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a  b  s  t  r  a  c  t

The  aim  of  this  study  was  to investigate  how  Neospora  caninum  serostatus  may  be  affected
by  variables  such  as  host  species  (water buffaloes  or cattle)  and age  in  animals  cohabiting
in  the  same  ranch.  A  convenience  cross-sectional  study  was  performed  on  four  ranches  in
the Northeast  of  Argentina,  where  water  buffalo  are  cohabitating  with  beef  cattle.  Blood
samples  were  collected  from  1350  female  water  buffaloes  (Bubalus  bubalis)  and  880  female
beef cattle  (Bos  taurus  and  Bos indicus  crossbreeds)  from  four ranches.  Calving  and weaning
percentages  at herd  level  for  each  ranch  were  also recorded.  N.  caninum  antibody  levels
were  measured  by  an  indirect  fluorescent  antibody  test  (IFAT)  (reciprocal  antibody  titers
≥100).  Serological  results  were  classified  into  2 categories  (0: negative;  1: positive).  A logis-
tic regression  model  was  used  to describe  the  relationship  between  N. caninum  serostatus
and  specie  (water  buffalo  or  cattle),  age  or ranch and  their  interactions.  Likelihood  ratio
tests were  used  to assess  the  significance  of  the  model  and  their  terms.  Odds  ratios  were
estimated  and  95%  profile  likelihood  (LR)  and  Wald  confidence  intervals  (CI)  obtained.  Over-
all, specific  antibody  titers  were  found  in  43.3%  (584/1350)  of  water  buffaloes  and  28.6%
(252/880)  of cattle.  Seropositive  water  buffaloes  and  cattle  were  observed  on  all  ranches.
Age was  statistically  significant  (p  =  0.01)  with  an  overall  estimate  of logit  (log  odds)  of  age
of 0.03  for both  species.  This  indicates  that  for every  one  year  increase  in age,  the  expected
change  in log odds  of being  seropositive  increased  by 0.03.  On  three  of four  ranches  a  water
buffalo  was  4.48,  1.54 and 2.25 times  more  likely  to  be seropositive  than  cattle  for  animals
of  the same  age.  The  N.  caninum  serostatus  was  affected  by age  in  the  first place,  but  also  by

species  on  at  least  three  of  the  four  ranches.  Calving  and  weaning  percentages  were  higher
in water  buffaloes  than in  beef  cattle  (p <  0.05).  Even  though  the  low  pathogenicity  that
N.  caninum  seems  to have  in  water  buffaloes,  this  study  reinforces  the  importance  of this
specie  as  maintenance  of  the disease.
∗ Corresponding author at: Veterinary Pathology, INTA Balcarce CC 276,
620 Balcarce, Argentina. Tel.: +54 2266 439100 20; fax: +54 2266 43 9101.

E-mail addresses: moore.dadin@inta.gob.ar,
moore@balcarce.inta.gov.ar (D.P. Moore).

http://dx.doi.org/10.1016/j.vetpar.2014.04.011
304-4017/© 2014 Elsevier B.V. All rights reserved.
© 2014  Elsevier  B.V.  All  rights  reserved.

1. Introduction
Neospora caninum is a coccidian parasite that causes
costly disease in cattle (Reichel et al., 2013) and dogs
worldwide (Dubey et al., 2007). Transplacental transmis-
sion appears to be the main mechanism by which the
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to each well. Slides were incubated at 37 ◦C for 30 min,
washed 3 times with PBS for 5 min  each, tapped to remove
excess PBS, cover-slipped with buffered glycerol (25% [w/v]
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parasite persists in cattle (Anderson et al., 2000). Never-
theless, after recognizing the dog as the definitive host
of the parasite (McAllister et al., 1998), epidemiological
work has also established the association between the pres-
ence of dogs and the disease in cattle (Dubey et al., 2007).
In addition, it has been established that intensive herd
management may  be associated with increased seropreva-
lence to N. caninum (Sanderson et al., 2000; Barling et al.,
2000; Dubey et al., 2007). Many advances in the under-
standing of the epidemiology of N. caninum have been
achieved in the last decades (Dubey et al., 2007), never-
theless, the frequency of postnatal transmission is not fully
understood.

Evidence of Neospora-infections has been reported for
many domestic and wild species including water buffaloes
(Bubalus bubalis) (Dubey et al., 1998; Huong et al., 1998;
Meenakshi et al., 2007; Nasir et al., 2011) where verti-
cal transmission also occurs naturally (Chryssafidis et al.,
2011). An increasing prevalence of antibodies to N. can-
inum with age was found in water buffalo populations
from Argentina (Campero et al., 2007), southeastern Brazil
(Fujii et al., 2001), southern Italy (Guarino et al., 2000)
and Southern Peninsular India (Sengupta et al., 2012). It
has also been demonstrated that this species is suscepti-
ble to experimental Neospora-infection causing fetal death
(Konrad et al., 2012) and the occurrence of spontaneous
abortions caused by N. caninum buffaloes has been recently
reported (Auriemma et al., 2014).

Water buffaloes are better adapted to the wet  tropi-
cal and subtropical environment than cattle and the water
buffalo population is growing in many areas of the world
(Food and Agriculture Organization, 2012) including the
North East of Argentina (NEA) (Campero et al., 2007).
Although a high seroprevalence to N. caninum in water
buffaloes was previously described in the NEA (Campero
et al., 2007), it is still uncertain whether neosporosis is
a serious cause of reproductive failure in this species.
The aim of this study was to investigate how N. caninum
serostatus may  be affected by variables such as species
(water buffaloes or cattle) and age in animals cohabiting
the same area. Also reproductive and productive param-
eters for water buffaloes and beef cattle at herd level are
described.

2. Material and methods

2.1. Animals and sampling

A convenience cross-sectional study was performed on
four ranches in the NEA, where water buffalo are cohab-
itating with beef cattle. Descriptive data about area, total
number of animals and reproductive parameters includ-
ing calving and weaning percentages at herd level for each
ranch were recorded.

Blood samples were collected from a jugular vein from
1355 female water buffaloes (B. bubalis) and 880 female
beef cattle (Bos taurus and Bos indicus crossbreeds). Sam-

ples were obtained at the end of the calving season and
before the breeding season starts; March–April for water
buffaloes and October–November for beef cattle. The age of
the animals was also recorded at the moment of sampling
tology 203 (2014) 259–263

and ranged from 2 to 19 and 3 to 8 years old for water
buffaloes and beef cattle, respectively. The serum samples
were kept at −20 ◦C until analysis.

2.2. Serological analysis

2.2.1. Parasites and antigen slide preparation
Antigen slides were prepared using tachyzoites of

the NC-1 N. caninum strain kindly provided by Dr MC
Venturini, La Plata Veterinary College, Argentina. They
were grown continuously in stationary monolayer cul-
tures of VERO cells as described previously (Konrad et al.,
2012). Culture medium consisted of Dulbecco’s Minimum
Essential Medium (DMEM) supplemented with 10% (v/v)
heat-inactivated adult equine serum, 2 mM-glutamine,
50 U/ml penicillin, and 50 �g/ml streptomycin (DMEM-
HS). Parasite-infected cultures were maintained in 75 cm2

flasks incubated at 37 ◦C in an atmosphere of 5% CO2.
Parasites were harvested for antigen preparation when
80% of the VERO cells in the culture flask were infected
with clusters of tachyzoites. The infected monolayer was
removed from the flask by scraping into the medium and
then passed 3 times through a 25-ga needle to disrupt the
cells. The suspension was  passed through a 5-�m filter
to remove cellular debris, and tachyzoites were pelleted
by centrifugation at 1300 g for 10 min. After removing
the supernatant, the pellet was  washed twice in sterile
phosphate-buffered saline (PBS) (pH 7.2) and then resus-
pended in a modified PBS saline (137 mM NaCl, 3 mM  KCl,
3 mM Na3C6H5O7–2H2,O, 0.4 mM NaH2PO4·H2O, 12 mM
NaHCO3, 6 mM glucose) to a final concentration of approx-
imately 107 tachyzoites/ml. Aliquots of 10 �l of tachyzoite
suspension were dispensed into each 4-mm well on 12-
well heavy-teflon-coated antigen slides. Slides were air
dried at room temperature (RT) and stored at −20 ◦C.

2.2.2. Indirect fluorescent antibody test (IFAT)
N. caninum antibody levels either from water buffaloes

or beef cattle were assayed by IFAT as previously men-
tioned (Fujii et al., 2001). Briefly, antigen slides and sera
were thawed at RT prior to use. The serum samples were
tested at a dilution of 1:100 (Rodrigues et al., 2004). Ten
microliters of diluted test or control sera were placed in
separate wells on the antigen slides. Positive and negative
control sera from buffalo were provided by Dr. S.M. Gen-
nari, Veterinary College, São Paulo University, Brazil. Slides
were incubated at 37 ◦C for 1 h in a moist chamber, washed
3 times for 5 min  each in PBS, and then tapped gently to
remove excess PBS. A polyclonal rabbit anti-bovine IgG
labeled with fluorescein isothiocyanate (Sigma, St. Louis,
MO)  diluted 1:200 in PBS was  added in 10 �l aliquots
glycerine in Tris-HC1 [pH 9.0]), and examined at 200 x using
a fluorescence microscope. The IFAT was  considered to be
positive when the typical peripheral staining pattern of the
tachyzoites was  observed.
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Table  1
Numbers and proportions of N. caninum seropositive water buffalo and bovine females on four ranches in the Northeast region of Argentina tested by IFAT.

Ranch Bubalus bubalis Bos taurus and Bos indicus crossbreeds

Stock Tested Positive Stock Tested Positive
n  n (%) n (%) n (%) n (%) n (%)

1 355* 133 (37.5) 81(60.9)a 780 73 (9.3) 9 (12.3)b

2 1100 720 (65.5) 378(52.5)a 7000 507 (7.2) 202 (39.8)b

3 450 233 (51.7) 54(23.2)a 530 65 (12.3) 8 (12.3)a

4 450 264 (58.6) 71(26.9)a 2500 235 (9.4) 33 (14)b

Total 2355 1350 (57.3) 584 (43.3) 10,810 880 (8.1) 252 (28.6)
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* Water buffalo dairy farm.
ifferent superscript letters within the same row represent statistical dif
attle.

.3. Statistical analysis

Serological results were classified into 2 categories (0:
egative; 1: positive) according to the absence or presence
f specific antibodies. A logistic regression model was used
o describe the relationship between N. caninum serosta-
us and variables like specie (water buffaloes or cattle) and
ge and their interactions. Likelihood ratio tests were used
o assess the significance of the model and their terms.
rom the resulting logistic model, odds ratios were esti-
ated and 95% profile likelihood (LR) and Wald confidence

ntervals (CI) obtained. All analyses were done in R version
.14.1 (R-Development Core Team, 2011). Proportions for
eproductive and productive parameters were compared
etween water buffaloes and cattle in each ranch. All anal-
ses were done in R version 2.14.1 (R-Development Core
eam, 2011) and a significance level of 0.05 was used.

. Results

Overall, specific antibody titers were found in 43.3%
584/1350) of water buffaloes and 28.6% (252/880) of cattle.
eropositive water buffaloes and beef cattle were observed
n all ranches. Data about animal stock, number of tested
nimals and proportions of seropositive animals for both
ater buffaloes and beef bovine females per each ranch are
resented in Table 1. Data regarding the number of mated
ows, calving and weaning percentages at herd level are
hown in Table 2.
The distributions of N. caninum seropositive animals by
anch, species and age are shown in Fig. 1. From the logis-
ic model, neither triple nor double interactions with age
p > 0.05) were detected. In a reduced model without those

able 2
eproductive and productive parameters in water buffalo and beef bovine female

Ranch (hectares) Bubalus bubalis 

Impregnated Calving Weaning
n  n (%) n (%) 

1 (2300) 220* 172(78.2)a 165(75
2 (17,000) 825 625(75.8)a 619(75
3 (5200) 320 230(71.8)a 224(70
4 (4500) 250 200(80.0)a 190(76

Total 1615 1227 (76.0) 1198 (74

* Water buffalo dairy ranch.
ifferent superscript letters within the same row represent statistical differences 

espectively.
 (p < 0.05) between proportions of seropositive water buffaloes and beef

interactions, age was statistically significant (p = 0.01) with
an overall estimate of logit (log odds) of age of 0.03.
This indicates that for every one year increase in age, the
expected change in log odds of being seropositive (vs non-
positive) increase by 0.03. Moreover, for every one year
increase in age, the estimated odds of being seropositive
is 1.035 (holding ranch and species fixed) indicating that
odds of being serologically positive to N. caninum increased
3.5% per year, independent of species and ranch. Both, LR
and Wald 95% CI for the odds are (1. 006, 1.065).

It is noteworthy that on 3 of 4 ranches, a water buffalo
was 4.48, 1.54 and 2.25 times more likely to be seropos-
itive than cattle, for animals of the same age. The LR and
Wald 95% CI for these odds ratios are shown in Fig. 1. Unex-
pectedly in ranch #3 there was no association between
serological status and species (holding age fixed), i.e. the
odds of being serologically positive to N. caninum is the
same for water buffaloes and cattle, when animals have
the same age. In particular, odds ratio did not differ from 1
(LR 95% CI = (0.87, 4.5), Wald 95% CI = (0.83, 4.21)).

4. Discussion

In agreement with the results obtained in this study,
most literature shows a higher prevalence for N. caninum
in water buffaloes than in cattle (Guarino et al., 2000;
Fujii et al., 2001; Gennari et al., 2005; Dubey et al., 2007,
Nasir et al., 2011). In the present study, specific antibody
titers were detected in 43.3% and 28.6% of water buffaloes

and cattle cohabiting in the same area. It is noteworthy
that, despite the high prevalence of antibodies against
N. caninum, reproductive and productive parameters in
the water buffaloes from all ranches evaluated here were

s at herd level in four ranches at the Northeast of Argentina.

Bos taurus and Bos indicus crossbreeds

 Impregnated Calving Weaning
n n (%) n (%)

)a 520 322(62)b 286(55)b

)a 4000 2360(59)b 2200(55)b

)a 400 248(62)b 228(57)b

)a 1400 1029(73.5)b 981(70.1)a

.2) 6320 3959 (62.6) 3695 (58.5)

(p < 0.05) between calving or weaning for water buffaloes and beef cattle,
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(1.418, 3.565)(1.428, 3.600)2.24

Wald 95% CILR 95% CIOR

(0.830, 4.209)(0.870, 4.499)1.87
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(1.213, 1.968)(1.213, 1.969)1.54

Wald 95% CILR 95% CIOR

(1.87, 10.67)(1.952, 11.304)4.47

Wald 95% CILR 95% CIOR

mals for
vals for 
Fig. 1. Observed and estimated probability of N. caninum seropositive ani
(OR)  estimates and profile likelihood (LR) and Wald 95% confidence inter
and  beef cattle.

reported to be normal. Neospora-like cysts in two  aborted
buffalo fetuses showing non-suppurative encephalitis and
myocarditis have been reported (Guarino et al., 2000).
Vertical transmission appears to occur naturally in water
buffaloes (Chryssafidis et al., 2011) and this species is sus-
ceptible to experimental Neospora-infection causing fetal
death (Konrad et al., 2012). Abortions caused by N. caninum
have been recently reported in water buffaloes (Auriemma
et al., 2014). Also, Nasir et al. (2011) report a significantly
higher sero-prevalence in aborting buffalo in Pakistan over
non-aborting ones. Neospora-exposure was tested in dairy
cattle and water buffaloes in Southern Peninsular India but
an association between reproductive failure and presence
of antibodies against to N. caninum was only mentioned for

cattle (Sengupta et al., 2012).

Considering that isolation of N. caninum by dog bioas-
say was possible in 5 of 6 water buffaloes that were
seropositive at a serum dilution of 1:100 (Rodrigues et al.,
 each species, age and ranch obtained from the logistic model. Odds ratio
OR of being serologically positive to N. caninum between water buffaloes

2004), that serological dilution was used in the present
work. Prevalence rates obtained by different assays are
not comparable but they varied from zero when using
an enzyme-linked immunosorbent assay (ELISA) in water
buffaloes in the People’s Republic of China (Yu et al.,
2007) or 1.5% of 200 animals by IFAT in Vietnam (Huong
et al., 1998) to 9.9% of 341 and 54.7% of 300 water
buffaloes by a competitive ELISA in Southern Peninsu-
lar India (Sengupta et al., 2012) and the Lahore District
of Punjab Province, Pakistan (Nasir et al., 2011), respec-
tively. Whether the diagnostic sensitivity and specificity
of the IFAT at a dilution of 1:100 varies depending on the
species tested (water buffaloes or cattle), remains to be
clarified.
The N. caninum serostatus was  primarily affected by age,
but also by species on at least three of the four ranches
investigated. The odds of being serologically positive to N.
caninum increased by 3.5% per year in the populations of
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uffaloes and cattle assessed in this study. Older animals
an be expected to have a higher probability of having
een exposed to oocysts at least once during their lifespan
ompared with younger animals. An association between
he presence of antibodies to N. caninum and age has
een reported from buffalo populations in southern Italy
Guarino et al., 2000) and southeastern Brazil (Fujii et al.,
001). More over, this finding is in agreement with that
eported by Sengupta et al. (2012), who mentioned that
he highest seroprevalence was recorded in dairy cattle
nd water buffaloes of ≥4 years old. Nasir et al. (2011) also
eported that the highest sero-prevalence was observed in
uffaloes older than 3–5 years of age, and those with con-
act to farm dogs. On the other hand, such association with
ge was not found in water buffaloes from northern Brazil
Gennari et al., 2005). Which route of infection (vertical or
ost-natal transmission) is the more frequent in water buf-
aloes remains to be studied. On the other hand the present
tudy also provides evidence of increased exposure to this
occidian parasite in older beef cattle. Postnatal transmis-
ion occurs in dairy cattle in Argentina (Moré et al., 2009,
oore et al., 2009) but a higher risk of being seropositive in

lder beef cattle is reported here for the first time. Evidence
f postnatal point-source exposure to N. caninum and pro-
ective immunity in previously infected beef cows having
ntibodies with high avidity have been well documented
McAllister et al., 2000).

Although N. caninum does not appear to be a frequent
bortifacient in water buffaloes, more studies need to
e performed in order to know all the consequences of
eospora-infections in this species. On the other hand, the
pidemiological role of infected buffaloes and the conse-
uences for cattle cohabiting the same ranch should be
lso considered when performing management control of
ovine neosporosis.
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