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What is in a vaccine?

A biological product that can be used to safely induce an immune response that confers 
protection against infection and/or disease on subsequent exposure to a pathogen

Pathogen

Produced synthetically

One or more protein 
antigens 

Antigens

Induce immune 
responses that 

provide 
protection

Clinical 
trials

Prevention of 
infection

A reduction 
in disease severity 

A decreased rate of 
hospitalization

Correlates of 
protection

Development of 
and access to 
new vaccines
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The difficulties in ASF 
vaccine research and 

development 
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Wang et al., 2021

ASFV 
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SARS-CoV-2 
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SARS-CoV-2 ASFV 

Wang et al., 2021Pizzato et al., 2022



Urbano and Ferreira, 2022

Immune response to ASFV infection
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Muñoz-Pérez et al., 2021
Borca, 2020

Large ASFV genome,170 -193kbp and large size of ASFV virion, 200nm.

Complexity of ASFV particle only partially known.

Scarce knowledge related to virulence genes and immune protection.

Gaps in knowledge on virus–host interactions. 

Not fully neutralizing antibodies.

Gaps in knowledge regarding immune mechanisms of protection.

Genetic variation among ASFV isolates.

Gaps in knowledge regarding cross protection among ASFV isolates.
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The difficulties in ASF vaccine research and development 

No commercial vaccine 

Unknown role for most of the genes

Unknown protective immune 

mechanisms

Unknown protective virus antigens 



ASF vaccine research 
and development 

2



10Li et al., 2021

Synthetic 
peptide 
vaccine

Live-
attenuated 

vaccine
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ASF vaccine History

1921 1930

ASF First 
outbreak

1940 1950 1960 1970 1980 1990 2000

Attenuated ASF vaccine 
(Cell culture passage)

Porcine bone marrow culture
leukocytes and kidney cells

Side effects: 
pneumonia, locomotor 

difficulties, skin ulcers, tumor 
and death

Persistent viremia 
Carriers of the disease

Chronic forms

Partial protection against
homologous ASFV

No cross-protection to 
heterologous ASFV

Inactivated ASF 
vaccine

No - Partial 
protection

Organ extracts 
treated with heat 

and chemicals
Glutaraldehyde-

fixed infected cells

Subunit ASF vaccine

No - Partial 
protection

The importance of cellular response was 
highlighted

-------------- 2021 2022 2023

CD8+ T cells played a 
specific role in 

combating viraemia and 
protection

Naturally attenuated ASF 
vaccine 

fever, skin necrotic
lesions and the swelling 

of joints

Partial – full 
protection

Ornithodoros ticks
Wild boar

2010 --------------

Gene-deleted attenuated ASF 
vaccine 

Partial – full protection

Attenuated ASF vaccine 
(Cell culture passage)

Inactivated ASF vaccine

Subunit ASF vaccine

DNA, Protein, 
virus vector

Safety of repeated administration, overdoses, the genetic stability of the 
vaccine candidate and the characterizing of long-term shedding

animals 1
3



14
Muñoz-Pérez et al., 2021



Subunit, DNA and virus-
vectored vaccines
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Muñoz-Pérez et al., 2021

Vaccine strategy Vaccine candidate

(ASFV isolate)

Vector/System Challenge (ASFV isolate) Percentage of 

protection 

Reference

Inactivated virus 

vaccines

Pol16/DP/OUT21
- Homologous 

(Pol16/DP/OUT21)
0%

(Cadenas-Fernández et al., 

2021)

Armenia08
-

Homologous (Armenia08) 0%
(Blome, Gabriel, & Beer, 

2014) 

Subunit protein 

vaccines

E70 Synthetic peptides Homologous (E70) 0% (Ivanov et al., 2011)

Pr4 Baculovirus Homologous (Pr4) 0% (Neilan et al., 2004)

E75 Baculovirus Homologous (E75) 100% (Barderas et al., 2001)

DNA vaccines

E75
DNA expression library

Homologous (E75, E75CV1) 50-60% (Lacasta et al., 2014)

E75 pCMV Homologous (E75) 0-33% (Argilaguet et al., 2012)

E75 pCMV Homologous (E75) 0% (Argilaguet et al., 2011)

Virus vectored 

vaccines

Georgia 2007/1
Adenovirus

Heterologous (Arm07) 0%
(Cadenas-Fernández et al., 

2020)

Georgia 2007/1
Adenovirus

Homologous (Georgia2007/1) 20-56% (Lokhandwala et al., 2019)

E75 BacMam Homologous (E75) 67% (Argilaguet et al., 2013)

Combined vaccination 

strategy

OURT88/3, Benin97/1
r Ad prime + MVA boost

Homologous (OURT88/1) 0-100% (Goatley et al., 2020)

OURT88/3 r Ad prime + MVA boost Homologous (OURT88/1) 0% (Netherton et al., 2019)

Georgia 2001/1, 

Ba71V

DNA + protein
Heterologous (Arm07) 0% (Sunwoo et al., 2019)

Georgia 2007/1
DNA prime +  r VACV boost

Homologous (Georgia2007/1) 0% (Jancovich et al., 2018)
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• Gene targets 

• B- and T-cell immunogenic major structural protein families (e.g., viral proteins 
comprising or associated with the complex viral envelope and capsid shell), 

• nonstructural proteins associated with viral replication and assembly

• a few proteins of predicted but unknown function

• Structural proteins p54, p30, p72 and the hemagglutinin CD2v, and these proteins 
have traditionally been the main targets of vaccine strategies
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Subunit, DNA and virus-vectored vaccines
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• Proof-of-concept: clinical study designs (e.g., relatively high vaccine 
doses, multiple immunizations, unsafe adjuvants, ASFV low challenge 
doses) impractical for direct transition to a regulatory product 
development program.

20 20

Subunit, DNA and virus-vectored vaccines
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How to identify the antigens?
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Screening Peptides Pools Against ASFV Immune Lymphocytes by IFNg ELIspot
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SLAdd (DD) inbred pigs, 
SLAcc CC inbred pigs

OUR T88/3 

OUR T88/1

Georgia 2007/1

Babraham
SLAdd (DD) inbred pigs

OUR T88/3 

OUR T88/1

Splenocytes

3,647 peptides in 156 
pools corresponding to 
129 ORFs

161 peptides in 9 
pools corresponding 
to another 4
ORFsIFNg ELISpot response

Netherton et al., 2019



23Netherton et al., 2019



Recombinant replication deficient adenoviruses (rAd) and
modified vaccinia Ankara (MVA) expressing codon-
optimized ASFV genes expressing each of the 18 selected 
ORFs were generated.

Netherton et al., 2019 24
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The vaccine did not protect animals from 
severe disease but did reduce viremia 

following ASFV challenge. 

Netherton et al., 2019 25

Did not identify a consistent correlation between the number of 
interferon (IFN)γ-secreting cells and reduced viremia



26Goatley et al., 2020
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Female Landrace Large white pigs

Goatley et al., 2020

There was a no detectable correlate(s) of immune protection



How to improve subunit ASF vaccine

Additional 
antigens with 

protective 
potential 

A small pool of 
antigens 

Optimization 
of delivery/ 

vector 
systems

Strategies for 
vaccination

Systems that 
can be 

applied in the 
field 

commercially

Viral vectors 
that can deliver 
several antigens

Inducing 
“enhancing” 

antibody 
responses

28



Live attenuated 
vaccines (LAVs)

4

29



• LAVs can successfully replicate within the host

• Mimic natural infection thereby triggering both humoral and cellular pathways

• Do not require adjuvants with co-stimulatory activity to enhance the magnitude and 
quality of the immune response

• Elicit mucosal IgA antibodies

• May regain pathogenicity, causing the spread of disease

• They have the potential to cause post-vaccination reactions and side effects

30

Live attenuated vaccines (LAVs)
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Gene deleted 

vaccines

SY18∆L7-11 L7L, L8L, L9R, L10L, L11L Homologous (SY18) 100%
ASFV-G-∆ I177L I177L Homologous (Georgia 2010) 100%

HLJ/18-7GD MGF360, MGF505, EP402R (CD2) Homologous (HLJ/18) 100%
ASFV-G-∆9GL B119L (9GL) Homologous (ASFV-G) 100%

ASFV-G-∆9GL/∆CD2v B119L (9GL), EP402R (CD2) Homologous (ASFV-G) 0%

ASFV-G-∆9GL/∆CD2v/∆EP153R B119L (9GL), EP402R (CD2), EP153R Homologous (ASFV-G) 0%
BA71∆CD2 EP402R (CD2) Heterologous (RSA/11/2017, Ken06.Bus) 17-83%

BA71∆CD2 + BA71 boost EP402R (CD2) Heterologous (Ken06.Bus) 100%
OURT88/3∆I329L I329L Homologous (OURT88/1) 33%

Benin∆MGF MGF 360, MGF 505, MGF 530 Homologous (Benin 97/1) 0%
ASFV-G∆9GL/∆NL/∆UK B119L (9GL), DP71L (NL), DP96R (UK) Homologous (ASFV-G) 0%

NH/P68 -

Homologous (L60) followed by heterologous (Arm07)

100%

NH/P68∆A238L A238L 0%

NH/P68∆A224L A224L 50%

NH/P68∆EP153R EP153R 0%

NH/P68 - Heterologous (Arm07) 33-100%
NH/P68∆A238L A238L 40%
NH/P68∆A276R A276R 0%

Benin∆MGF MGF 360, MGF 505, MGF 530 Homologous (Benin 97/1) 50-83%
BA71∆CD2 EP402R (CD2) Homologous (BA71) and heterologous (E75, Georgia 

2007/1)

17-100%

ASFV-G-∆9GL/∆UK B119L (9GL), DP96R (UK) Homologous (Georgia 2007) 20-100%
Benin∆DP148R DP148R Homologous (Benin 97/1) 83-100%

Pret∆9GL B119L (9GL) Homologous (Pretoriuskop/96/4) 40-80%
ASFV-G-∆9GL/MGF B119L (9GL), MGF 360, MGF 5050 Homologous (Georgia 2007) 0%

Benin∆MGF MGF 360, MGF 505, MGF 530 Homologous (Benin 97/1) 100%
ASFV-G/V-∆TK TK Homologous (ASFV-G) 0%
ASFV-G-∆MGF MGF 360, MGF 5050 Homologous (Georgia 2007) 100%
ASFV-G-∆9GLv B119L (9GL) Homologous (Georgia 2007) 40-100%

OURT88/3∆DP2 DP2 Homologous (OURT88/1) 67%

MALΔ9GL B119L (9GL) Homologous (Malawi) 100%
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Deletion of the CD2v/EP402R gene (also known as 8DR) from 
the genotype I BA71 isolate 
- attenuated the virus 
- BA71ΔCD2v strain conferred protection against challenge 

with homologous and heterologous virulent viruses

Monteagudo et al., 2017 Borca et al., 2020

The genotype II Georgia2010 isolate, ASFV-G-Δ8DR 
- did not significantly alter the virulence of the virus 
- produced clinical disease indistinguishable from that 

induced by the virulent parental strain 

viremia kinetics

33



Li et al., 2022

More safety and cross-protective ability tests are needed for the commercial vaccine production of LAVs because ASFV 
consists of duplications, mutations or deletions of certain sequences in the genome of different genotypes, which may 
lead to changes in virulence.

LAV candidates

34
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ASF-LAV: Challenges

• The absence of international standard guidelines for the assessment of 
ASF vaccine purity, potency, safety, and efficacy.

• Safety evaluation 

• Long studies with many animals to assess the degree and stability of attenuation 

• Assays be implemented that distinguish attenuated from both fully virulent and partially virulent 
strains to assess reversion

• An environmental risk assessment

• The possibility of shedding of vaccine organisms following administration

35Urbano and Ferreira, 2022



• Experiments with pigs require strict biosafety level 3 (BSL3) 
biocontainment laboratories, tend to be extremely expensive, and are 
also environmentally and ethically difficult

• Increasing biosafety tests for ASF LAV prototypes should be mandatory

36
Urbano and Ferreira, 2022

ASF-LAV: Challenges

36



ASF-LAV: Challenges

37

• Detection of new ASF viruses that may arise from LAV vaccine strain 
and naturally circulating wild-type virus recombination

• A DIVA strategy is essential.

• A multiplex real-time PCR targeting both wild-type ASFV strain and the 
deleted gene(s) of the LAV

• The detection of antibodies induced by the deleted gene-encoded 
protein by enzyme-linked immunosorbent assay (ELISA)

37Urbano and Ferreira, 2022



Directions for ASF LAV

Vaccine registration

safety and 
immunogenicity ; a 

range of doses safety of 
repeated administration 

and overdose

Genetic stability of LAVs 
during culture in vitro and 

pig passage in vivo

Lack of recombination in 
vaccination experiments 
with wild type challenge 

virus

Establishment of a 
pipeline for evaluation of 

LAV candidates

Selection at the stage of 
cell culture

Identifying correlates of 

in vitro pathogenesis 

Ability to induce 
protection

38
Arias et al., 2017

The selection of targeted 
virulence genes to be 

deleted

The availability of a 
licensed cell line to grow 

the LAVs for vaccine 
production

38



Further research to improve ASF vaccines

Virus biology and 
virus–host 

interactions at all 
levels

A better knowledge 
of the virus 

structural proteins, 
particularly those on 

the virion surface

Better knowledge of 
virus entry 

mechanisms, 
including the cell 
receptor(s) on pig 

macrophages

The functions of 
ASFV proteins, in 

particular those that 
inhibit the host’s 

defenses

39

Preliminary in vitro 
tests are absolutely 

necessary

Identification of the 
correlates of immune 
protection in vitro as 

well as in vivo

Mechanisms by 
which the natural 
hosts, including

bushpig and 
warthog, resist ASFV 

disease

Oral vaccine for wild 
boar populations



ASF vaccine 
candidates

Short term 

LAVs

Medium term 

LAVs with the increased safety

Long term

Subunit
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Major 

Challenges

Choice of immunogens and virulence-associated genes

Protection mechanisms

Cross-protection

Cell lines and DIVA for LAVs

In vitro testing and Animal models



Research is a key!

• A relatively small number of government and academic laboratories 
with top tier ASF vaccine expertise.

• Global funding levels for ASF vaccine research and development have 
been historical relatively low and intermittent.

42

Last but not least..

ASF R&D in Thailand?  



vs

43

Knowledge
&

Experience
&

Creativity



Recombinant protein 
production platforms

ELISA



Features of porcine macrophage (pMF) cells

45

pMF1, P6

filipodia and lamellipodia



Features of porcine macrophage (pMF) cells

CD14 CD172a SLAII CD163

46



ASFV infection in pMF

47
Anti-P30

ASFV 001, P.28-24hpi Anti-p30



Applications

• Virus isolation

• Wild-type ASFV propagation (to avoid 
virus adaptation)

• Virus-host interaction
• How the virus interacts with macrophages as to 

identify the protective mechanisms and how the 
virus evades them.

• Identify viral receptors and ligands (identification, 
how virus interacts).

• Identify viral attachment proteins.

Support virus replication

A macrophage based - ADCC 
assay

48



Recombinant ASFV001 expressing mCherry generated by 
homologous recombination technique

Inhibition assay

(Antivirals, Immune response)
Virus-host interactionLAVs

Development of attenuated ASFV that can be classified as BSL2 agent. 

49
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