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(57) Abstract: The present disclosure relates to compositions, methods, mixtures, and kits for detecting the presence of, and for re -
moving, a virus from a product produced in an insect cell. The disclosure also relates to proteins, peptides, polypeptides, drug sub -
stances, biological products, vaccine antigens, and virus-like particles that are produced in an insect cell and that are free or substan -
tially free of a virus. The disclosure also relates to compositions, methods, assays, and kits for detecting a rhabdovirus in a sample.
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METHODS OF DETECTION AND REMOVAL OF RHABDOVIRUSES FROM CELL
LINES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application 61/886,438, filed
on October 3, 2013, the entire contents of which are incorporated by reference herein for all

purposes.
DESCRIPTION OF THE TEXT FILE SUBMITTED ELECTRONICALLY HEREWITH

[0002] The content of the text file submitted clectronically herewith is incorporated herein by
reference in its entirety: a computer readable format copy of the Sequence Listing (filename:

LIGO_026 01WO_SeqList ST25.txt; date recorded: October 3, 2014; file size 18Kb).
BACKGROUND

[0003] Inscct cells such as SF21 and SF9 cells are commonly used for protein expression,
including for the production of therapeutic biological products for use in human discase. Insect
cells are often used in conjunction with baculovirus expression systems. Such baculovirus-insect
cell expression systems have been used for the production of biological products due to their
ability to grow to high density and express sufficient levels of protein, and due to the fact that
they can readily be adapted to large scale suspension cultures. It has long been thought that these

cells are free of contaminating viruses, as a result of extensive testing.

[0004] There is a need in the art for insect cells that are free of contaminating viruses, for
methods for determining if the insect cells are free of contaminating viruses, and for products
produced from insect cells that are free of contaminating viruses and suitable for human

therapies.
SUMMARY OF THE INVENTION

[0005] In one aspect, the present disclosure provides compositions, methods, assays, and kits for
detecting contaminating agents in a sample. In some embodiments, the sample is a protein,
peptide, drug substance, biological product, virus, vaccine antigen, or virus-like particle (VLP)
preparation that is produced in or generated using an insect cell line. In some embodiments, the

insect cell line is Sf9 or Sf21. In some embodiments, the contaminating agent is a virus or a
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portion of a viral genome. In some embodiments, the disclosure provides compositions, methods,
assays, and kits for detection of a novel virus that is herein termed “Sf9 rhabdovirus.” In one
aspect, the present disclosure provides the nucleic acid sequence and other features of Sf9
rhabdovirus. In another aspect, the present disclosure provides compositions, methods, assays,
and kits for determining if the Sf9 rhabdovirus, or Sf9 rhabdovirus nucleic acids or Sf9
rhabdovirus particles in a sample are capable of replication. In some embodiments, the present
disclosure provides compositions, methods, assays, and kits for determining (i) if a sample
contains detectable levels of Sf9 rhabdovirus RNA, as measured by RT-PCR; (ii) if the Sf9
rhabdovirus RNA is present in nuclease resistant particles in the sample; and/or (iii) if the Sf9

rhabdovirus RNA is capable of replication.

[0006] In onec aspect, the present invention provides a method for detecting a virus comprising
detecting a nucleic acid sequence comprising at least 25, at least 50, at least 100, at least 250, at
least 500, at least 750, at least 1000, at least 1250, at least 1500, or at least 2000 contiguous
nucleotides of SEQ ID NO: 1 or the reverse complement of SEQ ID NO: 1. In some
embodiments, the method for detecting the virus disclosed herein comprises using one or more
primers and one or more labeled probes in a PCR assay. In some embodiments, the probe is a
labeled probe.

[0007] In some embodiments, the present disclosure provides a method for detecting a virus
wherein the method has a sensitivity level of between about 1 molecule of RNA and about 50
molecules of RNA.

[0008] In onc aspect, the present disclosure provides methods for removing a virus from a
protein, peptide, drug substance, biological product, vaccine antigen, or virus-like particle (VLP)
preparation, wherein the protein, peptide, drug substance, biological product, vaccine antigen, or
VLP preparation is gencrated using or produced in an insect cell, and wherein the virus
comprises a sequence having at least 50%, at least 55%, at least 60%, at least 65%, at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 99% homology to
SEQ ID NO: 1. In a further embodiment, the virus comprises a sequence according to SEQ ID
NO: 1. In embodiments, the insect cell is an Sf9 cell or an Sf21 cell. In further embodiments, the
S19 cell is derived from the cell line deposited as ATCC CRL-1711.

[0009] In one aspect, the present disclosure provides a protein, peptide, drug substance,

biological product, vaccine antigen, or VLP preparation produced in an insect cell, wherein the
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protein, peptide, drug substance, biological product, vaccine antigen, or VLP is substantially free
of a virus comprising a nucleotide sequence having at least 50%, at least 55%, at least 60%, at
least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at
least 99% homology to SEQ ID NO: 1. In a further embodiment, the virus comprises a sequence
according to SEQ ID NO: 1. In embodiments, the insect cell is an Sf9 cell or an Sf21 cell. In
further embodiments, the Sf9 cell is derived from the cell line deposited as ATCC CRL-1711.
The present invention also encompasses compositions comprising such substances and optionally
combined with pharmaceutically acceptable carriers, as well as kits for detecting the presence or
absence of the virus in such substances.

[0010] In one aspect, the present disclosure provides methods for detecting the presence or
absence of Sf9 rhabdovirus that is aggregated on and/or encapsidated in particles in a sample. In
some embodiments, the sample is a protein, peptide, drug substance, biological product, vaccine
antigen, or VLP preparation. In some embodiments, the method comprises the following steps:
(1) subjecting the sample to treatment with an enzyme that will degrade RNA; (ii) subjecting the
sample to one or more agents, such as a chaotropic agent, in order to stop enzymatic activity and
disrupt particles; (iii) detecting the presence or absence of Sf9 rhabdovirus RNA in the resulting
sample by RT-PCR. In further embodiments, the method comprises detecting the presence or
absence of Sf9 rhabdovirus RNA in the sample by RT-PCR prior to subjecting the sample to the
enzyme treatment in step (i). In some embodiments, the RNA signal detected after the steps (i)
and (ii) is compared to the RNA signal detected prior to step (i). In some embodiments, RNA
detected after enzyme treatment and disruption of particles is present in the sample in particles.
[0011] In one aspect, the present disclosure further provides fragments of the virus according to
SEQ ID NO: 1, or fragments of the sequence that is complementary to SEQ ID NO: 1, wherein
the fragments are labeled or chemically modified.

[0012] In one aspect, the present disclosure provides compositions comprising S. exigua cells
and a rhabdovirus. In some embodiments, the rhabdovirus comprises a sequence having at least
70% homology to SEQ ID NO: 1. In some embodiments, the rhabdovirus comprises a sequence

according to SEQ ID NO: 1.
BRIEF DESCRIPTION OF THE FIGURES

[0013] Figure 1 provides a map of the Sf9 rhabdovirus genome, shown in the sense orientation

(5" to 3").
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[0014] Figure 2 provides 9 individual images of the Sf9 rhabdovirus, imaged by transmission
electron microscopy (TEM).

[0015] Figure 3 is a graph showing the detection of Sf9 rhabdovirus RNA signals in insect cells
(AMCY-SeEl, AMCY-SeE4, AMCY-SeE5, HvAMI1, HzAM1, HzFB33, HsAM1, or AgAMI)
exposed to Sf9Y cell-conditioned medium at pre-infection or at passage 0, 1, or 2. Data are

expressed as femtograms (fg) rhabdovirus RNA per ug of total cellular RNA.
DETAILED DESCRIPTION

[0016] The present disclosure provides compositions, methods, assays, and kits for identifying
contaminating agents in a sample and/or for removing contaminating agents from a sample. In
part, the disclosure provides a novel virus that was identified as present in the insect cell line Sf9
cells. S cells and other insect cell lines, which are commonly used in drug development to
produce biological products for therapeutic purposes, have long been thought to be free of
contaminating viruses. However, the present inventors surprisingly found that the novel virus
disclosed herein was present in Sf9 cells. Based on the work described herein, the novel virus
was determined to be a rhabdovirus. Although the rhabdovirus was found in cell lines other than
S19, the rhabdovirus disclosed herein is herein termed “Sf9 rhabdovirus.” The sequence of the

S19 rhabdovirus is provided herein as SEQ ID NO: 1.

[0017] The present disclosure provides nucleic acids and other features of the virus, methods,
assays, and kits for use in detecting the virus, and cells or biological products that are
substantially free of the virus. In one embodiment, the biological products are products for
therapeutic and/or diagnostic purposes. In a further embodiment, the biological products for
therapeutic and/or diagnostic purposes are generated, at least in part, using an insect cell line. In
a further embodiment, the insect cell line is Sf9 or Sf21.

[0018] In one aspect, the present disclosure provides compositions, assays, methods and kits for
detecting the presence of a virus in Sf9 cells. In one aspect, the present disclosure provides
compositions, assays, methods and kits for detecting the presence of a virus in a protein, peptide,
drug substance, biological product, vaccine antigen, or VLP preparation. In a further
embodiment, the drug substance was generated using, or produced in, insect cells such as Sf9
cells. In one aspect, the present disclosure provides compositions, assays, methods, and kits for

determining if an Sf9 rhabdovirus is aggregated on or encapsidated within particles in a sample,
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such as a protein, peptide, drug substance, biological product, vaccine antigen, or VLP
preparation. In one aspect, the present disclosure provides compositions, assays, methods, and
kits for determining if an Sf9 rhabdovirus identified in a sample (e.g., a protein, peptide, drug
substance, biological product, vaccine antigen, or VLP preparation) is capable of replication.
[0019] In one aspect, the present disclosure relates to the detection of a virus in a sample. In one
embodiment, a target nucleic acid is isolated, amplified, and detected. Methods for isolating,
amplifying, or detecting nucleic acids, including methods for detecting and amplifying target
RNA sequences (for example, by reverse transcription PCR (RT-PCR)) are well known in the
art, for example, in Sambrook et al, Molecular Cloning, A Laboratory Manual, Fourth Edition
(2012 and Ausubel et al, Current Protocols in Molecular Biology (2011).

[0020] In one aspect, the present disclosure provides a method for detecting a virus comprising
detecting a nucleic acid sequence comprising at least 25, at least 50, at least 100, at least 250, at
least 500, at least 750, at least 1000, at least 1250, at last 1500, or at least 2000 contiguous
nucleotides of SEQ ID NO: 1 or the reverse complement of SEQ ID NO: 1. In some
embodiments, the method for detecting the virus disclosed herein comprises using one or more
primers and one or more labeled probes in a PCR assay. In further embodiments, the method
comprises using a forward primer having a sequence according to SEQ ID NO: 2
(TCTGTATTATGGGTTTGATCAGCTAAG) and a reverse primer having a sequence according
to SEQ ID NO: 3 (CTCGCTGCTGAGCGGTTT). In some embodiments, the method comprises
using a probe having a sequence according to SEQ ID NO: 4 (AGGATTGGAGAATTATAC).
[0021] In some embodiments, the present disclosure provides a virus according to SEQ ID NO:
1. In some embodiments, the present disclosure further provides fragments of the virus according
to SEQ ID NO: 1, or fragments of the sequence that is complementary to SEQ ID NO: 1. In
some embodiments, the fragments of the Sf9 rhabdovirus genome or the sequence
complementary to the rhabdovirus genome are labeled or chemically modified.

[0022] In some embodiments, the present disclosure provides a labeled probe comprising a
sequence that is capable of detecting the Sf9 rhabdovirus. In some embodiments, the labeled
probe is complementary to a portion of the Sf9 rhabdovirus genome or to the reverse
complement of a sequence in the Sf9 rhabdovirus genome.

[0023] In some embodiments, the sequence, fragment, or probe is labeled with a fluorophore

selected from the group consisting of fluorescein and fluroscein derivatives such as, for
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example, FAM, VIC, JOE, 5-(2'-aminoethyl) aminonaphthalene-1- sulphonic acid, coumarin and
coumarin derivatives, lucifer yellow, texas red, tetramethylrhodamine, 6-Carboxy Fluorescein,
tetrachloro-6-carboxyfluoroscein, 5- carboxyrhodamine and cyanine dyes. In one embodiment,
the probe is labeled with 6-carboxy-fluorescien (FAM). In some embodiments, the present
disclosure provides a method for detecting a virus wherein the method has a sensitivity level of
between about 1 molecule of RNA and about 50 molecules of RNA. In further embodiments, the
method has a sensitivity level of between about 2 molecules of RNA and about 20 molecules of
RNA. In other embodiments, the sensitivity level of the method is about 2, about 3, about 4,
about 5, about 6, about 7, about 8, about 9, about 10, about 11, about 12, about 13, about 14,
about 15, about 16, about 17, about 18, about 19, about 20, about 21, about 22, about 23, about
24, or about 25 molecules of RNA.

[0024] In one aspect, the present disclosure provides a protein, peptide, drug substance,
biological product, vaccine antigen, virus, or VLP preparation produced in an insect cell, or
compositions comprising a protein, peptide, drug substance, biological product, vaccine antigen,
virus, or VLP preparation produced in an insect cell. In some embodiments, the VLP preparation
is a Calicivirus VLP preparation. In further embodiments, the VLP preparation is a Norovirus
VLP preparation. VLP preparations include monovalent or multivalent VLP preparations that
include one or more capsid proteins or portions of capsid proteins from one or more virus or viral
strain. For example, Norovirus VLP preparations include monovalent or multivalent VLP
preparations that include one or more capsid proteins or portions of capsid proteins from one or
more Norovirus genogroups. “Monovalent VLPs” as used herein refer to VLPs that contain VLP
antigens from a single viral strain, whereas “multivalent VLP” as used herein refers to VLPs that
contain VLP antigens from two or more viral strains. Different Monovalent VLPs may be
present together in the same VLP formulation. For example, in some embodiments, the
Norovirus VLP preparations may comprise VPl and/or VP2 capsid from one Norovirus
genogroup, or may comprise VP1 and/or VP2 proteins from one Norovirus genogroup along
with VP1 and/or VP2 proteins from a second Norovirus genogroup. An example of a Norovirus
VLP preparation is the Norovirus genogroup I, genotype 1/Norovirus genogroup II, genotype 4
(GI.1/GIL4) bivalent VLP, which is described, for example, in .

[0025] In one aspect, the present disclosure provides kits for detecting the presence or absence of

a virus having a sequence of at least 50%, at least 55%, at least 60%, at least 65%, at least 70%,
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at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 99% homology to
SEQ ID NO: 1 in a sample, wherein the kit comprises one or more primers. In some
embodiments, the kit comprises a forward primer, a reverse primer and a probe. In further
embodiments, the forward primer has a sequence according to SEQ ID NO: 2; the reverse primer
has a sequence according to SEQ ID NO: 3; and the probe has a sequence according to SEQ ID
NO: 4. In some embodiments, the probe is labeled with a fluorophore selected from the group
consisting of fluorescein and fluroscein derivatives such as, for example, FAM, VIC, JOE, 5-(2'-
aminoethyl) aminonaphthalene-1- sulphonic acid, coumarin and coumarin derivatives, lucifer
yellow, texas red, tetramethylrhodamine, 6-Carboxy  Fluorescein, tetrachloro-6-
carboxyfluoroscein, 5- carboxyrhodamine and cyanine dyes. In one embodiment, the probe is
labeled with 6-carboxy-fluorescien (FAM).

[0026] In one aspect, the present disclosure provides compositions, methods, assays, and kits for
a test to determine if Sf9 rhabdovirus is present in a sample, and to determine if the Sf9
rhabdovirus is capable of replication. In some embodiments, the method comprises detecting the
presence or absence of Sf9 rhabdovirus in the sample by RT-PCR, wherein the method
comprises using one or more primers and one or more labeled probes in a PCR assay, wherein
the assay comprises the use of a forward primer having a sequence according to SEQ ID NO: 2
(TCTGTATTATGGGTTTGATCAGCTAAG) and a reverse primer having a sequence according
to SEQ ID NO: 3 (CTCGCTGCTGAGCGGTTT), and a labeled probe having a sequence
according to SEQ ID NO: 4 (AGGATTGGAGAATTATAC). In embodiments, the present
disclosure further provides methods for determining if the Sf9 rhabdovirus RNA signal in the
sample is present in particles and/or aggregates, comprising subjecting the sample to RNase A
treatment followed by treatment with a chaotropic agent in order to stop RNase A activity and
disrupt particles. The treated sample is then subjected to RT-PCR assay as described above. An
S19 rhabdovirus RNA signal in the resulting sample indicates that the S9 rhabdovirus is present
in particles in the sample. In embodiments, the present disclosure further provides methods for
determining if the Sf9 rhabdovirus RNA is capable of replication. To that end, the sample is
incubated with a cell line permissive of Sf9 rhabdovirus replication such as, for example, S.
exigua cells, followed by passage of the cells. An increasing Sf9 rhabdovirus RT-PCR signal
indicates that the virus is capable of replication. Thus, the present disclosure provides kits for

detecting the presence or absence of Sf9 rhabdovirus, as well as for assessing the infectivity of
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the Sf9 rhabdovirus. In embodiments, the kit comprises (i) forward and reverse primers and a
probe for detection of Sf9 rhabdovirus RNA; (ii) an RNase; (iii) a chaotropic agent; and (iv) an
S. exigua cell line.

[0027] In one aspect, the present disclosure provides insect cells that are free of rhabdovirus,
rhabdovirus nucleic acids, or rhabdovirus particles, or free of rhabdovirus expression. In further
embodiments, the insect cells are Sf9 or Sf21 cells. In some embodiments, the insect cells are
free of the Sf9 rhabdovirus disclosed herein, free of Sf9 rhabdovirus nucleic acids or particle. In
some embodiments, the rhabdovirus has been removed from the Sf9 or Sf21 cells. In other
embodiments, the expression of rhabdovirus, rhabdovirus nucleic acids, or rhabdovirus particles
is blocked in the insect cells. For example, in some embodiments, rhabdovirus expression is
blocked by siRNA or antisense oligonucleotides targeted to the rhabdovirus genome. Thus, in
some embodiments, the present disclosure provides fragments of the Sf9 rhabdovirus genome or
the sequence complementary to the rhabdovirus genome. In further embodiments, the fragments
of the Sf9 rhabdovirus genome or the sequence complementary to the rhabdovirus genome are
labeled or chemically modified. Thus, in some embodiments, the present disclosure provides
labeled or chemically modified siRNA or antisense oligonucleotides corresponding to SEQ ID
NO: 1 or its complementary sequence.

[0028] In onc aspect, the present disclosure provides methods for removing rhabdovirus from
proteins, peptides, drug substances, biological products, vaccine antigens, or VLP preparations
produced in insect cells. In some embodiments, the methods further comprise detecting the
presence or absence of the rhabdovirus (e.g., Sf9 rhabdovirus) following purification. In some
embodiments, the methods for removing rhabdovirus from proteins, peptides, drug substances,
biological products, vaccine antigens, or VLP preparations produced in insect cells comprise, for
example, chromatography (e.g., ion exchange chromatography, hydrophobic interaction
chromatography, SDR HyperD chromatography, and other chromatographic methods known in
the art and disclosed, for example, in U.S. Patent No. 8,481,693, which is incorporated herein by
reference in its entirety), filtration (e.g., ultrafiltration, diafiltration, and 0.2um filtration),
treatment with detergent, or other purification methods, wherein the methods further comprise
detecting the presence or absence of the rhabdovirus following purification.

[0029] Rhabdoviruses belong to the family Rhabdoviridiae (order: Mononegavirales) which is a

diverse family of negative (-) sense RNA viruses that includes at least 6 genera: Lyssavirus
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(which includes, among others, rabies virus), vesiculovirus (which includes, among others,
vesicular stromatitis virus (VSV)), ephemerovirus (which includes, among others, bovine
ephemeral fever virus), cytorhabdovirus (which includes, among others, plant viruses such as
lettuce necrotic yellows virus), nucleorhabdovirus (which includes, among others, plant viruses
such as potato yellow dwarf virus), and norvirhabdovirus.

[0030] Insect cells such as cells from Spodoptera frugiperda and other Lepidopteran insect
species are well known in the art and are commonly used to support the infection and replication
of baculoviruses or other viruses for the production of recombinant proteins, for example, for
production of therapeutic products including vaccines. The Sf9 cell line is a clonal isolate of
Sf21 cells, originally obtained from S. frugiperda ovarian cells. Sf9 cell line ATCC CRL-1711
was deposited with the American Type Culture Collection (ATCC) in 1983. Other insect cell
lines include, but are not limited to, Spodoptera exigua, Heliothis virescens, Helicoverpa zea,
Heliothis subflexa, Anticarsia gemmatalis, and others.

[0031] The term “Sf9 rhabdovirus,” as used herein, refers to the novel virus disclosed herein.
The nucleic acid sequence of the Sf9 rhabdovirus is provided herein as SEQ ID NO: 1. As used
herein, the term "replication competent” or "replication capable”, when used to describe a Sf9
rhabdovirus or Sf9 rhabdovirus RNA molecule, means a virus or an RNA molecule which is self-
replicating and provides for transcription in a host cell.

[0032] As used herein, the term “primer” refers to a series of nucleotide residues that has a
sufficient number of bases to be used in a PCR reaction. A primer may be used to amplify,
confirm, or reveal the presence of an identical, similar, or complementary DNA or RNA in a
sample. As used herein, the term “probe” refers to a nucleic acid sequence used in the detection
of identical, similar, or complementary nucleic acid sequences.

[0033] In one aspect, the present disclosure provides compositions, methods, assays, and kits for
detecting a virus in a sample, or removing a viras from a sample, wherein the sample is a protein,
peptide, drug substance, biological product, vaccine antigen, or VLP preparation. As us¢d herein,
the torms “virus-like particle and VLP” arc used interchangeably and refer to a structure that in
ong attribute resembles a virus but which has not been demonstrated to be infectious. The term
“drug substance, as used herein, refers to the material that contains a therapeutic drug and that is
used to formulate, along with cxcipients, a pharmaccutical composition or drug product. A

“binlogical product,” as uscd herein, refers to a product or material that s produced by a cell or
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organism. The biological product may be a natural product of the organism, or may be produced
by an organism that has been altercd in some way such that it produces the biclogical product.
Examples of biclogical products include, but are not limited to, vaccings, antibodies {(e.g.,
monoclonal antibodies), therapeutic proteins, viruses {¢.g., recombinant viruses for gene therapy
such as, for examople, a baculovirus), enzymes, growth factors, polysaccharides, mucleic acids
mchuding DNA and RNA, and particles {e.g., virus-like particles). Biological products may be
altered, for exarple by glycosylation or radiolabeling.

[0034] In one aspect, the present disclosure provides compositions, methods, assays, and kits for
detecting Sf9 rhabdovirus that is capable of replicating, or for determining if an Sf9 rhabdovirus
is replication competent. Thus, in one aspect, the present disclosure provides means for
determining if the Sf9 rhabdovirus present in a sample is capable of replication. In some
embodiments, the method comprises incubating the sample comprising Sf9 rhabdovirus RNA
signal with a cell line that is capable of supporting Sf9 rhabdovirus replication. In some
embodiments, a cell line capable of supporting Sf9 rhabdovirus replication may be, for example,
a Spodoptera exigua cell line. Several such cell lines are disclosed herein and include cell lines
derived from Spodoptera exigua cells such as, for example, BCIRL/AMCY-ScEI,
BCIRL/AMCY-ScE4, and BCIRL/AMCY-SeES. In some embodiments, the S. exigua cell lines
are cultured in EX-Cell 420 medium with 10% fetal bovine serum. In some embodiments,
replicating Sf9 rhabdovirus is detected by measuring the Sf9 rhabdovirus RNA signal by RT-
PCR as disclosed herein at several time points. For example, in one embodiment, RT-PCR to
detect Sf9 rhabdovirus RNA is conducted on samples prior to incubation with the cell line;
immediately after incubation with the cell line (at passage 0), and after subsequent passages of
the cell line (e.g., after passages 1 and 2). After at least onc passage, an increase in the Sf9
rhabdovirus RNA signal as detected by RT-PCR indicates that the virus is replicating in the S.
exigua cell line. A decrease in or lack of change in the Sf9 rhabdovirus RNA signal as detected
by RT-PCR indicates that the Sf9 rhabdovirus RNA signal is not associated with a virus that is
capable of replication.

[0035] As used hercin, the terminology that a cell line, sample, protein, peptide, drug substance,
biological product, vaccine antigen, VLP preparation, and the like is “substantially frec” of a

virus means that the cell, sample, protein, peptide, drug substance, biological product, vaccine

10
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antigen, VLP preparation and the like docs not comprisc a detectable level of the virus as
measured by a PCR or RT-PCR assay or the like.

[0036] In some embodiments, the compositions, methods, and kits described herein utilize
enzymes to degrade RNA, such as ribonucleases (RNases). RNases are nucleases that degrade
RNA. In some embodiments, RNases provide a thorough means to degrade a non-encapsidated
RNA that might otherwise be resistant to degradation due to aggregation. RNases can be
endoribonucleases such as RNase A, RNase H, RNase III, RNase I, and others; or
exoribonucleases such as RNase II, RNase R, exoribunuclease I, or others. Ribonuclease A
(RNase A) is a pancreatic ribonuclease often used in rescarch, and specifically cleaves single-
stranded RNA.

[0037] Chaotropic agents are known in the art and include, but are not limited to, butanol,
ethanol, propanol, phenol, magnesium chloride, lithium perchlorate, lithium acetate, guanidinium
chloride, sodium dodecyl sulfate, thiourea, and urca. Chaotropic agents weaken the hydrophobic
effect of other molecules by disrupting hydrogen bonding. Thus, chaotropic agents disrupt the
structure of and/or denature molecules such as nucleic acids, proteins, and lipid bilayers. In
addition, chaotropic agents are capable of preventing the activity of RNase enzymes or DNase
enzymes by denaturing the enzymes, and are also capable of disruption or disassembly of
particles such as VLPs.

[0038] As used herein, the singular forms “a,” “an,” and “the” include plural terms unless the
context of use clearly indicates otherwise. The term “or” is understood herein to be inclusive.

The meaning of the phrase “at least one” is equivalent to the meaning of the phrase “one or

2% < 2% <

more.” The terms “comprise,” “comprising,” “containing,” “having,” and the like may mean
“including” and the like. The use of the term “about” throughout this application is intended to
indicate that a value includes the standard deviation of error for the method being employed to
determine the value or, where appropriate, includes a value of 20% greater than or less than the

recited value.
EXAMPLES
Example 1. Detection of rhabdovirus in Spodoptera frugiperda S19 insect cell line

[0039] End of production cell (EOPC) material resulting from recombinant baculovirus infection

of the Spodoptera frugiperda S9 insect cell line was subjected to random screening for retroviral
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clements of insect origin. To this end, virus particle-associated RNA was prepared from EOPC
material and was subjected to random primer RT-PCR cloning. DNA sequence analysis of
resulting plasmid DNA clones allowed for the assembly of a sequence contig consistent with the
presence of a replication competent rhabdovirus genome consisting of 13,267 nucleotides and
containing six open reading frames. Homology searches at the amino acid sequence level
revealed weak but consistent homology to the L protein of numerous rhabdoviruses with the
highest homology scores associated with rhabdoviruses of plant origin.

[0040] qRT-PCR assays were developed for the Sf9 cell-associated rhabdovirus, and
demonstrated consistent signals in total cellular RNA, conditioned medium, and baculovirus
lysates of a working Sf9 cell bank. Similar signals were detected in the ATCC-derived Sf9 cell
line (ATCC CRL-1711) which dates back to a 1983 freeze-down, indicating that the rhabdovirus
contaminant was likely present in the original isolation of the Sf9 cell line.

[0041] Analysis of two human cell line samples harvested at different passage levels post
exposure to EOPC material demonstrated a strong rhabdovirus signal in the passage 1 cells, but
rapidly decreasing signals to background levels between passages 4 and 6 consistent with
dilution of EOPC material with passage and demonstrating no apparent ability of the virus to
replicate in human cells.

[0042] Norovirus VLP vaccines such as the Norwalk VLP and Consensus VLP vaccine
formulations are described, for example, in U.S. Patent Nos. 7,955,603, 8,431,116, 8,481,693,
and 8,841,120; and U.S. Patent Application Publication Nos. 2011-0182975, 2013-0273102, and
2014-0004145, cach of which is incorporated herein by reference in its entirety for all purposes.
The intramuscular Norovirus GI.1/GIL.4 Bivalent Virus-Like Particle (VLP) Vaccine Adjuvanted
with Monophosphoryl Lipid A (MPL) and Aluminium Hydroxide (Al(OH)s) has been tested in
at least 133 subjects (a total of 234 subjects have been enrolled in studies; 133 subjects received

vaccine and 101 received placebo).

Example 2. Random primer cloning and analysis of particle-associated RNA sequences in
EOPC material

[0043] To detect possible RNA-containing virus or virus-like particles, we started with EOPC
material for random RT-PCR cloning purposes. EOPC material was clarified of debris then
subjected to nuclease digestion to eliminate free (not particle-associated) nucleic acids.

Following nuclease digestion, the material was centrifuged at 100,000 x g through a 20% sucrose
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cushion in order to collect virus particles. It was expected that significant amounts of intact
baculovirus would also be collected in this process. High speed pelleted material was then
subjected to nucleic acid extraction and then treated with RNase-free DNase in order to remove

baculovirus and genomic DNA, while leaving any viral RNAs intact.

[0044] A random N9 primer tagged with a Not 1 restriction site at it 5 end
(TATTGCGGCCGCTTCTTNNNNNNNNN ) was used for both the first strand reverse
transcriptase reaction and the second strand Klenow DNA polymerase reaction, resulting in
double stranded DNAs that could be amplified using a PCR primer consisting of the Not 1
sequence tag (TATTGCGGCCGCTTCTT). PCR amplification resulted in the amplification of a
few distinct bands indicating a limited amount of sequence complexity in the isolated RNA
population. This procedure was repeated several times resulting in a different but distinct
collection of bands cach time (not unexpected due to the use of random priming). Of 142 clones
that were initially sequenced, one clone was found to exhibit homology to an insect viral reverse
transcriptase, while 32 clones were shown to be distantly homologous to the L protein of
rhabdoviruses. The rhabdovirus homologies were observed at the amino acid sequence level
only and were in the range of 24-26% homology through part of the L gene. The remaining
sequences were found to represent ribosomal sequences, baculovirus sequences or sequences
with no known homologies at the nucleotide or amino acid sequence levels. The isolation of
baculovirus and ribosomal clones is an indication of the presence of certain RNA and DNA
sequences that resisted nuclease treatment during the viral RNA isolation process.

[0045] Further sequence analysis of all of the clones showing rhabdovirus homology as well as
the clones that showed no detectable homology to the Genbank database resulted in the building
of two large sequence contigs of approximately 7,000 and 4,500 nucleotides, respectively, with
cach containing a portion of an open reading frame with homology to rhabdovirus L proteins. In
order to determine if the two sequence contigs were part of the same viral genomic sequence,
additional RT-PCR cloning was conducted using one primer from each contig. The additional
cloning resulted in the isolation of clones representing the sequences spanning these two contigs.
Finally, employing rapid amplification of cDNA ends (RACE) techniques allowed for the
isolation of 5° and 3’ end clones completing the sequence of the 13,267 nucleotide novel

rhabdovirus genome (SEQ ID NO:1).
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[0046] The feature map of the rhabdovirus genome is shown in Figure 1. The map shows the
sense orientation (5° to 3”) of a negative strand RNA virus that is a member of the Rhabdoviridae
family based on the following criteria:

1. Amino acid sequence homology between the large open reading frame of this virus and
the L (large polymerase) genes of numerous rhabdovirus sequences reported in Genbank;

2. Genomic organization and sizes of the remaining genes is typical of rhabdoviruses in
general;

3. The presence of a short accessory gene between G and L is common in many types of
rhabdoviruses;

4. The absence of any homology between the N, P, M and G genes of this virus and any
other virus. The latter is typical of rhabdoviruses which represent a large and very
diverse group of viruses in which homology between members is often found only in the
L gene product. (See Ammar et al., Annu Rev Entomol 54; 447 (2009); Jackson et al.,
Annu. Rev. Phytopathol 43, 623 (2005); Walker et al., Virus Res. 162(1-2), 110 (2011).)

[0047] The assignment of the N, P, M and G open reading frames was based on the standard
rhabdovirus genomic layout and sizes of the coding sequences. Consistent with this was the fact
that the G gene clearly encodes a type 1 membrane glycoprotein with expected hydrophobic
signal peptide and transmembrane domains.

[0048] While the Sf9 rhabdovirus was isolated from an insect cell line, homology relationships
with other rhabdoviruses indicate that this may be a plant virus carried by an insect vector (sec
Table 1 below). Plant rhabdoviruses are often carried by insect vectors and generally replicate
in the insect vectors multigenerationally (Ammar er al. (2009)). Indeed, the Sf9 cell line (a
derivative of the original Sf21 cell line) was derived from ovarian tissue of Spodoptera
frugiperda (fall armyworm) suggesting that the virus is capable of vertical transmission in the
insect vector host (Vaughn et al., In Vitro, 13(4); 213 (1977)).

[0049] Examination of the homology data in Table 1 shows that the Sf9 rhabdovirus is distantly
related to other rhabdoviruses via examination of L gene amino acid sequence homology. The
hits with the highest scores are all plant rhabdoviruses followed by mammalian rhabdoviruses.
Importantly, none of the other genes in the Sf9 rhabdovirus show any homology with any other
virus at either the RNA or amino acid sequence level and this level of divergence is typical of

plant rhabdoviruses (Ammar et al. (2009); Jackson et al. (2005); Walker et al. (2011)).
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Example 3. Quantification of the Sf9 rhabdovirus in Sf9 cells, conditioned medium, and
baculovirus lysates.

[0050] A Tagman qRT-PCR assay was developed in order to quantify Sf9 rhabdovirus RNA in
various cultures fractions. The qRT-PCR assay used to quantify rhabdovirus RNA was a single
step Tagman assay that employs forward and reverse primers in both the RT and PCR steps.
Therefore the assay is capable of detecting both positive- and minus-strand RNA. The RNA
standard employed in this assay as a positive control and for quantification purposes was a
minus-strand RNA produced via in vitro transcription. Using this standard, the assay had a limit
of detection of approximately 4 molecules of RNA.

[0051] The primer and probe sequences are located in a 64 nucleotide target sequence spanning
nucleotide positions 7200-7264 within the L gene. The primer and probe sequences are as

follows:

EOPC60 FWD: TCTGTATTATGGGTTTGATCAGCTAAG

EOPC60 REV : CTCGCTGCTGAGCGGTTT

EOPC60 Prb: 6FAM-AGGATTGGAGAATTATAC
[0052] A standard curve RNA for quantification purposes was prepared by in vitro transcription
of EOPC clone 60 DNA using T7 RNA polymerase following lincarization of the plasmid DNA.
Template plasmid DNA was subsequently digested with DNase and the standard curve RNA was
purified. An RNA of approximately 5kb was expected but two RNAs of equal intensity, 3.5 kb
and 5 kb, were produced as shown by gyoxal-agarose gel analysis. The smaller of the two RNAs
is large enough to contain the target sequence and was likely produced as a result of premature
transcription termination. For quantification purposes, the average molecular weight of the
standard curve RNA is therefore 4.25 kb or 1.4 x 10° Daltons. The standard curve RNA was
shown to yield only a trace signal when run in a PCR reaction without a reverse transcriptase
step demonstrating that it was free of template DNA. Use of this RNA as a standard curve in the
Tagqman assay demonstrated a reproducible limit of detection of 0.01 fg of RNA which is
equivalent to 4 molecules of standard curve RNA.
[0053] The EOPC 60 Tagman assay was used to follow the Sf9 rhabdovirus in Sf9 cell
conditioned medium before and after membrane concentration and ultracentrifugation. These
data are shown in Table 2 and demonstrate that the virus signal in the medium is not retained by

0.2 micron sterile filtration membrane but is fully retained by a 100,000 kD molecular weight
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cutoff membrane. In addition, 100,000 x g centrifugation concentrates the virus signal into a
pellet that can be resuspended into a smaller volume. These data are consistent with the presence

of intact rhabdovirus particles in Sf9 cell conditioned medium.

Table 2. Sf9 rhabdovirus RNA signal in Sf9 cell-conditioned medium before and after

membrane concentration and ultracentrifugation

Sample Description Sterile Molecules/mL
Filtered?

519.190 S9 conditioned medium N 2.87¢+07
490.194.1 | S9 conditioned medium Y 2.79¢+07
490.194.2 | 100 kD retentate N 2.54¢+08
490.194.3 | 100 kD retentate Y 4.01¢+08
490.194.4 | 100 kD permeate N 0
490.194.5 | 100 kD permeate Y 0
490.194.6 | 100,000 x g supernatant of 490.194.2 N 1.84¢+07
490.194.7 | 100,000 x g pellet resuspended in TBS N 3.48¢+09

[0054] Table 3 shows additional data regarding the concentration of the Sf9 rhabdovirus in
various sources of Sf9 conditioned medium, baculovirus lysates, and in total cellular RNA.
Significant amounts of rhabdovirus RNA were detected in EOPC material (baculovirus lysates of
S19 cells). Direct sampling of EOPC material demonstrated a rhabdovirus RNA concentration of
approximately 2 x 10e+08 RNA copies per mL. When virus particles were collected from EOPC
material by high speed centrifugation a titer of approximately 4.5 x 10e+07 was calculated. This
four-fold discrepancy is consistent with the likelihood that direct sampling of EOPC material
detects both particle-associated and free RNA while high speed centrifugation is specific for
particle-associated RNAs. Rhabdovirus RNA signals were also detected in Sf9 cell conditioned
medium at close to 10e+07 RNA copies per mL.

Table 3. Sf9 rhabdovirus concentrations in conditioned medium, baculovirus lysates, and
total cellular RNA

Sample Description PCR Sample size PCR signal (fg) | RNA
molecules/mL in
original sample

514.089DR | 100,000 x g pellet from | Equiv to 0.6 mL of 53,980.86 3.87e+07
baculovirus lysate original lysate
514.092DR | 100,000 x g pellet from | Equiv to 0.6 mL of 68,867.60 5.02e+07
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baculovirus lysate original lysate
521.102B Sf9/Baculovirus lysate Equiv to 0.008 mL 2581.37 1.39¢+08
of lysate
521.102B St9/Baculovirus lysate Equiv to 0.008 mL 4183.10 2.25e+08
of lysate
521.138 Sf9/Baculovirus lysate Equiv to 0.008 mL 4688.83 2.52¢+08
of lysate
521.102A S19 conditioned medium | Equiv to 0.008 mL 160.34 8.63¢+06
of medium
521.102B S19 conditioned medium | Equiv to 0.008 mL 181.64 9.78e+06
of medium
RNA
molecules/Cell
521.160 S19 cell total RNA 4.4e+04 cells 154652 1511
SY WCB
521.200 S19 cell total RNA 4.4e+04 cells 334567 3273
ATCC S19 cells
(1983)

[0055] Regarding rhabdovirus RNA concentrations in viable Sf9 cells, log-phase Sf9 cells were
found to contain approximately 1500 RNA copies per cell which is indicative of a low level
infection and is consistent with the lack of observed cytopathicity. Data to support the notion
that the rhabdovirus infection is inherent in the Sf9 cell line from its original isolation (Vaughn et
al., 1977) and not due to a spurious contamination during routine culture come from analysis of
the American Type Culture Collection (ATCC) Sf9 clone which was deposited in 1983 (ATCC
CRL-1711). In this case the rhabdovirus RNA signal was detected at 3273 RNA copies per cell
in the ATCC cell line, consistent with the levels seen within the Sf9 working cell bank (WCB).

Example 4. Sf9 Rhabdovirus does not replicate in human cell lines A549 and HEK293.

[0056] HEK293 and A549 cells were tested for evidence of viral integration following treatment
of these cells with EOPC material from Norwalk and Consensus VLP production runs. Norwalk
VLP EOPC material (Meridian Part # 85190, Lot 08110043) and Consensus VLP EOPC material
(Meridian Part # 85188, Lot 09110048) were tested for the presence of replication-competent
retroviruses via culture on three human cell lines and were found to be negative due to the
absence of amplifiable reverse transcriptase activity. Samples of these cell lines (Raji, 293, and

A549 cells) at different passages post-inoculation were subjected to additional testing.

18



WO 2015/051255 PCT/US2014/059060

[0057] Additional frozen cell samples of A549 and HEK293 cells from passages 0, 1, 4, and 6
were tested for the presence of the S9 rhabdovirus RNA signal. To this end, cell samples were
thawed and total cellular RNA was prepared and subjected to the EOPC60 qRT-PCR assay.
These data are shown in Table 4 and demonstrate a strong rhabdovirus RNA signal in RNA of
cells harvested at passage 0, but this signal falls off dramatically to background levels with
continued passage of the cells in culture. These data are consistent with the dilution of the EOPC
with passage and not with replication of the Sf9 isolated rhabdovirus. Therefore, there is no

evidence that the Sf9 rhabdovirus is capable of replication in human cells.

Table 4. Evidence for the absence of Sf9 rhabdovirus replication in human cell lines A549

and HEK293

A549 Cells - Exp527.044 HEK293 Cells - Exp527.044
Plate 1 Plate 2
fg rhabdovirus RNA/ pL cellular RNA

Consensus — PO 17209.00 12620.00
Consensus — P1 381.44 17.33
Consensus — P4 0.15 0.03
Consensus — P6 0.06 0.01
Norwalk — P0 41126.00 20141.00
Norwalk — P1 994.42 21.81
Norwalk — P4 0.15 0.06
Norwalk — P6 0.02 0.00
Not treated — PO 0.04 0.04
Not treated — P1 0.03 0.02
Not treated — P4 0.03 0.17
Not treated — P6 0.03 0.08

Example 5. Testing of Norwalk drug substance for the presence of Sf9 rhabdovirus RNA.

[0058] Norwalk VLP drug substance (NWDS13) was tested for the presence of a particle-
associated rhabdovirus RNA signal by treating 4.5 mL of the drug substance sample with
nucleases to eliminate any residual free nucleic acid then collecting particles via centrifugation at
100,000 x g. Resuspended material was then dissolved with a chaotropic agent and RNA was
purified. Prior to nuclease treatment and centrifugation, the sample was spiked with a sample of

murine leukemia virus (MLV) as an internal control for recovery of enveloped virus particles.
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Subsequent MLV qRT-PCR analysis demonstrated good recovery of the MLV spike. RNA from
this preparation was tested for the Sf9 rhabdovirus and a signal equivalent to 240 molecules of
rhabdovirus RNA per mL in the original drug substance sample was detected. At a presumptive
dose of 50 pg of each VLP we calculate that less than 10 molecules of rhabdovirus RNA per
human dose. While the sample that was tested represents the particle-associated RNA present in
drug substance it cannot be concluded that this is any indication of the presence of residual intact
rhabdovirus particles with intact genomic RNA, especially since viral clearance studies have
already demonstrated 15 to 18 logs of cumulative enveloped virus infectivity reduction using the
norovirus VLP purification process.

[0059] Nuclease digestion was used in two different scenarios to eliminate free nucleic acids. In
the case of EOPC material, nuclease digestion was used to climinate free nucleic acids so that
viral particle-associated RNA could be isolated for RT-PCR cloning. These are the experiments
that led to the identification of the rhabdovirus cDNA clones. In these experiments, clarified
EOPC material was titrated to pH 7.0 and Benzonase and Turbo DNase were added to a final
concentration of 50 and 5 units/mL, respectively. Since EOPC material was based on Sf900I1
insect cell medium, the addition of magnesium was not required for activation of nuclease
activity. Following nuclease addition, the material was incubated at 37° C for 2 hours, after
which EDTA was added to a final concentration of 20 mM. Viral particles were then collected
by centrifugation at 100,000 x g through a sucrose cushion and particle-associated nucleic acids
were isolated using the QIAamp viral RNA isolation kit from Qiagen. This kit employs a
chaotropic agent to inactivate any carried over nuclease activity resulting in the isolation of intact
particle-associated RNA. This material was subsequently treated with the Turbo DNA-free kit
from Life Technologies to eliminate baculovirus DNA that would have co-isolated with viral
particle-associated RNA. While no internal controls were employed for the nuclease treatment
steps, the fact that relatively few ribosomal or baculovirus sequences were identified in the
resulting cDNA clones is indicative of the effectiveness of the nuclease treatment.

[0060] The second instance of the use of nucleases to climinate free nucleic acids involved the
testing of Norwalk VLP drug substance for the presence of particle-associated rhabdovirus
sequences. In this case, the VLP sample was adjusted to pH 7.5 via the addition of Tris-HCI, pH
7.4, to a final concentration of 30 mM followed by titration with NaOH. After the addition of an

internal control sample of murine leukemia virus (MLV), MgCI2 was then added to a final
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concentration of 10 mM and Benzonase and Turbo DNase were added to a final concentration of
25 and 5 units per mL, respectively. Nuclease digestion was allowed to proceed at 37 degrees C
for 1 hour, after which the sample was adjusted to 20 mM EDTA and was centrifuged at 100,000
x g over a 20% sucrose cushion and RNA was isolated from the pellet using the MagMAX Viral
RNA Isolation kit from Life Technologies. The internal MLV spike demonstrated that particle-
associated RNA was protected from the nuclease digestion and was found in the final RNA
preparation. While no controls were employed to monitor the extent of digestion of free nucleic
acid, the use of significant quantitics of nucleases in the presence of favorable reaction
conditions would be expected to eliminate essentially all free nucleic acids, especially since only
trace amounts of nucleic acid are present in drug substance.

[0061] The results of the studies indicated that a rhabdovirus of plant or insect origin has been
identified in the Sf9 cell line and it is likely that this virus contamination is inherent in the Sf9
cell line from its original isolation. The Sf9 rhabdovirus genome was fully sequenced,
demonstrating homology that is closest to plant rhabdoviruses, and it exhibits a genomic
organization and open reading frame size distribution that is typical of all rhabdoviruses. Virus
particles were detected in Sf9 cell conditioned medium and in baculovirus lysates and
rhabdovirus RNA was quantified in terms of RNA copies per cell. There is no evidence of
cytopathicity in Sf9 cells due to the endogenous infection. In addition, the studies indicated that
the virus lacks the ability to replicate in human cells. The drug substance manufacturing process
disclosed herein has been shown to effectively remove and/or inactivate enveloped viruses. For
example, enveloped viruses may be disrupted by detergent treatment, and baculoviruses may be
inactivated and removed by acid treatment followed by centrifugation to remove inactive and
aggregated baculovirus. For example, steps in the process have been shown to remove model
enveloped viruses, A-MuLV (cumulative >18.22 log;o reduction in the GI.1 DS manufacture and
>15.73 logyo in the GII.4 DS manufacture) and AcNPV (cumulative >15.30 log;o reduction in
the GI.1 DS manufacture and >11.54 log;o in the GI1.4 DS manufacture).

Example 6. Analysis of drug substance for RNase A-resistant Sf9 Rhabdovirus RNA signals

[0062] Example 5 describes the characterization of the novel rhabdovirus associated with Sf9

insect cells. One experiment reported evidence for a Benzonase-resistant, particle-associated Sf9
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rhabdovirus RNA signal in one research lot of Norwalk VLP Drug Substance, indicating a
possibility for the presence of small residual rhabdovirus RNA fragments either aggregated onto
or packaged within Norovirus VLPs. In addition, the possibility for residual intact rhabdovirus
particle contamination was not ruled out by the studies described in Example 5. Two lots cach of
purified Norwalk VLP drug substance material and Consensus VLP drug substance material
were tested for Sf9 rhabdovirus RNA signals with and without prior RNase A treatment. The
resulting data demonstrated that the Sf9 rhabdovirus RNA signals observed in drug substance
were sensitive to RNase A degradation and did not represent RNA that is encapsidated in VLPs
or residual Sf9 rhabdovirus particles. Appropriate steps were taken to control for RT-PCR
inhibitors and to demonstrate that actual particle-associated rhabdovirus RNA is not susceptible
to RNase A degradation.

[0063] In this study, experiments to further address the issue of a nuclease-resistant Sf9
rhabdovirus RNA signal in Norwalk and Consensus VLP drug substance were conducted by
investigating a total of four lots of drug substance material and employing ribonuclease A
(RNase A) as a more thorough means of degrading a non-encapsidated rhabdovirus RNA signal
that might otherwise be resistant to degradation due to aggregation. After treatment of drug
substance with and without RNase A, the experimental design included an RNA purification step
in the presence of a chaotropic agent (to destroy RNase A activity) and quantification of any
remaining Sf9 rhabdovirus RNA signal by a sensitive qRT-PCR assay.

[0064] Analysis of Norwalk Drug Substance. Norwalk drug substance material was incubated
at pH 6.5 at 37° C for 1 hour with or without the addition of RNase A to a final concentration of
10 pg/mL (4 x 10" RNase A molecules/mL). Following incubation, samples were subjected to
RNA purification using the MagMax viral isolation protocol which employs a strong chaotropic
agent to immediately deactivate RNase activity and to disrupt any VLPs or viral particles that
might be harboring encapsidated RNA. Purified RNA samples were further concentrated by
speedvac drying and subjected to qRT-PCR analysis using an EOPC-60 qRTPCR assay
described in Example 3. 840 uL of drug substance material was treated or not treated with RNase
A and then subjected to RNA extraction under conditions denaturing for RNase activity. The
final purified RNA samples were concentrated 84-fold from the original drug substance samples.

3 x 1 uL of each purified RNA sample was tested in triplicate qRT-PCR reactions.
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[0065] Table 5 below shows the results of this experiment, in which only one of the two
Norwalk VLP drug substance lots (NWDS 16) exhibited an Sf9 rhabdovirus RNA signal and this
signal was equivalent to 51 RNA copies per mL in the original drug substance material. Norwalk
drug substance lot NWDSO09 failed to yield a signal (< 12 RNA copies per mL in original drug
substance). While lot NWDS 16 material was positive, the same material treated with RNase A
exhibited no signal. This observation is consistent with the presence of the Sf9 rhabdovirus RNA

signal in a non-particle-encapsidated (non-protected) state.

Table 5. Rhabdovirus RNA Ct values of Norwalk drug substance RNA samples with and
without RNase A treatment prior to RNA extraction.

Treatment NWDS16 NWDS09
None 36.5% >40
RNase A >40 >40

*Ct value of 36.5 corresponds to 51 copies of Sf9 Rhabdovirus RNA per ML of original drug substance
based on the PCR sample size and degree of sample concentration. Ct values of >40 indicate <12 RNA
copies per mL in drug substance for sample sizes employed in this study and based on a limit of detection of
1 RNA copy per reaction.

[0066] Table 6 shows Ct values for the same samples following addition of a defined
rhabdovirus RNA spike just prior to qRT-PCR analysis as a control for RT-PCR inhibitors.
Similar Ct values for all four samples provided evidence for the absence of contaminating RT -

PCR inhibitors.

Table 6. Rhabdovirus RNA Ct values for Norwalk drug substance samples spiked with
control rhabdovirus RNA as a test for RT-PCR inhibitors.

Treatment NWDS16 NWDS09
None 20.36 20.73
RNase A 20.35 20.46

[0067] Analysis of Consensus drug substance material. Consensus drug substance material
from R&D lot DCN12 or DCN15 was incubated at pH 6.5 at 37° C for 1 hour with or without
the addition of RNase A to a final concentration of 10 pg/mL (4 x 10" RNase A molecules/mL).
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Following incubation, samples were subjected to RNA purification using the MagMax viral
isolation protocol, which employs a strong chaotropic agent to immediately deactivate RNase
activity and to disrupt any VLPs or viral particles that might be harboring encapsidated RNA.
Purified RNA samples were further concentrated by speedvac drying and subjected to qRT-PCR
analysis using the EOPC-60 qRT-PCR assay described in Example 3. 1000 puL of drug substance
material was treated or not treated with RNase A and then subjected to RNA extraction under
conditions denaturing for RNase activity. The final purified RNA samples were concentrated
100-fold from the original drug substance samples. 3 x 1 uL of cach purified RNA sample was
tested in triplicate QqRT-PCR reactions.

[0068] Table 7 below shows the results of this experiment. Only one of the two Consensus VLP
drug substance lots (DCN12) exhibited an Sf9 rhabdovirus RNA signal, and this signal was
equivalent to 128 RNA copies per mL in the original drug substance material. Consensus drug
substance lot DCN15 failed to yield a signal (< 10 RNA copies per mL in original drug
substance). While lot DCN12 material was positive, the same material treated with RNase A
exhibited no signal. This observation was consistent with the presence of the Sf9 rhabdovirus

RNA signal in a non-particle-encapsidated (non-protected) state.

Table 7. Rhabdovirus RNA Ct values of Consensus drug substance RNA samples with and
without RNase A treatment prior to RNA extraction.

Treatment DCNI12 DCNI15
None 35.6% >40
RNase A >40 >40

* Ct value of 35.6 corresponds to 128 copies of Sf9 rhabdovirus RNA per mL of original drug substance based
on the PCR sample size and degree of sample concentration. Ct values of >40 indicate <10 RNA copies per mL
in drug substance for the sample size and degree of concentration employed in this experiment and based on a
limit of detection of 1 RNA copy per reaction.

[0069] Table 8 shows Ct values for the same samples following addition of a defined
rhabdovirus RNA spike just prior to qRT-PCR analysis as a control for RT-PCR inhibitors.
Similar Ct values for all four samples provided evidence for the absence of contaminating RT-

PCR inhibitors.
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Table 8. Rhabdovirus RNA Ct values for consensus drug substance samples spiked with
control rhabdovirus RNA as a test for RT-PCR inhibitors.

Treatment DCNI12 DCNI15
None 20.70 20.77
RNase A 20.81 20.69

[0070] Control Experiment to Demonstrate that RNase A Treatment Will Not Degrade
RNA Inside Rhabdovirus Particles. Inasmuch as the above data provide evidence for the
absence of encapsidated rhabdovirus RNA in purified Norwalk and Consensus VLP drug
substance material, an additional control experiment was performed to demonstrate that RNase A
treatment does not result in the reduction or elimination of RNA signals that are known to be
encapsidated in viral particles. These data corroborate the data shown in Tables 6 and &. In this
control experiment, end of production (EOP) material, known to contain significant quantities of
S19 rhabdovirus, was treated as described above for Norwalk and Consensus drug substance, and
signals were quantified by RT-PCR. 280 uL of EOP material was treated or not treated with
RNase A and then subjected to RNA extraction under conditions denaturing for RNase activity.
The final purified RNA samples were concentrated 5.6-fold from the original EOP samples. 3 x
1 uL of cach purified RNA sample was tested in triplicate qRT -PCR reactions. The data arc
provided in Table 9 below. RNase A treatment prior to the RNA extraction step had no effect on
rhabdovirus RNA signals detected in EOP material. The stoichiometric ratio of RNase A to
rhabdovirus RNA in EOP material was > 10,000:1. These data demonstrate that a chaotropic
agent can be successfully employed to inactivate a significant concentration of RNase A leading

to successful purification of non-degraded, particle-associated RNA.

Table 9. Rhabdovirus RNA Ct values for EOP material with and without RNase A
treatment prior to RNA extraction.

Treatment EOP Material
None 14.57
RNase A 14.67
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Example 7. Transmission Electron Microscopy (TEM) of Sf9 rhabdovirus.

[0071] The Sf9 rhabdovirus identified in Sf9 cell conditioned medium and baculovirus lysates
was partially purified via tangential flow filtration and sucrose gradient centrifugation and was
imaged by transmission electron microscopy (TEM). Numerous apparently enveloped, spherical
to oblong particles were observed. Measurement of 270 particles revealed mean dimensions of
65.6 x 49.6 nm. These observations of viral particles are consistent with previous molecular
biology data showing the presence of apparently functional, particle-associated, rhabdovirus
genomic RNA in Sf9 cultures and lysates.

[0072] In this study, experiments designed to generate transmission electron micrographs of the
Sf9 rhabdovirus were conducted. A 10 liter wave bag culture of Sf9 cells infected with an
"empty vector" baculovirus was established and was subsequently harvested. The clarified lysate
was concentrated to approximately 112 mL by tangential flow filtration. Two times 6 mL of the
concentrate was layered over two 20-60% sucrose density step gradients, respectively, and
centrifuged at 100,000 x g for 90 minutes at 10° C. The sucrose step solutions were prepared
using a 10 mM citrate buffer, pH 6.0 containing 150 mMNaCl (citrate buffered saline, CBS).
The sucrose gradients were fractionated into 1.5 mL fractions and fractions were analyzed using
the Sf9 rhabdovirus-specific qRT-PCR assay (EOPC60 assay) described in Example 3. Peak
fractions (fraction# 13 from each gradient) containing the strongest Sf9 rhabdovirus signal were
pooled. The pooled fractions were adjusted to a final volume of 32 mL with CBS, then layered
over a 4 mL 30% sucrose cushion in CBS, and centrifuged at 100,000 x g for 1 hour at 1 0° C.
Following centrifugation, the supernatant was decanted and pelleted material was resuspended in
300 uL of CBS. This final material was subjected to TEM analysis following negative staining
with uranyl acetate. Multiple micrographs were captured demonstrating the presence of
numerous enveloped viral particles that were spherical to oblong and somewhat irregular in both
size and shape. Most micrographs showed clean images with little in the way of debris or other
material contaminating the purified viral particle preparation. Analysis of the dimensions of 270
particles demonstrated a mean size of 65.61 + 14.52 x 49.56 £ 11.58 nm. Representative TEM

images are provided in Figure 2.

Example 8. Insect cell infectivity study
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[0073] A study was conducted to demonstrate the ability of the rhabdovirus to replicate in
additional sclect insect cell lines not previously infected with the virus.

[0074] The Sf9 rhabdovirus disclosed herein was initially discovered in Sf9 cell lysates
following infection with recombinant baculoviruses, but the virus was also detected and
quantified in Sf9 cell conditioned-medium independent of baculovirus infection. Rhabdovirus
RNA levels within healthy Sf9 cells were quantified as well. The virus was identified in all Sf9
cells tested, and appeared to replicate at levels sufficiently low enough to not induce cytopathic
cffects.

[0075] To develop an infectivity assay for the Sf9 rhabdovirus, an experiment was initiated to
determine if the Sf9 rhabdovirus could be propagated on additional insect cell lines. Table 10
shows a list of several insect cell lines received from the Agricultural Research Service (ARS) of
the U.S. Department of Agriculture (USDA).

Table 10. List of cell lines received from the USDA for testing Sf9 rhabdovirus infectivity.

Cell Line Name Species and Tissue of Origin
BCIRL/AMCY-ScE1 Spodoptera exigua eggs
BCIRL/AMCY-ScE4 Spodoptera exigua eggs
BCIRL/AMCY-ScE5 Spodoptera exigua eggs
BCIRL/HvAM1 Heliothis virescens ovaries
BCIRL/HzAM1 Helicoverpa zea ovaries
BCIRL-HzFB33 Helicoverpa zea fat bodies
BCIRL-HsAM 1 Heliothis subflexa ovaries
BCIRL-AgAM1 Anticarsia gemmatalis ovarics

[0076] Each of the cell lines provided in Table 10 was placed in a T25 tissue culture flask with
10 ml of EX-Cell 420 medium + 10% fetal bovine serum, and was exposed to the Sf9
rhabdovirus by removing 5 mL of the culture medium and replacing it with 5 ml of conditioned
medium from Sf9 cells that had been centrifuged and filtered through a 0.2 micron membrane in
order to ensure no Sf9 cell carryover. The Sf9 conditioned medium was allowed to remain on
the cell cultures for 24 hours, after which the medium was removed and the insect cell lines were
further cultured in EX-Cell 420 medium + 10% FBS. Upon reaching confluency, approximately
10% of the cells of ecach culture were collected and stored as a frozen cell pellet (p0) while new
subcultures of each were established for continued growth and passaging. In this way two

additional frozen cell pellets of each cell line were collected for passage numbers pl and p2.
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[0077] Following collection of the frozen cell samples from each cell line exposed to the Sf9
rhabdovirus, total cellular RNA was purified from cach cell sample as well as from control cells
from cach cell line that were not exposed to the Sf9 rhabdovirus. Each RNA sample was tested
in the Sf9 Rhabdovirus qRT-PCR assay described above for detection and quantification of any
rhabdovirus RNA signals. Data were expressed in terms of “fg rhabdovirus RNA per ug of total
cellular RNA” and are provided in Figure 3.

[0078] Examination of the data in Figure 3 leads to several significant observations. First, cell
line HSAM1 exhibited an Sf9 rhabdovirus RNA signal prior to and following exposure to the Sf9
cell-conditioned medium, indicating that this cell line is already infected with the Sf9
rhabdovirus or a closely related relative. Further exposure to Sf9 cell-conditioned medium did
not result in a further increase in the infectivity signal. Second, cell lines HvAM1, HzAMI,
HzFB33, and AgAMI did not exhibit the ability to significantly replicate the Sf9 rhabdovirus.
Low level RNA signals were observed following immediate exposure to conditioned medium as
would be expected, but these signals did no increase as would be expected in the case of virus
replication in subsequent passages. Finally, and in contrast, the three S. exigua cell lines showed
marked replication of the Sf9 rhabdovirus with RNA signals increasing by at least two orders of
magnitude with each passage. The Sf9 rhabdovirus RNA signal levels in these cells at passage
two are equivalent to those levels observed constitutively in Sf9 cells.

[0079] Thus, the results of the study showed that the Sf9 rhabdovirus (or a close relative)
originally identified in the Sf9 Spodoptera frugiperda cell line is constitutively present in a
second insect cell line from a different lepidopteran species derived from Heliothis sublexa
ovaries. In addition, the Sf9 rhabdovirus was observed to readily replicate in three Spodoptera

exigua cell lines originally derived from S. exigua eggs.

[0080] Numerous modifications and variations in the invention as set forth in the above illustrative
examples are expected to occur to those skilled in the art. Consequently only such limitations as
appear in the appended claims should be placed on the invention. All publications cited herein are

incorporated herein by reference in their entireties for all purposes.
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CLAIMS

1. A method for detecting a virus comprising detecting a nucleic acid sequence comprising at
least 50 contiguous nucleotides of SEQ ID NO: 1 or the reverse complement sequence of SEQ
ID NO: 1.

2. The method of claim 1, wherein the method comprises detecting a nucleic acid comprising at
least 1000 contiguous nucleotides of SEQ ID NO: 1 or the reverse complement sequence of SEQ
ID NO: 1.

3. The method of claim 1, wherein the method comprises detecting a nucleic acid comprising at
least 1500 contiguous nucleotides of SEQ ID NO: 1 or the reverse complement sequence of SEQ
ID NO: 1.

4. The method of any one of claims claim 1-3, wherein the method comprises using one or more
primers and one or more labeled probes in a PCR assay.

5. The method of claim 4, wherein the method comprises using a forward primer having a
sequence according to SEQ ID NO: 2 (TCTGTATTATGGGTTTGATCAGCTAAG), and a
reverse primer having a sequence according to SEQ ID NO: 3 (CTCGCTGCTGAGCGGTTT).

6. The method of claim 5, wherein the nucleotide sequence of the labeled probe is according to
SEQ ID NO: 4 (AGGATTGGAGAATTATAC).

7. The method of any one of claims 1-3, wherein the method has a sensitivity level of between
about 2 molecules of RNA and about 20 molecules of RNA.

8. The method of claim 7, wherein the sensitivity level of the method is about 20 molecules of
RNA.

9. The method of claim 7, wherein the sensitivity level of the method is about 4 molecules of
RNA.

10. A method for removing a virus from a protein or virus-like particle (VLP) preparation
derived from an insect cell, wherein the virus comprises a sequence having at least 70%

homology to SEQ ID NO: 1.

11. The method of claim 10, wherein the virus comprises a sequence according to SEQ ID NO:
1.

12. The method of claim 10 or 11, wherein the insect cell is an SF9 cell.

13. The method of claim 12, wherein the SF9 cell is derived from the cell line deposited as
ATCC CRL-1711.
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14. A protein or virus-like particle (VLP) preparation derived from an insect cell, wherein the
protein or VLP is substantially free of a virus comprising a nucleotide sequence having at least
70% homology to SEQ ID NO:1.

15. The protein or VLP of claim 14, wherein the virus comprises a sequence according to SEQ
ID NO:1.

16. The protein or VLP of claim 14 or 15, wherein the insect cell is an SF9 cell.

17. The protein or VLP of claim 16, wherein the SF9 cell is derived from the cell line deposited
as ATCC CRL-1711.

18. A composition comprising a protein or virus like particle preparation produced in an insect
cell, wherein the composition is substantially free of a virus comprising a sequence having at

least 70% homology to SEQ ID NO: 1.

19. The composition of claim 18, wherein the virus comprises a sequence according to SEQ 1D
NO: 1.

20. The composition of claim 18 or 19, wherein the insect cell is an SF9 cell.

21. The composition of claim 20, wherein the SF9 cell is derived from the cell line deposited as
ATCC CRL-1711.

22. The composition of any one of claims 18 to 21, wherein the composition is a vaccine.

23. A biologic approved for use in a human, substantially free of a virus having at least 70%
homology to SEQ ID NO: 1, wherein the biologic is produced in an insect cell.

24. The biologic of claim 23, wherein the virus comprises a sequence according to SEQ ID NO:
1.

25. The biologic of claim 23 or 24, wherein the insect cell is an SF9 cell.

26. The biologic of claim 25, wherein the SF9 cell is derived from the cell line deposited as
ATCC CRL-1711.

27. The biologic of claim 23 or 24, wherein the biologic is a vaccine or a virus-like particle
preparation.

28. A kit for detecting the presence or absence of a virus having a sequence of at least 70%
homology to SEQ ID NO: 1, the kit comprising one or more primers.

29. The kit of claim 28, comprising a forward primer, a reverse primer, and a probe.

30. A kit for detecting the presence or absence of a virus in a cell, comprising
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(i) a forward primer having a sequence according to SEQ ID NO: 2,
(ii) a reverse primer having a sequence according to SEQ ID NO: 3, and
(iii) a probe having a sequence according to SEQ ID NO: 4.

31. The kit of claim 29 or 30, wherein the probe is labeled with 6-carboxy fluorescein (FAM).

32. A method for detecting particle-associated Sf9 rhabdovirus in a sample, the method
comprising the following steps:

(i) treating the sample with RNase;

(ii) inactivating the RNase and disrupting particles in the sample;

(iii) detecting the presence or absence of Sf9 rhabdovirus RNA in the RNase-treated
sample by RT-PCR;

wherein the presence of Sf9 rhabdovirus RNA in the RNase-treated sample indicates that
the detected Sf9 rhabdovirus is aggregated onto or packaged within particles in the sample.

33. The method of claim 32, wherein the RNase is RNase A.

34. The method of claim 32, wherein the RT-PCR is conducted using a forward primer having a
sequence according to SEQ ID NO: 2, a reverse primer having a sequence according to SEQ ID
NO: 3, and a probe having a sequence according to SEQ ID NO: 4.

35. The method of claim 32, wherein step (ii) is conducted using a chaotropic agent

36. The method of claim 32, further comprising detecting the presence or absence of Sf9
rhabdovirus RNA in the sample by RT-PCR prior to treatment of the sample with RNase.

37. A method for detecting replication competent Sf9 rhabdovirus in a sample, the method
comprising incubating the sample with a Spodoptera exigua cell line, passaging the cell line at
least once following incubation with the sample, and detecting the presence or absence of Sf9
rhabdovirus RNA at the following time-points: after incubating the cell line with the sample and
after cach passage of the cells;

wherein an increase in the level of Sf9 rhabdovirus RNA signal after at least one of the
one or more passages relative to the level of S9 rhabdovirus RNA signal detected immediately
after incubation of the cell line with the sample indicates that the Sf9 rhabdovirus is present in
the sample and is capable of replication.

38. A method for detecting the presence or absence of replication competent particle-associated
Sf9 rhabdovirus in a sample, the method comprising:

(i) treating the sample with RNase;

(ii) inactivating the RNase and disrupting particles in the sample;

(iii) detecting the presence or absence of Sf9 rhabdovirus RNA in the RNase treated
sample by RT-PCR;

(iv) incubating the RNase-treated sample with a Spodoptera exigua cell line;

(v) passaging the cell line at least once;

(vi) purifying total RNA from the cell line at the following time points: after incubation
with the RNase treated sample, and after each of the at least one cell passages; and
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(vii) detecting Sf9 rhabdovirus RNA in the total RNA from each time point by RT-PCR;

wherein an increase in the level of Sf9 rhabdovirus RNA detected after at least one
passage relative to the level of S9 rhabdovirus RNA detected immediately following incubation
of the cell line with the RNase-treated sample indicates that the Sf9 rhabdovirus is capable of
replication.

39. The method of claim 38, wherein the RNase is RNase A.

40. The method of claim 38, wherein the RT-PCR is conducted using a forward primer having a
sequence according to SEQ ID NO: 2, a reverse primer having a sequence according to SEQ ID
NO: 3, and a probe having a sequence according to SEQ ID NO: 4.

41. The method of claim 38, wherein step (ii) is conducted using a chaotropic agent

42. The method of claim 38, further comprising detecting the presence or absence of Sf9
rhabdovirus RNA in the sample by RT-PCR prior to treatment of the sample with RNase.

43. The method of claim 32, 37, or 38, wherein the sample is a drug substance, and wherein the
method is used in a release assay for the drug substance.

44. A kit for detecting the presence or absence of replication competent S9 rhabdovirus in a
sample, the kit comprising:
(i) forward and reverse primers and a probe for detection of Sf9 rhabdovirus RNA;
(i) an RNase;
(iii) a chaotropic agent; and
(iv) an S. exigua cell line.

45. A composition comprising S. exigua cells and a rhabdovirus.

46. The composition of claim 45, wherein the rhabdovirus comprises a sequence having at least
70% homology to SEQ ID NO: 1.

47. The composition of claim 46, wherein the rhabdovirus comprises a sequence according to
SEQ ID NO: 1.
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