
microclimatic conditions prevalent during specific times of the year. Therefore, when studying this
pollution and evaluating human infection risks, it's essential to consider bioclimatic conditions to
ensure accurate sampling and interpretation. During our twenty-year study of contamination in
Belgrade's parks, we used the Uvarovo bioclimatogram to pinpoint the best sampling times and
evaluate our findings.

Keywords: dogs, urban environment pollution, climate condition, epidemiology

1. INTRODUCTION

Dogs represent the largest population of pet animals. In recent decades, in the world and in our
country, a constant increase in their number is evident, which represents a serious environmental
problem in urban areas. Dog owners let their pets onto green areas - parks, promenades, sand pits and
other public areas, which they pollute with their excrement, which, in addition to its unpleasant
appearance and smell, represents an epidemiological danger (). Many parasites are transmitted through
dogs, so that dogs that have become inseparable companions in people’s lives can pose a potential
hazard to human health. Dogs may become mechanical and biological vectors as they roll in noxious
substances, eat feces and contaminated soil, as well as lick contaminated fur or paws. The most
dangerous and at the same time the most frequently found eggs of helminths Toxocara canis,
Ancylostomidae spp., Echinoccocus granulosus, Dipylidium caninum, Trichuris vulpis and
Strongyloides stercoralis and oocysts protozoa Giardia intestinalis, Amoeba spp. and Cryptosporidium
sp. (Puccini and Tarsitano, 2003a,b, Tiago et al.,2011, Pavlovic , 2015).

In the close cohabitation of stray dogs and pets that are in the immediate environment of humans, this
constant contamination of public surfaces with parasite eggs indicates that the possibility of human
infections is constantly present. This has been confirmed by numerous researches in the world and in
our country. If it is known that more than 5% of polluted surfaces represent a serious danger to
people's health, we are of the opinion that this should not be commented on (Woodruff,1976, Wong et
al.1999). Correlation between the climate (i.e. the climatogram that shows it) and the occurrence,
distribution, abundance, speed of development, etc. of living beings is very strong. In our paper, we
present the results of research into the influence of climatic factors on the prevalence of contamination
of Belgrade's public areas with dog parasites.

2. MATERIALS AND METHODS

In the period from 1993 to 2023 samples are collected in the period April-September based on the
climatic conditions that prevail in the area of Belgrade (using the bioclimatogram method according to
Uvarov, which has as a component the temperature and humidity of the soil in average values for the
examined area). This indicator is extremely important when evaluating the results, considering that
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geohelminths in the soil embryonate (become infectious) under certain conditions of optimum
temperature and humidity (Pavlovi¢ and Stevanovi¢, 2005, Pavlovi¢ et al. 2015).

Each year a total of 64 soil samples collected from 10 parks in the central part of Belgrade were
examined using the sedimentation-flotation methods described by Pavlovi¢ (2017). At the same time,
64 samples of dog excrement, collected at the same time as the soil samples, were examined from the
same locations every year. Feces were examined by sedimentation and flotation methods.

Determination of parasite eggs was performed by morphometric analysis based on the keys given by
Eusebi (1981).

During our research, we monitored the climatic conditions in Belgrade (data were obtained annually
from the Republic Hydrometeriological Service of Serbia and cumulatively for the period 1991-2021
from the website https://en.climate-data.org/europe/serbia/belgrade/belgrade-1046/)

3. RESULTS

In the period 1993-1999, based on the performed examinations, the presence of parasite eggs was
established in 65.90% and polyparasitism in 54.61% of the examined samples. In a period of 2000-
2009 years, the presence of parasite eggs was found in 45.90% and polyparasitism in 44.32% of the
examined samples (Pavlovic et al.2000, 2009,2010). The average contamination of parks in period
2010-2019 amounted to 39.06%, and in 2020-2022 it will drop to 26.68% (Pavlovic et al.2019,
Pavlovic, 2023). In table 1 we presented biodiversity and prevalence of parasitic fauna of green areas
of Belgrade in the period 1993-2022.

Examined period
Parasites species 1993-1999 2000- 2002010-20192020-2022
Toxocara canis 65,90 42.82 31.63 30.29
Dipylidium caninum 49,62 37,19 29.90 32,50
Uncylostomidae sp. 46,96 31,70 38,36 40.15
Trichuris vulpis 14,92 7,31 16.32 21.25
Taenia spp. 7,19 4,19 4.28 6.25
Toxascaris leonina 6,81 2,43 5.1 6.97
Strongyloudes stercorali 0 0 4.00 5.78
Isospora sp. 1.21 2.22 2.32 9.36
Giardia intestinalis 0.11 4,01 9.37 23.5
Umoeba spp. (hystolitica) 0.02 1.11 7.92 11.06
Cryptosporidium sp. 0.01 1.02 2.12 3.37

Table 1. Biodiversity and prevalence of parasitic fauna of green areas of Belgrade in the
period 1993-2022

4. DISCUSSION

The majority of helminth eggs found on public surfaces are from the group of geohelminths - parasites
whose development takes place in the soil, so that the thrown eggs only become infectious for animals
and humans in the external environment. All over the world, the eggs of T. canis and Ancylostomida
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sp are the most numerous. - parasites with the greatest zoonotic potential (Pavlovi¢ et al. 2000; Matter
and Daniels 2000; Rinaldi et al. 2006; Poglayen and Marchesi 2006).

The degree of infection of public spaces with geohelminths depends on the number of parasite eggs
per kg of soil, and the speed of parasite development on the microclimatic conditions prevailing in
certain parts of the year (Jardine et al. 2003; Eguia-Aguilar et al. 2005; Pavlovi¢ 2006, Tiago et al.
2011). Thus, when studying this type of pollution and assessing the risk of human infections, we must
be guided by the knowledge of bioclimatic conditions so that taking samples and interpreting the
results are in accordance with the actual situation on the ground (Puccini and Tarsitano,2003a,b,
Cringoli et al. 2005). ; Pavlovi¢ and Terzin 2012, Pavlovi¢ et al. 2012,2014).

The correlation between the climate (that is, the climatogram that shows it) and the appearance,
distribution, number, and rapid development of living beings is very strong. If data on the vital
optimum, development and generations of living beings during the year are included in the
climatogram, it is then a bioclimatogram. Bioclimatograms are useful for showing, explaining or
forecasting the occurrence or absence of a species in increased or decreased abundance (Stankovié¢
1962). Therefore, there is a strong correlation of microclimate conditions with the dynamics of
biological phenomena, and therefore also a mutual correlation of biological phenomena that take place
in those conditions (Stankovi¢ 1962; Jovi¢i¢ 2011; Pavlovic¢ et al. 2012). of the park areas of Belgrade
were guided by a bio-climatogram according to Uvarovo in order to determine the optimal time of
taking samples for inspection and evaluation of the obtained results (Stankovi¢ 1962; Pavlovi¢ et al.
2015).

Based on previous research, a change in parasitofauna was observed, which was caused by the
influence of climate changes in Belgrade during the last decades. The prevalence of certain parasitic
species is significantly lower, and at the same time, species of parasites that were not previously
present in this area have appeared. This trend has had its upward trend in the last few years, when
drastic climate changes occurred - with mild winters, very hot summers, a large amount of
atmospheric precipitation, etc. (table2). This was reflected in the biodiversity, prevalence and
incidence of the parasitic fauna of the green areas of Belgrade in the period from 1993, when these
continuous investigations began until today (Pavlovi¢ et al. 2015).

January February March Apnil June July August September October November December

Avg Temperature °C 08°C  26°C  75°C | 131°C ----- 133°C  8°C 23°C
(°F) (334)°F (367)°F (454)°F (555)°F (559)°F (465)°F (362)°F

Min. Temperature °C  -24°C -12°C  26°C 127°C 142°C 93°C 48°C 05°C
(*F) (276)°F (208)°F (367)°F (463)'F (54 8)°F .-- (576)*F (488)°F (H06)'F (31.1)°F

Max Temperature °C 44°C  68°C  124°C -- -- 121°C 56°C
(*F) (40)°F  (442)°F (544)°F (79.4)°F M'F (B37)'F  (42)°F

Precipitation / Raintall 48 a7 55 62 7 7 70
mm (in) (1) (1) (2) ) (2) 3) (2) 2) (2) (1) (2) (2)
Humioty(%) 80% 76% 69% 64% 64% 63% 56% 58% 65% 71% 76% 81%
Rainy days (¢) 7 T T 8 6 6 8

avg Sun hours (hours) 4.8 56 ------ 73 60 45

Table 2. 1991 - 2021 Min. Temperature °C (°F), Max. Temperature °C (°F), Precipitation / Rainfall
mm (in), Humidity, Rainy days (https://en.climate-data.org/europe/serbia/belgrade/belgrade-1046/)

Changes in the microclimate, which in the last decades had a significantly greater temperature
oscillation (increase in average temperature and air humidity), are particularly favorable for the
development of certain geohelminths (Pavlovic 2015).

Looking from an epidemiological point of view, the dominant type of parasite is 7. canis and
Ancylostomidae sp.parasite whose embryonic development in eggs takes place in the soil and which is
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directly dependent on the prevailing microclimate. At a temperature of 25 degrees, the eggs
embryonate in 7-12 days, and at a temperature of 25 degrees in 5 days (Dubinski, 1998; Pavlovi¢ et al.
2010). Eggs are inactivated at a temperature higher than 37 degrees, before the formation of larvae. At
a temperature of 50 degrees, they are inactivated in 5 hours and at a temperature of 55 degrees in 1
hour (Pavlovi¢ 2015). Direct sunlight inactivates them very quickly. The effects of these climatic
changes on the prevalence of T.canis and Ancylostomidae sp. are shown in Table 3.

Examined period
1993 -1999 | 2000 - 2009 R010-20192020-2022
Toxocara canis 65,90 42 .82 31.63 30.29
Ancylostomidae sp. 46,96 31,70 38,36 40.15

Helminth species

Table 3. Prevalence of T.canis and Ancylostomidae sp. in period 1993-2012

5. CONCLUSIONS

After two decades of research, we have concluded that there has been a shift in the parasitic fauna in
Belgrade due to recent climate changes. We observed a significant variation in the prevalence of
certain parasites and the emergence of species that were not previously found in this area. This trend
has intensified in recent years due to more extreme climate changes, including milder winters,
extremely hot summers, and increased rainfall. Additionally, the decline in cleanliness of city parks
and streets, coupled with irresponsible pet owners not cleaning up after their dogs, has exacerbated the
epidemiological aspect of this issue.

ACKNOWLEDGMENTS

The study was funded by the Serbian Ministry of Science, Technological Development and Innovation
(Contract No. 451-03-47/2023-01/200030).

REFERENCES

1. Cringoli, G, Rinaldi, L, Veneziano, V, Musella, V 2005, "Disease mapping and risk assessment in
veterinary parasitology: some case studies", Parassitologia, vol.47, pp.9-25.

2. Dubinski, P 1998, "Epidemiology of toxocariosis in rural and urban areas", Parasitology
International, vol. 47, pp.128.

3. Eguia-Aguilar, P, Cruz-Reyes, A, Martinez-Maya, JJ 2005, "Ecological analysis and description
of the intestinal helminths present in dogs in Mexico City", Veterinary Parasitol, vol. 127, pp.139-
146.

4. Euzeby, J 1981, "Diagnostic Experimental des Helminthoses Animales", ITVS Paris

5. Jardine, C, Hrudey, S, Shortreed, J, Craig, L, Krewski, D, Furgal, C, McColl, S 2003, "Risk
management frameworks for human health and environmental risks", Journal of Toxicology and
Environironmental Health, vol.6, pp.569-720.

6. Jovi¢, A 2011, "The influence of environmental factors on the prevalence of geohelminths of
special biomedical importance in the green areas of the city of Belgrade", Master dissertation,
University Singidunum, Belgrade

7. Matter, HC, Daniels, TJ 2000, "Dog ecology and population biology". In Dogs, zoonoses and
public health Edited by: Mcpherson CNL, Meslin FX, Wandeler Al. CABI Publishing, 17-50.

Page 214



Ecology & Safety Journal of International Scientific Publications
ISSN 1314-7234, Volume 17, 2023 www.scientific-publications.net

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Pavlovic, I 2015, "Contamination of city piblic places with faces and dog parasites - risk and
proposed solutions for the example of Belgrade", Accessory speech in the Academy of Veterinary
Medicine, Belgrade.

Pavlovi¢, 1 2017, 4 method of testing soil and sand for the presence of parasite eggs, Institute for
Intellectual Property of the Republic of Serbia, certificate no. 2770/2017A-0098/2017

Pavlovi¢, I, Stevanovié, S 2005, "Methods of parasitological control of contamination of green
areas in urban areas", Book of abstracts of the conference Environment and human health with
international participation, Belgrade,Serbia, 133-134.

Pavlovi¢, 1., Terzin, V 2012, "The influence of the new strategy to resolve the problem of
ownerless dogs and cats in Belgrade on the preservation of environmental conditions", The Book
of Abstracts for the International Scientific Conference on Innovative Strategies and Technologies
in Environment Protection, Belgrade,Serbia, 44-46.

Pavlovi¢, I, Milutinovi¢, M, Radenkovié¢, B, Jankovi¢, Lj, Vuéini¢, M, Kulisi¢, Z 2000, "Hygienic
aspect of city parks - results of a parasitological examination of Belgrade's central parks",
Proceedings of the XI Symposium on disinfection, dissection and pest control in environmental
protection with international participation, Tara,Serbia, 233-237.

Pavlovié, I, Kulisi¢, Z, Stoki¢-Nikoli¢, S, Petkovié¢, D, Terzin, V, Terzin, D, Todorovié¢, D 2009,
"Spread of intestinal parasites of dogs and contamination of public places — risk of occurence of
human infection", Proceeding of Eleventh Regional Symposium in Animal Clinical Pathology and
Therapy, Clinica veterinaria, Subotica, 115.

Pavlovi¢, I, Kulisi¢ Z, Ljubi¢, B, Radivojevi¢, S, Terzin, V, Stoki¢-Nikoli¢, S, Rajkovié, M,
Andeli¢-Buzadzi¢, G 2010, "The prevalence of parasitic infections in dogs and the contamination
of public areas - the risk of human infections", Proceeding of VII Congress of Microbiologists of
Serbia, Belgrade, 1-2 (CD rom).

Pavlovié, 1., Anti¢, V, Terzin, D, Terzin, V, Petkovi¢, D, Curéin, Lj, Curéin, K, Pesut, B 2014,
"Protozoan infections in dogs and their importance in the contamination of the Belgrade urban
environment", Lucrari Stiintifice seria Medicina Veterinard, vol.57, no.3-4, pp.198-202.

Pavlovi¢, 1, Vojinovié, Da, Stanojevi¢, S, Todorovi¢, D, Radanovi¢, O, Zdravkovié, N 2019,
"Results of parasitological examinations of parks in the central municipalities of Belgrade during
2018", Proceeding of papers and short content Current trends in animal health protection and
food safety, Belgrade,74-79.

Pavlovic,I 2023, "Parasitic contamination of parks in Belgrade - results of a ten-year study (2010-
2020)"; Proceding of the XXV Symposium of Epizootiologists and Epidemiologists (XXV
Epizootiological Days), Novi Sad, 54-55.

Poglayen, G, Marchesi, B 2006, "Urban faecal pollution and parasitic risk: the Italian skill",
Parassitologia, vol.48, pp.117-119.

Puccini, V, Tarsitano, E 2003a, "Introduction to Urban Parasitology", In Manual of Urban
Parasitology: Cities, Animals and Public Health, 1st ed.; Puccini, V., Tarsitano, E., Eds.; Il Sole 24
ORE Edagricole Srl: Bologna, Italy, 1-13.

Puccini, V, Tarsitano, E 2003b, "Urban Ecosystem", In Manual of Urban Parasitology: Cities,
Animals and Public Health, 1st ed.; Puccini, V., Tarsitano, E., Eds.; Il Sole 24 ORE Edagricole
Srl: Bologna, Italy, 21-36.

Rinaldi, L, Biggeri, A, Sabrina, Carbone, S, Musella, V, Dolores Catelan, D, Vincenzo Veneziano,
V, Cringol,i G 2006, "Canine faecal contamination and parasitic risk in the city of Naples
(southern Italy)", BMC Veterinary Research vol.2, pp.29 doi:10.1186/1746-6148-2-29

Republic Hydrometeriological Service of Serbia 2023, https://en.climate-data.org/europe/ serbia/
belgrade/belgrade- 1046/

Page 215



Ecology & Safety Journal of International Scientific Publications
ISSN 1314-7234, Volume 17, 2023 www.scientific-publications.net

23. Stankovi¢, S 1962, "Ekologija Zivotinja",. Zavod za izdavanje udzbenika NR Srbije, Beograd

24. Tiago, G, Machado Pereira da Silva, M-A, Laitano Dias de Castro, L, Welter Wendt, E, Marreiro
Villela, M, Elisabeth Aires Berne, M 2011, "Presence of eggs of Toxocara spp. and hookworms
in a student environment in Rio Grande do Sul, Brazil", Revista Brasiliera dela
ParasitologiaVeterinaria, Jaboticabal, vol.20, no.2, pp.176-177.

25. Wong, SK, Feinstein, LH, Heidmann, P 1999, "Healthy pets, healthy people", Journal of
American Veterinary Medicine Association, vol.215, n0.335-338.

26. Woodruff, AW 1976, "Toxocariasis as a public health problem", Environent and Health, vol.84,
pp.29-31.

Page 216



