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Classical swine fever (CSF), caused by CSF virus (CSFV), is one of the most devastating viral epizootic diseases
of swine in many countries. To control the disease, highly efficacious and safe live attenuated vaccines have been
used for decades. However, the main drawback of these conventional vaccines is the lack of differentiability of
infected from vaccinated animals (DIVA concept). Advances in biotechnology and our detailed knowledge of
multiple basic science disciplines have facilitated the development of effective and safer DIVA vaccines to control
CSF.

classical swine fever DIVA concept vaccine

| 1. Introduction

Classical swine fever (CSF) is a highly contagious, economically significant, multi-systemic viral disease in swine
[ which is notifiable to the World Organization for Animal Health (OIE). The causative agent, CSF virus (CSFV), is
an enveloped, positive-sense, single-stranded RNA virus. It belongs to the Pestivirus genus within the Flaviviridae
family [2. Other members of this genus are bovine viral diarrhea virus (BVDV) 1 and 2, border disease virus (BDV),
and an increasing number of tentative pestivirus species B4, According to the recent reclassification of Pestivirus
genus by the International Committee on Taxonomy of Viruses (ICTV), BVDV-1 is re-designated as Pestivirus A,
BVDV-2 is re-designated as Pestivirus B, CSFV is re-designated as Pestivirus C, BDV is re-designated as
Pestivirus D, and many of tentative Pestivirus species are re-designated as Pestivirus E-K &.The CSFV genome
encodes a precursor polyprotein of 3898 amino acids (aa), which is post-translationally processed into four
structural proteins (C, E™S, E1 and E2) and eight non-structural proteins (NP, p7, non-structural protein [NS] 2,
NS3, NS4A, NS4B, NS5A, and NS5B) by cellular and viral proteases Bl Antibodies against the envelope
glycoproteins E2, E™S, and NS3 have been detected in pigs that recover from infection BI€, The major immunogen

is the glycoprotein E2, in terms of inducing neutralizing antibodies and protection against future infection 2119,

CSF has consistently caused important economic losses to the pig industry since its emergence (1112 Several
countries have succeeded in eliminating CSF following the implementation of strict control measures. However, in
most parts of the world with significant pig production, CSF is at least sporadically present. To date, CSF remains
endemic in South and Central America, Eastern Europe, and neighboring countries, and Asia. Little is known about
the African situation. The most recent outbreaks have been reported in Korea, Colombia, Russia, Brazil, and Japan
(131 |n particular, the reemergence of CSF from previously CSF-free Japan in September 2018 has caught much
attention 141181 Thys, CSFV remains an endemic and reemerging virus in pigs and continues to threaten pork

production worldwide and the food security of populations in developing countries.
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Systematic vaccination and non-vaccination stamping-out are the two main strategies to control CSF [28I17] |
CSF-free zones, or where eradication is in progress, control is based on the non-vaccination and strict stamping-
out policy. In contrast, due to the enormous costs of stamping-out, systematic prophylactic vaccination is a more
effective strategy for CSF control in CSF endemic countries. As with many other viral infections affecting livestock,
several highly efficacious live attenuated CSF vaccines have been widely used for decades and have paved the
way to successful eradications in many areas. However, the use of these vaccines interferes with the serological
diagnosis, as they lack differentiability of infected from vaccinated animals (DIVA). Indeed, due to the trade
restrictions that are imposed on pigs vaccinated with conventional live attenuated vaccines, only DIVA vaccines are
considered a feasible option for future control and eradication of CSF. Therefore, the development of potent DIVA
vaccines poses a challenge for research groups worldwide. So far, different concepts have been investigated
during the development of CSFV DIVA vaccines, including vector vaccines, recombinant attenuated vaccines with
chimeric constructs, subunit vaccines, peptide vaccines, and RNA/DNA vaccines. This review is aimed at
describing progress and challenges associated with CSFV vaccine development, revealing the strategies and

approaches that may also be helpful for the development of next-generation vaccines against other pathogens.

2. Conventional Live Attenuated Vaccines and Their
Application

In the early 20th century, the primary vaccines against CSF were developed, which consist of the virus and porcine
hyperimmune serum, followed by the crystal-violet vaccine 28, However, the safety and efficacy of these vaccines
were poor. Further investigations aimed at the development of live attenuated vaccines were performed in rabbits
since the 1940s 19201 pyring that time, the Chinese vaccine strain (C-strain), the so-called Chinese hog cholera
lapinized virus (HCLV), was widely used in both mainland China and many other countries due to its better safety
and efficacy than other strains 21, In addition to passage through rabbits, researchers also tried other methods to
attenuate CSFV. For instance, the low-temperature-adapted Japanese guinea-pig exaltation-negative (GPE")
strain 221231 gnd the French cell culture-adapted Thiverval strain were obtained 2423 Nowadays, the most
commonly used strains are the C-strain, the lapinized Philippines Coronel (LPC) strain, the GPE™ strain, the

Thiverval strain, and their derivative strains [2827],

The C-strain was developed jointly by the China Institute of Veterinary Drugs Control and the Harbin Veterinary
Research Institute in China in 1956 (281, |t was developed by attenuating a highly virulent strain through at least 480
passages in rabbits (281, The strain spread worldwide. At present, many commercial strains were derived from the
C-strain, such as Pestiffa (French), VADIMUN (USA), and Riems (Germany), which have also been widely used.
The C-strain formulations used in both China and Europe indicate that reliable protection is provided as early as 72
or 96 h after a single vaccination BB |mmunity can persist for at least 6-18 months and even be lifelong %
(321 studies targeting the genetic stability of the C-strain proved that the vaccine is highly stable 9. In addition, the
C-strain is safe in young piglets or pregnant sows, even in immunosuppressed individuals B2l In addition,
inoculation of the vaccine confers complete protection against CSFV isolates from all three genotypes [(4l,

Likewise, the commercial LPC, GPE™, and Thiverval vaccines show similar performance as C-strain vaccines.
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In addition to the wide use of C-strain as injection vaccine for most domestic pigs, it can also be used as oral
vaccine for wild boars and domestic pigs in rural areas 2238, |ndeed, oral vaccination with the C-strain was proved
to be safe and effective 3738l Recently, an oral formulation of the C-strain was improved. Researchers have
reported oral baits obtained by absorption of C-strain onto bread followed by lyophilization. While the current
commercial oral vaccine bait containing liquid C-strain vaccine requires storage at —20 °C, this new oral bait is
stable for 18 months at 4 °C. Pigs vaccinated with these new oral baits displayed seroconversion after 14 days 22!,
Thus, the new formulation provides a more cost-effective method to improve vaccination of domestic pigs and wild
boars.

The requirements of the ideal vaccine postulated by Terpstra and Kroese “9 mainly regard safety, efficacy, and
marketability. For CSFV, live attenuated vaccines have long been considered to meet all the requirements.
Nevertheless, a recent outbreak that occurred in a previously CSF-free island applying live attenuated low-
virulence strain of Miyagi (LOM) vaccine inoculation led to a later study showing that the employed LOM strain can
cause viremia and cross the placenta to piglets 41142 This research reminds us of the need to recharacterize the
safety of the live attenuated vaccines using more recent technologies. In addition, another main drawback of the
live attenuated vaccines is the lack of a serological marker concept 2814311441 that would allow differentiation of
infected from vaccinated animals (DIVA concept). Due to the trade restrictions that are imposed on pigs vaccinated
with conventional live attenuated vaccines, the development of novel potent vaccines combined with the DIVA

concept becomes more and more important.

References

1. Ganges, L.; Crooke, H.R.; Bohorquez, J.A.; Postel, A.; Sakoda, Y.; Becher, P.; Ruggli, N. Classical
swine fever virus: The past, present and future. Virus Res. 2020, 289, 198151.

2. Becher, P.; Ramirez, R.A.; Orlich, M.; Rosales, S.C.; KoNig, M.; Schweizer, M.; Stalder, H.;
Schirrmeier, H.; Thiel, H.-J. Genetic and antigenic characterization of novel pestivirus genotypes:
Implications for classification. Virology 2003, 311, 96-104.

3. Ben, M.; Hause, L.; Peddireddi, P.C.; Gauger, E.A. Discovery of a novel putative atypical porcine
pestivirus in pigs in the USA. J. Gen. Virol. 2015, 96, 2994.

4. Alexander, P.; Stefanie, S.; Cigdem, O.T.; Daniela, I.; Malik, A.; Nicole, F.; Adam, G.; Paul, B.
Close relationship of ruminant pestiviruses and classical swine fever virus. Emerg. Infect. Dis.
2015, 21, 668-672.

5. Taxonomy; ICTV: Berlin, Germany, 2018; Available online: (accessed on 27 February 2021).

6. Lamp, B.; Riedel, C.; Roman-Sosa, G.; Heimann, M.; Jacobi, S.; Becher, P.; Thiel, H.J.;
Rumenapf, T. Biosynthesis of classical swine fever virus nonstructural proteins. J. Virol. 2011, 85,
3607-3620.

https://encyclopedia.pub/entry/8276 3/6



Vaccine against CSFV | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Meyers, G.; Rumenapf, T.; Thiel, H.-J. Molecular cloning and nucleotide sequence of the genome

of hog cholera virus. Virology 1989, 171, 555-567.

. Donis, R.O.; Dubovi, E.J. Molecular specificity of the antibody responses of cattle naturally and

experimentally infected with cytopathic and noncytopathic bovine viral diarrhea virus biotypes.
Am. J. Vet. Res. 1987, 48, 1549-1554.

. Konig, M.; Lengsfeld, T.; Pauly, T.; Stark, R.; Thiel, H.J. Classical swine fever virus: Independent

induction of protective immunity by two structural glycoproteins. J. Virol. 1995, 69, 6479-6486.

Gauvrilov, B.K.; Rogers, K.; Fernandez-Sainz, 1.J.; Holinka, L.G.; Borca, M.V.; Risatti, G.R. Effects
of glycosylation on antigenicity and immunogenicity of classical swine fever virus envelope
proteins. Virology 2011, 420, 135-145.

Edwards, S.; Fukusho, A.; Lefevre, P.C.; Lipowski, A.; Pejsak, Z.; Roehe, P.; Westergaard, J.
Classical swine fever: The global situation. Vet. Microbiol. 2000, 73, 103-119.

Saatkamp, H.W.; Berentsen, P.B.; Horst, H.S. Economic aspects of the control of classical swine
fever outbreaks in the European Union. Vet. Microbiol. 2000, 73, 221-237.

OIE. OIE World Animal Health Information System. 2019. Available online: (accessed on 8 March
2021).

Ito, S.; Jurado, C.; Bosch, J.; Ito, M.; Sdnchez-Vizcaino, J.M.; Isoda, N.; Sakoda, Y. Role of wild
boar in the spread of classical swine fever in Japan. Pathogens 2019, 8, 206.

Isoda, N.; Baba, K.; Ito, S.; Ito, M.; Makita, K. Dynamics of classical swine fever spread in wild
boar in 2018-2019, Japan. Pathogens 2020, 9, 119.

Poste, A.; Austermann-Busch, S.; Petrov, A.; Moennig, V.; Beche, P. Epidemiology, diagnosis and
control of classical swine fever: Recent developments and future challenges. Transbound. Emerg.
Dis. 2017, 65, 248-261.

Huang, Y.L.; Deng, M.C.; Wang, F.I.; Huang, C.C.; Chang, C.Y. The challenges of classical swine
fever control: Modified live and E2 subunit vaccines. Virus Res. 2014, 179, 1-11.

Saulmon, E.E. Hog cholera eradication--dream or reality. J. Am. Vet. Med. Assoc. 1973, 163,
1103-1105.

Koprowski, H.; James, T.R.; Cox, H.R. Propagation of hog cholera virus in rabbits. Proc. Soc.
Exp. Biol. Med. 1946, 63, 178-183.

Baker, J.A. Serial passage of hog cholera virus in rabbits. Proc. Soc. Exp. Biol. Med. 1946, 63,
183-187.

Olah, P.; Palatka, Z. Immunobiological study of lapinized hog cholera virus strains. Acta. Vet.
Acad. Sci. Hung. 1967, 17, 239-247.

https://encyclopedia.pub/entry/8276 4/6



Vaccine against CSFV | Encyclopedia.pub

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Sasahara, J.; Kumagai, T.; Shimizu, Y.; Furuuchi, S. Field experiments of hog cholera live vaccine
prepared in guinea-pig kidney cell culture. Natl. Inst. Anim. Health Q. 1969, 9, 83-91.

Sasahara, J. Hog cholera: Diagnosis and prophylaxis. Nat. Inst. Anim. Health Q. 1970, 10, 57-81.

Aynaud, J.M.; Lejolly, J.C.; Bibard, C.; Galicher, C. Studies of the properties of cold induced
classical swine fever virus mutants. Application to vaccination. Bull. Off. Int. Epizooties 1971, 75,
654.

Launais, M.; Aynaud, J.M.; Corthier, G. Hog cholera virus: Active immunization of piglets with the
thiverval strain in the presence and absence of colostral passive immunity. Vet. Microbiol. 1978, 3,
31-43.

Van Oirschot, J.T. Vaccinology of classical swine fever: From lab to field. Vet. Microbiol. 2003, 96,
367-384.

Dong, X.N.; Chen, Y.H. Marker vaccine strategies and candidate CSFV marker vaccines. Vaccine
2007, 25, 205-230.

Luo, Y.; Li, S.; Sun, Y.; Qiu, H.J. Classical swine fever in China: A minireview. Vet. Microbiol. 2014,
172, 1-6.

Dahle, J.; Liess, B. Assessment of safety and protective value of a cell culture modified strain “C”
vaccine of hog cholera/classical swine fever virus. Berl. Miinch. Tierrztliche Wochenschr. 1995,
108, 20-25.

Hua-Ji, Q.; Rong-Xian, S.; Guang-Zhi, T. The lapinized chinese strain vaccine against classical
swine fever virus: A retrospective review spanning half A century. Agric. Ences China 2006, 5, 1-
14.

Graham, S.P.; Everett, H.E.; Haines, F.J.; Johns, H.L.; Sosan, O.A.; Salguero, F.J.; Clifford, D.J.;
Steinbach, F.; Drew, T.W.; Crooke, H.R. Challenge of pigs with classical swine fever viruses after
C-strain vaccination reveals remarkably rapid protection and insights into early immunity. PLoS
ONE 2012, 7, e29310.

Blome, S.; Moss, C.; Reimann, |.; Konig, P.; Beer, M. Classical swine fever vaccines-State-of-the-
art. Vet. Microbiol. 2017, 206, 10-20.

Kaden, V.; Lange, E.; Klster, H.; Mdller, T.; Lange, B. An update on safety studies on the
attenuated "RIEMSER Schweinepestoralvakzine" for vaccination of wild boar against classical
swine fever. Vet. Microbiol. 2010, 143, 133-138.

Luo, Y.; Ji, S.; Lei, J.L.; Xiang, G.T.; Liu, Y.; Gao, Y.; Meng, X.Y.; Zheng, G.; Zhang, E.Y.; Wang, Y.;
et al. Efficacy evaluation of the C-strain-based vaccines against the subgenotype 2.1d classical
swine fever virus emerging in China. Vet. Microbiol. 2017, 201, 154-161.

https://encyclopedia.pub/entry/8276 5/6



Vaccine against CSFV | Encyclopedia.pub

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Sophie, R.; Christoph, S.; Sandra, B.; Vittorio, G.; Hans-Hermann, T.; Ad, V.; Frank, K.; Marie-
Frédérigue, L.P. Controlling of CSFV in European wild boar using oral vaccination: A review.
Front. Microbiol. 2015, 6, 1141.

Milicevic, V.; Dietze, K.; Plavsic, B.; Tikvicki, M.; Pinto, J.; Depner, K. Oral vaccination of backyard
pigs against classical swine fever. Vet. Microbiol. 2013, 163, 167-171.

Kaden, V.; Lange, B. Oral immunisation against classical swine fever (CSF): Onset and duration
of immunity. Vet. Microbiol. 2001, 82, 301-310.

Chenut, G.; Saintilan, A.F.; Burger, C.; Rosenthal, F.; Cruciere, C.; Picard, M.; Bruyere, V.; Albina,
E. Oral immunisation of swine with a classical swine fever vaccine (Chinese strain) and
transmission studies in rabbits and sheep. Vet. Microbiol. 1999, 64, 265-276.

Kunu, W.; Jiwakanon, J.; Porntrakulpipat, S. A bread-based lyophilized C-strain CSF virus vaccine
as an oral vaccine in pigs. Transbound. Emerg. Dis. 2019, 66, 1597-1601.

Terpstra, C.; Kroese, A.H. Potency control of modified live viral vaccines for veterinary use.
Vaccine 1996, 14, 570-575.

Choe, S.; Kim, J.H.; Kim, K.S.; Song, S.; Kang, W.C.; Kim, H.J.; Park, G.N.; Cha, R.M.; Cho, I|.S,;
Hyun, B.H.; et al. Impact of a live attenuated classical swine fever virus introduced to jeju island, a
CSF-free area. Pathogens 2019, 8, 251.

Choe, S.; Kim, J.H.; Kim, K.S.; Song, S.; Cha, R.M.; Kang, W.C.; Kim, H.J.; Park, G.N.; Shin, J.;
Jo, H.N.; et al. Adverse effects of classical swine fever virus LOM vaccine and jeju LOM strains in
pregnant sows and specific pathogen-free pigs. Pathogens 2019, 9, 18.

Van QOirschot, J.T. Emergency vaccination against classical swine fever. Dev. Biol. 2003, 114,
259-267.

Beer, M.; Reimann, |.; Hoffmann, B.; Depner, K. Novel marker vaccines against classical swine
fever. Vaccine 2007, 25, 5665-5670.

Retrieved from https://encyclopedia.pub/entry/history/show/19547

https://encyclopedia.pub/entry/8276 6/6



