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Abstract

Intestinal Parasitic Infections (IPIs) are prevalent in vulnerable populations, yet zoonotic transmission is
underreported. This study analyzed, under the One Health approach, the prevalence of and risk factors for
[PIs among humans and dogs in a rural region of Teresina, Piaui, Brazil. A total of 361 human fecal samples, 23
household dog fecal samples and 81 dog fecal samples collected from public roads were analyzed using the Lutz,
Baermann and Kato-Katz methods. Anthropometric measurements, haemoglobin levels in children aged 5 to
14 and a survey of cases of cutaneous larva migrans (CLM) were also analyzed. The height and weight of these
individuals were used to calculate Z-scores for height-for-age (HAZ), weight-for-age (WAZ) and weight-for-height
(WHZ). Associations between parasites and risk factors were assessed using Pearson’s chi-square test, Student’s
t-test and logistic regression. The results showed that 47,9% (173/361) of the residents were parasitized, being
42,9%(155/361) by protozoa and 9,4% (34/361) by helminths. The most common pathogenic protozoa were Giardia
duodenalis (8.3%; 30/361) and Entamoeba histolytica/dispar (5.3%, 19/361), while the most pathogenic helminths
were Ascaris lumbricoides (6.6%, 24/361) and hookworms (4.7%, 17/361). Analysis of nutritional status revealed
that 3.1% of children and adolescents had short stature (HAZ<-2), 7.3% had low weight (WAZ<-2) and 21.9% had
anemia (hemoglobin <11.5g/dL). Mean HAZ was significantly lower in children with ascariasis (-1.16+0.24 vs.
-0.34+0.10; p=0.008) and hookworm (-1.28+0.33 vs. -0.39+0.09; p=0.041). Hookworms were the most frequent
parasites in dog feces (62.5%, 65/104). Infections by Toxocara spp. and Trichuris spp. were observed in dogs, with
3.8% of the samples presenting mixed infections. Cases of CLM were identified (n=45/361), with 62.2% of the cases
in children (2 to 9 years) and a predominance for males (68.8%). These data highlight the intersections between
IPIs in humans and dogs and reinforce the need for intersectoral and integrated health promotion measures. The
adoption of the One Health approach could strengthen surveillance and prevention of zoonoses and contribute
to public policies aimed at improving the quality of life in vulnerable areas.

Keywords: intestinal parasitic infections, nutritional status, zoonoses, one health, health promotion.

Resumo

As Infeccbes Parasitarias Intestinais (IPIs) sdo prevalentes em populagdes vulneraveis, no entanto, ha subnotificagao
de transmissdo zoonotica. Este estudo analisou a prevaléncia e os fatores de risco das IPIs em humanos e caes, sob o
enfoque da Sadde Unica, numa regido rural de Teresina, Piaui, Brasil. Foram analisadas 361 amostras fecais humanas,
23 de cdes domiciliados e 81 amostras de cdes coletadas em vias publicas, pelos métodos de Lutz, Baermann e
Kato-Katz, além de afericdo antropométrica, dosagem de hemoglobina em criancas de 5 a 14 anos e levantamento
de casos de larva migrans cutanea (LMC). Os escores z de altura para idade (HAZ), peso para idade (WAZ) e peso
para altura (WHZ) foram calculados a partir da altura e peso desses individuos. Associa¢des entre os parasitas e 0s
fatores de risco foram avaliados usando Teste Qui-Quadrado de Pearson, o teste t de Student e Regressao Logistica.
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Os resultados mostraram que 47,9% (173/361) dos moradores estavam parasitados, sendo 42,9% (155/361) por
protozoarios e 9,4% (34/361) por helmintos. Os protozoarios patogénicos frequentes foram Giardia duodenalis
(8,3%; 30/361) e Entamoeba histolytica/dispar (5,3%, 19/361), e os helmintos Ascaris lumbricoides (6,6%, 24/361) e
ancilostomideos (4,7%, 17/361). Em relacdo ao estado nutricional, 3,1% das criangas e adolescentes apresentaram
baixa estatura (HAZ<-2), 7,3% baixo peso (WAZ<-2) e 21,9% anemia (hemoglobina <11,5g/dL). As médias de HAZ
foram significativamente menores em criangas com ascaridiase (-1,16£0,24 vs. -0,34%0,10; p=0,008) e ancilostomiase
(-1,2810,33 vs. -0,3910,09; p=0,041). Os ancilostomideos foram os parasitas mais frequentes nas fezes dos caes
(62,5%, 65/104). Infec¢des por Toxocara spp. e Trichuris spp. foram observadas em cdes, com 3,8% das amostras
apresentando infec¢des mistas. Casos de LMC foram identificados (n=45/361), com 62,2% dos casos em criangas
(2 a9 anos) e predominancia no sexo masculino (68,8%). Esses dados evidenciam as interseccionalidades entre
IPIs em humanos e cdes, refor¢ando a necessidade de medidas intersetoriais e integradas de promogao da satide.
A adogdo da abordagem de Satide Unica podera fortalecer a vigilancia e a prevencio de zoonoses, contribuindo
com politicas publicas voltadas as melhorias na qualidade de vida em areas vulneraveis.

Palavras-chave: infec¢des parasitarias intestinais, estado nutricional, zoonoses, satide tinica, promogao da satde.

1. Introduction

Intestinal Parasitic Infections (IPIs) are neglected
diseases caused by helminths and protozoa that can
cause significant damage to the health of humans and
other animals. These infections vary in prevalence and
represent a challenge for developing countries with
socio-environmental determinants such as poverty,
unemployment, hunger and poor environmental sanitation
(Rahman et al., 2022). IPIs result in a loss of approximately
46 to 57 million Disability Adjusted Life Years (DAILY)
(Vilaretal., 2021). Most cases are asymptomatic, however,
diarrhea, intestinal obstruction, acute appendicitis, liver
abscess and rectal prolapse can occur. Children and
adolescents can develop nutritional deficiencies and
anemia, which can lead to impaired child growth and
deficits in cognitive development (Marques et al., 2021;
Bordignon et al., 2022).

There are around two hundred zoonotic IPIs that are
considered serious, emerging and in need of special
attention from health systems (Souza et al., 2023). Cases
of zoonotic transmission related to IPIs have increased
in Brazil, given the growing number of domestic animals
(around 132 million) and the proximity of humans to other
animals (Silva et al., 2020a).

The prevalence of canine IPIs in China, Germany, Kenya
and Sri Lanka has ranged from 20.2% to 97% (Fu et al,,
2019; Mulinge et al., 2021; Silva et al., 2022; Murnik et al.,
2023). Studies in the Southeast, Center-west and Northeast
regions of Brazil have determined prevalences ranging
from 42% to 54.9% (Zanetti et al., 2019; Silva et al.,
2020a; Souza et al., 2023), with occurrence in regions of
different socioeconomic status and socio-environmental
characteristics. Brazilian studies point to the predominance
of Ancylostoma spp. and Giardia duodenalis in feces from
dogsinrural areas (Souza et al., 2023; Arruda et al., 2023).

Cutaneous Larva Migrans (CLM), also known as geographic
worm, is a zoonosis caused by Ancylostoma spp. larvae
from dogs and cats found in contaminated environments
(Larsen et al.,2021). In Brazil, Silva et al. (2020b) identified
high incidences of these larvae in soil from schools,
recreational areas, and residential condominiums, posing
a public health risk. A study in the North Region of the
country concluded that one in two children are infected
with CLM every year (Reichert et al., 2018).
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The One Health approach has been gaining relevance
in epidemiological studies, by which links among the
health of humans, other animals and the environmental
are related (Cociancic et al., 2018). In this sense, this study
aimed to analyze, under the One Health approach, the
prevalence and risk factors of IPIs in humans and dogs
in a rural region of the municipality of Teresina, state
of Piaui, Brazil. The results of this study are expected to
contribute to tackling the maintenance of transmission
in a hyperendemic area by planning intersectoral and
integrated prophylactic measures.

2. Material and Methods

2.1. Study area

This study was carried out in the village of Boa Hora, a
rural area located approximately 30 km north of the urban
center of the municipality of Teresina (Figure 1), capital of
the state of Piaui, in Northeast Brazil. This area lies to the
west of the Parnaiba River and to the north of the border
with the municipality of Unido, under the geographical
coordinates 4°53’627” S and “42°52'465” W. The region’s
climate is tropical semi-humid, with temperatures ranging
from 22 to 40°C (annual average of 27°C) and an annual
rainfall of 1,349 mm. The rainy season is from November
to May and the dry season is from June to October.
The vegetation is transitional between the Cerrado and the
Mata de Cocais area (IBGE, 2024). The community has around
1,750 inhabitants, most of which are economically active
in agricultural activities, especially sugarcane cultivation,
seedling nurseries and animal husbandry (goats, sheep and
pigs). Health services are provided through Basic Health Unit
(BHU) and public hospitals in the urban area. The Teresina
Zoonosis Control Center provides periodic anti-rabies
vaccination for pets (i.e., dogs and cats).

2.2. Study design, sampling, and sociodemographic data

This is a descriptive, cross-sectional study, with
participant observation (Queiroz et al., 2007) and action
research (Thiollent, 2009). It was carried out between March
and September 2022, in accordance with STROBE guidelines.
Households were selected by convenience in accessible
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Figure 1. Geographic locations of the rural areas of the village of Boa Hora, municipality of Teresina, Piaui State, Brazil.

locations with the support of the BHU and Family Health
Team (FHT), with assistance from Community Health Agents
(CHA). The sample population was 326 people. According
to the sample calculation adopted by Barbetta (2012),
the number of participating individuals was obtained as
the sample size with an acceptable margin of error of 5%
and 95% confidence interval. The study included 23 fecal
samples from household dogs and 81 dog fecal samples
collected on public roads in the village of Boa Hora.

The inclusion criteria for the sample population were: i)
individuals living in the village of Boa Hora and ii) families
in which the adult participant (over 18 years old), or the
person legally responsible for the family, agreed to sign
the Informed Consent Form (ICF). Individuals under the
age of 18 were included through the Free and Informed
Consent Form (FICF), after their guardian’s permission and
agreement. The following were excluded from the study:
i)individuals under treatment with antiparasitic drugs for
less than six months; ii) children < 2 years of age and iii)
pregnant and breastfeeding women.

Socio-environmental data were obtained using a
questionnaire validated by Moraes-Neto et al. (2010),
with the following variables: age, gender, family income,
schooling, hygiene conditions and environmental
sanitation, household characteristics, source of drinking
water, type of water consumed, presence of domestic
animals and contact with river water, streams and
dams. Another semi-structured questionnaire based on
Arruda et al. (2022) and Donis et al. (2023), with open and
closed questions, was administered to guardians about
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where they live, how they keep their dogs in their homes,
free access to the street, availability of food, availability
of water, access to veterinary advice, history of worms,
identification of symptoms, administration of antiparasitic
drugs to dogs, and repetition/periodicity of these drugs.

Data on cases of CLM were collected from the
information recorded at the BHU and reported by
residents during home visits, when lesions were shown
and confirmed by the team.

2.3. Laboratory procedures and treatment

Three universal collectors were given to the study
participants with the appropriate collection instructions:
i) a collector with preservative (10% formaldehyde), ii) a
collector without preservative for the collection of human
fecal samples and iii) a collector without preservative for
the collection of samples from the surface of dog feces after
spontaneous evacuation. The research team also collected
samples from dog feces found on public roads near the
residences included in the study. All human and canine
fecal samples were analyzed using the techniques of Lutz
(1919) and Moraes (1948). Human infection intensity was
estimated by the Katz et al. (1972) method and determined
as follows: (i) hookworm infection - light, with a parasitic
load of £ 1,999 eggs per gram of feces (epg.); moderate,
with a load between 2,000 and 3,999 epg.; and heavy,
with > 4,000 epg.; and (ii) ascariasis - light, ranged of
0 to 4,999 epg.; moderate, from 5,000 to 49,999 epg.;
and heavy, with > 50,000 epg. (Montresor et al., 1998;
PAHO, 2015).
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Coproparasitological reports and medical prescriptions
were given to the adult participants and parents/guardians
of the minors. Individuals parasitized by helminths and/
or pathogenic protozoa were treated under medical
supervision at the BHU. Children and adolescents aged
5 to 14 years with a diagnosis of nutritional status deficit
or anemia were referred to the BHU. Parasitized household
dogs were also treated, and their owners were instructed
on prophylactic measures by the team’s veterinarian.

2.4. Anthropometry and hemoglobin measurement of
participants aged 5 to 14 years

Weight and height measurements were taken using
standard procedures with a digital scale (accurate to 100g)
and a portable stadiometer (accurate to 1mm). Birth dates
were obtained from official documents and used to calculate
z-scores for weight-for-age (WAZ), height-for-age (HAZ)
and weight-for-height (WHZ), using the “Nutrition” module
of the Epilnfo 2000 program (version 3.5.1). Low weight,
short stature and weight loss were defined by WAZ, HAZ
and WHZ values lower than -2, respectively (Brasil, 2011;
Almeida et al., 2020). Blood hemoglobin concentration
was assessed using a HemoCue photometer (HemoCue AB,
Angelholm, Sweden). Anemia was defined as Hb values
below 11.5 mg/dL (WHO, 2001).

2.5. Spatial analysis

The households and collection points were georeferenced
at the time of home visits using a global navigation satellite
system receiver. Heat maps were constructed using the
Kernel method. The radius of heat maps was defined by the
average distances of nearest neighbors + 1 standard deviation.
The cartographic bases were obtained from the Brazilian
Institute of Geography and Statistics - Geosciences — IBGE.
The spatial data was analyzed on a GIS platform using the
open-source software QGIS (version QGIS 3.10.11 ‘A Corufia’).
The color gradation quantifies the density of cases by region.

Heat maps of the spatial analysis of human and canine
hookworm infections in the village of Boa Hora were
constructed from three perspectives: i) households with
the presence of hookworm infection in humans; ii) canine
fecal samples collected from the soil of peridomicile areas
and public roads with the presence of hookworm eggs and
iii) households with the presence of CLM cases.

2.6. Statistical analysis

The descriptive results of the variables and the
investigation of risk and protective factors for the
occurrence of parasites were obtained using Pearson’s
chi-square test and logistic regression. The analyses were
carried out by tabulating and organizing the data in a
standard table in Excel software and testing in Rstudio
software (version 2023.12.1).

Participants aged 5 to 14 were assessed for nutritional
status and blood hemoglobin concentration, which were
correlated with monthly family income and IPIs, comparing
the mean z-scores of nutritional parameters and blood
hemoglobin levels between different income strata and
between infected and uninfected children (the comparison
was made in both). Two social strata were defined: family

419

income of up to half the minimum wage (US$115.53) and ii)
family income above half the minimum wage. Student’s t-test
was used for this comparison, with a statistical significance
level of p < 0.05. Statistical analyses were carried out using
SPSS® software (IBM Corp., Armonk, NY, USA).

Pearson’s chi-square test was also used to evaluate
associations between the information in the questionnaire
applied to dog owners and the results of the stool exams.
For variables with more than two categories, a post hoc
test of the standardized adjusted residuals was carried
out to identify the pairs of categories of each variable
that showed an association. The p values were adjusted
using the Bonferroni method to account for multiple
comparisons. These analyses were carried out using SPSS
Statistics software (version 2.4; IBM Corp., Armonk, NY,
USA), and an o significance level of 5%.

3. Ethics Statement

The study was approved by the Human Research
Ethics Committee of the Instituto Oswaldo Cruz, Fiocruz,
Plataforma Brasil (CAAE No. 48100321.1.0000.5248,
Opinion No. 4.925.904). Conformities were adopted in
accordance with resolutions No. 466/2012 (Brasil, 2012)
and 510/2016 of the National Health Council - Ministry
of Health, Brazil (Brasil, 2016).

In accordance with Normative Resolution 30 of the
National Council for the Control of Animal Experimentation,
the study did not need to be examined by the Ethics
Committee on the Use of Animals, Ministry of Science
and Technology, Brazil, as it did not involve direct contact
with the dogs.

4. Results

4.1. Intestinal parasitic infections in the human population
sample

The studied population sample comprised 52.3%
(189/361) female and 47.7% (172/361) male residents.
The ages of individuals were distributed as follows: 18.3%
(66/361) aged 2 to 9 years (children), 14.1% (51/361) aged
10 to 19 years (adolescents), 53.2% (192/361) aged 20 to
59 years (adults), and 14.4% (52/361) aged > 60 years (elderly).

Total IPIs prevalence was 47.9% (173/361). The detection
frequencies for protozoan and helminth infections
were 42.9% (155/361) and 9.4% (34/361), respectively.
The pathogenic protozoa present were Giardia duodenalis
(8.3%; 30/361) and Entamoeba histolytica/dispar (5.3%,
19/361). Commensal protozoa were also present, mainly
Endolimax nana in 29.4% (106/361) of the participants,
followed by Entamoeba coli (21.1%; 76/361) and lodamoeba
butschlii(0.3%; 1/361). The most prevalent helminths were
Ascaris lumbricoides (6.6%, 24/361), hookworms (4.7%,
17/361) and Enterobius vermicularis (0.6%, 2/361).

Percentages of mono-parasitism, bi-parasitism and
polyparasitism were 57.8% (100/173), 27.2% (47/173) and
15% (26/173), respectively. Around 4.4% (16/361) of the
participants had mixed helminth and protozoan infections.
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The prevalences of IPIs for males and females were 49.4%
(85/172) and 46.5% (88/189), respectively. Although the
regression analysis showed that male sex increased the
risk of infection by 12.13%, there was no evidence that
this effect differed significantly from that for female sex
(p=0.587). The age group with the highest percentage of
IPI cases was 10 to 19 years (74.3%; 26/35), followed by
20 to 59 years (47.4%; 91/192), 2 to 9 years (42.7%; 35/82)
and > 60 years (40.4%; 21/52). The average significance
of comparisons between the 10 to19 age group and the
other age groups was p = 0.0044, suggesting that the
higher proportion of cases in this age group is not random.

Regarding the cases of hookworm detected in participants
aged 2 to 9 years, 100% (5/5) and 10 to 19 years, 20% (1/5)
had their parasite load determined (72 to 528 epg.) and had
infections classified as mild. It was not possible to estimate
infection intensity for four participants aged 10 to 19 due
to insufficient samples. The intensity of A. lumbricoides
infection among participants aged 2 to 9 ranged from mild
(3,696 epg.) in 10% (1/10) to moderate (5,376 - 29,928 epg.)
in40%(4/10) to heavy (99,672 - 123,888 epg.) in 20% (2/10).
It was not possible to assess infection intensity for three
participants in this age group due to insufficient samples.
infection among individuals aged 10 to 19 ranged from mild
(648 - 4,488 epg.) in 60% (3/5) to moderate (10,596 epg.)
to heavy (65,516 epg.) in 20% (1/5), respectively).

Male participants had a parasite load with greater
variability in hookworm and A. lumbricoides infections
(Figure 2). Group A (Graph A) and Group C (Graph B)
comprised the age group with the greatest dispersion of
parasite load of these infections, while adult individuals
(Graph B) had one case above the standard found.

4.2. Intestinal parasitic infections and sociodemographic
and environmental characteristics of the human
population sample

The association between IPIs prevalence and socio-
environmental characteristics showed that disposing of waste
in peridomiciliary vegetation (p = 0.001), defecating in the
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open (p = 0.001), having toilets outside the home (p = 0.01),
the absence of a toilet (p = 0.032) and having a dirt floor (p =
0.001) represented greater chances of infections (Table 1).

G. duodenalis infections were associated with frequent
contact with rivers and/or streams (p = 0.001), the disposal
of human waste in peridomiciliary vegetation (p = 0.038) or
in black pits (p = 0.013), and the existence of rammed earth
walls in homes (p =0.027).In addition, the practice of storing
water other than in a water tank was statistically significant
for the presence of E. coli (p = 0.002). Other characteristics,
such as toilets outside the home (p = 0.002), adobe walls (p =
0.001)and incorrect or lack of hygiene of vegetables (p=0.007)
proved to be factors indicative of A. lumbricoides infection.
Cases of hookworm infection were related to open defecation
(p=0.001)and toilets outside the home (p =0.005) (Table 1).

Disposal of waste in peridomiciliary vegetation (p =
0.001), defecation in places other than the toilet (p =0.001),
open defecation (p = 0.01) or the absence of a toilet (p =
0.032) and having a dirt floor (p = 0.001) represent risk
factors for IPIs. A. lumbricoides infections were associated
with vegetable hygiene practices (p = 0.007), as well as
households with an outside toilet (p = 0.002) and adobe
walls (p = 0.001). In addition, the open defecation habit
(p=0.001) and toilets outside the home (p = 0.005) were
considered risk factors for hookworm infection (Table 1).

The practice of storing water in drums or similar utensils
other than water tanks was statistically significant for the
presence of E. coli (p = 0.002). In addition, G. duodenalis
infections were more prevalent for residents who had
frequent contact with rivers and/or streams (p = 0.001),
who disposed of their waste in peridomiciliary vegetation
(p=0.038) or black pits (p =0.013) and homes with rammed
earth walls (p = 0.027) (Table 1).

4.3. Intestinal parasitic infections and nutritional status,
hemoglobin levels, and family income of children and
adolescents (5 to 14 years)

Among the 96 participants aged 5 to 14 years,
16 (16.6%) were infected with helminths, 11 (11.5%) with A.

MALE

Group

B Group A
B Group B
B Group C

= == ==

MALE

Group

Group A
B Group B
B Group C

Figure 2. Boxplot of parasitic loads of Ascaris lumbricoides and hookworms. Legend: H - Man; M - Female, Group A 2-9 years old, Group

B 10-19 years old and Group C > 20 years old.
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lumbricoides, and 5 (5.2%) with hookworms. Furthermore,
12.5% (n = 12) of the individuals in this age group were
infected with G. duodenalis and 4.2% (n = 4) with E.
histolytica/E. dispar (Table 2). There was no significant
difference in IPIs prevalence between family income
groups for participants of this age group.

Values (mean # standard deviation) for HAZ, WAZ
and WHZ were -0.48 + 0.13,-0.24 + 0.16 and 0.13 £ 0.13,
respectively (Table 2). The proportion of participants aged
5 to 14 with HAZ < -2 (short stature) was 3/96 (3.1%),
while the proportion with WAZ < -2 (low weight)
was 7/96 (7.3%); none of these participants were with
WHZ < -2 (cachexia). WAZ was significantly lower for
participants of this age group living in families with a
monthly income of less than 1/2 the minimum wage.
Mean blood hemoglobin concentration (mean * standard
deviation) was 12.4 £ 0.14 g/dL, with 21 children (21.9%)
having levels below 11.5 g/dL, confirming the presence
of anemia (Table 2).

4.4. Comparison of anthropometric parameters, z-scores
and blood hemoglobin concentration averages in
parasitized children and adolescents (5 to 14 years)

A comparison was made of anthropometric parameters
and blood hemoglobin levels between children infected
and not infected with different species of parasites
(Table 3). Notably, HAZ values were significantly lower
in children infected with A. lumbricoides and hookworms.
The scatter diagrams show a non-statistically significant
trend of inverse correlation between the values of the
anthropometric parameters HAZ and WAZ and parasite
load of A. lumbricoides infections (Figure 3).

4.5. Intestinal parasitic infections in the canine population
sample

A total of 104 canine fecal samples were analyzed,
with 23 (22.11%) coming from household dogs (22.11%)
and 81 (77.89) from canine feces on public roads near

Table 2. Prevalence of Intestinal Parasitic Infections, sociodemographic characteristics, and nutritional status in participants aged 5 to

14 years, from Boa Hora village, Teresina, Piaui State, Brazil.

Family income p - value Total

Helminths < l(lez x:rl:;:g?:‘:zr‘t”ya)ge 1/2 - 3 minimum wages
Ascaris lumbricoides 2(6.5) 9(13.8) 0.494 11 (11.5)
Hookworms 1(3.2) 4(6.2) 1.000 5(5.2)
Pathogenic protozoa

Giardia duodenalis 3(9.7) 9(13.8) 0.746 12 (12.5)

Entamoeba histolytica /dispar 1(3.2) 3(4.6) 1.000 4(4.2)
Commensal protozoa

Entamoeba coli 4(12.9) 10 (15.4) 1.000 14 (14.6)

Endolimax nana 4(12.9) 15(23.1) 0.286 19 (19.8)
Age group (years) n=31 n=65

5-10,n(%) 12 (38.7) 35(53.8) 0.194 47 (49)

11-14,n(%) 19(61.3) 30 (46.2) 49 (51)
Sex

Male 14 (45.2) 35(53.8) 0.514 49 (51)

Female 17 (54.8) 30 (46.2) 47 (49)
Nutritional status

Stunting (HAZ < -2), n (%) 3(3.1) 1(3.2) 1.000 3(3.1)

Low - weight (WAZ < -2), n (%) 7(7.3) 2(6.5) 1.000 7(7.3)

Wasting (WHZ < -2), n (%) 0(0) 0(0) 1.000 0(0)

HAZ, mean + DP -0,57 £ 0,17 -0,37 £0,11 0.357 -0,48 +0,13

WAZ, mean + DP -0,52£0,18 0,04 0,15 0.019 -0,24+£0,16

WHZ, mean + DP -0,12 £ 0,24 0,24+0,16 0.226 0,13+£0,13

Anemia, n (%) 8(25.8) 13 (20) 0.600 21(21.9)

Hemoglobin (mg/dL), mean + DP 12,4+0,22 12,4+0,17 0.789 124+0,14

Legend: WAZ - weight/age, HAZ - height/age, WHZ - weight/height, SD - Standard Deviation and n - sample number. *“Minimum wage

US$231.06.
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Figure 3. Dispersion of the correlation of the anthropometric parameters HAZ and WAZ with the parasite load of Ascaris lumbricoides

infections. Legend: EPG - Eggs per gram of feces.

homes included in the study. The IPI prevalences for
the samples were 56.5% (13/23) and 65.4% (53/81),
respectively. Hookworm prevalence was 63.5% (66/104),
with other helminths, such as Toxocara spp. (2.88%;
3/104) and Trichuris spp. (1.92%; 2/104). being less
prevalent. Entamoeba spp. (0.96%; 1/104) were among
the protozoa observed. Infections by more than one
intestinal parasite occurred in 3.8% (4/104) of the
canine samples.

Of the household dogs, more than half were male
(56.5%; 13/23), lived loose in the yard (69.6%; 16/23)
and had access to the street (60.9%; 14/23). Hookworm
infection in these animals differed significantly between
sexes (p=0.039; Table 4, with females being 87.2% (OR =
0.128; 95%CI = 0.019 - 0.833) less likely to be infected
than males.

Most of the household dogs ate both homemade and
industrialized food and consumed the same water used
by the family (52.2%; 12/23). All the household dogs were
vaccinated and 91.3% (21/23) had an up-to-date rabies
vaccination schedule (Table 4).

Historically, 73.9% (17/23) of the household dogs had
already had some form of helminthiasis, and the majority
had already received anthelmintic medication (91.3%;
21/23). More than half of the animals (61.9%; 13/23) had
been dewormed by their owners, even without showing
any symptoms. Only 8.7% (2/23) of these dogs were seen
by a veterinarian when they showed signs of illness.

4.6. Cutaneous Larva Migrans (CLM)

The active search for CLM cases based on BHU records
and observations by the research team was evidenced
during the home visit. A total of 45 people (4 from BHU
and 41 informed by residents) observed to have CLM:
62.2% (28/45) in children (2 to 9 years), 17.8% (8/45) in
adolescents (10 to 19 years) and 20% (9/45) in adults (20 to
59 years). Males had a greater proportion of cases than
females (68.8%; 31/45).

Brazilian Journal of Biology, 2025, vol. 85, €290197

4.7. Spatial analysis of intestinal parasitic infections in the
human and canine population samples

Human IPIs were distributed throughout all the areas
sampled by the study. IPIs caused by protozoa were more
frequent in the population cluster located in the central
region of the village (Figure 4). Infections by soil transmitted
helminths (STHs) were observed in individuals living
further away (Figure 5).

The spatial analysis of human and canine hookworm
infections in the village of Boa Hora is represented by
Kernel map (Figure 6). Five hotspots of hookworm infection
in dogs were identified: Area 1 = Boa Hora center, Area
2 = Santa Inés, Area 3 = Sitio center and Area 4 = Recanto
Santo Antonio II settlement (Figure 6). Areas 1 and 4 had
more intense (high) transmission with positivity rates of
over 60%. These areas concentrated most of the canine
fecal samples collected and had a higher dog population
density than areas 2 and 3 (Figure 6).

The spatial distribution of cases of CLM reported during
household visits is shown in Figure 7, along with that of
occurrences of hookworm eggs in canine fecal samples.
CLM was found in all four areas (areas 1 - 4). The central
region of Boa Hora (Area 1), close to the BHU, had the
greatest number of reports. The map shows that cases of
CLM occur in the same areas where hookworm eggs were
found in canine samples from homes and public roads in
the village of Boa Hora (Figure 7).

The heat map of the spatial analysis of human and
canine hookworm infections in the village of Boa Hora
(Figure 8) was constructed from three perspectives: i)
households with the presence of hookworm infection in
humans; ii) canine fecal samples collected from the soil
of peridomicile areas and public roads with the presence
of hookworm eggs and iii) households with the presence
of CLM cases. This analysis revealed that CLM cases were
identified in areas with high transmission of hookworm
in dogs. This scenario included area 1 and areas 2 and 3,
the latter two being further away from the central region
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Table 4. Association between hookworm infections and variables related to the management of semi-domiciled dogs in the village of
Boa Hora, Teresina, Piaui.

. Hookworm Infection Results n = 23 (%)
Variables n (%) — - p - value
Positive (n = 13) Negative (n = 10)

Sex
Female 10 (43.5) 3(230) 7(70.0) 0.039 *
Male 13 (56.5) 10(76.9) 3(30.0)

Way of life
Trapped 5(21.7) 2(15.4) 3(30.0)
Loose 16 (69.6) 9(69.2) 7(70.0) 0.435
Both 2(8.7) 2(15.4) 0(0)

Street access
yes 14 (60.9) 9(69.2) 5(50.0)
Not 5(21.7) 2(15.4) 3(30.0) 0.723
At times 4(174) 2(15.4) 2(20.0)

Food
Industrialized pet food - - -
Homemade food 11 (47.8) 8(61.5) 3(30.0) 0.214
Industrialized food and homemade food 12 (52.2) 5(38.5) 7(70.0)

Supplying the same water as the family consumes
Yes 12 (52.2) 8(61.5) 4(40.0)
Not 10 (43.5) 5(38.5) 5(50.0) 0.511
Don’t know 1(4.3) 0(0) 1(10.0)

Frequency of water change
24 hours 9(39.1) 6(46.2) 3(30.0) 0.669
Other 14 (60.9) 7(53.8) 7(70.0)

Vaccination time
3 months or more 10 (43.5) 6(46.2) 4 (40.0)
6 months or more 6(26.1) 4(30.8) 2(20.0) 0.756
1 year or more 7(30.4) 3(231) 4(40.0)

Vaccines
Anger 21(91.3) 12 (92.3) 9(90.0)
Viruses 2(8.7) 1(7.7) 1(10.0) 0.000

Visits to the veterinarian
Yes 2(8.7) 1(7.7) 1(10.0)
Not 19 (82.6) 11 (84.6) 8(80.0) 0.000
Don’t Know 2(8.7) 1(7.7) 1(10.0)

Frequency of visits to the veterinarian

(n=4)
Six months - - -
Annually - - - 0.000
Only when you get sick 2(50) 1(50.0) 1(50.0)

Vomit
Yes 5(21.7) 4(30.8) 1(10.0) 0.339
Not 18 (78.3) 9(69.2) 9(90.0)

Weight loss
Yes 2(8.7) 1(7.7) 1(10.0) 0.000
Not 21(91.3) 12 (92.3) 9(90.0)

Presence of worms in feces
Yes 1(4.3) 1(7.7) 0(0) 0.000
Not 22(95.7) 12 (92.3) 10 (100)

Diarrhoea
Yes 1(4.3) 1(7.7) 0(0) 0.000
Not 22(95.7) 12 (92.3) 10 (100)

Decreased or lack of appetite
Yes 5(21.7) 4(30.8) 1(10.0) 0.339
Not 18 (78.3) 9(69.2) 9(90.0)
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of Boa Hora. Area 3 had a high level of transmission of
hookworm infection in humans; it is also an environment
where people defecate in the open. In addition, there was
no overlap among hotspots of cases of hookworm infection
in dogs, CLM and cases of hookworm infection in humans.

5. Discussion

The results showed a high prevalence of IPIs in humans
in the village of Boa Hora in the state of Piaui. Cross-
sectional studies of IPIs have been reported in other
geographical regions of Piaui and have shown prevalences
ranging from 45% to 92.5% (Alves et al., 2003; Viana et al.,
2017; Ramos et al., 2019; Calegar et al., 2021). Similar
results were found by surveys in the Center-west (44.5%),
Northeast (69.6%) and North (91.2%) regions of Brazil
(Silva et al., 2019; Vilar et al., 2021; Marques et al., 2021).
IPIs remain a challenge for public health in several areas
of the country due to the following factors: (i) restricted
access to health services in communities located in remote
areas, which hinders the provision and maintenance of
basic care, as well as the implementation of preventive
measures for these diseases; (ii) socio-cultural aspects that
influence health practices and adherence to treatments
and preventive measures; (iii) lack of comprehensive
epidemiological studies on IPIs, which limits understanding
and the development of effective strategies; and (iv) lack

Brazilian Journal of Biology, 2025, vol. 85, €290197

of infrastructure with health professionals and laboratory
technicians trained in the laboratory diagnosis of IPIs
at BHUs (Oliveira et al., 2017; Alves and Oliveira, 2018;
Chielle et al., 2020).

The proportion of protozoan infections was higher than
that of intestinal helminths in the village of Boa Hora. This
infection profile has also been reported in some other
areas of Piaui (Alves et al., 2003; Coronato-Nunes et al.,
2016; Viana et al., 2017). In addition, recent research in
rural and urban regions in different states of Brazil has
shown similar results (Silva et al., 2019; Vilar et al., 2021;
Marques et al., 2021). From this perspective, mass drug
administration programs, as recommended by the WHO
to tackle STHs, may partially contribute to this trend. It is
important to note that anthelmintic resistance and the
implementation of these actions aimed only at a certain
target audience still allow these helminths to persist in
the population (Ng'etich et al., 2023). In addition, a higher
prevalence of protozoa is to be expected in regions with a
scarcity of water resources, specifically in communities in
the semi-arid Northeast, because it can lead to inadequate
water collection and handling, among other factors.
The maintenance of STHs is also favored by the direct
relationship between soil moisture and the long dry season
in such areas (Bacelar et al., 2018).

Itis important to highlight that while environmental and
socioeconomic factors, such as limited access to sanitation
and poor housing conditions, play a significant role in
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the persistence of IPIs, the occurrence of these infections
cannot be attributed solely to these determinants (Alves
and Oliveira, 2018). The presence of parasitic infections may
also be influenced by behavioral practices, knowledge about
hygiene, and cultural habits that are not directly related
to socioeconomic status. Distinguishing these aspects
is essential to ensuring that public health interventions
address both the structural and individual-level risk
factors that influence IPI transmission (Marques et al.,
2021; Muadica et al., 2020).

Giardia duodenalis, A. lumbricoides and E. histolytica/
dispar were more frequent than the other parasites found in
Boa Hora, as in other regions of the world (Pickering et al.,
2019; Habib et al., 2021). A high prevalence of commensal
intestinal protozoa (E. nana, E. coli and I. butschlii),
bioindicators of environmental contamination, was also
observed in the village and reported in other vulnerable
communities (Oliveira et al., 2020; Pickering et al., 2019;
Habib et al., 2021). The presence of these pathogens
indicates the predominance of IPIs fecal-oral transmission.

Disposal of waste in peridomiciliary vegetation,
defecation in places other than the toilet, toilets outside
the home/absence of toilets, type of wall and dirt floor were
all risk factors for STHs (Table 1). Research conducted in
Northeast Brazil and in central Mozambique, East Africa,
found that the risk conditions for the presence of STHs
include the lack of basic sanitation, the use of materials
other than brick in the construction of houses, the lack of
adequate housing/sanitary infrastructure and the practice
of open defecation (Hiirlimann et al., 2018; Monteiro et al.,
2018; Almeida et al., 2020; Muadica et al., 2020). Teresina,
the capital of Piaui, has a basic sanitation infrastructure
coverage of 43.4% (Aguas de Teresina, 2023 ). Peri-urban
and rural areas are currently experiencing rapid population
growth due to their proximity to the urban center and the
construction of popular housing estates, but environmental
sanitation conditions and the monitoring of public policy
provisioning have not kept pace with the disorderly
occupation (Figueiredo and Pinto, 2014).

In this context, conditions such as poverty, social
vulnerability, and limited access to educational resources
are critical determinants that amplify the public health
impact of parasitic diseases. However, these social
determinants do not uniformly dictate the occurrence
of IPIs. Therefore, public health initiatives must adopt
integrated approaches that address environmental
factors, individual behaviors, and social determinants as
distinct yet interconnected elements (Gois et al., 2023;
Bordignon et al., 2022).

Water, sanitation and hygiene (WASH) strategies were
created to improve the reduction of waterborne diseases
that occur in mainly vulnerable populations, with the aim
of providing access to drinking water treatment, safe water
storage and awareness of hygiene practices. An ecological
survey of students aged 7 to 17 from all Brazilian states
showed that WASH strategies play an important role in
interrupting the transmission cycle of STHs (Mingoti-
Poague et al., 2021).

Responses about the nutritional status and
socioeconomic and environmental conditions of the
children and adolescents participating in the study revealed
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that 32.3% (31/96) lived in low-income families, with an
average of half a minimum monthly wage of US$115.53,
and the only source of income being Brazilian Federal
Government aid, which had an average value of US$75.14 in
2022 (Brasil, 2023). The deficits in weight and height in
relation to age observed in the present study indicate
the presence of malnourished children and suggest an
inadequate consumption of the micro and macronutrients
necessary for the development of physical and cognitive
functions per stage of life (Melo Aradjo et al., 2021). Similar
results were described in a study in the Western Amazon
(Pickering et al., 2019). In addition, IPIs can be associated
with malabsorption of nutrients, further compromising
growth in this age group (Marques et al., 2020).

Correlating nutritional parameters with family income
revealed that the poorest children and adolescents had
significantly lower WAZ averages (Table 2). A correlation
between the frequency of dietary protein consumption,
family income and the assessment of nutritional status
was observed in peri-urban communities in the Brazilian
state of Maranhdo, which had the same characteristics as
the Boa Hora village (Almeida et al., 2020). In a population-
based survey involving data from 63 countries, Karra et al.
(2017) demonstrated that children’s height was sensitive
to poverty, low maternal schooling and lack of access to
drinking water and environmental sanitation.

Significantly lower HAZ averages were observed in
children with STH infections, particularly A. lumbricoides.
Considering that height is a nutritional parameter that is
affected slowly, the data suggest that chronic A. lumbricoides
infections are capable of insidiously influencing the
nutritional status of children and adolescents in the
studied community. Calegar et al. (2021) demonstrated
the negative impact of ascariasis on the nutritional status
of children, while Gasparinho et al. (2021) confirmed the
positive impact that treatment of A. [umbricoides infections
had on weight and height gain in children in Angola.

The intensity of hookworm and A. lumbricoides infection
in adults of the present study was classified as mild. Rural
areas in other regions of Piaui also showed the same
result (Monteiro et al., 2018). Cases of ascariasis with high
and moderate parasite loads were observed, reinforcing
the possibility that these infections can influence the
nutritional status of the children and adolescents in the
study area. The morbidity associated with STHs depends
on the parasite load of the infections, which is not usually
assessed, either in individual diagnoses in the care setting
or in surveys that estimate prevalence. The present study
found a non-significant negative linear trend between
the parasite load of ascariasis and the parameters HAZ
and WAZ. The influence of ascariasis parasite load on
anthropometric parameters was previously demonstrated
in Sri Lanka (Galgamuwa et al., 2018). These results suggest
that adequate control of STHs could increase the potential
for healthy physical development in the studied children
and adolescents.

Approximately one-fifth of the children and adolescents
assessed in the present study had blood hemoglobin levels
below normal and were therefore anemic. The systematic
review by André et al. (2018) corroborates this result, as
it shows that iron deficiency anemia is a very common
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condition in children facing situations of food and
nutritional insecurity, while quantitative iron deficits
can be observed with low frequency of consumption of
micro and macronutrients. No relationship was observed
here between hemoglobin blood levels and hookworm
infections, probably due to the low parasite load in all the
identified cases. This finding contrasts with the result of
a study conducted in Ethiopia, in which hookworm was
found to be significantly associated with low hemoglobin
levels (Hailu et al., 2018).

The participants of the present study had a low prevalence
of intestinal hookworm infections. In contrast, the One Health
approach made it possible to detect the high prevalence of
hookworm infections in canine samples, and the presence
of underreported cases of CLM in areas of the village.

Itisimportant to emphasize that the One Health approach
recognizes the interdependence between human, non-human
animal, and environmental health (Banerjee and van der
Heijden, 2023). This integrated perspective is crucial for
understanding the transmission dynamics of zoonotic diseases
and other health threats that affect both humans and other
animals, particularly in areas where there is close proximity
between these populations. The interconnections between
human, non-human animal, and environmental health are
often overlooked in traditional health approaches, but they
are fundamental to tackling the complex health challenges
emerging in the modern world (Andrade Vieira et al., 2024;
Banerjee and van der Heijden, 2023).

These parasites are known to be the group of diseases
that most affect dogs in Brazil, although several studies
point to variation in the frequency of these infections
(Ferraz et al., 2019; Souza et al., 2023). Among the non-
human animal population, canine hookworm is the most
frequent STH in the world, both in rural areas and in large
urban centers (Stracke et al., 2020); studies in Argentina
and Sri Lanka have shown a prevalence of up to 80%. Other
species of intestinal helminths and protozoa of dogs have
been found at a lower positivity rate in these studies
(Cociancic et al., 2018; Silva et al., 2022).

The evidence from this study regarding animal
management, considering the “yes” and “sometimes”
answers in the questionnaire applied to the guardians,
showed that more than half of the dogs live loose and have
access to the street. The presence of canine feces on the
public roads of the village of Boa Hora may have made it
possible to maintain STHs and favored the participation of
semi-domiciled dogs in the transmission of IPIs and CLM.
This scenario highlights the direct relationship between
non-human animal behavior and environmental risk to
human health. The presence of these infectious agents in
public areas, where people transit, significantly increases
the likelihood of infection, especially among children and
individuals with greater exposure to contaminated soil.
Similar results were found in Europe and Latin America,
including Brazil (Silva et al., 2022). Ihnacik et al. (2022)
reported that some communities in Slovakia had a
considerable positivity rate for STHs (43.55%) detected
in canine feces samples from the soil, and that this result
was related to high rates of environmental contamination.
Studies carried out in parks and public squares in Brazil and
other countries have shown a high presence of hookworms
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in canine fecal samples collected from the ground
(Massetti et al., 2022; Arruda et al., 2023). These results
highlight the importance of dogs in the transmission of
CLM, which demonstrates the need for preventive measures
to mitigate the access of these animals to public places.

It is necessary, therefore, to promote educational
actions aimed at tutors on the importance of adequate dog
restraint, as well as to intensify hygiene in public areas
and to disseminate appropriate sanitary management
practices. These measures are essential to reducing human
exposure to parasites with zoonotic potential.

It has been shown that IPI persistence in dogs is related
to age, breed standard and other factors (Ferreira et al.,
2016; Regidor-Cerrillo et al., 2020). The present study
evidenced an association between hookworm infections
in dogs and the sex variable, with females being less
likely to be infected. These results corroborate those
of Ferreira et al. (2016) and Lima et al. (2021), in which
male dogs older than one year were more susceptible to
hookworm infection.

The answers to the questionnaire applied to the
guardians showed a lack of knowledge about the health
history of their dogs. The inadequate deworming schedule
for the animals indicated the need for qualified health
professionals, including veterinarians, to share knowledge
about IPIs with the population. The lack of veterinary
services in the village of Boa Hora has made it impossible
to monitor and carry out routine examinations to assess
the presence of IPIs in dogs. JaroSova et al. (2021) studied
Slovakian dogs from shelters and gypsy settlements, and
those used for hunting, guarding and police guarding,
and therefore with different husbandry, and showed an
association between intestinal helminthiases and access
to veterinary care. This evidence was similar to other
studies carried out in Southeast Brazil (Silva et al., 2020a;
Arruda et al., 2022). Indications of the importance of
maintaining animal health to control IPIs were pointed out
by Arruda et al. (2022), who showed that animal owners
were unaware of the issue.

From this perspective, it is important to emphasize that
proximity between humans and domestic animals can
intensify the transmission of infectious agents. The sharing
of spaces, combined with a lack of preventive measures,
increases the risk of zoonotic infections, making integrated
epidemiological surveillance a necessity.

The reports of the owners of the present study
showed that most of the dogs did not show clinical signs
characteristic of canine hookworm, which are related
to parasite load and the animal’s immune system.
Ferreira et al. (2016) and Souza et al. (2023) found no
association between parasitism and the presence of
diarrhea and other clinical signs, corroborating the findings
in the village of Boa Hora. Lima et al. (2021) reported
discrepant results in relation to the present study, as they
found a significant association between hookworm and
diarrhea among the examined dogs.

Under-reporting of cases of CLM was observed in the
village of Boa Hora. This was due to the lack of medication
available at the BHU, as well as the habit of self-medication
(ice and ointment with the active ingredient thiabendazole)
reported by the residents themselves. This led to a lack of
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or reduced registration in the E-SUS information system.
The prevalence of hookworms in canine fecal samples may
increase the risk of zoonotic transmission in the region,
especially by Ancylostoma spp. in humans and indicates the
effective role that the canine population can play in this
process. Still from the same perspective, CLM was more
common among children and adolescents. Other studies
have shown an association between cases of CLM and
these age groups (Larsen et al., 2021; Reichert et al., 2018).
It is important to note that, although individuals under
the age of two were not included in the present study,
three of them had CLM identified by our team. According
to Rocha et al. (2019), these age groups are the main risk
groups, as they are more exposed to soil contaminated by
canine feces in public areas.

Some potential limitations may have led to information
bias on the part of the respondents. Most of the dogs in
the village of Boa Hora had access to the street. For this
reason, the number of canine fecal samples collected in
peridomicile areas was lower than the total number of
samples collected on public roads. The official records of
CLM at the BHU were not compatible with the reality of
this disease in the region, as measured by the study team,
who observed a higher proportion of cases during home
visits. According to the participants, the lack of medication
at the BHU would justify not seeking care. However, it was
possible to see an emergency health scenario in Boa Hora.

This study offers the prospect of using molecular biology
techniques to identify species and make phylogenetic
inferences about this population of parasites. This
information would be important for understanding possible
cycles of zoonotic transmission in the region. In addition,
the possibility of longitudinal studies would allow for a
more in-depth analysis of the possible causal relationship
between IPIs and child nutritional status.

6. Conclusion

This study highlights a concerning epidemiological
scenario, evidenced by high rates of IPIs, poverty, child
malnutrition and anemia, emphasizing the importance
of zoonotic IPIs as a serious public health problem. Socio-
economic conditions, inadequate hygiene practices, the
population’s close contact with their pets, inadequate
handling of dog feces, deficiencies in environmental
sanitation and lack of information about IPIs are factors
that also likely contribute to the transmission maintenance.

There is a challenge to mitigate the risks of IPI
transmission in humans and dogs in the village of Boa
Hora. The possibility of reducing these diseases involves
strategies that seek to reduce poverty and increase access
to continuing education and popular health education
activities, as well as promote responsible pet ownership.
In addition, the implementation of an intersectoral and
integrated approach to tackling IPIs, following the principles
of One Health, is needed to increase surveillance of the risk
factors present in the environment and in the interaction
between different hosts, which could be adopted in other
areas with characteristics similar to those of this study, in
order to promote health.
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