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Abstract

Background: Little is known concerning the prevalence of Toxoplasma gondii infection in dogs in Mexico. Here, we
investigated antibodies to T. gondii and associated risk factors in 101 dogs from an animal shelter in Veracruz State,
Mexico. Canine sera were assayed for T. gondii IgG antibodies by using the modified agglutination test (MAT, cut off 1:25).

Results: Sixty eight (67.3%) of 101 dogs were seropositive with titers of 1:25 in 16, 1:50 in 8, 1:100 in 9, 1:200 in 10, 1:400
in 10, 1:800 in 10, 1:1600 in 3, and 1:3200 or higher in 2. None of the dogs’ characteristics studied including age, sex,
breed, and history of deworming, rabies vaccination and contact with cats was associated with seroprevalence of
T. gondii infection.

Conclusion: Using the dogs as sentinel animals, the results indicate high contamination with T. gondii of the
environment in Veracruz, Mexico. Results have public health implications, and further studies in Veracruz should be
conducted to establish the sources of environmental contamination with T. gondii and to determine optimal preventive
measures against T. gondii infection in humans.
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Background
Toxoplasma gondii causes infections in most animals
worldwide, including dogs [1]. Infection with T. gondii in
dogs is usually asymptomatic but cases of severe clinical
toxoplasmosis in dogs have been reported worldwide, in-
cluding 1 report from Mexico [1-3]. Infection with
T. gondii in dogs is also of epidemiological importance.
The prevalence of T. gondii infection in dogs may reflect
the magnitude of parasite contamination in their envir-
onment. For this reason dogs have been used as sentinel
animal for T. gondii infection because of their close con-
tact with people [4]. Dogs can also act as mechanical
vectors for T. gondii oocysts because of their habit of
eating cat feces and also rolling over in cat excreta [5]. If
they ingest feces of infected cats, some of the oocysts
can pass unchanged through the dog intestine and
* Correspondence: alvaradocosme@yahoo.com
1Biomedical Research Laboratory, Faculty of Medicine and Nutrition, Juárez
University of Durango State, Avenida Universidad S/N, 34000 Durango, Mexico
6Laboratorio de Investigación Biomédica, Facultad de Medicina y Nutrición,
Avenida Universidad S/N, 34000 Durango, Dgo, Mexico
Full list of author information is available at the end of the article

© 2014 Alvarado-Esquivel et al.; licensee BioM
Creative Commons Attribution License (http:/
distribution, and reproduction in any medium
Domain Dedication waiver (http://creativecom
article, unless otherwise stated.
appear in feces; viable T. gondii oocysts have been de-
tected in feces of naturally infected dogs in Europe [6]
when they do so. In addition, dog meat is used for hu-
man consumption in some countries and viable T. gondii
has been isolated from tissues of asymptomatic dogs [7].
Worldwide reports of T. gondii prevalence in dogs have

been summarized [1,3]. The objective of the present inves-
tigation was to determine the seroprevalence of T. gondii
infection in dogs from an animal shelter in Veracruz, an
eastern state of Mexico. In addition, the association of
T. gondii seropositivity with general characteristics of the
dogs was also investigated. There are only 3 previous re-
ports of T. gondii prevalence in dogs from Mexico, and
they are from different region than studied here [8-10].
Methods
Dogs surveyed
For the present study 101 dogs (Canis familiaris) that
were in the animal shelter of the Medellín municipality
in Veracruz State, Mexico from February to May 2013
were studied. The animal shelter holds stray dogs and
ed Central Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/4.0), which permits unrestricted use,
, provided the original work is properly credited. The Creative Commons Public
mons.org/publicdomain/zero/1.0/) applies to the data made available in this

mailto:alvaradocosme@yahoo.com
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/


Table 1 General characteristics of the 101 dogs studied
and seroprevalence of T. gondii infection

Seroprevalence of
T. gondii infection

P value

Characteristics No. %

Age (years)

0.5-1 47 35 74.5 0.31

1.1-2 26 15 57.7

>2 28 18 64.3

Sex

Male 37 25 67.6 0.96

Female 64 43 67.2

Breed

Pure 37 28 75.7 0.17

Mixed 64 40 62.5

Deworming

Yes 89 59 66.3 0.74

No 12 9 75

Vaccinated against rabies

Yes 33 25 75.8 0.2

No 68 43 63.2

Contact with cats

Yes 12 7 58.3 0.52

No 89 61 68.5
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unwanted pet dogs abandoned by the owners for adoption.
The Medellín municipality is located in the Sotavento re-
gion (19°03’N 96°09 W) which has an altitude of 52 meters
above sea level, a warm-humid climate, a mean annual
rainfall of 1,417.8 mm, and a mean annual temperature of
25.3°C. Dogs are kept outdoors during the day in a yard
with soil flooring, and indoors at nights. Most (88.1%)
dogs had received deworming medication and some
(32.7%) dogs had been vaccinated against rabies. A minor-
ity of dogs had had contact with cats (11.9%). Age in dogs
ranged from 0.5 to > 4 years. Thirty seven (36.6%) dogs
were males and 64 (63.4%) were females. A questionnaire
was used to record the general characteristics of the dogs
including age, sex, and breed (pure or mixed).

Ethical aspects
This study was approved by the Bioethics and Animal
Welfare Commission of the Facultad de Medicina
Veterinaria y Zootecnia of Universidad Veracruzana, and
consent was obtained from the owner of the animal shelter.

Laboratory tests
Sera of dogs were obtained and stored at −20°C until
assayed. Dog sera were tested for T. gondii IgG anti-
bodies using 2-fold serial dilutions from 1:25 to 1:3,200
with the modified agglutination test (MAT) as described
by Dubey and Desmonts [11]. A titer of 1:25 was used as
cut off for seropositivity in MAT.

Statistical analysis
Results were analyzed with the aid of the software Epi
Info version 7 (Centers for Disease Control and Preven-
tion: http://wwwn.cdc.gov/epiinfo/ and SPSS version
15.0 (SPSS Inc. Chicago, Illinois). For comparison of the
frequencies among the groups, the Pearson’s chi-squared
test, and when indicated the Fisher exact test, were used.
Multivariable analysis (logistic regression analysis with
the Enter method) was used to assess the association be-
tween the dogs’ characteristics and T. gondii seropositiv-
ity. The dependent variable was seropositivity by MAT
for an individual animal. Independent variables included
in the multivariable analysis were age, sex, breed, and
history of deworming, rabies vaccination, and contact
with cats. The Hosmer-Lemeshow goodness of fit test
was used to assess the fitness of the regression model.
Statistical significance was set at a P value of < 0.05.

Results
IgG antibodies to T. gondii were detected in 68 (67.3%)
of 101 dogs with titers of 1:25 in 16, 1:50 in 8, 1:100 in
9, 1:200 in 10, 1:400 in 10, 1:800 in 10, 1:1600 in 3, and
1:3200 or higher in 2.
General characteristics of the dogs and their relation

with T. gondii seropositivity are shown in Table 1.
Seroprevalence of T. gondii infection in dogs did not vary
with age, sex, breed, and history of deworming, vaccin-
ation against rabies, and contact with cats. Further analysis
by logistic regression did not show an association of the
dogs’ characteristics and T. gondii seropositivity. The re-
sult of the Hosmer-Lemeshow test was 8 (P = 0.84), indi-
cating an acceptable fit of our regression model.
Further comparison between dogs with high (≥1:800)

MAT titers and dogs with low (1:25–1:400) MAT titers
did not show differences in their characteristics includ-
ing age, sex, breed, and history of deworming, vaccin-
ation against rabies, and contact with cats (Table 2).

Discussion
In the present study, a high (67.3%) seroprevalence of
T. gondii infection was found in dogs from an animal
shelter in Veracruz, Mexico. As mentioned in introduc-
tion, there are 3 previous reports on the seroprevalence
of infection with T. gondii in dogs in Mexico. Two stud-
ies performed in dogs in the northern Mexican city of
Durango with the same MAT as we used in the present
study reported seroprevalences of 45.3% [9] and 51.5%
[8] of T. gondii infection. The third study performed in
dogs in the southern Mexican state of Oaxaca reported a
61.7% seroprevalence of T. gondii by using an indirect
ELISA [10]. Differences in the seroprevalences among
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Table 2 Correlation of high (≥1:800) MAT titers and general
characteristics of the 68 T. gondii-positive dogs studied

Frequency of high MAT titers P value

Characteristics No. of dogs No. %

Age (years)

0.5-1 35 6 17.1 0.47

1.1-2 15 5 33.3

>2 18 4 22.2

Sex

Male 25 3 12 0.22

Female 43 12 27.9

Breed

Pure 40 10 25 0.56

Mixed 28 5 17.9

Deworming

Yes 59 13 22 1

No 9 2 22.2

Vaccinated against rabies

Yes 25 7 28 0.38

No 43 8 18.6

Contact with cats

Yes 7 1 14.3 1

No 61 14 23

Alvarado-Esquivel et al. BMC Veterinary Research 2014, 10:191 Page 3 of 4
http://www.biomedcentral.com/1746-6148/10/191
the studies might be explained by environmental differ-
ences between the regions studied. Dogs in Veracruz
State were raised in a warm humid climate while dogs in
Durango were raised in a dry climate. The seropreva-
lence reported in dogs in Oaxaca (61.7%) is nearly as
high as the seroprevalence found in dogs in Veracruz.
However, comparison of the seroprevalence in dogs in
Oaxaca and Veracruz should be interpreted with care
since different serological tests (ELISA versus MAT)
were used. The MAT detects antibodies against surface
antigens because whole tachyzoites are used whereas
soluble antigens are used in the ELISA, which detects
antibodies directed against those fractions.
None of the general characteristics of dogs including

age, sex, breed, history of deworming, vaccination against
rabies and contact with cats were associated with T. gondii
seropositivity in the present work. In a previous study in
dogs in Durango City, Mexico the seroprevalence of
T. gondii infection did not increase with age [8]. In con-
trast, an increase in seroprevalence of T. gondii infection
with age was reported in dogs in China [12], and Brazil
[13]. It is possible that differences in environmental charac-
teristics among the countries might explain the differences
in prevalence of T. gondii infection in dogs. Clinical con-
genital toxoplasmosis is considered rare in dogs [1]. How-
ever, there are no estimates of rates of asymptomatic
transplacental or lactogenic transmission of T. gondii in
dogs. Transcolostral antibodies in animals generally dis-
appear by 3 months of post natal life [1]. The high sero-
prevalence (74.5%) in the youngest (0.5-1 year old) dogs
indicates postnatal early exposure to T. gondii in dogs in
Veracruz. The lack of association of T. gondii seropositiv-
ity with breed and sex is probably overshadowed by high
exposure to T. gondii in dogs at very young age.
The high prevalence of T. gondii infection found in dogs

in the shelter might be explained by the presence of sev-
eral contributing factors for infection including: 1) preda-
tion of rodents; rats existed in the area and dogs probably
hunted them; 2) eating garbage; many dogs in the shelter
were rescued from streets and roads where they ate from
garbage, and might have hunted birds and small mam-
mals; 3) consumption of untreated water and leftovers that
might have been contaminated/infected with T. gondii.

Conclusions
Dogs in the Mexican state of Veracruz had very high
T. gondii seroprevalence. This is indicative of high envir-
onmental contamination with T. gondii in Veracruz,
Mexico. Results have public health implications including
an important risk for T. gondii infection in humans in the
region, and the risk for morbidity and mortality due to
toxoplasmosis. Further studies in Veracruz should be con-
ducted to establish the sources of environmental contam-
ination with T. gondii and to determine optimal preventive
measures against T. gondii infection in humans.
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