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We investigated the prevalence of IgG antibodies to Toxoplasma gondii in 176 dogs from Havana Province and
Mayabeque Province, Cuba, by indirect enzyme-linked immunosorbent assay (iELISA). The overall prevalence
was 72.72% (128/176). Dogs living on the cemented floor environment were significantly higher (p = 0.01) in
being positive for T. gondii. The high detection of antibodies to T. gondii parasite confirms the outstanding dogs
in theWest of the Cuban provinces, which is a potential hazard in the region, not only for dogs, but also for public
health, considering it is a zoonosis of great importance.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

The protozoan Toxoplasma gondii is prevalent in humans and ani-
malsworldwide, but little is known about the epidemiology of toxoplas-
mosis in humans, dogs and other Caribbean countries (Dubey et al.,
2016) and in Cuba (Grandía et al., 2013; Rosado García and Medina
Fundora, 2014). Although each Caribbean island is separated from the
others by the Caribbean Sea and the Atlantic Ocean, tourism, birds mi-
gration, and cultural exchange ensure that these islands are visited by
people from different regions of the world (Dubey et al., 2016).

The ingestion of contaminated food, like meat with cysts or water
with oocysts is the most common way that humans have been infected
(Black and Boothroyd, 2000). However, cats excrete environmentally
resistant oocysts, and dogs have been linked epidemiologically as risk
factor for T. gondii infection in humans (Lindsay et al., 1997). This has
been related to the fact that dogs are coprophagous, especially with
cat feces. Also, oocystes can pass unchanged through thedog's gut, so vi-
able T. gondii oocysts have been isolated from feces (Schares et al.,
2005). In addition, stray cats and dogs could be used as sentinels of en-
vironmental spreading of T. gondii oocysts in urban (Alvarado-Esquivel
et al., 2014; Munoz and Mayer, 2016) and rural areas (Rosado García
and Medina Fundora, 2014), since they are continuously exposed to
ovia Br 465, Km 8, CEP 23891-
all infective forms of the parasite (Koch et al., 2016). Thus, the main ob-
jective of the present study was to determine the occurrence of anti-T.
gondii antibodies in dogs from rural and urban areas of theWestern re-
gion of Cuba.

2. Materials and methods

The field work was conducted in October and December 2013 in the
Western region of Cuba (Fig. 1). We tested 176 blood samples of dogs
from the municipalities of Habana del Este (n = 34), Boyeros (n =
47), Cotorro (n = 45) in the province of La Habana and San Jose de las
Lajas (n = 50) of the Mayabeque province. The sampled animals were
of different ages, sexes and apparently healthy. An epidemiological
adapted questionnaire for each animal was applied to the owners to
gather information about their daily routine.

Blood samples were obtained by puncture of the cephalic vein using
a 5 ml syringe and then the blood was transferred to sterile containers
without anticoagulants. Subsequently, the blood was centrifuged and
the sera obtained were packaged in polypropylene bottles and kept
at −20 °C until the serological analysis. The sera was then screened
for IgG against crude antigen of the T. gondii Brazilian strain using the in-
direct enzyme linked immunosorbent assay (ELISA). In-house ELISAs
were adapted from the methodologies of Voller et al. (1976) for canine
sera. Microwells (NUNC® Surface Maxisorp) medium binding plates
were coatedwith 100 μl/well of solubilised T. gondii antigen at a concen-
tration of 10 μg /ml solubilised in 0.05M sodiumcarbonate/bicarbonate
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Fig. 1. Cuban regions and provinces showing municipalities of Boyero, San José de las Lajas, Habana del Este and Cotorro, Western region of Cuba.

Table 1
Absolute (n) and relative (%) frequency of positive and negative to reactions of the indirect
ELISA test on Toxoplasma gondii in 176 domestic dogs from four counties of Western re-
gion of Cuba in 2013.

Habana del leste Cotorro Boyeros San Jose de las Lajas

Positives 22 (64,7%) 35 (77,77%) 32 (68,08%) 39 (78%)
Negatives 12 (35,3%) 10 (22,23%) 15 (31,92%) 11 (22%)
Total 34 (100%) 45 (100%) 47 (100%) 50 (100%)
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buffer (pH 9.6) and incubated at 4 °C overnight. Following incubation,
plates were washed three times with PBS (pH 7.4) containing 0.05%
Tween-20 (PBST). Plates were blocked for 90 min at 37 °C with 200 μl/
well of 6% skim powdered milk solution in PBST (Milk/PBST), and
washed three times in PBST. Control and test sera were diluted 1:400
in 5% milk/PBST and 100 μl was added to the appropriate microwells.
Plates were incubated for 90 min at 37 °C, and washed three times in
PBST. Then, 100 μl Anti-Dog IgG (wholemolecule) Alkaline Phosphatase
(SIGMA®)diluted 1:10,000 in 5%Milk/PBSTwas added to eachwell and
plates were incubated for 90 min at 37 °C. Plates were washed three
times in PBST, and 100 μl (1 mg/ml) substrate p-nitrophenyl phosphate
(pNPP - SIGMA®) solubilised in diethanolamine buffer (pH 9.8) was
added to each well and incubated for 25 min at room temperature.
The OD of each plate wasmeasured at 405 nm using a microplate read-
er. We used 12 negative samples from previously tested animals and a
positive control sample of an animal naturally infected from the munic-
ipality of Seropedica, state of Rio de Janeiro, Brazil. The cutoff point was
calculated using themean of the negative controls like Frey et al. (1998).
To correct the effect of optical density (OD) obtained in each plate, the
value of the plates cut linewas transformed into 100, so the optical den-
sity index was calculated based on the formula DOx100 / “cutoff”.

The probable association variables such as breed, gender, age, type of
environment, access to the streets and positive cats were performed
using the chi-square test with a 95% confidence interval. The simple lo-
gistic regression test was used for those variables exhibiting p b 0.05 in
the chi-square test. For the risk analysis of T. gondii infection, the



Fig. 2. Distribution of optical densities of animals in relation to the cutoff (DOx100/cutoff)
obtained from the indirect ELISA test for Toxoplasma gondii in dogs sera from the
municipalities of Boyero, San José de las Lajas, Habana del Este and Cotorro, Western
region of Cuba.
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prevalence ratio was used. The operational procedures were performed
with the aid of the BioEstat 5.3.

3. Results

The overall prevalence of T. gondii found in dogs in the Western re-
gion of Cuba was 72.72% (128/176). The frequency and the absolute
number of positives are shown in Table 1. Optical densities of sera of an-
imals in relation to the cutoff (DOx100/cutoff) obtained from the indi-
rect ELISA test for T. gondii in dogs sera from the municipalities of
Boyero, San José de las Lajas, Habana del Este and Cotorro, in theWest-
ern region of Cuba, are shown in Fig. 2.

No statistical difference was observed regarding type of environ-
ment, breed, gender or age in dogs in this study, thus, these factors do
not influence the probability of T. gondii infection in the animals
(Table 2). In contrast, the animals studied showed a significantly higher
positive frequency of dogs that lived on the ground floor and those
raised in cemented environments (p = 0.01).

4. Discussion

The high seroprevalence of T. gondii in dogs from theWestern prov-
inces of Cuba is an important issue, as they could act as sentinel animals.
In addition, dogs are potentially important in the transmission of T.
Table 2
Analysis of the intrinsic characteristics of dogs infected with Toxoplasma gondii, diagnosed thro

Variables Bivariate

N P (%) χ2

Access to the street
No 81 0.30 1.066
Yes 95 0.39

Breed
Crossbreed 93 0.39 2204
Pure 83 0.30

Gender
Females 92 0.38 531
Males 84 0.32

Type of environment
Dirt floor 72 0.33 7235
Cemented floor 104 0.36

Age
b5 years 108 0.44 514
≥5 years 68 0.26

N = number of animals; P = prevalence; PR = prevalence ratio; CI = confiance interval.
gondii to humans, because they can mechanically transmit oocysts
(Dubey et al., 2016).

According to Dubey et al. (2016), the environment on the St. Kitts Is-
land and several Caribbean Islands is highly contaminatedwith T. gondii
oocysts and the direct contact between dogs and humans indicates that
the two species share the same sources of infection, so these animals are
a potential risk of infection for the human population.

Although Cuban researchers have carried out a research on this
agent in both humans and animals, there is no data in the literature
on the prevalence of this protozoan parasite in domestic dogs in Cuba.
The investigations are focused on public health and cats, the definitive
hosts (Annia Pantoja and Liumar Pérez, 2001; Goya Batista et al.,
2014; Rosado García and Medina Fundora, 2014).

Data on behavioral changes in animals due to chronic infection is
leading to research on the effect of the behavior of humans and this
issue has expanded to include both congenital and acute infection, as
well immune-compromissed hosts (Weiss and Dubey, 2009). Antibod-
ies to T. gondii were found in 57% of 534 pregnant women and in 35%
of 40 domestic cats from Grenada (Asthana et al., 2006).

A study of T. gondii prevalence in livestock on St. Kitts and Nevis re-
ported seropositivity using an in-house ELISA in 48% of 124 pigs, 34% of
66 goats, and 26% of 116 sheep slaughtered for human consumption
(Hamilton et al., 2014). Isolation and characterization of viable T. gondii
revealed greater emergence of recombinant strains in domestic animals
throughout several Caribbean islands (Dubey et al., 2016).

The seroprevalence values obtained in this study corroborate with
62.5% (169/276) of prevalence (Domingues et al., 1998) and 76.4% by
Canon-Franco et al. (2004) found in Brazil using indirect ELISA. This
study also confirms a study in Veracruz in Mexico, where 67.3% of the
animals tested (68/101) were positive to IFAT (Alvarado-Esquivel et
al., 2014). In Grenada, an island located in the Western Caribbean,
(Dubey et al., 2008) a prevalence of 48.5% (52/107) of positive dogs to
IFAT was evidenced.

Regarding the variables in the present study, it was observed that
animals living on the cemented floor were more likely to have high in-
fection for T. gondii, due to the high frequency observed on these dogs,
in comparison with dogs living on the dirt floor. Thus, we observed
that dogs living on the cemented floor presented a risk of 1.31 of
being infected when compared to those that lived on the dirt floor.

Dogs in the Republic of Cuba had high T. gondii seroprevalence, sug-
gesting a high environmental contamination andmore opportunities to
ingest tissues of animals or oocysts from the environment. These results
are of public health implications, considering toxolasmasosis is a zoono-
sis of great importance. Further studies in the Western region of Cuba
should be conducted to establish the sources of environmental
ugh In-house ELISA in the Western region of Cuba in 2013.

Simple logistic regression

p-value PR CI 95% Equation

0.3852 0.9 0.74–1.10 –

0.1865 0.86 0.70–1.05 –

0.5719 1.08 0.88–1.31 –

0.0116 1.31 1.08–1.58 Y = 1,4214–0,9514X

0.5828 1.26 1.05–1.50 –
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contaminationwith T. gondii and to determine the best preventivemea-
sures against toxoplasmosis.
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