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ABSTRACT. Public parks are an important source of contamination by parasites due to the high flow of people and
animals. We aimed to evaluate the prevalence of intestinal parasites in the soil of public parks from Belém, northern
Brazil, as well as compare the degrees of parasitism in squares analyzed, the frequency of parasites found according to
parasitological methods and verify the conditions of squares on collection day. This was a cross-sectional analytical
study carried out during October 2020. The forty samples from four squares were analyzed by Hoffman, Faust and
Baermman modified methods. The results showed that 72.5% of samples were parasitized and 100% of squares were
contaminated with intestinal parasites. Moreover, polyparasitism was predominant in contaminated samples and
Baermann-Moraes method was the most sensitive in the detection of helminths. Blastocystis hominis (47.2%) and
hookworms (52.5%) were the most found species. Thus, this study showed parasitic contamination in all of the squares
analyzed, which may be associated with poor sanitary from the city of Belém and reinforce the adoption of preventive
measures to reduce the parasitic contamination on squares.
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Introduction

Intestinal parasitic infections are an important
public health problem around the world, mainly in
developing regions, and may be associated with
inadequate sanitation and unfavorable socio-
economic status [1]. Furthermore, lack of knowledge
of the population about the transmission mechanism
and means of preventing these pathogens contribute
to their spread [2]. These diseases can be transmitted
through infected water and food or contact with
contaminated soil by parasites [3]. Therefore, the
morphological characteristics of the microorganism
influence its survival, as the cystic wall present in the
protozoa and the membrane of helminth eggs, rich in
carbohydrates, conferring protection and resistance
of these forms to the environment [4].

Thus, factors inherent to the host can favor
parasitic infections, such as age, nutrition, immune
response, and inadequate habits of personal hygiene
[5-7]. Likewise, several environmental determinants

contribute to the soil contamination and guarantee the
survival of these parasites, including garbage dump
in the environment, temperature, humidity, pH,
consistency, composition, and texture [6—8].
Among the favorable places for the propagation
of parasitic forms in the soil, public parks represent
an important source of parasitic infection to humans
due to the high flow of people and animals. The risk
factors that facilitate this contamination are poor
hygiene practices, especially by children, who use
these spaces for leisure and the habit of bringing
animals to the parks, mainly dogs, which deposit
their faeces directly in the environment [9.8].
Several reports demonstrate the parasitic
contamination in the soil of public parks [8,10-14].
The most frequently described parasites were
helminths (Ancylostoma spp., Toxocara sp. and
Ascaris lumbricoides) [8,15] and the protozoans
(Entamoeba spp. and Giardia spp.) [10,13,14].
However, few parasitological analyses were
performed in public parks in Northern Brazil [8,14].
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Table 1. Prevalence of parasitic contamination, degrees of parasitism in the samples of four public squares, in Belém,

Para, Northern Brazil

Samples P1 N (%) P2 N (%) P3 N (%) P4 N (%) Total P-value Total P-value
Parasitized 10 (100%) 7 (70%) 7 (70%) 5(50%) 29 (72.5%)  0.03272 0,0044b
Non-parasitized 0 (0%) 3 (30%) 3 (30%) 5 (50%) 11 (27.5%)

Total 10 (100%) 10 (100%) 10 (100%) 10 (100%) 40 (100%)

P1: Orla Park, P2: Jau Park, P3: Espaco Crianga Square, P4: Batista Campos Square. 2Comparison between the
samples parasitized and non-parasitized according to the squares analyzed by G-test (p<0.05). bComparison between
total samples parasitized and non-parasitized by chi-square test (p<0.05).

In the city of Belém, northern Brazil, the
precarious conditions of the public parks are related
to the poor sanitation and the geographic pattern of
the city that is cut by rivers and streams, with an
extensive area subject to flooding, making these
areas suitable for propagation of parasites [16].
Therefore, we evaluated the prevalence of intestinal
parasites in the soil of public parks in Belém, Brazil,
and we compared the different degrees of parasitism
in the squares analyzed, the frequency of parasites
found according to the different parasitological
methods used in the analysis and checking the
conditions of the squares on the day of collection.

Materials and Methods

Study area

This is a cross-sectional analytical study carried
out in soil samples in Belém, northern Brazil, a
territorial extension of 1,059,466 km?, an estimated
population of 1,499,641 inhabitants in 2020 and 236
public parks registered [17,18]. The public parks

were selected by convenience, based on observation
of child circulation and the presence of kids toys.
The locations were Orla Park — P1 (1°28°20”S 48°30°
07°W), Jat Park — P2 (1°25°07”S 48°28°48”W),
Espaco Crianga Square — P3 (1°26°19”S 48°28°31”
W) and Batista Campos Square — P4 (1°26°19’S 48°
28’31”W).

Collection, processing, and sample analysis

We first evaluated the squares on the day of
collection about the conservation of the space,
presence of waste, circulation of people and
animals, and conditions of the playground. A total of
40 samples (10 samples per square) were collected
during October 2020. The collection area was
established in two quadrants with a total area of 9m?
around the toys in each square. In each vertex and
center of each quadrant was removed 90g of
material [19].

The samples were stored in sterile plastic bags
identified as (P1, P2, P3, and P4), the sample
number, and the time of collection, being

Table 2. Degree of parasitism in the samples of public squares, in Belém, Para, Northern Brazil

Samples PIN(%) P2N(®) P3N (%) P4N (%) Total P-value Total P-value
Monoparasitism 0 (0%) 1(14.3%) 2(28.6%) 1 (20%) 4 (13.7%) 0.20702 0.0233b
Biparasitism 4 (40%) 1 (14.3%) 1(14.3%) 3 (60%) 9 (31.1%)

Polyparasitism 6 (60%) 5(71.4%) 4(57.1%) 1(20%) 16 (55.2%)

Total 10 (100%) 7 (100%) 7 (100%) 5 (100%) 29 (100%)

P1: Orla Park, P2: Jau Park, P3: Espaco Crianga Square, P4: Batista Campos Square. @Comparison between the
different degrees of parasitism in the samples according to the squares analyzed by G-test (p<0.05). bComparison
between the total number of samples presenting the different degrees of parasitism by Chi-square test (p<0.05).
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Table 3. Prevalence of parasitic contamination through three parasitological methods performed in the samples of four
public squares, in Belém, Para, Northern Brazil

Samples Baermann N (%) Faust N (%) Hoffman N (%) P-value
Parasitized 21 (52.5%) 16 (40%) 14 (35%) 0.26452
Non-parasitized 19 (47.5%) 24 (60%) 26 (65%)
Total 40 (100%) 40 (100%) 40 (100%)

4Comparison between parasitized and non-parasitized samples in relation to the different parasitological methods
used by G-test (p<0.05)

immediately transported in a refrigerated thermal The material was divided and processed using
box at 4°C to the Laboratory of Parasitology of the three different methods: 50g of sand for Hoffman,
Centro Universitario Metropolitano da Amazonia Pons and Janer method [20], 35g for Faust method
(UNIFAMAZ). [21] and 5g for Baermann-Moraes method [22] as

Table 4. Prevalence of parasites, by species, through three parasitological methods performed in the samples of four
squares, in Belém, Pard, Northern Brazil

Species Baermann Faust Hoffman Total P-value Total P-value
Protozoan

Blastocystis hominis 3 (25%) 9 (60%) 5 (50%) 17 (46%) 0.17748,¢ 0.03973.8
Endolimax nana 4 (33.3%) 4 (26.6%) 1 (10%) 9 (24.3%)

Entamoeba coli 2 (16.7%) 0 (0%) 0 (0%) 2 (5.4%)

lodamoeba butschlii 0 (0%) 1 (6.7%) 1 (10%) 2 (5.4%)

Giardia lamblia 2 (16.7%) 1 (6.7%) 3 (30%) 6 (16.2%)

Toxoplasma gondii 1 (8.3%) 0 (0%) 0 (0%) 1 (2.7%)

Total 12 (100%) 15 (100%) 10 (100%) 37 (100%)  (.5984b.d

Helminths

Ascaris lumbricoides 2 (8.3%) 0 (0%) 3 (25%) 5(12.8%) 0.70242-€

Hookworms 14 (58.4%) 2 (66.7%) 5(41.6%) 21 (53.9%)

Toxocara canis 1 (4.1%) 0 (0%) 1 (8.4%) 2 (5.1%)

Strongyloides stercoralis 5(20.9%) 1 (33.3%) 3 (25%) 9 (23.1%)
Trichuris trichura 2 (8.3%) 0 (0%) 0 (0%) 2 (5.1%)

Total 24 (100%) 3 (100%)  12(100%) 39 (100%)  0.0002b:f

aValues obtained through the G-test (p <0.05). bValues obtained through the chi-square test (p <0,05). “Comparison
between protozoans species. “Comparison between the methods and the total number of protozoans. *Comparison
between helminths species. {Comparison between the methods and the total number of helminths. EComparison
between all species of parasites detected in the samples.
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Table 5. Conditions of the squares assessed on the day of collection

Conservation of Conservation of

Circulation of Circulation of

Squares Presence of garbage .
squares squares toys people animals
P1 Good Good Present Absence Present
P2 Poor Poor Present Present Present
P3 Good Good Present Absence Absence
P4 Good Poor Absence Present Present

P1: Orla Park, P2: Jau Park, P3: Espago Crianga Square, P4: Batista Campos Square. Conservation of the squares:
Good: presents an appropriate structure; Poor: poorly preserved structure. Conservation of toys: Good: well preserved
and suitable for the public; Bad: broken or unviable toys for use. Presence of garbage: Present: accumulation of
garbage in the territory of the square. Absent: no accumulation of garbage in the square. Circulation of people and
animals: Present: square had movement of animals and/or people; Absent: place without movement of animals and/or

people.

previously described with modifications. At the end
of the methods, two slides were prepared from each
sample with Lugol 5% (Newprov®) and analyzed
under Eclipse E100 (Nikon®) optical microscope in
the 10x and 40x objectives. Double-observer was
used as internal quality control to validate the
results.

Statistical analysis

Data analysis was performed in the Bioestat
software, version 5.23 [23]. Chi-square test and the
G-test was used to evaluate the number of
parasitized samples, the degrees of parasitism
(monoparasitism, biparasitism, and polyparasitism)
in the total sample and in each square, the
prevalence of parasitic contamination and species of
parasites according to parasitological methods used.
Differences were considered statistically significant
when p<0.05. To analyze the conditions of the
squares was performed a descriptive statistic.

Results

A total of 72.5% (29/40) of the samples were
significantly parasitized (p=0.0044) and P1 had the
highest prevalence of parasites with 100% (10/10)
of contamination among the squares (p=0.0327), as
shown in Table 1.

Polyparasitism was predominant in 55.2%
(16/29) of the parasitized samples (p=0.0233).
However, no significant difference was observed
between squares (p=0.2070) (Table 2). When
comparing parasitological methods, the modified
Baermann-Moraes method detected a great number
of parasites 52.5% (21/40), however, the difference

between parasitological methods was not significant
(p=0.2645) (Table 3).

Considering all the parasitological methods, the
most prevalent protozoan parasite was Blastocystis
hominis 46% (17/37), followed by Endolimax nana
24.3% (9/37). The predominant helminths were
hookworms 53.9% (21/39) and Strongyloides
stercoralis 23.1% (9/39). Faust’s method was the
most effective in detecting protozoa, but there was
no significant difference between the methods
(p=0.5984) and Baermann’s method was
significantly more sensitive in detecting helminths
(p=0.0002) (Table 4).

Regarding the conditions of the squares on the
day of collection, 75% (3/4) were in good condition,
50% (2/4) had a good conservation of the toys and
there was a presence of people. Nevertheless, the
majority (75%) contained waste disposal and
circulation of animals in the recreation space,
including P1, the square significantly contaminated
compared to the other investigated sites, as
described in Table 5.

Discussion

The public squares can be an important source of
infection by enteroparasites [8,11-13]. In the
present study, all squares presented parasitic
contamination and 72.5% of the samples were
parasitized, indicating a potential risk to the health
of the population.

Until the present moment, this is the first
analysis carried out in the city of Belém to detect
parasites in the soil of public squares and agrees
with previously reported studies in northern Brazil
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using the Hoffman or Faust method. In Redencao
city, state of Para, 60% (15/25) of samples was
contaminated from 80% (4/5) of the parks [8].
Already the state of Rondonia recorded a high
prevalence of parasites in the soil with 100% (16/16)
positivity in two public parks [14], corroborating
with our results.

In contrast to our findings, several parasitological
analyses performed by different methods in Southern
Brazil presented low contamination rates. In public
squares of Curitiba, in the Parana state were observed
a prevalence of 36% (124/345) of parasitized samples
[24]. Likewise, in parks of Laguna dos Patos, Rio
Grande do Sul were detected 8.3% (10/120) of
positivity [25]. These results may be associated with
greater sewage (65.1% coverage) and garbage
collection (94.1% of houses) in the Southern Brazil
when compared with the Northern Brazil (22.6% and
78%, respectively), which reinforces the relationship
between parasitic diseases and precarious conditions
of sanitation of the population [26].

In this study, the Orla Park was significantly
contaminated in comparison with other squares
analyzed, and may be related to the poor sanitary
found in this square, including the accumulation of
waste and the circulation of animals. However, no
information described in the literature about the
frequency of garbage collection or people flow in
these places.

According to the Brazilian Institute of Geography
and Statistics, in 2019, Belém occupied the Sth
position between municipalities with the highest
absolute number of houses in subnormal clusters,
indicating the presence of poor housing and
infrastructure, urban and land irregularity, and low-
income population [18]. These characteristics can be
observed in the district of Jurunas, where the Orla
Park is located, which has one of the highest rates of
flooding points, an outflow of water difficulties, and
inadequate disposal of soil waste, contributing to the
propagation of several parasites [27].

In our study, polyparasitism was predominant,
suggesting a high parasitic load in the soil, due to
the squares being open spaces for the community
and with the high animal flow, which allows the
contamination by parasites. These may present
several transmission mechanisms to the human host
and morphological characteristics that ensure their
survival for a prolonged period in the soil [4,28].

Regarding parasitological methods, the Faust
method detected more protozoans in soil samples in
this study, although no statistical difference was

observed between the methods. This finding
corroborates with the aim of this method, which is
to find cysts and oocysts of protozoa [4]. On the
other hand, the Baermann method was the most
effective in the research of helminths, reinforcing
the purpose of the technique that is the detection of
larvae of §. stercoralis and hookworms [4], which
correspond to the helminths most commonly
detected in this investigation.

These results corroborated with other analyses
conducted in Brazil, in which these two species of
helminths were found in public squares. In the
Northeast Brazil, in Maceio, Alagoas had an
occurrence of positive samples for hookworm
species 40.5% (28/69) and S. stercoralis 58%
(40/69) [29]. In Southern Brazil, Bento Gongalves,
Rio Grande do Sul, the percentage of hookworms
was 19.2% (10/52) and S. stercoralis 7.7% (4/52)
[30]. Likewise, 40.3% (50/124) of hookworms and
6.4% (8/124) S. stercoralis [24] were found in the
squares of Curitiba, which was similar to our data
that showed the prevalence of 52.5% of
hookworms, followed by 22.5% S. stercoralis,
regardless of the sample size is different.

Moreover, no agreement on the sample number
that should be collected or a standardized
methodology for collecting soil samples from public
parks in the literature. There are researches analyzing
from 3 to 8 samples per square [10,11,15,19,24].
Several authors considered the ends of the square
[14], cardinal points [11], or established quadrants
and collection points [10,19,24], which was the
method selected in this study.

The choice of our collection method was based
on the size of the recreation space and the way that
the toys were arranged in this area. Considering the
results found, the method was considered adequate,
because there was significant contamination in all
squares, through parasitological methods. However,
it is necessary to expand the number of squares
analyzed to obtain a panorama of contamination in
the different neighborhoods of the municipality.

The presence of S. stercoralis and hookworms
indicates possible pathways for faecal and
transcutaneous contamination from the samples,
because transmission of these parasites can occur
through ingestion of contaminated food and water
or penetration by the L3 filariaid larva. The
maturation of the larva up to its infecting stage is
facilitated by environmental factors such as
oxygenation, temperature, and humidity. In the case
of hookworms, the larva has a double cuticle which
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gives greater resistance to this microorganism,
while S. stercoralis has a thin cuticle, making it
more sensitive to the environment [4].

B. hominis was the protozoan most frequent
(47.2%) in soil samples, which may be a reflection
of the high prevalence of this microorganism in the
population of Para [31]. Other studies reported the
prevalence of protozoans in the soil of public
squares, among them Balantidium coli, Entamoeba
coli, Giardia lamblia, and Toxoplasma gondii
[10,14,32], and the last three also detected with a
lower percentage in our study.

The cystic forms released in the host’s stool are
responsible for B. hominis infection. The species is
considered an important indicator of environmental
contamination and can be defined as a commensal
protozoan or pathogenic in the human intestine,
with various clinical manifestations [33].

In addition, E. nana was the second predominant
protozoan in the samples (25%), corroborating with
a study carried out on the sand in the beaches of
Paraiba, Jodo Pessoa, in which 28.1% (13/76) of this
species was found [34]. This amoeba parasite on the
human intestine is non-pathogenic but may indicate
oral fecal contamination. Furthermore, it can
survive in feces for two weeks at room temperatures
and to 2 months at lower temperatures, facilitating
its spread [35].

In summary, our results showed for the first time
that the public squares of Belém were affected by
enteroparasites, which may be justified by the
contamination of these places by faecal material and
poor sanitation. Furthermore, all parasitological
methods detected parasites, however Baermann
method was the most sensitive for helminths. Thus,
it is necessary to take preventive and educational
measures to prevent the spread of parasites in the
squares.
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