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A recombinant Koi herpesvirus (KHV) and vaccine for the prevention of a disease caused by 

KHV. 

The present invention relates to a recombinant Koi herpesvirus (KHV), methods for the 

5 production of such KHV, cells comprising such KHV and the use of such KHV as a vector and in 

vaccines for the prevention and/or therapeutic treatment of a disease in fish caused by Koi 

herpesvirus in carp such as Cyprinus carpio carpio or Cyprinus carpio koi. 

Common carp (Cyprinus carpio carpio) is the most widely cultivated fish for human 

10 consumption mainly in Asia, Europe, and the Middle East. In contrast, the Koi (Cyprinus carpio 

koi) subspecies is cultivated as a pet fish for personal pleasure or competitive showing especially 

in Japan but also worldwide. A virus causing a lethal disease in both common and Koi carp, 

initially called Koi herpesvirus disease (KHVD), was detected in 1996 in the United Kingdom. 

The virus was then rapidly identified as the cause of mass mortality among Koi and common 

15 carp in Israel, the USA, and Germany. Intensive culture of common carp, Koi shows and 

international trading have contributed to the rapid global spread of this highly contagious and 

extremely virulent disease. Since its emergence, KHVD has caused severe financial and 

economic losses in both Koi and common carp culture industries worldwide. 

20 Initial characterization of the virus showed a herpes-like structure with an envelope and an 

icosahedral electron-dense core of 100-110 nm surrounded by a tegument-like structure. The 

genome of the virus comprises linear double-stranded DNA (dsDNA) of —295 kb similar to that 

of Cyprinid herpesvirus 1 (CyHV-1) but larger than those of Herpesviridae members generally 

ranging from 125 to 240 kb in size. The sequence of KHV genome has been published quite 

25 recently (Aoki et al., J Virol, 81, pages 5058-5065 (2007)). The KHV genome contains a 

significant number of DNA sequences without homology to any other known viral sequences. 

Moreover, it contains highly divergent DNA sequences encoding polypeptides, which resemble 

those of several dsDNA viruses, like herpesvirus, poxvirus, iridovirus and other large DNA 

viruses. 

30 

The unique characteristics of this virus have led to three different nomenclatures: firstly, Koi 

herpesvirus (KHV) according to its morphological manifestation; secondly, carp interstitial 
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nephritis and gill necrosis virus (CNGV) according to its pathogenic effects in fish; and lastly 

Cyprinid herpesvirus 3 (CyHV-3) according to gene content similarity with CyHV-1 and with 

CyHV-2. The latter nomenclature has been further supported by the recent sequencing of the full 

length of the viral genome. However, hereinafter the name KHV will be used. 

5 

KHV bears a genome of approximately 295 kb which represents the largest genome ever 

identified among Herpesvirales members. Although the first isolation of KHV dates from 1996, 

only little information is available about the role of individual genes in KHV pathogenesis and in 

the biology of the infection of the natural host. 

10 

An attenuated KHV and its potential use as a vaccine candidate has been described in the 

International Patent Application WO 2004/061093 Al. However, this vaccine candidate hides a 

potential danger. The attenuation is the consequence of random mutations that occurred during 

viral replication in vitro. Consequently, the character of the attenuation is unknown and reversion 

15 to a fully pathogenic phenotype can not be excluded. 

Applied and fundamental research on KHV requires production of recombinant virus. Recently, 

manipulation of large herpesvirus genomes became feasible through the use of bacterial artificial 

chromosome (BAC) vectors (Messerle et al., Proc Natl Acad Sci U S A, 94, 14759-14763 (1997); 

20 Wagner et al., Trends Microbiol, 10, 318-324 (2002) and vide infra). These vectors allow the 

maintenance and efficient mutagenesis of the viral genome in Escherichia coli (E.coli) followed 

by the reconstitution of progeny virions by transfection of the BAC plasmid into permissive 

eukaryotic cells. To date, the genomes of several herpesviruses have been successfully 

propagated as infectious BAC clones, including Human Cytomegalovirus (HCMV) which 

25 represents the second largest herpesvirus genome cloned as a BAC to date (230 Kb) (Borst et al., 

J Virol, 73, 8320-8329 (1999)). 

Recently, several recombinant KHV have for the first time been constructed using the BAC 

technique; these recombinants are all described in PCT Patent Application W02009/027412. 

30 This patent application discloses a method to make recombinant KHV's having a deficiency in 

one or more of the genes selected from the group consisting of ORF55: the thymidine kinase 

gene; ORF12: putative tumor necrosis factor (TNF) receptor gene; ORF16: putative G-protein 
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coupled receptor (GPCR) gene; ORF134: putative Interleukin 10 homologue gene; ORF140: 

putative thymidylate kinase gene, or combinations thereof. Such mutants were used as live 

attenuated vaccine viruses. 

It was shown that some of these mutants were safe when used in specific SPF fish of a certain 

5 size and age. However, in the field, fish farmers are interested in early vaccination, i.e. when the 

fish are relatively young/small and where there exists a relatively large spreading in size of the 

fish. It turned out that in such conditions vaccines based upon the deletion mutant viruses as 

disclosed in International Patent Application W02009/027412 may in some situations not be 

sufficiently safe: such recombinant KHV are too virulent for use in young/small fish. 

10 This means that at present, there still is a lack of safe and efficacious attenuated recombinant 

vaccines for the control of the disease in field situations such as in fish farming. 

It is an object of the present invention to provide novel recombinant KHV viruses that can be 

used for the development of safe and efficacious attenuated vaccines to control KHV infection in 

15 the field. 

It was surprisingly found now that a recombinant KHV in which the Open Reading Frame 57 

(ORF57) is deficient, shows a strongly reduced or no mortality at all, even in very young/small 

carp infected with this herpesvirus recombinant and provides immunity against wild-type Koi 

20 herpesvirus. Such a recombinant KHV thus provides a safe and efficacious attenuated vaccine 

virus that can suitably be used in young and/or small carp. 

This finding is even more surprising in view of the fact that ORF57 was up till now thought to be 

an essential gene, without which no live virus would be feasible. 

Therefore, a first embodiment of the present invention relates to a recombinant Koi herpesvirus 

25 in which ORF57 is deficient, resulting in a KHV which is attenuated and induces a mortality rate 

of 40% or less in carp, preferably Cyprinus carpio carpio or Cyprinus carpio koi, when infected 

with said herpesvirus. 

As used herein, a "deficient" ORF57 is an ORF57 that is no longer functional, i.e. no longer 

30 capable of encoding a functional protein. A deficient ORF57 as used herein, results in a KHV 

which is attenuated to the level that it induces a mortality rate of 40% or less in carp. Such a 

deficiency can e.g. be obtained by mutation such as insertion or deletion of one or more 
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nucleotides in the gene encoding ORF57, or in its promoter region. Such a mutation can e.g. be a 

frame shift mutation at the 5' site of the gene, or a deletion of (part of) the promoter region or 

(part of) the gene itself. 

5 An example of the DNA sequence of ORF57 is the DNA sequence of ORF57 as given in 

Genbank accession N° NC_009127 where the ORF57 start and stop codon are located at position 

99382 and 100803. It goes without saying that the location of ORF57 may differ in other KHV 

strains due to natural variation. Also, due to natural variation, there may be small differences in 

the sequence of ORF57 in one KHV strain when compared to another KHV strain. Therefore, the 

10 ORF57 as described herein, is an open reading frame having a sequence identity of more than 

80% with the DNA sequence of ORF57 as given in Genbank accession N° NC_009127. 

The nucleotide sequence of the region comprising ORF56, 57 and 58, spanning nucleotides 

96630-101558 is represented in SEQ ID NO: 12. See also figure 1. 

15 

It is clear that the most extensive way of making a gene deficient, i.e. the deletion of the whole 

ORF57 will result in no ORF57 protein production at all. 

From a practical point of view and from a point of safety, such a full deletion would be a logical 

20 step to take. However, as follows from figure 1, a putative promoter region is located at position 

100212-100261 that may possibly be involved in the expression of the adjacent ORF58. For this 

reason, a mutation in ORF57 should preferably not extend into this region. Thus, it is preferred to 

introduce mutations in ORF57 in the region on the left hand of position 100212 or on the right 

hand of position 100261. 

25 

It can also be seen from figure 1 that two putative promoter regions are located at respectively 

position 99451-99500 and position 99794-99843 that may possibly be involved in the expression 

of the adjacent ORF56. It is therefore theoretically possible that a deletion in a region in ORF57 

interferes with the expression of ORF56. In that case, it could be that a recombinant KHV in 

30 which ORF57 is deficient according to the invention merely behaves attenuated as a result of a 

lower expression of ORF56. It is however shown in the Examples section that 1) ORF56 is not an 

essential gene, and 2) a deficient ORF56 does not contribute to the attenuated character of the 
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recombinant KHV according to the invention. In these Examples it is shown that large deletions 

can be made in ORF56 without influencing the viability of the recombinant KHV and without 

significantly changing the attenuated character of the recombinant KHV. This i.a. implies that the 

putative ORF56 promoter sites located in ORF57 can be removed without problems. 

5 

It follows also from figure 1, that two putative promoter sites for ORF57 are located in ORF56 at 

positions 97075-97124 and 98712-98761. Therefore, it could not be excluded that the deletion of 

a small part of ORF57, such as in ORF57 Del 1 provides a truncated but still functional ORF57-

encoded protein. In order to exclude this possibility, a large ORF56-ORF57 double deletion was 

10 made as described in the Examples section that spans the region from position 97001-99750. This 

deletion behaves essentially equal to the single ORF57 mutants, as can be seen in figure 5 when 

compared with figure 7. Therefore it can be concluded that the ORF57-encoded protein is non-

essential to the virus. 

15 Deletion of only a small part of ORF57 is a possibility, it can even be a preferred possibility for 

the reasons given above, but some care has to be taken that the resulting truncated protein is non-

functional. If the skilled person would for whatever reason decide to delete less than the full 

ORF57, he would easily be able to check if the ORF57 is made deficient: a non-deficient ORF57 

would lead to a virus having too high a level of virulence, i.e. too low a level of attenuation. 

20 

Preferably, the recombinant KHV is additionally deficient in one or more viral genes which 

contribute(s) to virulence but is/are not essential for replication of the virus. 

Thus, a preferred form of this embodiment relates to a recombinant Koi herpesvirus according to 

the invention which is deficient in at least one additional gene which contributes to virulence but 

25 is not essential for replication of the virus. 

A more preferred form of this embodiment relates to a recombinant Koi herpesvirus according to 

the invention which is deficient in at least one additional gene which contributes to virulence 

wherein said gene is selected from the group consisting of thymidine kinase gene; ORF12: 

30 putative tumor necrosis factor (TNF) receptor gene; ORF16: putative G-protein coupled receptor 

(GPCR) gene; ORF134: putative Interleukin 10 homologue gene; ORF140: putative thymidylate 

kinase gene, or any combination thereof. 
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In an even more preferred form of this embodiment, the recombinant KHV is additionally 

deficient in at least the thymidine kinase gene or the putative thymidylate kinase gene. 

5 In another even more preferred form of this embodiment, the recombinant KHV according to the 

present invention is additionally deficient in the thymidine kinase gene and at least one further 

gene which contributes to virulence selected from the group consisting of ORF12: putative tumor 

necrosis factor (TNF) receptor gene; ORF16: putative G-protein coupled receptor (GPCR) gene; 

ORF134: putative Interleukin 10 homologue gene or ORF140: putative thymidylate kinase gene. 

10 

In a still even more preferred form of this embodiment, the recombinant KHV is additionally 

deficient in at least the thymidine kinase gene and the putative thymidylate kinase gene. 

In another preferred form of this embodiment, the recombinant Koi herpesvirus according to the 

15 present invention is in a live form. Preferably, the recombinant Koi herpesvirus has the capability 

to reconstitute infectious particles, i.e.; to replicate when introduced into permissive eukaryotic 

cells or fish individuals, preferably in carp, more preferably in Cyprinus carpio, even further 

preferred in Cyprinus carpio carpio and/or Cyprinus carpio koi. 

20 In an alternative embodiment the recombinant KHV according to the present invention is 

additionally deficient in one or more viral genes which is/are essential for replication (and 

optionally deficient in one or more viral genes which contribute(s) to virulence but is/are not 

essential for replication of the virus), thus providing a recombinant Koi herpesvirus according to 

the invention in a non-replicative form. 

25 Thus, an alternative embodiment relates to recombinant KHV according to the present invention 

wherein said herpesvirus is in a non-replicative form. 

A "non-replicative form" means that the recombinant Koi herpesvirus still has the capability to 

infect cells or fish individuals (e.g. Cyprinus carpio, Cyprinus carpio carpio or Cyprinus carpio 

koi) but is not able to replicate to the extend that infective progeny virus is formed. 

30 A non-replicative recombinant strain is produced by inactivation (by means of known techniques 

such as insertion, deletion or mutation, e.g. using BAC cloning) of a KHV gene that is essential 

for replication. 
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Such a deleted virus is cultured on a permissive cell line stably expressing the deleted gene 

(trans-complementation). 

5 

This approach is an approach well-known in the art. It has i.a. been used successfully for 

different herpesviruses such as gH deleted Suid Herpesvirus 1 (Aujeszky virus) (Babic et al, 

1996) and Bovine Herpesvirus 1 (Schroder and Keil, 1999). 

Any gene which contributes to replication may be made deficient in order to obtain a non-

replicating recombinant Koi herpesvirus. In other words, any gene of which the inactivation leads 

to a non-replicative recombinant Koi herpesvirus, can be deleted. Preferably, a gene of the 

10 recombinant KHV according to the present invention that is deleted in order to provide a non-

replicative form of the virus, is selected from the group consisting of: 

15 

ORF25, ORF31, ORF32, ORF34, ORF35, ORF42, ORF43, ORF45, ORF51, ORF59, ORF60, 

ORF62, ORF65, ORF66, ORF68, ORF70, ORF72, ORF78, ORF81, ORF84, ORF89, ORF90, 

ORF92, ORF95, ORF97, ORF99, ORF108, ORF115, ORF131, ORF132, ORF136, ORF137, 

ORF148 and ORF149. 

A recombinant Koi herpesvirus according to the present invention preferably comprises a 

bacterial artificial chromosome (BAC) vector sequence. 

Since about one and a half decade, the manipulation of large herpesvirus genomes has been 

20 greatly facilitated by the use of such bacterial artificial chromosomes. These vectors allow the 

maintenance and the mutagenesis of the viral genome in Escherichia coli, followed by 

reconstitution of progeny virions by transfection of the BAC plasmid into permissive eukaryotic 

cells. In a first step, the sequences for the BAC vector are introduced into the herpesvirus genome 

by conventional homologous recombination in infected cells. The linear double-stranded DNA 

25 genome of herpesviruses circularizes during replication. It suffices to isolate the circular 

replication intermediate of the BAC mutant and to shuttle it by DNA transformation into E. coli. 

This shuttle is needed only once to establish the system. The herpesvirus BAC is then propagated 

and mutated in E. coli. The homogenous, clonal herpesvirus BAC DNA is shuttled back into 

eukaryotic permissive cells only for virus reconstitution. As viral functions are not required, the 

30 virus genome remains sleeping while in E. coli, preserving the viral functions present at the time 

of cloning. This is important for viruses where in vitro culture procedures change the authentic 

properties of isolates. 
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ORF25, ORF31, ORF32, ORF34, ORF35, ORF42, ORF43, ORF45, ORF51, ORF59, ORF6O, 

ORF62, ORF65, ORF66, ORF68, ORF70, ORF72, ORF78, ORF81, ORF84, ORF89, ORF90, 

ORF92, ORF95, ORF97, ORF99, ORFIO8, ORF115, ORF131, ORF132, ORF136, ORF137, 

15 ORF148 and ORF149. 

A recombinant Koi herpesvirus according to the present invention preferably comprises a 

bacterial artificial chromosome (BAC) vector sequence. 

Since about one and a half decade, the manipulation of large herpesvirus genomes has been 

20 greatly facilitated by the use of such bacterial artificial chromosomes. These vectors allow the 

maintenance and the mutagenesis of the viral genome in Escherichia coli, followed by 

reconstitution of progeny virions by transfection of the BAC plasmid into permissive eukaryotic 

cells. In a first step, the sequences for the BAC vector are introduced into the herpesvirus genome 

by conventional homologous recombination in infected cells. The linear double-stranded DNA 

25 genome of herpesviruses circularizes during replication. It suffices to isolate the circular 

replication intermediate of the BAC mutant and to shuttle it by DNA transformation into E. coli. 

This shuttle is needed only once to establish the system. The herpesvirus BAC is then propagated 

and mutated in E. coli. The homogenous, clonal herpesvirus BAC DNA is shuttled back into 

eukaryotic permissive cells only for virus reconstitution. As viral functions are not required, the 

30 virus genome remains sleeping while in E. coli, preserving the viral functions present at the time 

of cloning. This is important for viruses where in vitro culture procedures change the authentic 

properties of isolates. 
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As used herein, the term "homologous recombination" indicates that when two different 

homologous nucleic acid molecules encounter each other, crossover occurs, and a new 

combination of nucleic acid is generated. As used herein, the term "sequence mediating 

5 homologous recombination" refers to a sequence which causes homologous recombination which 

is dependent from a specific recombination protein, which is catalyzing, carrying out or assisting 

in homologous recombination. Such a recombination protein preferably acts specifically on a 

"sequence mediating homologous recombination" and does not act on other sequences. 

10 BAC vector sequences are well-known in the art and their use in the construction of recombinant 

viruses such as herpesviruses has frequently been described in the art (Borst, E. M., Hahn, G., 

Koszinowski, U. H. & Messerle, M. (1999), J Virol 73, 8320-9. Costes, B., Fournier, G., Michel, 

B., Delforge, C., Raj, V.S., Dewals, B., Gillet, L., Drion, P., Body, A., Schynts, F., Lieffrig, F., 

Vanderplasschen, A., 2008. J Virol 82, 4955-4964. Dewals, B., Boudry, C., Gillet, L., Markine- 

1 5 Goriaynoff, N., de Leval, L., Haig, D. M. & Vanderplasschen, A. (2006), J Gen Virol 87, 509-17. 

Gillet, L., Daix, V., Donofrio, G., Wagner, M., Koszinowski, U. H., China, B., Ackermann, M., 

Markine-Goriaynoff, N. & Vanderplasschen, A. (2005), J Gen Virol 86, 907-17. Messerle, M., 

Crnkovic, I., Hammerschmidt, W., Ziegler, H. & Koszinowski, U. H. (1997), Proc Natl Acad Sci 

U S A 94, 14759-63. Warming, S., Costantino, N., Court, D. L., Jenkins, N. A. & Copeland, N. G. 

20 (2005), Nucleic Acids Res 33, e36. Wagner, M., Ruzsics, Z. & Koszinowski, U. H. (2002), 

Trends Microbiol 10, 318-24). 

The BAC vector sequence need not necessarily be inserted into ORF57. Alternatively it can be 

inserted in any other viral gene which contributes to virulence and/or any other viral gene which 

25 is or isn't essential for viral replication and/or any intergenic region. 

However, in a more preferred form, the recombinant Koi herpesvirus comprises a BAC vector 

sequence which is inserted into ORF57. Such insertion has the advantage that by inserting the 

BAC vector into ORF57, ORF57 becomes at the same time deficient, thus directly providing a 

30 recombinant KHV according to the invention. 
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An example of a recombinant KHV according to the present invention was achieved by cloning 

of the KHV genome by the insertion of a modified loxP-flanked BAC cassette into ORF55 (vide 

infra). This insertion led to a BAC recombinant virus whose genome was stably maintained in 

bacteria and was able to regenerate virions when transfected into permissive cells. (See: Costes, 

B., Fournier, G., Michel, B., Delforge, C., Raj, V.S., Dewals, B., Gillet, L., Drion, P., Body, A., 

Schynts, F., Lieffrig, F., Vanderplasschen, A., 2008, J Virol 82, 4955-4964 for BAC-vector 

details, and vide infra for technical details). This vector was used to introduce a deletion in 

ORF57. 

10 The term "BAC vector" refers to a plasmid which is produced using F plasmid of E. coli and a 

vector which can stably maintain and grow a large size DNA fragment of about 300 kb or more 

in bacteria, such as E. coli and the like. The BAC vector contains at least a BAC vector sequence 

essential for the replication of the BAC vector. Examples of such a region essential for 

replication include, but are not limited to, the origin of replication of F plasmid and variants 

15 thereof. 

As used herein, the term "BAC vector sequence" refers to a sequence comprising a sequence 

essential for the function of a BAC vector. Optionally, the BAC vector sequence may further 

comprise a "recombination protein-dependent recombinant sequence" and/or a "selectable 

20 marker". 

Details of i.e. "recombination protein-dependent recombinant sequence" and/or a "selectable 

marker" are given e.g. in the literature referred to above, and in WO 22009/027412. 

25 Regardless the place where the BAC vector is inserted in the genome, it is preferred that the BAC 

vector sequence is flanked by sequences mediating homologous recombination, preferably loxP. 

Also, preferably the BAC vector sequence comprises a selectable marker (vide infra). In a more 

preferred form, the selectable marker is a drug selectable marker (vide infra). 

In another preferred embodiment the genome of said recombinant herpesvirus is present in the 

30 form of a plasmid. This is achieved by isolating circular forms of the above mentioned 

recombinant Koi herpesvirus comprising a BAC vector sequence and introduction into bacterial 

cells. As mentioned above, it is not essential for the invention that the BAC (bacterial artificial 
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chromosome) vector sequence is inserted into one or more of the viral genes which contribute to 

virulence or are necessary for replication, as long as one or more of the mentioned genes which 

contribute to virulence or are necessary for replication is/are made deficient by genetic 

engineering techniques. 

5 Therefore, the BAC vector sequence may be inserted into any region of the virus genome, 

provided that ORF57 and preferably one or more other viral genes which contribute to virulence 

are also deficient. 

Of course, the use of BAC vector mediated cloning techniques as described above can be used 

repeatedly: e.g. a first time to make ORF57 deficient and a second time to make an additional 

10 gene deficient. 

The BAC vector sequence may in principle remain present in a recombinant KHV according to 

the invention in further applications without problems. However, for the use of a Koi herpesvirus 

according to the invention in e.g. a vaccine, it is preferred that most of the BAC sequences are 

15 removed. This is e.g. the case for BAC sequences that comprise genes encoding the selectable 

markers and even more for resistance genes. The presence of such genes in a vaccine is not only 

considered unnecessary, but even undesirable. 

Thus, preferably at least a part (e.g. a part that comprises a resistance gene or a selectable 

20 marker), or more preferably most of the BAC vector sequence is excised from the herpesvirus 

genome, thereby preferably leaving behind a heterologous sequence at the excision site or former 

insertion site in the herpesvirus genome. More preferably, the heterologous sequence has a size 

of less than 200 nucleotides. The excision is achieved by introduction of the recombinant KHV 

into a permissive eukaryotic cell expressing the Cre recombinase which is excising the loxP- 

25 flanked BAC vector sequence. 

Therefore, a preferred form of this embodiment relates to a recombinant Koi herpesvirus 

according to the invention, characterised in that part of the BAC vector sequence is excised from 

the herpesvirus genome thereby leaving a heterologous sequence at the excision site or former 

30 insertion site, respectively, in the herpesvirus genome. 
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And in a more preferred form of this embodiment, the part of the BAC vector sequence that is 

excised from the herpesvirus genome comprises at least one gene encoding a selectable marker 

and/or a resistance gene. 

5 It is also possible to remove entirely the BAC cassette sequence by homologous recombination in 

eukaryotic cells using a DNA fragment of the wild type viral genome encompassing the site of 

insertion of the BAC cassette (e.g. ORF55 encoding TK). Selection of viral plaques that do not 

longer express EGFP (encoded by the BAC cassette) allows the selection of recombinants which 

have reverted the site of BAC insertion to wild type sequence. 

10 

The recombinant Koi herpesvirus according to the present invention in either form, the KHV 

BAC clone, and the above mentioned KHV construct where at least part of the BAC vector 

sequence is excised from the herpesvirus genome may be used for further manipulation involving 

for example genetic engineering techniques in order to make the genome deficient in further 

15 specific genes. The deficiency of such further genes can equally be obtained using the BAC 

technique, as already said above. 

Although a recombinant KHV according to the invention can be used for vaccine purposes as 

such (see below), merely in order to prevent fish, more specifically carp, even more specifically 

20 Cyprinus carpio carpio or Cyprinus carpio koi, from KHV disease, it can also be efficiently used 

as carrier virus for heterologous (i.e. non-KHV) DNA fragment. In that case, the advantageous 

characteristics of the recombinant KHV according to the invention would be fully used and in 

addition the virus would e.g. gain additional properties such as marker properties, additional 

immunizing properties or adjuvating properties. 

25 

"Marker properties" in this respect means that the heterologous DNA fragment allows, directly or 

indirectly, to discriminate between field virus infection or vaccine virus infection. 

A direct way to discriminate between field virus infection and vaccine virus infection would e.g. 

comprise a PCR-reaction using primers that specifically reacts with a heterologous (i.e. non- 

30 KHV) DNA fragment in a recombinant KHV according to the invention, and not with DNA of a 

KHV field virus. 

An indirect way to discriminate between field virus infection and vaccine virus infection would 
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e.g. comprise an immunological reaction using an antibody that specifically reacts with an 

immunogenic protein encoded by a heterologous (i.e. non-KHV) DNA fragment in a 

recombinant KHV according to the invention, and not with any protein of a KHV field virus. 

5 Thus, another embodiment of the present invention relates to a recombinant KHV according to 

the invention that comprises a heterologous DNA fragment, e.g. a heterologous gene. 

Preferably, such a heterologous DNA fragment is a heterologous gene that encodes an 

immunogenic protein of another virus or microorganism that is pathogenic to fish, more 

10 specifically carp, even more specifically Cyprinus carpio carpio or Cyprinus carpio koi. 

More preferably, the heterologous gene is the G glycoprotein of rhabdovirus causing carp spring 

viraemia. Such a construct, when used in a vaccine, will not only protect carp against KHV but 

also against carp spring viraemia. 

Suitable promoters for the expression of heterologous genes in eukaryotic cells are extensively 

15 known in the art. An example of a suitable promoter for the expression of a heterologous gene, 

e.g. the G glycoprotein of rhabdovirus causing carp spring viraemia is the HCMV IE promoter. 

The present invention further provides a method for the production of infectious particles of 

recombinant Koi herpesvirus (KHV), wherein said method comprises the steps of 

20 (a) introducing a recombinant KHV according to the invention or a recombinant KHV DNA 

comprising the genome of a recombinant KHV according to the invention into permissive 

eukaryotic cells; and 

(b) culturing the host cell to produce recombinant Koi herpesvirus (KHV) 

25 Due to their attenuated character, the above mentioned recombinant Koi herpesviruses according 

to the invention and their DNA are very suitable for the immunization of fish, preferably 

Cyprinus carpio carpio or Cyprinus carpio koi individuals by injection or balneation or per os. 

Therefore, still another embodiment of the present invention provides a recombinant Koi 

30 herpesvirus according to the invention and/or a KHV DNA comprising the genome of the 

recombinant Koi herpesvirus according to the invention for use in the prevention and/or 

therapeutic treatment of a disease in fish caused by Koi herpesvirus (KHV). 
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Preventive use is a use that aims at preventing infection, or at least clinical manifestations of the 

disease, 

Therapeutic use is a use of said KHV or KHV DNA in fish that already suffer from the disease 

caused by KHV. 

5 

Again another embodiment of the present invention provides a recombinant Koi herpesvirus 

according to the invention and/or a KI-IV DNA comprising the genome of the recombinant Koi 

herpesvirus according to the invention for use in a vaccine for the prevention and/or therapeutic 

treatment of a disease in fish caused by Koi herpesvirus (KHV). 

10 

Still another embodiment of the present invention provides a vaccine for the prevention and/or 

therapeutic treatment of a disease in fish caused by Koi herpesvirus (KHV), characterised in that 

said vaccine comprises a recombinant Koi herpesvirus according to the invention and/or a KHV 

DNA comprising the genome of the recombinant Koi herpesvirus according to the invention, and 

15 a pharmaceutically acceptable carrier. 

Again another embodiment of the present invention provides a vaccine for prevention and/or 

therapeutic treatment of a disease in fish caused by a rhabdovirus causing carp spring viraemia, 

which vaccine comprises a recombinant KI-IV according to the invention carrying the gene 

20 encoding G glycoprotein of said rhabdovirus causing carp spring viraemia or a DNA sequence 

comprising the genome of said recombinant KHV, and a pharmaceutically acceptable carrier. 

As used herein, the term "vaccine" refers to a composition capable of prevention and/or 

therapeutic treatment of a host to a particular disease. Such a vaccine may produce prophylactic 

25 or therapeutic immunity. 

The pharmaceutically acceptable carrier can be as simple as water or a buffer. The 

pharmaceutically acceptable carrier may also comprise stabilizers. It can also comprise an 

adjuvant, or it can in itself be an adjuvant. 

30 

Typically, vaccines are prepared as liquid solutions, emulsions or suspensions for injection or 

delivery through immersion of fish in water. For instance, a liquid emulsion or emulsifiable 
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concentrate can be prepared in order to be added to a water tank or bath where the fish are held. 

5 

Solid (e.g. powder) forms suitable for dissolution in, or suspension in, liquid vehicles or for 

mixing with solid food, prior to administration may also be prepared. The vaccine may be a 

lyophilized culture in a ready to use form for reconstitution with a sterile diluent. For instance, 

lyophilized cells may be reconstituted in 0.9% saline (optionally provided as part of the packaged 

vaccine product). A preferred formulation of injectable vaccine is an emulsion. Liquid or 

reconstituted forms of the vaccine may be diluted in a small volume of water (e.g. 1 to 100 

volumes) before addition to a pen, tank or bath. 

10 In one preferred form of this embodiment, the vaccine preparation comprising the recombinant 

KHV strain is in a dry form, e. g. in a powder form, lyophilized, in a compressed pellet or tablet 

form, etc. 

In another form of this embodiment, said virus may be in the form of a tissue culture fluid. Said 

15 fluid may be stored at the ambience, preferably at -70 °C, most preferably as a solution 

containing glycerol. In one specific example, the tissue culture fluid contains 20% glycerol. 

The recombinant KHV strain disclosed in the present invention may be converted into a dry form 

by a number of methods. A particularly preferred form of drying is through lyophilization. Prior 

20 to drying, e.g. lyophilization procedure, a variety of ingredients may be added to the medium 

such as preservatives, anti-oxidants or reducing agents, a variety of excipients, etc. Such 

excipients may also be added to the dry, e. g. lyophilized active-attenuated virus also after the 

drying step. 

25 When the recombinant KHV according to the invention is used as a vaccine component for oral 

administration (e.g. through dipping or balneation), there will usually be no need for the 

administration of an adjuvant. 

If however the vaccine preparation is injected directly into the fish, the use of an adjuvant is 

optional. If the recombinant KHV according to the invention is in a non-replicating form, the 

30 addition of immune stimulants may be preferred. 

In general, in order to boost the immune response, the preparation may include a variety of 
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adjuvants, cytokines or other immune stimulants, particularly in the case of preparations that are 

intended for injection. 

An adjuvant is an immunostimulatory substance boosting the immune response of the host in a 

non-specific manner. The adjuvant may be hydrophilic adjuvant, e.g. , aluminum hydroxide or 

5 aluminum phosphate, or hydrophobic adjuvant, e.g. mineral oil based adjuvants. Adjuvants such 

as muramyl dipeptides, avidine, aluminium hydroxide, aluminium phosphate, oils, oil emulsions, 

saponins, dextran sulphate, glucans, cytokines, block co-polymers, immunostimulatory 

oligonucleotides and others known in the art may be admixed with the recombinant KHV 

according to the invention. Examples of adjuvants frequently used in fish farming are 

10 muramyldipeptides, lipopolysaccharides, several glucans and glycans and Carbopol® (a 

homopolymer). Suitable adjuvants are e.g. water in oil (w/o) emulsions, o/w emulsions and 

w/o/w double-emulsions. Oil adjuvants suitable for use in w/o emulsions are e.g. mineral oils or 

metabolisable oils. Mineral oils are e.g. Bayo10, Marcol® and Drakeol®; metabolisable oils are 

e.g. vegetable oils, such as peanut oil and soybean oil, or animal oils such as the fish oils 

15 squalane and squalene. Alternatively a vitamin E (tocopherol) solubilisate as described in EP 

382,271 may advantageously be used. Very suitable o/w emulsions are e.g. obtained starting 

from 5-50 % w/w water phase and 95-50 % w/w oil adjuvant, more preferably 20-50 % w/w 

water phase and 80-50 % w/w oil adjuvant are used. The amount of adjuvant added depends on 

the nature of the adjuvant itself, and information with respect to such amounts provided by the 

20 manufacturer. 

In a preferred embodiment the vaccine according to the invention additionally comprises a 

stabilizer. A stabilizer can be added to a vaccine according to the invention e.g. to protect it from 

degradation, to enhance the shelf-life, or to improve freeze-drying efficiency. Useful stabilizers 

25 are i.a. SPGA (Bovarnik et al., 1950, J. Bacteriology, vol. 59, p. 509), skimmed milk, gelatine, 

bovine serum albumin, carbohydrates e.g. sorbitol, mannitol, trehalose, starch, sucrose, dextran 

or glucose, lactoses, proteins such as albumin or casein or degradation products thereof, and 

buffers, such as alkali metal phosphates. 

30 Antibiotics such as neomycin and streptomycin may be added to prevent the potential growth of 

germs. 
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In addition, the vaccine may comprise one or more suitable surface-active compounds or 

emulsifiers, e.g. Span ® or Tween®. The vaccine may also comprise a so-called "vehicle". A 

vehicle is a compound to which the KHV virus (either in form of a virus particle or in form of 

DNA) according to the invention adheres, without being covalently bound to it. Such vehicles are 

5 i.a. bio-microcapsules, micro-alginates, liposomes and macrosols, all known in the art. A special 

form of such a vehicle is an Iscom. It goes without saying that admixing other stabilizers, carriers, 

diluents, emulsions, and the like to vaccines according to the invention are also within the scope 

of the invention. Such additives are for instance described in well-known handbooks such as: 

10 

"Remington: the science and practice of pharmacy" (2000, Lippincot, USA, ISBN: 683306472), 

and: "Veterinary vaccinology" (P. Pastoret et al. ed., 1997, Elsevier, Amsterdam, ISBN: 

0444819681 ). 

The recombinant KHV when used in its dry form in a vaccine may further include a 

reconstitution fluid, preferably sterile water, saline or physiological solution. It may also contain 

15 small amounts of residual materials from the manufacturing process such as cell proteins, DNA, 

RNA, etc. While these materials are not additives per se, they may nonetheless be present in the 

vaccine formulation. 

The vaccine may be administered to fish individually-orally, e.g. through their feed or by forced 

20 oral administration, or by injection (e.g. via the intramuscular or intraperitoneal route). 

Alternatively the vaccine may be administered simultaneously to the entire fish population 

contained in a body of water by spraying, dissolving and/or immersing the vaccine. These 

methods are useful for vaccination of all kinds of fish, e.g., food and ornamental fish, and in 

25 various environments such as ponds, aquariums, natural habitat and fresh water reservoirs. 

A further aspect of the invention relates to a DNA vaccine comprising the recombinant KHV 

according to the invention. 

30 DNA vaccines according to the invention do not basically differ from vaccines comprising the 

recombinant KHV according to the invention, in the sense that they comprise the genome of a 

recombinant KHV according to the invention. 
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They can easily be administered through intradermal application e.g. using a needle-less injector 

such as a GeneGun®. This way of administration delivers the DNA directly into the cells of the 

animal to be vaccinated. A preferred amount of a recombinant KHV DNA according to the 

invention, in a pharmaceutical composition according to the invention (as outlined below) is in 

5 the range between 10 pg and 1000 ug. Preferably, amounts in the range between 0.1 and 100 ug 

are used. Alternatively, fish can be immersed in solutions comprising e.g. between 10 pg and 

1000 µg/ml of the DNA to be administered. All these techniques and routes of administration are 

well-known in the art. 

10 Preferably the vaccine according to the invention is formulated in a form suitable for injection or 

for immersion vaccination, such as a suspension, solution, dispersion, emulsion, and the like. 

The dosing scheme for the application of a vaccine according to the invention to the target 

organism can be the application of single or multiple doses, which may be given at the same time 

15 or sequentially, in a manner compatible with the dosage and formulation and in such an amount 

as will be immunologically effective. It is well within the capacity of the skilled person to 

determine whether a treatment is "immunologically effective", for instance by administering an 

experimental challenge infection to vaccinated animals, and next determining a target animals' 

clinical signs of disease, serological parameters, or by measuring re-isolation of the pathogen. 

20 

What constitutes a "pharmaceutically effective amount" for a vaccine according to the invention 

that is based upon a recombinant KHV or a recombinant KHV DNA according to the invention, 

is dependent on the desired effect and on the target organism. Determination of the effective 

amount is well within the skills of the routine practitioner. A preferred amount of a recombinant 

25 KHV DNA according to the invention, comprised in a pharmaceutical composition according to 

the invention, has been described above. 

A preferred amount of a live vaccine comprising recombinant KHV virus strain according to the 

invention is expressed for instance as plaque forming units (pfu). For instance for a live viral 

30 vector a dose range between 1 and 1010  plaque forming units (pfu) per animal dose may 

advantageously be used; preferably a range between 102  and 106  pfu/dose. 

Many ways of administration can be applied, all known in the art. The vaccines according to the 
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invention are preferably administered to the fish via injection (intramuscular or the 

intraperitoneal route), immersion, dipping or per os. The protocol for the administration can be 

optimized in accordance with standard vaccination practice. 

5 If a vaccine comprises a non-replicative form of the recombinant KHV according to the invention, 

the dose would be expressed as the number of non-replicative virus particles to be administered. 

10 

Then dose would usually be somewhat higher when compared to the administration of live virus 

particles, because live virus particles replicate to a certain extent in the target animal, before they 

are removed by the immune system. For vaccines on the basis of non-replicative virus particles, 

an amount of virus particles in the range of about 104  to 109  particles would usually be suitable. 

Preferably the vaccine is administered via immersion, especially when a live recombinant KHV 

according to the invention is used. This is especially efficient in case of the use of such vaccines 

in the setting of commercial aqua-culture farming. 

15 Legend to the figures 

Figure 1: schematic representation of the CyHV-3 genome region encompassing ORF57. The 

coordinates of ATG and stop codons of each ORF (according to Genbank accession N° 

NC_009127) are indicated. The coordinates of putative promoters (P) identified by in silico 

analyses within or close to ORF56 and ORF57 are presented. The number following the letter P 

20 identifies the ORF under control of the identified promoter sequence. Selected sequences to be 

deleted in order to invalidate ORF56 and/or ORF57 are represented at the top. The coordinates of 

the deletions are indicated. 

Figure 2, 3: flowchart of stages performed to produce FL BAC galK recombinant plasmids 

deleted for ORF57 (figure 2) or ORF56 (figure 3), and to demonstrate the reconstitution of 

25 infectious virus from the produced plasmids. The regions of ORF57 or ORF56, as identified in 

Figure 1, were replaced by a galK expression cassette using homologous recombination in E. coli. 

30 

To reconstitute infectious virus with a wild type thymidine kinase (TK) locus (FL BAC revertant 

strains), the recombinant plasmids were co-transfected in permissive CCB cells with pGEMT-TK 

plasmid. To reconstitute infectious virus with a truncated form of TK (FL BAC excised strains), 

the recombinant plasmids were transfected in CCB cells expressing Cre recombinase. 
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Figure 4: flowchart of stages performed to produce FL BAC recombinant plasmids deleted for 

ORF57 and ORF56 (ORF56-57), and to demonstrate the reconstitution of infectious virus from 

the produced plasmids. The region of ORF56-57, as identified in Figure 1, was replaced by a 

galK expression cassette using homologous recombination in E. coli. The galK expression 

5 cassette was then removed by homologous recombination with a synthetic DNA sequence 

corresponding to KHV genome regions flanking the galK expression cassette (ORF56-57 Del 

cassette). To reconstitute infectious virus with a wild type thymidine kinase (TK) locus (FL BAC 

revertant strains), the recombinant plasmid was co-transfected in permissive CCB cells with 

pGEMT-TK plasmid. To reconstitute infectious virus with a truncated form of TK (FL BAC 

10 excised strains), the recombinant plasmid was transfected in CCB cells expressing Cre 

recombinase. 

Figure 5: safety (A-D) and vaccination/challenge (E-G) tests of ORF57 single deleted 

recombinants. The safety of the FL BAC excised ORF57 Del 1 galK (A) and the FL BAC 

15 excised ORF57 Del 2 galK (B) strains was tested as described in the examples (Safety tests) on 

common carp (7 months old, mean weight of 3.74 g, n = 20). The FL BAC excised strain (C) and 

mock-infection (D) were used as positive and negative controls, respectively. Percentages of 

surviving carp are expressed according to days post-infection taking day 0 as the reference. Six 

weeks post-infection with the ORF57 single deleted recombinants (E and F), fish were 

20 challenged as described in the examples (vaccination/challenge). Mock-infected fish were used 

as controls (G). Percentages of surviving carp are expressed according to days post-infection 

taking day 42 as the reference. 

Figure 6: safety of ORF56 single deleted recombinants. 

25 The safety of the FL BAC excised ORF56 Del 1 galK (A) and the FL BAC excised ORF56 Del 

2 galK (B) strains was tested as described in the examples (Safety tests) on common carp (7 

months old, mean weight of 3.74 g, n = 20). The FL BAC excised strain (C) and mock-infection 

(D) were used as positive and negative controls, respectively. Percentages of surviving carp are 

expressed according to days post-infection taking day 0 as the reference. 

30 

Figure 7: safety (A-C) and vaccination/challenge (D-G) tests of the FL BAC excised ORF56-57 

Del strain. The safety of the FL BAC excised ORF56-57 Del strain (B) was tested as described in 
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Figure 7: safety (A-C) and vaccination/challenge (D-G) tests of the FL BAC excised ORF56-57 

Del strain. The safety of the FL BAC excised ORF56-57 Del strain (B) was tested as described in 
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the examples (Safety tests) on common carp (7 months old, mean weight of 4.41 g, n = 30). The 

FL BAC excised strain (A) and mock-infection (C) were used as positive and negative controls, 

respectively. Mock-infection was performed on duplicate groups. Percentages of surviving carp 

are expressed according to days post-infection taking day 0 as the reference. 

5 Vaccination/challenge (D-G) tests. Fish (n = 15) vaccinated with the FL BAC excised ORF56-57 

Del strain were challenged with the KHV FL strain at 3 weeks (D) or 6 weeks (F) post-

vaccination as described in the examples (vaccination/challenge). Duplicate groups of mock-

infected fish were used as controls (E and G). Percentages of surviving carp are expressed 

according to days post-infection taking the day of the challenge as the reference. 

10 

Figure 8: safety (A-C) and vaccination/challenge (D-G) tests of the FL BAC revertant ORF56- 

57 Del strain. The safety of the FL BAC revertant ORF56-57 Del strain (B) was tested as 

described in the examples (Safety tests) on common carp (7 months old, mean weight of 3.74 g, n 

= 30). The FL BAC revertant strain (A) and mock-infection (C) were used as positive and 

15 negative controls, respectively. Mock-infection was performed on duplicate groups. Percentages 

of surviving carp are expressed according to days post-infection taking day 0 as the reference. 

Vaccination/challenge (D-G) tests. Fish (n = 15) vaccinated with the FL BAC revertant ORF56- 

57 Del strain were challenged with the KHV FL strain at 3 weeks (D) or 6 weeks (F) post- 

vaccination as described in the examples (vaccination/challenge). Duplicate groups of mock- 

20 infected fish were used as controls (E and G). Percentages of surviving carp are expressed 

according to days post-infection taking the day of the challenge as the reference. 

Examples: 

25 a) Cells and viruses. Cyprinus carpio brain cells (CCB) (Neukirch et al., 1999) were cultured in 

minimum essential medium (MEM, Invitrogen) containing 4.5 g/1 glucose (D-glucose 

monohydrate, Merck) and 10 % fetal calf serum (FCS). Cells were cultured at 25°C in a humid 

atmosphere containing 5 % CO2. The CyHV-3 FL strain was isolated from the kidney of a fish 

which died from KHV (CER Marloie, Belgium). 
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b) CyHV-3 BAC plasmid. The CyHV-3 FL BAC plasmid was used as parental plasmid to 

produce CyHV-3 recombinants. This plasmid has been extensively described in Costes et al 

(2008) and in International Patent Application WO 2009/027412. The CyHV-3 FL BAC plasmid 

is an infectious bacterial artificial chromosome (BAC) clone of the CyHV-3 FL strain genome. In 

5 this plasmid, the /oxP-flanked BAC cassette is inserted into the CyHV-3 TK locus (ORF55). 

c) Production of ORF 57 CyHV-3 FL BAC recombinant plasmids using galK positive 

selection in bacteria. Two CyHV-3 FL BAC recombinant plasmids with deletion in the ORF57 

locus (see ORF57 Del 1 and ORF57 Del 2 in Fig. 1) were produced using a galK positive 

selection in bacteria as previously described (Warming et al., 2005) (Fig. 2). The recombination 

10 fragment consisted of a galactokinase (galK) gene (1231 bp) flanked by 50 bp sequences 

homologous to the regions of the CyHV-3 genome flanking the sequence to be deleted (Fig. 1). 

These fragments were produced by PCR using the pgalK vector as template. The following 

primers were used for the amplification (see Table 1 for primer sequence): for production of the 

ORF57 Del 1 deletion: primers ORF57 Dell fw and ORF57 Dell rev leading to the ORF57 Del 

15 1-galK amplicon; for production of the ORF57 Del 2 deletion: primers ORF57 De12 fw and 

ORF57 De12 rev leading to the ORF57 Del 2-galK amplicon. The amplification product was 

purified (QlAquick Gel Extraction Kit). Next, electrocompetent SW102 cells containing the 

CyHV-3 FL BAC plasmid were electroporated with 50 ng of the PCR products described above. 

Electroporated cells were plated on solid M63 minimal medium supplemented with 20 % 

20 galactose and chloramphenicol (17 µg/ml) to select bacteria in which homologous recombination 

occurred. Finally, colonies obtained were streaked onto MacConkey indicator plates as described 

elsewhere to confirm the production of galK positive clones. Recombinant BAC molecules were 

amplified and purified (QIAGEN Large-Construct Kit), and their molecular structure was 

controlled using a combined restriction endonuclease-Southern blot approach, PCR and 

25 sequencing. 
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5 

10 

Table 1. Oligonucleotides used for PCR amplification 

Primer Sequence bp Coordinates of 
underlined 

sequence according 
to Genbank 
accession 

No. NC_009127 
ORF57 Dell fw 5'-CGTACAGGGTGGCGGTGCACCTGTCCC 77bp 99551-99599 

AGAAGGCCTTCACCGCCTGGGAGCTCCCT 

GTTGACAATTAATCATCGG CA-3' 

ORF57 Dell rev 5'-CGGCTCATCATCTGCGGGTCCATCCAG 71bp 99743-99694 

GCGCCCTTGCCCCACAGCAGAGCTTCAGC 

ACTGTCCTGCTCCTT-3' 

ORF57 De12 fw 5'-CTTTGTGCTGCACAAGGGCTTCAACCAC 74bp 99894-99943 

CACTACGCCTTCTGCGATCACCCCTGTTGA 

CAATTAATCATCGG CA-3' 

ORF57 De12 rev 5'-CTGAGCGTTGTTGAAGGCCTCCATCAGG 74bp 100161-100112 

TGCTGCCTGATCTGCTTGTGCAGAGCTCA 

GCACTGTCCTGCTCCTT-3' 

The primers represent sequences homologous to CyHV-3 genome (underlined sequences) and to 

galK expression cassette. 

d) Reconstitution of infectious virus from ORF 57 CyHV-3 FL BAC recombinant plasmid. 

CyHV-3 BAC plasmids were transfected (Lipofectamine Plus, Invitrogen) into permissive CCB. 

To produce BAC plasmid derived strains with a wild type TK locus, CyHV-3 BAC plasmids 

were co-transfected in CCB cells together with the pGEMT-TK vector (molecular ratio 1:75). 

Seven days post-transfection, viral plaques negative for EGFP expression (the BAC cassette 

encodes an EGFP expression cassette) were picked and enriched by three successive rounds of 

plaque purification. Similarly, to reconstitute virions with excised BAC cassette from the viral 
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Primer Sequence bp Coordinates of 
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sequence according 
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10 encodes an EGFP expression cassette) were picked and enriched by three successive rounds of 

plaque purification. Similarly, to reconstitute virions with excised BAC cassette from the viral 
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genome, BAC plasmids were co-transfected in CCB cells together with the pEFIN3-NLS-Cre 

vector encoding Cre recombinase fused to a nuclear localization signal (Costes et al; 2008 JVI) 

(molecular ratio: 1:70). 

5 e) Production of ORF 56 CyHV-3 FL BAC recombinant plasmids using galK positive 

selection in bacteria. Two CyHV-3 FL BAC recombinant plasmids with deletion in the ORF56 

locus (see ORF56 Del 1 and ORF56 Del 2 in Fig. 1) were produced using a galK positive 

selection in bacteria as previously described (Warming et al., 2005) (Fig. 3). The recombination 

fragment consisted of a galactokinase (galK) gene (1231 bp) flanked by 50 bp sequences 

10 homologous to the regions of the CyHV-3 genome flanking the sequence to be deleted (Fig. 1). 

These fragments were produced by PCR using the pgalK vector as template. The following 

primers were used for the amplification (see Table 2 for primer sequence): for production of the 

ORF56 Del 1 deletion: primers ORF56 Dell fw and ORF56 Dell rev leading to the ORF56 Del 

1-galK amplicon; for production of the ORF56 Del 2 deletion: primers ORF56 De12 fw and 

15 ORF56 De12 rev leading to the ORF56 Del 2-galK amplicon. The amplification product was 

purified (QIAquick Gel Extraction Kit). Next, electrocompetent SW102 cells containing the 

CyHV-3 FL BAC plasmid were electroporated with 50 ng of the PCR products described above. 

Electroporated cells were plated on solid M63 minimal medium supplemented with 20 % 

galactose and chloramphenicol (17 µg/m1) to select bacteria in which homologous recombination 

20 occurred. Finally, colonies obtained were streaked onto MacConkey indicator plates as described 

elsewhere to confirm the production of galK positive clones. Recombinant BAC molecules were 

amplified and purified (QIAGEN Large-Construct Kit), and their molecular structure was 

controlled using a combined restriction endonuclease-Southern blot approach, PCR and 

sequencing. 

25 

Table 2. Oligonucleotides used for PCR amplification 
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5 e) Production of ORF 56 CyHV-3 FL BAC recombinant plasmids using galK positive 
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Primer Sequence,, bp Coordinates of 
underlined 

sequence according 
to Genbank 
accession 

No. NC_009127 
ORF56 Dell fw 5'-TCAGGATCGAGGTCACCAGCTTGAGCTT 74bp 97475-97524 

CTCGGGCATGTACTCGCGCCACCCTGTTG 

ACAATTAATCATCGGCA-3' 

ORF56 Dell rev 5'-CGGCGAGGTGATTTCGGTCATGAGCAA 70bp 98361-98312 

ATCGATTGCGGCCGAACAGCAGCTCAGCA 

CTGTCCTGCTCCTT-3' 

ORF56 De12 fw 5'-GATCGGGTACGTCGGCGTGCGCCACTT 74bp 97275-97324 

GACCTTCCTCAACGTCCCCGTCACCTGTT 

GACAATTAATCATCGGCA-3' 

ORF56 De12 rev 5'-GCGCACACCATCACCATCTGTCCCATGT 70bp 98561-98512 

CTCCCCAACGCTACACCGTGACTCAGCAC 

TGTCCTGCTCCTT-3' 

The primers represent sequences homologous to CyHV-3 genome (underlined sequences) and to 

galK expression cassette. 

1) Reconstitution of infectious virus from ORF 56 CyHV-3 FL BAC recombinant plasmid. 

CyHV-3 BAC plasmids were transfected (Lipofectamine Plus, Invitrogen) into permissive CCB. 

To produce BAC plasmid derived strains with a wild type TK locus, CyHV-3 BAC plasmids 

were co-transfected in CCB cells together with the pGEMT-TK vector (molecular ratio 1:75). 

Seven days post-transfection, viral plaques negative for EGFP expression (the BAC cassette 

encodes an EGFP expression cassette) were picked and enriched by three successive rounds of 

plaque purification. Similarly, to reconstitute virions with excised BAC cassette from the viral 

genome, BAC plasmids were co-transfected in CCB cells together with the pEFIN3-NLS-Cre 
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Primer * 
Sequence bp Coordinates of 

underlined 
sequence according 

to Genbank 
accession 

No. NC_009127 
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74bp 97275-97324 

ORF56 Del2 rev 5'-GCGCACACCATCACCATCTGTCCCATGT 

CTCCCCAACGCTACACCGTGACTCAGCAC 

TGTCCTGCTCCTT-3' 

70bp 98561-98512 

"The primers represent sequences homologous to CyHV-3 genome (underlined sequences) and to 

galK expression cassette. 

5 f) Reconstitution of infectious virus from ORF 56 CyHV-3 FL BAC recombinant plasmid. 

CyHV-3 BAC plasmids were transfected (Lipofectamine Plus, Invitrogen) into permissive CCB. 

To produce BAC plasmid derived strains with a wild type TK locus, CyHV-3 BAC plasmids 

were co-transfected in CCB cells together with the pGEMT-TK vector (molecular ratio 1:75). 

Seven days post-transfection, viral plaques negative for EGFP expression (the BAC cassette 

10 encodes an EGFP expression cassette) were picked and enriched by three successive rounds of 

plaque purification. Similarly, to reconstitute virions with excised BAC cassette from the viral 

genome, BAC plasmids were co-transfected in CCB cells together with the pEFIN3-NLS-Cre 
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vector encoding Cre recombinase fused to a nuclear localization signal (Costes et al; 2008 JVI) 

(molecular ratio: 1:70). 

g) Production of ORF56-57 CyHV-3 FL BAC recombinant plasmids using galK positive 

and negative selections in bacteria. CyHV-3 FL BAC recombinant plasmids with deletion in 

5 the ORF56 and ORF57 loci (Fig. 1) were produced using galK positive and negative selections in 

bacteria as previously described (Warming et al., 2005) (Fig. 4). The first recombination process 

(galK positive selection) was to replace the identified sequence of ORF56 and ORF57 by the 

galactokinase (galK) gene (1231 bp).The recombination fragment consisted of the galK gene 

flanked by 50 bp sequences homologous to the regions of the CyHV-3 genome flanking the 

10 sequence to be deleted (Fig. 1) (ORF56-57 Del galK, Fig. 4).This fragment was produced by 

PCR using the primers ORF56-ORF57 Del fw and ORF56-ORF57 Del rev (Table 3) and the 

pgalK vector as template. The amplification product was purified (QlAquick Gel Extraction Kit). 

Next, electrocompetent SW102 cells containing the CyHV-3 FL BAC plasmid were 

electroporated with 50 ng of the PCR product described above. Electroporated cells were plated 

15 on solid M63 minimal medium supplemented with 20 % galactose and chloramphenicol (17 

µg/ml) to select bacteria in which homologous recombination occurred. Finally, colonies 

obtained were streaked onto MacConkey indicator plates as described elsewhere to confirm the 

production of galK positive clones. Recombinant BAC molecules were amplified and purified 

(QIAGEN Large-Construct Kit), and their molecular structure was controlled using a combined 

20 restriction endonuclease-Southern blot approach, PCR and sequencing. The second 

recombination process (galK negative selection) was to remove the galK cassette from the FL 

BAC ORF56-57 Del galK plasmid. A synthetic 499 bp DNA fragment (ORF56-57 Del cassette, 

vide infra) was used to reach this goal. It consists of sequences homologous to the regions of the 

25 

CyHV-3 genome flanking the sequence to be deleted: 250 bp (from coordinates 96751 to 9700, 

Genbank accession N° NC_009127) upstream of the galK gene and 249 bp (from coordinates 

99751 to 100000 with deletion of base 99760, Genbank accession N° NC_009127) downstream 

on the galKgene. Electrocompetent SW102 cells containing the FL BAC ORF56-57 Del galK 

plasmid were electroporated with 50 ng of the PCR product described above. Electroporated cells 

were plated on solid minimal medium supplemented with 2-deoxy-galactose to select bacteria in 

30 which homologous recombination occurred (digestion of 2-deoxy-galactose by galK produce 

toxic products). Recombinant BAC molecules were amplified and purified (QIAGEN Large- 
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Construct Kit), and their molecular structure was controlled using 

endonuclease-Southern blot approach, PCR and sequencing. 

ORF56-57 Del cassette: 

PCT/EP2012/076496 

a combined restriction 

5'- 

tttgtcaaccagtcctccagggtcggtttggcgctggcctccttgcccttggtcacggcgatggcagacgccacaatcctcgc 

gacgggttccgtcagagcagagttcttaaacatttcgacgcctcctccgacggtgaaccactctgaccaattcaggtcgga 

gggccacgtctgcctgtgcatcatcgtctgcacagcgtccctcgacagccccagcccgcacagcagtcgccactcttccct 

gttgagtgcacgactcgtcaagatcaagctgcttgagcgcgtcgtgtacgggttcatgatggccctgcagaaggcgctgcg 

cattcagaagcagggctgcaggatggtggggctcgaggacccggagaaggtggaggatatgaagaactttgtgctgca 

caagggcttcaaccaccactacgccttctgcgatcaccactggcagcactgggccctgggccgctccttcgagggcgagc 

tgcccgacgtggtgg-3' 

Table 3. Oligonucleotides used for PCR amplification 

Primer * 
Sequence bp Coordinates of 

underlined 
sequence according 

to Genbank 
accession 

No. NC_009127 
ORF56-ORF57 

Del fw 

5'-GTCCCTCGACAGCCCCAGCCCGCACAG 70bp 96951-97000 

CAGTCGCCACTCTTCCCTGTTGATCAGCAC 

TGTCCTGCTCCTT-3' 

ORF56-ORF57 

Del rev 

5'-AACCCGTACACGACGCGCTCAAGCAGC 74bp 99800-99751 
TTGATCTTGACGACGTCGTGCACCCTGTTG 
ACAATTAATCATCGGCA-3' 

The primers represent sequences homologous to CyHV-3 genome (underlined sequences) and to 

galK expression cassette. 

h) Reconstitution of infectious virus from ORF56-57 CyHV-3 FL BAC recombinant 

plasmid. CyHV-3 BAC plasmids were transfected (Lipofectamine Plus, Invitrogen) into 
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Construct Kit), and their molecular structure was controlled using a combined restriction 

endonuclease-Southern blot approach, PCR and sequencing. 

ORF56-57 Del cassette: 

5 5-
tttgtcaaccagtcctccagggtcggtttggcgctggcctccttgcccttggtcacggcgatggcagacgccacaatcctcgc 

gacgggttccgtcagagcagagttcttaaacatttcgacgcctcctccgacggtgaaccactctgaccaattcaggtcgga 

gggccacgtctgcctgtgcatcatcgtctgcacagcgtccctcgacagccccagcccgcacagcagtcgccactcttccct 

gttgagtgcacgactcgtcaagatcaagctgcttgagcgcgtcgtgtacgggttcatgatggccctgcagaaggcgctgcg 

10 cattcagaagcagggctgcaggatggtggggctcgaggacccggagaaggtggaggatatgaagaactttgtgctgca 

caagggcttcaaccaccactacgccttctgcgatcaccactggcagcactgggccctgggccgctccttcgagggcgagc 

tgcccgacgtggtgg-3' 

Table 3. Oligonucleotides used for PCR amplification 

Primer Sequence bp Coordinates of 
underlined 

sequence according 
to Genbank 
accession 

No. NC_009127 
ORF56-ORF57 
Del fw 

5-GTCCCTCGACAGCCCCAGCCCGCACAG 

CAGTCGCC ACT CTT CCCTGTT GAT C AGC AC 

TGTCCTGCTCCTT-3' 

70bp 96951-97000 

ORF56-ORF57 
Del rev 

5'-AACCCGTACACGACGCGCTCAAGCAGC 
TT G ATCTT G ACG ACGTCGT G CACCCTGTT G 
ACAATTAATCATCGGCA-3' 

74bp 99800-99751 

"The primers represent sequences homologous to CyHV-3 genome (underlined sequences) and to 

galK expression cassette. 

h) Reconstitution of infectious virus from ORF56-57 CyHV-3 FL BAC recombinant 

20 plasmid. CyHV-3 BAC plasmids were transfected (Lipofectamine Plus, Invitrogen) into 
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permissive CCB. To produce BAC plasmid derived strains with a wild type TK locus, CyHV-3 

BAC plasmids were co-transfected in CCB cells together with the pGEMT-TK vector (molecular 

ratio 1:75). Seven days post-transfection, viral plaques negative for EGFP expression (the BAC 

cassette encodes an EGFP expression cassette) were picked and enriched by three successive 

5 rounds of plaque purification. Similarly, to reconstitute virions with excised BAC cassette from 

the viral genome, BAC plasmids were co-transfected in CCB cells together with the pEFIN3- 

NLS-Cre vector encoding Cre recombinase fused to a nuclear localization signal (Costes et al; 

2008 JVI) (molecular ratio: 1:70). 

10 i) Safety tests 

Common carp were acclimatized in 60-liter tanks at 24°C for 10 days. Carp (biomass of 50g of 

fish /1) were immersed for 2 h in water containing 4, 40 or 400 PFU/ml of the KHV strain to be 

tested. The control group (mock-infected) was immersed in water in which an equal volume of 

culture medium has been added. At the end of the incubation period, the fish were returned to the 

15 larger tank. The viral inoculums were titrated before inoculation and back-titrated after 

inoculation to ensure that the doses were equivalent between groups. Fishes were examined daily 

for clinical signs of KHV disease and dead fishes were removed. 

j) Vaccination/challenge 

20 Common carp were acclimatized in 60-liter tanks at 24°C for 10 days. For vaccination, carp 

(biomass of 50g of fish /1) were immersed for 2 h in water containing 4, 40 or 400 PFU/ml of the 

KHV strain to be tested. At the end of the incubation period, the fish were returned to the larger 

tank. At 3 weeks or 6 weeks post-vaccination, fish were challenged with virulent KHV by co-

habitation with naïve fish infected just before their release in the tank of vaccinated fish. These 

25 fish were inoculated by immersion in water containing 300 PFU/ml of the virulent parental FL 

strain for 2 h. Two infected fish were added to each tank containing vaccinated fish. 

k) Safety and challenge results 

30 The safety of the FL BAC excised ORF57 Del 1 galK (Fig. 5A) and the FL BAC excised ORF57 

Del 2 galK (Fig. 5B) strains was tested as described in the examples (Safety tests) on common 

carp (7 months old, mean weight of 3.74 g, n = 20). The FL BAC excised strain (Fig. 5C) and 
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permissive CCB. To produce BAC plasmid derived strains with a wild type TK locus, CyHV-3 
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culture medium has been added. At the end of the incubation period, the fish were returned to the 

15 larger tank. The viral inoculums were titrated before inoculation and back-titrated after 
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mock-infection (Fig. 5D) were used as positive and negative controls, respectively. Percentages 

of surviving carp were expressed according to days post-infection taking day 0 as the reference. 

Six weeks post-infection with the ORF57 single deleted recombinants (Fig. 5E and F), fish were 

challenged as described in the examples (vaccination/challenge). Mock-infected fish were used 

5 as controls (Fig. 5G). 	Percentages of surviving carp are expressed according to days post-

infection taking day 42 as the reference. 

It is clear from figures 5A and B that an ORF57 deletion mutant according to the invention is 

safe, even when applied to small fish. 

It also becomes clear from figures 5E and F that a KHV ORF57 deletion mutant according to the 

10 invention is very suitable as an efficacious vaccine, especially when administered in a dose of 40 

pfu/ml or higher. 

The safety of the FL BAC excised ORF56 Del 1 galK (Fig. 6A) and the FL BAC excised ORF56 

Del 2 galK (Fig. 6B) strains was tested as described in the examples (Safety tests) on common 

15 carp (7 months old, mean weight of 3.74 g, n = 20). The FL BAC excised strain (Fig. 6C) and 
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As becomes clear from figure 6A and B, ORF56 deletion mutants show a virulence that is 

roughly comparable with that of the control wild-type virus (Compare panels A and B to panel C). 

20 

As can be seen in figures 7 and 8, a KHV carrying a deletion in both ORF57 and ORF56 shows a 

safety and efficacy profile that is comparable to that of KHV carrying a single ORF57 deletion. 
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Claims 

1. 	A recombinant Koi herpesvirus (KHV) in which Open Reading Frame 57 (ORF57) is 

deficient, resulting in a KHV which is attenuated. 

2 	A recombinant Koi herpesvirus according to claim 1, characterised in that is deficient in 

at least one additional gene which contributes to virulence, but is not essential for replication. 

3 	A recombinant Koi herpesvirus according to claim 2, characterised in that said at least 

one additional gene is selected from the group consisting of thymidine kinase gene, ORF12: 

putative tumor necrosis factor (TNF) receptor gene, ORF16: putative G-protein coupled receptor 

(GPCR) gene, ORF134: putative Interleukin 10 homologue gene and ORF140: putative 

thymidylate kinase gene. 

4. A recombinant Koi herpesvirus according to any of claims 1-3, characterised in that said 

herpesvirus is in a live form. 

5. A recombinant Koi herpesvirus according to any of claims 1-3, characterised in that said 

herpesvirus is in a non-replicative form. 

6. A recombinant Koi herpesvirus according to any of claims 1-5, comprising a BAC 

(bacterial artificial chromosome) vector sequence. 

7. A recombinant Koi herpesvirus according to claim 6, characterised in that the BAC 

vector sequence is excised from the herpesvirus genome thereby leaving a heterologous DNA 

fragment at the excision site or former insertion site, respectively, in the herpesvirus genome. 

8. A recombinant Koi herpesvirus according to any of claims 1-7, characterised in that it 

further comprises a heterologous DNA fragment. 

9. A recombinant Koi herpesvirus according to claim 8, characterised in that the 

heterologous gene is a gene encoding the G glycoprotein of rhabdovirus causing carp spring 

viraemia. 
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10. 	A recombinant Koi herpesvirus according to any of claims 1-9, for use as a vector for a 

heterologous DNA fragment. 

11. 	A cell comprising the recombinant Koi herpesvirus according to any of claims 1-10. 

12. 	A method for the production of infectious particles of recombinant Koi herpesvirus 

(KHV), wherein said method comprises the steps of 

(a) introducing a recombinant KHV according to any of claims 1-9 or a recombinant KHV DNA 

comprising the genome of a recombinant Koi herpesvirus according to any of claims 1-9 into 

permissive eukaryotic cells; and 

(b) culturing said cell to produce recombinant Koi herpesvirus (KHV). 

13. 	A recombinant Koi herpesvirus according to any of claims 1-9 and/or a recombinant 

KHV DNA comprising the genome of a recombinant Koi herpesvirus according to any of claims 

1-9, for use in a vaccine for the prevention and/or therapeutic treatment of a disease in fish 

caused by Koi herpesvirus (KHV). 

14. 	A vaccine for the prevention and/or therapeutic treatment of a disease in fish caused by 

Koi herpesvirus (KHV), characterised in that said vaccine comprises a recombinant Koi 

herpesvirus according to any of claims 1-9 and/or a recombinant KHV DNA comprising the 

genome of the recombinant Koi herpesvirus according to any of claims 1-9, and a 

pharmaceutically acceptable carrier. 

15. 	A vaccine for the prevention and/or therapeutic treatment of a disease in fish caused by 

rhabdovirus causing carp spring viraemia, characterised in that said vaccine comprises a 

recombinant Koi herpesvirus according to claim 9 and/or a recombinant KHV DNA comprising 

the genome of the recombinant Koi herpesvirus according to claim 9, and a pharmaceutically 

acceptable carrier. 

WO 2013/098214 PCT/EP2012/076496 

32 

10. A recombinant Koi herpesvirus according to any of claims 1 -9, for use as a vector for a 

heterologous DNA fragment. 

11. A cell comprising the recombinant Koi herpesvirus according to any of claims 1-10. 

12. A method for the production of infectious particles of recombinant Koi herpesvirus 

(KHV), wherein said method comprises the steps of 

(a) introducing a recombinant KHV according to any of claims 1 -9 or a recombinant KHV DNA 

comprising the genome of a recombinant Koi herpesvirus according to any of claims 1 -9 into 

permissive eukaryotic cells; and 

(b) culturing said cell to produce recombinant Koi herpesvirus (KHV). 

13. A recombinant Koi herpesvirus according to any of claims 1-9 and/or a recombinant 

KHV DNA comprising the genome of a recombinant Koi herpesvirus according to any of claims 

1-9, for use in a vaccine for the prevention and/or therapeutic treatment of a disease in fish 

caused by Koi herpesvirus (KHV). 

14. A vaccine for the prevention and/or therapeutic treatment of a disease in fish caused by 

Koi herpesvirus (KHV), characterised in that said vaccine comprises a recombinant Koi 

herpesvirus according to any of claims 1 -9 and/or a recombinant KHV DNA comprising the 

genome of the recombinant Koi herpesvirus according to any of claims 1-9, and a 

pharmaceutically acceptable carrier. 

15. A vaccine for the prevention and/or therapeutic treatment of a disease in fish caused by 

rhabdovirus causing carp spring viraemia, characterised in that said vaccine comprises a 

recombinant Koi herpesvirus according to claim 9 and/or a recombinant KHV DNA comprising 

the genome of the recombinant Koi herpesvirus according to claim 9, and a pharmaceutically 

acceptable carrier. 


