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Industry Summary:  
 
The African Swine Fever Virus is a high-consequence pathogen that causes hemorrhagic fever in pigs 
and some isolates are capable of killing nearly all infected pigs.  The pathogen poses a high risk to 
the USA swine industry as it continues to spread globally and therefore, it is important that innovative 
products are developed to safeguard the industry.  There is no vaccine or treatment available for 
controlling this disease and therefore, development of an effective and safe vaccine is necessary for 
use in case there is an outbreak in North America.  The overall goal of this project is to develop a 
vaccine for protection of pigs against the virus.  To achieve this goal, the initial steps require 
identification of virus proteins that can confer protection, formulation of a candidate vaccine, and 
evaluation of the ability of the vaccine to safely induce protection in commercial pigs.  In this project, 
we generated a rationally designed vaccine containing candidate proteins from the virus and tested 
the ability of the vaccine to safely stimulate antibody and T cell responses in commercial pigs. 
 
There is scientific evidence to show that protection against the African swine fever virus can be 
stimulated with a vaccine since pigs that recover from infection with isolates that do not cause disease 
are protected against related isolates that cause disease.  Due to safety concerns, development of a 
vaccine based on carefully selected virus proteins, as opposed to an attenuated live virus vaccine, is 
more attractive for use in U.S.A since the virus is not present in North America. However, the current 
challenges are identification of suitable virus vaccine candidate proteins and an effective way for 
immunizing pigs.  Candidate vaccines formulated using one or two African swine fever virus proteins 
have so far failed to induce acceptable protection.  It is envisaged that development of an effective 
vaccine will require identification and validation of multiple suitable candidate proteins that will 
induce significant protection in majority of the vaccinated pigs.  

We developed a vaccine candidate containing multiple promising African swine fever virus proteins 
and immunization of commercial piglets with the vaccine induced strong antibody and T cell 
responses that increased over a ten week period after immunization.  Overall, the vaccine was well 

tolerated and no serious negative effects were observed.  Notably, all the piglets responded well to 
each virus protein in the vaccine.  In addition, the induced responses increased dramatically upon 
boosting.  More importantly, the induced antibodies strongly recognized the actual African swine fever 
virus.  Taken together, the outcomes from this study showed that the vaccine is capable of safely 
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inducing strong immune responses in commercial pigs.  The next logical step is to test whether the 
vaccine can confer protection against the virus.    
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Scientific Abstract:   
   
African Swine Fever Virus (ASFV) is a high-consequence Transboundary Animal Disease pathogen 
that often causes hemorrhagic fever in pigs with a case fatality rate close to 100%.  The virus 
continues to spread globally and it poses a real threat to the U.S.A swine industry. There is no vaccine 
or treatment available and therefore, it is imperative that safe and efficacious vaccines are developed 
to safeguard the swine industry. In this study, two vaccine candidates, namely B119L and B646L, 
were selected for development of a prototype subunit vaccine based on chaperon-mediated 
enhancement of target antigen expression. The B119L antigen was selected because it is critical for 
virus assembly, is a highly immunogenic antigen, and it is also a highly conserved protein amongst 
all ASFV isolates studied to-date.  The B646L antigen, the conserved major capsid protein, was 
selected since it induces antibodies capable of inhibiting binding of the ASF virus to permissive cells 
and it has been shown to induce lymphocytes that are capable of killing swine cells infected with the 
ASF virus. Two additional ASFV proteins, A151R which is a natural chaperone for B119L and B602L 
which is a natural chaperone for B646L, were also selected. We used synthetic genes to generate 
replication-incompetent recombinant adenoviruses expressing the A151R, B119L, B602L, and the 
B646L antigens and the authenticity of the antigens was validated using convalescent ASFV-specific 
swine serum. Immunization of commercial piglets with a cocktail containing the recombinant 
adenoviruses primed strong ASFV antigen-specific IgG responses that underwent rapid recall upon 
boost with the priming cocktail and dose. Notably, most vaccinees mounted robust and significant 
IgG responses against all the antigens in the cocktail. Most importantly and relevant to vaccine 
development, the induced antibodies strongly recognized the actual ASF viral proteins and ASFV-
infected cells. The recombinant adenovirus cocktail also induced ASFV-specific IFN-γ-secreting cells 
that were recalled upon boosting. Evaluation of local and systemic effects of the recombinant 

adenovirus cocktail post-priming and post-boosting showed that, the prototype vaccine was well 
tolerated and no serious negative effects were observed. Taken together, these outcomes showed that 
the adenovirus-vectored ASFV multi-antigen vaccine cocktail was capable of safely inducing strong 
antibody and IFN-γ+ cell responses in commercial piglets.  These results support use of the replication-
incompetent adenovirus as a vector for the development of a commercial vaccine for protection of 
commercial pigs against African swine fever virus.    
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Introduction:     
  
The African Swine Fever Virus (ASFV) is a high-consequence Transboundary Animal Disease (TAD) 
that causes hemorrhagic fever in pigs and has mortality rates approaching 100%.  There is no vaccine 
or treatment available for this disease. ASFV poses a high risk to the USA swine industry as it spreads 
globally and therefore, it is imperative that appropriate counter-measures are developed to safeguard 
the industry. The overall goal of this project is to develop a vaccine for protection of pigs against ASFV.  
To achieve this goal, the initial steps require identification of protective antigens, formulation of a 
prototype vaccine using a suitable delivery platform, and evaluation of the ability of the vaccine to 
safely induce protective immunity in commercial pigs. In this project, we generated a rationally 
designed live-vectored novel prototype ASFV multi-antigen vaccine and evaluated the 
immunogenicity, tolerability, and safety of the vaccine in commercial piglets. 

There is strong evidence to suggest that protection against ASFV can be induced since pigs that 
recover from infection with less virulent isolates are protected from challenge by related virulent 
isolates.  Due to safety concerns, development of an ASFV subunit vaccine, as opposed to attenuated 
virus vaccine, is more attractive for use in U.S.A since the pathogen is not endemic.  However, the 

main challenges are identification of protective antigens and a suitable delivery vector.  Subunit 
vaccines based on one or two ASFV antigens have so far failed to induce immunity strong enough to 
confer significant protection. It is envisaged that successful development of an effective subunit 
vaccine will require identification and validation of multiple suitable antigens that will induce 
significant protection in majority of the vaccinated pigs.  

Two promising vaccine candidates, namely B119L and B646L, were selected for development of a 
prototype subunit vaccine. The B119L antigen is an attractive candidate because it is critical for virus 
assembly and deletion of the gene encoding B119L results in generation of crippled viral particles. In 
addition, B119L is a highly conserved protein amongst all ASFV isolates studied to-date, making it a 
suitable vaccine candidate for inducing immune responses against multiple isolates.  Another 
promising candidate is B646L, the major capsid protein, since immunization with this antigen 
induces antibodies capable of inhibiting binding of the ASF virus to permissive cells.  In addition, the 
antigen has been shown to induce lymphocytes that are capable of killing swine cells infected with 
the virus. However, the B119L and B646L proteins are poorly expressed by live vectors that we had 
evaluated. 

We developed an innovative approach to improve expression of B119L and B646L antigens using a 
live vector by mimicking the way the antigens are expressed by the ASF virus. Addition of another 
ASFV protein, A151R, which is a natural chaperone for B119L, significantly improved expression.  
A151R is robustly expressed in our live vector systems and apparently, it is also involved in the 
expression of B646L.  We also chose B602L because it is a natural chaperone for B646L and is 
required for its expression by the virus. The B602L antigen is also highly expressed in our live vector 
and in addition, it is required for the processing of other ASFV proteins needed for virus assembly.  
Furthermore, deletion of B602L severely alters viral assembly.  

We used the replication-incompetent human adenovirus (Ad5) vector to develop a prototype vaccine 

since it is safe, gives high protein expression levels and replicates at high titers making production 
scalable and reproducible. In addition, efficacy of adenoviruses in swine immunizations has been 
demonstrated in the successful development of a recently USDA-licensed recombinant Foot and 
Mouth Disease vaccine.  In this study, we tested whether co-expression of the B119L and B646L 
antigens with their natural chaperones using adenovirus would significantly influence protein 
expression in pigs and thereby mimic expression observed in host cells upon actual ASFV infection.  
This expected outcome would significantly enhance the ability of the prototype vaccine to induce and 
expand immune responses. 
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Objectives:   
 
1. Evaluate the immunogenicity of Adenovirus-encoded ASFV antigens A151R, B119L, B6O2L, and 
B646.   

2. Evaluate the safety of the AdA151R, AdB119L, AdB6O2L and AdB646L recombinant 
adenoviruses in swine.  
 
Materials & Methods:  This section should include experimental design, methods and procedures 
used, number of animals, etc. 
 
Objective 1: Evaluate the immunogenicity of Adenovirus-encoded ASFV antigens A151R, B119L, B6O2L, 
and B646. 
   
Generation of codon-optimized genes and design of expression cassette:  The ASFV A151R, B119L, 
B6O2L, and B646 amino acid sequences from all the currently sequenced genomes were aligned and 
using the George 2007/1 as the reference sequence, consensus amino acid sequences were identified 
and selected for this study.  In most cases where there was no consensus, Georgia 2007/1 amino acid 
sequences were selected. The amino acid sequence of each antigen was modified to add, in-frame, a 
FLAG- and HA-tag at the N- and C-termini, respectively, to generate an expression cassette for each 
antigen.  The inclusion of two tags was a strategy to allow use of one primer pair to move the expression 
cassettes across multiple expression vectors using the Getaway technology (Invitrogen) in addition to 
using the tags for tracking protein expression and affinity purification of recombinant protein.  The 
resultant amino acid sequences of the expression cassettes were used to design synthetic genes codon-
optimized for protein expression in swine cells. Codon optimization and gene synthesis was outsourced 
from GenScript. 
 
Generation of recombinant Adenovirus: The synthetic genes encoding the ASFV A151R, B119L, B6O2L, 
and B646 antigens were used to generate recombinant adenovirus for immunization.  To generate 
adenovirus constructs, each antigen expression cassette was PCR amplified using flag-specific forward 
primer containing attB1 sequence and ha-specific reverse primer containing attB2 sequence (Invitrogen), 
cloned into pDonR-TOPO shuttle vector (Invitrogen), and positive clones were identified by PCR screening 
and validated by DNA sequencing.  Selected recombinant pDonR constructs were then used to transfer 
cognate antigen expression cassette into the pAd adenovirus backbone (derived from human adenovirus 
serotype 5) by homologous recombination (Invitrogen).  At least six miniprep DNA clones of each pAd 
construct (namely pAdA151R, pAdB119L, pAdB6O2L, and pAdB646) were selected based on protein 
expression as judged by immunocytometric analysis of Human Embryonic Kidney (HEK) 293A cell 
transfectants probed with anti-FLAG or anti-HA monoclonal antibody.  Antigen authenticity was verified 
by immunocytometric analysis using ASFV-reactive pig serum. 

                  The selected pAd constructs were used to assemble recombinant replication-incompetent 
adenoviruses by transfecting HEK 293A cells with Pac I-digested miniprep DNA using a well-established 
protocol (Invitrogen).  Six clones of each construct were used to assemble recombinant adenoviruses 
and the best clones were selected based on protein expression as judged by immunocytometric analysis 
using anti-tag mAbs and the anti-ASFV pig serum.  Each one of the selected clones was amplified in 
T75 tissue culture flask and used as working stock to generate bulk recombinant adenovirus by infecting 
40 T175 flasks for each construct.  The bulk viruses, designated AdA151R, AdB119L, AdB6O2L, and 
AdB646, were tested for protein expression and antigen authenticity was validated by immunocytometric 
analysis as above and by Western Blotting. Following titer determination, the presence of replication-
competent adenovirus was tested by evaluating replication competence in non-complementing cell lines 
and primary cells.  All the bulk virus preparations were shown to be replication incompetent. 
 
Generation of recombinant Baculovirus: The synthetic genes encoding the ASFV A151R, B119L, B6O2L, 
and B646 antigens were used to generate recombinant Baculovirus for generation of affinity purified 
recombinant proteins needed for in vitro evaluation of antibody and T cell responses.  Recombinant 
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baculovirus plasmid constructs were similarly generated as above, but flag-specific forward and ha-
specific reverse primers were used to PCR each gene. The PCR products were cloned into pFastBac-
TOPO shuttle vector (Invitrogen) and positive recombinant pFastBac clones were identified by PCR 
screening and validated by DNA sequencing.  One clone of each pFastBac construct was then used to 
generate Bacmid plasmid constructs (Invitrogen) encoding each antigen and positive clones were 
identified by PCR colony screening.  At least six clones of each construct were selected based on PCR 
screening and miniprep DNA was prepared for baculovirus generation. 

                  The Bacmid constructs generated above were transfected into Sf9 insect cells to generate 
recombinant baculovirus.  Positive clones were identified by immunocytometric analysis of the Sf9 insect 
cell-transfectants probed with the anti-tag mAbs and the anti-ASFV pig serum.  Supernatants from the 
transfected cells were recovered and tested for the presence of baculovirus. Data from the 
immunocytometric analysis was used to select 3 lead baculovirus clones expressing each antigen. One 
lead baculovirus for each construct was scaled up in T175 flask, tittered, and frozen in aliquots as 
working stock.  The recombinant Baculoviruses were used for large scale protein expression using the 
High Five insect cell system (Invitrogen).  The expressed proteins were affinity purified from the 
supernatants of the infected cells using anti-FLAG agarose beads (Sigma), ran on PAGE to evaluate 
purity, and validated by Western Blot analysis. 
 
Proof-of-concept target host study:  Twenty four weaned piglets (~30lbs) were acquired and during 
quarantine period, they were vaccinated against defined pathogens to meet institutional requirements.  
The piglets were divided into two groups (group 1: n=14 and group 2: n=10) and immunized by inoculation 
of a cocktail of the AdA151R, AdB119L, AdB6O2L, and AdB646 recombinant adenoviruses (Table 1).  This 
protocol was also used for boosting (Fig. 1: immunization timeline).  
 
Table 1: Immunization protocol 
 

 

*      Ad5-ASFv 4-way cocktail = AdA151R, AdB119L, AdB6O2L, and AdB646 each at 1 x 1011 IFU 

**   Ad5-Luciferase Sham control (4 x 1011 IFU total)   

 
 
 
 
Figure 1: Summary of in vivo study time line  
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Immune readouts:  ELISA, IFN-γ ELISPOT, IFA, and Western Blot. 

 
Evaluation of antibody responses:  Antigen-specific antibody responses were monitored starting on day 
7 post-priming and tracked, biweekly, for ten weeks when the pigs were boosted. Post-boost antibody 
profiles were monitored, weekly, for 3 wks and the experiment was terminated (Fig. 1).  Antibody 
responses were evaluated by ELISA using plates coated with the affinity purified recombinant ASFV 
antigens generated above. Post-prime sera were tested at 1:100 dilutions, whereas post-boost sera were 
tested at 1:500 dilutions.  ELISA was also used to determine antigen-specific endpoint antibody titers. 
Pre-immunization sera served as the reference normal swine control, whereas ASFV-specific swine sera 
served as the positive control.  The outcomes were presented as mean OD450nm of triplicate wells of serial 
sera dilution and an endpoint titer was considered positive if it was 3 standard deviations above the 
cognate normal swine control. The significance of the differences in mean endpoint titers between the 
test and the negative control groups were analyzed using Analysis of Variance (ANOVA) followed by 
Bonferroni post-test analysis (GraphPad Prism Program).  A significance level of P<0.05 was used for all 
analyses. 
 
Recognition of ASF virus and native viral proteins by primed antibodies: Sera from two weeks post-boost 

were tested for recognition of the ASF virus by Indirect Immunofluorescence Antibody Assay (IFA) using 
Vero cells infected with the ASFV George 2007/1 isolate.  In addition, the sera were tested for recognition 
of the native ASFV antigens by Western Blotting using lysates from the ASFV-infected Vero cells. 
 
Evaluation of IFN-γ secreting T cell responses post-prime and post-boost:  ELISPOT assays were used to 
evaluate and quantify antigen-specific IFN-γ-secreting cells in whole peripheral blood mononuclear cells 
(PBMCs) starting on day 14 post-priming and tracked, biweekly, for ten weeks when the pigs were 
boosted and post-boost immune profiles were monitored, weekly, for three weeks (Fig. 1). Data from the 
IFN-γ ELISPOT readouts was presented as Spot Forming Cells (SFC)/million PBMCs.  The significance 
of the differences in mean SFC between the test and the negative control groups was determined by 
ANOVA followed by Bonferroni post-test analysis as above.  A significance level of P<0.05 was used for 
all analyses. 
  
Objective 2:  Evaluate the safety of the AdA151R, AdB119L, AdB6O2L and AdB646L recombinant 
adenoviruses in swine. 
 
Evaluation of the safety and tolerability of the Proto-type vaccine:  Following inoculation of the adenovirus, 
the piglets were monitored daily by a Veterinarian to determine and document any adverse effects. 
Inoculation sites were observed for swelling, blebbing/blister formation, ulceration, and granuloma 
formation. Systemic reactions following inoculation were monitored for general animal demeanor, body 
temperature, feeding and mobility behavior, depression, and recumbency. Animals were also observed 
for hypersensitivity by monitoring hyper-salivation, increased nasal discharge, and hyper-or hypo-
apnea.  In addition, weight change and incidences of diarrhea were monitored.  
 
 
Results:   

 
Objective 1: Evaluate the immunogenicity of Adenovirus-encoded ASFV antigens A151R, B119L, 
B6O2L, and B646. 

Recombinant Adenovirus expressed encoded antigens: Evaluation of protein expression by 
immunocytometric analysis of adenovirus-infected HEK 293A cells using the anti-ASFV pig serum 
showed that the assembled replication-incompetent adenoviruses, designated AdA151R, AdB119L, 
AdB6O2L, and AdB646, expressed the encoded antigens (Figure 2).  These outcomes were reproducible 
by immunocytometric analysis of the adenovirus-infected HEK 293A cells using anti-FLAG and the anti-
HA mAbs (data not shown). Protein expression by the scaled up adenoviruses was similarly validated by 
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immunocytometric analysis as above and by Western Blotting (data not shown).  Virus titers of up to 
1012 ifu were achieved from 40 T175 flasks and all the bulk virus preparations were shown to be 
replication incompetent. 

 
Figure 2:   Immunocytometric analysis of HEK 293A cells infected with adenovirus expressing the A151R; B119L; B6O2L; and 

B646 antigens, respectively.  The negative control was sham-infected cells.  The cells were probed with the ASFV-specific serum. 

Baculovirus-expressed recombinant antigens:  Transfection of Sf9 insect cells with Bacmid constructs 
encoding A151R, B119L, B6O2L, or B646 antigens generated cognate recombinant baculovirus and 
immunocytometric analysis of the Sf9 insect cells infected with the virus using the anti-ASFV pig serum 

confirmed expression of the ASFV antigens (Figure 3 A).  This data was used to select 3 lead baculovirus 
clones expressing each antigen and one lead baculovirus for each construct was used to generate large 
scale affinity purified protein (Figure 3 B).   

 
   

Figure 3 A:   Immunocytometric analysis of Sf9 cells infected with Baculovirus expressing ASFV A) A151R; B) B119L; C) B6O2L; 

and D) B646 antigens.  E) Uninfected cell.  The cells were probed with the ASFV-specific serum. 

 

  
 

Ad5-ASFv cocktail primed ASFV antigen-specific antibodies:  Following priming, ASFV antigen-specific 
IgG responses were monitored biweekly by ELISA and post-prime sera were tested at 1:100 dilutions. 

Antibody (IgG) responses specific to the A151R, B119L, B602L, and B646L antigens were detected in 
all the pigs in the treatment group, but not the sham treatment group (Figure 4A-B). In addition, 
nearly all the pigs in the treatment group responded well to all the antigens (Figure 4A-B).  Data from 
sera analyzed four weeks post-priming are shown for the pigs in the treatment group (numbers 1-14) 
and the negative controls (numbers 15-24). 
 
 
 
  

Figure 3B:  A Western blot analysis of the affinity 

purified ASFV proteins was probed with ASFV 

superpig serum (1:5000 dilution).  Secondary 

antibody: Anti-porcine AP 1:1000 and the substrate 

used was Immunostar AP.; 1) Mwt marker in kDa; 

2)151R; 3) B119L; 4) B602L; and 5) B646L. 
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Figure 4: ASFV Antigen-specific IgG profiles post-priming 

 

 

Antigen-specific IgG responses post-boost: Pigs were boosted 10 wks post-priming with the cognate 
priming cocktail and dose (Table 1). Antibody responses were evaluated by ELISA as above and post-
boost sera were tested at 1:8,000 dilutions.  All the pigs in the treatment group, but not the sham 
treatment, there was strong recall IgG antibody responses against all the A151R, B119L, B602L, and 
B646L antigens. Data from sera analyzed two weeks post-boost are shown (Figure 5A-B).  Treatment 
group (numbers 1-14) and the negative controls (numbers 15-24) are as shown above.  
 

Figure 5: Recall antigen-specific IgG profiles post-boost 
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Antigen-specific IgG endpoint titers post-boost:  Sera from blood drawn two weeks post-boost were 
evaluated by ELISA to determine antigen-specific antibody titers. Analysis of the endpoint titers revealed 
that pigs in the treatment group, compared to the negative controls, had very strong and statistically 
significant antibody responses against the A151R, B119L, B602L, and B646L antigens (Fig. 6A-B). The 
significance of the difference in mean antibody titer between the treatment and the control groups was 
determined by ANOVA followed by Bonferroni Multiple Comparison Test.  A significance level of P<0.05 
was used for all analyses.  
 
 
 
 
 
 
 

Figure 6: Antigen-specific IgG endpoint titers post-boost 

  

Figure 6 A:  Analysis of IgG endpoint titers for the A151R-B119L chaperone-substrate pair. The data for the A151R IgG titers 
from the pigs in the treatment group is labeled A151R-T, whereas the negative control data is labeled A151R-C.  Similarly, the 
data for the B119L IgG titers is labeled B119L-T, and the negative control data is labeled B119L-C.  Compared to the negative 
controls, the means of the A151R and B119L IgG titers were statistically significant (P<0.1 and P<0.05, respectively).  The mean 
of the B119L IgG titers was significantly greater than the mean of the A151R IgG titers (P<0.05). 
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Figure 6 B:  Analysis of IgG endpoint titers for the B602L-B646L chaperone-substrate pair. The data for the B602L IgG titers 
from the pigs in the treatment group is labeled B602L-T, whereas the negative control data is labeled B602L-C.  Similarly, the 
data for the B646L IgG titers is labeled B646L-T, and the negative control data is labeled B646L-C.  Compared to the negative 
controls, the mean of the B602L IgG titers, but not B646L, was statistically significant (P<0.05).  The mean of the B602L IgG 

titers was significantly greater than the mean of the B646L IgG titers (P<0.05).  NS: not significant. 

 
Antibodies primed by the Ad5-ASFv cocktail recognize native ASF viral proteins:  The sera from two weeks 
post-boost were tested by Western blotting at 1:50 dilutions using lysates from Vero cells infected with 
the ASFV George 2007/1 isolate.  Superpig serum (1:10,000) was used as the positive control whereas 
normal pig serum (1:200) was used as the negative control.  Sera from all the pigs immunized with the 
Ad5-ASFv cocktail, but not the sham treated, strongly recognized the ASFV antigens (Fig. 7).  Western 
blot similarly conducted but using sham-infected Vero cell lysate served as the antigen control to gauge 
background reactivity against host cell antigens (Data not shown).  

 
 
Figure 7: Primed antibodies recognize native ASFV antigens. Western Blot: 1) Normal swine serum; 2) Superpig serum; 
Ad5-ASFv cocktail vaccinees (#s 76, 78, 81, 82, 83, 86, 89, 90, 91, 92, 94, 96, 97, 98); and Ad5-Luciferase control (#s 77, 79, 
80, 84, 85, 87, 88, 93, 95, 99).  All sera were blotted against ASF-Georgia antigen (grown in Vero cells) using the Protean II 

Slot-Blotting apparatus. Sera were diluted 1:50 and the secondary antibody used was goat anti-swine-HRP at 1:2000.  The 
substrate used was DAB.    Note: differences in coloration are due to actual bad intensities; darker color is higher concentration 
of antibody bound to antigen (antigen concentration is constant). 

 
Antibodies primed by the Ad5-ASFv cocktail recognize ASF virus: Indirect Immunofluorescence Antibody 
Assay (IFA) was used to confirm whether antibodies induced by the experimental Ad-ASFv cocktail could 
recognize the actual ASF virus.  The sera from two weeks post-boost were tested by IFA at 1:250 dilutions 
using Vero cells infected with the ASFV George 2007/1 isolate.  Superpig serum (1:10,000) was used as 
the positive control, whereas normal pig serum (1:250) was used as the negative control.  Sera from 
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most of the pigs immunized with the Ad5-ASFv cocktail, but none from the sham treatment group, 
strongly recognized the ASFV antigens (Table 2 and Fig. 8).   
 

Table 2: Primed antibodies recognize ASF virus 

 

 
 
 
Ad5-ASFv cocktail primed IFN-γ-secreting cells:  Following immunization of pigs with the Ad5-ASFv 
cocktail, antigen-specific IFN-γ-secreting cells were detected in whole peripheral blood mononuclear cells 
(PBMCs) from the vaccinees (Fig. 9A-B). Upon boost, there were strong antigen specific recall IFN-γ 
responses (Fig. 9C-D).    
 

Figure 9: Antigen-specific IFN-γ responses  
 

Figure 8:  Representative IFA 

data is shown: Superpig serum 
(1:10,000) was used as the 

positive control, whereas normal 

pig serum (1:250) was used as 

the negative control. Sera from 

the treatment and control 

groups were tested at 1:250 
dilutions and goat anti-swine 

FITC conjugate was used as 

secondary. Cell nuclei were 

labeled with DAPI. Most of the 

sera from the treatment group 
pigs had strong IFA signal 

against Vero cells infected with 

the ASFV George 2007/1 isolate 

but not the sham controls.  The 

IFA data strongly shows that the 

adeno-ASF cocktail induced 
authentic ASF virus-specific 

antibody responses.  
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Figure 9 A:  Analysis of IFN-γ-secreting cells for the A151R-B119L chaperone-substrate pair. The ELISPOT data is presented 
as Spot Forming Cells (SFC)/106 PBMCs).  The data for the A151R SFC from the pigs in the treatment group is labeled A151R-

T, whereas the negative control data is labeled A151R-C.  Similarly, the data for the B119L IgG SFC is labeled B119L-T, and 
the negative control data is labeled B119L-C. Although there were several pigs in the treatment group that mounted strong 
IFN-γ responses against A151R and B119L post-priming, the the differences between the treatment and control groups were 
not significant.  

 

 

Figure 9 B:  Analysis of IFN-γ-secreting cells for the B602L-B646L chaperone-substrate pair.  The data for the B602L SFC from 
the pigs in the treatment group is labeled B602L-T, whereas the negative control data is labeled B602L-C. Similarly, the data 
for the B646L SFC is labeled B646L-T, and the negative control data is labeled B646L-C. Post-prime, the B602L mean SFC was 

not significantly different from the control but it was significantly (P<0.05) different from the B646L mean SFC.    

 



13 

 

 

Figure 9 C:  IFN-γ responses for the A151R-B119L chaperone-substrate pair posy-boost. The data for the treatment and control 
groups are labeled A151R-T, A151R-C, B119L-T, and B119L-C, respectively as described in Fig. 9A above.  The A151R-specific 
IFN-γ responses, compared to the negative control, was significant (P<0.05) and this was also true when  compared to the 
B119L-specific responses. However, the B119L-specific responses were not significantly different from the cognate control.  

 

 
Figure 9 D: IFN-γ responses for the B602L-B646L chaperone-substrate pair post-boost. The data for the treatment and control 
groups are labeled B602L-T, B602L-C, B646L-T, and B646L-C, respectively as described in Fig. 9B above.  The B602L-specific 
IFN-γ responses, compared to the negative control, was significant (P<0.05), but the B646L-specific responses were not 
significantly different from the cognate control.  There was no significant difference between the B602L-specific and the B646L-
specific responses.   

 

Objective 2: Evaluate the safety of the AdA151R, AdB119L, AdB6O2L and AdB646L recombinant 
adenoviruses in swine. 

Ad5-ASFv cocktail was well tolerated:  Following inoculation of the Ad-ASFV cocktail, the pigs were 
monitored to document localized and or systemic adverse effects.  Three pigs in the test group were 
observed to be depressed and one had mild fever in the first day after inoculation of the priming rAd5-
cocktail dose.  However, all the test pigs were normal on all subsequent days.  After boosting, one pig 
in the test group was observed to be depressed and had fever that required treatment.  All the pigs in 
the negative control group were normal post-priming and post-boosting (Table 2).   
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Table 3:  Summary of vaccine safety and tolerability 

 

 

Discussion:   
 
The African Swine Fever Virus (ASFV) poses a high risk to the USA swine industry as it continues to 
spread globally and since there is no vaccine or treatment, available, we generated a rationally 
designed live-vectored novel prototype ASFV multi-antigen vaccine and evaluated the ability of the 
vaccine to safely induce immune responses in commercial pigs.  Synthetic genes were used to 
generate recombinant replication-incompetent adenoviruses designated AdA151R, AdB119L, 
AdB6O2L and AdB646L. Protein expression by these recombinant viruses and the authenticity of the 
expressed antigens was validated using ASFV-specific immune serum from a pig that had been 
immunized with the ASF virus (Fig. 2). In addition, these genes were used to generate affinity purified 
recombinant antigens for use in in vitro tests to evaluate and quantify antibody and IFN-γ-secreting 
T cell responses as readouts for vaccine immunogenicity in pigs.  The purified antigens were also 
shown to be authentic as judged by Western Blot probed with the superpig serum (Fig. 3).  This 
outcome shows that synthetic genes encoding ASFV antigens (a Risk Group 3 pathogen) that require 
BSL3 biocontainment can safely be used at BSL2 level to develop and test immunogenicity and 
tolerability of prototype ASFV vaccines.   
 
Immunization of piglets with a cocktail containing the AdA151R, AdB119L, AdB602L and AdB646 (1 
x 1011 IFU/each) induced strong ASFV antigen-specific antibody responses that underwent isotype 
switching as evidenced by IgG profiles post-priming (Fig. 4). Notably, most of all the pigs in the 
treatment group mounted strong IgG responses specific to all the antigens in the cocktail (Fig. 4).  
The primed IgG responses were still detectable ten weeks post-priming when the pigs were boosted.  
Upon boosting using the priming cocktail and dose, there was strong recall IgG responses against all 
the antigens in the cocktail suggesting that the priming dose induced antigen-specific memory B cells 
(Fig. 5).  In addition, the mean recall IgG responses in the immunized pigs were significantly higher 
than the sham-treated pigs and some vaccinees had endpoint titers that reached as high as 1:2 x 106 
for some antigens (Fig. 6).   Furthermore, analysis of the post-boost IgG responses showed that a 
majority of the vaccinees had titers >1:256 x 103 against the A151R, B119L, and B602L antigens (Fig. 
6).  Most importantly and relevant to ASFV vaccine development, the induced antibodies strongly 
recognized the actual ASF viral proteins and ASFV-infected cells as judged by Western Blot and IFA 
analysis, respectively (Table 2, Fig.7 and 8).  These outcomes are strong evidence that the strategy 
tested in this study is a suitable approach for testing immunogenicity of prototype ASFV vaccine 
candidates.  The outcomes also showed that the replication-incompetent adenovirus is an effective 
vaccine vector and the recall responses post-boost showed that an adenovirus-based ASFV vaccine 
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can be used for homologous prime-boost vaccination and thereby cut costs that could be incurred by 
use of a heterologous antigen delivery for boosting. 
 
Following priming, analysis of IFN-γ-secreting cells in peripheral blood mononuclear cells (PBMCs) 
showed that A151R-, B119L-, B602L- and B646L-specific IFN-γ-secreting cells were induced in the 
vaccinees. However, the responses were not significantly different from the negative controls (Fig. 9A-
B). Upon boosting, there was a strong recall A151R-specific IFN-γ+ cell response that was significantly 
(P<0.05) different from the negative controls (Fig. 9C).  This response was also significantly (P<0.05) 
different from the B119L-specific IFN-γ+ cell response (Fig. 9C). However, the B119L-specific IFN-γ+ 
cell response was not significantly different from the negative controls (Fig. 9C).  The B602L-specific 
IFN-γ+ cell response post-boost was significantly (P<0.05) different from the negative controls, but it 
was not significantly difference from the B646L-specific response (Fig. 9D).  The B646L-specific IFN-
γ+ cell response was not significantly different from the negative controls (Fig. 9D). These outcomes 
showed that immunization of commercial piglets with the adenovirus-vectored experimental vaccine 
induced ASFV antigen-specific IFN-γ+ cell responses that underwent recall upon boost. 
 
Analysis of the overall performance of the immune responses post-boost showed that, some pigs in 
the treatment group had strong recall IFN-γ+ cell responses against A151R, B602L, and B646L 
antigens, whereas some had low responses.  This heterogeneity in IFN-γ+ cell response mirrors the 
outcome observed in regards to recall antibody responses and is expected in an outbred animal 
population (Figs. 4-6 and 9).  Our previous results (submitted as preliminary data in the NPB 
proposal) showed that the natural ASFV chaperones, A151R and B602L, significantly enhanced 
protein expression in vitro.  Whether these chaperones had any effects in vivo on the overall immune 
responses against the two lead vaccine targets tested, B119L and B646L, was not determined in this 
study. 
 
Evaluation of local and systemic effects of inoculating the priming and the booster doses of the Ad5-
ASFv 4-way cocktail at 1 x 1011 IFU/each (Table 1) showed that, the prototype vaccine was well 
tolerated and no serious negative effects were observed.  However, mild fever, inappetence, and 
depression were observed in a few piglets on the first day after each inoculation.  Thereafter, all the 
piglets showed normal activity (Table 3). The overall outcome is evidence that a vaccine formulated 
using a cocktail of replication-incompetent adenovirus expressing protective ASFV antigens is likely 
to be well tolerated by piglets at doses as high as 1011 IFU used in a prime-boost regimen.  This 
scenario is anticipated since effective ASFV subunit vaccines will likely require delivery of multiple 
antigens given that studies conducted so far have shown that a combination of one or a few antigens 
does not confer complete protection. 
 
Taken together, the outcomes from this study showed that the adenovirus-vectored ASFV multi-
antigen vaccine cocktail is capable of safely inducing strong antibody and IFN-γ+ cell responses in 
commercial piglets. These findings support use of the replication-incompetent adenovirus as a vector 
for the development of a commercial vaccine for protection of pigs against African swine fever virus.  
The next logical step is to test whether the vaccine cocktail can confer protection in a challenge study.   
 
 

 
 
 
 
 

 


