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Industry Summary:  

 

African swine fever (ASF) is arguably the most significant emerging disease threat for the swine industry 

worldwide. Devastating ASF outbreaks and continuing epidemic in the Caucasus region and Russia (2007 – to 

date) highlight significance of this disease threat. There is no vaccine for ASF available; however, it is clear that 

vaccination is possible since protection against homologous reinfection has been definitively demonstrated. 

Vaccine progress is hindered by lack of knowledge concerning the extent of ASFV strain variation and the viral 

antigens responsible for protective immunity. A safe and efficacious DIVA (Differentiate Infected from 

Vaccinated Animal) compatible vaccine would be a critical tool for emergency disease response and control and 

would reduce the risk for U.S. pork producers. Identification of protective antigens of ASFV is the necessary 

first step toward eventual vaccine development. Here, we demonstrate that two ASFV proteins, CD2v and C-

type lectin, are necessary for protection against ASFV. These viral proteins represent significant protective 

antigens for ASFV that should be targeted in vaccine design and development. For additional information 

contact  

D. L. Rock - dlrock@illinois.edu or D. Kolbasov - kolbasovdenis@gmail.com.  
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Scientific Abstract:  

 

African swine fever (ASF) is an emerging disease threat for the swine industry worldwide. No ASF vaccine is 

available and progress is hindered by lack of knowledge concerning the extent of ASFV strain diversity and the 

viral antigens responsible for protection in the pig. Available data from vaccination/challenge experiments in 

pigs indicate ASF protective immunity maybe hemadsorption inhibition (HAI) serotype-specific. Recently, we 

have shown that two ASFV proteins, CD2v (EP402R) and C-type lectin (EP153R), are necessary and sufficient 

for mediating HAI serologic specificity (Malogolovkin et al., 2014). Here using ASFV inter-serotypic chimeric 

and/or gene-deleted viruses and vaccination/challenge experiments in pigs we demonstrate that CD2v and C-

type lectin proteins are necessary for homologous protective immunity. These viral proteins represent 

significant protective antigens for ASFV that should be targeted in vaccine design and development. 
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Introduction: 

 

ASF is an acute viral hemorrhagic disease of domestic swine with mortality rates approaching 100% (Coggins, 

1974; Mebus, 1988; Montgomery, 1921). Devastating ASF outbreaks and continuing epidemic in the Caucasus 

region and Russia (2007 – to date) highlight significance of this disease threat (Gogin et al., 2013; Sanchez-

Vizcaino et al., 2013). No ASF vaccine is available, though protection against homologous virus challenge has 

been observed (Detray, 1957; Gomez-Puertas et al., 1998; Leitao et al., 2001; Lewis et al., 2000; Malmquist, 

1963; Ruiz et al., 1981; Zsak et al., 1996). Vaccine and disease control progress is hindered by lack of 

knowledge concerning the ASF virus (ASFV) antigens responsible for inducing protective immunity and their 

diversity in nature.  

 

Although ASFV serologic assays used for disease diagnosis have focused on conserved cross-reactive viral 

proteins (Cubillos et al., 2013; Gallardo et al., 2013), evidence indicates distinct antigenic types of ASFV exist 

based on hemadsorption inhibition (HAI) serologic typing (Coggins, 1968; Detray, 1957; Malmquist, 1963; Pan 

et al., 1974; Vigario et al., 1970; Vigario et al., 1974). Eight ASFV serogroups (SG) have been identified, 

although more likely exist (Balyshev et al., 1995; Balyshev et al., 2010; Sereda & Balyshev, 2011; Sereda et 

al., 1992; Vishnjakov et al., 1995). Notably and of particular significance for vaccine development, ASF 

protective immunity appears to be serotype-specific, as viruses within a serogroup cross protect against one 

another (Balyshev et al., 1995; Sereda & Balyshev, 2011; Sereda et al., 1992; Vishnjakov et al., 1991; and 

Malogolovkin et al. unpublished data). Recently, we have shown that two ASFV proteins, CD2v (EP402R) and 

C-type lectin (EP153R), are necessary and sufficient for mediating HAI serologic specificity (Malogolovkin et 

al., 2014). We hypothesized that ASFV CD2v and C-type lectin proteins are responsible in part for the 

serotype specific cross-protective immunity observed for ASF and that they are significant protective 

antigens for ASF. 

 

Stated Objectives from original proposal:  
 

Objective 1: Evaluation of ASFV CD2v and C-type lectin as a protective antigens for ASF 

 

The experimental approach used here to evaluate ASFV CD2v and C-type lectin proteins as protective antigens 

involves vaccination/challenge experiments using ASFV inter-serotypic recombinant (chimeric) and/or gene-

deleted viruses and natural infection in pigs as we have previously described for prior ASF 

vaccination/challenge experiments (Lewis et al., 2000; Moore et al.,1998; Zsak et al.,1998; Zsak et al.,1996). 

This experimental approach alleviates many of the potential confounding issues related to evaluating individual 

ASF viral proteins as protective antigens that have characterized earlier work in this field. Specifically, it 

ensures proper expression and post-translational modification of the putative ASFV protective antigen, delivery 

of the appropriate antigen dose and proper antigen presentation to the host in the context of natural infection.  

 

Materials & Methods: 

 

ASF viruses - Attenuated strains Congo (KK-262, a serogroup 2 virus (SG2)) and France (FK-32/135, a serogroup 

4 virus (SG4)) were used for immunizations and for construction of ASF recombinant viruses. Congo K49 virus 

(the virulent parent of KK-262), a highly virulent African ASFV isolate, was used for challenge infections. 

Immunization with France (FK-32/135) does not protect animals from virulent Congo K49 virus challenge 

(Malogolovkin et al. unpublished data).  

 

Construction of ASF recombinant viruses - To assess the role of CD2v and C-type lectin proteins in ASFV 

protective immunity, chimeric ASFVs recombinant at the CD2v/C-type lectin gene locus were constructed and 

evaluated in vaccination/challenge experiments in pigs. Attenuated ASF viruses Congo (KK-262, (SG2)) and 
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France (FK-32/135, (SG4)) were used to generate chimeras (CongoFrance CD2v/Lectin  and FranceCongo CD2v/Lectin, 

respectively) in which native CD2v/C-type lectin genes were deleted and replaced by those from the 

heterologous virus. Recombinants were constructed essentially as described previously, using recombination 

vectors with heterologous CD2v/C-type lectin gene sequences and GFP reporter gene flanked by 0.5-0.7 kb 

homologous sequence to mediate recombination (Diel et al., 2011; Lewis et al., 2000; Zsak et al., 1996).  COS-

1 cells were infected with parental virus (m.o.i =5) and transfected with recombination vectors. Recombinant 

viruses were isolated by limiting dilution and plaque assay using fluorescence microscopy. Viral purity and 

recombinant sequence fidelity was verified by PCR and DNA sequencing. Chimeric viruses exhibited normal 

growth characteristics and hemadsorption in macrophage cell cultures (Malogolovkin et al., 2014).  

 

Animal vaccination/challenge experiments  - Pigs (30 to 35 kg) were vaccinated and then challenged using 

protocols detailed below. Survival rate and time–to-death were recorded. Clinical signs of ASF (fever [a rectal 

temperature greater than or equal to 104°F], anorexia, lethargy, shivering, cyanosis, and recumbency) were 

monitored daily. Blood samples were collected at regular intervals post vaccination and for 30 days post 

challenge (DPC). Titration and quantitative PCR of ASFV in blood samples was performed as previously 

described (Zsak et al.,1996; Zsak et al., 2005). Serologic assays were performed using serum samples collected 

just prior to challenge infection. HAI assays were performed in swine macrophages as previously described 

(Ruiz Gonzalvo  et al., 1996; Vishnjakov et al., 1995). ASFV ELISA assays were performed using procedures 

recommended by the manufacturer (Id-vet.com). Challenge data were assessed by Student’s t-test or by Mann-

Whitney Rank Sum Test if data failed Shapiro-Wilk normality testing. 

  

Experiment 1 Design - Pigs were vaccinated intramuscularly (one site) with 106 HAU of either Congo-

attenuated (KK-262) or CongoFrance CD2v/Lectin viruses and boosted with the same virus and dose at 21 days post-

vaccination. One week later, vaccinated and control animals were challenged intramuscularly with 103 HAU of 

Congo K49 and monitored for 30 days.  

 

Experiment 2 Design - Pigs were vaccinated intramuscularly (two sites) with 106 HAU of either Congo-

attenuated (KK-262) or CongoFrance CD2v/Lectin viruses and boosted with the same virus and dose at 21 days post-

vaccination. At 42 days post-vaccination, vaccinated and control animals were challenged intramuscularly with 

103 HAU of Congo K49 and monitored for 30 days.  

 

Experiment 3 Design - Pigs were vaccinated intramuscularly (two sites) with 106 HAU of either Congo-

attenuated (KK-262), France-attenuated (FK-32/135) or FranceCongo CD2v/Lectin viruses and boosted with the same 

virus and dose at 21 days post-vaccination. At 42 days post-vaccination, vaccinated and control animals were 

challenged intramuscularly with 103 HAU of Congo K49 and monitored for 30 days.  

 

Results:  
 

Homologus CD2v/C-type lectin are necessary for protection against ASF 

 

To assess the role of CD2v and C-type lectin proteins in ASFV protective immunity, chimeric ASFVs 

recombinant at the CD2v/C-type lectin gene locus were constructed and evaluated in vaccination/challenge 

experiments in pigs.  The chimeric virus used in experiments 1 and 2 was CongoFrance CD2v/Lectin, a Congo-

attenuated (KK-262) based chimeric virus where the native Congo CD2v/C-type lectin genes were deleted and 

replaced by those from the heterologous virus, virulent France (F-32). Pigs were vaccinated intramuscularly 

with either Congo-attenuated (KK-262) or CongoFrance CD2v/Lectin viruses and then challenged intramuscularly 

with 103 HAU of virulent Congo K49. We hypothesized that if homologous ASFV CD2v/C-type lectin proteins 

are important protective antigens, then animals immunized with CongoFrance CD2v/Lectin   should exhibit reduced or 

no protection when challenged with virulent Congo K49.  
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Animals immunized with Congo-attenuated (KK-262) virus demonstrated solid levels of protection when 

challenged with virulent Congo K49 (Table 1). Survival rates of 80% and 100% were observed for immunized 

animals in experiments 1 and 2, respectively. Apart from a transient fever response observed in approximately 

20% of the animals, clinical signs of ASF were not observed. Viremia was not detected in any of the Congo-

attenuated (KK-262) immunized animals post challenge infection (PCI). At the time of challenge, 60% to 100% 

(experiment 1 and 2, respectively) of the Congo-attenuated (KK-262) immunized animals were ASFV 

serologically positive by ELISA. An HAI serologic response to Congo virus was not detected in experiment 1 

animals but was present in all experiment 2 animals with titers ranging from 1:8 to 1:32.  

 

In contrast, animals immunized with CongoFrance CD2v/Lectin virus were not protected from challenge with virulent 

Congo K49 (Table 1). Mortality rates of 80% and 100% were observed for animals in experiments 1 and 2, 

respectively. Disease onset was rapid with fever and other ASF clinical signs evident at approximately 3 to 4 

days PCI. High-titered viremic loads were detectable at 3-5 days PCI and persisted until death of the animals.  

An HAI serologic response to Congo virus was not observed in any CongoFrance CD2v/Lectin virus vaccinated 

animals.  

 

Although mortality rates were similar, ASF disease course for CongoFrance CD2v/Lectin virus- vaccinated animals 

was affected when compared to mock-vaccinated animals. Significant delays in viremia onset and magnitude as 

well as an increased time–to–death (experiment 1) were observed (Table 1).  

 

Notably, these data indicate that the solid protection afforded by immunization with Congo-attenuated (KK-

262) was lost when the CD2v/C-type lectin genes present in Congo-attenuated (KK-262) were replaced with 

those from a heterologous virus, virulent France (F-32). Thus, homologous ASFV CD2v /C-type lectin proteins 

are necessary for protection from ASFV infection. 

 

 
 

Immunization with homologous CD2v/C-type lectin proteins affects ASF disease course 

 

To determine if  CD2v and C-type lectin proteins are sufficient for mediating ASFV protective immunity, a 

chimeric ASFVs recombinant at the CD2v/C-type lectin gene locus were constructed and evaluated in 

vaccination/challenge experiments in pigs.  The chimeric virus used in experiment 3 was FranceCongo CD2v/Lectin, a 

France-attenuated (FK-32/135) based chimeric virus where the native France CD2v/C-type lectin genes were 

deleted and replaced by those from the heterologous virus, virulent Congo (K-49).  Pigs were vaccinated 

intramuscularly with either Congo-attenuated (KK-262), France-attenuated (FK-32/135) or FranceCongo CD2v/Lectin 

Table	1:	Homologous	CD2/Lectin	is	necessary	for	protection	against	ASFV

(%) TTD1 (%)2 TTF3 3dpi5 Max	load6 ASFV-ELISA7 Congo-HAI8

Experiment	1

Mock	(n=3) 100 5.7	(0.3)* 100 3.0	(-) 6.7e8	(3.1e8) 2.7e9	(2.4e8)** 0 0

CongoFrance	CD2/Lec	(n=5) 80 12.0	(3.7)* 80 3.5	(0.3) - 4.4e8	(6.3e7)** 20 0

Congo-attenuated	(n=5) 20 12.0	(-) 20 7.0	(-) - - 60 0

Experiment	2

Mock	(n=3) 100 7.4	(0.5) 100 3.0	(-) 5.1e8	(1.2e8) 1.4e10	(3.1e9)	*** 0 0

CongoFrance	CD2/Lec		(n=7) 100 7.4	(0.4) 100 3.6	(0.2) 6.1e4	(3.0e4) 2.1e9	(1.2e9)	*** 100 0
Congo-attenuated	(n=6) 0 - 17 16.0	(-) 0 - 100 100

1
	TTD,	average	time-to-death	in	days	post-challenge	with	standard	error	of	the	mean	(SEM)	in	parenthesis.	Similar	asterisks	(*)	indicate	two	values	

										significantly	different	(P>0.05)	by	equal	variance	t-Test,	or	by	Mann-Whitney	Rank	Sum	Test	if	data	failed	Shapiro-Wilk	normality	testing.
2
	%,	percentage	of	animals	developing	rectal	temperature	greater	than	or	equal	to	40

o
C

3	TTF,	average	time-to-fever	in	days	post-challenge	with	SEM	in	parenthesis
4	Viremic	load,	average	viral	load	in	viral	genomic	copies	per	milliliter	of	blood,		with	SEM	in	parenthesis
5
	3dpi,	average	viremic	load	of	animals	with	viremic	signal	at	three	days	post-infection

6	Max	load,	average	maximum	load	for	all	animals	demonstrating	viral	load	in	blood	at	any	day	sampled	post-challenge
7
	ELISA,	%	animals	devoloping	postive	antibody	titers	using	IDVet	ELISA

8	HAI,	%	animals	developing	HAI	antibody	titers	>1:2	against	ASFV	strain	Congo

Pre-challenge	serologyMortality Fever Viremic	Load	(genomes/ml)4
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and then challenged intramuscularly with 103 HAU of virulent Congo K49. We hypothesized that if 

homologous ASFV CD2v/C-type lectin proteins are sufficient for mediating ASFV protective immunity, then 

animals immunized with FranceCongo CD2v/Lectin should be partially or fully protected when challenged with 

virulent Congo K49.  

 

As expected, animals immunized with Congo-attenuated (KK-262) virus demonstrated solid levels of protection 

as observed in experiments 1 and 2  (Table 1) while animals immunized with France-attenuated (FK-32/135) 

virus were not protected from challenge with virulent Congo K49 (Table 2). A 80% mortality rate was observed 

for France-attenuated (FK-32/135) immunized animals. Disease onset was rapid with fever and other ASF 

clinical signs evident at 3 days PCI. High-titered viremic loads were detectable in animals at 3 days PCI and 

persisted until death of the animals. Pre-challenge HAI titers to Congo virus ranging from 1:4 to 1:16 were 

observed in all Congo-attenuated (KK-262) immunized animals. 

 

 
 

Immunization with FranceCongo CD2v/Lectin failed to protect animals from challenge with virulent Congo K49. 

Rapid disease onset (~ 4 DPC), high tittered viremias (detectable at 3 DPC) and a 100% mortality rate were 

observed (Table 2).  An HAI serologic response to Congo virus were not detected in FranceCongo CD2v/Lectin virus-

vaccinated animals prior to challenge. However, the ASF disease course observed for FranceCongo CD2v/Lectin 

virus-vaccinated animals differed from that seen in France-attenuated (FK-32/135) virus-vaccinated animals. 

With FranceCongo CD2v/Lectin virus-vaccinated animals disease onset was delayed by approximately 1 day, viremia 

titers were reduced approximately 90% (at 3 DPC) and time to death was significantly increased by 

approximately 1.5 days when compared to France-attenuated (FK-32/135) vaccinated animals. Since France-

attenuated (FK-32/135) and FranceCongo CD2v/Lectin viruses differ only at the CD2v/C-type lectin gene locus, the 

partial protective effect observed here against virulent Congo challenge may be  due to the homologous Congo 

CD2v/C-type lectin genes present in FranceCongo CD2v/Lectin.  

 

Discussion: 

 

Results presented here provide compelling evidence that ASFV CD2v (EP402R)  and C-type lectin (EP153R) 

proteins are necessary for homologous protective immunity (Table 1) and thus significant ASFV protective 

antigens. Further, the fact that the solid protection afforded by immunization with Congo-attenuated (KK-262), 

a serogroup 2 virus, was lost when the Congo CD2v/C-type lectin genes were replaced with those from a 

virulent France strain (F32), a serogroup 4 virus, directly supports the emerging concept that ASF protective 

immunity is HAI serotype-specific (Balyshev et al., 1995; Sereda & Balyshev, 2011; Sereda et al., 1992; 

Vishnjakov et al., 1991; and Malogolovkin et al., unpublished data).  

 

Table	2:	Immunization	with	homologous	CD2/Lectin	affect	ASF	disease	course

(%) TTD1 (%)2 TTF3 3dpi5 Max	load6 ASFV-ELISA7 Congo-HAI8

Experiment	3

Mock	(n=3) 100 7.0	(0.0)	 100 3.0	+/-0.0 8.7e7	(4.7e7) 6.9e8	(3.3e8) 0 -
France-attenuated	(n=5) 80 6.3	(0.5)* 100 3.0	+/-0.0	 6.7e7	(6.2e7) 5.4e7	(5.0e7) 100 -

FranceCongo	CD2/Lectin	(n=4) 100 8.0	(0.4)* 100 3.8	+/-0.3 8.5e6	(4.3e6) 8.6e6	(4.3e6) 100 0
Congo-attenuated	(n=3) 0 - 0 - - - 100 100

1
	TTD,	average	time-to-death	in	days	post-challenge	with	standard	error	of	the	mean	(SEM)	in	parenthesis.	Similar	asterisks	(*)	indicate	two	values			

									significantly	different(P>0.05)	by	equal	variance	t-Test,	or	by	Mann-Whitney	Rank	Sum	Test	if	data	failed	Shapiro-Wilk	normality	testing.
2
	%,	percentage	of	animals	developing	rectal	temperature	greater	than	or	equal	to	40

o
C

3	TTF,	average	time-to-fever	in	days	post-challenge	with	SEM	in	parenthesis
4	Viremic	load,	average	viral	load	in	viral	genomic	copies	per	milliliter	of	blood,		with	SEM	in	parenthesis
5	3dpi,	average	viremic	load	of	animals	with	viremic	signal	at	three	days	post-infection
6	Max	load,	average	maximum	load	for	all	animals	demonstrating	viral	load	in	blood	at	any	day	sampled	post-challenge
7	ELISA,	%	animals	devoloping	postive	antibody	titers	using	IDVet	ELISA
8	HAI,	%	animals	developing	HAI	antibody	titers	>1:2	against	ASFV	strain	Congo

Pre-challenge	serologyMortality Fever Viremic	Load	(genomes/ml)4
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Results from experiments 1 and 2 also suggest a lesser role for other, yet to be identified, ASF viral proteins in 

inducing protective host responses. ASF disease course for CongoFrance CD2v/Lectin virus-vaccinated animals was 

affected when compared to mock-vaccinated animals. Delays in viremia onset and magnitude, as well as an 

increased time –to –death (experiment 1), were observed in the CongoFrance CD2v/Lectin virus-vaccinated group 

(Table 1).  

 

While we have shown that ASFV CD2v and C-type lectin proteins are necessary for homologous protective 

immunity, our efforts to determine if these proteins alone are sufficient for mediating protection were 

inconclusive (Table 2). We hypothesized if homologous ASFV CD2v/C-type lectin proteins are sufficient for 

mediating ASFV protective immunity, then animals immunized with FranceCongo CD2v/Lectin should be protected 

when challenged with virulent Congo K49. Immunization with FranceCongo CD2v/Lectin, using the protocol 

described for Experiment 3, failed to protect animals from lethal infection when challenged with virulent Congo 

K49. However, there were indications of a partial protective effect (increased time to disease onset, decreased 

viremic loads and increased time to death) for FranceCongo CD2v/Lectin   virus-immunized animals when compared 

to animals immunized with France-attenuated (FK-32/135). As France-attenuated (FK-32/135) and FranceCongo 

CD2v/Lectin differ only at the CD2v/C-type lectin gene locus, Congo CD2v/C-type lectin proteins are directly 

implicated in mediating this altered disease course.   

 

The presence of a ASFV HAI serologic response in animals appears to correlate with protection from 

severe/lethal infection (Ruiz-Gonzalvo et al.,1993; Zsak and Rock, 2010 and experiments described here). 

Notably, the lack of a pre-challenge HAI serological response to Congo virus in FranceCongo CD2v/Lectin virus-

immunized animals may be highly significant for the lack of complete protection observed here. It is known that 

ASFV HAI antibodies appear late and at relatively low titer during infection and that virulence of the infecting 

viral strain may influence HAI antibody production (Malmquist, 1963; Ruiz Gonzalvo et al., 1986; Ruiz 

Gonzalvo & Coll, 1993; Vigario et al., 1970). Conceivably, the immunization schedule used here and/or the 

France-attenuated (FK-32/135) strain used to express the Congo CD2v/C-type lectin genes were not adequate to 

obtain HAI responses in  FranceCongo CD2v/Lectin immunized pigs. Further research is needed to optimize the 

immunizing potential of CD2v/C-type lectin proteins to obtain HAI titers at level comparable to those observed 

in immune protected animals.  

 

In summary, we demonstrate that two ASFV proteins, CD2v and C-type lectin, are necessary for homologous 

protection against ASFV. These viral proteins represent significant protective antigens for ASFV that should be 

further evaluated and targeted for vaccine design and development. 
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