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“The endlessness of scientific struggle incessantly makes sure that the inquiring 

human mind remains his two finest drives and be constantly fanned anew: the 

enthusiasm and awe.“ 

Max Planck  

 

 

 

“The most beautiful thing we can discover, is the mysterious.“ 

Albert Einstein  
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Abbreviations 
aa      amino acid 

BDV     Border disease virus 

BVDV     Bovine viral diarrhea virus 

cDNA     complementary deoxyribonucleic acid 

CSF     Classical swine fever 

CSFV     Classical swine fever virus 

cq      quantification cycle 

dpi      days post infection 

dpv     days post vaccination 

DNA     deoxyribonucleic acid 

DIVA     Differentiation of Infected from Vaccinated Animals 

ELISA     Enzyme-linked Immunosorbent Assay 

EMA     European Medicines Agency 

EU      European Union 

ER      endoplasmatic reticulum 

kb      kilo base  

LAV     live attenuated vaccine 

MDA     maternally derived antibodies 

MDBK     Madin-Darby Bovine Kidney  

mRNA     messenger ribonucleic acid 

ND50     neutralization dose 50 % 

NGS     next-generation sequencing 

NPLA     Neutralization Peroxidase-linked Antibody Assay 

nt      nucleotide 

OIE     World Organization for Animal Health 

ORF     open reading frame 

PCR     polymerase chain reaction 

PK15     Porcine Kidney 15 
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RNA     ribonucleic acid 

RT-qPCR     reverse transcription-quantitative PCR 

SFT-R     Sheep Foetal Thymus-R  

TCID50     tissue culture infective dose 50 % 

WHO     World Health Organization 
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1. Introduction 

1.1. Pestiviruses: taxonomy, morphology and genome structure 

 

The family Flaviviridae consists of four genera: Pestivirus, Flavivirus, Hepacivirus, and 

Pegivirus (Lindenbach, 2013). 

The classical members of the Pestivirus genus, Classical swine fever virus (CSFV), Bovine viral 

diarrhea virus 1 and 2 (BVDV-1 and -2) (Becher et al., 2003; Fauquet and Fargette, 2005; 

Lindenbach, 2013; Ridpath et al., 1994; Vilcek et al., 2005a), and Border disease virus (BDV), 

are genetically and structurally very similar (van Regenmortel et al., 2000). Additionally, 

there is a growing variety of unclassified and atypical pestiviruses (Harasawa et al., 2000; 

Stahl et al., 2007; Stalder et al., 2005; Thabti et al., 2005), e.g. giraffe-virus (Plowright, 1969), 

Pronghorn Antelope-virus (Vilcek et al., 2005b), HoBi-like viruses (Schirrmeier et al., 2004), 

Bungowannah virus (Kirkland et al., 2007) and Atypical Porcine Pestivirus (Hause et al., 

2015). 

The pestivirus particles are small and enveloped (Horzinek et al., 1967). The genome consists 

of a single stranded RNA with positive polarity and an approximate length of 12.5 kilo bases 

(kb) (Meyers, 1989; Moormann et al., 1996). The single open reading frame (ORF) is flanked 

by non-translated regions (NTR) at both ends (Collett et al., 1988; Thiel et al., 1991), and is 

translated into one polyprotein (see figure 1). The co- and posttranslational processing of 

the polyprotein occurs via viral and cellular proteases; the cleavage results in twelve mature 

proteins. The core protein C and the glycoproteins E
rns

, E2 and E1 build the structural 

components of the virion (Bintintan and Meyers, 2010; Collett et al., 1988; Lattwein et al., 

2012; Meyers and Thiel, 1996; Moormann et al., 1990; Rümenapf et al., 1991; Thiel et al., 

1991). The non-structural proteins N
pro

, p7, NS3, NS4A, NS4B, NS5A, and NS5B have various 

functions in the viral replication. NS5B represents the RNA-dependent RNA polymerase 

(Zhong et al., 1998) and NS3 a protease (Tautz et al., 1997; Tautz et al., 2000). 

 

 



Introduction 

 

9 

 

 

Figure 1: Pestivirus genome organization. Regions encoding for structural proteins are 

underlined. Regions encoding immunogenic parts are labeled by Y-sign. Taken from Beer et 

al. (2007), with permission of ELSEVIER. 

 

Glycoprotein E2 represents the major immunogen (Donis et al., 1988; Rümenapf et al., 1993; 

Weiland et al., 1992) and plays an important role for virus attachment (Donis, 1995; Hulst 

and Moormann, 1997) (see figure 2). It exists in two different disulfide-linked complexes, as 

a homodimer and as heterodimer with E1 (Rümenapf et al., 1991; Thiel et al., 1991; Weiland 

et al., 1990). The latter is regarded as functional fusion complex and mediates virus entry 

through receptor-mediated endocytosis (Wang et al., 2004). The cellular receptor was 

shown to be bovine regulatory protein CD46 for BVDV (Maurer et al., 2004), and porcine 

CD46 for CSFV (Dräger et al., 2015; Reimann et al., 2004). Recently, it was speculated that 

CD46 is supported by a second receptor upon entry as CD46 is not internalized (El Omari et 

al., 2013).  
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Figure.2: Pestivirus particles; with structural glycoproteins on the envelope (E
rns

, E2 and E1) 

and the Core (C)-protein inside the virion, together with the RNA genome. Pestivirus 

particles shown in an ultrathin section (A), as schematic image (B), and in negative stain (C). 

Electron microscopy: Dr. F. Weiland, Dr. H. Granzow, design: M. Jörn, taken from (Beer et al., 

2007), with permission of ELSEVIER.  

 

The E
rns

 is the second immunogenic envelope protein, inducing antibodies in the host (König 

et al., 1995) and has ribonuclease activity (Schneider et al., 1993; Windisch et al., 1996). It is 

usually present in form of disulfide-bond homodimers (Rümenapf et al., 1993). In the initial 

phase of pestivirus infection, E
rns

 was shown to mediate the initial contact of the virus to the 

host cells, through its ability to bind to glycosaminoglycans (GAGs) (Hulst et al., 2001; Iqbal 

et al., 2000), before E2 binds to the specific cellular receptor. Structural protein E
rns

 is also 

involved in cell culture adaptation (Dräger et al., 2015; Hulst et al., 2000; Hulst et al., 2001) 

and harbors virulence determinants (Hausmann et al., 2004; Hulst and Moormann, 2001; 

Hulst et al., 2001; Meyers et al., 1999). 

After fusion, the virus core is released into the cytoplasm (Donis, 1995; Krey et al., 2005; 

Lecot et al., 2005), where the RNA genome serves as mRNA (Yu et al., 2000). The cap-

independent translation occurs at the ribosomes of the rough endoplasmatic reticulum (ER); 

the internal ribosomal entry site (IRES) at the 5` NTR mediates the initiation of translation 

(Pestova and Hellen, 1999; Poole et al., 1995; Rijnbrand et al., 1997). After processing of the 

polyprotein precursor by viral and cellular proteases (Rümenapf et al., 1993), the assembly 

and maturation of new virus particles occurs in the ER and in the Golgi apparatus. At the 

end, virions are released through exocytosis (Gray and Nettleton, 1987; Ohmann, 1990). 

A B C 
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1.2. Epidemiology and clinical picture of the Classical swine fever 

virus infection 

 

Classical swine fever (CSF) is still one of the most devastating viral diseases of swine 

(domestic and feral), with massive socio-economic impact, especially for regions with high 

livestock density and industrialized pig production. In consequence CSFV infections are 

notifiable to the World Organization for Animal Health (OIE) (Artois et al., 2002; Edwards et 

al., 2000; van Oirschot, 2003b; Vandeputte and Chappuis, 1999). 

Despite intensive efforts, complete eradication of CSFV has not been achieved and seems 

elusive given the fact that CSFV is highly contagious and can be re-introduced into domestic 

pig populations through affected wild boar (Artois et al., 2002; Fritzemeier et al., 2000). 

Consequently, the disease keeps re-occurring almost worldwide. One of the last dramatic 

European outbreaks that affected The Netherlands from 1997 to 1998, had the consequence 

that 1.1 million animals had to be culled and 2.3 billion dollar of direct costs arose (Elber et 

al., 1999). Spread of CSFV and introduction into other countries could quickly occur during 

outbreak situations, fostered by globalization (Elber et al., 1999; Stegeman et al., 1999a; 

Stegeman et al., 1999b). For Europe, the formation of the European Union (EU) and with this 

the establishment of a common market between countries of the EU (e.g. free movement of 

goods) gave much more importance to the CSFV-free status of the corresponding countries 

of the EU. 

Transmission of CSFV occurs traditionally through direct contact between infected and 

susceptible pigs, especially through trade of infected swine. Additionally, transmission is 

possible through indirect contact via e.g. contaminated veterinary or agricultural equipment 

or through swill feeding (Terpstra and Wensvoort, 1988; van Oirschot, 1999). Transmission 

from pregnant sows to their fetuses, i.e. a vertical transmission, is also possible. The 

outcome of vertical transmission depends on the time of gestation and may result in 

abortion, mummification and stillbirth but also development of persistently infected 

offspring (Liess, 1987). The latter constantly sheds virus without showing typical signs of the 

disease (Moennig et al., 2003b).  
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The main route of infection is the oro-nasal. During the course of infection, virus is shed 

predominantly through saliva, but in lower amounts also through lacrimal secretion, urine, 

feces and semen (Laevens et al., 1999; Moennig, 2000; Ressang, 1973; Terpstra and 

Wensvoort, 1988). 

CSFV infection leads to a wide range of unspecific clinical signs like high fever, anorexia, 

general depression or runting during a mild course of disease. Signs of lethal CSFV infection 

include central nervous disorders and hemorrhages. Most animals show severe leukopenia, 

thrombocytopenia, and immuno-suppression. During necropsies swollen lymph nodes and 

edematous changes are often accompanied by hemorrhages of the mucosa and the inner 

organs. Furthermore, secondary enteric or respiratory infections are frequently observed 

(Depner et al., 1999; Moennig, 2000; Moennig et al., 2003a).  

 

1.3. Legal framework and control measures of CSFV infection 

 

Within the EU, the mandatory set of control measures is laid down in the European Council 

Directive 2001/89/EC. This legal framework was first ratified in 1980 and amended in 2001. 

The latter is still in place, accompanied by a Diagnostic Manual (Anonymous, 2002) and its 

Technical Annex (Anonymous, 2001; Laddomada, 2000). The main goal is the eradication of 

CSFV within the EU. To enforce this aim and to prevent the spread of CSFV, there are strict 

hygiene measures during outbreaks. Furthermore, only pig populations tested negative for 

CSFV-reactive antibodies are considered CSFV-free, and are allowed to be traded 

(Commission Decision 2002/106/EC). For this reason, a non-vaccination policy was 

implemented and prophylactic vaccination against CSFV was banned in all EU member states 

in 1990 (Dong and Chen, 2007). As CSFV outbreaks could have an enormous economic 

impact in the naïve pig population, emergency vaccination remains an option irrespective of 

the vaccine type used. Exceptions from trade restrictions are only foreseen for vaccines that 

allow differentiation of infected from vaccinated animals (DIVA or marker vaccines). DIVA is 

possible following three different strategies. The first concept is a so-called “negative 

marker” which means the lack of one or more antigenic domains, epitopes or proteins within 

the vaccine virus or construct compared to field viruses. There are two concepts of a 
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“positive marker”. The “extrinsic positive marker” includes one or more extrinsic 

immunogenic domains or proteins from different virus strains. In comparison, including 

immunogenic domains of the wild-type virus itself describes an “intrinsic positive marker”. 

The inclusion of extrinsic or intrinsic immunogens needs to lead to a varying antibody 

pattern, compared to a natural infection. For CSFV vaccines, mainly negative marker 

concepts have been pursued (Dong and Chen, 2007; van Oirschot, 2003b). 

In general there are safe and effective live attenuated vaccines (LAV) against CSFV infection 

since decades. These vaccines have been used in endemic countries to lower the disease 

burden, and also as first step for successful eradication campaigns (van Oirschot, 2003a)  

Multiple passaging in rabbits and cell culture systems led to these highly attenuated strains. 

Nowadays, well established LAV strains such as C-strain “Riems” are considered the “gold-

standard” of live CSFV vaccines (Beer et al., 2007; Dong and Chen, 2007; Terpstra and 

Robijns, 1977; Terpstra and Tielen, 1976). However, a serological DIVA-concept is not 

possible using these vaccines. Serologically, pigs vaccinated with these LAV and pigs 

reconvalescent from natural infection, are not distinguishable. Due to this, trade restrictions 

are imposed on animals vaccinated with traditional LAVs. These restrictions led to intensive 

research into possible marker vaccines (Beer et al., 2007; Blome et al., 2006; Dong and Chen, 

2007; van Oirschot, 2003b; van Oirschot et al., 1999) 

 

1.4. Marker vaccines against CSFV 

 

First CSFV marker vaccines licensed for market use, were E2 subunit vaccines BAYOVAC® CSF 

Marker (Bayer, Leverkusen, Germany) and Porcilis® Pesti (Intervet, Boxmeer, The 

Netherlands) (Dong and Chen, 2007; Hulst et al., 1993). For these subunit vaccines CSFV E2 

was expressed in a baculovirus-expression system. These marker vaccines were 

accompanied by two E
rns

-ELISA systems (de Smit, 2000; Floegel-Niesmann, 2001). However, 

several vaccination-challenge trials demonstrated weaknesses of the E2 subunit vaccines. 

Often multiple applications of the vaccines were necessary to prevent viremia of challenge 

virus and to prevent its transmission to susceptible contact animals (Dewulf et al., 2001; 

Uttenthal et al., 2001; Ziegler and Kaden, 2002). Different studies presented that an early 
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challenge, seven to 14 days post vaccination (dpv), led to clinical signs or even death of the 

pigs (Bouma et al., 2000; Uttenthal et al., 2001; Ziegler and Kaden, 2002). Double vaccination 

in a four-week interval was recommended to achieve the best outcome (Dong and Chen, 

2007; van Oirschot, 2003b; Ziegler and Kaden, 2002). The latter is not really feasible for an 

emergency vaccination scenario, e.g. during an outbreak, where single applications of the 

vaccine are planned to lower the amount of susceptible animals in a pig population quickly 

(Depner et al., 2001; Uttenthal et al., 2001; van Oirschot, 2003a). Moreover, the E2 subunit 

vaccines were able to reduce vertical transmission of CSFV challenge virus, but could not 

completely prevent vertical transmission (de Smit et al., 2000). The accompanying DIVA 

ELISAs had also a few impairments. Classical swine fever virus E
rns

 specific antibodies were in 

general detectable 14 days after CSFV challenge. However, in other experiments, E
rns

 

antibodies were only detectable after three to four weeks or even not at all (de Smit, 2000). 

Apart from the E2 subunit vaccines, several other approaches for new CSFV marker vaccines 

were followed. Such as immunogenic peptides, which are another type of a subunit vaccine. 

In animal trials, CSFV-E2-derived immunogenic peptides were not able to completely prevent 

clinical signs, viremia or virus shedding of CSFV challenge virus (Dong and Chen, 2006; Dong 

et al., 2006). A second type of marker vaccine candidates, CSFV E2-based DNA vaccines were 

shown to need multiple applications and high dosages, to protect pigs against lethal CSFV 

challenge (Wienhold et al., 2005). A third approach for CSFV marker vaccines, were viral 

vectors, e.g. vaccinia virus, pseudorabies virus, porcine adenovirus, swinepox virus or 

parapox virus expressing envelope proteins of CSFV. The viral vector vaccines showed partly 

protection against lethal CSFV challenge and prevented clinical signs. However, in some 

studies oral application did not induce CSFV-specific neutralizing antibodies (Hahn et al., 

2001; Hammond et al., 2003; Hammond et al., 2001; Hammond et al., 2000; Hooft van 

Iddekinge et al., 1996; König et al., 1995; Mulder et al., 1994). 

Given the weaknesses regarding the safety and efficacy of the E2 subunit, DNA and viral 

vector vaccines and the different marker vaccine approaches, the development of new 

marker vaccines was continued. 

With the advent of reverse genetics, directed changes in the virus genome became possible 

(Meyers et al., 1996b; Moormann et al., 1996; Ruggli et al., 1996) and were employed for the 

next generation of marker vaccine candidates. 
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1.5. Pestivirus chimera “CP7_Ealf” and its accompanying DIVA 

diagnostic 

 

One of the CSFV marker vaccines developed using reverse genetics techniques is the 

chimeric pestivirus “CP7_E2alf”. The chimera is based on an infectious cDNA clone of 

cytopathogenic BVDV-1 strain “CP7” (Meyers et al., 1996a). In a first step, the E2 encoding 

region of the BVDV backbone was deleted. Afterwards, it was replaced by the homologous 

E2-coding region of from strain “Alfort/187” (Ruggli et al., 1996) (see figure 3). The DIVA 

concept is negative marker. While vaccinated animals will only show antibodies against CSFV 

E2, wild-type virus infected animals will mount also CSFV E
rns

 antibodies. To successfully 

function as a “negative marker”, the accompanying discriminatory serological assays for 

“CP7_E2alf”, need to be reliable and highly CSFV specific (Anonymous, 2003; Xia et al., 

2015). 

Through the exchange of BVDV E2 by CSFV E2 the chimera gained an altered cell tropism. 

Efficient replication of the chimera was only achieved in porcine cells, indicating the 

adaptation of “CP7_E2alf” to porcine cells. In comparison to the BVDV parental strain “CP7”, 

which replicates to high titers only in bovine cell cultures, the chimera was not able to show 

efficient replication in bovine cells (Reimann et al., 2004). Propagation up to eleven passages 

revealed one non-synonymous mutation in the E
rns

 of “CP7_E2alf”. This mutation did not 

lead to altered characteristic in vivo (Reimann et al., 2004). 
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Recently, a Multiplex Microsphere Immunoassay was developed. It uses the xMAP 

technology (Luminex Corp., Austin, TX), which is able to detect simultaneously multiple 

targets, like antibodies, in one sample. In this test system antigens are coupled to suspension 

microspheres. Mixing sets of microspheres coupled with different antigens, enables a high 

degree of multiplexing capacity. Antigens were expressed with a bacoluvirus expression 

system in insect cells. Three viral proteins function as antigens in the new test system; CSFV 

E
rns

 and E2, as well as BVDV E2. First evaluation of the Multiplex Microsphere Immunoassay 

confirmed its potential for use in DIVA applications. CSFV E2 and E
rns

 antigens reacted 

specifically to their respective antibodies. First results indicate that vaccinated animals 

would be distinguishable from infected animals through the new test system (Xia et al., 

2015). 

Next to CSFV E
rns

-specific antibody detection through serological tests, there is a second way 

to enforce the DIVA concept of “CP7_E2alf”. The pestivirus chimera has unique 

characteristics on genome level, which enables a “genetic DIVA”-concept (Beer et al., 2007). 

It was shown that low amounts of vaccine virus genome are detectable in samples from 

“CP7_E2alf” immunized animals. In lymphatic tissues detection was possible for a longer 

time period (>42 days). These findings offer the possibility to perform vaccine virus strain 

specific RT-qPCR to discriminate naturally infected from vaccinated animals (König et al., 

2007a). Up to now, two systems have been developed targeting a unique region of 

“CP7_E2alf” (Leifer et al., 2009a; Liu et al., 2009). 

 

1.6. Evaluation of the safety and efficacy of “CP7_E2alf” 

 

Apart from being accompanied by a reliable DIVA system, marker vaccines have to be as safe 

and effective as conventional vaccines (van Oirschot, 2003b). In the process of licensing 

through the competent authority, the European Medicines Agency (EMA), specific 

requirements have to be fulfilled by vaccine candidates. These prerequisites documented in 

the OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals and the respective 

monographs of the European Pharmacopoeia (Ph.Eur.). Amongst others, they include 

mandatory safety, efficacy, and stability tests with a defined readout. The initial testing of 
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“CP7_E2alf” as a promising vaccine candidate was carried out within the EU funded research 

project “Improve tools and strategies for the prevention and control of classical swine fever” 

(Blome et al., 2012; Feliziani et al., 2014; Leifer et al., 2009b). 

In terms of safety, harmlessness was shown for target (domestic pigs and wild boar) and 

relevant non-target species (calves, lambs, goat kids, and rabbits). Moreover, the switch in 

the host spectrum towards pigs was confirmed by the fact that oral inoculation did not lead 

to seroconversion in cattle, the main BVDV backbone target species (König et al., 2011b). All 

trials that were carried out for the assessment of safety or efficacy issues confirmed 

avirulence in domestic pigs and wild boar of all tested age classes and lack of vaccine virus 

shedding and transmission (Blome et al., 2012; Blome et al., 2014; Eble et al., 2012; Eble et 

al., 2014; Feliziani et al., 2014; Gabriel et al., 2012; König et al., 2011a; König et al., 2007b; 

Leifer et al., 2009b; Levai et al., 2015; Rangelova et al., 2012; Reimann et al., 2004; Renson et 

al., 2013). In all these trials, vaccine virus replication in the host was always very low and re-

isolation was a very rare (König et al., 2007a; Leifer et al., 2009b). 

Efficacy studies demonstrated that partial protection was conferred as early as two days 

post oral vaccination (Renson et al., 2013). Full clinical protection was shown at seven days 

post intramuscular vaccination (Eble et al., 2012) and usually at fourteen days after oral 

vaccination (Blome et al., 2012). However, oral vaccination showed higher variability as 

another study could only show protection from lethal challenge but not from disease, with 

challenge 14 dpv (Levai et al., 2015). Protection was demonstrated against highly virulent 

genotype 1 strains (CSFV “Koslov” and “Eystrup”) and relevant field viruses of genotype 2 

(strains from Germany and Israel) (Blome et al., 2014). The mandatory duration of immunity 

study could demonstrate that antibodies persisted for at least six months and that 

successfully vaccinated animals were protected upon challenge, six months post vaccination 

(Gabriel et al., 2012). As with other LAVs, maternally derived antibodies can have negative 

impact on vaccine efficacy (Eble et al., 2014; Rangelova et al., 2012). 

In general, the diagnostic DIVA concept worked out with negative E
rns

 antibody results in 

only vaccinated animals (Blome et al., 2012; Gabriel et al., 2012). However, there is still room 

for improvement in terms of test sensitivity, specificity, and robustness (Pannhorst et al., 

2015). 
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In conclusion, extensive studies have been carried out to characterize pestivirus chimera 

“CP7_E2alf”. However, important aspects of safety, efficacy and genetic stability were still 

not fully explored.  
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2. Study objectives 
 

In the context of the final licensing process of the marker vaccine “CP7_E2alf”, and the risk 

assessments towards its putative implementation as emergency vaccine, the following safety 

and efficacy questions were raised: 

A) Is the chimera “CP7_E2alf” less stable than its parental viruses, i.e. is there an 

increased frequency of mutational and recombination events? 

B) Is the vaccine suitable for vaccination of breeding boar, i.e. is there a risk of vaccine 

virus shedding in semen and/or other se- and excretions?  

C) Do pre-existing anti-pestivirus antibodies, especially against the vaccine backbone 

BVDV-1, influence the outcome of the vaccination with “CP7_E2alf”? 

D) For how long should we expect the presence of maternally derived antibodies and 

thus their influence on vaccine efficacy and diagnosis after single, emergency-type 

vaccination? 

 

To address these issues, four experimental approaches were carried out: 

I. Genetic stability tests, i.e. sequence evolution analysis after in vitro and in vivo passaging 

of the vaccine, parental and additional field strains. For this purpose, sequences of 

“CP7_E2alf”, its parental viruses BVDV “CP7” and CSFV “Alfort/187” as well as recent 

BVDV and CSFV field strains were determined and compared at defined time points 

during cell culture passaging using a next-generation sequencing (NGS) approach. 

Moreover, co-infection studies with vaccine virus and selected other strains were 

performed to prove the occurrence of recombinant viruses. Finally, the in vivo stability of 

“CP7_E2alf” was addressed through NGS of the inoculum and a re-isolated vaccine virus 

after passage in an adult boar. 

II. Shedding and dissemination studies in boars. Here, the shedding and dissemination 

pattern of “CP7_E2alf” vaccine virus was assessed in adult boars after single 

intramuscular vaccination with a tenfold vaccine dose. 
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III. Efficacy study with “CP7_E2alf” in the presence of pre-existing anti-pestiviral antibodies. 

To investigate this issue, first, pre-existing antibodies against BVDV-1 were provoked in a 

subset of animals through intramuscular inoculation of a recent BVDV-1 field isolate from 

Germany. Thereafter, a vaccination-challenge-trial was conducted with “CP7_E2alf” and, 

for comparison, the C-strain “gold-standard” of live-modified CSFV vaccines.  

IV. Assessment of the kinetics of maternally derived antibodies. To provide further 

background data on the expected period of maternally derived antibody influence on 

vaccine efficacy and serological CSFV diagnosis, a trial was carried out with single 

“emergency-type” vaccination of two pregnant sows. Their offspring was tested in 

routinely used antibody assays.  
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Abstract Recently, CP7_E2alf (Suvaxyn�CSF Marker),

a live marker vaccine against classical swine fever virus,

was licensed through the European Medicines Agency. For

application of such a genetically engineered virus under

field conditions, knowledge about its genetic stability is

essential. Here, we report on stability studies that were

conducted to assess and compare the mutation rate of

CP7_E2alf in vitro and in vivo. Sequence analyses upon

passaging confirmed the high stability of CP7_E2alf, and

no recombination events were observed in the experimental

setup. The data obtained in this study confirm the genetic

stability of CP7_E2alf as an important safety component.

Keywords Classical swine fever � Marker vaccine �

CP7_E2alf � Genetic stability

Classical swine fever (CSF) is a highly contagious disease

of swine and one of the major threats to profitable pig

production worldwide [12]. The tremendous socio-eco-

nomic impact of this virus has led to its inclusion on the list

of diseases that are notifiable to the World Organization for

Animal Health (OIE), and eradication is the main goal in

countries with industrialized pig production. While pro-

phylactic vaccination is usually banned in these countries,

emergency vaccination is still foreseen as an option to

lower the impact of a contingency [28]. However, this

option has rarely been used in domestic pigs, despite the

decades-long availability of highly efficacious and safe live

attenuated vaccines [29]. This is due to the fact that severe

trade restrictions are imposed on pigs that are vaccinated

with conventional live attenuated vaccines that do not

allow differentiation of infected from vaccinated animals

(DIVA-concept) [4].

First-generation marker vaccines, i.e., subunit vaccines,

show problems with the early onset of protection and have

thus been viewed with caution although mathematical

models have suggested their efficacy with regard to out-

break control [2, 29]. Against this background, new gen-

erations of marker vaccines against CSF virus (CSFV) have

been explored [3, 9]. The only candidate that has so far

been brought to licensing is the chimeric pestivirus

CP7_E2alf. This marker vaccine strain was constructed

based on the infectious cDNA clone of the cytopathogenic

bovine viral diarrhea virus (BVDV) strain CP7 as a back-

bone, with the E2 coding region replaced with that of

CSFV strain Alfort/187 [26]. After its first description as a

possible marker vaccine candidate against CSF in 2004

[26], several studies have demonstrated its safety and

efficacy when administered intramuscularly or orally to

domestic pigs or European wild boars [5–7, 11, 13, 20, 21,

23, 24, 26, 27]. Moreover, the marker concept was

explored and supplemented with new diagnostic techniques

[1, 32].

While safety and efficacy are crucial parameters for an

emergency vaccine, it is also essential to demonstrate that a

genetically engineered RNA virus is genetically stable. In

this respect, structural changes that alter B- and T-cell

epitopes or that could lead to an increase in virulence or

replication capacity and broadened host range are relevant.

Furthermore, possible recombination events have to be

addressed. Alongside the initial efficacy studies, the
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genetic stability of the first CP7_E2alf batches was asses-

sed [24]. However, little is known about the stability of this

chimeric virus after the production of master and working

seed virus. A particularly difficult issue is genetic stability

in vivo due to the very limited replication of the chimera in

the target species [20].

To provide relevant stability data, different in vitro

passages of CP7_E2alf were examined by next-generation

sequencing (NGS) and compared to cell culture passages of

its parental viruses and additional field strains. Further-

more, in vivo stability was investigated using sequence data

from an experimental tonsil sample in comparison with the

CP7_E2alf vaccine batch that was used to vaccinate the

animal. Recombination events were addressed in vitro

using a cell culture system with simultaneous as well as

consecutive infection with CP7_E2alf and a recent BVDV

or CSFV field strain. The resulting supernatants were

sequenced and analyzed for potential recombination

events.

For the generation of full-genome sequences in different

parts of the study, nucleic acids from the vaccine batch used

in the corresponding animal trial, the CP7_E2alf master seed

virus, and the cell culture supernatants obtained from the

in vitro assays and the recombination assays were extracted

using TRIzol Reagent (LifeTechnologies, Darmstadt, Ger-

many) in combination with an RNeasy Mini Kit (QIAGEN,

Hilden, Germany) and DNase digestion on the spin column

according to the manufacturer’s recommendations. cDNA

synthesis and library preparation were done as described

previously [19]. Sequencing of the resulting libraries was

done on an Illumina MiSeq using a MiSeq� Reagent Kit v3

(600 cycle) as 2 9 300 paired-end reads (Illumina, San

Diego, CA, USA).

To investigate genetic stability in vivo, RNA was

extracted directly from a virus-isolation-positive tonsil and

one parotid lymph node sample using an RNeasy Mini Kit

(QIAGEN, Hilden, Germany). Due to the low viral load, a

primer-walking method was developed for the amplifica-

tion of the nearly full-length genome, covering parts of the

5’ and 3’ untranslated regions (UTR) and the complete

open reading frame (ORF). Primers for the amplification of

overlapping fragments were designed using the full-gen-

ome sequence of CP7_E2alf as a reference, and the primer

characteristics are shown in Supplementary Table S1. The

PCR products were purified using a NucleoSpin Gel and

PCR Clean-up Kit (Macherey-Nagel, Düren, Germany)

according to the manufacturer’s recommendations. The

DNA concentration was determined using a NanoDrop

instrument (Thermo Fisher Scientific Inc., Wilmington,

USA), and for subsequent library preparation, the PCR

products were pooled in equimolar amounts. Library

preparation and sequencing were done as described above.

Raw sequence data were analyzed, assembled and

mapped using the Genome Sequencer software suite (v.

2.8; Roche, Mannheim, Germany). Full-genome sequences

obtained from the vaccine batch and its passages, the

master seed, the CSFV and BVDV field strains, and the

PCR products obtained from the tonsil sample were aligned

and analyzed using Geneious Software v6.1.6 (Biomatters

Ltd). The protein gene sequences were annotated according

to the reference sequences for BVDV CP7 (entry Q96662)

and CSFV Alfort/187 (entry P19712) available from the

UniProtKB database (http://www.uniprot.org/). Quasi-

species analysis, i.e., investigation of frequent variants

occurring in more than 10 % of the reads covering a certain

genome position, was conducted using the Genome

Sequencer software suite (v. 2.8; Roche, Mannheim,

Germany).

In order to find indications of recombination events, the

complete genome sequences of CP7_E2alf and a BVDV

field strain or CSFV isolate Roesrath were concatenated,

and the reads of the respective libraries were mapped to

either the concatenated reference sequences or the single

full-genome reference sequences of the respective strains

in order to detect chimeric mapped reads (i.e., reads that

would partially be assigned, for example, to CP7_E2alf and

partially to the respective field strain). The chimeric map-

ped reads were then mapped again using CodonCode

Aligner software (v 5.0.1) to the respective reference

sequence. Additionally, all reads that mapped either to

CP7_E2alf or the respective field strains were assembled in

order to generate the respective full genomes.

In order to investigate genetic stability in vitro, a

CP7_E2alf master seed virus, CSFV Alfort/187 (the par-

ental strain providing the immunogen E2 for CP7_E2alf),

BVDV CP7 (the parental strain providing the backbone of

CP7_E2alf), CSFV Roesrath (a representative recent field

strain of CSFV), and a recent BVDV field isolate (BVDV-

1c) were used. Passages (levels 0, 5, and 10) of CSFV

strains and the chimera CP7_E2alf were obtained on a

permanent porcine kidney cell line (PK15, CCLV, and Rie-

0005-1, for CP7_E2alf and CSFV Alfort/187, SK6 for

CSFV Roesrath) following standard procedures as descri-

bed in the technical annex of the EU Diagnostic Manual for

CSF (Commission Decision 2002/106/EC). BVDV strains

were passaged on bovine kidney cells (MDBK, CCLV,

Rie-0261) following the same procedure. In brief, semi-

confluent cell cultures were inoculated with the respective

virus strain and incubated for 72 h at 37 �C. Thereafter, a

freeze-thaw cycle was performed and the viruses were

harvested for further passaging. Viral growth was con-

firmed through standard titrations and indirect

immunoperoxidase staining. The resulting cell culture

supernatants were subsequently subjected to metagenomic
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analysis employing next-generation sequencing as descri-

bed above.

In a first step, the sequence obtained from the master

seed virus of CP7_E2alf was compared to the previously

described GLP CP7_E2alf vaccine stock sequence that was

investigated for genetic stability by Leifer et al. [24]. This

analysis revealed only one additional substitution, which

was non-synonymous, in the Erns protein gene (position

1803) that could be due to further cell culture adaption in

the manufacturing process. This substitution does not affect

any known B- or T-cell epitopes and therefore probably

does not affect the production of neutralizing antibodies by

the host [30].

Furthermore, comparative sequence analysis of passage

levels 0, 5, and 10 revealed no nucleotide substitutions in

the consensus sequence after 10 cell culture passages for

strains CP7_E2alf, CSFV Alfort/187, and CSFV Roesrath.

After ten passages of BVDV CP7, five nucleotide substi-

tutions could be observed at the consensus level, of which

two were non-synonymous (Table 1). The highest vari-

ability could be observed for the BVDV field strain, with

12 consensus nucleotide substitutions, of which five were

non-synonymous after five passages, and two additional

substitutions (one non-synonymous) after 10 passages

(Table 2). In-depth investigation with regard to high-fre-

quency variants (quasispecies) revealed no variability in

the vaccine master seed and passage levels 1 and 5. In

passage 10, only five substitutions were observed, all of

them in the BVDV backbone and outside the genome

regions coding for structural proteins (see Supplementary

Table S2).

In conclusion, these results indicate that the chimeric

vaccine strain CP7_E2alf is highly stable in vitro and, in

this respect, comparable to CSFV, which is known to be

exceptionally stable for an RNA virus [30]. Its stability

might be further strengthened by the limited quasispecies

structure that resulted from plaque purification of the

vaccine virus for production.

To investigate its genetic stability in vivo, re-isolated

CP7_E2alf obtained in a safety trial with adult boars [10]

was used. In the framework of this study, one tonsil sample

and one parotid lymph node sample taken at day four after

tenfold intramuscular vaccination with Suvaxyn�CSF

Marker (CP7_E2alf) was found positive by virus isolation.

These samples were subjected to sequencing, and the

resulting sequence of one sample was compared to the

vaccine batch used in the trial (batch T23488; exp. 30-07-

2015). Generating in vivo stability data proved to be

challenging due to the highly restricted replication of the

vaccine virus within the target host. The results obtained

with samples from the CP7_E2alf animal trial showed that

the vaccine virus was not detectable in most parenchyma-

tous organs, body fluids, genitals, accessory sex glands,

semen, urine and faeces [10]. Virus isolation was only

possible from one tonsil and one parotid lymph node from

only one individual, indicating that, even at the primary

site, the amount of replication was low, and its duration

was short. Due to the low viral load in both tissue samples,

a first attempt to sequence the vaccine virus directly from

both tissue samples failed. However, the overlapping PCR

protocol developed in this study enabled production of

amplicons of the expected length, at least from the tonsil

sample. Sequencing of the amplicons obtained from the

tonsil sample was successful, and the full-genome

sequence could be generated. Sequence comparison of the

original vaccine batch used in the animal trial with the

sequence obtained from the tonsil sample revealed only

one, non-synonymous, substitution within the NS5B pro-

tein gene. These findings again indicate the high genetic

stability of the vaccine virus, not only in vitro but also

in vivo. The observed substitution, again, was in the BVDV

CP7 backbone region, i.e., the RNA-dependent RNA

polymerase gene. However, this substitution is not in a

region where any effect of the substitution on the antigenic

characteristics of the vaccine strain is expected.

To test for possible recombination events, further

in vitro studies were performed. In brief, porcine kidney

cells (SK6) were co-infected simultaneously and consecu-

tively (24 h interval) with 500 50 % tissue culture infec-

tious doses (TCID50) of CP7_E2alf and either CSFV field

strain Roesrath or a BVDV-1 field strain. Sequencing

libraries were prepared from cell culture supernatant

obtained from the simultaneously infected porcine cells as

well as from the consecutively infected cells. From each

library prepared for sequencing, approximately 2.3 million

to 2.7 million reads were obtained. The data from cells co-

infected with vaccine strain CP7_E2alf and either a BVDV

or CSFV fields strain were investigated for the presence of

Table 1 Substitutions in the

BVDV CP7 genome after five

and ten cell culture passages

Position 375 1435 3720 4410 9604 Total no. of

differences

BVDV_CP7_P1 C G C A T -

BVDV_CP7_P5 C G C A T 0

BVDV_CP7_P10 T C T G G 5

Amino acids D125D G479R L1240L E1470E L3202V 2

Protein gene Npro Erns NS2 NS2 NS5B

Genetic stability of CSFV marker strain 3123
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chimeric reads, i.e., reads that partially fit to one and

partially the other strain, indicating potential recombina-

tion. In all cell-culture-based attempts, no such reads were

detected, suggesting that no detectable recombination

events took place. In all cases, CP7_E2alf reads predom-

inated over field strain reads (13.27 % to 0.21 %), but the

majority of reads were of host genome origin. Finally, the

full CP7_E2alf genome sequence could be generated.

From the BVDV and CSFV field strains, mainly partial

sequences of the genome were obtained, indicating that the

field strains grew in this setup less efficiently than

CP7_E2alf. In general, knowledge on recombination

events in CSFV under natural conditions is rather scarce.

To date, four reports of recombination events in CSFV

exist [8, 17, 18, 31]. However, these publications are based

solely on in silico analysis of existing sequence data, and

some of the phenomena reported may have resulted from

sequencing artefacts or simple diversity within the qua-

sispecies). With regard to BVDV, the emergence of cyto-

pathic (cp) BVDV that can evolve from non-cytopathic

(ncp) strains through non-homologues recombination [25]

is well characterized. However, this is a rather rare event

under natural conditions, as recombinant viral genomes

with insertions of cellular sequences originate from at least

two recombination events [15]. Regarding CSFV, inde-

pendent cp viruses do not seem to exist in nature, and an

artificial recombination system was needed to obtain such

virus mutants [14–16]. Since BDV and BVDV can also

infect pigs and are simultaneously present in several

countries (e.g., CSFV and BVDV in Asia), the absence of

recombinant viruses is a strong indication that recombi-

nation is a highly unlikely event. Moreover, due to the very

strong interference phenomenon that exists between related

pestiviruses, it is almost impossible to infect the same cell

with two pestivirus strains [22].

Taken together, the results of this study confirm that the

chimeric vaccine strain CP7_E2alf is highly stable in vivo

and in vitro, and they give no indication of potential

recombination events occurring under the described

in vitro conditions.
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a b s  t  r a  c t

Over the last  decade, pestivirus  chimaera  CP7 E2alf  has proven  to be a  most  promising marker vaccine

candidate  against  classical swine  fever  (CSF).  To  provide  further background  data  for the  risk assessment

towards  licensing and release,  especially  on presence of  the  vaccine chimaera in faeces, urine, and organs

of  the  male reproductive  tract,  supplementary  studies  were carried  out under controlled laboratory  con

ditions.  In  detail,  the shedding  and dissemination  pattern  of  Suvaxyn® CSF  Marker  (“CP7  E2alf”) was

assessed  in  12 adult boars  after single intramuscular  vaccination with  a  tenfold  vaccine dose. Four  and

seven days post  vaccination,  six animals were subjected to necropsy  and triplicate samples  were  obtained

from  reproductive  and lymphatic organs as well as  urine, faeces, blood, and several  additional  organs and

matrices.  The  sampling  days  were  chosen based on  preexisting  data  that indicated the  highest proba

bility  of  virus detection. Upon vaccination,  neither  local nor  systemic  adverse effects were  observed in

the  experimental animals.  It  was  confirmed that primary replication is restricted  to the lymphatic  tissues

and  especially  the  tonsil.  While viral  genome was detectable in  several  samples  from  lymphatic tissues

at  four  and seven  days post vaccination,  infectious  virus  was only demonstrated  at four days  post vacci

nation in  one  tonsil sample and  one  parotid  lymphnode.  Sporadic  detection at a  very  low  level occurred

in  some replicates  of  liver,  lung,  bone marrow,  and salivary gland samples.  In  contrast, viral genome  was

not  detected  in  any sample from  reproductive  organs and  accessory sex  glands, in  faeces,  urine,  or bile.

The  presented  data on the dissemination  of  the  vaccine virus  CP7 E2alf  in  adult  boars  are  supplementing

existing safety  and efficacy studies and  indicate  that the  use  of  the vaccine is  also  safe  in  reproductive

boars.
© 2015  Elsevier  Ltd.  All rights  reserved.

1. Introduction

Classical swine fever (CSF)  remains one of the major threats

for profitable pig production worldwide, and due to its  impact,

it is notifiable to the OIE [1].  In most industrialized pig produc

tion systems, prophylactic vaccination against the  viral disease is

banned and outbreaks are controlled through strict and legal bind

ing hygiene measures (see e.g. European Union Council Directive

2001/89/EC and Commission Decision 2002/106/EC). In densely

populated livestock areas and in larger outbreak scenarios, this pol

icy can lead to tremendous numbers of animals that have  to  be

culled in restriction zones. To avoid this, emergency vaccination

could be implemented as laid down in the abovementioned legis

lation. However, the option of  emergency vaccination is hampered

∗ Corresponding author. Tel.: +49 38351 7 1144; fax: +49 38351 7 1275.

Email address: sandra.blome@fli.bund.de (S.  Blome).

by limitations in the available subunit marker vaccines, and trade

restrictions that are imposed on conventionally vaccinated animals

[2].  To  overcome these problems, research activities were directed

towards the  development of new generations of marker vaccines

[3].  Over the  last decade, several approaches have been followed

and tested, among them chimeric pestiviruses such as “CP7 E2alf”

[4–8].

After its first description as possible marker vaccine candidate

against CSF in 2004 [4],  “CP7 E2alf” was evaluated in the framework

of two  EU  funded research projects and beyond. The chimaera with

a cytopathogenic BVDV “CP7” backbone and the glycoprotein E2

of CSFV “Alfort 187” has proven safety for target and nontarget

species as  well as against different challenge virus strains. Fur

thermore, genetic and serological DIVA concepts were established

[9–11].

Given the fact that the vaccine is a  genetically engineered virus,

assessment of all  safety aspects is  crucial for field applications

and the evaluation towards licensing. In this respect, one of the

http://dx.doi.org/10.1016/j.vaccine.2015.04.103

0264410X/© 2015 Elsevier Ltd. All rights reserved.
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outstanding issues was the question whether vaccine virus could

be  found in semen of vaccinated boars. Moreover, absence of  shed

ding in faeces and urine still had to be demonstrated. These issues

are going far beyond the standard requirements of the European

Pharmacopoeia and were thus only done upon completion of  the

routine studies.

Here, a trial was conducted under controlled laboratory condi

tions with 12 boars.

As substitute for semen, all genitals and accessory sex glands

were tested for vaccine virus. In addition, lymphatic and  parenchy

matous organs as well as a  range of additional sample matrices

including saliva, bile, and bone marrow, were screened for vac

cine virus in order to provide additional data  on  distribution and

primary replication sites.

2. Materials and methods

2.1. Study design

The study comprised 12 crossbred boars  aged 6–7 months.

All animals were purchased from a  commercial boar fatten

ing farm and brought to  the high containment facilities at  the

FriedrichLoefflerInstitut, GreifswaldInsel Riems, Germany. Upon

arrival, the animals were randomly assigned to two  stables/

treatment groups (G1 and G2). All applicable animal welfare

regulations, including EU Directive 2010/63/EC and institutional

guidelines, were taken into consideration. The animal experiment

was approved by the competent authority under reference number

7221.32031/14.

After an acclimatization phase, animals were marked with an

individual eartag and blood, faeces, and saliva samples (using

dry cotton swabs; COPAN) were collected in order to evaluate the

status of animals (freedom from pestiviruses and pestivirus anti

bodies). Thereafter, all  animals were intramuscularly vaccinated

with a tenfold vaccine dose of Suvaxyn® CSF Marker (“CP7 E2alf”)

into the right neck (1 ml  solution, deep into the muscles behind

the ear using a 2 ml syringe and  a  20G  needle). Upon vaccina

tion, general health status and possible injection site reactions

were assessed on a daily base. On day  4 post vaccination (dpv),

six boars (G1) were slaughtered (electrostunning and subsequent

exsanguination) and subjected to postmortem examination and

sampling. Animals of G2 (six  boars) were slaughtered and sampled

7 dpv.

At necropsy, the following sample materials were collected:

EDTA blood, native blood for the preparation of serum, testis,

epididymis, bulbourethral gland, vesicular glands, prostate gland,

urine, faeces, liver, bile, lung, bone marrow, oropharyngeal fluid

(using Genotubes; Prionics), salivary glands, spleen, and tonsils. In

addition, the following lymphnodes were collected from the right

side of the animals (side of vaccine injection): Ln. mandibularis,

Ln. retropharyngeus, Ln. cervicalis ventralis, Ln. cervicalis dorsalis,

Ln. parotideus,  Ln. popliteus, and additional lymphnodes of  the

neck/head region (where applicable). For comparison, one ani

mal  (OM6) was sampled for these lymphnodes also  on the left

side.

2.2. Vaccine

For the trial, Suvaxyn® CSF Marker (“CP7 E2alf”) batch T23488

(exp. 30072015) was used together with the respective diluent

as supplied (batch T30737, exp. 032018) by the manufacturer. The

lyophilized vaccine was  diluted in 1/10 of the diluent prescribed

for routine reconstitution to obtain a tenfold vaccine virus dose.

The resulting vaccine dose (1  ml  per  animal) had  a  titre  of 107

tissue culture infectious doses 50% (TCID50) as defined by  back

titration.

2.3. Cells and  viruses for laboratory tests

Cells and viruses for laboratory tests were grown in Dulbecco’s

Modified Eagle Medium (DMEM) supplemented with 10% foetal

bovine  serum at  37 ◦C  in a humidified atmosphere containing

5% CO2. The  porcine kidney cell line 15 (PK15/5; CCLVRIE0005),

the Madin–Darby bovine kidney cells (MDBK; CCLVRIE261), and

also the sheep foetal thymusR cells (SFTR; CCLVRIE0043) were

obtained from the Collection of Cell Lines in Veterinary Medicine

(CCLV, FLI  Insel Riems, Germany).

Classical swine fever virus strain “Roesrath,” BVDV strain

“NADL” and Border disease virus (BDV) strain “S137/4” were

obtained from the German National Reference Laboratory for CSF

(FLI Insel Riems, Germany) for use in neutralization tests.

2.4. Laboratory investigations

2.4.1. Sample preparation and nucleic acid extraction

Serum samples were obtained from native blood by  centrifuga

tion at 2031 × g at  20 ◦C for 20 min. All tissue samples were cut in

small pieces (size of a  small lentil) and transferred to reaction tubes

with 500 ml  phosphate buffered saline (PBS) and a metal bead for

homogenization using a  TissueLyser II (Qiagen). The same was done

with faecal material and saliva swab fragments. All samples were

processed in independent triplicates (biological replicates). Subse

quently, 250 ml of homogenate supernatants and body fluids were

transferred to 750 ml of Trizol Reagent (Invitrogen). Downstream

handling for nucleic acid extraction was done using the automated

MagAttract® Virus Mini M48  Kit (Qiagen) on the King Fisher 96

Flex instrument (Thermo Scientific) as previously described [12].

All extractions contained an internal control RNA (IC2) [13].

2.4.2. Virus detection

Virus titrations were performed according to standard proce

dures as endpoint dilutions on PK15 cells to assess the administered

vaccine titres.  The titres expressed as TCID50/ml  were obtained by

indirect immunoperoxidase staining of heatfixated cells which

was performed 72 h post inoculation using a mouseantiCSFV

E2 monoclonal antibody mix  and a polyclonal goat antimouse

horseradish peroxidase conjugated secondary antibody (Thermo

Fisher Scientific).

In order to ensure freedom from pestiviruses, blood, saliva,

and faecal samples taken prior to vaccination were tested in a

panpestivirus realtime reverse transcription polymerase chain

reaction (RTqPCR) as previously described [13].  These samples

were also subjected to a  CP7 E2alf specific RTqPCR [4]. All sam

ples taken after vaccination were tested primarily in the CP7 E2alf

specific assay. All RTqPCRs were performed with a  BioRad CFX 96

realtime detection system (BioRad, Hercules, CA, USA). Results

were recorded as quantification cycle (cq) values.

Virus isolation was  carried out on RTqPCR positive sam

ples according to the standard screening protocols laid down

in  the  Technical Annex of the European Commission Decision

2002/106/EC. Results were assessed after one passage using indi

rect  immunofluorescence staining with a  mouseantiCSFVE2

monoclonal antibody mix  and an Alexa Fluor® 488 conjugated goat

antimouse IgG secondary antibody (Invitrogen). Results were visu

alized using an  IX51 Olympus fluorescence microscope (Olympus).

2.4.3. Antibody detection

The pestivirus antibody free status of  the animals was confirmed

by testing all sera in a neutralization peroxidaselinked antibody

assays  (NPLA) according to the EU Diagnostic Manual, and the Tech

nical Annex accompanying it. Neutralizing antibody titres against

CSFV “Roesrath” were determined on PK15 cells, those directed

against BVDV “NADL” on MDBK cells, and against BDV “S137/4” on
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Table 1

Results of the CP7 E2alf specific RTqPCR of independent triplicate samples (biological replicates) of  the  lymphatic organs. Results are depicted as quantification cycle values

(cq).  DPV = days post vaccination; Ln.  = lymphnode; Lnn. =  lymphnodes. Missing or  nonexistent samples are shaded in grey.

Organ–Animal ID 4  DPV

OM 1 OM 2  OM 3 OM 5 OM 6 OM 13

Spleen 36 35 36  35 – 35 –  38 37 33 –  – – 40 –  34 36 36

Tonsil 35 36 37  25 31 29 –  38 34 37 34 30 31 38 –  37 35 –

Ln.  mandibularis 38 38 –  33 35 34 –  –  37 – 35 – – 37 38 35 38 33

Ln.  retropharyngeus 34 35 33  31 38 36 30  37 33 34 35 – 35 –  –  33 32 36

Ln.  cervicalis ventralis – 39 36  35 39 34 –  –  – – –  – 36 –  37 36 39 –

Ln.  cervicalis dorsalis – 40 –  34 36 – –  –  – 34 –  36 29 39 35 – 39 32

Ln.  parotideus 32 36 33  30 33 29 30  38 31 34 34 39 – –  –  – – –

Ln.  popliteus 36 – 37  35 38 36 –  –  – 31 –  34 – –  –  36 – –

Other Lnn. 37 38 35  31 34 30 –  –  – – –  – – –  –  39 37 36

Organ–Animal ID 7  DPV

OM 7 OM 8  OM 9 OM 10 OM 11 OM 12

Spleen – – –  –  – – –  –  – – –  – – –  –  – – –

Tonsil – – –  36 37 37 39 35 37 35 29 36 – –  33 38 38 37

Ln.  mandibularis 37 – –  –  – – –  –  – – –  37 – –  –  – – 39

Ln.  retropharyngeus – – –  36 39 38 –  –  – – –  – 35 38 36 – – –

Ln.  cervicalis ventralis – – –  34 37 37 –  –  – – –  – – –  –  – – –

Ln.  cervicalis dorsalis – – –  37 – – –  –  – 34 –  36 – –  –  – 38 –

Ln.  parotideus 33 38 –  –  37 – 34 –  – – –  38 – –  –  – – –

Ln.  popliteus – – –  37 – 37 –  –  – – –  – – –  –  – – –

Other Lnn. – 36 –  38 37 38 –  –  – – –  – – – –

SFTR cells. Indirect immunoperoxidase staining was performed

as mentioned above. Titres were calculated as neutralization doses

50% (ND50).

3. Results and discussion

3.1. Clinical and pathological observations

Upon vaccination, neither local nor systemic adverse effects

could be observed in vaccinated animals. Necropsy was  without

any special findings apart from an abscessating Ln. parotideus in  one

animal (OM9 at 7 dpv). However, pathohistological investigations

indicated that this lesion was most likely unrelated to  vaccination.

The wellorganized abscess capsule spoke for a chronic lesion much

older than seven days.

3.2. Viraemia (detection of  viral genome in EDTA blood)

Viral RNA was only detected in EDTA blood samples from three

out of six animals slaughtered 4  dpv with very high cqvalues (ct

36–38, data not shown). For each of the animals, only one repli

cate gave positive results. These findings are in line with previous

studies and confirm the low level short viraemia following intra

muscular vaccination [9,10].

3.3. Detection of viral genome in  genitals, accessory sex glands,

urine, and faeces

None of the independent triplicate samples taken  at  4  or  7 dpv

from testis, epididymis, bulbourethral gland, vesicular glands, and

prostate gland gave positive signals for CP7  E2alf genome (see

Table 1). Repetitions in the panpestivirus protocol yielded also

negative results (data not shown). CP7  E2alf genome was  also

not detected in urine or faeces taken 4  and  7  dpv, respectively

(see Table 1).  Based on  these results, shedding of vaccine virus

through semen and furthermore, contamination of the environ

ment through urine or  faeces, respectively, are highly unlikely. This

is in line with the results of  previous studies where all  commingled

contact animals stayed negative for vaccine virus  and antibodies

against CSFV [14].

3.4. Detection of  viral genome in lymphatic tissues

Detection of CP7 E2alf viral RNA in lymphatic tissues showed

a clear  difference between animals slaughtered at  4 and 7  dpv,

respectively. While a  total of 102 positive RTqPCR reactions out

of 162 was  recorded for the six boars on 4  dpv (11–25 per ani

mals), only 40 positive RTqPCRs (4–16 per animal) were seen

with samples from the boars sampled at  7  dpv. Another differ

ence was  detectability of vaccine virus RNA in spleen. While all

animals slaughtered at  4  dpv gave at least one positive result in

spleen samples, animals sampled at 7 dpv were clearly negative

in all  spleen replicates (see Table 1).  These overall results already

indicate that vaccine virus detection is  usually transient even in

lymphatic organs. However, as published by König et al. in 2007

[15],  tonsils or  other individual samples may  remain positive for

longer periods.

Detailed evaluation of lymphatic organs revealed, that all  ani

mals slaughtered at 4 dpv showed at least two positive tonsil

samples with cqvalues ranging from 25 to 38 (see Table 1).  At  7

dpv, one boar was negative for viral RNA in all  tonsil replicates,

the others showed at  least one positive RTqPCR reaction with cq

values ranging from 29 to 39 (see Table 1). The Ln. mandibularis

was found positive in all  animals sampled at 4 dpv and in three

out of six animals sampled at  7  dpv (the latter animals with only

one positive replicate each). A similar picture was seen with the

Ln. retropharyngeus.  Also here, all animals sampled at 4 dpv were

positive, while only two  out of six showed positive reactions at 7

dpv (with all three replicates being positive). Samples of the Ln.

cervicalis ventralis showed positive RTqPCR reactions for four out

of six  animals slaughtered at 4 dpv, and only one out of six animals

sampled at  7  dpv. The corresponding dorsal lymphnode (Ln. cervi

calis dorsalis) showed positive RTqPCR reactions in five out of six

animals sampled 4 dpv, and in three out of six animals of 7 dpv.

The lymphnode taken most distant from the injection side, the Ln.

popliteus showed positive reactions for four out of six animals at  4

dpv, and for one animal at 7 dpv.

The lymphnode samples taken from the right side of the animal

with ear tag  OM6  (slaughtered 7 dpv) showed comparable results.

Based on these results, primary replication of the chimaera

in lymphatic tissues can be confirmed. Detection of viral RNA in
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tissues was not related to the detectable viraemia. With the excep

tion of one tonsil sample with cq  25, and two lymphnode samples

with cq 29, all positive samples showed high cqvalues ≥30. This

again confirms the very limited replication of the chimaera even

in  the primary replication site. The  fact that varying results were

obtained in biological replicates of one  organ indicates that virus

replication is in addition a rather focal event. However, the virus is

still quite widely distributed in lymphatic tissues as  lymphnodes

as distant from the injection site as the Ln. popliteus or lymphnodes

from the opposite side of the animal were found positive.

3.5. Detection of  viral genome in additional organs and  body

fluids

To complete the picture of virus distribution, additional organs

and body fluids were tested in the CP7  E2alf specific RTqPCR. Bile

and salivary (oropharyngeal) swabs gave negative results. Lung and

liver samples were found positive in one animal of  4 dpv each. For

both organs, cq values were 37. Another animal of the 4 dpv group

(OM 2) showed two positive replicates (cq  36/33) in  the salivary

gland samples, and one animal (OM 10) of the  7  dpv group was also

found positive in one salivary gland replicate (cq 37).  Moreover,

two animals slaughtered 7  dpv gave  one positive result in  a  bone

marrow replicate (cq 37/35).

It can be concluded that detection of vaccine virus  RNA outside

the lymphatic tissues is  a rare  finding. These few genome copies

could be linked to macrophages or dendritic cells. No clear corre

lation with detectable viraemia was observed.

3.6. Virus isolation

Samples that were found positive for viral RNA were subjected

to  virus isolation. Two samples were found positive: tonsil and Ln.

parotideus of animal OM 2. The animal was sampled 4 dpv, and only

one duplicate well per organ was found positive.

Again, these results confirmed the short and low viraemia of

CP7 E2alf marker vaccine and the lymphatic tissues as the primary

replication sites.

4. Conclusions

The complete lack of “CP7 E2alf” detection in all  male genitals

and accessory sex glands indicates a  negligible risk of vaccine virus

shedding and transmission through semen. Thus, safety for repro

ductive boars is confirmed. However, for emergency vaccination

scenarios, a riskbenefit analysis should be carried out  with  regard

to  vaccination of breeding animals in general.

In addition, shedding through urine, faeces, and  saliva, and

thus contamination of the  environment with vaccine virus, did not

occur. However, in line with former studies,  short and  lowlevel

viraemia was observed.

Lymphatic tissues were confirmed as primary replications sites.

However, even here, replication was limited, and vaccine virus iso

lation only succeeded in one animal.

The outcome of this study further substantiates safety of the

marker vaccine strain “CP7 E2alf” and provides novel data on  its

distribution in vaccines.
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Abstract:  26 

Classical swine fever (CSF) is still one of the most important viral diseases of pigs worldwide 27 

and outbreaks are notifiable to the OIE. The different control options also include 28 

(emergency) vaccination, preferably with a vaccine that allows differentiation of infected 29 

from vaccinated animals (DIVA principle). Recently, the chimeric pestivirus “CP7_E2alf” 30 

(Suvaxyn® CSF Marker, Zoetis) was licensed as live attenuated marker vaccine by the 31 

European Medicines Agency (EMA). In the context of risk assessments for an emergency 32 

vaccination scenario, the question has been raised whether pre-existing anti-pestivirus 33 

antibodies, especially against the vaccine backbone Bovine viral diarrhea virus type 1 34 

(BVDV-1), would interfere with “CP7_E2alf” vaccination and the accompanying DIVA 35 

diagnostics.  36 

To answer this question, a vaccination-challenge-trial was conducted with Suvaxyn® CSF 37 

Marker and the “gold-standard” of live-modified CSF vaccines C-strain (RIEMSER® 38 

Schweinepestvakzine) as comparator. Pre-existing antibodies against BVDV-1 were provoked 39 

in a subset of animals through intramuscular inoculation of a recent field isolate from 40 

Germany (two injections with an interval of two weeks). Twentyseven days after the first 41 

injection, intramuscular vaccination of pre-exposed and naïve animals with either 42 

“CP7_E2alf” or C-strain “Riems” was performed. Seven days later, all vaccinated animals 43 

and two additional controls were oro-nasally challenged with highly virulent CSF virus 44 

(CSFV) strain Koslov.  45 

It was demonstrated that pre-existing BVDV-1 antibodies do not impact on the efficacy of 46 

live attenuated vaccines against CSF. Both C-strain “Riems” and marker vaccine 47 

“CP7_E2alf” were able to confer full protection against highly virulent challenge seven days 48 

after vaccination. However, slight intereference was seen with serological DIVA diagnostics 49 

accompanying the vaccination with CP7_E2alf. Amended sample preparation and 50 
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combination of test systems was able to resolve most cases of false positive reactions. 51 

However, in such a co-infection scenario, optimization and embedding in a well-defined 52 

surveillance strategy is clearly needed.  53 

 54 

Keywords: Classical swine fever, marker vaccine, CP7_E2alf, efficacy, BVDV antibodies, 55 

DIVA diagnostics 56 

 57 

 58 

1. Introduction 59 

Classical swine fever (CSF) is still one of the most important viral diseases of pigs worldwide 60 

and outbreaks are notifiable to the OIE [1, 2]. Among the control options is (emergency) 61 

vaccination, preferably with a vaccine that allows differentiation of infected from vaccinated 62 

animals (DIVA principle) [3-5]. Recently, a new live attenuated marker vaccine, Suvaxyn® 63 

CSF Marker (Zoetis), was licensed by the European Medicines Agency (EMA).  64 

The underlying vaccine strain “CP7_E2alf” is a chimeric pestivirus that was constructed 65 

based on the infectious cDNA clone of the cytopathogenic Bovine viral diarrhea virus 66 

(BVDV) strain “CP7” with a replacement of the E2 encoding region with that of CSF virus 67 

“Alfort/187” [6]. In the framework of discussions regarding a risk assessment for an 68 

emergency vaccination scenario, the question has been raised whether pre-existing anti-69 

pestivirus antibodies, especially against back-bone type BVDV-1, would interfere with 70 

“CP7_E2alf” vaccination and the accompanying DIVA diagnostics.  71 

Ruminant pestivirus infections of pigs have a worldwide distribution with varying 72 

prevalences. The latter depend on contact with cattle or small ruminants, the age of pigs and 73 

the strains involved. Moreover, BVDV contamination of live virus vaccines can have an 74 

important impact [7].  With regard to BVDV-1, high prevalences were recently reported from 75 
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China where almost one third of all investigated animals were found positive by nested RT-76 

PCR between 2007 and 2010 [8]. 77 

Regarding the impact of those ruminant pestivirus infections in pigs on CSF control measures, 78 

it is known that in the large 1997/98 CSF outbreak in the Netherlands, BVDV antibodies 79 

caused considerable interference with serodiagnosis of CSF [9]. On the other hand, it is 80 

known that BVDV antibodies can directly protect pigs from CSF, either partially or 81 

completely, depending on the BVDV strain [10-12]. However, the neutralizing effects of anti-82 

BVDV antibodies might also act against the efficacy of a live CSF vaccine, especially a 83 

vaccine that has a related BVDV backbone.  84 

To answer the question of efficacy and interference in the presence of pre-existing BVDV 85 

antibodies, a vaccination-challenge-trial was conducted with CP7_E2alf (Suvaxyn® CSF 86 

Marker) and the “gold-standard” of live-modified CSFV vaccines C-strain (RIEMSER® 87 

Schweinepestvakzine) as comparator. Apart from the efficacy aspect, the impact of pre-88 

existing BVDV antibodies on pestivirus diagnosis in general and the DIVA diagnostics in 89 

particular were assessed.  90 

 91 

2. Materials and Methods 92 

2.1 Study design 93 

The study comprised 22 cross-bred weaner pigs aged six to seven weeks. All animals were 94 

purchased from a commercial farm and brought to the high containment facilities at the 95 

Friedrich-Loeffler-Institut (FLI), Greifswald-Insel Riems, Germany. Upon arrival, the animals 96 

were randomly assigned to five stables/treatment groups (G1 to G5). After an acclimatization 97 

phase, animals were marked with an individual ear-tag and blood, faecal and oro-pharyngeal 98 

swabs were collected to prove freedom from pestiviruses and pestivirus antibodies. Only 99 

negative animals were enrolled in the study. 100 
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Subsequently, animals of groups G1 and G3 were intramuscularly inoculated with a recent 101 

BVDV-1 field strain from Germany (10
6
 tissue culture infectious doses 50%, TCID50). 102 

Thirteen days post inoculation (dpi), a booster inoculation was performed using the same 103 

virus (10
4.5

 TCID50).  Twenty-seven days post primary inoculation of groups G1 and G3, all 104 

animals of groups G1 to G4 were intramuscularly vaccinated with either one dose of 105 

Suvaxyn® CSF Marker (G1 and G2) or RIEMSER® Schweinepestvakzine (G3 and G4), 106 

respectively. Group G5 remained untreated as challenge control. Seven days later (34 dpi), all 107 

pigs were oro-nasally challenged with the highly virulent CSFV strain “Koslov” as previously 108 

described [13]. 109 

Over the course of the trial, the general health status and the rectal temperature of the animals 110 

was assessed on a daily base and clinical signs were recorded following the scoring system 111 

established by Mittelholzer et al. [14] with slight modifications. In this context, fever was 112 

defined as a rectal body temperature of  ≥40°C for at least two consecutive days. 113 

Blood samples, oro-pharyngeal and faecal swabs (using dry cotton swabs, COPAN) were 114 

collected on a weekly base prior to challenge, and at days 4, 7, 10, 14, and 21 post challenge 115 

(dpc). Upon termination of the trial at 31 dpc (65 dpi), all remaining animals were subjected 116 

to necropsy and blood, swab and organ samples (tonsil, mandibular lymphnodes, salivary 117 

gland, spleen, bone marrow, and lung) were collected.  118 

Throughout the trial, all applicable animal welfare regulations, including EU Directive 119 

2010/63/EC and institutional guidelines were taken to consideration. The animal experiment 120 

was approved by the competent authority under reference number 7221.3-1-031/15. 121 

2.2 Vaccine 122 

For the trial, Suvaxyn® CSF Marker (Zoetis, batch 108600, exp.09/2017) and RIEMSER® 123 

Schweinepestvakzine (IDT; Lot: 110311, exp. 16AUG2015) were used together with their 124 
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respective diluent as supplied by the manufacturer. Injection was performed deep into the 125 

right neck using a 2 ml syringe with a 20 G needle.  126 

2.3 Laboratory investigations  127 

2.3.1 Sample preparation and nucleic acid extraction  128 

Serum samples were obtained from native blood by centrifugation at 2031 x g at 20 °C for 20 129 

min. Oro-pharyngeal swabs were soaked in 1 ml medium, vortexed for approximately 15 130 

seconds, incubated for one hour at room temperature, and afterwards decanted in 131 

microcentrifuge tubes for further use. All tissue samples were cut in small pieces (size of a 132 

small lentil) and transferred to reaction tubes with 500 µl phosphate buffered saline (PBS) and 133 

a metal bead for homogenization using a TissueLyser II (Qiagen). Subsequently, 140 µl of the 134 

homogenate supernatants or 75 µl of body fluids were transferred to 560 µl of lysis-buffer 135 

(AVL-buffer; Qiagen). Downstream handling for nucleic acid extraction was done following 136 

the manufacturer’s instructions using the QIAmp
® 

viral RNA Mini Kit (Qiagen). All 137 

extractions contained an internal control RNA (IC2) [15].  138 

2.4.2 Virus detection  139 

In order to ensure freedom from pestiviruses, blood and swab samples taken prior to BVDV-1 140 

infection and at 27 dpi, were subjected to a pan-pestivirus real-time reverse transcription 141 

polymerase chain reaction (RT-qPCR) as previously described [15]. These samples were also 142 

subjected to a CP7_E2alf specific RT-qPCR [16], a C-strain specific RT-qPCR [16] and a 143 

CSFV specific RT-qPCR [17]. The latter systems were also used for the EDTA blood samples 144 

taken upon challenge infection to differentiate potential detections of either vaccine or 145 

challenge virus RNA. All RT-qPCRs were performed with a Bio-Rad CFX 96 Real-Time 146 

Detection System (Bio-Rad). Results were recorded as quantification cycle (cq) values. 147 

To complete the diagnostic picture, serum samples were also subjected to an E
rns

 specific 148 

antigen ELISA (CSF Antigen Serum plus, IDEXX).  149 
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Virus isolation was carried out on RT-qPCR positive serum samples from 38 and 41 dpi as 150 

well as from all organ samples from 65 dpi (39 dpi for G5) according to the standard 151 

screening protocols laid down in the Technical Annex of the European Commission Decision 152 

2002/106/EC. Results were assessed after two passages on PK15 cells (PK15/5; CCLV-153 

RIE0005) using indirect immuno-peroxidase staining of heat fixed cells which was performed 154 

72 h post inoculation using a mouse-anti-CSFV-E2 monoclonal antibody mix and a 155 

polyclonal goat anti mouse horseradish peroxidase conjugated secondary antibody (Thermo 156 

Fisher Scientific).  157 

2.4.2 Antibody detection  158 

All sera were subjected to different neutralization peroxidase-linked antibody assays (NPLA) 159 

according to the EU Diagnostic Manual and the Technical Annex accompanying it. In detail, 160 

freedom from pestivirus antibodies was confirmed through NPLAs with test viruses CSFV 161 

“Alfort/187”, the vaccine strains “CP7_E2alf” and “C-strain Riems”, BVDV backbone 162 

“CP7”, a field-type BVDV-1 strain from Germany, BVDV-2 strain “München II”, and BDV 163 

“Moredun”. Over the further course of the trial, antibody titres against CSFV “Alfort/187” 164 

and the BVDV-1 field strain were assessed. 165 

Neutralizing antibody titres against CSFV "Alfort/187", “CP7_E2alf” and “C-strain” were 166 

determined on PK15 cells, those directed against BVDV "CP7", “München II”, and the 167 

BVDV-1 field strain on MDBK cells (Madin-Darby bovine kidney cells, CCLV-RIE261), and 168 

against BDV "Moredun" on SFT-R cells (sheep foetal thymus-R cells, CCLV-RIE0043). 169 

Indirect immuno-peroxidase staining was performed as mentioned above. Titres were 170 

calculated as neutralization doses 50 % (ND50). 171 

Furthermore, the antibody status of the animals was assessed in CSFV E2 and CSFV E
rns

 172 

antibody ELISAs, namely the CSFV Antibody Test Kit (IDEXX) and the pigtype
®

 CSFV 173 

DIVA ELISA (QIAGEN, alpha-Test). Exemplary samples of the pre-vaccination phase were 174 
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additionally retested in the PrioCHECK CSFV Erns (Thermofisher). Antibody responses 175 

upon BVDV inoculation were assessed using a BVDV NS3 antibody ELISA (IDVet, BVD 176 

p80 Ab ELISA).  177 

 178 

3. Results and Discussion 179 

3.1 Responses to BVDV inoculation 180 

Inoculation with a recent BVDV-1 field strain did not lead to any clinical signs in groups G1 181 

and G3. This is in line with the finding that most BVDV-1 infections do not lead to clinical 182 

signs in pigs [18]. Sporadic febrile temperatures were linked to inflammatory conditions at the 183 

distal limbs (panaritium, minor injuries) and handling stress and occurred in all groups (see 184 

figure 1). Where necessary, the affected animals were treated with antibiotics and anti-185 

inflammatory drugs in consultation with the responsible veterinarian. All BVDV inoculated 186 

animals seroconverted by 13 dpi showing neutralizing antibody titers against the homologue 187 

virus ≥10 ND50. However, only one animal was found doubtful in the BVDV p80 ELISA at 188 

that time, documenting a restricted virus replication. Booster inoculation led to an increase in 189 

antibody titers, and at the day of vaccination, mean BVDV-1 titers were 176 ND50 (G1) and 190 

106 ND50 (G3), respectively (see figure 2A). No detectable cross-reactions were seen in 191 

NPLAs with CSFV “Alfort/187” (see figure 2B). The BVDV p80 antibody ELISA was 192 

positive, doubtful or very close to the cut-off for the inoculated animals at the day of 193 

vaccination (data not further shown). In this pre-vaccination phase, a total of three false 194 

positive and seven doubtful reactions occurred in the DIVA assay (CSFV E
rns 

antibody 195 

ELISA). Almost half of the reactivities were found in animals without previous pestivirus 196 

contact and were thus not attributable to cross-reactivities. Retesting of heat-inactivated sera 197 

(56°C for 30 min, not prescribed by the manufacturer) reduced the doubtful results to two 198 

showing that optimization of sample preparation through e.g. inactivation could increase the 199 
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overall specificity. Moreover, exemplary retesting in an alternative test system (PrioCHECK 200 

CSFV Erns, Thermofisher) led to negative results. The observation that false positive 201 

reactions are usually limited to one test system is in line with experiences from previous 202 

studies (Meyer et al., submitted). Thus, under field conditions, sample inactivation and 203 

combination of test systems should be envisaged. However, there is also room for improving 204 

the specificity of the DIVA test and alternative technologies such as Luminex assays [19] 205 

should be explored as confirmatory tests. 206 

 207 

Figure 1. Rectal body temperatures of individual animals of groups G1 ot G5 over the complete 208 

course of the trial. Time points of pre-exposure with BVDV-1, vaccination, and challenge with CSFV 209 

“Koslov” are indicated on the x-axis (abbreviations see below). Fever was defined as a rectal body 210 

temperature of  ≥40°C for at least two consecutive days. 211 
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dpi = days post inoculation; inf1 = first BVDV inoculation at 0 dpi; inf2 = second BVDV 212 

inoculation at 13 dpi; vacc = vaccination at 27 dpi; chall = challenge infection with CSFV 213 

“Koslov” seven days post vaccination 214 

  215 
Figure 2. Antibody responses in neutralization peroxidase linked antibody assays (NPLA) using the 216 

German BVDV-1 field strain (A) and CSFV “Alfort/187” (B) as test viruses. Titers are presented as 217 

group mean neutralization doses 50% (ND50). Time points of vaccination and challenge with CSFV 218 

“Koslov” are indicated on the x-axis (abbreviations see below). Error bars indicate positive standard 219 

deviations.   220 

dpi = days post inoculation; vacc = vaccination at 27 dpi; chall = challenge infection with CSFV 221 

“Koslov” seven days post vaccination 222 

 223 

3.2 Responses upon vaccination 224 

As expected, no local or systemic reactions were observed following vaccination with either 225 

vaccine. 226 

Vaccination with either “CP7_E2alf” or C-strain “Riems” resulted in a strong boost of 227 

BVDV-1 antibody titers in animals of G1 and G3 (see figure 2A). Most of these animals 228 

showed also low titers against CSFV at the time of challenge (see figure 2B). Animals of 229 

groups G2, G4 and G5 showed no seroconversion against pestiviruses (apart from very low 230 

titers of 5 ND50 that were detected in the CP7_E2alf vaccinated group, see figure 2B). In 231 

group G1 (BVDV-1 pre-exposure and CP7_E2alf vaccination), false positive or doubtful 232 

CSFV E
rns

 antibody reactions were observed in three out of five animals at the day of 233 
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challenge (see figure 3B). Here, the additional boost of pre-existing BVDV E
rns

 antibodies 234 

could play a role in triggering cross-reactions. Based on these findings, problems in the DIVA 235 

assay cannot be exluded. Also here, retesting in additional test systems is recommendable as it 236 

was shown that the alternative test showed lower reactivities (data not further shown).  237 

  238 
Figure 3. Results of the CSFV E2-specific antibody ELISA (A) and the CSFV E

rns
-specific antibody 239 

ELISA (B). Group mean values are presented in percentage of inhibition (E2 ELISA) and S/P ratio 240 

(E
rns

 ELISA), respectively. Time points of vaccination and challenge with CSFV “Koslov” are 241 

indicated on the x-axis (abbreviations see below). Error bars indicate positive standard deviations.  242 

Cut-offs are indicated as dashed lines and ranges are included above or between these lines.  243 

dpi = days post inoculation; vacc = vaccination at 27 dpi; chall = challenge infection with CSFV 244 

“Koslov” seven days post vaccination  245 

 246 

3.3 Responses following challenge infection 247 

3.3.1 Clinical and pathological observations 248 

Control animals of G5 showed fever from 2 dpc (see figure 1) and severe but unspecific 249 

symptoms (general depression, inappetence) until their death five days post challenge. Their 250 

necropsy showed only highly reddened and enlarged mandibular lymphnodes.  251 

All other animals remained clinically healthy and did not show any pathological lesions 252 

indicative for CSF. Sporadic temperature rises (see figure 1) were seen in all but group G1 253 

with no link to other diagnostic findings. Thus, full clinical protection was demonstrated even 254 
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in the presence of pre-existing pestivirus antibodies. In this respect, no differences were seen 255 

to previous studies [20] or among the vaccine strains. Whether the BVDV-1 antibodies had a 256 

beneficial effect or would have been sufficient to protect the animals from lethal challenge on 257 

their own, cannot be answered by our approach. However, the used challenge strain CSFV 258 

“Koslov” is highly virulent and immunization with BVDV “CP7” alone does to our 259 

experience not provide any clinical protection. Furthermore, from the boost effect on antibody 260 

titres early upon challenge (see Figure 2B), a beneficial impact can be assumed.  261 

3.3.2 Virus detection 262 

Both control animals (G5) were tested positive for CSFV genome and virus at 38 dpi proving 263 

a successful challenge with CSFV “Koslov”. Furthermore, considerable amounts of CSFV 264 

genome were detected in all organ samples obtained during necropsy (most cq values <30). 265 

The antigen ELISA was positive for only one animal at the day of death. This shows again, 266 

that the antigen ELISA has to be viewed with caution when it comes to sensitivity.  267 

With regard to the vaccinated animals of groups G1, G2, G3 and G4, no virus could be re-268 

isolated from any of the animals or sample matrices. In addition, the antigen ELISA gave 269 

negative results throughout the study. However, low level detection of CSFV genome 270 

occurred in several animals of different groups up to 10 dpc (see supplementary table 1). In 271 

all but one animal of group G1 at 4 dpc (cq 29), cq-values were above 30, indicating very low 272 

viral genome loads. Negative results in the vaccine strain specific RT-qPCRs indicate 273 

challenge virus detections (data not further shown). These findings are again in line with 274 

observations from previous studies without pre-existing pestiviral antibodies [13, 20-22].  275 

 Regarding the detection of challenge virus in organs taken at 21 days post infection, again, 276 

virus was never re-isolated, but very sporadic genome detections occurred in tonsil, 277 

mandibular lymphnode, and salivary gland samples (8 out of 120 in total) with very high cq-278 

values (>35) in all groups but group G3. Interestingly, no genome detections were found in 279 
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spleen samples. The latter are usually most sensitive sample matrices for CSFV detection and 280 

mentioned in both the EU and OIE diagnostic manuals. The lack of challenge virus detection 281 

in this organ is proof for a most limited replication of challenge virus (at the site of virus 282 

entry) without generalization. 283 

3.3.3 Antibody detection 284 

In the pre-exposed groups G1 and G3, CSFV titers rose slightly more quickly upon challenge 285 

than in groups G2 and G4 (see figure 2B). By 7 dpc, all animals had detectable CSFV 286 

neutralizing antibodies (see figure 2B). Following challenge infection, also the BVDV-1 titers 287 

rose again in groups G1 and G3 and reached titers exceeding 640 ND50 from 4 dpc (see figure 288 

2A). Both findings were in contrast to animals of groups G2 and G4 that showed low or non 289 

existent BVDV-1 titres till the end of the trial (see figure 2A). While not resolving the DIVA 290 

issue, these reactivities could clearly help to understand the epidemiological background and 291 

differentiate naïve and pre-exposed animals. With regard to ELISA reactivities, animals of G1 292 

were all found positive from 7 dpc in the CSFV E2 specific antibody ELISA (see figure 3A). 293 

In G3, all but one animal were positive from 10 dpc (see figure 3A). The last animal was 294 

positive by the end of the trial and showed doubtful results from 10 dpc. Here, animals 295 

without pre-exposure were more similar: all animals of groups G2 and G4 reacted positive 296 

from 10 dpc (see figure 3A).  297 

From 10 dpc, all but one challenged animal was found positive in the DIVA antibody ELISA 298 

(see figure 3B), and this animal was also positive from 14 dpc. No antibodies were found in 299 

the challenged animals.  300 

Thus, the kinetics of CSFV E
rns

 antibodies would be suitable for an emergency vaccination 301 

scenario and in the presented experiment all challenged animals seroconverted to CSFV E
rns

.  302 

This aspect was more difficult in previous studies, where not all challenge animals 303 

seroconverted against CSFV E
rns

 [13].  304 



14 

 

 305 

5. Conclusions 306 

It could be demonstrated that pre-existing BVDV-1 antibodies do not negatively impact on 307 

the efficacy of live attenuated vaccines against classical swine fever. This is particularly 308 

important in countries with high prevalence of ruminant pestiviruses in pigs.  309 

Both vaccine strains, C-strain “Riems” and marker vaccine strain “CP7_E2alf”, were able to 310 

confer full protection against highly virulent challenge with an early onset at seven days after 311 

vaccination. However, slight interference was seen with serological DIVA diagnostics 312 

accompanying the vaccination with “CP7_E2alf”. Here, combination of test systems and 313 

optimization of sample preparation (e.g. heat inactivation) is highly recommendable. 314 

Moreover, vaccination to live has to be embedded into a well-defined surveillance plan with a 315 

step-wise resolution or confirmation of inexplicable diagnostic findings and PCR-diagnostics 316 

to exclude the presence of active CSFV. 317 
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Abstract:  26 

Classical swine fever (CSF) remains one of the most important viral diseases that impact on 27 

sustainable pig production world wide. To control the disease in either endemic situations or 28 

in case of large, high-impact contingencies, safe and highly efficacious live attenuated 29 

vaccines exist since decades. However, until recently, the available live vaccines did not 30 

allow a serological marker concept that would be important to circumvent long-term trade 31 

restrictions. Recently, a new live attenuated marker vaccine, Suvaxyn® CSF Marker (Zoetis), 32 

was licensed by the European Medicines Agency (EMA). To supplement the data that are 33 

necessary for the design of appropriate vaccination strategies, a trial was carried out with 34 

single “emergency-type” vaccination of two pregnant sows. Focus was laid on the kinetics of 35 

maternally derived antibodies (MDA) in the screening assays of their offspring that would be 36 

used in case of a CSF outbreaks, i.e. CSFV E2 and E
rns

 antibody ELISA. Neutralization 37 

peroxidase linked antibody assays were carried out to allow a rough estimate of protection.  38 

Upon vaccination with Suvaxyn
®

 CSF Marker 21 days before farrowing, MDAs were 39 

measurable in all piglets born to the vaccinated sows. The E2 ELISA reactivities showed an 40 

almost linear decrease over 10 weeks after which all piglets were tested negative in the 41 

ELISA again. No problems were observed in DIVA assays (E
rns

 antibodies) when heat-42 

inactivated sera were used. The protective effect of MDA needs further investigations as the 43 

titers were found to be lower than reported for C-strain vaccines.  44 

 45 

Keywords: Classical swine fever; marker vaccine; CP7_E2alf; maternally derived antibodies; 46 

kinetics 47 

 48 

 49 

 50 
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Introduction 51 

Classical swine fever (CSF) remains one of the most important viral diseases that impact on 52 

sustainable pig production world wide. To control the disease in either endemic situations or 53 

in case of large, high-impact contingencies, safe and highly efficacious live attenuated 54 

vaccines exist since decades (van Oirschot, 2003). However, until recently, the available live 55 

vaccines did not allow a serological DIVA (differentiation of infected from vaccinated 56 

animal) concept that would be important to circumvent long-term trade restrictions. Lately, a 57 

new live attenuated marker vaccine, Suvaxyn® CSF Marker (Zoetis), was licensed by the 58 

European Medicines Agency (EMA). This DIVA vaccine could be suitable for an emergency 59 

vaccination to live. In the context of risk assessment and strategy design, background 60 

information is needed on possible limitations and their impact. Such limitations could apply to 61 

young piglets from vaccinated sows that possess maternally derived antibodies (MDA). 62 

Maternal antibodies are long known to confer protection against classical swine fever (CSF) 63 

but also interfere with vaccination  (Aynaud and Launais, 1978; Precausta et al., 1978) and 64 

laboratory diagnosis (Soos et al., 2001).  65 

In the small trial presented here, a single shot “emergency-type” vaccination of two pregnant 66 

sows was carried out 21 days prior to farrowing. Focus was laid on the kinetics of maternally 67 

derived antibodies in the screening assays that would be used in case of a CSF outbreak, i.e. 68 

CSFV E2 and E
rns

 antibody ELISAs. Neutralization peroxidase linked antibody assays were 69 

carried out to allow a rough estimate of protection.  70 

 71 

Materials and Methods 72 

Study design 73 

Two pestivirus-negative, multiparous, pregnant sows were obtained from a commercial 74 

breeding herd (BHZP GmbH, Dahlenburg-Ellringen, Germany) and brought into the animal 75 
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facilities at the Friedrich-Loeffler-Institut (FLI), Greifswald – Insel Riems, Germany, 76 

approximately five weeks prior to the expected farrowing date. In accordance with EU 77 

Directive 2008/120/EC, the two sows were kept together in a freestall pen for four weeks. 78 

Thereafter, the sows were placed into commercial farrowing pens. Over the course of the trial, 79 

the animals were fed a commercial feed for sows of the respective phase of gestation or 80 

lactation and had access to water ad libitum. Twenty-one days before the expected farrowing 81 

date, both sows were intramuscularly vaccinated with one dose of Suvaxyn® CSF marker 82 

(Zoetis). 83 

Upon farrowing, native blood and colostrum samples were taken from the sows, and all 84 

piglets were blood sampled prior to colostrum uptake. Thereafter, native blood samples were 85 

obtained from all piglets in weekly intervals starting from eight and twelve days post 86 

farrowing, respectively. In total, ten to twelve samplings were carried out until all piglets 87 

were clearly negative in antibody ELISAs again. When terminating the trial, tonsil samples 88 

were obtained from sows and piglets for vaccine strain specific RT-qPCR.  89 

Throughout the trial, all applicable animal welfare regulations, including EU Directive 90 

2010/63/EC and institutional guidelines were taken to consideration. The animal experiment 91 

was approved by the competent authority under reference number 7221.3-2-047/15. 92 

Vaccine 93 

For the trial, Suvaxyn® CSF Marker (Zoetis, batch 108600, exp.09/2017) was used together 94 

with the respective diluent as supplied by the manufacturer. Injection was performed deep 95 

into the right neck using a 2 ml syringe with a 20 G needle.  96 

Laboratory investigations  97 

Sample preparation and nucleic acid extraction  98 

Serum samples were obtained from native blood by centrifugation at 2031 x g at 20 °C for 20 99 

min. Where necessary (i.e. for the use in the CSFV E
rns

 ELISA), serum samples were heat 100 
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inactivated at 56°C for one hour. The tonsil samples were cut in small pieces (size of a small 101 

lentil) and transferred to reaction tubes with 500 µl phosphate buffered saline (PBS) and a 102 

metal bead for homogenization using a TissueLyser II (Qiagen). Subsequently, 140 µl of the 103 

homogenate supernatants were transferred to 560 µl of lysis-buffer (AVL-buffer; Qiagen). In 104 

case of the piglets, samples were combined to pools of five. Downstream handling for nucleic 105 

acid extraction was done following the manufacturer’s instructions using the QIAmp
® 

viral 106 

RNA Mini Kit (Qiagen). All extractions contained an internal control RNA (IC2) (Hoffmann 107 

et al., 2006).  108 

Antibody detection  109 

All sera and colostrum samples were subjected to the CSFV Antibody Test Kit (CSFV E2 110 

antibody detection, IDEXX). In case of colostrum, a two-fold dilution series in phosphate 111 

buffered saline (1:2 to 1:128) was tested in direct comparison with a colostrum of a negative 112 

sow. Apart from colostrum pre-dilution, the test was carried out according to the 113 

manufacturer’s instructions.  114 

To assess the marker compatibility, key points for DIVA testing were chosen based on the E2 115 

results. In detail, sow sera taken at the day of farrowing, pre-colostral piglet sera, samples 116 

with the highest E2 reaction, and end-point samples were tested in to the  pigtype
®

 CSFV 117 

DIVA ELISA (CSFV E
rns

 antibody detection, QIAGEN, alpha-Test). The ELISA results were 118 

supplemented by neutralization peroxidase-linked antibody assays (NPLA) utilizing CSFV 119 

strain “Alfort/187” according to the EU Diagnostic Manual (Anonymous, 2002) and the 120 

Technical Annex accompanying it. Titres were calculated as neutralization doses 50 % (ND50) 121 

based on indirect immuno-peroxidase staining of heat fixed PK15 cells which was performed 122 

72 h post inoculation using a mouse-anti-CSFV-E2 monoclonal antibody mix and a 123 

polyclonal goat anti mouse horseradish peroxidase conjugated secondary antibody (Thermo 124 

Fisher Scientific). 125 
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Vaccine virus detection  126 

Tonsils samples were subjected to a CP7_E2alf specific RT-qPCR (Leifer et al., 2009). All 127 

RT-qPCRs were performed with a Bio-Rad CFX 96 Real-Time Detection System (Bio-Rad). 128 

Results were recorded as quantification cycle (cq) values. 129 

 130 

Results  131 

The sows gave birth to a total of 18 (sow #4416) and 14 (sow#4261) piglets that were born 132 

alive (20 and 15 piglets in total, respectively). Four piglets of each sow had to be euthanized 133 

in the first 48 hours post farrowing due to general weakness and the lack of relocation 134 

possibilities. At the day of farrowing, sow #4416 showed positive reactions in the E2 antibody 135 

ELISA (67% inhibition) corresponding to a titer of 120 ND50 against CSFV “Alfort/187”. 136 

Sow #4261 reacted doubtful (37% inhibition) in the E2 ELISA and showed a titer of 80 ND50 137 

in the NPLA. The colostrum of both sows was found positive in the E2 ELISA in a dilution of 138 

1:8 with inhibition percentages of 70 and 44, respectively. This dilution reacted clearly 139 

negative in a sow without antibodies. Prior to colostrum uptake, all piglets were negative in 140 

both the E2 specific ELISA (see figure 1) and the NPLA. At the first sampling after colostrum 141 

intake (sampling W1, eight and twelve days post farrowing, respectively), all piglets of sow 142 

#4416 were positive  in the E2 antibody ELISA while most piglets of sow #4261 were found 143 

doubtful (three remained negative). Both litters had highest E2 reactivities at the second post-144 

farrowing sampling (W2, see figure 1). At this time point, all piglets of sow #4416 showed 145 

inhibition percentages between 57 and 67 while eight out of ten piglets of sow #4261 reacted 146 

doubtful. The remaining two piglets were very close to the cut-off (28 % inhibition) but still 147 

negative. The peak reactivities in the E2 ELISA corresponded to antibody titers of 10 to 30 148 

ND50 for piglets of sow #4416 and 10 to 40 ND50 for piglets of sow #4261. No clear linear 149 

correlation was seen between the ELISA reactivities and the NPLA titers.  150 
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 151 

Figure 1: Decay of maternally derived antibodies (MDA) in the offspring of sows vaccinated against 152 

CSF using Suvaxyn® CSF Marker 21 days before farrowing (sows 4416 and 4261). The results were 153 

obtained by the competitive CSFV E2 ELISA (IDEXX) and are depicted as average inhibition 154 

percentages (MV = mean value). Cut-offs are depicted with dashed lines and the ranges are indicated 155 

as POS = positive, DBT = doubtful, and NEG = negative. Sampling points: PreC = prior to colostrum 156 

uptake, W1 to W9 = weekly sampling starting eight to twelve days post farrowing. 157 

 158 

Between samplings W2 and W9 (see figure 1), inhibition percentages declined in an almost 159 

linear fashion in both litters. At the ninth sampling after colostrum uptake (W9), only two 160 

piglets of sow #4416 were still doubtful. Thereafter, all piglets were found negative in the E2 161 

antibody ELISA (data not further shown). NPLA titers showed higher (low level) variability 162 

but from the sixth sampling point (W6), most piglets showed titers  < 10 ND50 (data not 163 

further shown). Animals that still showed positive NPLA results according to Commission 164 

Decision 2002/106/EC (≥10 ND50) were further followed up. Last samples taken 165 

approximately twelve weeks post farrowing were all below 10 ND50 (a total of 10 animals 166 

showed still NPLA reactivities corresponding to titers of 5 to 7.5 ND50). 167 
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All heat inactivated serum samples showed negative results in the DIVA ELISA. However, 168 

without inactivation, app. 35% of sera reacted false positive, especially in the late phase of the 169 

trial where no E2 antibodies were detectable.  170 

No vaccine virus was detected in all tonsil samples from either sows or piglets. 171 

 172 

Discussion 173 

The development and kinetics of MDA are important parameters for the risk assessment of 174 

vaccination strategies against CSF in breeding animals. For CP7_E2alf, only one study was so 175 

far published that addresses CP7_E2alf derived MDA in special (Eble et al., 2014). A second 176 

study (Rangelova et al., 2012) mimicked the situation in endemically infected countries with 177 

previous vaccination using live attenuated vaccines. In the study published by Eble et al. 178 

(2014), piglets with and without MDA were enrolled in a vaccination-challenge-trial at the 179 

age of three and six weeks. In terms of MDA kinetics, a separate study group was monitored 180 

for the decay of MDA. Based on NPLA results, a half-life of 13.8 days was estimated for 181 

“CP7_E2alf”-derived MDA starting from 20 to 640 ND50 at sampling one week after birth. 182 

These estimates are in line with C-strain data, where the half-life was reported to be 183 

approximately 12 days (Suvintarakorn et al., 1993). The corresponding “CP7_E2alf” 184 

vaccinated sows had a maximum NPLA titer of 80 to 1280 ND50. In contrast to the presented 185 

study, triple vaccination of sows was carried out six, four and two weeks prior to the expected 186 

farrowing date to induce high antibody titers (Eble et al., 2014). This does not necessarily 187 

reflect the envisaged practice of an emergency vaccination concept. 188 

In the presented study with a single vaccination sheme of sows 21 days before farrowing, both 189 

sows had moderate titers of 80 to 120 ND50 at the day of farrowing. A higher variation was 190 

seen in E2 ELISA reactivities that ranged from 37% inhibition (doubtful) for the sow with 80 191 

ND50 to 67% inhibition (clearly positive) for the sow with 120 ND50. The serological 192 



9 

 

reactivities of the sow clearly impacted on the transfer of antibodies via the colostrum. The 193 

“doubtful” sow transferred similar inhibition percentages to the offspring. The “positive” sow 194 

reacted likewise. The wide range of titers observed by Eble et al. (2014) could indicate a 195 

similar phenomenon. The decay of reactivities seemed to be almost linear with clear negative 196 

ELISA results at about 10 weeks post farrowing.  Using heat inactivated samples, no conflict 197 

with DIVA diagnostics were observed.  198 

In our study, CP7_E2alf titers seemed slightly lower when compared to NPLA titers reported 199 

for C-strain MDAs (Soos et al., 2001). For the former, a titer of ≥12.5 ND50 was shown to 200 

provide clinical protection whereas only titers of ≥32 ND50 could also prevent virus shedding  201 

(Terpstra and Wensvoort, 1987). Should this apply to “CP7_E2alf” also, MDA alone would 202 

not necessarily protect the offspring of “CP7_E2alf” sows after single vaccination close to 203 

farrowing. While low MDA titers might be even beneficial for continued vaccination 204 

strategies and reinforce the low impact of MDAs on CP7_E2alf vaccination (Eble et al., 2014; 205 

Rangelova et al., 2012), this behavior needs further investigations when it comes to oral 206 

vaccination of wild boar populations where protective maternal immunity is an important 207 

factor (Kaden and Lange, 2004; Kaden et al., 2008) for vaccination success.  208 

Concluding, MDA were measurable in the offspring of sows after a single vaccination with 209 

Suvaxyn
®

 CSF Marker (CP7_E2alf) 21 days before farrowing. The E2-ELISA reactivities 210 

showed an almost linear decrease, and app. 10 weeks post farrowing, all piglets were tested 211 

negative again. No problems were observed in DIVA assays (E
rns

 antibodies) when heat-212 

inactivated sera were used. 213 
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5. Summarized results and discussion 
  

Over the last decade, pestivirus chimera “CP7_E2alf” has been intensively studied, and all 

necessary data towards a licensing request at the European Medical Agency (EMA) were 

collected. However, some important open questions remained regarding safety and efficacy 

that were addressed in the presented studies. 

 

5.1. Investigation of the safety of “CP7_E2alf”: Genetic stability and 

vaccination of breeding pigs 

 

The knowledge gaps regarding the safety of “CP7_E2alf” comprised aspects of the genetic 

stability of the chimeric vaccine as well as shedding and distribution patterns, particularly in 

breeding male animals. 

A major concern was the chimeric nature of the vaccine virus and its possible implications 

for genetic stability. In detail, the question was whether vaccine strain “CP7_E2alf” shows a 

higher mutation frequency and tendency to recombine than other pestiviruses including its 

parental strains, BVDV-1 “CP7” and CSFV “Alfort/187”. The main focus was the investigation 

of new constellations of biological properties that could alter virulence, responsiveness of 

the host’s immune system, on spread and dissemination pattern.  

To provide data, in vivo and in vitro experiments were conducted (Paper I). The in vitro 

experiments included the parental viruses BVDV-1 “CP7” (backbone) and CSFV “Alfort/187” 

(donor of the E2) as well as recent field isolates of CSFV and BVDV-1. To this means, the 

respective virus strains were propagated over ten consecutive passages on susceptible cell 

lines and the resulting cell culture supernatants were subjected to NGS. Prior to NGS 

analyses, viral replication was confirmed through virus titration (Paper I). No mutations were 

acquired upon passaging by either “CP7_E2alf” or the investigated CSFV strains. In 

comparison, BVDV-1 “CP7” showed two non-synonymous substitutions. However, the 
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highest variability on genome level was observed for the selected BVDV-1 field-strain, with 

seven non-synonymous nucleotide exchanges after ten cell culture passages (see table 1).  

Considering the study results, there is no indication for a higher mutation rate of 

“CP7_E2alf” compared to wild-type pestivirus strains. Although “CP7_E2alf” is a BVDV-1 

derived vaccine strain, its characteristics during cell culture propagation are rather close to 

CSFV, which mirrors the host tropism observed both in vitro and in vivo (König et al., 2011a; 

Reimann et al., 2004). Former studies also proved a high genetic stability of CSFV, with few 

mutations occurring in vivo and during extensive cell culture propagation (Vanderhallen et 

al., 1999). It is possible that the comparably high genetic stability of CSFV and “CP7_E2alf” is 

mediated through the substitution of the immunogenic E2 region. The substitution was 

shown to be responsible for the altered cell tropism of “CP7_E2alf” (Reimann et al., 2004). 

However, another explanation is the low quasispecies diversity of “CP7_E2alf”. In the 

process of obtaining the master seed virus, limiting dilutions were carried out that limited 

the presence of variant virus genomes (Leifer et al., 2009b).  

Table 1: Nucleotide and amino acid exchanges in vaccine virus strain “CP7_E2alf”, the 

parental strains BVDV-1 “CP7” and CSFV “Alfort/187” and CSFV field strain “Roesrath” and 

BVDV-1 field strain, for cell culture passages one, five and ten. 

Strain Passage synonymous non-synonymous

CP7_E2alf P1 0 0

CP7_E2alf P5 0 0

CP7_E2alf P10 0 0

BVDV CP7 P1 0 0

BVDV CP7 P5 0 0

BVDV CP7 P10 5 2

CSFV Alfort/187 P1 0 0

CSFV Alfort/187 P5 0 0

CSFV Alfort/187 P10 0 0

BVDV Field P1 0 0

BVDV Field P5 12 5

BVDV Field P10 14 6

CSFV Roesrath P1 0 0

CSFV Roesrath P5 0 0

CSFV Roesrath P10 0 0

Number of substitutions
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Recent investigations showed the occurrence of ruminant pestivirus strains in pigs in 

different countries. The application of “CP7_E2alf” in regions with pestivirus incidence, could 

lead to the vaccination of pre-infected pigs (Deng et al., 2012). The possibility of a dual 

infection in a single pig with “CP7_E2alf” and a second pestivirus, led to concerns about 

recombination events between the strains. In order to mimic the dual pestivirus-infection of 

one animal, swine kidney cells were simultaneously or consecutively (24 hour interval) 

infected with “CP7_E2alf” and either the above mentioned BVDV-1 field strain or the CSFV 

field-strain “Roesrath”. To evaluate the potential occurrence of recombinant viruses, cell 

culture supernatants were screened via NGS for the presence of de novo generated 

chimeric-sequences, consisting partially of the vaccine strain, and partially of the respective 

CSFV or BVDV field-strain. Prior to NGS investigation, the replication of the respective viruses 

was shown via virus titration (Paper I). In brief, chimeric sequences were not detected under 

the chosen experimental set-up. This result indicates that the recombination of “CP7_E2alf” 

with wild-type pestivirus strains is not likely, probably also under field conditions. This 

assumption is strengthened by former studies, observing a strict interference phenomenon 

between different pestiviruses (Lee et al., 2005). The interference prevents the infection of 

one cell with two pestiviruses, and excludes thereby the superinfection of one cell (Lee et al., 

2005) and was recently also shown under in vivo conditions (Munoz-Gonzalez et al., 2016). 

Recombination events are very rare for CSFV strains under natural conditions. The only 

reported cases are based on in silico analyses without any further proof under natural 

conditions (Chen and Chen, 2014; He et al., 2007; Ji et al., 2014; Weber et al., 2015). For 

BVDV, on the other hand, emergence of cytopathogenic viruses from non-cytopathogenic 

ones, through non-homologues recombination, was observed. However, these 

recombination events seem highly unlikely even for BVDV strains. Furthermore, the insertion 

of sequences from more than one recombination event are rare under natural conditions 

(Gallei et al. 2005b, Gallei et al. 2005a).  

Apart from the in vitro studies, genetic stability was also addressed under in vivo conditions. 

However, the evaluation of the mutation rate for “CP7_E2alf” in vivo was difficult. Due to its 

very low level replication in pigs, re-isolation of ”CP7_E2alf” from vaccinated pigs is only 

rarely successful (König et al., 2007a). Therefore to investigate the likelihood of mutation of 

“CP7_E2alf”, only one isolate from a tonsil-sample from the boar trial (Paper II), was 

available and “CP7_E2alf” was investigated via NGS (Paper I). Comparison with the sequence 
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of the used vaccine batch, showed one additional non-synonymous substitution, gained 

during the animal passage. In detail, a nucleotide substitution in the NS5B encoding region of 

the BVDV-backbone, led to an aa exchange in the RNA-dependent RNA-polymerase (RdRp) 

of “CP7_E2alf” (Paper I). However, the immunogenic regions of the pestivirus chimera were 

not influenced. An altered interaction with the immune system of vaccinated animals, or any 

influence on antibody production due to this aa exchange in the RdRp, is unlikely. The 

variant RdRp would need further investigations but does not seem to have an impact as this 

boar did not show an altered dissemination or replication pattern of “CP7_E2alf” (Paper II). 

Due to the low replication level of “CP7_E2alf” in vivo, transmission of the vaccine virus is 

highly unlikely. This assumption is in line with former studies as animal trials proved that the 

passage of the vaccine virus from one animal to another was not possible (König et al., 

2011b). The presented results therefore confirm a low mutation rate in vivo for “CP7_E2alf”. 

Compared to wild-type pestivirus strains, “CP7_E2alf” did not show any higher rate of 

mutation or recombination events, in vitro or in vivo, indicating a high genetic stability 

(Paper I). Concerns about altered characteristics in vivo or increase in virulence due to 

mutations or recombination events seem to be unsubstantiated. The chimeric nature of the 

genetically engineered pestivirus does not negatively influence its genetic stability. 

Another concern was shedding of “CP7_E2alf” through semen, feces and urine, and thus 

transmission and environmental pollution with a genetically modified organism (GMO). 

Shedding and possible long-distance transmission through breeding animals was a particular 

concern of the EMA. To provide data on this issue and to further investigate the concrete 

dissemination of “CP7_E2alf” in vaccinated animals, an experiment was carried out in adult 

boar. The study addressed “CP7_E2alf” dissemination, and the possible shedding through 

semen in particular (Paper II). In detail, a vaccination trial with twelve adult boar was 

conducted. All animals were vaccinated with a ten-fold dose of “CP7_E2alf” Suvaxyn® CSF 

Marker (Paper II). Six boar were slaughtered at four and seven dpv, respectively. These time 

points relate to replication peaks of “CP7_E2alf”, observed in former studies (Blome et al., 

2012; Gabriel et al., 2012; König et al., 2007a). All animals were subjected to post-mortem 

examination. Sperm producing and containing organs (testis, epididymis, bulbourethal gland, 

vesicular glands and prostate gland) as well as blood, urine, feces, six different lymph nodes, 

lymphatic tissues and additional organs, were collected. All samples were investigated for 

viral genome in a “CP7_E2alf”-specific RT-qPCR (Leifer et al., 2009a). Vaccine virus RNA was 
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only found in three out of six blood samples at four dpv, with high cq values between 36 and 

38 (indicating very low viral genome loads). These findings were in line with past 

investigations of ”CP7_E2alf”, confirming its short and low level replication in pigs (Blome et 

al. 2012a, Blome et al. 2014). All testis, epididymis, bulbourethal gland, vesicular gland and 

prostate gland samples were free from “CP7_E2alf” genome. These findings could also be 

confirmed for feces and urine samples of all tested boar. The results indicate that shedding 

of “CP7_E2alf” through semen is highly unlikely, as no RNA of vaccine virus was detectable in 

the related organs or accessory sex glands. Furthermore, there was no hint for any 

environmental contamination with “CP7_E2alf” through urine or feces. These results are 

fully in line with former studies, which demonstrated that there was no transmission of 

“CP7_E2alf” to contact animals (Gabriel et al., 2012; Reimann et al., 2004). 

Lymphatic tissues were confirmed to be the main replication site for “CP7_E2alf”. A clear 

difference was observed between days four and seven post vaccination with regard to 

“CP7_E2alf” genome detection. At seven dpv the amount of positive samples were divided in 

half, compared to four dpv. However, all lymphatic tissues could be tested positive at least 

at four dpv, mostly with cq values above 30. Even in the popliteal lymph node, one of the 

most distant lymph nodes from the vaccination site, “CP7_E2alf” genome could be detected. 

This indicates that “CP7_E2alf” is distributed over the whole lymphatic tissue. Outside the 

lymphatic tissue (primary replication site), only sporadic detection of vaccine virus genome 

was possible (Paper II). High cq values in the “CP7_E2alf” specific RT-qPCR underline the 

limited in vivo replication level of “CP7_E2alf” even in the primary replication site. The 

replication seems to be a rather local event. Falling in line with former investigations that 

showed that “CP7_E2alf” is only detectable randomly for the first 14 days with low genome 

copy numbers and low titers, and that re-isolation of vaccine virus is very rare (König et al., 

2007a).  

Re-isolation of vaccine virus was only possible from two collected organs (tonsil and 

mandibular lymph node). Beside this, no infectious vaccine virus could be re-isolated from 

“CP7_E2alf” genome positive samples. (Paper II). 

In total, the presented boar study confirmed the short and low level replication of 

“CP7_E2alf”. Furthermore, the lymphatic tissue was confirmed as the primary replication 

site. Outside these tissues, detection of vaccine virus genome was rare, and without re-
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isolation of infectious vaccine virus. Most importantly, the absence of “CP7_E2alf” genome 

in male genitals, and accessory glands, could be proved. 

Summing up, the results give no indication for any risk of shedding or dissemination of 

“CP7_E2alf” through semen, or contamination of the environment through urine or feces of 

vaccinated boar. The application of “CP7_E2alf” Suvaxyn® CSF Marker to reproductive boar 

seems to be safe, and dissemination to offspring is highly unlikely. Thus, concerns about 

uncontrolled spread of “CP7_E2alf” through trade of semen or offspring of vaccinated boar 

could be excluded. However, emergency-vaccination of breeding animals should always be 

well-considered, and carried out within the framework of a clearly defined vaccination plan. 
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5.2. Evaluation of the efficacy of “CP7_E2alf” in emergency-vaccination 

scenarios 

 

Certain preconditions can negatively influence the efficacy of LAVs against CSFV and the 

performance of DIVA diagnostics. Among these are pre-existing antibodies against related 

pestiviruses or maternally derived antibodies (MDA) in young animals. To generate 

background data for emergency vaccination scenarios, the second part of the presented 

study addressed the evaluation of “CP7_E2alf” efficacy and the accompanying DIVA 

diagnostics in the presence of BVDV-1 reactive antibodies, and the kinetics of vaccine 

induced MDA after single shot vaccination. 

Ruminant pestiviruses can infect pigs (Dahle et al., 1987; Loeffen et al., 2009; Passler and 

Walz, 2010; Wensvoort et al., 1989), but these infections do not necessarily lead to pre-

existing antibodies against ruminant pestiviruses. While very low prevalences can be 

assumed in most Central European countries like The Netherlands (Loeffen et al., 2009), high 

prevalences of BVDV-1 and BVDV-1-specific antibodies are reported from China (Deng et al., 

2012). So far, there were no data on the outcome of “CP7_E2alf” vaccination in the presence 

of BVDV-1-specific antibodies. On one hand, cross-protection is known to occur between 

different pestivirus species and some studies demonstrated that BVDV-reactive antibodies 

can confer at least partial protection against CSFV infection (Baker et al., 1969; Simonyi and 

Biro, 1967; Wieringa-Jelsma et al., 2006). In this case, no negative impact would be seen on 

the efficacy of “CP7_E2alf, but the influence on DIVA diagnostics would be unknown. On the 

other hand, cross-neutralization could also lead to rapid neutralization of vaccine virus which 

could reduce vaccine efficacy. In terms of DIVA diagnostics, there are reports about the 

cross-reactivity between BVDV E
rns

 and CSFV E
rns

-specific antibodies (Eble et al., 2012; 

Schroeder et al., 2012). To provide scientific background data for risk assessment, a 

vaccination-challenge-trial was carried out addressing the influence of BVDV-1 pre-existing 

antibodies on the efficacy of “CP7_E2alf” (Suvaxyn® CSF Marker) vaccination (Paper III). 

In detail, 22 cross-bred weaner pigs were assigned to five treatment groups (G1 to G5). 

Groups one and three were pre-infected and boosted on 13 days post infection (dpi) with a 
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BVDV-1 field strain. At 27 dpi all animals of G1 to G4 were intramuscularly vaccinated with 

either “CP7_E2alf” Suvaxyn® CSF Marker (G1/G2) or the RIEMSER® Schweinepestvakzine 

(G3/G4); animals of G5 were left untreated as challenge control. Seven dpv (34 dpi) all 

animals were oro-nasally challenged with highly virulent CSFV strain “Koslov” (Paper III). 

Summed up, it was demonstrated that all vaccinated animals independently remained 

clinically healthy and challenge virus could not be re-isolated from those animals at any time. 

This was in clear contrast to the challenge controls that developed acute signs of CSFV 

infection. The overall diagnostic results fell in line with observations from trials without pre-

existing antibodies (Blome et al., 2012; Blome et al., 2014; Gabriel et al., 2012), and no 

differences in efficacy were seen among the two vaccine strains. Thus, both Suvaxyn® CSF 

Marker (“CP7_E2alf”) and RIEMSER® Schweinepestvakzine (C-strain “Riems”) were highly 

efficacious also in the presence of pre-existing antibodies (Paper III) and could be 

implemented as emergency vaccines even when BVDV-1-specific antibodies are present in 

the pig population.  

However, with regard to the accompanying DIVA system, the presented study showed some 

difficulties for “CP7_E2alf” vaccination. The pre-existing anti-BVDV-1 antibodies negatively 

influenced the used CSFV E
rns

 DIVA ELISA (Alpha Test CSFV E
rns 

Pigtype
©

 ELISA (Qiagen)), and 

false-positive or doubtful reactions occurred. Follow-up of these samples showed that 

retesting in another ELISA system (PrioCheck CFSV E
rns

 ELISA, Thermofisher) and heat-

inactivation could reduce but not completely abolish these unspecific reactions. Sera are 

seldom false-positive in both tests, this observation is in line with previous experiences. It is 

therefore promising for setting up a confirmatory workflow that, in the case of pre-existing 

antibodies against ruminant pestiviruses, should include discriminatory neutralization assays 

with different pestiviruses. Most likely, the false-positive results were triggered by the boost 

of pre-existing anti-BVDV E
rns

 antibodies. Already former studies assumed that the detection 

of anti-CSFV E
rns

 antibodies could be problematic in the presence of BVDV-reactive 

antibodies, due to the cross-reactivity between antibodies against BVDV and CSFV (Blome et 

al., 2006; de Smit et al., 1999; Loeffen et al., 2009; Passler et al., 2009). 

With regard to a diagnostic work flow in emergency situations, combination of test systems 

is required. A combination of specific RT-qPCR systems, CSFV E
rns

 ELISA systems, or the 

recently described Multiplex Microsphere Immunoassay would be beneficial (Hoffmann et 
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al., 2005; Leifer et al., 2009a; Xia et al., 2015). As mentioned above, heat-inactivation of the 

sera decreased the false-positive results in the DIVA ELISA. For the future it should be 

therefore considered to add this procedure for general sample preparation. 

Besides the false-positive and doubtful DIVA ELISA results, all challenged pigs seroconverted 

in the Pigtype
©

 CSFV E
rns

 ELISA after CSFV challenge, beginning at ten days post challenge 

with the last ones at 14 days post challenge (Paper III). Interestingly, these results were 

improved compared to the results of former studies, where problems (negative results in 

challenged animals) were seen upon challenge (Blome et al., 2012; Reimann et al., 2004). 

The last trial of this study aimed at providing background data on the kinetics of MDA in 

piglets of emergency vaccinated pregnant sows (Paper IV). In general, it is long known that 

MDA are able to mediate protection against CSFV, but can also interfere with subsequent 

vaccinations (Aynaud and Launais, 1978; Precausta et al., 1978) and with laboratory 

diagnostics (Soos et al., 2000). In a former study, piglets with and without MDA, were either 

vaccinated with “CP7_E2alf” and challenged with highly virulent CSFV “Koslov” or only 

challenged. This study demonstrated, that MDA could negatively influence further 

vaccination of piglets and the transmission of challenge virus (Eble et al., 2014). The 

following study was performed to obtain supplemental data on MDA kinetics, without CSFV 

challenge. Thus, piglets from “CP7-E2alf” vaccinated sows, were evaluated (Paper IV). 

In order to mimic an emergency-vaccination scenario, two pregnant sows were vaccinated 

with a single shot application of “CP7_E2alf” (Suvaxyn® CSF Marker) 21 days before 

farrowing. Focus of testing, was laid on the screening assays that would be used during a 

CSFV outbreak (e.g. CSFV E2 ELISA and CSFV E
rns 

ELISA). In order to evaluate the neutralizing 

activity of the derived antibodies, Neutralization Peroxidase-linked Antibody Assay (NPLA) 

against CSFV “Alfort/187” were conducted (Paper IV).  

At the day of farrowing, one sow was positive for CSFV-specific antibodies in the E2 ELISA 

and showed neutralizing antibody titers in the NPLA. At this point, the second sow yielded 

doubtful results in the CSFV E2 ELISA and showed moderate neutralizing antibody titers 

against CSFV “Alfort/187”. The colostrum of both sows scored positive in the E2 ELISA as 

well. Prior of the colostrum uptake, all piglets were tested negative for CSFV-specific 

antibodies in ELISA and NPLA (Paper IV). Heat-inactivated serum samples were negative in 
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the CSFV E
rns 

DIVA ELISA (Pigtype®; Qiagen). Without heat-inactivation, comparable to 

observations during the BVDV pre-exposure trial (Paper III), false-positive results for 35 % of 

the sera could be observed (Paper IV). 

A single “emergency-vaccination-like” application of “CP7_E2alf” Suvaxyn® CSF Marker to 

pregnant sows, 21 days before farrowing, was sufficient for the development of 

measureable MDA in piglets. Almost a linear decrease of CSFV-specific MDA was observable 

through CSFV E2 ELISA testing of the collected sera. Clearly the antibody titer of the sows 

impacted the antibody transfer to the piglets. The sow which tested doubtful in the CSFV E2 

ELISA produced offspring with similar doubtful inhibition values (Paper IV).  

The “CP7_E2alf” vaccine Suvaxyn® CSF Marker induced CSFV specific antibodies showed 

slightly lower neutralizing titers, when compared to former studies with “C-strain” LAV (Soos 

et al., 2001). For “C-strain” a titer of 12.5 ND50 provided clinical protection in piglets. 

Neutralizing titers of 32 ND50 additionally prevented virus shedding after a CSFV challenge 

(Terpstra and Wensvoort, 1987). In former studies, piglets from “CP7_E2alf” vaccinated sows 

showed varying MDA titers, in a range from 20 ND50 to 640 ND50. For the mentioned 

approach sows were vaccinated three times prior farrowing, to trigger high MDA titers of the 

offspring (Eble et al., 2014). However, the low MDA concentration might be beneficial in 

case of further vaccination-strategies for piglets of vaccinated sows (Eble et al., 2014; 

Rangelova et al., 2012). Future studies should therefore address the question, whether MDA 

derived from a single-application of “CP7_E2alf” to pregnant sows, are able to protect their 

offspring against a lethal CSFV challenge or if the offspring should be also vaccinated. 
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6. Outlook 
 

Licensing of “CP7_E2alf” (Suvaxyn® CSF Marker) vaccine allows revisiting of emergency-

vaccination scenarios. For the strategy design, sound data are needed on several safety and 

efficacy aspects. The presented studies cover different parts of the assessment of 

“CP7_E2alf” on its way to final licensing and beyond, and provide supportive data for 

decision makers. Still, some questions remain to be answered, and improvement for the 

accompanying DIVA diagnostics would be benificial. 

With regard to the latter, optimization of both sample preparation and test design should be 

explored. This could mean adaptation and validation of test systems that are so far only in a 

prototype stage, such as the Luminex-based array systems or additional ELISA formats. An 

important aspect would be the design of diagnostic workflows that combine the available 

test systems and allow verification and confirmation of results.  

Another aspect that still needs further evaluation is protection against vertical transmission. 

At the moment, a warning is given in the product description due to a lack of protection 

against a very early and highly virulent CSFV challenge. The highly virulent strain that was 

used in experiments carried out for the vaccine dossier does not reflect the current field 

situation with moderately virulent strains and thus, supplemental studies should look into 

more recent field strains of CSFV.  

Looking at the available publications on “CP7_E2alf”, it becomes evident, that immense data 

sets are also available for oral administration of the vaccine. Several studies demonstrated 

the safety and efficacy of “CP7_E2alf” as marker vaccine in wild boar and thus, licensing of 

an oral formulation should be further explored. An oral bait marker vaccine would be most 

useful to control CSFV infections in affected wild boar populations that are considered as an 

important reservoir for CSFV, and can re-introduce CSFV into domestic pig populations 

(Blome et al., 2011; Fritzemeier et al., 2000; Laddomada, 2000; Rossi et al., 2005; Simon et 

al., 2013; von Rüden et al., 2008; Zupancic et al., 2002). Vaccination could drastically reduce 

the number of susceptible wild boar in a population, further the transmission to domestic 
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pigs would be prevented (Kaden et al., 2002; Laddomada, 2000). Increased herd immunity is 

important to contain CSFV in infected populations and keep it out of healthy ones (König et 

al., 2007b). As even tests under field conditions were already conducted (Feliziani et al., 

2014), additional studies are definitively worthwhile.  

Considering the overall results, an European emergency vaccination strategy should be 

designed and implemented in the national and European legislation. 
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7. Summary  

 

The presented study was dedicated to outstanding issues in regard to the safety and efficacy 

of the LAV “CP7_E2alf”, during the final licensing process and towards its putative 

implementation in outbreak scenarios as emergency vaccine. 

(I) For application of a genetically engineered virus under field conditions, knowledge 

about its genetic stability is mandatory. Therefore, the genetic stability of 

“CP7_E2alf” needed to be assessed in vivo and in vitro. Mutation rates were 

compared to the parental pestivirus strains (BVDV-1 “CP7” and CSFV 

“Alfort/187”), and BVDV or CSFV field-strains. There was no indication that 

“CP7_E2alf” could be more prone to mutational events than its parental viruses or 

representative field-strains. Moreover, no recombination events were observed in 

in vitro experiments. In conclusion, the data obtained in this study confirm a 

strong genetic stability of “CP7_E2alf” as an important safety component. 

(II) Since vaccination of breeding animals is often discussed, this study was conducted to 

assess the safety of “CP7_E2alf” vaccination of breeding male pigs. The study 

with “CP7_E2alf” vaccinated boar demonstrated that the new CSFV marker 

vaccine is suitable for application in reproductive boar. Neither in organs of the 

uro-genital tract related to sperm production nor in urine or feces, vaccine virus 

genome was detectable. Dissemination of “CP7_E2alf” through semen, and 

shedding with urine and feces, is therefore highly unlikely. 

(III) In order to investigate the influence of pre-existing pestivirus antibodies of the efficacy 

of “CP7_E2alf”, a vaccination-challenge-trial was conducted with “CP7_E2alf” 

(Suvaxyn® CSF Marker) and the “gold-standard” of live-modified CSFV vaccines, 

the C-strain (RIEMSER® Schweinepestvakzine). Pre-existing antibodies against 

BVDV-1 were provoked through intramuscular inoculation of a recent field isolate 

from Germany. Seven days after the vaccination, all animals were challenged with 

highly virulent CSFV strain “Koslov”. It was demonstrated that pre-existing anti-

BVDV-1 antibodies do not impact the efficacy of both live attenuated vaccines 

against CSFV. Both C-strain “Riems” and marker vaccine “CP7_E2alf” were able 

to confer full protection against the highly virulent challenge. However, slight 

interference was seen with serological DIVA diagnostics accompanying 

“CP7_E2alf”. Amended sample preparation and combination of test systems was 

able to resolve most cases of false positive reactions. However, in such a co-
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infection scenario, optimization and embedding in a well-defined surveillance 

strategy is clearly needed for marker vaccination scenarios. 

(IV) To supplement the data about the kinetic of maternally derived antibodies in 

piglets from sows vaccinated during outbreaks, a single “emergency-type” 

vaccination of two pregnant sows was done. Focus was laid on the kinetics of 

maternally derived antibodies (MDA) in the screening assays of their offspring 

with screening assays that would be used in case of CSFV outbreaks, i.e. CSFV 

E2 and Erns antibody ELISA. Upon vaccination with “CP7_E2alf” 21 days before 

farrowing, MDAs were measurable in all piglets born to vaccinated sows. The E2-

ELISA reactivities showed an almost linear decrease over ten weeks after which 

all piglets were tested negative in the ELISA. Future studies should investigate, if 

MDA are able to protect offspring of vaccinated sows or whether the piglets 

should also be vaccinated. 
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8. Zusammenfassung 

 

 

Aspekte zur Sicherheit und Effizienz der attenuierten Markervakzine „CP7_E2alf“ wurden im 

Rahmen der hier vorgestellten Arbeit untersucht. Die Studien wurden im Prozess der 

Lizenzierung des Markerimpfstoffes und zur Einschätzung seines Einsatzes als 

Notfallimpfstoff durchgeführt.  

 

(I) Der Einsatz von gentechnisch veränderten Viren im Feld erfordert Studien zu deren 

genetischen Stabilität. Zur Evaluierung der genetischen Stabilität von „CP7_E2alf“ wurden 

Ko-Infektionsexperimente sowie in vitro- und in vivo-Passage von „CP7_E2alf“, seinem 

parentalen Virusstamm BVDV-1 „CP7“, des E2-Donorvirus KSPV „Alfort/187“ sowie von zwei 

aktuellen BVDV- und KSPV-Feldstämmen durchgeführt. Diese Experimente bewiesen die 

hohe genetische Stabilität von „CP7_E2alf“. Das chimäre Impfvirus ist nicht weniger stabil als 

die getesteten Wildtyp-Pestiviren. In den durchgeführten Experimenten gab es keine 

Hinweise für ein häufiges Auftreten von Mutationen oder für Rekombinationsereignissen. 

(II) Da die Impfung von Zuchttieren oft diskutiert wird, sollte diese Studie dazu dienen die 

Sicherheit der Impfung von Zuchtebern mit „CP7_E2alf“ zu untersuchen. Die Eignung von 

„CP7_E2alf“ für die Immunisierung von Ebern konnte durch eine Impfstudie mit Zuchtebern 

gezeigt werden. Die Detektion von Impfvirusgenom war weder in den untersuchten Organen, 

die mit der Sperma-Produktion in Verbindung stehen, noch im Urin oder Kot möglich. Es ist 

somit höchst unwahrscheinlich, dass „CP7_E2alf“ durch Sperma weitergegeben wird oder 

dass es zur Ausscheidung über Urin oder Kot kommt. 

(III) In einem Vakzinations-Belastungsinfektionsversuch wurden Schweine mit einem 

aktuellen deutschen BVDV-1-Stamm intramuskulär vorbelastet, anschließend mit 

„CP7_E2alf“ (Suvaxyn® CSF Marker) und dem „Goldstandard“ der Lebend-attenuierten- 

KSPV Impfstoffe C-Stamm (RIEMSER® Schweinepestvakzine) geimpft und letztendlich 

sieben Tage später mit dem hochvirulenten KSPV-Stamm „Koslov“ belastungsinfiziert. 

Dieser Versuch bewies, dass vorbestehende BVDV-1 Antikörper keinen Einfluss auf die 

Impfwirkung von „CP7_E2alf“ haben. Die geimpften Schweine blieben klinisch unauffällig 

und in den Proben der Tiere wurde kein infektiöses KSP-Virus nachgewiesen. Die 

Entwicklung von KSPV-spezifischen neutralisierenden Antikörpern war vergleichbar 

zwischen Schweinen mit und ohne vorbestehenden BVDV-1 Antikörpern. Es konnten jedoch 

Einflüsse auf die verwendete DIVA-Diagnostik beobachtet werden. Diese führten zu falsch-
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positiven Ergebnissen im KSPV Erns DIVA ELISA (Pigtype©; Qiagen). Die Anzahl der falsch-

positiven Ergebnisse konnte jedoch durch eine verbesserte Probenvorbereitung und durch 

Kombination unterschiedlicher Testsysteme stark minimiert werden. Für den Einsatz von 

Markervakzinen ist deren Optimierung und eine Einbettung in eine klar definierte 

Überwachungsstrategie notwendig. 

(IV) Zur Ermittlung der Kinetik von maternalen Antikörpern in Ferkeln von Sauen, die 

während Ausbruchsszenarien geimpft wurden, wurde zwei tragenden Sauen eine Notfall-

ähnliche einmalige Impfung mit „CP7_E2alf“ appliziert. Der Schwerpunkt der 

Untersuchungen lag auf der Kinetik der maternalen Antikörper in den Ferkeln sowie deren 

Testung in Diagnostik Systemen, die während eines Ausbruchs genutzt werden würden. 

Eine Impfung der Sauen 21 Tage vor dem Geburtstermin führte zu nachweisbaren 

maternalen Antikörpern in den Ferkeln. Testungen im KSPV-E2-ELISA zeigten, dass die 

Titer der Antikörper fast linear abnahmen. Alle Ferkel wurden zehn Wochen nach der Geburt 

negativ auf anti-KSPV-E2 Antikörper getestet. Folgende Versuche sollten sich nun mit den 

protektierenden Eigenschaften der maternalen Antikörper beschäftigen. 
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bedingungslos hinter mir gestanden und mich fortwährend unterstützt. Paul, vor allem du 

musstest alle Hoch- und Tiefpunkte mitmachen und hast immer versucht mich aufzuheitern, 

zu motivieren und zu unterstützen, auch wenn die Motivation mal ganz verschwunden 

schien. Ich danke euch dafür, dass ihr immer da seid! 
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