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Abstract
Porcine rotavirus (PoRV) and porcine epidemic diarrhea virus (PEDV) usually co-infect pigs in modern large-scale piggery,
which both can cause severe diarrhea in newborn piglets and lead to significant economic losses to the pig industry. The VP7
protein is the main coat protein of PoRV, and the S protein is the main structural protein of PEDV, which are capable of inducing
neutralizing antibodies in vivo. In this study, a DNA vaccine pPI-2.EGFP.VP7.S co-expressing VP7 protein of PoRV and S
protein of PEDV was constructed. Six 8-week-old mice were immunized with the recombinant plasmid pPI-2.EGFP.VP7.S. The
high humoral immune responses (virus specific antibody) and cellular immune responses (IFN-γ, IL-4, and spleen lymphocyte
proliferation) were evaluated. The immune effect through intramuscular injection increased with plasmid dose when compared
with subcutaneous injection. The immune-enhancing effect of IFN-α adjuvant was excellent compared with pig spleen transfer
factor and IL-12 adjuvant. These results demonstrated that pPI-2.EGFP.VP7.S possess the immunological functions of the VP7
proteins of PoRVand S proteins of PEDV, indicating that pPI-2.EGFP.VP7.S is a candidate vaccine for porcine rotaviral infection
(PoR) and porcine epidemic diarrhea (PED).
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Introduction

PoRV and PEDV both can cause severe enteric diseases in
newborn piglets which are characterized by extremely high
mortality and devastating economic consequences for swine
industry [4, 14]. PoRV belong to the genus Rotavirus in the
family Reoviridae [14], which can infect pigs of all ages, es-
pecially piglets, and cause diarrhea and vomit dehydration.
Since it was first isolated from swine waste in 1974, PoRV
has become a global epidemic these days [7]. Even though
some genes in PoRV genome can limit the host selection,
some animal rotavirus is likely across host barrier to infect

humans, seriously affecting the health of the human intestine.
A previous study of rotaviral strains circulating among
Brazilian children provided the evidence of transmission of
RVC from swine to human [4].

PEDV is related to PoRVand bears similarities in the clin-
ical disease and lesions induced, and it is a member of the
Coronaviridae family, which induces highly contagious acute
intestinal diseases, especially in piglets. PEDV was first re-
ported in the European Union in 1978 [16], then quickly
spread to other European countries in the 1980s and later to
Asian countries, including Japan, Korea, China, and Thailand
in 2014 [11]. In 2014, a new PEDV variant (OH851 strain)
caused the outbreak of epiduse emic diarrhea in the USA,
which led to huge economic losses [19]. This disease
approached a mobility of as high as 100% and a mortality of
80–100% in piglets less than 10 days old [15, 16].

To protect animals from PEDVand PoRV infection, vacci-
nation is an effective prevention measure. Although, there are
many commercial vaccines, including live attenuated vaccines
and inactivated vaccines, like PEDV CV777 strain, which is
widely used in Chinese pig farms. PoRV SC201201 strain was
isolated by our laboratory and proved to be efficient against
PoRV. But it is impossible to be safe and elicit the effective
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protective responses at the same time. So, these two diseases
are still major problems in swine farms [17].

The S protein is the structural surface protein of PEDV
which has a high antigenic index, and several studies reported
the PEDVS protein plays an important role in binding specific
receptor and induction of neutralizing antibodies [8]. The VP7
protein is the outer capsid proteins of PoRV which can induce
neutralizing antibodies and has potential to be a good vaccine
candidate [18]. Therefore, in this study, we evaluated a com-
bined vaccination approach based on the plasmid-driven ex-
pression of two proteins, the PoRV VP7 protein and the
PEDV S protein using mice model. This investigation is a first
step for developing bivalent vaccines against PoR and PED.

Materials and methods

All animal experiments had been approved by the Laboratory
Animal Management Committee of Sichuan Province
(Approval Number SYXK (Chuan) 2014-187).

Plasmid, virus, and cell lines

The virulent PoRV SC-R strain [21] and PEDV SC-P strain
[25] were isolated and preserved by Veterinary Medicine,
Sichuan Agricultural University (Chengdu, China). PEDV
CV777 strain and PoRV SC201201 strain were vaccine strains
and preserved by Veterinary Medicine, Sichuan Agricultural
University (Chengdu, China). pPI-2.EGFP eukaryotic expres-
sion vector was constructed and preserved by the Veterinary
Medicine, Sichuan Agricultural University (Chengdu, China).
IFN-α, IL-12, and pig spleen transfer factor were preserved by
Veterinary Medicine, Sichuan Agricultural University
(Chengdu, China). BHK-21 cells were grown and maintained
in RPMI1640 (Hyclone, USA), supplemented with 10% fetal
calf serum (Gibco, USA) at 37 °C with 5% CO2 in a humid-
ified incubator.

Animal model

Six to 8-week-old mice were purchased from Dashuo
(Chengdu, Sichuan). The relevant pathogens (PoRV and
PEDV) and antibodies (anti-PoRV and anti-PEDV) were not
detected. The mice were fed under controlled conditions with
temperature = 18–22 °C and humidity = 40–50%.

Construction of pPI-2.EGFP.VP7.S expression plasmid

PoRV VP7 gene (49–1017 nt) and PEDV S gene (1471–
2415 nt) were predicted to be dominant antigen genes using
DNA star software. So PoRV VP7 (49-1017 nt) gene was
amplified from the total RNA of PoRV SC-R strain by RT-
PCR using a sense primer VP7-a (5′-GCGAATTCCATG

TATGGTATTGAATATAC-3′) and antisense primer VP7-b
(5′-GCGGTACCATAAAAGGCAGCAGAAT-3′), which
contain EcoR I (VP7-a) and Kpn I (VP7-b) restriction enzyme
sites (underlined). PEDV S gene (1471–2415 nt) was ampli-
fied from the total RNA of PEDV SC-P strain by RT-PCR
using sense primer S-a (5′-GGTACCGGTTCTGGATCAGG
AGGTTCTGGATCAGGAAGTCACGAACAGCCAAT-3′)
and antisense primer S-b (5 ′-GCGGATCCACAA
TCAACACTAACAGGCGT-3′) which contain Kpn I (S-a)
and BamH I (S-b) estriction enzyme sites (underlined) and
Linker sequence (italic). All PCR products were purified,
digested by restriction enzyme, and ligated into the eukaryotic
expression vector pPI-2.EGFP. After transformation, clones
were picked and validated by DNA sequencing. The plasmids
were designated as pPI-2.EGFP.VP7.S (including PoRV VP7
gene and PEDV S gene).

Expression assay of pPI-2.EGFP.VP7.S in vitro

The BHK-21 cells were transiently transfected with pPI-
2.EGFP.VP7.S and empty vector pPI-2.EGFP using
Lipefectamine™ 3000 reagent (Invitrogen, USA). Sixty-
hour post transfection, the transfected cells were washed with
PBS and incubated with RIPA lysis buffer. The expression of
the recombinant plasmids was analyzed by western blot with
dilute primary antibodies (mouse anti-PoRV and mouse anti-
PEDV) and secondary antibodies (HRP-conjugated-sheep-
antimouse IgG).

Immunization and sample collection

Eleven test groups of mice (22 per group) were immunized by
different approaches two times with different doses with a 2-
week interval. The detailed immunization strategies are shown
in Table 1. The serum samples were collected at 0, 7, 14, 21,
28, and 42-days post immunization (dpi) and spleen was col-
lected at 0, 14, 28, and 42 dpi.

Enzyme-linked immunosorbent assay (ELISA)

VP7-specific IgG and S-specific IgG in serum of mice were
analyzed by an indirect ELISA (Lvshiyuan, Shenzhen,
China). Standard sera were added by 100 uL. Serum samples
were added by 100 uL/well after 100-fold dilution and then
the plate was incubated for 30 min at 37 °C. After washing
three times with washing solution, horseradish peroxidase
(HRP)-labeled goat anti-mice IgG, the secondary antibody
was added, and the plates were incubated for 30 min at
37 °C. After washing, TMB substrate solution were added
by 100ul/well and then incubated for 15 min in the dark.
The reaction was terminated by the addition of 50 uL stop
solution. The optical density (OD) at 450 nm was measured
by enzyme-linked immunosorbent assay systems.

280 Braz J Microbiol (2019) 50:279–286



Cytokines secretion assay

IFN-γ in serum of mice were detected by ELISA using com-
mercially available mouse ELISA kits (Endogen, America)
following the manufacturer’s instructions. Control IFN-γ di-
luted in PBS was serially-diluted twofold in PBS between 800
and 0 pg/ml and then coated onto ELISA plates overnight at
37 °C; serum of mice were also coated onto ELISA plates and
incubated with HRP-conjugated anti-mouse antibodies at
37 °C for 1 h. Substrate solution A and B were added and
then incubated for 15 min in the dark. The reaction was ter-
minated by the addition of stop solution. The OD450 values
and therefore pg/ml of IFN-γ in immunized mice were deter-
mined according to the IFN-γ standard curve.

IL-4 in serum of mice were detected by ELISA using com-
mercially available mouse ELISA kits (Endogen, America)
following the manufacturer’s instructions. Control IL-4 was
serially-diluted twofold in PBS between 160 and 0 pg/ml then
coated onto ELISA plates at 37 °C overnight. The ELISAwas
performed as above, and OD450 values (pg/ml) were deter-
mined according to the IL-4 standard curve.

Spleen T lymphocytes proliferation (MTT)

Lymphocyte proliferation was assessed by the MTT method.
Mice from each group were sacrificed, and spleens were taken
with aseptic manipulation. Single-spleen cell suspensions
were prepared; erythrocyte was dissolved with Tris-NH4Cl.
The cell concentration was adjusted to 1 × 107cells/mL with
RPMI1640 medium containing 10% fetal bovine serum and
then transferred to 96-well plates. One hundred microliters of
the medium containing 5 μg/mL concanavalin Awas added to
each well. The plates were incubated for 72 h at 37 °C with
5% CO2, subsequently, supplemented with 100ul/well MTT,
and then incubated for 3 h additionally. The reactions were
terminated by adding 100 ul/well stop solution. Proliferation
was determined by OD490 values.

Statistical analysis

The experimental data were analyzed by one-way ANOVA
using SPSS 16.0 software and the results were plotted using
GraphPad Prism5.0 software, and error bars represent stan-
dard deviations. The results are expressed as mean ± standard
deviation (SD), and P < 0.05 and P < 0.01 were considered as
statistically high and extremely significantly, respectively.

Results

Construction and expression of pPI-2.EGFP.VP7.S
in BHK-21 cells

Nine hundred eighty-six and 989 kb DNA fragments were
amplified by RT-PCR from PoRV SC-R strain VP7 gene
and PEDV SC-P strain S gene. The S gene and VP7 gene
fragments were incorporated into pPI-2.EGFP vector. The re-
combinant plasmid pPI-2.EGFP.VP7.S was characterized by
PCR and restriction enzyme analysis (Fig. 1). To verify that
recombinant plasmid pPI-2.EGFP.VP7.S was capable of ex-
pressing proteins in cells, the expression of a target gene of
plasmids in BHK-21 cells was detected by Western blot. As
shown in Fig. 2, 98 KD band was observed on the NC mem-
brane (Fig. 2), which is similar to the predicted molecular
weight of VP7-S.

The detection of IgG in mice serum

Comparing the immune effects by different immunization
approaches

The level of serum antibody against PoRV in group A (intra-
muscular injection) was significantly higher (P < 0.01) than
that in group D (subcutaneous injection) at 21, 28, 42 dpi
(Fig. 3)a. The serum antibody level against PEDV in group

Table 1 Groups and immunization in mice

Groups Numbers Vaccine First immunization Second immunization Approaches Adjuvants

A 22 pPI-2.EGFP.VP7.S 100 μg 100 μg Intramuscular injection /

B 22 pPI-2.EGFP.VP7.S 200 μg 200 μg Intramuscular injection /

C 22 pPI-2.EGFP.VP7.S 50μg 50 μg intramuscular injection /

D 22 pPI-2.EGFP.VP7.S 100 μg 100 μg Subcutaneous injection /

E 22 pPI-2.EGFP.VP7.S 100 μg 100 μg Intramuscular injection 2000 IU pig IFN-α

F 22 pPI-2.EGFP.VP7.S 100 μg 100 μg Intramuscular injection 2000 U pig IL-12

G 22 pPI-2.EGFP.VP7.S 100 μg 100 μg Intramuscular injection 300-uL pig spleen transfer factor

H 22 pPI-2.EGFP 100 μg 100 μg Intramuscular injection

I 22 PoRV SC201201 strain 0.2 mL 0.2 mL Intramuscular injection

J 22 PEDV CV777 strain 0.2 mL 0.2 mL Intramuscular injection

k 22 PBS 0.2 mL 0.2 mL Intramuscular injection
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D was significantly lower compared with group A at 14 dpi
(P < 0.05), 28 dpi (P < 0.01), and 42 dpi (P < 0.01) (Fig. 3b).

Comparing the immune effects by different immunization
doses

The level of IgG against PoRV in group B at 7, 14, 21 dpi
(P < 0.05), 28, and 42 dpi (P < 0.01) statistically higher than
that in group A. During immune period from 7 to 42 days, the
level of IgG in group B was significantly higher (P < 0.01)
than that in group C (Fig. 4a).

PEDV specific antibody in group B was significantly
higher (P < 0.01) than that in group A at 14, 21, 28, and
42 dpi. The serum antibody level in group C was significantly
lower (P < 0.01) than that in group A at 14 dpi, and no signif-
icant difference was observed (P > 0.05) at 28 dpi (Fig. 4b).

Comparing the immune effects by different immunization
adjuvant

The serum antibody level against PoRV in group E was sig-
nificantly higher than that in group A at 7 dpi (P < 0.05), and
in group F at 28 dpi (P < 0.05), at 42 dpi (P < 0.01). The serum
antibody level in group G was significantly lower (P < 0.01)
than that in E group at 7–21 dpi, and at 28–42 dpi (P < 0.05)
(Fig. 5a).

The serum antibody against PEDV level in group E and
group G were significantly higher than that in group F at
14 dpi (P < 0.01). The serum antibody level of group E was
significantly higher (P < 0.01) than that in group G at 28 dpi
(Fig. 5b).

Detection of cytokines

The levels of IFN-γ in all immunization groups were signifi-
cantly higher (P < 0.01) than that in group K and group H at
42 dpi. The level of IFN-γ in group B was (P < 0.01) higher
than that in group A and group C. the level of IFN-γ in group
A was higher (P < 0.01) than that in group D. There were no
significant differences between groups of different immune
adjuvants (Table 2a).

The level of IL-4 in group B was significantly higher
(P < 0.01) than that in group A and group C. Compared with
groups of different immunization approaches, the level of IL-4
in group A was significantly higher (P < 0.05) than that in
group D. Compared with groups of different immunization
adjuvants, the level of IL-4 in group E was higher (P < 0.01)
than that in group F and significantly (P < 0.05) higher than
that in group G. No significant differences (P > 0.05) were
observed between group F and group G (Table 2b).

Spleen lymphocyte proliferation

The change of lymphocyte proliferation in spleen was detect-
ed byMTT test. The levels of spleen lymphocyte proliferation
value increased with a dose-dependent. The spleen lympho-
cytes proliferation in group B was significantly higher (P<
0.01) than that in group A and group C from 14 dpi.

Fig. 1 A Identification of the recombination plasmid pPI-2.EGFP.VP7.S
using PCR. Lane M: 2000 bp control size DNA markers lane 1: S gene
fragment of PEDV amplified through PCR from pPI-2.EGFP.VP7.S.
lanes 2 and 3: Negative control. Lane 4: VP7 gene fragment of PoRV
amplified through PCR from pPI-2.EGFP.VP7.S. B Identification of the
recombination plasmid pPI-2.EGFP.VP7.S by restriction enzyme
digestion. Lane 1: pPI-2.EGFP.VP7.S was digested with EcoR I and
BamH I released an insert size 1967 bp and pPI-2.EGFP
vector(7611 bp). Lane 2: pPI-2.EGFP.VP7.S was digested with Kpn I
and BamH I released an insert size 989 bp and pPI-2.EGFP.VP7
(8600 bp). Lane 3: PPI-2.EGFP.VP7.S undigested vector. Lane M:
10000 bp control size DNA markers

Fig. 2 A: SDS-PAGE detection the expression of pPI-2.EGFP.VP7.S in
BHK-21 cells. Lane 1: BHK-21 cells were transfected with pPI-
2.EGFP.VP7.S. Lane 2: Negative cells. Lane M: protein marker. B:
Western Blot detection the expression of pPI-2.EGFP.VP7.S in BHK-21
cells. Lane 1: Primary antibodies were antiserum of mouse to PEDV.
Lane 2: Primary antibodies were antiserum of mouse to PoRV
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The spleen lymphocytes proliferation of group D increased
after the primary immunization and reached maximum at
28 dpi, then declined. It was significantly lower (P < 0.01)
than group A at 28 dpi.

The spleen lymphocyte proliferation in group E was statis-
tically higher (P < 0.05) than that in group F and group G at
28 dpi, and was higher (P < 0.01) than that in group F and
group G at 28–42 dpi. The spleen lymphocyte proliferation in
group Gwas statistically higher (P < 0.05) than that in group F
at 28–42 dpi (Fig. 6).

Discussion

Vaccination is one of the most effective prevention measures
against disease outbreak and epidemic. Compared with

traditional vaccines, DNA vaccines are more stable, econom-
ical, and easily produced [22]. DNA vaccines against many
viral diseases of porcine have been successfully developed
and tested, such as DNA vaccines for porcine circovirus 2
[6], polyvalent influenza [9], and transmissible gastroenteritis
coronavirus [23]. In this study, we had demonstrated that a
DNA vaccine expressed S gene of PEDV, and VP7 gene of
PoRV was a potent vaccine that elicited specific serum anti-
body and non-specific parameters. Besides, neither side ef-
fects nor deaths were found in mice post immunization with
pPI-2.EGFP.VP7.S.

Choosing exogenous gene is the first and key step to design
an efficient vaccine [5]. The S protein is the structural surface
potein of PEDV which has a high antigenic index and can
induce neutralizing antibodies. The VP7 protein is the outer
capsid proteins of PoRV which can induce neutralizing anti-
bodies. Besides, PoRV VP7 gene (49–1017 nt) and PEDV S
gene (1471–2415 nt) were predicted to be dominant antigen
genes using DNA star software. Therefore, the VP7 gene (49–

Fig. 3 Humoral immune responses of the mice immunized with 100 μg
pPI-2.EGFP.VP7.S intramuscular injection (group A), 100 μg pPI-
2.EGFP.VP7.S subcutaneous injection (group D). In addition, the empty
vector pPI-2.EGFP (group H), PBS (group K), PoRV SC201201 (group
I), and PEDV CV777 (group J) were used as controls. Anti-PoRV serum
antibodies (a) and anti-PEDV serum antibodies (b) were detected by
ELISA at different time points following the injection of the plasmid
DNAs. Different capitals at the same time represent the difference was
extremely (P < 0.01), different small letters represent the difference was
stastically (P < 0.05)

Fig. 4 Humoral immune responses of the mice immunized with 200 μg
(group B), 100 μg (group A), 50 μg (group C) pPI-2.EGFP.VP7.S,
respectively. In addition, the empty vector pPI-2.EGFP (group H), PBS
(group K), PoRV SC201201 (group I), and PEDV CV777(group J) were
used as controls. Anti- PoRV serum antibodies (a) and anti-PEDV serum
antibodies (b) were detected by ELISA at different time points following
the injection of the plasmid DNAs. Different capitals at the same time
represent the difference was extremely (P < 0.01), different small letters
represent the difference was stastically (P < 0.05)
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1017 nt) of PoRV and the S gene (1471–2415 nt) of PEDV
become the targets of the co-expression of eukaryotic plas-
mids. Besides, Linker engineering is important for construc-
tion of recombinant fusion proteins which can adopt loop
conformation to relax the intramolecular strain between the
two half-molecules [12, 24]. In this study, Linker engineering
was introduced between PoRV VP7 gene and PEDV S gene.
Bioinformatics analysis found that the basic biological activ-
ities of VP7 gene and S gene in fusion gene kept unchanged,
which indicated that linker would not affect the protein struc-
ture and biological function. Then, we successfully construct-
ed PoRV VP7 gene (49–1017 nt), Linker engineering, and
PEDV S gene (1471–2415 nt) co-expression recombinant
plasmid pPI-2.EGFP.VP7.S. Western Blot results indicated
that the recombinant plasmid pPI-2.EGFP.VP7.S can express
in vivo.

To evaluate the immune effect induced by the DNAvaccine
and confirm the optimal approach and dose, we analyzed the
changes of specific serum antibody and non-specific parame-
ters in different approaches and doses vaccinated mice. The
results showed that eliciting powerful and long-lasting humor-
al and cellular immune response can be induced in vaccinated

mice. The immune effect of intramuscular injection was better
than subcutaneous injection. This phenomenon could be due
to the structure of muscle cell, belonging to multinucleated
cells that have plenty of sarcoplasmic reticulum and the trans-
verse tubular system containing extracellular fluid, and deeply
wear into the muscle cells [2]. So muscle cells are suitable for
the intake and expression of DNA. The levels of PEDV and
PoRV IgG in mice serum of high dose group (200 μg) were
significantly higher than that of middle (100 μg) and low
(50 μg) dose groups (P < 0.05). IFN-γ, IL-4, and T lympho-
cyte proliferation induced by high-dose group were higher
than middle- and low-dose groups. The results confirmed that
compared to 100 μg and 50 μg, the immune effect of 200 μg
pPI-2.EGFP.VP7.S was better. The results were consistent
with the report of Belperron A A ect [1].

In order to enhance the immunization of pPI-
2.EGFP.VP7.S, we studied the effects of co-immunization
with pPI-2.EGFP.VP7.S and IFN-α, IL-12, and pig spleen
transfer factor in mice, respectively. The results showed that
three kinds of adjuvants induced high levels of the PoRVand
PEDV specific IgG, and the IFN-α exhibited best activity. The
levels of IFN-γ and IL-4 and Spleen lymphocyte proliferation

Fig. 5 Humoral immune
responses of the mice immunized
with 2000U pig IFN-α (group E),
pig IL-12 (group F) and 300 ul pig
spleen transfer factor (group G) at
24 h and 48 h after first and
secondary immunity. In addition,
100 μg pPI-2.EGFP.VP7.S
intramuscular injection (group A),
PBS (group K), PoRV SC201201
(group I), and PEDV CV777
(group J) were used as controls
Anti- PoRV serum antibodies (a)
and anti- PEDV serum antibodies
(b) were detected by ELISA at
different time points following the
injection of the plasmid DNAs.
Different capitals at the same time
represent the difference was
extremely (P < 0.01), different
small letters represent the
difference was stastically
(P < 0.05)
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of three kinds of adjuvants were significantly higher than
those of intramuscular injection group (P < 0.01). The effect
of IFN-α as vaccine adjuvant has been discussed a lot over the
years. IFN-α can exert its antiviral effect by stimulating the
body to produce anti-viral proteins and inducing the body to
produce adaptive immune response to eliminate invading
pathogens. Meanwhile, IFN-α associates with the production
of antibody. It is reported that IFN-I is the necessary signal of
B cell differentiating into plasma cell. Although there lack of
evidence of IFN-I can produce antigen specific B cells, B cells
cannot be further activated and produce neutralizing antibody
[10]. Cheng G et al. found that IFN-α induced strong induc-
tion of FMDV-specific neutralizing antibody and significant T
cell-mediated immune responses through IFN-a as an adju-
vant for a recombinant FMD protein vaccine [3]. The ability
of IL-12 to induce protective immunity through enhancing
proliferation of T cells and NK cells, increasing cytolytic ac-
tivities of T cells, NK cells, and macrophages, activating T
helper 1 (Th1) cells, and inducing production of IFN-γ and
other cytokines [13]. Transfer factor can activate T lympho-
cytes and enhance the cellular immunity and humoral immu-
nity. Wang R et al. found that transfer factor of pig spleen
could increase cellular immunity function through inactivated
porcine parvovirus oil emulsion vaccine by co-inoculating
porcine transfer factor in mice, which had wide development
value as immune adjuvant [20]. With the restricting of antibi-
otics, transfer factor will have advantage of epidemic disease
preventing and curing on livestock and poultry.

In summary, a recombinant plasmid pPI-2.EGFP.VP7.S
was constructed based on the dominant antigen genes of
PEDV S gene and PoRV VP7 gene as vaccine. The effect of
the DNA vaccine was evaluated in mice. The DNA vaccine
pPI-2.EGFP.VP7.S showed a well immunogenicity through
adjust dose, approach, and adjuvant in eliciting a humoral

Fig. 6 The mice were immunized
with different doses, approaches,
and adjuvant. In addition, the
empty vector pPI-2.EGFP, PBS,
PoRV, and PEDV were used as
controls. The proliferation of
mouse spleen lymphocytes.was
analyzed by MTT assays with
ConA. The y-axis represents the
lymphocyte proliferation levels
(OD490). Different capitals at the
same time represent the difference
was extremely (P < 0.01),
different small letters represent
the difference was stastically
(P < 0.05)

Table 2 Cellular immune responses of the mice immunized with
different doses, different approaches, and different adjuvant

Groups OD450 IFN-γ concentration (pg/mL)

a.

A 0.295 Cc ± 0.0211 89.0741 Cc ± 6.3730

B 0.356 Aa ± 0.0254 134.2593 Aa ± 9.5688

C 0.272 Dd ± 0.0227 72.0370 Dd ± 6.0216

D 0.255 Ee ± 0.0231 59.4444 Ee ± 5.3704

E 0.349 ABa ± 0.0317 129.0741 ABa ± 11.7340

F 0.303 BCc ± 0.0217 95.0000 BCc ± 6.7963

G 0.321 Bb ± 0.0229 108.3333 Bb ± 7.7116

H 0.202 Ff ± 0.0224 20.1852 Ff ± 2.2428

K 0.200 Ff ± 0.0222 18.7037 Ff ± 2.0864

I 0.369 Aa ± 0.0194 143.8889 Aa ± 7.5770

J 0.361 Aa ± 0.0201 137.9630 Aa ± 7.6687

Groups OD450 IL-4 concentration (pg/mL)

b.

A 0.409 DEd ± 0.0292 44.5855DEd ± 3.1763

B 0.537 Bb ± 0.0566 74.5621 Bb ± 7.8560

C 0.352 Ee ± 0.0371 31.2365 Ee ± 3.2881

D 0.335 Ee ± 0.0353 27.2553 Ee ± 2.8788

E 0.471 Cc ± 0.0336 59.1054 Cc ± 4.2168

F 0.424 Dd ± 0.0447 48.0984 Dd ± 5.0728

G 0.433 CDd ± 0.0456 50.2061 CDd ± 5.2922

H 0.281 Ff ± 0.0296 14.6089 Ff ± 1.5402

K 0.288 Ff ± 0.0303 16.2482 Ff ± 1.7054

I 0.618 Aa ± 0.0441 93.5316 Aa ± 6.6741

J 0.597 ABa ± 0.0427 88.6136 ABa ± 6.3329

Serum samples were collected at 42 dpi to determine the cytokines IFN-γ
(a) and IL-4 (b). Different capitals represent the difference was extremely
significant (P < 0.01), different small letters represent the statistically dif-
ference was stastically significant (P < 0.05)
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and cellular responses against PoRV and PEDV. Results
showed the feasibility of using pPI-2.EGFP.VP7.S as a candi-
date DNA vaccine for PoR and PED.
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