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Abstract

Beaches are a source of parasite contamination because protozoan cysts and helminth eggs and larvae can
remain viable in sandy soils for months. Parasitic infections are mainly related to hygiene conditions,
health, and environmental education, and can affect the life quality of the population. Therefore, this
study aimed to assess the presence of parasitic structures in five beaches located along the north coast of
Rio Grande do Sul, Brazil. Eighty samples were collected in August and September 2020 at the beaches of
Torres, Tramandai, Capao da Canoa, Arroio Teixeira, and Arroio do Sal and processed with the spontaneous
sedimentation method for microscopic analyses. The results showed that 32% (26/80) of samples were
positive for the presence of parasitic structures, and there was a significantly higher frequency of positive
samples in September than in August. Torres was the beach with the highest frequency of positive
samples, while Arroio Teixeira and Arroio do Sal presented the lowest frequency of contamination.
Nematode larvae, including hookworm larvae, were the most prevalent parasitic structures in the samples.
Hence, the sandy soil from beaches must be monitored to develop programs and strategies for improving
infrastructures and basic sanitation conditions, thus ensuring the health of the population.
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1. Introduction

Soil-transmitted helminth infections are usually neglected and affect mainly low-income people
living in poor basic sanitary conditions. The World Health Organization (WHO 2020) estimates that more
than 1.5 billion people, or 24% of the global population, are infected with soil-transmitted helminths.
Infections are extensively distributed in tropical and subtropical areas, with the highest numbers in sub-
Saharan Africa, the Americas, China, and East Asia.

The biological characteristics of parasites in the gastrointestinal tract, the ability to invade and
migrate, their nutrient and blood consumption, and host conditions such as nutrition, immune
competence, and associated diseases are related to several clinical manifestations (Silva et al. 2019). These
effects include diarrhea, abdominal pain, malnutrition, general malaise, weakness, and impaired growth
and physical development (Neves 2016; WHO 2020).

Geohelminths are parasites that need soil to complete their life cycle. Initially, the soil receives (by
fecal contamination) non-infectious parasitic stages. Then, the soil provides conditions to develop the
infectious stage until the parasite may contact a susceptible individual orally or by skin penetration
(Bethony et al. 2006). Helminths of the Ancylostoma, Dipylidium, and Toxocara genera are examples of
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parasites transmitted by animal feces. Their eggs and larvae may remain in the environment for a long
time and consequently affect human health (Labruna et al. 2006; Marques et al. 2012). In this context,
several non-domiciliated or semi-domiciliated dogs and cats in cities and the inadequate protection of
leisure areas contribute to the high prevalence of parasites in the feces of these animals, increasing the risk
of infection for the population (Araujo et al. 2021).

Sandy soils are an important source of human infection by parasites because of their geological
characteristics. They are made of sand particles with diameters ranging from 0.02 to 2 mm and can retain
water (Rocha et al. 2011). Thus, this type of soil becomes the ideal environment for egg survival and larvae
development, given its increased humidity and oxygenation conditions (Rocha et al. 2011; Etewa et al.
2016).

According to the Brazilian Environmental Council (CONAMA) - Resolution 274/2000, human health
and welfare might be affected by bathing conditions on beaches, considering these sites may represent a
source of contamination for the population through water and sand. Environmental organs should also
evaluate the parasitological and microbiological conditions of sand for further standards (Brasil 2000).
However, the resolution does not mention the presence of zoonotic hosts, which is the main factor of soil
contamination. Thus, studies investigating the occurrence of parasites on beaches are essential.

Several studies have demonstrated the parasitic contamination of sandy soils of Brazilian beaches,
where the frequencies of positive samples varied from 12.5 to 62% (Santiago and Gagliani 2011; Crause et
al. 2018; Jacinto et al. 2020; Ramos et al. 2020). The presence of parasites in the soil is usually attributed to
zoonotic and human hosts and the lack of basic sanitation. Therefore, considering the scarcity of data on
the parasitological contamination of sandy soils of beaches in the southern region of Brazil, the present
study aimed to assess the occurrence of parasitic structures in Tramandai, Torres, Capao da Canoa, Arroio
Teixeira, and Arroio do Sal.

2. Material and Methods

The study was conducted in the coastal region of the state of Rio Grande do Sul, southern Brazil.
The climate of the region is humid subtropical, the mean annual temperature varies from 14 to 22°C, and
the mean rainfall oscillates between 1,250 and 2,000 mm (Nery 2005). Sandy soil samples were collected in
the beaches of Tramandai, Capdo da Canoa, Arroio do Sal, Arroio Teixeira, and Torres (Fig. 1). These
beaches were chosen because of their high population density and search by tourists and bathers,
especially during the summer.

Sandy soil was collected in August and September 2020. Each sampling site was photographed to
ensure that the collection in different months would occur in the same place. Eighty sand samples were
collected: 50 samples in August (10 samples per beach) and 30 in September (6 samples per beach). In
both months, all samples from different beaches were collected on the same day, in the first week of each
month. The distance between sampling sites was 500 m. The samples were collected at least 15 m away
from streams to prevent contamination by other agents in water/surface runoff discharges. Each sample
consisted of approximately 250 g of sandy soil collected by scraping the soil surface with a metal spoon at
5 to 10 cm of depth at each site (Marques et al. 2012). The samples were identified and placed in thermal
boxes to be transported to the Laboratory of Parasitology of the Centro Universitdrio CNEC de Bento
Gongalves.

The spontaneous sedimentation method was performed up to 72 h after the collection to
investigate the presence of parasitic structures in the samples. No preservative solution was used in the
samples because the period between sample collection and analysis was less than 72 h (Rocha et al. 2011).
For processing, 50 g of sand was mixed with 20 mL of water. Then, the sample was filtered with surgical
gauze and transferred to a sedimentation vessel (250-mL capacity). The volume of the vessel was
completed with water, and the sediments were allowed to settle for 24 h. Then, the sediment was
collected with a Pasteur pipette, transferred to two glass slides (duplicate analysis), stained with 5% Lugol
iodine solution, and covered with a coverslip. The slides were analyzed with an optical microscope at 10x
and 40x magnifications (Olympus CX31) (Rosa et al. 2018). Samples containing any parasitic structure were
considered positive. Descriptive statistics were performed with the GraphPad Prism 8.0.1 software for
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Windows. The chi-square and Fisher’s exact tests were used to assess the association between positive
samples and sampling sites, as well as positive samples and sampling periods. Values of p<0.05 were
considered significant.
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Figure 1. Location of sampling sites in the coastal region of Rio Grande do Sul, southern Brazil. Arroio
Teixeira beach is part of the city of Arroio do Sal.

3. Results

Overall, 32% (26/80) of the samples were positive for the presence of parasitic structures. Torres
showed the highest frequency of positive samples, corresponding to 43.8% (7/16). Conversely, Arroio
Teixeira and Arroio do Sal presented the lowest frequency of contamination, both with 15% (4/16) of
positivity (Table 1). Nonetheless, there was no significant association between positive samples and
collection sites (p = 0.74).

Table 1. Frequency of parasitic structures in sandy soil samples collected at five beaches located in the
coastal region of Rio Grande do Sul, Brazil.

Beach Number of samples analyzed Number of positive samples Frequency (%)
Arroio do Sal 16 4 25%
Arroio Teixeira 16 4 25%
Capao da Canoa 16 6 37.5%
Torres 16 7 43.8%
Tramandai 16 5 31.3%
TOTAL 80 26 32%

Regarding the sampling period, there was a significantly higher parasitological contamination in
September, when 87% (22/30) of the samples presented parasitic structures than in August, when only 8%
(4/50) of the samples were positive (p<0.001) (Table 2).
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The parasitic structures most frequently found in the sand samples were nematode larvae. Among
these, 10 samples allowed a specific identification of hookworm larvae. Other parasites observed included
Entamoeba sp. cysts, hookworm eggs, and Echinococcus granulosus eggs (Table 3). It is worth noting that
some samples presented more than one type of parasitic structure.

Table 2. Number of positive samples for parasitic structures according to the sampling period.

Sampling period Number of samples Number of negative samples and Number of positive samples and
analyzed frequency (%) frequency (%)
August 50 46 (92%) 4 (8%)*
September 30 6 (13%) 22 (87%)*
TOTAL 80 54 26

* Statistically different (p<0.001).

Table 3. Parasitic structures found in sandy soil samples collected at five beaches located in the coastal
region of Rio Grande do Sul, Brazil.

Structures N=26 Frequency (%) Beaches
Unidentified nematode larvae 19 73% All
Hookworm larvae 10 38% Arroio do Sal, Capao da Canoa, Tramandai and Torres
Hookworm eggs 4 15% Arroio do Sal, Arroio Teixeira, Capdo da Canoa and Tramandai
Echinococcus granulosus egg 2 8% Arroio do Sal and Capdo da Canoa
Entamoeba sp. cyst 1 4% Tramandai

4, Discussion

The present study showed a 32% overall prevalence of parasites in the sandy soil of beaches. Other
studies conducted in Brazil observed similar results. Araujo et al. (2020) found parasites in 14.3% of sand
samples collected in Sdo Luis, MA, Brazil. In another study, 32.7% of sand samples collected in S3o Vicente,
SP, Brazil were positive (Santiago and Gagliani 2011). Likewise, there were parasites in 13.89% of 144 sand
samples collected in Concei¢ado da Barra, ES, Brazil (Crause et al. 2018).

The higher parasitological contamination observed in September can be explained because social
distancing measures were more restricting before and during August due to the Covid-19 pandemic.
Another factor that may have contributed to the higher contamination in September is that more people
(tourists and residents) and their pets accessed the beaches during this month because of the higher
temperatures and less restricting Covid-19-related measures.

Although Torres presented the highest frequency of positive samples, there were also parasitic
structures in the other beaches studied. Capdo da Canoa and Tramandai are among the most populated
cities on the coast of Rio Grande do Sul. According to data from the Brazilian Institute of Geography and
Statistics (IBGE 2021), Tramandai has 53,507 inhabitants and Capdo da Canoa has 55,009. In contrast,
Torres is the fifth most populated city in the region with 39,381 inhabitants. The higher population density,
the search by tourists and bathers, and the access of animals (mainly dogs) to the beaches could explain
the presence of parasitic structures in the samples analyzed.

Previous studies (Santiago and Gagliani 2011; Neto et al. 2017; Crause et al. 2018) have also
frequently found hookworms (larvae and eggs). Moreover, this parasite was the most common/prevalent
in other studies, found in 82% (32/39) of the samples collected at three beaches located in Fortaleza, CE,
Brazil (Pedrosa et al. 2014) and in 35% (42/120) of the samples collected at Enseada beach, SP, Brazil
(Ramos et al. 2020). Moreover, review studies on the parasitological contamination of Brazilian soils have
also shown hookworm as the most prevalent parasite (Dalzochio et al. 2020; Araujo et al. 2021).

Hookworm is a zoonotic parasite whose eggs are eliminated from the feces of dogs, cats, and other
animals. Thus, sandy soils from beaches, as well as other public places with free animal access, such as
squares, parks, and peridomiciliar areas, are subjected to parasitic contamination (Rocha et al. 2019). The
factors related to the development of hookworm eggs in the soil include permeability, aeration,
granularity, organic matter richness, humidity, and temperature (Neves 2016; Ramos et al. 2020).

Humans may be contaminated by hookworms orally and by percutaneous penetration. The oral
route is especially important for young children, who acquire parasites by accidentally ingesting soil and/or
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contaminated toys, considering their direct contact with sand, precarious hygiene habitats, and some cases
of geophagy (Sousa et al. 2014; Martins and Alves 2018). However, when percutaneous penetration
occurs, the parasite triggers an inflammatory response and causes cutaneous larva migrans (CLM).
Considering that larvae cannot complete their biological cycle, they migrate under the skin surface for
weeks and cause erythematous, serpiginous, pruritic, and skin eruptions (Maciel et al. 2016; Rocha et al.
2019). In Brazil, CLM is caused mainly by Ancylostoma braziliense and Ancylostoma caninum larvae,
especially in coastal regions with tropical and subtropical climates (Maciel et al. 2016).

Other parasitic structures found in the present study include E. granulosus eggs and Entamoeba sp.
cysts. No previous studies reported the presence of E. granulosus eggs in the sand. This parasite causes
cystic echinococcosis in humans when they ingest food contaminated by eggs or parasite larvae in the offal
of livestock (Tamarozzi et al. 2020; CDC 2019). Dogs are the definitive hosts of E. granulosus and release
eggs in their feces, leading to environmental contamination (CDC 2019). Regarding the presence of
Entamoeba sp. cysts, Ramos et al. (2020) also found a lower prevalence of protozoa in the sand of bays in
Sdo Paulo, SP, Brazil, than helminths. In turn, Junior et al. (2021) and Sousa et al. (2014) reported a
prevalence of protozoa in beaches in the Brazilian states of Pard and Paraiba, including Entamoeba sp.
Among the species from the Entamoeba genus, only Entamoeba histolytica is pathogenic, causing
intestinal infection and liver abscesses in more severe cases. The infection occurs by the oral ingestion of
cysts via contaminated food or water (Sellau et al. 2021).

5. Conclusions

The high frequency of parasitic structures found in the present study confirms the importance of
monitoring the parasitological contamination of the sandy soils of beaches. Thus, programs to improve
infrastructures and basic sanitary conditions should be developed. Furthermore, the proper collection of
solid waste, reduction of sewage discharge into the sea, and treatment of population and animals are
required to minimize the occurrence of soil-transmitted helminthiasis.

Authors' Contributions: DA SILVA, J.S.: conception and design, acquisition of data, analysis and interpretation of data, drafting the manuscript
and has approved the final version of the manuscript. DALZOCHIO, T.: conception and design, analysis and interpretation of data, critical
review and has approved the final version of the manuscript. All authors have read an approved the final version of the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.

Ethics Approval: Not applicable.

Acknowledgments: The authors would like to thank to Centro Universitario CNEC de Bento Gongalves, which provided materials and
infrastructure for the development of the study.

References

ARAUJO, A.N.M.,, et al. Prevalence of enteroparasites in beach sand in the municipality of Sdo Luis-MA. Research, Society and Development.
2020, 9(3), €120932631. https://doi.org/10.33448/rsd-v9i3.2631

ARAUJO, A.M.B., et al. Soil contamination by zoonotic parasites in leisure areas: an integrative review. Journal of Tropical Pathology. 2021,
50(1), 7-20. https://doi.org/10.5216/rpt.v50i1.68593

BETHONY, J,, et al. Soil-transmitted helminth infections: ascariasis, trichuriasis, and hookworm. The Lancet. 2006, 367(9521), 1521-1532.
https://doi.org/10.1016/50140-6736(06)68653-4

BRASIL, CONSELHO NACIONAL DO MEIO AMBIENTE — CONAMA, 2000. Resolugdo CONAMA n° 274 de 29/11/2000. Normas Brasil. Available
from: https://www.normasbrasil.com.br/norma/resolucao-274-2000 96898.html

CENTERS FOR DISEASE CONTROL AND PREVENTION — CDC, 2019. Parasites — Echinococcosis. Available from:
https://www.cdc.gov/parasites/echinococcosis/biology.html

CRAUSE, D.H., AMORIM, R.F. and SOUZA, M.A.A. Geohelmintos em praias da praia de Concei¢do da Barra, Espirito Santos, Brasil. Scientia Vitae.
2018, 6(21), 23-29.

Bioscience Journal | 2023 | vol. 39, e39021 | https://doi.org/10.14393/BJ-v39n0a2023-63281



https://doi.org/10.33448/rsd-v9i3.2631
https://doi.org/10.5216/rpt.v50i1.68593
https://doi.org/10.1016/S0140-6736(06)68653-4
https://www.normasbrasil.com.br/norma/resolucao-274-2000_96898.html
https://www.cdc.gov/parasites/echinococcosis/biology.html

The presence of parasitic structures in sandy soil samples from beaches located along the north coast of Rio Grande do Sul, Brazil

DALZOCHIO, T., ARALDI, J. A. and STUANI, L. Scenario of the prevalence of parasites in soil/sand samples in Brazil: systematic analysis. Saude e
Meio Ambiente: Revista Interdisciplinar. 2020, 9, 233-247. https://doi.org/10.24302/sma.v9i0.2708

ETEWA, S.E., et al. Geohelminths distribution as affected by soil properties, physicochemical factors and climate in Sharkyia governorate
Egypt. Journal of Parasitic Diseases. 2016, 40(2), 496-504. https://doi.org/10.1007/s12639-014-0532-5

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA — IBGE, 2021. Available from: https://www.ibge.gov.br/cidades-e-
estados.html?view=municipio

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA — IBGE, 2020. Geociéncias. Available from:
https://www.ibge.gov.br/geociencias/downloads-geociencias.html

JACINTO, S.M., et al. Formas evolutivas de parasitos zoondticos em amostras de areia de praia no municipio de Ubatuba-S&do Paulo, Brasil.
Revista Ciéncia e Saude Online. 2020, 5(2), 45-50.

JUNIOR, J.C.A,, et al. Parasitic contamination in the soil of beaches from Mosqueiro Island, Para State, Brazil. Journal of Health and Biological
Sciences. 2021, 9(1), 1-6. https://doi.org/10.12662/2317-3206jhbs.v9i1.3401.p1-6.2021

LABRUNA, M.B., et al. Prevaléncia de endoparasitas em cdes da drea urbana do municipio de Monte Negro, Ronddnia. Arquivos do Instituto
Bioldgico. 2006, 73, 183-193.

MACIEL, J., ESTEVES, R. and SOUZA, M. Prevaléncia de helmintos em areias de pragas de Sdo Mateus, Espirito Santos, Brasil. Natureza Online.
2016, 14(2), 15-22.

MARQUES, J.P., et al. Contamination of public parks and squares from Guarulhos (Sdo Paulo State, Brazil) by Toxocara spp. and Ancylostoma
spp. Revista do Instituto de Medicina Tropical de Sdo Paulo. 2012, 54(5), 267-271. https://doi.org/10.1590/S0036-46652012000500006

MARTINS, R.S. and ALVES, V.M.T. Analise de areias de parques publicos nos municipios de Castelo e Cachoeiro de Itapemirim, Espirito Santo.
Pubvet. 2018, 12, 1-9. https://doi.org/10.22256/pubvet.v12n5a81.1-9

NERY, J.T. Dindmica climatica da regido Sul do Brasil. Revista Brasileira de Climatologia. 2005, 1(1), 61-75.
http://dx.doi.org/10.5380/abclima.v1i1.25233

NETO, J.J.G., FARIAS, J.A.C. and ROCHA, T.J.M. Contaminagdo de areia por parasitos de importancia humana detectados nas praias da orla
maritima de Maceid-AL. Arquivos Médicos dos Hospitais e da Faculdade de Ciéncias Médicas da Santa Casa de Sdo Paulo. 2017, 62(2), 81-84.

NEVES, D.P. Parasitologia Humana. 13 ed. S3o Paulo: Atheneu, 2016. 559 p.

PEDROSA, E.F.N.C., et al. Contamina¢do ambiental de areia de praias de Fortaleza-Ceara. Journal of Health & Biological Sciences. 2014, 2(1),
29-35. http://dx.doi.org/10.12662/2317-3076jhbs.v2i1.43.p29.2014

RAMOS, E.L.P., et al. Parasite detection in sand from bays on the north coast of Sdo Paulo state, Brazil. Revista de Patologia Tropical. 2020,
49(3), 191-205. https://doi.org/10.5216/rpt.v49i3.63783

ROCHA, S, et al. Environmental analyses of the parasitic profile found in the sandy soil from the Santos municipality beaches, SP, Brazil.
Revista do Instituto de Medicina Tropical de Sdo Paulo. 2011, 53(5), 277-281. https://doi.org/10.1590/S0036-46652011000500007

ROCHA, M.J., WEBER, D.M. and COSTA, J.P. Prevaléncia de larvas migrans em solos de parques publicos da cidade de Redengdo, estado do
Pard, Brasil. Revista Pan-Amazénica de Saude. 2019, 10. http://dx.doi.org/10.5123/s2176-6223201901607

ROSA, N.B., et al. Andlise parasitoldgica e microbioldgica de areas de recreagdo no interior do estado de Rondénia. Brazilian Journal of Surgery
and Clinical Research. 2018, 23(3), 26-30.

SANTIAGO, A.C. and GAGLIANI, L.H. Estudo da prevaléncia de enteroparasitas em areias de praia do municipio de Sdo Vicente-SP-Brasil.
UNILUS Ensino e Pesquisa, 2011, 8(15), 5-19.

SELLAU, J., et al. The underlying cellular immune pathology of Entamoeba histolytica-induced hepatic amoebiasis. Journal of Hepatology. 2021,
75, 481-482. https://doi.org/10.1016/j.jhep.2021.03.018

SILVA, G.D.D., et al. Prevaléncia de formas parasitarias no solo em torno de uma universidade publica em Campina Grande-PB. Journal of
Biological & Pharmacy and Agricultural Management. 2019, 15, 236-258.

SOUSA, J.0., et al. Andlise parasitoldgica da areia das praias urbanas de Jodo Pessoa/PB. Revista Brasileira de Ciéncias da Satude. 2014, 18, 195-
202. https://doi.org/10.4034/RBCS.2014.18.03.02

TAMAROQZZI, F., DEPLAZES, P. and CASULLI, A. Reinventing the wheel of Echinococcus granulosus sensu lato Transmission to humans. Trends in
Parasitology. 2020, 36(5), 427-434. https://doi.org/10.1016/j.pt.2020.02.004

WORLD HEALTH ORGANIZATION — WHO, 2020. Soil-transmitted helminth infections. Available from: https://www.who.int/news-room/fact-
sheets/detail/soil-transmitted-helminth-infections

Bioscience Journal | 2023 | vol. 39, e39021 | https://doi.org/10.14393/BJ-v39n0a2023-63281



https://doi.org/10.24302/sma.v9i0.2708
https://doi.org/10.1007/s12639-014-0532-5
https://www.ibge.gov.br/cidades-e-estados.html?view=municipio
https://www.ibge.gov.br/cidades-e-estados.html?view=municipio
https://www.ibge.gov.br/geociencias/downloads-geociencias.html
https://doi.org/10.12662/2317-3206jhbs.v9i1.3401.p1-6.2021
https://doi.org/10.1590/S0036-46652012000500006
https://doi.org/10.22256/pubvet.v12n5a81.1-9
http://dx.doi.org/10.5380/abclima.v1i1.25233
http://dx.doi.org/10.12662/2317-3076jhbs.v2i1.43.p29.2014
https://doi.org/10.5216/rpt.v49i3.63783
https://doi.org/10.1590/S0036-46652011000500007
http://dx.doi.org/10.5123/s2176-6223201901607
https://doi.org/10.1016/j.jhep.2021.03.018
https://doi.org/10.4034/RBCS.2014.18.03.02
https://doi.org/10.1016/j.pt.2020.02.004
https://www.who.int/news-room/fact-sheets/detail/soil-transmitted-helminth-infections
https://www.who.int/news-room/fact-sheets/detail/soil-transmitted-helminth-infections

DA SILVA, J.S. and DALZOCHIO, T.

Received: 16 September 2021 | Accepted: 15 April 2022 | Published: 24 February 2023

@ @ This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
ET distribution, and reproduction in any medium, provided the original work is properly cited.

Bioscience Journal | 2023 | vol. 39, e39021 | https://doi.org/10.14393/BJ-v39n0a2023-63281




