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Abstract

Dogs are hosts of the protozoans Toxoplasma gondii, which causes an important public health disease, and Neospora
caninum. Studies that have evaluated toxoplasmosis and neosporosis for prolonged periods in dog populations
are rare. We analyzed infection by both parasites in a domestic dog population over three consecutive years
in Sdo Paulo state, Brazil. In the 1%, 2" and 3 years of collection, 181, 193 and 172 domiciles were visited, and
blood samples of 331, 371 and 348 dogs were collected for antibody serology, respectively. The seroprevalence
of T. gondii in each year was 27.2%, 22.5% and 43.9%, respectively, and that of N. caninum was 7.8%, 4.8% and
6.8%, respectively. The incidence rates for T. gondii in the 2"¢ and 3™ collections were 13.2% and 30.0%, and those
for N. caninum were 3.3% and 4.4%, respectively. Positive and negative serological conversions for both agents
occurred at high frequencies during the study period. This study reveals the canine population’s serological
profile and demonstrates the constant exposure of dogs to the investigated pathogens, indicating the need for
prevention and control measures in the region.
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Resumo

Os cdes sao hospedeiros dos protozoarios Toxoplasma gondii, que causam uma importante doenca para a saude
publica, e Neospora caninum. Estudos que avaliam a toxoplasmose e a neosporose por periodos prolongados
em populagdes caninas sdo raros. Foi analisada a infeccdo por esses dois parasitas em uma populacdo de cdes
domésticos e domiciliados por trés anos consecutivos, no Estado de Sdo Paulo, Brasil. Nos 1°, 2° e 3° anos de coletas,
181,193 e 172 domicilios foram visitados, nos quais foram coletadas amostras de sangue de 331, 371 e 348 cdes
para sorologia, respectivamente. A soroprevaléncia de T. gondii em cada ano foi de 27,2%, 22,5% e 43,9%,
respectivamente; e a de N. caninum foi de 7,8%, 4,8% e 6,8%, respectivamente. As taxas de incidéncia para T. gondii,
nas 22 e 32 coletas, foram de 13,2% e 30,0%, respectivamente; e para N. caninum, 3,3% e 4,4%, respectivamente.
As conversGes soroldgicas positivas e negativas para ambos os agentes ocorreram em alta frequéncia durante
o periodo analisado. Este estudo revela o perfil sorolégico da populagdo canina e demonstra sua constante
exposicdo aos patoégenos investigados, o que requer medidas de prevencgdo e controle na regido.
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Occurrence of T. gondii and N. caninum in dogs

Introduction

Domestic dogs are one of the main reservoirs and hosts of pathogens that infect humans and other domestic
and wild animals (Courtenay et al., 2001). Along with wild canids, they are definitive hosts of the Neospora caninum
protozoan, eliminating the parasite in their feces (McAllister et al., 1998; McAllister, 1999) and thus playing an
important role in disease dynamics (McAllister, 1999). In addition, domestic dogs are also intermediate hosts of
the Toxoplasma gondii protozoan, and they can be a significant sentinel species for the presence of the agent in
the environment and for human infections (Frenkel & Parker, 1996; Salb et al., 2008; Cabezén et al., 2010).

Dogs become infected with N. caninum or T. gondii when they ingest oocysts from feces of definitive hosts, or
eat raw or rare meat containing tissue cysts of infected intermediate hosts, such as domestic and wild animals
(Dubey, 2003). N. caninum is the causative agent of neosporosis, which causes neurological clinical signs in this
species (McAllister, 1999). This disease in ruminants is serious, with abortion as its main clinical symptom, suggesting
economic importance for the cattle industry (Dubey et al., 2007). The definitive hosts of T. gondii are domestic and
wild felids, and the intermediate hosts are homeothermic animals, including humans (Dubey & Beattie, 1988).
In dogs, clinical signs are rare (Dubey & Beattie, 1988); however, toxoplasmosis is an important disease for public
heath because it can cause abortion or neurologic or visual malformations in human fetuses (Dubey & Jones, 2008).
Domestic dogs are considered a potential source of agent transmission because they can mechanically transmit
the agent by rolling in cat feces containing oocysts or by ingesting feces and excreting oocysts, contaminating the
human environment (Lindsay et al., 1997).

The exposure of domestic dogs to these infectious agents and their close contact with humans increases their
importance in the maintenance of these disease cycles. When dogs have free access to streets, they can feed on
infected hosts (mostly small mammals) or become infected with parasite oocysts that have been eliminated in the
feces of domestic cats. Increased T. gondii seroprevalence was observed in street and farm dogs when compared
with confined dogs, suggesting that unconfined dogs can be an important source of infection (Souza et al., 2003).

Few studies have evaluated these parasitic infection courses over long periods considering natural dog population
dynamics (including birth, entrance, death and exit), and few studies have identified the source of exposure to
these infectious agents. This kind of study allows an understanding of the course of infection in specific habitats.

In some Brazilian Conservation Units (CUs), the presence of humans and domestic dogs living inside or
surrounding these preserved areas, as well as wild animals inhabiting areas outside the CUs, is common. In this
context, dogs infected with transmissible pathogens can indicate the presence of these infectious agents in the
environment, and they can also represent a risk to all the involved populations. For example, wild animals can
become infected by N. caninum eliminated by dogs. Humans and wild animals can become infected by oocysts of
T. gondii carried by dogs.

The aim of this study was to evaluate domestic and domiciled dog populations that were naturally infected with
T. gondii and N. caninum for three consecutive years. These dogs inhabited an area near a CU, and most of them
had free access to the streets and, therefore, to the preserved area.

Material and Methods

Study area

The Carlos Botelho State Park (CBSP) is a Brazilian CU within a large Atlantic Rain Forest remnant located in
Sao Paulo state (Figure 1). Near its limits, there are two neighborhoods in the Sdo Miguel Arcanjo municipality:
Abaitinga and Gavides. Domestic dogs who live in these neighborhoods are commonly raised unrestrained, with
access to the streets and thus to the CBSP (Figure 1). The collection area was characterized by a rural zone with
a subtropical humid climate (annual average temperature of 18 °C and monthly average pluviosity over 40 mm),
without a dry season and with hot summers (Alvares et al., 2013). In this region, there were some individual family
farms with dairy cows, and the study area covered the whole surrounding areas of the CBSP.

Data collection

Three sample collections were performed in the Abaitinga and GaviGes neighborhoods in April of 2015, 2016 and
2017 (1%, 2" and 3 collection, respectively) by a census survey of households within the study area. All residences
with dogs were georeferenced, and blood samples were collected from the animals for subsequent serological
analyses of T. gondii and N. caninum infections.
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Figure 1. Residences of the dogs sampled in the study from S&o Miguel Arcanjo municipality, Sdo Paulo state, Brazil. CBSP = Carlos
Botelho State Park.

During the visits to the dogs’ residences, the owners signed an informed consent form approved by the Animal
Ethics Committee (CEUA) of the Faculty of Veterinary Medicine and Animal Science (FMVZ) of the University of Sdo
Paulo (USP) under protocol CEUA 2452231014.

Sample collection

Blood samples were collected from the jugular, femoral or cephalic veins of the dogs. These samples were
stored in a refrigerator for at least five hours, followed by centrifugation at 1500 rpm for 10 minutes to obtain
sera. Serum samples were stored at -20 °C for subsequent analysis in the laboratory.

Laboratory analysis

Immunofluorescence Antibody Test (IFAT)

The detection of anti-T. gondii and anti-N. caninum antibodies was conducted by an immunofluorescence
antibody test (IFAT) according to Camargo (1974) and Dubey & Beattie (1988), with tachyzoites of the T. gondii RH
strain and the N. caninum NC-1 strain, respectively. The tachyzoites were maintained by passage in cell culture using
the Vero lineage. The slides were sensitized with tachyzoites obtained from a suspension of 107 tachyzoites/mL
as antigens for IFAT. After drying at room temperature, the slides were fixed with methanol, stored in propylene
boxes and kept at -20 °C.

Serawere diluted in phosphate buffered saline solution using a cutoff of 1:64 for T. gondii and 1:50 for N. caninum.
A specific anti-dog IgG antibody conjugated with fluorescein (Sigma, USA) was employed. The antigen-antibody
reaction was visualized with immunofluorescence microscopy (Olympus BX60, Tokyo, Japan). Samples with
tachyzoites with complete peripheral fluorescence were considered reagents, and these were serially two-fold
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diluted to determine the final reactivity titer. The readings were performed by only a single specialist among the
research group. Negative and positive controls were used for each slide.

Statistical analysis

To compare the infection rates of the two parasites, chi-square tests were performed. For the annual analyses of
the serological titers, Kruskal-Wallis tests were performed for each parasite, and Wilcoxon tests were also performed
to determine statistical significance. Indexes of the prevalence in each year and incidence (rate of new cases) in
the two last years for both infectious diseases were calculated with a confidence interval (Cl) of 95%. All analyses
were performed with R software version 3.5.0, considering a significance level of 5%.

Geographical distribution

Using the geographical coordinates of the dogs’ residences, maps were constructed to observe the spatial
distribution of the seropositive and seronegative dogs infected with each parasite species. Kernel maps (quartic
function) were constructed to show the intensity of seropositive animals in the study area. These analyses, as well
as all the maps, were conducted and constructed using QGIS software (version 3.4).

Results and Discussion

At the 1%, 2" and 3" collections, 181, 193 and 172 domiciles were visited, respectively; only three refused
to participate during the three sampling years. Approximately 75.0% of the residences had lot sizes smaller
than 300 m? and were near or within areas that included paved streets (defined as “houses”), 20.0% were rural
residences (defined as “country houses”) and 5.0% were residences on an agricultural farm (defined as “farms”).
Regarding the blood samples, 331, 373 and 348 samples were collected in each year, corresponding to an average of
1.76,1.86 and 1.84 dogs per domicile, respectively. A total of 585 dogs were sampled throughout the study period,
and 26.8% (157) were sampled in all three years of the study. The owners reported that 55.4% (324/585) of dogs
had free access to the streets. During the entire study period, some animals exited the study due to disappearance,
death or permanent departure from the study area, and some entered the study due to birth or relocation to the
study area. In addition, three dogs were sampled during only the 15t and 3 collections because they could not be
located during the 2" collection (Figure 2).

2015 2016 2017

146 108

331

373

Figure 2. Population dynamics of dogs sampled in 2015, 2016 and 2017. Inside the boxes are the numbers of dogs sampled in

each year (in brown), exits due to disappearance, death or relocation outside the study area (in purple) and entrances due to
birth or relocation to the study area (in blue).

348
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The T. gondii seroprevalence in dogs was higher than the N. caninum seroprevalence, which is a frequent finding
(Mascollietal., 2015; Varandas et al., 2015). Regarding toxoplasmosis, in the 1%, 2" and 3 collections, the percentages
of dogs with positive reactions according to the IFAT were 27.2% (90/331; Cl: 22.8-32.4), 22.5% (83/373; Cl: 20.4-26.9)
and 43.9% (153/348; Cl: 39.0-49.5), respectively. The incidence rates for the 2™ and 3 collections were 13.2%
(30/227; Cl: 9.5-18.5) and 30.0% (71/237; Cl: 24.6-36.4), respectively.

The increases in the seroprevalence and incidence in the 3" collection were significant when compared with the
previous collections. This increased exposure to T. gondii can be explained by a high rate of ingestion of infected
food sources, such as raw meat provided by their owners or infected prey.

The number of animals that entered into the study between the 2" and 3" collections was lower than the
number that entered between the 1stand 2™ collection (Figure 2), and 46.3% (50/108) were seropositive. Although
these animals represented 70.4% (50/71) of the new cases in the 3™ collection, it is not possible to know if they
were infected before or after entrance into the study area. The number of positive dogs born between the
2" and 3 collection was 7.2% (11/71). There is no solid evidence of congenital infection of T. gondii in dogs (Dubey,
2010; Calero-Bernal & Gennari, 2019).

Concerning neosporosis, for the 1%, 2" and 3" collections, the prevalence rates were 7.8% (26/331; Cl: 5.4-11.4),
4.8% (18/373; Cl: 3.1-7.6) and 6.8% (24/348; Cl: 4.7-10.1), respectively. The incidence rates for the 2" and 3™ collections
were 3.3% (7/208; Cl: 1.6-7.0) and 4.4% (10/227; Cl: 2.4-8.1), respectively; however, these differences were not
statistical significants.

The T. gondii seroprevalence in adult and senior dogs is often high, with a cumulative effect according to age
(Azevedo et al., 2005; Tenter et al., 2000). Most of the dogs that were seropositive for T. gondii in this study (47.1%)
were between four and nine years old. There was a statistically significant association between the age groups and
the serological results for T. gondii in the 2" and 3 collections (Table 1). The proportion of positive puppies (less
than one year old) was lower than the proportion of negative puppies. Additionally, the proportion of positive adults
(four to nine years old) was higher than the proportion of negative adults. Although males were infected more
frequently than females among the seropositive animals, there was no significant association between sex and the
serological results (Table 1), similar to other studies (Cabezén et al., 2010; Constantino et al., 2016). On the other
hand, some studies have proposed that males travel long distances and are thus more exposed to contaminated
environments than females, increasing their risk of infection (Mascolli et al., 2015; Constantino et al., 2016).

Table 1. Seroprevalence of antibodies Anti-Toxoplasma gondii in domiciled domestic dogs of Sdo Miguel Arcanjo municipality,
Sdo Paulo State, Brazil, according to age and sex in each collection.

qst znd 3rd
Age group g S 3 g S 3 g S 3 Total
<1 7 (8.0) 17 (83) 0394 3 (4.4) 34 (13.3) 0.009* 11 (8.4) 33 (20.1) 0.032* 105
1-3 27 (31.00 83 (40.5) 19 (27.9) 92 (36.1) 47 (35.9) 55 (33.5) 323
4-9 41 (47.1) 86 (42.0) 32 (47.1) 106 (41.6) 64 (48.1) 62 (37.8) 390
>=9 12 (13.8) 19 (9.3) 14 (20.6) 23 (9.0) 10 (7.6) 14  (8.5) 92
Wi 3 36 15 35 21 31 141
Total 90 241 83 290 153 195 1052
F 38 (42.2) 110 (46.6) 0.534 37 (44.6) 148 (51.4) 0319 72 (47.7) 98 (50.8) 0.588 503
M 52 (57.8) 126 (53.4) 46 (55.4) 140 (48.6) 80 (52.3) 95 (49.2) 538
wi 0 5 0 2 1 2 10
Total 90 241 83 290 153 195 1052

WI = Without information; Pos = Positive; Neg = Negative; F = female; M = male. *significant (p-value <0.05).
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Most of the dogs that were seropositive for N. caninum were also between four and nine years old; however,
there was no significant association between age group and the serological results (Table 2), similar to other studies
(Jesus et al., 2006; Melo et al., 2012). Seropositive males were also more prevalent than seropositive females in
the 15t and 2™ collections, but there was no significant association, similar to other studies (Jesus et al., 2006;
Melo et al., 2012; Constantino et al., 2016). In only one study, seropositive males were significantly more prevalent
than seropositive females (Mascolli et al., 2015).

Table 2. Seroprevalence of antibodies Anti-Neospora caninum in domiciled domestic dogs of Sdo Miguel Arcanjo municipality,
Sao Paulo State, Brazil, according to age and sex in each collection.

2015 2016 2017
Age group g g 5 g g 5 g g § Total
v 80 s v ) o v ] g
o o ‘ o o 1 o o 5
o z o a z o a z o
<1 0 (0) 24 (8.9) 0.099 O (0) 37 (12.0) 0125 1 (45) 43 (15.7) 0.1149 105
1-3 6 (26.1) 104 (38.7) 3 (18.7) 108 (35.2) 5 (22.7) 98 (35.5) 323
4-9 12 (52.2) 115 (42.7) 10 (62.5) 128 (41.7) 23 (59.1) 112 (41.0) 390
>=9 5 (21.7) 26 (9.7) 3 (187) 34 (11.1) 3 (136) 21 (7.7) 92
wi 3 36 2 48 2 50 141
Total 26 305 18 355 24 324 1052
. S g 5 g g - g 3 S ol
ex ~ — ~ — ~ — ota
g g : g g 2 8 ¥ g
a 2 o a 2 o a 2 o
F 12 (46.1) 136 (45.3) 1.000 7 (41.2) 178 (50.3) 0.621 12 (52.2) 158 (49.2) 0.832 503
M 14 (53.8) 164 (54.7) 10 (58.2) 176 (49.7) 11 (47.8) 164 (50.8) 538
wi 0 5 1 1 1 2 10
Total 26 305 18 355 24 324 1052

WI = Without information; Pos = Positive; Neg = Negative; F = female; M = male.

Previously, increased prevalence rates were observed in areas around forests (Mascolli et al., 2015) and rural
areas compared with urban areas (Boa Sorte et al., 2015; Benitez et al., 2017a). The seroprevalence rates of T. gondii
were high in this study, suggesting that preying upon infected animals may be an important factor in maintaining
infection in the canine population, as previously observed (Navarro et al., 1992; Camossi et al., 2008). The chance
of dogs becoming infected with T. gondii is exacerbated due to their close contact with soil and their carnivorous
behavior (Dubey & Jones, 2008), preying on rodents and birds (Mascolli et al., 2015). In addition, the presence of
synanthropic animals is a risk factor for dog seropositivity (Camossi et al., 2008), mostly among dogs with free
access to streets. Drinking water from puddles is also a risk factor because parasite oocysts can survive in water
for an extended period of time (Benenson et al., 1982; Bahia-Oliveira et al., 2003). These considerations reinforce
the concept that domestic dogs can act as sentinels for toxoplasmosis in the environment (Gongalez et al., 2010).

Dogs can also act as sentinel animals for human toxoplasmosis, although they are not a good indicator of
human foodborne diseases (Benitez et al., 2017b) since some owners feed them homemade food including raw
or undercooked meat that can contain parasites (Camossi et al., 2008; Salb et al., 2008). In addition, some dog
behaviors, such as rubbing, smelling, or even eating cat feces, increase their role as an indirect vehicle for T. gondii
transmission (Frenkel & Parker, 1996). In another municipality of Brazil, a positive correlation between human
and dog seroprevalence rates was observed, pointing to a possible common infection route for both populations
(Garcia et al., 1999). The existence of at least one infected dog at the domicile was considered a risk factor for
infection in their owners (Araujo et al., 2011).

The high prevalence and incidence rates of T. gondii in dogs in the present study lead us to believe that
humans who live in the area are also constantly exposed to the agent. This exposure must have been increased
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in the last year of the study, as the incidence and prevalence rates in the 3 collection were higher than those
in the other years. Additionally, 36.9%, 34.2% and 59.0% of the residences had at least one positive dog in the
1st, 2nd and 3 collections, respectively.

In dogs, the risk factors for N. caninum are similar to those for T. gondii, although the transmission of N. caninum
has been frequently related to feeding on aborted fetuses and/or placentas of infected cattle (McAllister, 1999)
and congenital infection (Barber & Trees, 1998). Some studies showed that the prevalence of N. caninum was
higher in dogs living freely on farms and in streets (Azevedo et al., 2005; Regidor-Cerrillo et al., 2010). In the study
area, cattle production is not common, suggesting that the dog incidence and prevalence rates may be due to
their constant exposure to infected prey (synanthropic and wild animals) and/or meat provided by their owners.
In the CBSP, there is a high abundance of small mammals, and the presence of domestic dogs inside the park
is common (Brocardo et al., 2012). In the present study, the prevalence rates of residences with at least one
N. caninum-seropositive dog were 11.2%, 8.0% and 11.2% in the 1%, 24 and 3 collections, respectively.

T. gondii-seropositive dogs were identified throughout the study area, including the area near the CBSP
(Figure 3A). The T. gondii results reinforce the need for the local population to be educated on the prevention of
this important zoonosis. The distribution of N. caninum-seropositive dogs was generally restricted to the central
area of the neighborhoods in all three collection years, although there were some positive dogs from farms in the
3 year (Figure 3B).

0 200~ 400m
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Intensity of seropositive dogs

‘ - 0.1
0 10004 2000m .
=t 8.38

Intensity of seropositive dogs

0.1
. 3.53

Intensity of seropositive dogs

0.1
. 2.01

Intensitv of seropositive dogs
A

N 0
A . 250

Figure 3. Distribution of dogs sampled in each year of the study according to their serological status for Toxoplasma gondii (A)
and Neospora caninum (B), with a kernel map based on their serological titers. CBSP = Carlos Botelho State Park; Letters inside
zoom maps: A = Abaitinga neighborhood; G = Gavies neighborhood.

Regarding the intensity of the seropositive dogs in the area (Figure 3), the GaviGes neighborhood had high
amounts of dogs with both parasite infections in all three years of the study, although the locality of these high
intensities varied each year. The Abaitinga neighborhood had high numbers of dogs infected with both parasites,
but high numbers infected with N. caninum were identified in only the 15t collection. These results demonstrated
that the transmission of the agents occurred throughout the residential region of the study area.
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The highest serological titer for T. gondii infection (Figure 1A Supplementary Material) was 16,384 in the 1<
collection. There was a statistically significant difference between only the titers from the 1%t (mean equal to 672.2)
and 2" (mean equal to 1,193) collections (p-value = 0.003); the mean titer of the 3 collection was 806.6. The highest
titer for N. caninum infection (Figure 1B Supplementary Material) was 25,600 among all of the collections. There
were no significant differences between the serological titer means between the three collections. The highest
mean occurred in the 2™ collection (2,800), followed by the 15t (1,400) and 3 (800) collections.

The most frequent serological titer for T. gondii in the whole period of the study was 1:256 (22.3% of the positive
dogs) (Figure 2A Supplementary Material), similar to the study by Boa Sorte et al. (2015); this value was higher than
those in other studies (Garcia et al., 1999; Mascolli et al., 2015; Benitez et al., 2017a). T. gondii infection in dogs is
predominantly asymptomatic (Calero-Bernal & Gennari, 2019), and according to Camargo (1974), low titers indicate
a chronic or recent infection. In the present study, 22.3% (72/323) of the positive dogs had low titers (up to 1:64).

The most frequent serological titer for N. caninum among the three collections was 1:400 (22.4%) (Figure 2B
Supplementary Material), and the highest was 1:25,600, which is higher than those in other studies (Azevedo et al.,
2005; Melo et al., 2012). Although serological titers have diagnostic relevance only when associated with clinical signs
and when performed sequentially, Gondim reported that serological titers higher than 800 are hardly indicative
of clinical neosporosis (Gondim, 2016); titers higher than 800 occurred in 62.7% (42/67) of the dogs in the three
years of this study. The main, although not very common, clinical signs in dogs are neurological disorders and
neonatal mortality (Nolan et al., 2015).

Although no animals with evident typical clinical symptoms of toxoplasmosis or neosporosis were found, the
prevalence rates and high titers suggest that both diseases should not be neglected and should be considered in
differential diagnoses in animals with reproductive and neurological signs in small animal practices.

Among the dogs that were seropositive for T. gondii in at least one collection (96 animals), most were positive
in only the 3" collection (32-33.3%), followed by positive in both the 2" and 3 collections (15-15.6%) and both
the 1stand 3™ collections (15-15.6%) (Figure 4); 5.2% of the dogs (five dogs) were positive in only the 2" collection,
demonstrating a short period of seropositivity (less than one year). It is necessary to highlight that these animals
presented titers from 1:64 to 1:512. In contrast to T. gondii, there were no N. caninum-seropositive dogs in only
the 2" collection.

Toxoplasma gondii Neospora caninum
Number Sampling Number nampling
of dogs 1st 2nd 3rd of dogs st 2nd 3rd

61 (38.9%)

133 (84.7%)

32 (20.4%)

15 (9.6%)

15 (9.6%)

6 (3.8%)
5 (3.2%)

13 (8.3%)

"

i 5 (3.29%)

s (G | | 3 (1.9%)

. 3 (1.9%)
e

2(1.3%

A 5(3.2%) [ I | B 0 zﬂ"/u) )

Figure 4. Dynamics of the serological status for Toxoplasma gondii (A) and Neospora caninum (B) infections over time in the
studied dog population. The white boxes represent seronegative samples, and the brown boxes represent seropositive samples.

Among the dogs that were T. gondii- and N. caninum-seropositive only in both the 1%t and 3 collections, the
serological titer means of the samples were 506.6 and 516.8 for T. gondii in the 15t and 3 collections, respectively,
and 2,823.7 and 2,784.6 for N. caninum in the 15t and 3™ collections, respectively. This result may be due to antibody
reductions between the 1stand 2" collection, followed by reactivation or reinfection before the 3™ collection. When
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this occurs, the high titers decrease and increase again, although they are normally not as high as those in the
primary infection (Silva et al., 2010; Chiebao et al., 2019).

The sensitivity and specificity of the IFAT changes based on the cutoff values established (Bjorkman & Uggla,
1999). However, some authors have used this test as the gold standard to evaluate the accuracy of other tests for
infection by both parasites (Cafion Franco et al., 2003). Meireles et al. used negative and positive T. gondii controls
determined by the IFAT to standardize the enzyme-linked immunosorbent assay (ELISA) (Meireles et al., 2004).
On the other hand, it is known that the sensitivity of the IFAT for T. gondii is lower than that of other serological
tests for this parasite (Domingues et al., 1998; Silva et al., 2002; Freschi et al., 2005). It is important to consider that
the IFAT has been found to be appropriate to avoid cross-reactivity between N. caninum and T. gondii in serum
samples from different hosts (Silva et al., 2007; Benetti et al., 2009).

In each year, the rates of coinfection by both parasites were 3.0% (95% Cl 1.6-5.5%), 1.6% (95% Cl 0.7-3.5%) and
3.4% (95% Cl 1.9-6.0%), respectively (Table S1). Varandas et al. (2015) and Higa et al. (2000) found similar coinfection
rates (5.8% and 4.8%, respectively) in dogs. The number of seropositive dogs infected with both parasites and
with only N. caninum remained similar in all three collections. The number of animals infected with only T. gondii
decreased slightly from the 15t to the 2" collection and almost doubled from the 2M to the 3 collection (Table S1).

In the present study, the seroprevalence rates for T. gondii were lower than those in other studies; however, the
most frequent titer values were higher than those in other studies. The seroprevalence rates and the titer values
for N. caninum were similar to those of other studies. When the incidence rates of both parasites were high and
the spatial distribution occurred throughout the area, it was possible to conclude that they were circulating at the
local level with host exposure.

Toxoplasmosis is an important disease for public health. It is possible to conclude the need for prevention
and control measures, such as washing hands, washing vegetables and fruits before eating, not feeding cats or
dogs raw or undercooked meat and removing animal feces from the ground, in the study area (Etheredge et al.,
2004). Responsible dog ownership and dog sterilization programs can control the population and hence reduce
the number of free-ranging animals on the streets and in the state park.

Although neosporosis is not an important disease for humans, itis important for cattle and wild animals. In the
study area, there was only one cattle farm; however, it was near a reserve with wild animals. In that case, reducing
domestic and free-ranging dogs in that environment can also contribute to preventing transmission of the agent.

As the scenario of the present study is common in some regions of Brazil, our analyses, as well as the proposed
strategies for preventing parasitic infections, can be applied in other areas to preserve the health of humans and
animals.

Conclusion

Dogs are constantly exposed to T. gondii and N. caninum in the areas surrounding the CBSP, a Brazilian
Conservation Unit. The prevalence and incidence of infection by N. caninum were lower than those by T. gondii in
the study period. Prevention measures, such as health education for dog owners, are necessary, as T. gondii is an
important zoonosis.
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Supplementary Material

Supplementary material accompanies this paper.

Table S1. Serological results of all the dogs sampled in each year, relating to coinfection (Toxoplasma gondii and
Neospora caninum)

S1 Figure. Serological titers of the dog samples in each Toxoplasma gondii (A) and Neospora caninum (B) collection
according to the immunofluorescence antibody test.

S2 Figure. Distribution of the serological titers for Toxoplasma gondii (A) and Neospora caninum (B) in seropositive
dogs in all the collections.

This material is available as part of the online article from http://www.scielo.br/rbpv
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