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SCIENTIFIC DISCUSSION

Name of the medicinal product: Virbagen Omega

Marketing Authorisation Holder: VIRBAC SA
L.I.D. 1 re Avenue - 2065 m
F-06516 CARROS
FRANCE

Active substance: Recombinant Omega interferon of feline origin

Therapeutic indication(s): Reduction of mortality and clinical signs of
parvovirosis (enteric form) in dogs from one month
of age.

Target species Dogs
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1. INTRODUCTION

In mammals, type-Ι interferon (IFN) genes form a superfamily consisting of 3 gene families: the alpha
interferon (IFN-α), the beta interferon (IFN-β) and the omega interferon (IFN-ω). IFN-ω genes have
been identified in  man, cattle, sheep, horses, pigs, rabbits, and other mammalian species genomes, but
they have not been found in dogs nor reported in rodents.

Type-Ι IFNs are produced by monocytes/macrophages, dendritic cells and fibroblasts, but are mostly
produced by components of the immune system such as leukocytes and T lymphocytes during viral
infections. IFN-ω is not expressed in unstimulated cells.

To date, it is known that IFN-ω binds to the same receptors as IFN-α  and IFN-β. The type-Ι IFN
receptor is a complex of at least two subunits, but the interaction of different type-Ι IFNs with these
subunits seems to be different. Thus, although all type-Ι IFNs have qualitatively the same spectrum of
biological activity, quantitative differences have been observed: IFNs protect the cell against viral
infection, inhibit cell proliferation (including tumour suppressor activities), may play a role in
modulating various neuroendocrine and neural functions and stimulating specific cells of the immune
system. These effects are linked to the induction of several genes within the target cells following IFN
treatment. To date, however, the exact physiological role of IFN-ω remains unknown.

In the literature, information on IFN-ω is very scarce and is almost non-existent in canine therapeutics.
Thus, because of the close relationship of IFN-ω with the other type-Ι IFNs (mainly IFN-α ) and
because of the now general use of IFN-α /β in human therapeutics, all the available knowledge about
IFN-α properties was used to assess this IFN-ω file.

rFeIFN (recombinant feline interferon) is an IFN-ω, glycoprotein of 170 amino acids, produced by
silkworms which were inoculated with a recombinant silkworm nuclear polyhedrosis virus containing
the feline IFN-ω gene.
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II. OVERVIEW OF PART II OF THE DOSSIER: ANALYTICAL ASPECTS

II.A. Qualitative and Quantitative Particulars of The Components

II.A.1 Composition

For one freeze-dried pellet:

Active ingredient:

5 MU presentation 10 MU presentation
Recombinant Omega Interferon of feline origin 5 million Units 10 million Units

Adjuvant: none

Preservative: none

Excipients:

5 MU presentation 10 MU presentation
Sodium chloride 0.585 mg 1.17 mg
D-sorbitol 0.5 mg 1 mg
Gelatin 2.5 mg 5 mg
Sodium hydroxide 0.2 N qs pH 5.9 ± 0.1 qs pH 5.9 ± 0.1

For 1 ml of Diluent:

Sodium chloride,  9.0 mg
Water for injection,         qs 1     ml

II.A.2 Container

Both the freeze dried product and the diluent are contained in borosilicate type I glass bottles, with a
butyl elastomer seal and  an aluminium cap.

II.A.3 Development Pharmaceutics

The development of interferon was carried out by TORAY INDUSTRIES (Japan).

The choice of different development pharmaceutical stages was adequately explained, for the active
ingredient and the stabiliser.

II.B. Method of preparation
 
II.B.1; 2 & 3. Method of preparation and validation studies

Freeze-dried pellet:

The appropriate amounts of gelatin and sodium hydroxide are dissolved in water for injection and
sterilized by autoclaving at 121¡C for 30 minutes. The appropriate quantity of the 5% sorbitol solution
and the appropriate amount of water for injection (previously lost because of sterilization) is added to
the mixture which is then stirred.

The interferon solution is mixed with the appropriate quantity of water for injection and filtered
(porosity of 0.22 m). The pH of the solution is adjusted at 5.9 ±  0.1 with NaOH 0.2N, while stirring,



CVMP/1058/01
EMEA 2002

4

and the solution is adjusted with water for injection. It is kept at 4¡C for no longer than 1 week before
filling.

Vials and rubbers are sterilized at 121¡C for 30 min. The solution is stirred during the entire filling.
The filling volume is 0.55 ± 0.05 ml per vial for conditioning at 5 MU/ml and of 1.05 ± 0.05 ml per
vial for conditioning at 10 MU/ml. The vials then pass through the freeze-drying process, are filled
with gaseous nitrogen, closed, sealed and identified. The sealed vials are stored at 4¡C.

The active ingredient, i.e. the desalted bulk of interferon, is transported from Toray (Japan) to
VIRBAC (France) in teflon sterile bottles. These bottles are packed in an isothermal container which
is itself protected by refrigerating blocks. This protection system allows maintainance of the desalted
bulk of interferon at a low temperature; of around + 4¡C. The temperature is monitored during
transport.

Diluent:

The appropriate quantity of NaCl is mixed with water for injection and stirred. The solution is
sterilized by a 0.1 m filtration. The solution is stirred during the entire filling. The filling volume is
1.2 ± 0.05 ml per vial. The vials are then closed, sealed and identified. The sealed vials are stored at
room temperature.  The diluent, in the final container, is terminally autoclaved for at least 15 min at
121 ¡C.

II.C. STARTING MATERIALS
 
II.C.1 Listed in a Pharmacopoeia

starting material (EP 3rd edition) monograph used for
Gelatin (porcine origin) 0330 stabilizer
hydrochloric acid, concentrated 0002 virus inactivation
nitrogen 1247 neutral gaz in vial
sodium chloride 0193 solubilizer
sodium hydroxide 0677 pH correction
sorbitol 0435 formulation of product
water for injection 0169 formulation of product
glass container for pharmac. use 3.2.1 packaging
elastomer closure 3.2.9 packaging

The appropriate amount of sodium hydroxide is mixed with water for injection. The solution is
sterilized and then kept at 4¡C until used.

The appropriate amount of sorbitol is mixed with water for injection. The solution is sterilized and
then kept at 4¡C until used.

Water for injection is sterilized and then kept at 4¡C until used.

The glass containers for pharmaceutical use are sterilized by heat at 300¡C for 5 min.  The sterilisation
process of the vials was considered validated.

The stoppers are sterilized by heat at 121¡C for 30 min.

The specifications of the buffers used during purification and desalting were provided.

Kanamycin sulphate used in the culture medium was manufactured in accordance with the Japanese
Phamacopoeia monograph and the corresponding certificate of analysis of the supplier was provided.
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II.C.2 Not listed in a Pharmacopoeia

II.C.2.1.  Starting materials of biological origin

starting material polyclonal antibodies used for quality control
BM-N cells culture of recombinant virus
rBNV100 infection of silkworms
silkworms production of rFeIFN
rFeIFN active ingredient
artificial food food for the silkworms
foetal bovine serum part of culture medium

I.         Polyclonal antibodies:

Two kinds of polyclonal antibodies are employed during the quality control performed on the product.
One is anti-feline interferon serum (rabbit) used for neutralization testing , and  the other is anti-
silkworm-derived substance antibody solution used for testing silkworm-derived material; in this case
a silkworm originated substance antigen solution is prepared.  The description of the preparation, the
specifications and the certificates of analysis were provided. No antibody is employed during the
production of rFeIFN.

II.       BM-N cells (cells originated from Bombix mori):

BM-N cells long-term storage methods were investigated. It was found that the most preferable, and
also possible, duration of storage of BM-N cells in a liquid nitrogen tank, without loss of viability, was
approximately 9˚months. To minimize a risk of  cell characteristic change during culture, it was
planned, based on actual experience, to establish a Temporary Cell Bank, to minimize and control the
number of cell passages. This scheme was to be implemented before the next renewal of the
Manufacturing virus seed. The BM-N Cell Bank consists of the succession of Temporary Cell Bank.

The following description was provided: the cells are frozen and thawed in a 9 month cycle . Between
two steps of thawing/freezing the cells will be passed twice a week during a 5 week period.  During
that time, controls described hereafter will be performed. Each Temporary Cell Bank will have 15
vials.

The following tests will be performed on BM-N cells depending of the stage of their use:

N¡ Controls Method Norms
1 Cell morphology Microscopic observation Spherical cells.

2 Rate of proliferation Measurement of doubling time Doubling time: 1.9 ± 0.7 days.

3 Cell adhesion Microscopic observation
Cells adhere to the bottom of
flasks and proliferate in culture.

4 Infectivity of virus Infection of rBNV100 Virus growth observation

5 Sterility
Sterility tests in SCD medium on
bacteria and fungi

Absence of bacteria and fungi

6 Mycoplasma infection Culture method or PCR method Absence of mycoplasma

7 Extraneous virus
General testing
+agents specific of the target species of
the product

Absence of extraneous virus
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Schedule of testing:

- First establishment of the Cell Bank : Controls 1 to 7.
- At each 9 month renewal of the Cell Bank : Controls 1, 2, 3, and 5.
- Just before production of a Manufacturing
     Working Virus Seed or a Manufacturing Virus Seed : Controls 1 to 7.

The description of the tests were provided.

Extraneous agent testing is to be performed according to European specifications.

Stability of recombinant viral DNA: rFeIFN is produced in silkworms using recombinant viral
DNA. It is, therefore, extremely important to confirm the stability of recombinant viral DNA encoding
rFeIFN. According to the sequence analysis of DNA after the virus replication in BM-N cells, or in
silkworms themselves, there was no change in recombinant viral DNA sequence encoding rFeIFN.

Continuous culture of BM-N cells: With respect to the influence of continuous culture of BM-N
cells for a long period, on the recombinant virus, rBNV-100 has been replicated using BM-N cells
cultured serially for 10 years (from 1989 to 1999). No change in recombinant viral DNA sequence
encoding rFeIFN was observed.

In general, growth rates of cells have the potential to change. The growth rate of the BM-N cells did
not change during more than 10-year continuous culture with 3- 4 day passages.  A recombinant virus,
produced in 1989, was compared to another recombinant virus produced after infecting the BM-N
cells, continuously maintained in culture up to 1999 (i.e. 10-year passaged cells), with the
Manufacturing Working Virus Bank. Sequences of cDNA of the 2 viruses were determined by the
PCR method. Results obtained showed that there was no change in cDNA sequences encoding rFeIFN
of the 2 viruses.  One study demonstrated that multiplication and integrity of rBNV100 virus was not
affected after multiplication on 10-year continuously passaged BM-N cells.

III.     Recombinant rBNV100:

Genetic engineering:

❶  Starting materials:

①  Silkworm nuclear polyhedrosis virus (NPV)

NPV is a double stranded DNA virus, belonging to the Baculoviridae family. A clone is obtained
from a wild NPV strain by a plaque assay on BM-N cells,called BmNPV-T3. Its genome has been
fully established,˚thus its purity and sterility is guaranteed. This strain is used in the recombinant
DNA technology but it is not included in the final construction.

②  Cells

- LSA-1 cells (ATCC CRL 9462), of feline origin, supplying the gene of interest.
- COS-1 cells (ATCC CRL 1650), derived from monkey and used in the recombinant DNA

technology.
- BM-N cells˚(ATCC CRL8910), originated from Bombix mori.

③  Bacteria

- E. coli MC1061, used for amplification to establish the cDNA library.
- E. coli having pFeIFN1, used for preparation of plasmid pUCIFN4.
- E. coli HB101, used for amplification of plasmid pYU871.
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④  Plasmids

- pUC18, used to prepare plasmid pUCIFN4.
- M13mp19RFDNA, used to prepare plasmid M13IFN1.
- pBM030˚: contains a silkworm polyhedron gene promoter, multi-cloning site, and a terminal

codon downstream. It can undergo recombination with silkworm baculovirus genome in vivo. It is
used to prepare plasmid pBmFeIFN1, the 3 plasmids pBmFeIFN2 and plasmid pYU871.

⑤  Restriction enzymes

HindΙΙΙ ˚; XhoΙ˚; SfaNΙ˚; HincΙΙ˚; BamHΙ˚; Bg1Ι˚; Bg1ΙΙ˚; Eco0109Ι˚; SmaΙ.

The rFeIFN gene is isolated from a cell strain, fashioned with the help of restriction enzymes,
plasmids, amplified through cells and bacteria, and inserted into a silkworm nuclear polyhedrosis virus
(NPV) to produce the recombinant virus rBNV100.

❷  Construction of the recombinant virus:

①  To obtain RNA (including interferon omega RNA): feline LSA-1 cells are naturally producing IFN
omega. After inducing production of IFN in these cells, all RNA was extracted and purified.

Feline LSA-1 cells, naturally producing IFN omega, were cultured in MEM-L15 medium
containing 10% foetal calf serum. After appropriate cell proliferation, TPA (12-O-tetra-
decanoylphorbol 13-acetate) was added to induce IFN production. After 20 hours of incubation,
these cells are collected. The use of an appropriate extraction method (modified guanidium
thiocyanate method) allows extraction and pelleting of RNA. Purification of poly-(A)+ RNA is
obtained by HPLC using an oligo (dT) cellulose column.

②  For the creation of feline cDNA library: all the RNA was transcripted into cDNA.

The poly-(A)+ RNA is incubated in the presence of oligo-dT, reverse transcriptase, the four dnTPs
and 2 primers (oligo(dT) primer and oligo(dT)-tailed pcDV1 plasmid primer). After synthesis and
purification of the hybrid RNA/DNA strand, a poly-dC tail is created at the 3 -end of the DNA
strand through the use of terminal nucleotide transferase.  A poly dG sequence is added to serve as
a primer on the poly-(dC) tail.  DNA polymerase synthetises the second DNA strands to form
double-DNA strands.  A plasmid linker is coupled to the double-DNA strands and inserted within a
plasmid (with DNA ligase), previously opened with a restriction enzyme, achieving the cDNA
construction. The cDNA library is thus established after amplification in E. coli MC1061 cultures,
transfected with these plasmids.

Further details submitted were considered to adequately explain the plasmid construction.

③  With regard to screening of the feline cDNA-containing plasmid: only cDNA coding for IFN is of
interest. The screening allows isolation of the appropriate FeIFN cDNA, included in plasmid
pFeIFN1.

COS-1 cells were transfected with the plasmids extracted from E. coli MC1061 (DEAE-dextran
transfection method) and cultured. Each culture was screened for an IFN activity. One IFN-
producing culture was selected, the corresponding E. coli culture identified, and the plasmids
extracted by the alkali extraction method and purified through centrifugation.

COS-1 cells were again transfected with the purified plasmids and screened for an IFN activity.
The cells which exhibit the highest activity are identified. The corresponding plasmid is isolated
and designated pFeIFN1.

Further details submitted on this part of the process explained it satisfactorily.
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④  With regard to the construction of the transfert vector: such a construction is necessary to allow
introduction of the cDNA into viruses. After having extracted (by alkali extraction method) and
purified (by centrifugation) the pFeIFN1 plasmid, two different methods lead to the construction of
four different plasmids (transfert vectors).

 first method˚:

The plasmid pFeIFN1 is digested with the restriction enzymes SfaNΙ and HincΙΙ  to obtain a 750 bp
fragment (SfaNΙ-DNAFeIFN-HincΙΙ ) after separation by electrophoresis.  Plasmid pBM030 is opened
with Bg1ΙΙ  and SmaΙ and ligated with the above mentioned fragment using T4 DNA ligase.  E. coli
HB 101 was transfected with the plasmid. After cultivation, plasmids are extracted. The appropriate
plasmid was selected and called pBmFeIFN1.

 2nd method:

The plasmid pFeIFN1 is digested with restrictions enzyme HincΙΙ  and Bg1Ι, and bacterial alkaline
phosphatase to obtain a 700 bp DNA fragment (HincΙΙ -DNAFeIFN-Bg1Ι) after separation by
electrophoresis.  The 2 complementary oligomers are associated to provide a double-stranded
oligomer.  This double-stranded oligomer is then ligated with the FeIFN-encoding DNA fragment
at the Bg1Ι  site.   Plasmid pBM030 is opened with Bg1ΙΙ , treated to prevent self-ligation.  The
double-stranded oligomer and the FeIFN-encoding DNA fragment are then inserted into the
plasmid pBM030 using DNA ligase.  E. coli HB 101 was transfected with the plasmid. After
cultivation, plasmids are extracted. Three plasmids were selected and called pBmFeIFN2-1,
pBmFeIFN2-2 and pBmFeIFN2-3.

Further details submitted about the above two methods explained them satisfactorily.

⑤  With regard to the construction of recombinant viruses: co-infection of cells with a wild virus strain
and the 4 plasmids providing  4 differents recombinant viruses.

DNA from the Nuclear Polyhedrosis Virus strain (BmNPV-T3 DNA), and the transfer vectors
(pBmFeIFN1, pBmFeIFN2-1, pBmFeIFN2-2 and pBmFeIFN2-3) are co-transfected into BM-N
cells. Appropriate screening of the cells (cells without polyhedra but with cytopathogenicity) and
the culture fluid (with or without antiviral activity) allows discrimination. Cells without polyhedra,
but with cytopathogenicity and antiviral activity are sought, because they contain recombinant
viruses of interest. The recombinant viruses containing the different plasmids pBmFeIFN1,
pBmFeIFN2-1, pBmFeIFN2-2 and pBmFeIFN2-3, are named BmFeIFN1, BmFeIFN2-1,
BmFeIFN2-2 and BmFeIFN2-3 respectively.

Each group of infected BM-N cells is added to non-infected BM-N cells and cultured for 5 days at
27¡C. Each culture fluid (containing BmFeIFN1, BmFeIFN2-1, BmFeIFN2-2 and BmFeIFN2-3) is
collected and stored at -80¡C.

⑥  With regard to the production of FeIFN: the yields of all 4 recombinant virus were comparable.

Four groups of 5 silkworms of the 5th instar are used. On the day after moulting, each group is
injected with one of the virus suspension and fed for 4 days at 25¡C. The following activity was
then recorded:

FeIFN produced (U/ml)
recombinant virus used culture fluid on BM-N cells silkworm s body fluid

BmFeIFN1 1.9 x 106 7.7 x 107

BmFeIFN2-1 1.3 x 106 4.7 x 107

BmFeIFN2-2 1.4 x 106 5.5 x 107

BmFeIFN2-3 1.7 x 106 6.2 x 107
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In the case of human IFN-α, it was reported that the base sequence upstream of the initiation codon
ATG in the transfer vector greatly affects the production of IFN. In the present situation, however,
no difference was seen between the four recombinant viruses, whose modifications range from
deletions of 2 to insertion of 5 bp.

⑦  With regard to the purification of rFeIFN: a 2-steps chromatography method (blue sepharose
chromatography followed by copper chelate sepharose chromatography) are described. When
applied to the previously obtained FeIFN, 2 different IFN components were identified. 

Further details about the purification methods were submitted and considered to explain them
satisfactorily.

❸  Strategy for the production of a single FeIFN:

The production of one single IFN component is based on substitution of one residue via mutagenesis.

①  Obtention of plasmid pUCIFN4: E. coli having pFeIFN1 is cultured and the plamid is extracted and
purified by the alkali extraction method.  The plasmid is completely digested with XhoI and the
DNA fragments approximately 1.2 kb (which contain the genome of interest) are isolated by
electro-elution.  These DNA fragments are completely digested by SfaNI and HincII and the DNA
fragments of approximately 0.75 kb (SfaI-DNAFEFN-HincII, which contains the genome of interest)
are isolated in the same way.

This fragment is ligated with the T4 DNA ligase into plasmid pUC18, previously digested with
BamHI and HincII.  The new plasmid is called pUCIFN4.

②  Obtention of plasmid M13IFN1˚: plasmid pFeIFN1, obtained during the screening process (see
above), was used to provide the FeIFN cDNA fragment. Different plasmids (pUCIFN4 and
M13IFN1) were constructed to allow mutagenesis.

③  Mutagenesis˚: performed to allow substitution of Ser residue into Val residue, thus allowing
production of one single FeIFN component.

Further clarification was provided, and considered satisfactory, about the method of mutagenesis
used.

④  Obtention of plasmid pYU871: after having succeeded in the mutagenesis process, the modified
DNA is put into a plasmid, which will be the new transfer vector.  The preparation of this plasmid
was further explained with a diagram.

⑤  Obtention of recombinant silkworm polyhedrosis virus: after co-infection of cells with the
baculovirus DNA and plasmid pYU871, recombinant and non-recombinant viruses are obtained.
Two screening methods (limiting dilution method and plaque method), applied successively, allow
isolation of the appropriate recombinant virus, called rBNV100.

Recombinant baculovirus has been constructed by the conventional method (S. Maeda et al.), using
silkworm cells. This method utilizes viral DNA, but not the virus. Briefly, silkworm cells in culture
were co-transfected by the transfer vector containing DNA encoding for FeIFN and wild type virus
(BmNPV-T3). Viral DNA undergoes recombination within silkworm cells, resulting in
recombinant baculovirus. The method is described in an article by S. Maeda in Cell Technology
4:9, 767 (1985), entitled: Production of protein using silkworm nuclear polyhedrosis virus as
vector.
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❹  Control of genetic stability of the recombinant virus:

The genetic stability was checked by southern blot and by interferon productionand was considered
proven as there was no polyhedron-forming capacity.  The patterns of breakage after five passages by
restriction enzymes are identical to those of the pre-existing rBNV100 DNA and the molecular weight,
yield, specific activity and total amino acid sequence of the rFeIFN are identical to those of the pre-
existing rBNV100 DNA.

❺  Validation of the live material inactivation:

Silkworms infected with rBNV100 produce feline rFeIFN omega. rFeIFN is contained within
silkworm body fluid, which obviously also contains the virus. Thus, it is necessary to have evidence of
complete viral inactivation to avoid any rBNV100 contamination of rFeIFN.

Two methods are tested:

 1st method:

Ninety five ml of 0.1N HCl are added to 5 ml of silkworm body fluid containing 2.1010 TCID50 of the
virus rBNV100. 50 mls of this mixture were adjusted to pH 1.5 with 1N HCl and another 50 mls were
adjusted to pH 2.5 with 2N NaOH. Both solutions were left standing at 25¡C for 6, 12 and 24 hours.
After pH neutralisation, the supernatant was sterile filtered and added to BM-N cells. Culture took
place at 27¡C for 5 days. No cytopathic degeneration was observed by inverted microscope and
macroscopically. The recombinant virus is inactivated by incubation at pH 1.5 or 2.5 for at least 6
hours at 25¡C.

 2nd method:

Ten mls of 1N, 0.5N or 0.2N HCl are added in each case to 4.1010 TCID50 of the virus rBNV100. The
pH of the solutions became 0.6, 1.3 and 3.3 respectively. The 3 solutions were left standing at 4¡C for
24 hours. After pH neutralisation, the supernatant was sterile filtered and added to BM-N cells.
Culture took place at 27¡C for 5 days. No cytopathic degeneration was observed by inverted
microscope and macroscopically. The recombinant virus is inactivated by incubation at pH 0.6, 1.3 or
3.3 for 24 hours at 4¡C.

In conclusion, as the rFeIFN is acid-stable, a six hours acid treatment at pH 1.5 or 2.5 inactivates the
virus completely.

Definitions of the various passages are different from those currently used because of the quite
specific way of handling the BM-N cells (no seed system). Thus, it should be understood that:
- the Master Viral Bank (MVB) is the mother virus strain.
- the Manufacturing Working Virus Bank (MWVB) is a working seed (MWVB = MVB + 1

passage).
- the Manufacturing Virus Seed (MVS) is the inoculum (cells infected by the baculovirus) directly

injected into silkworms (MVS = MWVB + 1 passage).

So, the Master Seed Virus was obtained by amplification of rBNV100 virus through 2 passages on
BM-N cells after a 5-days incubation period. After the second passage, the mixture is centrifuged and
the supernatant is collected. The supernatant constitutes the Master Seed Virus.

The recombinant virus seed lot is controlled at three steps:
- MVB: Master Virus Bank,
- MWVB: Manufacturing Working Virus Bank,
- MVS: Manufacturing Virus Seed.
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Master Virus Bank
Tests Norms
Identity

Total amino acid sequence Identical to that of  pre-existing rBNV100
Specific activity of rFeIFN 0.17 ≤ S.A. ≤ 0.27 MU/ g
Molecular weight of rFeIFN 25 ≤ M.W. ≤ 30 kDa
Restriction enzyme digestion pattern of viral
DNA

Patterns of breakage by restriction enzymes identical
at the pre-existing rBNV100 DNA

RFeIFN producing activity Potency in the range 7 — 15 MU/ml
Nucleotide sequence of rFeIFN encoding DNA
of virus

Identical to that of reference sequence (GENBANK
S62636)

Titration None

Viral purity

Deficiency of polyhedron body production No polyhedron-forming capacity

Manufacturing Working Virus Bank
Tests Norms
Identity

Specific activity of rFeIFN 0.17 ≤ S.A. ≤ 0.27 MU/ g
Molecular weight of rFeIFN 25 ≤ M.W. ≤ 30 kDa
Restriction enzyme digestion pattern of viral
DNA

Patterns of breakage by restriction enzymes identical
at the pre-existing rBNV100 DNA

rFeIFN producing activity Potency in the range 7 — 15 MU/ml
Nucleotide sequence of rFeIFN encoding DNA
of virus

Identical to that of reference sequence (GENBANK
S62636)

Titration None

Viral purity

Deficiency of polyhedron body production No polyhedron-forming capacity
Absence of extraneous agents Absence of extraneous agents
Absence of bacterial and fungal contamination Absence of bacterial and fungal contamination
Absence of mycoplasma contamination Absence of mycoplasma contamination

Manufacturing Virus Seed
Tests Norms
Identity

rFeIFN producing activity Potency in the range 7 — 15 MU/ml
Nucleotide sequence of rFeIFN encoding
DNA of virus

Identical to that of reference sequence (GENBANK
S62636)

Titration None

Viral purity

Deficiency of polyhedron body production No polyhedron-forming capacity
Absence of extraneous agents Absence of extraneous agents
Absence of bacterial and fungal
contamination

Absence of bacterial and fungal contamination

Absence of mycoplasma contamination Absence of mycoplasma contamination

VIRBAC/TORAY considered searching for extraneous agents directly on the inoculum (which is both
baculovirus and cells) because of the quite specific way of handling the BM-N cells (no seed system).
This was considered necessary because cells are regularly subcultured, and thus contamination might
occur during this step. This set of controls will be repeated for each inoculum, thus guaranteeing the
absence of contamination to a satisfactory level.
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The following extraneous agents were searched for: Aujeszky s disease virus, Canine Distemper virus,
Canine Adenovirus, Canine Coronavirus, Canine Herpesvirus, Canine Parvovirus, Canine
Parainfluenzavirus, Cowpox virus, Feline Calicivirus, Feline Herpesvirus, Feline Panleucopenia virus,
Rabies virus, Brucella Canis, Chlamydophila, FIV, FeSFV, FeLV / FSV and Bovine Viral Diarrhoea
Virus. In conclusion all relevant canine agents were searched for, as well as feline viruses and BVDV.

It was clarified that the results of a more general test to detect all retroviruses was available, whatever
their origin, through the detection of reverse transcriptase activity in the samples to be tested.  This test
is a Fluorescent Product enhanced Reverse Transcriptase test (PERT). The results of the test were
negative, which confirmed the absence of any retrovirus (and consequently also of the feline sarcoma
virus [FSV]) in both Manufacturing Working Virus bank (MWVB) and Manufacturing Virus Seed
(MVS). Negative retroviral reverse transcriptase activity confirms the absence of any retrovirus,
including FSV virus, in MWVB and MVS.

IV.        SPF silkworms:

Silkworm eggs are obtained from pebrine-free moths.  They are fed with artificial food only.
Silkworms in the 4th instar are used and are considered to be free of˚Viral flacherie, Nuclear
polyhedrosis, Cytoplasmic polyhedrosis, Densonucleosis, Yellow muscardine, Aspergillosis and
Pebrine.

Summary of silkworm specified pathogens:

Disease Causative agent Symptoms

Viral flacherie
(a kind of flacherie)

Silkworm infectious flacherie
virus

Loss of appetite, vomiting of gut juice. Less
liable to infection at 5th instar.

Nuclear polyhedrosis
(a kind of polyhedrosis)

Silkworm nuclear
polyhedrosis virus

Bulging of intersegmental membrane, lingering
at the rearing bed. Less liable to attack at 5th
instar.

Cytoplasmic polyhedrosis
(a kind of polyhedrosis)

S i l k w o r m  c y t o p l a s m i c
polyhedrosis virus

Loss of appetite, white faeces, diarrhoea,
vomiting of gut juice. Less liable to attack at
5th instar.

Densonucleosis Densonucleosis virus Loss of appetite, gattine, vomiting of gut juice.
Less liable to attack at 5th instar.

Yellow muscardine
(a kind of muscardine)

Isaria farinosa (fungi) Numerous small dots and large spots
surrounding the spiracles. Infection occurs
throughout young larvae and ripe silkworm
stages and the disease develops at 5th instar or
during pupal diapause.

Asperigillosis
(a kind of muscardine)

Asperigillus sterigmatocystis
(fungi)

Infection occurs on the day of brushing-off and
during young larvae stage, and the disease
develops immediately.

Pebrine Small sporozoa (protozoa) Uneven growth, pepper and salt spots.

Among these diseases, pebrine can be the most problematic while rearing silkworms. Mother moths of
silkworms are tested for pebrine and if the test is negative, their eggs are used for the production of
rFeIFN. A description of the pebrine test was provided.

The following measures ensure the healthy status of the silkworm flock, including the surveillance of
the silkworms and measures regarding their food and the environment in which they are reared:

- The producer of silkworms is designated for breeding and maintaining silkworms until 4˚th molting
and has to feed them only with artificial food and also to check the following: days for each instar,
body weight at each moulting, appearance of silkworms (movement, shape and colour) and
appearance of faeces (size, shape and colour).
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- At Toray Industries, Inc. the following items are checked: appearance at the silkworms time of
arrival , body weight at the first day of 5 th instar, absence of turbidity of body fluid at the first day
of 5 th instar and appearance during feeding

- With regard to feeding, mulberry leaves are not used for feeding silkworms, and only heat-treated
artificial food is used. The description of the sterilisation process, by heating the artificial food for
silkworms, and validation of its sterilisation were provided. The proteins used for the production of
artificial food for silkworms are derived from plants. The raw materials used for the preparation of
artificial food are the following: powder of soybean, powder of corn, powder of mulberry leaves,
cane sugar, soyabean oil, agar, inorganic salt, vitamins, organic acids preservative (propiolic acid &
sorbic acid). Artificial food for silkworms is stored in cold storage (+5¡C to +10¡C). The shelf life of
this product is 6 months.

- Breeding of silkworms in a clean environment, i.e. in Specified Pathogen Free conditions, avoids
pebrine infection. Measures taken to ensure clean rearing conditions: disinfection of rearing room,
disinfection of rearing box, disinfection of equipment, working clothes, hands and gloves, (sole or
feet) wearing of white robes and prohibition of introducing mulberry leaves into the silkworm room.

- After shipment of about 8500 silkworms at 4˚th molting to Toray Industries, Inc., the producer keeps
100 sampled silkworms. They are reared continuously for one additional week and visually
inspected. The inspection is conducted regarding the following s: size, behaviour, shape and colour
of silkworms and size, shape and colour of silkworm s faeces.

Any disease in silkworm rearing quite rapidly destroys the entire population, with macroscopical
changes in the silkworms. Thus, such diseases cannot be overseen.

V.       Recombinant ˚feline interferon (rFeIFN):

rFeIFN is a polypeptide composed of 170 amino acids.  The characterisation of the primary structure
was provided.

①  Specifications of interferon desalted bulk:

The following routine controls and specifications are partly based on Eur. Ph. monographs (not
applicable as such to rFeIFN omega):
 - monograph 0784˚: products of recombinant DNA technology.
 - monograph 1110˚: interferon alpha-2 concentrated solution.
 - monograph 1440˚: interferon gamma-1b concentrated solution.
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Routine controls Reference norm
physico-chemical characters
aspect Virbac limpid and colourless liquid
pH Eur. Ph. 3rd ed. (2.2.3) 6.0 - 6.5
protein content Virbac [ 100 g/ml˚; 500 g/ml ]
Identification
viral inhibition on cells Virbac complies
Purity
western blotting (with specific antibodies) Virbac positive reaction
absence of baculovirus Virbac complies
detection of silkworm derived substances Virbac ≤ 0.1 g/mU
HPLC Eur. Ph. 3rd ed. (2.2.29) major peak ≥ 90 %
bacterial endotoxins Eur. Ph. 3rd ed.(2.6.14) ≤ 100 IU/mg
electrophoresis (reducing conditions) Virbac 25 - 30 kDa
Potency
50% viral inhibition on cells Virbac [ 20MU/ml˚; 100 MU/ml ]
ratio rFeIFN (MU)/proteins ( g) Virbac [ 0.17 MU/ g˚; 0.27 MU/ g ]

②  Additional information:

- The aspect is tested visually.

- For the pH, the freeze-dried form is rehydrated with the corresponding diluent.

- Protein content˚assay is performed by using the Pierce BCA method˚: reduction of Cu2+ to Cu+ by
protein in an alkaline medium (Biuret reaction), followed by chelation of 2 molecules of
bicinchonimic acid (BCA) with one cuprous ion. This reaction provides a purple colouring,
quantified through colorimetry (max. absorbance at 562 nm).  The relationship between colour
intensity and protein content is linear between 20 g/ml to 2000 g/ml of protein.

- For the identification by inhibition of antiviral effect: FeIFN omega is neutralised by a polyclonal
antibody in the presence of Vesicular Stomatitis Virus (VSV).

- For the identification and purity by western blotting, after electrophoresis (SDS-PAGE), FeIFN
omega is revealed with a polyclonal antibody. The molecular mass of the interferon can be deduced
from its relative mobility, and observation of a single band constitutes a purity criteria.

- The absence of Baculovirus is based on the revelation of the cytopathogenic effect of baculoviruses
on a sensitive cell line (BM-N cells) after 3, 4 and 5 days of culture, in the presence or absence of
rFeIFN.  The detection threshold of the baculovirus is 103 TCID50/ml.  The cellular receptors for
interferon are nearly species specific and because of being absent in insect cells containing the
baculovirus, no antiviral effect can be detected on these cells.

- The detection of silkworm derived material is based on an ELISA method by competition. The
quantification limit of the silkworm derived material is 0.1 g/ml.

- A reverse phase HPLC with UV detection at 214 nm was used to determine the purity of the
interferon in the final product or the desalted bulk material.

- Electrophoresis is used to allow to check the identity (migration distance should correspond to a
molecular weight of 25 kD) and purity (1 single strip) of the rFeIFN protein.

- Testing for bacterial endotoxins˚ was done in accordance with Eur. Ph. 3rd edition (⁄2.6.14., method
D).
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- The activity was determined by measurement of the inhibition of antiviral effect on Fc9 cell line. The
antiviral activity depends on the active concentration of FeIFN able to neutralise VSV˚on Fc9 cell
line (selected because of its sensitivity to the viral cytopathogenic action). Thus, serial dilutions of
FeIFN will have variable effects on VSV cytopathogenicity.  In addition the ratio rFeIFN
(MU)/proteins ( g) is determined in order to check the balance between the activity and the protein
content and to show consistency of production. The results for 8 production runs were provided and
are in accordance with the norms.

③  Consistency of production:

To provide additional evidence of consistency during production of FeIFN omega, the following
analytical methods were carried out on batches of desalted bulk (which will not, however, be
conducted routinely):

- isoelectric focusing; this is the determination of FeIFN omega s isoelectric point, with regard to
markers with known isoelectric points.  The results of 5 batches tested were satisfactory.

- determination of the molecular weight by electrophoresis under non-reducing conditions.  The
migration into the polyacrylamide gel depends on the size of the polypeptide. After standardization
of the method, the observation of a single strip constitutes both a purity and identity criteria.  The
results of 4 batches tested were satisfactory.

- The characterisation of the primary structure of a reference FeIFN sample and definition of the
criteria for the validation of new batches was done via peptide mapping.

- The absence of DNA˚is ensured to detect residual DNA by hybridization through a ready-for-use kit.
The colour intensity of the spots obtained with the samples and the references are compared. The
results˚on 5 batches were < 0.1 ng/ l.

A new test was subsequently presented, to increase the sensitivity. The principle of the method is
based on the dosage of the DNA by fluorescence (method of quantification of the DNA using a
fluorescent interposing agent), with a commercial kit (PicoGreen  dsDNA Quantitation Reagent)
after extraction and concentration of the DNA. The new test, setting the limit of quantification of 4.2
ng/ml with a 0.13% risk of a false result, was considered satisfactory. This test, which was set to
improve the knowledge of the product, was not, however, intended to be systematically incorporated
to the in-process control testing.

The applicant gave a  committment to provide the results on residual DNA and safety test of the next
5 batches manufactured.

Compliance with the European note for guidance for minimising the risk of transmitting animal
spongiform encephalopathy agents via veterinary medicinal products.

1 - Use of gelatin of porcine origin as an excipient present in the final product: In accordance with
the CVMP Guideline requirements, gelatin of porcine origin is used. Pigs are not recognised as
suffering from transmissable spongiform encephalopathies (TSE s) and material of porcine origin
is therefore not considered as presenting a risk.
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2 - Use of starting material of animal origin during production process, not present in the final
product:

• Foetal bovine serum: Foetal Bovine Serum (FBS) is used to prepare TC-10 medium for the BM-N
cells on which recombinant virus rBNV100 is replicated to produce Manufacturing Virus Seed
(MSV) and is also used to dilute the MSV solution before inoculation to silkworms. FBS originates
from countries that have been identified as being free of Bovine Spongiform Encephalopathy
(BSE).  According to the revised EMEA/CVMP Guideline 145/97, serum is not classified as
specific risk material  and belongs to the tissues and body fluids category presenting the lowest

risk of infectivity.  Potential viral contamination of FBS is eliminated by treatment with Gamma
ray. The supplier markets two Foetal Bovine sera which conform to the current TSE European
Pharmacopoeia monograph. The risk of transmitting TSE agents was, therefore, considered to be
minimal.

• BM-N cells: BM-N cells originating from silkworms are used for the preparation and negation test
of recombinant virus rBNV100. The risk that original seed material is contaminated with TSE
infectivity was considered to be very low.

•  rBNV100: Recombinant virus rBNV100 is prepared from DNA of silkworm nuclear polyhedrosis
virus (BmNPV-T3 strain, cloned in Japan, in the early 80 s) and cDNA encoding FeIFN obtained
from LSA-1 cells. These cells are of feline origin and cats are a species known to be susceptible to
TSE. The high purity of the material used (mRNA), the geographical origin of the source cat
(USA) and the period of isolation of these cells (early 80 s) were considered to guarantee the safety
of use of the cell line. The use of a sole genomic of silkworm nuclear polyhedrosis virus was also
considered to be very safe. In addition, the construction of rBNV100 only involves in vitro steps.
As current scientific literature reports that TSE infectivity is difficult to establish and to maintain in
vitro and so the risk of transmission of hypothetical TSE infectivity during the production steps of
recombinant virus was considered to be very low.

•  Silkworms: Silkworms are used for mass production of recombinant feline interferon after
inoculation with recombinant virus suspension. They are reared according to rigorous conditions
and fed with heat-treated artificial food containing proteins of vegetable origin only. No
susceptibility to TSEs has been reported in insects. They were, therefore, considered unlikely to
present any risk of transmission of TSE agents.

•  RousselotTM gelatin ASF/A: Gelatin ASF/A is used in the desalting chromatography column. It
is produced from pig skin and was, therefore, considered to be safe.

In addition, the quantitative importance of all the ingredients in the active material, that would
theoretically present a risk of TSE infectivity (FBS, seed materials), is almost negligible, reducing the
risk of infectivity by potential TSE agents in the final product considerably. Furthermore, the other
raw materials are from non-ruminant origin, and the product is intended for dogs which are not TSE
sensitive, and so the TSE risk was considered to be satisfactorily addressed.

In accordance with the TSE Position Paper, tryptose is out of scope because the finished product is
intended for dogs.

II.D. CONTROL TESTS DURING PRODUCTION
 
Production:

The preparation˚of the active ingredient is done at TORAY (Japan).
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①  Preparation of the Working Seed Virus:

Ten culture flasks of BM-N cells are inoculated with Master Seed Virus and cultured at 27¡C for 5
days.  The pooled culture fluid is centrifuged and the supernatant is collected in tubes (4.5 ml/tube)
and stored at -80¡C. This constitutes the Working Seed Virus (WSV).  For the inoculation step, the
frozen WSV solution is thawed, diluted 75 times in TC-10 medium containing 10% heat-inactivated
foetal bovine serum and 60 g/ml kanamycin.

②  Silkworm inoculation and rearing:

Silkworms are introduced on day D0 into previously cabinets sterilized. Each silkworm is inoculated,
with an automatic microdispenser, on day D2 with 2 l of the WSV solution. . The silkworms are then
reared until day D7.

③  Extraction˚of body fluid:

The body fragments of the silkworms are dropped into a 0.1N HCl solution. After all the incisions
have been completed (ca 300 silkworms/HCl container), the solution is stirred and the silkworm
bodies are removed. The HCl solution is filtered and the remaining body fragments are further washed
and extracted with HCl.

④  Purification, desalting˚and sterilisation:

The pH of the solution is neutralised to 7.0 ± 0.1 with 2N NaOH and 1N HCl, while stirring.
Centrifugation and filtration take place. Purification is achieved with the 2-steps affinity
chromatography method (blue sepharose chromatography followed by copper chelate sepharose
chromatography). The rFeIFN bulk is then desalted through gel filtration chromatography and
sterilized by filtration. The bulk is sampled for quality control, sealed, stored at 4¡C and shipped to
VIRBAC.

In process control tests:

Æ During the rearing and inoculation of silkworms, the following parameters are tested:

parameter norm
number of silkworms/production run 7200-8400
silkworm s status healthy
mean weight of 1 silkworm ≥ 0.8 g
volume of inoculum of the VWS solution 2 l
temperature of rearing 25 ± 2 ¡C
Humidity 55 ± 15 %
quantity of food/8200 silkworms 162 kg

The following parameters are controlled during the extraction of body fluid:

parameter norm
rFeIFN molecular weight 25 kDa
rFeIFN purity (western blot) 1 single strip
protein content 1-4 mg/ml
pH of the HCl solution 2.0 ± 0.5
pH after NaOH neutralisation 7.0 ± 0.1
temperature of neutralisation 7 ± 3 ¡C
autoclaving temperature of filters 121 ± 1 ¡C
duration of autoclaving 30 ± 1 min

The results for 7 batches were provided and were in accordance with the norms.
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Æ The following parameters were tested during blue sepharose chromatography:

parameter norm
autoclaving temperaturev 121 ± 1 ¡C
duration of autoclaving 30 ± 1 min
pH of the buffer solution used for neutralisation of the column 7.0 ± 0.1
pH of the buffer solution used at 2nd washing of the column 8.0 ± 0.1
pH of the buffer solution used at 1st elution of rFeIFN 8.0 ± 0.1
pH of the buffer solution used at 2nd elution of rFeIFN 8.0 ± 0.1
molecular weight of rFeIFN ≈ 25 kDa
proteinic concentration 10 g/ml
v The following items were sterilised by autoclaving: silicon tubes, cocks

attached to silicon tubes, glass flasks, stainless steel tanks (100 L), syringe,
BR mixing line and filter housing.

The results for 7 eluates were provided and were in accordance with the norms.

Æ Further tests were performed on the interferon desalted bulk:

control norm
Physico-chemical characters
- Appearance
- Protein content

Colorless and transparent liquid
‡ 100 g/ml and † 500 g/ml

Identification
- Neutralization test
- Western blotting

(-) : ‡ 350U/ml and (+) : † 15 U/ml
Positive reaction with anti-feline interferon antibody

Purity
- Negation of recombinant virus
- Silkworm derived substance
- HPLC
- SDS-PAGE (reducing conditions)

Absence of baculovirus
† 0.1 g/MU
Major peak ‡ 90%
Ca. 25 kDa

Potency
50% viral inhibition on cells ‡ 20 MU/ml and † 100 MU/ml
Sterility
Bacteria and fungi Absence of bacteria and fungi
Specific activity
Number of MU/ g of protein ‡ 0.17 MU/ g and †0.27 MU/ g

The SOPs describing the tests were provided.

Æ The following parameters were monitored during desalting:

parameter norm
autoclaving temperature 121 ± 1 ¡C
duration of autoclaving 30 ± 1 min
proteinic concentration > 50 g/ml
neutralisation antibodies (negative control) > 350 U/ml
neutralisation antibodies (product control) < 15 U/ml
Potency [ 20 MU/ml˚; 100 MU/ml ]
specific activity [ 0.17 MU/ g˚; 0.27 MU/ g ]

The results for 7 batches were provided and were in accordance with the norms.
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Æ Controls performed by VIRBAC:

parameter norm
pre-cooling + 4 ¡C
FREEZING
temperature ≤ - 40 ¡C
duration ≥ 30 min
vacuum ≤ 20 bar
SUBLIMATION
temperature beginning ≤ - 40 ¡C
temperature end  not given
pressure ≤ 30 bar
duration ≥ 21 h
DESSICATION
temperature beginning 20 ¡C ≤ T ≤ 37 ¡C
temperature end not given
pressure ≤ 5 bar
duration ≥ 24 h
N2 pression (mbar) [600˚; 800]

VIRBAC s specifications were within these norms.

II.E. CONTROL TESTS ON THE FINISHED PRODUCT

II.E.1 General characteristics of the finished products

The following tests are performed:

On the freeze-dried pellet:

• ˚ A test is applied˚in accordance with a Virbac monograph (INT/CAR/007) to check the
appearance.  The norm is a white pellet.

• ˚ A test applied in accordance with the Eur. Ph. 3rd edition, chapter 2.2.3. (after rehydration with
the diluent) measures the pH.  The norm is 5.5 ≤ pH ≤ 6.5.

On the diluent:

• ˚ A test is applied˚in accordance with a Virbac monograph (INT/CAR/007) to check the
appearance.  The norm is a colourless and odourless liquid.

• ˚ The volume is checked by a test applied in accordance with the Eur. Ph. 3rd edition, chapter
2.2.3.  The norm is 1.2 ± 0.1 ml.

• ˚ The osmolarity is tested in accordance with the Eur. Ph. 3rd edition, chapter 2.6.1.  The norm is
290 ± 10 mosm.
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II.E.2 Identification and assay of active ingredients

The following tests are performed:

On the˚freeze-dried pellet:

• ˚ A Virbac monograph (INT/IDE/003)˚is used to check the identity by viral inhibition on cells.˚
rFeIFN omega is neutralized by a monoclonal antibody and then put in the presence of the VSV
virus in order to reveal the inhibition capacity.  Validation of the test was provided and the norm
is viral inhibition.

• ˚ A Virbac monograph (INT/ACT/002) is applied to test for potency.  The measure is based on
the inhibition of the cytopathogenic effect of the virus VSV on Fc9 cells in the presence of
rFeIFN. The validation gave the following results:

5MU-presentation 10MU-presentation
repeatability (CVr) 8.9 % 4.4 %
reproducibility (CVR) 19.4 % 15.0 %
confidence interval (MU/ml) [4.80˚; 5.27] [10.05˚;10.62]

The norms˚are: *  5 MU-presentation: [4.0 MU/ml; 6.25 MU/ml]
* 10 MU-presentation: [8.0 MU/ml; 12.5 MU/ml]

II.E.3 Identification and assay of adjuvants

Not applicable.

II.E.4 Identification and assay of excipients constituents

In view of the nature to the components (gelatin, sorbitol, sodium chloride and sodium hydroxide) of
the finished product, identification and assay was considered unnecessary.

II.E.5 Safety tests

The interferon obtained through the production process, using recombinant baculovirus infecting
silkworms was considered as a biological product and not a vaccine. The inclusion of a safety test in
animals was not, therefore, considered justified.

II.E.6 Sterility and purity tests

With regard to the˚freeze-dried pellet the following tests were applied to both presentations:

• ˚ HPLC (monograph INT/PUR/009, in accordance with Eur. Ph. 3rd edition, chapter 2.2.29.) to
test for purity.  The norm is ≥ 90%.

• ˚ A test with regard to the endotoxin content (monograph INT/PUR/018, in accordance with Eur.
Ph. 3rd edition, chapter 2.6.14.).  The norms for the 5 MU presentation are: ≤  10 IU/ml and for
the 10 MU presentation: ≤  20 IU/ml.

• ˚ The monograph INT/STE/008, in accordance with Eur. Ph. 3rd edition, chapter 2.6.1.  to test for
bacterial and fungal sterility.  The norm is absence of bacteria and fungi.

The following tests were applied on the˚diluent:

• ˚ A test applied˚in accordance with the Eur. Ph. 3rd edition, chapter 2.6.1. to test for sterility.  The
validation is provided and the norm is absence of bacteria and fungi.
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• ˚ The endotoxin content is tested in accordance with Eur. Ph. 3rd edition, chapter 2.6.14. An
endotoxin content of ≤ 10 IU/ml for 5MU presentation, and of ≤  20 IU/ml for 10MU
presentation is considered satisfactory.

II.E.7 Inactivation

Not applicable.

II.E.8 Residual humidity

A test applied˚in accordance with Eur. Ph. 3rd edition, chapter 2.2.13. requires the residual humidity
for the freeze-dried pellet to be under the norm of 3% for both presentations. A minimal limit for
residual moisture in the freeze-dried pellet was set at 0.2%, corresponding to the limit of detection of
the method and included in the specifications of the finished product at release.

II.E.9 Batch to batch consistency

Results of 4 batches of the 5 MU-presentation, of 4 batches of the 10 MU-presentation and of 4
batches of the diluent were presented.

II. F. STABILITY

➀  Stability of the active ingredient (3 batches):

Intermediate results from tests up to 9 months were provided for the following parameters:

parameters frequency of the testing when stored at 4¡C
- appearance
- pH
- HPLC
- potency

every 3 months up to 27 months

➁  Stability of TORAY s finished product   (3 vials containing 10 MU of interferon in each case)

stability test storage conditions storage form storage times

long term stability
room temperature (8-30¡C)
situation 1

final packaging 3, 6, 9, 12, 15, 21, 27
months

refrigerated (≤ 9¡C)
situation 2

final packaging 3, 6, 9, 12, 15, 21, 27
months

white fluorescent lamp (continuous
1000 lux exposure)
situation 3

glass vial 16, 24, 48, 96 hours

harsh conditions
artificial light (350 W/cm 2)
situation 4

glass vial 300, 600, 900 hours

40 ¡C / 75% HR
situation 5

final packaging 2, 4, 6 weeks

50 ¡C
situation 6

final packaging 2, 4, 6 weeks

container comparative
test

40 ¡C / 75% HR
situation 7

final packaging 2 weeks, 1, 2, 3
months

stability after
dissolution

4 ¡C
situation 8

physiological
saline solution

1, 2, 3 weeks

room temperature (19.5-21.5 ¡C)
situation 9

physiological
saline solution

8 hours, 1, 2, 7 days
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The following parameters were checked: external appearance before and after dissolution, solubility,
osmotic pressure ratio, potency, sterility, moisture content, pH, hydrogen ion concentration and
insoluble extraneous substances. The following results were obtained:

situation n¡ potency (with reference to the activity at T0, expressed in %)
1 87-96 % after 27 months a room temperature
2 90-97 % after 27 months in a cold room
3 stable for 900 hours
4 61-80 % after 96 hours
5 92-98 % after 6 months
6 88-110 % after 6 weeks
7 no difference between 2ml and 10 ml vials
8 stable for 3 weeks at 4¡C
9 stable for 7 days at room temperature

No change was found in any of the other items during time.

➂  Stability of VIRBAC s finished product :

The following parameters were checked for both freeze-dried pellet presentations:

parameters frequency of the testing when
stored at 4¡C

- appearance, pH, residual moisture, HPLC, potency every 3 months up to 27 months
- sterility at T0, T15 and T27 months

All the results provided were within the fixed limits, including the estimated potency, which must be
of [4 MU/ml ; 6.25 MU/ml] for the 5 MU presentation, and of [8 MU/ml ; 12.5 MU/ml] for the 10 MU
presentation. A shelf-life of 2 years was granted.

The following conditions and parameters were checked for the diluent:

Frequency of the testing when stored at:
parameters 4¡C 25¡C/60%HR 40¡C/75%HR
- appearance
- volume

every 3 months up to 27
months

every 3 months up to 12
months

T0, T3 and T6 months

- osmolarity at T0, T6, T12, T15 and
T27 months

at T0, T6 and T12
months

at T0 and T6 months

- bacterial endotoxins
- sterility

at T0, T15 and T27
months

at T0 and T15 months at T0 and T15 months

The intermediate report at 27 months allowed  a provisional shelf-life claim of 2 years at ambient
temperature.

II.F.3 Stability of the reconstituted product

The following sentence was included  in Section 6.2 (Shelf life) of the SPC: The product should be
used immediately after reconstitution due to the absence of preservative .   The following conditions
and parameters were, however checked following reconstitution and were within the specified limits:

frequency of the testing
parameters when stored at 4¡C when stored at 25¡C/60%HR

- appearance
- HPLC
- potency

at T0, T1, T2, T24 and T48 hours at T0, T1, T2 and T24 hours
(and 48 hours only for HPLC)
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OVERALL CONCLUSION ON PART II ASSESSMENT

The manufacture of the product was adequately described, validated and controlled.  Methods and
specifications for the ingredients were acceptable.  The building of the recombinant virus and the use
of silk worms in the production process were adequately described. The control tests and
specifications for the finished product were adequately drawn up.  The proposed shelf life of 2 years
for the finished product was considered acceptable.

VIRBAC provided a commitment that following production of each of the first 5 batches, data would
be submitted for assessment:

- on residual DNA,
- regarding safety tests performed on 2 dogs/batch, administering the double dose.
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III. SAFETY ASSESSMENT (PHARMACO-TOXICOLOGICAL)

III.A. INTRODUCTION

In humans, the most frequent acute side-effects of IFN-α treatment occur on the first or second day of
administration and consists of mild to moderate flu-like symptoms  These symptoms are rarely dose
limiting and spontaneously dissipate after no more than a few days.

Other side-effects have been observed:

- IFN-α/β can inhibit the growth of hematopo etic progenitor cells (type-Ι  IFNs are antitumour
molecules which inhibit cell growth) but this effect usually reaches a nadir plateau in spite of
continued administration. In particular, when used long-term, leucopaenia may be induced in some
humans. It seems that a priming effect on early bone marrow cell proliferation occurs before the
induction of this late-stage suppression. Moreover, it reverses within a few days after therapy is
stopped and rarely causes clinical complications.  This action on bone marrow might also explain
the occurrence of bleeding manifestations such as nasal, retinal and subconjonctival haemorrhages,
and perhaps uterine haemorrhage.

- In cats, after administration of rFeIFN, a transient decrease in platelets, white blood cells and
reticulocytes was observed.

- central neurotoxicity manifesting as somnolence, confusion, fatigue, lethargy, psychiatric
symptoms, focal neurological deficits and even coma.  Although these events have been reported
with low doses of IFN-α , their incidence and severity appear to be dose sensitive. Cases of
peripheral sensory and motor neuropathy have also been described in patients.

- hepatotoxicity, manifested as transaminase elevations, which may lead to death.

- temporary deterioration of the patient s renal function.

- ocular complications with the development of a mild to moderate ischaemic retinopathy. Data
suggest a potential toxic effect of IFN-α on the optic nerve or the retrochiasmatic visual pathways.

- inhibition of spermatogenesis, with the presence of degenerating spermatocytes at the pachytene
stage and spermatids, resulting in some cases in sterility of male mice. IFN-α  treatment has no
obvious effect on follicle-stimulating hormone, luteinizing hormone or testosterone levels,
indicating that the testes function normally. No inflammatory cells were observed, thereby
excluding the possibility that these testicular cells were destroyed by immunological reactions.

- a few patients have been reported to develop diabetes mellitus during IFN-α  therapy. The mean
latency of diabetes after commencement of IFN therapy seems to vary; from 10 days up to 4 years.

- in cats, after administration of rFeIFN, vomiting may sometimes be observed.

- other exceptional adverse effects include interstitial pneumonitis, thyroid disease and autoimmunity
manifestations (IFN-α  therapy is able to amplify thyroid autoimmune phenomena in predisposed
individuals) after long-term therapeutic use of type-Ι IFNs.

All the following trials should be viewed in the light of these historical data.
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III.B. GENERAL REQUIREMENTS

III.C. LABORATORY TESTS

Pharmacodynamic laboratory trials:

• Trial 1: toxicology in cats

Three cats, between 9 months and 2 years of age received an intravenous dose˚of 2.107 U/kg
FeIFN omega. Slight drowsiness was seen in all 3, 3 to 5 hours after administration˚but all
recovered after 6 hours.˚A transient and slight increase of body temperature was observed, but
remained within physiological limits. A slight increase of sinus tachycardia and respiration rate
was observed, concurrent with a body temperature increase, but all the other parameters remained
within normal limits.  Normal limits for the water and electrolyte metabolism˚were observed.

• Trial 2: acute oral and intravenous toxicity in rats

Five weeks old SPF -SD rats were included in the study as follows:

group sex number of animals dosage
(MUI/kg)

route of administration

1 male 6 20
2 male 6 0 oral
3 female 6 20
4 female 6 0

5 male 6 20
6 male 6 0 intravenous
7 female 6 20
8 female 6 0

There was no mortality (LD50 after oral or intravenous administration ≥ 20 MU/kg).  There was
no significant difference in bodyweight between the paired groups.  At necropsy no marked
change was observed, except for a cystic kidney in 1 male in group 2.

• Trial 3: toxicity in dogs

Three Beagles (2 females and 1 male), between 1.5 and 7 years of age received intravenously an
ibntravenous dose˚of 25 MU/kg of FeIFN omega. In dog 2, slight drowsiness was seen two hours
after administration˚and a slight decrease in activity was seen 5 to 6 hours after administration;
but all other parameters remained within normal limits.  A slight increase in sinus tachycardia and
respiratory rate was observed.˚ Normal limits for water and electrolyte metabolism˚were
observed.

These studies confirm the nature of the acute side-effects described in the literature: drowsiness,
increase in body temperature, slight increase in sinus tachycardia and respiratory rate. These
symptoms are rarely dose limiting and spontaneously dissipate after no more than a few days. They
are mentioned in the SPC.

Pharmacokinetic laboratory trials:

• Trial 4: pharmacokinetic trial in cats

Seventeen cats were administered a dose˚of 5 MU/kg FeIFN omega either by intravenous,
subcutaneous or intramuscular injection. Autoradiography and a whole body metabolism study
were carried out and pharmacokinetic parameters were determined.
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• Trial 5: pharmacokinetic trial in dogs

Nine male Beagles, 6 months of age, were divided in 3 groups each receiving 5 MU/kg FeIFN
omega by intravenous, subcutaneous or intramuscular injection. Pharmacokinetic parameters are
as follows:

Parameters units IV route SC route IM route
t1/2αααα hour 3.14 (0.10) 1.07 (0.13) 0.26 (0.04)
t1/2ββββ hour 0.24 (0.009) 1.40 (0.13) 1.31 (0.31)
Cmax U/ml --- 883 (111) 701 (308)
Tmax hour --- 1.75 (0.04) 0.74 (0.03)
Vdss ml/kg 97.15 (17.87) --- ---
Vd/F ml/kg --- 1822 (121) 1132 (217)
AUC U.h/ml 12509.8 (2083.82) 4266 (570) 1811 (572)
TBCL ml/min/kg 6.89 (1.03) --- ---

t1/2α  = ˚half-life of absorption˚; t1/2β = ˚half-life of elimination˚(terminal phase); Vdss = volume of
distribution˚; Cmax = Maximum concentration˚ at Tmax = time of maximum concentration˚; AUC = Area
Under Curve; TBLC = Total Body Clearance.

rFeIFN is very rapidly eliminated from the body. The results in dogs are very similar to those in
cats.

Various pharmacokinetic findings from the literature were reported.

It was concluded that the pharmacology of rFeIFN in cats was comparable to the that of HuIFN in
humans. Pharmacokinetic results suggest that the behaviour of rFeIFN in dogs is very similar to that in
cats, although this was not demonstrated.  The pharmacological effects of IFN continue for some time
after its disappearance from plasma and therefore the number and type of cells interacting with IFN
are far more important than merely IFN levels.

The rationale for intravenous administration was justified as follows: lower risk of appearance of anti-
interferon antibodies and a tendency to an earlier recovery.  In humans seroconversion rate was
significantly higher in patients treated with IFN subcutaneously than intravenously.  It was also
presumed that intravenous administration would facilitate IFN to reach the disease foci more swiftly
and exert its action early. The efficacy of an early therapy with feline interferon was investigated in 33
dogs which were diagnosed as having canine Parvovirus infection by means of Parvotest and were in
the early stage of CPV infection with a WBC count of ≥ 7000/ l. Feline interferon was administered at
a dose of 1.0 MU/kg for 3 consecutive days and efficacy was compared with groups receiving an
intravenous (Group 1) and subcutaneous injections (Group II). Earlier recovery of clinical symptoms
was observed in the intravenous injection group although mortality was observed in both groups at
almost the same rate: 11.8% in Group I and 12.5% in Group II.

III.C.1 Safety of the administration of one dose

• Trial 6: Safety study with 12 Beagle dogs

Twelve Beagle dogs (8 males and 4 females), 17-19 days old, were included in the study as
follows:

group 1 2 3 4
treatment placebo 1.0 MU/day/kg 2.5 MU/day/kg 5.0 MU/day/kg
duration 5 consecutive days 5 consecutive days 5 consecutive days 5 consecutive days
route intravenously intravenously intravenously intravenously
number and sex 2M +1F 2M +1F 2M +1F 2M +1F

F = female˚; M = male.
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The dogs were clinically monitored daily, until day 14 after the end of the 5th administration.
Rectal temperature was monitored each day, before and 3 and 6 hours after administration.  Body
weight was measured at 1, 3, 7 and 14 days after the end of the 5th administration.  Haematology
and urinalysis were performed before the start of administration and at 1, 3, 7 and 14 days after
the end of the 5th administration. One-way analysis of variance for each measurement point˚was
performed and if the difference was significant, Dunnet s test for comparison of treated/control
results was applied.

No abnormal clinical signs were seen and there were no effects on rectal temperature.  There was
no difference  in body weight between groups. Values for red blood cells, haemoglobin,
haematocrit, and reticulocytes tended to decrease in all groups just before 2nd administration. All
these parameters (except reticulocytes) nearly returned to the predosing levels on the first day
after the 5th administration. All other parameters remained comparable between groups. There
were significant differences between the control and treated groups for the parameter ˙˚inorganic
phosphate˚¨ in group 4 on day 1 after the 5 th administration and ˙˚chloride˚¨ in group 3 on day 14
after the 5th administration. These changes did, however remain within the normal ranges.  No
differences were found for the urinalysis (pH varied greatly amongst the animals).

• Trial 7: Local intravenous tolerance study in rabbits

It was concluded that interferon was very well tolerated after a single intravenous or perivenous
administration.

III.C.2 Safety of an administration of an overdose.

• Trial 8: Overdose safety study on Beagle dogs

Twenty four Beagles (12 males and 12 females), about 6 months old, were included in the study
as follows:

group 1 2 3 4
treatment placebo 1 MU/kg/day 5 MU/kg/day 25 MU/kg/day
duration 5 consecutive days 5 consecutive days 5 consecutive days 5 consecutive days
route intravenously intravenously intravenously intravenously
number and sex 3M + 3F 3M + 3F 3M + 3F 3M + 3F

F = female˚; M = male.

The dogs were clinically monitored daily, rectal temperature was checked and haematology and
urinalysis were performed.  Appropriate and detailed statistical analysis was carried out.

No mortality was reported, vomiting and soft faeces occurred in several animals after the last
administration. Some increase in temperature was reported (≤ 0.8¡C), but temperature remained
within normal limits during the monitoring period. In particular, no sex predisposition nor dose-
related effects could be observed. A decrease could be observed in white blood cells, platelets
(17/24 animals), reticulocytes and red blood cells. At 25 MU/kg/day, haematologic parameters
appeared to be changing. The differences registered in the urine analysis (variations in pH and
protein) had no clinical consequences.

In group 1, antibodies were detected at 4 weeks and at 8 weeks in 4/5 animals; 2 of them had high
titres at 4 weeks; a decreasing tendency at 8 weeks was noticed for all 4 dogs.  One female of
group 5 showed a low antibody titre at 4 weeks.
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III.C.3 Safety of the repeated administration of one dose.

• Trial 9: Neutralizing antibody formation in young dogs after treatment

Thirty Beagles (12 females and 18 males), 13-26 months old, were included in the study as
follows:

group 1 2 3 4 5
treatment 1 MU/kg/day placebo 1 MU/kg/day 5 MU/kg/day 25 MU/kg/day
duration 15 times every 2 days

and once at D55
5 consecutive
days

5 consecutive
days

5 consecutive
days

5 consecutive
days

route intravenously intravenously intravenously intravenously intravenously
number and sex 6M 3M + 3F 3M + 3F 3M + 3F 3M + 3F

The following tests were performed: blood sampling before treatment and 2, 4 and 8 weeks after
starting the repeated administrations for group 1; blood sampling before treatment and 4 weeks
after starting the repeated administrations for the other groups. Titration of neutralizing antibodies
by adding a constant amount of rFeIFN to the dog serum, and measurement of the anti-virus
activity.

• Trial 9: Neutralizing antibody formation in young dogs after treatment

Twelve Beagles (4 females and 8 males), 57-59 days old, were included in the study as follows:

group 1 2 3 4
treatment placebo 1.0 MU/kg/day 2.5 MU/kg/day 5.0 MU/kg/day
duration 5 consecutive days 5 consecutive days 5 consecutive days 5 consecutive days
route intravenously intravenously intravenously intravenously
number and sex 3M + 3F 3M + 3F 3M + 3F 3M + 3F

Blood sampling was done 2 weeks after the 5th administration. Neutralizing antibodies were
titrated and the anti-virus activity was measured.  Antibodies were not found in any group.

The clinical significance of neutralizing antibodies during interferon therapy remains a matter of
controversy. The ability of natural antibodies to inhibit clinical efficacy of therapeutic proteins is a
well-recognized phenomenon in a variety of clinical settings. However, some patients with
neutralizing anti-interferon antibodies continued to respond to interferon. Thus, it is clear that the
presence of neutralizing anti-interferon antibodies is not always associated with a loss of response.
Some authors have suggested that the emergence of binding antibodies to interferon, which can
modify the pharmacokinetics of interferon, may be responsible for some cases of therapeutic failure.
However, the significance of binding antibodies, which are more frequent than neutralizing antibodies,
remains unclear.  It was shown also that the route and frequency of administration may alter
immunogenicity.

The possible emergence of antibodies after Virbagen Omega treatment in extreme conditions,
although probably an uncommon event and of unknown clinical significance, is mentioned in the SPC.

It was concluded that the lack of data concerning the toxicological side-effects after repeated
administration was questionable but, as it is very unlikely that a dog will be infected more than once in
its lifetime with parvovirus, the submitted information was considered to be sufficient.
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III.C.4 Examination of reproductive performance

• Trial 10: mutagenicity after treatment

Two mutagenicity tests of rFeIFN were carried out;, the first being a reverse mutation test, the
second a chromosomal aberration test. The following doses were used:

Test Concentration 106 IU/plate
reverse mutation test 0.27 0.54 1.1 2.2 4.3
chromosomal aberration test 1.1 2.2 4.3 / /

For the reverse mutation test cell suspension of the tested strain were cultured on nutrient broth
medium.

Parameters Test provided by the
applicant

OECD guideline s
recommendations (471)

Accordance with
OECD guideline

Bacteria Salmonella typhimurium Salmonella typhimurium yes
Strains Two˚: TA98 & TA100 At least five˚: TA1535,

TA1537 or TA97a or
TA97, TA98 & TA100, and
E. coli WP2 uvr A or
TA102 (to detect cross
linking mutagen)

no

Concentrations 0.27, 0.54, 1.1, 2.2 &
4.3 x 106 IU/plate

At least five concentrations yes

Metabolic activation With and without S9 With and without metabolic
activation

yes

Positive control AF-2, B[a]P At least one positive control yes

For the chromosomal aberration test:

Parameters Test provided by the
applicant

OECD guideline s
recommendations (473)

Accordance with
OECD guideline

Cell CHO a variety of cell lines or
primary cell cultures

yes

Metabolic activation No information With and without metabolic
activation

?

Concentrations 1.1, 2.2 & 4.3 x 106

IU/plate
At least three
concentrations

yes

Cytotoxicity No cytotoxicity even
at 4.3 x 106 IU/plate

The middle concentration
should show a cytotoxicity

No

Positive control Mitomycin C Necessary yes
Negative control DMLSO Solvent or vehicle yes
Cell number analysed 200 At least 200 yes

The results showed that the recombinant feline interferon (rFeIFN) was negative in both tests and
had no mutagenic activity.
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• Trial 11: teratogenicity in rats after treatment

Wistar strain SPF rats, 126 virgin females, nine weeks old, and 60 male breeders, twelve weeks
old, were included in the study. Females were mated and, after judged as pregnant, randomly
divided into 4 groups. Each group received one injection of rFeIFN intravenously, daily, from
day 7 to day 17 of gestation, as follows:

group dose (MU/kg/day1) number of mated females
1 0 (v hicle) 23 (F1 - F23)
2 5 23 (F24 - F46)
3 10 23 (F47 - F69)
4 20 23 (F70 - F92)

1 dosing volume was calculated based on the body weight on day 7 of gestation.

Necropsy of the females was performed at D21 of gestation. The following parameters were
observed: number of corpora lutea, number of implants, number of live foetuses, number of dead
embryos, number of dead foetuses, sex of live foetuses, individual body weight of live foetuses,
external, skeletal and visceral examinations of live foetuses. From these data, foetal mortality,
implantation rate, sex ratio and average foetal weight per sex per litter, were calculated.

Appropriate and detailed statistical analysis was carried out. There were no statistical differences
between treated and control groups for the following parameters: number of corpora lutea,
number of implants, implantation rate, number of dead embryos, number of dead foetuses, foetal
mortality, number of live foetuses, sex ratio of live foetuses and individual body weight of live
foetuses.

The following abnormalities were registered˚(the number of animal(s) involved is given in
brackets):

abnormalities external
group 1 - polydactyly (1 foetus of F4)
group 2 - polydactyly (1 foetus of F45)
group 3 - cranioschisis with protruding tongue and cleft palate (1 foetus of F55)
group 4 - none
abnormalities skeletal

group 1

- missing vertebral bodies in cervical and thoracic vertebrae (1 foetus of F14)
- isolated rib (1 foetus of F17)
- absence of radius and phalange (1 foetus of F19)
- hypoplastic cervical arches (1 foetus of F22)

group 2
- misaligned sternebrae (1 foetus of F28, 1 foetus of F36)
- hyperplastic phalanges (1 foetus of F45)
- polydactyly and fused cervical arches (1 foetus of F46)

group 3

- hypoplastic frontal, parietal, interparietal, nasal and occipital bones (1 foetus
of F55)
- split cervical arches (1 foetus of F58)
- fused sternebrae (1 foetus of F62)
- fusion of frontal and parietal bones, misaligned sternebrae, deformed
vertebral bones and fused ribs (1 foetus of F67)
- misaligned sternebrae, deformed vertebral bones and hypoplastic radius (1
foetus of F68)

group 4
- misaligned thoracic vertebral bodies (1 foetus of F75)
- deformed cervical vertebrae (1 foetus of F83)
- split cervical vertebral bodies (1 foetus of F87)

F = female
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abnormalities
(no.of foetuses

examined)

internal

group 1 (148) - inguinal hernia (1 foetus of F20)
group 2 (152) - ventricular septal defect (2 fetuses of F36)

- dilated ureter (1 foetus of F38)
- labial displasia, anophthalmia, dilated pelvis and ureter (1 foetus of F45)

group 3 (148) - ventricular septal defect (1 foetus of F62˚; 2 fetuses of F64)
group 4 (148) none

F = female

As there were no statistically significance differences between treated and control groups, and no
dose-effect response, rFeIFN wasconsidered to cause no effect in pregnant animals or their
embryos or foetuses.  There was no indication of delayed ossification in the observation of
squama occipitalis, number of ossification centres of sternebrae, number of ossified metacarpals
and metatarsals.  With respect to polydactyly, a genetic factor was found in rats. Thus, those seen
in the present study were judged unrelated to the treatment.

From both tests of mutagenicity submitted, no conclusions could be drawn on the mutagenic potential
of the recombinant feline interferon (rFeIFN): the tests were not carried out in compliance with the
OECD recommendations, and so they were not validated.  It seemed necessary to have historical data
about the Wistar strain SPF rats, showing that the nature and frequency of abnormalities was not
different to those shown within this trial (in particular with regard to the placebo group). To date, a
teratogenic effect cannot be excluded, although radioactivity in the foetus after intramuscular
administration of 125I-HuIFN-α  was extremely low, compared with radioactivity in maternal plasma,
suggesting that it does not pass the placenta. The impact of rFeIFN treatment on the reproductive
performance of dogs is not expected.

Whilst a risk/benefit analysis clearly shows that reproductive performance is of little importance in a
life-threatening infection like parvovirosis, the following warning is included inb Section 5.5 of the
SPC: The safety of the veterinary medicinal product has not been established during pregnancy and
lactation .

III.C.5 Examination of immunological functions

• Trial 12: dogs

Sixteen SPF Beagles (9 males and 7 females), about 8-9 weeks old, were included in the study.
Eight randomized animals received rFeIFN omega at a dose of 10 MU/kg/day intravenously,
during 3 consecutive days. The other eight animals served as placebo/controls. All dogs were
vaccinated with Virbac s vaccines for dogs on day D16 and on day D37 (when the dogs were
10/11 weeks old). All dogs were clinically monitored up to day 58.  Two dogs per group were
euthanased on day 16 and samples of thymus (for histology) and bone marrow (for myelogram)
taken. The data were analysed with an analysis of variance on repeated measures.

There were no clinical side-effects recorded in dogs in the treated group. An increase in
lymphocytes, with regard to neutrophils, was recorded at different times in both groups. Values
always remained, however, within physiological limits. The rates of red blood cells, eosinophils,
basophils and monocytes remained stable in both groups during follow-up. There were no
histological lesions seen in the thymus. An increase of the red line was observed in 3/4 dogs (and
in 1 control dog), probably due to the young age of the animals, in the myelogram. A diminution
of the number of megakaryocytes was particularly observed in the 2 dogs in the treated group. All
the animals seroconverted after vaccination with regard to all the antigens.  There were no
statistical differences between the groups.

This trial confirmed the impact of rFeIFN on blood cell lines.  No undesirable side-effects on
immunological functions, kidneys or liver, could be observed.
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The possibility of the antibodies against omega interferon leading to malfunctioning of the cytokine
network in treated dogs in the short and the long term was specifically addressed.  As autoimmune
side effects, including immune mediated thrombocytopoenia and insulin-dependent diabetes, have
been associated with interferon therapy in humans, the long term effects of interferon treatment were
considered to be irrelevant.

In humans it appears that in the treatment of viral infections (mostly viral hepatitis treated with
interferon alpha), the rate of seroconversion can vary between 7 to 61%. Generally, the time of
appearance of antibodies to IFN is quite variable, ranging from 1 to 30 months, and 6.6% develop
antibodies in the first month of the therapy. The amount of neutralising antibodies has also to be taken
into account: the higher the titre of anti-IFN, the higher the risk of the loss of therapeutic effect.  Thus,
the appearance of antibodies has to be analysed together with the duration and frequency of treatment.
In the treatment of parvovirus infection in dogs with interferon omega, the duration of the treatment
and number of injection is far lower than in human (3 days compared to several months). Therefore,
the risk of appearance of antibodies is much reduced when compared to the human situation.
Furthermore, this probability has to be balanced by the very low probability that a dog could be
infected twice by a severe parvovirus infection, so that the probability of being administered a
complete treatment twice in its lifetime is also extremely low.

Autoimmune diseases have been observed after long-term treatment of severe infections in man,
particularly after type I (Alpha or Beta human interferon) in the treatment of chronic infectious disease
(e.g. viral hepatitis). The conditions of administration in man and in dogs are very different. Usually,
the administration of interferon in man lasts for a long period of time (weeks or months) whereas in
dogs, the current indication requires a very short period (3 consecutive days). As autoimmunological
side effects are usually related to the number of exposures, it can be hypothesised that the incidence of
such problems is lower in dogs than in man.  Generally and independent to any treatment,
immunologically induced disorders are under-diagnosed in companion animals.

No information is available for a longer period following the last injection of interferon omega.
Generally, the incidence of auto-immune disorders in companion animals is not well reported or
documented and for example, the effect of interferon on immune related thrombocytopenia or insulin
dependant diabetes occurring years after interferon treatment is not known. As no information is
available the following sentence was included in  Section 5.9 of the SPC: No information on the
induction of long-term side effects is available in dogs, specially for auto-immune disorders. Such
side-effects have been described after multiple and long-term administration of type I interferon in
man.  The possibility of occurrence of auto immune disorders in dogs cannot therefore be ruled out.

III.C.6 Special requirements for live vaccines

Not applicable.

III.C.7 Study of residues

Not applicable.

III.C.8 Interactions

The following sentence was included in Section 5.6 of the SPC: No information is available on the
safety and efficacy from the concurrent use of this product with vaccines.  It is therefore recommended
that no vaccines should be administered until complete recovery of the dog.

As supportive therapy is often required in parvovirosis, the following was also  included  in Section
5.4 of the SPC: Fluid therapy and other supplementary supportive treatment, are necessary to
improve prognosis.
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III.D. FIELD STUDIES

• Trial 12: dogs

A controlled, blind, randomised, monocentric, comparative (vs placebo) study involved
convential Beagles; 6 litters; 6 animals/litter (3 receiving rFeIFN and 3 receiving placebo) at the
age of  4-5 weeks.

Group 1 (18 dogs) received a dose˚of 10 MU/kg FeIFN omega intravenously, once a day for 3
consecutive days. Group 2 (18 dogs) received a dose˚of placebo intravenously, once a day for 3
consecutive days.  Antibiotherapy, rehydration and gastric adsorbents were allowed.

There was no statistically significant difference for each of the haematology parameters between
groups, taking into account the initial starting values at day 0. There was no statistically
significant difference for each blood biochemistry parameter between groups, taking into account
the initial starting values at day 0.  All the myelograms were considered as normal. Due to the
young age of the animals, bone marrow presented more developed red cell l and lymphoid lines
than in adult bone marrow.  All the thymuses were considered normal.

Details of the breeds represented in the clinical trials were submitted.

No specific side effects were observed in either efficacy trial.

III.E. ECOTOXICITY

The absence of live baculovirus in the final product is ensured by:

1 . The validation of the inactivation of the body fluid by HCl which guarantees that no live
baculovirus is present after inactivation.

2 . Inactivation of baculovirus contained in the silkworm body fluid is conducted under GMP
requirements and controlled on each batch at every run of the process.

3. No more live baculovirus may recontaminate the inactivated product at any further step of the
process because the process is conducted under GMP requirements, including strict separation of
the areas, airflow, material and staff flow. Therefore, the risk of finding live recombinant
baculovirus in the desalted bulk and therefore in the final product, although theoretically possible,
is carefully controlled and associated with an extremely low probability.

OVERALL CONCLUSIONS ON PART III

The pharmacological studies of rFeIFN, although not very important for this type of product, suggest
low tissue distribution and rapid metabolism through the kidneys. The pharmacological effects of IFN
continue for some time after its disappearance from plasma and therefore the number and type of cells
interacting with IFN are far more important than merely IFN levels.

The toxicological studies in dogs confirm the general acute side-effects described in the literature:
drowsiness, increase in body temperature, slight increase of sinus tachycardia and respiration rate.
These symptoms are rarely dose limiting and spontaneously dissipate after no more than a few days.

The safety studies show that rFeIFN alters the hematopo etic cell lines slightly and temporarily.
Increase in body temperature, some vomiting and soft faeces may occur, especially with high doses.
Even if such side-effects appear, interruption of treatment is not necessary. No neurotoxicity, hepatic
or renal toxicity could be observed (variations of cholesterol, bilirubine, LDH, GPT, GOT, ALP,
globuline and total protein values are commonly used indicators of hepatic affection; whilst variations
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of cholesterol, urea, creatinine, phosphates, sodium, potassium, total protein are commonly used
indicators of renal affection; and all these values remained globally within physiological limits).

No conclusion can be drawn on the mutagenic potential and teratogenicity effect of rFeIFN. They
cannot be excluded, although placental passage of rFeIFn is probably low. The following warning was
included in Section 5.5 of the SPC: The safety of the veterinary medicinal product has not been
established during pregnancy and lactation .

Immunological functions are not impaired after use of rFeIFN. Antibodies to anti-rFeIFN might
appear in rare cases, but their clinical significance is unknown.  As auto-immune secondary effects are
recognised in humans following interferon administration and, in the absence of further long term
toxicity data in dogs, the following warning was included in Section 5.9 of the SPC: No information
on the induction of long-term side effects is available in dogs, specially for auto-immune disorders.
Such side-effects have been described after multiple and long-term administration of type I interferon
in man.  The possibility of occurrence of auto immune disorders in dogs cannot therefore be ruled
out .

In conclusion, dogs which are candidates for rFeIFN injections are seriously ill. A risk/benefit analysis
clearly shows that all the side-effects, which are not systematic and remain moderate, are of little
importance with regard to a life-threatening infection like parvovirosis.
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IV. OVERVIEW OF PART IV OF THE DOSSIER: EFFICACY TRIALS

IV.A. INTRODUCTION

Although this subject needs further research, the following immunomodulatory properties of type-Ι IFNs
are known:

•  Type-Ι IFNs can affect the growth, differentiation and function of various types of cells in the
immune system.

• Type-Ι IFNs enhance antibody-dependent cell-mediated cytotoxicity (ADCC).
•  Type-Ι IFNs enhance the lytic ability of CTL and NK cells. In particular, IFNs can stimulate

expression of class-Ι MHC antigens, which are crucial for recognition of foreign antigen by cytotoxic T
lymphocytes.

•  Type-Ι IFNs indirectly broaden their immunomodulatory effects by enhancing/lessening the
production and/or release of various cytokines.

The mechanism of action in viral infections is still not fully understood. Type-Ι IFNs can impair various
steps of viral replication, including penetration, uncoating and assembly of progeny virions as well as
transcription and translation. In the course of evolution, some viruses have developed counter mechanisms
by which they disrupt the antiviral mechanisms induced by IFNs. Whether the emergence of a resistant
clone during treatment could be responsible for some therapeutic failure in humans is still not known.

Antiviral activity of IFN-ω is indirect: it does not act directly on viruses, but makes host cells resistant to
them. By induction of synthesis of the double-chain RNA-dependent protein kinase˚and the 2 ,5 -
oligoadenylate synthetase, viral protein synthesis is inhibited. This is a rather general antiviral mechanism,
potentially able to affect a wide range of viruses.

In canine parvovirus infection, diarrhoea and vomiting are almost systematic findings, which occur within
the first 3 days.  These signs are followed by complete loss of appetite, loss of vigour, fever and
dehydration in about 50% of the cases; around one third of the animals also show a decrease in blood cells
(decrease of white blood cells is considered to be a characteristic haematological feature of canine
parvovirus infection, but it is also reported to be highly variable).

It is thought that the effects of IFN-ω on canine parvovirus are largely dependent on its immunomodulatory
activity rather than antiviral activity. Also, parvovirus multiplies and causes disease in tissues where active
cell division is occurring such as intestinal crypt cells of intestinal mucosa. IFN-ω administration
suppresses cell division, which in turn inhibits multiplication of parvovirus.

All the following trials should be viewed in the light of these data.

IV.B. GENERAL REQUIREMENTS

IV.C. LABORATORY TRIALS

• Trial 13:

IFN inhibits replication of various viruses through inhibition of protein synthesis. The mechanism is as
follows: 2 ,5 -oligoadenylate synthetase (2-5As) polymerises adenilyc acid by 2 ,5 -phosphodiester
linkage by using ATP as the substrate, which in turn activates latent RNase L in cells, which in turn
degrades polysomes, leading to inhibition of viral protein synthesis.  Thus, dosage of 2-5As can be
considered as a good marker for rFeIFN antiviral activity.
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The present study tries to establish:
- the in vitro activity and sensitivity of various canine cells, with regard to the rFeIFN dose and its

time of addition within the medium.
-  the in vivo induction of 2-5As activity.

In vitro test: rFeIFN was added at different concentrations to cultures of canine thymus-derived cells.
The 2-5As activity was followed after 2, 5, 6, 24 and 49 hours of incubation.

In vivo test: rFeIFN was administered intravenously to 3 dogs (17 months of age) at the dose of 1
MU/kg. One other dog was used as control. Blood samples were collected 4 and 2 days before
administration, immediatly before administration and at 0.25, 0.5, 1, 2, 3, 5, 7, 10 and 16 days after
administration.

Intracellular activity was analysed by Radio-Immunologic Assay (RIA method) and expressed as
activity per unit protein.

In vivo induction of 2-5As activity is seen in at least 2/3 dogs.  The in vitro results also demonstrated
that 2-5As activity is induced in canine cells in vitro by adding rFeIFN.

Comparing these results with the ones obtained in cats, it can be concluded that 2-5As activity is less in
dogs than in cats. This is in line with the fact that IFNs are known to be species-specific. This study shows
that 2-5As activity occurs in dogs, especially in vitro. Furthermore, it can be concluded that the activity is
cell-specific, dose-specific and time-specific.

IV.C.1 Establishment of a Challenge Model.

IV.C.2 Determination of the Dose.

• Trial 14:

A total of 36 NRD Beagles (29 females and 7 males), 102-135 days old, were included in the study.
After oral infection with 10 ml of canine parvovirus type 2 (CPV), strain 238 (106 TCID50/ml), they
were divided into 3 groups, as follows:

group number of animals sex treatment
1 12 10F + 2M 1 MU/kg, IV once daily, on Days 4, 5 and 6
2 7 5F + 2M 5 MU/kg, IV once daily, on Days 4, 5 and 6
3 17 15F + 2M physiological saline, IV once daily, on Days 4, 5 and 6

F = female˚; M = male.

The protocol of the study established the evaluation criteria and the statistical analysis in detail.  The
animals were randomised amongst groups. All the animals showed clinical signs of parvovirosis
before the start of the rFeIFN treatment.

There was no difference between the groups˚with regard to mortality rate (one dog died in the control
group).  Statistics show that there is no group-effect but that there is a time-effect for the evolution of
body temperature.  For body weight also, statistics show that there is no group-effect but that there is a
time-effect and a product x time  effect.  There is no statistically significant difference between
groups with regard to diarrhoea symptoms, dehydration and vomiting, possibly because of the low
number of animals in each group. However, if the markedly improved group and the improved group
are put together, a significant difference is observed.  There is no statistically significant difference
between groups with regard to appetite, possibly because of the low number of animals.  WBC
decreased in all groups from day D5 on, reaching the lowest level on days D7-D9. Recovery was
gradual and normal level was reached around day D12. A significant difference was observed when
the markedly improved group and the improved group were put together.  Evolution of lymphocytes
over time showed a decrease in all groups from day D0 on, reaching the lowest level on day D4.
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Recovery was gradual and the normal level was reached around day D8-9.  GOT values show a rapid
increase on day D4, but normal levels were reached right from day D5-6 onwards.

The product undoubtedly produced a beneficial effect when administered at 1 MU/kg for 3
consecutive days. This positive effect was less obvious at 5 MU/kg.

• Trial 15:

Ten SPF Beagle puppies (5 females and 5 males), 8-9 weeks old, were included in the study. After
infection with 1 ml (0.25 ml in each nostril and 0.5 ml injected in the throat) of canine parvovirus type
2, strain 39 2P+3P (106.09 TCID50/ml), they were divided into 2 groups, as follows:

group number of animals sex treatment
1 5 3F + 2M 2.5 MU/kg, IV once daily, on D4 to D6 or D5 to D7
2 5 2F + 3M placebo, IV once daily, on D4 to D6 or D5 to D7

F = female˚; M = male.

The protocol of the study established the evaluation criteria and the statistical analysis in detail.

All the dogs in the placebo group and 2 dogs in the treated group, which presented with dehydration of
8%, received subcutaneous injections of Ringer Lactate once or twice a day until improvement was
seen.

All the animals except one survived in group 1 and all the animals in group 2 died (between D6 and
D10). Hypothermia was noticed in 3 dogs in group 1; during the study, they had some difficulty
reaching the normal temperature range (all the animals presented normal temperature only at D14).
Marked falls  in temperature were seen in group 2 until death.  WBC remained within the
physiological limits throughout the study in group 1, except for the dog which died. In group 2, WBC
decreased dramatically from D6 until death.  The evolution of RBC and Ht over time˚was comparable
in both groups.  In both groups, the serological HI antibody levels clearly indicated seroconversion.

The beneficial effect of rFeIFN administration was confirmed. When administered intravenously
at 2.5 MU/kg for 3 consecutive days, recovery was markedly improved.

IV.C.4 The Influence of Maternal Antibody on the Efficacy of the Product.

Not applicable.

IV.C.5 Duration of Immunity.

Not applicable.

IV.C.6 Prevention of Transplacental Transmission.

Not applicable.
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IV.D. FIELD TRIALS

• Trial 16:

Twenty sites were involved in the studywith a total of 93 dogs (41 females and 52 males). The age-
range was 1 month to 11 years. The inclusion criteria were 1+2 or 1+3, as follows:

1 - more than on a major clinical symptom observed which included diarrhoea, vomiting, dehydration
and other findings, and decrease of white blood cells in hematological examination, and the
attending veterinarian diagnosed the case as parvovirosis.

2 - CPV was detected in faeces.
3 - Virus was not detectable or not examined, but the dog lived with a household in which

parvovirosis was diagnosed, and presented with similar symptoms as those of the household.

These dogs were randomly divided into 3 groups, as follows:

group number of animals sex treatment
1 14 8F + 6M 2.5 MU/kg, IV once daily, for 3 days
2 58 25F + 33M 1.0 MU/kg, IV once daily, for 3 days
3 21 8F + 13M no rFeIFN

F = female˚; M = male.

Clinical, haematological and biochemical parameters to be evaluated and the statistical analysis were
well defined in the protocol.

The severity of parvovirosis˚was established as followed: at 1st examination, the cases were classified
into mild, moderate or severe, based on severity of dehydration, diarrhoea and vomiting. The evolution
of the symptoms was monitored by 2 different teams (practitioners and experts), according to a five-
grade classification˚scheme: markedly effective, effective, slightly effective, not effective, aggravated.

Virus isolation˚was carried out in 73 cases, with 72 being positive. All the other included cases
satisfied inclusion criteria 1+3.

• mortality rate:

group number of deaths (%)
1   3 (21.4 %)
2 11 (19.0 %)
3 13 (61.9 %)

There is a statistically significant difference between groups. The probability of survival was higher in
the treated groups (1+2) than in control group 3.

The efficacy rate (number of animals in cases effective or better, divided by the number of animals
within the group) gives following results, as classified by practitioners:

group efficacy rate
1   10/14 (71.4 %)
2   40/58 (69.0 %)
3     8/21 (38.1 %)

The efficacy rate differs significantly between groups.
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The efficacy rate (number of animals in which treatment was considered effective or better/number of
animals in the group) was as follows:

group efficacy rate
1   10/14 (71.4 %)
2   38/58 (65.5 %)
3     7/21 (33.3 %)

The efficacy rate differs significantly between groups.

• Efficacy rates according to severity of the infection:

group
severity 1 2 3

mild 2/2 (100 %) 4/7 (57.1 %) 2/3 (66.7 %)
Efficacy rate* moderate 7/9 (77.8 %) 26/34 (76.5 %) 4/14 (28.6 %)

severe 1/3 (33.3 %) 8/17 (47.1 %) 1/4 (25.0 %)
* efficacy rate = number of animals in cases effective or better, divided by the number of animals within

the group

In moderate and severe cases, clinical improvement was seen in treated groups.

The beneficial effect of rFeIFN administration was confirmed. When administered intravenously at 1.0
or 2.5 MU/kg for 3 consecutive days, recovery was markedly improved.

• Trial 17:

Twenty two veterinary practices were involved in the study, with a total of 49 dogs (16 females
and 33 males), of at least 5 weeks.  The inclusion criterion was a clinically diagnosed parvovirus
infection, confirmed by a positive finding of CPV-antigens in the faeces. These dogs were
randomly divided into 2 groups:

group number of animals sex treatment
1 25 9F + 16M 1.0 MU/kg, IV once daily, for 3 days
2 24 7F + 17M no rFeIFN

F = female˚; M = male.

The protocol of the study established the evaluation criteria in detail. All the dogs were rehydrated and
all dogs received antibiotics. The differences between groups for each clinical symptom taken
separately and for WBC were statistically not significant. There were no statistical difference found
with regard to mortality rate.

In this trial, where 1 MU/kg rFeIFN was administered intravenously once daily for 3 consecutive days
to dogs with parvovirosis, there was no evidence of a beneficial effect.

• Trial 18:

Nineteen veterinary practices were involved in the study, with a total of 92 dogs (39 females and 53
males) of at least 5 weeks (1 dog was 4 weeks old). The inclusion criterion was the same as in Trial 17
above. These dogs were randomly divided into 2 groups, as follows:

group number of animals sex treatment
1 43 19F + 24M 2.5 MU/kg, IV once daily, for 3 days
2 49 20F + 29M no rFeIFN

F = female˚; M = male.

The protocol of the study established the evaluation criteria in detail.
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• global mortality rate:

group number of deaths (%)
1   3 (7.0 %)
2 14 (28.6 %)

This difference is statistically significant (calculated relative risk of death in placebo group compared
to treated group was equal to 4.4).

• mortality rate˚with regard to the vaccination status:

number of deaths (%)
group in vaccinated animals in unvaccinated animals
1 2 (16.7 %) 1 (3.2 %)
2 7 (50.0 %) 7 (20.0 %)

In vaccinated animals, the difference is not statistically significant. In unvaccinated animals however,
the difference is statistically significant (calculated relative risk of death in placebo group compared to
treated group was equal to 6.4).

At 2.5 MU/kg administered intravenously once daily for 3 consecutive days, rFeIFN gives a specific
advantage in the treatment of parvovirosis, when compared to symptomatic treatment of the disease.

In view of the minimum age of the animals used in the clinical trials it was considered that treatment of
animals from 1 month of age could be allowed.

OVERALL CONCLUSION ON PART IV

The activity study shows that activity of 2 ,5 -oligoadenylate synthetase, which is a parameter of antiviral
activity, is induced in canine cells in vitro by adding rFeIFN, and to some extent in vivo by administrating
rFeIFN.

All efficacy studies presented were conducted in the target species and, for each test, placebo animals were
included. rFeIFN undoubtedly shows a beneficial effect. The posology and rate of administration proposed
in the SPC was tested: the dose of 2.5 MU/kg for 3 consecutive days gives the best results.

The efficacy was also investigated in presence of anti-CPV antibodies: results are better in animals without
antibodies. This is in line with what can be expected, as rFeIFN is thought to have an immunomodulatory
activity rather than antiviral activity.
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V. RISK-BENEFIT ASSESSMENT

The data submitted in the dossier and in response to questions confirm the acceptability of the proposed
formulation and presentations and the suitability of the specification for the active ingredient. The building
of the recombinant virus is and the use of silk worm in the production process have been adequately
described.  The validity of the test methods applied to the product has been shown. The stability tests
provided for the finished product show that the product is stable for 24 months.

The product is considered compliant with the European note for guidance for minimising the risk of
transmitting animal spongiform encephalopathy agents via veterinary medicinal products.

The toxicological studies in dogs confirm the general acute side-effects described in the literature:
drowsiness, increase in body temperature, slight increase in sinus tachycardia and respiratory rate. These
symptoms are rarely dose limiting and spontaneously dissipate after no more than a few days.

The safety studies show that rFeIFN alters the hematopoietic cell lines slightly and temporarily. Increase in
body temperature, some vomiting and soft faeces may occur, especially with high doses. Even if such side-
effects appear, interruption of treatment is not necessary. No neurotoxicity, hepatic or renal toxicity could
be observed.

No conclusion can be drawn on the mutagenic potential and teratogenicity effect of rFeIFN. They cannot
be excluded, although placental passage of rFeIFn is probably low. The following warning was included in
Section 5.5 of the SPC: The safety of the veterinary medicinal product has not been established during
pregnancy and lactation .

The immunological functions are not impaired after the use of rFeIFN. Antibodies anti-rFeIFN might
appear in rare cases, but their clinical significance is unknown.  As auto-immune secondary effects are
known in humans following interferon administration and, in the absence of further long term toxicity data
in dogs, the following warning was  included in Section 5.9 of the SPC: No information on the induction
of long-term side effects is available in dogs, specially for auto-immune disorders. Such side-effects have
been described after multiple and long-term administration of type I interferon in man.  The possibility of
occurrence of auto immune disorders in dogs cannot therefore not been ruled out.

All efficacy studies presented were conducted in the target species and for each test, placebo animals were
included. rFeIFN undoubtedly shows a beneficial effect. The posology and rate of administration proposed
in the SPC was tested and a dose of 2.5 MU/kg for 3 consecutive days gave the best results.

In conclusion, dogs which are candidates for rFeIFN injections are seriously ill animals (parvoviral
infection). A risk/benefit analysis clearly shows that all the side-effects, which are not systematic and
remain moderate, are of little importance with regard to a life-threatening infection like parvovirosis.  The
product was efficacious as there was a reduction in mortality and the clinical signs of parvovirosis (enteric
form) in dogs from one month of age.

Based on the original and the complementary data presented the Committee for Veterinary Medicinal
Products concluded that the quality, safety and efficacy of the product were considered to be in accordance
with the requirements of Council Directive 81/852/EEC.


