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EXOGENOUS INTERNAL POSITIVE CONTROL

TECHNICAL FIELD

The present invention relates to the use of a second virus as an exogenous internal positive control in
methods for verifying the reliability of an assay to detect a first virus, in methods of ensuring the
absence of the first virus in a biological sample or pharmaceutical sample and in methods of

manufacturing a vaccine free from a first virus.

BACKGROUND OF THE INVENTION

Viral contamination in biological samples is a problem in a number of areas of medicine including
blood transfusion and organ transplantation, and vaccine and drug production. Viruses can be
detected in biological samples using a number of different tests that detect the presence of viral

antigens, host antibodies to viral antigens or viral nucleic acids.

When testing a biological sample for contamination by a virus or confirming that a biological sample
is free from a virus, a problem exists with interpreting a negative result. Without appropriate
controls, it is not possible to determine whether an absence of contaminating virus being detected is
as a result of the failure of the assay, or as a result of the absence of any contaminating virus in the
biological sample. If the negative result can be attributed to the former reason, the failure of the assay
could have occurred at any stage. For example, in a nucleic acid assay, the failure may have occurred
during nucleic acid extraction, handling, amplification or detection steps. Generally, four controls are
used in PCR based methods for the detection of viral nucleic acids. The first control is an internal
positive control for the nucleic acid extraction step. The second control is for the detection of the
PCR products. The third control is for the amplification step. Finally, the fourth control is a no
template control to detect contamination during the assay. Similar controls are used in assays to

detect viral polypeptides.
The present invention relates to the use of a second virus as an exogenous internal positive.

The concept of using an exogenous virus as an internal positive control for diagnostic purposes is
known in the art. For example, Mairhofer et al. (§PCR 2007 Symposium & Exhibition & Workshop
3rd International qPCR Symposium, page 28. ISBN-13 978-3-00-020385-5) describes the use of
Tomato Mosaic Virus (ToMV) as an internal positive control in an assay for the detection of
influenza A virus in a biological sample from a subject infected with influenza A. This system,
however, has several disadvantages. In particular, ToMV did not work as an internal positive control
for the detection of Norovirus I from clinical specimens and its use as an internal positive control is

therefore limited.

A further disadvantage of the system described by Mairhofer et al. is that the control virus (ToMV)
and the test virus (influenza A) are different types of virus. ToMV is a non-enveloped virus with a
+ssRNA genome. On the other hand, influenza A is an enveloped virus with a -ssSRNA genome. This
is likely to lead to a lack of reliability of the positive control. For example, if extraction,

amplification and detection steps are optimised for the positive control virus it is possible that the
|
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conditions in any one of the extraction, amplification and detection steps would not be suitable for
the contaminating virus. Thus, a negative result for the detection of the contaminating virus when the
assay is positive for the detection of the control virus could represent a failure of the extraction,
amplification or detection step to work for the contaminating virus rather than an absence of
contamination in the biological sample. Indeed, Mairhoffer et al. reported at the 2007 qPCR
symposium that ToMV and Norovirus nucleic acids can not both be detected in a same sample

known to contain both viruses when the nucleic acids are extracted under the same conditions.

A yet further disadvantage of the use of ToMV is that the virus is commonly found in all solenaceous
plant (for example tobacco, potato and tomato). Thus, contamination of the assay with the positive
control after nucleic acid extraction is possible from commonly found plant materials. If a sample
were to be contaminated after the nucleic acid extraction step, a positive result for the detection of

the control virus ToMV could result even if the extraction step failed.

There therefore remains a need for a suitable internal positive control for nucleic acid extraction and
detection assays. To our knowledge, the use of exogenous viruses as an internal positive control

(IPC) in vaccine manufacturing has not been described previously.

DISCLOSURE OF THE INVENTION

The present invention relates to the use of a second virus as an internal positive control in an assay to
detect a first virus in a biological sample. The second virus can be added to the biological sample

prior to carrying out an assay to detect the first and second viruses.

In a particular embodiment, the present invention relates to an internal positive control for in nucleic
acid extraction (Ex-IPC) and nucleic acid detection assays. The invention relates to the use of a
second virus or viral nucleic acid as an exogenous internal positive control in nucleic acid extraction
and nucleic acid detection assays for the detection of a first virus, in which the second virus used as
the internal positive control could not be present in the biological sample other than when added

exogenously.

The present inventors have found that when the first and second viruses are of the same type, the
second virus can act as an internal positive control for the nucleic acid extraction step in an assay to

determine the presence or absence of contamination of a biological sample by the first virus.
The invention therefore provides:

¢ methods for verifying the reliability of an assay to detect a first virus

e methods for confirming that a biological sample is substantially free from a first virus

¢ methods for testing blood and/or a blood product for the presence or absence of a first virus

e methods for testing a vaccine or intermediate in the manufacture of a vaccine for the presence or

absence of a first virus

e usc of a second virus as an internal positive control in an assay to detect a first virus in a

biological sample
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s kits for the detection of a first and second viral nucleic acids or polypeptides in a biological

sample wherein the second virus is an internal positive control
e primers and probes for the detection of Alliaria petiolata tymovirus

e vaccines, intermediates in the manufacture of vaccines, blood and/or blood products that have

been confirmed to be free from the presence of a first virus
¢ methods of manufacturing a vaccine that is free from a first virus

e in methods for testing for the presence or absence of a virus of interest in a composition, the
improvement consisting of adding an exogenous control virus to the composition, wherein the

control virus and the virus of interest are of the same type of virus.

e in methods for manufacturing a biological and/or pharmaceutical product, the improvement
consisting of adding an exogenous control virus to a sample of the product in order to test it for viral

contamination, wherein the control virus and the virus of interest are of the same type of virus.

Methods of the invention

In one embodiment, the invention provides a method for verifying the reliability of an assay to detect

a first virus comprising the steps of:

(a) adding an exogenous second virus to a biological sample prior to analysing the nucleic acids
from the biological sample; and

(b) analysing the nucleic acids from the biological sample to detect the first and second virus;
wherein the first and second virus are the same type of virus.

The methods may contain a further step of extracting nucleic acids from the biological sample prior
to analysing the extracted nucleic acids. In this embodiment, the invention provides a method for

verifying the reliability of an assay to detect a first virus comprising the steps of:

(a) adding an exogenous second virus to a biological sample prior to extracting nucleic acids
from the biological sample;
(b) extracting nucleic acids from the biological sample; and

(c) analysing the nucleic acids from step (b) to detect the first and second virus;
wherein the first and second virus are the same type of virus.
The analysing step may comprise nucleic acid amplification and detection steps.

By “verifying the reliability” of an assay, it is meant that the second virus can act as a positive
control for a nucleic acid extraction step and/or analysis step. Detection of the second virus in the
analysis step indicates that the nucleic acid extraction step (where present) succeeded. Absence of
detection of the second virus indicates that the nucleic acid extraction step (where present) failed, or

that the analysing step failed.

Further controls may also be used in the methods of the present invention, including further positive

controls for the analysing step, for example a positive control for the nucleic acid amplification step

and a positive control for the nucleic acid detection step, and a negative control or no template
3
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control which contains no detectable nucleic acids. These further controls can be used to determine
whether failure to detect the second virus in the analysing step is due to a failure of the nucleic acid

extraction step (where present) or the analysing step.

In a further embodiment, the invention provides a method of confirming that a biological sample is

substantially free from a first virus, comprising the steps of:

(2) adding an exogenous second virus to a biological sample prior to analysing nucleic acids
from the biological sample;

(b) analysing nucleic acids from the biological sample to detect the first and second virus; and

© detecting presence of the second virus but absence of the first virus;

wherein the first and second virus are the same type of virus.

The methods may contain a further step of extracting the nucleic acids from the biological sample
prior to analysing the extracted nucleic acids. In this embodiment, the invention provides a method of

confirming that a biological sample is substantially free from a first virus, comprising the steps of:

(a) adding an exogenous second virus to a biological sample prior to extracting nucleic acids
from the biological sample;

(b) extracting nucleic acids from the biological sample;

© analysing the nucleic acids from step (b) to detect the first and second virus; and

(d) detecting the presence of the second virus but the absence the first virus;

wherein the first and second virus are the same type of virus.

The invention also provides the use of a second virus as an internal positive control in an assay to
detect a first virus in a biological sample, wherein the first and second viruses are the same type of

virus.

By “same type of virus” it is meant that the first and second viruses have the same structure and/or
genome type. In one embodiment, both viruses may have the same structure, e.g. both viruses may be
enveloped or non-enveloped viruses. Alternatively, or in addition, the viruses may have the same
structure of capsid, e.g. both viruses may be filamentous viruses (also referred to in the art as helical
viruses), icosahedral viruses or complex viruses that possess a capsid that is neither purely
filamentous, nor purely icosahedral. Additionally or alternatively, both viruses may have the same
genome type, e.g. both viruses may be dsDNA viruses, ssDNA viruses, dsSRNA viruses, +ssRNA
viruses, -sSRNA viruses, sSRNA retroviruses or dsRNA retroviruses. The viral genomes of both
viruses may be linear or circular, and may be segmented or may be a single nucleic acid. In the case

of a segmented genome, each virion may contain one or more genome segments.

In one particularly advantageous embodiment, the first and second viruses have different, non-
overlapping host ranges. As an example, a biological sample from a subject of a first animal species,
which may contain a first animal virus (among other animal viruses that can infect the first species),
will not naturally contain the control, second virus if that second virus can not infect the first animal
species. In one particular embodiment, the first virus is an animal virus, e.g. a mammalian virus or an

avian virus, and the second virus is a plant virus. In a particular embodiment, the mammal is a
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human. In a further particular embodiment, the avian virus is a virus that infects poultry, for example

chickens, turkeys and/or ducks. In these embodiments there can be no overlap in host range.

Plant viruses are particularly advantageous as a second virus IPC in vaccine manufacture, for the
detection of a first virus that may contaminate a vaccine. The particular advantages of using a plant
virus as an IPC include the safety of the virus — a plant virus is non-pathogenic to workers involved
in vaccine manufacture; the reliability of the assay — unlike a second human or mammalian virus, a
worker involved in vaccine manufacture is not likely to be contaminated with a plant virus,
particularly if that plant virus does not infect plant species that commonly come into contact with
humans; and cost — a large number of plant viruses can be easily and cheaply produced in plant cell

culture.

The invention also provides a method of selecting an IPC for an assay for the detection of a first
virus comprising:
(a) selecting a first virus;
(b) determining the virus type for the first virus;
(c) selecting a second virus of the same type with a non-overlapping host range; and
(d) confirming that both the nucleic acids of the first and second viruses can be extracted from a
biological sample using the same extraction procedure and/or that the nucleic acids from the

first and second viruses can be detected using the same nucleic acid analysing step.

In general terms, the first virus is a virus of interest, whose presence or absence needs to be tested,
confirmed or verified (typically a human pathogen), and the second virus is a control virus (typically
not a human pathogen). Specific examples of pairs of viruses suitable for use in the present invention

include the following:

First Virus Second Virus

Poxvirus Chlorella virus

Hepatitis B virus Cauliflower Mosaic Virus
Circovirus Nanovirus

Picornavirus, in particular Polio virus Dandelion yellow mosaic virus
Mammalian or avian reovirus or Norovirus Alliaria petiolata tymovirus

In one embodiment, the plant virus is not a commonly occurring plant virus, such as a virus that
infects crop plants like wheat, tomato, tobacco, maize, efc. In a preferred embodiment, the second
virus is Alliaria petiolata tymovirus (ApTV). This virus was isolated by Prof. Artur Pfitzner in 1997
in Stuttgart-Md6hringen, Germany from Alliaria petiolata plants which showed typical signs of virus
infections (mosaic leaves). Sequencing of the whole genome by the University of Hohenheim,
Department of General Virology revealed that the newly isolated virus belongs to the family of
tymoviridae, genus tymovirus (+ ssRNA, non-enveloped, isometric, icosahedral viruses). The

genome sequence is given in SEQ ID NO: 1 (in DNA form). Although the existence of ApTV was
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known (Ohnesorge S., et al (1998) Isolation und Charakterisicrung cines neuen Tymovirus aus
Alliaria officinalis - Jahrestagung der Deutschen Virologischen Gesellschaft, Regensburg; Ohnesorge
S. (1999) Interaktion und subzelluldre Lokalisation von Homecodomén-Transkriptionsfaktoren aus
Arabidopsis thaliana - Dissertation an der Fakultit fiir Biologie Universitdt Hohenheim; Ohnesorge
S., Pfitzner A.J.P. (2003) Isolation and Characterization of a new Tymovirus from Alliaria petiolata
- Jahrestagung der Deutschen Virologischen Gesellschaft, Tiibingen), this sequence is currently

unpublished.

More generally, the second virus may be any virus in the Tymoviridae family, including any such
virus in the Tymovirus, Maculavirus or Marafivirus genus. For example, it may be a turnip yellow
mosaic virus, an Andean potato latent virus, a belladonna mottle virus, a cacao yellow mosaic virus,
a clitoria yellow vein virus, a desmodium yellow mottle virus, a dulcamara mottle virus, an eggplant
mosaic virus, an erysimum latent virus, a kennedya yellow mosaic virus, a melon rugose mosaic
virus, an okra mosaic virus, an ononis yellow mosaic virus, a passionfruit yellow mosaic virus, a
physalis mottle virus, a plantago mottle virus, a scrophularia mottle virus, a voandzeia necrotic

mosaic virus, a wild cucumber mosaic virus, or an belia latent virus.

ApTV is particularly useful as a second virus for use as a control with the invention because its host,
Alliaria petiolata, is not grown as a crop plant. Thus, contamination from Alliaria petiolata tissue
containing ApTV is extremely unlikely in the biological samples of interest. For example, an
individual from whom a biological sample is obtained is much less likely to have come into contact
with contaminated Alliaria petiolata than a tomato, potato or tobacco plant or plant product
contaminated with ToMV. The restricted host range of this virus also leads to a low risk of

environmental contamination.

In particular embodiments, ApTV is useful as an internal positive control for in methods for the
detection of a first non-enveloped and/or icosehedral and/or + ssRNA virus. In a preferred
embodiment, ApTV is used as the second, control virus in an assay to detect the presence of a first
mammalian or avian reovirus, which is a non-enveloped, icosehedral, dSRNA virus. The mammalian
reovirus (MRV) may be any type of strain of MRV e.g. MRV-1, MRV-2 and/or MRV-3.

The exogenous second virus may be added to the biological sample at a concentration of about 50-
300 pg/ml. For example, the concentration of the second virus added to the biological sample may be
about 50, 100, 150, 200, 250 or 300 pg/ml.

In a further aspect of the invention the methods rely on the detection of viral polypeptides rather than
viral nucleic acids. In this aspect, one embodiment of the invention is a method for verifying the
reliability of an assay to detect a first virus that comprises the steps of:

(2) adding an exogenous second virus to a biological sample prior to analysing viral polypeptides

from the biological sample; and

(b) analysing viral polypeptides from the biological sample to detect the first and second virus;

wherein the first and second virus are the same type of virus.
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In a further embodiment of this aspect of the invention, the invention provides a method of

confirming that a biological sample is substantially free from a first virus, comprising the steps of:

(2) adding an exogenous second virus to a biological sample prior to analysing viral polypeptides
from the biological sample;

(b) analysing viral polypeptides from the biological sample to detect the first and second virus;
and

© detecting the presence of the second virus but the absence the first virus;

wherein the first and second virus are the same type of virus.

The invention also provides a method for analysing a composition, comprising steps of (a) adding a
control virus to a sample of the composition, then (b) testing the sample for the presence of a virus of
interest, wherein the control virus and the virus of interest are different from each other but are the
same type of virus. In addition to performing step (b), the method will typically include a step of
testing the sample for the presence of the control virus. Thus the method provides a useful positive

control for verifying tests for the virus of interest.

Viral nucleic acid analysis

The analysing step in the methods of the present invention can be used to identify the presence or
absence of a nucleic acid originating from the first and/or second virus. A positive result is the
detection of the presence of a nucleic acid. A negative result is the absence of detection of a nucleic
acid. Given that the present invention is directed in part to ensuring that biological samples are free
from contamination from viruses, it is anticipated that the assays of the invention will predominantly

be used to detect or confirm the absence of viral nucleic acids.

Nucleic acids can be extracted from a biological sample, and in particular from the viral particles
contained within the biological samples, by any method known in the art. In one embodiment, the
nucleic acids are isolated from virus particles using the commercially automated RNA/DNA system
MagNA Pure Compact System (Roche) with the MagNA Pure Compact Nucleic Acid Isolation Kit
(Roche). Alternatively, the RNA/DNA can be isolated from the virus particles using the
commercially available QIAsymphony Midi Virus/Bacteria Kit. Virus particles may be lysed by

incubation of the samples with lysis buffer containing proteinase K.

Preferably, the nucleic acid extraction procedure should extract nucleic acids from the first and

second viruses with comparable efficiency.

In some embodiments of the invention a nucleic acid extraction step is not required. The nucleic
acids in the biological sample may be analysed directly without any prior extraction step, for
example as described in Pannacio et al. (Nucleic Acids Res. 1993 September 25; 21(19): 4656) and
Pandori et al. (BMC Infect Dis. 2006 Jun 24;6:104).

For the analysis, a nucleic acid assay is conducted. The analysing step of the methods of the

invention may involve nucleic acid amplification and nucleic acid detection steps.
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A preferred assay for detection of RNA viruses is Reverse Transcriptase Polymerase Chain Reaction
(RT-PCR). However, equivalent RNA amplification methods are also applicable, as known to the
person skilled in the art (Nucleic Acid Sequence Based Amplification or NASBA™ as in US-
5409818; 3SR™; Transcription Mediated Amplification or TMA™ as in US-5399491 etc.). In the
present invention, the reverse transcription reaction or equivalent RNA amplification method can be
carried out on single-stranded viruses, or on the positive strand, the negative strand or both strands in
double stranded viruses. Thus, the methods of the invention can be used to detect the positive and/or

negative strand of the first and second viral genomes.

In a particular embodiment, a one step RT-real time PCR assay is used (“one step RT-qPCR”). The
person skilled in the art is familiar with conducting such “one step RT qPCR” assays. He knows how
to find detailed reaction conditions for such amplification. The reverse transcription reaction (RT)
and the amplification reaction (QPCR) may be performed in the same vessel (e.g. in a single tube or

vial) rather than in separate vessels.

Commercially available RT-PCR kits can be used, e.g. Qiagen QuantiTect™ Virus kit or Invitrogen
Super Script™ [I Platinum™ kit. The generated fluorescence signals can be analysed using the

respective real time cycler software, as known in the art.

A preferred assay for detection of DNA viruses is Polymerase Chain Reaction (PCR). However, any

nucleic acid amplification methods are also applicable, as known to the person skilled in the art.

The nucleic acid assay is preferably run as a real time assay (e.g. “qPCR”; Tagman™, Lightcycler™,;
Scorpion™ etc.).

In one embodiment, the invention provides primer and probe sequences for the detection of ApTV in
the methods and kits of the present invention. When the second virus is ApTV primers for the nucleic
acid assay of the invention can be any nucleic acid sequence of about 10-60 bases in length, e.g. 10-
30 bases in length, more specifically 10, 11, 12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29 or 30 bases in length, which hybridises to the ApTV genome (SEQ ID NO: 1) or the
complement thercof with a Tm of > 50°C, preferably 50°C-75°C, or 55°C-65°C, in the presence of
50mM monovalent cations. In a particular embodiment, the primer comprises a nucleic acid
sequence which is a fragment of SEQ ID NO: 1 or the complement thereof, wherein the fragment is
about 10-30 bases in length, e.g. 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29 or 30 bases in length.

In any particular primer pair, a first primer, referred to as the forward primer, will hybridise with the
ApTV genome and the second primer, referred to as the reverse primer, will hybridise with the
complement of the viral genome. In one embodiment, the ATm of any particular primer pair
comprising one forward and one reverse primer is < about 5°C, e.g. about 5°C, 4°C, 3°C, 2°C, 1°C or
less.

In one embodiment, the primers for use in the methods and kits of the present invention are designed
so that the fragment amplified by a specific primer pair is < about 150 bases in length, e.g. from
about 150 to about 50 nucleotides long including the primer sequences. In a specific embodiment, the
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amplified fragment may be about 140 bases, 130 bases, 120 bases, 110 bases, 100 bases, 90 bases, 80

bases, 70 bases, or 60 bases long including the primer sequences.

The invention also provides probe sequences for detecting the amplified PCR product, for use in the
methods and kits of the present invention. Probe sequences are about 10-60 bases in length, e.g. 20-
40 bases in length, more specifically 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 bases in length, and
hybridise with the ApTV genome (SEQ ID NO: 1) or its complement with a Tm of > 50°C,
preferably 50°C-75°C, or 55°C-65°C, in the presence of S0mM monovalent cations.

In a particular embodiment, the probe comprises a nucleic acid sequence which is a fragment of SEQ
ID NO: 1 or the complement therecof. The fragment may be 10-60 bases in length, e.g. 20-40 bases in
length, more specifically 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 bases in length.

Primers and/or probes (e.g. SEQ ID NOs: 2-4) may be labeled e.g. with a radiolabel, a fluorescent
label such as 5' 6-carboxyfluorescein (6FAM) label and/or a 3' ‘BlackBerry Quencher’ (BBQ) label
or any other label known in the art. Probes may be locked nucleic acid (LNA) oligonucleotides that
contain a cytosine modified with a 2'-O, 4'-C methylene bridge in its ribose conferring enhanced

hybridization performance.

The invention also provides nucleic acids which comprise a nucleotide sequence selected from SEQ
ID NOs: 2, 3 and 4 for use in the methods and kits of the present invention. These nucleic acids
should be single-stranded with a length of less than 80 nucleotides e.g. less than 50 nucleotides, or
less than 30 nucleotides. They can be useful as primers and/or probes for detecting MRV. The
nucleic acid may have the same 3' residue as the relevant SEQ ID NO: ie. it may comprise a
sequence 5'-X-Y-3' where: Y is a sequence selected from SEQ ID NOs 2, 3 and 4; and X is a
nucleotide sequence of 1 or more nucleotides. The nucleic acid with sequence 5'-X-Y-3' can

hybridize to an ApTV nucleic acid.

Viral polypeptide analysis

The analysing step in the methods of the present invention can be used to identify the presence or
absence of a polypeptide originating from the first and/or second virus. A positive result is the
detection of the presence of a viral polypeptide. A negative result is the absence of detection of a
viral polypeptide. As the present invention is directed in part to ensuring that biological samples are
free from contamination from viruses, it is anticipated that the assays of the invention will

predominantly be used to detect or confirm the absence of viral polypeptides.

Various techniques are available for detection of proteins, including but not limited to
immunoblotting (e.g. western blotting), immunoprecipitation, immunoelectrophoresis, mass-
spectrometry, immunodiffusion (e.g. SRID), immunochemical methods, binder-ligand assays (e.g.

ELISA), immunohistochemical techniques, agglutination assays, efc.

Immunoassay methods are preferred, in which protein is detected by using one or more antibodies.
Antibodies useful in these methods may be specific for any part of a viral protein (typically a

structural protein) but are ideally specific for a sequence which is well conserved between different

9
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isolates. Various immunoassay formats are available to the skilled person and these often involve the
use of a labeled antibody e.g. with an enzymatic, fluorescent, chemiluminescent, radioactive, or dye
label. Assays which amplify signals from immune complexes are also known e.g. those which utilize

biotin and avidin, and enzyme-labeled and mediated immunoassays, such as ELISA.

The “antibody” used in these methods can take various forms. Thus the antibody may be a polyclonal
or monoclonal preparation. For specificity and reproducibility reasons it is preferred to use a
monoclonal antibody. The antibody may be native antibodies, as naturally found in mammals, or
artificial. Thus the antibody may be, for example, a fragment of a native antibody which retains
antigen binding activity (e.g. a Fab fragment, a Fab' fragment, a F(ab'), fragment, a Fv fragment), a
“single-chain Fv” comprising a Vg and Vi domain as a single polypeptide chain, a “diabody”, a
“triabody”, a single variable domain or VHH antibody, a “domain antibody” (dAb), a chimeric
antibody having constant domains from one organism but variable domains from a different
organism, a CDR-grafted antibody, etc. The antibody may include a single antigen-binding site (e.g.
as in a Fab fragment or a scFv) or multiple antigen-binding sites (e.g. as in a F(ab’), fragment or a
diabody or a native antibody). Where an antibody has more than one antigen-binding site it is

preferably a mono-specific antibody i.e. all antigen-binding sites recognize the same antigen.

An antibody may include a non-protein substance e.g. via covalent conjugation. For example, an

antibody may include a detectable label.

The term “monoclonal” as originally used in relation to antibodies referred to antibodies produced by
a single clonal line of immune cells, as opposed to “polyclonal” antibodies that, while all recognizing
the same target protein, were produced by different B cells and would be directed to different
epitopes on that protein. As used herein, the word “monoclonal” does not imply any particular
cellular origin, but refers to any population of antibodies that all have the same amino acid sequence
and recognize the same epitope(s) in the same target protein(s). Thus a monoclonal antibody may be
produced using any suitable protein synthesis system, including immune cells, non-immune cells,
acellular systems, efc. This usage is usual in the field e.g. the product datasheets for the CDR-grafted
humanised antibody Synagis™ expressed in a murine myeloma NSO cell line, the humanised
antibody Herceptin™ expressed in a CHO cell line, and the phage-displayed antibody Humira™
expressed in a CHO cell line all refer the products as monoclonal antibodies. The term “monoclonal
antibody” thus is not limited regarding the species or source of the antibody, nor by the manner in
which it is made.

Antibodies used with the invention ideally bind to epitopes inside a polypeptide encoded within SEQ
ID NO: 1. Suitable epitopes can be identified in vitro or in silico using conventional epitope
prediction and mapping techniques. Once identified, an epitope can be confirmed as non-cross-

reactive with another virus of interest.

An immunoassay may be, without limitation, in a heterogeneous or in a homogeneous format, and of

a standard or competitive type.
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The invention provides antibodies that specifically bind to ApTV polypeptides for use in the methods
of the invention. In one embodiment, the invention provides antibodies that bind specifically to one
or more of the polypeptide encoded by SEQ ID NO: 1. By “binds specifically”, it is meant that the
antibodies bind to a polypeptide encoded by SEQ ID NO: 1 with substantially greater affinity than
BSA. Preferably, the affinity is at least 100-fold, 10°-fold, 10*-fold, 10°-fold, 10°-fold etc. greater for
the polypeptides of the invention than for BSA.

In one embodiment, the antibodies bind to the polypeptides encoded by SEQ ID NO: 1 with at least a
10- fold, 100-fold, 10°-fold, 10*-fold, 10°-fold, 10°-fold etc. greater affinity than its binding affinity
to a any viral polypeptide.

The polypeptides encoded by SEQ ID NO: 1 which bind specifically to the antibodies of the

invention are referred to as antigens.

Biological samples

The present invention is suitable for use with any biological sample. For example, clinical samples
are frequently tested for the presence of a particular virus. Thus the biological sample may be blood
or blood products such as: whole blood; blood fractions; blood components such as serum, plasma,
red blood cells, white blood cells and/or platelets; a coagulation factor concentrate, serum albumin,
or an immunoglobulin preparation. In one particular embodiment, the blood or blood product may be

from or destined for a blood bank and/or use for blood transfusion.

The invention can also be used for non-biological samples which might be contaminated with

viruses. For example, the sample might be a pharmaceutical product.
The sample may be a heat-inactivated sample, or a sample from a heat-inactivated product.

The biological sample may also be any tissue sample or biopsy, including but not limited to bone
marrow, kidney, liver, heart, lung, and/or skin. The biological sample may also be urine, fecal matter,
sputum, saliva, aspirate, pharangeal wash, bronchiolar lavage, amniotic fluid, synovial fluid,

follicular fluid, ascites fluid and/or cerebrospinal fluid.

In this embodiment, the invention provides a method for testing blood and/or a blood product for the

presence or absence of a first virus comprising the steps of:

(a) taking a sample of the blood and/or blood product
(b) adding an exogenous second virus to the sample; and
(c) detecting the presence of the second virus and the presence or absence of the first virus using

a method or kit of the present invention;
wherein the first and second virus are the same type of virus.

The invention also provides blood or a blood product that has been confirmed to be free from a first

virus using the methods or kits of the invention.

Blood products which can be tested using the invention include, but are not limited to: whole blood;
plasma (e.g. apheresis plasma or recovered plasma); serum; platelets; blood plasma products;

coagulation factor concentrate; coagulation factors such as factors VII, VIII, IX, or factor VIII/vWF;
11
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activated prothrombin complex concentrate (APCC) serum albumin, including human serum

albumin; or immunoglobulin preparations. The product may be a heat-inactivated product.

Any suitable first and second virus pair may be used in this embodiment of the invention. In

particular, where the first virus is MRV, the second virus may be ApTV.

In a further embodiment, the biological sample is a vaccine or intermediate in vaccine production (or
a sample thereof). In a particular embodiment, the biological sample is an intermediate from
influenza vaccine production or an influenza vaccine. The influenza vaccine may be produced in

embryonated eggs or in cell culture.

In particular, the cell-culture based influenza vaccine production or an influenza vaccine may be the
Optaflu™ process and vaccine described e.g. in WO 2008/068631. The most preferred cell lines for
growing influenza viruses are MDCK cell lines. The original MDCK cell line is available from the
ATCC as CCL-34, but derivatives of this cell line and other MDCK cell lines may also be used. For
instance, in WQO97/37000 a MDCK cell line is disclosed that was adapted for growth in suspension
culture (MDCK 33016, deposited as DSM ACC 2219). Similarly, WO01/64846 discloses a MDCK-
derived cell line that grows in suspension in serum-free culture ('B-702', deposited as FERM BP-
7449). W02006/071563 discloses non-tumorigenic MDCK cells, including 'MDCK-S' (ATCC PTA-
6500), MDCK-SF101' (ATCC PTA-6501), MDCK-SF102' (ATCC PTA-6502) and 'MDCK-SF103'
(PTA-6503). WO2005/113758 discloses MDCK cell lines with high susceptibility to infection,
including MDCK.5F1" cells (ATCC CRL-12042).

The cell culture based vaccine production process usually comprises the following steps: The starting
material for each monovalent bulk is a single vial of the MDCK working cell bank (WCB). The cells
are propagated in a chemically defined medium to optimize cell growth during production. The WCB
are expanded by sequential passage in spinner flasks followed by scale up in larger fermentation
vessels. Seed virus is added and virus propagation in the fermenter is performed over a period of two
to four days. At the end of the infection cycle, the virus suspension is centrifuged and filtered to
remove residual intact cells from the culture harvest. The centrifuged, filtered bulk termed clarified
virus harvest is the end of the fermentation process. The clarified virus harvest may be stored at room
temperature (16-25°C) in a stainless steel storage vessel for up to 24 hours. The influenza virus is
purified by chromatography and ultra-/diafiltration steps, inactivated by beta-propiolactone (BPL)
and disrupted by cetyltrimethylammonium bromide (CTAB) to solubilize the viral surface antigens
HA and NA. The drug substance production process concludes with a filtration of the concentrate
into the final bulk vessel to obtain monovalent bulk. Finally, the monovalent bulks can be blended
into multivalent bulks (typically trivalent bulks) and filled into their final container, e.g. syringes. It
is standard practice to minimize the amount of residual cell line DNA in the final vaccine, in order to

minimize any oncogenic activity of the DNA (see in detail WO 2008/068631).

The method of the invention may be performed at any stage(s) during vaccine manufacture, starting
from the seed virus and/or the cell substrate and/or the culture medium, through the viral infection

and growth stages, through viral harvest, through any viral processing (e.g. splitting and/or surface

12



10

15

20

25

30

35

WO 2012/114312 PCT/1B2012/050859
protein extraction), through vaccine formulation and then to vaccine packaging. Thus the assay used
according to the methods of the invention can be performed on the materials used to create the viral
culture, on the viral culture itself, and on material extracted and derived from the viral culture. The
assay need not be performed on each and every vaccine or culture, but can be used at appropriate
intervals as part of normal quality control. It is particularly useful when vaccine production is
changed for the new yearly strains recommended by regulatory authorities, at which stage new
cultures are established and must be subjected to new quality control. Methods of the invention are

advantageously used when performing assays on the seed virus used for vaccine manufacture.

It is particularly important that any assay used in the quality control of vaccine production is robust,
and not susceptible give false positive, false negative or variable results. The methods of the
invention provide a robust means of assuring the reliability of the assay to detect a contaminating

virus in a biological sample, in particular a vaccine or intermediate in the production of a vaccine.

In this embodiment, the invention provides a method for testing a vaccine and/or an intermediate in

vaccine production for the presence or absence of a first virus comprising the steps of:

(a) taking a sample of the vaccine and/or intermediate in vaccine production;
(b) adding an exogenous second virus to the sample;
(c) detecting the presence of the second virus, and the presence or absence of the first virus,

using a method or kit of the present invention;
wherein the first and second virus are the same type of virus.

The invention also provides a vaccine or intermediate in vaccine production that has been confirmed

to be free from a first virus using the methods or kits of the invention.

The invention also provides a method of manufacturing a vaccine free from a first virus comprising

the steps of:

(a) adding an exogenous second virus to an intermediate in the production of a vaccine (or
sample thereof) or to a bulk vaccine (or sample thereof);

(b) detecting therein the presence of the second virus and the presence or absence of the first
virus using a method or kit of the present invention; and

(c) formulating a vaccine free from the first virus,
wherein the first and second virus are the same type of virus.

Preferred methods of manufacturing vaccines and vaccine formulations, for example influenza
vaccines, are described in WO2006/027698, W02007/052163, W02008/032219, W02010/092477
and W02010/092476.

Methods of the invention do not have to be performed on a complete sample. Thus a sample can be
obtained, and the method can be performed on a portion of the sample e.g. on portions of a biopsy, or

on aliquots of a cell culture sample.

13



10

15

20

25

30

WO 2012/114312 PCT/1B2012/050859
Kits
The invention also provides kits for the detection of the presence or absence of a first and second
virus in a biological sample wherein the second virus is an internal positive control, comprising the
second virus and primers and/or probes for the detection of the second virus. Optionally, the kit may

further comprise primers and/or probes for the detection of the first virus.

In a particular embodiment, the kit comprises ApTV viral particles and primers and/or a probe for the
detection ApTV. In a specific embodiment, the primers have the sequence as recited in SEQ ID NOs:
2 and 3 (AV F primer: 5° CCC TGC TCC TAC TCA CAA TCT CC 3’ - SEQ ID NOs: 2 and AV R
primer: 5 AGC TTT CCT CTC CCA CAT CA 3° - SEQ ID NO: 3), and the probe has the sequence
as recited in SEQ ID NO: 4 (AV TM: LNA TagMan probe 5° Cy5-CTA CCA TCG CCA CAT GC-
BBQ 3’[LNA bases in bold]).

Kits of the invention may further comprise reagents for carrying out the nucleic acid assay including,
but not limited to, reverse transcriptase, Taq polymerase, polymerase buffer, dNTPs, RNase-free

water and random primers.

The invention further provides kits useful during the detection of the presence or absence of a virus
other than ApTV in a biological sample, comprising (i) ApTV viral particles and (ii) antibodies for
detection ApTV.

General

The term “comprising” encompasses “including” as well as “consisting” e.g. a composition
“comprising” X may consist exclusively of X or may include something additional e.g. X +Y.

The term “about” in relation to a numerical value x is optional and means, for example, x+10%.

The word “substantially” does not exclude “completely” e.g. a composition which is “substantially

free” from Y may be completely free from Y. Where necessary, the word “substantially” may be

omitted from the definition of the invention.
Tm for primers and probes is calculated using the formula:

Tn=81.5°C + 16.6°C x (logo[Na'] + [K']) + 0.41°C x (%GC) — 675/N
Further general information on influenza vaccines, including strains, cell lines for growth, doses,
combinations, formulations, efc. can be found in chapters 17 & 18 of Vaccines. (eds. Plotkin &
Orenstein) 4th edition, 2004. ISBN 0-7216-9688-0. Further details on viruses, including details of

viral structure and genome type, and life cycle during viral growth efc., can be found in Knipe &
Howley Fields Virology (4th edition, 2001). ISBN 0-7817-1832-5.
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MODES FOR CARRYING OUT THE INVENTION

Biological samples

Different biological samples were used during the development phase of the MRV RTD-PCR (table
2). Additionally, three potential inhibitory substances were investigated, which could potentially

interfere with the internal positive control.

Table 2: Investigated biological samples

Batch Influenza Strain Serotype

Fermenter harvests

(B1):

F110711_B1 (A/Solomon HIN1
Islands/3/06)

F110714_B1 (A/Wisconsin/67/05)  H3N2

F110717_B1 (B/Malaysia/2506/4)  Victoria

Seed virus:

522SSV0805 (B/Florida/4/06) Yamagata

522SSV0809 (A/Brisbane/59/07) HIN1

522SSV0811 (A/Uruguay/716/07)  H3N2

For the investigations of the influence of inhibitory substances on the performance of the RTD-PCR
method, three different components were used. MDCK host cell DNA, soluble MDCK host cell
proteins of a Bl supernatant and a concentrated influenza virus solution were selected as potential
inhibitory substances. The MDCK host cell DNA was isolated from batch 22.09.05 (0.6 x 10’
MDCK cells/ml; manufactured in the laboratories of the Cell Culture Technology (TDM)).

To produce a concentrated influenza virus solution and soluble MDCK host cell proteins, the
F110829 B1 sample was centrifuged for 2 hours at 55,000g. The pellet was resuspended in 5 ml
PF/CDM media.

The inhibitory substances and all investigated biological samples were characterized according to
DNA, total protein content and influenza virus concentrations. The analytical data is summarized in
table 3.

Table 3: Summary of the analytical data for the three inhibitory substances and the matrices that

were used during this evaluation. The DNA, the protein content and influenza virus concentration

are the average of three determinations.

Inhibitory DNA (ng/mL) Protein (ng/mL) Influenza  viruses
substances/matrices (copies/mL)
Inhibitory

substances:

Influenza  viruses 3937 1129 1.80 x 10"
(F110829 BI)

MDCK host cell 86539 ND ND

DNA

Matrices:

F110711_Bl 1206 102 1.54x 10"
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F110714 Bl 644 83 2.54x 10"
F110717 B1 757 51
6.12 x 109
Seed virus 1014 56 9.79 x 10°
5228SV0805
Seed virus 1080 45 1.84 x 10
522S8SV0809
Seed virus 300 23 6.35x 10°
522SSV0811
ND Not detectable

The Pico Green assay was used to quantify the DNA content of the inhibitory substances, the B1 and

seed virus samples.

The total protein content of the inhibitory substances and the matrices used was determined by the
uBradford method. The test principle is as for a normal Bradford but with low protein concentrations.
The samples were pre diluted with PBS buffer and measured against a BSA standard curve at 595 nm
absorption. The dye reagent is the quick start Bradford dye reagent (150 pul) from BioRad which was

incubated with the samples (150 pl) for 15 minutes before measurement.

To quantify the influenza virus copy number in a sample, a quantitative one step RT-PCR was used.
The samples were pretreated with 1.5 pl RNase A/T1 (3 ug RNase A and 7.5 U RNase T1) for 60
minutes at room temperature (about 22 °C) to digest free ssSRNA in a sample to quantify only
influenza RNA protected by virus particles. Afterwards, the RNA was extracted with a RNA specific
nucleic acid kit (MagNA Pure Compact Nucleic Acid Isolation Kit I - Large Volume).

For the quantitative RT-PCR, 5 pl of sample was used. The influenza virus RNA was reverse
transcribed (RT) and amplified (RT for 15 minutes at 50°C, Taq activation for 2 minutes at 95°C)
and detected by PCR (denaturing for 15 seconds at 94°C for 45 cycles; annealing/elongation for 45
seconds at 45°C for 45 cycles) using influenza A or influenza B specific primers and probes in a
SmartCycler Cepheid. The samples were measured against a standard to quantify the influenza virus
copy number. The standard is a ssSRNA fragment that was synthesized and cloned into the Kpnl and
Sacl sites of a T3/T7 transcription vector (pGA4—ampR). It was prepared as final ssRNA solutions of
10 ng/ml of ssSRNA (1 ml per aliquot). To prevent a non-specific absorption of the low concentration
of ssRNA to the tube, 100 ng/ul yeast tRNA in 1 x TE (pH 8.0) was added.

The effect of the choice of biological sample on variability of repeat assays was evaluated. The
duplicate determination of MRV-1 in three different B1 samples showed only slightly differences
between the determinations with a standard deviation of 0.72 Ct-values for the 6-FAM probe and
0.17 Ct-values for the Cy5 probe, respectively (table 4).

Table 4: Ct-values of the evaluation of the influence of inhibitory substances in three different Bl

samples. No significant difference was observed.

Probe F110711_B1 F110714 B1 F110717_B1  Average StDev

6-FAM 29.33 29.94 30.94 30.14 0.72
30.59 29.29 30.74

CyS 27.77 27.95 27.68 27.73 0.17
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| 27.57 | 27.53 | 27.90 | |

Primers, Probes and Reagents

To show the robustness of the primer and probe concentrations, slightly differences in the given
concentrations were used. The investigated concentrations were 0.5, 0.6 and 0.7 uM for the MRV
and ApTV primers (AV F primer: 5° CCC TGC TCC TAC TCA CAATCT CC 3’ - SEQ ID NOs: 2
5 and AV R primer: 5> AGC TTT CCT CTC CCA CAT CA 3° - SEQ ID NO: 3), 0.18, 0.20 and 0.22
uM for the MRV probe and 0.08, 0.10 and 0.12 pM for the ApTV probe. All combinations of the

investigated concentrations were measured in duplicate.

The investigation of slight differences in the primer and probe concentrations showed a standard
deviation below 0.7 Ct-values (table 5). Additionally, the maximal deviation from the mean Ct value

10 was below 1.5 Ct-values.

Table 5: Results of the investigation of slightly differences in the primer and probe concentrations.
No differences in the Ct-values of the MRV detection greater than 1.43 from the mean value

detectable.

Primer MRV 0.6 uM / Probe 0.2 uM Primer ApTYV 0.6 pM / Probe 0.1 pM

Primer AV | Probe AV | Ct-values Primer Probe MRV | Ct-values

(M) (M) MRV (6- | MRV (uM) | (uM) MRV (6-
FAM) FAM)

0.5 0.08 28.26 0.5 0.18 28.70

0.5 0.08 27.84 0.5 0.18 29.45

0.6 0.08 29.03 0.6 0.18 27.10

0.6 0.08 33.79* 0.6 0.18 29.04

0.7 0.08 27.96 0.7 0.18 27.90

0.7 0.08 27.83 0.7 0.18 28.64

0.5 0.12 28.00 0.5 0.22 29.40

0.5 0.12 28.66 0.5 0.22 28.84

0.6 0.12 27.25 0.6 0.22 29.53

0.6 0.12 27.37 0.6 0.22 28.82

0.7 0.12 28.00 0.7 0.22 28.87

0.7 0.12 27.38 0.7 0.22 28.62

Average 27.96 Average 28.74

Standard deviation 0.54 Standard deviation 0.68

Max Ct-value (difference) | 29.03 Max Ct-value (difference) | 29.53
(+1.07) (+0.79)

Min Ct-value (difference) 27.25(-0.71) | Min Ct-value (difference) 27.10 (-1.43)

To show the robustness of the method, three different operators, three days, three batches of each
15 primer and probe, three extraction kits and PCR kits were tested with two MagNA Pure LC
extractors and two LightCycler 480 PCR machines. The mean Ct-value of the MRV detection (8

single determinations per sample) was investigated to show the robust detection of the virus.

MRV could be detected in the 24 determinations (mean of 8 replicates) in the investigation of
different reagent lots, with a standard deviation of 1.00 Ct-value (table 6). In three cases, one or two

20 of the eight replicates per sample failed. However, overall the samples are termed positive.
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Table 6: Results of the investigation of different reagent lots. In all 24 determinations the MRV could
be detected. Additionally, the determined Ct-values showed a standard deviation of 1.00 Ct-value.

Assay PCR/ Primer and probe lot Ct-

extraction AV AV MRV | MRV | Vvalue
kit lot no. MRV | Average | StDev

primer | probe | primer | probe (6-
FAM)
28.33
31.34*
28.21
30.34
27.81
28.08
28.88
28.97
28.66
27.70
30.96
2878 12895 | 1.00
29.15%*
26.96**
27.96
28.89
28.85
29.34
29.91
29.22
28.90
28.90
29.07
29.68

09110DW | 10710420/
24.02.2009 | 14288500

09112SG 13633721/
25.02.2009 | 14237900

09122GS 14532820/
02.03.2009 | 13632100

W W[ = [ =N [ = [ [W [N == [ = [ [W N —= =] —
W= [ = [W [N —= [ f—=fwt o f— ] —
W[ |W (M= = [N W == W[N] = —
WL | === [W W[ —= == fw]lw (o f——]—

* Only 7 of 8 values positive
** Only 6 of 8 values positive

5 Internal Positive control for nucleic acid extraction

To control the efficiency of every extraction the ApTV extraction-internal positive control (EX-IPC)
was spiked into every sample. The nucleic acids of the EX-IPC and MRV were amplified and
detected by a different primer and probe set in a one step RT-PCR. Therefore, a competitive
inhibition of one of the two targets is possible, when the concentration of one of the two targets is too

10 high. Therefore, the concentration of the EX-IPC has to be adjusted to a concentration, that
guaranteed the robust detection of the EX-IPC and also a sensitively detection of MRV.

To show the robustness of the EX-IPC, 100, 200 and 300 pg/ml of the ApTV were used, with MRV
concentrations of 10> and 10° TCIDse/ml. Additionally, one sample without MRV was used. Per
MRV and ApTV concentration, one determination was performed, in total nine determinations (six

15 with MRV and three without MRV). The influence on the EX-IPC determination within MRV-free
B1 samples (NGK-EX-IPC) was investigated.
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Only slightly differences in the MRV determination were observed with a maximal standard
deviation of 0.56 Ct-values with EX-IPC concentrations in the range of 100-300 pg/mL. The EX-IPC
determination in samples without MRV (NGK-EX-IPC) had an equal low standard deviation (0.46
Ct-values; table 7). The evaluation of 25 NGK-EX-IPC controls showed a mean Ct-value of 28.39
(Standard Deviation 1.37).

Table 7: Ct-values of the MRV determinations with different EX-IPC concentrations.

Conc. of the EX-IPC | Ct-values at different MRV concentrations (TCID50/mL)
10° (6-FAM) 10% (6-FAM) NGK-EX-IPC (Cy5)
300 pg/ml 26.74 29.03 26.66
200 pg/ml 26.24 29.17 27.12
100 pg/ml 26.20 30.06 27.57
Average 26.39 29.42 27.12
StDev 0.30 0.56 0.46

Other controls

The second control (MRV-PC) controls the function of the 6-FAM labeled probe for the detection of
MRYV. The MRV-1 strain will be used at a concentration of 102 TCID50/mL in a MRV free Bl

sample.

The MRV-PC will be used for every assay. No ApTV will be spiked into the MRV-PC sample. The
Ct-values for the MRV-PC will be monitored in a control chart to see slightly differences during time
for the performance of the assay. The MRVPC will be spiked into a MRV-free B1 sample (NGK).
The control is called NGK-MRV-PC.

The third RTD-PCR control (MRV-IPC) is necessary to check the accurate performance of the
amplification and detection during the RTD-PCR. The MRV-IPC is a 256 base pairs long ssSRNA
construct. The construct was produced by the company Panomics (Fremont, California). The
fragment was synthesized and cloned into the Kpnl and Sacl sites of a T3/T7 transcription vector
(pGA4 — ampR). It was prepared as final ssSRNA solutions of 10 ng/mL of ssSRNA. To prevent a non-
specific absorption of the low concentration of ssSRNA to the tube, 100 ng/uL yeast tRNA in 1 x TE
(pH 8.0) were added. The MRV-IPC will be amplified and detected by the ApTV specific primers
and probe. The control demonstrates the functionality of the RTD-PCR in every assay. This control

can distinguish between extraction and PCR errors.

The forth control is the NTC (no template control). Here, only PCR water is used as template in the
RTD-PCR. This control is a negative control for the assay and is used to show any contaminations

during the performance of the assay.

Detection of MRV and EX-IPC

To show that there are no false positive results resulting from cross contamination during the nucleic
acid extraction, 10° TCIDso/ml MRV samples and MRV free samples were extracted crosswise. Only

the samples spiked with MRV should show a positive detection of MRV,
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MRYV was detected in all samples where MRV was added. All samples without MRV were analysed
as negative for MRV. The EX-IPC was detected in each case.

Conclusions

The evaluation of the EX-IPC showed a robust performance. The investigation of slightly differences
in primer and probe concentrations showed no significant influence. Additionally, the use of different

batches of reagents showed also no influence on the RTD-PCR performance.

There were no false positive or false negative results, and no cross contamination during the nucleic
acid extraction between samples spiked with 10° TCIDsp/ml and samples without a MRV was

observed.

It will be understood that the invention has been described by way of example only and

modifications may be made whilst remaining within the scope and spirit of the invention.
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CLAIMS

1.

A method for verifying the reliability of an assay to detect a first virus comprising the steps of:

(a) adding an exogenous second virus to a biological sample prior to analysing the nucleic acids
from the biological sample; and

(b) analysing the nucleic acids from the biological sample to detect the first and second virus;

wherein the first and second virus are the same type of virus.

A method for testing blood and/or a blood product, or a vaccine and/or an intermediate in vaccine
manufacture for the presence or absence of a first virus comprising the steps of:
(a) taking a sample of the blood and/or blood product, or vaccine and/or an intermediate in
vaccine manufacture
(b) adding an exogenous second virus to the sample; and
(¢) analysing the nucleic acids from the sample to detect the presence or absence of the first and
second viruses;

wherein the first and second virus are the same type of virus.

A method of confirming that a biological sample is substantially free from a first virus,

comprising the steps of:

(a) adding an exogenous second virus to a biological sample prior to analysing the nucleic acids
from the biological sample;

(b) analysing the nucleic acids from the biological sample to detect the first and second virus;
and

(c) detecting the presence of the first virus in the absence of detecting the second virus;

wherein the first and second virus are the same type of virus.

A method according to any one of claims 1 to 3, further comprising the step of extracting the
nucleic acids from the biological sample after adding the exogenous second virus to the biological

sample.

The use of a second virus as an internal positive control in an assay to detect a first virus in a

biological sample, wherein the first and second viruses are the same type of virus.

A method for verifying the reliability of an assay to detect a first virus that comprises the steps of:
(a) adding an exogenous second virus to a biological sample prior to analysing the viral
polypeptides from the biological sample; and
(b) analysing the viral polypeptides from the biological sample to detect the first and second
virus;
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wherein the first and second virus are the same type of virus.

A method of confirming that a biological sample is substantially free from a first virus,
comprising the steps of:
(a) adding an exogenous second virus to a biological sample
(b) analysing the viral polypeptides from the biological sample to detect the first and second
virus; and
(¢) detecting the presence of the second virus but the absence the first virus;

wherein the first and second virus are the same type of virus.

A method according to any one of claims 1 to 3 or claims 6 to 7 or the use according to claim 5,

wherein the first and second viruses have non-overlapping host ranges.

A method or use according to any preceding claim, wherein the first virus is an animal virus and

the second virus is a plant virus.

A method or use according to any preceding claim, wherein the first and second viruses are both

enveloped viruses or non-enveloped viruses.

A method or use according to any preceding claim, wherein the first and second viruses are both

filamentous viruses, icosahedral viruses, or complex viruses.

A method or use according to any preceding claim, wherein the first and second viruses are both
dsDNA viruses, sSDNA viruses, dsRNA viruses, +ssRNA viruses, -sSRNA viruses, ssSRNA
retroviruses or dsSRNA retroviruses.

A method or use according to any preceding claim, wherein the second virus is ApTV

A method or use according to claim 13, wherein the first virus is an icosehedral animal virus.

A method or use according to claim 14, wherein the first virus is a mammalian reovirus (MRV)

and the second virus is ApTV.

A method or use according to any one of claims 1 to 5 or 8 to 15, wherein the detection step

comprises a nucleic acid assay.
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A method or use according to claim 16, wherein the viruses are RNA viruses and the nucleic acid

assay is reverse transcriptase PCR (RT-PCR).

A method or use according to claim 17, wherein the nucleic acid assay is one step real-time RT-
PCR.

A method or use according to any one of claims 1 or 3 to 18 wherein the biological sample is a
vaccine or an intermediate in vaccine production; blood and blood products including serum,
plasma, red blood cells, white blood cells, platelets; tissue samples including bone marrow,

kidney, liver, heart, lung, or skin.

A method or use according to any one of claims 1 or 3 to 19, wherein the biological sample is an

influenza vaccine or an intermediate in the production of an influenza vaccine.

A method or use according to claim 20, wherein the influenza vaccine is produced in cell-culture.
A method or use according to claim 21, wherein the influenza vaccine in the Optaflu™ vaccine.

A primer for the detection of ApTV in a method or use of any preceding claim, comprising a
nucleic acid sequence of about 10-30 bases in length which hybridises to SEQ ID NO: 1 or the
complement thereof with a Tm 50°C-75°C in the presence of 50mM monovalent cations.

A probe for the detection of ApTV in a method or use of any preceding claim, comprising a
nucleic acid sequence of about 20-60 bases in length which hybridises to SEQ ID NO: 1 or the

complement thereof with a Tm 50°C-75°C in the presence of 50mM monovalent cations.

A primer according to claim 23 or the probe according to claim 24, wherein said nucleic acid

sequence comprises a fragment of SEQ ID NO: 1 or the complement thereof.
A primer or probe according to any one of claims 23 to 25, further comprising a detectable label.
A kit for the detection of first and second viral nucleic acids in a biological sample wherein the

second virus is an internal positive control, comprising the second virus or second viral nucleic

acid and primers and/or probes for the detection of the second virus.
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28. A method or use according to any one of claims 17 to 22, a primer or probe according to any one
of claims 23 to 26 or a kit according to claim 27, wherein the primers comprise a sequence as
recited in SEQ ID NOs: 2 and 3, and the probe comprises a sequence as recited in SEQ ID NO: 4.

29. A method for testing a vaccine and/or an intermediate in vaccine productions for the presence or
absence of a first virus comprising the steps of:
(a) taking a sample of the vaccine and/or intermediate in vaccine production;
(b) adding an exogenous second virus to the sample;
(¢) detecting the presence of the second virus and the presence or absence of the first virus using
a method according to any one of claims 1 to 22 or a kit according to claim 27;

wherein the first and second virus are the same type of virus.

30. A method of selecting an internal positive control (Ex-IPC) for an assay for the detection of a first
virus comprising:
(a) selecting a first virus;
(b) determining the virus type for the first virus;
(c) selecting a second virus of the same type with a non-overlapping host range; and
(d) confirming that both the nucleic acids of the first and second viruses can be extracted from a

biological sample using the same extraction procedure.

31. A method according to claim 30, wherein the first virus is an animal virus and the second virus is a

plant virus.

32. A method of manufacturing a vaccine free from a first virus comprising the steps of:
(a) adding an exogenous second virus to an intermediate in the production of a vaccine;
(b) detecting the presence of the second virus and the absence of the first virus using a method
according to any one of claims 1 to 22 or a kit according to claim 27; and
(c) formulating a vaccine free from the first virus,

wherein the first and second virus are the same type of virus.

33. A method according to claim 32 wherein the method according to any one of claims 1 to 22 is

applied within the fermentation step of a cell culture based production process

34. A method for the cell culture-based production of an influenza vaccine, characterised in that the
following steps are conducted:
(a) cells are propagated in a fermentation vessel,

(b) seced influenza viruses are added;
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(c) the influenza virus propagation is monitored for the presence of a first contaminating virus
using the method of claim any one of claims 1 to 22;

(d) the influenza virus suspension is centrifuged and filtered;

(e) the influenza virus is purified by chromatography and ultra-/diafiltration steps, inactivated,
disrupted to solubilize the viral surface antigens HA and NA;

(f) the antigens are filtrated to obtain monovalent bulk; and

(g) optionally, blending the monovalent bulk into multivalent bulks (typically trivalent bulks)

and filling into final container.
35. Aninfluenza vaccine produced by a method according to any one of claims 32 to 34.
36. A method for analysing a composition, comprising steps of (a) adding an exogenous control virus
to a sample of the composition, then (b) testing the sample for the presence of a virus of interest,

wherein the control virus and the virus of interest are different from each other but are the same

type of virus.
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