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ABSTRACT

The prevalence of anti-Neospora caninum antibodies was evaluated in 1104 cows from 118 farms
in the Western region of Sao Paulo State, Brazil, using indirectimmunofluorescence antibody assay.
Sixty-five (55.0%; CI 95%: 46.0-63.8%) farms showed at least one seropositive animal. Prevalence
over 10% was observed in 33 farms (28.0%; CI 95%: 20.4-36.5%), and over 20% in 18 farms (15.2%;
CI 95%: 9.5-22.6%). Prevalence of animals showed 120 (10.9%) positive females (IFAT > 1:100).
The positivity in the farms showed significant association with farms producing more than 50
liters per day. Infection caused by the protozoan N. caninum occurs in the Western region of the
state of Sao Paulo, and although no differences were observed either in relation to the production
type or management practices, greater milk yield was related to greater prevalence of infection.
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RESUMO

SOROPREVALENCIA E FATORES DE RISCO ASSOCIADOS A NEOSPORA CANINUM
EM FEMEAS BOVINAS DO OESTE DO ESTADO DE SAO PAULO, BRASIL. A prevaléncia de
anticorpos anti-Neospora caninum foi avaliada em 1104 vacas de 118 fazendas da regido oeste do
Estado de Sdo Paulo, Brasil, usando a Reacdo de Imunofluorescéncia Indireta. Sessenta e cinco
(55,0%; IC 95%: 46,0-63,8 %) fazendas apresentaram pelo menos um animal soropositivo. Prevalén-
cia acima de 10% foi observada em 33 fazendas (28,0%; IC 95%: 20,4-36,5%), e acima de 20% em
18 (15,2%; 1C 95%: 9,5-22,6%). A prevaléncia de animais foi de 10,9%, sendo 120 vacas positivas
(RIFI = 1:100). Observou-se associagdo significativa entre a presenca de animais positivos e fa-
zendas com producao leiteira acima de 50 litros por dia. Infecgdo causada por N. caninum ocorre
na regiao oeste do Estado de Sdo Paulo, mesmo nao tendo sido observada relagdo entre animais
soropositivos e praticas de manejo, nas fazendas com alta producao leiteira foram observadas as
maiores prevaléncias de infeccao.

PALAVRAS-CHAVE: Neospora caninum, soroprevaléncia, epidemiologia, bovinos, Brasil.

INTRODUCTION

Neospora caninum is a protozoan firstidentified in
dogs affected by encephalitis and myositis. It is an
important cause of abortion in cattle, and may also
infect other animals such as horses, goats, sheep,
and deer (Dusty, 2003). The life cycle of N. caninum
was described in 1998, when it was demonstrated
that domestic dogs (Canis lupus familiaris) are de-
finitive hosts of the agent, shedding oocysts in feces

(McALLister etal., 1998). Gonpiv et al. (2004) showed
that coyotes (C. . latrans) also shed the oocysts in
feces and recently KING et al. (2010) found dingoes
(C. L. dingo) shedding oocysts after being fed with
infected bovine tissues. Cattle are infected through
the ingestion of sporulated oocysts (DE MAREz et al.,
1999) whereas the existence of seropositive bovine
populations (represented by congenitally infected
females) alsoincreases therisk of future losses caused
by reproductive disorders associated to N. caninum.
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In Brazil, N. caninum infection was first diag-
nosed by Gonpm et al. (1999), using immunohisto-
chemistry (IHC) and serology in a single naturally
infected fetus in the State of Sao Paulo. PEscAbor
et al. (2007), in a study of 258 bovine fetuses in
Rio Grande do Sul State between 1999 and 2005,
concluded that N. caninum infection may be an
important cause of abortion, because the parasite
was detected by IHC in 21.3% of fetuses presenting
lesions. Prevalence of infection in Brazil ranges from
7t042% (Cosraetal., 2001; LocaTELLI-DITTRICH et al.,
2001) among regions and depending on the types
of herds (dairy, beef, or mixed production). Risk
factors to presence of antibodies against N. caninum
incattle have beenreported in studies performed all
over Brazil. Farm area (hectares), number of cows,
production type (beef, dairy cattle), age of cattle,
feeding silage and or concentrate produced on the
farm, and presence and number of dogs have been
associated with N. caninum prevalence in Northern
and Southern areas of Brazil (GUIMARAES JUNIOR. et
al., 2004; Acuiar et al., 2006; CorsELLINI et al., 2006),
while these data have not yet been collected in the
State of Sao Paulo, Brazil.

In this study were determined the prevalence
and possible risk factors for N. caninum infection in
the Western region of the State of Sdo Paulo. Cattle
breeding in thisregionyield 20% of the total beef and
dairy income of the state. In addition, the Western
region of the state is responsible for approximately
US$ 7.2 million in beef and dairy production (IEa,
2006).

MATERIAL AND METHODS
Region studied and sampling procedures

This study was done in the Western region of
the State of Sao Paulo. Sampling procedures were
based on data previously collected for a sero-
epidemiological study for bovine brucellosis in the
state, as part of the National Program for the Control
and Eradication of Bovine Brucellosisand Tuberculosis
[Programa Nacional de Controle e Erradicagdo da
Brucelose e Tuberculose Bovina-PNCEBT] (Dias et
al., 2009). The studied area included municipalities
located in three micro-regions that cover the whole
Western Sdo Paulo Production Area. These areas are
Presidente Prudente (22°7'S, 51°22" W) and Presidente
Venceslau (21° 52 S, 51°50° W) (Alta Sorocabana
Region); Dracena (21°28 S, 51° 31" W) and Tupa (21°
56’S, 50° 30" W) (Alta Paulista Region); Andradina
(20°53’S, 51° 22" W) and Aracatuba (21°12" S 50° 25’
W) (Extreme West Region). The sites were chosen
considering the similarities among production
systems, management practices, production goals,

herd size, and trade systems. The Western region
is characterized by a subtropical climate where the
predominant vegetationissavannah and rain forest,
although the vegetation in region has been almost
devastated by agribusiness.

The primary sampling unit was determined by
randomly picking farms that conducted breeding
activities and that were registered in the Sdo Paulo
Agriculture Office. According to data obtained by the
Technical Assistance Coordination (Coordenadoria
de Assisténcia Técnica-CATI) in this production area
in2001, breedingactivities occurred on29,091 farms,
where there were 1,333,508 bovine females over 24
months. The number of farms to be evaluated to
obtain a representative sample was determined by
the software Epilnfo 6.04 using an estimated preva-
lence of 20%, absolute error of 10%, and confidence
interval of 95%.

The serum samples were obtained from a
previous study (Dias et al., 2009) that aimed to
estimate the brucellosis prevalence among cows
over two years of age (adult cows). The number
of tested animals was determined by aggregated
sensibility and sensitivity of the diagnostic
protocol (screening by 2-mercaptoethanol and
complement fixation test as confirmatory), 95%
and 99.5%, respectively (FLETCHER, 1998). Using
an expected prevalence of 20%, simulations on
Herdacc software 3.0 were made to establish the
size of the secondary sample (number of animals
to be sampled in each visited farm). Simulations
expected at reach at least 90% aggregated sensibility
and sensitivity, according to MARTIN et al. (1992)
and Jorpan (1996). This indicated that in herds of
up to 100 adult cows, 10 cows should be sampled
and in herds over 100 adult cows, 15 cows should
be sampled. In herds with less than 10 adult
cows, all animals were sampled. When at least
one animal was positive, the farm was classified
as positive (DONALD et al., 1994).

Collection of blood samples

Blood samples were collected in October and
November of 2001. Samples were kept at room
temperature (20° C) in the tubes until clotting. Serum
samples were stored at -20° C until analysis.

Indirect fluorescence antibody test

Serum samples were analyzed by Indirect Fluo-
rescence Antibody Test (IFAT) using an initial dilu-
tionof 1:100in phosphate buffer (0.0084M Na,HPO,,
0.0018MNaH,PO,, and 0.147M NaCl), pH7.2,added
to 1% bovine serum albumin (MINERVINO et al., 2008),
using a rabbit anti-bovine IgG conjugate labeled
with fluorescein isothiocyanate (SIGMA F-7887).
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Samples considered positive in the initial dilution
were submitted to successive two-fold serial dilutions
to yield the final titer. Each set of slides included
positive and negative control sera.

Questionnaire

At the time of farm visits, a questionnaire was
administered to assess the presence or absence of
farming practices and local conditions that may
represent risk factors for N. caninum infection. These
variables included the type of production (beef,
dairy, mixed); housing conditions (confinement,
semi-confinement, or free range production); num-
ber of cows; mode of milking (manual, mechanical
using a portable milking machine, or mechanical in
amilking parlor); milk production yield in liters per
day; presence of other animal species on the farm;
occurrence of abortion in the previous 12 months;
exchange of cows for breeding; renting or sharing
of pastures; and the use of separate enclosures for
COWwWs pre- or post-partum.

Calculation of prevalence and statistical analysis

Prevalence per farm was calculated using a
confidence interval of 95%. As farms with different
herd sizes were evaluated, the overall preva-
lence estimate was adjusted based on herd size
of each analyzed farm (THRUSFIELD, 1995). These
calculations were conducted using Epilnfo 6.04
software.

Differentanalyses were performed to verify possible
risk factors; in these analyses three prevalence values
were considered. Variables were evaluated in farms
with at least one seropositive cow, and in farms
with atleast 10% and 20% of seropositive cattle. The
association between environmental variables and
serology results was calculated through univariate
and multivariate analyses (HosmER and LEMESHOW,
1989). Univariate analysis was performed using the
Chi-square test (x?) and, when necessary, Fisher’s
exact test, with confidence intervals of 95%. Multi-
variate analysis was based on logistic regression in
a model involving those variables that showed P <
0.20intheassociation test. Analyses were done using
Epilnfo 6.04 and SPSS for Windows.

RESULTS

Samples were collected from 118 farms, 60 of
which (50.8%) were dedicated to mixed produc-
tion (dairy and beef), 34 (28.8%) to beef produc-
tion, and 23 (19.5%) to dairy. One farm (0.9%) was not
classified inany of the above categories. Samples were
collected from 1104 cows, in herds that ranged from

one to 1300 cows per farm (median of 24 cows). Of
the total, dairy cattle comprised 175 (15.9%) cows,
beef cattle 348 (31.5%) cows, and mixed cattle 580
(52.6%) cows. One cow (0.1%) was not classified in
any of the above categories.

Serological analyses

Ofthe118 analyzed farms, 65 showed atleast one
positive animal, resulting in a prevalence of positive
farms of 55.0% (CI195%:46.0-63.8%). Prevalence over
10% was observed in 33 farms (28.0%; CI 95%: 20.4-
36.5%), and over 20% in 18 farms (15.2%; CI 95%:
9.5-22.6%). Serum samples from 120 of 1104 animals
were positive (IFAT >100) witha prevalence 0f 10.9%.
The adjusted prevalence for infected animals was
estimated as 10.5% (CI 95%; 7.3-15.0%). Antibody
titers varied from 100 to 12,800 (Table 1). The Table
2 shows the number of positive farms and positive
cows by region. Beef, dairy, and mixed farms had
similar (P > 0.05) prevalence values for anti-N. cani-
num antibodies, when analyzed in different levels
of prevalence per farm (at least one, 10%, and 20%
of positive cows). No statistical differences (P >
0.05) were found between production systems, with
values of 13.7% for dairy cows, 8.6% for beef cows,
and 11.3% for mixed cows (Table 3).

Table 1 - Distribution of anti-Neospora caninum antibody
titers, determined by Indirect Fluorescence Antibody Test
(IFAT),in120 positive cows from Western Sao Paulo State.

Positive samples

Titer
Number %

100 55 45.8
200 16 13.4
400 16 13.4
800 12 10.0
1600 06 5.0
3200 09 7.5
6400 02 1.6
12800 04 3.3
Total 120 100

Uni- and multi-variate analyses

Results of the association between positive farms
and the variables studied are shown in Table 4.
Variables that showed P < 0.20 in the initial analysis
were analyzed by logistic regression. According to
thefinalmodel, farms that yielded more than 50liters
per day were more likely to show animals positive
for N. caninum when at least one and 10% of cows
were seropositive per farm (Table 5).
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Table 2 - Number of farms and examined cows, positivity, and occurrence (%) of antibody anti-Neospora caninum per

Micro-region in Western Sao Paulo State, Brazil.

Micro-regions Farms Cows

Sampled Positive %* Sampled Positive %o*
Extreme west 26 12 46.12 240 17 7.12
Alta Paulista 49 23 46.920 425 46 10.8%¢
Alta Sorocabana 43 30 69.72¢ 439 57 13.0b<
Totals for all regions 118 65 55.08 1104 120 10.9¥

*Columns showing different letters indicate significant difference (P < 0.05).
§ Observed prevalence equal to 55.0% (CI95%: 46.0-63.8%).
F Prevalence of 10.9%; adjusted prevalence of 10.5% (CI 95%; 7.3% - 15.0%).

Table 3 - Prevalence of anti-Neospora caninum antibodies in farms and cows stratified by production type in Western of

S3o Paulo State.
Farms? Cows?
Production type* Prevalence of positive (%) Positive
Sampled Sampled o

At least one 10% 20% (%)
Dairy 23 14 (60.8) 08 (34.7) 03 (13.1) 175 24 (13.7)
Beef 34 17 (50.0) 08 (23.5) 06 (17.6) 348 30 (8.6)
Mixed production 60 34 (56.6) 17 (28.3) 09 (15.0) 580 66 (11.3)
Total* 118* 65 (55.0)° 33 (28.0)° 18 (15.2)¢ 1103 120

* One farm and cow could not be classified in any of the categories

2 Different values between proportions = P > 0.05
> CI95%: 46.0-63.8%

< CI95%: 20.4-36.5%

4CI95%: 9.5-22.6%

DISCUSSION

The region here studied is an important cattle
production area, not only for the State of Sdo Paulo,
but for the Brazil as a whole. Approximately, 5 in
every 10 farmsshowed atleast one seropositive cow
to N. caninum, illustrating the wide dissemination of
the parasite in the region. The results showed that
N. caninum seroprevalence in cows (10.5%) is close
to that observed in other regions of Sdo Paulo and
Brazil (Hasecawa et al., 2004; Racozo et al., 2004;
AGUIAR et al., 2006; MELo et al., 2006). However,
results obtained in different studies should be
critically compared due to the varying diagnostic
methods and cutoff values used to detect anti-N.
caninum antibodies.

Variations in prevalence were observed among
regions. AltaSorocabanaregionshowed the greatest
frequency of seropositive cows, as well as the greatest
number of farms with seropositive animals. The two
Municipalities included in this region (Presidente
Prudente and Presidente Venceslau) are located on
the border of State of Sao Paulo with State of Mato
Grosso (West-central region) and State of Parana
(South region). This area is characterized by the
presence of the beef finishing sector and the main
slaughterhouses of the Western region of the Sao

Paulo State, which leads to intense movement of
animals on farms, increasing the chances of finding
the highest prevalence rates.

In an attempt to understand the epidemiology
of N. caninum in cattle in the region, an evaluation
considering three hypotheses of prevalence in farms
(at least one, 10%, and 20% seropositive cows per
farm) was performed. However, no significant dif-
ferences in prevalence (P > 0.05) among farms or
breeding systems (beef, dairy, and mixed produc-
tion cattle) were observed. These results show a
high spread of N. caninum in the region, occurring
in the same proportion in all production systems. In
the brazilian central region, MELo et al. (2006) in the
State of Goias and OsHiro et al. (2007) in the State of
Mato Grosso do Sul, also found no difference among
cattle production systems (beef, dairy, and mixed
exploration) and N. caninum prevalence in cattle.

In the Northern Amazon region, State of Para,
MINErVINO et al. (2008), also observed similar
results among production systems; however AGUIAR
et al. (2006) in the Western Amazon region, State
of Rondodnia, detected higher prevalence in beef
herds than in dairy and mixed production. The
difference observed between these studies may be
associated with variations relating to the environ-
ment or breeding practices adopted in each region.

Arq. Inst. Biol., Sao Paulo, v.78, n.2, p.183-189, abr./jun., 2011



Seroprevalence and risk factors associated to Neospora caninum in female bovines from the western Sao Paulo State, Brazil.

AGUIAR et al. (2006) associated herd size as a risk
factor to the presence of seropositive cows on farms,
collaborating with the occurrence of N. caninum in
beef cattle. Beef herds in the brazilian North region
are characterized by breeding in large herds, and
cattlearekeptin free-range management; contrasting
with the present region, where beef cattle are close
monitored and the numbers of cattle and pasture
areas are smaller. In the present study none of the
management practices (production type, number of
cows, and housing conditions) were associated to N.
caninum seropositivity on farms.

Logistic regression showed that farms yielding
more than 50 L of milk a day are at greater risk for
showing positive animals. This value (50 L) was
stipulated considering median values of milk pro-
duction per farm. Some mixed production farms
were also included in the variable concerning milk
production (23 dairy farms and 52 mixed farms
analyzed). Dairy farms have a higher milk yield per
day and mixed farms tend to have several lactating
animals. Although there were no significant differ-
ences inrelation to the type of production, dairy and
mixed production farms showed greater frequency
of animals with anti-N. caninum antibodies. These

results may be explained by the more intensive
practices used in dairy cattle management, and by
the maintenance of older animalsin the herd, increas-
ing both environmental exposure to N. caninum and
the chance of detecting positive animals (GUIMARAES
JunNioR et al., 2004).

Other analyzed variables did not seem to be
associated with the presence of anti-N. caninum
antibodies. However, presence of other domestic
species and flooded areas in the farms were selected
for the final logistic regression model. Farms with
10% of prevalence with no dogs showed more
frequency of seropositive cows (Table5). According to
MCcALLISTER et al., (1998), dogs are definitive hosts
of N. caninum and their presence is considered
a risk factor for seropositivity in cattle by many
authors (MAINAR JAIME et al., 1999; OTRANTO et al.,
2003; ScHAREs et al., 2004; CorseLLINI et al., 2006).
Although the absence of dogs in farms suggests
the possible occurrence of vertical transmission,
this could not be confirmed, whereas the practice
of exchanging cows for breeding observed in many
farms could be animportant factor related to higher
occurrence, as cows may have become seropositive
previously (Table 4).

Table 4 - Results of variables evaluated in the questionnaire completed by farms in Western Sdo Paulo State, according
different prevalence values per farm: at least one seropositive cow; 10% seropositive cows; and 20% seropositive cows.

Number of farms

Variables Positive
Presence
At least one 10% 20%
% P % P % P

Housing conditions

Confinement 03 66.6 1.00 333  1.00 33.3 0.39

Semi-confinement 06 33.3 0.40 33.3 1.00 0 0.59

Free range 108 56.5 0.50 278  0.70 15.7 1.00
Mode of milking

Manual 69 60.0 0.68 275  1.00 17.4 1.00

Portable milking machine 04 25.0 0.30 250  1.00 0 1.00

Milking parlor 02 100.0 0.50 0 1.00 50.0 0.31

Yield in liters per day (= 50 L) 38 73.7 0.00 395  0.01 215 0.39
Number of cows (= 24 cows) 60 60.0 0.28 350  0.00 13.3 0.61
Presence of other animal species

Dog 90 50.0 0.04 21.1  0.00 17.7 0.23

Horse 99 55.5 0.81 303 019 16.1 0.73

Swine 51 53.0 0.68 21.5 017 21.5 0.09

Poultry 76 54.0 0.73 223 0.06 19.7 0.12

Sheep 25 44.0 0.21 08 0.01 20.0 0.53

Cat 65 48.0 0.07 231 019 13.8 0.63
Abortion in the previous 12 months 07 71.5 0.45 428  0.38 28.5 0.33
Exchange of cows for breeding 51 60.7 0.52 295 096 19.6 0.33
Renting of pastures 17 53.0 0.63 176 0.38 23.5 0.29
Sharing of pastures 09 55.5 1.00 222 1.00 222 0.62
Areas for cows pre- or post-partum 37 56.7 0.81 27.0 0.81 16.2 0.74
Flooded areas 18 27.7 0.01 111 0.14 11.1 0.73
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Table 5 - Results of univariate and multivariate analyses of association between variables and farms with at least one
and 10% of cows seropositive to Neospora caninum antibodies in Western Sao Paulo State.

Number of farms Univariate analysis Multivariate analysis

Variables analyzed

Analyzed Positive ~ x? P p Odds (C195%)
Farms with at least one seropositive cow

Milk yield per day

<50L 37 16 (43.3)

>250L 38 28(73.7) 7.1 0.007 0.008 3.800 (1.43-10.55

Farms with at least 10% seropositive cows

Milk yield per day

<50L 37 05 (13.5)

>50L 38 15395 64 0.01 0.008 5.06 (1.51-16.90)
Presence of dogs

No 28 14 (50.0)

Yes 90 19 (21.1) 8.8 0.003 0.019 0.20 (0.73-079

Presence of horses, swine, sheep, poultry, and
cats were evaluated by logistic regression, but failed
as risk factors. All species detected in farms are con-
sidered intermediate hosts to N. caninum (DUBEY et
al., 2007) and their presence suggest an alternative
route for N. caninum infection to carnivorous host.
Furthermore, Costaetal. (2008) showed the first con-
firmation of natural N. caninum infection in chickens
from Brazil. Chickens are cosmopolitan animals that
may be consumed by dogs. OTraNTO et al. (2003) in
Italy, observed that seropositivity to N. caninum in
cattle was associated with the presence of poultry
on farms. This data suggests that further studies in
Brazil need to be done with these species to clarify
the involvement with N. caninum epidemiology.

Infection caused by the protozoan N. caninum oc-
curs in the Western region of the State of Sdo Paulo,
and although no differences were observed either
in relation to the production type or management
practices. Farms with greater milk yield presented
greater prevalence of infection.
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