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ABSTRACT

Objective. To identify the abundance and prevalence in infection by digestive parasites (DPs)
and their seasonal distribution in dogs from Aguascalientes, Mexico. Materials and Methods. A
statistically representative sample (n=927) systematically selected (first in each 10), of stray or
owners-surrendered dogs at a local animal control and welfare center was examined. Immediately
after legal euthanasia (pre-anesthetic plus anesthetic overdose), the entire intestine was removed,
and intestinal contents were sieved; macroscopically visible helminths were collected; a stool sample
was then examined in duplicate by flotation, McMaster, and Lugol’s-stained smear. Results. The
prevalence of DPs was 42.8%. Elevated prevalence values were detected among puppies (60.6%),
in dogs with lower body weight (72.7%), also in stray dogs (57.5%) compared with those voluntarily
surrendered by their owners (37.5%; p<0.01); additionally, more cases were found during temperate
seasons (51.0 vs 33.1%; p<0.01). The DPs prevalence values were determined: Dipylidium caninum
(26.2%), Taenia spp. (4.0%), Giardia spp. (13.6%), Cystoisospora spp. (7.8%), Sarcocystis spp.
(5.3%); Toxocara canis (14.0%), Ancylostoma caninum (12.9%), Uncinaria stenocephala (4.2%),
Toxascaris leonina (0.5%), and Oncicola canis (0.1%). The DPs reached a high prevalence with
hundreds of adult forms in the intestine and thousands of eggs or oocysts per gram of feces.
Conclusions. These results indicated a high prevalence of DPs in dogs of central Mexico, especially
in the population segment constituted by stray, young and underweight animals, which is relevant
in public health due to its recognized zoonotic capacity.

Keywords: Canidae; Host-Parasite Interactions; Parasite Load; Parasitic Diseases; stray dogs
(Fuente: DeCS).

RESUMEN

Objetivo. Identificar la prevalencia de la infeccidn por parasitos digestivos (PD) y su distribucion
estacional en perros de Aguascalientes, México. Materiales y métodos. Se examind una muestra
estadisticamente representativa (n=927), seleccionada sistematicamente (primero de cada 10), de
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perros vagabundos o entregados voluntariamente por sus propietarios al centro local de control y
bienestar animal. Inmediatamente después de la eutanasia legal (preanestesia mas sobredosis de
anestesia) se extrajo el intestino, se tamizo el contenido y se recogieron los helmintos macroscépicos;
una muestra de heces por duplicado se examiné mediante flotacidn, McMaster y frotis teflido con Lugol.
Resultados. La prevalencia global de los PI fue 42.8%; pero fue mas alta entre cachorros (60.6%),
perros con mala condicién corporal (72.7%) y perros vagabundos (57.5%), en comparacion con los
entregados (37.5%; p<0.01); ademas, se encontraron mas casos durante las estaciones humedas
(51.0vs 33.1%; p<0.01). Se estimaron los valores de prevalencia de: Dipylidium caninum (26.2%),
Taenia spp. (4.1%), Giardia spp. (13.6%), Cystoisospora spp. (7.8%), Sarcocystis spp. (5.3%);
Toxocara canis (14.0%), Ancylostoma caninum (12.9%), Uncinaria stenocephala (4.2%), Toxascaris
leonina (0.5%) y Oncicola canis (0.1%). La prevalencia de PD alcanzd cientos de formas adultas
en el intestino y miles de huevos u ooquistes por gramo de heces. Conclusiones. Estos resultados
indicaron una alta prevalencia y abundancia de PD en perros del centro de México, especialmente
en el segmento poblacional constituido por animales vagabundos, jovenes y de bajo peso, lo cual es
relevante por su reconocida capacidad zoondtica.

Palabras clave: Canidos; carga parasitaria; enfermedades parasitarias; perros callejeros;
interacciones huésped-parasito (Fuente: DeCS).

INTRODUCTION

Humans have coexisted with dogs since time
immemorial, but this relationship has changed
substantially in urban societies, and the dog has
come to occupy an important role within the
family environment. Interactions between dogs
and their owners may involve companionship,
home protection, and benefits for physical
and emotional health. Coexistence with dogs
also favors close physical contact with them
and with the surfaces of objects located in the
home environment and in streets, parks, and
other public areas, facilitating the transmission
of diseases from animals to humans (1).
Intestinal nematodes, cestodes, and protozoa are
organisms disseminated in canine populations,
where the main transmission mechanism is
contamination of the environment through the
deposition of feces with the presence of various
stages of parasitic development with infectious
capacity; thus, intestinal parasitic diseases in
dogs represent a risk not only to their health
but also that of humans, because many of the
parasites are zoonotic (2).

The frequency and distribution of intestinal
parasites (DPs) has been reported in many
countries; in addition, their importance on
animal and public health is recognized, as well
as the need to document their presence and
implement prevention measures according to the
epidemiological situation of each location (3). In
Mexico, the presence of DPs has been documented
in dog populations in some localities of the country
(4,5,6,7,8,9,10,11); however, there are no reports
for the Mexican Highland Plateau.
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The objective was to determine the prevalence
of IP infection, paying special attention to that of
a zoonotic nature, and to assess their seasonal
distribution in dogs in Aguascalientes, Mexico.

MATERIALS AND METHODS

Study site. The study was conducted at the
Center for Animal Control, Attention and Welfare
of the Municipality of Aguascalientes (CCABA),
situated in the capital city of Aguascalientes,
Mexico. The state of Aguascalientes is in Mexican
Highland Plateau, which is considered a single
biogeographic province. Aguascalientes is located
at 22°27'N, 21°37'S, 101°51'E, 102°53'W, 1,870
masl, with an extreme temperate (winter, spring)
semi-dry climate and a mean temperature of
18.5°C, an annual relative humidity of 43.5%,
and a mean annual precipitation of 526 mm,
with rainy seasons in spring and summer (12).
The city of Aguascalientes is administratively
divided into five delegations that have similar
socioeconomic and geographic characteristics.

Animals and sampling. The CCABA temporarily
households unowned dog that are collected
from the streets of the urban areas and accepts
animals voluntarily surrendered by their
proprietors (aggressive, aged, sick, unwanted
dogs, etc.); after the period indicated by local
legislation, dogs that are not claimed by their
owners or adopted are humanely and legally
euthanized performed by CCABA personnel,
according to procedure of Mexican Official
Standard for the Humane Slaughter of Domestic
and Wild Animals (NOM-033-SAG/Z00-2014;
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pre-anesthesia plus anesthesia overdose). No
dogs were euthanized for this study.

A total of 927 canines between January and
December 2019 were included, comprising 240
stray dogs and 687 dogs voluntarily surrendered
by their owners. the CCABA was visited on all
scheduled dates for the dog slaughter. At each
visit, the first of every 10 dogs progressively
registered on the corresponding date was
systematically selected. Immediately after
euthanasia, a complete longitudinal intestinal
resection was performed from the pylorus to
the rectal ampulla; the intestine was placed
in a stainless-steel tray to collect and identify
macroscopically visible helminths, as well as to
obtain a stool sample for parasitoscopic analysis
(2.0 g) in duplicate. Descriptive information was
recorded for each dog, such as the reason for
admission to CCABA (captured in the street or
delivered by their owners), age (determined by
a dentition check), sex, weight (using a digital
scale), and body condition using the scale of
1-5 proposed by Lund et al (13), as well as the
municipal delegation of origin.

Animal housing conditions and general care were
in accordance with the approved suggestions of
the Federation of Animal Science Societies. The
research protocol of the study and the activities
derived therefrom were reviewed, approved
(Project no. PIP/SA 15-1), and supervised in
the Bioethics Commission of the Autonomous
University of Aguascalientes.

Parasitological diagnosis. Intestinal contents
were sieved with running water through six
stainless steel sieves of decreasing caliber
(8.0 to 0.18 mm) to obtain the adult stages
of the helminths, which were preserved in
buffered formalin (10%) for subsequent
identification based on their morphological
characteristics (14,15). Stool samples were
subjected to parasitoscopic flotation examination
with saturated sodium chloride solution to
morphologically identify DP eggs, cysts, and
oocysts under the microscope (15). Positive
samples were processed by McMaster’s technique
to quantify the number of eggs or oocysts per
gram of feces; additionally, a Lugol’s-stained
smear was performed (15). The sample was
identified as positive when at minimum one
parasite form was identified by any diagnostic
technique.
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Data analysis. The sample size (n=959)
was estimated for a finite population (with no
replacement) to estimate the relative frequency
of dogs with intestinal parasites (95% confidence
interval, 3% precision), considering as total
population the average of annual dog culling
records in the CCABA in the last five years
(N=9420). The parameters for calculating
the sample size were selected to achieve the
highest possible precision, depending on the
available budget and the cost of the series of
measurements (16). A systematic sampling
fraction (n/N) of 1 in 10 dog was selected. The
data of the parasitized dogs were recorded to
calculate the overall frequency per week, age,
sex, weight, corporal condition, reason for
admission to CCABA, and municipal delegation
of origin. Prevalence was considered as the
proportion of dogs infected with at least one
species of parasitic helminths, proglottids, eggs,
or oocysts within the total number of dogs
considered in each group (16). The data were
examined with the Chi-square test (p<0.05) to
detect statistically significant differences. All
analyses were done using statistical software (R,
Ver. 3.5.0; Statgraphics, Ver. 16.1.03).

RESULTS

The overall prevalence of DPs was 42.8%
(397/927; Table 1), while significant differences
were identified between the prevalence of DPs
in stray dogs, which was 57.5% (138/240),
compared to owner-surrendered dogs, which
was 37.7% (259/687). Also, animals younger
than 6 months of age had a prevalence of 60.6%
(20/33), which was significantly higher than
dogs older than 10 years (26.2%; 42/160). Dogs
with poor corporal condition had a prevalence of
72.7% (8/11), and those of low corporal condition
was 61.7% (29/47). Geographical differences in
DP prevalence were also observed because the
Morelos municipal district, made up of popular
housing developments, showed a higher value
(53.8%; 64/119), while the Centro district, with
abundant commercial neighborhoods, had the
lowest prevalence detected (39.8%; 70/176).
Positive dogs were identified throughout the
study period; however, the seasonal distribution
of prevalence was associated (p<0.01) with
average ambient relative humidity and rainfall
amounts (winter, spring, summer and fall: 31,
56, 57 and 44%; 11.5, 39.3, 114.3 and 20.6
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mm/month) (12), so that the highest levels of
prevalence were observed during spring and
summer, with values of 43.9% and 58.1%,
respectively.

As shown (Table 2), the prevalence of adult
digestive parasites, proglottids, eggs, or oocysts
of two cestodes, three protozoa, four nematodes,
and one acanthocephalan were estimated. The
most prevalent and abundant genera were the
DPs considered zoonotic: Dipylidium caninum,
Toxocara canis, Ancylostoma caninum, and
Giardia spp (26.2, 14.0, 12.9, and 13.6%
prevalence, respectively). These DPs reached a
high abundance of hundreds of adult forms in
the intestine and thousands of eggs or oocysts
per gram of feces. Other species detected
were Taenia spp. (4.1%); Cystoisospora spp.
(7.8%) and Sarcocystis spp. (5.3%); Uncinaria
stenocephala (4.2%) and Toxascaris leonina
(0.5%); as well as Oncicola canis (0.1%). Of the
parasitized dogs, 25.9% had a single infection,
16.3% had a double infection, and 15% had
multiple infections.

Table 1. Prevalence of digestive parasites in canines respect
to different characteristics of the population and
their seasonal distribution (n=927).

Dogs Positive Prevalence X2

Characteristic

(No) (No) (%) (p-value)

Motive for admission
Captured on 240 138 57.5 < 0.01
publicstreets
Delivered voluntarily 687 259 37.7
Gender
Male 421 180 42.8 0.956
Female 506 217 42.9
Age (years)
< 0.5 33 20 60.6 <0.01
0.6-1.5 79 42 53.1
1.6-5.5 352 174 49.4
5.6 -10 303 119 39.2
> 10 160 42 26.2
Corporal condition (score (1-5)
Emaciated 11 8 72.7 0.032
Low weight 47 29 61.7
Normal 425 184 43.3
Overweight 392 155 39.5
Obese 52 22 42.3
Body weight (group)
Large (>18 kg) 295 137 46.4 0.3
Medium (13-18 kg) 263 101 38.4
Small (6-12.9 kg) 151 61 40.4
Mini (< 6.0 kg) 218 98 45.0
Municipal delegation
Centro 176 70 39.8 0.243
Insurgentes 84 35 41.7
Jesus Teran 213 87 40.8
Morelos 119 64 53.8
Pocitos 335 142 42.4
Season of the year
Winter 285 125 30.9 < 0.01
Spring 227 132 43.9
Summer 152 47 58.1
Fall 263 93 35.3

Total 927 397 42.8

Table 2. Digestive parasitic specimens, eggs, cysts, oocysts and proglottids average in feces in dogs (n=927).

Dogs Prevalence Mean (Min -Max)
Parasite
Positive (No) (%) Whole specimens Proglottids (No) Eggs/cysts (g/f)

Toxocara canis 130 14.0 5.6 (1-170) 115 (1-2515)
Ancylostoma caninum 120 12.9 14.3 (1-124) 213 (1-4276)
Uncinaria stenocephala 39 4.2 5.9 (1-65) 104 (1-1056)
Toxascaris leonina 5 0.5 2.8 (1-8) 1.3 (1-543)

Dipylidium caninum 243 26.2 21.4 (1-290) 76.5 (1-829)

Taenia spp. 38 4.1 9.2 (1-43) 49.5 (1-827)

Oncicola canis 1 0.1 1(1-1)

Giardia spp. 126 13.6 21.9 (1-420)
Cystoisospora spp. 72 7.8 19.6 (1-55)
Sarcocystis spp. 49 5.3 10.3 (1-75)
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DISCUSSION

DP infections in dogs represent a major animal
and public health problem around the world
(11); DPs are widely distributed in all continents,
with wide variations in prevalence depending
on the geographic region, the DP species
under study, and the attributes of the canine
population included in the investigation (17-20).
In the present study, an elevated prevalence of
digestive parasites was observed, especially in
stray, young, and underweight animals; infection
was associated with geographic environmental
conditions and environmental humidity. Twelve
DP species were found, some recognized for
their zoonotic power (Dipylidium caninum,
Toxocara canis, Ancylostoma caninum, and
Giardia spp.), also two DPs that had not been
previously reported in the biogeographic region
of the Mexican Central Mesa (Sarcocystis spp.
and Oncicola canis).

In this study, a general prevalence of DPs was
identified (42.8%), which was significantly
elevated in unowned dogs (57.5%) compared
to observed in dogs voluntarily surrendered
by their owners (37.7%). Several studies have
shown that feces from stray dogs have a higher
prevalence of gastrointestinal parasites, with
mixed parasitosis presence by at least two
species of parasites with zoonotic potential (21).
This fact is important because stray dogs are
more mobile and can more easily disseminate
the infecting forms to the urban ecosystem,
favoring infection among animals, reinfection,
and risk of transmission to humans (1). This
finding coincides with previous reports in Mexico
because there have been lower values (26.5-
37.2%) in owned dogs (6,8); meanwhile the
prevalence was extremely high (72.8-100%)
in stray dogs and public places in several cities
of Mexico (4,5,7,11). While similar prevalence
values (40.0-77%) are reported in dogs of other
countries (17-22).

In the present study, puppies younger than
6 months were identified with the highest
prevalence (60.6%) compared to adult animals
(p < 0.01). These results coincide with those
reported in other studies where the prevalence
of gastrointestinal parasites was higher (24.0-
62.9%) in young animals (22-24) and decreased
(3.8-10.5%) as age increased (25,26). This
suggests that although DP infection can occur
at any age, puppies are especially vulnerable
to DPs, probably caused by an immature
immune system and there are additional routes
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of infection such as by the transplacental and
lactogenic routes or by increased consumption
of water or food contaminated with infective
parasitic forms.

In this study, emaciated or underweight dogs
had a higher prevalence compared to animals
with a healthier body condition (p < 0.05); this
fact agrees with what was previously reported
(7). In this sense, authors have described
that dog with lower corporal condition are
prone to problems of polyparasitism and other
diseases, which are often associated with the
socioeconomic and epidemiological situation
of the human population (27). This suggests a
close association between body condition and
parasitosis, both because of the net loss of
nutrients and tissues caused by the infection
and because of the increased susceptibility to
PI infection in animals with poor body condition,
so these animals generally present a precarious
state of health and lower defenses.

The most frequent IP was D. caninum with
a prevalence of 26.2 % of included dogs in
the study. This is the most frequent cestode
worldwide with a variation in prevalence
between 8.9 and 72% in countries such as
Brazil, China, Serbia, the United States, and
Iran (17,19,28-30). In Mexico, previous studies
of this zoonotic cestode reported a percentage
of infection between 2.3 and 60.0%; the
existing differences may be a consequence of
different factors such as levels of urbanization,
socioeconomic diversity, and uniformity, as well
as the presence of barriers that prevent dogs
into contact with fleas and lice which, as the
intermediate hosts, are fundamental to infection
(7). The frequency of this parasite worldwide has
been directly associated with the abundance of
intermediate hosts, as a larger flea population
in the environment increases the percentage of
Dipylidium-infected dogs (6,31).

In this study, the presence of parasitized dogs was
detected in all seasons of the year; however, the
prevalence at PI showed a seasonal distribution
with higher values in winter and spring. Similarly,
the highest prevalence has been identified in
spring and summer (24); therefore, these two
seasons represented the highest epidemiological
risk in Mexican Highland Plateau. This seasonal
difference has also been detected in other
studies; for example, in Baja California, in the
northwest of the country where the climate is
desert-like, elevated incidence was identified in
spring (9,11). In addition, the highest prevalence
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(98 - 100 %) has been reported in Veracruz and
Campeche (2,4), both of which have a humid
tropical climate. Also, in the United States, it
has been found that T. canis and A. caninum
present prevalence peaks in winter (32). These
facts suggest that dry environmental conditions
limited the development, permanence or spread
of the parasite.

The most frequent nematodes in our study
were T. canis and A. caninum, with prevalence
values of 14.0% and 12.9%, respectively. Both
nematodes are of great importance because of
their wide geographic distribution and because
they represent an important public and animal
health risk (3). Prevalence values for A. caninum
and T. canis vary widely (10.3-46.8%) among
different countries (33-35). In Mexico, the
prevalence reported for A. caninum has reached
88.1%, and the presence of its eggs has been
reported in a high percentage of streets and
public parks (4), whereas T. canis is less frequent
(19%). Humans and animals can be infected by
these nematodes through contaminated soil or
other efficient routes of transmission (1,36).

Our study showed the presence of Oncicola
canis (acanthocephalus) in the small intestine
of a stray dog (prevalence 0.1%); worldwide
there are few reports on the presence of this
acanthocephalus in dogs; it was reported in Peru
and Brazil in 0.2% of dogs in urban and rural
areas and 40% in wild animals respectively; this
result suggests the existence of transmission
mechanisms of Oncicola canis from rural to urban
areas in presence of intermediate hosts, such
as the naked-tailed armadillo (Cabassous spp.,
Cingulata:Dasypodidae) (37,38).

The protozoa Giardia spp. was identified in the
present study in 13.6% of the samples, while
Cystoisospora spp. and Sarcocystis spp. have
been detected in 7.8% and 5.3% of the animals,
respectively in comparative reports (6,9,10).
The prevalence of Giardia spp. in fecal samples
has been documented by several authors, with
different results according to the population
studied, time of year, diagnostic method, and
origin of the dogs (39). The presence of oocysts
in feces has been reported in clinically healthy
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animals and in dogs with digestive disease.
In Mexico, it has been reported both in stray
populations and in pet dogs; the prevalence has
been highly variable, with values between 1 and
51% (4,40); while worldwide the prevalence
values vary between 3 y 30 % (18,41,42). In
Mexico there are few reports of the presence
of Cystoisospora spp., with prevalence values
ranging from 1.9% in northern areas of the
country to 14% in southern areas (8,9,11). The
prevalence of this protozoan has been estimated
at 10.4% in countries such as Canada (43); but
there are no previous communications of the
prevalence of Sarcocystis spp. in the Mexican
Highland Plateu.

In summary, the present study indicated a
high abundance and prevalence of intestinal
parasites in dogs in the Aguascalientes state,
Mexico, especially in the population segment
consisting of stray, young, and underweight
animals; the infection was associated with
environmental conditions in winter and spring.
Twelve DP species were found, some recognized
for their zoonotic power (7. canis, D. caninum,
A. caninum, and Giardia spp.), as well as DPs
that had not been previously reported in the
biogeographic region of Mexico (Sarcocystis spp.
and Oncicola canis). These DPs can influence
animal health and constitute an important public
health risk. The results obtained in this study
provide useful information to establish adequate
sanitary measures for prevention, integral
control, and treatments that limit contamination
of homes, streets, parks, and public spaces.
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