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Introduction

Classical swine fever (CSF) is a highly contagious and one of the most dangerous and 

emerging swine disease worldwide with causing substantial economic losses to the 

swine industry in many countries and one of the Office International des Epizooties 

(OIE) notifiable diseases [1]. Classical swine fever virus (CSFV) is a single-stranded, 

positive-sense, enveloped RNA virus that belongs to the Pestivirus genus of the Flavi-

viridae family [2]. The genome of CSFV has an approximately 12.3 kb containing a sin-

gle large open reading frame coding for a polyprotein of 3,898 amino acids flanked by 

50 and 30 non-translated regions [2]. The translated polyprotein is cleaved by both vi-

ral and host proteases to yield 12 mature proteins, including four structural proteins 
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Purpose: To date, many kinds of classical swine fever (CSF) vaccines have been developed to 
protect against this disease. However, the efficacy of these vaccines to protect the pig against 
field CSF strains needs to be considered, based on circulating strains of classical swine fever 
virus (CSFV).
Materials and Methods: Recombinant E2-CSFV protein produced by baculovirus/insect cell 
system was analyzed by western blots and immunoperoxidase monolayer assay. The effect of 
CSFV-E2 subunit vaccines was evaluated in experimental pigs with three genotypes of CSFV 
challenge. Anti-E2 specific and neutralizing antibodies in experimental pigs were analyzed by 
blocking enzyme-linked immunosorbent assay and neutralization peroxidize-linked assay.
Results: The data showed that CSFV VN91-E2 subunit vaccine provided clinical protection in 
pigs against three different genotypes of CSFV without noticeable clinical signs, symptoms, 
and mortality. In addition, no CSFV was isolated from the spleen of the vaccinated pigs. How-
ever, the unvaccinated pigs exhibited high clinical scores and the successful virus isolation 
from spleen. These results showed that the E2-specific and neutralizing antibodies induced by 
VN91-E2 antigen appeared at day 24 after first boost and a significant increase was observed 
at day 28 (p<0.01). This response reached a peak at day 35 and continued until day 63 when 
compared to controls. Importantly, VN91-E2 induced E2-specific and neutralizing antibodies 
protected experimental pigs against high virulence of CSFVs circulating in Vietnam, including 
genotype 1.1, 2.1, and 2.2.
Conclusion: These findings also suggested that CSFV VN91-E2 subunit vaccine could be a 
promising vaccine candidate for the control and prevention of CSFV in Vietnam.

Keywords: Classical swine fever, Genotype, Vaccine, Vietnam

The potential efficacy of the E2-
subunit vaccine to protect pigs 
against different genotypes 
of classical swine fever virus 
circulating in Vietnam
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(C, E0 or Erns, E1, and E2) and eight nonstructural viral pro-

teins (Npro, p7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B) [3,4]. 

The genotypes analysis of CSFV has classified into three sig-

nificant genotypes with eleven sub-genotypes. Genotype 1 

contains primarily outbreak virus strains that have been iso-

lated from many regions of the world and includes all live-at-

tenuated vaccine strains and include four sub-genotypes 1.1, 

1.2, 1.3, and 1.4. Genotype 2 includes three sub-genotype 2.1, 

2.2, and 2.3, and contains most of the currently circulating vi-

rus strains, whose prevalence has increased and caused epi-

demic infection since 1980. Genotype 3 (3.1, 3.2, 3.3, and 3.4) 

contains most of the strains distributed in separated geo-

graphic regions [3-5]. The clinical signs of CSFV includes 

high fever, huddling, weakness, drowsiness, anorexia, ataxia, 

hemorrhage, purple discoloration or cyanosis of the skin, 

conjunctivitis, and constipation followed by diarrhea [1,3,5]. 

The morbidity and mortality of pigs infected with CSFV have 

been reported up to 100% [1].

To date, CSFV vaccines have been developed, and three 

types of commercially vaccine are frequently used: (1) modi-

fied live virus (MLV) vaccines which are manufactured and 

widely used in local CSF endemic countries [6,7], (2) subunit 

vaccines based on CSF viral envelope protein E2 [8-12], and 

(3) a chimeric live recombinant viral vector vaccine [13,14]. 

Use of the MLV CSFV vaccine such as live attenuated vac-

cines is still practiced in some regions of the world such as 

Vietnam, in which the virus is enzootic, to prevent and con-

trol the spread of the CSFV. However, attenuated vaccines are 

not safe enough and do not allow differentiation of infected 

from vaccinated animals (DIVA) [11,14]. A chimeric CSFV 

vaccine has been constructed using a modified genome of 

live bovine viral diarrhea virus to express the CSFV E2 gene 

and was approved by the European Union in 2015. However, 

this chimeric CSFV vaccine is recommended only for emer-

gency vaccination [10]. Subunit recombinant marker vac-

cines have been considered safer and cheaper alternatives 

against CSFV that are designed from two envelope glycopro-

teins Erns and E2, and have been targeted for vaccine develop-

ment to meet the DIVA [10,15]. Many kinds of subunit vac-

cines based on E2 have been generated using different ex-

pression systems, and the most commercial subunit vaccines 

were based on baculovirus-expressed E2 protein in insect cell 

line [5,9,15]. Previous studies have established that the CSFV 

glycoprotein E2 is the most immunodominant protein in 

protecting against CSF disease with multiple identified epit-

opes which induce CSFV neutralizing antibodies [11,15,16]. 

The disadvantage of subunit CSFV E2 recombinant vaccines 

which induce clinical protection 14 days after vaccination, 

and with total prevention of horizontal transmission, only 

provide incomplete prevention of vertical transmission. In 

second time vaccination with subunit CSFV E2 recombinant 

vaccines, the neutralizing antibodies can be detected after 7 

days of second dose, suggesting that the efficacy of the E2 

subunit vaccines is lower than that of MLV [7,10,16,17].

MLV CSFV vaccine is used as a national program to control 

and prevent the spread of CSFV in Vietnam. Recently, some 

outbreaks of CSFV frequently appeared in the whole country 

of Vietnam with different genotypes. In this study, we identi-

fied the genotype of CSFV in recent outbreaks and describe a 

new potential CSFV subunit vaccine based on a recombinant 

CSFV VN91-E2 protein in baculovirus expressed in an insect 

cell. We also provide the first report in Vietnam that pigs im-

munized with two-dose the subunit VN91-E2 recombinant 

vaccine are protected clinically from CSFV challenge with 

three different genotypes that are isolated in field of Vietnam.

Materials and Methods

Virus and cells
CSFV-VN91 virus strain was isolated from died pig in Hung 

Yen province in 1991 (GenBank # LC374604) [18] and Re-

gional Animal Health Office No. 3 (RAHO3)/NA strain was 

isolated from died pig in Nghe An province in 2013, and CS-

FV-NAM DINH strain was isolated from the outbreak in NAM 

DINH in 2018. CSFV isolated strains were passaged 4 times in 

PK15a cell line (ATCC, Manassas, VA, USA) in DMEM (Ther-

mo Scientific, Waltham, MA, USA) containing 10% fetal bo-

vine serum (FBS; Thermo Scientific) and 1% Penicillin-strep-

tomycin solution (Thermo Scientific). For recombinant E2 

production in insect cells, Spodoptera frugiperda (Sf21AE; 

ATCC) and TN5 insect cells were grown in SF900 III SFM me-

dium (Sigma-Aldrich, Louis, MO, USA) supplemented with 

10% FBS.

Whole-genome sequence of field classical swine fever 
strains isolated in Vietnam
The whole-genome sequence of CSFV in Vietnam was previ-

ously described [18]. Briefly, the RAHO3/NA and NAM DINH 

strains were propagated in the culture of PK15a cells for 4 to 5 

days at 37°C, and total RNAs were extracted from the cell su-

pernatant by using High Pure Viral Nucleic Acid Kit (Roche 

Diagnostics, Rotkreuz, Switzerland) according to the manu-
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facturer’s instruction. The RNAs were subjected to a reverse 

transcription reaction with the use of random oligonucle-

otide primers (Applied Biosystems, Waltham, MA, USA) and 

were amplified by polymerase chain reaction (PCR) with var-

ious sets of primers designed based on the genome sequenc-

es of previously known CSFV strains to prepare 25 overlap-

ping cDNA fragments spanning the entire lengths of the ge-

nome for sequencing analysis. Determination of the 5′- and 

3′-termini of the genome was performed by PCR in combina-

tion with the ligation of a 5′-phosphorylated oligonucleotide 

tag, as previously reported [19,20], with slight modification in 

the tag sequence. The chromatograms received after se-

quencing were analyzed using the Lasergene software (DNA-

STAR Inc., Madison, WI, USA). BLAST was performed with 

the sequences within the non-redundant nucleotide data-

base (http://www.ncbi.nlm.nih.gov/Blast) to confirm the 

presence of the gene-specific to CSFV and then compared 

with nucleotide sequences of other CSFV isolates in Vietnam 

that are available in the GenBank database. The multiple se-

quence alignment was performed using the Lasergene soft-

ware (DNASTAR Inc., Madison, WI, USA). Phylogenetic anal-

yses of nucleotides sequences of whole-genome sequences 

of CSFV was constructed using the neighbor-joining method 

with a bootstrap value of 1,000 in the MEGA7 program 

(https://www.megasoftware.net/) [21].

Production of recombinant E2 protein using field VN91 strain 
as “template”
PCR-amplified full length of CSFV E2 genes from CSFV-VN91 

virus (GenBank # LC374604, Genotype 1.1) was cloned into a 

pFastBac1 vector (Invitrogen, Carlsbad, CA, USA) Baculovirus 

Expression System plasmid vector using the following restric-

tion enzyme-anchored primers: EcoRI-anchored forward prim-

er 5’-CGCGGATCCATGCGGCTAGCCTGCAAGGAAGATTA-

CA-3’ and BamHI-anchored reverse primer 5’-CCGGAATTC-

TCATCAATCTGAGTGGCGGTCAGTCACGTC-3’. The freshly 

PCR products were transformed into DH10Bac Escherichia 

coli (Invitrogen) host strain that contains a baculovirus shuttle 

vector (bacmid) and a helper plasmid. Upon screening of col-

onies, positive E. coli transformants with recombinant E2 bac-

mid was upscaled by overnight culture in liquid media and the 

bacmid was prepared. Briefly, bacterial cells were suspended 

in 0.25 mL of solution I (50 mM glucose, 25mM Tris-HCl [pH 

8.0], 10 mM ethylenediaminetetraacetic acid [EDTA]) and 

lysed by adding 0.25 mL of solution II (0.2 N NaOH, 1% sodi-

um dodecyl sulfate). The lysed cell fluid was neutralized by 

adding 0.35 mL of solution III (5 M KOH, 11.5 mL glacial ace-

tic acid, 28.5 mL DW), then centrifuged ×14,000 g for 10 min-

utes. To precipitate bacmid DNA, the cleared lysate was 

mixed with an equal volume of 2-propanol, then centrifuged 

×14,000 g at 40°C for 20 minutes. Bacmid DNA was dried 

briefly and resolved in 40 μL of TE. To generate recombinant 

baculovirus stock for E2 expression, Sf21AE insect cells were 

transfected using Cellfectin II Reagent (Thermo Scientific) 

and passaged 3 times to amplify the E2 bearing recombinant 

baculovirus. At passage 3, the supernatant of Sf21AE cell was 

collected and clarified by centrifugation at 500× g for 5 min-

utes to obtain the baculovirus stock that was used to infect 

Sf21AE Cells for VN91-E2 expression.

Western blot analysis
The supernatants (100 µL) were concentrated with a centrifu-

gal filter (Microcon YM-30; Merck, Darmstadt, Germany) by 

centrifuge ×14,000 g at 25°C for 30 minutes, then solubilized 

in 2× sample buffer and treated at100°C for 5 minutes before 

use. The E2 CSFV recombinant protein (10 µL) was reduced 

with 2.5% β-mercaptoethanol. Proteins were either stained 

with Coomassie Brilliant Blue Stain (Thermo Scientific) or 

transferred to a polyvinylidene difluoride (PVDF) membrane 

(Invitrogen) for western blotting using Mini Trans-Blot cell 

system (BioRad, Hercules, CA, USA). The transferred PVDF 

membrane was blocked with 5% nonfat milk (Sigma-Aldrich) 

dissolved in phosphate-buffered saline (PBS) containing 

0.05% Tween 20 (PBST). The membrane was incubated with 

mAb anti-CSFV antibody (The National Institute of Animal 

Health, Tsukuba, Japan) for 1 hour at 25°C, washed 3 times 

with PBST. Then, the membrane was incubated with POD-

anti-mIgG (H+L) (GE Healthcare, Chalfont St. Giles, UK) for 1 

hour at 25°C and washed 3 times with PBST. Detection of im-

munoreactive bands was performed using Western Lightning 

Plus-ECL substrate (Thermo Scientific) as per the supplier’s 

instructions.

Immunoperoxidase monolayer assay
TN5 cells were seeded in 96-well cell culture plates, inoculat-

ed with recombinant baculovirus containing E2 gene for 24 

houts at room temperature. Subsequently, the culture medi-

um was removed, cells were washed with PBS and fixed in 4% 

paraformaldehyde for 10 minutes and then washed twice 

with PBS. A solution of 1% H2O2 in methanol was added to the 

cells for 5 minutes, and cells were subsequently washed twice 

with PBS. The anti-CSFV antibody in phosphate-buffered sa-
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line supplemented with 1% Tween 80 (PBS-T) and negative 

SPF pig serum was added to the infected TN5 cells and cells 

was incubated for 1 hour at 37°C. Subsequently, serum dilu-

tions were removed, and cells were washed with PBS-T. Cells 

were then incubated with peroxidase-labeled goat anti-swine 

immunoglobulin G antibodies (Sigma-Aldrich) at 37°C for 1 

hour. Finally, the plates were washed with PBS-T, and 50 μL of 

a substrate solution of 5% 3-amino-9-ethyl-carbazole in 0.05 

M Na-acetate buffer (pH 5) supplemented with 0.05% H2O2 

(Sigma-Aldrich) was added to each well and incubated for 20 

minutes at room temperature. The reaction was stopped by 

replacing the substrate solution with Na-acetate buffer, and 

the staining was analyzed via light microscopy.

Viral plaque assay
Virus titers were expressed in plaque-forming units (pfu/mL) 

as previously described [22]. Briefly, Sf21AE insect cells were 

grown SF900 III SFM medium (Sigma-Aldrich) supplement-

ed with 10% FBS to obtain a culture at ≥1×106 cells/mL. Cells 

were added to each 6-well culture plate (Thermo Scientific, 

approximately 2.5×106 cells/well) and incubated at room 

temperature for 60 minutes to allow cells to attach. For each 

virus sample, appropriate dilutions were prepared using 

SF900 III SFM media. After 60 minutes, the media was re-

moved, without disturbing the cell layer. Plates were inocu-

lated with 1 mL of the diluted virus sample of each selected 

dilution in three appropriately labeled well. Positive and neg-

ative control wells were inoculated at the same time with 1 

mL of the appropriate control. Each well was immediately 

rocked 3–5 times to ensure uniform distribution of the virus 

and then incubated at room temperature for 60 minutes with 

manual rocking every 15 minutes. A 50% mixture of SF900 III 

SFM medium/Agarose (Sigma-Aldrich) overlay solution was 

prepared at 40°C and then added to each well, avoiding dis-

turbance of the cell layer. The wells were allowed to rest up-

right for 45 minutes to allow the agarose overlayer to solidify. 

The wells were then inserted inside a plastic container with a 

dampened absorbent towel and incubated at 27°C for 6 days 

after which wells were examined under low magnification 

with a microscope to count the number of plaques. To eluci-

date subunit VN91-E2 recombinant protein activity and in-

duce specific CSFV antibody, pigs were stimulated with 107 

pfu/mL with an equal volume of adjuvant. The final concen-

tration was based on pilot experiments that demonstrated a 

significantly higher effect of these concentrations of subunit 

VN91-E2 recombinant proteins on the activation of the im-

mune response in comparison to lower or higher levels.

Pigs, VN91/E2-subunit vaccine, and vaccination
Conventional Large White crossbred weaned specific-patho-

gen-free piglets (3 weeks of age) were purchased from the Pig 

Research Centre of National Institute of Animal Science, Viet-

nam. The pigs were fed a standard commercial diet, and the 

study was conducted in compliance with the institutional 

rules for the care and use of laboratory animals and using a 

protocol approved by the relevant committee at National In-

stitute of Veterinary Research in Vietnam. The CSFV E2 sub-

unit vaccine (VN91-E2) was inactivated by 10 nM binary eth-

ylenimine (BEI) in 48 hours as described previously [23] and 

was prepared by ultrasonic of VN91-E2 with a Freund’s Adju-

vant Complete (Sigma-Aldrich) as described by the manufac-

turer as shown in Table 1. The pigs were randomly allotted 

into 10 groups (n=5 for each group) with four control groups, 

three VN91-E2 vaccinated groups, and three commercial E2 

vaccinated groups (Table 1). The control group, pigs were in-

jected intramuscularly with 2 mL of PBS. Second doses were 

applied 2 weeks post 1st dose (2 mL/dose), the VN91-E2 re-

combinant protein was prepared with a Freund’s Adjuvant 

Incomplete (Sigma-Aldrich). Five weeks after the second 

vaccination, pigs were challenged with 5×105 TCID50 CSFV 

isolates: VN91, RAHO3/NA, and NAM DINH strain (2 mL in-

tramuscularly). The CSFV VN91, RAHO3/NA, and NAM 

DINH strains were evaluated as a high virulent strain in our 

previous study (data not shown).

Clinical examination
Following the challenge, clinical signs were recorded daily 

according to the protocol by Mittelholzer et al. [24]. Cumula-

tive clinical scores (CS) were calculated over time for individ-

ual pigs and the respective groups. In addition, the body tem-

perature was measured on a daily basis from 1 day before 

vaccination until 14 days post-challenge. A body temperature 

of >40.0°C for at least two consecutive days was recorded as 

fever.

Sample collection and analysis
The serum and EDTA blood samples were collected from the 

piglets on study day 0 (dose 1), day 7 and day 14 (dose 2), and 

every 3 days after dose 2 until the end of this study. For white 

blood cells (WBCs) analysis, slides were fixed in pure metha-

nol and stained by Giemsa solution (azure B/azure II, eosin 

and methylene blue) according to the manufacturer’s proto-
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col (Sigma-Aldrich). WBCs were counted under the light mi-

croscope at 40× magnification in a random sequence. The 

samples were analyzed on the day of acquisition. Detection 

of viral RNA was performed on spleen samples using the CS-

FV specific reverse transcription PCR (RT-PCR) assays de-

scribed in the previous section.

Antibody analyses
Serum samples were examined for neutralizing antibodies to 

CSFV through a direct virus neutralization peroxidize-linked 

assay, according to OIE with some modifications. In brief, se-

rum samples collected at day 35 vaccination, day 49 (D0 day 

post-challenge [DPC]) and 14DPC were first diluted five-fold 

and inactivated for 30 minutes at 56°C, and then serially di-

luted two-fold. The diluted serum samples (in duplicate) 

were incubated with 200 TCID50 of CSFV CSFV VN91, RA-

HO3/NA, or NAM DINH in DMEM with 10% FBS for 1–2 

hours at 37°C. After incubation, PK-15 cells were added, and 

the plates were incubated 3 days in 96-well plate. The cell-

monolayers were fixed and stained as previously described 

[25], and viral titers were calculated [26]. Anti-E2 specific an-

tibodies were determined by using PrioCHECK CSFV Ab Kit 

(Thermo Scientific) as described by the manufacturer.

Statistical analysis
Statistical analysis was performed by using IBM SPSS soft-

ware for Windows ver. 25.0 (IBM Corp., Armonk, NY, USA). A 

p-value <0.05 was considered to be statistically significant. 

Differences between the groups were tested by Duncan’s 

multiple comparison methods.

Results

The analysis of the whole genome sequences of classical 
swine fever viruses isolated in Vietnam
The whole-genome sequences were analyzed by BLAST, the 

sequences obtained in the study showed identity with se-

quences of other Vietnam isolates of CSFV and references 

genomes. The maximum identity was to sub-genotype 1.1 

isolates with VN91, sub-genotype 2.1 isolates with NAM 

DINH and sub-genotype 2.2 isolates with RAHO3/NA. First, 

the identity of whole-genome sequences of three CSFV strains 

with other CSFV in Vietnam sequences ranged from 91% to 

98%. Second, the identification of whole-genome sequences 

between CSFV isolates VN91, NAM DINH, and RAHO3/NA 

ranged from 94%–95%. The phylogenetic analysis was carried 

out using whole-genome sequences as shown in Fig. 1. As 

shown in Fig. 1, the VN91 strain indicated 72.0% to 99.0% ge-

netic similarities with other viruses belonging to genotype 

1.1, showing a strikingly high similarity (99.0%) with an at-

tenuated vaccine strain, HCLV (GenBank accession no., 

AF091507) [18]. The RAHO3/NA and NAM DINH CSFV 

strain indicated 94%–100% and 92%–100% genetic similari-

ties with other viruses belonging to genotype 2.2 and 2.1, re-

spectively. Moreover, the genetic similarity between RAHO3/

NA, NAM DINH CSFV strain with an attenuated vaccine 

strain indicated 92% and 94.1%, respectively. These results 

indicate three circulating genotypes in Vietnam, including 

1.1, 2.1, and 2.2. The vaccine currently, being used in Viet-

nam is derived from the CSFV strain that should be isolated 

in Vietnam and studies have to be carried out to ascertain 

whether this strain of CSFV provides complete protection 

Table 1. Summarized the experiment in this study

Group name No. of pigs Dose 1 (2 mL) Dose 2 (2 mL)
Classical swine fever virus challenge at D49

VN91 RAHO3/NA NAM DINH

None 5 D0 D28
Control G1 5 D0 D28 +
Control G2 5 D0 D28 +
Control G3 5 D0 D28 +
VxE2-VN91 5 D0 D28 +
VxE2-RAHO3/NA 5 D0 D28 +
VxE2-NAMDINH 5 D0 D28 +
VxInt-VN91 5 D0 D28 +
VxInt-RAHO3/NA 5 D0 D28 +
VxInt-NAMDINH 5 D0 D28 +

The VN91-E2 subunit recombinant protein was prepared with a Freund’s Adjuvant Complete in dose 1 and with Freund’s Adjuvant Incomplete in dose 2 of vaccination.
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against those currently circulating CSF viruses in Vietnam. 

The whole-genome sequences of VN91 and RAHO3/NA CS-

FV strain have published in GenBank as an accession num-

ber LC374604 and LC388757, respectively. For NAM DINH 

strain sequence is not yet published.

Field VN91 strain served as “template” for production of 
recombinant E2 proteins
Field VN91 strain served as “template” to produce recombi-

nant E2 protein using the baculovirus expression system. The 

biological properties of E2 protein were further evaluated by 

western blot assay and immunoperoxidase monolayer assay 

(IPMA) in TN5 insect cell, respectively. As shown in Fig. 2A 

and B, recombinant VN91-E2 protein in the supernatant ap-

peared at day 2 after recombinant baculovirus infection into 

SF21AE cells and a higher affinity to mAb CSFV on day 5 cul-

ture than other days and recombinant VN91-E2 protein ap-

peared to be approximately 40 kDa.

Further analysis by IPMA in TN5 cells was also performed 

as seen in Fig. 2C in which a strong positive result was noted 

in the well incubated with anti-CSFV antibodies whereas no 

signal was observed in negative control using SPF serum (Fig. 

2C), reflecting the biological characterizes of recombinant E2 

immunogen. Further examination on immunological sites is 

required to ensure that this protein is a candidate for subunit 

vaccine production against three circulating genotypes in 

Vietnam, including 1.1, 2.1, and 2.2.

Baculovirus contains CSFV VN91-E2 gene expression in in-

sect cell were inactivated by 10 nM BEI in 48 hours (Fig. 2D). 

The analysis by microscopy resulted in the detection of pfu of 

CSFV VN91-E2 gene in an insect cell and that the insect cell 

infected with baculovirus and inactivated by 10 nM BEI in 48 

hours were similar to the untreated negative controls (Fig. 

2D). Antigenicity was also preserved, according to the results 

obtained by western blot (data not shown). These results in-

dicate the adequacy of BEI to maintain the recombinant E2 

protein. The absence of any residual active baculovirus was 

further confirmed by viral experiments. Sf21AE cells were in-

cubated with inactivated baculovirus contain CSFV VN91-E2 

diluted 1:10 in the culture medium. After 3–4 days, the super-

Fig. 1. Phylogenetic tree based on the gene sequences of three classical swine fever virus that are isolated from recently outbreak in Vietnam. 
The tree was constructed using the neighbor-joining method with a bootstrap value of 1,000 in the MEGA7 program.
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natant was collected and used to infect fresh Sf21AE cell 

monolayers. At the end of the third passage, the culture me-

dium was titrated, but no baculovirus plaques were detected, 

indicating total inactivation of the virus.

VN91-E2-immunized pigs were clinical, pathological, and 
hematological protected from classical swine fever disease
To test the efficacy of CSFV VN91-E2 subunit vaccine, three 

groups of pigs were immunized with VN91-E2 subunit vac-

cine with 107 pfu/mL dose of inactivated recombinant bacu-

lovirus in the presence of Freund adjuvants and three groups 

of the pig were immunized with commercial CSFV vaccine, 

and four groups of the pig were not immunized with an anti-

gen. Pigs were challenged with 1×105 TCID50 of CSFV VN91, 

RAHO3/NA, and NAM DINH strain at 5 weeks after second 

dose post-vaccination (D49) (Table 1). The clinical signs and 

body temperature were monitored during the first 7 days of 

first dose vaccination and 3 days of second dose vaccination. 

As shown in Fig. 3A, all VN91-E2 and commercial vaccinated 

pigs remained healthy and did not develop fever throughout 

the challenge with three strains of CSFV (Fig. 3A), and only 

slightly increased body temperature (maximum 39.7°C) after 

3-day virus challenge. No body temperature abnormalities 

were detected before the end of the trial.

In contrast, the control pigs developed fever with tempera-

ture values, above 40°C between 3 and 10 days after chal-

lenge, as well as clinical signs (diarrhea, hemorrhages in skin, 

loss of body weight, unable to walk, anorexia, depression, pa-

resis, and paralysis posterior). In addition, the control group 

G1 challenge with CSFV-VN91 had to be euthanized prior 

from 7 to 10 days after virus infection (Table 2). Coversely, the 

control group G2 and G3 challenge with CSFV RAHO3/NA 

and NAM DINH were killed when moribund from 7 to 12 

days after challenge (Table 3). Organ samples from all pigs in 

three control groups were positive by virus isolation and RT-

PCR from spleen samples indicating the presence of CSFV 

(Table 2). WBC counts in three control groups of pigs chal-

lenged with three strain of CSFV were dramatically reduced 

after CSFV inoculation and then deceased until before being 

euthanized (Fig. 3B). In contrast, there was a slightly de-

Fig. 2. Production and characterization of recombinant CSFV VN91-E2 protein. (A) Sodium dodecyl sulfate–polyacrylamide gel electrophoresis 
analysis. From left to right: lane 1: protein marker; lane 2–7: Sf21AE cell culture supernatant was collected at day 0, 1, 2, 3, 4, and 5 after 
infected with baculovirus contained VN91-E2 gene. (B) Western blot of VN91-E2 protein. From left to right: lane 1–6: Sf21AE cell culture super-
natant was collected at day 0, 1, 2, 3, 4, and 5 after infected with baculovirus contained VN91-E2 gene. E2-specific mAb CSFV was used for the 
western blot. (C) Identification of baculovirus contained E2 CSFV at 3 days in TN5 cell cultured by Immunoperoxidase Monolayer Assay (×200). 
Specific cytoplasmic was shown in the TN5 cells infected with baculovirus contained E2 CSFV (arrows). (D) Sf21AE infected baculovirus con-
tained VN91-E2 at 5 days was inactivated by 10 nM BEI in 48 hours. CSFV, classical swine fever virus; BEI, binary ethylenimine.
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creased in the numbers of WBC in pigs vaccinated with 

VN91-E2 and commercial vaccine at D52; however, the num-

bers of these cells in both of vaccinated pigs increased signifi-

cantly at D55 and then after (Fig. 3B). Taken together, our da-

ta suggest that VN91-E2 subunit vaccine immunized pigs are 

clinically and hematological protected against three geno-

types of CSFV that isolated in Vietnam including genotype 

1.1, 2.1, and 2.2 at least 2 weeks post-vaccination.

The VN91-E2 subunit and commercial vaccinated group 

did not exhibit adverse reactions post-vaccination and virus 

challenge. Slight depression and reduced appetite were ob-

served in two piglets on day 3 virus challenge. These mild 

symptoms were observed up to day 5 virus challenge. The 

maximum mean CS of 1.1 was reached at day 7 virus chal-

lenge (Fig. 4A). None of the piglets from three groups of 

VN91-E2 subunit and commercial vaccine displayed signs of 

disease during the 63 days of the experiment (Fig. 4A, B). The 

three mock-vaccinated groups were severely affected post-

challenge, and all piglets of control group G1 infected with 

CSFV/VN91 were euthanized before the termination of the 

experiment and the maximum mean CS of 17 was reached at 

day 10 virus challenge (Fig. 4A, B, Table 2). The control group 

G2 and G3 infected with CSFV/RAHO3/NA and CSFV/NAM 

DINH respectively were euthanized and killed when mori-

Fig. 3. Pigs immunized with VN91-E2 subunit vaccine were protected clinically from CSFV challenge. Pigs were immunized with VN91-E2 on 
day 0 for the first dose group and a second dose on day 14. Five weeks after the second vaccination (D49), pigs were challenged with 5×105 
TCID50 CSFV strain VN91, RAHO3/NA, and NAM DINH. (A) Body temperature was monitored daily after CSFV infection. Vaccinated pigs did not 
have body temperatures higher than 40°C. (B) Pigs vaccinated with VN91-E2 were protected from CSFV-induced white blood cells. Each symbol 
represents the mean±standard error. CSF, classical swine fever; CSFV, classical swine fever virus. The significant difference in the body tem-
peratures, number of white blood cell between vaccinated and control groups were indicated with *p<0.01, **p<0.001, and ***p<0.0001. 
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bund from 7 to 12 days after challenge (Fig. 4A, B, Table 2). 

The maximum mean CS of 15 and 16 was reached at day 11, 

and 12 viruses challenge in the control group G2 and G3, re-

spectively (Fig. 4A, B, Table 2).

Pigs vaccinated with VN91-E2 developed high levels of E2-
specific and neutralizing antibodies before and after classical 
swine fever virus challenge
Sera collected from the vaccinated and non-vaccinated pigs 

were analyzed by blocking enzyme-linked immunosorbent 

assay (Fig. 5). As shown in Fig. 5, all vaccinated pigs devel-

oped E2-specific antibody after immunization and antibody 

levels appeared early at day 24, and a significant increase was 

observed at day 28 (p<0.05). This response reached the pick 

at day 35 and continued until day 63 when compared to con-

trol (p<0.001). As expected, pigs immunized with commer-

cial vaccine-induced antibodies at day 24 and continued un-

til day 63 whereas no signal was noted in control group (Fig. 

Table 2. CSFV-neutralizing antibody titers in pig sera before and after CSFV challenge

Group Pig # D0 D28 D35 DPC0 DPC7 DPC14 Daya)

VxE2+VN91 21 0 32 128 256 512 14
22 0 32 128 256 512 14
23 0 16 64 256 256 14
24 0 64 128 512 >512 14
25 0 32 64 128 512 14

VxE2+RAHO3/NA 26 0 64 128 512 512 14
27 0 64 256 512 >512 14
28 0 32 64 256 256 14
29 0 16 64 256 512 14
30 0 32 128 256 512 14

VxE2+Nam Định 31 0 64 128 128 256 14
32 0 64 128 512 >512 14
33 0 32 64 128 512 14
34 0 32 64 256 512 14
35 0 64 128 256 512 14

Non 41 0 0 0 0 0 14
42 0 0 0 0 0 14
43 0 0 0 0 0 14
44 0 0 0 0 0 14
45 0 0 0 0 0 14

Control G1+VN91 46 0 0 0 0 0 8
47 0 0 0 0 0 7
48 0 0 0 0 8 10
49 0 0 0 0 0 8
50 0 0 0 0 8 9

Control G1+RAHO3/NA 51 0 0 0 0 8 8
52 0 0 0 0 0 7
53 0 0 0 0 8 9
54 0 0 0 0 0 8
55 0 0 0 0 <8 11

Control G1+Nam Định 56 0 0 0 0 0 8
57 0 0 0 0 0 8
58 0 0 0 0 <8 12
59 0 0 0 0 0 7
60 0 0 0 0 0 7

CSFV, classical swine fever virus; DPC, day post-challenge.
a)The last day of serum in vaccinated and unvaccinated pig.
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5). Moreover, the level of specific E2-antibody of all vaccinat-

ed pigs was significantly increased after challenge with three 

genotype CSFV virus (Fig. 5), and E2-specific antibody was 

not detected in control pigs before or after the challenge with 

three genotypes of CSFV (Fig. 5). Importantly, our results in-

dicated that VN91-E2 subunit vaccinated pig groups did not 

show CS, change of WBC or no live circulating of CSFV and 

our data may be demonstrated that the levels of E2 antibod-

ies in VN91-E2 pigs vaccinated were sufficient for clinical 

protection against different circulating genotypes of CSFVs 

isolated in Vietnam including genotype 1.1, 2.1, and 2.2 at 

least 2 weeks post-vaccination.

Since an essential factor in preventing and control CSFV 

infection is the production of neutralizing antibodies that 

block CSFV infection to target cells, we measured the level of 

CSFV-neutralizing antibodies from vaccinated or unvacci-

nated animals in each group (Table 2). All vaccinated groups 

had produced CSFV-neutralizing antibodies on the day of 

before challenge (D35) and day of challenge (D49) that per-

sisted throughout the day of post-challenge (D63/DPC14) 

with three genotypes of CSFV challenge (CSFV VN91, RA-

HO3/NA, and NAM DINH strains). Pigs in the control groups 

had no detectable neutralizing antibody at day 35 vaccina-

tion, day of challenge (D49) and 7&14DPC (Table 2). Thus, 

our results indicated that the high correlation between anti-

CSFV neutralizing antibody titers and levels of E2-specific 

antibodies in pigs after VN91-E2 vaccination and three geno-

types of CSFV challenge.

Virus isolation and viral RNA detection by reverse transcrip-
tion polymerase chain reaction
In the control groups, CSF virus was isolated from the spleen 

of five piglets from each of control group G1, G2, and control 

group G3 on the day of euthanized after challenge with CSFV 

VN91, RAHO3/NA, and NAM DINH strain (Table 3). In con-

trast, no CSFV was isolated from the spleen of the pig vacci-

nated VN91-E2 subunit or commercial vaccine when they 

were added to PK15 cells for virus isolation (data not shown). 

Based on the RT-PCR, viral CSF RNA could not be detected in 

all of the pig vaccinated with VN91-E2 subunit and commer-

cial vaccines (data not shown). Viral CSFV RNA was detected 

in the spleen samples of all piglets from the three control 

groups G1, G2, and G3 on day euthanized after challenge 

with CSFV VN91, RAHO3/NA, and NAM DINH strain (Table 

3). No viral CSFV RNA was detected in the remaining piglets 

from group Non at the end of the experiment (data not 

shown).

Discussion

CSF is one of the major viral diseases affecting livestock in 

Vietnam. The outbreak of the disease is notifiable to the OIE, 

Table 3. Results obtained from control group G1, G2, and G3 (non-vaccinated and challenged at 7 weeks of age) at euthanization

Group Pig #
Euthanization

Virus isolation 
from spleen

RNA viral 
from spleen Note

Day Body temperature 
(°C)

Clinical 
scores

White blood 
cell (106/mL-1)

Control G1 46 8 41.2 16 14.3 Positive Positive No vaccine, challenge at day 49 with VN91
47 7 40.9 16 14.1 Positive Positive
48 10 41.9 15 13.5 Positive Positive
49 8 41.2 16 13.6 Positive Positive
50 9 41.8 17 11.2 Positive Positive

Control G2 51 8 40.7 15 11.1 Positive Positive No vaccine, challenge at day 49 with 
52 7 40.8 9 13.1 Positive Positive    RAHO3/NA
53 9 41.4 9.8 13.7 Positive Positive
54 8 40.6 11 14.1 Positive Positive
55 11 40.5 16 11.5 Positive Positive

Control G3 56 8 40.6 15 13.5 Positive Positive No vaccine, challenge at day 49 with NAM 
57 8 40.8 10 12.6 Positive Positive    DINH
58 12 41.1 11 13.5 Positive Positive
59 7 40.2 13 13.5 Positive Positive
60 7 40.7 16 12.8 Positive Positive
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and it has a devastating effect on the swine industry in the 

world. The high mortality and reduced pig production of the 

CSF disease that causes the loss of economic to the farmers 

involved in pig farming [5]. CSFV outbreaks can be effectively 

controlled and managed only by the timely detection of the 

disease in the field [27]. Molecular epidemiological studies 

on CSF are performed by assessing the genetic dissimilarities 

of the different CSFV isolates. Amplification of the CSFV nu-

cleic acid was performed by RT-PCR, nucleotide sequencing 

and genetic typing that are commonly used to the analysis of 

the CSF isolates. The different regions of the CSFV genome 

such as E2, 5’ UTR, and NS5B are widely used for the study of 

phylogenetic trees and subsequent typing [28,29]. Our results 

indicated that CSFV-VN91, RAHO3/NA, and NAM DINH iso-

late was found to have 72%–99%, 94%–100%, and 92%–100% 

identity at nucleotide level among the isolates of genotypes 

1.1, 2.1, and 2.2 in Vietnam, respectively, and 99%, 92%, and 

94.1% nucleotide identity with an attenuated vaccine strain, 

HCLV (GenBank accession no., AF091507) used in the coun-

try for control of the disease. The test isolates CSFV-RAOH/

NA and NAM DINH were segregated to genotypes 2.1 and 2.2 

and did not seem to be related to the vaccine strains (geno-

Fig. 4. Clinical scores (A) and survived (B) recorded the classical swine fever virus challenge. Each symbol represents the mean±standard error. 
The significant difference in the body temperatures, number of white blood cell between vaccinated and control groups were indicated with 
*p<0.01, **p<0.001, and ***p<0.0001.
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type 1.1) used in the country which indicate the lower match-

es with the live vaccine virus strain being used in the country.

The CSFV commercially subunit vaccines are available and 

only in a few countries used it to prevent, and control of CSFV 

that include Porcilis Pesti vaccine made from Intervet, Box-

meer and BAYOVAC CSF E2 produced from Bayer, Leverku-

sen, Germany [12,30]. The BAYOVAC-CSFV-E2 antigen was 

used genotype 1.2 of CSFV Brescia strain [31]. With a single 

dose of vaccination and when challenged with homologous 

CSFV strain, it can dramatically reduce mortality of pigs up to 

13 months but did not protect pigs from developing a fever 

[32,33]. On the other hand, the E2 antigen in Porcilis Pesti was 

cloned from genotype 2.3 of CSFV Alfort/Tubingen strain [34] 

and a single dose of vaccination with Porcilis Pesti shown that 

the pigs were failed to protect and prevent horizontal trans-

mission of CSFV genotype 1.1 strain Alfort/187, to unvacci-

nated sentinel pigs [30]. The attenuated CSFV vaccine HCLV 

strain is well-known for its efficacy, but it’s not safe enough 

and does not allow DIVA, so the CSFV E2 gene of genotype 

1.1 was cloned and expressed with the insect cell/baculovirus 

system in this study. Our results have demonstrated that CSF 

VN91-E2, composed of a recombinant E2 protein that cloned 

from genotype 1.1 isolated in Vietnam and expressed by in-

sect cells, and a complete/incomplete adjuvant, is safe to ad-

minister and can effectively stimulate protective immunity 

against CSFV with a two-dose vaccination. Moreover, our 

present data showing that two-dose vaccination of VN91-E2 

antigen can protect pigs from different genotype (1.1, 2.1, and 

2.2) CSFV challenge which is circulating in Vietnam. Pigs vac-

cinated with VN91-E2 did not exhibit any fever, clinical or 

mortality after CSFV challenge with three genotypes until day 

14 of a challenge. CSFV was not detected in the spleen of vac-

cinated pigs 14 days post-challenge by viral isolation or RT-

PCR. Our report demonstrates that subunit vaccine VN91-E2 

is safe and effective at stimulating immunity against heterolo-

gous and geographically with different genotypes are circu-

lating in Vietnam. It has been reported recently, that E2 ho-

modimers have higher affinity to E2-specific mAb CSF than 

do the monomers, suggesting that glycosylation of E2 protein 

is important for the induction of protective immune response 

and neutralizing antibodies [10]. Moreover, other research 

demonstrated that sows vaccinated with E2 proteins from 

CSFV genotype 1.2 were better protected against clinical CS-

FV than sows vaccinated with E2 proteins from CSFV geno-

type 2.3 when these pigs were challenged with CSFV geno-

type 2.1 [35]. Our results demonstrated that the specific anti-

bodies and CSFV-neutralizing antibodies responses induced 

by VN91-E2 antigen appeared at day 24 after first boot and a 

significant increase was observed at day 28 and reached the 

pick at day 35 and continued until day 49 when compared to 

control. Importantly, VN91-E2 induced specific antibodies 

and neutralizing antibodies protected experimental pigs 

against high virulence of CSFVs circulating in Vietnam, in-

cluding genotype 1.1, 2.1, and 2.2. We suggest that the high 

Fig. 5. Results obtained by blocking enzyme-linked immunosorbent assay and depicted as average OD% with a cut-off value of 40 (red 
dashed line). Results ≥40 are positive for CSFV antibodies and results <40 are negative for CSFV antibodies. Each symbol represents the 
mean±standard error. OD, optical density; CSF, classical swine fever; CSFV, classical swine fever virus. The significant difference in the OD% 
between vaccinated and control groups were indicated with *p<0.01, **p<0.001, and ***p<0.0001. 
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levels of VN91-E2-specific antibodies and CSFV-neutralizing 

antibodies prior to challenge in pigs may accelerate the inac-

tivation and removal of circulating CSFV post-challenge. This 

may lead to less or fewer, clinical signs and live CSFV avail-

able for further immunological stimulation. In future work, 

we will carefully examine the early onset of protection, dura-

tion of immunity, kinds of pig, viral shedding, and typical cri-

teria for evaluating complete protection in vaccinated pigs. 

Evaluation of those aspects will be significantly critical in a 

CSFV outbreak where viral replication needs to be fully con-

trolled, prevent, and eliminated quickly.

In conclusion, the CSFV VN91-E2 protein was successfully 

generated by insect cell/baculovirus expression system and 

formulated with a Freund’s Adjuvant Complete or Incom-

plete Adjuvant as a CSF subunit vaccine (VN91-E2) for pigs. 

Pigs immunized with two-dose vaccination of VN91-E2 can 

be clinical, symptom and mortality protected from of CSFV 

challenge with three different genotypes (1.1, 2.1, and 2.2) 

which are circulating in Vietnam. VN91-E2 subunit vaccine 

will candidate for pig national vaccination program because 

which have been targeted for vaccine development and de-

signed to meet the DIVA. VN91-E2 subunit vaccine can be 

manufactured in CSF-free in Vietnam and is suitable for CSF 

prevention and control in the endemic area and emergency 

outbreaks of CSF in Vietnam.
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