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Immunosuppression caused by bovine viral diarrhea virus (BVDV) has been associated
with lymphocyte depletion, leukopenia and impairment of leukocyte function; however,
no work has been done on the relationship between BVDV and regulatory T lymphocytes
(Tregs). The objective of this study was to compare the mRNA expression of genes associated
with Tregs (CD25, FoxP3, CTLA4, and IDO), after experimental infection of beef calves with
low (LV) or high (HV) virulence BVDV. Thirty BVDV-naive calves were randomly assigned
to three groups. Calves were intra-nasally inoculated with LV (n=10, strain SD-1) or HV
(n=10, strain 1373) BVDV or BVDV-free cell culture medium (control, n=10). Quantitative
RT-PCR was used to determine the expression of target genes in tracheo-bronchial lymph
nodes and spleen on day 5 post-infection. The mRNA expression of CD25 was up-regulated
in tracheo-bronchial lymph nodes of LV (P<0.05), but not in HV compared to the control
group. The expression of FoxP3 and CTLA4 was not increased in tracheo-bronchial lymph
nodes of either of the BVDV-inoculated groups. A dramatic up-regulation of IDO mRNA was
observed in tracheo-bronchial lymph nodes of LV (P<0.05), but not HV compared to the
control calves. In conclusion, experimental infection with BVDV did not provide evidence of
Treg activation based on expression of FoxP3 and CTL4. Differential expression of CD25 and
IDO mRNA on day 5 post-infection with HV or LV BVDV might reflect temporal differences
in transcription occurring during the immune response elicited by these viral strains, or
differences in viral infectivity of the host cells.

Published by Elsevier Ltd.

* Corresponding author. Tel.: +1 706 542 6320.

1. Introduction

Bovine viral diarrhea virus (BVDV) is an important
pathogen that affects cattle industry worldwide. BVDV
causes respiratory, reproductive and gastrointestinal
disease [1,2]. Most acute infections with non-cytopathic
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to secondary infections. It is believed that this group of
viruses induces immunosuppression, and that the viral
infection combined with secondary infections can result in
severe polymicrobial clinical disease [1]. Immunosuppres-
sion caused by BVDV has been associated with lymphocyte
depletion, leukopenia, and impairment in leukocyte func-
tion [3]. However, there has been no published work done
on the relationship between BVDV and the induction of
suppressor T lymphocytes.

Activated T cells (CD4*CD25*) expressing the transcrip-
tion factor forkhead-box P3 (FoxP3) represent a population
of immunosuppressive cells, called “T-regulatory cells
(Tregs)” [4]. These cells are responsible for modulating the
immune system and maintaining homeostasis by inhib-
iting functions of activated effector cells [5,6]. Previous
reports have indicated that Tregs function in all mam-
malian species so far examined, including cattle (reviewed
in Garden et al. [7]).

The expression of the transcription factor FoxP3 is
currently utilized as a defining marker of Tregs [8-11].
However, FoxP3 negative T cells with regulatory func-
tions also exist [12]. FoxP3 is an intranuclear protein that
plays a major role in the development and function of
Tregs [13]. In addition to FoxP3, functional Tregs often
express the cytotoxic T-lymphocyte antigen 4 (CTLA4), a
surface protein receptor associated with transmission of
an inhibitory signal to T cells. CLTA-4 is capable of down
regulating the adaptive immune response [4]. Moreover,
CLTA4-expressing Treg cells induce the expression of the
enzyme indoleamine 2,3-dioxygenase (IDO)in antigen pre-
senting cells. This enzyme degrades tryptophan and limits
immune cell activation [14]. Lack of this essential amino
acid inhibits T-cell activation and promotes T-cell apoptosis
[14].

Induction of CD4*CD25* FoxP3* Tregs is a mecha-
nism that has been described during the infection with
some viruses, such as human immunodeficiency virus
(HIV), hepatitis C virus (HCV), Epstein-Barr virus (EBV),
Cytomegalovirus (CMV), human T lymphotropic virus
(HTLV), Vaccinia virus (VACV), hepatitis B virus (HBV),
porcine reproductive respiratory syndrome virus (PRRSV),
simian immunodeficiency virus (SIV), and feline immuno-
deficiency virus (FIV)[15].1tis believed that Tregs generally
suppress the immune response or allow the virus to evade
the immune response in these infections [6]. Recent stud-
ies have demonstrated induction of Tregs during the early
phase of acute infection with PRRSV [16-20]. Moreover,
the increased frequency of CD25* FoxP3* T cells during
infection with PRRSV in pigs has been associated with an
increased secretion of IL-10 and TGF-f3, which have rec-
ognized immunosuppressive function and are products of
induced and natural Tregs [ 18,20]. The induction of these T
cell subsets could explain the delay in PRRSV cell mediated
immunity that is commonly observed [21] and the PRRS
induced immunosuppression of infected pigs that defines
the classical course of infection [6]. Therefore, an upre-
gulation of Treg associated genes in calves infected with
BVDV could indicate a role for these T cell subsets in BVDV
pathogenesis.

We hypothesized that acute infection with ncp
BVDV would up-regulate the mRNA expression of genes

associated with Tregs in lymphoid tissues in beef calves.
We also hypothesized that high virulence ncp BVDV-2
would induce a significantly stronger expression of mRNA
for genes associated with Tregs during the course of
infection than low virulence ncp BVDV-1. The goal of
this set of assessments was to elucidate differences in
gene expression in lymphoid tissue from calves infected
with high or low virulence BVDV that is likely to be
associated with immunosuppression and the course of
clinical disease, particularly in light of characterization
of mRNA expression for type 1 interferon, pro-apoptotic
signals, pro-inflammatory and anti-inflammatory cytokine
responses that have been already published for the same
tissues [22,23]. The objectives of this study were to: 1.
Evaluate the mRNA expression of genes associated with
Tregs (CD25, FoxP3, CTLA4, and IDO) in lymphoid tissues
from an early acute infection with non-cytopathic (ncp)
BVDV in beef calves and 2. Compare the mRNA expression
of these Treg genes in lymphoid tissues during early acute
infection between high (BVDV-2 strain 1373) and low
(BVDV-1 strain SD-1) virulence strains of BVDV.

2. Methods
2.1. Animals

This study was performed using samples from a previ-
ous experimental trial in which a total of thirty beef calves
(7 months old) were enrolled [22]. All calves were clinically
normal, free of BVDV based on virus isolation from serum
and immuno-histochemical staining of ear notch biopsies,
and the calves were all seronegative for both BVDV-1
and BVDV-2 based on serum virus neutralization assays
measured at a dilution of 1:2. Animals were obtained from
a farm owned by Auburn University, located in Huntsville,
AL. This farm was managed under a closed biosecurity
program that did not allow for the introduction of new
animals. The animals were transported from the farm of
origin to the Auburn University farm (documented to have
no BVDV positive animals) three days before the beginning
of the study.

2.2. Experimental design and treatments

The study was designed as a randomized, con-
trolled trial. Calves were randomly assigned by use
of a random number generator (Research Randomizer,
www.randomizer.org), into one of three treatment groups:

LV (n=10): Animals challenged with a low virulence
type 1a ncp BVDV (strain SD-1); HV (n=10): Animals chal-
lenged with a high virulence type 2 ncp BVDV (strain 1373);
or control (n=10), receiving cell culture medium without
BVDV.

All 30 calves were housed together at the farm (free of
BVDV) prior to inoculation. As treatment groups were inoc-
ulated, they were separated and transported to the Auburn
University BVDV isolation farm (located at 1.6 miles away
from the original farm), with the exception of the control
group, which remained at the original farm throughout the
experimental period.


http://www.randomizer.org/
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In addition, to avoid shedding and exchange of BVDV
among the groups and to prevent accidental BVDV infec-
tion of the control group, the study was performed in three
sequential rounds of inoculation and necropsy, which were
spatially and temporally separated. During the first week,
10 calves assigned to the LV group were separated from
the main group and transported to the BVDV-isolation unit.
After inoculation, LV calves stayed on the BVDV isolation
farm until day 5 post-infection. On that day, the calves were
euthanized and the bodies were transported for necropsy
to the Department of Pathobiology, College of Veterinary
Medicine, Auburn University.

During the second week, 10 animals assigned to the con-
trol group were gathered together, loaded, and transported
for approximately 5 min around the same geographic area.
These calves were returned to pasture on the original farm.
This transportation was performed to provide similar man-
agement conditions for all the groups. At the original farm,
the 10 control calves were separated from the remaining 10
calves and maintained in a different pasture. On day 5 post-
transportation and mock challenge, calves in the control
group were euthanized and transported to necropsy.

During the second through the fourth week, there
were no BVDV-infected calves at the BVDV isolation farm.
This quiescent period allowed for viral clearance from the
environment of the farm. It was our desire to prevent co-
infection of the HV group (infected with 1373) with LV
BVDV strain SD-1 when these calves were transported to
the BVDV isolation farm. It has been reported that BVDV
can survive in a cool, protected environment for several
days [24]. In addition, after departure of the LV group and
before arrival of the HV group, concrete floors, chutes and
pens at the BVDV isolation farm were disinfected using
bleach (sodium hypochlorite, NaOCl 5.25%). Finally, on the
fifth week, 10 animals assigned to the HV group were col-
lected and transported to the BVDV-isolation farm, where
they were experimentally inoculated with BVDV-2 1373.
On day 5 post-infection, HV calves were euthanized and
the bodies transported for necropsy.

At both farms, calves in the same group (LV, HV or
control) were housed together on the same pasture and
allowed to eat and drink from the same feeders and
water troughs. All animal protocols were reviewed and
approved by the Institutional Animal Care and Use Com-
mittee (IACUC) of Auburn University.

2.3. BVDV challenge inoculation

Calves were experimentally inoculated with LV (strain
SD-1) or HV (strain 1373) ncp BVDV isolates. The strain
BVDV1a SD-1 was originally isolated from a persistently
infected heifer [25]. The strain BVDV-2 1373 was originally
isolated from a severe acute BVDV outbreak in Ontario,
Canada [26]. The stock BVDV strains used in the present
study were biologically cloned via successive passages
in Madin-Darby bovine kidney (MDBK) cells by use of
limiting dilution method with subsequent minimal prop-
agation by incubation of the MDBK monolayer for 48 h
at 37°C under 5% CO, to produce an adequate amount
of stock virus with the desired 50% cell culture infec-
tious dose (CCIDsg/mL) for characterization and animal

challenge exposure studies. The virus was obtained fol-
lowing freeze-thaw cycles to disrupt the cells and release
the viral particles. Inoculum cell culture supernatant was
stored at —80°C until the day of use. After freezing of
the viral batch, an aliquot of the BVDV inoculum was
titrated on Madin-Darby bovine kidney (MDBK) cells and
detected using immunohistochemical detection of infected
cells [22]. The titer was calculated using the Reed—-Muench
method to determine the final CCID5¢/mL for inoculation.
The challenge virus was aliquoted (5mL) into individ-
ual tubes within 1h prior to inoculation and stored on
ice until use. The inoculum used consisted of cell culture
supernatants containing 1.3 x 10°> CCID5o/mL of BVDV-1a
strain SD-1 or 1.3 x 10° CCID5¢/mL of BVDV-2 strain 1373.
The virus was suspended in Dulbecco’s Modified Eagle’s
medium (DMEM) supplemented with 10% equine serum,
L-alanyl and L-glutamine. The inoculation was performed
by intranasal aerosolization of 5mL of inoculum with an
aerosolizer and a vacuum pump. One additional sample
of each inoculum was transported on ice to the farm and
subsequently returned to the lab for immediate determi-
nation of the CCID5o/mL after inoculations were complete
to determine the minimal viral challenge under the proce-
dure.

2.4. Sampling

On day 5 post challenge, animals were euthanized using
a captive bolt device and the bodies were transported for
necropsy. A full gross and microscopic examination was
performed on all calves. Tissue samples were collected
from spleen and tracheo-bronchial lymph nodes for gene
assessment. Immediately after tissue collection, fresh sam-
ples were submerged in 5mL of RNAse inhibitor!, in order
to prevent RNA degradation. The stabilized samples were
stored at —80° C until processing.

2.5. Virus isolation

Virus isolation from spleen samples was performed
to confirm BVDV infection in the inoculated animals. For
virus isolation, 250 pL of macerated sample (approxi-
mately 3 cm? of tissue in 3mL of DMEM) was added to
individual 25 cm? tissue culture flasks containing a mono-
layer of MDBK cells. This was followed by incubation for 3
days and finally assessment of infection in 96-well plates
using immune-peroxidase staining as previously described
[22].

2.6. mRNA gene expression analysis

2.6.1. RNA extraction and purification

Spleen and tracheo-bronchial lymph node tissue sam-
ples (approximately 30 mg) were disrupted and homoge-
nized in buffer containing guanidine isothiocyanate using
a bullet blender? and 1mm glass beads. Total RNA for
quantitative real time RT-PCR (gRT-PCR) was extracted and

1 RNAlater reagent, RNeasy protect kit, QIAGEN® Valencia, CA USA.
2 Next Advance® Averill Park, NY, USA.
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Table 1

Primers used for quantitative RT-PCR during the mRNA expression analysis of genes associated with functional populations of regulatory T lymphocytes
(CD25, Foxp3, CTLA4 and IDO) after experimental challenge with low (BVDV-1 strain SD-1) or high (BVDV-2 strain 1373) virulence non-cytopathic BVDV

in beef calves.

Genes Abbreviation Forward 5'-3’ Reverse 5'-3' Reference
Interleukin 2 receptor o chain CD25 GCAGGGACCACAAATTTCCA GGTACTCAGTGGTAAATATGAACGTATCC [48]
Forehead-box p3 FoxP3 AAGAGCCCAGGGACAACTTTC GGGTTCAAGGAGGAAGAGGAA [48]
Cytotoxic T-lymphocyte antigen 4 CTLA4 GCAGCCAGGTGACCGAAGT TCATCCAGGAAGGTTAGCTCATC [48]
Indoleamine 2,3-dioxygenase IDO CGAATATACTTGTCTGGTTGG GGAGAACATCAAAGCACTG [49]

purified from spleen and tracheo-bronchial lymph node
samples using an RNA extraction kit?, according to the
manufacturer’s protocol. Following extraction, total RNA
concentration was determined using a spectrophotometer
(Nanodrop®).

2.6.2. Reverse transcription

Synthesis of cDNA was performed from 1 pg of total
RNA template using a First cDNA strand reverse transcrip-
tion kit*, according to the manufacturer’s protocol. After
reverse transcription, final cDNA products had a concentra-
tion of approximately 2 pg/iL in a total volume of 20 L.
Synthesized cDNA was diluted 10-fold with RNase free
water to reach a template concentration of approximately
200 ng/uL to be used for gRT-PCR. Four aliquots were pre-
pared from each cDNA sample in order to avoid consecutive
freezing-thawing events that could affect cDNA integrity
and concentration.

2.6.3. Quantitative real time RT-PCR

Primer pairs and PCR protocol were previously opti-
mized to identify the conditions generating a single
amplicon, with a fluorescence signal showing a CT value
less than 30 and a dissociation curve with the predicted
melting temperature. Then, gRT-PCRwas performedin 5 pL
reactions to amplify the target gene sequences and deter-
mine the relative mRNA level using a ABI 7900HT real time
PCR system and SYBR green DNA detection system”. The
PCR mix (5 L) was prepared using 2.5 pL of the master
mix, 0.2 pL of dd H,0 and 0.15 pL of each primer in a
final concentration of 1 WM. Finally, 2 L of cDNA template
(200 ng/p.L) was added. The PCR reaction was conducted at
95 °C for 10 min (pre-incubation), followed by 45 cycles of
95°C for 15 s (denaturation), 60-71 °C (primer dependent)
for 10s (annealing) and 72°C for 10s (extension). Upon
completion of gRT-PCR amplification, melting curve anal-
ysis was performed to evaluate the specificity and quality
of the amplification. Melting curve analysis was done by
incubation of the gRT-PCR products for 60s at each step
with temperature gradually increasing by 0.1 °C/s from 65
to 95 °C. All samples were analyzed in triplicates to increase
the accuracy of the results and the average of the runs
was used to calculate the relative amount of mRNA. Non-
template negative controls were concurrently run with
the samples, replacing the template DNA with PCR-grade
water.

3 RNeasy mini kit QIAGEN®, Valencia, CA USA.
4 Roche®, Indianapolis, IN USA.
5 Applied Biosystems® Power SYBR Green PCR Master Mix.

2.6.4. Normalization and relative quantification of target
genes

gRT-PCR procedure yielded crossing points or thresh-
old cycle (CT) as the fundamental quantitative units,
corresponding to the PCR cycle wherein the amount of
DNA of the amplified gene generates a fluorescent signal
significantly higher than the baseline. The CT value there-
fore correlates negatively to the amount of target mRNA,
i.e. the greater the amount of mRNA in the sample, the
sooner the threshold is reached and the lower the CT
value obtained. The results of gene expression assess-
ment were analyzed using the comparative 22 Ct method
[27]. Gene expression analysis was performed by calculat-
ing the relative quantity of the mRNA or fold expression
of target genes, normalized to a housekeeping gene (18s
rRNA, unaffected by the studied conditions), and com-
pared with results from the uninfected control group [27].
Additionally, comparisons between the BVDV-challenged
groups and the control group were done contrasting the
differences of CT values obtained for target genes and the
reference gene (~Ct method).

The housekeeping genes glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) and 18S rRNA were used as
endogenous reference genes. The efficiency of the gRT-PCR,
was determined for each primer by creating a standard
amplification curve using 500 ng, 50 ng, 5 ng, and 0.5 ng per
reaction of cDNA template for each target gene.

Target genes and specific primer sequences are docu-
mented in Table 1.

2.7. Statistical analysis

Data were analyzed using Statistical Analysis System
version 9.1 (SAS Institute, Cary, NC). Sample size was cal-
culated using a power calculation (Proc Power of SAS) on
the basis of the expected mean of target gene expression
level (>1.5 fold-regulation of mRNA level; normalized to
the housekeeping gene and relative to the control group)
for each experimental group, the SDs (4-0.2 fold-regulation)
of the means, and a statistical power of 99% based on
previous measurements in earlier studies [28]. Statisti-
cal parametric assumptions of normality and constant
variance were tested using Shapiro Wilk’s and Levene’s
tests, respectively. Additionally, normal probability, resid-
uals and quartile-quartile plots were constructed and
analyzed to confirm any significant departure from nor-
mality and constant variability of the data. Since relative
mRNA expression data were not normally distributed
(heavily skewed), and had a heterogeneous variance, the
comparison of means of the gene expression data were log-
arithmically transformed. The outcomes produced by the
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Table 2

Changes in mRNA expression (4CT method) of genes associated with reg-
ulatory T lymphocytes (CD25, FoxP3, CTLA4, IDO) in tracheo-bronchial
lymph node (TBLN) samples of calves challenged with low (LV) or high
(HV) virulence BVDV strains compared to the control calves. Data are
expressed as differences of CT values obtained for target genes and the ref-
erence gene (18S rRNA). 2P Significant difference among groups (P< 0.05).
The lower the 2CT value, the higher the mRNA expression of the target
gene.

ACT values
Genes LV HV Control
CD25 9.79 + 0.77? 12.45 + 0.71° 13.17 + 0.96P
FoxP3 9.12 + 0.61° 8.53 + 0.35° 9.01 + 0.30°
CTLA4 8.40 + 0.32? 7.54 £ 0.23? 8.56 + 0.34?
IDO 5.80 + 0.54? 8.39 + 0.57° 10.21 + 0.86

transformation were examined for possible violations of
the tentative assumption of normality.

The general linear model procedure (Proc GLM) was
used for the analysis of variance to compare the relative
mRNA level of target genes among groups (using the Least
Significant difference, LSD Test). Differences with P-values
less than 0.05 were considered statistically significant.

3. Results

Two calves in the LV group were euthanized due to rea-
sons not related to the BVDV infection (e.g. bone fracture
due to aggressive temperament). All calves in the study
were BVDV negative on the day of experimental inoculation
(day 0) on the basis of virus isolation from serum samples.
BVDV was isolated from spleen samples in all the animals in
the LV (8/8)and HV (10/10) groups on day 5 after challenge,
demonstrating an acute infection with BVDV in all the inoc-
ulated calves. In contrast, spleen samples from the control
group were BVDV negative at the end of the experimental
period (data previously published) [22].

The level of CD25 mRNA expression was different in
tracheo-bronchial lymph nodes of calves inoculated with
HV or LV BVDV on day 5 after inoculation. The mRNA
expression for CD25 (IL-2 receptor « chain) was up-
regulated in tracheo-bronchial lymph nodes of calves in
LV group when compared to the control group (P<0.05,
Table 2, comparison by 2Ct method). Calves experimen-
tally challenged with HV BVDV did not show a significant
increase in CD25 mRNA levels in tracheo-bronchial lymph
nodes on day 5 post inoculation. In addition, the CD25
mRNA levels were significantly higher (P<0.05) in tracheo-
bronchial lymph nodes of calves in the LV group compared
to those in calves in the HV group (Fig. 1, comparison by
AACt method). The transcription levels of the CD25 gene
in spleen of both groups of BVDV-inoculated calves did not
differ from those of the uninfected control calves (P>0.05,
Table 3, comparison by 2Ct method).

The expression of FoxP3 and CTLA4 did not increase
in the tracheo-bronchial lymph node or spleen samples in
either of the BVDV-inoculated groups compared to the con-
trol group (Tables 2 and 3, comparison by 2Ct method).
Significant differences were not found in the expression of
FoxP3 and CTLA4 between groups (Figs. 2 and 3).
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Fig. 1. Changes in mRNA expression (44 CT method) of CD25 (Interleukin
2 receptor a chain) in spleen and tracheo-bronchial lymph nodes (TBLN)
of calves challenged with low (LV) or high (HV) virulence BVDV strains rel-
ative to that of the control calves. Data are expressed as fold difference of
mRNA expression normalized to the housekeeping gene (18S rRNA), rela-
tive to the values obtained for uninfected calves. 2P Significant difference
between groups (P<0.05).

Table 3

Changes in mRNA expression (4CT method) of genes associated with reg-
ulatory T lymphocytes (CD25, FoxP3, CTLA4, IDO) in spleen samples of
calves challenged with low (LV) or high (HV) virulence BVDV strains com-
pared to the control calves. Data are expressed as differences of CT values
obtained for target genes and the reference gene (18S rRNA). 2P Significant
difference among groups (P<0.05). The lower the 4CT value, the higher
the mRNA expression of the target gene.

ACT values
Genes LV HV Control
CD25 13.56 + 0.30° 13.35 + 0.31° 14.22 + 0.442
FoxP3 8.49 + 0.39° 8.41 + 0.25° 8.26 + 0.19?
CTLA4 7.72 + 0.462 7.34 + 0.24° 6.87 + 0.29?
IDO 6.23 4+ 0.37? 6.14 + 0.44? 8.08 + 0.76%

A dramatic up-regulation of IDO mRNA (27.6-fold,
Fig. 4) was observed on day 5 post inoculation in tracheo-
bronchial lymph nodes of calves in the LV group relative
to the control calves (P<0.05, Table 2, comparison by 2Ct
method). There was a significant difference in the mRNA
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Fig. 2. Changes in mRNA expression (44CT method) of the transcription
factor Forkhead-box P3 (FoxP3) in spleen and tracheo-bronchial lymph
nodes (TBLN) of calves challenged with low (LV) or high (HV) virulence
BVDV strains relative to that of the control calves. Data are expressed as
fold difference of mMRNA expression normalized to the housekeeping gene
(18S rRNA), relative to the values obtained for uninfected calves. There
were no significant differences between groups.
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Fig. 3. Changes in mRNA expression (44CT method) of the Cytotoxic T-
lymphocyte antigen 4 (CTLA4) in spleen and tracheo-bronchial lymph
nodes (TBLN) of calves challenged with low (LV) or high (HV) virulence
BVDV strains relative to that of the control calves. Data are expressed as
fold difference of mMRNA expression normalized to the housekeeping gene
(18S rRNA), relative to the values obtained for uninfected calves. There
were no significant differences between groups.
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Fig. 4. Changes in mRNA expression (44CT method)of the enzyme
Indoleamine 2,3-dioxygenase (IDO) in spleen and tracheo-bronchial
lymph nodes (TBLN) of calves challenged with low (LV) or high (HV) viru-
lence BVDV strains relative to that of the control calves. Data are expressed
as fold difference of mRNA expression normalized to the housekeeping
gene (18S rRNA), relative to the values obtained for uninfected calves. ?
Significant difference between groups (P<0.05).

expression level of IDO in tracheo-bronchial lymph nodes
between LV and HV groups (P<0.05, Fig. 4, comparison by
AACt method). In contrast, the mRNA expression of IDO in
spleen samples from calves inoculated with BVDV was sim-
ilar to that observed in the control calves. (Table 3, P>0.05,
comparison by 2Ct method).

4. Discussion

A significant upregulation of CD25 mRNA expression
was observed in the calves in the LV group. Calves in the
HV group did not show a significant increase in CD25
mRNA expression when compared to that of the control
group. These results appear to indicate that up-regulation
of the IL-2 alpha chain is greater on day 5 post-infection
for LV infected calves and that this might be related to
the context of immune response to LV infection. CD25 is
related to clonal expansion and the early induction of Treg
cells. The highly virulent BVDV-2 strain 1373, responsible

for causing severe acute disease, has been associated with a
greater than 50% reduction in circulating lymphocytes and
lymphoid depletion in vivo [22,25,29,30]. In a recent report
we showed that the calves inoculated with the highly
virulent BVDV-2 strain 1373 had a significant reduction
in lymphocyte count on day 5 post infection compared
with the calves infected with the low virulence BVDV-1a
strain SD-1 and the control group [22]. The observed lym-
phopenia during BVDV-2 infection might have occurred as
a consequence of lymphocytes apoptosis and/or necrosis.
[31]. This previously observed depletion of leukocytes
could be responsible for a lower mRNA expression of genes
associated with Treg markers. Previous studies by Ridpath
etal.[31] have shown a decrease in replicating cells and an
increase in the fraction of dead cells in cultured lymphoid
cell lines in vitro after infection with the highly virulent
BVDV-2 strain 1373. On the other hand, infection with
a low virulence virus did not have an apparent effect on
cell health or replication [31], which might support our
observations of differential CD25 mRNA expression.

The expression FoxP3 and CTLA4 were not increased
in tracheo-bronchial lymph node or spleen samples from
either of the BVDV-inoculated groups. Thus, under these
experimental conditions, infection with ncp BVDV in either
LV or HV groups did not demonstrate to up-regulate the
expression of genes considered the hallmarks of Tregs
activity in lymphoid tissue on day 5 post infection.

Induction of CD4*CD25* FoxP3* Tregs has been asso-
ciated with infection by some viruses, such as HIV, HCV,
HBV, CMV, HTLV-1, HBV, VACV, Influenza virus, corona-
virus, arterivirus, PRRSV, SIV and FIV [15]. It is proposed
that activation of Treg cells generally suppresses immu-
nity, or provide a mechanism for the virus to evade the
immune response in several species [13,15,17]. Recent
studies have demonstrated induction of Tregs during early
phase of acute infection with PRRSV [16-20]. Moreover,
the increased frequency of CD25* FoxP3* T cells during
infection with PRRSV in pigs has been associated with
an increased production of the inhibitory cytokines IL-
10 and TGF-beta [18,20], lymphocyte suppression activity
in vitro [20,32] and increased susceptibility to natural
Mycoplasma hyopneumoniae infection [17]. The induction
of this T cell subset could explain the decreased and
delayed local [33-35] and systemic [6] PRRSV-directed cell
mediated immunity in PRRS infection, and the general-
ized immunosuppression observed in acutely infected pigs.
Furthermore, in humans the suppression of virus-specific
immunity associated with an increased expression of Treg
associated genes (FoxP3, CD25 and CTLA4) in patients
infected with HIV [36,37] may contribute to uncontrolled
viral replication and consequently lead to inflammatory
damage and secondary infection during HIV infection [13].

Previous studies have shown the induction of
CD4*CD25" FoxP3* regulatory T cells with suppressor
activity in cattle infected with Mycobacterium avium
subsp. paratuberculosis [38]. Moreover, Walz et al. [39]
showed an upregulation of CD25, CCL5 and FoxP3 tran-
scription level in placentomes of heifers infected with
BVDV-2 strain PA131 compared with uninfected control
heifers. The authors concluded that there was immune
recognition of BVDV at the maternal-fetal interface and
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the virus may alter the normal expression of regulatory T
cell markers [39].

The transcription factor FoxP3 has been previously
described as a master regulator for development and func-
tion of suppressor regulatory T cells. Thus, regulatory T cells
have been typically defined by the expression of FoxP3.
However, most activated human T cells can transiently
express FoxP3 under certain conditions [13], and FoxP3
negative T cells with regulatory functions have also been
demonstrated to exist [40]. Interestingly, an ex vivo exper-
iment performed by Hoek et al. [41] showed evidence that
the bovine CD4* CD25M8h FoxP3* T cell population were
not suppressive, regulatory T cells. In that study WC1.1*
and WC1.2* y3 T cells, significant cell populations of calf
blood, showed modulatory properties transcribing IL-10
[41].

A strong up-regulation of IDO mRNA level was detected
by day 5 post challenge in tracheo-bronchial lymph
nodes of the calves in the LV group. This inhibitory
molecule is produced by antigen presenting cells and has
been most commonly associated with pregnancy related
immune suppression that protects the developing fetus
from maternal rejection [42]. In addition, reports have
previously associated IDO production with viral infections
such as influenza virus, hepatitis C virus and HIV [43-45].
Enhanced tryptophan degradation by this enzyme con-
tributes importantly to disease progression and clinical
complications in HIV patients [46]. In the present study,
no significant increase of IDO mRNA level was observed
on day 5 post challenge in calves experimentally infected
with BVDV-2 strain 1373. In contrast, LV BVDV infection
with SD-1 did yield a highly significant increase in IDO
mRNA level. This differential expression of IDO mRNA
in calves inoculated with BVDV of different virulence
might be associated with specific virus differences in tem-
poral regulation of the transcription process during the
immune response, or with greater efficacy of infection of
macrophages and dendritic cells by BVDV-1a strain SD-1.
These antigen-presenting cells have a major role in IDO
production.

In the present study a confounding effect of BVDV geno-
type might be influencing the differences in the expression
of the gene markers. The use of two type 2 BVDV strains
of different virulence might have more clearly shown the
specific effect of virulence. The present study was designed
to recreate the scenario of comparing BVDV infections that
are likely to occur naturally in the field. That is, it is quite
common to find infection with a low virulence BVDV-1
virus or higher virulence BVDV-2 virus in the field. How-
ever, some BVDV-2 viruses are of low virulence. Prevalence
studies examining BVDV isolates from cattle derived from
diagnostic laboratory submissions have shown that BVDV-
1 genotype was more frequently isolated in the field. In that
study 61% of the isolates were BVDV-1 compared to 39%
for BVDV-2 genotypes in animals with bovine respiratory
disease complex [47]. Most BVDV infections are subclini-
cal. However, BVDV is considered a strong potentiator of
secondary infections even in mild infections providing no
observed clinical signs. This is a consequence of the ability
of BVDV to cause generalized clinical immunosuppression,
resulting in polymicrobial respiratory disease. For these

reasons we used a model based on two different genotypes
(BVDV-1 and BVDV-2).

The mRNA expression of CD25 and IDO was up-
regulated in tracheo-bronchial lymph nodes, but not in
spleen of calves in the LV group. This reflects a spatial reg-
ulation of transcription. Since experimental challenge was
done intra-nasally, differential expression in these lym-
phoid organs may be due to the level of viral replication
induced by the LV virus in tissue local to the inoculation
over the short duration after challenge.

In conclusion, experimental infection with ncp BVDV
did not provide the expected evidence of Treg activa-
tion on day 5 post infection, based on strongly enhanced
expression of the FoxP3 gene. Further, the functionally
associated CTL4 gene was also not affected by either LV or
HV BVDV infection on day 5 post infection. The differential
expression of CD25 and IDO mRNA on the fifth day after
infection between calves inoculated with high and low
virulence BVDV might reflect differences in the subpopu-
lations of leukocytes activated by HV and LV viruses during
the early phase of infection. It is possible that LV infec-
tion yields IDO mediated suppressor activity by interaction
of macrophages and dendritic cells with activated lym-
phocytes expressing the alpha chain of the IL-2 receptor.
HV virus may interact with different leukocyte subpopu-
lations and possibly enhance damage inducing pathways
(e.g. through production of IL-17). The differential expres-
sion of genes in HV and LV infection on the fifth day after
infection may also reflect temporal-spatial differences in
the sequence of transcriptional events occurring during the
immune response against these two viral strains, or may
be due to specific BVDV genotype differences in viral infec-
tivity of the host cells. Overall, under these experimental
conditions, the analysis of mMRNA expression for genes asso-
ciated withregulatory T lymphocytes (CD25, FoxP3, CTLA4,
and IDO) on the fifth day after infection with ncp BVDV did
not provide a solid basis for postulating a role of classical
Treg cells in the early pathogenesis of BVDV infection or the
differential pathogenesis of high and low virulence BVDV
strains.
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