
ilable at ScienceDirect

Journal of Equine Veterinary Science 34 (2014) 1240–1243
Contents lists ava
Journal of Equine Veterinary Science

journal homepage: www.j -evs.com
Short Communication
Horses Seropositive for Neospora spp.: Immunoglobulins,
Cytokines, and C-Reactive Protein Levels
Aleksandro S. Da Silva PhD a,*, Willian M. Radavelli MSc a, Anderson B. Moura PhD b,
Thiago Duarte MSc c, Marta M.M.F. Duarte PhD d, Lenita M. Stefani PhD a

aDepartment of Animal Science, Universidade do Estado de Santa Catarina (UDESC), Chapecó, Santa Catarina, Brazil
bDepartment of Veterinary Medicine, Universidade do Estado de Santa Catarina (UDESC), Lages, Santa Catarina, Brazil
cDepartment of Physiology and Pharmacology, Universidade Federal de Santa Maria (UFSM), Santa Maria, Rio Grande do Sul, Brazil
dDepartment of Aesthetics and Cosmetics, Universidade Luterana do Brasil, Santa Maria, Rio Grande do Sul, Brazil
a r t i c l e i n f o

Article history:
Received 25 March 2014
Received in revised form 6 July 2014
Accepted 9 July 2014
Available online 16 July 2014

Keywords:
Neosporosis
Horse
Immune response
* Corresponding author at: Aleksandro S. Da Silva
de Zootecnia, Universidade do Estado de Santa
Trombeta Zanin, 68E, Chapecó, Santa Catarina 8981

E-mail address: aleksandro_ss@yahoo.com.br (A

0737-0806/$ – see front matter � 2014 Elsevier Inc
http://dx.doi.org/10.1016/j.jevs.2014.07.004
a b s t r a c t

Neosporosis is a disease known to cause reproductive problems in cattle. In horses, the
disease is caused by the protozoa Neospora caninum and/or Neospora hughesi, but little is
known about this infection in this species. Therefore, the aim of this study was to quantify
the levels of immunoglobulins (Igs), cytokines, and acute phase protein in seropositive
horses for Neospora spp. (n ¼ 23) comparing with seronegative horses (n ¼ 20). There was
no significant difference (P > .05) between IgG levels; however, IgM levels were signifi-
cantly higher in sera samples from positive animals (P < .01). Similarly, proinflammatory
cytokines (tumor necrosis factor, interferon gamma, interleukins [IL-1, IL-4, and IL-6]) and
C-reactive protein levels were also significantly higher (P < .01) in horses seropositive for
Neospora spp. On the other hand, the IL-10 levels (anti-inflammatory cytokine) were lower
in horses seropositive for neosporosis (P < .01). Therefore, we conclude that horses
naturally infected by Neospora spp., even without clinical disease, are able to activate their
immune systems to control the infection, which may lead to disease chronicity.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

Neosporosis is a disease caused by an obligate intra-
cellular protozoan that affects various domestic animals
species such as cattle, dogs, sheep, goats, buffaloes, and
horses [1–5], and among the most affected species is cattle.
Infection with the protozoan parasite Neospora caninum is
thought to be a major cause of reproductive failure in dairy
cattle worldwide [6,7]. Cattle infected with the parasite are
three to seven times more likely to abort compared with
uninfected cattle [6]. The parasite may be transmitted to
cattle through the ingestion of oocysts that are shed in the
feces of acutely infected dogs (definitive host ofN. caninum)
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or by congenital infection via placenta [2,6,8]. In horses, the
neosporosis can be caused by protozoa N. caninum and/or
Neospora hughesi; however, the N. caninum is best known
and studied [9]. Yet, the life cycle of N. hughesi has not been
fully established and the definitive host is unknown, just
like other possible intermediate hosts besides horses [10],
beyond that there is no specific treatment for neosporosis
in horses. Therefore, further studies are needed also to
better understand the pathogenesis of this disease in
horses.

According to the literature [11], Neospora spp. is related
to reproductive disorders such as infertility, abortion, and
neonatal mortality in horses and a cell-mediated immune
response is mounted by the host to control infection by N.
caninum. During an experimental N. caninum infection,
there is a typical cellular response by T lymphocytes helper
type 1 (Th1), characterized by high levels of interferon
gamma (IFN-g), and a humoral response mediated by
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immunoglobulin (Ig) G2 in cattle [12]. This inflammatory
response of the host will determine the tachyzoites infec-
tion, that is, to determine the ability of parasite to penetrate
and multiply in the host cells [13].

Studies in nonpregnant cattle and murine models of
infection have shown the importance of T-helper 1-type
immune responses involving proinflammatory cytokines,
such as IFN-g and interleukins (IL-12), in limiting intra-
cellular multiplication of the parasite [6,7]. During preg-
nancy, some changes occur in the immune system allowing
the mother to accept the fetus; and the crucial role of T-
helper 2-type cytokines at the maternal–fetal interface in
maintaining the pregnancy and regulating the potentially
damaging effect of Th1 responses [6]. Unlike cattle, in
horses naturally infected by Neospora spp., very little is
known about the influence of the disease in immune
response or vice versa. As a consequence, the aim of this
study was to investigate Igs, cytokines, and acute phase
proteins in serum samples from Neospora spp. seropositive
horses.
Table 1
Immunoglobulins (IgG and IgM), cytokines (tumor necrosis factor [TNF-a],
interferon gamma [IFN-g], and interleukins [IL]: IL-1, IL-4, IL-6, and IL-10),
and C-reactive protein (CRP) concentrations in horses seropositive to
Neospora spp. compared with noninfected horses.

Parameters Seronegative Horses
(n ¼ 20)

Seropositive Horses
(n ¼ 23)

IgG (mg/dL) 153.0 � 11.0a 153.7 � 6.8a

IgM (mg/dL) 55.0 � 6.0b 121.6 � 5.5a

TNF-a (pg/mL) 124.0 � 7.0b 273.6 � 12.9a

IFN-g (mg/mL) 152.4 � 4.0b 312.6 � 20.9a

IL-1 (pg/mL) 62.0 � 5.0b 174.3 � 6.8a

IL-4 (pg/mL) 39.2 � 5.2b 147.6 � 8.8a

IL-6 (pg/mL) 77.0 � 10.0b 226.9 � 19.2a

IL-10 (pg/mL) 72.0 � 7.0a 46.0 � 6.8b

CRP (mg/dL) 0.45 � 0.2b 6.2 � 2.4a

a,b Means followed by the same superscript letters in the same line do
not differ statistically (P < .01).
2. Material and Methods

Serum samples stored at �20�C collected from horses
naturally infected by Neospora spp. (seropositive) was used
in the present study. A previous study was conducted in
Santa Catarina state, Brazil, using immunofluorescence
assay for Toxoplasma gondii and identified 23 positive ani-
mals with titers of 1:50 (n ¼ 12), 1:100 (n ¼ 8), and 1:200
(n ¼ 3) [14]. The samples of noninfected horses used in this
study were soronegative to Neospora spp. and T. gondii.
Therefore, the stored sera from 20 of seronegative horses
(control) and 23 of seropositive horses to Neospora spp.
were used to evaluate Igs, cytokines, and C-reactive protein
(CRP) levels.

Serum IgG and IgM levels were determined using
immunonephelometry on the Behring Nephelometer BN II
(Dade Behring) with reagents from Dade Behring and
specific kits for IgG (Horse IgG(T) ELISA Quantitation Set;
Bethyl Laboratories) and IgM (Horse IgM ELISA; Kamiya
Biomedical Company, Seattle). Samples were analyzed
according to Dati et al [15]. Briefly, all samples were diluted
with specific diluents and measured after 10 minutes.
Polystyrene wells were coated with a specific monoclonal
antibody for each serum protein forming an agglutinate
that disperses the light irradiated in the presence of the
protein. The intensity of scattered light depends on the
amount of protein concentration in the sample, and the
results are compared with known standard curves [15].

Cytokine quantification (Tumor necrosis factor [TNF-a],
IFN-g, IL-1, IL-4, IL-6, and IL-10) was assessed by enzyme-
linked immunosorbent assay using commercial Quanti-
kine immunoassay kits (GSI EquinedPlasma/Serum
DataSheet, Genorise Scientific, Inc) according to the manu-
facturer’s instructions. Briefly, 96-well microplates were
sensitized with primary antibody at room temperature for
30 minutes; the sample was added and incubated for
30 minutes at 37�C. After washing, the secondary antibody
conjugated with peroxidase was added to each well and
incubated. The concentration of the cytokines was
determined by the intensity of the color measured spec-
trophotometrically using a microplate reader.

The quantification of serum CRP was performed using
commercial kits of ultrasensitive CRP (BioTécnica, Minas
Gerais, Brazil) following the manufacturer’s protocol at
semiautomatic analyzer Bio-2000. Samples were treated
with a specific antibody to horse CRP in a suitable buffer.
The turbidity resulted by the formation of immune com-
plexes was measured at 540 nm, and the values were then
calculated automatically from a known standard. All the
assay steps were performed automatically by spectrometry
(BioTécnica).

Data were presented as mean values � standard devi-
ation. Immunoglobulins, cytokines, and CRP levels results
were subjected to Student test (t-test). Values with prob-
ability (P) less than 1% were considered statistically
different.

3. Results

The results of the Igs, cytokines, and CRP levels are
shown in Table 1. The IgG levels did not differ significantly
between the groups, but IgM levels were significantly
higher in seropositive horses for Neospora spp. compared
with seronegative horses (Table 1). Similarly, levels of
proinflammatory cytokines (TNF-a, IFN-g, IL-1, IL-4, and
IL-6) were higher in horses seropositive for Neospora spp.,
unlike IL-10 (anti-inflammatory cytokine), which showed
lower levels compared with seronegative animals. Elevated
levels of CRP were also observed in seropositive animals
(Table 1).

4. Discussion

Several studies have reported the presence of antibodies
to Neospora spp. in horses [14,16–19], but few studies have
reported the protozoan infection with pathologic changes.
As mentioned in Section 1, Neospora spp. infection was
associated with equine abortion and/or stillbirths [11]. In-
flammatory infiltrates have been described in placentas of
cattle infected by N. caninum, which may be responsible for
placental damage leading to abortion [20]. In buffalo,
placental inflammation was characterized by the infiltra-
tion of CD3þ and CD4þ T cells and T cells expressing the gd
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T-cell receptor, similar to cattle [21]. Probably the same
inflammatory process occurs in pregnant mares infected
with Neospora spp. leading to abortion [11]. In the present
study, positive animals had no history of reproductive
problems, but what keeps the immune response activated.

Seropositive horses to Neospora spp. showed high levels
of all the cytokines evaluated in the present study, probably
with the purpose of keeping the infection under control. In
horses, in this study, probably the parasite is in the form of
bradyzoites, in which the immune system requires con-
stant surveillance of the host, as seen in this study. In
horses naturally infected with Trypanosoma vivax, similar
results were observed regarding the levels of inflammatory
mediators studied here [22]. In a study of cell culture for N.
caninum, researchers found that the IFN-g, TNF-a, IL-10,
and transforming growth factor-b cytokines participate in
parasite proliferation and control mechanisms [23]. How-
ever, the vast majority of studies indicate that the IFN-g is
the main cytokine involved in the control of neosporosis
and vertical transmission of this protozoan, as well as IL-4
[24–26]. Similarly, increased production of TNF-a, IL-1,
and IL-6 contributes significantly to the course of infec-
tion and regulates specific immune responses against
protozoan parasites [27], often causing tissue damage [28].
The low levels of IL-10 in seropositive animals were ex-
pected because it is an anti-inflammatory cytokine, that is,
acts by inhibiting activated macrophages to produce
proinflammatory cytokines. Therefore, if there were such
negative feedback for IL-10, the levels of other mediators
could be even greater in the present study.

In this study, only high levels of IgM in the serum of
horses seropositive for Neospora spp. were found and IgG
levels did not differ between groups. De Marez et al [29]
compared the serum levels of IgG and IgM in calves
experimentally infected byN. caninum oocysts, and levels of
both Igs were detected 2 weeks after infection. Researchers
found that bulls infectedwithN. caninum showed increased
levels of IgG and IgM compared with healthy animals [30],
but according to these researchers, IgG levels decreased
with the chronicity of the infection. In our study, it is not
possible to know the time of infection, but considering that
IgG levels were not high, it might be a chronic infection. In
infections by trypanosomes, IgM is responsible for con-
trolling infection, that is, killing the parasite [31], and the
same may occur in neosporosis, which would explain the
high levels of IgM in seropositive horses.

Seropositive horses had elevated levels of CRP, an
important acute phase protein and component of the im-
mune system [32]. An increase of CRP levels has previously
been observed during the course of diseases caused by
other protozoa, such as infections by Babesia canis [33] and
Leishmania infantum in dogs [34]. The main function of
this protein is opsonization of the pathogen by activating
the classical complement pathway and modulation of the
action of monocytes and macrophages [32,35]. Therefore,
this protein probably plays an important role in controlling
infection by Neospora in horses and inhibits invasion of
cardiac cells by Trypanosoma cruzi [36].

Based on the results, we can conclude that horses
seropositive for Neospora spp. and visually asymptomatic
have enabled humoral and cellular immunity. Increased
serum inflammatory mediators involved in the pathogen-
esis of this disease may be related to infection control, as
well as that the inflammation can cause tissue lesions and
thus be related to reproductive problems.

5. Commission of Ethics and Animal Welfare

This research project was approved by the Ethics Com-
mittee on Animal Experiments of Universidade do Estado
de Santa Catarina under protocol number 1.05.09.

References

[1] Dubey JP, Hartley WJ, Lindsay DS, Topper MJ. Fatal congenital
Neospora caninum infection in a lamb. J Parasitol 1990;76:127–30.

[2] Barr BC, Conrad PA, Dubey JP, Anderson ML. Neospora–like
encephalomyelitis in a calf: pathology, ultrastructure, and immu-
noreactivity. J Vet Diag Invest 1991;3:39–46.

[3] Woods LW, Anderson ML, Swift PK, Sverlow KW. Systemic neo-
sporosis in a California black-tailed deer (Odocoileus hemionus
columbianus). J Vet Diag Invest 1994;6:508–10.

[4] Daft BM, Barr BC, Collins N, Sverlow K. Neospora encephalomyelitis
and polyradiculoneuritis in an aged mare with Cushing’s disease.
Equine Vet J 1996;29:240–3.

[5] Rodrigues AA, Gennari SM, Aguiar DM, Sreekumar C, Hill DE,
Miska KB, Vianna MCB, Dubey JP. Shedding of Neospora caninum
oocysts by dogs fed tissues from naturally infected water buffaloes
(Bubalus bubalis) from Brazil. Vet Parasitol 2004;124:139–50.

[6] Innes EA, Wright S, Bartley P, Maley S, Macaldowie C, Esteban-
Redondo I, Buxton D. The host-parasite relationship in bovine
neosporosis. Vet Immunol Immunopathol 2005;108:29–36.

[7] Almería S, Serrano B, Yàniz JL, Darwich L, López-Gatius F. Cytokine
gene expression profiles in peripheral blood mononuclear cells from
Neospora caninum naturally infected dams throughout gestation.
Vet Parasitol 2012;183:237–43.

[8] Dubey JP, Acland HM, Hamir AN. Neospora caninum (Apicomplexa)
in a stillborn goat. J Parasitol 1992;78:532–4.

[9] Gondim LF, Mcallister MM, Pitt WC, Zemlicka DE. Coyotes (Canis
latrans) are definitive hosts of Neospora caninum. Int J Parasitol
2004;34:159–61.

[10] Hoane JS, Gennari SM, Dubey JP, Ribeiro MG, Borges AS, Yai LEO,
Aguiar DM, Cavalcante GT, Bonesi GL, Howe DK. Prevalence of
Sarcocystis neurona and Neospora spp. infection in horses from
Brazil based on presence of serum antibodies to parasite surface
antigen. Vet Parasitol 2006;136:155–9.

[11] Veronesi F, Diaferia M, Mandara MT, Marenzoni ML, Cittadini F,
Piergili Fioretti D. Neospora spp. infection associated with equine
abortion and/or stillbirth rate. Vet Res Commun 2008;32:223–6.

[12] Locatelli-Dittrich R, Machado Jr PC, Fridlund-Plugge N,
Richartz RRTB, Montiani-Ferreira F, Patrício LFL, Patrício MAC,
Joineau MG, Pieppe M. Determinação e correlação de anticorpos
anti-Neospora caninum em bovinos e cães do Paraná, Brasil. Rev
Bras Parasitol Vet 2008;17:191–6.

[13] Buxton D, Mcallister MM, Dubey JP. The comparative pathogenesis
of neosporosis. Trends Parasitol 2002;18:546–52.

[14] Moura AB, Silva MO, Farias JA, Bellato V, Souza AP, Sartor AA,
Fonteque JH, Bunn S. Neospora spp. antibodies in horses from two
geographical regions of the state of Santa Catarina, Brazil. Rev Bras
Parasitol Vet 2013;22:597–601.

[15] Dati F, Schumann G, Thomas L, Aguzzi F, Baudner S, Bienvenu J.
Consensus of group of professional society and diagnostic companies
on guidelines for interim reference ranges for 14 proteins in serum
based on standardization against the IFCC/BRC/CAP Reference Ma-
terial (CRM). Eur J Clin Chem Clin Biochem 1996;34:517–20.

[16] Dubey JP, Kerber CE, Granstrom DE. Serologic prevalence of Sarco-
cystis neurona, Toxoplasma gondii, and Neospora caninum in
horses in Brazil. J Am Vet Med Assoc 1999;215:970–2.

[17] Hoane JS, Yeargan MR, Stamper S, Saville WJ, Morrow JK,
Lindsay DS. Recombinant NhSAG1 ELISA: a sensitive and specific
assay for detecting antibodies against Neospora hughesi in equine
serum. J Parasitol 2005;91:446–52.

[18] Leon A, Laugier C, Pronost S, Portier G. Infectious abortion in mares:
characterisation of new pathogenic agents. Pratic Vet Equine 2009;
41:33–6.

[19] Toscan G, Vogel FSF, Cadore GC, Cezar AS, Sangioni LA, Pereira RCF,
et al. Occurrence of antibodies anti-Neospora spp. in cart horses and

http://refhub.elsevier.com/S0737-0806(14)00277-9/sref1
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref1
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref2
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref2
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref2
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref3
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref3
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref3
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref4
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref4
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref4
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref5
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref5
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref5
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref5
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref6
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref6
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref6
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref7
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref7
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref7
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref7
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref8
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref8
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref9
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref9
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref9
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref10
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref10
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref10
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref10
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref10
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref11
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref11
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref11
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref12
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref12
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref12
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref12
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref12
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref13
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref13
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref14
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref14
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref14
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref14
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref15
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref15
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref15
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref15
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref15
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref16
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref16
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref16
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref17
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref17
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref17
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref17
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref18
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref18
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref18
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref19
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref19


A.S. Da Silva et al. / Journal of Equine Veterinary Science 34 (2014) 1240–1243 1243
Crioula breed horses from Rio Grande do Sul state. Arq Bras Med Vet
Zootec 2011;63:258–61.

[20] Cantón GJ, Katzer F, Maley SW, Bartley PM, Benavides-Silván J,
Palarea-Albaladejo J, Pang Y, Smith SH, Rocchi MS, Buxton D,
Innes EA, Chianini F. Inflammatory infiltration into placentas of
Neospora caninum challenged cattle correlates with clinical outcome
of pregnancy. Vet Res 2014;45:11–5.

[21] Cantón GJ, Konrad JL, Moore DP, Caspe SG, Palarea-Albaladejo J,
Campero CM, Chianini F. Characterization of immune cell infiltration
in the placentome of water buffaloes (Bubalus bubalis) infected with
Neospora caninum during pregnancy. J CompPathol 2014;150:463–8.

[22] Da Silva AS, Duarte MMMF, Bochi GV, Moresco RN, Stefani LM,
Monteiro SG. Increased inflammatory mediators in horses naturally
infected with Trypanosoma vivax. A preliminary study. J Equine Vet
Sci 2013;33:827–30.

[23] Jesus EEV, Pinheiro AM, Santos AB, Freire SM, Tardy MB, El-
Bachá RS, Costa SL, Costa MFD. Effects of IFN-g, TNF-a, IL-10 and
TGF-b on Neospora caninum infection in rat glial cells. Exp Parasitol
2013;133:269–74.

[24] Long MT, Baszler TV. Neutralization of maternal IL-4 modulates
congenital protozoal transmission: comparison of innate versus
acquired immune responses. J Immunol 2000;164:4768–74.

[25] Teixeira L, Marques A, Meireles CS, Seabra AR, Rodrigues D,
Madureira P, Faustino AM, Silva C, Ribeiro A, Ferreira P, Da
Costa JMC, Canada N, Vilanova M. Characterization of the B-cell
immune response elicited in BALB/c mice challenged with Neospora
caninum tachyzoites. Immunology 2005;116:38–52.

[26] Kano R, Masukata Y, Omata Y, Kobayashi Y, Maeda R, Saito A.
Relationship between type 1/type 2 immune responses and occur-
rence of vertical transmission in BALB/c mice infected with Neo-
spora caninum. Vet Parasitol 2005;129:159–64.

[27] Titus RG, Sherry B, Cerami A. The involvement of TNF, IL-1 and IL-6
in the immune response to protozoan parasites. Trends Immunol
1991;12:A13–6.
[28] Williams DJL, Guy CS, Mcgarry JW, Guy F, Tasker L, Smith RF,
Maceaschern K, Cripps PJ, Kelly DF, Trees AJ. Neospora caninum-
associated abortion in cattle: the time of experimentally-induced
parasitaemia during gestation determines foetal survival. Parasi-
tology 2000;121:346–58.

[29] De Marez T, Liddell S, Dubey JP, Jenkins MC, Gasbarre L. Oral
infection of calves with Neospora caninum oocysts from dogs:
humoral and cellular immune responses. Int J Parasitol 1999;29:
1647–57.

[30] Ferre I, Serrano-Martínez E, Martínez A, Osoro K, Mateos-Sanz A,
del-Pozo I, Aduriz G, Tamargo C, Hidalgo CO, Ortega-Mora LM. Ef-
fects of re-infection with Neospora caninum in bulls on parasite
detection in semen and blood and immunological responses.
Theriogenology 2008;69:905–11.

[31] Baral TN, Baetselier P, Brombacher F, Magez S. Control of
Trypanosoma evansi infection is IgM mediated and does not
require a type inflammatory response. J Infect Dis 2007;195:
1513–20.

[32] Paltrinieri S. Early biomarkers of inflammation in dogs and cats: the
acute phase proteins. Vet Res Commun 2007;31:125–9.

[33] Matijatko V, Mrljak V, Kis I, Kucer N, Forsek J, Zivicnjak T,
Romic Z, Simec Z, Ceron JJ. Evidence of an acute phase response
in dogs naturally infected with Babesia canis. Vet Parasitol 2007;
144:242–50.

[34] Martinez-Subiela S, Tecles F, Eckersall PD, Ceron JJ. Serum concen-
trations of acute phase proteins in dogs with leishmaniasis. Vet Rec
2002;150:241–4.

[35] Petersen HH, Nielsen JP, Heegaard PMH. Application of acute phase
protein measurements in veterinary clinical chemistry. Vet Res
2004;35:163–87.

[36] Coutinho CMM, Cavalcanti GH, Bonaldo MC, Mortensen RF,
Araujo-Jorge TC. Trypanosoma cruzi: detection of a surface anti-
gen cross-reactive to human C-reactive protein. Exp Parasitol
1998;90:143–53.

http://refhub.elsevier.com/S0737-0806(14)00277-9/sref19
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref19
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref20
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref20
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref20
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref20
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref20
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref21
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref21
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref21
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref21
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref22
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref22
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref22
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref22
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref23
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref23
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref23
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref23
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref24
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref24
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref24
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref25
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref25
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref25
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref25
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref25
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref26
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref26
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref26
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref26
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref27
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref27
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref27
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref28
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref28
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref28
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref28
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref28
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref29
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref29
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref29
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref29
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref30
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref30
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref30
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref30
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref30
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref31
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref31
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref31
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref31
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref32
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref32
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref33
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref33
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref33
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref33
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref34
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref34
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref34
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref35
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref35
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref35
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref36
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref36
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref36
http://refhub.elsevier.com/S0737-0806(14)00277-9/sref36

	Horses Seropositive for Neospora spp.: Immunoglobulins, Cytokines, and C-Reactive Protein Levels
	1 Introduction
	2 Material and Methods
	3 Results
	4 Discussion
	5 Commission of Ethics and Animal Welfare
	References


