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1. Abstract
The aim of this study was to evaluate the effect of Dexamethasone
(DXM) on clinical parameters, absolute and differential leukocyte
count, specific IgG titers, IFN-γ production and parasitemia in
beef calves seropositive to Neospora caninum. Fifteen calves were
assigned to four experimental groups as follow: group A: 4 seropositive calves treated with DXM; group B: 4 seropositive calves
without DXM; group C: 3 seronegative calves treated with DXM,
and group D: 4 seronegative calves without DXM treatment. The
absolute leukocyte count was higher in both groups A and C in
the 3rd day after the first dose of DXM mainly due to a significant
neutrophilia (p<0.05). No changes in the total specific IgG titers
or ratios between their subisotypes or antibodies against NcGRA7
and NcSAG4 antigens were observed in calves from group A compared with those in group B (p>0.05). Similarly, IFN-γ levels did
not change among experimental groups (p>0.05). DNA was detected in calves from groups A and B at 7 Days Post Administration (dpa) and from group A at 14 dpa. Even when DXM adminis-

the cattle industry [1]. Specific antibody titers fluctuate through
gestation in chronically naturally infected cattle [2, 3]. The increase
in antibody titers is a good indicator of parasitemia during the
pregnancy in cattle and the down regulation of immune markers
like proliferation of citotoxic lymphocytes T, production of IL-12,
IFN-γ and IgG2 seems to favor the reactivation of latent Neospora-infections [4]. By applying recombinant protein-based ELISAs utilizing NcGRA7 and NcSAG4 proteins associated to the
tachyzoite and bradyzoite stages, respectively, it was possible to
identify primo-infection, recrudescence, and chronic Neospora-infections [5]. Moreover, gene expressions of the SAG1 protein from
tachyzoites and the BAG1 protein from bradyzoites are increased
during early and late immune suppression in mice infected with T.
gondii, respectively [6]. Nevertheless, the parasitic strategies and
associated molecular immune mechanisms responsible for the
passage from bradyzoites to tachyzoites and vice versa remain unknown in bovine neosporosis.
Animal welfare and stress-related diseases, including bovine

tration induced hemotological parameter changes, no reactivation
of Neospora-infection was observed according to specific IgG titers

neosporosis, are enhanced by husbandry procedures and intensive
production systems. In addition, concomitant viral infections and

and presence of the parasite on leukocytes in naturally seropositive
beef male calves.

mycotoxicosis or any other immune suppressive event have been
mentioned as risk factors for bovine neosporosis [1]. Elevated ac-
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3. Introduction
Neospora caninum is an apicomplexan parasite closely related to
Toxoplasma gondii, which causes a disease of major concern for

Copyright: © 2020 Moore DP, et al.

tivity of the hypothalamic-pituitary-adrenocortical axis that accompanies stress has been successfully induced by administration
of Dexamethasone (DXM) [7, 8]. The administration of DXM affected cytokine and antibody responses in a toxoplasmosis murine
model [9]. Moreover, reactivation of the infection was attributed
to a specific Th1 immune response down regulation [9]. In order
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to understand the role of the immunosuppression on the physio-

Leukocyte counts were performed in a modified Neubauer cham-

pathology of the bovine neosporosis, this study was designed to

ber and expressed in thousands of cells per microliter of blood,

evaluate the effect of DXM on clinical parameters, hematology
white blood cell count, specific IgG titers, and IFN-γ production in

with Thomas fluid as the diluent. The differential leukocyte count
was performed on stained blood smears, with analysis of the differ-

naturally seropositive beef male calves.

entiation of 100 white blood cells allowing their classification [11].

4. Materials and Methods
4.1. Experimental Design
Fifteen Angus ten-month-old male calves weighing 190±21 kg
(mean ±SD) belonging to a beef herd located at INTA-Balcarce,
Argentina were involved in the experiment. All animal usage was
according to protocols from the Animal Ethics Committee at
INTA, Argentina. Eight naturally seropositive calves born from
seropositive dams and seven seronegative calves born from seronegative dams were randomly assigned to 4 experimental groups as
follow: group A: 4 seropositive calves treated with DXM; group B:
4 seropositive calves without DXM; group C: 3 seronegative calves
treated with DXM, and group D: 4 seronegative calves without
DXM treatment. The serostatus to N. caninum was determined by
Indirect Fluorescent Antibody Test (IFAT) at a serum dilution of
≥1:25 (Venturini et al., 1999).

Humoral immune responses
4.3. Indirect Fluorescent Antibody Test
Indirect Fluorescent Antibody Test (IFAT) was performed as previously described by [12]. Neospora caninum specific antibodies were
measured using dilutions of serum from 1:25 to endpoint titer [13].
A polyclonal rabbit anti-bovine IgG labeled with fluorescein isothiocyanate (Sigma, St. Louis, MO) diluted 1:200 in PBS was used.
Positive and negative control sera were used (VMRD, Inc., USA).
Slides were examined with an epifluorescence microscope (Nikon
Fluophot, 40 × 1.3). Antibody titers were expressed as the reciprocal of the highest serum dilution that showed distinct whole parasite fluorescence.
4.4. Indirect ELISA for IgG Subisotypes
Specific IgG1 and IgG2 levels were assessed in serum of IFAT seropositive calves by indirect ELISAs as previously mentioned [14].

The calves were allocated in dog-proof pens and provided with

Briefly, one microgram of solubilized N. caninum tachyzoite anti-

water ad libitum, standard hay and commercial cattle concentrate.

gens was distributed and adsorbed to each flat bottom well of 96-

Calves remained in level 6 (scale of 1 to 9) of body condition and
preventive anthelmintic treatment was applied.

well plates (Polysorp, Nunc). After blocking, negative and strong

All calves from groups A and C were given DXM (Dexametasona*
Vet, Schering Plough, Sanidad Animal, Argentina) at a dose of 0.1
mg/kg/day, intravenously for 5 consecutive days [10]. Rectal temperature and clinical signs were monitored daily throughout the
experimental period, which were 24 days after post administration
of the 1st dose of DXM. Animals with temperatures above 39.5 0C
were considered to be febrile.
Sampling
Blood samples (with and without anticoagulant) were collected by
external jugular venipuncture. Whole blood samples were assessed
for absolute and differential leukocyte count at 0, 3, 7, 9, 13, 17 and
24 Days Post Administration (dpa) of the 1st dose of DXM. Similarly, leukocytes were obtained from whole blood samples to perform nested PCR on 0, 3, 7, 9, 13 and 17 dpa. Serum samples were
obtained to perform IFAT, several ELISAs and IFN-γ responses at

positive control sera, and serum samples were added. Anti-bovine
IgG1 or IgG2 mAbs (Serotec TM, Oxford, UK), anti-mouse IgG
mAb conjugated to peroxidase (Jackson®) and 3% H2O2/0.04M
ABTS were used to assess the immune-assay. A kinetic reading was
determined at an OD 405 when N. caninum C++ with anti-IgG1
reached 1.0 ±25%. Data were expressed as a ratio of OD values for
IgG1/OD value for IgG2.
4.5. Indirect ELISA For The Recombinant Proteins NcGRA7
and NcSAG4
This ELISA was performed as mentioned by [5]. Briefly, coating
buffer containing 0.15µg and 0.1µg of rNGRA7 and rNSAG4, respectively, was added to each well of a polystyrene microtiter plate
(Immuno Plate Maxisorp, Nunc, Roskilde, Denmark) and incubated overnight at 40C. After blocking for 2h at room temperature
with PBST containing 1% BSA, the wells were washed three times
with PBST and incubated 1h at 370C with sera diluted 1:100. Af-

0, 7, 13 and 24 dpa.

ter three washes, a monoclonal mouse anti-bovine IgG conjugated with peroxidase was added and left for 1 h at 370C. Wells were

4.2. Leukogram

rinsed three times with PBST and antibody reaction was detected
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by using 2, 2´-azino-bis (3-ethylbenzothiazoline-6-sulfonic) acid
substrate (ABTS) (Sigma). After 20 min, the reaction was stopped
by adding oxalic acid. Absorbance was measured as O.D. values at
405 nm using a microplate reader (Multiskan RC 6.0, Labsystems).
Serum samples were analyzed in duplicate. Data were expressed as
a ratio of OD values for NcGRA7/OD values for NcSAG4.
4.6. Assessment of N. caninum-Specific IFN-γ Responses
Immune stimulation was performed as mentioned [15]. Briefly,
0.9 ml of heparinised whole blood was dispensed into each of two
wells of 24-well tissue culture plates (Cellstar Greiner, USA) and
cultured with 0.1 ml of PBS (unstimulated control), concanavalin

3

4.7. Statistical Analysis
Rectal temperature, absolute and differential leukocyte counts antibody titers and IFN-γ levels were expressed as least square means ±
standard error (LS means ± SE) and analyzed by using linear mixed
models (Proc. GLIMMIX, SAS Studio v3.6, SAS Institute Inc., Cary,
NC, USA). The group, time and their interaction were included as
fixed effects, the animal as a random effect and a continuous first
order autoregressive covariance structure was assumed. Parametric
assumptions were assessed using graphical methods, modelling the
heteroscedasticity when it was needed.

A (Con-A, Sigma, St. Louis, USA) at 10µg/ml to ensure cellular

PCR positivity were expressed as percentage ± SE and analyzed by
using generalized linear mixed models (Proc. GLIMMIX, SAS Stu-

ability to respond to stimulation and secrete IFN-γ, and with native

dio v3.6), assuming a binomial distribution and a logit link func-

antigen from the N. caninum NC-1 strain (1µg/ml) (Moore et al.,
2011). Heparinised whole blood samples were incubated in a 5%

tion. In all analysis, multiple pairwise comparisons were adjusted
using the Tukey-Kramer’s method and significance level was set to

CO2 atmosphere for 16h at 370C. Plasma was harvested from each

α=0.05.

0

well and frozen at - 20 C until testing. To assess IFN-γ production,
plasma samples were tested using a commercial ELISA kit (Bovi-

5. Results

gam IFN-γ kit, CSL, Australia), according to the manufacturer’s

5.1. Clinical signs and immune parameters

recommendations. Briefly, 100 ml of each sample (1:2 dilution) was

There were no significant differences in the rectal temperature neither among groups nor through the time (p>0.05). However, there

dispensed in anti-bovine IFN-γ antibody-coated plates and incubated for 60 min at RT. Plates were washed six times, incubated
for 60 min at RT with 100 ml of horseradish peroxidase-anti-bo-

were statistical differences in the absolute leukocyte count being
higher in both groups A and C in the 3 rd day after the first dose

vine IFN-γ antibody conjugate, washed again and incubated for 30

of DXM (p>0.05) (Figure 1a). This increased value was due to a

min at RT with 100 ml of TMB substrate. Fifty µl/well of stopping

significant neutrophilia in the same experimental groups (p<0.05)
(Figure 1b). Although there were no statistical differences for the

solution (0.5M sulphuric acid) was added, and plates were read at
A450 nm in an ELISA plate reader (Labsystems Multiskan®, Plus;
Finland).

other leukocyte population neither among groups nor through the
time (p>0.05), the highest and lowest counts for eosinophils and

N. caninum nested PCR

lymphocytes were recorded for groups A and C, respectively (data
no shown).

DNA was isolated from leukocyte samples using Qiagen DNA easy
kit (Qiagen, USA) according to the manufacturer’s recommenda-

There were differences in the IFAT titers among groups being high-

tions. The concentration of DNA was determined by spectropho-

er in groups A and B compared with C and D from the beginning

tometric analysis at A 260/280 and all the samples were diluted to a
final concentration of 60 ng/ml. DNA samples were stored at -20ºC

of the trial and there after (p<0.05) (Figure 2a). Note worthy, the

until PCR analysis.

IgG titers in calves from group A compared with those in group B

Neospora DNA was detected by a nested PCR on the Internal
Transcribed Spacer (ITS1) region with four oligonucleotides as
described by [16]. Positive (purified N. caninum tachyzoite DNA)
and negative controls (DNA from normal bovine brain, paraffin
control, and double-distilled water) were included in each PCR.
Secondary amplification products were visualized by 1.8% agarose
gel electrophoresis and ethidium bromide staining under UV light.

administration of DXM did not induce any change in the specific
(p>0.05). Moreover, the levels of the IgG2 remained stable through
the time and IgG1/IgG2 ratio were >1.5 in all calves from groups
A and B. Similarly, the ratios for antibodies against NcGRA7 and
NcSAG4 did not have statistical differences between calves from
groups A and B (p>0.05) (Figure 2b). The IFN-γ levels did not
change among experimental groups (p>0.05). Neospora-DNA was
detected in calves from groups A and B at 7dpa and from group A
at 14dpa (Table 1) being no statistically different (p>0.05).
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6. Discussion
Changes in the absolute and relative leukocyte count are common
findings in cattle treated with DXM (Anderson et al., 1999). Both
experimental groups A and C developed an increased absolute leukocyte count due to neutrophilia in the 3rd day after the first dose of

4

plying recombinant protein-based ELISAs [5]. Higher ratios for
antibodies against NcGRA7 and NcSAG4 suggest the conversion
of bradyzoite to tachyzoite but no statistical differences between
calves from groups A and B were observed in this trail.

DXM. Although blood levels of DXM were not tested in the pres-

IFN-γ has a critical role in Neospora-infections [4, 9]. Although
DXM administration may induce reactivation of a latent infection

ent study, the dose and administration route were good enough to
change these in clinical immune parameters.

with BHV-1 in calves [10] and induced immunosuppression has
been largely used for studing neosporosis in mice [1], the IFN-γ lev-

Specific antibody titers are good indirect parameters to test par-

els did not change among the Neospora seropositive calves involved
in this trail. This fact could partially explain why DXM adminis-

asitemia increasing after parasite reactivation in naturally infected pregnant cows [2, 3]; however, the administration of DXM did
not induce any change in the specific IgG titers in calves receiving

tration seems to be safe in Neospora seropositive calves. Moreover,
[7], reported that IFN-γ levels were not affected by DXM adminis-

DXM. Although the reactivation of the infection has been attributed to a specific Th1 immune response down regulation associated
with decreased IgG2 titers [4, 9], the levels of the IgG2 remained
stable through the time and IgG1/IgG2 ratio were >1.5 in all calves
from groups A and B. Moreover, the recrudescence and chronic
Neospora-infections have been successfully characterized by ap-

Figure 2A: Means (±SEM) of the reciprocal specific antibody titers for all
experimental groups;

Figure 1A: absolute leukocyte

Figure 2B: ratios for antibodies against NcGRA7 and NcSAG4 between
calves from groups A and B (p>0.05).

Figure 1B: neutrophil counts for all experimental groups
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Table 1: Neospora caninum DNA detected by nested PCR in animals
from groups A, B, C and D. Dexamethasone was administrated on day 0
for 5 consecutive days.
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